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Preface and Acknowledgments

his book presents the significant advances made since the publication

of the previousthree editionsof Vadue Enginegringin the Construction

Industry. Inlieu of publishing afourth edition and repeating the
basics, the author and publisher decided a new text would better present the
innovative VE concepts developed in the last decade. This reprint includes an
updated diskette with additional VE toolsand automated formats.

Since the first printing, a complement of clean tliscipline-oriented workbooks
that are linked to provide a quick, accurate summary of recommendations
have been developed and included in the new diskette. Also since the first
printing, additional VE tools have been developed. These are also provided in
the new diskette. These include:

» Automated weighted eval uationsworksheet i n Excel

* General purposelinked cost model

* Excel-oriented spreadsheetsfor building-oriented conceptual estimates

* VE report formatsfor organizingaV E study report

- An Excel spreadsheet for collecting and evaluating creative ideas

Theintegration of VE methodology intothe designand project
construction/management processesisan important focusdf this book. Supporting
techniques areillustrated, and the text includestopics such as expanded initial
and life cycle costing input, use of Quality Modeling, integrating VE and risk
analysis, and greater use of computerized formatsand linkages. A VE goal change
emphasi zesopti mizingdecision making rather than reducing unnecessary costs,
which wasthe initial VE objective.

Thetext outlinesa VE Job Plan, which issupported by asystem of electronic,
integrated spreadsheet templatesthat are providedon disk asa basic tool.

Eadily used on I1BM-compatible computerswith Lotus 1-2-3 or Excel, thedisk
includesformatsdevel oped during the completion of over 500 major project VE
studies. Optional tools, offered as an aid to advanced practitioners, were devel oped
especidly for usein the VE process. These applicationsinclude a parameter-based
cost-estimatingsystem tied to the Cost Model and alife cyclecosting system

The disk interfaceswith a workbook, included as part of the text, that gquides
practitioners through application of the Job Plan during the performance of a

VE study.

Seven case studiesillustrate the range of application for value engineering
techniques, which evaluate total building costsover the economic life of afacility.
The case studies make use of excerptsfrom actual VE study reportsfor buildings



and processprojectsto demonstrate application of value engineeringconcepts,
the VE Job Plan, and life cycle costing methods.

Many people participatedin the devel opment of thisnew book by providing
important information, and acknowledgmentaf their contributions ismade with
appreciation. The principal contributor was the architectural/engineering firm of
Smith, Hinchman & Grylls Associates(SH&G), where the author worked for
some twenty years. The firm offered the environment in which to practice and
implement new idess. Special thanks go to Nancy Gladwell, the office manager,
who gave her wholehearted support throughout the ups and downs of the
consulting business. Dr. Stephen Kirk, who now heads his own office, whose efforts
provided valuable input into the development of life cycle costing, quality
modeling, and the concepts underlying the integration of VE into the design
process. Mr. Don Parker offered hisinsight and experiencein the devel opment of
the project cost control and va ue management aspects.

Other key contributorswerelocated in New Yark City (NYC). Jill Woller and

Bill McElligot, in the NY C Office of Management and Budget, provided
opportunitiestoimplement VE studiesand explorenew ideas. Similarly, theformer
employees of the Port Authority of NY/NJ, Robert Harvey and David Kirk
(formerly at the World Trade Center) provided the opportunitiesand proving
groundsto apply innovative methodol ogy to many challenging and varied projects.

Duringthe past ten years, the author has performedover 50 VE studiesin the
Middle East and United States. These studiesconstitute some of the most diverse
and complex projectsin 35 yearsof experience.

In particular, theauthor would like to thank the Abdul Latif Jameel Real Estate
Investment Co., Ltd., headquartered at Jiddah, Saudi Arabia, for the opportunities
to work for them. General Manager Mohammed Ibrahim Al-Abdan and
Engineering & Projects Director Mohammed M. Abdul Qadir were exceptional
peopletowork with. Currently,the author representsseveral consultingfirmsin the
U.S. and abroad. With their encouragement, the author has devel oped various
digital applicationsdf VE methodologiesthat function as basic tools in the
performance of valueengineeringstudies.

Asafina note, by utilizingthe methodology and toolsillustrated i n this book, in
2001, theauthor worked ontwo New York City projectsvaluedat $5 billion.Hehad
the good fortune of acting asVE coordinator where $1 billion in savingswere
achieved with enhanced design in both projects. These resultsfollowed being
recognized thethe International Society of American Vaue Engineershy receiving
their highest award, the LawrenceD. MilesAward, culminatingamost productive
year in retirement.

The proceedsd the book arededicated to my wife, who has the unenviabl e task
of taking care of the author in retirement.
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raditionally, construction projectshave been developed by generating

a program of needs, using in-house personnel or outside consultants

to develop necessary documents, and subsequently awarding the
projects. This approach has fulfilled managers requirements for presentingand
controlling capital expenditures.

However, the traditional approach does not allow for programmed input to
implement any kind of quality controlfvalue assurance program. In most areas
of the industrial field--computers, steel, automobiles, aircraft, etc.—formal
quality control/value assurance programsare a basic part of management controls
over production. Yet, large corporations have implemented very few formal
quality control{value assurance programs for construction-related procurement.

Value Engineering (VE) is a methodology that is known and accepted in

the industrial sector. It is an organized process with an impressive history of
improving value and qudity. The VE process identifies opportunities to remove
unnecessary costs while assuring that quality, reliability, performance, and
other critical factors will meet or exceed the customer's expectations. The
improvements are the result of recommendations made by multidisciplinary
teams representing al parties involved. VE is a rigorous, systematic effort to
improve the value and optimizethe lifecycle cost of afacility. VE generatesthese
cost improvements without sacrificing needed performance levels. A wide
range of companiesand establishments have ussd VE effectively to achieve
their continuous goal of improving decision making.

Life Cycle Costing (LCC), as practiced in VE, is an economical assessment
of competing design aternatives using the concept of equivalent costs. LCC
focuseson the total costs (initial cost + follow-on costs). Follow-on costs

are all the associated costs of running the facility. LCC concentrates on
optimizing energy consumption, maintenance and operationscosts, replacement
and alterations expenses, and staffing costs, including the time value o money.
These items can account for over 60% of the total cost of running afacility.
See Figure 1.1, "Life Cycle Costsfor a Typica Residential/Office Building."

Many owners, especially federal government construction agencies, have
found the techniques of VE and life cycle costing to be successful in optimizing
value and improving the return on investment (ROI) for a given project.
These objectives are accomplished through systematic application of VE and



Life Cycle Costs for a Typical Residential I Office Building

(Lifecycle = 40 years)
(Interest Rate = 10%)

Finance 28.5%

Replacement 11.7%

O&M 13.4%



The Objectives of Value

Engineering

Introduction A Brigfing

L CC techniques during design as a counterpoint, or "second look,” at major
decisions affecting the initial investment and operating costs of a facility.

Most facility owners would identify long-term profitability as their main
objective. They would alsoquickly point out that high quality and competitively
priced facilities, products, or services are essentia to achieve this god. Of
course, these must be produced economically in quantities consistent with
demand. The coordination and communication necessary to accomplish these
complex and seemingly conflicting tasks are often difficult to achieve. To
keep pace with the ever-changing business climate, companies must better
utilize their most important resource—their people. This has been demonstrated
through the recent quality revolution experienced in companies in many
advanced countries. Management has |leamed that when personnel are involved
in the decision-making processand committed to a goal, significant
improvements can be realized. The quality revolution has demonstrated that
waste and inefficiency are unacceptable anywhere in the organization. Also,
companies have leamed that they must offer users products and services that
satisfy their needs in a timely and responsive manner. Responsible decision
makers have redlized that they must better meet owners’fusers’ needs at
optimum value.

VE can play a critical role in managing value to meet these gods. It can
provide the networking required for improving coordination and
communication. In other words, VE facilitates management of both value and
costs. Using the VE methodology will result in improved profit, and it will
continue to pay dividends for years to come.

VE techniques can be used to achieve a number of objectives. They can save
money; reducetime; and improvequality, reliability, maintainability, and
performance. VE can also make contributions to improve human factors, such as
attitudes, creativity,and teamwork.

Vaueengineering can aso extend the use of financial, manpower, and materia
resources by eliminating unnecessary or excessive costs without sacrificingquality
or performance. Decision making can be improved by using the team approach.
Each personhasan opinion regarding what affects the valueof aproduct or service.
Often, decisions are made by one dominant individual, who basesthe choice on
justonecriterion, such ascost, quality, or reliability. Decisionsliketheselead toless
than optimal overall decisions. A decisionthat improvesquality but increases
cost to apoint where the product is no longer marketabl eisas unacceptableasone
that reducescost at the expenseof required quality or performance. It isimportant
to avoid confusing cost with value. If added cost doesnot improvequality or

the ability to perform the necessary functions, then valueis decreased.

Three basic elements providea measuredf valueto the user: function, quality,
and cost. These elements can be interpreted by thefollowing relationship:
Value= Function * Quality
Cog

Where:
Function = T he specific work that adesign/item must perform.
Quality = The owner'sor user's needs, desires, and expectations.
Cost = Thelifecyclecost of the product.

Therefore, wecan sy that:

Vaue = The most cost-effective way to reliably accomplish afunction that will
meet the usar's needs, desires, and expectations.



The Reasons fOT The main objectived VE isto improvevalue, and VE techniquescan overcome
many o theroadblocksto achievinggood value. Unnecessary coststhat lead to poor

UTITIECESSGT'_)’ (Costs  vaue aregenerally caused by oneor mored thefollowing:
« Lack of information. Insufficientdata on the functionsthe ownetfuser wants

or needs and information on new materials, products, or processes that can
meet these needs, within the required cost range.

* Lack of idess. Failure to devel op altemate solutions. In many cases, decision
makers accept onedf thefirst workable solutionsthat come to mind. This
tendency invariably causes unnecessary costs, which can be eliminated by
requiring the development of additional alternate ideas and then making
choices based on economicsand performance.

» Temporary circumstances. An urgent delivery, design, or schedulecan force

decision makersto reach aquick conclusionto satisfy atime requirement

without proper regard to good value. These temporary measuresfrequently
become afixed part of the design or service, resultingin unnecessary costs.

Honest wrong bedliefs. Unnecessary costs are often caused by decisionsbased

on what the decision maker believesto betrue, rather than on the real facts.

Honest wrong beliefscan impede agood ideathat would otherwise lead to

amore economical decision or service.

Habits and attitudes. Humansare creaturesd habit. A habitisaform of

response—doing the same thing, the same way, under the same conditions.

Habitsare reactionsand responsesthat people have learned to perform

automatically, without having to think or decide. Habits are an important part

of life, but one must sometimesquestion,”Am | doingit this way becauseit
isthe best way, becausel feel comfortablewith my methods, or because | have
dwaysdone it thisway!"

» Changes in owner requirements. Often, the owner's new requirementsforce
changesduring design or construction that increase costs and alter the
schedule. I n too many cases, the owner is not cognizant of theimpact of the
desired change.

* Lack of communication and coordination. Lack of communication and

coordination are principa reasonsfor unnecessary costs. VE opens channels

of communication that facilitate discussion of subjectsand dlows the
expressiond opinionswithout undue concern about acceptability. Also, it
creates an environment that promotes listening and responding to varying
pointsof view without becoming defensive.

Outdated standards and specifications. Many of the standardsand

specificationsin usein large construction programsare at least ten yearsold.

Astechnol ogy progresses, continual updatingof dataisrequired, but it isoften

not accomplished. VE hel psto isolate and focuson new technol ogiesand

standards in areas wherehigh costsand poor vaues may be incurred.

Each reason for poor value provides an opportunity for improved decision making
and an areawherea value engineeringeffort is appropriate.

An initial VE program study was conducted in 1965 by the United States
Depamnent of Defense to determine the sources of opportunity for VE. Theaim
of the study wasto obtain an indication of range and degree of applicationfroma
sample of 415 successful value changes. The study identified sevenfactorsthat
were responsiblefor about 95% dof the savings. Predominant among these were
excessvecost, additional designeffort, advancesin technology, and the questioning
o specifications.See Figurel.2, " The Seven Most Significant Factors Responsible
for SavingsActions."

The Department of Defensestudy revealed that a VE action was usudly based on
severd factorsrather than on asingleaspect. In addition, the change wasrarely
aresult of correcting bad designs. Second guessing designs to find them deficient

Introduction A Briefing
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When to Apply Vaalue

Engineering

Methodology and
Techniques

provideslittle value opportunity. Most designsstill work asthe designer intended,
following incorporationd VE study results. However, most designs can be
enhanced, thereby providingan opportunity for valueimprovement.

VE should beperformed asearly as possible—before commitment of funds, approval
of systems, services, or designs—to maximize results. The potential for savings, as
illustrated in Figure 1.3, " Potential Savingsfrom VE Applications," is much greater
the earlier VE is applied. When VE isapplied | ater, two thingsincrease: the
investment requiredto implement any changes, and resistanceto change.

Figurel.4,"Major Decision Makers Influenceon Facility Codts" showswhose
decisionshavethe most influenceover the expendituredf fundsduring thelifecycle
of afacility. The owner and consultantsare the major decision makers. Toensure
optimal results, it isessential to involvethe owner and consultantinthe VE process,

Regarding total costsfor afacility, the consultant'sfee representsthe smallest
expendituredf all of the initial costs. Consultants' decisions influence about 50%
of-thefacility's total costs. Therefore, the optimum results can be expected when
resources are set asidefor VE early in the design process, focusing on owner and
consultant impact. Ownerswho delight i n squeezingdesign feesinvariably promote
poor val uedesign decisions, Prudent expenditures during design to improve design
decisonscanreturnsignificantinitial and follow-oncost and quality improvements.

O ey Pl S TR 1 o KRB e
Conventional Approachvs the VE Approach." Individual efforts can be costly,
inefficient, and incomplete. A team effort, on the other hand, concentrates on

problem-solving techniques to bresk through obstacles. VE develops a cohesive
team of self-motivated achieverscommitted to a common objective.

The planned VE effort consists o using the VE Job Plan. The Job Plan fosters
improved decision making to redize the optimal expenditured ownerfunds, while
meeting required functionsat most favorablevaue. At the sametime, theowner's
desired tradeoffs, such as aesthetics, environment, safety, flexibility, reliability,

and time, are considered.

Aszmblingthe VE Team

It takestime and effort to assemblethe expertiseto conduct an in-depth review
using the Job Plan. The importancedf sel ecting appropriate team memberscannot
be overemphasized. A typical VE team consistsdf amix of personne, as illustrated
in Figure 1.6, “VE Methodology & Techniques.” A good rule tofollow isto seek
out team memberswith equal or better qualificationsthan the original designteam.
Specialty areas—such as fire protection, material handling, elevators, food
preparation equipment, and landscaping—offer unusual potential on largeprojects.
To improve implementation, a decision-making representativefor the owner
should attend, brat least be on call, during application of the Job Plan. Initially,
design personnel brief the team on mgjor system selection; then review and offer
comments on the team's ideas before a proposa is developed. Severa hundred
studieshave shown that a well-selected team that follows the organized VE
approach, dways producessavings. The order of magnituded the resultsisthe
only variable.
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VE Methodology & Techniques
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Interface With Other

Intraducnon A Briefing

Programs

VE techniquescreate changes to optimize design on purposerather than letting
changesoccur by accident. The VE Job Plan is built around the scientificapproach
to problem solving. The processfollowsa well-documented, proven strategy
comprised of the following structured phases:

* Information Phase

* Creative Phase

* Analytical Phase

« Proposal/Presentation Phase
* Implementation Phase

Figurel.7,"Vdue EngineeringJob Plan,” illustratesthe interaction and steps of
the Job Plan methodol ogy. See Chapter Four for amore detailed definitiondf each
phased theJob Plan.

Managers responsibilitiesinclude the protection, conservation, and constructive
utilization of the resourcesentrusted to them. The mechanismsavailableto
managersto meet these objectivescan be categorizedin two basic groups: static
and dynamic. Saic nechani sn$ are devices built into the process of doing business,
such asguidelines, regulations, and laws. These devicesare dwaysinforce. Costs
to achieve these benefits involve hidden resources, but they are rarely measured.
Figure1.8 shows some examples of static mechanismsintended to set overall
policiesand guidelines. While it isimportant to recognize that these mechanisms
exist and affect the project, they are outside the scope of what can be affected

by VE.

It is the dynamic nechani sns that are involved in our subject. The principal
srategies, listed in Figure1.8,all competefor management resources. Their dynamic
quality isdetermined by several factors.
» Emphasison and utilization of dynamic mechanismsfluctuateswith changes
in organizations and economics.
* Thelevel of use by managersand employeesis limited by understanding,
experience, training, and preconceived notions.
» Appreciationd dynamic mechanismsas a resourceisdependent on aff
perceptiond top management'sinterest in them.

SdectingaProgram

Among the dynamic mechanismsthat conserve and protect resources, one
program—vaue engineering {VE)—best meets management needs. Followingare
several reasonsthat supportthi contention:

1 VE hasuniversa application in al of the areasin which dynamic mechanisms
operate. Theobjectived VE istoimpmvevaue. Improvingvaue can be
achieved in thefollowing ways

« Raiseproductivity « Simplify work

» Improve management « Conserveenergy

« Improve LCC + Reduce paperwork
« Improvequality + Reducecost

« Reduce paper « Audit decisions

2. VE hasthe advantage of advocating or concentrating on techniquesthat
focus on the relationship of cost and worth to function. It teaches and
supportsthe utilizationof al exiging techniquesin application to the proper
problem. Figure L9 shows how VE methodology interfaceswith the
utilization of the other dynamic mechanisms.
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3. VEisauniversal problem-solving methodology that can be taught and used
at all levels.

4. Itsapplicability alowsVE to improve al related studies. Through the Job
Plan, VE providesasystemto ensurethat approved studiesreach adefinitive
conclusion that includes implementation, whileit improvesquality. Too
many studiesare subject to oneor severa of thefollowing pitfdls:

* Definitionof the incorrect problem.

* Recommendation of unworkablesolutions.
Failureto gather all necessary information.

* Nodemonstration of credtivity.

* Failureto includeimplementation actions.

* Failure to quantify benefits.

The VE Job Plan specifically addresseseach of these issues

VE isonedf the few programsa manager can initiate that generatesmore savings
than cost! After aninitial expenditure to launch a VE program, value engineering
paysfor itself. Return on investment (ROI) can be measured and monitored.

Application to Facility Programs

Under several mandatory federal statutes (Officef Management and Budget

OMB Circular No. A-13| —Vadue Engineering, June, '93 and Defense
Authorization Act, February, 1996), all major United States government agencies
employ full-timevalue engineers. | n addition, most major government suppliers
and contractors have VE saffs. There are formal programsin the Department of
Defenseand in the Departments of Environmental Protection, Transportation,
General Services, VeteransAdministration, and Energy. Outside the federa
government, the leader in VE application is the City of New York, where teams
include a representativefrom the mayor'soffice. The Port Authority of New
York/New Jersey was very active, especialy in front-end type applications, until a
changeinadministration reduced their program. Inall cases, significantsavingsand
reductionsin project budget overruns have been redized. Other areas with
programsincludecitiessuch asSan Diego, Boston, Philadel phia, Chicago, Orlando,
Seattle, and Miami; and the statesof Washington, Wyoming, Florida, Maryland,
and Virginia. In the private sector, Chevron, United Technology, Digital, Ciba
Geigy, IRM, Chrysler, FritoLay, and Owens Coming Fiberglassall have applied
the technique.

There are severd excellent VE consultants availablethrough SAVE International
“The Value Society," located in Northbrook, Illinois.

Outside of the United States, approximately twenty countries have active VE
practitioners. One of the leadersisJapan. There are more membersin the Society
of JapaneseVaueEngineers (SIVE) than SAVE International membersin the
United States. SAVE International chapters arelocated in Korea, India, France,
Germany, Hungary, Saudi Arabia, and Australia. I n addition, there are currently
programs throughout Europe, Canada, South America, Taiwan, and South
Africa. In Saudi Arabia, the General Directorate of Military Works (GDMW),
under General Otaishan, retired, of the Saudi Arabian Ministry of Defense and
Aviation (MODA), has had a fulltime program for more than eight years. The
GDMW has saved from $30 million to$75 million per year. Through the efforts
of the GDMW, the VE concept has spread in Saudi Arabia. Recently, a Saudi
chapter of SAVE International was established which includesthree Saudi
professiondswho areCertified Vaue Specialists (CV S), and eight Saudi Associated
VaueSpecidigts (AVS). In thegovernment sector, theMinistry of Municipalities,
Saudi Arabian Basic Industries (SABIC), GOSl —the Saudi Agency of Social
Security, High Commissionfor Development of Arriyadh, and Saudi Consolidated
ElectricCompany haveinitiated programs. I n the private sector, Saudi Aramco



Demonstrated Impact
of VE

and severd other privateinvestors(e.g., ALJRea Estate Devel opment, Jeraisy
Corporation and Saudi German Hospital) have used VE.

Typicd Results

Theresultsof over 500 studies show a5-35% reductionin initial costsand widdy
differing resultsfor follow-on costs, depending on emphasis. When initial costs
arecritical, owners place lessemphasis on follow-on costs, especialy if no project
will materializeunlesstheinitial cost budget isredized. Ownerswho both build and
maintain their facilitiesusually requirea balanced emphasis on seeking out initial
and follow-onsavings. There have been several studies where operationsand

mai ntenance costshave been soldy targeted.

With emphasis on follow-on cogts, annual savingshave ranged from 5-20% of
annual costs. Best results have been attained on large municipal projects. A classic
exampleisthe City o New Yark Office of Management and Budget, which has
often experienced $100 in savingsfor each $1 invested inthe VE study. Their ROI
on wastewater treatment plants, as well asother large projects, have averaged an
$80 to$l return on investment. In the processarea, onelarge oil producer started
a VE program about four yearsage. Over that time, approximately 60 studies
weredoneon projectsworth over 83 billion. Theoil producer's ROl wassubstantial,
with a10% average reductionininitial and follow-on costs.

VE hasthe potential for savings in any entity that spendsmonev. The potential
for savingswill vary directly in proportion to the amount of spending and the types
of expenditures. Larger, comolex facilitiesoffer the greatest potential. Resultsof
recent programswith large facility expendituresare illustrated in Figure1.10,
"Resultsd VE Programs” Typical reauestsfor proposals and scones of work that
generated these savings are illustrated in Chapterg

Vaue engineeringis effective in many areas of the construction industry, and it
can be utilized at different agesin the life d a building project. Applied with
flexibility and creativity, VE is almost unlimited in its ability to indicate areas of
potential savings that were not readily apparent.

Often, VE can generatesignificant fundsin initial installation and operating cods.
For example, aspart of a planned design approach, VE was integrated with the
cost and quality control programfor acourthousefacility that resulted in $1,500,000
ininitial cost savingsand $150,000 in annual cost savingsfor maintenance and
operations.

In addition to identifying specific itemsthat promote cost efficiency, VE can
provide objectivescrutiny of aproject to (1) determine cost-effectivenesswithina
planned timeframe or (2) identify improved processes and performance. In one
actual instance, the VE team questioned the economic feasibility of a building
project. When the planswerereeval uated, thereturn on investment was marginal at
best. Asaresult, the scoped the project was reduced to be more cost-effective,
and the money saved was used tofund severd critical projectsthat had beenon hold.
An important aspect o value engineeringliesin its ability to respond with
timeliness, flexibility, and creativity. After the terrorist bombing of the World
Trade Center in New Yok City, time was critical, since occupancy would be
adversdly affected if the project wasdrawn out. A VE/LCC/cost group responded
quickly to maximize decisionmaking and document actions. Theteam provided an
overview for each major expenditureto optimizefirst-time and secondary costs,
tracking both time and cogts. Risk andys's techniques were used to mitigate
potential catastrophicresults. These effortsresulted in asavingsin time and codts,
and hel ped achieve an 80% occupancy rate within three months. In addition,

the document/cost trailsdevel oped by the team were invaluablein explaining and
justifying owner actionsduring negotiationswith the insurance companies.
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Results of VE Programs (Million U.S. $)

Agency

EPA

Federal Highways

Corps of Engineers

Naval Facilities -
Engineering Command

Veterans Administration

School Facilities
State of Washington

Office of Management and
Budget, NYC

Design & Construction
United Technology

GDMW - MODA
Saudi Arabia

Annual
Approximate
I Expenditure

1,100

10 - 20.000

3,400

2,400

200

200

2,000
1,700

I 300

I 2,000

Period

1981 - Present

1981 - Present

1965 - Present

1964 - Present

1988 - Present

1984 - Present

1984-87-88
Present

1984 - 1985

‘1986 - Present

Annual
Program
Cost

Varies
Widely

25

05

1to1.5

05

Annual
Savings

30

150 - 200

200
100
10|

5-10

80
200 - 400

36|

150 |

% Savings



m—d Lﬂm Based on 35 yearsof experience, thefollowingguidelinesare recommendedfor
setting up an effectivevalue engineeringprogram.

« Establishamandated programfor VE to redizesavingsnot only for initial
capital costs, but dsofor follow-on (LCC)costs. There isas much or greater
potential in follow-on cost savingsasin initial cost savings.

Focuson an organizational unit with overall fiscal respongbility to oversee
the applicationand implementationdf the program. Establishthe
organizational unit at a managementlevel with responsibility for both initial
expensesand operations and maintenance costs.

Fund the program automatically asa percent o capital expenditures. In
addition, integratethe program into the design process. See Figure1.11, which
illustrateshow a large designfirm integrated VE into its approach.

I n establishing requirementsfor implementing VE programs, top management
should set the godsand objectives. These godsand objectivesshould focus
on optimizing decision making, including project enhancements.

Work to change personndl's attitude from the beginning. A training program
can create positive attitudesand set incentivesfor generatingsavingswithin
the organization. When needsincreaseand availablefundsdecrease, no
organization can afford to waste money whilecritical projectsare lackingin
funds.

In largeconstruction agencies, expect program costs of 0.1-0.3% of total
project costsfor an effective program. Thesefundsshould result inaminimum
o 5-10%savingsininitial costsand 5-10% follow-on cost savingsin annual
maintenance and operationscosts. Asfor timing, VE efforts are most effective
when applied early during the design process.

Withal of its potential and no sacrificedf needed requirements, why not accept
the challengeand implement a VE program!

Note TheCD that is part of this book package provides, as a basc tool, a systemd
electronic, integrated spreadshect templates. Optiondl applications, offered asan aid to
advanced practitioners, indude a parameter-based cost-estimating systemthat istied to the
Cost Modd and a life cycle cogting system.

The CD can be used on IBM-compatible computers, with Lotus 1-2-3 or Excel.
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Chapter One  Rgect Scope and Budget

hen agreeing to perform value engineering (VE) for a project,

the team coordinator should first determine whether the budget

for the project can be used as a baseline for a VE study.
otherwise, a VE study might identify potential savings of $500,000, only to find
out later that the project is realy $2 million over budget. This would result in
wasted effort. To prevent this occurrence, the value engineer must have expertise
availablewithin the team to review budgets, especidly for early concept studies
in which budgets are notoriously problematic. This chapter's discussion on
project scope and budget will help to illustrate potential problems and areas
for improvement.

Project budget development is the process of predicting (or forecasting) within
acceptable variances what the actual project cost will be when the project is
completed. Once a budget for a project is established, the goa is to control costs
to stay within the budget.

Previoudly, when facilities were less complex and prices were more stable,
costs were less of a problem. Cost took the number-three position in its triad
relationship with performance and schedule. The number-one position was
performance at any price. After al, the best-performing design was the end
objective. Schedule was in second place. Generally, a project had to be on
schedule, or it was not useful. In the rush to meet schedules, designs were
frozen as soon asthey were created, and fast track construction came into vogue.
The cost of construction was not as important as generating income from

the building or getting the facility on line at a certain time. On top of this,
project managers were evaluated using delivery time as the key factor.

Times have changed. Cost is in the uncomfortable position of being equal to,
or in some cases more important than, schedule and performance. Owners

are sometimes required to make tradeoffs among these three factors. Designers
sometimes make tradeoffs in performance to control costs. Uncontrolled

costs influence schedules through delays caused by high bids, lack of funds, or
projects that show poor return on investment (ROI) after the initial
commitment of funds.

Social values are aso changing. As costs go up, many seem to grudgingly
accept lessin terms of value and performance. Project features, qualities, and
amenities are often sacrificed to control cost overruns. Bid alternates, some
even deducting desired work, are introduced by design professionals and



Elements of the
Project Budget

Prevalent Budggting
Technigues

accepted by owners because the whole project can no longer be obtained
within budget.

Problems concerning budgeting and cost control generally fall into the areas
of "before" and "after” budget approval. Followingare the key itemsin both areas:

How can budgets be wrong at the start?

* Owner requirementsare not fully known.

« Initial planning and design programming are inadequate.

* Thedesign and construction scheduleisnot established.

 Estimators have obtained requirementsin piecemeal fashion.

» Too many requirementsare lump summed; requirementsneed to be better
defined.

 Owner politicsforce budgets to match a predetermined figurerather than
reflect actual requirements.

How can budgets go astray after approval ?
* Project scope is misunderstood by owner and users.
Requirementsare not clearly communicated to the designer.
* The designer isnot monitored.
» User changesarenot controlled.
* Project cost is not properly evaluated during reviews.
* The scheduleisnot met.

Each of the aboveitemsrepresentsa potential problem, whether real or imagined,
totheclient. VE must contributesolutionsfor the effort to be deemed a success.

In order to judge its validity, the valueengineer should know the components of a
proper budget. Proper budget preparation is necessary for management to make
sound investment decisions related to the worth o the project. Once the
investment decisionsare made, the budget can be used through VE asa vehicle to
control project scope and design decisions before experiencing a cost overrun.

Project budgetshave a number of cost elements. A n understanding of the various
elementsis essential in providing the baselineneeded for VE.

Figure 1.1, " Program Budget Elements," illustratesthe five budget el ements used
by the General ServicesAdministration (GSA)! to compute program costsfor a
project. These costsoccur in al projects, both government and private sector.

For a private sector project, additional items would need to be added to the
Estimated Resetvation Cost (ERC) element to include costsfor financing, taxes,
insurance, titling fees, and permits.

The method used to devel op the project budget must be preciseenough to provide
abasisfor monitoring throughout thedetailed design process. A good budget
should besupported by establisheddesign parametersand quality levels, then priced
onaconceptual basis inenough detail to alow the control processto beeffective.
If the budget used to seek the project financing cannot be used in this fashion,
control during execution will bedifficult or impossibleto achieve, and the effective
performance of VE will bein jeopardy.

AL ty SheNetranshdminiaion in 1974 which the author
by 82% of all architect-engineer {A/E) firms to prepare budget estimates. The
result of these budgets, when compared to the actual construction low bid for the
projectsfor the agency, showed thefollowing ranges.

Extremedeviation range = 66% (28% above low bid, 38% below low bid)

Chapter One  Project Scope and Budget
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Cost Control

» Mean deviation range = 29% (13% abovelow bid, 16% below low bid)
About 12% of the A/E firmssurveyed used a modular quantity takeoff method for
budget preparation. This method was somewhat more accurate than the square
foot method. When compared to bid results, the deviations were asfollows

Extremedeviationrange = 31% (21% abovelow bid, 10% below low bid)

Mediandeviation range= 24% (14% above low bid, 10% below low bid)

One d thelargest variablesin budgetingis effective cost control through design
development. T heabovedataillustratesthat cost control usngasquarefoot budget
asabesisisvirtually impassible. The ability to control costs to a budget seemsto
improve asthe definitionof the budget basisimproves.

Thesurvey asoindicated that the budget techni que most commonly used for
facilitiesis one that employsthefollowing elements:

¢ |dentify the type d facility.

+ Budget the cost per grosssquare footage ($/GSF).
The minimum amount o informationnecessaryfor thistypeof budget is

+ Historical cost for thefacility type.

* Desired grosssquarefootage.

+ Geographicallocation.

= Desired completion date.

Often, thisminimal informationisall that isknown or used when budgetsare
prepared. Project budgetsdevel oped on this bassare inadequatefor controlling
costsduring subsequent design stages. Further, this method cannot fairly represent
the cogt of the project at the budget stage. One cannot judge the adequacy of a
budget unlessthe owner's requirements are clearly defined.

For example, construction budgeting publications” show awidevariationin
historical $/GSF, dependingon the typed building. Within building types, cost
rangessimilar to thefollowing sample data are typical:

Offices (5t0 10 story) $59.15-$98.15/GSF
Parking Garages $20.15-$46.25/GSF
Auditoriums $62.35-$114.00/GSF
Courthouses $93.55-$125.00/GSF

Budgeting on this bass might be called " pick a number." When budgetingis
performed in this manner, one islimiting or selecting, without documentation,
factors such as facility quality level, program content, space efficiency, facility
configuration, and futurelife cyclecost (L CC) experience. Becausetheseelements
are undocumented, they cannot be controlled against the budget.

There isa differencebetween managingcosts and controlling costs. M anagement
istheact or manner o handling, directing, or supervisingsomething. To manage
somethingis to succeed in accomplishingit. Thus, to managecostsisto succeed in
accomplishinga cost objective.

Many talk about cost control asif they can control coststhrough some tangible,
prescriptivemeanssuch as VE. Because peopleare involved, however, thesituation
isnot that smple. Individual attitudes, feelings, and concernschange with time.

Cost control doesnot promiseanend to the problemsof management,whether they
areinflation or design related. Control isa process, in other words, asystematic
seriesd actionsdirected toward adesired result. To exercise cost control, one must
have a budget baselineagainst which to compare, so that management can spot
deviationsin time to take corrective action. The strong assumptionin the term
contral isthat management iswilling to exercise authority —to make a decision.

Chapter One  Project Scopeand Budget



Defming Project Scope
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TheCost Contra FAST Diagram

Many fed that cost control meansthe control of money or a budget review. Infact,
when cost control is mentioned, thefirst thing project managersdo isconsult

the estimateto seewhat prices can be cut. VE doesnot control costs by looking
soldy at estimates, money, or cash flow. AsFigure 1.2, " Cost Control FAST
(Function AnalysisSystem Technique) Diagram," indicates, the key to controlling
cost isto control scope. Thediagram assumes that the function of cost control is
acritical management obj ectiveconsistent with the overall goasand objectivesof
the owner.

TheFAST Diagramillustratesthe relationshipaof cost control to other procedural
functions. This diagram considers cost control as one basicfunction o the
organization (thisrestrictionexcluded listing other basic functionsnot germane to
the issue). It indicatesonly major goadsand objectives, withafew of the basic
methodsnecessary to achievecost control. Higher-order functionsappear to the
left of thefigure, with lower-order functionsto theright. Critical path activitiesare
Located on thecenterline. Thefigure may beread by insertingany of theverb-noun
activitiesinto one d thefollowing two questions:

"Whyisitnecessayto___ P

"Howis____ accomplished?'

Theanswer to the"why" question appearsinfunctionformtothe left of the
activity inserted. The answer to the"how" questionappearstothe right of the
activity inserted.

Achievement o the cost control function dependson successful achievement of
all functionsshowntotherightaf it. TheFAST Diagramindicatesthat onecontrols
cost by controllingscope, not dollars. See Chapter Five, " FunctionAnalysis," for
amoredetaileddescription o the FAST Diagram.

Designing to Budget ver susImproving Vaue

Thetask of holding project costsat the level initially accepted by the owner
dependson ateam effort, an effort identified by the term project cost control. The
project cost control team membersar e the project manager, the cost engineer, the
design professionals,and the owner's representative.

Simply achievingthe budget doesnot mean, however, that optimumvalueis
achieved. VE isa techniquedirected toward improving vaue. Thiscan beachieved
by providing more buildingscope (if needed by the owner) for the same budget,
the same building scopefor a cost below budget, or less building scope (if approved
by the owner) for a reduced budget.

Thus, the information needed to control design isthe same information needed to
improveits value. Basic design parametersand quality levelsshould have been
established during budgeting. If they were not, then the value engineer must
determinewhat they are before beginning hiswork. These parametersmust then be
used asguidelinesin supporting the ultimate V E recommendationsfor value
improvement. See Chapter Three, Figure3.16.

For a construction project, scope isdefined by words, drawings, and cost figures.
Tomogt designers, scopeconsstismerely of the owner's program needsfor net square
feet of space. If squarefeetisall that isspecified, thereisawiderangeof opportunity
for freedom of choiced everything esein the project. With such maneuvering
room, cost will also have awide variance.

Thekey to achieving cost control through scopecontrol liesin thedefinitiond
scope. Theold-fashionedideadf viewing scope as buildingsquarefeet is not
sufficient. Scope control isachieved by identifying essential requirementsand
generating a basdline document to record them. Such a system requires close
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monitoring by management, but it does permit verificationto take place in order
to regulate, thereby achieving the control function.

The scope o a project includes three elements: Project Cost Plan, Project
Management Plan (schedule),and Design Basis asshownin Figure 1.3, "' Elements
o aProject.” Eachof theserepresents'vaues' thought to bedesired by the owner.

Key ScopeDrivers
Seven broad areas, when established, are key in determining the project cost for
any typedf facility. These are asfollows.

Functiond Arees

The net squarefeet of each spaceto be provided in the project should be listed by
type. Thesum o all thisspace should represent the owner's requirementsfor

the facility. Knowledge of these quantities of spacefacilitates the budgeting of
equipment, finishes, and various system quantities (such asfor power, lighting,
heating, air conditioning, plumbing and ventilation) for each spacetype.

Occupancy
Many featuresdf afacility depend on the number of occupantswho will useit, as
well asthe operating profiledf thefacility. The following informationshould
be known:
= Number of permanent employees
* Number of part-timeemployees
* Number of visitors
* Gperating hours
* Number of shifts
» Number of employeesper shift

Thisdatainfluencesthe necessary amountsdf plumbing; circulation for stairwells
and exits; elevatoring; parking to meet local zoning; and support space such as
lunchrooms, auditoriums, and so on.

The type of functional space planned for afacility will also determine the number
o vigitorsit will draw. For exampl e, spaceto accommodatetour groups, shopping,
theater, training, and large conferencefacilitiescan increase building system
requirementsat a higher budget than if they were not provided.

Corffiguration

Configurationdata does not refer to the processof designing the building. It does
mean indicating the number of floors, height, perimeter, and volume.

Deagn Paardas

Once a program and configuration are established, one can estimate the design
parametersfor the major systems of a process facility or building. The parameter
quantity for each system dependson the criteriaused or assumed.

Generaly, four mgjor sysemsdepend on engineeringcal cul ationsbased on design
criteria. These are the structural, mechanical, plumbing, and el ectrical systems.

Special Sysems

Specia sygemsinvolvethe identificationand quantificationd al special sysems
and features to be provided, unintenuptible power supply, emergency power,
generation, and communicationssysems. Normaly, the decision to includethem
is asimple*yes-no" decision by the owner.

Geographical Locat | on

Knowledged thegeographical location providesessential datafor usein devel oping

project scope. It providesstructural criteria (seismicand wind loading) and
mechanical criteria (outsidewinter and summer design temperatures).
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e Code/Zoning Analysis \
® Quality Levels

® Management Organization
® Methods of Accomplishments
® Procurement Schedule

® Building Parameters

® Total Budget
® Site Development
® Building Systems
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Parameter Cost
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Geographical information is also important for determining necessary index
adjustments to labor, material, and equipment costs. Geological data is aso
necessary for basic drainageand foundation information.

System costsknown for one location can be indexed to another location and, if
the location isremote, budget elements can beadded for transportation of materials
and labor per diem.

Key milestonedates must be fixed or assumed to provide the schedulingdatafor a
controllable budget.

Parametersare good indicatorsof worth for the valueengineer. However, theterm
parameter cogt is often misunderstood and misused. A parameter isan arbitrary
constant whosevaluescharacterizean element of asystem.

The most common way to estimatea new buildingis by the cost per squarefoot.
Thisclasscd parameter isredly not aparameter at al. Cost isnot constant; it does
not vary in a consistently predictable pattern; it does not characterize any
particular system.

The major problem with using costs per square foot as a parameter to determine
function worth isthat the cost for that unit of measureisconstant for only one class
or typedf building at a particular time. Retrieval and reapplication of $/GSF data
requires extreme care, good judgment, and complete understanding of the
separation of classesinherent between differing$/GSF gatistics.

The user o $/GSF data must know more about the basisfor the datato separate
itsapplications between the buildingsinherent in the statistics. For example,
knowing the $/GSF for constructing a residencedoes not help when pricinga
ten-story office building. Parametersat the buildinglevel are difficult to develop,
quaify, quantify, and storefor future use. Similarly, $/GSF pricingfor sysemssuch
asexterior closure, plumbing, mechanical, and electrical systemsisnot very
helpful. However, parametersat the systems level are easier to develop in a
meaningful way than is $/GSE

Generally, parameter units of measurecan be devel oped based on some term or
characteristic of the system to be priced. Figure 1.4, "Units of Measurement,"”
provides some common system-level parameters used for building construction.
Figure 1.5, " Construction Cost Summary,” representsa recent parameter-based
cost estimate devel oped for a hospital in Saudi Arabia. A programfor aiding the
effortshas been devel oped by Saudi Projacs, acompany offeringconsultant services
for project management, valueengineering, lifecyclecosting, and cost control.

A parameter budget based on thisfigurecan then beused effectivel yto control costs.
For example, if the budget were based on 1,200 fixturesfor plumbingand the
subsequent estimate indicated 1,676 fixture units, one could assumethat either
thebudget was in error or too many fixtureswere specified

Related Ratios

Parameter measurementsresult in the development of quantities associated with
eachsystem. Thesequantitiescan vary widely depending on the efficiency of design.
System quantitiescan often beincreased or decreased without affecting basic
systemfunction. For example, apencil can be long or short, or you can buy one
dozenor twodozenat atime. Over time, related ratiosfor system quantities have
been devel oped that provide avaluestandard to judge parameter quantity.



Units of Measurement

System

01 Foundations
011 Standard Foundation

02 Substructure
021 Slab on Grade
022 Basement Excavation
023 Basement Wallls

03 Superstructure
031 Floor Construction
032 Roof Construction
033 Stair Construction

04 Exterior Closure
041 Exterior Wallls

042 Exterior Doors & Windows

05 Roofing

08 Interlor Construction
061 Partitions

062 Interior Finishes

07 ConveyingSystems
(08 Mechanical

083 Fire Protection

08 Electrical

091 Service and Distribution

092 Power & Lighting

12 Site Work
121 Site Preparation
122 Site Improvement

123 Site Utilities

Unit
Measure

FPA
KP

SFSA
CcY
SFSA

SFA
SRA

FLT

XDA
8Q

SFSA
GSF

LO

TONS
MBH
HEAD
STA

AMP
NSF

ACRE
8Y
SF
LF

Definition

Footprint Area (square feet)
1,000 pounds

Square Foot of Surface Area
Cubic Yard
Square Foot of Surface Area

Supported Floor Area (square feet)
Supported Rodf Area (square feet)
Lineal Feet of Riser

Flight

Exterior Wall Area (square feet)
Exterior DoorfWindow Area (square feet)

Square (100 square feet)

Partition Square Feet

Square Foot of Surface Area
Gross Square Feet

Landing Openings

One Ton= 12,000 BTUH

1,000 BTUH (heating system measure)
Number of Sprinkler Heads

Stations (for standpipe systems)

Amperes of Connected Load
Net Square Feet

Acre

Square Yard
Square Foot
Lineal Foot
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Construction Cost Summary
General Hospital in Saudi Arabia

180 Bed Hospital and Supporting Facilities: 33, 007Sq. M Nov-96
Div. SYSTEM Total Cost Subsystem UOM-Unit | Guant | TotaiCost | Total Cost ;’cmporl
H 1 i
no. | par sysam | | omemue | | pwuow | sus | sem
|DEMOLITION | | Demittion | esM | i i .'
o [Fouummn 1,704,848 | 011 Standard Foundations | MPA | 8548 51 179786 | 6.4
| MPA 632! 240 1522080 48 y
02 |SUB STRAUCTURE 9005671  021/Slab on Grade MPA ' 3548 | 391  137.357 | 416

Total Estimated Construction Cost i 69,043,170 ;

2,092
Abbreviations
" AP AreaProtected | PBM  Pamtion Square Linear Metar

BCM  Bassment Cublc Meter | TFA  Total Finiahes Area Landing Opening
BWA Basemont Wall Area ! TON 12,000 Btuh | &8  LumpSum

FLT Fughl . WFA  Upper Floor Area MOS Months

FXT  Fixture Count | XDA Exterior Doars & Window Area i MPA  Meter Print Area

Gross Square Metar XWA  Exterior Wall Area i M8  Meter Square
KW  Kilowatts Connecled | PCT Percent o
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Conclusion

References

Figures 1.6 through 1.12 are tablesdf variousrelated ratiosthat can be used in
making initial judgments of system worth regarding designed quantities. Also
included areFigurel.13," Total Energy Budget Levels," and Figure1.14," Conveying
System Quantities."

During theinitial VE applicationfrom 1964 to 1965 at the Naval Facilities
Engineering Command in Washington, D.C., the mgor problem encountered
was the lack of redlistic cost estimates broken into a useful format. As aresult,
considerable energieswere expended working with the cost groupsto refine
proceduresfor estimating. The same problem occurs today in trying to set up VE
programs, for example, for municipalitiesin the U.S. and government agencies
overseas. Thischapter illustratessomekey ingredientsd project cost control

that enablesacomplementary cross-feed to the VE program. They have been used
and work well.

1 GSA Handbook, Value Management, PBSP8000.1A.

2. GM. Hollander, " Ingredientsfor Accurate Construction Cost Estimating,”
Actual Specifying Engineer,June 26, 1974.

3. R.S. MeansCompany, Inc., Means AssembliesCost Data, 1997.
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Description:

Notes:

Footprint Area

Building Perimeter per Linear Foot







Chapter One  Project Scope and Budget



Notes:

100 psf

125 psf

Whole Bay Working Loads

- KIPS/Floor/Bay

Add 10% per floor for column load.

30X 35

| 30X 3







QUANTITIES

Cooling
ol

Notes: - Based on 78°F inside temperature
energy efficient

GSFE

Tons = SsF/Ton

Philadelphia

San Francisco

NCR
Alaska

420
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Total Energy Budget Levels
Commercial & Resldential Facilities

(In MBTU/SF/Year)
Arizona Phoenix 146 133 152 406 18 131 136 192 134 119 100 137 212 171 168 49
Calfomls Los Angeles 112 101 115 384 157 103 103 151 106 QI 74 108 171 132 128 42
SanFranclsco 108 92 109 353 150 103 94 143 101 87 78 108 185 125 119 5l

Q@ orado Denver 122 98 123 338 162 110 100 156 109 100 97 118 178 137 135 71
D.C. Washington 127 107 128 353 160 120 108 164 115 104 o8 121 185 144 142 &3
Florida Niam 152 142 161 406 203 183 147 201 140 125 103 M1 219 179 178 4
-a;rgla Atlanta 122 108 1% 353 18 114 108 180 112 100 83 116 180 141 133 53
{l_ﬂnols Chicago 127 12 120 338 167 124 103 161 113 104 103 123 183 142 141 75
Louisiana NewOreans 144 129 149 408 104 130 133 189 13 118 100 1% 210 163 164 52
Massachusetts Rston 125 101 126 338 165 121 102 159 111 102 99 121 181 140 10 72
Michigan Detroit 120 103 130 333 163 128 104 163 114 108 106 125 185 143 143 77
M—p— Minneapolis 142 100 144 335 180 140 110 175 128 117 12 138 108 15 157
Missourl KansasCiy 133 110 13 353 175 127 112 162 110 100 104 128 10 150 149 7
Montana  GroatFals 131 102 132 335 170 120 102 163 115 107 110 127 186 144 144 &
NewYork  NewY® 126 106 128 353 188 120 107 162 114 103 6 11 184 143 14l 66
I ahona Owshoma ity 120 110 132"3—53“_152 21 112 167 117 108 o7 123 187 147 148 6L
i»onnsytmia Philadelphia 131 107 133 352 173 128 100 160 M7 107 1@ 1% 188 147 146 T
Bo.Carolina  Charleston 124 110 128 358 168 114 113 163 114 12 88 118 183 144 141 40
;o;n;;;“mMmpms 128 108 10 35 169 117 111 164 115 103 92 120 184 145 12 5
Texas  Dallas m““i:;l— ﬁﬂs:s_?sg 17 119 19 T 120 107 04 124 180 12 150 50
© Houston 145 130 150 406 185 1D 134 180 133 118 100 13 211 160 168 &l
Washln-gton.. Seatte 119 96 119 353 180 116 97 153 107 96 @1 115 173“"“134 13 69

Nole: Figures include design energy requirements f o heating, cooling, domestic hot water, fans, exhaust fans,
heating and cooling auxitiaries, elevators, eacalators and Highting.

Note: Space is rasarved in this tabie for restaurants and industrigl buildings.
“Fedaral Register Vol 44 No 230 Wednesday, November 28, 1979: Proposed Rules
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Conveying System Quantities

High Level of Service: 1 Elevator per 500 people
Fair Level of Service: 1 Elevator per 750 people

General Formula:

PxfxT

N= —300xE

Where:
N = Number of Elevators
P = Design Population
f = Peak factor
f = 14.5% of building population when
all occupants start work at staggeredtime.
f = 16.5% of building population when
all occupants start work at same time.
T = Round trip time (seconds) on morning peak
E = Normal number of persons per car at peak:

C = Car capacity in pounds

1 per 75,000 net square feet of space, or
1 for every 3 passenger elevators

Used to carry 600 people or more between floors
Capacity = 5,000 to 8,000 people per hour

Energy conservation design standards of GSA for office space
limits the installation of lightingand power to 7 watts per
square foot, broken down as follows:
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he private sector has used the capitalizedincome approach to project

budgeting (CIAPB)for many yearsas a buildinginvestment andysis

technique to evaluate the economics o constructing property for
owning and/or rental purposes. The value enginear's understandingd® CIAPB can
result in an overall indicator of the required functionsand the worth of a project.

CI APB Ob : Thevalueengimeer can usethe CIAPB to achievesevera objectives.
jectives _ | . oeEEe
* ldentify and conscioudly reeffirm or waive specific requirementsthat exceed

the value provided by equivalent or alternate income sources.

* Proposeredlistic, lower attainable budgetsfor provisiond spacefor a specific
project.

» Ealyinthe project cycle, establish the financia relationshi pbetween income
and cogtsfor each proposed capital expenditure.

* Providea performanceindicator for cost control early in the project cycleto
alert management to the need for value improvement.

« Facilitatetreatment of each building, and/or each income-producing element,
asanindividua cost center.

If the designer hasa" costing out design" rather than a""design to cost™ philosophy,
the owner should be made aware d the differencesin cost when compared with
the owner's attainablerental incomein the marketpl ace. Otherwise, the owner will
be unaware o the consequencesd afinancially unsound project. If the owner
wants to achieve a certain return on investment (ROI) for hispattners or himsdif,
then cogt control and value engineering (V E) to prevent cost overruns isasound
approach.

y Real estate devel opers use three separate techni quesfor measuring property value.
Measunng PTOP erty These are the cost, market, and income methods. Each method may serve asan

Value independent guide to an estimation of property value, or asin the case df a
developer, asan indicator of how much to spend in constructingor improvinga

piecedf property.

Cog Approach

The cost approach (or replacement method) measures property value with an
estimated the dollar outlay necessary to replace the land and building with
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The Meaning of
Capitalization

improvementsor equivalent utility under current conditions. Costs are generaly
arrived at by market comparison, using historical cost experience o recently
completed buildings of the class, style, and quality level desired, considering
depreciation.

Market Approach

Using the market approach to property value, pricedata are gatheredfrom recent
transactionsin which similar propertieshave been sold. These properties must

be comparablein condition and | ocation to the proposed property.

IncomeApproach
Theincome technique to measuring property value centersaround the thesisthat
"vaue isthe present worth o futurerightsto income." This approach requires
the owner or hisrepresentative to determine the revenuesthat may reasonably be
anticipated during the estimatedeconomiclife of the property. Thegrossincome
is reduced to net income and then capitalized (discounted) at a market rate of
interest, including recapture (capitaization rate), which reflects the quantity,
certainty,and quality of the anticipated income stream. This approach is
represented by the following generic equation:
net income
capitalizationrate

project value =

TheClAPB process s based on the incomeapproach to determine project vaue.
Thus the generic equation to determineestimated total program costs (ETPC)
for budgeting purposesis
ETPC = __netincome
capitadizationrate

The capitalization rate—also known asthe going rate of interest, cost of money,

or market rateof interest (plusrecaptureprovisions)—constitutes aratio of income
tovalueat which property isexchanging in the market. Thisratio. or rate of
capitalization, isgenerally accepted as aguide in the conversion o anticipated
incomeinto asum of present value, especially when the property is acquiredfor
incomeor investment.

Hereisan exampledf capitalization in itssmplest form: Supposearich uncleleft
you asum d money in trust, but hedid not tell you how much. However, every
year you receivea check from the bank. Thisyear's check isfor $10,000.Yau are
curiousto know how much money isleft for youinthetrustfund. You call the bank,
and they tell you they are paying an interest rate of 8%. Now you haveal the
informationyou need to capitaize the net incomereceivedinto a present value
for the trust fund:

$10,000 (net income) _ $125,000 (trust)
.08 (ratepaid) ’ '
For real estate transactions, however, determining the capitalization rate is a bit
more complex.

Rateof Interest
Therated interest consistso four factors:
* Pureinterest —interest that can be secured on government bonds.
« Rate of management —the rate necessary to processand administer the
investment.
= Ratefor nonliquidity —the rate necessary to compensatefor relativeinability
to"cashin" the investment.
* Ratedf risk.
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Therisk rate varieswith the type o investment. A city-guaranteed mortgage is
relatively risk free. However, noninsured mortgagesare high risk, and may mean
lossesfor the investor or lender. Such lossesare reflected in the applicablerate

of interest.

The capitdization rate could beindicated in tabular form asfollows:
Pureinterest 9.00%
Management .50%
Nonliquidity 100%
Risk 1.00%
Recapture (40 years) 2.50%
Suggested capitalization rate 14.00%

Such a"built-up™ rate, however, does not accurately reflect the motivations, cost
benefits, or other considerationsaf real property investors.

Modified Band Rates
The next generation of capitalization theory devel oped the Modified Band of
Investment Theory basad on morerealistic assumptions:
Ratio of equity x equity dividendrate (ROR) + Ratio of loan x amortization
constant (CRF) = Weighted capitalizationrate
Thisformulagmply statesthat most propertiesare heavily mortgaged, and the

investor wantscoverage of the mortgage amortization plusan adequate return on
hisor her equity investment. When placed into the genericformula, the following

isderived:
~ _ net income
ETPC (I-K) (ROR) + K (CRF)
Where:

K = Ratio of mortgage to total project cost
ROR = Rate of retum on equity

CRF = Capital recovery factor; amount to retire a one dollar mortgagewith
interest over aspecifiedterm at aconstant annual payment.

Third- and fourth-generati oncapitalization techni queshave continued to expand
this basic formula to account for such attributes as equity build-up, possible
property appreciationover an ownership period, and other considerations. The
used theseadvanced techni quesisencouragedwith expert advicefrom an apprai ser
who is knowledgeableabout the property. However, for purposesof grossestimates
of value, the basc formulaisreliableand doesnot unduly skew results.

The Capltahzaaon Theprocess of the CIAPB andysisinvolvesthree steps:
1 Obtain Market Data

P TOCess Firgt, research the community where the project is located. Datacollection
from the market area is essential . Such datawould includepotential rental
ratesand other costsnear the location wherethefacility will be constructed.
Loca bankscan provide the area normsfor desired ratesd return on
building projects, availablefinancing terms, interest rates, tax incentives,
and other availableinvestment incentives. Findly, the desired ratescan be
obtained by asking what ratesthe owner iswilling to accept in the anayss.

2. Compute Net Income
Second, reduceestimated potential grossannual incometo net annual
income. Thiscomputation requiressubtracting annual fixed expensesand
operating expensesfrom estimated annual grossincome. Fixed costsare the
expensesnecessaty to own and manageaproperty even if it isnot occupied,
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including insurance, taxes, management costs, and reservesfor repair and
replacement. Operating codsts are the expenses incurred when a facility is
used, including utilities, custodial, preventativemai ntenance, security, and o
on. A good source of datafor expected income and expensefor office type
spaceis published by the Building Owners and Managers Association
(BOMA).

3. Determine Mixi numConstruction Cost
Next, capitalizethe net income, which indicates the maximum amount of
capital that a prudent investor would put into the project. From this,
determine the maximum construction cost for the project by subtracting
the other project budget centersfrom the capitalized project value.

An Example Usng CIAPB Analysis
Assumptionsfor thisexampleare as follows:.
Grossbuilding area = 315,000square feet
Site area= 100,000square feet
Rentabl e space = 250,000 square feet
Rent = $21.77 per squarefoot per year
Expenses= $8.36 per squarefoot per year
Financing= 100% (30 yearsat 9%)
CRF = .097336
Land cost = $15.00 per squarefoot
The procedure outlined initemsathroughf below illustratesthe sequence of steps
used in applying the processdf CIAPB analysis.
a The gross annual income will be 250,000 x $21.77 = $5,442,500
b. Tota expenseswill be: 250,000 x $8.36 = $2,090,000
c. Net incomewill then be 5,442,500—2,090,000 = $3,352,500
d. The maximum estimated total program costs (ETPC) will be:

e. Themaximumestimated cost of construction (ECC) will be computed

as follows:

ETPC 34,442,550
Estimated site cost (ESC) (land) — 1,500,000
Egtimated design and review cost (EDRC) (7%) — 2,411,000
Estimated management and inspection cost (EMIC) (4%) - 1,377,700
Estimated reservation cost (ERC) (6%) — 2,066,550
Estimated construction cost (ECC) $ 27,087,300

f. This example provides a construction budget of $86.00/GSF for the
building, computed as follows:

General Application

The CIAPB analysiscan be applied to all forms of constructioneven when the
owner is not in the rental business or actually receiving income. The basis of
capitalization can be imputed income using avoi ded expenditures. For exampleg, if
you plan to build a new house, you can base your budget on the unit coststo
rentsimilarhomesin the area. Figure2.1 illustratesvarioustypesof imputed income
for awide range of projects.
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Imputed Income

Type of Construction

Public School

Wastewater Treatment Plant

Prison

Office

Court House

Computer Space

Hotel and Motel

Cafeteria

Auditorium

Possible Methods for
Computing Income

Cost per pupil based on payment
of private tuition

Community sewage charge
Cost per million gallons

Cost per prisoner to house elsewhere

Cost per square foot to
rent space elsewhere

Cost per square foot to rent office
space and to renovate it for court use

Cost to contract out computer processing

Conference, food service and room
income

Equivalent restaurant expense or loss of
employee time to go outside

Equivalent theater income
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The Need for Cost
Conerol

Conclusion

Before spending capital for any project, the value of the budgeted amount can be
checked against its economic benefits. The CIAPB determines the worth of the
project, which can be reviewed on a cost per squarefoot basis. The income must
produce a budget sufficient to construct the quality desired to judtify itsalf.

Owners have acritical need for cost control when they have justified a project
budget to receivea certain ROI. Figure 2.2 providesthe economic summary of a
project that was budgeted to provide a ROI of 18.1%.

Thefigure presentsseveral scenariosto show what would happen if construction
and operating cost vary from budgeted codts:
I n thefirst case, project construction costsrose 10% over what wasoriginally
planned. Thisincreasein initia cost reducesthe ROI to 12.1%.
* In the second situation, the designed facility operating costs are 10% higher
than planned. If thiswerethecase, the ROl would be 13.4%.
In the third situation, both the construction costsand the operating costsare
10% higher than originally planned. The net result isan ROI of only 9.6%.

In all three cases, the resulting ROI is less than the owner would have accepted

duringthe planning phase and certainly representsa poor ROI for therisk and effort

involved. Considering how easily 10% changescan creep into aproject, the

imyortance of an effective cost control effort isapparent. The entirefinancial

feasibility of aproject canbedrastically altered long beforeanything isin theground.

* Inthefina situation, both planned initial costand ownershipcost are reduced

by 5%. This result can easily be achieved by monitoring project costs
throughout designand applyingboth VE and LCOC techniques. The result is
anROI of 30.2% —an increased 66%.

Typicaly, owners purchase insurance on their facilities to safeguard against
catastrophic losses. VE/LCC effortswould effectively dovetail with the purchase
of property insurance and bring owners the knowledge that they are insuring a
worthwhileinvestment. In many instances, actual application of the capitalized
income approach to project budgeting and follow-on VE haveresultedin doubling
of the ROI.
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Economic Impacts of Cost Changes

Hypothetical Office Building

Construction Economic
As Planned Construction Operating +10% VE-Studies
(Budgeted) Cost + 10% Cost + 10% Operating Construction-5%
Cost + 10% Operation- 5%
Total Construction Cost 34,757,000
Indirect Cost 9,249,000
Land Cost 4,480,000
Total Project Cost 48,486,000
Less Mortgage Loan* 40,583,235
Equity Investment Required 7,902,765
Gross Income 8,850,000 8,850,000 8,850,000 8,850,000 8,850,000
Operating Costs 3,110,000 3,110,000 3,421,000 3,421,000 2,954,000
Net Income 5,740,000 5,740,000 5,429,000 5,429,000 5,896,000
Less Mortgage Payment 4,305,000 4,305,000 4,072,000 4,072,000 4,422,000
(Debt Service)
Before Tax Stabilized 1,435,000 1,435,000 1,357,000 1,357,000 1,474,000
Cash Flow
Return of Equity investment(ROI) 18.16% 12.12% 13.43% 9.66% 30.23%

*Loan amount determined by 75% of net income capitalized @ 10% interest over 30 years.
0.75x$5,740000%9.427 (PWA) = § 40583235
0.75%$ 5,429,000 X 9.427(PWA)=$ 38,384,387
0.75x $5,896000x9.427 (PWA)= $ 41,686,104

o






Making Models
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reparing a cost model from a detailed estimate is a common practice

in value engineering (VE) construction work. Costs are the foundation

of value analysis. The cost model is a tool that assemblesand bresks
down total facility cost$into more functional units that can he quickly analyzed.
Experience has proven that the act of preparing the modd is more important
than actually having the model. Preparing the model forcesthe preparer to become
more knowledgeable about the Sze, content, and scope o the project; it isan
excellent way to document the effon of a prestudy VE review. Preparing a cost
model contributes immensaly to the "mind setting" and "mind tuning” that Larry
Miles, the founder of VE, found so important to value work.'

Once amodel is prepared, other benefitsinclude:
* Increasing cost vishility, enabling one to seethe high cost aress.
* Helping toidentify VE potential .
* Providing a baseline referencefor usein comparing alternatives.

A model isan expressionof the distributionof costs (or other resources) associated
with aspecific project, system, or item. All models generically represent awork
breakdown structurein which each pan worksin relationshipwith the other parts,
or through levelsof indenture. These relationshipsareillustrated in Figure 3.1,
"Work Breakdown Structure.”

Modelsfor any subject matter can bedevel oped by obtaining cost or other resource
informationat thefirst level of indenture, then logically breaking down that
informationto subsequent levels. Somed the rulesfor making model sareasfollows.

* Work from the top down.

* Identify cost centersat each level of indenture.

* Organizethe model so items above depend on itemslisted below.

* Make thetotal cost of itemsequal to the sum of each level.

As afurther enhancement, the cost model includes two types of codts the
actual/estimated cost and the target costs. T he value review team, augmented
with cost expertiseas required, developscost breakdownsd each component or
project element. Each element isassigned aspecificblock on the model. The team
adjuststhemodel blocksfor each facility to better reflect the appropriatef unctional
areasand estimating techniques. Normaly, the team usesavailable estimating
data. However, whenever dataislacking or its vaidity issuspect, the study input

is augmented by a cost validation effort to secure more meaningful costs.



Work Breakdown Structure
(Levels of Indenture)
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Construction Cost
Models
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Subsequently, target costsfor each project element are devel oped and listed below
the estimated cost. These idedlized costs are based on team expertiseand a
functional analysisof each cost block. The costs represent the minimum cost
believed possiblefor each block, based on team experience with similar el ements,
costfilesonsimilar facilities, and/or previous VE study results. With acost model,
itispossibleto develop aone-pagevisua analysisof the costsfor the total facility.
Note: A general purpose cost mode in an automated Excd format isincludedin the
toolsd the book’s CD.

The most common work breakdown structurefor a construction cost model of a
buildingis based on the UniFormar system. For other typesaf heavy construction
(e.g., wastewater, plants, dams, highways, and airfields),the val ue engineer must
create aspecia work breakdown structurefor the model.

UniFormat for buildings has becomea standard i n the construction industry
because it is based on a buildingsystemslevel of detail rather t han on atrade
breakdown, as used by the Construction Specificationsinstitute (CSl). Building
systemscan be directly related to one or two basicfunctionsfor each system. Also,
building systemsare adaptable to parameter cost measurements.

TheUniFormat standard has resulted in alibrary of historical experienceof the
squarefoot cost of varioussystemsaswell as parameter costs. This body ofknowledge
relates worth (target) to the system functions at the system cost level of detail.

Figures3.2 through 3.8 demonstrate several cost modelsfor avariety of projects.

Figure 3.2 illustrates a typical UniFormat buildingsystemslevel cast/worth model
for a pretrial servicecenter building. Thismodel indicatesthat the architectural
areahasthe greatest savings potential.

Figure 33 illustrates the same UniFormat level of detail for amanufacturing plant
expansion project. Figure 3.3 was prepared using Microsoft Excel computer
software. The program totalsboth cost and worth input at the lower levelsof
indenture. The cost blocks were developed in collaboration with owner cost
personnel usingfunctional analysisconcepts. Thisfunction-cost-worth approach
isessential to the VE process. This model indicates that the HVAC area hasthe
greatest savingspotential.

Figure34 isacost model of alargewastewater treatment facility. In this case, the
god wasto isolatefunctional cost elements, thereby enhancing the team's ability
to review function-cost-worth. T he cost model was devel oped usng the Function
AnalysisSystem Technique (FAST) Diagram concept (seeChapter 5). From

the VE sudy, some$150 million was saved, and several areas of design concerns
wereisolated.

Figure 3.5 showsacomputer-generatedcost model of alarge city highway network.
The model wasgenerated by breaking the project into component parts. The
concern was several high-cost areas that were not related to basicfunction; for
example, secondary function rampsDN and CD. The model isolated several major
areasdf cost savings, some of which involved the impact of political concessions
made by municipal officids. The major cost was a specia ramp into one
neighborhood. Implementation actions were lengthy, with actual savingshard to
identify. Some $50 million of initial cost savingswereinitially implemented.
However, several months after the study illustratedin Figure 3.5, astate financial
review committee questioned why more of the identified savingswere not
implemented. Asaresult,amoreintense gopraisd —with costsupgraded asabass
for selection and political goals decreased-doubled thesavings. (See Case Study
Six for anin-depth anayss))

Figure 3.6 shows acost model of alarge dam. The cost model isolatessevera
secondary function areas as high costs, namely, diversion tunnel and spillway. This
model was devel oped from function analysisdata gained from Figure 5.4. Some



s

Cost Model
Value Engineering Study

Legend:

VE Target
Actual/Estimated:

Project: Pretrial Service Center

Locatlen: .

Phase of Design: Schematc _

Date:
NOTES:
Bldg. Type: Carporate -9 Floors
GSF: 118.040

Gonstr. Type: @mg@nﬁ )




Cost Model Legena:
Value Engineering Study VE Target
S Actual/Estimated:

e

SITE WORK, |, 2 e—reaarn - .
Profit
Site Preparation
EEE | 3.26
= | 4.58

[ [site utilites |

Component
or System

Project:
Location:

Phase of Deslgn:
Date:

‘Manufacturing Plant Expansion

Schematic

NOTES:
Bidg. Type:
GSF:

Const. Type:




Chapter Thee  Preparation of Cost Models



Chepter Three  Preparation of Cost Models



Chapter Three  Preparation of Cost Models



Other Resources

Typesd Modds

Chepter Three  Preparation d Cost Models

$20 million insavingswere implemented by the chief engineer, who attended the
final presentation.

Figure3.7 illustratesacost model of alargeoffshoreoil/gas platform. This model
restructuresthe project estimatei nto morefunctional linesusng FAST Diagramsof
process and layout. The worth targetswere established after teamreview of the
project documentsand function analysis, usngsome initial ideas developed by the
ream. The model isolated high-cost areas. the design, structural, equipment, and
piping costs. T he jack-up platform isa temporary unit used to house workers and
suppliesduring construction. Actual implemented savingswere approximately
$30,000,000. Thesavingswerelow becausethe design wasover 50% compl ete,and
the study was conducted as part of a training effort.

Figure3.8 isacost model of a prototypeair separationfacility. Once the team
redlized that ageneral cost savingsappeared feasible, they focused mainly on a
revised layout o air compressor, piping, electrical, and instrumentati on equi pment.
Again, thismodel was devel oped dongfunctional cost linesby usngaFAST
Diagram (seeFigure 5.7). The savingsgenerated —about $500,000—may not seem
significant, but the facility wasscheduled to be builtin several locations. Thus,
thesavingswere multiplied.

Although cost isthe most common, it isnot the only resourceto which VE applies.
Certainly,cost isnot thefull measured value. Other resourcesthat represent
value to an owner are space, time, utilities, labor, quantity of materials, and
aesthetics. The VE processcan be as effective if cost is measured in some o the
followingways

* Squarefeet of space

» Weeksd time

+ Kilowatt hoursdf energy

* Labor-hours

* Risk assessment

Inaddition, al the parameter measurementsof quantity for afacility are resources
suchas

» Tonsd air conditioning

« MBTU of heating

* Fixture unitsof plumbing
Kipsof structura load

* kW o connected load

Note: Excdl spreadshedtsfor conceptual estimating me includedinthe VE tools section
the attached CD.

When resourcesother than costsareimportant, modelscan be generated to assist
in optimizing the impact of these resourceson the project. Thefollowing are
examples of modelsthat addressspace, energy, life cycle costs, and quality.

Space Modd

Preparationdf aspace model is highly recommended when aVE study is being
performed at the programmingor conceptual stage of facility design. In the early
project phase, al one knowsabout the project,or all one can measure, isthearead
varioustypes o functional space. Often, only lump sum cost dataexist that are

not really suitablefor allocation tofunction without an extensiveeffort to generate
additional data.

Figure3.9 illustratesa typica space model. It showsthe grosssquarefeet (GSF) of
spaceoriginally programmedfor a new manufacturing plant, and the actual gross
area based on atakeoff of areasfrom delivereddesign work In thiscase, "worth™ was
established by the owner asthe programmed amount o space, and the VE team
wasasked to identify and isolate the apparent 30% space overrun.



Cost Model Project: Offshore OIL-GASPlatform

Status: SAMPLE DESIGN
i i i Phase of Design: ~ Front End
Value Engineering Study e e e
I I
Legend:
VE Target:

ActuallEstimated:

Chapter Three  Preparationd Cost Models



Cost Model Legend: AirSepamation Faclty
Value Engineering Study VE Targst: Phasa of Design:
ActualEstimated: I Thousand | Date:
NOTES:
Type: Procasa
GSF: —
Conat, Type:

SITE I IFIELD SUPPORTI

2181
§ 1 _
COMPRESS COMPRESS
| process | | MRBLAG | cooear | | pumerar | NRBLAC. . . L .
—1 §B857.2] | 11467 6641 1 42990 | 180.5 " - ) : - -
roorol | | 14064 |1 73461 || “eBoi |1 2636, . . S ]

I_.I




==

Space Model
Value Engineering Study

ram

VE Target:
Actual/Estimated:

Phase of Design:
Date:

Manutacturing Plant
Phase: |

NOTES:
BY, Type:



Chapter Three  Preparation of Cost Models

Worth of spacefunctionscan aso be established through historical data, space
performancestandards, and elimination of secondary function space. For example,
space for stairwellsisdways a secondary function as required by the codes).
However, lower floor-to-floor height and/or discreet layout changes would reduce
thisarea

When function analysis worksheetsare completed, cost is typicaly allocated to
each function. At the concept stage of design, thisworksheet can be completed
using areasd spacein the cost and worthrole.

Another aread concern that hassurfaced over the yearsisthe lack of astandard
approach to grossarea takeoff. A narchitect may sometimesbe reluctant toindicate
tothe owner that the owner's space program is being exceeded. When thisoccurs,
there isno recognitionadf a standard method of space takeoff. When the takeoff
method for calculatingarea is not standardized, confusion often isthe result. For
standardization, the American Institutecof Architects(AIA) method isused. Figure
3.10, "AlA AreaTake-off Standards," illustratesthe association's approach.

A function analysisof space performed for a new sportsstadiumisillustratedin
Fipure 3.11. It was prepared at the concept stage of design, wherethe resourceused
was measured i n square meters. Worth was taken from the AIA Graphic Standards
using the Los AngelesForum (basketbal | stadium) as a function comparison.

The value index can be determined for each function because the units of
measurement for cost and worth are the same. In the process o doing the space
modéd, the VE team uncovered several significant areas of confusion between user
requirementsand designer space interpretation, especialyin regardto seating
capacity and type d parades. See Figure 5.2 in Chapter Five, "FunctionAnadyss,"
for adetaileddescriptionaof the process.

Congtruction Worth Mode
In performingstudies, cost improvement targetscan be developed by assigning
worth tosystemfunctions. This normally will account for targeted potential changes
toeither or both of thefallowing:
* Svstem auantities.
 System characteristics, as represented by the typed system specifiedand the
typed materialsused.

What happensif the amount of space can aso be changed?Would a5% reduction
infloor area represent a 5% reductionin project cost?Probably not. For example,
a5% reductioninfloor areawould probably not change the number of elevators
in the building. The conveying sysem component o the cost model would be
unchanged.

In addition, merdly selecting the high vaueindicesasindicationsof poorest vaue
fromaunit priced cost model might not lead to working on the area with the
highest potential magnitude of savings. For example, in Figure 3.3, Substructure
hasavdueindex (VI) o 1.38, and Superstructure hasaVI of 1.17. Ye the potential
savingsper GSF is

Substructure = $1.05

Superstructure= $1.72

When both cost and space modelsweredevel oped i n the past, they normally
stood in isolation from each other. Now the combined effect of both space and
system changes must he andyzed.

Energy Modd

Another resourcethat can be modeled isenergy. Figure3.12 illustratesan energy
model for a shopping center project based on kilowatt-hours per year (kWhyr.).
Oned thefeaturesaf the energy modd is the need to show the operating hours



AlA Area Take-Off Standards

Ductspace [1/2) Bulkhead or Penthouse
Less Than 6'-6" (Full) 8'-8" or Higher
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Function Analysis - Space Stadium
Function Cost Worth Value e
Component Verb Noun Kind M2 M2 Index Remarks

Lockers Store cl ot hes B 132 66 2.00 Reduce | ockers bv 50%
Toi | et Di spose waste See above
Waiting & Activity Instruct team Si ze of LA Forum
First Aid Treat players Conbi ne spaces
Ref eree Room store cl ot hes Conbi ne spaces
Entrance Toil et Di spose waste Del ete
Coach Room Pl an gane Reduce si ze
Ofice Meet pl ayers Del ete
Coach Toi |l et Di spose waste Del ete
supply Room store equi pment
Circul ation Connect space - - R 10% al | owance

Total
Ki osk - Serve beverages s 55 55 1.00 -
Public Toilets Dispose waste RS 138 414 0.33 Size of LA Forum
Store Space House equi pnent RS 345 60 5.75 Two spaces/side
Concour se Rout e spectators & 1, 350 515 2.62 Wal k i n on grade
Service Corridor Connect space S 99 1 99. 00 Del ete encl osure
Circul ation Connect space S 63 63 1.00

Total 2,050 1,108 1.85
Prayer Ball Say prayers RS 39 25 1.56 Si ze for 50
Tea Room Prepare tea 8 5 5 1.00
Abl ution Wash feet RS 6 6 1.00
Toi | et Di spose wast e RS 9 9 1.00
Boxes Vi ew gane B 43 30 1.43 Si ze for 50
Pati o Connect space S 51 20 2.55 Reduce si ze
Circul ation Connect space RS 97 50 1.94

Total 316 185 1.71
Ki osk Serve beverages S 59 40 1.48 Reduce si ze
Public Toilet Rel i eve waste RS 50 150 0.33 Si ze of LA Forum
Concour se Rout e spectators S 420 L 420.00 Enterongrade
Corri dor Connect space s 195 1 195. 00 Del ete
Store Space House equi pnent BS 3188 60 6. 47 Two spaces/side
Circulation Connect space RS 52 51 1.02

Total 1,164 303 3.84
Seating Vi ew game B 5,726 3,972 1.44 Reduce capacity=10,000
Ai sl es Access seats RS 728 655 1.11 Del ete dead end aisles
Circul ation Access seats RS 782 391 2.00 Elimn. one crossover
Stairs Access seats RS 340 255 1.33 Use ranmps at row L
Entrance Booth Centxol access RS 51 25 204 Provi de one side only

Total 7,627 5,298 144
Field Pl ay soccer B 6, 400 6, 400 1. 00 Use National Standards
Track Conduct neet S 4,416 3. 200 1. 38 Del ete ends
I nner Area Bol d team RS 4,296 800 5.37 Renpbve concrete rail'g
Quter Area Permt view s 5,412 541 10. 00

Total 20,524 10,941 1.88
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Project: Shopping Center ]
Loocation: EREE
Phase of Desig Deaign Devalopment 5
Date: o o -

Notes:

GSF/No. of Floors 250 85873 J—
NSF: 720,550 (A/C Spacs)

Enorgy Cont: =KWH

Nan-Study Areas
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per year for the various typesof spaceaswel asthe unit rate: 1TkWhe. or kW/S.E
Inthepreparation o the energy model in Figure 3.12, the coolingload was isolated
asakey areaof potential savings.

Worth isdetermined by asking"What if?" about potential elimination of the
function, changesto operating hours, use of utilization ratesfor energy efficiency,
reductionsin square footage, changesin system types, and elimination of energy
SOUrces.

Figure 3.13 isan energy model for the oil/gas platform shownin Figure3.7. From
this model, the team focused on energy savingsfor the compressorsand
heaters/driets. The resultsindicated that tofirst have an excessdf heat and then
to run heaters/driers appeared questionable.

Figure 3.14 isan energy model for an administrativebuildingmeasured in BTUs
per squarefoot per year (BTU/S.Efyr.). Thisunit of measurement is often desirable
becauseit facilitates comparisonwith "worth" set in that unit of measurementin
published energy standards(seeFigure1.13). The mode highlightsthe heating and
officelights as the two significant high energy use areas. For conversion between
the two typesof models, the following information is useful.

1watt = 3.412 BTUH

1kW =3,412BTUH

Life CycleCost (LCC)Modd

The LCC modd isthe ultimate indicator of valueto theclient. It encompasses
both initial costs and running costs. The LCC model considers optimum value
becauseit takesinto account all probablecostsover thelifedf thefacility. The LOC
model can be based on either the annualized cost or the present worth approach.
That is al costs shown in the model can be equivalent annual or present worth
codts. If desired, the costs can he converted by using asimpleconversionfactor.

Figure 3.15a isthe L CC summary sheet from a recent study. Thissheet is used for
present worth analysesdf al codts. Figure 3.15b presentsthe L CC model (discussed
in greater depth in Chapter Two and Chapter Seven), which outlinesthese costs
and setstargetsfor anayss.

Worth for annual expendituressuch as maintenance, alteration, replacement,
security, and so on, can be judged from historical datalikethat published by the
Building Owners and Managers Association (BOMA). Worth for thefacility cost
can be taken from the cost model. Worth for the energy consumed can be taken
fromthe energy model.

Thus afull valuepicture of afacility isborn. ThisL CC Model (Figure3.15b)
shows the capital costsfor construction to be the aread greatest L CC savings
potential.

Quality Model

The quality model illustrated in Figure 3.16 providesa thorough definition of the
owner's project performanceexpectations. These expectationsmust result ina
consistent definitionand understanding between the owner and the design team.
Thisconsistency helpsto ensurethat original owner expectationsin terms of
functional performanceareindeed met when the projectisdeliveredand thefacility
isoperating. The quality model definesthe overall expectationsof the project
representativesregarding project goas, image concerns, design criteria, and
performance standards. The information isestablishedfrom an interactive Quality
Model Workshop at the concept stage, in which owner representativesaf the
facility are polled for their concernsand opinionsregardingtheir desired minimum,
balanced or maximum response, for the twelvemajor planning elementsshown

in Figure 3.16. The center of thecircle representsthe minimum response.



Offshore OIL-GAS Platform  ———

Project: OITS
. , Status:  SAMPLEDESIGN
Value Engineering Study Phase of Design: FrontEnd =~
Date: N ) . . . -

e Actual/Estimated:
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1Component 1 Project: Administration Building

Energy Model Legend:

Locatlon:
Value Englneerlng Study VE Target: Phase of Deslgn: S0 % Completed
Actual/Estimated:
Notes:
+ — — WF ™~ NSF 69,292 (Arch) ~62,500 Floor Arm
Floors: 2
Quantities: o
|
| _ 62,500 SE
Exterior Energy Ilntsrlcr Energy Domestic HW
BTUNR BTUNR | B‘TUIYR
11,050,000 1 2,887,330,000] 73,300,000 __I |
11,050,000 | 4,830,492 SOOI 154,500,000
1,100 Hrs 3,000 Hrs 600 Hrs 3,000 Hrs ~ 2,500 SF 62,500 SF 62,500 SF 62500 SF |
Site Office Space Services Cafeteria Auxillary Power Cooling Heating
BTUNR BTUNR BTU/YR BTUNR BTUNR BTU/YR BTU/YR |
11,050,000 1,753,125,000 42,187,500 | 80,580,000 705,187,500 256,250,000 562,500,000
11,050,000 2,390,625,000 43,725,000 | 80,580,000 885,375,000 277,062,500 1,153,125,000
|Tota| l Total |
BTU/HR/SF
4,100 ( l i 9.000 1
1275010 11 11aR1 | 10.744 U 14.166 4433 | I 18.450 |



Development Phase
Life Cycle Cost (Present Worth Method)

Court House Original Alternative 1
Date:

ProjectL i i Cycle (Years) S0

Discount Rate (Percent) 10. 00%

Capital Cost Estimated PW Estimated PW
A) Design 987,900 987,900 987, 900 987, 900
(B:; Construction 13, 499, 410 13, 499, 410 10, 000, 000 10,000,000
n n
D)
E) 0 n
F) 0 0

Other Initial Cost

Total Initial Cost (IC) Impact
Initial Cost PW Savings

Replacement/Salvage Costs Year Factor

A) Cooling Towers 10 0.3855 43, 800 16, 883 43, 800 16, 883
B) Other Renovation (o) 10 0.385% 80, 000 30. 843 80, 000 30. 843
C) Chillers 15 0.234 657,000  157.280 657. 000 157.280
D) Cooling Towers 20 0. 1486 43, 800 6, 510 43, 800 6, 510
E) Other Renovation (%) 20 0. 1486 80, 000 11,891 80, 000 11,891
F) 1. 0000 0 0
G) 1.0000

0 0
Salvage (neg.cashflow) 30  0.0573 (3,000,000) (I 71, 925) (3,000,000 (171, 925)

Total Replacement/Salvage PW Costs 61,486 51,485

Operation/Maintenance Cost
A) Utilities

B Cleaning

C) Maintenance

D} Building Management
E) Security

F) Trash Removal

G Domestic Water

Total Operation/Maintenance (PW) Cost

Total Present Worth Life Cycle Costs
Life Cycle (PW) Savings

PW = Present Worth
PWA = Present Worth of Annuity
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Thequality model then sarves as the foundation for the VE application. Attitudes
and expectations regarding operational and technical performance—having

been clearly defined, understood, and documented — becomethe yardstick by which
decisionsare made.

Asdesign proceeds, the quality model is used to ensurethat VE designaternatives
are consistent with original owner expectations. During the early design phases,
the VE team explores a number of alternatives that seek to optimizeowner
expectations. These alternativesare then reviewed in the workshopsession. During
the workshop, the owner and design team compare the alternativeswith the
quality moddl. Thealternative that most closely matches the owner's functional
performanceneeds is selected for further devel opment.

The number of participantsin theQuality Model Workshop should represent five
pointsof view: financial, users, facility operations, design, and construction. The
objectiveis to determine and document through group dynamicsa consensus
directive that will guideall subsequent decision making in the development of
thedesign.

Thedocument that resultsfrom the Quality Model Workshopis the Quality
Model Diagram, which isillustratedin Figure 13.17. Along with anarrative, the
Quality Model Diagram records the relative choices of importance between the
twelve major planning elements. Those itemsof greatest concern are indicated
ontheouter edgesdf the diagram, those of lesser concern toward the center, and a
neutral opinion between the extremes. Each of the twelve mgjor elements may
consist of 20to50 subcategories, depending on thecomplexity of theproject. Figure
317 isaQuality Model Diagramfrom arecent workshop on a research project.
Themodel showsthat theowner placeshigh emphasison operational effectiveness,
site planning/image, capital cost effectiveness, and architectural/image. User
comfort,community values, security/safety, energy, and schedule are placed at
lesser response.

Modeling to graphically express the distribution of costs associated with a specific
project, system, or item wasan important featureof VE in construction fromits
earliest stages. Among the advantagesconstruction has over theindustrial sector
is the availability of cost estimating resources and bid data. The opportunity to
utilize this resourceand to combine it with thefunctionally cost-oriented value
engineering isenhanced by application of the modeling methodology. Modelscan
be developed that optimize theimpact on aproject of resourcesother than cost,
for example, space, time, energy, and risk. Findly, modeling is useful in the
development of adesign-to-cost philosophy set up by functionally oriented blocks.
Project managerswill find far-reaching usefulnessin atool like modeling.

1. LawrenceD. Miles, Techniquesof Vdue Andysisand Engineering, Second Edition,
McGraw-Hill, 1972.
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n today's climate, both publicand privatesector organizationsare requesting
value engineering (VE) servicesat an increasing rate. Some of these
patties are very sophisticated in their knowledge dof VE, what servicesthev
want, and what they expect o the service. However, many
are not.

Some requests for proposals (RFPs) for VE services indicate very little
comprehension of value engineering. It behooves those who respond to offer
nothing less than professional-level VE services. These services should use the
VE methodology, follow the Job Plan, and gpply function anadysis and
creativity, regardiess of whether specifically requested. The value engineer can
educate the client subtly, by the manner in which the response to the RFP
is structured, and the VE servicesare planned and presented. T he response can:
* Structurethe proper number of teams and select team staffingto provide a
quality study.
* Phase the work, following the Job Plan.
» Scheduleservicesto dlow timeto perform all desired tasks, such as collection
o information, preparationof modes, and life cycle costing (L CC), without
adversdy affecting the overall project schedule.
» Ensure that the fee quoted iscommensurate with the project valueand 5ze
to offer a reasonablereturn on investment (ROI).

VE Obj e CH"L/‘ es VE is asystematic, organized approach to obtaining optimum valuefor each dollar
spent. Through asystemd investigation using trained, multidisciplinedteams,
both valueand client requirementsare improved by one of thefollowing:

* Eliminating or modifying elements not essential to required functions.

» Adding elementsthat achieverequired functionsnot attained.

- Changing elementsto improve quality or performanceto moredesirable
levelsestablished by the ownerfuser.

By using creativetechniques, the VE team devel opsalternativesol utionsfor
specific functions.

The objectived a VE study should be to obtain the optimumfunctional balance
among constructioncosts, user requirements, and lifecyclecosts. Thisaction should
result in savingsin thefollowing arees:
* Initial capital construction costs, without detriment to costs of operations
and maintenance and/or income.
* Predictedfollow-oncosts, such asfacility staffing, operation, and maintenance.

Chapter Four Planning for Vaue Engineering Services



Level of Effort

« Either or both of the above, when resultsindicatean overall savingsunder
conditionsestablished by the owner/user.

Theappropriate level of effort for a given construction project isafunction of
several factors; mainly project size, project complexity, constraintssuch as cost
versustime, and the degree of completiond the design. The mgjor elementsto be
determinedfor a given study are:
Total manpower and number of studiesrequired.

+ Number and composition o the VE team(s).

+ Anticipated cost versusanticipated return on investment {ROI).
One method of computing the study cost is to establish asavingsgod for the
project. Experience has shown that 5% savingsof initial cost and an additional

5% savings (present worth) o follow-on LCC are reasonableinitial godsfor a
well-planned VE effort. Consider the followingexampleon a$10 million project.

Savingsgod = $500,000 (initial cost)
$500,000 (LCC presentworth)
$1,000,000 (Total)

Note: Using a 10% interest rate, the $500,000 in Present Worth of follow-on
costswould equateto:
$500,000 PW _

10.0 PWA

$50,000/yr. in annual savings. (See Chapter Seven for
further explanation.)

The average implementation rate, based on resultsof approximately 500 projects,
is50% of the recommendations. Therefore, initial cost potential savingsof at
least $1,000,000 must be isolated to redlize $500,000 in implemented savings.
Equally, the isolated follow-on cost savings should be $100,000/year to redize
$50,000/year in implemented savings. Initial cost savingsare used to establisha
fee target, sincefollow-on costsdo not affect initial fees. Based on a10:1 RO
(aconservative ratio basad on experiencethat would result in a20:1 ROl for total
savings), the target feefor astudy cost can be computed asfollows:

Initial Savings _ _
ROl $500,000/10 = $50,000

Thisfee isbased on a one-study effort on afairly complex project.

Feesvary dependingon the complexity, stageof design, and owner fee constraints.
If the study isat early design documents, less material needs to be covered than

at working drawings. If the project is less complex and repetitive, less time is
required. Therefore,feesfor that project would be lower.

Asarange, feesfor a$10,000,000 project of one study would vary from $25,000 to
$50,000.
When planning for VE sarvices, separate plans are required for large, multiproject
programs versusplansfor individual projects. Planningfor programsis based on:

* Program expenditures

* Budget and time constraints

* Desired results

For example, total costsfor implementing aVE program rangefrom 0.1% to 0.3%
of program costs (over $200 million). If an owner wantsto maximize savings,
more money (up to 0.3%) must be allocated.

Figure4.1 providesa nomograph based on a one-study effort that can be used to
make a rough judgment regarding the affordablelevel of VE effort based on project
size However, VE study costsshould dways be computed based on the estimated
amount of work needed to provide proper services. Subsequently,the cost should be
checked for logic and reasonabl eness agai nst the project cost as shown above.
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VE and Total Project
Management

Normally, it isdesirable to conduct two VE studiesfor any major project. I nsuch
cases, thefirst study would be conducted during the design programming/schematic/
concept stagedf design (+15%) compl etion. T hesecondstudy would beconducted
atthe tentative/preliminary/ intermediate staged design (40%-60%) compl etion.

Figure4.2 illustratestypica study areasfor buildingsat variousstagesof design. The
number of teams necessary to perform each study depends on the complexity of
the project and the extent of preselection of potential study areas by the value
engineer and the client. For example:

* Projectsthat consist of multiplelarge buildingswith differentfunctions
might requireone team per structure.

« If dl external wdl sysemsare smilar on all buildingsregardiessof their
function, one team coul d be establishedto study that subject acrossall buildings
on the project.

Teamscan d< be established to study related disciplines on large projects;
e.g., civil/site work team, architectural/structural team, mechanical/electrical
team.

Standard teams generally consist of three to six memberswho conduct a 40-hour
study (not counting prestudy and poststudy work). For a five-member team, this
represents5.0 labor-weeksor 200 labor-hoursof effort per team, plus80 to 100
labor-hours (professional only) for pre- and poststudy efforts.

In general, afive-day formal study yidds the best results. However, for early stage
effort when there is minimal documentation, a two- or three-day VE study can be
considered. Under time and budget constraints, these minimal workshopsmay

be an option, though adifficult one.

Figure 4.3 provides an approximatelevel of VE effort asafunction of the number
d teamsand number of studies.

VE used in conjunction with total project management is most effective when
VE, cogt, schedule, and design review efforts are linked using common personnel.
The result is usually significantsavingsin manpower and improved service.

Thefollowing two case studies are basad on the author's experience.

Caz=l

A government agency has an annual construction program of $200,000,000,
involvingsome 150 projects. T heowner hasdecided that projectsunder $10million
will have only one VE study, and projectsover $10 million will be scheduledfor
two studies; the initial study will be a three-day formal study and the follow-on
efforts will be afive-day formal study. What would be a reasonable VE program
cost, and how should it be planned!

Using Pareto's Law as a basis, the szes o the projectsshould be andyzed to
determinethe number of projects(20%) that havethe bulk of expenditures (80%).
In thiscase, some 18 projectsinvolve approximately $160,000,000 of the total
program. The lower threshold indicated a project cost of $2,000,000.

The proposed planning budget would be thefollowing:
Approx. No.  Approx. VE

Leve Project Cost o Projects  Cost/Project  Total
A Over $20 Million 2 $55,000  $110,000
B  $10-20 Million 6 47,500 285,000
C $2-10 Million 10 22,500 225,000
D In-houseProj. Mgmt. and Admin. 130,000
Total Cost $750,000
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Areas of Study

General Project

Budget
Layout
Criteria & Standards

Structural

Foundation
Substructure
Superstructure

Architectural

Exterior Closure
Roofing

Interior Construction
Elevators
Equipment

Mechanical
HVAC

Plumbing
Fire Protection

Electrical

Service & Distribution
Lighting & Power

Site

Preparation
Utititles
Landscaping

Conceptual

® Design Concepts
© Program Interpretation

® .. N

o Reefaclydnanine
® Project Budget

o Design intentions

® Netto Gross Ratios

2 Eedomanes ey
L]
Al

°

rground Concepts
'HR%? ramingRevie
*Structural Load Criteria

® Approach to Elevation Views
toffrom Building
® Roof Types & Pitch

° .
o CEAGUPRA ot Key Rooms

# Organization of Clrculation

(] ﬁge]%n&eTypes of Vertical
Circulation

o Impact of Key Equipmenton
Facility & Site

® Passive Solar Usage

® Basic Energy Concepts
¢ mpact of Mechanical

Conespts on Facllity )
8L ORGSR ewon
® Parformance Requirements for

Plumbing, HVAC. Fire
Protection

® Basic Power Suppl
o Approach to Use of Natural &

Artificial Lighting
° Performance Requirements for
ighting
© Need for Speclal Electrical
Systems

® gite Selection
® Site Development Criteria

* Site Forms 8 Massing

® .
g L e e
« Utility Supply
o Site Drainage

Planning for Vaue Engineering Services

Schematic

[ .
Schematic Eloor Plans
® Schematic Sections

L]

fegpaggio Srems
® Floorto Floor Height
® Functional Space

* Schematic Basament Plan
» Selection of Foundation

" gﬁ’u‘&ﬂm System Selection
*Eming B RHe

& Concept Elaboration

» Salection of Wall Systems
» Schematic Elevations
*Selection of Roof Systems
®Room Design

*Selection of Partitions

*Circulation Sizi

O%Elcsﬁjcﬂg\r/]ator gg\lerﬂcal
TransportationConcepts

o Impact of Key Equipments on
Room Design

o Mechanical Systems Selaction
© Refinement of Service &

o PSR SR Plans

*Energy Consesvation

© Windows/Skylight Design &
Skxing
® Selection of Lighting &

° hr%rggfggﬁgg‘?’ower &

Distribution Concepts

o Design Concept Elaboration
o |nitial Sfte Plan
o Schematic Planting, Grading,

Paving Plans

Design Development

o Flow Plans

® Sectlons

® Typlea! Details
®Integrated Systems
o Space Glreulation

o Specifications

* Basement Floor Plan

» Key Foundation Elements,
Details

sFloor & Roof Framing Plans

»8izing of Major Elements

*Outline Specifications

oElevations

o Key Elevation Detalls

s Kay Roofing Details

elnitial Finish Schedules

eInterior Construction Elements

e integration of Structural
Framing

®Key Interior Elevations

® Outline Specification for
Equipment tems

® Detalled System Selection

o |nitial System Drawings & Key
Detalts

o Distribution & Riser Diagram

® Outline Specifications for
System Elements

o Detailed Systems Selection

® Distribution Diagrams

o gy Space

® Lighting Layouts

ooﬂ}inrgs fication b r
Electrical Elements

#Site Plan

*Planting Plan

o Typical Site Details

= Qutline Specifications for Site
Materials
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The codsfor the two Leve A sudiesare estimated at $35,000 for the 30%-50%
stageand $20,000for the early stage (0-15%), for atotal of $55,000.

Thecost for two Level B studiesare estimated at $17,500for the early stageand
$30,000for the 30%-50% stage, for atotal of $47,500.

Thecost for one Level C study appliedat the 25%-50% stage isestimated at
$22,500.

The program should be time phased, with an emphasison trainingand
familiarizationduring thefirgt year. In the second year, lesstraining and more
application;and in the third year, full implementationwith minimum training.
Target savingsfor this program would be

$200,000,000 x 5% = $10,000,000in initial costs

$200,000,000 x 0.5% = $1,000,000/yr. in annual costs

Present Worth of Annual Savings = Annual Savings x PWA (PresentWorth

of Annuity) = $1,000,000/yr. x Approx.10.0 (PWA) = PW $10,000,000
Total present worth of savingsis approximately:

$10,000,000 capital cost

$10,000,000 present worth of annual savings

$20,000,000

Return on Investment (ROI):
Savings/Program Cost = $20,000,000/$750,000 = 25:1

Theabove ROl reflects actual resultsattained in several agencies. Agencieswith
larger programs ($1 billion) have resultsin the 100:1 ROI range. (See Figure1.10,
"Reaultsdf VE Programs™)

Caz2
Assuming the same construction programasin Case 1, if agency budget restrictions
were critical, a minimum program would have to be considered. This could be
achieved by adding VE provisions on selected design contracts and reducing the
required number o studies. Again, by analyzing the 18 projects, some will have
greater potential t han others. By selecting the larger projectsand thosewith the
grestest potential, the proposed planning budget would be asfollows.

No. o
Level Projects Projects  Cost/Projects Tota

A 2Studies 2 $55,000 $110,000
Over $20,000,000

B 1 Study 4 30,000 120,000
$10-20,000,000

C 1Sudy 2 250 45000
$5-10,000,000

D  Project Mgmt. and 75,000
Administration

Total Cost $350,000

Targeted potential savingswould be cut by approximately 50%, since expenditures
are reduced by approximately $350,000/yr. + $750,000/yt. = 47%.
Target savingsfor thisprogram would be:

$5,000,000in initial cost

$5,000,000 present worth of annual savingsaf approximately $500,000/yr.

$10,000,000Total L CC savings
Return on Investment (ROT) = $10,000,000/$350,000 = 30:1
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Team Selection

The VE Job Plan

The VE team should have aqudified professional (preferably a Certified Value
Specialist) asitscoordinator. The Vaue Engineering Team Coordinator's (VETC)
skillsshould be morecreative, organizational, and motivational than technical.

The skillsand expertise of VE team membersmust be tailored to the nature of the
specificproject. For example, VE for amgor biological research laboratory should
involve personnel with design experience using special mechanical sysems with
HEPA filters, architectswith extensivelab design experience, and a specialist in
laboratory equipment.

Regardlessd the specific technical skillsrequiredfor a project, there are some
universal considerationsfor team members;

» The VETC should be a recognized Lesder in the application of VE procedures
to similar projects as those being studied.

+ Team membersshould be highly quaified, with equal (or more) experience
as the design team members. If team members have more and better
experience than the design team, then resultsare practically guaranteed. The
technical competence of team individuasis moreimportant than the team's
precise composition.

* Disciplineson each team should be mixed. Too many membersfrom the
samedisciplineon ateam tend to stiflecrestivity.

= Team membersshould have participated previously on VE study teams.
Ideally, no morethan one or two i nexperienced membersshould beon ateam.

Preferenceshoul d be givento using people who have technical competenceas well
as thefollowingtraits:

» Sensitivity to the problemsinvolvedin gathering information.

= Ability to think quickly and writeclearly.

= Open mindedness and enthusiasm.

* Perseveranceinfollowing through.

« Skill i nselling and making presentations.

A key point of the organized VE effort isthe use of theJob Plan. TheJobPlan is
the organized problem-solving approach that separates VE from other cost-cutting
exercises. The simplest Job Plan follows a five-step approach that isintegral to

VE methodology. Key questionsare answered at each stage.

Sepsin VE JobPlan

1. Information Gathering Step
What functionsare being provided?
What do thefunctionscost?
What arethefunctionsworth?
What functions must be accomplished?

2. Creativity & |dea Generation
What dse will perform thefunction?
How else may thefunction be performed?

3. AnalyzeIdeas/Evaluation & Selection
Will each idea perform the required functions?
How might each idea be made to work?

4. Development of Proposal
How will the new ideawork?
Will it meet dl the requirements!?
How much will it cost?
What isthe LCC impact?
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5. Presentation/Implementation & Follow-up
Why isthe new idea better?
Who must be sold on the idea?
What are the advantages/disadvantages and specific benefits!
What is neededto implement the proposal ?

Figure44 isaflow chart of VE procedures. It outlinesthe Job Plan steps.
A work plan for the total VE effort incorporatesthe Job Plan in acomprehensive

effort to deliver afinished product. The Work Plan serves as the framework for
conducting the services.

Figure45 outlinesthe tasksfor the sudy. The VE Job Plan is blended into each
phase.

Work Plan Study Phases

The VE Job Plan can be blended with the study Work Plan asfollows:
Prestudy phase: Performone-half of the VE Job Plan Informationstep.
Study phase: Perform the remaining one-half of the Informationstep; all of
the Creative, Anaysis, Development, and Presentationsteps, and one-third of
the Report step.
Poststudy phase: Performthe remaining two-thii of the Report step.

Prestudy Phese

Prestudy activitiesshould occur prior to conducting the study phase of the VE
Work Plan.

Thesuccessdf aVE study depends largely on proper preparationand coordination.
Informationand documents are furnished by the designer and distributed to the
team to prepare them for their area of study. All participantsare briefed on
expectationsfor their rolesand responsibilities expected during the study.

Thus, prestudy activity falsinto two categories. Preparingfor the Study and
Beginning the I nformationGathering Step.

Preparingfor the Study: Preparingfor the study generaly involvesthefollowing:
* Preparestudy plan and schedule.
* Edtablish study location.
» Arrange study facilities, equipment, etc.
Set up owner/designer briefingfor first day; for large projects, beforefirst day.
* Set up client ideareview for midweek.
Set up presentation time.
* Adviseteam members.
* Arrangetravel and accommodations.
« Distributeall project information to all team membersfor their review.
Validatecogt estimate and draft quality model (optional).
Beginningthe Information GatheringStep; Whenever possible, sufficient lead time
should bescheduled prior to the study phaseto adequately performseverd key areas
of the InformationGathering step of the VE Job Plan. As much as possibleshould
becompl etedbeforethe I nformationGathering stepexcept for the threefollowing
activities. The VE team should begin thesethree activitieson the first day of the
study phase.
* Function andysis
» FAST Diagramdevelopment
* Assignment of cost/worth tofunction
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Pre-study Phase

Varity Schedule
Outllve Formattor Cast Data
| Suggested Farmat for AVE
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- Project Study Phase
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Review ideas with Owner, A/E
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introduction by Program
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Project Description 6
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Owner Approval
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Distribute by Function
Distribute by Trade
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! Summarize Findings
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| Oral Presentation
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Informationstep activities to be completed during the prestudy phase include:
* Obtain the following project data, typica for buildings
+ Programd requirements
- Dedgncriteria
+ Project constraints
« Master plan (if available)
- Environmental assessment
+ Pertinent building codes
- Alternate designs considered
» Drawingsand outline specifications
Design calculations
- Site utilitiesand soilsdata
- Detailed construction cost estimate
* Obtain specid data typica for buildingshousing processesshown in Figure
4.6, " Process Data Requirements,” if applicable.
*» Prepareall modelsin advance. This ensures project familiarization.
» Read and review al information prior to thestudy. Makealist of al missng
data or need-to-know data, and ask for it.
* Preparealist o questionsor clarificationsto ask during the design briefing on
thefirg day o the sudy.
Validate cost estimateand draft quality model as required.

Study Phese

The InformationGathering step continuesas both client and designer conduct
presentationsof the project on thefist day d the study. They should be asked to
leavetel ephonenumbersof key pointsdf contactfor the VE study team to useduring
the sudy phase.

The Informationstep is concluded during the study phase by team preparati onof
the project FAST Diagram, function anaysis, assignment of cost and worth to
functions, completion o the worth models, calculationd the valueindex, and
selectiond specificareasfor valueimprovement. If the maor cost elementswere
not validated during the prestudy phase, the team quickly doesso now, if authorized
by owner.

The VE team then accomplishesthe Creativity & Idea Generation step during
the study phase. Asmany ideasas can be generated are listed.

The Analysis step involves the judgment of ideas. Whenever possible, the
client/owner and A-E should beinvolved beforeidess aresdl ected for devel opment.
There are many advantagesto client and A-E involvement during thisstep:

* The VE team hasaforum in which to discuss advantagesand disadvantages
with the owner and A-E, from their pointsof view.

* TheVEteam can judge whether or not disadvantages to specific ideas can be
mitigated or modified to be made acceptable.

* The VE team will not waste time developing proposasthat have no chance
of implementation. Pressingsuch proposalsmight have adetrimental effect
on the acceptancedf other study ideas.

* Client concernsregarding the study outcomeare alleviated,and incubation
timeis provided for the ideas, permitting a better opportunityfor acceptance.

During the Devel opment step, specific recommendationsfor changesare prepared.
Benefitsare identified and estimated, impact on L CC isandyzed, sketchesare
prepared, and implementati on costs are determined.
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Manufacturing Data

0 Process flow chart

® production capacity
e horsepower

° utilities required
e COS

O Production manpower plan

shifts or schedule
: salaries/beneﬂ%

& Raw materials, each with:
e days of inventory needed
e rate used in production

® waste unit cost

Q Items produced, each with:
e annual production volume

® acceptable reject rate

Warehouse/Shipping Data

® production capacity
 horsepower

=cost

Q Packaginglshippingmethods

QO Stock level
e maintain for each product
o shelf life for each product
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( Equipmentlist, each piece with:

2 Equipment list, each piece with:

Process Data Requirements

Administration/Purchasing/Sales Data

Q Manpower plan
e working hours

® salaries/benefits
{ Organization chart

Q Sales, each product
e expected volume

e market value

O Other vendor purchases
volume and cost to support production

@ Estimates of other annual expenses
e energy consumption
e maintenance/repair

custodial
® security

Economic Data

3 Desired return on investment (RO}

@ Financing period

Q Interest rate for analysis purposes

O Escalation rates

salaries
e €Nergy

e raw materials
O Life span for analysis

0 Overheadrate



The Presentation/Implementation step aso beginsduring the study phase. On the
last day of the study, the VE team makes an oral presentation of itsproposasto
hoth client and designer representatives. The purpose of the presentation is to
explain the meritsof each ideaand the rationalefor acceptance, and to estimate
initial and follow-on cost impact. In addition, the VE team should listen to
responsesand questionsafter the presentation. These can often be addressed by
modifying proposasto mitigatethe concernsexpressed.

Poststudy Phese
The balanceof the Presentation/Implementation step iscompleted after the
formal study time by the Vaue Engineering Team Coordinator (VETC), with or
without sel ected team members. This phase normally consists of:
* The preparationof apreliminary draft VE Study Report for distribution to
theclient.
* An implementation meeting with the client and designer to discusstheir
responses.
* The preparationd afina report documentingthe decisonsd the
implementation meeting.
Figure4.7, "Typica VE Study Process" isachart of the process, outlining the
participantsand milestones involved in a typica VE study. It indicates the
interactionsthat occur among the study participants.

Note: Asan a d for theVE engineer,an automated format for the VE report, including
four sectionsthat will quicken the assembly and preparation d the report,is included on the
attached CD.

; VE is an organized approach to problem solving. Proper planning for VE sarvices

COTlCZMSIOTI sets the stage for a successful study. Effective planning includes team selection,
development of aWork Plan that incorporatesthe VE Job Plan, and careful
attention to level of effort. A firm foundationfor astudy can be assured by the
careful selection of a VVaue Engineering Team Coordinator (VETC) who hes
expertisein group dynamics, and team members whose skills reflect the technical
needs of the gudy. Integration o the owner and designer into the process
enhancesstudy results. A Work Plan that incorporatesthe Job Plan serves as the
frameworkfor conducting services. The appropriate level of effort isafunction of
factorssuch as project Sze and complexity as well asconstraintsof cost versus
timeanddegree d designcompletion. Levd of effort for agiven constructionproject
should be reflective of the savingspotential.
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Participants and Milestones

|I. Pre-study Phase
Owner ' VE Consultant
|
" e oore o | & iy
contract
4. Subm it team
2 Advertisg VE qualifications and
procurement cost proposal

L. Study Phase

Team Coordinator | Design Consultant

1. Assemble and lead
VE study team

2. Brief VE team

3. Review VE ideas

4. Attend YE team
briefing

IJII. Post-Study Phase

)Team CoordlInator "Design Consultant

1. Prepare draft report | 2 Commenton each

VE proposal
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Typical VE Study Process

Owner

'Deslgn Consultant

55 .
st VE consultant € %o;rgamgn data

VE Team

A Conduct VE study
6. Prepare VE
proposals

7 Present\VE
proposais

Owner

3 Reaview VE report

4, Review designer
comments

A Approve or
disapproveeash YE
proposal

changes

Owner

8, Brief VE team
$. Review VE ideas

10. Attend VE study
presentation

Design Consultant

8. Implement
approved YE

changes

VE Consultant

& Scheduls VE sty
#. Prepars models
10. Distribute data

Deslgn ConsultantI

11. Comment on
Team's Presentation|

Team Coordinator {

7. Prepare final report
(optional)







Classifying Bikiait

Chapter Five  Function Andysis

unction analysis, the study o design performance, is the heart of vaue
methodology. It is one of the few things that makes this technique
different from all other cost reduction techniques.

The glossary accompanying this text provides definitions for 24 different types
of functions that all value engineers need to study and understand. T he key
function of all those defined is the basic function.

In an effort to make the classical methodology work better in the construction
area (asopposed to theindustrial ared), the classificationsof function weremodified
to include thefollowing:

* Badic function(s)
Required secondary functions (modificationto industrial area)
» Secondaryfunctions

Theseclassificationsare defined in thefollowing paragraphs.

Bagc Function
Badcfunction is

» That which isessentia to the performance of a user function, or
» Thefunction describing the primary utilitarian characteristicof a product or
designtofulfill a user requirement.

Thedetermination of abasic function ismade by asking," Can thefunction be
eliminated and still satisfy the user?'If the answer is no, thefunction isbasic. All
basic functions must be achieved astheresult o VE. One cannot eliminate abasic
function and satisfy the user. VE does not recommend changesthat eliminate or
compromisebasicfunction. For example,the basicfunction of a match istogenerate
flame. The phosphorus tip is classfied as a basic function. No flame can be
generated without the tip.

Required Secondary Function

Since the construction field works according to many codes, standards, and safety
requirements that must be met if a permit to construct is awvarded, a new
category —required secondary function—was developed by the author. A required
secondary function isany function that must be achieved to meet codes, standards,
or mandatory owner requirements. Without this innovation, the worth of the
project function developed under the classical gpproach —ither basicfunction
with worth, or secondary function with no worth, resulted i n a project worth so low



Defming Functions

Project | eyel Function
Andyss System

Te.'. . _ (FAST)
Diagram

that the value engmeer appeared "foolish"” to peers. In mogt cases, the impression
it made on peers negated any value gained.

For example, under the classcal approach, the basicfunction of a hospital isto
treat patients. Using the classical approach, the fire protection syssemfunction is
tocontrol/extinguish fire—a secondaryfunction worthzero. Patientscanstill redlize
treatment without thissystem. But, who would build a hospital without afire
protectionsystem?Classifyingthefunction as arequired secondary function having
worth isamore redlisticapproach. One can still challengethe extent and manner
of performance, but the function is required by code.

Secondary Function

If secondary functionsare removed from the design, both the basic and required
secondary functionscan be redized. As such, their worth is zero. Consider these
examples:
* Thelabel ona pencil that identitiesproduct isasecondary function. The
basicfunction of the pencil, making marks, can beachieved without thelabel.
» A secondary function would be a leveling dab under a dab on grade whose
function is to prepare subgrade—a secondary function. Thesslab’s basic
function isto "support load.” If the leveling dab were removed, you could
still support load.

Functionsare defined by using averb (activeif possible) and anoun (measurable
if possible). Everything that existshas afunction(s) that can be definedin the two
word, verb-noun form. Thus VE methodol ogy can be applied to everything.

Functionscan be defined at various levelsdf indenture. For example, thefunction
of astoreisto sell merchandise. The next higher-order function isto generate
sdes, and the next higher-order functionwould betogenerateprofits. At the project
level,avalueengineer asks, " What is the function o the building?*For a prison,
the projectfunction might beto confineconvicts; for ahospital, to treat patients;for
aschool, to teach students.

Unlessthe VE isdone at the early program phase, the probability of successfor
the value engineer working on the higher-order project function(s} of the project
isrelatively dim. However, thisdoes not mean that the VE team should not
challengethe project function(s) if there are strongfeelingsabout it. Working at
the lower level of indenture, however, provides greater opportunity for savings,
becausei mplementati on doesnot depend on major project changes. For example,

if aprison, hospital, or school project wereto includea cafeteria, one might explore
aternativewaystofeed people and achieve implementationwith a higher success
rate than workingon alternativesto teachingstudents.

Figure5.1, "FAST Diagram Procedures,” isthe traditional FAST Diagramfor
taking project functionsand arrangingthem in logical order.

I n recent years, value engineers performing studiesin the construction field have
often omitted the preparationof a FAST Diagram. Their rationale involved the
repetitivenessof redefiningbuildingfunctionsthat realy never vary from project
to project. The work and effort to prepare the FAST Diagram is not perceived as
worth the benefits gained from project understanding. There are other waysto
understand the detailsof a project, such as performing acost estimate validation
or adesignreview.

However, the value engineer may be missing out by skipping the FAST Diagram.
Why not try to prepare one on the project as awhole, aswdl as adetailed FAST?
When VE isscheduled early for a project, the project-level FAST Diagram helps
to define the purpose(s) of the project from the owner's point of view. It bringsout
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Functions that
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the owner's gods, objectives, and aspirations. Use of the FAST Diagram technique
hasproven to be o exceptional value (seeexamplepresented in Figures5.2-5.11)
when first-time VE applicationson aproject typeare conducted. It providesa
logical approach to get the team started on asolid bads.

Preparinga project-level FAST Diagram hasthefollowing benefits:
« Itadlowsaquick function challenge to validate or question the proposed
conceptual design decisions.
* It providesavaluable"mind setting™ and "mind tuning™ about the projectin
ashort period o time.
* It facilitatespresentationand discussion o the project'soverall godswith the
designerand owner for better communication.

Figure5.2 illustratesa FAST Diagram prepared at the project level for a new
15,000 seat stadium on amilitary base. Preparing the diagram led the team to
challenge (1) itssize based on where it was located, and (2) how spectatorsand
participantswereinvitedto attend. The VE team thought the basicfunctionsof the
stadiumwereto conduct competitionand ceremonies(e.g., graduati on ceremonies)
for the army. When thesefunctionswere presented to the commanding general
(theuser),however, hesaid it dsowould be usad to paradetanks. Without preparing
the FAST Diagramand discussingit with the user, thisvital aspect of the VE
study would not have been known. It surely influenced the type of ideas presented
and the usar's receptivity to those ideas.

Figures5.3a and 5.3b are existingand proposed FAST Diagramsfor a departmental
contractor information system of a large federal government agency. It wes
necessary to do the FAST Diagram tofind out what was happeningand to develop
labor-hour and cost elementsfor the functions being performed. This task
consumed more than half of the 40-hour workshop. |dea generation had to bea
concurrent effort to devel op meaningful proposaswithin the workshop. The FAST
Diagramfocused on the high cost of sending tapesand correcting data. New
eguipment and methodswere isolated that cut cost and time by 50%.

Failureto explore thefunction of a projectleads the va ue engineer to overlook
theobvioushy assumingknowledge. One can assumethat the function of ahospital
isto treat patients, but consider the following case:
A requestfor $63 million was received by the Department of Health, Education,
and Welfare(HEW) for agrant to build a hospital next to the beltway circling
the city, even though existing city center hospital swere using only 50% of
their bed capacity. It seemsthat traffic to get to them was unbearable and severd
patientshad died in ambulancesfrom beltway accidents.

Inthi case thebasicfunctionsd the hosvital wereto save time and to treat
patients. There was plenty of room to treat patientsdowntown, but the patients
could not eet thereintime; 0, the team looked at alternativesto savetime. Instead
of building a hospital, the team recommended using a helicopter service to save
time. |N thiscase, challengingthefunction of the project paid off.

Figure 54 illustratesa FAST Diagram devel oped for adam project to be used for a
water reservoir in Taiwan. Thefunction analysiswas costed out and isolated the
high cost functionsasbeing (1) todivertflow (temporary tunnel), and (2) torelieve
pressure (spillway), both of which were required secondary functions. These costs
appeared inordinately high when compared to the basicfunction o the dam
(storewater). T he study resulted in using the temporary tunnel aspart of thefina
design, thereby allowing the spillway to be reduced in scope.

Figure5.5 isaFAST Diagram for a supporting service of automaticfare collection
for amasstransit sysem. ThisFAST Diagramand the lifecyclecost (LCC)model
in Figure 5.6 focused the VE efforts on the LOC for the passenger agentsand their
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FAST Diagram - Stadium
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FAST Diagram

Contract Information System - Existing

= nitial transaction flow (15,821) Legend:
-~~~ Error correctiontransaction flow (3,849) OMB - Office of Management & Budget
Estimated Total Cost = $1,847,000 IRS - Internal Revenue Service
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FAST Diagram
Automatic Fare Collection System

» Store Tickets
» Count Revenue
»Maintain Equipment



Life Cycle Cost Model Project; Rapid Transit System

Section: Automatic Fare Coltection N
Value Englineering Study Phase of Design: '
Date: |
Componentor
Legend: NOTES:
VE Target: All costsin Present o
Actual/Estimated: Worth NT$ (Faiwan Dollars)

$LUS=26NT$
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Conclusion
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requiredduties. A final study recommendation to use an upgraded automaticfare
card (AFC)to issuelarger valuetickets, which reduced passenger agents work, was
approved.

Figure5.7 illustratesa FAST Diagram o an air separation facility designed to
produce oxygen. The FAST Diagramwas converted into afunctionally oriented
cost modedl, illustrated in Figure 5.8. The exercise helped focus results on
consolidating the design to reduce piping and e ectrical costs, combiningand
modifyingequipment to reduce both initial costsand LCC. Initial savingsof some
10% were implemented on a long-standing company product with asimilar
reductionin LOC. Thisstudy exemplifiesthe benefits that can accrueby using
FAST and combiningit with other techniques.

For typical building-oriented VE, aFAST Diagramfor oneofficebuildingisbasicaly
the samefor all office buildings. This holds true for schools, policestations,
hospitals, and so on. Asaresult, astandardized cost model brokeninto functional
cost aress has been used over several hundred building projects. Figure5.9 isthe
function analysisform used recently for a hospital sudy. The VE teamfirst reviews
the project documents, validatesthe cost estimate, and is briefed on project
objectivesand constraints. Then thefunction analysisisperformed. Thecost/worth
model, Figure 5.10, is devel opedfrom data from the cost validation and from the
function analysis (Figure5.9). The cost model providesinsight and guidancefor
future team action. In this case, the study focused on the equipment and
architectural areas. Overall savingspotential wasasoindicated.

The bagsof the worth generated in the function analysisis
= Historical costsfrom VE effort for those cost blocks.
* Idessisolated during the reviews that would affect the cost for that block.
 Alternate system or material conceptsto meet requirements, based on team
experience.

For typical buildings, very few secondary functionsexist. Most are required
secondary functionsbecause of codes, standards, andfor mandatory owner
requirements.

For additional examples, see the casestudies presented in Part Two. For more
informationon FAST, see the articleson the attached CD.

Asanadto better understand the process, Figure5.11 isa FAST Diagramoutlining
thesteps of atypical VE study. Each task has been isolated and set forth using

the "how-why" logic. This diagram, in one page, outlines the key functions
performed in aVE study. Blank VE study formsare contained in the Vaue
EngineeringWorkbook presented in Part Three. In practice, cost formsare linked
to movedata automatically.



FAST Diagram
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FUNCTION ANALYSIS WORKSHEET

124 Qff-Site Work
TOTAL

STRUCTURAL
01 Foundation

02 Substructure

03 Superstructure

TOTAL

ARCHITECTURAL
04 Wall Closure

05 Roofing

06 Interior Const.

07 Conveying System

TOTAL

MECHANICAL
081 Plumbing

082 HVAC

083 Fire Protection

084 Special Mechanical
TOTAL

Note: Cost in ConstructionCosts with no contingency or escalation

PROJECT: Hospital

ITEM: COMPLETELIST

BASIC FUNCTION: Treat Patients
COMPONENT FUNCTION
DESCRIPTION (veRB-NoUN)  KIND

B = Basic Function 'S = Secondary Function

SITE WORK

Overhead &Profit Manage Work

121 Site Preparation Prepare Site

122 Site Improvement  Improve Site

123 Site Utiliies Supply Utiiities

Supply Utilities

Support Load
Support Load

Support Load

Enclose Space

Protect Building

Finish and Divide
Space
Transport Weight

Service Building

Condition Space

Protect Building
and People

Control System

CosT

WORTH

COST/
WORTH

RS = Required Secondary Function

RS 907,116
RS 62,667
RS 1,755,580
B 2578,667
B 138.667
5,442,696

B 1,701,845
RS 960,557
B 3129387
5,791,789

B  1816,320
RS 408,787
B 7882597
B 1,123,200
11,230,904

B 2225867
B 4,566,667
RS 800,787
RS 933,333
8,526,653

567,367
50,133
1,267,469
1,408,299
110.933
3,404,201

1,267,469

704,149

2,253,278

4,224,896

985,809

281,660
4,224,896

1,126,639

6.61 9,004

1,780,693

3,520,747
492,905

633,734
6,428,079

160
125
139
183
125
1.60

1.34

1.36

139

1.37

184

145
187

1.00

1.70

1.25
130
162

147
133

COMMENTS

Reduce percentage

Relocate structures
Revise layout

Eliminate water level

Move substructure to
grade level

Simplify structural
system

Replace granite/marble
with precastelements
Reduce space

Change wall construction
from gypsumto CMU

Consolidatewaste and
soil line
Use unitary cooling

Limit sprinklers at public
areas

Page 1 of2
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FUNCTION ANALYSIS WORKSHEET

PROJECT: Hospital

ITEM: COMPLETE LIST

BASIC FUNCTION: Treat Patients
COMPONENT FUNCTION
DESCRIPTION VERB-NOUN

B'= Basc Function S = Secondary Function

ELECTRICAL

091 Service & Dist. Distribute Power

092 Emergency & UPS  Backup Power

093 Lighting & Power  Light and Power

Space

094 Special Electrical ~ Support Systems

TOTAL

EQUIPMENT

111 Fixed & Mov. Equip. Support Program

112 Furnishing Support Program

113 Special Const. Support Program

Medical Equipment

TOTAL

GENERAL

Mobilization 296 Mobilize Site

Shte Overhead 2.5% Manage Work

Demobilization 0.5% Demobilize Site

Office Expense & Admin. Project

Profit 15% Generate Profit

TOTAL

OVERALL TOTAL

Chepter Five  Function Andyds

WORTH

CosT/
WORTH

RS = Required Secondary Function

B 862,667
RS 2,093,333
B 1,292,779
RS 3,013,333
7,262,112
B 1,938,667
B N/A
B 15,733,333
17,672,000
RS 1,009,669
RS 1,262,086
RS 252,417
RS 7,572,519
10,096,692
66,022,846

690,133
1,408,299
844,979

1,760,373
4,703,785

1,267,469
N/A
9,153,941

10,421,410

647,943
809,929
161,986
4,859,576

6,479,435
42,280,809

125
1.49
1.53

171
154

153

172

1.70

1.56
1.56
1.56
1.56

1.58
1.56

COMMENTS

Centralizeload

Improve light

Use local market

Use local market &
postpone expensive

equip.

Reduce Percentage

"
n






Fast Diagram
VE Study

- 'Séope of Study
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reativity refersto behavior that uncovers a relationship where none
previoudy existed; a relationship between people, objects, symbals,
or any combination of these.

It is the author's belief that we are al born with creative ability and display
creativity uninhibitedly as children. As time goes on, parents begin to restrain
their children with rules, and formal education takes a toll on creativity. By
the time the child grows older and arrivesin the "real world," work experience
ingrains into the mind what will work and what will not work. (See Figure
6.1, "Creative Ability Versus Age.")

There are many levels o creativity, ranging from discovering something that
is new to oneself, to discovering something new to someone else, to patenting
an invention.

R . . When one addressesaproblem, if asolution isnot uncovered within ashort
CTB.CLHUIE} aﬂ’d F ixanon period, fixation may occur. The longer one seeks asol ution, the further away it
may seem. The result o fixation is that the likelihood df solving a problem
diminisheswith the passage o time. Figure 6.2 illustratesthi s phenomenon.

For example, the nine-dot puzzein Figure 6.2 is normally solved morequickly by
homemakersthan by engineers. Thismay be because engineerstend generaly

to be logica thinkerswho may somewhat confine their thinking within preset
limits. Homemakers, artists, and architects, on the other hand, may be inclined to
reach out more often, establishingfewer boundariesin their problem solving.
Theexamplein Figure6.2 demonstrates the need for a multidisciplinaryteam for
optimizingresultsof a VE exercise. Thesolution to the problem--going outside
the dots—is shown in Figure 6.3.

Fixation is addressed in the val ue engineering (V E) process becauseit can numb
capacitiesto create, develop, and implement ideas. Fixation can force the use of
traditional approachesover more crestive ones.

Creative techniquesare gimmicks (or exercises) to help one overcomefixation.
Fortunately, with training and deliberate practicein crestive techniques, everyone
can regenerate and becomehighly creative. Because o the team element in the
creativeprocess, the rateat which you becomecrestive can depend inlarge measure
on your interpersonal kills.
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FIXATION

Time

B Basic solutions come early - the longer the time, the less the
probability.

B Based on established patterns, fixation sets limits on creative
thinking.

®m Unless overcome, fixation stimulates mediocrity.

EXAMPLE

sing a pencil,
grawg4 st'?alg t
lines without

lifting the pencil

Connect all dots.
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SOLUTION

Logical thinkers (engineers, doctors and lawyers) tend to set artificial limits
(codes, book solutions, formulas) to their thinking. Many times, the
solutionlies outside traditional problem solving. Eskimos, housewives, and
children solve this problem much more easily than engineers do. This
problem illustrates that creativity sometimes means moving beyond your

fixed problem solving approaches, &.g., going outside the dots to solve
the pl%blem. gapp 8. going
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: Dr. Richard E. Larew, aprofessor of civil engineeringat Ohio State University,
I nterp eTSOﬂal Slalls teachesengi neersaboutli nterpersona ﬂ(illngiscougr’se exploresthefollowi ng X

characteristicsof an outstandingengineer.

Demonstrates technical abiity.
Usesgenerdly accepted and emerging technology.
Usesgeneraly accepted and emerging industry practices.
Usesavailableresources (books, journds, films, files) to learnfrom others.
Knowsown capabilitiesand does not exceed them.

Demonstrates analytical and problem-solvingability.
Distinguishes between relevant facts and extraneousinformation.
Identifies needed data.

Usesan organized plan for data collection, analysis, and presentation
of results.

Compl etesassignmentson time and within budget.

Demonstrates | eadership skills.
Takesthe initiative (proceedswithout being told).
Developseffective interpersonal relationships.
Acceptstherisksassociated with initiative and responsibility.
Usesgroup resources.

Demonstrates communication skills.
Adaptsto the reader or listener.
Presentsrelevant, logicd, and timely summaries.
Listens, reads, and observesto understand the views d others.
Sharesrelevant information.

Demonstrates selling skills,

Supports proposalsor suggestionsfor changewith a convincingexplanation or
demonstrationof

« the need for the project, effort, expenditure, etc.

the practicality (workability) of the ideg, plan, or device.

« the desirability (benefitsexceed costs) of the effort.

« the preferability (better than alternatives) o the plan.
Defendsthe "sde" by answeringquestions, providing additional information, or
refuting arguments.

Demonstrates personal attributes.

Integrity

Emotional stability

Enthusiasm

Self-confidence

Sense of respongibility

Empathy toward fellow workers
These factors dosdy relate to the professional development of a creative,
outstanding valueengineer. A review of contemporary building projectsindicates
that desgns are satisfactory within disciplineareas. However, poor value results
from afailure to (1) develop acost effective program to meet owner needs, and
(2) to draw upon interpersonal skills to effectively integrate required building
systlems. Increasesin cost and time are incurred for userfowner changesand
compromisesthat are required to redlize needed program and building system
integration.
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Human Fgeors

Theleadership provided by the Vaue EngineeringTeam Coordinator (VETC) is
akev component of the successful VE study. The VETC must orchestrate thestud,
usingstrong interpersonal skillsto bring the owner and designers constructively
into the process. For this reason, the VET C should have a basic understanding of
the human factorsthat are aspectsof any study.

Leadership

As indicated by Professor Carew, leadershipskills are essential to success. Since
VE dealsmorewith people than the traditional approach does, we should overview
the principal stylesdf leadership. Figure64 illustratesthese principal styles.

Asnoted in Figure 6.4, there are basically fivestyles of |eadership. These styles
vary in time and effectiveness. The"Tdl" (dictatorial) styleisthe fastest way to
implement asolution. However, the effectivenessof the solution leaves much to be
desired. Aswe movefrom left to right, the styles of leadershiptake moretime,

but the effectivenessof solutionsincreases. The VE approach focuseson the" Join"
typeof leadershipstyle. Thisstyletakesa bit more time, but the effectivenessof
solutionsis optimized. Thisisone of the principal reasonswhy the VE approach
consistently can improvedecision making over the traditional (Won-Join™)
approach to designsolutions.

Management
Since people make up the managersand problem solvers, aquick overview of the
management matrix and people grid is appropriate. Figure 65 is a typica
managerial grid. It indicatesthat thereare basicaly three types of people:

* Strong achievers

* Friendly helpers

* Logicd thinkers

By andyzing the people who are involved in a VE study and their reaction to
varioussituations, aV E Team Coordinator hasa much better chance of working
with and motivating them towardsacceptable solutions. Friendly helperstypically
respond to requestsfor their assistance that let them know how well liked they
are. Friendly helpers do not appreciate demandsor velling. The VETCwho "kills
them with kindness" will get their total support.

When working with strong achievers, make sure the environment isset up for
quick results. You will hold their attention for only ashort time. Also, if thereare
political or people problems, the strong achieverswill become frustrated and
unableto work well.

You must work with logical thinkers to overcome their frustration with group
dynamics. They want to jump to devel oping proposalsas soon as the information
phase begins. They will focuson developing their own approach, rather than using
the proven VE methodology. L ogical thinkers aredifficult to hold through the
creative phase. However, when it comesto writing up proposaswith technical
documentation, this typeisyour best performer.

Know the personality typesyou have on the team, and learn to use them to your
best advantage. Informingateam, try to select abal anceof types. Get toknow each
team member and focus on each member's strong points.

Salesmanship

Asindicated i n Professor Carew’s outline, selling skillsare a basic requirement for
success. Thisisespecidly important to val ue engineers, because without the
owner/designer’s acceptance of their proposas, there are no results.

The Adjustive-Reaction Model, an aid to help sell proposals,isillustratedin
Figure 6.6. The key points thisfigure bringsout are;
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Managerial Grid

® Friendly Helper—has to learn that conflictis reality.

® Logical Thinker ~must learn that feelings Influence solutions; these are facts of
life (feelings are facts).

Source: Wallen & Berry Oskdry - Managerial Grid
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HREE

N = Set of Needs

F = Frustration

Adjustive - Reaction Model

[E+hia=F=POW"*

* POW effect = Frustration, physical or
emotlonal suicide, to not

rel ease frustration.

[ ) . =
| Rationalization ! » All or None L » Problem Solve
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« If one keeps pushing against a roadblock continually without relief, results
could be catastrophic.

« Oneshould seek the means to overcomeor bypassroadblocks. If you are not
initially successful, drop that particular effort.

* Itisnormal for people to resist change. Often, the initial reaction will be
negative! Allow the original decision maker the time and space to go through
the processand problemsolve. Then that personcan act constructively on
the proposal. If you cannot get by the"fight" stage, it will be wise to drop that
item and seek positiveresultsin other aress.

Pogtive Attitude

Anoverview of VE study participants' attitudes in three separate studies is
illustratedin Figure 6.7. The VE team leader should encouragea positiveattitude
in all participantsthroughout thestudy. However, the VE Job Plan application
doesresult in some highsand lows. These should be recognized and dealt within
apositivemanner. Aslong asthestudy concludeswith positivereactions, theresults
will judtify the means. The VE team leaders must maintain a positiveattitude at

all times. A positive attitude will lead to positive results, while a negative attitude
will lead to negative results.

Cregtivity Throughout S84t SRR BN SAIBReRes Re R 5 ERER OIS G BRED s
the ]Ob Plan creative and requires interpersonal skills, including the following:

= Theorganization itself. It must be open to and ready to accept change.

* The project selection. One must try to sensethe best opportunitiesto make

adifferencein cost, performance, and/or schedule. Cost models, quality
models, and techniques such asthe Delphi Method will help to bring about a
new sense of the possibilities. (See discussiond the Delphi Method later in
this chapter.)

* Theteam selection. Try to assemblea group of strangers. Each person should
comefrom adifferentdiscipline, bringing a point of view and premisenot
held by others. All must |earn the val uelanguageto devel op optimum sol utions
using theJobPlan. Resultsaregainedfromacreative climate, anew language,
astranger group, and an expectation that the project islarger than any one
team member.

Theinformation step. Traditionally, the methodol ogy urgesusto gather
more information, gather more exact information, place numberson the key
ideas, and build modelsfor cost. All of these actions require new thinking.
Function analysis. Building function/cost/worth anayses requirescreativity
in determining how to allocate cost and what alternativesare to be used to
judgeworth. It givesanew understandingof both thecost toperform afunction
and the amount of resources proposed to perform the function.

The creative step. The application of creative methods should ensure that
creativeideasare many, diverse, and respectedfor what they represent—the
notential for an imnroved solution.

Theanalysisstep. This step involvescreative application of the evaluation
process—stimulating thought about advantagesand disadvantagesof all
ideas, developingcriteriafor weighted evaluation, and ranking ideas. This
step is an orderly approach to eliminating alternative solutions through a
positiveprocess.

The development step. Thisstep iscreative in itsinsistenceon bringing
morefacts to bear, including life cycle cost (L CC) and break-even anayss. It
iscreative in itseffort to mitigate unfavorablefeaturesd idess, in itsanaysis
to anticipate potential roadblocks, and in its development of strategiesto
encourageimplementation.
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Participants' Attitudes During VE Study

Time (Days of Week)
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The Generation of Ideas

* The presentation step. Thisstep can beeither the most important or the
least important of all the Job Plan geps. It isthe most important step if the
decision makershavenot been activeinthe process. It istheleast important,
aproforma, if the decisionmakershavetaken an activepart in creativeactivity
from the project selectionto proposa devel opment.

Creativity goesfurther in anticipating, predicting, adapting to, and dealing with
negativism and other forcesthat hinder implementation. If the entire process may
be identified ascreative, isthere ared need to have adiscretestepfor creativity?
If it isall creative—organization in attitudes and expectations; project selection;
team sel ection; methodsused to gather information; function analysis, and 0
on—what isleft for the phase called "' speculative” or " creative”?

Thecreativestep is necessary to
* transform the team into a creativeorgani zationand process,
* produceand document alternative concepts;
* appreciate the accomplishment; and
* enablethe team to useitsresultsfor the next stepsin the Job Plan.

In VE, new ideas may occur at any stage, but there must be astep in which ideas
areaccumulated: the" Creativity & |deaGeneration” step. To speculateisto
ponder, to muse, to reach out. All have asarious tone. VE addsthe notion that
speculation may have a lighter tone. Techniques for generating idees include
brainstorming and checklisting, both of which are described in the following
sections.

Braingorming

Behaviord scientistsknow dozens o methodsfor speculation and generation of
creativeadternatives. In the general practice o VE in construction, brainstorming
ismogt often used for the creativestep. Figure 6.8 illustratesthe generally accepted
rulesfor brainstorming.

Brainstorming isafreewhedling type of creativity. A typical brainstorming on
takesplacewhen four to six peoplesit around a tableand spontaneousy generate
ideas designed to solve a specific problem. During this session, no attempt is made
to judge or evaluatethe ideas. Evaluation takes place after the brainstorming
session hasended. Normally, a group leader will open the session by posing a
problem. A team leader recordseach idea offered by the group, sometimeswith the
assstanceof atape recorder. Before opening the session, the group leader might
set the stage by reviewing the following group brainstorming guidelines:

1 Ruleout criticism. Withhold adverse judgment of ideasuntil later. If nothing
good can be said about an idea, nothing should be said.

2. Generate alarge number of possiblesolutions; set agod o multiplyingthe
number of ideas produced in thefirgt rush of thinking by five or ten.

3. Seek awide variety of solutionsthat represent a broad spectrum of attacks
on the problem.

4. Watch for opportunitiesto combineor improve idess.

5. Before closing the session on possible solutions, allocate time for a
subconscious operation on the problemwhile conscioudy performing
other tasks.

Theelimination of adverse judgment from the idea-producing stagedlowsfor the
maximum accumul ation of idess. It preventsthe premature death of a potentially
good idea. Also, it conserves time by preventingshiftsfrom the creation of ideesto
the evaluation of the idess. Considerationd all ideas encourages everybody to
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Rules of Brainstorming

T WHY?

Establish

=m Raceptive
Atmosphere
e —
Encourage j. Defer Rule Out
== Free Flow of Critiel
ldeas | Judgement riticlsm !
] |
Use "Free
== \Wheeling"
Thinking
Combineldeas
\
| Generate Wide | | E 'R
Use
Checklist
i) . E
E | Unusual Ideas |
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explore new areas, even those that seem impractical. This givesan opportunity to
the innovator, who might be reluctant to voice thoughts under ordinary
conditionsfor fear o ridicule.

I n addition to contributing ideas of their own, participants should suggest how
ideasof others might be expanded, or how two or moreideascan be joined into still
another idea. Two or more people working together under these ground rulescan
generatemore ideas than one person working aone. Thisis possible becauseideas
generated by various membersaof the group can be modified or improved, and

the resulting idess can be offered as possible solutions to the problem. The
idea-generating efficiency of the group incressesasitsszeincreases, until it reaches
the point where operation becomes so cumbersome as to discourage some
members participation. If thisoccurs, it may betimeto split the group intosmaller
working groups.

The members of the group should be selected to represent different work
backgrounds. However, a key member should have aworking familiarity with the
subject under sudy. Group membersneed not al know one another before the
session, but they should not comefromdifferentlevelswithin theorganization. This
will reducethe possibility of senior membersexerting pressure or dominanceon
junior members.

The techniqueand philosophy of brainstorming may a so be used by individuals
togeneratesol utionsto problems. However, thisis not usudly as productiveas group
brainstorming. Brainstormingdoesnot dwaysyield afinal solution, but it doesat
least generate leads toward the final solution.

Checklisting

A checkligt isan accumulationaof points, areas, or possibilitiesthat serveto provide
idess, clues, or leads concerning the problemor subject under consideration. The
objectiveisto obtain anumber o ideasfor further follow-upand development.The
checklist isone of the most commonlv used adsin the search for new idess.
Checklistsrange from the specidizedto the extremely generdized. For example,
numerous publicationsasig the designer with energy conservationidess. and thev
provideachecklist to smply remind the designer of key conceptsthat saveenergy.
The author's experienceindicatesthat from 20% to 40% o the ideas generated
today are drawn from previousstudies.

Using the Creative Problem-Solving Techniques

Creative problem-solving techniquesare the toolsusad to expand the team's
creativeability. The techniqueseliminate habitual responses and force people to
useinnovative thinking. The human mind isgreater than the mogt elaborate
computer in that it can store an amost infinite amount of data; unfortunately, it
can processand integrateonly up to about seven bitsof datasimultaneously. Because
o thislimitation, the previousgroup brainstorming rules are helpful in applying
the creativeapproach to problem solving.

However, these techniquescan be modified for special situations. All people are
not aike. Peoplevary in education, importance, experience,and managerial level.
VE sudiesaso vary in size, complexity,and schedule. Thusit isdifficult to dways
fallow al the VE steps and brainstormingguidelines. However, therearetwogeneral
rules that gpply ro all crestive exercises:

* Withhold judgment about any idea(s).

* Treat all ideaswith respect.

Following isadiscussion of an idea-generating techniquethat isespecialy useful
in constructionsituations.
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! : The Delphi techniquewasbom of aRand Corporation responseto the amy's
Delp hl TBChﬂlqM@ request for away to overcomethedilemmacf havingto act oninformationprovided

by expertswho give contradi ctory recommendationsand by decision makers

who are uninformed about the experts specidties. It worked so well for the army
that IBM picked it up. TheJapanesegovernment and industry adaptedit to predict
marketsin dozensof countriesand for hundredsd products. Now it ispart of
valueengineering.

Thereareseverd Del phi patternsfor variousapplications. construction, marketing,
alocationof resources,and soforth. Wewill concentrate only on the pattern
ussful to construction.

The Delphi techniqueisparticularly effective in the following situations:
« Short VE studiesd oneto threedays.
» Studies made up o team memberswith no VE experience; i.e., the owner,
designer, and other outside experts.
 Studiesin which participantsare high-caliber, high-salary employeeswho are
not inclined to learn the “nitty gritty" about VE techniques.

The goa of Delphi isto pick the brainsd expertsquickly, treating them as
contributors. Delphi identifiesexperts central tendency regarding (1) where they
fed VE potentia liesin aproject and (2) what they would do to change the
design. Delphi was not originally intended to determine aconsensus among experts
on these matters; rather, when it isused in construction, the Delphi technique
should foster constructivecooperationamong participantswho will agree not to
disagreeand to explorefurther.

Del phi worksin phasesor cycles, asillustrated by Figure6.9. Thefollowing sequence
applies:

1. Group: Each group o three tofiveexpertsisassigned a portion o the project
relating to their area of expertise. This might be a team to study space,
energy, or oned thebuilding sysems. In Delphi, the mechanical team might
consist of all mechani cal engineers. Theteamshould not be multidisciplinary.
Each group reviews and discussesits portion of the design, cost estimate,
models, and specifications, and setsup a Delphi worksheet, as illustratedin
Figure6.10. | n some cases, when timeand fundsare limited, thegroup may be
assigned the total project and would be multidisciplinary.

2. Individual: Next, each individual in the group useshisor her expertiseto
write down ideas to improve value for the function(s) shown (see Figure
6.11).Oncethisisaccomplished, theleader askseach individual to accept his
or her own ideasand indicatewhat the effect would be on estimated cost
if all of them were adopted. Target percentagesaf cost reduction are placed
against each of the components. The new total of target cost isthenrecorded
in the upper left comer o theformat, and becomesan indication of system
worth.

3. Group: Once the individualsarefinished, al ideas are discussed in the
group and individuals revedl cost targetsto one another. It isimportant at
thistime that all membersaf the grouplisten to theindividualson either end
o thecentral tendency o the group. Those who see savingsopportunities
and thosewho see spending opportunitiesshould each explaintherationale
for their thinking. The group should attempt to agree toreport al of their
ideasand their averagetarget cost, aswell asaminority report, asappropriate.

4. Conference: The conferenceisameeting o all the groups—mechanical
group, architectural group, etc. The purposed the conference isfor each
group to reveal al idess to the other groups for sharing, modifying, and
"hitchhiking" (whereone ideabecomesan inspirationfor another).
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Cost Control
The Delphi Method

Delphi Example of HVAC System Initial Setup

Construction Type:

Element Description Project: GA
Target Cost Location: —e
Estimated Cost Building Type: Office

Cycle

Sheet
Date
Phase

Control Temperature
Reduce Humidity

HPPY Air
Coolina Tower I

CW Connections

i 110.000 GSF
VAV System, 440 tons, 250 SF/Ton
RooftopChiller with Cooling Tower

_Design temperature 70 °F Summer, 72 °F Winter
Separate in-line electric duct heaters
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Cost Control
The Delphi Method

Delphi Example of HVAC System Individual Worksheet

Project: GSA Cycle 1
Location: Sheet
Building Type: Office Date
Construction Type: Phase
Control Temoeralure Reduce Tonnage -
~ Reduce _ Hymidity B _ __ ReorientBuilding -
Supply Ar Water Cooled Chiller
FCU System
Reduce Outside Air
Fix Windows
Self Contained Packages
Return Air in Plenum
Cooling Tower 31,200 5% Increase VAV Spacing
CW Connections 1 Put Chiller on Grade
Pumps ﬂﬁg% -25% Air Cooled Condenser
CWPiping 10,000 78° F Summer Design
Air Handling Units 81,400 68°F Winter Design
Duct Work 70,900 -30% Delete Return Air Insulation
VAV Boxes 20,200 -10% Delete Standby Pumps
Controls 7,500 -10% Split Chiller Loads B

VAV System, 440 Tons, 250 SF/Ton

Rooftop Chiller with Cooling Tower

Design Temperature, 70° F Summer, 72 ° F Winter
Separate In-line Electric Duct Heaters
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The Delphi procedureis repeated for at least one more cycle to permit group
discussion and accommodation of what they learned at the conference. From this
effort comesalist o aternativesfor further analysisand developmentinto

VE proposas.
Value Engineering—A  YESHE0 IRsigrey a0 orim a8 P s e I e nostaie o
Crafted Smﬂategy major improvementson the original design. Theimprovementscan be madein total

costs, performance, reliability, quality, producibility, serviceability, and use of
resources.

Thisdgrategy iscrafted from the very beginning to invite protected risk and the
possibility to achievedesign excellence. T hetacticsrangefrom the project and team
formation, to the problem-solvingorder of the Job Man, to the offset of fixation.
Throughout this process, the team leader should haveaspecial sensitivity to human
factorsand exercise effective interpersonal skillsas needed.

The creativity requirementin the VE program must answer these questions:

= What aternativesprovide a lower total cost at no loss in performance of
requiredfunctions?
* How can we adopt changeswithout violating fixed schedules?
* How can we besurethat the proposal will please the principals
for schedule?
- for cost?
- for performance?
for persona recognition?

Consider thisexample of acrafted strategy: A recent VE study was conducted on
acorporate office building. The buildingconsisted of two triangul ar-shaped,
high-risetowers. The design concept was quite expensive but impressive. Looking
at the design, the logical VE challenge was the twin tower design. However,
experienceindicatedthat any changewould bringgreat resi stancefrom thedesigner.
In an effort to establish a positive environment, atrip to the architect's office

was taken before the workshop. The opening statementsfrom the VETC were,
"Tell uswhat your essential design element is, and wewill do al wecan to preserve
that element,” and Y &, we must achieve the owner's objectived meeting budget
and schedule.” The design architect expressed hisfirmdesire to maintain the
twin-tower concept. They discussed variousother design elementsover tea. The
meeting establishedsuch agood rel ationshipthat the VE Team Coordinator invited
the design architect to attend the workshop. The VETC dsoinvited the generd
manager and chief engineer from the owner project real estatedevel opment firm.

At thisworkshop some 130 ideas were generated, from which 50 proposdswere
nroduced. A kev contributor to these ideas wasthe design architect. At the end of
the workshop the general manager approved al the proposals, and the design
architectagreed to implement them with minor modifications. It wasagrand success
becauseof a bit of crafted Strategy. See Case Study Onein Part Two for more
detail on the ideasthat wereimplemented.

Note: An automated Excel spreadsheet isindudedin theVE tools onthe CD to collect
and evaluate idess generated.

COﬂClMSI on Vaue engineering iscrafted from the beginning to protect risk and to achieve
design excellence. Creative VE strategiesare included in project and team
formation, the problem-solving order of the Job Plan, and in the offset of fixation,
which resultsin an inability to solve aproblem. Throughout the study process,
the VE Team Coordinator (VETC) must encourage creativity, have a special
sensitivity to human factors, and exercise effective interpersonal skillsto bring the
owner and the designerscongtructively into the process. For these reasons, the
VETC’s leadershipisa key component of asuccessful VE study.

Chaprer Six  Crearivity and Interpersond Skills



Vaue engineersshould be cognizant of the variety of leadership styles and
personality characteristicsthat might be displayed by people with whom they
work. They must develop effective sdes skills for promotion of proposasfor
owner/designer acceptanceand for team motivation. They must becomeadept at
brainstorming, checklisting, and creative problem-solving technique —three
methodsfor expandingthe VE team's idea generation.

Often, it seems, areview of VE studiesreveasalack of creativity in the bulk of
projects. An underlying cause appears to be the failure of curriculums to offer
instruction in subjects such as creativity, group dynamics, interpersonal skills, and
human factors. Technically satisfactory designs alone do not produce cost
effective programsthat meet owner needsand integraterequired building systems.
Thistypeof poor vaueresultsin increasedcost and timeincurredfor ownet/designer
changes and the compromisesnecessary to redize progam and buildingsystems
integration.

Chapter Sx  Creativity and Interpersonal Skills
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ife cycle costing (L CC) is the processof making an economic
assessment of an item, area, system, or facility by considering significant
costs o ownership over an economic life, expressed in terms of
equivalent costs. The essence of LOC isthe andlysisdf equivalent costsdf various
aternative Droposals.l To ensure that costs are compared on an equivalent
basis, the basdine used for initial costs must be the same as that used for all
other costs associated with each proposa, including maintenance and operating
COSts.

LCC is used to compare proposasby identifying and assessing economic
impacts over the design life of each aternative. In making decisions, both
present and future costs are taken into account and related to one another.
Today's dollar is not equal to tomorrow's dollar. Money invested in any form
earns, or has the capacity to earn, interest. For example, $100 invested at 10%
annual interest, compounded annually, will grow to $673 in 20 years. In other
words, it can be said that $100 today is equivaent to $673 in twenty years
time if the money isinvested at the rate of 10% per year. The exact amount
depends on the investment rate (cost of money) and the length of time. A
current dollar is worth more than the prospect o a dollar at some future
time, as inflation changes the value of money over time. Total owning and
operating costs of buildings have been rising steadily for many years. However,
since LCC andlysis involves cost at various times, constant dollars must be
used for the andlysis.

L CC techniques should also be used when undertaking cost-effectiveness
studies and benefit-cost analyses. The lack of such formal procedures can lead
to poor decisions.

L CC techniques were introduced as a direct consequence of the energy crisis.
The Office of the President of the United States has issued directives to
government agencies to reduce energy consumption and has encouraged
everyone to reduce energy use. Since energy is an annual cost, LCC principles
are required to equate its impact against initial costs.

A number of government agencies have already introduced mandatory LCC
requirements. The Environmental Protection Agency (EPA) requires a
cost-effectiveness analysis of alternative processesfor the early planning and
design of wastewater treatment plants. The U.S. Air Force was one of the first
government agencies to use L CC for its housing schemes. The U.S. Naval
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Facilities Engineering Command has published a guide,” and the Corps of
Engineers has issued a manual.’

Several yearsago, Alaskawas thefirgt state to pass mandatory L CC regulations.
It was followed closely by Florida. By 1985, Colorado, Idaho, Maryland,

M assachusetts, Missouri, Nebraska, New Mexico, North Carolina, