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FOREWARD

This is Volume III of a three-volume report:
e Volume I — Final Report: describes the study, summarizes findings, and provides
conclusions and recommendations.
e Volume II — Appendices: contains all of the supporting data for the study.
e Volume IIT — LCCA Software User’s Guide: is a user’s guide for the Windows-based
software program developed specifically for this study.
The final report (Volume I) and appendices (Volume II) will be of interest to State highway
agency personnel and hot-mix asphalt paving contractors responsible for conducting and/or
reviewing pavement design life cycle cost analyses. The software user’s guide (Volume III) will

be of interest to those practitioners that wish to use the LCCA software.

R. Gary Hicks
Corvallis, Oregon

Todd V. Scholz
Reno, Nevada



ABSTRACT

Life cycle cost analysis (LCCA) is recognized by public agencies as an effective tool to
assist in the selection of highway construction, maintenance, and rehabilitation treatments.
Accordingly, the Federal Highway Administration (FHWA) has developed an LCCA
methodology that will likely become the standard in the industry. The methodology can be used
to evaluate the life cycle costs (LCC) of paving materials with additives/modifiers, such as
hydrated lime.

This report uses information from past highway projects to:

¢ identify the benefits and costs of adding lime;

e compile past performance data into an LCCA model; and

e compare the LCCs for asphalts with and without lime.

Estimated lives used in the LCCA model are based on interviews and on engineering judgment.
Practitioners can use project-specific data with the LCCA software to generate project-specific
estimates of life cycle costs.

This report presents the LCCA results for interstate and state highway projects. The
findings show that lime is the most cost effective design for all of the applications studied. Life
cycle cost savings from lime are, on average, $2 to $3 per square yard; or, $13,000 to
$21,000/1ane mile (13% to 15% of project life cycle costs). These results are based on the
widely accepted use of lime as an additive that reduces stripping. Additionally, new information
shows that lime creates other benefits in asphalt, which would further increase the life cycle

benefits of using lime.
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1.0 INTRODUCTION

1.1  Overview

The LCCA (life cycle cost analysis) software package is a Windows-based
application that was developed to perform economic analyses of two pavement
alternatives that are subject to future maintenance and rehabilitation (M&R) activities.
The methodology is based on the approach developed by the Federal Highway
Administration (Walls and Smith, 1998). The software allows analyses for both new
construction and rehabilitation projects and allows inclusion of lane rental fees as a
surrogate for user delay costs. It also supports both deterministic and probabilistic
analyses. The deterministic approach uses mean (average) values of the input variables.
In the probabilistic approach, real world variability of certain input variables is mimicked
through a Monte Carlo simulation process, which is based on the means and standard
deviations of the input variables.

The graphical user interface (GUI) interacts with a 32-bit Microsoft Access 97
database. All data utilized by the LCCA software package is contained in the database.
1.2 Assumptions

Several assumptions were made in the development of the LCCA software
package. These are summarized as follows:

1) Vehicle operating costs and crash costs have been assumed to be equivalent for
the two alternatives under consideration.

2) Lane rental fees have been used as a surrogate for user delay costs.

3) User costs associated with a new construction project for initial construction are

assumed equal to zero.



4) Salvage value (credit for remaining life) is determined as a prorated cost of the
final rehabilitation activity based on the portion of life consumed relative to the
expected life of the rehabilitation treatment.

5) The parameters varied in the Monte Carlo simulation process (i.e., treatment lives,
treatment costs, and the discount rate) have been assumed to follow normal
(Gaussian) distributions. Low and high estimates for these parameters have been

assumed to represent the 10 and 90 percentile values, respectively.
1.3 Limitations

The LCCA software has several limitations. The major limitations of the
software are listed below:
1) The analysis results are only as good as the inputs. Every effort should be made
to ensure that the inputs are accurate.
2) Only one type of maintenance treatment can be applied to a pavement alternative.
3) Future costs are in real (constant) dollars and the discount rate is a real discount

rate (one that does not reflect an inflation premium).



2.0 INSTALLATION

This section provides guidance for installing the LCCA software package. It

includes a description of the recommended attributes of the computer system on which

the software is to be installed, followed by instructions for installing the software.

2.1

Recommended System Attributes

The LCCA software package was developed to run on a computer system that has

reasonably up-to-date hardware components. As a guide to the minimum system

requirements on which the software will run, the following system attributes are required

and/or recommended:

2.2

Operating system: Windows 98, Windows 2000, or Windows NT 4.0 is required.
Central processing unit (CPU): Pentium is required; Pentium II or better is
recommended.

Free hard disk space: at least 20 megabytes is required; more is recommended.
Random access memory (RAM): 16 megabytes is required; 64 megabytes or more
is recommended.

Monitor type and resolution: VGA set to 1024 x 768 pixels is required; SVGA or
better set to 1024 x 768 pixels or greater is recommended.

Drives: Compact disc (CD) drive is required.

Mouse or other similar device.

Installation

The LCCA software package is bundled in an installation program contained on

the LCCA Software Package compact disc (CD) or in a file located on the National Lime

Association web site (or other web site to which the NLA web site directs you). You



must execute this program to be able to run the LCCA software on your computer system
and such a system must have the minimum attributes detailed in Section 2.1 of this user’s
guide. The following sections provide guidance for installing the LCCA software
package.
Installation Using a File Located on a Web Site
Use the following steps to install the LCCA software package on a computer
using a file located on a web site:
1. Download the installation package file (e.g., NLA LCCA vl 3.exe, or similar)
from the web site address to which the NLA has directed you. Tip: Download the
file to a location on your hard disk such that the file can be easily found (e.g.,
C:\Temp).
2. Click on the Windows Start menu button and select Run...
3. Select Browse... and when the Browse dialog box opens, navigate to the location
to which you downloaded the installation package file.
4. Double-click on the installation package file (or highlight the file and click on
Open).
5. Click on the OK button on the Run form.
6. Follow the instructions given in the Setup Wizard.
Installation Using a Compact Disk (CD)
Use the following steps to install the LCCA software package on a computer from
a compact disc:
1. Insert the LCCA Software Package CD in the CD drive.

2. Click on the Windows Start menu button and select Run...



Select Browse... and when the Browse dialog box opens, navigate to the CD
drive.

. Double-click on the Setup.exe file (or highlight the file and click on Open).

. Click on the OK button on the Run form.

. Follow the instructions given in the Setup Wizard.



3.0 USING THE SOFTWARE

This section provides guidance for using the LCCA software package. It
addresses the type of analysis approach to use, details regarding the required inputs for a

particular life cycle cost analysis (LCCA), and details about viewing and printing results.

3.1 Main Module Form

Executing the Software Program

The LCCA software can be executed using the Windows Start menu as indicated
in Figure 1. Clicking on the Start button, scrolling the mouse to highlight the Programs
menu choice, then highlighting and clicking on the NLA LCCA Version 1.3 menu choice
accomplishes this. Note that executing the software can be accomplished in other ways
including creating a shortcut on the desktop, using the Windows Explorer, or using the
My Computer feature. The Windows help system provides details on how to use these
features.

Executing the program loads the Main Module form into memory and shows the
Disclaimer dialog shown in Figure 2. Either answer “no” by clicking on the button
labeled “No, I do not want to use the software!”, which exits the software, or answer
“yes” by clicking on the button labeled “Yes, I want to use the software!”, which
indicates that you accept the disclaimer. Answering “yes” continues to load the software
by first displaying the Splash Screen shown in Figure 3, which is shown only briefly.
After the Splash screen, the form shown in Figure 4 is displayed. This form is used to

select the type of approach (deterministic or probabilistic) to use for a given life cycle
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Figure 1. Selecting the LCCA Software Program Using the Windows Start Menu.



[4 Mational Lime Association Life C

DISCLAIMER

While the National Lime Association is dedicated to delivering high quality products, we do not
guarantee that this software is free from defects. Our software is provided 'as is’, and you use
the software at your own risk.

We make no warranties as to performance, merchantability, fithess for a particular purpose, or
any other warranties, whether expressed or implied.

Mo oral or written communication from, or information provided by, the National Lime Association
shall create a warranty.

Under no circumstances shall the National Lime Association or members of the National Lime
Association be liable for direct, indirect, special, incidental, or consequential damages resulting
for the use, misuse, or inability to use this software, even if the National Lime Association has
been advised of the possibility of such damages.

Mo, | do notwant to use the software! s, |wantto use the software!

Figure 2. Disclaimer for the LCCA Software.

cost analysis or to open an existing (previously saved) project. Prior to describing the
inputs required for a life cycle cost analysis, the following paragraphs provide details

regarding the Main Module form.

Main Module Features
The Main Module form is a container for all other forms that make-up the LCCA
software package. As indicated in Figure 4, it contains a menu bar at the top of the form

with three menu choices: File, Units, and Help.
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Figure 3. Main Module Form with Splash Screen.
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New Project — Deterministic Approach
The deterministic approach does not considervariability of the input
wariahles in the life-cycle cost analysis procedure. Thus, anly mean
walues for the inputwariables are required. The deterministic
approach is appropriate whenewer the variability of the inputwariables
is unknown.

MNew Project — Probabilistic Approach

The probakilistic approach considers variahility of certain input
varighles through a konte Carlo simulation process. Thus, means
and ranges of the inputwariables that are wvaried in the Monte Carlo
simulation process are reguired. Inputwvariables that are waried
include treatment lives, treatment costs, and the discount rate.

Open an Existing Project

“Deterministic Example j

Mote that wou can open an existing project and change its name to
create & new project. Changing the 'Froject Mame' on the Fraject Infa
tak of the LCCA Inputs form and saving the project accomplishes this.

Figure 4. Form for Selecting an Analysis Approach or Opening an Existing Project.
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File Menu

The File menu contains the two menu choices shown in Figure 5. Clicking on the
word File, or holding down the Alt key and pressing the F key, displays these menu
choices. Once displayed, clicking on a particular menu choice, or holding down the Alt
key and pressing the underlined letter in the menu choice, selects a particular menu
choice. Under the File menu selecting the Delete... menu choice allows previously saved
projects to be deleted whereas selecting the Exit menu choice quits the LCCA software
package. Deleting existing projects is discussed in further detail below (see Deleting an

Existing Project in this section).

[t Mational Lirme Association Life Cycle Cost Analysis Software
[FIEW Lnits  Help

Delete.. lysis Approach for a Mew Project or Open an Existing Project

& New Pn

The dete
. i .. wariable:
National Lime Association values fo

approac

LIME

i New Pn
The Versatile Chemical The prok
wariahle:
and ranc
simulatic
include t

" Open al

I"’Deterr

Mote thar
create a
tak of the

Exit |

Figure 5. Menu Choices in the File Menu.
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Units Menu

The Units menu contains the menu choices shown in Figure 6. The menu is used
to select the units to be used in a given LCCA. Selecting the US menu choice sets the
units to U.S. Customary units, whereas selecting the SI menu choice sets the units to
Systéme Internationale d’” Unités (metric units). The type of units in force is indicated by
the check mark adjacent to the menu choice. For example, Figure 6 indicates that U.S.
Customary units have been previously selected and are currently in force. The units in
force at the time the LCCA software package is terminated (exited) become the default
units the next time the software package is run. This allows selecting either US units or
SI units as the default units. Units can only be changed when the form shown in Figure 4

is displayed (i.e., units cannot be changed “on-the-fly” in the middle of an analysis).

iation Life Cwcle Cost Ane

& New Pn
The dete

. . . wariakle:
National Lime Association -

Bpproac

LIME

T New Pn
The Versatile Chemical The prak
wariakhle:
and ranc
simulatic
include ti

 Open al

I”Deterr

Mate thar
Ccreate a
tak of the

Exit |

Figure 6. Menu Choices in the Units Menu.
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Help Menu

The Help menu contains the menu choices shown in Figure 7. Selecting either the
Contents menu choice or the Search for Help On... menu choice opens the Help system.
Further details of the Help System are discussed below (see Using the Help System later
in this section). Selecting the About menu choice displays the About dialog shown in

Figure 8, which has no functionality other than to display the information shown.

[t Mational Lime Assaciation Lite Cycle CostAng

File Units
o o A Contents
Search For Help On..,

iject ar Open an Existing Project

About

« New P

The dete
. i .. wvariahle:
National Lime Association walues fo

Bpproac

LIME

T New Pn
The Versatile Chemical The prak
wariakhle:
and ranc
simulatic
include ti

 Open al

I”Deterr

Mate thar
Ccreate a
tak of the

Exit |

Figure 7. Menu Choices in the Help Menu.

Selecting an Analysis Approach
The LCCA software provides two analysis approaches: 1) the deterministic
approach, and 2) the probabilistic approach. Deterministic analyses do not consider

variability in that only the mean (average) values of the inputs are utilized in the analyses.
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11t About LCCA

National Lime Association

LIME Life Cycle Cost Analysis

Version 1.3.0
The Versatile Chemical Copyright @ 2002 National Lime Association

200 N. Glebe Road. Suite 800 Software design and development:
’ Todd V. Scholz. PhD.. PE.

Arlington, Vlrg"“a Roadworthy Research & Design
o99903-3728 1580 Royal Drive. Suite G

. Reno. Nevada 89503-3550
lime.org

Figure 8. The About Dialog.

Deterministic analyses are appropriate whenever the variability of the maintenance and
rehabilitation treatment lives and costs are not known. Probabilistic analyses, on the
other hand, consider the variability of the M&R treatment lives and costs (as well as
variability in the discount rate) through a Monte Carlo simulation process. However, this
form of analysis requires knowledge (or estimation) of the variability of the inputs varied
during the analysis. The Federal Highway Administration (FHWA) recommends use of
the probabilistic approach (Walls and Smith, 1998).

The form used to select the analysis approach was shown in Figure 4 and is
shown on a slightly larger scale in Figure 9. Clicking on the radio button (see Figure 9)
adjacent to the desired analysis approach (or the words themselves) selects the approach
to be used for new projects. Figure 9 indicates that the deterministic approach has been
selected as indicated by the black dot in the radio button. Once an analysis approach is

selected, click on the OK button to open the Project Inputs form (see Section 3.2).
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i Mew Project — Deterministic Approach
The deterministic approach does not consider variakility of the input
. H S wariables in the life-cycle cost analysis procedure. Thus, only mean
National Lime Association values for the input variables are required. The deterministic
approach is appropriate whenewver the variahility of the inputwvariahbles

LIME

Radio ¢ New Project — Probabilistic Approach
The Versatile Chemical EULCUS The probakilistic approach considers variahility of cerain input
wariables through a Monte Carlo simulation process. Thus, means
and ranges of the input variables that are varied in the Monte Carlo
simulation process are required. Inputwvariables that are varied
include treatment lives, treatment costs, and the discount rate.

 Open an Existing Project

“Deterministic Example j

Mote that ywou can open an existing project and change its name to
create a new project. Changing the 'Project Name' on the Project Infa
tab of the LCCA Inputs form and sawving the project accomplishes this.

Exit | 0K

Figure 9. Selecting an Analysis Approach.

Opening an Existing Project

The form for selecting an analysis approach (Figure 9) also includes a radio button and
drop-down list for opening existing (previously saved) projects. Clicking on the radio
button adjacent to the words “Open an Existing Project” (or the words themselves)
activates the drop-down list as shown in Figure 10. Clicking on the drop-down button
(ﬂ) at the right side of this control displays the contents of the list. Highlighting and
clicking on the name of the desired project selects the project. Figure 10 indicates that
the project named “Arizona Interstate Deterministic” is being selected. Once selected,
clicking on the OK button opens the project. If results exist for the project, a dialog
shown in Figure 11 is displayed indicating that results exist and asks if you want to
display them. Answering “yes” by clicking on the Yes button opens the Results Viewer
form (see Section 3.3) whereas answering “no” by clicking on the No button opens the

Project Inputs form (see Section 3.2).
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¢ Mew Project — Deterministic Approach
The deterministic approach does not considervariahility of the input
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LIME

 New Project — Probabilistic Approach
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wariables through a Monte Carlo simulation process. Thus, means
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sirmulation process are required. Inputvariables that are waried
include treatment lives, treatment costs, and the discount rate.

National Lime Association

& Open an Existing Project

“Deterministic Example
~Deterministic Example
“Probabilistic Example
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Arizona Interstate Probabilistic
Arizona State Highway Deterministic
Arizona State Highway Probabilistic —

Exit | Califomnia Interstate Deterministic J
California Interstate Probahilistic -

[* I

Figure 10. Selecting an Existing Project to Open.

Figure 11. Dialog Indicating Results Exist for the Project Being Opened.

Deleting an Existing Project

Existing projects can be deleted from the database using the File/Delete... feature.
Clicking on the File menu and selecting the Delete... menu choice (see Figure 5)
accesses this feature. This feature has been provided so that the database can be

. . . 1
maintained to a reasonable size .

! A substantial amount of information is saved to the database whenever probabilistic analyses are run.
When numerous projects of this type are contained in the database, the database gets very large and this can
substantially reduce the performance (speed) of the analysis process. Thus, for best performance, it is
recommended that the number of projects utilizing the probabilistic approach be kept to a minimum.
Saving Project Information in Section 3.2 provides further details on how projects of this type can be
retained in the database while keeping the database to a reasonable size.
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Figure 12 shows the form that is displayed when the File/Delete... feature is
accessed. It includes a drop-down list of all of the projects contained in the database.
Clicking on the drop-down button (j) at the right side of this control displays the
contents of the list as shown in Figure 13. Highlighting and clicking on the name of the
project selects it for deletion. This figure indicates that the project named “Mt. Rose —
Arlington to Wells” is being selected for deletion. Once the project is selected, click on

the Delete button to delete the project from the database.

MNational Lirme Association Life t Analysis Software

Eile Units  Help

Selectthe projectto delete

Il Glendale Ave to McCarran Blvd

Delete |

Figure 12. Form Used for Deleting Projects from the Database.

I’-‘-E Mational Lime Association Life Cycle Cost Ana
Eile LUnits Help

& Delete Project

Selectthe projectto delete

LIS 395 - Glendale Awve to McCarran Blwd

5 395 - Glendale Awe to McCarran Bhed
Kewstane Avenue - 7th Street ta Kings Bhd
ia Street- Truckee River to F80 On-rarmp

fells

Rayal D Kings Durtta Frince Albert .
Fock Blvd - Greg Street to Terminal Way
Demo

Figure 13. Selecting a Project to Delete from the Database.
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You will be asked to confirm the deletion as indicated in Figure 14. Answering
“yes” by clicking on the Yes button will result in the LCCA software deleting the
selected project from the database whereas answering “no” by clicking on the No button
will abort the deletion process and the selected project will be preserved in the database.

Any time a project is deleted from the database, the LCCA software compacts the

database resulting in a reduction in its size.

Iti Mational Lime Association Life Cycle Cost Analysi

Eile  Units Help

¥ Delete Project

Selectthe projectto delete
’7I it Rose - Arlington to Wells

Deleta | Flease confirm..

@ Lelete project MT, ROSE - ARLINGTOMN TO WELLS?

zes ™

Figure 14. Dialog to Confirm Deletion of a Project From the Database.

Using the Help System

Most elements of this user’s guide are contained in an on-line Help system (i.e., a
system that can be accessed from within the LCCA software package). Clicking on the
Help menu and selecting either the Contents or Search For Help On... menu choices (see
Figure 7) opens the Help system. Selecting the Contents menu choice displays the

Contents page of the Help system dialog as shown in Figure 15.
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I‘J-}l'--la.tiljrnal & | {Help Author On)
Eill2 Wi sllp File Edit Bookmark Options Help

Selectthe Ana Approar Qontentsl Index | Bact | Erint |

CONTENTS
i i Erministic Approach
Clickona topic below to get help. roach does not consider wariability of the input
National Li cle cost analysis procedure. Thus, only mean
anonal Lam riables are required. The deterministic
INTRODUCTION bte whenewver the variahility of the inputwariahbles
I I ] Overview
Assumptions bilistic A .
. . pabilistic Approacl
The Versati I‘M roach considers wariakility of certain input
onte Carlo simulation process. Thus, means
MAIN MODULE twariables that are varied in the tonte Carlo
K e required. Inputwariables that are varied
Main Module Features E. treatrnent costs, and the discount rate.
Selecting an Analysis Approach
Opening an Existing Project (G
Deleting an Existing Project ple [-|
n an existing project and change its name to
L . deh .
Changing the 'Project Mame' on the Project Info
PROJ—ECT INPUTS form and saving the project accomplishes this.
Project Info Form
Project Information
Exit | Initial Construction 0K
Maintenance Treatments
Rehabilitation Treatments
User Costs

Analysis Parameters
Running Analyses
RESULTS VIEWER.
Results Viewer Features
Printing Results
Exporting Results

Figure 15. Contents of the Help System Dialog.

Clicking on the topic (shown in green lettering and underlined) displays contents
of the help system for the topic. For example, Figure 16 indicates that the topic
Overview (under the topic heading of INTRODUCTION) has been selected and the
contents of the Help system for this topic have been displayed.

Selecting the Search For Help On... menu choice from the Help menu displays
the index to the Help system as shown in Figure 17. Highlighting an item in this list and
clicking on the Display button displays the contents of the Help system for the selected

item.
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Eile

Units  Help

& 2 (Help Author On)
Eile Edit Bookmark Options Help

Qontentsl Index | Back | Erint |

Overview

The LCCA (life cycle cost analysis) software package is a Windows-based application that was
developed to perform economic analyses of two pavement alternatives that are subject to future
maintenance and rehabilitation (M&R) activities. The procedure is based on the approach developed
by the Federal Highway Administration documented in Publication No. FHWA-SA-98-079,
“Life-Cycle Cost Analysis in Pavement Design,” (Walls and Smith, 1998). The software allows
analyses for both new construction and rehabilitation projects and allows inclusion of lane rental fees
as a surrogate for user delay costs. Either a deterministic approach or a probabilistic approach can be
utilized in a given analysis. The deterministic approach utilizes mean {average) values of the input
variables. In the probabilistic approach, real world variability of certain input variables is mimicked
through a Monte Carlo simulation process. This approach utilizes the means and standard deviations of
the input variables that are varied in the Monte Carlo simulation process.

The graphical user interface {GUT} interacts with a 32-bit Microsoft Access 97 database. All data
utilized by the LCCA software package is contained in the database.

Figure 16. Example of the Contents of the Help System for the Topic Covering the Software Overview.
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[t} Mational Lime ation Life Cy

Eile Units Help

Contents  Index |Fmd I
National Lime Association

L I M E 1 Twpe the firstfew letters of the word you're looking for,

The Versatile Chemical 2 Click the index entry you want. and then click Display.

al
Deleting Projects
Entering Analysis Parameters
Entering Information for kaintenance Treatments
Entering Information for Rehahilitation Treatments
Entering Initial Construction Information
Exit | Entering Project Information

— Entering User Cost Information
Exporiing Resulis
Limitations
Main Module Features
Opening Projects
Overview
Frinting Fesults
Running an Anakysis LI

Display I .. | Cancel |

Figure 17. Help System Dialog Showing the Index for the Help System.

The Help system also contains a “find” feature that can be used to search the Help
system. Figure 18 shows an example search where the letters p and r were entered in the

box at the top of the dialog.
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[t} Mational Lime Assoc
Eile Units Help

Selectthe 4

. i o Contents' Inclex  Find
National Lime Association

1 Type the word(s) wou want to find

LIME 2

2 Select some matching words to narrow your search

Dptions..
The Versatile Chemical

f=ir7n| &l Er

i el

L

Ll Eehbuild...

. 3 Click atopic, then click Display
i | Deleting an Existing FProject

Opening an Existing Project
Overview

Printing Results
Project Info Tak

& Topics Found | | Allwards, Begin, Auto, Pause |

Display I Eritite. | Cancel |

Figure 18. Help System Showing the Find Feature Tab.

3.2 Project Inputs Form

This section provides detailed information regarding the required inputs for

conducting life cycle cost analyses. It provides guidance for defining:

project specific information;

e information regarding the initial construction alternatives;

e maintenance treatments applied to the initial construction and rehabilitation
alternatives;

e rchabilitation treatments applied throughout the analysis period;

e user costs in terms of lane rental fees; and

e analysis parameters.
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Project Information

Figure 19 shows the Project Info tab of the Project Inputs form. Use this tab to

enter information about the project. Controls colored yellow indicate required input

whereas controls colored white indicate optional input. For example, Figure 19 indicates

that a project name, lane configuration, lane width, and project beginning and ending

stations are required, whereas all information on the Project Location and Description

frame is optional. The following provides further details about the controls on this tab:

Project Name (Required): Use this text box to enter a name for the project.
Clicking on the yellow box and typing a name accomplishes this. The name can
be up to 100 characters in length (spaces count as characters). Figure 19 indicates
that the name “Demo” has been entered for the project name.

Project Location and Description (Optional): Double-click on the words within
these text boxes and type information to replace the text. State, County, Route,
and Project ID are limited to 20 characters whereas the Description can be up to
255 characters in length (spaces count as characters).

Lane Configuration and Dimensions (Required): Use the controls on this frame to
identify the number of lanes, included lane widths, and project termini. The lane
configuration is selected from the drop-down list in the upper left corner of this
frame as shown in Figure 20, whereas the number of lanes to include for the
project is indicated by the check boxes. For example, Figure 20 indicates only
one lane is to be included whereas Figure 21 indicates three lanes are to be

included for the project.
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Project Info llnitialCDnstructiDnI Maintenance I Rehabilitation I User Costs I Analysis

(Prujecl Mame

Demol|

i Project Location and Description
Description

State Stat
e Description
County County
Raoute Foute
FrojectlD |ID

—Lane Configuration and Dimensions

Two; Undivided E Lane v dih o e
Lans {feet gt MNaote: Stations are expressed in
[P |1 200 - 7 units of feet
P 2 l— Il Beginning Station |1+50_?5
Lare1
Ending Station |25+50 75
Project Length
(==L F— 2500
US Units

o |

Figure 19. Project Info Tab of the Project Inputs Form.

Project Info llnitialCDnstructiDnI Maintenance I Rehabilitation I User Costs I Analysis

(Prujecl Mame

IDemn

i Project Location and Description
Description

State Stat
e Description
County County
Raoute Foute
FrojectlD |ID

—Lane Configuration and Dimensions

Two; Undivided j Lﬁn(fe Wt\)dlh —Project Length
L 212 Includ
Twio: Undivided ane neues Mote: Stations are expressed in
’Eour: gnd&wged len I 200 - F units of feet
our; Divide
Eioht itz 2 I u Beginning Station |1+50_?5
Ten; Divided
Lare 1
Ending Station |25+50 75
Project Length
(feet) e 2500
US Units

Quit

Figure 20. Selecting the Lane Configuration for the Project.
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Biler Whites Help
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Project Info llnitialCnnstruntinnI Maintenance I Rehabilitation I User Costs I Analysis

Project Name
’7|Demn ‘

—Project Location and Description
Descrigtion
State Start
e Description A
County County
Route Route

FrojectlD [o =l
—Lane Configuration and Dimensions
Six: Divided - Lane width —Project Length
Lane (feety Include

Mote: Stations are expressed in

1 I1 2.00 4 units of feet
= Beginning Station... Imnn

Ending Station....... Iggan]u

Froject Length
(fest) 52800

Lare 3 BT
Lane 2
Lare 1

US Units Quit

Figure 21. Using the Include Check Boxes to Indicate Which Lanes to Include.

e Project Length (Required): Use the two text boxes on the Project Length frame to
enter the beginning and ending locations of the project. Enter these in stations.
For example, Figure 21 indicates a beginning location at Station 0+00 and an
ending location at Station 528+00, giving a project length of 10 miles (for 3 lanes,

the total project area equals 30 lane-miles).

Initial Construction

Figure 22 shows the Initial Construction tab of the Project Inputs form. Use the
controls on this tab to enter information about the two alternatives for which the life cycle
cost analysis is being conducted. Controls colored yellow indicate required input,
whereas controls colored white indicate optional input. The following provides further

details about the controls on this tab:
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il Wnrfss Help

Initial
Construction

Project Info I

] Maintenance I RehabilitatiunI User Costs I Analysis

I Include time to perform initial construction activity in the calculation of user costs.

NOTE: Itis recommended that user costs be included whenever the initial construction activity involves a rehabilitation
treatment (e.g.. overlay on an existing pa: t) or a reco ion of an existing pa t because these types of
activity require a work zone and therefore road users incur delay costs. However, if the initial construction activity
involves constructing a new pavement (i.e.. where one did not exist before). user costs for the initial construction activity
can be excluded.

—Pavement Alternative 1
Mixture type:

I j W Useunitcostinformation —————— T Use total cost information

. Mean Loy High
Product e (lane-rmi/ o
rocuction rate (lane-mi/dey) Unit cost I_l_l— Mean l—
Expected Life of Pavement Altermatie
Units - Low
Mean Loy High
Life fyears) Layer Thickness (inches) High

— Pavement Alternative 2
Mixture type:
| j F Use unitcostinformation ———— T Lse tatal costinformation

tean Lo High
Product it (lane-rmi/f o
rocuction rate (lane-mifday) (Ul st I—’_I— Mean l—
Expected Life of Pavement Altermative
Units - Liow
kean Lo High
Life (years) Layer Thickness (inches) High

“igw/Edit Default Parameters for Mixture Types I

US Units Quit

Figure 22. Initial Construction Tab of the Project Inputs Form.

e Include time to perform initial construction activity in the calculation of user
costs: Check the check box (default), as shown in Figure 22, to include user costs
for the initial construction activities. Uncheck the check box to exclude user
costs.

e Pavement Alternative 1: Use the controls on this frame to indicate the mixture
type, the production rate for constructing the pavement layer (for rehabilitation
projects), the expected life of the pavement, and unit cost for construction or total
cost for construction. Use the drop-down list to select the mixture type as
indicated in Figure 23. Use the text box below the drop-down list to indicate the
production rate in lane-miles/day or lane-kilometers/day for constructing the

pavement. Use the text boxes on the Expected Life of Pavement Alternative
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Project Info (- al_ ] Maintenance I Rehabilitation I User Costs I Analysis
Construction

I Include time to perform initial construction activity in the calculation of user costs.

NOTE: Itis recommended that user costs be included whenever the initial construction activity involves a rehabilitation
treatment (e.g.. overlay on an existing pa: t) or a reco ion of an existing pa t because these types of
activity require a work zone and therefore road users incur delay costs. However. if the initial construction activity
involves constructing a new pavement (i.e.. where one did not exist before), user costs for the initial construction activity
can be excluded.

- Pavement Alternative 1
Mixture type:

~| W Useunitcostinformation ———— T Use tatal cost infarmation
1in. OGFC: Lime-Treated B Mean  Low High

1.5 in. Owverlay; Lime-Treated Unit cost I Mean

2in. MJF + 1 in. OG Overlay, Lime-Treated

2in. M{F + 1.5 in. Overlay; Lime-Treated Units A Low
Crverlay; Lime-Treated —

- e p Layer Thickness (inches) High

me- | reated
Lime-Treated
tlay; Lime-Treated =

Mixture type:

I j i # Useunitcostinformation | [T Use tolal costinformation
Mean Loy High

Froduction rate (lane-mi/d=y) Unit cost I—’_l— Mean l—
Expected Life of Pavement Alternative
Units - Low
Mean Lo High
Life (years) Layer Thickness (inches) High

iew/Edit Default Parameters for Mixture Types... |

US Units Quit

Figure 23. Selecting the Mixture Type for Initial Construction.

frame to enter the mean expected life, in years, of the pavement. If running a
probabilistic analysis, enter the low and high estimates for the expected life of the
pavement. The low estimate is assumed to correspond to the 10" percentile value
for the life (i.e., 1 in 10 projects fail to achieve this life) and the high estimate is
assumed to correspond to the 90" percentile value (i.e., 1 in 10 projects exceed
this life). You can use either unit cost information (default) or total cost
information to indicate the cost for initial construction. If using unit cost
information, enter the mean unit cost for the mixture and select the units from the
drop-down list as shown in Figure 24. Note that you can specify sq yd-in, sq yd,
or ton in US units and sq m-25mm, sq m, or Mg in SI units. If conducting a

probabilistic analysis, also enter the low and high estimates of the unit cost.
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These are assumed to correspond to the 10™ and 90™ percentile values,

respectively. Also, if you select sq yd-in (or sq m-25mm) as the units,

|43 National Lime A

il Wnrfss Help

Project Info Imtlal_ ] Maintenance I Rehabilitation I User Costs I Analysis
Construction

I Include time to perform initial construction activity in the calculation of user costs.
NOTE: Itis recommended that user costs be included whenever the initial construction activity involves a rehabilitation
treatment (e.g.. overlay on an existing pavement) or a reco ion of an existing pa t because these types of
activity require a work zone and therefore road users incur delay costs. However, if the initial construction activity
involves constructing a new pavement (i.e.. where one did not exist before). user costs for the initial construction activity
can be excluded.
~Lime Treated Alternative (Pavement Alternative 1) - 2 in. Overlay: Lime-Treated
Mixture type:
|2 in. Owerlay; Lime-Traatad j F Use unit cost information ————— T Use tatal costinformation
Mean Lo High

Product e (lane-rmifc

rocuction rate (lane-mi/dey) 5 Unitcost [205 193 17 tean
Expected Life of Pavement Altermatie Units l——l Low
’7 Mean Lo High sayd =

Life fyears) [1p 7 12 Layer Thickness (ing High

|tan

- Pavement Alternative 2
Mixture type:

| j F Use unitcostinformation ———— T Lse tatal costinformation
tean Lo High

Product it (lane-rmi/f o
rocuction rate (lane-mifday) (Ul st I—’_I— Mean l—
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Units - Liow
kean Lo High

Life (years) Layer Thickness (inches) High

“igw/Edit Default Parameters for Mixture Types I

US Units Quit

Figure 24. Selecting the Units for Unit Costs.

you will need to specify a thickness for the pavement layer. If you want to use
total cost information, click on the check box on the Use total cost information
frame and enter a value for the mean total cost for construction. If running a
probabilistic analysis, also enter the low and high estimates for the total cost of
construction. These are assumed to correspond to the 10™ and 90™ percentile
values, respectively.

e Pavement Alternative 2: Use the controls on this frame in the same manner as for
Pavement Alternative 1 to indicate values for Pavement Alternative 2.

You can edit the default values for the mixture type parameters. Clicking on the

View/Edit Default Parameters for Mixture Types... button opens the form shown in
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Figure 25. Changing the values on this form changes the values stored in the database.

Values stored in the database are default values.

I Maintenance I RehabilitationI User Costs I Analysis

~ Include time to perform initial construction activity in the calculation of user costs.
NOTE: It is recommended that user costs be included whenever the initial construction activity involves a rehabilitation

/" Edit Mix Type Parameters

Bt Thi:knesg;, UnitWeight | Mean Life,|  Life (Low). | Life (High),| Use Unit Uit Cns'i
in Ib/ft3 vears vears wears| Costs?

P |1in. OGFC; Lime-Treated 1 130 1] 3 7 | 2
1.5in. Overlay: Lime-Treated 15 150 in 7 15 |2 3
1.5in. Overlay: Unmodified 15 150 il 5 12 |2 1
2in. MJF + 1in. OG Owverlay; Lime-Treatec 3 14333 15 13 17 v 7
2in. MJF + 1in. OG Owverlay: Unmodified 3 14333 13 10 15 I 7
Zin M{F + 15 in Overay: Lime-Treated 35 142 in 7 15 | B
2in M{F + 15 in. Overay: Unmodified 35 142 il 5 12 | ]
Zin. M{F + 2 in. Owerlay; Lime-Treated 4 150 in il 12 |2 ]
Zin. M{F + 2 in. Owerlay: Unmaodified 4 150 il b 10 |2 ]
2in. Owverlay + Digouts: Unmaodified 2 150 4 3 7 | i
2in. Owverlay: Lirme-Treated 2 150 10 7 12 | 4
2in. Owverlay: Unmodified 2 150 il 7 9 | 3
Jin. Owverlay + Digouts: Unmaodified 3 150 i [ 10 | i

. Fin Muarlsw | ime-Trastadd ) 1R0 n f 12 |l _’QILI

Units for Unit Costs: Isq yd 7 Add New | Clase |

| “Wiew/Edit Default Parameters for Mixture Types |

US Units Quit

Figure 25. Form for Editing Default Parameters for Mixture Types.

New mixture types can be added to the database through the form shown in
Figure 25. Clicking on the Add New... button changes the appearance of the form to that
shown in Figure 26. Type in the values requested for the new mixture type in the text
boxes and click on the OK button to store the new mixture type in the database. Note
that all information requested is required to create the new mixture type. Once created,
the grid shown in Figure 25 can be used to modify the default values. Clicking on the

Cancel button changes the appearance of the form back to that shown in Figure 25. If a

29



new mixture type was not created, clicking on the Cancel button cancels creation of a

new mixture type.

Initial

Project Info q
Construction

] Maintenance I RehabilitatiunI User Costs I Analysis

I Include time to perform initial construction activity in the calculation of user costs.

NOTE: Itis recommended that user costs be included wh the initial co

ion activity involves a rehabilitation
# Edit M| & Parameters

—Add New Midure Type

The following parameters are required for creating a new Mixture Type. Once created, the optional
parameters can be modified using the grid

Mixture Type Description (Mame) I‘ Cancel |
UnitWWeight. Il/ft3

 Lime-Treated

Additive for this Mixture Type
 Unmodified

[8]3 |

e el ]2 | o)z |

| “Wigw/Edit Detault Parameters for Mixture Types |

US Units Quit

Figure 26. Controls for Creating a New Mixture Type.

Maintenance Treatments

Figure 27 shows the Maintenance tab of the Project Inputs form. Use the controls
on the tab to enter information about the maintenance treatments to be applied to the two
initial construction alternatives as well as the treatments applied to future rehabilitation
alternatives. Use the controls on the upper frame to enter this information for the two
initial construction alternatives and the controls on the lower frame for maintenance
treatments applied after a rehabilitation treatment has been applied to the alternatives.
Note that user costs can be determined for the maintenance activities. Clicking on the

check box at the top of the tab activates this feature.
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" Include time to perform maintenance activities in the calculation of user costs.
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US Units Quit

Figure 27. Maintenance Tab of the Project Inputs Tab.

Select the maintenance treatment type from the drop-down list as shown in Figure
28 and enter the application frequency (in years), the unit cost (in $/sq yd or $/sq m), and
if including user costs, the production rate for applying the treatment (in lane-miles/day
or lane-kilometers/day). If conducting a probabilistic analysis, also enter the minimum
and maximum application frequencies (10" and 90" percentile values, respectively) and
the low and high estimates for the unit cost of the treatment (also 10™ and 90™ percentile
values, respectively).

Note that you do no have to include maintenance treatments in the analysis.
Clicking on the Include check box next to the drop-down list for a particular treatment
switches inclusion of a treatment on and off. For example, Figure 29 indicates that

maintenance treatments will not be applied to the initial construction alternatives but that
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" Include time to perform maintenance activities in the calculation of user costs.
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Figure 28.

Selecting the Maintenance Treatment Type.
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Figure 29. Switching Off Maintenance Treatments.
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maintenance treatments will be applied once the initial construction alternatives have
been rehabilitated.

You can edit the default values for the maintenance treatment parameters.
Clicking on the View/Edit Default Parameters for Maintenance Treatments... button
opens the form shown in Figure 30. Changing the values on this form changes the values

stored in the database. Values stored in the database are default values.
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Maintenance Freguency, Frequency. | Low Frequency. | Mean Unit Cost, Rate,
Type 2ars 2ars Bars §| Low Unit Cost $|High Unit Cost. § lane-mi/dea
Slurry Seal 20 5.0 a.0 1.00 0.90 1.25 43
P | Chip Seal 7.0 5.0 a.0 1.00 0.50 1.25 34
Fog Seal 5.0 3.0 20 0.35 0.26 0.44 136
Cape Seal 7.0 5.0 a0 2.00 1.75 2.25 1.7
Crack Sealing 5.0 30 20 0.45 0.28 0.63 2.0
Units far Unit Costs: sq yd Add Newe. | close |
| | T — T T T T T T T i ‘
| Yiew/Edit Default Parameters for Maintenance Treatments... I

US Units Quit |

Figure 30. Form for Editing Default Parameters for Maintenance Treatments.

New maintenance treatments can be added to the database through the form
shown in Figure 30. Clicking on the Add New... button changes the appearance of the
form to that shown in Figure 31. Type in the values requested for the new maintenance
treatment in the text boxes and click on the OK button to store the new treatment in the

database. Note that all information requested is required to create the new treatment.
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Clicking on the Cancel button changes the appearance of the form back to that shown in
Figure 30. If a new treatment was not created, clicking on the Cancel button cancels

creation of a new maintenance treatment.
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Biler Whites Help

P LCCA Inputs for Deterministic Approach

Project Info IlnitiaICnnstruntinnI Maintenance[ Rehabilitation I User Costs I Analysis

I Include time to perform maintenance activities in the calculation of user costs.
~Maintenance applied to initial construction alternative

~ Edit Maintenance Treatment Parameters

—Add New Maintenance Treatment

Maintenance Type (Mame)

|

Cancel

Mean Application Freguency, years

High Application Frequency, years................
Low Application Freguency, years

Mean Unit Cost /50y
High Unit Cost, $/s0 yd

Low Unit Cost $/sgyed e

Praduction Rate, lane-mifday.

QLT

Units for Unit Costs: sq yd rehizy | Geee |

| View/ Edit Default Parameters for MaintenanceTreatments |

US Units Quit

Figure 31. Controls for Creating a New Maintenance Treatment.

Rehabilitation Treatments

Figure 32 shows the Rehabilitation tab of the Project Inputs form. Use the
controls on this tab to select/enter information regarding the rehabilitation treatments to
be applied to the initial construction alternatives. Use the upper frame to enter
information for Pavement Alternative 1 and the lower frame to enter information for
Pavement Alternative 2. You can specify up to four different rehabilitation treatments

per alternative. However, note that only one treatment need be specified (i.e., only one
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treatment type is required). The software will apply the last treatment specified
repeatedly until the end of the analysis period is reached. For example, if only one
treatment is specified, it will be the only rehabilitation treatment applied throughout the
analysis period.

