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Executive Summary

Life-cycle cost analysis (LCCA) is an analysis tech-
nique, based on well-founded economic principles,
used to evaluate the overall long-term economic effi-
ciency between competing alternate investment op-
tions. LCCA is typically used as a means to evaluate
and then compare the cost to the agency of any
number of alternate pavement alternatives, including
variations of concrete and asphalt pavement solu-
tions. When done correctly, a life-cycle cost analysis
of pavement design or preservation/rehabilitation
strategy alternatives identifies the strategy that will
yield the best value by providing the desired per-
formance at the lowest cost over the analysis period.

This document focuses specifically on the inputs to
an LCCA, and involves the following steps in a typical
life-cycle cost analysis of pavement design or rehabil-
itation alternatives:

Select the analysis period.
Select a discount rate.

Estimate initial agency costs (A).
Estimate user costs (B).

Estimate future agency costs (C).
Estimate residual value.
Compare alternatives.

NoukwnNeE

The analysis period selected should be sufficiently
long to encompass the initial new design or preser-
vation/rehabilitation performance period and at
least one major follow-up preservation/rehabilitation
activity for each alternative. For this reason, ACPA
recommends an analysis period of 45-50+ years.

“Economic principles tell us that if we want to minimize
the cost of a durable good that requires repair, mainte-
nance and replacement over time, we must minimize
present value of those costs, not minimize initial costs.
If the myopic strategy is adopted to accept the lower
up-front price despite higher [present value], the buyers
are actually made worse off.”

— Dr. William Holahan
Chair and Professor
Department of Economics
University of Wisconsin—Milwaukee
(Holahan 2007)

The discount rate selected should reflect realistic ex-
pectations about future trends in appropriate inter-
est and inflation rates. The appropriate interest rate
to be used for analysis of pavement alternatives de-
pends on the type of entity funding the project and
the method(s) used to raise funds. The appropriate
inflation rate to be used depends on how construc-
tion or specific material costs are expected to in-
crease in the future, which may require the use of
different inflation rates for different materials.

The types of agency and user costs that should be
considered in a proper life-cycle cost analysis of
pavement alternatives are described in this bulletin.
Selection of activities, assigning their timing, and es-
timating their performance lives for each of the strat-
egy alternatives are also discussed, as are options for
quantifying the residual value of an alternative at the
end of the analysis period.

vii
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Investment alternatives such as pavement strategies
are most commonly compared on the basis of pres-
ent worth (also called net present value) or annual
worth (also called equivalent uniform annual cost).
For strategies compared over a common analysis pe-
riod, the present worth method and annual worth
method will always yield the same result in terms of
which strategy is most cost-effective. Real-world
pavement life-cycle cost analysis examples of a local
road, a highway, and an airport are presented along
with detailed commentary on issues that might af-
fect the results.

viii

This bulletin also discusses some applications of
LCCA of pavement alternatives, including network-
level service life and economic analysis, material
price forecasting, sustainability in the context of an
LCAA, the role of LCCA in pavement type selection,
the total cost of ownership, and the potential impact
of material quantity specifications on LCCA results.



Chapter 1. Introduction

Life-cycle cost analysis (LCCA) is an analysis tech-
nique, based on well-founded economic principles,
used to evaluate the overall long-term economic effi-
ciency between competing alternate investment op-
tions. LCCA is typically used as a means to evaluate
and then compare the cost to the agency of any
number of alternate pavement alternatives, includ-
ing variations of concrete and asphalt pavement so-
lutions. When done correctly, a life-cycle cost
analysis of pavement design or rehabilitation alterna-
tives identifies the strategy that will yield the best
value by providing the expected performance at the
lowest cost over the analysis period.

Figure 1-1 illustrates the need for LCCA to determine
which of two competing pavement alternatives has
the lower overall cost; because different pavement
types perform differently over time and because
equivalent designs are not always achievable during
initial construction, a comparison of the total dis-
counted cost of each design over a specific analysis
period is necessary to minimize the financial burden
of the section of roadway on taxpayers.
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Pavement Condition

concrete
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Figure 1-1.Generalized illustration of pavement condition
over time and the financial implications of such through
the calculation of total cost.
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Because much of our pavement network consists of
either asphalt or concrete pavement, this document
focuses on LCCA of these two alternates and their
subsequent comparison. However, LCCA could just
as well be used to evaluate and compare the eco-
nomic worth of two concrete alternatives or three
asphalt alternatives.

The general trends between Average Annual Daily
Traffic (AADT) and initial construction cost in Figures
1-2 and 1-3 were developed in 2003 by the Louisiana
DOT (Temple et al. 2004). The concrete alternate has
a significantly higher initial agency cost until the as-
phalt and concrete initial costs converge at around
35,000 AADT (Figure 1-2). However, when life-cycle
costs are considered, the concrete alternate be-
comes the more cost-effective of the two at a much
lower traffic level, around 10,000 AADT (Figure 1-3).
It is important to note that these figures were devel-
oped in 2003 when oil was trading at just $30 per
barrel. The advantage of concrete will only be more
pronounced at current prices.

If the Louisiana DOT considered only the initial cost
in all cases, the agency (and, thus, the taxpayers)
would almost always select the asphalt alternate,
forcing substantial future expenditures to be com-
mitted when the concrete alternate would, in most
cases, save the agency money in the long run.

LCCA has applications for many areas of interest, in-
cluding (FHWA 2003a):

e Designing, selecting, and documenting the
most affordable means of building a project.

e Evaluating pavement preservation strategies.

e Value engineering.

e Project planning and implementation (e.g.,
work zone timing).
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Figure 1-2.Louisiana DOT general trend for initial con-
struction cost of concrete and asphalt pavements (after
Temple et al. 2004).
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Figure 1-3.Louisiana DOT general trend for life-cycle cost
of concrete and asphalt pavements (after Temple et al.
2004).

Life-cycle cost analysis is not an engineering tool for
determining how long a pavement design or rehabili-
tation alternative will last or how well it will perform;
rather, LCCA is an economic analysis procedure that
uses engineering inputs. The quality of the results of
an LCCA depends on economic inputs and the quality
of the engineer’s inputs, including the expected lives
(for both initial construction and rehabilitation activi-
ties) of the alternatives considered.



This document focuses on the inputs to an LCCA and
presents the following steps in a typical LCCA of
pavement design or rehabilitation alternatives:

Select the analysis period.
Select a discount rate.

Estimate initial agency costs (A).
Estimate user costs (B).

Estimate future agency costs (C).
Estimate residual value.
Compare alternatives.

NoukwnNeE

The FHWA identifies the following procedural steps
involved in conducting an LCCA (FHWA 1998):

1. Establish alternative pavement design strate-
gies for the analysis period.

2. Determine performance periods and activity

timing.

Estimate agency costs.

Estimate user costs.

Develop expenditure stream diagrams.

Compute net present value.

Analyze results.

Reevaluate design strategies.

N kW

While ACPA agrees with the FHWA's suggested pro-
cedural steps (and, in fact, each of the ACPA’s seven
steps can be rolled up into just a few of these FHWA
steps), the intent of this document is to focus on the
individual inputs of an LCCA more than the LCCA
process itself. The ACPA seven steps also assume
that equivalent alternate pavement designs are se-
lected as a prerequisite to conducting an LCCA of the
alternates. As will be discussed in more detail later,
design tools such as DARWInME™ can be useful in
establishing equivalency in the design of pavement
alternates.

Chapter 1 - Introduction

Another facet of an LCCA framework that needs con-
sideration but is not included as part of the ACPA’s
seven steps is the approach to risk and uncertainty
that is inherent in any LCCA (NCHRP 2004).

Each of the seven LCCA steps and the issue of
risk/uncertainty are described in Chapter 2 of this
document and examples employing these steps are
presented in Chapter 3.

Chapter 4 discusses more advanced topics in life-
cycle cost analysis of pavement alternatives, includ-

ing:

e Network-level analyses,

e Sustainability in the context of a life-cycle cost
analysis,

e The role of LCCA in pavement type selection,

e A detailed example of a total cost of owner-
ship analysis, and

e The potential impact of material quantity
specifications on LCCA results.

The appendices include a worksheet for simple de-
terministic LCCAs, a discussion on historic oil prices
(and the impact such prices have on asphalt pave-
ment costs), and all current federal policies on pave-
ment type selection.

Although this document focuses primarily on LCCAs
as they pertain to highways, streets, and roads, an
example for an airport is included in Chapter 3. De-
tailed guidance for LCCAs of airfields and military
construction is also available elsewhere (AAPTP
2011; ARMY 1992; FAA 2009).
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Chapter 2. Basic Steps in a Life-Cycle
Cost Analysis (LCCA) for a Single Project

Performing an LCCA is not complicated. Itis simply a
mathematical calculation of the value of anticipated
expenditures over time. Though computer programs
(e.g., ACPA’s StreetPave) and spreadsheets (e.g.,
FHWA's RealCost) are useful in performing the calcu-
lations, they are not necessary.

Step 1 - Select the Analysis Period

The analysis period is the timeframe over which the
alternative strategies/treatments are compared.

This timeframe must be long enough to reflect signif-
icant differences in performance among the alterna-
tives being compared. This is best accomplished by
selecting an analysis period that encompasses the
initial performance period and at least one major fol-
low-up preservation/rehabilitation activity for each
strategy.

For this reason, the Federal Highway Administration’s
(FHWA'’s) policy statement on LCCA recommends an
analysis period of at least 35 years for all pavement
projects (FHWA 1996). In line with this recommen-
dation, typical analysis periods for pavement LCCAs
of highways, streets, and airports are 40+ years
(Table 2-1). ACPA recommends an analysis period of
45-50+ years so that at least one major rehabilita-
tion effort is captured for each alternate because
common practice in many states is to design the
concrete pavement alternate for 30+ years. It is
worth noting that, in some cases, the analysis period
can be significantly shorter if the focus of the LCCA is
to evaluate and compare shorter-term pavement al-
ternates, such as thin concrete overlays and asphalt
overlays.

One or more of the alternates being compared also
may have a performance life that extends beyond
the end of the chosen analysis period. For these al-
ternates, the pavement structure presumably would
have some remaining service life (RSL). The RSL can
be included in the LCCA in a variety of ways, as dis-
cussed in Step 6.
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Table 2-1. Summary of the LCCA Analysis Period Used by
Various U.S. State Highway Agencies (after MDOT 2009
and Rangaraju, et al. 2008)

Analysis Percent of
Period Responding
() Agencies
<30 4% AL
30 1% NC, SC, WY
85 18% AK; AR, ID, MT, OH
40 39% CO, FL, GA, IA, IN, KS,
KY, LA, MD, MS
45 7% IL, MO
50+ 21% MN, NE, NY, VA, WA, WI

Step 2 - Select a Discount Rate

The term real discount rate, also known as the real
interest rate, is commonly used in engineering eco-
nomics to refer to the rate of change over time in the
true value of money, taking into account fluctuations
in both investment interest rates and the rate of in-
flation. This value differs from a nominal discount
rate, which reflects expected inflation and is used to
discount inflated dollars or nominal benefits and
costs (e.g., real discount rate = nominal discount rate
—inflation rate). That is to say, today’s costs can be
used as proxies for future costs only if the real dis-
count rate is used in the LCCA. All state highway
agencies currently use today’s costs (e.g., non-in-
flated dollars) and real discount rates in their LCCAs.

The real discount rate is given by the following equa-
tion (Thuesen and Fabrycky 1984):

_ 1+ Lint

=17 iinf [Eqn 2-1]

where:

d =the real discount rate, %
it = the interest rate, %
iin¢ = the inflation rate, %

For example, for an interest rate (i;,;) of 10% and an
inflation rate (i;s) of 6%, the real discount rate is:
_1.10 _ 0
d= 106 1=0.038 0r3.8%
If the interest rate exceeds the inflation rate, the fol-
lowing approximation may be used:
d = ljnt — linf [Egn 2-2]
For the previous example, the approximated real dis-

count rate is 10% — 6% = 4%, slightly greater than the
more precisely calculated real discount rate of 3.8%.

Through application of an appropriate real discount
rate (which may differ for alternates with different
material inflation rates), the worth or value of all ini-
tial and future costs can be expressed in terms of
constant dollars, (i.e., in terms of the costs of those
items as if they were incurred in the year in which
the life-cycle cost analysis is conducted).

High real discount rates tend to reduce the impact
that high future expenditures have on the net pres-
ent value or the alternate. Thus, it can be said that
high real discount rates favor alternates that have
low initial costs and high future costs, while low
real discount rates favor alternates with higher ini-
tial costs and lower future costs. As an example,
consider Figure 2-1, which shows the present worth
(discussed in Step 7) of $1 spent in various years
under various real discount rates. If the real discount
rate is 2%, a dollar spent in year 30 is worth 55 cents
today; if the real discount rate is 6%, that same dol-
lar in year 30 would be worth just 17 cents today.
Thus, the higher real discount rate would more
greatly discount future costs and could result in the
selection of an alternate with much higher mainte-
nance costs even if the initial cost is only slightly
lower.



Present Worth of $1

Year of Expenditure

Figure 2-1. Present worth of $1.00 spent in various years
at various real discount rates.

Interest rates and inflation rates fluctuate over time,
but the relative difference between them, while not
constant, is less variable. The real discount rate se-
lected should take into account past trends in appro-
priate interest and inflation rates over relatively long
time periods, as well as future economic projections.

The appropriate interest and inflation rates to use
in calculating the real discount rate for the evalua-
tion of public-sector investments, such as road proj-
ects, are the subject of much debate for the reasons
discussed in the rest of this section. Oftentimes, a
single “standard” real discount rate might be used to
avoid the complexities in calculating a local or mate-
rial-specific real discount rate, but this practice can
lead to the selection of an alternate that is not the
most cost-effective (Snyder 2008).

The real discount rate also must be routinely up-
dated to reflect current and forecasted economic
conditions. The practice of using a single “standard”
real discount rate does not allow for such considera-
tion. The use of the United State’s Office of Manage-
ment and Budget (OMB) real discount rate, which is
updated annually, does, however, account for such
changes in economic conditions. If local interest and
inflation rates are not readily available to develop
and regularly update a local real discount rate, ACPA
supports the use of this OMB real discount rate.
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The following sections discuss how to establish ap-
propriate interest and inflation rates. Guidance is
then provided on how best to determine the real dis-
count rate.

Selecting an Interest Rate

An abundance of conflicting opinion and guidance
exists on the subject of choosing an interest rate for
use in LCCA of pavement alternatives. Funds for
paving projects are obtained by 1) levying taxes, 2)
borrowing money (i.e., selling bonds), and/or 3)
charging users for services (e.g., toll revenue). The
interest rate assumed for the LCCA of a project
should reflect the type of entity raising the money
and the method(s) used to raise it.

Public entities (e.g., local, State, and Federal agen-
cies) fund projects by borrowing money through the
sale of bonds and/or levying taxes. Opinions differ
on whether the interest rate that applies to a public
agency’s analysis of project alternatives should be
based on an assumption of financing by borrowing,
financing by taxes, or a combination of the two. An-
other school of thought considers the interest rate to
be a reflection of “opportunity or investment fore-
gone” (i.e., money spent on one activity is money
that cannot be spent on another activity or invest-
ment that might also produce revenue or benefit).

If project(s) will be funded by the sale of bonds,
money is available at attractive, relatively low in-
terest rates. While government bonds are in direct
competition with other investment opportunities,
they are presumed to be lower-risk than private in-
vestments because governments are better posi-
tioned to cope with risk. Bonds sold by government
agencies are backed by the issuer’s credit and taxing
power —i.e., the “full faith and credit” of the govern-
ment agency, which constitutes an unconditional
commitment to pay interest and principal on the
debt. For analyses of projects to be financed by the
Federal government, the appropriate interest rate
generally is taken to be the rate on long-term (30-
year) U.S. Treasury bills (OMB 1992). State and mu-
nicipal bonds typically carry somewhat higher risk
and, thus, higher interest rates (Thuesen and Fab-
rycky 1984).
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If project(s) will be funded with tax revenues (espe-
cially dedicated revenues, such as highway user
fees, tolls or fuel taxes that cannot be used for other
purposes), the owner-agency does not finance the
revenue and there is no "opportunity cost" associ-
ated with it. Therefore, the interest rate for the use
of the money must be zero (e.qg., i;,; = 0%). The use
of a zero interest rate results in undiscounted (or
negatively discounted) future expenditures, making
future, relatively uncertain costs just as important (if
not more so) to the decision as today’s well-known
costs (Thuesen and Fabrycky 1984). While this is
contrary to current practice and the assumptions
made in calculation of the OMB real discount rate,
this viewpoint is gaining popularity and legitimacy
among transportation economists.

State and local agencies typically cannot finance all
of the roadway projects necessary to keep their net-
work in ideal condition using only tax revenues.
Thus, these agencies routinely sell bonds to supple-
ment tax revenues. This can result in an ever-in-
creasing backlog of projects that cannot be
programmed with currently available funds because
more and more money must be dedicated to paying
out interest on the bonds. In this scenario, the most
realistic interest rate may be a weighted average of
the interest rate associated with tax revenues (e.g.,
0%) and the interest rate associated with the bonds
sold (Snyder 2008).

Quasi-private entities (e.g., toll authorities) fund
projects by borrowing money through the sale of
bonds; user fees (tolls) are charged to pay off those
bonds and cover annual operating costs. New bonds
might necessarily be issued periodically to raise capi-
tal for major construction projects. Because bonds
issued by a quasi-private entity are backed solely by
the toll revenue to be generated by the project(s)
being financed, such bonds typically have higher in-
terest rates than those issued by less-risky public en-
tities. If no tax revenues will be used to fund the
project, the interest rate used should be that of the
bonds issued by the quasi-private entity for construc-
tion of the project(s).

Private entities (e.g., concessionaires) can neither
levy taxes nor sell their own bonds, so they must
raise capital from their own investments. For exam-
ple, they might borrow money from private investors
or use income from other investments to fund their
construction projects. The appropriate interest rate
for analyzing projects built by private entities can
vary widely, but is often taken as that of a long-term
corporate bond rate.

Selecting an Inflation Rate

The inflation rate chosen for use in a life-cycle cost
analysis of pavement alternatives may be 1) a single
value if it is assumed that all components of future
costs inflate at a uniform rate or 2) several different
values for various cost components when there are
significant differences in inflation among the cost
components.

Several general inflation indices are compiled regu-
larly by the Bureau of Labor Statistics (BLS) in the
U.S. Department of Labor, including:

e The Consumer Price Index (CPI), which repre-
sents the change in retail prices for a selected
set of purchases of clothing, food, housing,
transportation, medical care, entertainment,
education, and other items throughout the
U.S. The CPI serves to quantify the effect of
retail price changes on a fixed standard of liv-
ing for the “average” consumer, serving as a
general barometer of inflation in the U.S.
(Thuesen and Fabrycky 1984; Riggs and West
1986).

e The Highway and Street Construction (BHWY)
Producer Price Index (PPI), which tracked the
cost of materials used in highway construc-
tion. PPIs reflect changes over time in the
prices received by domestic producers for
goods and services. The BHWY PPl was, how-
ever, discontinued in 2010. The PPI for all
commodities (WPUO00000) also can be used
as a general inflation index or combined with
the BHWY PPI to extend the BHWY PPI from
2010 to present.



The FHWA compiled, for many years, an index it
called the Bid Price Index (BPI) to track the prices of
several installed components of highway construc-
tion (thus including labor, overhead, and material
costs). Due to issues related to the quality of the
data underlying the computation of the FHWA BPI, it
was discontinued in 2006 (FHWA 2006 and 2007a).

In 2010, the FHWA replaced the BPI with a National
Highway Construction Cost Index (NHCCI), with data
starting in 2003 (FHWA 2010a). Rather than tracking
individual components as the BPI did, the new index
is an aggregate of all highway construction costs, sim-
ilar to the BLS’s BHWY PPI. It is important to note,
however, that neither of these indices includes the
cost of price escalation clauses (e.g., material price
escalators). Therefore, these indices can greatly un-
derestimate a material’s inflation rate in states where
material price escalators are used. See Step 3 for
more information on material price escalators.
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To compare all of these general inflation indices,
Figure 2-2 shows the BLS’s BHWY PPI, the FHWA's
BPI, the BLS’s CPl and the FHWA’s NHCCI (NOTE: the
BHWY PPI started in 1986, making 1986 the earliest
starting point for comparison, and the FHWA NHCCI
index was started in 2006 at the end value of the
FHWA BPI). Across the 24 years shown, the average
compound annual growth rate (CAGR) for each index
was:

e BLS's BHWY PPI: 3.25%
e FHWA’s BPI + NHCCI: 2.34%
e BLS's CPI: 2.90%
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Figure 2-2. The BLS’s BHWY PPI, the FHWA’s BPI, the BLS’s CPIl, and the FHWA’s NHCCI from 1986 to 2010 (FHWA 2007a

and 2011a; BLS 2011).
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Figure 2-3 shows the annual (e.g., year-over-year) in-
flation rates for the indices shown in Figure 2-2. As
shown, the highway construction cost-specific in-
dices are more volatile than the much more general
CPI. Despite their increased volatility, the construc-
tion cost indices have had CAGRs comparable to that
of the more general CPI over the last 24 years and, in
fact, the construction cost indices were inflating at a
rate that was significantly less than that of the CPI
until 2004. The construction cost indices have in-
creased sharply since that time and have become
much more volatile.

According to the FHWA, these recent surges are due
primarily to the escalating costs of commodities
such as steel, asphalt, cement, and crushed stone
(FHWA 2007a). These unprecedented construction
cost increases may have potentially significant im-
pacts on state agencies, the highway industry and
the general public (FHWA 2011a). Thus, while a very
general inflation index such as the BLS’s CPI could be
used in LCCAs, it is clearly not representative of his-
toric or present price fluctuations in the highway and
road sector. The importance of recent increases in
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material/commodity costs, as noted by the FHWA,
underscores the importance of accounting for indi-
vidual cost components in a pavement LCCA when
there is significantly different inflation among cost
components between alternates.

Material-specific inflation rates can be developed to
forecast prices for various materials by considering
their respective historic prices and trends. While
current material costs can be known with a relatively
high degree of reliability, forecasting future material
costs for the purposes of an LCCA requires special
consideration (MIT 2011a).

Figure 2-4 shows index values of the BLS’s PPIs for
concrete products and asphalt paving mixtures and
blocks for the last 54 years (NOTE: the asphalt paving
mixtures and blocks PPI started in 1958, making
1958 the earliest starting point for comparison; this
also is a reasonable investigation timeframe when
using previous trends to forecast future prices in an
LCCA with an analysis period of 40+ years). Also
shown are the BLS’s CPl and standard deviation rates
of monthly values within each year.
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Figure 2-3. Annual (year-over-year) inflation rates for the BLS’s BHWY PPI, the FHWA’s BPI, the BLS’s CPI,
and the FHWA’s NHCCI from 1986 to 2010 (FHWA 2007a and 2011a; BLS 2011).
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Figure 2-4. The BLS’s PPI for concrete products (WPU133) and asphalt paving mixtures and blocks (WDU13940101/
WPU13940113), and the BLS’s CPI, from 1958 to 2011 (BLS 2011), showing standard deviation rates of monthly values
within each year and trendlines corresponding to each index’s compound annual growth rate (CAGR).

The PPI for concrete products has tracked relatively e While concrete prices and the CPI have in-

closely to the CPI, but the asphalt paving mixtures creased by about 500% to 700% in the last 54

and blocks PPl shows significantly different inflation. years, asphalt paving mixture prices have in-

Table 2-2 presents a summary of some of the general creased 1,640%.

trends for the last 54 years, of note: e The CAGR of the concrete products PPl and
the CPI over this timeframe are similar (3.6%

The concrete products PPl has had a lower av-
erage yearly standard deviation than that for
the CPI (e.g., 2.9 versus 4.2). Thus, concrete
prices are very stable and easy to forecast into
the future.

and 3.9%, respectively), while the inflation
rate of the asphalt paving mixtures and blocks
PPl is significantly higher (5.5%). This differ-
ence in inflation between materials is signifi-
cant enough that it should be accounted for in
a comprehensive LCCA.

11



Life-Cycle Cost Analysis: A Tool for Better Pavement Investment and Engineering Decisions

Table 2-2. Summary of Concrete Products PPI, Asphalt
Paving Mixtures and Blocks PPI, and CPI Trends from
1958 to 2011

Index Compound
Increase Annual
(1958 to Growth Rate

2011) (CAGR)

Average
Yearly

Standard
Deviation

The variability (or volatility) of these indices is as
important as the overall historic increase. Figure 2-5
shows the annual (e.g., year-over-year) inflation rate
for the concrete products PPI, the asphalt paving
mixtures and blocks PPI, and the CPl. The annual in-
flation rate of the concrete products PPI follows very
closely that of the CPI; the asphalt paving mixtures
and blocks PPI, however, is much more volatile, in-

Concrete 29 560% 3.6% creasing by over 20% year-over-year 7 different times
Rrooucts EE (13% of the 54 years) and increasing by over 100%
Asphalt 20.9 1,640% 5.5% once (see Appendix 2 for comments on why the as-
Paving phalt paving mixtures and blocks PPl is so volatile).
Mixtures PPI Variability such as this can be accounted for in an
LCCA through the use of a probabilistic analysis (see
CPI 4.2 674% 3.9%
Step 7).
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Figure 2-5. Annual inflation rate of the BLS’s PPIs for concrete products (WPU133) and asphalt paving
mixtures and blocks (WDU13940101/WPU13940113), and the CPI, from 1958 to 2011 (BLS 2011).
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As noted, the CPI’'s CAGR from 1986 to 2010 was
2.90%. The higher CPI CAGR of 3.9% from 1958 to
2011 is more in line with the commonly quoted 4%
general long-term inflation in the U.S. This empha-
sizes the importance of timeframe in LCCA.

The need to discern between materials with signifi-
cantly different inflation rates is becoming more im-
portant as state agencies apply LCCAs to more and
more paving projects and technologies advance to
ease such calculations. One method of doing this, as
noted previously, is to utilize different real discount
rates for materials whose inflation rates differ signifi-
cantly from the general inflation rate used in the
LCCA. For example, if a 4% general inflation rate is
used, based on the CPI of the last 50+ years, the con-
crete inflation rate might be assumed to be the same
(though it is slightly lower over the same timeframe)
and an asphalt inflation rate of 5.5% might be used.
Another means of accounting for the difference is by
applying an escalating factor to future costs before
discounting all costs for all alternates at the general
discount rate (MIT 2011a and Mack 2011); this
method, which can also capture the impact of volatil-
ity in pricing, often is preferred by economists and is
discussed more in Step 7.

Calculating the Real Discount Rate

As discussed, more than one real discount rate may
be necessary if different elements of the LCCA have
significantly different inflation rates and future costs
are not escalated, when necessary, to account for
the different inflation rates. Consider first the calcu-
lation of a general or standard real discount rate.

As an example of the calculation of a general real dis-
count rate, consider Figure 2-6, where historical val-
ues for the 30-year Treasury bond yield are used as
the interest rate, year-over-year change in the CPl is
used as the inflation rate, and the real discount rate
is calculated using Equation 1. While the interest and
inflation indices used for calculation of the real dis-
count rate can and should vary, the average real dis-
count rate obtained from the use of the 30-year
Treasury bond as the interest rate and BLS’s CPIl as
the inflation rate averaged 2.1% over the last 5 years
of data shown in Figure 2-6.
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This average rate agrees fairly well with the real dis-
count rates used by various state highway agencies
across the U.S. (Table 2-3), recent OMB real discount
rates, and the 2% to 4% range that FHWA recom-
mends (FHWA 2008).

Table 2-3. Summary of the Real Discount Rates Used by
U.S. State Highway Agencies in Their LCCAs (after Mack
2011; MDOT 2009 and Rangaraju, et al. 2008)

Real Percent of
Discount Responding
Agencies

Rate (%)

<3 18% MI*, MN*, MO*, NV*,
OH*, SC*, Wv*
8 15% GA, IA, IL, KS, MD, MT
3to4 10% AR, CO*, FL, NE
4 49% AK, AL, CA, CT, DE, ID,
IN, LA, MS, NC, NJ, NM,
NY, PA, TN, UT, VA, WA,
WY
4t05 3% SD
5 5% KY, Wi

* Denotes a state whose real discount rate is based either on the OMB
or a moving average of the OMB.

There have been times in the history of the U.S. that,
even when both the inflation and interest rates were
positive, the real discount rate was negative because
the rate of inflation was higher than interest rates
(see Figure 2-6). Thus, a negative real discount rate
may exist even when both the inflation and interest
rates are positive.

To avoid all of the complexities in calculating a real
discount rate for general use in LCCAs, many state
agencies elect to use real discount rates published
annually by the United State’s Office of Management
and Budget (OMB). Current OMB real discount rates
are available online (OMB 2011).
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Figure 2-6. 30-year Treasury bond yield, year-over-year change in consumer price index (CPI) and real dis-
count rate calculated from the two (BLS 2011; Federal Reserve 2010).

If local interest and inflation rates are not readily
available to develop a local real discount rate, ACPA
supports the use of the OMB real discount rate. |f
there is concern with the variability in OMB real dis-
count rates, a moving average of the value can be
considered. Figure 2-7 shows OMB real discount rate
and a real discount rate calculated from the average
annual CPI and 30-year Treasury rates from 1979
(the first year OMB data was available) to 2011. As
shown, these values track relatively well in recent
times.
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As mentioned previously, uncertainty in material
prices translates into increased risk for a roadway
agency. This presents a challenge not only to devel-
oping accurate LCCAs, but also in accurately predict-
ing future material costs and budgeting for roadway
improvement projects. Coupled with a degradation
of purchasing power, the impact can stifle needed
maintenance and capacity improvements unless ac-
counted for properly during pavement LCCAs. The
best way of preventing such problems is by account-
ing for differences in material price inflation in cur-
rent LCCAs.
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Figure 2-7. Yearly real discount rates calculated from the CPI and the 30-year Treasury bond yield and
those set by the OMB (BLS 2011; OMB 2011; Federal Reserve 2010).

If material-specific real discount rates are calcu-
lated, the interest rate should be that which is used
in the calculation of the general real discount rate.
The inflation rates, however, are those for each ma-
terial whose price trends differ greatly from that of
general inflation. For example, if the interest rate is
7% and the concrete and asphalt material inflation
rates are 3.6% and 5.5%, respectively, as they were
(on average) from 1958 to 2011 (see Table 2-2), the
concrete and asphalt real discount rates would be
3.3% and 1.4%, respectively. Note that the asphalt
PPl is for asphalt paving mixtures, so this rate would
only apply to asphalt-based items in the bids (e.g.,
paving mixtures, sealers, etc.) and the general real
discount rate would be used on other items (e.g.,
subbase/base, pipe culverts, striping, etc.).

If it is determined that the use of different discount
rates for different materials is too cumbersome,
other methods exist to account for significant differ-
ences in material inflation by escalating future mate-
rial prices before discounting all future costs using a
single real discount rate (see Step 7).

The Total Cost of Ownership

State agencies typically have a set amount of
money that can be allocated towards new construc-
tion and preservation/restoration of pavements each
year. Because of the magnitude of lane-miles of
pavements already in existence in the U.S., the alter-
native to not constructing or rehabilitating a new
section of highway is not to invest the money in an
interest-bearing account or the stock market; the al-
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ternative is to allocate the money towards the con-
struction, reconstruction, or preservation/ rehabilita-
tion of another section. Thus, excess money is not
invested and the case can be made that, to consider
the true total cost of ownership of pavement alter-
natives to the owner/agency and ultimately to tax-
payers, an interest rate of 0% should be used. The
total cost of ownership is, essentially, the inflated
costs that the agency will spend over the life of the
pavement. Thus, an alternate means of calculating
the total cost of ownership is to directly inflate all fu-
ture costs by the appropriate inflation rate and sum-
ming the values for each alternate.

If the interest rate (i;,;) is 0%, an inflation rate (i;.¢) of
4% would yield a real discount rate of:

. ~1+0.00 _ 0

ldisc = 17004 1=-3.85%
While it may seem erroneous to apply a negative
discount rate to LCCAs of pavements, it is mathemat-
ically the same as inflating all future costs, the other
means by which the true cost of alternate pavement
designs can be calculated.

The total cost of ownership calculation is not pre-
sented here as an alternate method of calculating
the LCCA of pavement alternatives. Rather, it is pre-
sented as another method of analyzing the future fi-
nancial impact of the alternatives. Viewing the data
is this manner can help provide perspective on fu-
ture outlays and present the data in a format that
might help with minimizing future budget deficit
contributions.

Step 3 — Estimate Initial Agency Costs (A)

Agency costs are all the costs incurred by the agency
over the analysis period. These costs include:

e |nitial design and construction/inspection
costs,

e Preservation/rehabilitation costs (including
engineering and traffic control),
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e QOperation and maintenance costs (including
staffing),

e Either demolition/removal costs or the resid-
ual value of the pavement structure,

e Costs associated with material price escala-
tors, and

e Direct savings associated with sustainable
benefits of a particular pavement type.

This section (Step 3), however, is focused on the ini-
tial design and construction/inspection costs exclu-
sively, which are commonly referred to as the A
component in LCCA methods that employ the A+B+C
bid method nomenclature (TDOT 2007); other
agency costs are addressed later in this document.

Initial Agency Cost Estimation

Only those initial agency costs that are different
among the various alternatives need to be consid-
ered for reasonably similar alternates. Engineering
and administrative costs (public hearings, informa-
tional meetings, permits, real estate and land devel-
opment, legal fees, etc.) may be excluded from the
initial agency cost if they are the same for all alterna-
tives.

Initial agency costs can be divided into pavement
and non pavement costs:

e Pavement costs include items such as sub-
grade preparation costs; base, subbase, and
surface material costs; associated labor and
equipment costs; etc.

e Non pavement costs are costs that affect the
overall cost of the project but are not directly
related to the pavement structure, such as
extra fill or cut due to different grade eleva-
tions, traffic control, median and fill slopes,
utilities, guardrail and sign adjustments, light-
ing requirements, overhead structures, at-
grade structures, culvert extensions, associ-
ated labor and equipment costs, etc.



When historical bid prices are used to estimate the
initial agency cost of current designs, it is important
to consider the impact of material price escalators,
payment practices (e.g., payment for concrete in
fixed quantities, such as square yards, versus pay-
ment for asphalt by the ton, which may result in
overages), and bidding practices (e.g., bid shifting to
lower costs of some items [pavement items] while
artificially increasing other costs [non-pavement
items] to cover the difference). Past bid prices may
not accurately represent final project costs if escala-
tors significantly increased the actual construction
cost of the project or if material quantity estimates
were low. Thus, all project costs (pavement and non-
pavement) from past projects must be examined to
include any cost overruns when using past projects
for current initial agency cost estimates.

Material price escalators (also known as price ad-
justment clauses or indexing) were originally estab-
lished on transportation construction projects as a
means to address price volatility in oil-based prod-
ucts like fuel and asphalt; such price escalators were
developed in the 70s and 80s in response to signifi-
cant and quick changes in oil-based product pricing
(see Figure 2-4 and Appendix 2). The concept is sim-
ple: rather than have bidders cover their risk of price
increases between the times of bidding and con-
struction with higher bid prices, the agency assumes
the risk of price increases by promising to pay for the
difference (or to get a credit) in material costs be-
tween the times of bidding and construction. While
most state highway agencies have escalators on fuels
and asphalt, a few have also established escalators
for other materials such as steel and cement.

Escalators do not eliminate the material price fluctu-
ations discussed in Step 2. Instead, they simply
transfer the risk of the high material cost variability
from the contractor to the agency. When one alter-
nate utilizes an escalator and another does not, the
alternate with the escalator may be given an artificial
advantage. For this reason, FHWA states that price
adjustment clauses (e.g., material price escalators)
should not be used in alternate bidding scenarios
(FHWA 1981a).
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Initial agency costs can account for 50 to 90 percent
of the project LCCA cost, depending on the pave-
ment type (JPCP, CRCP, full-depth asphalt, etc.) and
preservation/ rehabilitation activities chosen. An-
other consideration is the pavement cost as a per-
centage of the total initial project cost, which
typically ranges from 25 to 50 percent, but can be
higher, depending primarily on construction type
(overlay versus new construction), location (urban
versus rural) and application (Figure 2-8). On proj-
ects where the initial costs of pavement construction
are a relatively small portion of the overall project
costs (e.g., urban highways), a long-term pavement
solution is best because it limits future disruptions to
users. Therefore, it is important that the designer
chooses pavement features that can be expected to
result in the desired performance without needlessly
increasing the cost of the pavement (e.g., costs are
considered alongside required pavement thickness
and rehabilitation, preservation, and reconstruction
activities to optimize the design of each alternate).

0
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56% [ 20072009 data
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40%
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Preservation (Rural) (Urban)

Figure 2-8. Pavement construction costs as a percentage
of project construction costs (Mack et al. 2011).
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Pavement thickness design software capable of gen-
erating equivalent concrete and asphalt pavement al-
ternates include AASHTO’s DARWin-ME™ and ACPA’s
StreetPave software. In generating equivalent (and
optimized) alternates, design elements other than
the surface course thickness should be considered.
For example, some states have used alternate sub-
base types (e.g., cement-treated subbase [CTB], as-
phalt-treated subbase [ATB]) and/or subbase
thicknesses within a particular alternate pavement
type (possibly with different pavement surface
course thicknesses for each subbase alternate) in an
attempt to reduce project construction costs.

It is important to analyze a realistic and well-devel-
oped design section for all pavement types consid-
ered. Some features or design components have a
dramatic impact on the total initial construction cost.
If these features do not enhance performance signifi-
cantly, they may not be cost-effective and should not
be included in the designs evaluated in the LCCA.

The performance value of a feature should be estab-
lished through a benefit/cost analysis. Such an analy-
sis can be supplemented with local experience or
data from historical records of agencies with similar
geological and climactic conditions.

Optimizing Concrete Pavement Designs

The effects of individual concrete pavement feature
costs on overall initial cost have been studied in
terms of relative costs (Cole and Smith 1997 and
ACPA 2010a). There are three advantages to using
relative costs rather than actual costs in comparing
pavement design features:

e Costs can be compared across the United
States, regardless of regional variations in
labor and material costs, contractor equip-
ment and capabilities, project size, etc.

e General comparisons of one feature to an-
other are easily made, which helps in assess-
ing their relative cost-effectiveness.

¢ The effects of interest and inflation rate fluctu-
ation are diminished, allowing the same infor-
mation to be used year after year.
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To estimate the relative costs of various concrete
pavement design and construction features, concrete
paving contractors across the U.S. were surveyed and
asked to provide the cost to build a “reference sec-
tion,” which was assigned a relative cost of 100.
Next, a specific pavement feature (e.g., pavement
thickness or dowel diameter) was changed, and the
contractors determined the relative cost of the modi-
fied section (i.e., the index or multiplier to apply to
the reference section to obtain the modified sec-
tion). The following design features were evaluated
during the ACPA’s 2010 Relative Cost study:

e Slab thickness,

e Shoulder thickness and material,
e Subbase thickness and material,
e Subgrade improvement options,
e Surface texture methods,

e Curing methods,

e Use of dowel bar inserter (DBI),

e Use of widened lane,

e Joint design and sealant types,

e Smoothness, and

e Dowel bar features.

The final report and results of the ACPA’s 2010 Rela-
tive Cost study are available in an interactive format
as the Relative Cost Analyzer App in the ACPA’s on-
line application library at www.apps.acpa.org. This
online tool not only allows users to select what to
use as the “reference section” for comparisons of de-
sign features but also allows the comparison of the
impact of multiple design features on the relative
cost of the entire pavement section simultaneously,
which allows agencies to quickly evaluate the esti-
mated additional costs of using enhanced concrete
pavement designs that will result in improved per-
formance or to develop a concrete pavement alter-
nate that will satisfy the design requirements at the
lowest initial construction cost.




As an example, consider Figure 2-9, which was devel-
oped for a specific set of data using the ACPA Rela-
tive Cost Analyzer App and shows the relative cost
impact of pavement thickness in terms of total pave-
ment cost. If the basis for comparison is a 10-in.
(250-mm) thick concrete pavement, 8-in. (200-mm),
12-in. (300-mm), and 14-in. (350 mm) thick concrete
pavements would cost 87%, 112%, and 128%, re-
spectively, of the cost of the 10-in. (350-mm) thick
concrete pavement.
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Figure 2-9. Example use of ACPA’s Relative Cost Analyzer
App to illustrate the effect of pavement thickness on av-
erage relative construction cost using a baseline thick-
ness of 10 in. (250 mm).

When viewing results from this Relative Cost Ana-
lyzer, it is important to remember that the results
represent initial construction cost only. As such, the
“value” of a given design feature needs to be as-
sessed based on the initial construction cost, the im-
pact on pavement performance, and its life-cycle cost
over the evaluation period. It also is important to
note that the relative costs reported by the tool rep-
resent “national” costs for generalized conditions in
2010 and are intended only to provide relative com-
parisons; the real relative cost for local concrete
paving jobs may be slightly different and the values
should be expected to change over time. Thus, the
reported relative costs should not be used as actual
construction costs or as accurate representations of
local bid conditions.
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This tool is only useful in estimating initial agency
costs; a true optimization of the system should con-
sider all of the initial and future agency and user
costs and how the alternate pavement design fea-
tures impact these values. Detailed guidance on op-
timizing concrete pavement design/cost using design
tools such as AASHTO’s 1993 Design Guide and DAR-
WinME™ and LCCA principles is outside of the scope
of this document, but more information is available
elsewhere (Mack et al. 2011, ACPA 2006a, ARA
2011).

Step 4 — Estimate User Costs (B)!

User costs are commonly used as the B component
in LCCA methods that employ the A+B+C bid method
nomenclature (TDOT 2007). These costs are inten-
tionally separated from other bidding components
because user costs are not agency costs and should
not be treated as such (e.g., user costs have a dis-
count rate based on user interest and inflation rates).
User costs tell a different story than the other com-
ponents and oftentimes are weighted differently
than agency costs in the pavement type selection
process. If user costs are significantly larger than
other cost components, the agency should investi-
gate why this is the case.

User costs are all those costs associated with the al-
ternative that are incurred by users of the roadway
over the analysis period. The users to be considered
are both the actual users and the would-be users;
that is, those who cannot use the roadway because
of either a detour imposed by the highway agency or
the user’s self-imposed selection of an alternate
route.

TAlthough the calculation of user costs (B) depends on decisions
made in determining both the initial agency costs (A) and future
agency costs (C), user costs are presented before future agency
costs in this document to stay consistent with the A+B+C bid method
nomenclature. User costs can only be calculated after all other initial
and future agency cost details, like maintenance and rehabilitation/
preservation schedules, have been determined.
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The user costs incurred during lane closures and
other periods of construction, preservation/rehabili-
tation, and maintenance work are termed work zone
user costs; note that the impact of future activities
that require work zones can significantly impact the
work zone user cost if traffic is assumed to increase
over time. The user costs incurred during the normal
use of the roadway are vehicle operating costs.
There are also user costs associated with delays due
to capacity issues and with accidents.

The value of road users’ time is the subject of consid-
erable debate. In general, user delay costs vary by
vehicle class, trip type (urban or interurban), and trip
purpose (business or personal). Details on calculat-
ing delay costs are available elsewhere (NCHRP 2004)
and free software called Construction Analysis for
Pavement Rehabilitation Strategies (CA4PRS) is avail-
able to help owners assess the impact of various use
delay configurations on user costs (Caltrans 2011a).

Any user costs that differ significantly among the al-
ternatives being compared should be considered
alongside the agency costs in an LCCA. However,
each agency must decide which user cost compo-
nents it expects to differ among different alterna-
tives, and which it is able to estimate reasonably
well. Even if the user costs are considered equiva-
lent between alternates, the time value of money
and frequency of future activities cause the net re-
sult of work zone user costs to be different between
alternates. Because of the complexities in predicting
user costs with a high degree of accuracy, some state
highway agencies do not currently consider user
costs in their LCCAs (Table 2-4).

Failure to consider user costs may lead in some
cases to the selection of undesirably short-lived al-
ternatives. For example, it is not good practice to
recommend major rehabilitation of a busy urban
freeway every seven years; traffic handling and de-
lays in the future might be a significantly greater cost
than constructing a long-lived alternative now. With-
out quantitative consideration of work zone user
costs, however, it may be difficult to determine that
a long-lived solution is best in such a scenario.
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Table 2-4. Summary of U.S. State Highway Agency Prac-
tices Concerning the Inclusion of User Costs in Their
LCCAs (after NCHRP 2011a; Shah, et al. 2011; MDOT
2009 and Rangaraju, et al. 2008)

State
Agency

Percent of
Responding
Agencies

User
Costs
Considered

Yes 42% AK, AZ, CA, CO, CT,
DE, GA, KS, KY, LA,
MD, MI, NM, PA, SC,
VT, WA

No 58% AL, AR, FL, IA, ID, IL,

IN, MN, MO, MS, MT,
NC, NE, NJ, NV, NY,
OH, SD, TN, UT, WI,
WV, WY

Work Zone User Costs

Factors that influence the work zone user costs in-
clude the work zone length, number and capacity of
open lanes, duration and timing of closures, speed
restrictions, and the availability and capacity of alter-
nate routes (FHWA 1998). It should be noted that
some state agencies have found full roadway clo-
sures preferable to lane reductions, both because of
favorable user perception and because faster project
completion can result in a lower overall work zone
user cost and a lower initial construction cost.

Vehicle operating costs (see next section) tend to be
higher in work zones and detours due to additional
speed changes, stopping and starting, greater travel
lengths, etc. Work zone vehicle operating costs may
differ significantly for different alternatives if they
have different traffic control plans associated with
them. Information on vehicle operating costs associ-
ated with stopping and starting, speed changes, and
idling is available elsewhere (FHWA 1998; Curry and
Anderson 1972; and Winfrey 1969).

Work zone user delay costs may vary among the al-
ternatives being considered, depending on the traffic
control plans and construction methods associated
with the alternatives.



For example, and despite common perceptions, plac-
ing (constructing) a concrete pavement can be faster
than constructing an asphalt pavement because the
asphalt must be placed in multiple layers and repeat-
edly compacted, while the concrete pavement is typ-
ically placed in one layer. Concrete pavements can
then be open to traffic within hours or days if a fast-
track concrete mixture is used.

While asphalt can be constructed using staged con-
struction techniques that allow traffic on the pave-
ment before the final design thickness is
constructed, it is important to ensure that the base
and subgrade layers do not have stresses/strains that
are beyond their elastic limit or permanent deforma-
tion will occur (design tools such as AASHTO’s DAR-
WinME™ can now model the impact of staged
construction of asphalt on the total asphalt thickness
requirement). Allowable construction practices such
as these and other issues such as allowable construc-
tion timeframes (e.g., weekday/ weekend or
day/night) need to be considered in the specifica-
tions because they will impact both the initial agency
cost and work zone user delay costs.

Vehicle Operating Costs

All costs related to consumption of fuel/oil and
wear on tires and other vehicle parts are considered
vehicle operating costs. Vehicle operating costs are
primarily a function of pavement serviceability (i.e.,
roughness) and rigidity of the surface. It is some-
times thought that vehicle operating costs can be
eliminated from consideration in a pavement LCCA
because such costs are essentially the same for all al-
ternatives. While this might be the case for vehicle
operating costs such as wear on tire and other vehi-
cle parts, research has shown this assertion to be
false with regard to fuel consumption.

Several studies have investigated the impact of pave-
ment roughness on vehicle fuel consumption, with
results indicating that trucks use 2.5% to 4.5% less
fuel on smooth pavement than on rough roadways
(FHWA 2000 and MoDOT 2006). NOTE: Both of the
referenced studies compared a new asphalt overlay
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against existing, deteriorated asphalt or composite
pavement. With the increasing use of smoothness
as an acceptance criterion, both concrete and as-
phalt pavements are regularly constructed to even
the tightest of smoothness specifications. While ini-
tial construction smoothness is important, roughness
progress (e.g., profile durability) over time is ar-
guably more important because it is this characteris-
tic that defines the vehicle-pavement interaction
over the activity life of the pavement surface course.
An analysis of FHWA'’s Long-Term Pavement Perform-
ance (LTPP) data revealed that although asphalt
pavements had superior initial smoothness when
compared to concrete pavements, roughness of the
asphalt pavements increased 69.9% over the 8 to 9
year evaluation period compared to just a 3.7% in-
crease in roughness for the concrete pavements
(Transtec 2006).

Regarding the impact of the rigidity of the surface
on vehicle fuel consumption, the hypothesis is that
because trucks cause more deflection on flexible
pavements than on rigid pavements, more of the en-
ergy intended for propelling the truck is “absorbed”
due to the higher deflection of asphalt (flexible)
pavements (Figure 2-10).

Several statistically rigorous studies have investigated
the relationship between rigidity and vehicle fuel
consumption, including:

Concrete Pavement

Asphalt Pavement

Figure 2-10. lllustration of the differences in energy-con-
suming pavement deflection and deformation for as-
phalt (left) and concrete (right) pavements under heavy
truck loads.
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e A National Research Council Canada (NRC)
study that concluded that fully loaded tractor-
trailers traveling on concrete pavements have
statistically significantly lower fuel consump-
tion than those traveling on asphalt pave-
ments throughout the summer to winter tem-
perature range (e.g., International Ride Index
[IRI] <120 in./mi [1,900 mm/km]) (Figure 2-
11) (Taylor and Patten 2006). Fuel consump-
tion for two common truck types—tractor
tanker semi-trailer and tractor van semi-
trailer—were an average of between 1% to
6% lower on concrete versus asphalt pave-
ment, depending on truck type and vehicle
speed.

e A Swedish study that investigated fuel con-
sumption of passenger vehicles on different
pavement types at highway speeds of 55 mi/h
(90km/h). The study indicated a statistically
significant improvement in fuel consumption
of 1.1% (at a 95% confidence level) on the
concrete pavement tested versus the equiva-
lent asphalt sections (Jonsson 2008).

e A University of Texas at Arlington study that
examined the effect of pavement type on fuel
consumption for city driving (roughly 30 mi/h
[50km/h]) in lower-weight vehicles (e.g., a
passenger van). This study found that the fuel
consumption rates were lower on the con-
crete sections, regardless of the test section,
driving mode (acceleration vs. constant
speed), and surface condition (dry vs. wet). In
all cases, the differences were found to be sta-
tistically significant (at a 90% confidence
level). On average, the fuel consumption rates
were between 3.2% and 4.7% lower on the
concrete city streets (Arkedani and Sumit-
sawan 2010).

e Astudy inJapan that concluded that heavy-
duty vehicles have statistically significantly
better fuel consumption rates of between
0.8% and 3.4% lower at low speed and 1.4%
to 4.8% lower at a constant speed of 50 mi/h
(80 km/h) on concrete versus asphalt (Yoshi-
moto, et al. 2010).
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Figure 2-11. Fuel consumption savings on concrete versus
asphalt pavements (after Taylor and Patten 2006).

Although the fuel consumption reductions on con-
crete versus asphalt in all of these studies are only
about 1 to 6% (similar to the magnitude of potential
benefits due to pavement smoothness), the impact
of a single 1.0% reduction in fuel consumption can
result in large vehicle operating user cost savings
(Figure 2-12) and, thus, such differences between
pavement types should be accounted for in a com-
prehensive LCCA. For example, each 1% reduction in
fuel consumption on an average minor arterial with
7,500 ADT, 2% traffic growth, and assuming the aver-
age fuel economy of 23.7 mpg (10.2 1/100 km) for all
vehicles, yields a savings of almost 50,000 gallons
(189,000 liters) of fuel per mile (1.6 km) of roadway
in 30 years. (NOTE: Greenhouse gas emission reduc-
tions accompany such reduction in fuel consump-
tions and are accounted for in a life-cycle
assessment.)

Among the tools available for estimating vehicle op-
erating costs are the ACPA’s Green Street Calculator
(www.pavements4life.com/greenstreets/), the World
Bank’s Highway Design and Maintenance Standards
Model (World Bank 2001), the FHWA’s Revised High-
way Investment Analysis Package (HIAP) (FHWA
HIAP), the Texas A&M Research Foundation’s Mi-
croBENCOST (TAMRF 1993), the AASHTO Red Book
(AASHTO 1977), CA4PRS (Caltrans 2011a), and others
described in NCHRP Synthesis 269, Road User and
Mitigation Costs in Highway Pavement Projects
(Lewis 1999). For more details on pavement-vehicle
interaction see MIT 2011b.
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Figure 2-12. Marginal fuel consumption per mile of road-
way with 1.0% improvement in fuel economy [assumed
average fuel economy of 23.7 mpg (10.2 I/100 km) and
2% traffic growth per year].

Delay Costs due to Capacity Issues

In service user delay costs are primarily a function of
demand for use of the roadway with respect to road-
way capacity, and thus are only likely to differ among
the alternatives being considered in an LCCA if the al-
ternatives will have different effects on the capacity
of the roadway.

Accident Costs

Damage to the user’s vehicle and/or other vehicles
and/or public or private property, as well as costs as-
sociated with injury to the user and others, are
known as accident costs or crash costs.

Information on in-service crash rates for different
roadway functional classes and accident types (fatal,
nonfatal) are available elsewhere (FHWA 1998). Acci-
dent costs are calculated by multiplying the unit cost
per accident type, the crash rate per vehicle-miles
travelled, and the vehicle-miles travelled (traffic per
analysis period multiplied by project length).

Work zones crash rates are higher than in-service ac-
cident rates, with research indicating that crash rates
in work zones are anywhere from 7% to 119% higher
than the pre-work zone period (Kattak, et al. 2002).
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An alternate that requires a longer construction win-
dow and/or more frequent maintenance and preser-
vation/rehabilitation activities will have a higher
work zone accident cost. However, only limited in-
formation is currently available concerning the rela-
tionships between work zone accident rates and
traffic control specifics, such as lane narrowing, use
of cones or other barriers, crossovers, etc. Currently
available information on daytime versus nighttime
work zone accident rates is also limited.

Because in-service accident costs depend primarily
on the functional class of the roadway, they are not
likely to differ significantly among alternatives being
considered in a pavement LCCA unless an optimized
texture with excellent profile durability is to be used
to prevent hydroplaning on one alternate but not the
other. Work zone accident costs, however, may differ
significantly among alternatives, depending on their
respective traffic control plans, construction meth-
ods, and day versus night or weekend allowable con-
struction timeframes.

Step 5 — Estimate Future Agency Costs (C)

Future costs to be incurred by an agency during the
analysis period are commonly used as the C compo-
nent in LCCA methods that employ the A+B+C bid
method nomenclature (TDOT 2007). The future
costs generally are divided into two parts: 1) mainte-
nance and operations costs and 2) preservation or
rehabilitation costs.

While the initial agency costs can exclude cost com-
ponents that are similar for each alternate being
considered, all cost components must be considered
in future agency costs because the present value of
costs associated with engineering, administrative,
and traffic control (detours, lane closures, work
hours, etc.) in the future are impacted by when the
costs are projected to take place and by the selected
discount rate (which may vary with paving material

type).
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Future activities are dependent on the initial pave-
ment design. Thus, both (and their cost impact on
each other) must be considered when designing the
pavement structure. For example, concrete pave-
ments can be built slightly thicker than is necessary
for structural reasons to accommodate future dia-
mond grinding activities (FHWA 2010b); if this is con-
sidered in the long-term design of the pavement
structure, diamond grinding can be programmed for
the structure instead of planning a more costly over-
lay of the structure because there is insufficient
thickness for diamond grinding. Depending on
rounding of the design thickness, this may or may
not affect initial agency costs.

Maintenance and Operation Costs

The daily costs associated with keeping the pave-
ment at a given level of service are termed mainte-
nance and operating costs. These include contracts,
materials and equipment, deicing, staff salaries, etc.
for the maintenance of the pavement surface, shoul-
ders, striping, drainage, etc.

Tracking maintenance costs can be difficult because
construction contracts are typically let for relatively
short sections (e.g., 4 to 10 miles) and maintenance
contracts typically cover more than one of these con-
struction sections. Although maintenance contracts
do have specific beginning and ending locations,
some analysis is needed to properly assign costs.
Many agencies assign in-house maintenance crews
to corridors encompassing multiple sections, which
can either further complicate the goal of tying the
work to specific sections or, if there is exceptional
communication within the agency, make such a
process easier. More guidance on determining high-
way maintenance costs is available elsewhere
(NCHRP 2011b).

Several billion dollars are spent each year on pave-
ment maintenance by highway agencies in the U.S.
As such, most state highway agencies include main-
tenance costs in their life-cycle cost analyses for
pavements (Table 2-5).
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Table 2-5. Summary of U.S. State Highway Agency Prac-
tices Concerning the Inclusion of Routine or Scheduled/
Preventative Maintenance Costs in Their LCCAs (after
ACPA 2011a and Rangaraju, et al. 2008)

Maint.
Costs
Considered

State
Agency

Percent of
Responding
Agencies

Yes 77% AK, AR, CA, CO, DE,
GA, ID, IL, IN, KS,

LA, MI, MN, MT, NC,
NE, NM, NV, PA, TN,

UT, VT, WI, WV

No 23% AL, IA, MD, MO, OH,

SC, WA

FHWA suggests that the difference in maintenance
and operation costs between alternates is relatively
small in comparison to initial construction and
preservation/rehabilitation costs, and as such, this
difference would have a relatively minor effect on
LCCA results (FHWA 1998). The inclusion of mainte-
nance costs is, however, required in LCCA calcula-
tions for FHWA approval of SEP 14 projects (FHWA
2008).

For large projects, where initial construction and
preservation/rehabilitation costs are in the millions
of dollars, FHWA'’s suggestion may be true. However,
for smaller projects with lower initial costs (e.g.,
many rural and municipal roadways, parking lots,
etc.), this is likely not to be true. This also may not
be true if the project is in an urban area because
lane reductions, even for the most minor of mainte-
nance activities, can have very large user work zone
costs.



Another consideration is whether the alternatives
are long- or short-term solutions. Short-term solu-
tions typically have significantly larger maintenance
requirements than long-life solutions, regardless of
the size of the project. Furthermore, large mainte-
nance costs that result from the use of short-term
solutions can consume funds that would otherwise
be available for other projects.

Preservation and Rehabilitation Timing and Costs
Preservation/rehabilitation costs are large future
agency costs associated with improving the condition
of the pavement or extending its service life. Almost
all state highway agencies include these costs in their
LCCAs (Table 2-6).

Table 2-6. Summary of U.S. State Highway Agency Prac-
tices Concerning the Inclusion of Rehabilitation Costs in
Their LCCAs (after ACPA 2011a and Rangaraju, et al. 2008)

Rehab. Percent of State
Costs Responding Agency
Considered Agencies
Yes 97% AK, AL, AR, CA, CO,
DE, GA, IA, ID, IL,
IN, KS, LA, MD, MN,
MO, MS, NC, NE,
NM, NV, OH, PA, SC,
TN, UT, VT, WA, WI,
WV
No 3% Mi

Preservation and rehabilitation activities and their
timing should be based on the distresses that are
predicted to develop in the pavement. That is, in the
design phase, the engineer should estimate the rates
of distress development in the pavement (based on
design considerations such as pavement structure,
traffic, and environment), determine the years in
which critical level of distress are reached, and assign
the appropriate preservation or rehabilitation activi-
ties for those distresses at the appropriate times.
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The best approach to developing pavement per-
formance predictions is to rely on local performance
history data to the maximum extent possible; pave-
ment feedback loops are an ideal means of updating
such predictions as better designs are created. Un-
fortunately, many U.S. state highway agencies still
have relatively young formal pavement preservation
programs (Table 2-7).

Table 2-7. Summary of the Age of Formal Pavement
Preservation Programs at U.S. State Highway Agencies
(after Shah, et al. 2011)

Age of Percent of State
Pavement Responding Agency
Preservation Agencies

Program

1-10 Years 46% AK, AR, IL, MD,
MN, MO, MS, NY,
OR, PA, WV

10-20 Years 29% CO, IN, LA, MI,
NM, NJ, TX

> 20 Years 25% CA, FL, KS, ME,
UT, WA

In the absence of good, local historical data upon
which to develop performance predictions, tools
such as AASHTO’s DARWIinME™ can be used to de-
velop reasonable performance predictions. Esti-
mates based on future traffic projections might also
be used as preservation/rehabilitation triggers.
More information and guidance concerning the fac-
tors that affect the selection and timing of pavement
preservation and rehabilitation treatments are avail-
able elsewhere (SHRP2 2011).

Two important cost components often overlooked
when determining preservation/rehabilitation costs
are traffic control and engineering. As noted, be-
cause different pavements deteriorate at different
rates, the timing of such costs and any other inciden-
tal costs (e.g., striping) impacts their present value.
Also, because of ever-increasing traffic, future work
on a section may require more complicated traffic
control.
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The stream of preservation/rehabilitation activities
used varies greatly from agency to agency. Many
agencies apply a standard scheme and/or uniform
preservation/rehabilitation lives to all pavements.
There are, however, limitations to this approach, in-
cluding:

e Standard preservation/rehabilitations may not
address the causes of the problems and,
therefore, may not be suitable for all pave-
ment types at all times.

e Because traffic is always increasing, the ex-
pected performance life of any given preser-
vation/rehabilitation activity can be expected
to decrease over time (as traffic levels in-
crease).

e For some types of preservation/rehabilitation,
the original pavement may continue to deteri-
orate, so it is possible that the second or third
rehabilitation will not last as long as the first.

Selection of preservation/rehabilitation activities
should be based on the type, severity, and extent of
distresses in the pavement. As a pavement deterio-
rates, the appropriate types and expected service
lives of preservation/rehabilitation activities
changes.

Accurate assessment of the service life for alternate
pavement sections is necessary if the results of the
LCCA are to be credible. The performance period for
concrete pavements is typically assumed to be 20 to
40 years. However, many concrete pavements origi-
nally designed for 20 years have lasted longer and
carried significantly more traffic than that for which
they were designed. A study in lllinois found that the
concrete interstate pavements in that state carried
almost 4 times as much traffic as that for which they
were design (Gharaibeh, et al. 1997). A similar study
in New York state found that their concrete pave-
ments carried 3.4 times as much traffic as that for
which they were designed (Chen, et al. 1995). A
study in Louisiana investigated original Interstate
pavements constructed between 1963 and 1967 and
found that concrete pavements that were still in
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service in 1989 had carried, on average, 0.98 to 2.58
times more traffic than that for which they were de-
signed; the study also found that while 86% of the
original Interstate concrete pavements built some 20
or more years earlier were still in service, only 23%
of the asphalt pavements were (Temple and Bole-
ware 1989).

Predicting the performance of preservation or reha-
bilitation activities involves, at a minimum, predict-
ing the time (either in years or accumulated axle
loadings) at which each strategy will reach a level of
condition requiring follow-up preservation or reha-
bilitation. For example, pavement performance
studies have demonstrated that diamond grinding
can extend the service life of a concrete pavement by
8 to 20 years, and that most concrete pavements
may be diamond-ground several times, further ex-
tending the pavement's service life (Rao, et al. 1999
and Stubstad, et al. 2005).

Typical expected performance period ranges for
new construction and various preservation/rehabili-
tation activities are summarized in Table 2-8. These
ranges are general estimates, expressed in years, for
all levels of truck traffic and are intended to repre-
sent the “conventional wisdom” about the perform-
ance periods that may reasonably be expected of the
different rehabilitation techniques. As noted previ-
ously, tools such as the AASHTO’s DARWinME™ pro-
vide a means to estimate expected performance
periods for both new construction and future main-
tenance and rehabilitation activates. Performance
life estimates for other preservation/rehabilitation
activities are available elsewhere (FHWA 2010c).

Concrete Pavement Preservation (CPP) Options

If an existing concrete pavement is still in fairly good
condition, concrete pavement preservation (CPP)
technigues may be used (ACPA 2008). CPP tech-
niques can be used to repair isolated sections of de-
teriorated pavement, or may be used to prevent or
slow overall deterioration, sometimes by reducing
the impact of traffic loadings on the pavement.
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Table 2-8. Typical Service Life Ranges for Various Highway Pavement Preservation/Rehabilitation Treatments (after
ACPA 1990a, 1990b and 1993b; ADOT 1991; CS 1996; FHWA 2010c; Hall, et al. 2001; INDOT 1998; NYSDOT 1993; ODOT
1999; PennDOT 1999; Rao, et al. 1999; Rangaraju, et al. 2008; SHRP2 2011; UDOT 1998; VTrans 1999; WisDOT 1999;
and WVDOT 1994)

Preservation/Rehabilitation Treatment Expected Performance Period (years)

Reconstruction:
Reconstruction with asphalt pavement 8-25
Reconstruction with concrete pavement 20-40

Asphalt pavement preservation/rehabilitation:

Structural asphalt overlay of asphalt pavement 6-17
Structural concrete overlay of asphalt pavement 15-40
Surface recycling without overlay 3-8
Nonstructural asphalt overlay of asphalt pavement 3-8
Nonstructural concrete overlay of asphalt pavement 5-15
Asphalt patching without overlay 4-8

Concrete pavement preservation/rehabilitation:

Structural asphalt overlay of concrete pavement 8-20
Concrete overlay of fractured concrete slab 15-40
Unbonded concrete overlay of concrete pavement 15-40
Nonstructural asphalt overlay of concrete pavement 1-8

Bonded concrete overlay of concrete pavement 15-30
Restoration without overlay 5-15
Diamond grinding of the concrete surface 8-20

Composite pavement preservation/rehabilitation:

Structural asphalt overlay of composite pavement 8-20
Concrete overlay of fractured concrete slab 15 -40
Unbonded concrete overlay of composite pavement 15-40
Surface recycling without overlay 3-8
Nonstructural asphalt overlay of composite pavement 3-8
Nonstructural concrete overlay of composite pavement 5-15
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CPP techniques include:

Slab stabilization,

Edge drain retrofit,

Partial-depth repair (PDR),

Dowel bar retrofit (DBR),

Cross-stitching longitudinal joints and cracks,
Full-depth repair (FDR),

Retrofitting concrete shoulders,

Diamond grinding (DG),

. Grooving, and

10. Joint and crack sealing.

©ONOUAWN R

The choice of which CPP activity or activities to im-
plement depends on the distresses present in the
pavement. For CPP to be most effective, proper en-
gineering and repair timing are critical. For CPP to be
most cost-effective, CPP activities should generally
be performed in the order shown in the list above.
More information on CPP activities is available else-
where (ACPA 199343, 1994, 1995, 1998a, 1998b,
1998c, 2000, and 2008).

Diamond grinding is an extremely cost-effective
means of renewing a concrete pavement’s surface.
Based on a California Department of Transportation
(Caltrans) study of 76 test sections nationwide (in-
cluding pavements in freeze-thaw zones), the aver-
age longevity of a diamond-ground project is about
14 years. In California, this value was determined to
be closer to 17 years (Stubstad et al. 2005).

Because concrete pavements typically are con-
structed slightly thicker than the design thickness
and because the pavement structural capacity in-
creases over time due to the continued hydration of
the cement, it typically is possible to diamond grind
a candidate concrete pavement up to three times
without compromising its fatigue life; this can extend
the service life of the pavement to more than twice
its initial design life. It is worth noting that diamond
grinding provides enhanced smoothness and
longevity without extracting or processing additional
raw materials, such as aggregates or binders.
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A section of Interstate 10 (San Bernardino Freeway)
just east of Los Angeles presents an excellent exam-
ple of this preservation strategy. The section was
originally constructed in 1946 as a part of historic
Route 66. In 1965, it was diamond-ground to correct
the considerable amounts of joint faulting that had
developed during its more than 20 years of service.
This first-ever continuous grinding project in North
America provided 19 years of additional service. In
1984, this pavement got a third lease on life when
Caltrans decided to restore the pavement again using
diamond grinding. In 1997, the 51-year old pave-
ment was ground a third time. Today, more than 60
years after it was constructed, this concrete pave-
ment is still in service and is currently carrying more
than 200,000 vehicles each day (ACPA 2006b).

Resurfacing of a concrete pavement (also known as
overlaying) is used when a concrete pavement has
medium-to-high levels of distress and CPP is no
longer considered to be cost-effective or when traffic
levels increase such that increased structural capac-
ity is necessary. Concrete overlays fall into two basic
categories: bonded and unbonded. Existing con-
crete, asphalt (Figure 2-13), and composite pave-
ments can all be overlaid by a new concrete
pavement. Concrete overlays have been constructed
on highways, streets, roads, airfield pavements, park-
ing lots, and industrial/ trucking facilities and their
successes date back to the 1910s (NCHRP 1982). As
shown in Table 2-8, the expected performance pe-
riod may be different for bonded and unbonded con-
crete overlays. More information on concrete
overlays is available elsewhere (ACPA 1990a, 1990b,
and 2011b; Rasmussen and Rozycki 2004; NCHRP
1982 and 1994; and NCPTC 2008). The ACPA also has
developed an interactive National Concrete Overlays
Explorer (available at www.apps.acpa.org) that al-
lows users to explore and learn about many of the
existing concrete overlays across the U.S.




Figure 2-13. A 4-in. (100-mm) thick bonded concrete over-
lay on an existing asphalt pavement on a city street in
Ogden, Utah.

Reconstruction is done when a pavement has high
levels of distress and overlays are no longer feasible,
and/or when necessitated by other concerns, such as
a need for geometric and/or capacity improvements
or to correct items such as subgrade and subbase de-
ficiencies, roadside safety features, drainage, etc.
Some of the advantages of reconstruction are that it
controls the final pavement elevation and minimizes
the need for roadside appurtenance adjustments.
Furthermore, it gives the agency and contractor the
option to recycle the old pavement into products
that will be useful for the reconstruction or on other
projects.

Step 6 — Estimate Residual Value

The residual value typically is defined in one of
three ways: 1) the net value that the pavement
would have in the marketplace if it is recycled at the
end of its life (also known as salvage value), 2) the
value of the remaining service life (RSL) at the end
of the analysis, and 3) the value of the existing pave-
ment as a support layer for an overlay at the end of
the analysis period.
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Whichever way residual value is defined for rehabili-
tation strategy alternatives, it must be defined the
same way for all alternatives, and should reflect
what the agency realistically expects to do with the
pavement structure at the end of the analysis period.
Residual value should be taken into account when-
ever the alternates are expected to have significantly
different residual values at the end of the analysis
period. Table 2-9 shows which state highway agen-
cies include residual value in their LCCAs.

Table 2-9. Summary of U.S. State Highway Agency Prac-
tices Concerning the Inclusion of Residual Value in Their
LCCAs (after ACPA 2011a and Rangaraju, et al. 2008)

State
Agency

Percent of
Responding
Agencies

Residual
Value
Considered

Yes 51% AK, AR, CA, CO, CT,
GA, HI, ID, IN, KS,
MD, MN, NE, NV, NY,
VA, WI, WA

No 49% AL, FL, IA, IL, KY,

LA, MI, MO, MS, NC,
OH, SC, SD, TN, UT,
WV, Wy

Residual Value through Recycling (Salvage Value)
Concrete pavement is 100% recyclable. At the ulti-
mate end of its fatigue life, concrete pavement can
be crushed and reused in many ways (e.g., subbase
material for a new concrete pavement). A 2005 study
conducted by the Construction Materials Recycling
Association (CMRA) revealed that between 130 and
140 million tons (between 118 and 127 million met-
ric tons) of concrete were crushed and recycled in
2004. In fact, on a weight basis, concrete is the most
recycled material in the U.S. (CMRA 2010).
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Virgin aggregate resources are vast, but finite; many
high-quality, conveniently located virgin aggregate
resources are being depleted rapidly. In addition, en-
vironmental regulations, land use policies and
urban/suburban construction and settlement are fur-
ther limiting access to known aggregate resources.
Virgin aggregate costs can be expected to rise with
scarcity and increasing haul distances. Thus, it
seems likely that even agencies that do not recycle
existing pavements likely will do so in the future at
the end of a typical life cycle for a new pavement.

If it is assumed that the pavement is to be recycled
at the end of the analysis period, the salvage value is
the monetary value of the recycled materials minus
the costs of removal and recycling. The salvage value
of the pavement structure as recycled materials may
be different for the different alternates.

It is important to not double-count the salvage value;
that is to say, it should not be included as both a
residual value credit at the end of the LCCA of a
pavement section and then as a reduction in cost at
the beginning of the next LCCA on the same section.
Thus, if the pavement is to be recycled, salvage value
oftentimes is not considered at the end of the analy-
sis period (where the value is extremely discounted)
but rather is considered as a reduction in cost for a
new pavement (where the value of the reduction is
better known and fully appreciated) in the next LCCA
of the section.

Residual Value through Remaining Service Life
The residual value of a pavement that is likely to be
rehabilitated rather than demolished at the end of
the analysis period can be based on its contribution
to the structural capacity of the rehabilitated pave-
ment structure.

The FHWA currently recommends that the residual
value be determined as the portion of the cost of the
last rehabilitation equal to the portion of the remain-
ing life of the last rehabilitation (FHWA 1998). For ex-
ample, if an overlay with a predicted life of 12 years
is placed 8 years before the end of the analysis pe-
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riod, it has a remaining life of 4 years at the end of
the analysis period, so the residual value would be
defined as 33% (4/12) of the cost of the overlay.
However, this method of defining residual value at-
tributes worth only to the last rehabilitation applica-
tion, rather than to the pavement structure as a
whole. It may also have the undesired consequence
of attributing greater worth to a pavement design or
rehabilitation strategy alternative that costs more,
performs poorly and requires frequent follow-up re-
habilitation than to an alternative with better long-
term performance that requires less frequent
rehabilitation.

The FHWA is currently developing a remaining life
depreciation method that will include consideration
of both the last rehabilitation methods and the re-
maining pavement structure (NCHRP 2011a).

Residual Value as a Support Layer

When all alternatives are predicted to reach mini-
mum acceptable condition at the end of the analysis
period and require rehabilitation at that time, an-
other option is to determine what contribution the
existing pavement structure will make to the struc-
tural capacity of the rehabilitated pavement struc-
ture. The residual value of each alternative could be
guantified as the portion of the future rehabilitation
cost that will be reduced by the contribution of the
existing pavement structure.

When one or more alternatives are predicted to
reach minimum acceptable condition beyond the
end of the analysis period, the residual values could
be defined in terms of how long each alternative de-
lays the next required rehabilitation. The residual
value could be quantified as the difference between
the cost of rehabilitation if it is performed at the end
of the analysis period and the discounted cost of the
same type of rehabilitation if it is deferred some
years into the future. Thus, an alternative with more
remaining structural capacity at the end of the analy-
sis period would yield a larger difference between
immediate and deferred rehabilitation costs, and
therefore a higher residual value.



Step 7 — Compare Alternatives

Alternatives considered in an LCCA must be com-
pared using a common measure of economic worth.
The economic worth of an investment may be meas-
ured in a number of ways. Investment alternatives
such as pavement strategies are most commonly
compared on the basis of present worth (also called
net present value [NPV]) or annual worth (also
called equivalent uniform annual cost [EUAC]).2 The
majority of state highway agencies who perform
LCCA for pavement type selection use NPV to com-
pare alternatives (Table 2-10).

Table 2-10. Summary of U.S. State Highway Agency Prac-
tices Considering the Use of NPV, EUAC, or both in Their
LCCAs (after NCHRP 2011a)

State
Agency

Percent of
Responding
Agencies

Calculation
Method
Used

Net Present 66% AL, AR, AZ, CA, CO,
Value (NPV) KS, LA, MD, MN, MO,
Only MT, NM, NV, OH, SC,
UT, VT, WA, WV
Equivalent 17% DE, IL, MI, NC, WI
Uniform

Annual Cost

(EUAC) Only
Both NPV 17% GA, ID, IN, PA, TN
and EUAC

For the purposes of calculation, many state agencies
classify and group the components of their LCCA as
follows for the purposes of calculations:

e A-lInitial Agency Costs (found in Step 3)
e B -—User Costs (found in Step 4)
e C—Future Agency Costs (found in Step 5)

2 Benefit-cost analysis is another economic analysis option. It is,
however, generally more difficult to perform correctly because the
comparison of alternates requires a multi-step, incremental analysis.
All things equal, a benefit-cost analysis provides the same rank
order of alternates as NPV or EUAC calculations.
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This nomenclature, which gives rise to bid models
commonly referred to as A+B, A+B+C, or A+C, aids in
separating the various costs into functional groups
for the purposes of conducting the LCCA calculations
and comparing the results.

Again, there are opportunities to optimize both cost
and pavement structural design using modern tools
such as AASHTO’s DARWInME™ software (Figure 2-14).
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Figure 2-14. Concrete pavement designs optimized by MIT
using DARWInME™ resulted in a reduced net present
value (NPV) (MIT 2011c).

Cash Flow Diagrams

A cash flow diagram (Figure 2-15) helps in the devel-
opment and visualization of strategies. A cash flow
diagram shows the inflow and outflow of cash due to
construction, maintenance, and preservation/reha-
bilitation, expressed in terms of either present worth
or annual costs. Up arrows indicate major cash ex-
penditures (e.g., construction, preservation, etc.) and
down arrows show cash inflows (e.g., residual value).
The length of the arrow indicates the magnitude of
the expenditure.

For toll roads, where user fees are collected, there is
a continuous inflow of funds, which should be taken
into account in the analysis to the extent that the in-
flow will differ among the alternatives being consid-
ered. Lost revenues due to traffic disruptions or
reduced usage during maintenance/rehabilitation
work should also be taken into account to the extent
that the lost revenue will differ among the alterna-
tives being considered.
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Figure 2-15. Example of a cash flow diagram for an un-
bonded concrete overlay.

Present Worth Calculations

All costs and benefits over the analysis period are ex-
pressed in terms of their equivalent (e.g., discounted)
value at the beginning of the analysis period in a
present worth style analysis. All initial agency costs
are assumed to occur at time t = 0 and are not dis-
counted (i.e., they are counted at full and actual
value). All future costs (e.g., future maintenance and
preservation/rehabilitation costs) and future benefits
or reductions in cost (e.g., residual value at the end
of the analysis period) are discounted to their equiva-
lent present values and are summed with the initial
costs to yield the net present value (NPV).

NPV analyses are directly applicable only to mutu-
ally exclusive alternates each with the same analysis
period; the use of residual values is a means of ac-
commodating (to the extent possible) the fact that
real-life alternatives do not typically have the same
exact service lives.

The formula for the present value or worth (SP) of a
one-time future cost or benefit (SF) is:

$P = $F x [@] [Egn 2-3]

where:

d = the real discount rate (e.g., 0.03 for 3 percent)
t = the year in which the one-time future cost or
benefit occurs
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Costs that are expected to accrue annually at a uni-
form value (e.g., routine maintenance costs) can also
be expressed in terms of their present worth. Such
costs should be taken into consideration in the LCCA
whenever they are expected to differ significantly for
the alternatives being considered (see Step 5).

The formula for the present value or worth (SP) of an
annual future cost or benefit (SA) that first occurs in
year 1is:

(1+d)-1 ]

$P = $A X [d(1+d)n [Eqn 2'4]

where:

d = the real discount rate (e.g., 0.03 for 3 percent)
n = number of years over which the annual future
cost reoccurs

The conversion of nonuniform future annual costs
requires:

1) Identification of subperiods during which the
annual costs are uniform,

2) Converting these uniform annual costs to
present worths in the beginning years of the
subperiods, and

3) Converting these present worths in given fu-
ture years to equivalent present worths at
the beginning of the analysis period.

For example, suppose a uniform annual maintenance
cost is expected to be incurred starting in year 16 of
a 25-year analysis. The present worth incurred be-
tween years 16 and 25 would be calculated by first
converting the annual maintenance costs in years 16
to 25 (N = 10) to an equivalent present worth at the
beginning of year 16, which is also the end of year
15, and then discounting this equivalent present
worth back 15 years to time zero.



Annual Worth Calculations

The value of all costs and benefits in a given analysis
period can also be expressed in terms of an equiva-
lent series of annual cash flows of uniform value over
every year of the analysis period in an annual worth
or equivalent uniform annual cost (EUAC) analysis.

The formula3 for the equivalent uniform annual
value (SA) of a cost (SP) incurred at the beginning of
the analysis period (t = 0):

d (1+d)® ]

$A = $P % [(1+d)“—1 [Eqn 2-5]

where:

d = the real discount rate (e.g., 0.03 for 3 percent)
n = number of years over which the annual future
cost reoccurs

To express a one-time future cost (e.g., follow-up
preservation/rehabilitation) or benefit (e.g., salvage
value) in terms of its equivalent uniform annual cost
over the analysis period, it must first be converted to
its equivalent present worth at t = 0, and then con-
verted to its equivalent uniform annual cost.

Annual costs that are uniform throughout the analy-
sis period require no conversion before being added
to other equivalent uniform annual costs.

Annual costs that are not uniform over the analysis
period (e.g., annual maintenance costs forecasted for
some subperiod within the analysis period) must be:

1) Converted to present worth at the beginning
of the first year of the subperiod,

2) Converted to a present worth at the begin-
ning of the analysis period (e.g., t = 0), and

3) Converted to equivalent uniform annual cost
over the entire analysis period.

3 It should be noted that many pavement management and LCCA re-
sources focused on pavements perpetuate an incorrect version of
this formula, wherein the rate multiplier (d) is missing from the nu-
merator.
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Accounting for Material Inflation

Although asphalt cement makes up only about 5-8%
of the weight of a typical asphalt paving mixture and
cement comprises about 8 percent of a typical con-
crete paving mixture, the binders typically are the
most expensive components of paving mixtures.
Thus, a comprehensive LCCA comparing these two
pavement types should consider any significant dif-
ferences in inflation between these two materials.

The concept of accounting for expected differential
price changes in an economic analysis such as an
LCCA is a decades-old idea (Lee and Grant 1965). For
much of the last 50 years, it has been argued that
historic price trends did not justify accounting for
material inflation. That may have been the case
when considering concrete and asphalt prices from
the early 1900s to about 1975. For the last 35 years
(see Figure 2-4), however, concrete and asphalt
prices have increased at significantly different rates.

As discussed, material-specific real discount rates
are one method of accounting for situations when
one or more materials are expected to inflate at a
rate significantly greater (or less) than that of the in-
flation rate used in the calculation of the general real
discount rate.

Other methods of accounting for differences in ma-
terial inflation are 1) by escalating the future value
of an item before calculating its present or annual
worth or 2) adjusting the present or annual worth of
the item.

For example, the Pennsylvania Department of Trans-
portation recently began applying an Asphalt Adjust-
ment Multiplier (AAM) to adjust asphalt bid prices to
better reflect the price paid for asphalt over a life
cycle; their current AAM factor is 1.7419 (PennDOT
2011a), which effectively inflates all future agency
asphalt costs by almost 75% before the costs are dis-
counted.
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Another method of escalating future costs has re-
cently been suggested by researchers at MIT (MIT
2011a). Through stochastic simulation using the
BLS’s PPIs for steel, lumber, concrete, and asphalt
and the CPI, they have proposed “real price” escala-
tion factors that are dependent on the year in the
LCCA in which the activity is conducted. These fac-
tors account for just the difference between the ma-
terial inflation and general inflation so that the
standard (e.g., not material-specific) real discount
rate can still be used, making this process very easy
to apply to individual expenditures. For example,
and because inflation has outpaced the cost of con-
crete (see Figure 2-4), a concrete overlay in year 30
of an LCCA would be escalated by a “real price” ad-
justment of 87%, such that $1,000,000 of concrete
overlay pavement today would have a real price of
$870,000 30 years from now; this $870,000 at year
30 would then be used to calculate the present or
annual worth of that activity using the standard real
discount rate. Also see Mack 2011 for more details
on accounting for material inflation through the use
of escalation factors.

Analysis Methods

The present and annual worth calculations discussed
thus far describe a deterministic approach to LCCA
comparisons because a single defined value is as-
sumed and used for each activity (e.g., initial con-
struction cost, preservation/rehabilitation cost and
timing, etc.).

There is, of course, inherent variability (and, thus,
risk) in each and every input used in an LCCA (e.g.,
forecasted future material costs, forecasted activity
timing, expected service life of preservation tech-
niques, etc.) that is not accounted for in a determin-
istic analysis. Such variability can, however, be
accounted for through a probabilistic analysis.
Some states attempt to address this variability in a
deterministic analysis by varying crucial inputs, such
as the real discount rate, in a sensitivity analysis to
investigate the impact that changes in these vari-
ables have on the results of the analysis. Such vari-
ability is, however, best accounted for in a
probabilistic analysis.
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Example of the Mathematical Equivalence of the Mate-
rial-Specific Real Discount Rate and Escalation Factor
Methods to Account for Material Inflation

This example illustrates how to account for material in-
flation on $25,000 of an expenditure at the end of year
10. Assume general interest and inflation rates of 8%
and 4%, respectively. Consider a material inflation rate
of 5.5%, slightly higher than inflation.

Material-Specific Real Discount Rate

1) Calculate the material-specific real discount rate:

4. o _Y*lp . _ 1+0.08
matss g py 1+0.055

mat—inf

-1=237%

2) Discount the expenditure to its present worth:

4p = — SF _ _$25000
T (L+dp,)t (1+0.0237)1

= $19,780.03

Escalation Factor and General Real Discount Rate

1) Calculate the general real discount rate:

14 _, _ 1+0.08
1+ 1+0.04

-1 = 3.85%

2) Calculate the escalation factor in a method compara-
ble to the discount rate (e.g., the discount rate considers
the difference between interest and inflation rates while
the escalation factor considers the difference between
material-specific and general inflation rates):

1+ lnatinf . 1+0.055

e = ; 1=
1+ 1+0.04

-1 =1.44%

3) Escalate the expenditure to its year 10 cost (Mack
2011):

$F = $P(1+e) = $25,000(1 + 0.0144)1°
= $28,849.03

4) Discount the expenditure to its present worth:

__$F _ $28849.03 _
#Bi= (1+d)  (1+0.0385)° SR

Both methods yield the same present worth. Thus,
both are viable means of accounting for material infla-
tion.




In a probabilistic approach to life-cycle cost analysis,
the variability of each input is accounted for and
used to generate a probability distribution for the
calculated life-cycle cost. The spread of the probabil-
ity distribution of the calculated life-cycle cost illus-
trates how much the actual life-cycle cost may vary
based on the variability of the inputs (Figure 2-16).

Discount
Rate

Initial

w4

LCCA conducted with
values randomly
sampled from each
input’s distribution

Performance

Process repeated
many times

Results of probabilistic analysis
provide a mean value and a
probability distribution based
on cumulative risk

Figure 2-16. Schematic of a probabilistic analysis process
(after NCHRP 2004).

Probabilistic LCCA is a relatively new concept for
most state transportation agencies, but has become
more practical in recent years due to advances in
computer processing capabilities. FHWA has devel-
oped guidelines for probabilistic LCCAs (FHWA 2002).
The FHWA's probabilistic LCCA procedure, as used in
their RealCost LCCA software, relies on Monte Carlo
simulations to select a random value for each input
variable from its probability distribution and then
compute the NPV or EUAC for the selected values.
This process is repeated many times in order to gen-
erate a probability distribution of LCCAs for each al-
ternative being considered. The probability
distribution of the NPV is characterized in the pro-
gram outputs by the mean value and standard devi-
ation; minimum and maximum net present values
also are reported.

Chapter 2 - Basic Steps in a Life-Cycle Cost Analysis (LCCA) for a Single Project

Costs incurred closer to the beginning of the analy-
sis period typically can be estimated with a higher
degree of certainty than costs incurred later in the
analysis period. Thus, initial costs can be estimated
with a narrower probability distribution than future
costs. These trends in probability distribution also
hold true for other inputs and the outputted net
present value distributions. A net present value
probability distribution that is wider presents more
risk than a narrow probability distribution (Figure 2-
17).

A Narrow Dist.
is Less Risk

Wide Dist.
is More Risk

Probability (%)

y

Cost ()

Figure 2-17. lllustration of how variability (e.g., width or
standard deviation) of distribution is related to risk.

The majority of state highway agencies who perform
LCCA for pavement type selection still either use de-
terministic analysis exclusively or use it alongside a
probabilistic analysis (Table 2-11). Despite the com-
plexities of a probabilistic analysis, many states who
perform LCCA for pavement type selection have
adopted such analysis methods to best account for
the inherent variability/risk of an LCCA.

