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Abstract

BridgeLCC 2.0 is user-friendly software developed by the National Institute of Standards and
Technology to help bridge designers determine the cost effectiveness of alternative bridge designs,
construction and repair strategies, and construction materials. The software uses a life-cycle costing
methodology based on the ASTM standard practice for life-cycle costing and a cost classification
scheme developed by NIST. This user manual describes the functions and settings in BridgeLCC and
includes example analyses that illustrate its use.

BridgeLCC 2.0 is designed to run on Windows® 95, 98, 2000, NT, and XP. Although the software is
specifically tailored to highway bridges, it can also be applied to pavements, piers, and other civil
infrastructure.

Keywords

bridge design; building economics; construction; costs; economic analysis; engineering economics;

life-cycle costing; maintenance costs; operations costs; uncertainty and risk analysis; value
engineering



Acknowledgments

Thanks are given to Muthial Kasi and Elissa Schneider of Alfred Benesch & Co., Tom Canick of
FHWA, and Amy Rushing, Robert Chapman, Christine 1zzo, Chi Leng, and Harold Marshall of
NIST for assistance and feedback during the programming of BridgeLCC 2.0.



Table of Contents

F AN o] (=11 TP ii
ACKNOWIBAGIMENTS. ...ttt ettt ettt sttt s e bt e st e be st e e e e sbeeseeseeeseaneeseeeneentesseeneesaeeseeneenneas iv
O 1 (o 1o [Tt [ TR 1
1.1 22103 (o] (0] T PSPPI 1
1.2 The Economic Foundation of BridgeLCC..........ccuiiiiiiiiiieieisese et 3
1.3 Organization of this ManuUal ... e 4
P U T T =5 To o =1 X SO 7
2.1 Installing and Starting BriAQELCC ........ccviiiieiee ettt es 7
2.2 SEArtING AN ANAIYSIS. ....eeeieeieeie ettt sttt sttt et s e s eeete s ste et e e nae e naen 9
2.3 INPUEEING PrOJECT Data.....ccveeiieiiieiiiecie ettt e e se e e te e beesaeesraesraenreens 13
24 REVIEWING RESUILS ...ttt st et se e e be e esreeteenaesneereenee e 23
I o (o 11 T g F=1 I oY ] TR TTRPRPTRR 29
3.1 YT 0 £ PRPRTTTRTRRRRRRR 29
3.2 MV OTKZOMES ..ottt et e ettt e e sttt e e sttt e e sttt e e st et e e e sse et e e sneaesesabeeeeenasseeeesasaeesenasneeessrneees 31
3.3 Concrete Service Life Prediction TOO! .......cocveieiiiiiie ettt e 32
34 IMAGE GAIIEIY ...ttt sttt et sttt et neeseeete e e eneenaeas 34
K TR © 1o 110 1= T [ o TSR PSS 34
3.6 PrETEIENCES WINAOW ...ttt e e e e ettt e e e e e ee ettt e e e e e re e eeeeeseeanenraeeees 35
4. SENSITIVITY ANAIYSIS ..ottt ettt e st et e e s teete e besaeese e teese et e saeeneeneesneeneenaean 37
4.1 Change in a Single FaCtor Tabh .......cccoviiiiiiiiir e 37
4.2 Most Significant FaCtOrs Tab .......coviieiiiiiie e 38
4.3 LCC SNAPSNOLS TAD ...ttt 39
5. Uncertainty and Risk Analysis (Monte Carlo SImulations)...........cccoccvevieeiee e vien v 41
5.1 The BasiC and AdVANCEA IMOUES .........oeeiiveieeiiriie et e s sttt e s st eeesseraeeessbeeeessbeeesssbeeessarseeessans 41
5.2 RUN STMUIAEION T ettt e e e et e ettt e e e e e ra e eeeeeeeeranraaeees 42
53 R LTV DL - PP PRRRTRTRRRRRRRRRT 43
5.4 VIBW RESUIES TaD .oeiiiiiiiiieeiii ettt ettt et e e e sttt e e e s e s e e ettt e e s ras s b b e et e eeesssasrrraeeeeeees 43
55  Global Uncertainty Changes WINUOW ...........ccuiiiiiiieiiniiieieescse e 44
6. Example Analysis — Basic: Route 40 HPC BFAge ......cveviiieieieeeee et 47
6.1 L@ 1V Z=T Y/ 1=V AT 48
6.2 DL | - VR 50
6.3 RESUIES ...ttt et e et e ettt e e e e e e e ettt e e e e e e ae et eteeeeeeaa e rrteeeeeaaa s 57
7. Example Analysis — Advanced: Terrorism Risk Management.........ccccocvevveveevieevinsincse e e esee e 65
7.1 L@ AV RV 1Y TR TRRR 65
7.2 D2 - R 66
7.3 RESUIES .ttt ettt ettt e e et e ettt e e e e s ae et eeteeeeeeae e —eeteeeeeeaa e teteeeanaaarareres 69
8. Additional EXampPle ANGIYSES........ccciiiiii ittt e e ee e nre e e e s neeee e 75
Appendix A. Life-Cycle Costing Methodology and Cost Classification Scheme.......c.ccccccvvvvivviiiieninnne. 77
Appendix B. Life-Cycle CoStiNg FOIMUIAS ........ooiiiiiiiieiese e 87
LY (L (] oL 89



List of F

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.
Figure 10

Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.

igures

COoSt SUMMANY WINAOW........eiiiiiiiiiiie ettt s te st sbe et e be st e stesbaenaesbeaneenee e 2
Standard Window NOMENCIALUIE..........ccviiiiiiiie et 5
LATZ=] (o] T IS Tod 1= T o PSPPI 8
(O] oL IR T3 To 01U 9
New Project Wizard — Step 1 of 4: Define Project, Alternatives, and Dates...........ccccccvevvervenenne. 10
New Project Wizard - Step 2 of 4: Define Physical EIements............cccccooviiiiiiiiiinncics 10
New Project Wizard - Step 3 of 4: Define DIMENSIONS.......c.cccovveieeieeieeiee e se e see e see e 10
New Project Wizard - Step 4 of 4: Costs and Years t0 REPair.........cccccveveveeieiese e 11
COSt SUMMANY WINAOW. ..ottt ettt see e eseesbeeneeneesneeneenees 12
. Project DeSCrIPtiON Tabh .....ccciiii e sttt e e sne e sne e s e e e nee e 14

GENEIAI INOLES TADS ...iiveieiiiie ettt ettt ettt e e st e e et e e s sbb e s s be s e sbbeesbbeesbesesbaeesateeans 14
AREINALIVES WINUOW ...ttt ettt e sttt e s st e e s sttt e s s st b e e e s sabbaesssabaessssabaasessabaaneas 15
[=lo0] g [ R T Tol B L L v= T I o TR 17
L [T gL L I Lo TR 19
Lo LR O AT AT o [ TR 20
Browse All COSES WINUOW ......couveiiiiiiiiii sttt vee s s bt e s e s saba e s e s sabaa s s s saba s e s s sabaaesssnbrnneas 22
L] 1T 1 AT T [0 SR 22
COSt SUMMANY WINAOW........ecuiiiiiieie ittt sttt te st e besreereentesteaneenne e 23

Figure 19. Cost Summary Window wWith Filtered COSES .........cooviieiiiieie e 24
Figure 20. LCC SUMMAY GFaPRS .....cciiiiriiieiie e stee et e teesteeste e steesneesse e s e e teenteesteesteesnnesneesneeenes 25
Figure 21. The Four TIMEHNE Graphs ......cocve ittt be e re e e e 26
FIgure 22. REPOIS WINUOW ........oviieiieiieiiiiisie ettt bbb bbbttt b e ane s 27
T O A BTV o]0 F=l T oo o ST 27
FIQUIE 24, EIT EVENES.....iiiiecec ettt e s e st e et e et e e s be e be e st e e aneeente e teesraeanneeneeenes 29
FIgure 25. WOTIKZONES TaAD ..ottt bbbt ene s 31
Figure 26. Concrete Service Life Prediction TOOI .........c.oooi oo 33
Figure 27. Image Gallery WINAOW .........cccviiiiiii ittt e st snnesnee e 34
FIgUre 28. ONEINE HEIP ..ot be st e e b e s beena e beene e e e 35
Figure 29. PreferenCes WINGOW...........coiiiiiiiiiieieiei sttt bbb ane s 35
Figure 30. Change in a Single FACtOr Tab .......cccciiiiiiiie et e e 37
Figure 31. Most Significant FaCtors Tab .........ccociiiiiiii i st 38
Figure 32. TOP FACLOIS Graph .....c..ceciiiiiiiiie ettt b bbb ene s 39
Figure 33. LCC SNAPSNOLS TaD ... .eiiiieieiiiiiie ettt ettt ettt eseesteeneeseeene e e e 40
Figure 34. Basic and Advanced Mode Versions of Edit Costs WINAOW ..........cccccccveveevieenecniesiesiee e 41
Figure 35. Edit Uncertainty Values WINGUOW ..........ccociveiiiiiic ettt 42
Figure 36. RUN SIMUIALION TaAD ..o st 43
FIQUIE 37. VIBW RESUIES....ccuviiiec ettt st e e s e e te e te e sreesnneenee e e 44
Figure 38. Global Uncertainty Changes..........coviveiiiiciicie ettt st 45
Figure 39. Plan and Elevation Views Of Bridge..........cccooiiiiiiiiiiiiei e 48
Figure 40. Example Analysis - Basic: Filtering Costs Using the Cost Summary Window ........................ 55
Figure 41. Example Analysis - Basic: Cost SUmMmary WindoW ...........ccccvvveviiiiienene e 57
Figure 42. Example Analysis - Basic: Cost Summary Window Showing Net Savings..........ccccvverenienae 58
Figure 43. Example Analysis - Basic: Summary Graph of Life-Cycle Costs, by Alternative.................... 59
Figure 44. Example Analysis - Basic: Timelines of Life-Cycle Costs, by Alternative ...........cccccevvennen. 60
Figure 45. Example Analysis - Basic: Effect of Real Discount Rate on Life-Cycle Costs..........c.cceeveneen. 61
Figure 46. Example Analysis — Basic: Graph of Top Factors Affecting Life-Cycle CostS .........c.ccceeueneee. 61
Figure 47. Example Analysis - Advanced: Edit EVENtS WINAOW .........ccccovviviiiiie i sie e nie e 68
Figure 48. Example Analysis - Advanced: Browse All Costs WINdOW...........cccccevvvvviiiiiiecvece e 69
Figure 49. Example Analysis - Advanced: EVEN/COSE MAP .......coviviiieieieiiincne e 69

Vi



Figure 50. Example Analysis - Advanced: Cost Summary Window, Total $ ............ccccooviiiiniiiiiinen. 70
Figure 51. Example Analysis - Advanced: Cost Summary Window, $ per Sq. Feet (Area of Deck)......... 70

Figure 52. Example Analysis - Advanced: Cost Summary Window, Net Savings ($) per Sq. Feet........... 71
Figure 53. Example Analysis - Advanced: Timelines 0f COSES .........cccurvereiriiiiiiieneeese e 71
Figure 54. Example Analysis - Advanced: Change in Single Factor, Real Discount Rate......................... 72
Figure 55. Example Analysis - Advanced: Monte Carlo Simulation Results............cccccooevvviviiie e, 73
Figure 56. Additional Example: Comparing WOrKZONES..........ccccveiiiiiieie e 75
Figure 57. Additional Example: Comparing Concrete MiX DeSIgNS ........cccviiririrenenieieisesise e 76
Figure 58. Additional Example: Repair or Replace Bridge DecK.........cccvoviiiiiiiiiiiiiiee e 76
Figure Al. Present Value of Future Costs, by DiSCOUNt RALE........cccccveieiiiicicce e 79
Figure A2. Evolution of New Technology Materials............coiiiiiiiiiiiii e 83
Figure A3. An Example of the Cost Classification for an Engineer’s Estimate

of New Bridge Construction (With NTT COSES)......cccueiiiiiiiiieiieiie e see et nnee 85
List of Tables
Table 1. Technical Characteristics of the Base Case and Alternative Bridge Designs.........ccccoovererennn. 49
Table 2. PrOJECE PATAMELENS ... .oc.eiieiieieieeeieee ettt ettt e sttt e seeeteeseesteeseeaesae e s e sbeenesaeeneesneeneeneeas 50
Table 3. Salt EXPOSUIe iN VarioUS STAES ......cccuiiieiiiiiieiie e sie e steesiee st e steesteeteeste e sre e sneesreesneesaeenteesaeeeeenenens 51
Table 4. Real Discount Rate, by NUMDEr OF YEAIS......c.ccoiiiiiiiiiiiie et 51
Table 5. EXAMPIE COSE DAL .....c.eeiiiiieieeeeee ettt te et et s re st e besneenaesneeseesneeneeneeas 53
Table 6. EXAMPIE USEI COSIS.....uiiiiiiiiiiiiiiisite st se e steesee s et teerte e e ste e s te e saeessaeaseeabe e beesteesreesneeeneeenteenreens 56
Table 7. Example HPC Costs that are Different than Conventional Concrete ..........ccccocevevviieveveciennns 57
Table 8. Terrorist Attack Frequencies and Damage Levels, by Alternative ..o, 66
Table 9. WOrKZONE PAraMELEIS ......ooiiiiieiee ettt ettt st e st esae e te e eesteeneesaesteeneesneeneeneeas 67
Table 10. Real Discount Rate, by NUMDEr OF YEAIS.......ccccv i 67
Table 11. Example Analysis - Advanced: Agency Costs, by Alternative............cccooeveveiiininicnencsenn, 68
Table Al. FHWA CORE Bridge EIBMENTS .........cociiiiiiiieieienee et nee e 82
Disclaimer:

BridgeLCC bears no warranty, neither expressed nor implied. NIST does not assume legal liability
nor responsibility for a User’s utilization of BridgeLCC. NO WARRANTIES AS TO ANY
MATTER WHATSOEVER ARE MADE BY NIST, INCLUDING NO WARRANTY OF
MERCHANTABILTY OR FITNESS FOR A PARTICULAR PURPOSE.

Certain trade names and company products are mentioned in the text or are identified in an
illustration in order to adequately specify the experimental procedure and equipment used. In no case
does such identification imply recommendation or endorsement by the National Institute of
Standards and Technology, nor does it imply that the products are necessarily the best available for
the purpose.

Adobe® and Acrobat® are registered trademarks of the Adobe Corporation. Microsoft® and

Windows® are registered trademarks of the Microsoft Corporation. WinZip® is a registered
trademark of WinZip Computing, Inc.

vii



viii



1. Introduction

1.1  Background

The Building and Fire Research Laboratory, one of seven laboratories at the National Institute of
Standards and Technology, performs research in diverse areas such as structural design, new-
technology construction materials, automated construction techniques, and fire resistance of building
systems. Its staff work to develop and provide to industry new cost-effective materials, designs, and
processes for buildings, bridges, and other structures in built environments.

In support of these objectives, the Office of Applied Economics develops and provides industry with
tools that determine the cost effectiveness of building-related alternatives. In the case of designing,
building, and maintaining a highway bridge, the cost-effective bridge designs, construction
processes, and repair strategies are those that minimize the costs to the owners and users of the
bridge over its life or life cycle. For state and local agencies that maintain many bridges of different
ages and uses, reducing these bridge life-cycle costs reduces the aggregate cost of providing their
regions’ transportation infrastructure and thereby the tax burden on its citizens.

Bridge engineers designing a new bridge or repairing an existing bridge will typically — and are often
required to — compare and choose from several alternative strategies, such as “steel structure vs.
concrete structure” or “repair the structure vs. replace the structure.” In many cases the engineer has
an existing, “base case” technique or strategy, and “alternatives” that represent specific changes to
this base case. Currently, for alternatives that provide the same technical performance, including
code compliance and service life, construction costs are typically used to compare and ultimately
decide on the design strategy. But an alternative with higher initial construction costs may have
significantly lower operation, maintenance, and repair costs, and therefore life-cycle costs. Life-cycle
cost analysis allows the engineer to determine which alternative is cost effective over its intended
life.

BridgeLCC is user-friendly, Windows® software specifically designed to help engineers, material
specialists, and budget analysts determine the life-cycle cost effectiveness of their bridge designs and
processes. The user defines his or her project (such as building a bridge), defines the alternatives
(such as making the bridge with steel versus making the bridge with concrete), and then compiles the
costs of building, maintaining, and then disposing of each of these alternatives. Costs include project
costs incurred by the agency responsible for the structure (agency costs), costs incurred by drivers on
the highway that are inconvenienced by bridge construction and other bridge activity (user costs),
and costs incurred by third parties who are not direct users of the structure but are impacted by
construction and repair activity (third-party costs).

Once the costs are compiled, the user compares the life-cycle costs of the alternative bridges or
processes. The alternative with the lowest life-cycle cost, all other factors being equal, is the cost-
effective bridge. The user utilizes the cost classification in BridgeLCC to compare the technical
advantages and disadvantages of each alternative in life-cycle cost terms.

BridgeLCC uses a life-cycle costing methodology based on the ASTM practice for measuring the
life-cycle costs of buildings and building systems (ASTM E 917) and a NIST cost classification
scheme for comparing life-cycle costs of alternatives. The ASTM practice insures that the cost
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calculations follow accepted practice; the scheme helps the user account for all project costs,
properly categorize them, and then compare breakdowns of the alternatives’ life-cycle costs.

Figure 1 illustrates how BridgeLCC provides the framework for following the ASTM practice and
for categorizing and comparing costs. The Cost Summary window serves as a “home page,” where
life-cycle cost totals are displayed, alternatives’ costs can be accessed, and a step-wise list can be
used to access the most common tasks.

E Cost Summary: HPC ws. Conventional Concrete Bridge

Inflation: 2.20%  Real discount: 3.80% Edit costs of atternatives
. Mominal: £.08%
o 4 Current mode: Basic v BC [¥ Al 1 r r r r
T D e
b ’ | Conve (24) | HFC B (25) |

i Go Advanced : Set as default =cteates | acteates | =ctestes | =cteates |

Data

Diescription |Tl:|‘ta| (%) j 724,369 675,675 $0 $0 $0 $0
Alternatl\:-'es Costs by bearer
Azsumpliots ¥ Agency $715,495 $671,761
Edit Costs ¥ User 56,574 3,014
Browse Costs ¥ Third Party il $0
Edit Events Costs by timing
Ewvent/Cozt Map W Initial Construction F675,484 652 454
Image Gallery W O,M,and R $40,520 $18,127

Tools ¥ Dispossl 5 064 $5,064
Workzones Costs by component
Cancrete Elzmental

Analysis v Deck 201 813 173,119
Compute LCC WV Superstructure F212328 156,328
Sensitivity ¥ Substructure $260,221 $260,221
Summary Grphs ¥ Other $48,124 $i43 124
Cost Timelines =

Results W Mori-elemertsl 1,583 1,883
Results Log W News-technology introduction 0 $30,000
Reports

Figure 1. Cost Summary Window

Most of the ASTM-consistent steps required to complete a life-cycle cost analysis can be accessed
under Data, Tools, Analysis, and Results in the Cost Summary window, including how to

e describe the overall project and the alternatives under consideration;

e make project-wide assumptions such as the interest rate for discounting future costs to the
present, the average traffic levels at the bridge’s location, and the value of driver’s time;

e input and edit individual costs for each alternative bridge;

e test to see if the results are sensitive to changes in particular parameters or costs; and

e print reports documenting the steps in the analysis and the results obtained.

To access a step in the left-hand panel, double-click the mouse on the step.

In the center portion of the window is the table of current life-cycle costs by alternative (across the
top) and by cost type (down the left). In the upper-right section, the Edit costs of alternatives box
contains pushbuttons for accessing two project alternatives and creating four additional alternatives.
The top row in the table, Total ($), lists the sum of costs currently entered for each alternative.
Below this line, the table divides this total three ways, according to three groups: Costs by bearer,
Costs by timing, and Costs by component. The sum of the cost categories under each heading
equals the sum listed on the Total ($) line.



The check boxes in the Costs by bearer, Costs by timing, and Costs by component categories
allow the user to display results for a subset of costs. For example, to show only the engineer’s
estimates of these two structures, the user checkmarks the Agency box in the Costs by bearer group,
the Initial Construction box in the Costs by timing group, and all four Element boxes in the Costs
by component group. The Cost Summary window displays only the engineer’s estimates for each
alternative bridge, as a total in the Total ($) line and by cost types in the three major cost categories.
Note: all subsequent windows, graphs, and reports will display and act on only this subset of costs.