1§ Mational Lime Association Life Cycle Cost A
Biler Whites Help

P LCCA Inputs for Deterministic Approach

Project Info IlnitiaICnnstruntinnI Maintenance IRehahilitation[ User Costs I Analysis

—Rehabilitation applied to Pavement Alternative 1 (Dense-Graded Mixture: Lime-Treated)
Expected Life (years) Unit Cost $/50 wd Prn;au;:etlnn
HiA Overlay Type Mean Low High tean Lo High  ({lane-mi/day)
711 [40in Dense-Graded Overlay, Lime-Tr=|  [l00 [i0 [rzn [382 a2 [eie [z
LA i | | | | | |
LA | | | | | | |
LA i | | | | | |
—Rehabilitation applied to Pavement Alternative 2 (Dense-Graded Mixture: Unmodified)
Expected Life (years) Unit Cost: $/s0 yd Prn;au;:etlnn
HiA Overlay Type Mean Low High tean Lo High  {lane-mi/day)
711 [40in Dense-Graded Overlay, Unmodiz|  [6.0 [r0 [1an [362 [z [ese [
LA i | | | | | |
LA o | | | | | |
LA i | | | | | |

H iew!Edit Defaull Parameters for Fehabilitation Treaiments |
US Units Quit

Figure 32. Rehabilitation Tab of the Project Inputs Form.

Use the drop-down list to select the rehabilitation treatment type as shown in
Figure 33. Clicking on the 2", 3", and 4™ check boxes allows you to specify additional
rehabilitation treatments for the pavement alternative. For example, Figure 34 indicates a
second rehabilitation treatment is be specified for Pavement Alternative 1 and Figure 35

shows selection of the second treatment type from the drop-down list.
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Project Info IlnitiaICnnstruntinnI Maintenance IRehahilitation[ User Costs I Analysis

—Rehabilitation applied to Pavement Alternative 1 (Dense-Graded Mixture: Lime-Treated)
Producti
Expected Life (years) Unit Cost $/50 wd rnRauielnn
HiA Overlay Type Mean Low High tean Lo High  ({lane-mi/day)

711 [40in Dense-Graded Overlay, Lime-Tr=| - [l00 [i0 [rzn [382 a2 [eie [z
e 40in. Dense-Graded Owverlay: Lime-Tre I I I I I I I
[~ 3d |60 in. Dense-Graded Overlay: Lime-Tre— I I I I I I I

1.0 in. Open-Graded Owverlay; Lime-Tre:
[~ 4th |20 in. Open-Graded Overlay: Lime-Tre: I I I I I I I

3.0in Open-Graded Overlay: Lime-Tree

2.0 in. Gap-Graded Owverlay: Lime-Trea

4.0 in. Gap-Graded Overlay: Lime-Trea)x

—Rehabilitation applied to Pavement Alternative 2 (Dense-Graded Mixture: Unmodified)
Pracuct
Expected Life (years) Unit Cost: $/s0 yd rnRauielnn
HiA Overlay Type Mean Low High tean Lo High  {lane-mi/day)

711 [40in Dense-Graded Overlay, Unmodiz|  [6.0 [r0 [1an [362 [z [ese [
LA i | | | | | |
LA o | | | | | |
LA i | | | | | |

View/Edit Default Parameters for Rehabilitation Treatments |

US Units Quit

Figure 33. Selecting the Rehabilitation Treatment Type.
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—Rehabilitation applied to Pavement Alternative 1 (Dense-Graded Mixture; Lime-Ti
Expectad Life (years) Unit Cast $/sg yel ngaulceﬂon
HA Overlay Type Mean Law High Mean Loy High  (lane-mi/day)
7 12t [2.0in Dense-Graded Overlay, Lime-Trx|  [6.0 60 [ino [ror v foos [50
| = | | | | | |
™ 3rd I j I I I I I I I
o | | | [ [ [ | | |
—Rehabilitation applied to Pavement Alternative 2 (Dense-Graded Mixture; Unmodified)
Expectad Life years) Unit Cast: $se yd PVU;;CE“UH
HtA Overlay Type Mean Low High Mean L High  (lane-mi/day)
I7 1=t [40in Dense-Graded Overlay, Unmodiz]  [6.0 60 [0 [s62 Joms  [ene [2s
Clznd | H o [ [ | | | |
e | ] | | | | | [ |
" 5 I ——

Yiew/Edit Default Parameters for Rehabilitation Treatments |

US Units Quit

Figure 34. Specifying a Second Treatment Type for Pavement Alternative 1.
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—Rehabilitation applied to Pavement Alternative 1 (Dense-Graded Mixture: Lime-Treated)
Producti
Expected Life (years) Unit Cost: $/sg vl - in rnRauielnn
HiA Overlay Type Mean Low High tean Lo High  ({lane-mi/day)

71t [2.0in Dense-Graded Overlay, Lime-Tr x| [6.0 5.0 [ion E [50
g9 o | | | | | | |

2.0 in. Dense-Graded Overlay: Lime-Tre«
3 g b e-Graced Chv - T1d I I I I I I I
I dth |6.0in. Dense-Graded Qverlay: Lime-Tre I I I I I I I

1.0 in. Open-Graded Overlay: Lime-Tre:

2.0in. Open-Graded Overlay; Lime-Tre:

3.0 in Open-Graded Overlay: Lime-Trez

- Rehab ‘2‘3:: g:g:g:gzg 8:2”?" \\::22:22:' ive 2 (Dense-Graded Mixture: Unmodified)
Pracuct
Expected Life (years) Unit Cost $/sg ywil -in rnRauielnn
HiA Overlay Type Mean Low High tean Lo High  {lane-mi/day)

711 [40in Dense-Graded Overlay, Lime-Trx|  [120 [io0 [i40 [ozs oo [zs0 [40
LA i | | | | | |
LA o | | | | | |
LA i | | | | | |

View/Edit Default Parameters for Rehabilitation Treatments |

US Units Quit

Figure 35. Selecting the Second Treatment Type for Pavement Alternative 1.

Use the text boxes to enter values for the mean expected life, mean unit costs, and
production rates for each treatment specified. If conducting a probabilistic analysis, also
enter low and high estimates for the expected life of the treatments and the low and high
estimates for the unit costs. In both cases, the low value is assumed to correspond to the
10™ percentile value and the high estimate is assumed to correspond to the 90" percentile
value.

You can edit the default values for the rehabilitation treatment parameters.
Clicking on the View/Edit Default Parameters for Rehabilitation Treatments... button
opens the form shown in Figure 36. Changing the values on this form changes the values

stored in the database. Values stored in the database are default values.
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~ Edit Fehabilitation Treatment Parameters

Rehah Type Thickness, in Unit\Weight, Ib/#3 Mean Life, years Life (Low), years Life (High).»
#|2.0in. Dense-Graded O 2.00 150.0 130 100
1.0in. Open-Graded Ow 1.00 1300 100 a0
2.0 in. Gap-Graded Ove 2.00 140.0 12.0 9.0
20 in Dense-Graded O paili] 1600 a0 70
1.0in. Open-Graded Ov 1.00 1300 9.0 70
2.0 in. Gap-Graded Ove 2.00 140.0 50 an

0 I

Units for Unit Costs: [sq yd ¥ Add New | Clnse |

| Wiew/Edit Default Parameters for Rehabilitation Treatments I

US Units Quit

Figure 36. Form for Editing Default Parameters for Rehabilitation Treatments.

New rehabilitation treatments can be added to the database through the form
shown in Figure 36. Clicking on the Add New... button changes the appearance of the
form to that shown in Figure 37. Type in the values requested for the new rehabilitation
treatment in the text boxes and click on the OK button to store the new treatment in the
database. Note that all information requested is required to create the new treatment.
Clicking on the Cancel button changes the appearance of the form back to that shown in
Figure 36. If a new treatment was not created, clicking on the Cancel button cancels

creation of a new rehabilitation treatment.

38



~ Edit Fehabilitation Treatment Parameters

Mean Life, years

Life (Low), years.

—Add New Rehahilitation Treatment

Rehab Type (Name)...........

Life (High). years

Thickness, in,

—
-
—
-
—

UnitWaight, 3. i
tean Unit Cost $/{unit shown below)
Low Unit Cost, §/(unit shown below).............
High Unit Cost. §/{unit shoomn below)

Froduction Rate. lane-mi/day. ...

Cancel
Units for Unit Costs: [sqg yd =

Al Islewy,

| Wiew/Edit Default Parameters for Rehabilitation Treatments I

US Units

Figure 37. Controls for Creating a New Rehabilitation Treatment.

User Costs

Figure 38 shows the User Costs tab of the Project Inputs form. Use the controls
on this tab to specify the lane rental fees to be used when a work zone is in place on the
facility. These are used in conjunction with treatment production rates and the area of the
project to determine user costs associated with performing maintenance and rehabilitation
treatments, if inclusion of user costs were selected on the maintenance and rehabilitation
tabs, respectively.