Analysis Tools

Most modern spreadsheet software include stan-
dard functions for calculating the present worth
(e.g., PV() in Microsoft Excel) and annual worth (e.g.,
PMT() in Microsoft Excel) to aid in deterministic
analysis.
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Table 2-11. Summary of U.S. State Highway Agency Prac-
tices Concerning the Use of a Deterministic and Proba-
bilistic Approaches in Their LCCA Calculations (after
NCHRP 2011a)

Percent of
Responding
Agencies

Analysis
Method
Used

Table 2-12. Summary of U.S. State Highway Agency Prac-
tices Concerning the Use of State-Developed Tools, Real-
Cost, or DARWInME™ to Conduct LCCA Calculations
(after NCHRP 2011a)

State
Agency

(0{07.¥ Percent of
Tool Responding
Used Agencies

Proprietary software that can compute LCCAs in-
clude:

e AASHTO’s DARWInME™ (deterministic)

e FHWA'’s RealCost (deterministic and proba-
bilistic)

e ACPA’s StreetPave (deterministic)

e Asphalt Pavement Alliance’s (APA’s) LCCA Orig-
inal and LCCA Express (both deterministic)

Most state highway agencies are conducting calcula-
tions using a state-developed software/spreadsheet
(Table 2-12). About 40% of surveyed state highway
agencies currently use the FHWA’s RealCost software
and all responding states that conduct probabilistic
analyses use RealCost either exclusively or with
other LCCA software/spreadsheets. Many states have
also developed their own customized version of the
RealCost software, such as the California DOT’s Real-
Cost v.2.2. — California Edition (CALTRANS 2011b),
while other states have state-customized spread-
sheets, such as the Pennsylvania DOT'’s Life Cycle
Cost Analysis spreadsheet (PennDOT 2011b).
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Deterministic 80% AL, AR, AZ, CA, GA, ID, State- 62% AR, GA, ID, IL, KS,
IL, KS, LA, MI, MN, MO, Developed MI, MN, MO, MT, NC,
MT, NC, NM, NV, OH, Tool NM, NV, OH, PA, SC,
PA, TN, UT, VT, WI, WV TN, UT, WI
Probabilistic 10% CO, IN, MD RealCost 41% AZ, CA, CO, DE, IN,
LA, MD, SC, TN, UT,
Both Det. 10% DE, SC, WA VT, WA
and Prob.
DARWiInME™ 17% AL, CO, TN, VT, WV

Because of its ability to do both deterministic and
probabilistic analyses and ease of use, RealCost is
recommended by ACPA and is used alongside simple
deterministic calculations in the examples in Chapter
3. The RealCost software and supporting docu-
ments, such as the User’s Manual, several case stud-
ies, and the FHWA’s LCCA Primer and Technical
Bulletin, can all be downloaded for free from the
FHWA'’s website (FHWA 2011b).

Comparison of Results

After the LCCA has been conducted for each alter-
nate, it is necessary to analyze and compare the re-
sults. Because different components of the total
life-cycle cost indicate different things about the al-
ternates (e.g., the relative impacts of initial and fu-
ture agency costs or user costs), the components
typically are viewed both separately and together to
aid in interpretation and evaluation of the results
(NCHRP 2011a).




Probabilistic analyses provide a means of evaluating
the relative economic (cost) risk of competing alter-
natives, but the process can be complex. A simple
way to examine the cost estimation risk (i.e., vari-
ability in the estimated LCCA) of competing alterna-
tives using only deterministic analysis techniques is
to take the ratio of initial costs to the net present
value (or EUAC) for each alternate®. Higher values of
this ratio indicate that more of the LCCA is due to ini-
tial costs, which are relatively better known, so the
reliability of the LCCA estimate is higher than for al-
ternatives with lower values of this ratio.

When two alternatives have very similar net pres-
ent values over the analysis period, it is advisable to
choose the less risky alternative (i.e., the one with
the higher proportion of the net present value attrib-
utable to initial costs). Depending on the level of
cost estimation risk considered acceptable, it may
even be preferable to select the alternative with the
somewhat higher present worth of costs.

The examples presented in Chapter 3 illustrate the
comparison of LCCA results for evaluating pavement
alternatives.

Gaps between Actual Practice and State-of-
the-Art of LCCAs

In 2004, researchers investigated trends in common
LCCA practices among state highway agencies and
found the following gaps between state-of-the-prac-
tice and state-of-the-art of LCCAs (Ozbay, et al.
2004):

e The statistical nature of the uncertain input
parameters,

e The determination of the timing of future re-
habilitation activities,

4 Because private entities (e.g., concessionaires) can neither levy
taxes nor sell their own bonds, the opposite might be true for pri-
vately-funded projects. In such cases, the owner might want to mini-

mize up-front costs as much as possible so they can either 1) borrow

less money or 2) invest more of the money they have in other proj-
ects, the stock market, interest bearing bonds, etc.

Chapter 2 - Basic Steps in a Life-Cycle Cost Analysis (LCCA) for a Single Project

e The inclusion/exclusion of user and social
costs, and
e The treatment of uncertainty.

The baseline against which state-of-the-practice ac-
tivities was judged was that of the state-of-the-art in
academic research and guidelines from groups such
as the FHWA (e.g., RealCost) and the World Bank.

These differences between the state-of-the-practice
and state-of-the-art are important to understand
when attempting to conduct the most thorough and
realistic LCCA possible.

Nature of Uncertainty

While discussed in some detail in previous section,
this research identified that the majority of state
agencies assume discrete values for inputs that have
at least some uncertainty (e.g., timing of future activ-
ities), typically because the state agency was using a
deterministic analysis.

It is noted by the researchers that uncertain parame-
ters are best accounted for in an LCCA through the
use of probability distributions in a probabilistic
analysis. Readily available tools, such as RealCost,
can be used to produce LCCA probability distribu-
tions from inputs for which probability distributions
are known. Thus, the ability to account for the na-
ture of uncertainty exists and such variability should
be included in a comprehensive and realistic LCCA.

Determining Future Activity Timing

This difference is less about the ability to determine
future activity timing and more about the method by
which it is done.
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State agencies rely heavily on performance history
records, expert opinions, etc. to estimate activity
timing across the life cycle of each alternate. Thus,
performance data is regularly revisited and estimates
updated. This can, however, lead to the problematic
practice of systematically imposing standardized
preservation/rehabilitation schedules on a given
pavement alternate type (see Step 5). The preserva-
tion/rehabilitation schedule developed for each com-
peting project alternative should be custom-
developed with consideration of variables such as ex-
pected initial pavement performance, traffic, climate
conditions, etc.

Academia, on the other hand, generally relies on per-
formance models, such as those included in DARWin-
ME™, to estimate activity timing. While these
models rely heavily on design inputs such as traffic,
making the timing of future activities project-spe-
cific, the performance models may not necessarily
reflect the real-world performance of each alterna-
tive in a specific location, even though the models
were originally calibrated to field performance in
some areas.

While each method of estimating future activity
might yield slightly different results, using a proba-
bilistic analysis with a varied timing for each activity
likely helps to reduce differences between the two
methods and provide more realistic performance ex-
pectations.

User and Social Costs

As discussed previously, most state agencies do not
consider costs encountered by users (especially
those incurred during the use-phase of the roadway)
in LCCAs because (at least in part) they believe such
costs to be similar for each alternate. However,
much research has been done on means to mone-
tize and quantify user costs for impacts ranging from
work zone traffic delays to comfort, and even health
effects. Such research increasingly shows that these
are significant contributors to the overall cost of the
roadway.
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While some have argued that user costs are not real
costs or such costs are too difficult to monetize, the
users are incurring these user costs just as they are
incurring the total initial and future agency cost
through taxes, tolls, or other fees; thus, any and all
quantifiable user costs should be considered in an
LCCA.

Treatment of Uncertainty

Aside from a small percentage of state agencies who
are utilizing probabilistic LCCAs, the vast majority of
LCCAs currently being conducted are deterministic
analyses that result in single-point estimates (or, at
best, deterministic analyses with a simple sensitivity
analysis that varies a few key inputs such as the real
discount rate).

Although about 40% of surveyed state highway agen-
cies use RealCost (Table 2-12), only 20% (Table 2-11)
consider probabilistic analysis methods. Given the
magnitude of taxpayer dollars spent each year on
roadway projects and the increasing use of RealCost
(a software that is simple to use and free for any
agency, including cities, counties, etc.), it is strongly
recommended that the most advanced and sophis-
ticated LCCA tools available be embraced and im-
plemented to account for the uncertainty that is
inherent in any LCCA.
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Chapter 3. Examples of Single-Project
Life-Cycle Cost Analysis

Because of the ever-increasing use of LCCA and the Each example begins with a deterministic analysis
level of transparency employed by most agencies conducted using the equations from Step 7. Real-
when conducting LCCAs, many examples for specific Cost is then used to conduct a probabilistic analysis
projects are readily available. for each example, assuming reasonable, simple vari-
ation in critical inputs such as the real discount rate,
This Chapter presents real-world LCCA examples for activity pricing, and activity timing. A comparison of
a local road, a highway and an airport. Because the results is then presented along with further in-
these are real-world examples, the cost data pre- vestigation and discussion on key issues. Note that
sented are valid only for the project described and in while some examples will discuss similar concepts
the year in which the project was constructed; the (e.g., the impact of real discount rate on results),
cost data presented in this Chapter should not be other investigations are unique to specific examples
used as estimates for similar work because such because of the story the analysis/results tells; as
costs are dependent on many more variables than such, if you are reading these examples for an under-
just the pavement structural design (e.g., relative lo- standing of methods to analyze LCCAs, all three ex-
cation of the contractor to the project, construction amples should be read, regardless of whether you
environment, required traffic management practices, are conducting an LCCA for a local road, airfield,
etc.). highway, industrial facility, or other type of project.
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Local Road Example

General Details
Agency/Owner: Village of Whitefish Bay, WI Location: Diversey Boulevard Street
Year of LCCA: 2008 Roadway Classification: Residential

Design Method(s) Used: N/A; standard sections used Traffic: N/A
Project Scope: Reconstruction of approximately 10,000 SY (8,360 m?) of pavement.

Other Project Details: The details of this LCCA example were taken from the Wisconsin Concrete Pavement As-
sociation’s (WCPA’s) report, “The Selection of Concrete Pavement for Diversey Boulevard Street Reconstruction
— Village of Whitefish Bay.”

The existing concrete pavement was built in 1928 (80 years old in 2008) and is still in good condition with no
scheduled maintenance, rehabilitation or reconstruction planned (Figure 3-1). Immediately south of this sec-
tion, an asphalt pavement was built in 1974 (34 years old in 2008) and has significant structural and material
durability distresses (Figure 3-2).

Figure 3-1. Existing 80-year-old concrete pavement. Figure 3-2. Existing 34-year-old asphalt pavement.

The project was originally bid in 2008 as 3 in. (75 mm) of asphalt atop 10 in. (250 mm) of granular base; the
Village then planned to construct a 2-in. (50-mm) asphalt overlay one year after initial construction.

As part of the bidding package, the Village provided the contractor the opportunity to bid alternate pavement
types.

Pavement Alternates: The concrete and asphalt alternates, based on the Village’s standard pavement cross-
sections, are shown in Figure 3-3.
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5in.(125 mm) Asphalt

o '_‘<I0ih.‘(.25>0 mh) Grandlér Basé )

' » ' Subgrade ' » Subgrade
Concrete Alternate Asphalt Alternate

Figure 3-3. Village of Whitefish Bay’s concrete and asphalt alternate pavement cross-sections for Diversey
Boulevard Street in 2008.

Life-Cycle Cost Analysis

Step 1 — Select Analysis Period: 90 years
Step 2 — Select Real Discount Rate: 3%

Step 3 — Estimate Initial Agency Costs:

Concrete Alternate:
Table 3-1. Initial Agency Costs® for the Concrete Alternate

Description of Work Quantity Unit Price  Total Cost
7 in. Concrete Pavement 10,000 SY $22.00/SY $220,000

Concrete Curb and Gutter 5,580 LF $11.00/LF $61,380

4 in. Aggregate Subbase 3,120 Ton $10.50/Ton $32,760
Unclassified Excavation 4,600 CY $13.00/CY $59,800

TOTAL INITIAL AGENCY COST: $373,940

Asphalt Alternate:
Table 3-2. Initial Agency Costs® for the Asphalt Alternate
Description of Work Quantity Unit Price  Total Cost
2 in. Asphalt Surface Course 1,150 Ton $48.42/Ton $55,683
Tack Coat 2 250 gal $1.25/gal $313
3 in. Asphalt Lower Course 1,725 Ton $42.10/Ton $72,623
Tack Coat 1 200 gal $1.25/gal $250
Concrete Curb and Gutter 5,580 LF $11.00/LF $61,380
10 in. Aggregate Base 5,200 Ton $10.50/Ton $54,600
Unclassified Excavation 5,230 CY $14.00/CY $73,220

TOTAL INITIAL AGENCY COST:  $318,068

NOTE: Initial agency cost for the asphalt alternate is 15% less than that of the concrete alternate.

5Costs are based wholly on the lowest concrete pavement alternate bid received by the Village.
6 Costs are based on the lowest asphalt pavement alternate bid received by the Village except Tack Coat 2 and 2 in. Asphalt Surface Course,
which were estimated costs for the surface course to be constructed after one year of service
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Step 4 — Estimate User Costs: User costs were not considered. As originally bid with the 3-in. (75-mm) initial
construction and 2-in. (50-mm) overlay after one year, user costs for the staged construction of asphalt pave-
ment alternate would have been significantly more than those of concrete or asphalt placed in a single con-
struction phase. Based on the activity timings in the next step, future user costs likely also are more for the
asphalt alternate than the concrete alternate.

Step 5 — Estimate Future Agency Costs:

Concrete Alternate:
Table 3-3. Future Agency Costs for the Concrete Alternate

Year Type of Work Description of Work Quantity Unit Price Total Cost
15 Maintenance Joint Sealing (15%) 2,250 LF $0.50/LF $1,125
30 Maintenance Joint Sealing (30%) 4,500 LF $0.50/LF $2,250
30 Preservation Full Depth Repair 40 CY $180/CY $7,200

(2% Panels @ 6 ft Repair)
30 Preservation Partial Depth Repair 180 LF $15.00/LF $2,700
(3% Joint Repaired)
45 Maintenance Joint Sealing (30%) 4,500 LF $0.50/LF $2,250
60 Maintenance Joint Sealing (30%) 4,500 LF $0.50/LF $2,250
60 Preservation Full Depth Repair 80 CY $180/CY $14,400
(4% Panels @ 6 ft Repair)
60 Preservation Partial Depth Repair 360 LF $15.00/LF $5,400
(6% Joint Repaired)
75 Maintenance Joint Sealing (30%) 4,500 LF $0.50/LF $2,250
Asphalt Alternate:
Table 3-4. Future Agency Costs for the Asphalt Alternate

Year Type of Work Description of Work Quantity Unit Price Total Cost
3 Maintenance Crack Sealing 3,000 LF $0.50/LF $1,500
7 Maintenance Crack Sealing 4,000 LF $0.50/LF $2,000
15 Preservation Seal Coat 10,000 SY $1.75/SY $17,500
15 Maintenance Crack Sealing 5,000 LF $0.50/LF $2,500
22 Maintenance Crack Sealing 6,000 LF $0.50/LF $3,000
30 Reconstruct Remove Pavement 10,000 SY $2.00/SY $20,000
30 Reconstruct Pavement Replacement 1LS $318,068/LS $318,068
33 Maintenance Crack Sealing 3,000 LF $0.50/LF $1,500
37 Maintenance Crack Sealing 4,000 LF $0.50/LF $2,000
45 Preservation Seal Coat 10,000 SY $1.75/SY $17,500
45 Maintenance Crack Sealing 5,000 LF $0.50/LF $2,500
52 Maintenance Crack Sealing 6,000 LF $0.50/LF $3,000
60 Reconstruct Remove Pavement 10,000 SY $2.00/SY $20,000
60 Reconstruct Pavement Replacement 1LS $318,068/LS $318,068
63 Maintenance Crack Sealing 3,000 LF $0.50/LF $1,500
67 Maintenance Crack Sealing 4,000 LF $0.50/LF $2,000
75 Preservation Seal Coat 10,000 SY $1.75/SY $17,500
75 Maintenance Crack Sealing 5,000 LF $0.50/LF $2,500
82 Maintenance Crack Sealing 6,000 LF $0.50/LF $3,000
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Step 6 — Estimate Residual Value: Residual value is assumed similar for both alternates at the end of 90 years.
Thus, residual value is excluded from the LCCA. Even if residual values were considered, any remaining value
for either alternate likely would not have significant present worth due to the length of the 90-year analysis pe-

riod and the time value of money (see the section titled “Impact of Future Cost Predictions” on page 49).

Step 7 — Compare Alternatives: The alternates are first compared using a deterministic analysis to calculate

the net present value of each alternate.

Concrete Alternate:
End of
Analysis &
Period 1
@90yrs ,
Maintenance/ Maintenar'me/ E
Preservation Preservation .
$12,150 $2T5° :
0 10 20 30 40 50 60 70 80 90
Years
Figure 3-4. Cash flow diagram for the concrete alternate.
Table 3-5. Net Present Value Calculation for the Concrete Alternate (d = 3%)
Year Type of Work Total Cost Present Worth
0 Initial Construction $373,940 $ 373,940
15 Maintenance $1,125 $ 722
30 Maintenance/Preservation $12,150 $ 5,006
45 Maintenance $2,250 $ 595
60 Maintenance/Preservation $22,050 $ 3,743
75 Maintenance $2,250 $ 245
TOTAL NET PRESENT VALUE: $ 384,250
Asphalt Alternate:
A Initial Asphalt Pavement AReconstruction AReconstruction End of
$318,068 $338,068 $338,068 Analysis »
Period ;
@90yrs ,
Maintenance/ Maintenance/ Maintenance/ .
Preservation Preservation Preservation .
$20,000 $20,000 $20,000 .
0 10 20 30 40 50 60 70 80 90

Years

Figure 3-5. Cash flow diagram for the asphalt alternate.
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Table 3-6. Net Present Value Calculation for the Asphalt Alternate (d = 3%)

Year Type of Work Total Cost Present Worth
0 Initial Construction $318,068 $ 318,068
3 Maintenance $1,500 $ 1,373
7 Maintenance $2,000 $ 1,626
15 Maintenance/Preservation $20,000 $ 12,837
22 Maintenance $3,000 $ 1,566
30 Reconstruction $338,068 $ 139,280
33 Maintenance $1,500 $ 566
37 Maintenance $2,000 $ 670
45 Maintenance/Preservation $20,000 $ 5,289
52 Maintenance $3,000 $ 645
60 Reconstruction $338,068 $ 57,381
63 Maintenance $1,500 $ 233
67 Maintenance $2,000 $ 276
75 Maintenance/Preservation $20,000 $ 2,179
82 Maintenance $3,000 $ 266

TOTAL NET PRESENT VALUE: $ 542,254

The deterministic analysis shows that the concrete alternate will cost 29% less (in constant dollars) than the
asphalt alternate over the analysis period investigated.

A deterministic analysis with RealCost confirms the previous calculations (Figure 3-6).

Deterministic Results ==

Deterministic Results

Alternative 1: Concrete Alternative 2: Asphalt
Agency Cost User Cost Agency Cost User Cost
Total Cost (51000) (51000) (51000) ($1000)
Undiscounted Sum $413.76 $0.00 $§1.073.70 $0.00
Present Value $384.25 $0.00 $542.25 $0.00
EUAC $12.39 50.00 $17.49 50.00

Lowest Present Value Agency Cost Alternative 1: Concrete
Lowe st Present Value User Cost Alternative 1: Concrete

to Worksheeté Close ‘

Figure 3-6. RealCost deterministic results for the concrete and asphalt alternates (d = 3%).

A probabilistic analysis also was conducted using RealCost and the software’s default values for the sampling
scheme, number of iterations, and tail analysis percentiles. The only input variability investigated in this
probabilistic analysis was the real discount rate, which was set to a normal probability distribution with a
mean value of 3 and a standard deviation of 2. Figure 3-7 shows the results of the probabilistic analysis.
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Probabilistic Results ==
Probabilistic Results
Alternative 1: Concrete Alternative 2: Asphalt
Total Cost (Present Agency Cost User Cost Agency Cost User Cost
Value) ($1000) ($1000) ($1000) ($1000)
|Mean $3090.00 $0.00 $641.16 $0.00
|Standard Deviation $17.54 $0.00 $307.07 $0.00
|Minimum $374.72 $0.00 $320.15 $0.00
IM aimum $582 49 $0.00 $3,798.88 $0.00
....... F‘ robahlllshc ....... Cutput Tornado Graphs Extreme Tail
Results Distributions Analysis Analysiz Cloze
Waorksheet Worksheet Worksheet Worksheet

Figure 3-7. RealCost probabilistic results for the concrete and asphalt alternates (d = 3% with normal
standard deviation of 2%).

As shown, the mean net present values of the concrete and asphalt alternates in the probabilistic analysis are
relatively close to the values obtained in the deterministic analysis. The asphalt alternate also has a signifi-
cantly larger standard deviation, thus the net present value of the asphalt alternate is much more sensitive to
the real discount rate, making this alternate much more prone to significant changes in magnitude due to
changes in interest rates and/or material or general inflation rates.

A low real discount rate gives more weight (more importance) to future costs, and a negative interest rate fur-
ther enhances this weighting. The high maximum net present values for both the asphalt and concrete alter-
nates likely are a result of the use of the mean real discount rate of 3 and standard deviation of 2 with a
normal probability distribution. Such a characterization of the real discount rate likely resulted in negative dis-
count rates being used on the extreme left end of the normal probability distribution.

The cost estimation risk (e.g., ratio of initial agency cost to deterministic net present value) can be calculated
for each alternate as a means of assessing the overall risk of each alternate.

Concrete Alternate: Asphalt Alternate:
$373,940 / $384,250 = 97% $318,068 / $542,254 = 59%

Because initial costs are much easier to estimate and the concrete alternate has a significantly higher cost esti-
mation ratio, the concrete alternate is deemed the choice with the lower risk of higher-than-expected costs.

LCCA has shown the concrete alternative to be more cost-effective and to have a lower risk of unexpectedly
high agency costs for variable discount rates.
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Impact of Analysis Period

If the analysis period were less than 30 years, the asphalt alternate would have been the more cost-effective
alternate (Figure 3-8). The difference between the two alternates increases, however, as the analysis period
increases past 30 years. Thus, while the deterministically calculated net present values are dependent on the

analysis period used, the results for this example show the concrete alternate to be more cost-effective solu-
tion for an analysis period of 30 years or more.

$600,000

Asphalt Alternate

$500,000

$400,000

$300,000

Net Present Value

$200,000

$100,000

$0

o 10 20 30 40 5 60 70 8 90
Length of Analysis Period (years)

Figure 3-8. Deterministically calculated net present values for the concrete and asphalt alternates based on the length
of the analysis period.
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Impact of Real Discount Rate

The sensitivity of the real discount rate on net present value also was investigated in deterministic analyses
(Figure 3-9).

$1,200,000 -

$1,000,000

$800,000

$600,000

Net Present Value

$400,000

$200,000 -

$0 | | | | | | | | | |
0 1 2 3 4 5 6
Real Discount Rate (%)

Figure 3-9. Deterministically calculated net present values for the concrete and asphalt alternates for varying real dis-
count rates.

As shown, the concrete alternate becomes increasingly cost-effective as the real discount rate decreases. At a
real discount rate of 6%, the net present value is almost identical for each alternate.

Impact of Material Inflation

Material-Specific Discount Rates

A material-specific real discount rate might be applied to the asphalt pavement portion of each reconstruction
because asphalt inflates at a significantly different rate than other materials and items included in the bids. As
shown in Step 2 of Chapter 2, the CAGR of asphalt was 5.5% over the past 54 years. If it is assumed the inter-
est rate is 7% over the same time, the real discount rate for asphalt material would be 1.4%.

The reconstructions at years 30 and 60 include $20,000 for pavement removal and $318,068 for new construc-
tion, the same cost as the initial agency cost. Of this initial agency cost, about 40%, or $128,306, is for asphalt
courses. Thus, $209,763 of each reconstruction can be discounted at the general real discount rate of 3% and
the $128,306 that is asphalt paving materials should be discounted at the applicable real discount rate of 1.4%,
as shown in Table 3-7.
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Table 3-7. Net Present Value Calculation for the Asphalt Alternate (standard d = 3%; asphalt paving d = 1.4%)

Year Type of Work Total Cost Present Worth
0 Initial Construction $318,068 $ 318,068
3 Maintenance $1,500 $ 1,373
7 Maintenance $2,000 $ 1,626
15 Maintenance/Preservation $20,000 $ 12,837
22 Maintenance $3,000 $ 1,566
30 60% Reconstruction — Non-asphalt $209,763 $ 86,419
30 40% Reconst. — Asphalt @ d = 1.4% $128,306 $ 84,549
33 Maintenance $1,500 $ 566
37 Maintenance $2,000 $ 670
45 Maintenance/Preservation $20,000 $ 5,289
52 Maintenance $3,000 $ 645
60 60% Reconstruction — Non-asphalt $209,763 $ 35,604
60 40% Reconst. — Asphalt @ d = 1.4% $128,306 $ 55,714
63 Maintenance $1,500 $ 233
67 Maintenance $2,000 $ 276
75 Maintenance/Preservation $20,000 $ 2,179
82 Maintenance $3,000 $ 266

TOTAL NET PRESENT VALUE: $ 607,879

The NPV of the asphalt alternate was $542,254 with everything discounted at a real discount rate of 3%. The
inclusion of the asphalt-specific real discount rate on just 40% of the two reconstructions increased the total

NPV of the asphalt alternate by over 12%! The concrete alternate NPV is 41% less than that of the asphalt al-
ternate when accounting for the asphalt material's higher rate of inflation. This illustrates the importance of

using realistic discount rates in the analysis of pavement alternates with significantly different material infla-

tion rates.

Escalation Factors

Instead of using material-specific real discount rate(s), escalation factors may instead be used to account for
the difference between material inflation rates and the general inflation rate. This allows all discounting to be
done using the standard real discount rate.

As suggested by MIT researchers, the real price mean asphalt escalation factor for the BLS’s Asphalt Paving
Mixtures and Blocks PPl is 149.7% at year 30 (MIT 2011a). Based on extrapolation of the asphalt escalation
factor trend presented in the MIT research (because the research only provides such escalation factors to 50
years), the asphalt escalation factor is 220.0% at year 60. Thus, the total cost of the asphalt pavement ele-
ments of the reconstructions at years 30 and 60 become $128,306%149.7% = $192,074 and $128,306*220.0%
= $282,273, respectively. Using the standard real discount rate of 3% for all items, the total net present value
is summed in Table 3-8.

The NPV of the asphalt alternate increased from $542,254 to $594,659, a 9.7% increase, with the asphalt ma-
terial inflation accounted for in this manner. Again, as was shown with the use of the asphalt material-specific
discount rate, this is a significant change in the total NPV, even though the escalation factors were only applied
on a relatively small percentage of the future activity costs in just 2 of the 90 years in the analysis.
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Table 3-8. Net Present Value Calculation for the Asphalt Alternate (d = 3%; future asphalt paving
costs appropriately escalated)

Year Type of Work Total Cost Present Worth
0 Initial Construction $318,068 $ 318,068
3 Maintenance $1,500 $ 1,373
7 Maintenance $2,000 $ 1,626
15 Maintenance/Preservation $20,000 $ 12,837
22 Maintenance $3,000 $ 1,566
30 60% Reconstruction — Non-asphalt $209,763 $ 86,419
30 40% Reconst. — Asphalt Escalated $192,074 $ 79,132
33 Maintenance $1,500 $ 566
37 Maintenance $2,000 $ 670
45 Maintenance/Preservation $20,000 $ 5,289
52 Maintenance $3,000 $ 645
60 60% Reconstruction — Non-asphalt $209,763 $ 35,604
60 40% Reconst. — Asphalt Escalated $282,273 $ 47,911
63 Maintenance $1,500 $ 233
67 Maintenance $2,000 $ 276
75 Maintenance/Preservation $20,000 $ 2,179
82 Maintenance $3,000 $ 266

$

TOTAL NET PRESENT VALUE:

594,659

Impact of Future Cost Predictions

At a real discount rate of 3%, the sensitivity of the present worth of a $1,000 expenditure to the year of that

expenditure is shown in Figure 3-10.
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Figure 3-10. Present worth of a 51,000 expenditure based on the year of the expenditure and at a real discount

rate of 3%.
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This plot illustrates that a $1,000 expenditure in year O will have a present worth of $1,000 whereas a $1,000
expenditure in year 60 will have a present worth of just $170 (verified in the asphalt alternate calculations
where, at year 60, the ratio of present worth to total cost was $57,381/5338,068 = 17%). Thus, an expenditure
of $1,000 60 years in the future will increase the net present value of the alternate by just $170.

This sensitivity plot illustrates the relative importance of under- or over-predictions of future costs. For exam-
ple, consider a case where the $338,068 reconstruction expenditure at years 30 and 60 in the asphalt is under-
predicted by 10%, or $33,807. The present worth of these activities (and, thus, the net present value of the
alternate) will increase by $13,928 for the under-prediction at year 30 but only by $5,738 for the under-predic-
tion in year 60. While these might not seem like significant values compared to the net present values of the
alternates, it is the difference between net present values of the different alternates that is most important in
the determination of which alternate is more cost-effective.

Another important observation is that the present worth of the $1,000 expenditure at the end of the 90-year
analysis period is just $70. Thus, in this example, every $1,000 difference in any residual value between the
two pavements would make only a $70 difference in the net present values between the pavements for the 90
year analysis period and a 3% real discount rate. In this case, any errors in estimates of residual value do not
have as significant an impact on the net present values as do errors in the estimates of initial costs or other fu-
ture costs. (NOTE: If the appropriate real discount rate is negative, as is the case if the inflation rate is greater
than the interest rate, the opposite is true and expenditures in the very far future can have a very large impact
on the total NPV).

It should be noted that the sensitivity of present worth on future cost predictions also is highly dependent on
the real discount rate used in the LCCA (see Figure 2-1).

Ultimately, potential variations of future costs are best accounted for by the use of a probability distribution of
each future activity’s costs and timing through a probabilistic analysis.

Total Cost of Ownership

A total ownership cost analysis estimates actual expenditures that must be made by the owner in any given
year over the life of the pavement. This cost can be calculated in one of two ways: 1) directly inflating all fu-
ture costs by the appropriate inflation rate and summing the values for each alternate or 2) calculating net
present value using a real discount rate that uses 0% interest rate and the appropriate inflation rate for each al-
ternate.

Concrete Alternate:

Even though concrete prices have historically inflated at an average rate of about 3.6% (see Figure 2-4), the
slightly higher general inflation rate of 4% is usually used for all paving alternatives. All of the concrete alter-
nate’s costs inflated at 4% annually (and, thus, the total cost of ownership) are shown and summed in Table 3-9.

If, instead, the interest rate is assumed as 0% and the inflation rate is again assumed to be 4%, the resultant
real discount rate is -3.85%. If this discount rate is applied to the entire projected cash flow (using current cost
values) the concrete alternate's net present value (and the total cost of ownership) can be computed as shown
in Table 3-10. As shown, this method yields the same total cost of ownership over the analysis period as inflat-
ing all the concrete alternate's costs at 4% annually (see Table 3-9).
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Table 3-9. Total Ownership Cost Calculation for the Concrete Alternate (i;,; = 4% and no discounting)

Year Type of Work Current Cost Inflated Cost
0 Initial Construction $373,940 $ 373,940
15 Maintenance $1,125 $ 2,026
30 Maintenance/Preservation $12,150 $ 39,407
45 Maintenance $2,250 $ 13,143
60 Maintenance/Preservation $22,050 $ 231,958
75 Maintenance $2,250 $ 42,627

TOTAL OWNERSHIP COST: $ 703,101

Table 3-10. Total Ownership Cost Calculation for the Concrete Alternate (d = -3.85%)

Year Type of Work Total Cost Present Worth

0 Initial Construction $373,940 $ 373,940
15 Maintenance $1,125 $ 2,026
30 Maintenance/Preservation $12,150 $ 39,407
45 Maintenance $2,250 $ 13,143
60 Maintenance/Preservation $22,050 $ 231,958
75 Maintenance $2,250 $ 42,627

TOTAL OWNERSHIP COST: $ 703,101

Asphalt Alternate:

Again assuming an interest rate of 0% but this time using a general inflation rate of 4% and an asphalt material
inflation rate of 5.5% (see Figure 2-4), the resultant real discount rates are -3.85% for the standard rate and
-5.2% for the asphalt material. The asphalt alternate’s net present value (and, thus, the total cost of owner-
ship) is calculated as shown in Table 3-11.

Table 3-11. Total Ownership Cost Calculation for the Asphalt Alternate (standard d = -3.85%; asphalt paving d = -5.2%)

Year Type of Work Total Cost Present Worth

0 Initial Construction $318,068 $ 318,068
3 Maintenance $1,500 $ 1,687
7 Maintenance $2,000 $ 2,632
15 Maintenance/Preservation $20,000 $ 36,019
22 Maintenance $3,000 $ 7,110
30 60% Reconstruction — Non-asphalt $209,763 $ 680,345
30 40% Reconst. — Asphalt @ -5.2% $128,306 $ 639,471
33 Maintenance $1,500 $ 5,473
37 Maintenance $2,000 $ 8,536
45 Maintenance/Preservation $20,000 $ 116,824
52 Maintenance $3,000 $ 23,060
60 60% Reconstruction — Non-asphalt $209,763 $ 2,206,629
60 40% Reconst. — Asphalt @ -5.2% $128,306 $ 3,187,092
63 Maintenance $1,500 $ 17,750
67 Maintenance $2,000 $ 27,686
75 Maintenance/Preservation $20,000 $ 378,905
82 Maintenance $3,000 $ 74,792

TOTAL NET PRESENT VALUE: $ 7,732,077
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While these values might seem staggering at first glance, remember that these are the projected actual (infla-
tion-adjusted) expenditures in any given year.

To validate these numbers, consider just the maintenance activity at year 82. The cost in terms of today’s dol-
lars is just $3,000 but in terms of dollars inflated for 82 years at an annual rate of 4%, the value becomes a
much larger $74,792:

$F = $P* (1+d)
$F = $3,000%( 1+ 0.04)® = $74,792

While the LCCA showed the concrete alternate to be more cost effective by about 30% in terms of constant
dollars, the true cost to the agency’s budget over the 90 years is much more compelling. Even though the con-
crete alternate’s initial cost is 17.6% greater than that of the asphalt alternate, construction with the longer-
term solution, in this case, greatly reduces the magnitude of necessary future expenditures to the agency, and
thus the taxpayers.

General Discussion/Conclusions
This case study illustrates the importance of selecting proper inputs for an LCCA. Specific conclusions for this
case example include:

e While the relative cost-effectiveness of the concrete alternate increases over time, it is the more cost-
effective solution as soon as one major rehabilitation activity takes place on the asphalt alternate (e.g.,
30 years and on).

e Even though the concrete alternate had significantly lower life-cycle costs than the asphalt alternate for
the assumed future activities used and the assumed real discount rate, the selection of a real discount
rate of 6% would have resulted in much more similar life-cycle costs, and even higher discount rates
would have favored the asphalt alternate. Use of such high discount rates is not justified by current in-
flation and interest rate trends.

e Activity timing and cost predictions can have a significant impact on the LCCA results.

e When historic material inflation rate trends are considered, with asphalt inflating at a significantly
greater rate than concrete (as has been the case for the last 50+ years), the real cost-effectiveness of
long-life, low-maintenance pavement solutions are apparent.

e The total cost of ownership analysis clearly shows significantly greater outlays over the analysis period
for the asphalt alternative than for the concrete alternative.
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Highway Example

General Details

Agency/Owner: Washington State DOT Location: 1-90 Spokane West U.A.B to Viaduct
Year of LCCA: 2006 Roadway Classification: Interstate

Design Method(s) Used: Unknown Traffic: 42,726 2-way AADT; 15% trucks

Project Scope: Widening to three lanes and repair of existing two lanes.

Other Project Details: This project is the example case study that is included with the download of RealCost
2.5. All default inputs in this case study were used except when changes were made to bring the analysis more
in line with current practices or to correct oversights/omissions in the input files; all such changes are de-
scribed herein.

Pavement Alternates: Unknown, though the activity descriptions indicate that alternate 1 involves the use of
asphalt paving and alternate 2 involves the use of concrete paving. Ultimately, the specific details of the alter-
nates are not necessary to the understanding of the LCCA of the alternates.

Life-Cycle Cost Analysis

Step 1 — Select Analysis Period: 50 years; this was changed from the RealCost default value of 40 years to re-
flect the analysis period currently used by the Washington State DOT. Preservation and rehabilitation data
used for years 40-50 are available in the RealCost files.

Step 2 — Select Real Discount Rate: 3% with a normal probability distribution and standard deviation of 2. This
was changed from the default value of 4% with a uniform probability distribution from 3% to 5% to better re-
flect current trends in real discount rates; Figure 3-15 contains the sensitivity analysis for discount rate, show-
ing net present values for deterministic analyses using real discount rates from 3 to 5%.

Step 3 — Estimate Initial Agency Costs:

Concrete Alternate: Given as $11,035,000 and characterized as having a normal probability distribution with a
standard deviation of $1,104,000, or 10% of the initial agency cost (note that the standard deviation was
changed from the default of $110,000, which appears to be a typo in the default files because all other agency
costs have a normal probability distribution with a standard deviation equal to 10% of the cost).

Asphalt Alternate: Given as $7,411,000 and characterized as having a normal probability distribution with a
standard deviation of $741,000, or 10% of the initial agency cost.

NOTE: Initial agency cost for the asphalt alternate is 33% less than that of the concrete alternate, which is a
large difference.

Step 4 — Estimate User Costs: User costs are based on the value of time for passenger cars, single-unit trucks,
and combination trucks and the construction work zone inputs, such as work zone length, capacity, duration,
speed limit, number of lanes open, hourly distribution of traffic, and work zone hours. See the inputs used in
the example provided with RealCost 2.5 for more details.
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Step 5 — Estimate Future Agency Costs:

Concrete Alternate:
Table 3-12. Future Agency Costs for the Concrete Alternate

Year Type of Work Description of Work Total Cost
20 Maintenance Joint and Crack Sealing $1,409,000
40 Maintenance Joint and Crack Sealing $1,409,000
Asphalt Alternate:
Table 3-13. Future Agency Costs for the Asphalt Alternate
Year Type of Work Description of Work Total Cost
4 Maintenance General Maintenance $10,000
8 Maintenance General Maintenance $10,000
10 Preservation 2-in. Overlay $1,563,000
14 Maintenance General Maintenance $10,000
18 Maintenance General Maintenance $10,000
20 Preservation Grind and 2 in.-Overlay $2,150,000
24 Maintenance General Maintenance $10,000
28 Maintenance General Maintenance $10,000
30 Preservation 2 in.-Overlay $1,563,000
34 Maintenance General Maintenance $10,000
38 Maintenance General Maintenance $10,000
40 Preservation Grind and 2 in.-Overlay $2,150,000
44 Maintenance General Maintenance $10,000
48 Maintenance General Maintenance $10,000

Step 6 — Estimate Residual Value: Because the initial construction activities for both alternates have an activity
service life of 50 years, the same as the analysis period, the “Include Agency Cost Remaining Service Life Value”
and “Include User Cost Remaining Service Life Value” checkboxes were unchecked in the Analysis Options
screen; this is a change in the file default settings that was made to simplify computations because RealCost
does not parse residual value out from other costs.

Step 7 — Compare Alternatives: The alternates are first compared using a deterministic analysis to calculate
the net present value of each alternate.

Concrete Alternate:
End of »
Analysis
Period }
@50yrs ;
0 ' 10 ' 20 ' 30 ' 40 ' 50

Years

Figure 3-11. Cash flow diagram for the concrete alternate.
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Table 3-14. Net Present Value Calculation for the Concrete Alternate (d = 3%)

Year Type of Work Total Cost Present Worth
0 Initial Construction $11,035,000 $ 11,035,000
20 Maintenance $1,409,000 $ 780,129
40 Maintenance $1,409,000 $ 431,939

TOTAL NET PRESENT VALUE: $ 12,247,068

Asphalt Alternate:
iti End of
A Initial Agency Cost Aralysts |
$7,411,000 e b
Preservation Preservation Preservation Preservation @30yrs .
$1,563,000 321 510,000 §1.563.000 $2,1 sTo,ooo
0 10 20 30 40 20

Years

Figure 3-12. Cash flow diagram for the asphalt alternate.

Table 3-15. Net Present Value Calculation for the Asphalt Alternate (d = 3%)

Year Type of Work Total Cost Present Worth
0 Initial Construction $7,411,000 $ 7,411,000
4 Maintenance $10,000 $ 8,885
8 Maintenance $10,000 $ 7,894
10 Preservation $1,563,000 $ 1,163,019
14 Maintenance $10,000 $ 6,611
18 Maintenance $10,000 $ 5,874
20 Preservation $2,150,000 $ 1,190,403
24 Maintenance $10,000 $ 4,919
28 Maintenance $10,000 $ 4,371
30 Preservation $1,563,000 $ 643,935
34 Maintenance $10,000 $ 3,660
38 Maintenance $10,000 $ 3,252
40 Preservation $2,150,000 $ 659,097
44 Maintenance $10,000 $ 2,724
48 Maintenance $10,000 $ 2,420

TOTAL NET PRESENT VALUE: $ 11,118,065

Considering only the agency costs (e.g., without user costs), the net present value of the asphalt alternate is
9.2% less than the concrete alternate. These results already tell a significantly different story about the rela-
tive costs of each alternate than that which is told by the 33% difference in initial costs. A deterministic analy-
sis performed using RealCost confirms the previous agency cost calculations while also calculating the user
costs (Figure 3-13).
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Deterministic Results ==

Deterministic Results

Alternative 1: Concrete Alternative 2: Asphalt
Agency Cost User Cost Agency Cost User Cost
Total Cost (31000) ($1000) ($1000) (31000)
Undiscounted Sum $13.853.00 $246.13 $14937.00 $3,927.22
Present Value $12,247.07 $226.68 $11,118.07 $1,405.76
EUAC 5475.99 5881 $432.11 $54.64

Lowest Present Value Agency Cost Alternative 2: Asphalt
Lowest Present Value User Cost Alternative 1: Concrete

Close

Figure 3-13. RealCost deterministic results for the concrete and asphalt alternates (d = 3%).

As discussed previously, the total net present value costs can be divided into initial agency costs (A), user costs
(B), and future agency costs (C), as shown in Table 3-16.

Table 3-16. Total Net Present Value Cost Components for the Concrete and Asphalt Alternates

Initial Agency User Costs Future Agency Total Net Present
Costs (A) (B) Costs(C) Value (NPV)
Concrete Alternate $11,035,000 $226,680 $1,212,068 $12,473,748
Asphalt Alternate $7,411,000 $1,405,760 $3,707,065 $12,523,825

The difference between the two alternates is now $50,077, just 0.4%; thus, the two alternates essentially have
equivalent net present values. The B component (user cost) tells an interesting story in that the relatively fre-
guent maintenance and preservation requirements of the asphalt alternate impose a significant cost to the
roadway users. Any significant deviation from the single-point inputs used in this deterministic analysis would
likely cause this too-close-to-call comparison one direction or the other.

Total cost, however, is not the only issue to consider in a thorough LCCA. Again, the cost estimation risk ratio
can serve as a general indicator of the risk of significant variance in costs.

Concrete Alternate: Asphalt Alternate:
$11,035,000 / $12,473,748 = 88% $7,411,000 / $12,523,825 = 59%

The concrete alternate has a significantly higher ratio of initial cost to net present value and can, therefore, be
deemed the option with the more reliable deterministic estimate of life-cycle costs.
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A probabilistic analysis was run using RealCost default values (except those already described and except for
activity three of alternate 2 (concrete pavement) being changed from a deterministic probability distribution of
$1,409,000 to be a normal probability distribution with a mean of $1,409,000 and a standard deviation of
$141,000 to make the input comparable in nature to all other activities having normal cost distributions with
standard deviations of 10%). It should be noted that, by default, activity timings in RealCost are also assumed
to be normally distributed with standard deviations of 20 percent of the mean (e.g., activities with a 10-year
service life have a standard deviation of 2 years and activities with a 20-year service life have a standard devia-
tion of 4 years); this was true for all activities except asphalt maintenance activates, which are, by default, as-
sumed to occur in the year listed for each asphalt maintenance activity in Table 3-13. Variability also is con-
sidered, by default, in some user cost inputs. The results of the probabilistic LCCA are shown in Figure 3-14.

Probabilistic Results =]
Probabilistic Results
Alternative 1: Concrete Altemative 2: Asphait
Total Cost (Present Agency Cost User Cost Agency Cost User Cost
Value) ($1000) ($1000) {$1000) {$1000)
Mean $12,490.49 $220.16 $11,884.16 $2,001.85
Standard Deviation $1,402.00 $11.97 $2,579.98 $1.520.68
IMinimum $7.996.27 $206.25 $7,186.11 $347.01
|Max'rmum $18,443.56 $310.24 $30,514.99 $17.827.31
Probabilistic Output Tornado Graphs Extreme Tail
Results Distributions Analysis Analysis Close
Worksheet Waorksheet Worksheet Warksheet

Figure 3-14. RealCost probabilistic results for the concrete and asphalt alternates.

The mean total agency and user cost of the concrete alternate is $12,719,650, while the asphalt alternate is
$13,886,010. The mean value for the concrete alternate is close to that found in the deterministic analysis be-
cause of the relatively high percent of initial agency costs to total costs for that alternate. The probabilistic
analysis shows that, on average, the concrete alternate costs will be 8.4% lower than the asphalt alternate
costs. These results again illustrate the great impact of frequent maintenance, preservation, and rehabilitation
activities, and the variability in the costs of those activities, on the expected agency costs. Other results of the
probabilistic analysis are that the concrete alternate has a potential total agency net present value cost rang-
ing from $7,996,270 to $18,443,560, and the asphalt alternate costs range from $7,186,110 to $30,514,990.
This large variability of the asphalt costs is reflected in the higher standard deviations present in the asphalt al-
ternate’s agency and user costs.

As with the last example, the high maximum net present values for both the asphalt and concrete alternates
likely are a result of the use of the mean real discount rate of 3 and standard deviation of 2 with a normal
probability distribution. Such a characterization of the real discount rate likely resulted in negative discount
rates being used on the extreme left end of the normal probability distribution.
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Based on thorough deterministic and probabilistic analyses of these two alternates, it appears that the con-
crete alternate should be chosen because it results in lower user costs and poses less risk of higher and unpre-
dictable costs in the future — even though the asphalt alternate has a significantly lower initial cost.

Impact of Real Discount Rate
The sensitivity of the net present value to the selected real discount rate was investigated in deterministic
analyses and the results are shown in Figure 3-15.
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Figure 3-15. Deterministically calculated net present values for the concrete and asphalt alternates for varying real
discount rates.

While the other two examples in this chapter show a convergence of the net present values of the alternates
over the range of typical real discount rates used in practice, this example illustrates the great impact that the
real discount rate can have. The plot also illustrates that the concrete alternate is much less sensitive to
changes in the real discount rate.

Figure 3-16 shows the relative differences in NPV between the two alternates over the range of discount rates,
assuming that the same real discount rate is used for each alternate.
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Figure 3-16. Relative difference in deterministically calculated net present values between the asphalt and concrete
alternates, assuming the same real discount rate for each alternate.

Even across the small range of discount rates most commonly used in practice (i.e., 2% to 4%), the relative cost
of the asphalt alternate with respect to the concrete alternate switches from being 8% more expensive to
being 6% less expensive. Thus, this case example is extremely sensitive to the real discount rate used.

Impact of Future Activity Timing Predictions

Assuming a real discount rate of 3%, the sensitivity of NPV to future activity timing predictions is shown in Fig-
ure 3-17.

If the agency under-predicts the timing of a future expenditure by 5 years (e.g., the expenditure happens at 25
years instead of 20, 35 years instead of 30 years, etc.), the actual present worth of that activity will be just 86%
of what was calculated in the incorrectly assumed year. If the expenditure timing is over-predicted by 5 years,
the actual present worth will be 116% of the value calculated at the incorrectly assumed year. This trend is in-
dependent of both year in which the expenditure is predicted and value of the expenditure; all that is impor-
tant is the difference between the predicted activity timing and when it actually occurs. Table 3-17 contains
some example calculations to illustrate this point, assuming a real discount rate of 3%.
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Figure 3-17. Relative change in present worth due to future activity timing errors, assuming a real discount rate
of 3%.

Table 3-17. Relative Change in Present Worth Due to Future Activity Timing Errors
at Different Planned Times and for Different Expenditure Values (d = 3%)

Timing Year Expenditure  Present Worth % of 30 yr Value
- 5 years 25 $1,563,000 $ 746,498 116%

- 3 years 27 $1,563,000 $ 703,645 109%

-1 year 29 $1,563,000 $ 663,253 103%
Planned 30 $1,563,000 $ 643,935 100%

+ 1 year 31 $1,563,000 $ 625,180 97%

+ 3 years 33 $1,563,000 $ 589,292 92%

+ 5 years 35 $1,563,000 $ 555,464 86%
Timing Year Expenditure Present Worth % of 48 yr Value
- 5 years 43 $10,000 $ 2,805 116%

- 3 years 45 $10,000 $ 2,644 109%

-1 year 47 $10,000 $ 2,493 103%
Planned 48 $10,000 $ 2,420 100%

+ 1 year 49 $10,000 $ 2,350 97%
+ 3 years 51 $10,000 $ 2,215 92%
+ 5 years 53 $10,000 $ 2,088 86%
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Despite having drastically different activity costs and timings, the relative change in present worth is identical
for different deviations from the planned activity timing.

This trend is, however, highly dependent on the real discount rate used in the analysis (Figure 3-18).
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Figure 3-18. Relative change in present worth due to future activity timing errors for real discount rates of 1%,
3%, and 5%.

The net effective of poor predictions in activity timing can greatly impact LCCA results. For the $1,563,000 ex-
penditure at year 30 of the asphalt alternate in this example, if the previous preservation were to underper-
form by 5 years and the expenditure had to be made in 25 years instead, the net present value of that
alternate would have been $746,498 — $643,935 = $102,563 greater, a significant change to the net present
value of that activity. Smaller expenditures, however, are not as problematic in this regard. Consider the
$10,000 expenditure in year 48; had this been required 5 years earlier (in year 43), the impact on the net pres-
ent value would only be $385. This difference resulting from such over- and under-predictions of performance
also are larger if the expenditure is earlier in the life of the pavement structure.

61



Life-Cycle Cost Analysis: A Tool for Better Pavement Investment and Engineering Decisions

Total Cost of Ownership

As discussed previously, the total cost of ownership is a calculation of the total inflated expenditures necessary
for each alternate. Thus, it presents the total budgetary requirements of each alternate over its projected life
using inflated dollars.

Concrete Alternate:

To calculate the total cost of ownership for the concrete alternate, a real discount rate of -3.85% is again used
(Table 3-18).

Table 3-18. Total Ownership Cost Calculation for the Concrete Alternate (d = -3.85%)

Year Type of Work Total Cost Present Worth
0 Initial Construction $11,035,000 $ 11,035,000
20 Maintenance $1,409,000 $ 3,087,322
40 Maintenance $1,409,000 $ 6,764,768
TOTAL OWNERSHIP COST: $ 20,387,090

Asphalt Alternate:

Similar to the values in the last example, it is assumed that 40% of the cost of each overlay activity in years 10,

20, 30, and 40 is asphalt material that should be discounted at the asphalt’s material-specific real discount rate
of -5.2%; all other items can be discounted at the general real discount rate of -3.85%. The asphalt alternate’s

net value (and, thus, the total cost of ownership) is calculated in Table 3-19.

Table 3-19. Total Ownership Cost Calculation for the Asphalt Alternate (standard d = -3.85%; asphalt paving d = -5.2%)

Year Type of Work Total Cost Present Worth
0 Initial Construction $7,411,000 $ 7,411,000
4 Maintenance $10,000 $ 11,699
8 Maintenance $10,000 $ 13,686
10 60% Preservation $937,800 $ 1,388,180
10 40% Preservation $625,200 $ 1,067,935
14 Maintenance $10,000 $ 17,317
18 Maintenance $10,000 $ 20,258
20 60% Preservation $1,290,000 $ 2,826,576
20 40% Preservation $860,000 $ 2,509,287
24 Maintenance $10,000 $ 25,633
28 Maintenance $10,000 $ 29,987
30 60% Preservation $937,800 $ 3,041,702
30 40% Preservation $625,200 $ 3,115,996
34 Maintenance $10,000 $ 37,944
38 Maintenance $10,000 $ 44,389
40 60% Preservation $1,290,000 $ 6,193,436
40 40% Preservation $860,000 $ 7,321,538
44 Maintenance $10,000 $ 56,166
48 Maintenance $10,000 $ 65,707

TOTAL OWNERSHIP COST: $35,198,436
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While the concrete and asphalt alternates had practically identical agency costs (in constant dollars) in the
original deterministic LCCA, the concrete alternate will cost the agency just 40% of the comparable asphalt al-
ternate (in inflated or actual dollars) over 50 years if future asphalt and concrete costs inflate as they have for
the past 54 years; the difference will be even larger if user costs are included.

General Discussion/Conclusions
This case study illustrates that:

e |CCAis not a decision tool in and of itself but, rather, it is a decision support tool that is part of the over-
all decision-making process. Because the results of an LCCA can be extremely sensitive to a few key in-
puts, such as is the case with the real discount rate in this example, a comprehensive LCCA requires
more than just consideration of a deterministic analysis with single input values.

e When two or more alternates have very similar costs associated with them, assessment of the risk of cost
volatility to the agency (and taxpayers) by means of evaluating the cost estimation risk ratio is a reason-
able means of determining the alternate with the greatest probability of having the lowest life-cycle
cost. Selection of an alternate with a lower ratio of initial-to-total costs leaves the agency exposed to a
greater potential to increased future expenditures.

e The selection and consideration of appropriate inputs is key to the results. Because this example had
considerably higher user costs associated with just one of the alternates, it was critical to consider the
user cost component to get an accurate representation of which alternate is most cost-effective. As
noted, while user costs can be controversial and difficult to quantify, users do incur these costs (as well
as the entire agency cost, through taxes, tolls, etc.), so consideration of such values is justifiable.

e While it may seem as though it is not as critical to accurately predict future activity timings as the costs
associated with them, under- or over-prediction of the life of such activities can have a significant impact
on the net present value calculations, particularly early in the life-cycle of the alternate. Variability in fu-
ture activity timings and other inputs is best accounted for through a probabilistic LCCA.

e Total ownership cost calculations, with consideration for materials that inflate at significantly different
rates than those of general inflation, is the only means by which agencies can estimate their true expen-
diture requirements for any alternate over time.
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Airport Example

General Details
Agency/Owner: Pensacola Regional Airport Location: Pensacola, FL
Year of LCCA: 2006 Classification: Airfield Runway

Design Method(s) Used: FAA AC 150/5320-6D and LEDFAA Traffic: Boeing 757 — 5,781 annual operations
Project Scope: Reconstruction of runway 17/35, approximately 7,000 ft (2,130 m) by 150 ft (46 m).

Other Project Details: The project was originally let in 2005, with a planned cost of $27 million. The original
design was 12 in. (300 mm) of asphalt (P-401) atop 5 in. (125 mm) of granular subbase (P-154) atop 12 in. (300
mm) of compacted subgrade. 3 contractors submitted bids in the 2005 letting, one subsequently dropped out
and the remaining two joined forces but submitted a bid that was $4 million over budget. As a result, the proj-
ect was re-let with a concrete alternate and LCCA included.

Pavement Alternates: The concrete and asphalt alternates, based on the FAA AC 150/5320-6D and LEDFAA de-
signs, are shown in Figure 3-19.

TR A A I A TR T A TR ST A TR ST

12 in. (300 mm) Asphalt

12in. (300 mm) Compacted Subgrade 12in. (300 mm) Compacted Subgrade

Concrete Alternate Asphalt Alternate
Figure 3-19. Pensacola Regional Airport’s concrete and asphalt alternate pavement cross-sections for reconstruction
of runway 17/35.
Life-Cycle Cost Analysis
Step 1 — Select Analysis Period: 20 years; this value was chosen because of an FAA requirement at the time of
the LCCA, but, as recommended earlier, the analysis period should be long enough to encompass the initial

performance period and at least one major follow-up preservation/rehabilitation activity for each strategy.

Step 2 — Select Real Discount Rate: 5%
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Step 3 — Estimate Initial Agency Costs: The actual lowest bid prices of the concrete and asphalt alternates
were used in the LCCA. Four concrete bids and two asphalt bids were submitted (Table 3-20).

Table 3-20. Concrete and Asphalt Bids Received by Pensacola Regional Airport in 2006 for the Reconstruction
of Runway 17/35

As-Read Bid Results Concrete Alternate Asphalt Alternate
Bidder 1 $23,591,682 $22,019,551
Bidder 2 $26,245,084 $21,767,513
Bidder 3 $30,053,562 N/A
Bidder 4 $32,328,956 N/A

As noted, the single bid received in 2005 was $4 million over the $27 million budget; most of the bids submit-
ted during the second letting were below the initial project budget. Thus, the stimulation of completion by the
introduction of an alternate pavement type and LCCA on this project immediately saved the airport millions of
dollars in initial construction costs.

Step 4 — Estimate User Costs: User costs were not considered.
Step 5 — Estimate Future Agency Costs:

Concrete Alternate:
Table 3-21. Future Agency Costs for the Concrete Alternate

Year Type of Work Description of Work Quantity Unit Price Total Cost
15 Maintenance Joint Resealing 113,233 LF $1.70/LF $192,496
19 Maintenance Crack Sealing 130,309 SY $1.30/SY $169,402
20 Preservation Slab Replacement 6,515 SY $100.00/SY $651,545
(5% Panels)
Asphalt Alternate:
Table 3-22. Future Agency Costs for the Asphalt Alternate
Year Type of Work Description of Work Quantity Unit Price Total Cost
6 Maintenance General Maintenance 130,309 SY $2.00/SY $260,618
13 Maintenance General Maintenance 130,309 SY $2.00/SY $260,618
15 Preservation 3-in. Mill & Overlay 130,309 SY $15.12/SY $1,970,272

Step 6 — Estimate Residual Value: A straight-line depreciation approach was used to calculate the residual
value of each alternate.

Concrete Alternate:

The concrete alternate is assumed to have a 40 year design life (despite having a significantly thicker section
than the asphalt alternate) so there are 20 years of remaining life after the 20-year analysis period.

Initial Agency Cost * Remaining Life
Design Life

Residual Value =

. $23,591,682 * 20 yrs
Residual Value = = $11,795,841
40 yrs
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Asphalt Alternate:

The initial asphalt alternate receives a 3-in. (75-mm) mill and overlay at year 15 and that system is assumed to
have 10 years of remaining service life at the end of the 20-year analysis period. Thus, both the initial agency

cost and cost associated with the mill and overlay contribute to the residual value (it is important to note that
current FHWA recommendations state that only the residual value of the last rehabilitation activity should be

considered).

Initial Agency Cost * Remaining Life Overlay Agency Cost * Remaining Life

Residual Value = Initial Pavement Design Life Overlay Design Life

$21,767,513 *10 yrs + $1,970,272 *10 yrs
30 yrs 15 yrs

Residual Value = = $8,569,352

NOTE: Even though the asphalt alternate has a major preservation/rehabilitation activity scheduled for year
15, the concrete alternate does not have one scheduled until year 40; thus, the analysis period for this exam-
ple would more appropriately be 40+ years to ensure that the initial performance period and at least one
major follow-up preservation/rehabilitation activity is included in the analysis for each strategy. Also, and al-
though it was not a consideration in the analysis conducted for the airport, the concrete preservation activity
at year 20 should have been included in the residual value at its full value because none of it will have been
consumed at the end of year 20.

Step 7 — Compare Alternatives: The alternates are first compared using a deterministic analysis to calculate
the net present value of each alternate.

Concrete Alternate:

Initial Concrete Pavement

$23,591,682 End of
Analysis s
Period 1
@20yrs ,
A, 1
/{Q\r 2
3 .
(90. "
(o) '
]
@J‘ :
S,
»\5\7\5\4
| 1l 1l 1l 1l 1l 1l 1l 1l 1l 1l 1l 1l 1l 1l 1l 1l 1l
0 5 10 15
Years

Residual Value
$-11,795,841

Figure 3-20. Cash flow diagram for the concrete alternate.
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Table 3-23. Net Present Value Calculation for the Concrete Alternate (d = 5%)

Year Type of Work Total Cost Present Worth
0 Initial Construction $23,591,682 $ 23,591,682
15 Maintenance $192,496 $ 92,594
19 Maintenance $169,402 $ 67,038
20 Preservation $651,545 $ 245,560
20 Residual Value ($11,795,841) ($ 4,445,728)

TOTAL NET PRESENT VALUE: $ 19,551,146

Asphalt Alternate:

A

Initial Asphalt Pavement \
$21,767,513 End of s
Analysis

Period 4

@ 20 yrs

Mill & 3in. Overlay
4$1,970,272

0 5 10 15

Years
Residual Value
$-8,569,352

Figure 3-21. Cash flow diagram for the asphalt alternate.

Table 3-24. Net Present Value Calculation for the Asphalt Alternate (d = 5%)

Year Type of Work Total Cost Present Worth
0 Initial Construction $21,767,513 $ 21,767,513
6 Maintenance $260,618 $ 194477
13 Maintenance $260,618 $ 138,211
15 Preservation $1,970,272 $ 947,735
20 Residual Value ($8,569,352) ($ 3,229,699)

TOTAL NET PRESENT VALUE: $ 19,818,237

Although the initial agency cost for the asphalt alternate is 7.7% less than that of the concrete alternate, the
concrete alternate life-cycle cost is 1.3% less than that of the asphalt alternate in this very short 20-year LCCA.
The ratio of the initial agency cost to total net present value is 121% for the concrete alternate, while it is just
110% for the asphalt alternate (note that these values are greater than 100% because of the relatively short
analysis period and large residual values); based on this, the concrete alternate has less risk of cost volatility
associated with it.

Thus, the concrete alternate is more cost-effective and the associated costs are less subject to unexpected in-
crease; for these reasons, the concrete alternate was chosen by the Pensacola Regional Airport for the recon-
struction of runway 17/35.
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RealCost confirms the deterministic calculations described above (note that the year 19 maintenance in the
concrete alternate had to be given an activity service life of 0.9999 years for the 20 year preservation to be in-
cluded in the calculations; typical LCCAs do not include expenditures in the final year of the analysis and if they
occur in the final year of the analysis they are ignored by RealCost), as shown in Figure 3-22.

Deterministic Results @

Deterministic Results

Alternative 1: Concrete Alternative 2: Asphalt
Agency Cost User Cost Agency Cost User Cost
Total Cost ($1000) ($1000) (51000) (51000)

Undiscounted Sum §12 809.28 $0.00 §15.689.67 £0.00
Present Value $19,551.15 $0.00 $19,818.24 $0.00
EUAC $1,568.83 50.00 $1,590.27 50.00
Lowest Present Value Agency Cost Alternative 1: concrete

Lowe st Present Value User Cost Alternative 1: concrete

éGo to Warksheet | Close I

Figure 3-22. RealCost deterministic results for the concrete and asphalt alternates (d = 5%).

A probabilistic analysis was run using RealCost, with each activity cost, timing, and structural life that factor
into the remaining service life being assigned normal probability distributions having mean values equal to
those used in the deterministic analysis and the standard deviations set to 10% the input mean values. The re-

sults of the probabilistic analysis are shown in Figure 3-23.

Probabilistic Results (==

Probabilistic Results

Alternative 1: Concrete Alternative 2: Asphalt
Total Cost (Present Agency Cost User Cost Agency Cost User Cost
Value) {$1000) ($1000) ($1000) ($1000)

IMean $10,437 92 $0.00 $10,883.27 $0.00
Standard Deviation $1,085.84 $0.00 $2,036.73 $0.00
Minimum $12,904 57 $0.00 $13,919.86 $0.00
Maximum $26,867 05 $0.00 $27,330.11 $0.00

Probablllstlc ] Qutput Tornado Graphs Extreme Tail ‘

Results Distributions Analysis Analysis Close
Waorksheet Waorksheet Waorksheet Worksheet

Figure 3-23. RealCost probabilistic results for the concrete and asphalt alternates.
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Though not a significant difference, the mean net present value of the concrete life-cycle cost is 2.2% less than
that of the asphalt alternate in the probabilistic analysis, up from 1.4% in the deterministic analysis. The re-
sults also show that the asphalt alternate life-cycle cost has a higher standard deviation and, thus, more risk of
volatility associated with it (mostly due to the slightly higher costs being incurred later in the life of the pave-
ment in this example).

As with the last two examples, the high maximum net present values for both the asphalt and concrete alter-
nates likely are a result of real discount rate probability distribution.

Impact of Real Discount Rate

The sensitivity of the real discount rate on net present value was investigated in deterministic analyses (Figure
3-24).

$25,000,000 -

$20,000,000 - e —u

$15,000,000 -

Net Present Value

$10,000,000 -

$5,000,000 -

$O L} L] Ll ]
0 1 2 3 4 5 6

Real Discount Rate (%)

Figure 3-24. Deterministically calculated net present values for the concrete and asphalt alternates for varying
real discount rates.

The trendlines shown in Figure 3-24 present a different result than those for the local road and highway exam-
ples. This is due to the relatively lower maintenance and preservation requirements scheduled for the asphalt
alternate over this very short analysis period, the high percentage of total net present value represented by
the initial cost for both alternates, the impact of the residual value, and the very short analysis period.
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General Discussion/Conclusions
This case study illustrates the following:

Concrete can be the most cost-effective paving solution even when the analysis period is relatively short
because asphalt pavements often require significant and costly overlaying within a relatively short time-
frame.

Because the analysis period is relatively short in this case, the inclusion of the residual value is particu-
larly important, as both pavement systems should be expected to perform for some time after the end
of the 20-year analysis period. A better LCCA practice is to use an analysis period that is long enough to
encompass the initial performance period and at least one major follow-up preservation/rehabilitation
activity for each strategy.

Variables such as residual value, activity timing, and analysis period can greatly impact the sensitivity of
real discount rate on the LCCA results.

The inclusion of the concrete alternate and LCCA in this example brought much competition and value
to the owner, as is evident in the significant drop in asphalt bid prices from the original 2005 letting to
the 2006 letting, an especially surprising result given that the average annual Asphalt Paving Materials
and Blocks PPl increased 28% from 2005 to 2006.

Projects such as this have proven the value of LCCA for pavement type selection for airfield and military con-
struction and guidance for such applications is increasingly available (AAPTP 2011; ARMY 1992; FAA 2009).
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Chapter 4. Applications and Extensions
of Life-Cycle Cost Analysis

Network-Level Service Life and
Economic Analyses

This section discusses the impact of project-level
LCCA-based decisions on network-level costs and per-
formance measures. Viewed from a different (and
probably more realistic) perspective, network-level
constraints (e.g., limited funding) often lead to sub-
optimal selections at the project level.

Network-level pavement management activities are
part of the larger field of "asset management”. Com-
prehensive asset management software are available
for Interstate highway systems and such advanced
software and discussion on implementation of such
tools are available elsewhere (NCHRP 2009).

An Introduction to Network-Level Analysis:

The “Mix of Fixes” Concept

Strategic asset allocation is a well-established theory
that is most notably applied in personal portfolio
management. This method adheres to the ‘base pol-
icy mix’ principle, in which a combination of asset
classes exists and the combined return is based on a
proportional ownership and return of each individual
asset. For example, if someone’s portfolio consists of
70% stocks yielding a 10% return per year and 30%
bonds yielding a 5% return per year, the combined
return is 8.5% per year (0.7%10% + 0.3*5% = 8.5%).
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The application of strategic asset allocation princi-
ples to a pavement network allows the manager to
maintain the network in the highest possible overall
condition at any given constant level of dollar flow
into the pavement network. Such a system is inher-
ently dynamic, so reallocation is necessary at regular
intervals to deliver a continuously optimized system.
Thus, the asset allocation mix will reflect the strate-
gic goals for the system at any given time.

The Federal Highway Administration (FHWA) publica-
tion “A Quick Check of Your Highway Network
Health” states (FHWA 2007b):

“By viewing the network in this manner [with
each pavement as an asset in a collected net-
work], there is a certain comfort derived from
the ability to match pavement actions with
their physical/functional needs. However, by
only focusing on projects, opportunities for
strategically managing entire road networks
and asset needs are overlooked.”

By way of this statement, the FHWA has advocated
the implementation of asset allocation strategies in
lieu of a traditional “bottom up” approach, in which
the worst roadways receive attention first.

Consider a hypothetical 3,000-mile (4,830-km) pave-
ment network in the following condition:

e One-third (1,000 miles [1,610 km]) of the sys-
tem consists of pavement that will require
work in 5 years.

e One-third (1,000 miles [1,610 km]) of the sys-
tem consists of pavement that will require
work in 10 years.

e One-third (1,000 miles [1,610 km]) of the sys-
tem is to be reconstructed immediately using
either a short-term (anticipated service life of
15 years) or long-term (anticipated service life
of 30 years) pavement solution.
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To evaluate the effects of the reconstruction options,
the average remaining service life (RSL) for each mile
(km) of the network is calculated using the ‘base pol-
icy mix’ principle (Table 4-1). As shown, the selection
of the long-term pavement solution adds 5 years to
the average remaining service life of the network. Al-
though this is a greatly simplified example, the prin-
ciple that longer-life pavement solutions will always
extend the average remaining service life of the over-
all network holds true in any case.

Table 4-1. Average Remaining Service Life (RSL) for a
Hypothetical Network of 3,000 miles (4,830 km)

Short-Term Pavement Solution

Time to Next
Activity, yr

Segment
Length, mi (km)

Remaining Years of
Service in Segment,
yr-mi (yr-km)

1,000 (1,610) 5,000 (8,050)
10,000 (16,100)
15,000 (24,150)

30,000 (48,300)

1,000 (1,610)
1,000 (1,610)

Total:

Average Remaining Service Life for Each Mile
= 30,000 yr-mi/3,000 mi =10 yrs
(= 48,300 yr-km/4,830 km = 10 yrs)

1,000 (1,610) 5 5,000 (8,050)
1,000 (1,610) 10 10,000 (16,100)
1,000 (1,610) 30 30,000 (48,300)




Though evaluating a current pavement network and
alternative reconstruction options involves relatively
simple calculations, making a decision based on
which pavement preservation technique is most ap-
plicable on which pavement section and at what
time is much more difficult and more significant to a
pavement allocation program. Regardless of the
pavement preservation method chosen for a road,
timeliness is of utmost importance because of its im-
plications on available funding and the future of the
pavement system. Luckily, “a palette of pavement
preservation treatments, or ‘Mix of Fixes’, is avail-
able to address the network needs at a much lower
cost than traditional methods” (FHWA 2007b).

A means of quantifying network health, such as the
RSL, can include all pavement distress modes and
serviceability issues. FHWA has also recently devel-
oped a Pavement Health Track (PHT) Analysis Tool to
aid in determining and reporting the health of pave-
ment networks in terms of the pavement’s RSL
(FHWA 2010d). Once the method of quantifying the
health of the network is determined, a computer-
based pavement management system (PMS) must be
implemented to guide the decision-making process.
A PMS does not make the decisions, but rather pro-
vides valuable insight on applicable preservation op-
tions. Only with a fully-evaluated network and the
aid of a PMS can the network decision-makers make
the best decisions — decisions that will optimize the
health or condition of their pavement network and
save taxpayers money.

A Detailed Network Analysis

Lending credence to the concept of a “mix of fixes”,
the FHWA has stated, “’remaining service life’ (RSL)
is the tool we need to apply” (FHWA 2007b). More
detailed network analyses are nothing more than ex-
tensions of this concept; although the metrics inves-
tigated may change, long-term cost-effective
solutions will always add the most value to the net-
work.

Chapter 4 - Applications and Extensions of Life-Cycle Cost Analysis

The example presented in this section consists of an
existing pavement network with a total length of
1,000 miles (1,610 km), split into 200 numbered
pavement sections in a spreadsheet program. The
sections could each be 5 miles (8 km) long, but for
greater realism, a normal distribution of lengths,
with a target mean of 5 miles (8 km), was generated
using a random number generator. Similarly, a nor-
mal distribution of ages for these 200 pavement sec-
tions, with a target mean age of 12 years, was also
generated. It is assumed that each of the existing
pavement sections has a 20-year service life, so each
section will be reconstructed at age 20.

Thus, the largest number of projects must be recon-
structed in 12 years and all will be constructed within
20 years. If reconstructions are completed using 20-
year solutions, the cycle would will repeat itself
every 20 years (Figure 4-1).

If, instead, 40-year solutions are used, the initial 20
year replacement cycle is the same as for the 20-year
solution but the next cycle does not occur until year
40 (Figure 4-2).
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Figure 4-1. Reconstruction projects per year for 20-year

reconstruction solutions over a 100-year period.
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Figure 4-2. Reconstruction projects per year for 40-year
reconstruction solutions over a 100-year period.

If even longer-term solutions can be found, the re-
construction cycle shifts even further into the fu-
ture. For example, if 100-year solutions could be
found, there would only be the first, 20-year long re-
construction cycle necessary over a 100-year period
(Figure 4-3).

If 100-year service lives can be realized for all recon-
structions, each of the 200 pavement sections in
this example would only have to be reconstructed
once; thus, there would only be a need for 200 proj-
ect lettings, all within the first 20 years of the 100-
year period. Reconstruction with 20-year solutions
would require 1,000 project lettings (e.g., the 5 com-
plete reconstruction cycles of all 200 projects shown
in Figure 4-1). 40-year and 50-year reconstruction
solutions would result in 600 and 400 projects, re-
spectively, over 100 years.
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Figure 4-3. Reconstruction projects per year for 100-year
reconstruction solutions over a 100-year period.
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The RSL of this 1,000-mile (1,610-km) network can
be calculated at any point in time for any assumed
reconstruction solution service life. Using the as-
sumptions presented in this example, this was done
for 20-, 30-, 40-, 50-, and 100-year reconstruction
fixes (Figure 4-4).

As shown, the 20-year reconstruction solutions never
result in a network RSL larger than 15 years. As the
service life of the reconstructions increases, so does
the average network RSL, which is 10.5 years for the
20-year solution, 15.1 years for the 30 year solution,
20.9 years for the 40 year solution, 25.5 years for the
50 year solution, and 50.5 years for the 100 year so-
lution. Although Figure 4-4 shows some years where
longer-term solutions would result in a lower net-
work RSL than shorter-term solutions, this is an arti-
fact of the assumptions of this example; longer-term
solutions will always add more service life to a net-
work than shorter-term solutions, as is evident by
the slope of each line within the first 16 years. Thus,
reconstruction with longer-term solutions, regard-
less of material used to achieve a longer service life,
results in large increases in the RSL of the network.

—

[=}

o
N

I [ 20-year Fixes

%] N --- 30-year Fixes

80 ! N 40-year Fixes

70 | '\,\ — - 50-year Fixes
| ~ — - 100-year Fixes

Average Remaining Service Life (years)

0 10 20 30 40 50 60 70 80 90 100
Analysis Period
Figure 4-4. Network remaining service life (RSL) for 20-,
30-, 40-, 50-, and 100-year reconstruction solutions over a
100-year period.



Sustainability in the Context of a Life-Cycle
Cost Analysis

The benefits of sustainable development are becom-
ing increasingly important to public agencies. In the
realm of highway and road construction, sustainable
development involves being good stewards of the
environment, balancing the needs of business, and
providing societal benefits.

While an LCCA focuses on agency and user costs as-
sociated with pavement items, a life-cycle assess-
ment (LCA) focuses on the environmental impact
(e.g., carbon dioxide and other greenhouse gas emis-
sions). While much has been done to quantify the
economics of pavement alternatives through LCCAs
and substantial research has been conducted in the
arena of LCAs of alternate pavements, the direct con-
nection between LCCAs and LCAs has not yet been
well established in practice. Any direct cost impact
from an LCA should, however, be considered in a
thorough LCCA; some have suggested that direct sus-
tainability-related cost saving be included as a D
component in an A+B+C bid method nomenclature
and that the strictly environmental impacts be in-
cluded as an E component.

Not all pavement type selection decision factors are
easily quantified in monetary terms and not all mon-
etary factors bear equal weight in the decision
process. For example, agency costs and user costs
are typically viewed separately (e.g., broken out as
part of the A+B+C bid method nomenclature) to aid
the agency in appropriately weighing each factor. As
such, integration of pavement sustainability into the
A+B+C bid nomenclature as D and E components will
allow such consideration for these components as
well. Multi-factor decision matrices can then be used
to aid in the decision making process.

Chapter 4 - Applications and Extensions of Life-Cycle Cost Analysis

Because pavement LCA is still a relatively new field of
study, many researchers around the world are cur-
rently working to develop LCA models capable of es-
timating the environmental and monetary impacts of
different pavement materials, designs, and construc-
tion techniques. See MIT 2011b and 2011c, and
NCPTC 2012 for more details on pavement LCAs.

Concrete Pavement Sustainability Factors

The many aspects of concrete pavement design, con-
struction, maintenance, and performance that relate
to the objectives and goals of sustainable develop-
ment include (Figure 4-5):

e Longevity,

e  Reduced fuel consumption and emissions
during construction and during use,

e Lower energy footprint,

e  Reduced use of natural resources,

e  Use of industrial byproducts,

e  Pavement renewal,

e  Optimized (e.g., quiet and safe) surface tex-
tures,

e Improved stormwater quality,

e  Pavement recycling,

e And light colored and cool surface, which can
reduce lighting requirements, mitigate urban
heat island, and lead to global cooling.

The issue of vehicle fuel consumption (see Step 4),
for example, is likely to become an increasing con-
cerns as the steadily forward march of economic de-
velopment confronts, and is potentially constrained
by, the world’s finite supply of fossil fuels. It isim-
portant to remember, however, that sustainability
goes beyond mere fuel conservation; the goal of sus-
tainability has been defined as “meeting the needs
of the present without compromising the ability of
future generations to meet their own needs,”
(WCED 1987), thus it extends to all facets of pave-
ment design, construction, maintenance, and per-
formance.
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(During Construction & Use) Lower Energy
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Improved Stormwater Quality Efficiency

(Pervious Concrete Shoulders)

Figure 4-5. Concrete pavement sustainability opportunities that can be achieved through proper selection, de-
sign and/or mixture optimization.

Additional Details on Concrete Pavement
Sustainability

A detailed discussion of each of the concrete pave-
ment sustainability factors is outside of the scope of
this document but more details are provided in the
ACPA reports “Green Highways — Environmentally
and Economically Sustainable Concrete Pavements”
(ACPA 2011c) and “Sustainability Opportunities with
Pavements: Focusing on the Right Things” (ACPA
2010b).
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The Role of LCCA in Pavement Type Selection

As agencies face dwindling resources and ongoing
cost increases, new approaches to pavement type se-

lection may provide a viable solution to the challenge.

In simplest terms, pavement type selection is the
process by which pavement types or strategies are
selected. The decision is a challenging one because it
involves balancing short- and long-term performance
with initial and life-cycle costs.

Within highway agencies, the process of pavement
type selection is typically a formal process, guided by
policies or protocols. Although it is generally as-
sumed that highway engineers and other trans-
portation officials do not have a tool available to
give an absolute and indisputable comparison of
competitive pavement types for set conditions, this
is no longer wholly true. With the advent of
AASHTO’s DARWInME™ and other improved design
methodologies, the pavement design community can
design competing pavement alternate designs for
similar performance. This perceived inability to pro-
vide equivalent designs is negatively impacting the
implementation and embrace of LCCA and alternate
design/alternate bidding (ADAB) practices. The great
benefit of such practices to agencies and taxpayers
cannot, however, be ignored. For example, the use
of alternate bid processes by the Missouri DOT led to
an increase in the number of bidders for each proj-
ect, which resulted in a 5.1% reduction in asphalt
unit prices on alternate bid projects when com-
pared to those on non-alternate bid projects; simi-
larly, concrete unit costs on alternate bid projects
were 8.6% less than those on non-alternate bid
projects (MoDOT 2009).
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A decades-old document provides some relevant
guidance for current and future practices. “An Infor-
mational Guide on Project Procedures,” produced by
the American Association of State Highway Officials
or AASHO (now the American Association of State
Highway and Transportation Officials or AASHTO) in
1960 provides guidance that states “any decision as
to paving type to be used should be firmly based”
(AASHO 1960).

Despite its age, the document provides some useful
and still-relevant information on the topic of pave-
ment type selection. In fact, this little-known docu-
ment is particularly relevant for federal aid projects
because it is referred to in current federal policy on
pavement type selection.

The document states that “judicious and prudent
consideration and evaluation of governing factors
will result in a firm base for a decision on paving
type.” According to the AASHO document, there are
a host of these governing factors to consider, includ-
ing ones pavement designers will easily recognize,
such as traffic, soils, weather, past performance, and
economic comparison. But, there are also several
other governing factors that may no longer be that
familiar to personnel involved in pavement type se-
lection, such as conservation of aggregates, construc-
tion consideration, availability of local materials and
stimulation of competition.

It is significant to note that these factors, which were
obviously relevant in 1960, are still key considerations
today. Of particular importance to note, the 1960
AASHO document also reveals that state agencies
recognized the importance of competition between
industries, both in terms of spurring innovation and
maximizing economic value to the owner.
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One of the governing factors noted above is eco-
nomic analysis. Often, this is incorporated via some
sort of LCCA to establish costs of the various pave-
ment alternatives being considered. Even though this
is an important factor to be considered in pavement
type selection, it is not a replacement for pavement
type selection (i.e., LCCA is not synonymous with
pavement type selection). Instead, LCCA is simply a
tool that should be used as part of the pavement
type selection process.

In recent years, concerns have arisen about the eg-
uity and effectiveness of the pavement type selec-
tion process, particularly in our current climate of
ever-increasing needs, construction cost inflation,
and dwindling resources to address these challenges.
A number of organizations are addressing the issue,
including:

e The National Cooperative Highway Research
Program (NCHRP), whose Project 10-75 re-
sulted with the “Guide for Pavement-Type Se-
lection” (NCHRP 2011a).

e The FHWA, which is examining its current
guidance and is weighing whether to revisit it
based on the recent NCHRP effort.

There are differences among states and how they ad-
dress pavement type selection. For example, roughly
one-third have no formal process in place; only some
of the processes in place employ LCCA and, within
the LCCA, only some consider user costs (Table 2-4).
Some states make decisions on a project-by-project
basis, others make decisions programmatically, while
others still make decisions at the district level. Some
states use formal selection panels, others do not.
There are even some states that have begun to ex-
plore the use of the free market through the bidding
process (e.g., alternate bidding or ADAB) to help de-
cide pavement type, largely because of a concern
about lack of equity and effectiveness of current se-
lection processes.
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Current Federal Policies

On a federal level, there are essentially two pave-
ment-related policies currently in effect. The first is
the October 1981 Pavement Type Selection Policy
Statement (FHWA 1981b), which addresses four key
issues. The second is the 1996 Pavement (Design)
Policy (FHWA 1996), which essentially states that
pavement should be designed to accommodate cur-
rent and future traffic needs in a safe, durable and
cost-effective manner.

The 1996 policy has no bearing on pavement type
selection; its purpose is to set pavement design pol-
icy for federal-aid highway projects. The 1981 policy
does, however, have a bearing on pavement type se-
lection.

In broad strokes, the 1981 policy statement states
that:

1) Pavement type selection should be based
upon an engineering evaluation considering
the factors contained in the 1960 AASHO
publication (AASHO 1960),

2) Pavement type determination should in-
clude an economic analysis based on life-
cycle costs of pavements,

3) The economic analysis and pavement type
selection should be updated just prior to ad-
vertising, and

4) Where [appropriate], alternate bids may be
permitted if requested by the contracting
agency (provided the FHWA Division Adminis-
trator approves the equivalency).

A clarification issued in November 1981 states that
price adjustment clauses (e.g., material price esca-
lators) should not be used in alternate bidding sce-
narios (FHWA 1981a).



The 1960 AASHO guide referred to in section 1 of the
FHWA 1981 policy mentions many guiding factors to
be considered when making pavement type determi-
nations, but of particular interest and significance
today are the sections discussing “Cost Comparison”
and “Stimulation of Competition.” In today’s eco-
nomic environment, none of the other factors listed
has such a pronounced effect on the ability of high-
way agencies to address the mounting infrastructure
challenges with their severely limited resources —
competition is by far the most significant opportu-
nity.

In section V “Cost Comparison” of the document, the
authors discuss the virtues of considering cost on the
basis of service life or service rendered by a pave-
ment structure, but cautions that:

“..doubt as to the validity [of such analysis]
arises in the case where on[e] type of pave-
ment has been given monopoly status by the
long-term exclusion of a competitive type.”

Finally, FHWA affirmed the 1981 pavement type se-
lection policy in their 2008 clarification memo on al-
ternate bidding (FHWA 2008).

See Appendix 3 for all current federal policy on pave-
ment type selection.

The Role of Competition

The 1960 AASHO cost comparison quote above
makes the point that LCCA may not be meaningful
where you only have one pavement type available —
the cost data are not meaningful. Moreover, it indi-
rectly recognizes the value that competition between
paving industries provides to owners. In section VI
“Stimulation of Competition” of the AASHO docu-
ment, the authors state:

“It is desirable that monopoly situations be
avoided, and that improvement in products
and methods be encouraged through contin-
ued and healthy competition among indus-
tries involved in the production of paving
materials.”
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It is important to point out the context in which the
highway officials serving on the Special Committee
on Project Procedures in 1960 wrote this document.
In the early days of the federal-aid highway program
(Federal-Aid Highway Act of 1956) there were a few
(but very public) instances of fraud and abuse re-
lated to the vast amounts of public funds expended
(Weingroff 2006). Most of the fraud pertained to
right-of-way acquisition, but there were also in-
stances of collusion by industry and questions con-
cerning monopolies and pavement type selection. As
a result of the significant negative press surrounding
these instances of neglect and abuse surrounding
the “greatest public works project in history,” the
public and congress started losing confidence in the
entire administration of the highway program. The
Federal Bureau of Investigation (FBI), the General Ac-
counting Office (GAQ), and even the House Special
Subcommittee on the Federal-Aid Highway Program
(Blatnik Committee) were engaged in probing the
various allegations of irregularities in the highway
program. It was in this environment that the highway
officials were charged with developing sound guid-
ance regarding contract construction, pavement type
selection and right of way acquisition. As the docu-
ment notes:

“It is imperative that all possible and proper
measures be taken to ensure the tax payers
of this country that they are receiving full
value of every highway dollar spent... The
recommendations included in this Guide are
designed to keep the public confidence in the
highway program at a maximum.”

It is safe to say that the guidance offered in the 1960
AASHO document which, again, is directly referred to
in current federal pavement type selection policy, is
purposefully “loose” to allow for proper considera-
tion of all factors in pavement type determinations,
including competition.
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It is noteworthy that a few states recognize the bene-
fit of competition between industries and incorpo-
rate it directly into their pavement type selection
process. In some states, for example, the watchword
for competition is “balance” (Fickes 2009).

A recent FHWA publication has this to say about
competition (FHWA 2003b):

“By standardizing its pavement design selec-
tion process with LCCA, PennDOT established
clear benchmarks for pavement performance.
The asphalt and concrete industries have met
the challenge imposed by PennDOT and have
adapted with better and lower cost products.
Additionally, contractors have lowered their
bid prices in order to remain competitive in a
standardized environment.”

The impact of competition observed in Pennsylvania
is not uncommon. An analysis of bid information for
14 states illustrates that a competitive market results
in reduced bid prices for both concrete and asphalt
pavements (Figure 4-6). In this analysis, the impact
is larger on concrete bid prices than on asphalt bid
prices; this illustrates that the bigger concrete pave-
ment market allows the introduction of competition
within the concrete industry.
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Figure 4-6. 2002-2006 average cost data for GA, IL, IN, KS,
KY, MD, MO, NC, OH, PA, TN, VA, WI, and WV.
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The approach of a balanced market not only fosters
competition, it also helps ensure healthy paving in-
dustries that can afford to invest in training, re-
search, and quality control. This in turn means
better performing pavements being delivered to the
agencies, and ensures that the public receives the
maximum value from their highway dollar.

Regardless, today, most highway engineers and ad-
ministrators are not aware of the federal pavement
type selection policy, the 1960 AASHTO document it
refers to, its background, or its intent. Conventional
wisdom is that LCCA is the answer, but this, alone,
does not properly account for the consideration of
some of the very important non-economic factors.



Total Cost of Ownership Example —
Mississippi Network of 36 Pavements

A practical application of LCCA is a total cost of own-
ership analysis. Essentially, total cost of ownership is
the inflated costs that the agency will spend over the
life of the pavement.

A 1985 report titled, “Pavement Selection Based on
Life-Cycle Cost,” by the Mississippi State Highway De-
partment and FHWA detailed the actual initial, main-
tenance, and overlay costs of 36 paving projects in
Mississippi, including:

e 4 full-depth asphalt pavement sections,

e 5 asphalt on stabilized base sections,

e 5jointed plain concrete pavement (JPCP) sec-
tions, and

e 22 continuously reinforced concrete pave-
ment (CRCP) sections.