The upper left box contains Go Advanced and Set as default buttons. These allow the user to switch
back and forth between two fundamental modes in BridgeLCC: the Basic Mode that allows the user
to conduct and complete analyses without any uncertainty in parameters and the Advanced Mode that
performs risk and uncertainty analysis. For many if not most analyses, the user can stay in the Basic
Mode. (See Section 5.1 for a description of their use.)

The inflation rate, real discount rate, and nominal discount rates are also listed. The inflation rate is
used by BridgeLCC to compute the costs of future bridge activities, and the real discount rate is used
to compute the present value of these future costs. The nominal discount rate is the combined effect
of the inflation and real discount rates. (See the Section 2.3 for a more detailed description of these
rates.)

1.2 The Economic Foundation of BridgeLCC

BridgeLCC is based on the life-cycle costing, value engineering, and uncertainty analysis techniques
described in ASTM Standards on Building Economics' and on the cost classification scheme
developed by Ehlen and Marshall (1996).> Competing construction designs, strategies, and materials
are assessed by comparing their life-cycle costs when performing the same particular task, say, when
constructing, maintaining, and eventually disposing of a two-lane highway bridge. This life-cycle
cost (LCC) model shows for each alternative all of the relevant costs for the given function. The
alternative that performs the function for the minimum life-cycle cost is the economically efficient
choice, other things being equal. The model uses ASTM-standard formulas for discounting future
costs to their present-value equivalents and for conducting sensitivity and uncertainty analysis.
Additional formulas outside of the ASTM Standards are provided for computing the costs to drivers
during bridge construction and repair activities (but users can still specify their own user costs).

In BridgeLCC’s Advanced Mode, the user can perform Monte Carlo simulations of probabilistic life-
cycle cost outcomes based on uncertainty about the value and timing of a project cost, parameters
such as the real discount rate, and workzone costs. The user chooses the relative uncertainty of each
value; for example, if the best-guess value of a unit cost is $100 per square meter but the cost varies
uniformly between $90 and $110, the user can input a unit cost of $100, specify a uniform
distribution with an uncertainty of £10% (e.g., $100 — 0.10($100) = $90). The Monte Carlo
simulations produce distributions of life-cycle cost, allowing the user to see the range of life-cycle
costs that can result from the uncertainty in costs and parameters. (See Chapter 5 for details and
instructions on conducting Monte Carlo simulations.)

! American Society of Testing and Materials, ASTM Standards on Building Economics, Fourth Edition,
Philadelphia, PA, 2001.

2 Ehlen, Mark A., and Marshall, Harold E. 1996, The Economics of New-Technology Materials: A Case Study of
FRP Bridge Decking, NISTIR 5864, Gaithersburg, MD: National Institute of Standards and Technology.
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1.3 Organization of this Manual

The manual begins with two chapters that describe the basic functions and options in BridgeLCC. It
follows with two chapters describing advanced and optional features and then two chapters
describing two example analyses.

Chapter 2 provides a description by function of how to perform a life-cycle cost analysis using
BridgeLCC, including how to start an analysis, how to input project parameters and alternatives’
costs, and how to produce life-cycle cost tables, graphs, and printed reports. Chapter 3 highlights
additional tools that make analyses more comprehensive and productive. Chapter 4 describes how to
conduct sensitivity analyses; Chapter 5 covers uncertainty and risk analysis. Chapter 6 describes in
detail a basic analysis (most of the figures in Chapters 2 and 3 are taken from this analysis). Chapter
7 follows with more comprehensive analyses that use the advanced uncertainty and risk features
described in Chapter 5. Finally, Chapter 8 gives some summary descriptions of additional example
analyses included with BridgeLCC. Appendix A outlines the life-cycle methodology in BridgeLCC;
Appendix B lists the BridgeLCC discounting and workzone-related user cost formulas.

This manual assumes that the reader has a working knowledge of how to use Microsoft® Windows®,
including how to find files and copy them, and to print results to a printer. If you are not familiar
with Windows®, please consult a Windows® users guide or operating system manual before
proceeding.

The BridgeLCC users manual follows standard window nomenclature, examples of which are shown
in Figure 2.



E Edit Costs - Base case: Conventional Concrete Bridge [LCC = $724,369)

|Base Case: Conventional Concrete Bridge

Cost items

Epoy coated reinforcing steel
Bridge deck grooving
Concrete Class A4
Epoeey-coated reinforcing steel

||
/Gro up box

Record 1 o124

Mame

|C0ncrete Class &4

Remarks

for the deck

Prestrezsed |-Beamn Type IV (801)
Structure excavation
Steel piles 10"

Pile poirt for 10" steel pile List Box

Concrete Class A3 hd Edit Field
Timing (2003) heck box
Start year
[ Tepeating |4 -
rop-down

j Events...

[~ Qwwn Inflation

J Ediit »workzones...

Lewvel 3 - Project Component

Evert (select '=no event=" if none) |<no evert=
Amount ($114,000)
Cuartity
| 400000

Uhleas
=

Unit cost (base year)

R 265.000

[~ U=ze default workzone user costs |

Level 1 - Bearer Lewel 2 - Life Cycle

& Agency (¥ Initial Construction ~ Deck «—Radio button
O Uzer " oM and R " Superstructure " Mon-elemental
™ Third Party " Disposal " Substructure ™ hewy technology

" Other

Edit elements...

Figure 2. Standard Window Nomenclature

Additionally, the manual uses some typographical conventions. Menu and window items are shown
in bold, and menu items in a task are separated with “/” slashes; for example, to save an analysis, the
user is asked to select File/Save Work..., that is, to first click File on the menu bar and then click
Save Work... from the File submenu. Similarly, if the user is asked to push a window button labeled
“OK,” the user is asked, “push the OK button.” The names of the windows themselves are also in
bold; e.g., the window in Figure 2 is the Edit Costs window. Filenames are shown in quotations; for
example, one of the analysis files that comes with BridgeLCC is “Route40.lcc.”

Special
notes

Special notes are highlighted with a box similar to the “Special notes” box to the left of this
paragraph. These notes provide useful hints and warnings about the proper use of BridgeLCC.

Help is provided in two forms. First, the software includes online help, which can be accessed by
either pressing the F1 key in the window about which you need help, or by selecting Help/Topic...
from the menu. Second, this manual is provided with BridgeLCC in the form of an Adobe® Acrobat®
PDF file, called “UsersManual.pdf”; it is one of the choices in the BridgeLCC directory in the
Programs section of your Windows Start menu. (For information about Adobe® PDF files and how
to install Adobe® Acrobat® on your computer, access the Adobe® web site, http://www.adobe.com.)






2. Using BridgeLCC

This chapter describes the three functional tasks necessary to perform a BridgeLCC life-cycle cost
analysis: (a) starting an analysis; (b) inputting and editing project data; and (c) computing,
interpreting, and reporting the life-cycle cost results. Each function is described with the first-time
user in mind and is supported with pictures of BridgeLCC screens and specific instructions on how to
accomplish the tasks. Once these functions are understood, read Chapters 3 and 4 for a description of
additional BridgeLCC capabilities.

2.1 Installing and Starting BridgeLCC

BridgeLCC can be installed by either downloading the software from the BridgeLCC web site,
http://www.bfrl.nist.gov/bridgelcc, or installing from CD. The software is designed to run in
Windows® 95, 98, 2000, NT, and XP on a computer that has at least a 600MHZ Pentium-level
processor, 64MB of RAM, 30MB of available hard disk space, and a video card that supports
1024x768 resolution.

Installing

When installing from the Internet, simply double-click the downloaded file. This will create a set of
files; double-click on the file “setup.bat.” When installing from CD, double click the “setup.bat” file
on the CD. The installation program will then walk you through a series of screens, including one
that allows you to select where on your hard drive BridgeLCC will be installed.

1. You need to reboot your computer after you install BridgeLCC 2.0.
Note 2. BridgeLCC is designed to run on a computer with a local hard drive; it will not work if it is
installed on any of a computer’s remote, networked drives.

To remove BridgeLCC from your computer, access the Windows® Start menu and select Uninstall
BridgeLCC from the BridgeLCC directory. After uninstalling, some files will remain in the
BridgeLCC directory on your hard drive, including the “*.lcc” project files you created.

Starting

Like most Windows programs, BridgeLCC can be started at least two ways. First, it can be started by
selecting Start/Programs/BridgeLCC/BridgeLLCC 2.0 from your Windows Start menu. Second, it
can be started by double-clicking on a BridgeLCC “*.lcc” analysis file located on your desktop or in
a folder (for this to work you must have rebooted your computer since installing BridgeLCC 2.0).
BridgeLCC will initially greet you with the Welcome screen shown in Figure 3.



Welcome

«# BridgeLCC

Version 2.0

Select

" Start new analysis

&+ Open existing analysis Exit

[ Don't show this window again

Figure 3. Welcome Screen

Basic vs. Advanced Analysis

To simplify the process of inputting data, conducting analyses, and interpreting and reporting results,
BridgeLCC 2.0 operates in two modes. The first, called the Basic Mode, provides the framework and
tools for conducting deterministic analysis only. The user inputs his or her best-guess values for
parameters, the timing and level of costs, and even the probability of a particular event happening
(such as an earthquake). BridgeLCC then computes for each alternative the single-value deterministic
life-cycle cost (or in the case of probabilistic events such as earthquakes, its single-value expected
life-cycle cost). The second, called the Advanced Mode, provides data fields and tools for conducting
comprehensive probabilistic analyses.

To see what mode you are currently in, look in the upper left hand corner of the Cost Summary
window; there will be a box stating either Current mode: Basic or Current mode: Advanced. To
change from one mode to the other, press the corresponding Go Advanced or Go Basic button; this
will replace all open screens with their other-mode counterparts. No data is lost when switching from
one mode to the other. The default starting mode can be changed in the Preferences window (see
Section 3.6 for details).

It is recommended that analyses be carried out in two phases, corresponding to the two modes. First,
in the Basic Mode, input your best-guess values for the values and timing of costs, the real discount
rate and other parameters, and other values required by your analysis. Compute deterministic life-
cycle cost, display graphs showing summary costs and cost timelines, and print reports describing
your deterministic analysis of your project. In many cases the Basic Mode, deterministic analysis is
sufficient for analyzing your project. If so, then your analysis has been completed.

If, however, you do need to conduct risk and uncertainty analysis on certain values (such as the real
discount rate, costs, events, or workzone costs), then switch BridgeLCC to the Advanced Mode (by
pressing the Go Advanced button), input uncertainty distributions and values in the parameter, cost,
events, or workzone fields, and conduct Monte Carlo simulations of the alternatives’ life-cycle costs.
(See Section 5.1 for more details on using the Advanced Mode.)



Additional Tips on Navigating through BridgeLCC

BridgeLCC provides standard tools for navigating through menus and tasks. In addition to the menu
bar at the top of the screen:

e use the task bar on the left side of the Cost Summary window to access the main windows
and associated tasks;

e click the right mouse button on the list boxes in the Edit Costs window, Edit Events
window, and Workzones window to add and delete costs, events, and workzones; and

o click the right mouse button on graphs of data to access “pop-up” menus with options for
changing colors or graph titles, for printing the graph, and for copying the graph to the
clipboard so that it can be pasted in word-processing and presentation programs.

More details about navigating through particular windows can be found in the windows’
corresponding sections in this manual.

2.2  Starting an Analysis
Opening an Existing Analysis
To open an existing analysis, either select Open existing analysis from the Welcome window
(which displays by default when you first start BridgeLCC), or select File/Open Existing

Analysis... from the menu (when the Welcome window has been disabled). Both display a dialog
window for accessing and opening “*.lcc” files (Figure 4).

open 21 x|
Look in: | ‘=3l BridgeLCC -] « @ e E-
|_1bmps ﬁRepair or Replace Deck lec
"1 currproj ﬁRDUtE-ClUJCC
"1data B Terrarism Risk Management.lcc
[ help

8] Comparing Workzones lec
ECDncrete Mix Designs.loc

q | i

File narme: Im Open I
Files of type: I*_Icc j Cancel |
[~ Open az read-only Help |

Figure 4. Open Window

Once a file has been opened, BridgeLCC will compute the life-cycle costs in the analysis and display
them in the Cost Summary window.



Starting a New Analysis

Start a new analysis by either selecting Start new analysis from the Welcome window or selecting
File/New Analysis... from the menu (when the Welcome window has been disabled). Only one
analysis file can be open in BridgeLCC at a time, so you will need to close an open analysis before
starting a new one (by selecting File/Close Analysis from the menu).

BridgeLCC will next walk through a series of windows for inputting the minimum information
required to start an analysis (Figure 5 through Figure 8).

Mew Project Wizard: Define Project. Alternatives. and Dates

Input the project name, the list of atternstives, the dates that define the study period of the
analysiz, and the inflation and real dizcount rates for discounting future costs to present
valles.

Project Description

[Mame |HPC vs. Conventional Concrete Bridae

Date [ 4/16/03 =

Project Alternatives
Mumber of aternatives (2 -

Baze caze |C0nventional Concrete

Alternative #1 |Hpc

|

|

|
Study Period

Base year m el

Interest Rates

Inflation (%31 | 2.00%
Defaults

Length (yrs) |75 vears -

Real Dizcount (%) 3.80%

Mominal discourt rate: 5.68%

Cancel | [Mext == |

Step 2 of 4: Define physical elements in the structures

Select a set of elements for your structure. (If desired, you can later create your
own set of elements in the Element Sets window).

Elements in the structures

Select set

Element #1: Deck

Element #2:  Superstructure
Element #3:  Substructure
Element #4:  Cther

Element #35:

Dimensions for bridges
First zet of dimensions:  Lanes on

Lanes under

Second set of dimensions:  Ares of deck, in Sq. feet
Length of bridge, in Feet

Cancel | == Back |

Mest == |

Figure 5. New Project Wizard — Step 1 of 4: Define
Project, Alternatives, and Dates

Step 3 of 4: Define classifying and quantifying dimensions of each structure

These dimensions will ke used to compare the atternstives, based an the listed dimensions and interms of cost per unit dimension (e.9., § per

sgjuate foot).

Dimensions
Base caze

Lanes on |1 j | J
Lanes under |1 j | J

Area of deck (So. feet) |1 5134] |

Length of bridge (Feet) [332 |

v Use same dimensions

Figure 6. New Project Wizard - Step 2 of 4: Define
Physical Elements

Cancel | == Back Mext ==

Figure 7. New Project Wizard - Step 3 of 4: Define Dimensions
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Step 4 of 4: Input optional cost and zervice life data.

For quick analysiz, input the total costs of construction, OMR* | and dizposal.

Costs
Baze Al
Construction ($) |g an |U_DU
Ohtand R.(5) |o.0o [n.oo
Years between repairs® |25 j |ﬁ j
Disposal (8) [0.00 |n.00

*The first of the repeating repairs will be this number of years from the base year

gancel | =<Back | Finsh |

Figure 8. New Project Wizard - Step 4 of 4: Costs and Years to Repair

Use the first window to input the name and date of the project, the names of the alternatives, and
study period parameters. Use the second window to select the set of project components (e.g., bridge
deck) to be used in classifying costs. Use the third to input bridge size information (e.g., length, area)
and, at the user’s option, the fourth to input simple, summary estimates of construction,
maintenance/repair, and disposal costs. Once the four screens have been completed and the Finish
button in the last has been pressed, the minimum skeleton of an analysis has been created. The Cost
Summary window will then display with the inputted data and current life-cycle cost totals for each
alternative.

Cost Summary Window
The Cost Summary window serves three important functions:

1. it summarizes the current LCC calculations, by listing totals, totals per unit (e.g., square
meter of bridge deck), and net savings;

2. it can filter costs and alternatives so that all calculations, graphs, and reports act on only the
filtered subset; and

3. it provides a list of the steps required to complete a life-cycle cost analysis (that double as a
means for accessing the windows that carry out these steps).

Steps in a Life-Cycle Cost Analysis

BridgeLCC uses the ASTM E 917 practice, in which, for example, the user defines the project, the
alternatives, and the costs, and carries out a sensitivity analysis. The menu panel on the left of the
Cost Summary window reflects these ASTM E 917 activities. By double-clicking the mouse on an
item on the list, the user can access the window(s) needed to complete the task. For example, the user
can double-click Description to access the Project Description window and edit the project
objective.

11



Current State of Life-Cycle Cost Calculations

The Cost Summary window also summarizes the current state of the cost calculations. The middle
portion of the window lists, by cost type, the life-cycle cost of each project alternative. In Figure 9,
these alternatives are listed as “Conve” for the base case and “HPC B” for alternative #1 (the two
words are abbreviations of the alternatives’ full names). The numbers in parentheses are the number
of costs currently in each alternative.

E5 Cost Summary: HPC vs. Conventional Concrete Bridge
Inflatior: 2.20%  Real discount: 3.80% Edit costs of atternatives
- Mominal: 6. 08%
sl - Current mode; Basic ¥ BC [ Al 1 r r r r
T Go Advanced Set as default | Conve [24) | HPC B (23) | =Create= | =Create= | =creates | =“create= |
Data
Degcription |Tuta| & j $724.369 $675.675 $0 $0 20 f0
Altematives Costs by bearer
Agsumptions W Agency $715,495 $671,761
Edit Costs W User $8,674 $3914
Browse Costs W Third Party $0 $0
Edit Events Costs by timing
Ewvent/Cost Map W Initial Construction F675,484 652,454
Image Gallery W O,M,and R $40,520 8127
Tools ¥ Dispossl 5 054 $5,064
Wworkzones Costs by component
Concrete Elemental
Analysis W Deck F201 813 F173,1139
Compute LCE W Superstructure $212.328 $156,328
Sengitivity W Substructure F260,221 F260,221
Summary Grphs v Cther 548,124 $48,124
Cost Timelines =
Results W Mon-elemertsl $1,883 $1,883
Resultz Log W MNewy-technology introduction 0 $30,000
Reports

Figure 9. Cost Summary Window

The Total ($) line toward the top lists the total life-cycle costs for each alternative, while the Costs
by bearer, Costs by timing, and Costs by component groups show three different breakdowns of
this total. For example, the current total for Alternative #1, “HPC,” is $675,675. Looking at the Costs
by bearer categories, $671,761 of this cost is Agency costs (costs incurred by the agency that builds,
maintains, and disposes of the structure), and the remaining $3,914 is User costs (costs incurred by
drivers on the bridge).

The sum of cost categories within each of the three Costs by categories always equals the Total ($)
value displayed. BridgeLCC recalculates life-cycle costs after each edit to a parameter or value that
affects these costs.

Note

Similarly, looking at the Costs by timing breakdown, of the $675,675 total, $652,484 occurs during
initial construction; $18,127 occurs during operation, maintenance, and repair (O, M, and R); and
$5,064 occurs during disposal of the structure. Finally, looking at the Costs by component
breakdown, of the $675,675 total, $179,119 is associated with the deck, $156,328 is associated with
the bridge superstructure, $260,221 is associated with the bridge substructure, $48,124 is associated
with other physical components with the structure, $1,883 is associated with non-elemental parts of
the bridge (e.g. overhead costs, mobilization), and $30,000 is associated with “new-technology”
activities (i.e., introducing and using the material for the first time).
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To see the life-cycle costs expressed in dollars per unit of bridge (e.g., per square meter or lineal
meter of bridge deck), select the Total ($) drop-down box and select $ per <bridge unit>. In our
example, our bridge unit choices are $ per square feet and $ per feet. To see the results expressed as
net savings over the base case, select Net Savings ($ per <bridge unit>). Positive values for an
alternative indicate net savings over the base case; if the values are negative, then the alternative’s
costs are greater than the base case.

Filtering by Cost Type and Alternative

Since life-cycle costs involve summing costs that are incurred by different groups, over different
periods of time, and in different parts of the project, it is useful to sometimes look at, edit, and
perform an analysis on only a subset of all costs and alternatives. For example, the user may want to
compare only the Agency, Initial Construction, and Deck costs of the Base Case and Alternative
#1. By check-marking only the Agency, Initial Construction, and Deck checkboxes and only the
Base Case and Alternative #1 alternatives, BridgeLCC will display only these cost types and
alternatives and generate graphs and reports that display data on these cost types and alternatives.

The life-cycle cost of an alternative is the sum of all costs associated with the alternative, not of any
Technical | subset of these costs. So while it is useful to filter costs for the sake of inputting and editing values,
Note and for explaining results, the life-cycle cost-effective alternative is the one with the lowest sum of all
costs.