Use the radio buttons to indicate the expected traffic level and enter the lane rental
fee (in $/lane-mile/day for US units or $/lane-kilometer/day for SI units) in the
corresponding text box. For example, Figure 38 indicates that a moderate traffic level

has been selected for the facility and that the lane rental fee is $5000/lane-mile/day.
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Eiler Writs Help

Project Info IInitiaICunstruntinnI Maintenance I RehahilitatinnI User Costs I Analysis

—Lane Rental Fees
Lane Fental Fee
(Hilane-mi /day)

 Low vaolume facility { ADT <= 5,000 1000.00
& Moderate volume facility (5,000 < ADT <= 16,000 ) 5000.00
 Highwolume facility (ADT > 15,000) 10000.00

User costs can be included to account for the costs (delay costs, increased vehicle operating costs, crash costs, ete.) incurred by road
users of afacility thatis being rehahilitated or maintained (i.e., whenever awork zone is in place). Due to the difficulty of estimating
actual user costs, particularly for future situations, the LCCA model utilizes lane rental fees as a surogate for estimating user costs.
This is accomplished by multiphying the lane rental fee unit cost (entered abowe) by the production rate for & particular initial
construction, rehabilitation, or maintenance activity, taking into consideration the area of the facility affected. By default user costs are
determined for each analysis. Howewer. although itis notacdvised, user costs can be excluded from a given anabysis by unchecking
the check hoxes atthe top of the 'Initial Construction', 'Maintenance’, and 'Rehahilitation’ tabs. Note that you can include/exclude
calculation of user costs for amy combination of the above activities. For example, you could include calculation of user costs for
maintenance and rehahbilitation activities but exclude these for the initial construction activite.

US Units Quit

Figure 38. User Costs Tab of the Project Inputs Form.

Analysis Parameters

Figure 39 shows the Analysis tab of the Project Inputs form. Use the controls on
this tab to specify the duration of the analysis period (in years) and the mean discount
rate. The analysis period must be long enough to include at least one rehabilitation
treatment. The discount rate is used to discount future costs to the present values during
the life cycle cost analyses and is assumed to not include an inflation premium. If
conducting a probabilistic analysis, also enter the minimum discount rate, the maximum
discount rate, and the number of iterations to use in the Monte Carlo simulation process
(one iteration corresponds to the calculation of the life cycle costs associated with both
pavement alternatives, whereas 500 iterations corresponds to the calculation of 500 life
cycle costs associated with both pavement alternatives). A minimum of 300 iterations is

required, but 500 or more is recommended, with the maximum being 32,767 iterations.
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Use the drop-down list to select the initial units for displaying the cumulative present

worth cost of the pavement alternatives on the Results Viewer form (see Section 3.3).

21§ Matinnal Lime Association Life Cycle Cost An
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Project Info Ilnitial CnnstruntinnI Maintenance I RBhahiIitatiunI User Costs I AnalySls

—Analysis Parameters
Analysis Period in years (must be long enough such that atleast one rehabilitation treatment is applied) lgm—
Mean Feal Discount Rate in percent (ie. one that does not reflect an inflation premium) .. |4T
Minimum Resl Discount Rate in percent W
Maxirnurn Real Discount Rate in percent W
Mumber of iterations to use in the Monte Carla simulation process (500 or more is recommended] ... lgnn—
Units for displawing cumulative present worth cost. lm

Analysis Progress
’7| 0%
Save
Start Analysis
US Units it

Figure 39. Analysis Tab of the Project Inputs Form.

Saving Project Information

Once all of the required inputs have been entered in the controls on all tabs of the
Project Inputs form, clicking on the Save button saves this information to the database. If
the information pertains to a new project, then new records are created in the database.
If, however, the information pertains to a project that had been previously saved to the
database, then the LCCA software deletes all information that had been previously saved,
including analysis results (if any), and creates new records in the database that reflect the
new contents of the controls on all tabs of the Project Inputs form, but no records

containing analysis results. This feature allows retaining input data for numerous
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projects without any records containing analysis results, which, for probabilistic analyses,
amounts to a substantial number of records. Saving projects without analysis results can
help keep the database to a reasonable size.
Running Analyses

Clicking on the Start Analysis button also saves the information to the database
followed by running the life cycle cost analysis. When an analysis is running, the LCCA
software plots its progression in terms of percent complete on the Analysis Progress
frame. For example, Figure 40 shows that the probabilistic analysis is 70% complete, or
that 350 of the 500 iterations have been completed. When the analysis finishes, the

Results Viewer form is displayed. This form is discussed in the next section.
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Project Info IlnitiaICnnstruntinnI Maintenance I RBhahiIitatiunI User Costs I Analysis

[ Analysis Parameters

Analysis Period in years (must be long enough such that atleast one rehabilitstion treatmentis applied) ... lqg_

Mean Real Discount Rate in percent (ie. ane that does not reflect an inflation premium) |4T
inimum Feal Discount Rate in percent 250
Maximum Real Discount Rate in percent 55D

MNurnber of iterations to use in the Monte Carlo simulation process (500 or more is recommended) 500

Unite for displaying cumulative presentworth cost. Im

Analysis Progress
ﬁﬁ 0%

i |
Running analysis... Flease waitl s

US Units

i

it

Figure 40. Display of Analysis Progression.
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If an analysis has been run for a project, the Analysis tab of the Project Inputs
form displays the View Results Button as shown in Figure 41. This button will be
displayed whenever an existing project is opened (if an analysis was run) or when an
analysis for a new project is run and the Results Viewer form has been closed. Clicking
on this button displays the Results Viewer form with the results from the last analysis
run. It is important to note that any changes to the input values will not be reflected in

the results displayed through use of the View Results button unless a new analysis is run.

2t National Lime / ation Lite Cycle Cosf

il Uriter Help

P LCCA Inputs for Deterministic Approach

Project Info IInitiaICunstruntiunI Maintenance I RBhahiIitatiunI User Costs I Analysis

[ Analysis Parameters

Analysis Period inyears (must be long enough such that at least one rehabilitation treatment is applied)

=y

0

hean Feal Dizcount Rate in percent (e, one that does naot reflact an inflation prEmium) ... W
Minimum Real Discount Rate in percent W
Maximum Real Discount Rate in percent IW

Mumber of iterations to use in the Monte Carlo simulation process (500 or more is recommended) ..o W

Units for displaying cumulative presentworth cost Im

Analysis Progn
’7 100

Save

Wiew Results | Start Analysis |

US Units Quit |

Analysis completel

Figure 41. Analysis Tab Displaying the View Results Button.

3.3 Results Viewer Form

The Results Viewer form displays results of analyses and allows you to print the

results to a printer and export the results to a comma separated value (.csv) file. This
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section provides details regarding the features of the Results Viewer form as well as how

to print and export analyses

results.

Figure 42 shows the Results Viewer form displaying results of a deterministic

analysis. The results (in the form of a cost stream) are displayed for Alternative 1

initially. Clicking on the radio button for Alternative 2 displays the results (cost stream)

for Alternative 2 while clicking on the Comparison Plot radio button displays the results

for both Alternative 1 and Alternative 2 graphically as shown in Figure 43.

File Wiew

Display results for: * Lime Treated Alternative (Pavement Alternative 1) - 2 in. Overlay: Lime-Treated

 Non-Lime Alternative (Pavement Alternative 2) - 2 in. Overlay: Unmodified

¢ Comparison Plot

|*NOTE: If & treatment is triggered in the final yvear of the analysis period, the salvage value does not account for user costs.

Lime Treated Alternative (2 in. Overlay: Lime-Treated): DEMO
) Curnulative ]
Vear Gl Tse Future Cost Associated Total Future | PresentWarth Prasent Worth
User Cost Cost Cost
Cost ($/50vd)
0 Initial Construction; 2 in. Overlay; Lime-Treated $0.00 $473.48 $0.00 $13.973.48 $4.19
1
2
3
4
5 Maintenance; Fog Seal $1.000.00 $236.74 $1.236.74 $1.016.51 $4.50
B
7
8
9
10 |Rehabilitation: 2 in. Owverlay: Lime-Treated $13.500.00 $473.48 $13.973.49 $9.439.99 $7.33
1
12
13
14
15 |Maintenance; Fog Seal $1.000.00 $236.74 $1.236.74 $686.72 $7.54
16
17
18
19
20 |Rehabilitation; 2 in. Owverlay; Lime-Treated $13.500.00 $473.48 $13.973.49 $6.377.32 $9.45
=3

Figure 42. Results Viewer Form.
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Display results for: ¢ Lime Treated Alternative (Pavement Alemative 1) - 3 in. Overlay; Lime-Treated

© Mon-Lime Alternative (Pavement Alternative 2) - 3 in. Overlay + Digouts; Unmodified

& Comparison Plot

Curnulative Present'Worth Cost, $/s0 vd (Net Present Yalue)
[ [
—#— Alternative 1
a0 1 Alternative 2 \
¢ L~ /_/
f/".___—-———d

: __,4:/
15 /
10 e
5

0 5 10 15 20 25 30 35 40

Year

Figure 43. Comparison Plot of the Cumulative Present Worth Cost for Both Alternatives.

When the Results Viewer form is displaying a cost stream (i.e., a grid) you can
change the units for displaying cumulative present worth costs through the View menu.
Clicking on the View menu and selecting the desired units accomplishes this. Figure 44

indicates that units of $/sq yd are being displayed.

Eiler Wrira Help

Disg ¥ Cost Data D av

Inputs 2

Cumulative Present Worth Cost in §
¥ Cumulative Present Worth Cost in $/35q vd ferr

Cumulative Present Worth Cost in $/ lane-mi
e ar TOET Ty e

Figure 44. View Menu of the Results Viewer Form.
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Clicking on the Inputs menu choice of the View menu displays a summary of the

inputs as shown in Figure 45.

|1 Mational Lime . iation Life Cycle
Eiles Unira Help

Inputs for Ermninistic Approach

File View falysis

Display results for: & Lime Treated Alternative (Pavement Alternative 1) - 2 in_ Overlay: Lime-Treated

© Non-Lime Alternative (Pavement Alternative 2) - 2 in. Overlay; Unmodified

) Comparison Plot

Lime Treated Alternative (Pavement Altemative 1): DEMO -

Project Information

Analysis Approach: Deterministic
State: State

County: County

Route: Route

Project ID: 1D

Lane Configuration: Two; Undivided
Starting Station: 1+50.75

Ending Station: 26+50.75

Project Length: 2500.00 fest

Lane 1 Included; Lane YWidth = 12.00 feet
Lane 2 MNatIncluded

Lane 3 MNatIncluded

Lane 4 NatIncluded

Lane 5 Mot Included

Initial Construction Infarmation

Mixture Type: 2in. Overlay: Lime-Treated

Production rate: 5.0 lane-mi./day

Expected Lite (Mean): 10.0 yvears

Initial Cost Based On: Unit Costs

Altermative Unit Cost (Mean): $4.05/sq yd =l

aEes
LUL

Bt

Figure 45. Summary of Inputs as Displayed by the Results Viewer Form.

Also when the Results Viewer form is displaying a cost stream (i.e., a grid) you
can use the Page Setup and Print Preview features under the File menu (Figure 46) to
setup the page and print the results to a printer. Figure 47 shows the Page Setup feature

while Figure 48 shows the Print Preview feature.

Export.. rr & Lime Treated Alternative {Pavemer

Page Setup ¢ Mon-Lime Alternative {(Pavement Al

Print Prewiew

Brint Lime Treated Alternative (Dense-Grai

Exit e Future Cost ASSDCIC?tEd =5
T I o5t

Figure 46. File Menu of the Results Viewer.

46



e Wi

I

—

$42,44000  |$6.03

$6.526.55 $6.61

o
i =

@
=

$16.65825  [$918

$3,451.66 $9.67

]
IIE IIIIII
s

u
-
7]
o
u
-
u
-
u
-
u
-
u
u
-
u
-
u
-
u
-
—
|

Martnance, Sy Tead 00 (330 4 T TIeA gaaass A

i0m me Trased et 39n0m8 35 308

i0m me Trased LT e

A1 b acs 3000 3600 425300 {3 48 S0 441 50

Figure 48. Print Preview Feature of the Results Viewer.
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Clicking on the File menu and selecting the Export... menu choice allows you to
export the data to a comma separated value (.csv) file that can be imported directly into
spreadsheet programs such as Microsoft Excel or Corel Quattro Pro. Figure 49 shows the
dialog that is displayed when File/Export... is selected. This dialog allows you to save

the file to any disk contained in the computer (except CDs).

Eile Wiew
Display results for: & Lime Treated Aliernative (Favement Alternative 1) - Dense-Graded Mixture: Lime-Treated
 Non-Lime Alternative (Pavement Alternative 2) - Dense-Graded Mixture; Unmodified
: DEMO
Save in: Ia Analysis Resulis j gl =
y Curnulative Present | =
“es ‘Worth Cost \warth Cost (8 o
Arizona Hwy Duesy E]Califurnia Int Ducsy EFHWA Hury P.csw & st (§/sg yol)
A Arizana Hwy P (Test).csv Hlcalifornia Int P.esy Eeeargm Hury D.csw o $6.03
1 Arizaona Hwy P.osy Elcolaradn Hwry Desy ﬁ@enrg\a Hury P.osy
2 Arizona Int D.csy E]Cnlnmdn Huwy Poosv ﬁ@enrg\a Int Duosy
3 Arizona Int Posw E]Cnlnmdn Int Duosw ﬁ@enrg\a IntP.ocsy
4 California Huy Doesy Cnlnmdn Int P.csy ﬁMlsswsslppl Huwy Doz
: California Huy P.osw FHWA Hury D.cav ﬁMlsswsslppl Huwy Peay
7 4l | | 56 81
3
9 File name: I Save I
10 —
1 Save as type ICnmma Separated Yalue (*.csw) j Eamee]
12 5 $9.15
13
14
15
16
17
13
14 haintenance; $7.040.00 $232 56 $7.272 56 $3.451 66 $9.67
20
21
22 LI

Figure 49. Dialog for Exporting Results to Disk.

Figure 50 shows the results for a probabilistic analysis. As indicated, summary
statistics of the analysis are displayed. Cost streams are not displayed due to the large
number of them (two for each iteration in the Monte Carlo simulation process). Instead,
a cumulative probability distribution is generated from these cost streams. Clicking on
the Probability Plot radio button displays the cumulative probability distribution for the

analysis as shown in Figure 51. This is a cumulative distribution of the LCC of
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Alternative 1 minus the LCC of Alternative 2 for all iterations in the Monte Carlo
simulation process. Thus, values less than zero indicate that the LCC of Alternative 1
was less than the LCC of Alternative 2, whereas values greater than zero indicate that the
LCC of Alternative 1 was greater then the LCC of Alternative 2. For this example case,
approximately 86% of the LCC calculations indicated that Alternative 1 was less than
Alternative 2. The plot also indicates that for this example case, the best probabilistic

estimate of the life cycle cost savings from using lime was $2.37/sq yd.

F File Yiew

Display results for: * Lime Treated Alternative (Pavement Alternative 1) - Dense-Graded: Lime-Treated:

€ Non-Lime Alternative {(Pavement Alternative 2) - Dense-Graded. Unmodified

 Probability Plot

Lime Treated Alternative (Dense-Graded: Lime-Treated): “PROBABILISTIC EXAMPLE
Mean Minirnurm b aoeirriuim oL S
Deviation
Life-Cycle Cost ($) 2412754.35 | 1939976.60 | 3242132.65 261548.01
Life-Cycle Cast ($/sq yd) 1714 1375 2303 1.78
Life-Cycle Cost ($/lane-mi) 120637.72 96798.03 16210663 12577.45
Discount Rate (%) 404 2.50 5.50 0.78
Life of Initial Construction Alternative (years) 11.97 10.00 14.00 1.03
Unit Cost of Initial Construction Altemative 188 1.69 2.07 0.09
Life of Maintenance Treatment Applisd to Initial Constuction Alternative (vears) a.00 B.02 10.00 1.03
Unit Cost of Maintenance Treatment Applied to Initial Construction Alternative 1.02 0.80 1.25 01z
Life of Maintenance Treatment Applied to Rehahbilitation Alternative(s) (vears) 798 B.00 9.97 1.04 =
Unit Cost of Maintenance Treatment Applied to Rehabilitation Alternative(s) 101 0.80 1.25 012
Life of 15t Rehahilitation Alternative (vears) 1z.00 1003 13.99 1.02
Unit Cost of 15t Fiehahilitation Alternative 376 339 414 0.20
(=

US Units

Figure 50. Summary of Results for a Probabilistic Analysis.
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File View

Display results for: © Lime Treated Alternative (Pavement Alternative 1) - Dense-Graded; Lime-Treated
© Non-Lime Alternative (Pavement Alternative 2) - Dense-Graded: Unmodified

@ Probability Plot

10 Relative Cumulative Probability (Note: negative values indicate the estimated savings through use of Pavement Alternative 1)
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Figure 51. Cumulative Probability Plot.

Clicking on the File menu and selecting Exit closes the Report Viewer form and
returns control to the Project Inputs form. Clicking on the small close symbol () in the

upper right corner of the Report Viewer accomplishes this as well.
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