Projects considered dated back to as early as 1960
and all costs were tabulated in original (e.g., as ac-
tual expenditure amount by the DOT, reflecting total
ownership cost) and 1984 dollars for the purpose of
comparison (Browning 1985).

Chapter 4 - Applications and Extensions of Life-Cycle Cost Analysis

Table 4-2 lists the actual average state DOT expendi-
tures for the initial, maintenance, and rehabilitation
(overlay) costs and the total expenditures per mile
for each pavement type. As shown, the jointed plain
concrete pavement is the most cost effective solu-
tion when looking at the true total ownership cost.

An inflation rate based on price trends in federal-aid
highway construction and no interest rate was then
used to adjust all costs to equivalent 1984 dollars
(Table 4-3). Thus, the author calculated the true cost
of ownership to the agency as a net present value.
Again, the jointed plain concrete pavement option
is the most cost effective.

The report concludes (Browning 1985):

“Sometimes asphalt pavements have been
selected because they have a lower initial
cost with the reasoning that the money
saved can be spent on other projects or to
pave additional roads... this can lead to a
poor choice when future expenditures are
also considered. The results show that in the
long run the jointed concrete pavements
have the lowest average 1984 life-cycle cost
per mile since 1960.”

Table 4-2. All Original Expenditures per Mile of Pavement (Browning 1985)

Pavement Type

Average Initial

Exp., $/mi

Average Maint.
Exp., $/mi

Average Rehab
Exp., $/mi

Average Total

Exp., $/mi

Full-Depth Asphalt $ 148,186.46 $ 1,872.82 $ 52,597.91 $202,657.19
Asphalt on Stabilized Base $ 89,435.77 $ 2,895.79 $ 110,500.16 $202,831.72
Jointed Plain Concrete (JRCP) $ 136,560.76 $ 1,393.60 $ - $137,954.36
Continuously Reinforced $ 208,959.12 $ 1,776.67 $ - $210,735.79
Concrete (CRCP)
Table 4-3. 1984 Value of All Expenditures per Mile of Pavement (Browning 1985)
Pave E o Average Average Average rRehab A 0 0
[J [J 0 0
Full-Depth Asphalt $ 441,669.38 $ 2,967.44 $ 53,056.68 $497,693.50
Asphalt on Stabilized Base $ 363,752.38 $ 3,945.46 $ 126,870.88 $494,568.72
Jointed Plain Concrete (JRCP) $ 434,549.87 $ 1,746.51 $ - $436,296.38
Continuously Reinforced $ 481,614.09 $ 2,096.22 $ - $483,710.31
Concrete (CRCP)
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The Potential Impact of Material Quantity
Specifications on LCCA Results

Thickness requirements during construction typically
are much more stringent for concrete pavements
than for asphalt pavements. Thus, concrete contrac-
tors might place the concrete up to about %" (13
mm) thicker than necessary to avoid penalties. This
over-construction is not factored into the project
costs if the concrete pavement is bid as $/SY, how-
ever, so a concrete pavement contractor must absorb
it into his concrete pavement bid price.

Asphalt pavements, on the other hand, typically are
paid for by the ton that is actually delivered and
placed. Asphalt thicknesses are not watched as
closely and the asphalt typically is just placed in rea-
sonably close conformity with the grades, lines,
thickness, etc. shown on the plans.

To understand the impact of this bias built into many
specifications, consider how these bidding practices
might impact the local road example from Chapter 3.
The concrete alternate in that example was 7 in. (175
mm) thick at a cost of $220,000. If the concrete
pavement must be built 74” (12.5 mm) thicker than
necessary, the contractor has essentially included
this into his cost (e.g., the $220,000 is really the price
fora 7.5 in. (190 mm) thick concrete pavement). As
such, the real price for the 7 in. (175 mm) thick con-
crete pavement might be $205,333. Thus, the real
initial cost of the concrete alternate might actually
be closer to that shown in Table 4-4.

On the asphalt side of the equation, any quantity
overruns (e.g., if the asphalt material quantity that is
delivered and placed is greater than the quantities
specified in the plans) will be subsidized by the
agency. Assume that the asphalt overruns to be 5%.
The quantities from this example are 1,725 tons and
1,150 tons for the 3 in. (75 mm) and 2 in. (50 mm)
asphalt lifts, respectively, so the required quantities
would become 1,811 tons and 1,208 tons. The real
initial cost of the asphalt alternate then become that
shown in Table 4-5.
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Table 4-4. Total Initial Agency Cost for Concrete Alter-
nate from Local Road Example in Chapter 3 with Adjust-
ment for Concrete Construction Thickness to Meet
Specifications

Description Quantity Unit Price Total Cost
of Work

7 in. Concrete 10,000 SY $22.00/SY $205,333
Pavement

Concrete Curb 5,580 LF $11.00/LF $61,380
and Gutter

4 in. Aggregate 3,120 Ton  $10.50/Ton $32,760
Subbase

Unclassified 4,600 CY  $13.00/CY $59,800
Excavation

TOTAL INITIAL AGENCY COST:  $359,273

Table 4-5. Total Initial Agency Cost for Asphalt Alternate
from Local Road Example in Chapter 3 with Adjustment
for Asphalt Quantity at Construction

Description Quantity Unit Price Total Cost
of Work

3 in. Asphalt 1,811 Ton  $42.10/Ton $76,243
Lower Course

(w/ 5% overrun)

2 in. Asphalt 1,208 Ton  $48.42/Ton $58,491
Surface Course

(w/ 5% overrun)

Tack Bid 200 gal $1.25/gal $250
(.025 gal/SY)

10,000 SY Tack 250 gal $1.25/gal $313
(.025 gal/SY)

Concrete Curb 5,580 LF $11.00/LF $61,380
and Gutter

10 in. 5,200 Ton  $10.50/Ton $54,600
Aggregate Base

Unclassified 5,230 CY  $14.00/CY $73,220
Excavation

TOTAL INITIAL AGENCY COST:  $324,497




Considering just this small difference in how material
specifications are written, the initial agency cost for
the asphalt alternate changes from 15% less to just
9.7% less than that of the concrete alternate. This
impact would also affect the agency at future asphalt
reconstructions, when the agency might then be li-
able for more material quantity overruns. Means of
correcting this potential issue when bidding alter-
nate pavements include balancing the specification
by having the same thickness, subgrade, base/sub-
base, cross-slope, width, etc. requirements or paying
for each alternate by the same metric (e.g., bid both
in terms of SY or in terms of CY and SY).

Chapter 4 - Applications and Extensions of Life-Cycle Cost Analysis
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Glossary

Accident or crash costs — costs associated with dam-
age to the user’s vehicle and/or other vehicles
and/or public or private property, as well as injury to
the user and others.

Activity — a specific action performed by the highway
agency or the contractor, such as initial construction
or a preservation/rehabilitation.

Administrative Costs — cost incurred in contract
management administration overhead expenses.

Agency — a government organization responsible for
initiating and carrying forward a highway program
for the general public. May be federal, state depart-
ment of transportation (DOT), metropolitan planning
organization, local government, etc.

Agency costs — costs incurred by the agency over the
analysis period.

Alternatives — the complete set of initial and future
activities that will satisfy established pavement per-
formance objectives of a project.

Analysis period — the timeframe over which the
strategy alternatives are compared.

Annual worth or equivalent uniform annual

cost (EUAC) — all costs over the analysis period ex-
pressed in terms of an equivalent annual value that
is the same for every year of the analysis period.

Benefit-cost analysis — an analysis in which all conse-
guences of the investment are measured in or con-
verted to economic terms.

Benefit-cost ratio (B/C) — the ratio of a project’s ben-
efits (to the public) to its costs (to the government).

Bid Price Index (BPI) — the FHWA’s index compiled to
track the installed prices of several components of
highway construction.

Concessionaire — the owner of a business that oper-
ates a facility under a contract a license with a gov-
ernment agency.

Concrete pavement preservation (CPP) — a set of
nonoverlay techniques that repair isolated sections
of deteriorated pavement, or prevent or slow overall
deterioration, as well as reduce the impact of traffic
loadings on the pavement; also known as preserva-
tion.

Constant dollars — costs of items as if they were in-
curred in the year in which the life-cycle cost analysis
is conducted.

Consumer Price Index (CPI) — An inflation index
compiled by the U.S. Department of Labor’s Bureau
of Labor Statistics (BLS) to reflect the change in retail
prices for a selected set, or “market basket,” of pur-
chases of clothing, food, housing, transportation,
medical care, entertainment, education, and other
items.

Delay costs — costs to motorists due to reduced
speeds and/or the use of alternate routes.

Design period — the period of time for which either a
new pavement or a rehabilitation treatment is de-
signed to serve.

Discount rate — in banking, the rate that commercial
banks and other depository institutions are charged
on loans from the Federal Reserve. In life-cycle cost
analysis, the rate that reflects both the time value of
money (interest rate) and the decrease in purchasing
power (inflation rate) over time; also called the real
discount rate.

Equivalent Uniform Annual Cost (EUAC) — see An-
nual worth.

Future costs — costs incurred after the beginning of
the analysis period.
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Incremental benefit-cost analysis — process by which
a project is judged more favorable than another if the
additional increment of benefit to be gained exceeds

the incremental increase in cost.

Inflation rate — the rate of increase in prices; a meas-
ure of the decline of purchasing power.

Initial costs — costs incurred at the beginning of the
analysis period.

In-service user costs — user costs associated with the
normal use of the roadway.

Interest rate — the rate of return on an investment.

Life-cycle cost analysis — a procedure for evaluating
the economic consequences of mutually exclusive
project alternatives over a period of time.

Maintenance and operation costs — the daily costs
associated with keeping the pavement at a given
level of service.

Net present value (NPV) - The net value of all pres-
ent and future costs and benefits converted to a sin-
gle point in time using a real discount rate factor.

Network-level analysis — analysis of the condition
and needs of an entire network of roadway sections.

Performance period — The best estimate of the ex-
pected life of a pavement or a rehabilitation treat-
ment. For a newly constructed or reconstructed
pavement, the performance period is the design pe-
riod. For some rehabilitation treatments that are not
designed for a specific time period or number of traf-
fic loadings, the performance period must be esti-
mated from field performance observations or
empirical models developed from field performance
data.

Present worth (PW) — the equivalent value at the
present, based on the time value of money; the mon-
etary sum equivalent to a future sum or sums when
interest is compounded at a given rate; the dis-
counted value of future sums.
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Preservation — see Rehabilitation.

Private entity — a private owner of a roadway, such
as a concessionaire.

Probabilistic analysis — an analysis in which the vari-
ability of each input is taken into account and used
to generate a probability distribution for the calcu-
lated life-cycle cost.

Producer Price Index (PPI) — a family of Bureau of
Labor Statistics indices that reflect changes over time
in the prices received by domestic producers for a
variety of goods and services.

Project-level analysis — analysis of the condition and
needs of a single roadway section.

Public entity — a government (local, State, or Fed-
eral) owner of a roadway.

Quasi-private entity — a government-established en-
tity such as a toll authority.

Real discount rate — see Discount rate.

Rehabilitation — the act of restoring a pavement to
former condition.

Residual value — the cost recovered or that could be
recovered from a used property when removed,
sold, scrapped, or reused.

Salvage value — see Residual value.

User costs — costs incurred by users and would-be
users of a roadway.

Vehicle operating costs — costs related to consump-
tion of fuel and oil, and wear on tires and other vehi-
cle parts.

Work-zone user costs — costs incurred during lane
closures and other periods of construction, rehabili-
tation, and maintenance work.
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Appendices

Appendix 1 - Present Worth Calculations and Deterministic Analysis Worksheet

Present value/worth (SP) of a one-time future cost or benefit (SF):

$P = $F x [T a7 )

Present value/worth (SP) of an annual future cost (SA):

n
sP = sa x ) [iw) = sax [Sovar]

t=1

Present value/worth (SP) of an annual future cost that escalates at a constant rate:

n

sp = 4, x 2, [(53) ] = 4o x@o x [1-(159)]

t=1

where:

d = the real discount rate (e.g., 0.03 for 3 percent)

t = the year in which the one-time future cost or benefit occurs (t = 0 for initial costs)
n = number of years over which the annual future cost reoccurs

e = constant escalation rate (can be positive or negative)

The conversion of nonuniform future annual costs requires:

1) Identification of subperiods during which the annual costs are uniform,

2) Converting these uniform annual costs to present worths in the beginning years of the subperiods,
and

3) Converting these present worths in given future years to equivalent present worths at the begin-
ning of the analysis period.

The total net present value (NPV) is the sum of the present worths of the activities considered in the LCCA

(e.g., initial agency costs (A), user costs (B), maintenance and preservation/repair costs (C), residual value, sus-
tainability-related costs, etc.).
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Total Cost:

Total NPV:
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Appendix 2 — Historic Oil Price Trends and Volatility

Introduction

Asphalt cement is the by-product of petroleum refining — what is left over after all of the lower-molecular-
weight fuels and lubricants, from jet fuel to gasoline to kerosene to petroleum jelly, have been boiled off and
condensed. Being a by-product of petroleum refining, the price of paving-grade asphalt cement fluctuates
with the price of crude oil. The two are not perfectly correlated, however. One reason for this is that changes
in the price of asphalt cement tend to lag slightly behind changes in the price of crude oil. The other reason is
that oil refiners, in an effort to maximize profits, can vary their distillation process to obtain relatively greater
(or lesser) proportions of the various oil refinement products and by-products (e.g., though the use of “cok-
ers”).

When crude oil prices are high, refiners may strive to extract larger proportions of lighter-weight fuels. This
may result in reduced asphalt cement quantity from a given volume of crude oil, and/or asphalt cement of
lesser quality, which can result in a fundamental shift in the supply-demand curve for asphalt cement. As more
and more refineries around the world install cokers in an attempt to maximize total profits, the price of asphalt
will become even more dependent on the price of crude oil because as the price of crude oil increases the
price of asphalt’s source increases and, at the same time, less of it is manufactured.

Portland cement, on the other hand, has been manufactured in much the same manner for decades and it is
not as dependent on oil prices. Recent advances in cement plant processes and the use of waste materials
(e.g., tires) for fuel has decreased cement plant dependency on fuel as a source of energy over time.

Oil Price History

World oil prices are differentiated from U.S. oil prices in this discussion of trends in crude oil prices. The two
are slightly different but follow the same trends. The U.S. oil price benchmark is that for West Texas Intermedi-
ate (WTI) crude oil (Figure A2-1), which tends to run about $2 per barrel higher than the price of the basket of
crude oils controlled by the Organization of Petroleum Exporting Countries (OPEC). The crude oil price quoted
on the New York Mercantile Exchange is the WTI price.

For about 25 years after the end of World War Il, crude oil prices were very low and stable. Between the late
1940s and the early 1970s, crude oil prices ranged between about $2.50 and $3.00 per barrel (in nominal dol-
lars; that is, based on the value of the U.S. dollar in each actual year, not adjusted for inflation).

A steep rise in oil prices in the early 1970s was triggered by the Yom Kippur War, which began in late 1973 with
an attack on Israel by Syria and Egypt. In response, OPEC members reduced their oil production and imposed
an oil embargo on the U.S. and other western countries that supported Israel in the war. Between 1972 and
1974, the nominal price of crude oil quadrupled from $3 per barrel to over $12 per barrel. Between 1974 and
1978, oil prices increased more slowly, actually declining during that period when adjusted for inflation.
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Figure A2-1. Nominal price of West Texas Intermediate (WTI) crude oil from 1946 to 2011 (Source: Dow Jones &
Company).

Oil prices shot up again in 1979 and 1980, due to the Iranian Revolution and the start of the Iran-lraq War,
which together resulted in a 10 percent decrease in worldwide oil production in one year. In mid-1980 the
price of oil was just under $40 per barrel, well over S60 per barrel when adjusted for inflation.

Crude oil prices declined between 1980 and 1985, in both nominal and inflation-adjusted terms. Among the
factors that contributed to this decline were improvements in energy efficiency in homes, factories, and auto-
mobiles, a global recession that reduced oil demand, and increased oil exploration and production by non-
OPEC countries. For the first half of the decade, Saudi Arabia, the world’s largest oil producer, frequently cut
its production to compensate for the overproduction of other OPEC countries, in an attempt to halt the decline
in oil prices. By 1985, Saudi Arabia tired of this role and began to increase its oil production too. The inflation-
adjusted price of crude oil dropped to below $20 per barrel by 1988.

The invasion of Kuwait by Irag and the start of the first Gulf War in 1990 caused a small spike in oil prices, but
when the war ended oil prices began to decline. Oil prices rose again between 1994 and 1997, primarily due
to a strong U.S. economy and strong economic growth in Asia. An economic crisis in Asia in the late 1990s led
to a decline in Asian oil consumption (and OPEC made the mistake of increasing production at the same time)
which led to another drop in oil prices. OPEC then cut production in response, and oil prices began to increase
again in 1999.
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Oil prices took a downward turn in 2001 due to weakening of the U.S. economy and increased oil production
by non-OPEC countries, especially Russia. In addition, the September 11, 2001 terrorist attacks cause a sudden
drop in oil prices. Throughout 2001 and 2002, OPEC attempted to bring oil prices up by imposing a series of
production cuts on its members. These efforts were not very effective until several non-OPEC oil producers, in-
cluding Russia, also agreed to production cuts. Qil prices have been rising fairly steadily ever since, with only
one really notable drop from a recession, but oil prices have quickly risen back to pre-recession levels.

Oil Price Volatility and the Associated Risk

In addition to considerable recent increases, the price of oil is increasingly characterized by its volatility. In just
the last few years, the price of oil has swung from as low as around $40/barrel to as high as nearly $135/barrel,
having done so in under a year’s time. Increasing volatility makes short-term and medium-term predictions of

the price of oil increasingly difficult to make with confidence.

Some factors regularly affect the price of oil in fairly predictable ways. For example, it is normal for the price of
oil to decline somewhat in the autumn, after the typical summer surge in gasoline consumption but before
cold winter temperatures heighten demand for heating oil. Qil prices in the U.S. tend to decline during a mild
hurricane season and rise during a strong hurricane season. Current events involving the world’s major oil pro-
ducers and/or oil consumers also influence the price of oil in predictable ways as well.

An economic downturn, as the global economy has experienced in 2008 and 2010, pushes oil prices down be-
cause a slower economy reduces oil demand. This may seem to be a boon to motorists, for example, because
it brings down gas prices in the short term, but in fact oil price reductions due to economic recession are not
healthy for the world’s most productive economies (which are also the world’s biggest oil consumers), nor for
the world’s developing economies or for the stability of countries whose economies depend heavily on the sale
of ail.

The price of oil is becoming increasingly volatile (Figures A2-2 and A2-3), not only because of growing aware-
ness that the world’s supply of fossil fuel is finite, while the world’s demand for oil to fuel economic growth
and development is not, but also because of factors that had little or no influence on the oil market a decade
or two ago.

One of these factors is the growing presence of non-OPEC countries (who are not bound by OPEC’s internal
agreements) in the oil market. Another factor is the growing influence of oil price speculation by investors.

In mid 2008, the Chicago Board Options Exchange (CBOE) introduced its Qil Volatility Index (OVX), to allow
trading on the market's expectation of oil price volatility over the course of the coming 30 days. The OVX ap-
plies the methodology of CBOE’s well-known Volatility Index (VIX), introduced in 1993, to analysis of options
trading on the United States Qil Fund LP (USO), which is a commodity pool that invests in oil futures on the
New York Mercantile Exchange, options on oil futures, and forward contracts. Trading on the volatility of com-
modities is, for better or for worse, a reality of the marketplace. The inevitable consequence is that future
fluctuations in the price of oil will depend not only on the tradeoff between supply of and demand for real bar-
rels of oil, but also on the trade in people’s expectations about the price of oil.
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Figure A2-2. Month-to-month change in the nominal price of West Texas Intermediate (WTI) crude oil from 1946
to 2010 (Source: Dow Jones & Company).
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Figure A2-3. Year-to-year change in the nominal price of West Texas Intermediate (WTI) crude oil from 1946 to
2010 (Source: Dow Jones & Company).
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A Comparison of WTI to Asphalt and Concrete PPIs

Figure A2-4 shows indexed values of the WTI alongside the BLS’s PPIs for asphalt paving mixtures and blocks
and concrete products for approximately the last 50 years. As mentioned, asphalt trends tend to lag behind
trends in oil prices (e.g., 1973 to 1985). At the same time, steep drops in oil prices don’t necessarily translate
to steep drops in asphalt prices (e.g., 1985 to 2000). Since 2000, both oil and asphalt prices have increased
dramatically, with asphalt trends again lagging behind oil trends. The standard deviations on each year’s data
point also illustrates that asphalt and oil are both very prone to similar volatility within a given year, whereas
the concrete yearly standard deviation is so low that it is very difficult to see on the figure. The differences in
magnitude and standard deviation between the asphalt PPl and the WTI indices (e.g., asphalt PPl is up 1,640%
and WTl is up 3,100% since 1958) are likely because the asphalt PPl is for asphalt block and paving mixtures, of
which asphalt binder only composes about 5% of the volume; thus, the other components in the mixture (e.g.,
aggregate) also impact the asphalt PPI trends.

Some of the previously mentioned international political unrests that directly impacts oil prices have clearly
also impacted asphalt prices in the U.S. Concrete prices, however, are relatively insensitive to such influences.
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Figure A2-4. The BLS’s PPI for concrete products (WPU133) and asphalt paving mixtures and blocks (WDU13940101/
WPU13940113), and the WTI, from 1958 to 2011 (BLS 2011), showing yearly standard deviation at each data point.
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Forecasting Oil Prices

While market analysts may disagree on oil price movements in the short term, there is little disagreement with
respect to the long-term direction of oil prices. Worldwide energy demand will continue to grow along with
economic growth and industrialization, but the world’s petroleum reserves are finite. If worldwide energy con-
sumption were to remain at more or less current levels, which is unlikely, the world’s proven petroleum re-
serves would last for another 30 to 50 years or so. The more energy consumption grows, the sooner the
world’s known supply of petroleum is likely to be exhausted. New oil discoveries, improvements in oil produc-
tion efficiency, improvements in oil consumption efficiency, and energy conservation efforts may help to fore-
stall the day of reckoning. It is nonetheless fairly well accepted that the world will run out of petroleum some-
time in the middle of the 21 century, the same timeframe that many currently conducted LCCAs extend to.

It is reasonable to expect that the price of crude oil, and the prices of its refinement products and by-products,
such as asphalt cement, will rise more or less steadily, and to their highest levels ever, in the coming decades.
Increased efficiency in the production and consumption of other types of energy (natural gas, coal, nuclear
power, water, wind, and others) will be necessary to fuel the world’s continued economic growth and sustain-
able development, and mitigate the adverse economic effects of rising oil prices.
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This appendix contains relevant portions of the following documents:
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PAYING TYPE DETERMINATION AND DOCUMENTATICHN

The highway engineer or administrator does not have at his disposal generally
acceptable theoretical or rationnl methods that give an absolute and indisputable
comparison of the competitive pavement types for set conditions.

Prerequisites for such an evaluation procedure would, of course, with other
things, involve the development of improved scientific structural design methods
for both rigid and flexible pavement structures to render comparable service under
similar traffic and weather conditions.

It would also involve the availability of reliable cost accounting data on the
maintenance costs of the two pavement types for those comparnble conditions,
Here again factual information in complete desirable form is not presently avail-
able. Even though information is being developed through research it will not be
wholly applicable on a national basis without modifications to adjust for the
various soil and climatic conditions encountered.

Past, current and proposed major research undertakings such as the Maryland
Road Test, the WASHO Road Test and the current AASHO Road Test research
project, and its proposed satellite projects, together with road life and mainten-
ance studies underway in the several State highway departments all contribute
to fill in, gradually, some of the gaps.

The AASHO Committee on Design is currently in the process of converting the
basic scientific relationships of pavement performance and applied loads, as de-
veloped on the AASHO Road Test, into improved rational design methods for
pavements.

Pending the development of better tools, the State highway departments must
rely on those that are available. Certain assumptions must be made and an
empirical approach used, based on the best professional highway engineering
judgement and experience available.

In other words there is no magic formula, where certain figures can be in-

serted and a definite answer as to pavement type required will result,

Governing Factors

To avoid criticism, if that is dpnssihle, any decision as to paving type to be
used should be firmly based. Judicious and prudent consideration and evaluation
of the governing factors will result in a firm base for a decision on paving type.

A list of such factors comprises the following items:

1. Traffic

2. Soils characteristics

3. Weather

4. Performance of similar pavements in the area
5. Economics or cost comparison

6. Adjacent existing pavements

7. Stage construction

8. Depressed, surface, or elevated design

9. Highway system

10. Conservation of aggregates

11. Stimulation of competition

12. Construction considerations

13. Municipal preference and recognition of local industry
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14. Traffic Safety
15. Availability of and adaptations of local materials or of local commerci-

ally produced paving mixes

In the following pages, these factors are discussed and grouped, one group in-
cluding all those which may be considered to have major influence, and the
second, those which have lesser, or only occasional influence. The order of
magnitude of influence is to be considered interchangeable within the groups
and between the groups, as no single order is held to apply in all casen.

PRINCIPLE FACTORS
I. Traffic

The volume of passenger cars generally affects only the geometric or lane re-
quirement. The percentage of commercial traffic and freqyency of heavy load
application generally has the major direct effect on the structural design of the
pavement. Existing heavy-duty highways constitute sufficient evidence that both
flexible and rigid pavement designs can meet requirements under given condi-
tions.

If a cost comparison between competitive paving types is to be of value, it
is imperative that the structurel designs compared have equal capacity to carry
loads. Since the matter is one of basic economics, the cost comparison must
also include not only the cost of original construction, but that of needed per-
iodic repairs and routine maintenance over the service life of the pavement, and
an estimate as to what its probable useable salvage value will be at the end of
that time. _

It must be conceded that in these important areas, some assumption still must
be made pending the results of current and further research developments not al-
ready available in guide form. When such assumptions are made, they must be
made by the best qualified personnel available.

Present legal load limits are, to all intents and purposes, frozen by the Fed-

eral-Aid Highway Act of 1956, and will remain until certain studies are presented
to the Congress for its consideration and further action.

Even accepting this restriction, it is reasonable and proper to make allowances
in the structural designs of pavements for possible future modest legal load in-
creases as well as the occasional overloads, whether moving by special permit
or illegally, that are likely to use the pavement.

Currently, the AASHO Transport Committee is preparing new proposed vehicle
weights and size regulations for consideration of the various States from data
received from the AASHO Road Test and other appropriate sources. The Trans-
port Committee assignment is to develop recommended size and weights to give
an optimum balance between the best highway use and maximum highway life,
for roads and bridges that can be furnished with the funds available for highway
purposes.

In the projection of the density and weight of future traffic that will likely
use the pavement during its lifetime, it is essential that not only normal in-
creases be anticipated, but that consideration be given to the possibility of ad-
ditional traffic being generated by potential industrial development or changes
in land use for the area served.

The construction of a modern highway may also divert large amounts of heavy
traffic, from other routes in the same broad traffic corridor, that should be con-

sidered by the designer. :
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Il. Seils Charactaristics

Of paramount importance is the ability of a native soil, which lorms the sub-
grade for the pavement structure in cuts and on embankments, to withetand ap-
plied loads. Even in given limited oreos the inherenl qualities of such native
soils are far from uniform, and they are further subjected to variations by the
influence of weather.

The characteristics of native soil not only directly affect the pavement struc-
ture design, but may, in certain cases, dictate the type of pavement economically
justified for a given location.

The evaluation of the characteristics of soils is, sxiomatically, o requirement
for each individual pavement structure design.

Il. Weather

Weather affects subgrade as well as pavement wearing course. The amount of
rainfall, snow and ice, and frost penetration will seasonally influence the bear-
ing capacity of subgrade materials, Moisture, freezing end thawing, and winter
clearing operations will affect pavement wearing surfaces as to maintenance
costs, etc. These surfaces, in tum, will have some effect on the ease of winter
clearing operations due to differences in thermal absorption or to the ability of
the pavement to resist damage from snow and ice control equipment or materials.

In drawing upon performance record of pavements elsewhere, il is most import-
ant to take into consideration the conditions pertaining in the particular climatic

helt.

IV. Performance of Similar Pavements in the Area

To a large degree, the experience and judgment of the highway engineer is
based on the performance of pavements in the immediate area of his jurisdiction.
Past performance is a valnable guide, provided there is good correlation between
conditions and service requirements between the reference pavements and the
designs under study. This factor should not be allowed to develop into blind
prejudice. Caution must be urged against reliance on short-term performance
records, and on those long-term records of pavements which may have been sub-
jected to much lighter loadings for a large portion of their present life. The need
for perodic reanalysis is apparent.

V. Cost Comparison

In any cost comparison of paving types, the matter of availability of local or
commercially produced materials, and the existence and proximity of manufactur-
ing or processing plants will be of significant importance.

Unavoidably, there will be instances where the financial circumstances are
such as to make first cost the dominant factor in paving type selection even
though greater maintenance costs may be involved later. Where circumstances
permit, a better and more realistic measure would be the cost on the basis of
service life or service rendered by a pavement structure. Such cost computation
should reflect“original investment, anticipated life, maintenance expenditures,
and salvage value.

Original cost can be fairly accurately estimated. Doubt as to validity arises
in the case where on type of pavement has been given monopoly status by the
long-term exclusion of a competitive type.
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The highly desirable determination of cost on a service life basis is pre-

sently adversely affected by some incomplete areas In needed foctuel In-

formation. One such area Is the life expectancy of different paving types,

a second, the matter of malntenance costs, and o third, the solvage value

of pavements.

With our present state of limited knowledge as to the effect of frequency of
heavy load applications, it is difficult to conceive of anything but an empirieal
approach to the determination of life expectancy of a pavement. The Bureau of
Public Roads report “‘Lives of Highway Surfaces-Half Century Trends' shows
a difference in the probable life for rgid and flexible pavements. It is mot known
if these trends hold for the pavements currently being constructed for the modem
heavier traffic loadings, such as will be involved for the National System of In-
terstate end Defense Highways. The experience of the individual states as to
assignment of probable life expectancy of different paving types, under the per-
taining conditions, must for the present be accepted.

Assigned maintenance costs will seriously affect the cost comparison. If
these costs are to be considered wholly valid, they must be based-on accurntely
kept, long-term maintenance records reflecting an established maintenance stan-
dard adhered to in practice. Since traffic and structural standards in the past
have been such varables, it is difficult to accurately evaluate maintenance
costs. This has not been a derelication of the highway official.

It is urged thot the individual states take the necessary steps to develop

faoctual information from Interstate System of highways, which will be valu-

able in the years ahead. These highways are built to modern standards.

Establishment of, and adherence to, o maintenance standard, supplemented

by accurate cost recording, will produce for the future more reliable date on

maintenance cost and life expectancy.

Salvage value to be ascribed to pavements is somewhalt open to conjecture.
As it were, a large proportion of highway reconstruction involves changes in
alipgnment or gradient which negate the salvage value. Each project actually
must be considered individually.

SECONDARY FACTORS
|. Adjacent Existing Pavements

Provided there is no radical change in conditions, the choice of paving type
on a highway may be influenced by existing sections thereof which have given
adequate service. This will result in a desirable continuity of pavement and
consequent simplification of maintenance operations.

Il. Stage Construction

Where financial circumstances dictate stage construction of the type of pave-
ment, where a thinner wearing course is later brought up to design requirements
by an additional course or courses of wearing course material, flexible design

becomes mandatory.
Ill. Depressed, Surface, or Elevated Design

Depressed and surface design may involve a high water table which will in-
fluence the choice of paving type. Elevated design, as in the case of approaches
to long bridges or viaducts with concrete decks, may influence the decision in
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fayor of rigid pavement to preserve a desirable continuity of pavement surface,
A depressed design, presenting some perodic possible drainage problerns, may
also indicate the use of one type of pavemént over another.

IV. Highway System

It is not considered good practice to let a system designation influence the
choice of paving type. Merits of the individual case and economics should
prevail.

V. Conservotion of Aggregotes

This consideration may well have influence in choosing a paving type which
will involve, in the total pavement structure, less of the scarce critical material
than might be required by another type.

V1. Stimulation of Competition

It is desirable that monopoly situations be avoided, and that improvement in
products and methods be encouraged through continued and healthy competition
among industries involved in the production of paving materials.

VIl. Construction Consideration

Such considerations as speed of construction, reduction of traffic maintenance
during construction, ease of replacement, anticipated future widening, need for
minimum of surface maintenance in highly congested locations, seasons of the
year when construction must be accomplished, and perhaps others may have 8
strong influence on paving type selections in specific cases.

VIll. Municipal Preference, Participating Local Government Preference and
Recognition of Local Industry

While these considerations seem outside of the realm of the highway engineer,
they cannot always be ignored by the highway administrator, especially if all

other factors involved are indecisive as to the pavement type to select.

IX. Traffic Safety

The particular characteristics of a wearing course surface, the need for de-
lineation through pavement and shoulder contrast, reflectivity under highway
lighting, and the maintenance of a non-skid surface as affected by the available
materials may each influence the paving type selection in specific locations.

X. Availability of and Adaptation of Local Materials or of Local Commercially
Produced Paving Mixes

The prevalence of adaptability of local materials may influence, or the avail-
ability of commercial produced mixes particularly on small projects, may influ-
ence the selection of pavement type.
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Conclusion .

In the foregoing, there have been listed and discussed those factors amd con-
siderations which influence, to various depree, the determination of paving types.
This has brought to the fore the need, in certain areas, for the development of
basic information that is not available at present. It has slso served to point
out that, in general, conditions are so variable, and influences sufficiently dif-
ferent from locality to locality, to necessitate a study of individual projects in
most instances.

The public, although a critical judge, cannot be expected to be aware of the

variety of considerations which influence the decisions of a highway adminis-
trator.

Consequently, whatever factors control the selection of the pavement type

should be made part of the project file and should carry the identity of the

person or persons involved in the entire process of making recommendations
and in making the final decisions. It is very important that the reasons for
reaching the decision be fully documented in the project file.

The judgment of the decision may be disputed at some subsequent time, but if
the reasons are fully outlined and documented, the matter becomes only a dif-
ference of opinion and the reasons of the person or persons, who are responsible
for the decision, are a matter of record for any future review or investigation.
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number shall be coded identically on
each invoice and on the worksheet.

. 2
PART 142—ENTRY PROCESS
1. Section 142.21(f} is rewsed to read

§ 14221 Merchandlse eligible for. special
permit for Immediate delivery.
* » * * *

(f) Release from warehouse followed
by warehouse withdrawal for
consumption. Merchandise may be _
released from warehou.se under a
special permit—

(1) At the discnehnn of the dlstnct -
director when .

(i) The warehouse is located a
considerable distance from the

_ customhouse and actual release of the

merchandise from the warehouse may
not be effected within the next full -
business day after the day of the -
anment of duty, and (ii) The district

as sufficient manpower to permit such
practice;

(2) The importer shall have on file one
of the types of Customs bonds provided
for in § 142.4; and

(8) The immediate delivery permit.
shall be annotated to state that a
warehouse withdrawal for consumption
will be filed for this merchandise. .

2. Section 142.22(b) is revised to read
as follows: -

§142.22 Application for apeciai permlt fur
immediate delivery.

[a]i * *

[b] Customs custody. Merchandise for .

which a sEe::ial,perm.it for immediate
delivery has been issued under
5142 21 of this part shall be
considered to remain in Customs
custody until the filing of one of the
following:

(1) An entry summary for
consumption, with estimated duties
attached, an entry summary for
wareholise, or an entry summary for
entry under a lemgora.ry importation
bond, which may be filed in any of
the circumstances under §142.21 of
this part except for merchandise
released from warehouse under
§142.21(f) of this part;

(2) A withdrawal for consumption,
with estimated duties attached, which
shall be filed only for merchandise
released from warehouse under
§142.21(f) of this part;

(3) An entry for transportation and
exportation, immediate transportation
without appraisement, or direct
exportation, which shall be filed in
those circumstances under §142.21(b)
and (e)(2) of this part; or entry for
transportation and exportation, or

direct exportation, which shall be
filed in the circumstances under
§142.28 of this part or -

{4) An application fo destroy, which'
shall be filed in those circumstances
under §§142.21(b) and (e)(2), and
§142.28 of this part.

(R.S.’251, as amended (19 U. S.C. 88), sec. 484
552, 553, 557, 024, 46 Stat. 722, as amended,
742, as amended, 744, as amended, 759 (18
U.8.C. 1484, 1552, 1553, 1657, 1624); 02 Stat.
888, (Pub. L. 85-410), October 3, 1978) .

[FR Doc. 81-25302 Filed 10-7-51; 645 am)

BILLING CODE 4810-22-8

DEPARTMENT OF TRANSPORTATION
Federal Highway A.dmlnlsﬁ‘atiorl
23CFRChI | e

Pavement Type Se}ec'liun; Policy
Statement

AGENCY: Federal Highway
Administration (FHWA), DOT.
AcTion: Notice of policy slntemenl.

SUMMARY: This notice provides a .
- statement of FHWA policy on how the
type of materials used in the various
pavement components of a Federal-aid
project should be determined.
FOR FURTHER INFORMATION CONTACT:
Mr. L. M. Noel, Pavement Branch,
Highway Design Division, (202) 426-
0327, or Michael J. Laska, Office of the
Chief Counsel, (202) 426-0000, Federal
Highway Administration, 400 Seventh
. Street, SW., Washington, D.C. 20580.
Office hours are from 7:45 a.m. to 4:15
p.m. ETrMonday through Friday.
SUPPLEMENTARY INFORMATION: This

notice estdblishes & policy on Pavement

Type Selection pending completion of
the rulemaking process initiated on -
August 21, 1980, with the issuance of an
advance notice of proposed rulemaking
(ANPRM) (FHWA Docket No. 80-14).
This policy is based on an initial
analysis of comments made to Docket
No. 80-14. The policy is designed to
provide the public with acceptable
highway service at a mi annual or
life cycle cost while parmitting
maximum flexibility. The policy - .
encourages the consideration of -
alternate designs and strategies in the
- type selection process. As used in this
policy, pavement type includes both
new and rehabilitated pavements -
including their components of overlays,
shoulders, bases, and subbases.

The FHWA policy can be addressed
under the following four key issues:

1. Pavement type selection should be
" based upon an engineering evaluation
considering the factors contained in the
1960 AASHTO publication entitled “An
Informationat Guide on Project

Procedures.”

2. Pavement type determinations
should include an economic analysie
based on life cycle costs of the
pavement type. Estimates of life cycle
costs should become more accurate as
pavement management procedurgs
begin providing historical cost,
serviceability, and performance data.
States without this data are encouraged
to obtafnit, .

3. An independent engineering and
economic analysis and final pavement
type determination should be performad
or updated a short time prior to,

- advertising on each pavement type
being considered. :

4, Where the analysis reflecls that two
or more initial designs and their .
forecasted performance are determined
to be comparable {or equivalent), then
alternate bids may be permitted if -

. requesfed by the contracting agency.

The Division Administrator shall review
the analysis and concur in the finding of
equivelency prior to PS&E approval.
Price adjustment clauses where utllized
would also have to bé treated on an s
equal basis,

This policy is writton with the’
intention of teking advantage of
fluctuating material prices while not
compromising good design and
pavement management practices,
(Catalog of Faderal Domostic Assistance
Program Number 20.206, Highway Rosoarch,
Planning, and Construction, The pmvislnnn of
OMB Circular No, A-05 mgu.n:l]ng State and
local clearinghouse review of Federal and
federally asslsted programs and projocts
apply to this program.)

Issued: Seplember 29, 1961.

R. A. Bamhart,
Federol Highway Administratar,
[FR Doc. 81-20181 Fifed 10-7-81; £:45 um)

BILLING CODE 4910-22-M

PENSION BENEFIT GUARANTY
CORPORATION

29 CFR Part 2618

Allocation of Assets In Non-
Muttiemployer Plans

AGENCY: Pension Benefit Guaranty
-Corpordtion.

AcTiON: Amendment to final rule addlns
igl;;:srt C—Allocation of Residual
ets

SuMMARY: This is an amendment to tho
regulation on the allocation of assets in
terminating, non-multiemployer penslon
flms. This amendment prescribes rules -
or the distribution of any assets that
remain after all plan bens
paid in terminating plans

ts have bean
at cloge out
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effects of refilling the reservoir pursuant

to repairs would be less problematic to

the environment, although construction

- impacts are always important to

_ consider. The effect of any
reconstruction on migratory fish

“populations at the site of a breached.

dam is an additional factor to weigh in
determining appropriate terms and -
conditions of exemption.

For the above reasons, any project
which contains an impoundment which
is at substantial variance from the
historic, fion-flood power generation
level or, if no power was previously
developed at the site, the impoundment
level which the dam was ariginally
designed to contain, will be scrutinized
to determine whether the return of the
impoundment level to its historicor -
power generation level would entail

-significant adverse environmental
effects. If the Commission so finds, the
. project will not be considered “at the
site of an existing dam.”

. II. Effective Date -
Because this clarification does.no

change the Commission’s exemption
regulations or’its policy regarding the
.application of those regulations, it will
be considered effective as of November
7, 1980, the effective date of Order No.
106 (45 FR 76115, November 16, 1980).
_The Commission finds that natice and
-comment is unnecessary for
interpretations of existing regulations
such as this clarification.”
(Federal Power Act as amended 16 U.S.C.
782~828c Public Utility Regulatory Policies
Act of 1878, 16 U.S.C, 2601-2645, the
. Department of Energy Organization Act 42
US.C.7100-7352, E.O. 12209, 3 CFR 142 ~
{1978)) .
- By the Commission.
Kenneth F. Plumh,
Secretary. - - .
 [FR Doc. 81-32455 Filed 11-8-81; 8:45 am] -
“BILLING CODE 6717-01-M .

18 CFR Part 282
[Docket No. RMB0-18]

Treatment Under the Incremental

Pricing Program of Natural Gas Used

in the Manufacturing Process for

Fertilizer, Agricultural Chemicals,

Animal Feed or Food; Effective Date

and Avallability of Exemption -~ -
. Affidavits - :

_.Issued:Novembér2,1981. -
AGENCY: Fedéral Energy Regulatory
Commission, DQE. .
ACTION: Notice of effective date and

»

availability of exemption affidavits.

SUMMARY: On September 24, 1881, the
Federal Energy Regulatory Commission
{Commission) issued a rule (46 FR 50060,
Octaober 9, 1981) under Title I of the
Natural Gas Policy Act of 1878 (NGPA)
providing an exemption from
incremental pricing for natural gas used
as boiler fuel in the manufacture of
fertilizer, agricultural chemicals, animal
feed or food. The rule was transmitted
to Congress for review, as required by
section 206(d) of the NGPA. During the
eriod for Congressional review set
orth in section 507(h) of the NGPA,
neither House disapproved the
submittal. The exemptive rule thus
became effective on November 1, 1981,
the day following expiration of the
review period. -
EFFECTIVE DATE: November 1, 1981,
FOR FURTHER INFORMATION CONTACT:
Barbara K. Christin, Office of the
General Counsel, Federal Energy
Regulatory Commission, 825 North
Capitol Street, N.E., Washington, D.C.
20426, (202) 357~9370, or

" Alice Fernandez, Office of Pipeline and

Producer Regulation, Federal Energy

Regulatory Commission, 825 North

Capitol Street, N.E., Washington, D.C.
° 20428, (202) 357-8095
SUPPLEMENTARY INFORMATION:
Affidavits for claiming an exemption
from incremental pricing have been
revised to reflect the subject exemption
and are available through the
Commission’s Division of Public
Information, Room 1000, 825 North-
Capitol Street, N.E., Washington, D.C.
20426, or from natural gas suppliers. By
order issued November 2, 1981, the
Commission waived its regulations in
§ 282.204(d){7) (18 CFR Part 282) to
provide that if the owner or operator of
an industrial boiler fuel facility files, ll:;.ly

e

. November 25, 1981, an affidavit with

Commission cla the subject
exemption, and sends a copy lo the
facility's natural gas supplier, the facility
shall be exempt from incremental
pricing as of November 1, 1881,

Kenneth F, Plumb,

Secrelary.

[FR Doc. 81-32458 Filed 11-6-81: B43 am]

BILLING CODE 6712-01-M

DEPARTMENT OF TRANSPORTATION
Federal Highway Administration

" 23CFRCh.1 -

Pavement Type Selection; Policy
\Smlement; Clarification

AGENCY: Federal Highw.
Administration (FHW, A;J]PJOT.

AcTioN: Clarification of pelicy
statemenl

suMMARY: This notice provides a
clarification to a statement of FHWA.
policy, published on October 8, 1981 [46
FR 49842), on how the type of materials
used in the varions pavement
componenis of a Federal-aid project
should be determined.

FOR FURTHER INFORMATION CONTACT:
Mr. L. M. Noel, Pavement Branch,
Highway Design Division, {202) 426-
0327, or Michael J. Laska, Office of the
Chlef Counsel, (202) 426-0800, Federal
Highway Administration, 400 Seventh
Street, SW,, Washington, D.C. 20550.
Office hours are from 7:45 a.m. to 4415
p.m. ET, Monday through Friday.
SUPPLEMENTARY INFORMATION: The
nolice published on Oclober 8, 1981,
established a policy on Pavement Type
Selection designed 1o provide the-public
with acceptable highway serviceata
minimal annual or life cycle cost while
permilling maximum flexibility. The -
policy encouraged the consideration of -
alternate designs and strategies in the
type selection pracess. .

The policy contained a provision in
paragraph 4 that “price adjustment
clauses where utilized would also have
to be treated on an equal basis.” It has
come fo the attention of FHWA that
when price adjustment clauses are used,
itis difficult, if not impossible, to -
administer equal treatment 1o alternate
matetials, Therefore, the policy is
revised to discourage the use of price
adjustment clauses with alternate bids.

The FHWA policy is revised as
follows:

1. Pavement type selection should be -
based upon an engineering evaluation
considering the factors contained in the
1960 AASHTO publication entitled "An
Informational Guide on Project
Procedures.”

2. Pavement type determinations
should include an economic analysis
based on life eycle costs of the
pavement type. Estimates of life cycle
costs should become more accurate as
gavement management procedures

egin providing historical cost,
serviceability, and performance data.
States without this data are encouraged
to obtain it.

3. Anindependent engineering and -
economic andlysis and final pavement
type determination should be performed
or updaled a short time prior to
adverlising on each pavement type
being considered. .

4, Where the analysis reflects that two
or more initial designs and their
forecasted performance are determined
to be comparable (or equivalent), then
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alternate bids may be permitted if
requested by the contracting agency:.
The Division Admihistrator shall review
the analysis. and concurin the finding of
equivalency prior to PS&E approval
Price adjustment clauses shouldnotbe
used when alternate bids are permitted.
This policy is writfen with the
intention of taking advantage of
fluctuating material prices while not
compromising good design and
pavement management practices.

" (Catelog of Federal Domestic Assistamce, -
Program Number 20,205, Highway Research,
Planning, and Construction. The provisions of

- OMH Circular No. A-95 regarding State-and
lacal clearinghouse review of Federal' and
federally assisted programs and projects

Issued on: November 2, 1981,
R. A. Barnhart,
Federal Highway. Administrator.« .
[FR Doc. 81-32334 Filed 11-0-81; &:45 am]
BILLING CODE 4910-22-W

DEPARTMENT OF DEFENSE
Department of me Havy
32 CFRPart706: .

Certifications and Exemptions Under
the International:Regulations for
Preventing Collisions at-Sea, 1972 |

AGENCY: Department of the Navy, D’oi).

¥

§706.2 [Amended] - -

apply to this program} . . o

ACTION: Final rule.

SUMMARY: The Department of the Navy
is amending its certificatiosis.under the
International Regulations for Preventing
Collisions at Sea, 1972,.(72 COLREGS]} to
reflect that the Secretary of the Navy
has determined that USS.CHANDLER
(DDG 996] is a vessel of the Navy which,
due ta its special consfruction and
purpose, cannot comply fully with
certain provisions.of the. 72 COLREGS

. withoutinterfering with its special *
function.as-a guided missile’ destroyer.
The infended effect of this.rule is to
warn mariners in waters where tlie 72
COLREGS apply.-
EFFECTIVE DATE: October 27, 1981.,
FOR FURTHER INFORMATION CONTACT:
Captain Richard J. McCarthy, JAGC,
USN, Admiralty Counsel, Office of the
Judge Advocate General, Navy

- Depariment, 200:5tovall'Street,
Alexandria, Virginia 22332, Telephone
Number {202)-325-9744. .
SUPPLEMENTARY INFORMATION: Pursuant
to the authority granted-in Executive-
Order 11964 and'33U.8.C. 1605, the
Department of the Navy amends 32 CFR'
Part 706. This amuendinent provides-
notice that' thie Secretary of the Navy
has certified that USS CHANDLER -
(DDG 896) is:a vessel of the Navy which,
due tarits special constructionand”
purpose-cannot comply:fully with 72
COLREGS; Annex I, Section 2{f}
pertaining to the place;nent of magthead

A ot

lights over all other lightsand
obstructions; 72 COLREGS, Annex |, ¢
Section 3 (a} pertaining to.the placement
of the forward masthead lights in the
forward quarter of the ship; 72
COLREGS, Annex I, section 3{a]
pertaining to the placement of the afler
mastihiead-light; and 72 COLREGS, Rule
23{a)fii) regarding the arc of visibility of
the after masthead light, without
interfering with its special function as &
naval ship. The Secretary of the Navy
has also certified thiat tlie
aforementioned lights are located'in
closest possible compliance with the
applicable 72 COLREGS requirements,
Moreover, it has been determined, in
accordance with 32 CFR: Parts 296 and
701, that publication of this amendiment
for public. comment prior lo adoption is.
impracticable, unnecessary and contrary.
to the publicinterest since it is based on:
technical findings that the placemont of
lights on this ship in @ manner differant

from'that prescribed herein will

adversely affect the ship’s ability to !
perform its military function..

PART 706—CERTIFICATIONS AND
EXEMPTIONS UNDER THE
INTERNATIONAL REGULATIONS FOR
PREVENTING COLLISIONS AT SEA,
1972

Accordingly, 32 CFR Part 708 is

‘amended as follows:

1. Table Five of §706.2 is amended. by adding the following: naval: shlp to the list of vessels therein to indicate the
cerhﬁcatmns issved by the,Secretarg of the Nauy:

" amended by adding to:the:list of vessels
therein certifications issued by the:
Secretary of the Navy.

7. The areof visibility of the after masthead’
light required by Rule-23(a)(ii) and AnnexJ; -
section 2(f) may be obstructed from right
ahead on certain naval ships as follows:,

&« &® ® & g3

USS Chandler (DDG 996)....u.....«»..mun- g°28.8*

adding to the lists of vessels thereim
certtﬁcahons issued by-the Secretary of
« the Navy: .

17.’On the-followfng ships tha‘arc of
visibility of the after masthead light required
by Rule 23(a)(if) may be obstructed through

48.6' arc of vnsibiht{ at the poml 349°
- telatwe to the shxp s

* « o=

HeinOnline -- 46 Fed. Reg.

. » . .
TaBrES. . 7
. Forwad b A asthead gt |- Veras | Al masites Forvr Aftor magthond
. . Masteay tone. “%,"_g'm"g" noraver al athe: | mastiead ighis. || 4 001 | magihead St | oo i s Foieoniaga
* Vessol " Number | height above i o 300 used vten | meters anead of | Fotlnforatd | aft ot
Dl Anpesl, m‘“‘”" KL { ptnex ) Secton | - recueq by |38 in al noumat | 20K S8 mastnead lght. ?m
X Section 2a)(@). | Annex o o), Setion | degrees.of tim. 3(a) Annox 1, Section
. (ki {8) ' E(a)(') R i 2(a))- Annex. zl‘-br gia)
{USS SO0 s DDG 885 ¢ o} . - . . . -l ©p
Y e a— - - X o - X x 446
2. Table Four paragraph 7 of § 700.2:is 3. Table Four of § 706.2is amended by  USS Chandler (DDG 896}

Dated: 27 October 1981,

Authority: Executive Order 11984; 31 U.S. C.
1605. .

- James F. Goodrich,

Acting Secretary of the Na vy.

[ER Doc. 61-32308 Filed 11-5-81; 845 am]
BILLING CODE 3810-AE-M .
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Q
g Memorandum

Federal Highway
Administration

Subject: INFORMATION: Clarification of FHWA Date: November 13, 2008
Policy for Bidding Alternate Pavement Type on
the National Highway System

From: Peter J. Stephanos ,/g/é /#‘ In Reply Refer To: HIPT
nt

Director, Office of Pavemént Technology

To: Associate Administrators
Chief Counsel
Directors of Field Services
Federal Lands Highway Division Engineers
Resource Center Director
Division Administrators

Recent changes in pavement materials costs have impacted the competitive environment
relative to the determination of the most cost effective pavement structure for a specific
project. Inresponse, State highway agencies (SHA’s) have a renewed interest in using
alternate pavement type bidding procedures to determine the appropriate pavement type. The
FHWA policies relative to pavement design, pavement type selection, economic analysis,
and alternate bidding procedures are distributed among several resources. The intent of this
memorandum is to consolidate and clarify FHWA policy relative to alternate pavement type
bidding procedures on National Highway System (NHS) projects. In accordance with Title
23 U.S.C. 109(0), contracting agencies may use State design and construction standards,
including alternate pavement type bidding, for Non-National Highway System projects.

Guidance on alternate pavement type bidding procedures is contained in 23 CFR 626
Non-Regulatory Supplement. It states that “FHWA does not encourage the use of
alternate bids to determine mainline pavement types primarily due to the difficulty in
developing truly equivalent pavement designs”. It further states that “In the rare
instances where the use of alternate bids is considered, the SHA’s engineering and
economic analysis process should clearly show there is no clear cut choice between
two or more alternatives having equivalent designs. Equivalent design implies that
each alternative will be designed to perform equally, and provide the same level of
service, over the same performance period, and has similar life-cycle costs.”

The FHWA Pavement Type Selection Policy published in the Federal Register on
November 9, 1981, states “Where (engineering and economic) analysis shows that two
or more initial designs and their forecasted performance are determined to be
comparable (or equivalent), the use of alternate bids may be permitted as requested by
the contracting agency.”

MOVING THE weoy
AMERICAN
ECONOMY
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There are several factors that should be considered prior to determining that alternate bidding procedures
should be used. Additionally, there are several factors that should be considered once the determination
has been made to utilize alternate bidding procedures for pavement type selection.

The factors that should be considered prior to making the determination to utilize alternate bidding
procedures include:

Designs must be equivalent — The 23 CFR 626 Non-Regulatory Supplement defines
“equivalent design” as a design that performs equally, provide the same level of service, over the
same performance period, and has similar life-cycle costs. It is difficult for two pavement
structures utilizing different materials to be truly equivalent, so engineering judgment is required
in the determination of what is and what is not “equivalent design”. The performance period
(analysis period) should be long enough to cover at least one major rehabilitation cycle. Life—
cycle cost should be considered similar when the Net Present Value (NPV) for the higher cost
alternative is within less than 10 percent higher than the lowest cost alternative. This difference
is appropriate due to the uncertainty associated with estimating future costs and timing of
maintenance and rehabilitation. It should be highlighted that no design methodology or analysis
procedures currently available will output “equivalent designs” using design lives and analysis
periods typically used for high-type facilities.

Realistic discount rate — Discount rates have a significant impact on the determination of the
Net Present Value (NPV) of alternate pavement designs. The Final Policy Statement on Life -
Cycle Cost Analysis (LCCA), published in the Federal Register on September 18, 1996,
recommends that future agency costs should be discounted to NPV or equivalent uniform
annual costs using appropriate (real) discount rates. Discount rates should be consistent with
OMB Circular A-94. The trend over the past 10 years indicates a discount rate in the range on
2-4 percent is reasonable.

Consideration of uncertainty — The impact of uncertainty in factors such as performance life,
material costs, construction duration, and future actions should be considered in the
determination of total life-cycle cost for each alternative. The RealCost Software Program
(available for free download at http://www.thwa.dot.gov/infrastructure/asstmgmt/lccasoft.cfm) is
a useful tool to perform LCCA as well as quantify the uncertainty of future factors through a
sensitivity or probabilistic LCCA.

Realistic rehabilitation strategy - The rehabilitation strategy selected for each “equivalent
design” should accurately reflect current or anticipated owner-agency pavement management
practices. If recent experience with a pavement design is limited, available “best-practice”
guidance on pavement rehabilitation strategies should be utilized.

Subjective Considerations — Despite the outcome of an objective engineering and economic
analysis, an owner-agency may consider non-cost related factors such as constructability, type of
adjacent pavements, recycling, and conservation of materials when making the determination to
utilize alternate bidding procedures for pavement type selection.
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Appropriate application — Alternate pavement type bidding procedures should only be used
where the pavement items impacted by the alternate bid are likely to influence the final
determination of the lowest responsive bidder for the project. Projects with substantial bridge or
earthwork items are generally not suited for alternate bids. Additionally, projects with
substantial quantities of different pavement materials may not be suited for alternate bids due to
equipment mobilization costs.

The factors that should be considered once a decision has been made to bid alternate pavement types
include:

Commodity price adjustment factors — The Pavement Type Selection Policy, published in the
Federal Register on November 9, 1981, specifies that price adjustment clauses should not be
used when using alternate bidding procedures. Price adjustment clauses transfer some material
cost escalation risk from the contractor to the owner agency. As it is very difficult, if not
impossible, to administer equal treatment with price adjustment factors to alternate materials,
using these clauses will result in different levels of materials cost risk being included in the bid
for alternate pavement types.

Incentive/Disincentive (I/D) Provisions for quality - If quality based I/D provisions are
included with alternate bidding procedures, the I/D provisions should provide comparable
opportunity for each alternate.

Specifications of material quantities — Using different methods to specify/quantify alternate
pavement types may result in different levels of materials quantity risk for the alternate pavement
types. Owner-agencies should consider approaches that balance materials quantity risk between
the alternate pavement types.

SEP 14 approval needed if using adjustment factors — Some States have utilized price
adjustments to account for differences in life-cycle costs for the alternate pavement types to
determine the lowest responsive bidder. If adjustment factors are used, approval under Special
Experimental Project #14 (SEP14) is required. It is recommended that prior to utilizing any
adjustment factors that appropriate stakeholders be provided an opportunity to provide input.
Adjustment factors should include, at a minimum, anticipated maintenance costs, anticipated
rehabilitation costs, and salvage value.

Approval Requirements - The Pavement Type Selection Policy, published in the Federal
Register on November 9, 1981, specifies that the division administrator shall review the analysis
and concur in the finding of equivalency, when bidding alternate pavement types, and no
adjustment factors are used.

Guidance related to LCCA and pavement type selection is currently under review and development.
Once completed, more comprehensive guidance relative to the alternative pavement type bidding
procedures will be issued. If there are questions concerning bidding of alternate pavement types,
please contact Mark Swanlund of my staff at (202) 366-1323 or via email at
mark.swanlund(@dot.gov.
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This publication is intended SOLELY for use by PROFESSIONAL PERSONNEL who are competent
to evaluate the significance and limitations of the information provided herein, and who will accept
total responsibility for the application of this information. The American Concrete Pavement Asso-
ciation DISCLAIMS any and all RESPONSIBILITY and LIABILITY for the accuracy of and the
application of the information contained in this publication to the full extent permitted by law.
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