To checkmark all of the Costs by bearer, Costs by timing, and Costs by component categories of
cost, position the mouse over one of the check boxes and click the right mouse button; a “pop-up”
menu will appear with options to checkmark all of the buttons (as well as to uncheck them all).

2.3 Inputting Project Data

After creating an analysis, the next functional step is to input analysis data. Using the ASTM
standard practice as a guide, there are three basic types of data:

1. project description and alternative data — at least the minimum performance criteria of
the project and the alternatives under consideration that meet these criteria;

2. project assumptions — the parameters common to all alternatives, including the discount
rate and the traffic parameters used to calculate user costs; and

3. cost data — the individual costs that make up each project alternative’s life-cycle cost.

BridgeLCC also allows the user to create and edit additional types of data, such as “events”; these
optional features are discussed in Chapter 3.

Project Description and Alternatives

Data for the project and its alternatives are entered into the Project Description and Alternatives
windows. The Project Description tab (Figure 10) is used to name the project, to date it, and to
describe its objective and the performance requirements that each alternative must meet. Be sure to
give an accurate description of the performance requirements each alternative must satisfy (e.g., HS-
20 loads and a 75-year life). Press the Gallery button in the bottom right corner to access the Image
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Gallery and to view/update the list of images showing characteristics of this project (such as photos
of current conditions).

Project description [_ O]
Project description l General notes }

Mame Date

|HPC vz, Convertional Concrete Bridge | 9/25/02 j

Chijective

Thiz analysis compares the life-cycle costs of a bridge buit from two aternative designs: (1)
5 "hase case” design that uses conventional strength concrete, snd (2) & nevw design that
uzes high-performance concrete. The structure with the lowest life-cycle cost has the
cost-effective bridge design

Bridge geamettics (common ta both design aternatives)

Bricoe Wicth: 44'-0" face-to-face of curk

Span layout: 4 - 80 foot prestressed concrete I-beam, Type IV spans.
(Capacity: HS20-44 loading and aternate miltary loading.

Drainage ares: 240 s, mi.

Specifications:

(Construction: %DOT Road and Bridoe Specifications, 1991.

Cesign: SAASHTO Standard Specifications for Highwsy Bridges, 1989, 1930, 1991 Interim
Specifications, and YDOT modificstions.

&1 structural steel, inchding bearings shal be ASTHW AT0S Grads 36

Liser costs:

The bridoe is on & rural highway and buit over a stream. The old bridge iz used until the nesw
one is built, preseenting traffic interruptions. Meintensnce resurfacing after 25 or so years
recuires the closing of one lane. A0T levels are so love that the user costs of maintenance
are small. There are no disposal user costs since cars will cross this bridge urti s
successor iz finished.

Kl

Input & general description of the project, including the key
performance requirements of any aternative.

H
Gallery (10) ..

Figure 10. Project Description Tab

The Project Description window can also be used to document notes about the basis of this analysis
(why and for whom it is being performed) and to summarize the results (Figure 11). Both are highly
visible parts of the BridgeLCC reports that are designed to be submitted to stakeholders and clients.

.| Project Description

Project dezcription General notes |

=10 xl ™ Project Description

Project dezcription General notes |

=0l x|

Analysiz log I Results Iogl Analysis log  Results log |

This analysis compares the life-cycle costs of a bridge built From bao g seen in the Cost Summany window, the base-case conventional concrete

alternative designz: [1] a "baze case" design that uzes conventional strength
concrete, and [2] a news design that uses high-perfarmance concrete. The
structure with the lowest life-cucle cost has the cost-effective bridge design.

Bridge geometrics [common to both design alternatives)

Bridge Width: 44'-0" face-to-face of curh

Span layout: 4 - B0 foot prestreszed concrete |-beam, Type Y spans.
Capacity: H520-44 loading and alternate military loading.

[irainage area: 240 =q. mi.

Specifications:

Construction: YDOT Road and Bridge Specifications, 1991,

Design: AASHTO Standard S pecifications for Highweay Bridges, 1989, 1930,
15591 Interim Specifications, and VD OT modifications.

Al structural steel. including bearings shall be ASTM AT03 Grade 36

Usger costs:

The bridge iz on a rural highway and built over a stream. The old bridge iz
uged until the new one iz built, preventing traffic interuptions. Maintenance
resurfacing after 25 ar g0 years requires the clozing of one lane. ADT levels
are zo low that the user costs of maintenance are small. There are no disposzal
uzer costs since cars will cross thiz bridge until its successor is finished.

The enclosed photographs represent what the key shape and design
characteristics are for the prototypical structure,

i

|

bridge has a life-cycle cost of $724,369 [$50.50 per square foot] while the
altemative, HPC bridge has a cost of $675.675 ($47.41 per square foat].
Check-marking the "Met zavings' button in this window, we see that the HPC
bridge has a net savings of $48,693 over the conventional concrete bridge.

The HPC-bridge life-cycle cost includes $30,000 in "new-technology" costs
for static load testing of an HPC beam, performed to insure that the HPC
beams will perform as designed. These costs are shorb-term costs; if in the
future the HPC bridge design becomes accepted practice and the load tests
are not performed. the net savings of the HPC bridge will be $78,633.

The HPC bridge has a lower life-cycle cost for wo reazons: fewer number of
beams [20 vs. 28] and estimated fewer repairs [deck repair in year 40 instead
of years 25 and 50). By check-marking cost types in the Cost Summary
windaw ta highlight subsets of costs, we see that the fewer nurmber of beams
in the HPC bridge saves $56.000 in superstructure construction costz, and
the HPC deck saves $17.734 in repair costs.

Because of the bridge's remate location, user costs play a minar rale in this
particular bridge. By check-marking the "User” level 1 costs and
uncheck-marking the Agency and Third-Party costs, the Cost Summary
window shows that the bage cage and altemative bridges have $8.874 and
$3.914 in uzer costs, both of which occur during OMER and are caused by

Kl I
Galleny [E] ... |

Figure 11. General Notes Tabs
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Project alternatives are created and edited in the Alternatives window (Figure 12).

Alternatives HE
Froject alternatives
# Coszts # Events
Baze case: Conventional Concrete Bridge 24 o
Al 1: HPC Bricge 25 a
[~ &lluze zame dimenzions a2 base case LG will be recomputed when this window is closed.
Basecase | A1 | a2 | k3 | Ak 4 |Ak5 |
|C0nverrti0nal Concrete Bridge
Dimenzions
Lanes on Lanes under Area of deck Length of bridge
[=q. feet) (Feet)
|2 = o =] [s13400 [322.00 Edit elements...
Eieams: J

Prestrezsed concrete in Type 1Y beams shall be clazs AS having a mininum compressive
=trength at 258 days equal to 8,000 psi and & minimum compressive strength at time of release
of strands equal to 6,000 psi.

Superstructure (including parapet and terminal wallz): Class A4

Al other concrete: Class A3

Crzch:
5 inches thick

Everts (0)... | Costs(24)..|  Gallery (0).. | <options> -

Figure 12. Alternatives Window

The top of the window lists the current set of alternatives, including the total number of costs and
events in each. To create an alternative, access the particular alternative’s tab and press its Create alt
pushbutton. Input values for the classifying dimensions (in Figure 12 they are Lanes on and Lanes
under) and the quantifying dimensions (in Figure 12 they are Area of deck (Sq. feet) and Length of
bridge (Feet)). Classifying dimensions are used for comparing the results of different LCC analyses
according to bridge characteristics — bridge lanes in this case, which quantifying dimensions are used
to compute life-cycle costs per unit, such as life-cycle costs per square foot of bridge deck. If you
want all of the alternatives to have the same classifying and quantifying dimensions, then input your
dimensions in the Base case tab and then checkmark the All use same dimensions as base case
check box. Classifying and quantifying dimensions are set in the Elements tab of the Project
Assumptions window (Element sets and classifying and quantifying dimensions are covered later in
this section).

The large text area is used to document the characteristics of the particular alternative (design,
construction techniques, maintenance requirements), particularly those characteristics that are
different from the other alternatives and that will impact life-cycle costs. The Events()..., Costs()...,
and Gallery()... buttons toward the bottom provide access to the event, cost, and image windows for
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this alternative; they also display in parentheses the current number of each type, for example, the
label “Costs (24)” indicates that the alternative currently has 24 costs. (The inputting and editing of
events is covered in Section 3.1; costs and images are covered in this section under “Project Costs.”)

To copy the currently displayed alternative to a new alternative, select Copy this alt from the
<options> drop-down box in the lower-right corner. You will then be asked which alternative is the
target. Note: this will destroy all data in the target alternative. For example, if you want to copy the
Base case to a new Alternative #4, then first make sure that Alternative #4 does not have any needed
data in it. To delete the currently displayed alternative, select Delete this alt from the <options> list.

Project Assumptions

The project assumptions are the parameters common to all alternatives; they are divided into four
groups in the Project Assumptions window (Figure 13):

Economic

Workzones

Concrete mix designs (for concrete service life prediction)
Elements

Economic Tab

The economic data includes the base year and length of study period, the currency to be used, and the
inflation and real discount rates (Figure 13).

The Base year is the first year of the study period (typically the first year of construction). It also

serves as the year on which all life-cycle cost (present value) calculations are based. The Length is
the duration of the study period, which is the period over which costs are analyzed.
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The study period is often different than the service life of the structure. The study period is simply the
years over which the life-cycle cost analysis is conducted. The service life is the period over which a
structure is designed to perform.

Technical
Note

i1
Economic | “whorkzones | Concrete | Elements |
Study Petiod——————— Interest Rates ﬂ
Base year IZDDS - Inflstion (%) | 220%
Length |75 - Real Discount (%) 380%
Last year: 2078 MNomiral discount rate: 6.08% Defalts I
~Currency ——————————————
$6,000
LS. Dollars (F) 'I
$1.000.00 el

$4,000
& §3,000
2,000

§1,000 -

mmmmmmmmmmmmmmmmmmmmmm

“vear in which the cost ocours
- Effect of inflation only on $1,000 - Effect of nominal rate on inflated $1,000

Figure illustrates the effects of inflation and nominal interest rates on $1,000. While inflation increases the cost of activities in the
future, the nominal discount rate [which takes into account both inflation and the time walue of money] lowers the present value of
these future costs. Whether the resulting present value is less than or greater than the initial 31,000 depends on the relative
values of the inflation and real discount rates

Figure 13. Economic Data Tab

The graph of costs over time illustrates the effects of the selected inflation and real discount rates on
individual costs. The upper line shows the effect of inflation on costs, in particular, it shows how an
activity that costs $1,000 in the base year will, at an inflation rate of 2.20%, increase to over $5,000
in 75 years. The lower line shows the effect of the real discount rate on that inflated $1,000 cost.
While inflation will cause this $1,000 cost to be over $5,000 in the 76" year, its present value will be
$61. The inflation rate is often set to the Consumer Price Index, produced by the Bureau of Economic
Analysis. The real discount rate for Federal infrastructure projects is set by the Office of
Management and Budget.

Current inflation and real discount rates can be found on the BridgeLCC web site,
http://www.bfrl.nist.gov/bridgelcc, as well as at their original sources at BEA and OMB. See also
NIST’s Energy Price Indices and Discount Factors for Life-Cycle Cost Analysis.®

Current
Rates

The effects of inflation and real discount rates are important for different reasons. The inflation rate
determines the sums of money — explicit, and in the case of workzone user costs, implicit — that will
be spent over time. Take a simple example: the agencies building and maintaining a bridge need to
know how much money to budget for a particular structure. Applying the inflation rate to all costs
and viewing the BridgeLCC annual and cumulative current year graphs of agency costs will tell them
the physical dollars that will be spent on the bridge over the study period (see Section 2.4 for
descriptions of these graphs).

® Rushing, Amy S., and Fuller, Sieglinde K. Energy Price Indices and Discount Factors for Life-Cycle Cost

Analysis. NISTIR 85-3273-18. Gaithersburg, MD: National Institute of Standards and Technology, 2003.
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The real discount rate is used to compute the present value of all costs, the sum of which is the life-
cycle cost of the structure. The real discount rate represents the time value of money; when combined
mathematically with the inflation rate, it forms the nominal discount rate (often just termed the
“discount rate”), which represents both the time value of money and the change in prices of
construction and services over time.”

Elements Tab

So that individual costs and life-cycle costs can be classified by project component (e.g., deck,
superstructure, substructure), the user defines up to 5 project components. In addition to these
physical components, BridgeLCC also supplies a Non-elemental component (for costs not
attributable to physical components, such as mobilization and overhead costs) and a New-technology
component (for costs incurred due to the first-time use of a new construction material or process, and
once the new technology is accepted, not incurred). Engineering firms supplying life-cycle costing
reports to state agencies with different elemental breakdowns (some may use the FHWA/PONTIS
CORE elements, others may use their own state’s elements) may need to maintain several sets of
components.

The Elements tab allows the user to view and set the element set for this analysis. In Figure 14 the
user has selected the “FHWA Core Element System.” Its classifying dimensions are the number of
Lanes on (the bridge) and the number of Lanes under (the bridge); these allow the user to compare
the results of different BridgeLCC analyses based on the general class of structure (eight-lane bridges
should not be compared with single-lane bridges). Its quantifying dimensions are Area of deck (Sq.
feet) and Length of bridge (Feet). The quantifying dimensions are used in the Cost Summary
window for listing life-cycle costs per unit (e.g., $ per square foot of deck) and in the Edit Costs
window for inputting costs.

* For more details on the use of the inflation rate and real and nominal discount rates, see ASTM, Building
Economics.
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M Project Assumptions ;IEIEI

Econamic I workzones I Concrete  Elements |

Mame of set

IFHW’A CORE Element System Clear fields | <options> j

— Classifying and quantifying dimension:

Unit of Meas.

Clazzifying dimengion #1  [Lanes on Quantifying dimension 1 Area of deck ISq. feet
Classifying dimension #2  |Lanes under Quantifying dimension #2  |Length of bridge IFeet

r— Element names and description:
Element 1 Element 3 Element 5
IDeck ISubstructure I
Concrete [Bare] Steel - Dpen Grid ﬂ Colurnn or Pile Extension Submerged & ;I
Concrete Unpratected with AC Overlay File Cap/Footing
Steel - Concrete Filled Grid Fier Wall Submerged Pile
Concrete Protected with AC Overlay j Abutment Cap LI LI
Element 2 Element 4
Superstructure IDther
Clozed ‘Web/Box Girder Timber ﬂ Stip Seal Expanzion Joint Elastomeric ﬂ
Truzzibrch Bearing
Open Girder/Beam Arch Pourable Joint Seal Movable Bearing
Stinger [stringer-floor beam system] j [raller, sliding, etc.] LI

Figure 14. Elements Tab

To save the currently displayed element set to the BridgeLCC element database on your machine,
select Add set to BridgeLLCC database from the <options> drop-down. You will be presented with

a database screen. To import a set from this screen into the Elements tab, select Import set from
BridgeL CC database from the <options> drop-down.

The Project Assumptions window contains two additional panels, the Workzones tab and the

Concrete tab. Since neither is essential to completing a Basic-Mode life-cycle cost analysis, they are
covered in Chapter 3.

Project Costs

BridgeLCC provides two windows for inputting and editing alternatives’ costs: the Edit Costs and
Browse All Costs windows. Figure 15 shows the Edit Costs window.
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Figure 15. Edit Costs Window

Use this window to create, edit, classify, and delete costs. The data on each cost are divided into
naming, timing, amount, and classification sections. The Name edit field lists the name that will
appear on all reports listing individual costs; the Remarks edit field is used to list important
supporting data such as the source of the cost (e.g., a previous analysis) or anything that limits use of
the cost (e.g., cost does not apply to very large structures).

To add, copy, or delete costs, position the mouse over the Cost items list and click the right mouse

i button; a pop-up menu will appear with these options.

The Timing group is used to date the cost. If the cost occurs only once, uncheck the Repeating box
and select the year in the Start year drop-down list. If the cost occurs more than once — for example,
every other year for ten years — then checkmark the Repeating box, select values in the Start year
and End year, and input a frequency in the Every __ years field, either by selecting a value from
the list or inputting a value.

Following the convention of most engineers’ estimates, cost amounts are input in terms of quantity,
unit of measure, and unit cost. The exception is when inputting a user cost (by selecting the User
button in the Level 1 - Bearer group); in this case the Amount group allows you to either (1) use the
default values of user costs, based on per-day driver delay, vehicle operating, and accident costs
calculated using the traffic parameters specified in the Project Assumptions window, or (2) input
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your own user costs. To specify your own user costs, un-checkmark the Use default workzone user
costs box.

Input costs in the Unit cost (base year) field in base-year dollars, that is, what it costs to perform
the task in the base year of the study period. For example, if the base year is 2003 and the agency

Technical | P&YS $5 per square foot in 2003 to repair a deck, then $5 is the cost in base-year dollars.

MG If in the Year 2004 it costs $6 per square foot for the same repair, then $6 is the cost in current-

year dollars. The $6 cost would need to be converted to its value in the base year ($5) before being
inputted in the Unit cost (base year) field.

Use the Level 1, Level 2, and Level 3 classification groups to classify the cost according to (1) who
incurs the cost (Agency, User, or Third Party), (2) in what period of the life cycle the cost occurs
(Initial Construction, OM&R, or Disposal), and (3) in what part of the project the cost occurs (e.g.,
Deck). All three levels are used in the Cost Summary window to list life-cycle costs according to
these levels.

Scroll through the alternative’s costs by selecting from the list box in the upper left-hand corner. To
create a new cost, copy the current one, copy all costs, delete the currently selected cost, or delete all
shown costs, position the mouse cursor over the list box in the upper left corner and click the right
mouse button.

Filtering Costs in All Windows

The user can view a subset of the alternative’s costs by going to the Cost Summary window and
check-marking the desired subset of Level 1, Level 2, and Level 3 cost types. For example, to see
only the engineer’s estimate, checkmark only the Agency, Initial Construction, and the four
Element check boxes in the Cost Summary window and then return to the alternative’s Edit Costs
window; the list of costs will be updated to reflect this filtering.

Browsing All Costs in an Alternative

The second window for viewing and editing alternatives’ costs, in a “spreadsheet” form, is the
Browse All Costs window, shown in Figure 16.
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Figure 16. Browse All Costs Window

To view a particular alternative, click the alternative in the upper left-hand drop-down box. To
change the types of information shown for each cost, checkmark the appropriate boxes in the Show
group. Edit cost data by double-clicking in the spreadsheet view. New costs can be added and the
current cost deleted or copied by pressing the associated buttons below the alternative list box.

Project Reports

Once the project description, alternatives, parameters, and costs have been inputted, BridgeLCC can
print reports so that the user can verify that these data are correct. Select File/Print... from the menu
to access the Reports window. Figure 17 shows this window and the boxes that should be checked to
print reports of the data covered in the previous sections.

E Reports
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— Analypziz
V¥ Cost Summary
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[ Top Factors
v Summary

V' Uncertainty
™| tante Carlo data - not vet computed

=101 ]

LCheck all

I Uncheck al I

Cancel I Prewvigw I

Figure 17. Reports Window

22



2.4  Reviewing Results

Computing Life-Cycle Costs

BridgeLCC computes life-cycle costs in “real time” — with each change in costs, real discount rate,
or other parameter, the software automatically re-computes life-cycle costs. So there really is no
effort to “computing life-cycle costs,” other than verifying the correctness of your data.

Cost Summary Window

The Cost Summary window (Figure 18) is the primary means for reviewing the life-cycle costs of

each alternative. The window has some important features for displaying alternative measures of life-
cycle cost and for viewing subsets of costs and alternatives.

E Cost Summary: HPC vs. Conventional Concrete Bridge

Inflation: 220%  Real dizcount: 3.80% Edit costs of aternatives

= Maminal: 6.083%
P o Current mode: Basic ¥ BC e Al 1 r r r r
gy Conve (241 HPC B (25)

Go Advanced Set as default | =crestes <Creates “Creates =creates |

Data

Descrption [Total () | 794,369 675,675 $0 $0 40 $0
Alternatl\.u'es Costs by bearer

Assumplions I ry— $715,495 571,761

Edit Costs v User 8,574 3,014

Browse Costs $0 $0

W Third Party

Edit Everts Costs by timing
Ewent/Cost Map W Initial Constructian $678 454 652,454
Image Gallery W O,M, and R $40,520 F18,127

Tools ¥ Disposal §5 064 $5,064
wiorkzones Costs by component
Concrete Elemertal

Analysis W Deck 201 513 179,119
Compute LCC W Superstructure $212.328 156,328
Sensitivity W Substructure §260,221 $260,221
Summary Grphs [v Other $48,124 $48,124
Timelines =

Results ¥ Mor-elemertsl §1,583 #1883
Log Results V¥ MNew-technology intraduction 30 $30,000
Print Reports

Figure 18. Cost Summary Window

In addition to displaying the levels of life-cycle cost, it can display

e life-cycle costs per bridge unit (e.g., life-cycle costs per square meter of bridge deck),
e net savings of the alternative over the base case, and
e net savings per bridge unit.

These alternate measures of life-cycle cost effectiveness can be displayed in the window by
accessing the Total ($) list box and selecting the alternate measure.

The window can also display results for a subset of costs and of alternatives. For example, if you

wish to see only the agency’s initial construction costs for the elemental and non-elemental
components, checkmark the boxes as they are in Figure 19.
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Ei Cost Summary: HPC vs. Conventional Concrete Bridge
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Figure 19. Cost Summary Window with Filtered Costs

The figures listed in the Cost Summary window can be printed using one of the reports in the
Reports window. To print the Cost Summary window, position the mouse cursor over a blank part
of the window and press the right mouse button; a pop-up menu will appear listing an option to Print
current window.

Graphs

BridgeLCC graphs life-cycle costs two ways. First, it generates summary graphs of life-cycle cost, by
alternative and by cost classification. The graphs can be displayed by either selecting Summary
Graphs from the Tasks list in the Cost Summary window or by selecting Graphs/All Three LCC
graphs... from the menu.

Figure 20 shows the three LCC summary graphs.
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Figure 20. LCC Summary Graphs

The second set of graphs that BridgeLCC can generate is timelines of costs. The four different graphs
are shown in Figure 21. The top-left graph shows annual costs in current-year dollars (what the costs
will be in the particular year) and the graph below it shows the cumulative total of these annual costs.
The top-right graph shows annual costs in constant dollars (or present-value dollars) and the graph
below it shows the cumulative total of these annual costs.
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The two left, current-dollar graphs are not life-cycle cost graphs, but rather cash-flow graphs, since
they represent the explicit and implicit dollars to be expended over time. The two right, constant-
dollar graphs display life-cycle costs.

Technical
Note

l,':f_! Current and Constant Costs. Yearly and Cummulative [_ (O] %]
‘early Costs in Current-year Dollars ‘early Costs in Baze-Year Dollars

Life-cycle cost (1

Life-cycle cost ($1

et
Cummulative Costs in Currert-v'ear Dollars Cumulative Costs in Base-Year Dollars

$730,000
$710,000
$690,000
$670,000
$650,000

$1,400,000
$1,200,000
$1,000,000
$500,000
$600,000

Life-cycle cost (51

Life-cycle cost (1

. Conventional Concrete Bridge . HP Bridge

Figure 21. The Four Timeline Graphs

Both the LCC summary graphs and the timelines of current-year and base-year costs can be printed,
modified, added to the gallery, and copied to the clipboard for pasting in other applications by
positioning the mouse cursor over a blank part of a graph and clicking the right mouse button. A
menu will appear, listing these options.

Reports

BridgeL.CC prints reports for most of the data and analyses it performs. As shown in Figure 22, the
reports are grouped according to whether they display input data or results from the analysis.
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Figure 22. Reports Window

After selecting the sub-reports to be printed, press the Preview button to see a preview of what the
reports will look like (Figure 23 shows an example output). If they look okay, then they can be
printed from the preview window.

{ BridgeLCC Report _[O0]

| |’|»|| ﬂ Q| | Page: 1
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Figure 23. Sample Report
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3. Additional Tools

Chapter 2 described the basic set of tools necessary to conduct a life-cycle cost analysis. This chapter
introduces additional tools that can significantly simplify more complicated and comprehensive types
of analyses.

3.1 Events

Consider a given bridge alternative that requires repairs to its deck every 15 years. Each repair
involves numerous steps and costs, each of which must be individually inputted into BridgeLCC.
During sensitivity analysis the user would like to know the effect of changing this 15-year repair
cycle on life-cycle costs.

The timing of all of the costs associated with the repair can be assigned to a BridgeLCC repair event.
The sole purpose of BridgeLCC events is to provide a calendar of scheduled events to which costs
can be collectively assigned. This event can be recurring or non-recurring, can be specifically defined
to occur after another event (e.g., a repair event can occur after a construction event), and can be
assigned a probability of occurring. (The Edit Events windows in this chapter are from the included
example, “Terrorism Risk Management.lcc.”)

Edit Events H[=] E3
|Base Case: Status quo j Sotby:  [Mame =
Evernts
=1 wAnnual attack-related event[1/75/1)
Annual attack-related evel |Ar|r|ual attack-related evert Mo attack [Prab. = 93.94%] [lag = 0 wrs)[1/75/1)
>Successful attack [Prob. = 0.001%] [lag = 0 wi=)(1/7541)

Successtul sttack | J >Unzuccessful attack [Prob. = 0.058%] (lag = 0 wre][1/75./1]
Unsuc1 Click. right mouse button to add or delete sats|
Dependence on other events

¥ |ndependent © Dccurs after | J | J
Timing

Start year End year RECUFS BYErY _ YEErS
W Bepsating i RIE =] [rveer |
Concrete frequency model |=no mix= - Edlit

Probability of occuring

FProbability of -l % J

e 0000 Create...

o S A e

e B I R - R e R = B B Vo R B o VO R
mECc NN B0 mT T T T NN 0D DD -

Figure 24. Edit Events

Events

The left panel lists the complete set of events for this alternative (which is selected in the upper-left
list box), and the edit fields for the name and description of the current event. To add, copy, or delete
events, position the mouse over the list of events and click the right mouse button; a pop-up menu
will appear listing these options.
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Event data

If the event is independent of other events, that is, it does not explicitly occur after another event,
select Independent. If, on the other hand, the event (such as No attack) occurs after another event,
there are several settings to make. First, select the Occurs after button and select a predecessor
event (in this case, Annual attack-related event). If the predecessor event has multiple occurrences
(in this case, every year from year 1 through year 75) but the event occurs only after the last
occurrence, then checkmark the Only after last occurrence check box. If you want the event to
occur the same year that the predecessor does, then set the Lag to zero; if, on the other hand you
want the event to have some lag, then set the Lag to the years between these events.

Depending on your settings, a Concrete frequency model list box may also be available. You can
use this selection to set the lag based on the predictions of the BridgeLCC Concrete Service Life
Prediction Tool. (See Section 3.3 for details on its use.)

Event timing

The setting of the timing of an event is identical to that in the Edit Costs window, with one
important exception. As with cost timing, an event that occurs only once is set by leaving the
Repeating box unchecked and selecting a year from the Start year list box. If the event occurs more
than once, then checkmark the Repeating box and select values from the Start year and End year
boxes.

If, as in the case of No attack, the event occurs after another event, then the Start year text changes
to First year after, and you input the number of years after the predecessor occurs that the current
event should first occur. If the event is recurring, then input the last year after the predecessor this
event should occur. For example, if the last occurrence of the predecessor were year 25, and you
want your event to occur in years 30 through 35, then input “5” in the First year after box, “10” in
the Last year after box, and “1” in the Recurs every ___ years box.

As with the Lag box, a Concrete frequency model list box, when available, can be used to set the
frequency of occurrences. For example, if the frequency of your event occurring reflects a recurring
deterioration/repair cycle, which is itself modeled through the BridgeLCC Concrete Service Life
Prediction Tool, then select one of the mix designs listed in the Concrete mix list; BridgeLCC will
then automatically set the Recurs every __ years field. See Section 3.3 for more details on using
the BridgeLCC Concrete Service Life Prediction Tool.

Event probability

Events can also be modeled as probabilistic events, such as the occurrence of earthquakes or terrorist
strikes. For example, if the event were a Richter-5 earthquake, then set the probability to some
reasonable value, such as “0.05” (percent). The Other probabilistic successors box lists the other
events that also follow this event’s predecessor.

To confirm your data, the lower-left graph displays the years in which the currently displayed event
will occur, and the right-side panel shows the current structure of all events for this alternative.
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3.2 Workzones

The most common way of measuring the impact of bridge construction and repair activities on the
drivers on and under the bridge are through the calculation of user costs. These are often measured as
the sum of (1) the additional costs to drivers from the delays that bridge activities cause, or driver
delay costs; (2) the additional costs to companies whose vehicles are delayed, or vehicle operating
costs (VOCs); and (3) the costs from the additional frequency of accidents in the bridge workzone, or
accident costs.

BridgeLCC provides the Workzones tab in the Project Assumptions window (Figure 25) for
managing a database of traffic-related user cost. (The formulas used for computing the driver delay,
vehicle operating, and accident costs are described in Appendix B.)

Project Assumptions [_[C]
Economic  Workaones IEUncrstE} Elemenlsl
Workzones This set Per day traffic costs [in 2003 dollars)
Sin ‘Smgla lame closure ™ Use metic 2003 2078
Total $1.568 $3.136
Driver delay 3545 $1.091
voC 3873 $1.745
I Accident $160 $300
‘wiorkzone dimensions At data
Deiay hours 109 218
Length of workzone [1. Acoidents 2.00 0.00
miles $3,500
Average daily traffic [ADT) $3,000
Base: 2003 [5000 Bscalion [o) cight e = End: 2078 [10000 $2,500
Rate per year o
$1,500
Nomal diiving conditions 1,000 M
Speed (mph] [55.0 Acoidents (per million vehicle-miles) |1.90 $500
“Warkzome driving conditions i 0 10 20 30 40 50 60 7O 80
Speed (mph] [25.0 Accidents [per million vehicle-miles] [2.20 vear
Costs
. — Total costs Wehicle operating costs
Driver delay [$) |5.00 VOC (8] [s.00 $/accident 100000 —— Driver delay costs —- Accidert costs

Figure 25. Workzones Tab

As with the Edit Costs and Edit Events windows, a set of workzone data can be created or deleted
by positioning the mouse over the Workzones list box and clicking the right mouse button; a “pop-
up” menu will appear listing these options.

The lower-left panels list the categories of data necessary for computing these costs.

Workzone dimensions

BridgeLCC computes driver delay and vehicle operating costs as a function of the additional time a
driver spends over the length of the workzone, specifically where the driver moves at a reduced
speed. Input this length in the Length of workzone field.

Average daily traffic (ADT)

Workzone costs increase as the number of vehicles that pass through the zone increases; this number
is typically expressed as the average daily traffic (ADT). The Base and End fields list the traffic
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levels at the beginning and end of the study period. Since traffic typically increases over time,
BridgeLCC provides two means of increase: Straight line (linear) and Exponential. When Straight
line is selected, the End field is available; when Exponential is selected, the End field is disabled
but the Rate field becomes available. Input your appropriate values.

Normal driving conditions, Workzone driving conditions

For the Normal driving conditions fields, input the average driving speed and accident rates when
there are no construction activities; for the Workzone driving conditions fields, input the speed and
accident rates during workzone activities (such as deck repairs). The differences between these
normal and workzone rates are used to compute the additional time spent by each driver in the
workzone.

Costs

Input the hourly costs to drivers and to vehicle owners of spending each additional hour driving and
the cost of each additional accident. In Figure 25 the cost per hour of driver delay is $5.50 per hour
and of vehicle operating cost is $11.00 per hour; the cost per accident is $200,000, all expressed in
base year dollars.

The upper-right panel summarizes the user costs for this workzone, including the breakdown by type
of user cost, the delay hours per day (the delay per car times the number of vehicles), and the
increase in accidents per day. It also graphs the breakdown and growth of user costs over the study
period. (See Appendix B for a full description of the formulas and assumptions used in these user
cost calculations.)

3.3 Concrete Service Life Prediction Tool

BridgeL CC also includes a tool for estimating the time it takes for concrete to deteriorate to the point
of needing repair. The tool is based on research conducted at NIST’s Building and Fire Research
Laboratory; see http://www.bfrl.nist.gov/862/vcctl/ for specific details on this research.

This service life tool is integrated into a BridgeLCC analysis the following way. First, the user
designs alternative concrete mixes in this Concrete tab in the Project Assumptions window; each
results in an estimated time-to-repair of the particular concrete structural element. Next, in the Edit
Events window, the user selects the mix designs as estimates of either the lag between sequential
(i.e., predecessor-successor) events (in the Lag field) or the frequency with which an event repeats
(the Recurs every __ years field).

Figure 26 illustrates the components in this window.
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Figure 26. Concrete Service Life Prediction Tool

Concrete set

New concrete sets can be created by positioning the mouse over the list box, pressing the right mouse
button, and then selecting Add new item from the pop-up menu. Press the Use defaults button to
reset all values to a default set provided by BridgeLCC.

Mix design

Use the fields in this panel to define the mix design of our concrete. The panel provides useful mix
metrics, including the water-to-cement ratio (w/c ratio), the silica-to-cement ratio (s/c ratio), and the
sum of the volumes of all ingredients, which should sum to 1 cubic meter. The Diffusion coefficient
field lists the chloride diffusion rate for this mix in 1 x 10 meters-squared per second.

External site conditions

The two site conditions that affect the rate of chloride diffusion are (1) the external exposure to
chlorides (road salts) and (2) whether leaching occurs. Either input a level of exposure in the
External concentration field or select a representative state from the Examples list box. Checkmark
the Leaching box if leaching occurs (leaching increases the rate of diffusion).

Internal conditions

The three internal factors affecting the initiation of corrosion are (1) the minimum internal level of
chlorides necessary to start the corrosion of internal reinforcing steel, (2) the length of concrete cover
(i.e., the distance over which the chlorides must travel from the outside to the reinforcing steel), and
(3) the number of days between when the concrete was first poured and the first contact with external
chlorides occurs. Input these three respective values in the Level to initiate corrosion, Concrete
cover, and Age fields.
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Once these values are set, press the Calculate button to compute the chloride diffusion coefficient
and service life of this mix design. (These values will be automatically computed when life-cycle
costs are computed for an alternative that uses the mix design.)

3.4 Image Gallery

BridgeLCC provides an Image Gallery window for organizing and printing images relating to your
analysis. The window is accessed via the left panel in the Cost Summary window or the menu.
Images are organized by project, alternatives, and results.
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Figure 27. Image Gallery Window

To input a new photographic or line art image, select a Category (Project, an alternative, or Results)
by positioning the mouse over the current list of images for that category and pressing the right
mouse button; a menu will appear, listing options for adding a new image (or deleting the currently
selected image). If a displayed image appears smaller than its original size, then try enlarging the
Image Gallery window as much as possible; the image should resize to the window.

Most of the life-cycle costing graphs in BridgeLCC can also be added to the Image Gallery. For
example, snapshots of the cost summary and cost timeline graphs can be added to the Image Gallery
by positioning the mouse over these graphs, right clicking the mouse button, and selecting Add
graph to gallery from the pop-up menu.

3.5  Online Help

BridgeLCC provides context-sensitive help for all of its windows. To access this help for the current
window, press the F1 key. Press F6 to access the Table of Contents, shown in Figure 28. The help
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also provides a Search tab, which is used to search the help for specific terms, such as “inflation
rate.”
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Figure 28. Online Help
3.6 Preferences Window

The Preferences window (Figure 29) is used to set the defaults for particular optional windows,
graph colors and fonts, inflation and real discount rates, and analysis modes (either Basic or
Advanced). Once the selections are made and the window closed, these settings will be used in all
BridgeLCC analyses.
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Figure 29. Preferences Window
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4. Sensitivity Analysis

In the Basic Mode, all of the values used for costs, real discount rate, inflation rate, and others are
considered to be best-guess values; they provide a deterministic estimate of the life-cycle costs of
each alternative. Still, the user would like to know the influence of each variable on the life-cycle
costs and cost competitiveness of the alternative —would the alternative no longer be cost
competitive if the variable increased or decreased slightly?

In lieu of conducting a comprehensive analysis of uncertainties in the Advanced Mode, the user can
analyze the effect of individual parameters on life-cycle costs. This can be achieved with three tabs in
the Sensitivity Analysis window:

1. The Change in a Single Factor tab,
2. The Most Significant Factors tab, and
3. The LCC Snapshots tab.

4.1  Change in a Single Factor Tab

Consider a two-alternative BridgeLCC analysis, in which the deterministic best-guess values show
Alternative 1 to be the life-cycle cost-effective design. A common question is: is this alternative the
cost-effective design when the real discount rate changes?

The Change in a Single Factor tab can be used to answer this question. As shown in Figure 30, the
user can select Discount Rate from the left panel, select +/- 100% in the Variation box, and then
press the Compute button; the graph will then display the life-cycle costs of each alternative over the
range of real discount rate values.

B Sensitivity Analysis

Input Values | LCC Snapshots |

= Parameters Lhange in a Single Factor | Most Significant Factars

= Interest rates

Discount Rate (3.50) $350,000
=I- Alternatives
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$650,000
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DISCOUNTRATE
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Figure 30. Change in a Single Factor Tab



As shown, Alternative 1 has lower life-cycle costs than the Base Case for real discount rates between
0.0% and 7.6%. Said another way, Alternative 1 is the life-cycle cost-effective alternative regardless
of the discount rate used.

The left-side panel lists all costs, events, and other parameters used in some or all of the alternatives
in the analysis. Select an item to see its effect on life-cycle costs and whether one alternative remains
the best choice in terms of life-cycle cost.

To print the graph, add it to the Image Gallery window (for inclusion in analysis reports), or to copy
it for pasting into a word processing or presentation file, position the mouse over the graph and press
the right mouse button; a window will appear with these options.

4.2 Most Significant Factors Tab

As regular use of the Change in a Single Factor tab will show, some factors have more impact on
life-cycle costs than others. Those factors that have little or no effect on life-cycle costs can in fact be
ignored. The Most Significant Factors tab (Figure 31) is used to rank-order the effect of parameters
on life-cycle costs so that the most important factors can be identified and investigated further.
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Figure 31. Most Significant Factors Tab

To compile this list, press the Compute button. The window will then compute, for each parameter
listed in the left-side panel, life-cycle costs based on a 10% increase in the value. The percent change
column lists the percent change in life-cycle costs (for each alternative that uses the parameter) due
to the 10% increase in parameter value.

When done, the window will list the most important factors, in descending order. To view a graph of
these factors (Figure 32), select a number from the <graph top factors> box. To print this graph, add
it to the Image Gallery, or copy and paste it to a word-processing or presentation document, position
the mouse over the graph and click the right mouse button; a menu of choices will appear.
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Figure 32. Top Factors Graph

4.3  LCC Snapshots Tab

Analysis of single and multiple factors may lead the analyst to want to compare the baseline set of
best-guess values with another set of values. The summary values of these two or more sets of values
can be compared using the LCC Snapshots tab, shown in Figure 33.

The simple case works as follows: first, after completing the input of all best-guess values for all
alternatives, save the analysis, and then create a snapshot of these values. Take a snapshot by (1)
creating a new snapshot entry (right-click the mouse over the list of snapshots; a menu will appear
for adding and deleting snapshots) and (2) pressing the Take snapshot button. The cost fields in the
lower panel should now show the values currently shown in the Cost Summary window.

Next, change the values of costs, events, and other parameters to reflect a coordinated set of
alternative values (such as changing both inflation and real discount rates). Take a second snapshot,
using the two steps above. When done, print both snapshots (through the Reports window) and
compare.
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Figure 33. LCC Snapshots Tab
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5. Uncertainty and Risk Analysis (Monte Carlo Simulations)

5.1 The Basic and Advanced Modes

In some cases, the best-guess values are not known with significant certainty and should rather be
viewed as ranges of values. These ranges of costs, timings of costs, events, discount rates, and other
parameters result in ranges of life-cycle costs. Each alternative does not have a single life-cycle cost
but rather a range of life-cycle costs.

BridgeLCC separates out uncertainty and risk analysis by providing two modes of use, the latter of
which provides fields for inputting and analyzing uncertainty. In the first mode, called the Basic
Mode, there are no fields for inputting uncertainty, other than inputting in the Edit Events window
the probability of an event occurring. In the second mode, called the Advanced Mode, there are
uncertainty fields associated with many variables. The user can switch back and forth between these
two modes without any loss of data. As an example comparison, Figure 34 shows the Edit Costs
window in both modes; the Advanced Mode version has additional fields for inputting uncertainty

values for Start year, End year, Every years, Quantity, and Unit cost.
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Figure 34. Basic and Advanced Mode Versions of Edit Costs Window

To move between the two modes, either press the Go Advanced or Go Basic button in the Cost
Summary window. To make the current mode the default mode for all BridgeLCC analyses, press
the Set as default button in the Cost Summary window.

Since using a second, advanced mode adds a layer of complexity to the overall process, it is
recommended that you use the following steps to conduct an uncertainty and risk analysis in
BridgeLCC:
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1. First, in the BridgeLCC Basic Mode, input all of the best-guess values for all costs, events,
and other parameters in all alternatives. Once complete, note the life-cycle cost of each
alternative using the Cost Summary window.

2. Switch to the BridgeLCC Advanced Mode. For each parameter to be modeled with a range of
values, select a distribution type from the parameter’s Distribution list box. The Edit
Uncertainty Values window will appear (Figure 35), allowing for the setting of the values
needed for that particular probability density function.

Edit Uncertainty Yalues |

— Mormal distribution [best guess value = 400.00)

Since this iz syrmetric around the best-guess walue, you only need ta specify the Probahility Distribution Function
lower bound. 0400

0.0a0
0.0s0
n.ovo
0.060
0.0so
0.040
0.030
0020
oo

Upper edge of distribution (symmetric with lower edge) I 440.00 000

Boundary of lower Sth percentile

Percent (%)

ost likely = best quess value I 400.00

Range of values

Help I Update araph Cancel | Set I

Figure 35. Edit Uncertainty Values Window

3. Once all uncertainty values have been inputted, access the Uncertainty and Risk window
(either by clicking Uncertainty on the left-side panel in the Cost Summary window or via
the Analysis/Monte Carlo Simulation... in program menu choice). Follow the steps as
provided in the Run Simulation tab.

To estimate the range of life-cycle costs that can result from the range of values of parameters,
BridgeLCC performs a Monte Carlo simulation: it repeatedly samples the uncertain values and
computes life-cycle costs for all alternatives. Since each of these repetitions is equally likely,
BridgeL CC then sorts the outcome by size and plots it, resulting in a probability density function for
each alternative’s life-cycle cost.

5.2  Run Simulation Tab
Monte Carlo simulations are started by selecting the number samples to take and the set to which the

results are to be stored. Input these values in the fields in the Run Simulation tab, shown in Figure
36, and then press the Run button.
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Figure 36. Run Simulation Tab

During the simulation, the window will display the number of samples taken thus far and the time
remaining to completion. When the simulation is completed, access the View results tab. Also
shown is a listing of all the uncertainty values for only the alternatives and cost types currently
check-marked in the Cost Summary window.

53 Raw Data

In addition to creating a summary graph and set of statistics, BridgeLCC can display the raw results
of the simulation. Since creating this data file can increase the time it takes to run the simulation, you
must first checkmark the Save box in the Run Simulation tab. When the simulation completes, press
the View data ... button that appears after the simulation is completed.

54 View Results Tab

The View results tab (Figure 37) displays the distribution for each alternative simulated, as well as
summary comparative statistics. To create the graph, BridgeLCC computes the difference between
the lowest and highest life-cycle costs from all alternatives and then creates 20 equal size “bins.” The
life-cycle cost from each alternative is assigned to a bin, and then the count in each bin is normalized
so that the set of 20 bins represents the density function of each alternative.
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Figure 37. View Results

The lower Statistics panel displays useful statistics for each alternative. The 95% confidence
interval values are the range over which 95% of the samples were observed; for data that is normally
distributed and therefore has no statistical lower or upper bounds, this interval is a useful measure of
where “most” observations lie. The Mean is the average value of each alternative’s samples, and will
likely be very similar to the best-guess values displayed in the Cost Summary window. The
Standard Deviation is another measure of the data’s variation.

To show the probability density function as a line, checkmark the Show as line box. To show the
cumulative density function (the cumulative probability density), checkmark the Show as
cumulative distribution box.

5.5 Global Uncertainty Changes Window
To make easier the task of changing the uncertainty values used throughout the cost, event, and
parameter windows, the Global Changes window (Figure 38), accessed via the Make global

changes ... button in the Run Simulation tab, displays all of the current uncertainty settings, and
contains fields for making global changes to uncertainties.
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Figure 38. Global Uncertainty Changes

To make global changes to the uncertainty settings:

1. Access the Cost Summary window and checkmark both the alternatives and cost types
whose uncertainty values need to be changed.

2. Access the Global Uncertainty Changes window via the Make global changes... button in
the Run Simulation tab. Select the types of values to be changed in the Select variables to
change group, and then select the distribution type in the Distribution list box. The Edit
Uncertainty Values window (Figure 35) will appear, allowing you to set the parameters for
this uncertainty.

3. Press Set in the Edit Uncertainty Values window to set the uncertainty, expressed in percent
terms (since you may be simultaneously setting uncertainty for dollar, quantity, and time
amounts). This will also close the Edit Uncertainty Values window.

4. Press Set Values in the Global Uncertainty Changes window to set this percentage
uncertainty to the selected parameters.
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6. Example Analysis — Basic: Route 40 HPC Bridge

This chapter provides an example life-cycle cost analysis to illustrate in more detail how BridgeLCC
is used to assess competing, alternative construction materials. The level of detail shown is meant to
be typical. More or less detail can be used depending on the needs of the engineer and availability of
data. This analysis is saved as the file “Route40.lcc,” located in your BridgeLCC directory.

In this example, an engineer is making a preliminary design of a highway bridge and is considering
two alternative types of concrete. The base case concrete is the conventional mix currently used by
the engineer. The alternative concrete mix is a high-performance concrete (HPC) that the engineer
has not used before, but that should produce stronger and more durable bridge components. The
engineer wants to determine which of the two materials is life-cycle cost effective for this bridge.

The engineer follows the BridgeLCC steps, which are based on ASTM practice E 917 for measuring
the life-cycle costs of buildings and building systems (see Appendix A for a description of the
method).

This chapter is divided into three sections, each covering a logical division of this group of steps.
Section 6.1 describes the project objective on which the life-cycle cost analysis is based, including
the bridge performance requirements and the material alternatives that meet those requirements.
Section 6.2 describes the project parameters which are independent of each alternative, such as the
daily traffic volume on the bridge, the number of years the bridge is required to last, and the interest
rate at which future costs are discounted to the present.

Next, the best-guess costs for the conventional concrete and the high-performance concrete are
estimated, starting first with the costs incurred by the agency (the department of transportation
[DOT]). Following ASTM E 917, these costs are divided into initial construction costs; operation,
maintenance, and repair (OM&R) costs; and disposal costs. Each of these three are further divided
into groups based on the component of the structure to which the cost is tied. For example, the
agency initial construction costs (i.e., the engineer’s estimate) are divided into deck, superstructure,
substructure, “other,” non-elemental, and new-technology introduction costs.

Section 6.3 describes how to interpret the computed best-guess life-cycle costs of each bridge design
alternative. The life-cycle costs of each are compared using graphs that display breakdowns
according to BridgeLCC’s cost classification scheme. The engineer then revisits each alternative’s
best-guess costs and determines to what extent uncertainty in these costs affects the overall life-cycle
costs of each alternative bridge. The chapter ends with a summary of the sample analysis.

The following sections are written from the perspective of an engineer who is making a preliminary

design of a bridge and, as part of that process, comparing the life-cycle costs of two competing,
alternative materials: conventional-strength concrete and high-performance concrete.
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6.1 Overview

Step 1:
Define the project
objective and
minimum
performance
requirements.

The project objective is to build, maintain, and eventually dispose of a new
highway bridge in a specific rural Virginia county. The engineer first makes
a general description of the size of the bridge and the environment in which
it will exist. The structure is shown in Figure 39. It is 100 meters (322 ft)
long, 14.5 meters (47 feet) wide, and will carry two lanes of traffic over a
stream. The bridge is part of a rural highway that has relatively low
volumes of traffic. Winter precipitation and temperatures are mild, with

only 5-10 days on average that require snow plowing and salting of roads each year.
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Figure 39. Plan and Elevation Views of Bridge

The engineer next lists the minimum performance requirements of the structure. Both the
conventional concrete bridge and HPC bridge must satisfy these performance-based requirements.
The structure must be able to carry the loads prescribed in AASHTO’s> HS-20 specification. The
spans between piers must not deflect more that L/800 meters, where L is the distance between the

piers. The bridge has a design life of 75 years.

®> American Association of State Highway and Transportation Officials.
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Step 2: Table 1 lists the technical characteristics of the two alternative concretes that
Identify the

alternatives for | Meet the above performance-based requirements. Sufficient detail is listed so
achieving the | that the differences in total life-cycle costs can be understood in terms of these

objective. technical differences. For example, if it turns out that one bridge deck’s repair
cost is 50% less than the other, the engineer can ascertain that it is because the
concrete is twice as durable.

Table 1. Technical Characteristics of the Base Case and Alternative Bridge Designs

Base Case: Alternative #1:
Conventional Strength | High-Strength Concrete
Concrete Mew AASHTO Low
Normal Permeability Permeability Mix
Description Mix
Beams
Type Type Il Type IV
Concrete Class A5 A5
Compressive cylinder strength (28 days) 6000 psi 8000 psi
Compressive Strength at time of release 4800 psi 6000 psi
Beams per span 7 5
Deck
Concrete class A3 A3 w/ low-permeability
mix design
Piers
Concrete class A3 A3

To estimate costs, the engineer needs to carefully define how the bridge will be built, maintained and
repaired, and disposed of. The base-case, conventional-concrete bridge is built by first driving piles
into the stream bed, pouring footings around the piles, forming and pouring the piers and bents,
installing precast prestressed beams, and then pouring the deck and approaches in place. Every 25
years the deck will be repaired for environmental corrosion and mechanical wearing; after 75 years
the bridge will be demolished.

The alternative, HPC bridge uses high-strength concrete in the deck and beams. In addition, the deck
uses an AASHTO mix design that reduces the permeability of the concrete, thereby reducing the
intrusion of road salt chlorides and ultimate corrosion of the reinforcing steel. The HPC bridge is
built, maintained, and disposed of the same way as the base case bridge but with two important
exceptions. First, because of its higher-strength concrete beams, the alternative bridge has five beams
between piers instead of seven. Second, because of the AASHTO low-permeability specification, the
deck requires repair every 40 years instead of every 25.
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6.2 Data

Project Parameters

The project parameters quantify the conditions the bridge will experience

Establish the basic rﬁgardl_tlalss (]3;‘ the ﬁoncrgte used. T.he (Ia.r;:gmeerI starLs by itemizing fthe factors

assumptions for that will affect the bridge over its life cycle. T ree common factors are
the analysis. traffic conditions, weather conditions, and economic conditions.

Step 3:

Traffic conditions, such as average daily traffic (ADT) and accident rates, determine the costs that
bridge construction, repair, and disposal place on drivers who travel over the bridge (there is a stream
under the bridge, so these costs are ignored for traffic below the bridge). Weather conditions
determine how much road salt is placed on the road. Economic conditions, specifically the inflation
rate and real discount rate (which are used in the life-cycle costing formulas), determine the relative
importance of costs that occur later in the life of the structure.

Table 2 lists the traffic data the engineer compiles for the Virginia bridge. Departments of
transportation often have forecasts of the traffic levels a bridge is expected to experience.

Table 2. Project Parameters

Project: VA bridge I Parameter Set: I Date:
Remarks:

Traffic Over Bridge Traffic Under Bridge
Item

Year 1 Last Year Yearl Last Year
Length of affected roadway (miles) 1.0 1.0 0 0
Average daily traffic (ADT) (#) 5,000 10,000 0 0
MNormal driving speed (mph) 95 3] 1.0 1.0
Roadwork driving speed (mph) 25 25 10 1.0
Normal accident rate (per mil veh miles) 19 19 19 19
Roadwork accident rate (per mil veh miles) 22 22 22 22
Hourly driver cost ($) $5.00 $5.00 $5.00 $5.00
Hourly vehicle operating cost ($) $8.00 $8.00 $8.00 $8.00
Cost per accident () $100,000 $100,000 $100,000 $100,000

The “Length of affected roadway” is the length of road over which traffic is slowed or diverted.
“Average daily traffic (ADT)” is the average number of cars that drive over the bridge every day; the
engineer estimates that this traffic volume will increase from 5,000 to 10,000 over the 75-year life of
the bridge.

“Normal driving speed” is the traffic speed when there is no bridge work affecting traffic flow, while
“Roadwork traffic speed” is the speed of traffic when such traffic is diverted around roadwork. The
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“Normal accident rate” and “Roadwork accident rate” are estimates of how often accidents occur
outside of and during bridge work (the rates are in accidents per million vehicle miles, where vehicle
miles is the product of the number of vehicles and the average miles each car drives). The “Cost per
accident” is the average total cost of an accident in the base year of the study period. “Hourly driver
cost” is the value of drivers’ time, and “Vehicle operating cost” is the value of commercial vehicles’
time in the base year of the study period. If the engineer does not have one or more of the required
values in-house, national values or values from other states can be used.

For the base case bridge, an engineer will likely know how often and how much the bridge will need
repair in order to last 75 years (unless the engineer typically designs a bridge to last 40 years; in this
case an explicit 75-year schedule may not be available). However, the engineer may not know how
long the high-performance concrete bridge deck will last before repair is required. The level of road
salt applied is the key parameter for determining how long the bridge deck will last. Table 3 lists
some example values of road salt levels for different states.

Table 3. Salt Exposure in Various States

States
Salt Level using this
Level in kg/m3 | level
Low 5.06 | KS, CA
Medium 10.11 | MN, FL
High 15.17 | DE, IA
Severe 20.90 | WI, NY

The engineer can use the Concrete tab in the Project Assumptions window to estimate and compare
the service lives of the two alternatives and to generate repair schedules for them. The engineer can
later change the repair schedules to see how sensitive the life-cycle cost of each alternative is to
repair costs. If the costs are not sensitive to changes, then the engineer can conclude that the life-
cycle costs are robust to changes in the repair schedules.

The last design-independent project parameters are the inflation rate and real discount rate. The
inflation rate is the average rate at which prices will increase over a given year. The real discount rate
is the rate at which future costs are discounted to base-year dollars. Federal infrastructure projects
use a discount rate published in OMB Circular No. A-94. Table 4, reprinted from the circular, shows
what the real discount rate is for different time horizons.

Table 4. Real Discount Rate, by Number of Years

Number of Years | Discount Rate (%0)
7 years 3.0%
30 years 3.8%

Since the bridge has costs that occur as much as 75 years in the future, we use the maximum number
of years in the table, 30, and the corresponding rate, 3.8%. Private-sector projects may use a different
discount rate. The engineer inputs the traffic and economic parameters in the appropriate tabs in the
Project Assumptions window.
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Project Alternative Cost Data

The second type of data required by BridgeLCC is the set of costs for each
| denti?;egsii:mate bridge alternative. The gngineer uses the Cost Summ_a!'y, _Edit Costs, and
and determine the | Browse All Costs windows and the cost classification scheme to

costs systematically input the constituent costs. In this example the engineer first

inputs the base case costs and then the Alternative #1 costs. In this

particular analysis, the engineer starts with the agency costs and then inputs the user costs and third-
party costs.

Base Case Material: Conventional-Strength Concrete
Agency Costs

The engineer organizes costs into initial construction costs; operation, maintenance, and repair
(OM&R) costs; and disposal costs. Initial construction costs are a good place to start since many
departments of transportation make an engineer’s estimate of a bridge’s construction cost before its
drawings are sent out to bid. The engineer in this example uses the quantities of materials needed for
the bridge and unit costs in an engineer’s estimate from a previous structure to compile the initial
construction costs. These costs (shown in Table 5) are then inputted into the Edit Costs window.
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Table 5. Example Cost Data

Project: Route 40 in Virginia  Dae: ElERE=

Remarks: Agency costs for the base case, conventional strength bridge. The HPC bridge will use the same costs, but reduce the number of
beams and add new-material introduction costs.

Cost Calegories Cost Quantitics
Name Remarks ]:c:!r!rr (I‘jp-r:f: (l::::p Qiy UMeas [(I‘:lrlstl l:::f; \\I::: :::r Freg
INITIAL CONSTRUCTION COSTS
DECK
Concrete forthe deck agency |ic deck 400 | cy $285.00 | 0 1 1 1
Epoxy coated reinforcing steel for the deck agency |ic deck | 77,000 | Ibs $055 | 0 1 1 1
Bridge deck grooving agency |ic deck 1,566 | SY $310 |0 1 1 1
SUPERSTRUCTURE
Concrete fordiaphrams agency |ic super 45 | cy $285.00 | 0 1 1 1
Epoxy coated reinforcing steel fordiaphrams agency |ic super | 6,000 | # $055 |0 1 1 1
Prestressed |-Beam Type IV (80 ft.) agency |ic super 28 | ea $7,00000 | 0 1 1 1
SUBSTRUCTURE
Structure excavation agency |ic sub 702 | cy $2850 |0 1 1 1
Steel piles 10" agency |ic sub 1190 | I $1760 | 0 1 1 1
Pile point for 107 steel pile agency |ic sub 40 | ea $63.03 |0 1 1 1
Concrete Class A3 agency |ic sub 716 | cy $21990 | 0 1 1 1
Reinforcing steel agency | ic sub 50,570 | # $045 | 0 1 1 1
Epoxy coated reinf. steel agency |ic sub 25230 | # $057 |0 1 1 1
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Table 5 (cont.)

Project: Route 40 in Virginia | Dace: [oeez [ of |2 ows
Remarks: Agency costs for the base case, conventional strength bridge. The HPC bridge will use the same costs, but reduce the number of
beams and add new-material introduction costs.
Cost Caterories Cost Quanltitics
Cost Life- Proj Unit Range Start End
Name Remarks Rearer Cyele Comp Qty UMeas Cosi (%) Year Year Freq
Cofferdam agency | ic sub 2 |ea $9536.88 | 0 1 1 1
OTHER CATEGORY
Concrete for parapet agency | ic other 20 | cy §28521 | 0 1 1 1
Epaoxy coated reinf. steel for parapet agency | ic other | 2760 | # $055 | 0 1 1 1
Preformed Elastomeric Joint Sealer agency |ic other 252 | K §1835 | 0 1 1 1
Dry riprap agency |ic other | 2,054 | tn §1749 | 0 1 1 1
OME&R
QOverlay concrete to repair deck agency |omr |deck |44 oy $1,200.00 | O 25 50 25
MBI inspection every two years agency |omr | non- |1 Is 150 | 0 2 T4 2
el
DISPOSAL
Dispose of deck based oncy agency |disp |deck |0.33 Is $80,000 | O 75 75 1
concrete
Dispose of superstructure based on cy agency |disp |super |0.0d4 Is $80,000 | O 75 75 1
concrete
Dispose of substructure based on cy agency |disp |sub 0.61 Is $80,000 | O 75 75 1
concrete
Dispose of other based on ¢y agency |disp |other |0.02 ls $80,000 | O 75 75 1
concrete

Following the cost classification, the engineer enters “agency” in the Level 1 (Cost Bearer) column,
“ic” in the Level 2 (Life-Cycle) column, and the appropriate component in the Level 3 (Project
Component) column.

The Start Year, End Year, and Frequency columns are used to enter the first year that the cost occurs,
the last year the cost occurs, and the frequency with which the cost occurs. A frequency of “1” means
that the cost occurs once a year, while a frequency of “5” means the cost occurs every five years.
Since all of the initial construction costs for this bridge occur in the first year and only occur once, a
“1” is inputted into the Start Year, End Year, and Frequency columns. All of the costs in the
worksheet are inputted into the Edit Costs window.

Following the cost classification scheme, the engineer then generates a worksheet of all OM&R
costs. Since the engineer estimates that there are no operation or maintenance expenses for the
bridge, this is essentially a repair schedule for the structure. The engineer estimates that the base case
bridge deck will require repair every 25 years. Each repair involves grinding off a thin layer of the
bridge deck road surface and then applying a skim coat of new concrete. The engineer estimates this
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will take 40 cubic yards of concrete at a cost of $1,200 per cubic yard (which includes the cost of
grinding off the old layer). No other maintenance or repair is required.

The final life-cycle category of cost is bridge disposal, which occurs in year 75. Since the cost is born
by the agency and occurs during disposal, the Level 1 entry is “agency” and the Level 2 entry is
“disp.” The cost is broken down into disposal components based on the volume of concrete in each
component. Since all costs occur in the last year of the life cycle and only occur once, the Start Year
is “75,” the End Year is “75,” and the Frequency is “1.”

All initial construction, OM&R, and disposal costs are now entered. The engineer can view and edit
these costs in the Browse All Costs window. To view, for example, just the initial construction costs
for the deck, the engineer can access the Cost Summary window, checkmark only the Agency,
Initial Construction, and Deck check boxes (Figure 40), and then access the Browse All Costs
window. The engineer can edit individual cost items in the Browse All Costs window by double-
clicking the entry.

E Cost Summary: HPC vs. Conventional Concrete Bridge
Inflation: 220%  Real discount: 3.80% : .
Mominal: B.08% Edit costs of atternatives
Current mode: Advanced v BC v A1 I r - -
0o Basic Set as default | Conve (3] | HPC B (31 | =creates | =creates | =creates | =create= |
Dalg o Tetal () [ | $161.205 $161.205 $0 s0 s s
escrphion
Altemnatives Costs by bearer
Azzumptions IV Agency $161,205 $161,205
Edit Costs I US.er
Brawse Costs r Th'r_d P_ar‘t'y'
Edit Events En=tebving
Event/Cost Map WV Initial Construction F161,205 161,205
Image Galleny [ OMand R
Tools [ Disposal
ok zones Costs by component
Concrete Elemertal
Analysis [v¥ Deck F161 205 F161 205
Compute LCC [ Superstructure
Sensitivity [ Substructure
Uncertainty [ Cther
Surmmary Grphs =
Cost Timelines r MNan-elemental .
Results ™ plew-technolagy introductiont
Results Log
Feports

Figure 40. Example Analysis - Basic: Filtering Costs Using the Cost Summary Window

User Costs

Traffic can be affected during construction, repair, and eventual disposal of the bridge. The user
costs of these activities — the costs to users of the bridge — are estimated by creating new cost items in
the Edit Costs window and then inputting the number of days that each bridge activity affects traffic.
This data is used in conjunction with the traffic data in the Workzones tab in the Project
Assumptions window to compute project user costs.

Table 6 lists the user costs for the two bridges.
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Table 6. Example User Costs

Project: Route 40 in Virginia I Date: I ped of | pEs
Remarks: User costs for base case and altemative structure
Cost Calepories Cost Quantities

Cost Life- Praoj Uit Range Start End
Name Remarks Bearer Cyele Comp iy UMeas Cost (%) Year Year Freg
Base Case Bridge
Redirect traffic during deck repair | year 25 and 50 user omr | deck T | days 25 20 25
Alternative Bridge {HPC)
Redirect traffic during deck repair year 40 user omr deck T da‘;’S 40 40 1

Third-Party Costs

These costs could include revenues lost by adjacent businesses due to bridge construction, repair, and
disposal, or environmental damage such as pollution of the stream under the bridge. For this
particular project the engineer can find no third-party costs.

Alternative #1: High-Performance Concrete

The engineer estimates that the costs of the alternative, high-performance concrete bridge are the
same as the base case bridge, except for three important differences. First, the high-performance
concrete allows the engineer to use 5 beams in each span instead of the 7 beams in the base case.
This reduces the total cost of bridge beams. Secondly, the engineer requests that the beam fabricator
perform some static load tests on one of the new-technology high-performance concrete beams to
verify its load carrying capacity. This costs the DOT an additional $30,000. Finally, the new low
permeability AASHTO specification for concrete extends the period between deck repairs from 25
years to 40 years. This reduces the number of repairs from 2 (in years 25 and 50) to 1 (in year 40).

The costs that differ from the base case bridge are show in Table 7.
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Table 7. Example HPC Costs that are Different than Conventional Concrete

Project: Route 40 in Virginia

I Date:

ngﬁ' | of | pEs

Remarks: Costs in the HPC bridge design that differ from the base case design. The beam cost and repair costs below modify the values that
were in the base case design. The static testing cost is a new cost item.

Cost Calegories Cost (uantities
Name Remarks porer | Cycle | comp | oy | v | o |Gt | Ve [ver | e
;'reslressed l-Beam Type IV (80 agency | ic super 20 | ea $7,00000 | 0 1 1 1
)
Overlay concrete to repair deck agency |omr |deck |44 cy $1,20000 |0 40 40 1
Redirect traffic during deck repair | year 40 user omr | deck 7 | days 40 40 1
Static load testing of a beam lo insure capacity | agency |ic new |1 Is 30 000.00 JO 1 1 1

At this point, all initial construction, OM&R, disposal, agency, and user costs have been compiled
and inputted into BridgeLCC. The engineer can now analyze the results.

6.3

Results

Step 5:

Compute the life-
cycle costs of each
alternative

The three ways to view results are with the Cost Summary window, the
LCC Summary and Timelines graphs, and the BridgeLCC printed reports
(via the Reports window).

Figure 41 shows the Cost Summary window for the engineer’s analysis.
Looking at the underlined totals, the life-cycle cost of the conventional concrete bridge is $724,369,
while that for the HPC bridge is $675,675. All other things being equal, the HPC bridge is the life-
cycle cost-effective design.

E Cost Summary: HPC vz. Conventional Concrete Bridge

e

Current mode: Basic v BC WV Al 1 r I I r
G0 Advanced Set a3 default | Conve (24) | HPC B (25) | =crestes | =Creates | =creates | =crestes |
Data
Descrption [Total (5) = §724,369 $B75,675 $0 $0 $0 0
.&Iternatl\.fes Costs by bearer
Azsumptions W Agency $715,495 $671,761
Edit Costs ¥ User $i6i 574 $3.914
Browse Costs W Third Party 0 $0
Edit Events Costs by timing
Ewert/Cost Map W Initial Construction $E678 484 $E52,454
Image Galleny W oM and R $40,820 $18127
Tools ¥ Disposal 5,064 $5,064
Workzones Costs by component
Concrete Elemental
Analysig W Deck 201 813 $173,1139
Compute LCC W Superstructure $212,328 $136,328
Sensitivity W Substructlre F260,221 F260,221
Summary Grphs [w Cther 45,124 $48,124
Timelines r
Resultz W Hon-elemental $1 883 $1 383
Log Results W New-technalogy introcuction 30 $30,000
Frint Reports

Inflation: 2.20%
Maminal: 6.08%

Real discount: 3.80%

Edit costs of aternatives

Figure 41. Example Analysis - Basic: Cost Summary Window
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To investigate where the HPC bridge saves money, we access the Total $ drop-down list box in the
upper-left corner of the panel showing costs and select Net Savings. The Cost Summary window
now shows the net savings of the HPC bridge when compared with the conventional concrete bridge
(Figure 42).

ES Cost Summary: HPC vs. Conventional Concrete Bridge
Inflation: 220%  Real discount: 3.80%
Mominal: 6.08% Edit costs of aternstives
Current mode: Advanced v BC v A1 I r - -
Go Basic Set as default Corwe (3) | HPC B (3 | =creste= | =crestes | =crestes | =create= |
e i $0 48,694 $0 0 $0 $0
Description
Altemnatives Costs by bearer
Assumptions W Agency $0 $43,734
Edit Casts v Ussr 50 $4,960
Brawse Costs IV Third Patty 0 30
Edit Events et =g
Event/Cost Map ¥ Initial Construction $0 $26,000
Image Gallery W O,M,and R $0 $22 594
Tools ¥ Dispossl $0 0
ok zones Costs by component
Concrete Elemertal
Analysis [v¥ Deck $0 §22 694
Campute LCC W Superstructure $0 $56,000
Sensitivity v Substructure $0 50
Uncertainty [ Cther $0 30
Surmmary Grphs =
Cost Timelines [V MNon-elemental §0 30
Results ¥ Meww-technology introcuction F0 -§30,000
Results Log
Feports

Figure 42. Example Analysis - Basic: Cost Summary Window Showing Net Savings

Comparing Costs by bearer data, the HPC bridge saves $43,734 in agency costs and $4,960 in user
costs (i.e., drivers over the bridge). Comparing Costs by timing data, the HPC bridge saves $26,000
in initial construction costs and $22,694 in OM&R costs. Comparing Costs by component data, the
HPC bridge has savings in deck and superstructure costs, has no savings in substructure and non-
elemental costs, and has negative savings (or additional costs) in new-technology costs.

The LCC Summary graphs in Figure 43 show the same data in the Cost Summary window. As
indicated by the front set of bars, the HPC bridge has lower Agency costs, lower Initial Construction
costs, and lower Deck and Superstructure costs. The largest project component costs are Substructure
Costs.
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I:f‘l Summary Life-Cycle Costs, by Cost Type _ 1Ol x|

LCC by Cost Bearer LCC by Period
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Figure 43. Example Analysis - Basic: Summary Graph of Life-Cycle Costs, by Alternative

The cost timelines shown in Figure 44 illustrate the distribution of costs over time. In the upper-left
graph, Yearly Costs in Current-Year Dollars, we can see that the HPC bridge has high costs in the
first year (due to initial construction), the 40" year (due to deck repairs), and the 75" year (due to
bridge disposal). The lower-left graph, Cumulative Costs in Current-Year Dollars, shows that over
the study period the HPC bridge will cost less in cumulative terms; said another way, at no point over
the study period will the HPC bridge cost more to-date than the conventional concrete bridge.
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3 Current and Constant Costs, Yearly and Cummulative 10 =l
“Fearly Costs in Current-‘est Dollars “eatly Costs in Base-Year Dollars

Life-cycle cost ()
Life-cycle cost (F)

ear Year
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$1,200,000
$1,000,000

Life-cycle cost (F)

Life-cycle cost (§)
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$600,000

-
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Year

. Conventional Concrete Bridge . HPC Bricge

Figure 44. Example Analysis - Basic: Timelines of Life-Cycle Costs, by Alternative

The upper-right panel, Yearly Costs in Base-Year Dollars, shows the relative importance of
constituent cost in the life-cycle cost calculations. Compared with both alternatives’ initial
construction costs in the first year, the OM&R costs in years 25, 40, and 50 are relatively small — in
this particular example and set of interest rates, initial construction costs drive the life-cycle cost
competitiveness of each alternative.

Sensitivity Analysis

Given that the set of best-guess values for each alternative indicates that the

Step 6: Perform HPC bridge is life-cycle cost effective in a deterministic sense, the engineer
sensitivity analysis | \yants to see whether key underlying parameters affect this result. For
example, the HPC bridge may not be cost effective under higher or lower
discount rates. To determine the effect of the real discount rate on life-cycle cost, the engineer
accesses the Change in a Single Factor tab in the Sensitivity Analysis window, selects Discount
Rate from the tree of variables, selects +/-100% from the Variation drop-down box, and then
presses the Compute button. The graph in Figure 45 shows the results.
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ES sensitivity Analysis =10l
Input Values | LEC Snapshots |

E- Parameters Change in a Single Factor | Most Significant Factors I
=) Interest rates

i...Discourt Rate (3.80)
Iternatives

I Conwentional Concrete Bridge
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ttH:HPC Bricge

: $900,000
[+ Traffic costs
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$550,000
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§750,000
$ro0,000
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Life-Cycle Cost(F)
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DISCOUMTRATE

-7 BC: Conwvertional Concrete Bridge -3~ Al1: HPC Bridge

Edltpalameterl Refresh I Wariation |./00% v

Figure 45. Example Analysis - Basic: Effect of Real Discount Rate on Life-Cycle Costs

As indicated by the graph, the life-cycle cost of the HPC bridge is less than that of the conventional
concrete bridge when the real discount rate ranges from 0.0% to 7.6%. Said another way, the HPC
bridge is life-cycle cost effective regardless of the real discount rate used.

Rather than apply a +/-10% to +/-100% change to every parameter in every alternative, the engineer
can get some sense of the relative importance of analysis variables by using the Most Significant
Factors tab in the Sensitivity Analysis window to test the effect of 10% changes in variables on life-
cycle costs. Figure 46 shows one of the graphs that can be displayed after the Most Significant
Factors tab computes the relative importance of analysis variables.

l i) Top factors affecting life-cycle costs

BC: prestressed i-beam type iv (30 QUANTITY: 25.0000

BC: prestressed i-beam type iv (B0 UNITCOST, 7000.0000

A1 concrete class a3t QUANTITY: 716.0000

Al: concrete class a3 UNITCOST: 219.9000

BC: concrete clazs a3 @UANTITY: 716.0000

Factar

BC: concrete class a3 UNITCOST: 219.9000

A1 prestressed i-beam type iv (300 QUANTITY: 20.0000

Al prestressed i-beam type iv (B0 UNITCOST, 7000.0000

Al concrete class a4 QUANTITY 400.0000

A1: concrete class a4™" UNITCOST: 285.0000

£

oo o5 10 15 20 25 30
Etfect of 10% increaze in factor on LCC (%)

Figure 46. Example Analysis — Basic: Graph of Top Factors Affecting Life-Cycle Costs
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The figure indicates that the cost of the prestressed beams has a high impact on the life-cycle costs of
both alternatives, more so for the conventional-concrete bridge since it has 28 beams instead of 20.
The unit costs of concrete for the substructure and deck have strong influence on the life-cycle costs
of both alternatives.

At least two useful results come out of the Most Significant Factors tab. First, the engineer knows
that the factors toward the bottom of this generated list have little effect on life-cycle cost and thus do
not warrant further analysis. Second, if the engineer is looking to reduce the life-cycle costs of either
alternative design, he or she can look to the top factors on this list and seek ways of reducing their
Costs.

Optional Advanced-Mode Subject: Uncertainty and Risk Analysis

As an example of the use of Monte Carlo simulations, we can optionally assume that the
engineer has relative uncertainty about the HPC bridge’s unit costs, and thinks that this
uncertainty may prevent it from always being the life-cycle cost-effective bridge material.
For example, suppose that there is a probability that the HPC-bridge unit costs of initial
construction, OM&R, and disposal costs are all much higher than the base-case bridge costs;
in this case there is a small probability that the HPC bridge will not be life-cycle cost
effective.

The engineer tests a specific example. Suppose he or she believes that the costs for the base
case bridge can vary as much as 5% from the best-guess values, while the HPC bridge unit
costs can vary as much as 10% from their best-guess values. For each of the base case costs,
the engineer applies a 5% uncertainty to each unit cost in the base case and applies a 10%
uncertainty to the unit costs in the HPC bridge.

To conduct uncertainty and risk analysis of this relative uncertainty, the engineer accesses the
Uncertainty and Risk window, sets a number of samples for the Monte Carlo simulation in
the Run Simulation tab, and presses the Run button. Upon completion, access the View
Results tab (Figure A).
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Dvelwew] Run Simulation  ¥iew Results | Interpretting Monte Carlo results

Probehilty (%)

30
20

10

0
3612,554 538,438 664,323 590,207 $715,091
$619,025 644,910 670,794 696,675 $722 562
525,496 $651,381 $677 265 $703,149 $728,033
3631 867 657,852 653,736 $709,620 $735,504

Range of life-cycle costs, grouped in 20 bins (samples = 1000)

-7 Conventional Concrete Bridge -0~ HPC Bridge

' Show as cumulative distibution ¥ Show as ing

Statistics.
BC A1 Alt2 Alt3 Altd Alt5

Lower limit $704,954 $625,407 0 0 (i 0

Upper limit §726,007 $561 460 0 u i u
Msan §715,510 643,541 0 50 50 50
Std Devistion 6,430 §11,039 30 30 50 0

Figure A. Example Analysis - Basic: Monte Carlo Simulation Results

The graph shows the range of possible life-cycle costs for each alternative. Moving from left
to right across the graph, we see that, for each probability level, Alt #1 (the HPC bridge) has
a lower expected life-cycle cost than the Base Case (conventional-concrete bridge). For
example, 10% of the time (ten times out of 100) the HPC-bridge life-cycle cost is less than or
equal to $640,000, while 10% of the time the base-case bridge life-cycle cost is less than or
equal to $720,000. Said another way, the cost of the HPC bridge will be at least as low as
$640,000, while the cost of the base-case bridge will be at least as low as (the higher)
$720,000. The HPC bridge has a lower possible life-cycle cost.

Since for every probability level the HPC bridge has a lower expected life-cycle cost than the
base-case bridge, the HPC bridge is cost effective in a probabilistic sense. In a statistical
sense, the HPC bridge cost distribution strictly dominates the conventional-concrete bridge
cost distribution.

If one alternative’s distribution does not strictly dominate all other alternatives distributions,
none of the material alternatives would be cost effective in a probabilistic sense. Some
additional procedures for including risk attitude in project evaluation would be required to
establish the preferred bridge.

Step 7:
Compare the
alternatives’

life-cycle costs

® For more discussion about

The engineer now compares the alternatives based on their best-guess life-
cycle costs in the Cost Summary window and on the three sensitivity tests.
The HPC bridge is cost-effective based on best-guess values: $675,675

risk attitudes and uncertainty, see Rosalie T. Ruegg and Harold E. Marshall, Building

Economics: Theory and Practice (New York, New York: Chapman and Hall, August 1990).
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versus $724,369. The sensitivity analysis allows the engineer to conclude that the HPC bridge is life-
cycle cost effective (1) for a wide range of interest rates and (2) when the base case and HPC
bridges’ costs vary by 5% and 10%.

Step 8: Factors other than cost can affect an er)gineer’s des_ign about Wh&_lt mat_erial
Consider other to use. These non-cost factors could include architectural considerations,
project effects material restrictions, or politics. An engineer can use additional procedures
such as the multi-attribute decision analysis (MADA) to weigh cost and
non-cost factors simultaneously.” In this example analysis, only cost affects the final material
decision.

Given that all cost and non-cost factors have been considered, the engineer
; can conclude that the HPC bridge is life-cycle cost-effective when
the life-cycle . . . . .
cost-effective compared with his base-case, conventional-concrete bridge. Its life-cycle
alternative cost is lower than the other alternatives, and sensitivity analysis indicates
that this conclusion is robust to the selected changes in underlying
parameters and assumptions about cost uncertainty.

Step 9: Choose

This completes the analysis. To summarize, the engineer analyzed the life-cycle costs of two
alternative designs: (a) a base-case bridge made from conventional-strength concrete and (b) an
alternative bridge made from new, high-performance concrete. Both designs met the engineer’s
requirements, including design codes and service life. The engineer compiled the costs of building,
maintaining, and eventually disposing of each bridge.

Using government-set inflation and real discount rates, the engineer then computed the life-cycle
costs of each alternative, and found the HPC bridge to be the life-cycle cost-effective alternative.
Next, the engineer found that the HPC bridge was life-cycle cost effective for real discount rates that
ranged from 0.0% to 7.6%, that is, the real discount rate had no effect on the life-cycle cost-effective
choice. Finally, the engineer computed the top factors affecting the life-cycle costs and found that
deviations in the costs of concrete for the alternatives’ beams, decks, and substructures costs had the
strongest impacts on changing life-cycle costs.

Under the particular set of sensitivity values, HPC is the cost-effective bridge material. HPC allows
the designer to use fewer beams and to have a smaller repair schedule over the life of the structure.
This saves the agency construction and repair costs and saves drivers on the highway both time and
cost.

" For a detailed description of MADA techniques, see Gregory Norris and Harold E. Marshall, Multi-attribute
Decision Analysis Method for Evaluating Buildings and Systems, 1995.
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7. Example Analysis — Advanced: Terrorism Risk Management

This chapter illustrates some of the advanced features in BridgeLCC, including the use of events that
can have probabilities of occurring. Compared with the example analysis in the previous section, less
detail is given about the alternatives’ designs and site conditions and more about the expected
outcomes and associated costs of man-made and natural attacks to civil infrastructure. This analysis
can be accessed in the file “Terrorism Risk Management.lcc,” located in your BridgeLCC directory.

In this example an engineer is assessing the life-cycle cost effectiveness of three alternative designs:

1. A base-case design that has no designed resistance to terrorist or seismic attack,

2. An alternative design specifically designed to reduce damage from terrorist attack, and

3. An alternative design specifically designed to reduce damage from terrorist and seismic
hazards.

In each case, there is a probability every year in the study period that one of three things may occur:
(1) a terrorist will make an unsuccessful attack on the bridge, resulting in minor damage to the
structure and minor delays and costs for drivers/users of the bridge; (2) a terrorist will make a
successful attack on the bridge, resulting in major damage to the bridge and major delays and costs
for drivers/users of the bridge; and (3) no terrorist attack will occur. In each case the engineer makes
estimates of the costs associated with each outcome, for each alternative design.

To estimate the life-cycle costs of each alternative, BridgeLCC events are constructed and assigned
probabilities of occurring. The engineer then assigns costs to each possible outcome. Since some
events are probabilistic, BridgeLCC computes expected life-cycle costs.

To estimate the range of possible life-cycle costs of each alternative that results from such
probabilities, the engineer performs Monte Carlo simulations, where specific outcomes are sampled
from the probabilities, resulting in a wide range of possible outcomes. In some cases no attacks
occur, whereas in some years there are multiple attacks. Still, the engineer can determine whether
any one of the three alternatives is life-cycle cost effective in a probabilistic sense.

As with the previous chapter, this analysis is broken into three sections: (1) an overview of the
analysis process and objectives, (2) a description of the project data, and (3) an interpretation of the
life-cycle cost results. The analysis is again viewed from the perspective of a design engineer who
must assess which of his or her alternative designs is the life-cycle cost-effective choice.

7.1 Overview

Step 1: Define the | The project objective is to build, maintain, and eventually dispose of a new
project objective highway bridge. The structure must satisfy all pertinent design codes and

and minimum last at least 75 years.
performance

requirements
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The engineer is considering three alternative bridge designs. The first, or base-

| desrt]‘:’i?yzt'he case, _design_has no particular improvements to reduce _damage_ from Igr_ge
alternatives for | S€ismic loading or man-made attack. The second alternative design specifies
achieving the improvements that will reduce damage from large seismic loads, but at some
objective. additional costs. The third and final alternative specifies (1) design

improvements that will reduce damage from large seismic loads and (2)
enhanced security that should reduce the likelihood of a successful man-made attack. The engineer
must determine which alternative is the life-cycle cost-effective design.

1.2 Data
Project Parameters

The three sets of conditions that are common to the three alternatives are:
Step 3: _ terrorist conditions, traffic conditions, and economic conditions. While
Ez;iz'ﬁhtfgﬁsb?(?c man-made attack conditions might not be considered to be the same for all
the aﬁ alysis. three alternatives — terrorists or other attackers might be less likely to attack
a structure that has enhanced security and design; for this example we are

assuming the probabilities are the same.

The engineer divides the range of possible attack events into groups that correspond to estimated
categories of bridge damage, such as no damage, minor damage, major damage, or collapse. Table 8
lists the categories of attack, their probabilities of occurring, and related levels of damage. Each year,
the bridge will experience one of these outcomes (typically, no attack).

Table 8. Terrorist Attack Frequencies and Damage Levels, by Alternative

Base case: no Alternative 1: Alternative 2:
Probability of enhanced seismic enhanced seismic | enhanced seismic
Qutcome occurring (%) or security design design and security design
No attack 99.94% No damage No damage No damage
Unsuccessful attack | 0.05% Major damage Minor damage Minimal damage
Successful attack 0.01% Very major damage Major damage Some damage

Next, the engineer tallies the traffic conditions that the bridge will experience over the study period.
When the bridge is constructed, undergoing maintenance-related repair, or undergoing repair from a
seismic or terrorist event, the drivers who use the bridge will experience driver delay costs, vehicle
operating costs, and increased accident costs. (The formulas that BridgeLCC uses to compute these
costs are listed in Appendix B.)

Table 9 lists the common workzone conditions that will be needed for constructing or repairing one
or more of the alternative bridges. (See the text below Table 2 on page 50 for definitions of these
traffic parameters.) Two of the parameters, length of affected workzone and roadwork driving speed,
vary according to the amount of repair or damage to the alternative bridge.
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Table 9. Workzone Parameters

Iltem Value

Average Daily Traffic (ADT) 2003: 40,000
2078: 60,000

Length of affected roadway (miles) Varies

Normal driving speed 55 mph

Roadwork driving speed Varies

Normal accident rate (per million veh miles) 1.9

Roadwork accident rate (per million veh miles) 2.2

Hourly driving cost (base year $) $5.00

Hourly vehicle operating cost (base year $) $10.00

Cost per accident ($) $100,000

These data are inputted into the Workzones tab of the Project Assumptions window.

The final set of parameters contains the inflation rate and real discount rate. The inflation rate of
2.2% is taken from the Bureau of Economic Analysis. The real discount rate used is the same as that
listed in Table 4 of the previous example analysis. For clarity, the rates are listed again in Table 10.

Table 10. Real Discount Rate, by Number of Years

Number of Years Discount Rate (%)
7 years 3.0%
30 years 3.8%

This rate and the inflation rate are inputted into the Economic tab in the Project Assumptions
window.

Events

Each possible attack outcome has a probability attached to it as well as a set of costs, two conditions
that make necessary the use of BridgeLCC events. Access the Edit Events window to input the
events. First, an independent “Annual attack-related event” is inputted to define that one of the three
possible mutually exclusive outcomes will happen each year. Next, three events that are dependent
on the “Annual” event are created: (1) a “No attack” event with probability 99.94%, (2) an
“Unsuccessful attack” event with probability 0.05%, and (3) a “Successful attack” event with
probability 0.01%. Figure 47 shows the inputted events.
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Figure 47. Example Analysis - Advanced: Edit Events Window

Step 4:
Identify, estimate,
and determine the

Next, the engineer itemizes the set of costs of bridge construction, repair,
and disposal over the study period. Some of these costs occur in specific
years, such as during initial construction in the base year, while others only

costs

occur if a specific event occurs.

The engineer organizes costs according to who bears the costs (agency, user, and third-party costs),
when the costs occur (initial construction; operation, maintenance, and repair [OM&R], and
disposal), and to what part of the structure the costs are tied (e.g., deck). Table 11 lists the agency
costs for each alternative.

Table 11. Example Analysis - Advanced: Agency Costs, by Alternative

Project: Terrorism risk management | Date: October 27, 2003 | Page: 1 of 1
Remarks: agency costs for each alternative

Cost Categories Cost Quantities

Cost Life Proj. Unit. Start End
Name bearer cycle | Comp. Qtty Meas. Unit cost Year Year Freq.
Base case
Initial construction agency | i.c. non-el 1 LS $1,000,000 | 1 [ 1 [ 1
Repair: unsucc. attack agency | omr non-el 1 LS $100,000 | Event: unsuccessful attack
Repair: succ. attack agency | omr non-el 1 LS $1,000,000 | Event: successful attack
Alternative 1
Initial construction agency | i.c. non-el 1 LS $1,150,000 | 1 [ 1 [ 1
Repair: unsucc. attack agency | omr non-el 1 LS $75,000 | Event: unsuccessful attack
Repair: succ. attack agency | omr non-el 1 LS $150,000 | Event: successful attack
Alternative 2
Initial construction agency | i.c. non-el 1 LS $1,200,000 | 1 [ 1 [ 1
Repair: unsucc. attack agency | omr non-el 1 LS $25,000 | Event: unsuccessful attack
Repair: succ. attack agency | omr non-el 1 LS $25,000 | Event: successful attack
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Once tabulated, these costs are inputted into BridgeLCC using either the Edit Costs window or the
Browse All Costs window, the latter of which is shown as an example in Figure 48. Note in the last
Event column of the window that each cost is tied to its respective event.

B Browse All Costs M=l
Shiowy
|Base Case: Status quo ﬂ [T Levels [ Timing info
£l newy cost | Delete | Copy cost | [V Amourt info
Cost ltem Gluartity Uriit of Meazure Unit Cost Ownlnf ]  Own Inflation Ewent

Agency |.C. cost 1.000 5 g 0.00 <hi0 Event:

User costs of unsuccessful attack E0.000 day(s| 27508.970 N 0.an Unsuccessful attack

User costs of successhul attack 365.000 dayls| 27508.968 N 0.an Successful attack

Third-party costs of unsuccessful attack E0.000 Days 00000000 N 0.an Unsuccesshul attack

Third-party costs of successful attack 365.000 Days 200000000 N 0.an Successful attack

Repair from unsuccesstul attack 1.000 LS 00000000 N 0.an Unsuccessful attack,

Repair from successful attack 1.000 LS 1000000000 N oon Successful attack

4 3

Figure 48. Example Analysis - Advanced: Browse All Costs Window

To view a complete listing of all events in an alternative and the costs tied to each, access the
Event/Cost Map window, shown in Figure 49. Use this window to insure that all events have been

input correctly, and that all costs have been input and are tied to the appropriate event (or to no
event).

Event/Cost Map: Status quo [_ [O] x]
Show
Base Caze: Stab A
| === J v Costs W wiarkzones
¥ Concrete mixes [ Dates in calendar years

=- »>Event: Annual attack-related event [1/75/1)
>>Event: Ho attack [Prob. = 99.94%)] (lag = 0 wis] [+1/+1 /1]
—|- »>Event: Successful attack [Prob. = 0.01%] [lag = 0 yrs] [+1/+111]
[$] User costs of successhul attack - 365.00 day(s) & $27 508,97 = $10,040,773
[$) Third-party costs of successful attack - 385.00 Days &3 $200,000.00 = $73,000,000
[$) Repair from successful attack - 1.00 LS & $1,000,000.00 = $1,000.000
—- »>Event: Unsuccessful attack [Prob. = 0.05%] (lag = O yrz] [+1/+1/1)
[$] User costs of unsuccessful attack - 60.00 day(s) (& $27 508.97 = $1,650,538
[$) Third-party costs of unsuccessful attack - B0.00 D ays & $100,000.00 = $£,000,000
[$] Repair from unsuccessful attack - 1.00 LS (& $100,000.00 = $100,000
—|- »» Costs not bied to events
[$) Agency |.C. cost - 1.00 LS 2 $1,000,000.00 = $1,000,000

Figure 49. Example Analysis - Advanced: Event/Cost Map

At this point, the input of data has been completed. To insure that all data have been input correctly,
print the data-related reports, either by selecting File/Print... from the menu or by accessing the
Cost Summary window and selecting Reports underneath the Results heading in the left panel.

7.3 Results

Step 5: Once the events, workzones, economic parameters, and costs have been
Compute the life- correctly input, the life-cycle costs of each alternative can be viewed in the
cycle costs of each | Cost Summary window (Figure 50). Since the data include attack-related
alternative events that have some less-than-100% probability, the values listed in the
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window are the expected-value life-cycle costs; some of the calculations are the costs of the event
(say, a successful attack) multiplied by the probability of the event occurring (in our case, 0.01%).

E{ Cost Summary: Assessing Impacts of Temorist Risks
Inflation: 220%  Real discount: 3.80%
Waminal: B.08% Edit costs of aternatives
Current mode; Advanced ¥ BC W A1 W Al 2 - I -
Make default | Statu (7) | Desig (7) | Desig (7] | =crestes | =Crestes | =crestes |
D‘“S . Total (3) =l $1,323.860 $1,316.283 $1,209,313 50 $0 $0
escription
Altemnatives Costs by bearer
Assumptions W Agency $1,003 848 1,151 347 1,200,385
Edit Costs v User F55517 F11,037 F4 469
Browse Casts v Third Party 264,195 $1:33,900 4,458
Edit Events Costs by timing
Event/Cast Map W Initisl Construction $1,000,000 1,150,000 $1,200,000
Image Gallery W O, M, and R $323,560 $166,253 9,343
Tools I Dispossl 0 30 $0
Wik zones Costs by component
Concrete Elemental
Analysis W Deck $0 F0 $0
Compute LCC ¥ Superstructure 0 0 F0
Senaitivity V¥ Substructure 30 30 30
Uncertainty v Cther 50 $0 $0
Summary Grphz I~
Cost Timelines [v Mon-elemental §1,323,860 §1,316 283 1,209,343
Results W Mew-technology introduction 30 0 0
Results Log
Reportz

Figure 50. Example Analysis - Advanced: Cost Summary Window, Total $

As indicated in Figure 50, Alternative 2 has the lowest life-cycle cost of the three alternatives. While
it has higher initial construction costs, it has considerably lower repair costs. Figure 51 makes the
same comparison, but in terms of $ per square foot; Figure 52 compares the net savings per square
foot of Alternatives 1 and 2 when compared with the base case.

E’ Cost Summary: Azsessing Impacts of Terronist Risks

. Inflation: 2.20%  Real discount: 3.80% Edit costs of aternatives
n Nominal; £.08%

eih 4 Current made: Basic v BC W Al 1 v Al 2 r r r
i Go Advanced | Set az default | Statu (7) | Dresig (7 | Desig (7) | <creates | =crestes | =creste= |
Data
Description > $102 $101 $93 $0 $0 0
.&Iternati\.fes Costs by bearer
Azsumptions W Agency 77 $89 $a2
Edit Costs W User T4 H1 §0
Browize Costs W Third Party $20 12 §0
Edit Events Costs by timing
Ewert/Cost Map W Initial Construction 377 38 $92
Image Galleny W O,M, and R $25 $13 $1
Tools [V Disposal 0 $0 $0
Workzones Costs by component
Concrete Elemental
Analysig W Deck 50 0 0
Compute LCC W Superstructure 30 0 $0
Sensitivity W Substructure 30 $0 $0
Summary Grphs W Other $0 $0 k]
Timelines r
Results ¥ rMon-elementsl 102 101 $93
Log Results W Mew-technology introduction 30 $0 $0
Frint Reparts Square feet 13,000 13,000 13,000

Figure 51. Example Analysis - Advanced: Cost Summary Window, $ per Sq. Feet (Area of Deck)
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E Cost Summary: Azsessing Impacts of Terronist Risks
Inflation: 2.20%  Real discount: 3.80%
Mominal: 6.08% Edit costs of atternatives
Current mode: Advanced W BC IV Al 1 v Al 2 r r r
o Basic Set as default Statu (7) | Diesig (7) | Desig (71 | =crestes | =creates | =crestes |
Data L $0 $1 $9 $0 $0 $0
Description
Albernatives s Ly ey
Assurnplions WV Agency $0 -F11 15
Edit Costs s 50 53 54
Erowse Costs IV Third Party 50 38 F20
Edit Events Costs by timing
Event/Cost Map W Initial Construction $0 12 15
Image Galleny W 2,M,and R 0 $12 24
Tools [v Disposal $0 50 0
workzones Costs by componemnt
Concrete Elemental
Analysis v Deck 30 30 30
Compute LCC V¥ Superstructure $0 30 $0
Senzitivity [V Substructure $0 30 50
Uncertainty v Cther 30 30 30
Summary Grphs =
Cost Timelines W MNon-elemental §0 $1 %9
Results [V Mewetechnology introcduction $0 %0 %0
Fesults Log Square feet 13,000 13,000 12,000
Repart:

Figure 52. Example Analysis - Advanced: Cost Summary Window, Net Savings ($) per Sq. Feet

Figure 53 illustrates the timing of costs over the study period. All three alternatives have high annual
costs in the first year, reflecting initial construction, and the base case alternative has relatively high
(expected) annual costs over the study period; in total, these expected annual terrorism costs prevent
the alternative from being life-cycle cost effective.

I,E! Current and Constant Costs, Yearly and Cummulative ;IEIEI

Yearly Costs in Current-Year Dollsrs “Yearly Costs in Base-Year Dollars

. #1,200,000 Er
£ 31,000,000 ]
T

=] Y
3 3
z g
g ‘
g

Wear “ear
Cummulstive Costs in Current-'ear Dollars Cumulative Costs in Base-'vear Dollars
=
& $3,500,000 g $1,300,000
7 $3,000,000 o ¥1,200000
T B
2 y25m000 2 31,100,000
o $2,000,000 £ 51000000 g o
& 500,000 = san 28"
b - @
S §1,000,000 L o wmBEYEST
TR
“ear

Wear

. Status quo . Designed against terrorist sttack |:| Designed against terrorist attack and seismic load

Figure 53. Example Analysis - Advanced: Timelines of Costs
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Sensitivity Analysis

Step 6: Perform
sensitivity analysis

To assess the importance of the real discount rate on the determination of
the life-cycle cost-effective alternative, the engineer accesses the
Sensitivity Analysis window, selects Discount Rate from the left tree of
parameters, selects a variation from the Variation drop-down list box, and

presses the Compute button. Figure 54 shows the resulting graph of life-cycle costs for each
alternative over the range of possible real discount rates.

InputValues | LEC Snapshts |

K3 Sensitivity Analysis =10l x|

= Parameters

Bl Interest rates

: . Discount Rate (3.80)
E| Alternatives
- BiC: Status quo

=N Tools
[ Traffic costs
‘- Concrete prediction

K1

Edit parameter | Refrezh |

- Alt:Designed against terrorist attz
| Bl-AlZDesigned against terrarist stts

2

Change in & Single Factar | Mast Sigrifieant Factars |

$2,000,000

$1,900,000
$1,800,000
$1,700,000
$1,600,000

$1,500,000

Life-Cycle Costi$)

$1,400,000
$1,300,000

$1,200,000 =—

$1,100,000
1] 1 2 3 4 =) 5 7 g
DISCOUNTRATE
-7 BC: Status gquo  <0- A Designed aoainst terrorist sttack AR2: Designed against terrorist attack and seismic load

Variation [+2100% x| [ Compute |

Figure 54. Example Analysis - Advanced: Change in Single Factor, Real Discount Rate

The figure illustrates that Alternative 2 is life-cycle cost effective over the 0% to 6.5% range of

interest rates; said another way, the real discount rate used in this range does not affect the
determination of the life-cycle cost-effective bridge design.

Finally, the bridge engineer has relative uncertainty about the unit prices for the repairs due to
terrorist attacks. To model this uncertainty, he assigns a 25% uncertainty to the terrorist-related
repairs in all three alternatives, and then runs a Monte Carlo simulation of the range of life-cycle
costs that can result from this range of unit prices. Figure 55 shows the results of the simulation, in
the View results tab in the Uncertainty and Risk window.
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Figure 55. Example Analysis - Advanced: Monte Carlo Simulation Results

The graph shows the cumulative probability of each alternative over the range of life-cycle cost
outcomes for all alternatives. Since the cumulative probability of Alternative 2 is always above the
other two alternatives’ lines, Alternative 2 statistically strictly dominates the other two and therefore
is life-cycle cost effective in a probabilistic sense.

Step 7:
Compare the
alternatives’

life-cycle costs

Since Alternative 2 is both life-cycle cost effective in a deterministic sense
(it has the lowest expected life-cycle cost of the three, as shown in the Cost
Summary window) and is life-cycle cost effective in a probabilistic sense
(it strictly dominates the other two distributions in the View results tab), it
is the life-cycle cost-effective alternative. (If both conditions do not hold for

one of the three alternatives, additional techniques are needed.)

Step 8:
Consider other
project effects

As discussed in the previous example, factors other than cost can affect an
engineer’s design about what material to use. These non-cost factors could
include architectural considerations, material restrictions, or politics. An
engineer can use additional procedures such as the multi-attribute decision

analysis to weigh cost and non-cost factors simultaneously. In this example analysis, only cost affects
the final material decision.

Step 9: Choose
the life-cycle
cost-effective
alternative

Given that all cost and non-cost factors have been considered, the engineer
can conclude that Alternative 2 is life-cycle cost effective; its life-cycle cost
is lower than the other alternatives, and sensitivity analysis indicates that
this conclusion is robust to the selected changes in underlying parameters
and assumptions about cost uncertainty.
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8. Additional Example Analyses

In addition to the two examples described in Chapters 6 and 7, BridgeLCC includes some additional,
smaller analyses that help explain details about some of the features in the software.

Comparing Workzones (“Comparing Workzones.lcc”) — this example compares the user
costs associated with two alternative workzones during the repair of a 4-lane one-way bridge:
(1) a workzone that closes one lane of traffic, causing traffic to move over only the three
remaining lanes, and (2) a workzone that closes two lanes.

E Cost Summary: Comparing Workzones
Inflation: 2.20%  Real discount: 3.800% Edit costs of atternatives
- Mominal: 6.08%
“% Current mode: Basic ¥ BC I Al 1 r = L —
B {Gofdvanced | Set as default | Singl (1) | Dioubl (1) | =creates ‘ =creates | =creates | =creates |
Data
S [Total (5 =l $250.971 $272.020 s $0 s i
Alernatives Costs by bearer
Agsumphions W &gency 30 a
Edit Costs ¥ User $250,971 $272,020
Browse Costs W Third Party k! 0
Edit Everts Costs by timing
Evert/Cost Map [ Initial Construction 50 $0
Image Gallery W O, M, and R $250,971 $272,020
Tools W Disposal 0 0
Warkzones Costs by component
Concrete Elemental
Analysis v Deck $250971 $272 020
Compute LCC W Superstructure 30 0
Sensitivity ¥ Substructure a %0
Summary Grphs W Other i $0
Cost Timelines ~
Results W Non-elemertal i 0
Resuls Log W New-technology irtroduction 30 0
Feports

Figure 56. Additional Example: Comparing Workzones

Comparing Concrete Mix Designs (“Concrete Mix Designs.lcc”) — this example uses the
BridgeLCC Concrete Service Life Prediction Tool to compare two alternative mix designs
over the life-cycle of a bridge that is exposed to high levels of road salts: (1) a base case,
conventional mix design typically used in highway bridges and (2) a high-performance
concrete (HPC) mix design which has significant resistance to road salts. The HPC design
significantly reduces the time between repairs to the bridge deck, thereby reducing repair
costs and overall life-cycle costs.
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E Cost Summary: Comparing Conciete Mixes
Inflation: 2.20%  Fieal discount: 3.80% Edlt costs of alernstives
d Nominal: 6.08%
it ol Curent mode: Basic VAl 1 r r r r
. Go Advanced Set as default | Typic (2) | High- (2] | =creates | =creates | =creates | =creates ‘
Data
Description ‘Tutal ) j $998.431 ST o e S0 e
Alternatives Coste by bearer
Azsumptions ¥ Agency $998,431 $808,509
Edit Costs v User i 0
Browse Costs [V Third Party 30 $0
Edit Events Costs by timing
Event/Cost Map ¥ Inttial Construction $650,000 $715,000
Image Galleny WV ©,M,and R 348 431 $93,509
Tools W Disposal 0 0
‘wotkzones Costs by component
Concrete Elemenital
Analysis ¥ Deck 30 i
Compute LCC ¥ Superstructure 0 0
Sensitivity ¥ Substructure $0 $0
Summary Grphis ¥ Other §0 0
Cost Timelnes "
Results [V hor-elemental $995,431 $808,509
Results Log ¥ hew-technology introduction 30 $0
Reports

Figure 57. Additional Example: Comparing Concrete Mix Designs

Repair or Replace Bridge Deck (“Repair or Replace Deck.lcc”) — this example compares
the life-cycle costs of a typical bridge decision: whether to repair or replace the deck of an
existing bridge. Construction costs and user costs are ignored for the sake of exposition.
Replacing the deck is found to be the cost-effective alternative over a 75-year study period.

E Cost Summary: Repair or Replace Deck | _ (2] x]
Inflation: 2.20%  Fieal discount: 3.80% Edlt costs of alernstives
J Nominal: 6087
225 ol Curent mode: Basic ¥ BC v Al 1 r r r r
Tt Fo Advanced | Set as default | Repai (1) | Repla (2] | =create= | <creates | <creates | =creates ‘
Data
Description ‘Tutal ®) j $666.156 $496.965 $0 $0 $0 $0
Allernatives Coste by bearer
Azsumptions ¥ Agency FEE6,156 $496 965
Edit Costs W User i o
Browse Costs [V Third Party 30 30
Edit Events Costs by timing
Event/Cast Map ¥ Initial Construction ol k2
Image Galery ¥ 0,M, and R $566,156 $495,365
Tools ¥ Dizpozal $0 $0
“Workzones Costs by component
Concrete Elemental
Analysis [v Deck 666,156 $496,965
Compute LCC ¥ Superstructure $0 $0
Sensitivity ¥ Substructure 30 0
Summary Grphis WV Other §0 F0
Cost Timelnes "
Results [ hon-elemental 30 50
Results Log ¥ New-technology introduction 30 $0
Reports

Figure 58. Additional Example: Repair or Replace Bridge Deck
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Appendix A. Life-Cycle Costing Methodology and Cost Classification Scheme

BridgeLCC uses a life-cycle costing methodology based on the ASTM practice E 917 for measuring
the life-cycle costs of buildings and building systems and a cost classification scheme developed by
Ehlen and Marshall (1996). The classification scheme in particular allows the user to capture all
project-related costs and compare alternatives’ life-cycle costs in useful ways. BridgeLCC’s online
help gives definitions of each cost type.

This appendix gives an abridged description of the methodology and classification used in
BridgeLCC.

A.l  The Life-Cycle Costing Methodology
Steps in Life-Cycle Cost Analysis

The recommended steps for calculating the life-cycle cost of a new-technology material vis-a-vis a
conventional material are as follows:

1. Define the project objective and minimum performance requirements. The
performance requirements of a project should be expressed in terms that do not preclude the
use of a new-technology material.

2. ldentify the alternatives for achieving the objective. Each alternative must satisfy the
minimum performance requirements of the project.

3. Establish the basic assumptions for the analysis. These assumptions include
specification of the base year for the analysis, the life-cycle study period, and the real
discount rate.

4. ldentify, estimate, and determine the timing of all relevant costs. Relevant costs are
those costs that will be different among alternatives. Use the classification to be sure all costs
are screened for inclusion. Be sure to consider all costs to direct users of the project, and any
spillover costs associated with the project.

5. Compute the life-cycle cost of each alternative using the common data assumptions
identified in step 3.

6. Perform sensitivity analysis by re-computing the life-cycle cost for each alternative
using different assumptions about data inputs that are both relatively uncertain and
significant in their impact on life-cycle cost. Sensitivity analysis shows how sensitive a
technology’s costs are to uncertain data used in the economic analysis.

7. Compare the alternatives’ life-cycle costs for each set of assumptions.

8. Consider other project effects — quantifiable and non-quantifiable — that are not
included in the life-cycle cost calculations. If other effects are not equal and are considered
significant, then turn to techniques such as multi-attribute decision analysis to account for all
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types of benefits and costs.

9. Select the best alternative. Where other things are equal (e.g., performance and non-
quantifiable impacts) select the economically efficient alternative with the minimum life-
cycle cost, i.e., the greatest net savings compared to the base-case alternative.

Requirements for an LCC Analysis

When using the LCC method, you must compute the life-cycle cost of two or more alternatives to
measure cost effectiveness. The alternative with the minimum life-cycle cost is the most cost-
effective option. If you make one of the alternatives a base case (usually the one with the lowest
initial cost), you can compare the life-cycle cost of every other alternative against it to see which has
the greatest net savings. The LCC and net savings approaches will both indicate the same best
alternative.

Because we express future costs in our case study in constant or real dollars, we use a real discount
rate. This means that you do not have to worry about inflation or deflation in arriving at your streams
of future costs, because you are expressing costs in dollars of constant purchasing power, fixed on a
calendar reference date, that exclude inflation or deflation (if your costs include inflation, however,
you need to remove this inflation prior to using them in BridgeLCC). The real discount rate adjusts
costs for the real earning opportunities of money over time. Government agencies tend to use real
discount rates and constant dollars in their analyses.

Use the same fixed discount rate for all alternatives in a life-cycle cost comparison. Public projects
typically are mandated to use a specific rate. Note that the economic viability of projects that save
benefits or costs over time are very sensitive to the value of the discount rate. Figure Al shows two
significant effects that the discount rate has on present values of costs spread over time.

First, the present value of a given future cost amount decreases as the discount rate increases. For
example, the present value of $1,000 ten years into the future drops from $613.91 at a discount rate
of 5% (Point A) to $161.51 at a discount rate of 20% (Point B). Thus projects with cost savings
spread into the future will generate larger present value net savings when evaluated with low rather
than high discount rates.

Second, at any given discount rate, the farther into the future that any given amount occurs, the
smaller its present value will be. Looking at the 5% discount rate line in Figure Al, $1,000 ten years
out, worth $619.91 in present value (Point A), drops to a present value of $482.02 by year 15 (Point
C).

Use the same study period for each alternative. The study period is the time over which the
alternatives are compared. Using different study periods for different alternatives distorts the life-
cycle cost measure. If project alternatives have different lives, include replacements in short-lived
projects and consider the salvage value of long-lived projects to arrive at a common study period.

Implicit in any life-cycle cost analysis is the assumption that every proposed alternative will satisfy
the minimum performance requirements of the project. These requirements include structural, safety,
reliability, environmental, and specific building code requirements. Exclude from life-cycle cost
analysis any alternatives that fail to meet the performance specifications of the project. If an
alternative satisfies performance requirements and has additional positive features that are not
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explicitly accounted for in the life-cycle cost analysis, then consider an alternative economic measure
such as net benefits.
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Figure Al. Present Value of Future Costs, by Discount Rate
Applications of LCC

The LCC method has multiple applications in project evaluation. We look at each in turn as it applies
to construction.

Accept/Reject Decision

Choosing whether or not to do a project is an accept/reject decision. One example is deciding
whether to coat an existing concrete bridge deck with polymer concrete asphalt or leave the deck “as
is.” The decision rule is to choose the alternative with minimum life-cycle cost.

Material/Design Decision

A material/design decision occurs when you must choose the most cost effective of multiple
material/design alternatives to satisfy an objective. The decision rule is to choose the material/design
with minimum life-cycle cost. For example, given a particular material, what fabrication and
construction method minimizes life-cycle cost? In this application, the decision has already been
made to replace the deck with a particular material; the life-cycle cost analysis is needed to decide
which design is most cost effective.

Efficiency Level or Size Decision

Choosing how much of something to invest in is the efficiency level or size decision. An example is
choosing the thickness of polymer-concrete asphalt to apply to a bridge deck. The decision rule is to
choose the thickness of the coating that minimizes the life-cycle cost of the polymer-concrete road
surface (where all thicknesses considered meet minimum performance requirements).
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A.2 The Cost Classification Scheme

There are two primary reasons for establishing a life-cycle cost classification or taxonomy when
evaluating new-technology materials. First, the classification insures that all costs associated with the
project are taken into account, and that these costs are accounted for in each alternative. This
includes costs incurred by the owner/operator (agency costs), by direct users of the structure (user
costs), and by organizations or individuals indirectly affected by the structure (spillover or third-party
costs). Included are costs relating to the introduction of new materials (new-technology introduction
[NTI] costs).

Second, the classification scheme allows for a detailed, consistent breakdown of the life-cycle cost
and net savings estimates at several levels so that a clear picture can be had of the respective cost
differences between material/design alternatives.

The classification scheme produces additional benefits such as providing a format for defining,
collecting, and analyzing historical data for future projects; ensuring consistency in the data for
economic evaluation of projects over time and from project to project; providing a check list for
value engineering procedures; and providing a database format for computer-automated cost
estimating.

The specifications of the classification scheme are general enough to cover the spectrum from
privately owned and operated projects to publicly owned and operated projects.

The owners of some privately owned and operated structures might not include in their life-cycle cost
analysis all of the user costs and spillovers that result from their projects; public agencies do not
always incorporate such costs either. But environmental laws, for example, have forced private firms
to internalize many spillover costs. And public agencies are beginning to treat user costs and other
spillover costs as integral parts of their economic evaluations. Since new-technology materials are
expected to have a significant impact on user costs, and public agencies are paying increasing
attention to user costs in economic evaluations, it is important to include these costs in any life-cycle
cost comparison of alternative materials.

Costs by the Entity that Bears the Cost (Level 1)

Agency Costs

Agency costs are all costs incurred by the project’s owner or agent over the study period. These
include but are not limited to design costs, capital costs, insurance, utilities, and servicing and repair
of the facility. Agency costs are relatively easy to estimate for conventional material/designs since
historical data on similar projects reveal these costs.

User Costs

User costs accrue to the direct users of the project. For example, highway construction often causes
congestion and long delays for private and commercial traffic. New bridge construction impacts
traffic on the highway over which it passes. Maintenance and repair of an existing bridge, along with
the rerouting of traffic, can impact drivers’ personal time, as well as the operating cost of vehicles
sitting in traffic. Accidents, involving harm to both vehicles and human life, tend to increase in road
work areas.
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These traffic delay costs, vehicle operating costs, and accident costs can be computed using simple
formulas and tabulated traffic statistics from state departments of transportation. Similar types of user
costs can be computed for projects where changes to buildings or other structures directly impact
occupants.

Third-Party Costs

Third-party or spillover costs are all costs incurred by entities who are neither the agency/owners
themselves nor direct users of the project. One example is the lost sales for a business establishment
whose customer access has been impeded by construction of the project, or whose business property
has been lost through the exercise of eminent domain. A second example is cost to humans and the
environment from a construction process that pollutes the water, land, or atmosphere.

Costs by LCC Category (Level 2)

Level 2 groups costs according to the life-cycle categories typically used in the LCC formula:
construction; operation, maintenance, and repair (OM&R); and disposal.

Costs by Elemental Breakdown (Level 3)

The third level of classification organizes costs (1) by specific functional element of the structure or
facility, (2) by activities not assignable to functional elements (e.g., overhead), and (3) by any
activities associated with the introduction of a new-technology material. Parts (1) and (2) are the
traditional “elements” in an elemental cost estimate. We add part (3) on new-technology introduction
costs to measure the unique costs of using a new material. We call these three groups an elemental
classification.

Elemental Costs

Elements are major components of the project’s structure, and are sometimes referred to as
component systems or assemblies. Major elements that are common to most buildings, for example,
are the foundation, superstructure, exterior closure, roofing, and interior. Elements common to
bridges are superstructure, substructure, and approach. Each element performs a given function
regardless of the materials used, design specified, or method of construction employed.

Individual cost estimates at the elemental level (e.g., $/square meter to furnish and install a concrete
deck) are most useful in the pre-design stage when a variety of material/design combinations are
being considered. This is the stage at which large net savings can be achieved by making
economically optimal material/design choices. Detailed cost estimates of each alternative at the pre-
design stage may not be economically feasible; elemental-based estimates, on the other hand, can be
done quickly and are generally accurate enough to guide material/design decisions. Note, however,
that for new-technology material/designs, there will not always be sufficient data to do element-
based estimates; detailed products-based estimates and crew studies may be necessary.

BridgeLCC includes the PONTIS 2.0 element structure, which divides a bridge into four elements.

Table Al lists the elements and the bridge components assigned to each element. Use Table Al to
assign your individual costs to the correct element.
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Table A1l. FHWA CORE Bridge Elements

Element Includes
Deck Concrete (Bare) Steel - Open Grid
Concrete Unprotected with AC Overlay Steel - Concrete Filled Grid
Concrete Protected with AC Overlay Steel - Corrugated/Orthotropic/Etc.
Concrete Protected with Thin Overlay Timber (Bare)
Concrete Protected with Rigid Overlay Timber Protected with AC Overlay
Concrete Protected with Coated Bars
Concrete Protected with Cathodic System
Superstructure Closed Web/Box Girder Timber Truss/Arch
Open Girder/Beam Arch
Stringer (stringer-floor beam system) Cable (not embedded in concrete)
Thru Truss (Bottom Chord) Floor Beam
Thru Truss (Excluding Bottom Chord) Pin & Hanger Assembly
Deck Truss
Substructure Column or Pile Extension Submerged Pile Cap/Footing
Pier Wall Submerged Pile
Abutment Cap
Culvert
Other Strip Seal Expansion Joint Elastomeric Bearing
Pourable Joint Seal Movable Bearing (roller, sliding, etc.)
Compression Joint Seal Enclosed/Concealed Bearing
Assembly Joint/Seal (Modular) Fixed Bearing
Open Expansion Joint Pot Bearing
Approach Slab w/ or wo/AC Overlay Disk Bearing
Bridge Railing

Non-Elemental Costs

Non-elemental costs are all costs that cannot be attributed to specific functional elements of the
project. A common example of a non-elemental agency cost is overhead expenses; a non-elemental
third-party cost could be spillover costs. Because elemental cost categories are useful for generating
and updating historical unit cost measures, all project costs that are not truly elemental must be
excluded from these historical statistics and put in the non-elemental group.

New-Technology Introduction (NT1) Costs

The final category contains costs directly associated with using a new material. The costs are
generated from activities that insure that the designer is satisfied with the material’s performance and
predicted service life. Said another way, the NTI costs cover the activities that bring the material
from the research laboratory to full field implementation. Figure A2 illustrates typical activities that
occur in the new-technology introduction phase.
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Figure A2. Evolution of New Technology Materials

In the development phase of a new material, laboratory researchers develop an understanding of the
material’s properties such as its structural and corrosive behavior and corrosion resistance, and how
well it performs in conjunction with other materials. If promising applications are identified, both the
research and construction industries will conduct activities that introduce and integrate the new-
technology material to mainstream construction. These activities will include investigating material
failures and installation problems and carrying out demonstration projects and non-destructive
evaluation. If the material reaches full acceptance, these activities tend to diminish or stop.

New-technology introduction costs are all project-assignable costs. They include the extra time and
labor to design, test, monitor, and use the new technology. These activities and costs disappear once
the designer is satisfied with the technology’s performance and service life, the technology enters full
implementation, and its application has become routine. Examples of activities which help insure
acceptability of a new-technology material and design include

Full-scale testing and other laboratory tests;

Demonstration projects;

Hiring consultants and/or research institutions to assist in the evaluation process;

The training of inspection, maintenance, and repair crews in the use of the new material,
Non-destructive monitoring and evaluation of the new structure; and

Additional material testing for government acceptance.
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The costs of these activities can be directly estimated, as we do in the case study in Chapter 6.
An Example of the Cost Classification Scheme

As an example of how the cost classification is used to organize a life-cycle cost estimate, Figure A3
shows a schematic of a typical engineer’s estimate.

Prior to public bidding of a highway overpass project, a state engineer estimates new construction
costs by making a detailed quantity take-off of materials, and then assigning unit costs which reflect
the labor, material, and equipment necessary to put the sub-component materials in place. These
quantity take-offs are often structured by bridge component (level 3 project elements): bridge deck
(element 1), substructure (element 2), and approach roadways (element 3). Non-elemental costs and
new-technology introduction costs are then estimated and grouped as separate categories of level 3
costs. Next, because these level 3 elemental costs occur during initial construction, they are classified
as level 2 initial construction costs. Finally, these are level 1 agency costs.

There are at least three benefits to this life-cycle cost classification of an engineer’s estimate. First, it
requires little to no restructuring of how current estimates are organized. Second, it insures proper
identification and placement of costs due to its top-down and bottom-up functionality. The
classification insures proper identification of all construction costs by allowing the estimator to start
at the top of the classification (level 1) and work his or her way down each level. The classification’s
bottom-up ability is equally important: any estimate of a cost can be placed properly in the life-cycle
cost classification by noting which entity bears the cost (level 1), which period in the life cycle the
cost occurs (level 2), and what component of the project generates the cost (level 3).
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Figure A3. An Example of the Cost Classification for an Engineer’s Estimate of New Bridge Construction
(with NTI Costs)

The third benefit of this life-cycle cost classification is that actual construction costs classified by the
same structural elements can be used to compile historical unit cost data on level 3 bridge element
costs to be used in future life-cycle cost analyses.
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Appendix B. Life-Cycle Costing Formulas

B.1 Basic Formula

Equation B1 shows the formula used in BridgeLCC to convert future costs to present value and sum
them into a single life-cycle cost number.

T C
PVLCC = —, Bl
:zn: (1 + d)f (B1)

where
C: = the sum of all costs incurred at time t, valued in base-year dollars
d = the real discount rate for converting time t costs to time 0, and
T = the number of time periods in the study period.

The unit of time used is typically the year; thus C; is the sum of all costs that occur in year t, and T is
the number of years in the study period.

B.2 User Costs

User costs accrue to the direct users of the project. For example, highway construction often causes
congestion and long delays for private and commercial traffic. New bridge construction impacts
traffic on the highway over which it passes. Maintenance and repair of an existing bridge, along with
the rerouting of traffic, can impact drivers’ personal time and the operating cost of vehicles sitting in
traffic. Accidents, involving harm to both vehicles and human life, tend to increase in road work
areas.

These traffic delay costs, idle-capital costs, and accident costs can be computed using simple
formulas and tabulated traffic statistics from state DOTs. BridgeLCC computes three types of user
cost:

driver delay costs - the personal cost to drivers delayed by roadwork;
vehicle operating costs - the capital costs of vehicles delayed by roadwork; and
accident costs - the cost of damage to vehicles and injury to humans due to roadwork.

Equation B2 can be used to compute the cost to drivers of roadwork-related traffic delays.

Driver Delay Costs = [5L .SL] xADTxNxw, (B2)

a n

where
L is the length of affected roadway or which cars drive,
Sa is the traffic speed during bridge work activity,
Sy is the normal traffic speed,
ADT is the average daily traffic, measured in number of cars per day,
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N is the number of days of road work, and
w is the dollar value of each hour of a driver’s time.

The hourly value w is a weighted average of commercial vehicle drivers’ and personal automobile
drivers’ time. Vehicle operating costs can be calculated using Equation B3.

Vehicle Operating Costs [Si L) xADT=Nxr, (B3)

Sa Y

where r is a weighted-average vehicle cost similar to the weighted cost in Equation B2 and the
remaining parameters are the same as those in Equation B2. Accident costs can be calculated using
Equation B4

Accident Costs = LXADT*Nx(A, -4 )xc,, (B4)

where c, Is the cost per accident, A, and A, are the during-construction and normal accident rates per
vehicle-kilometer, and the remaining parameters are the same as those listed in Equations B2 and B3.
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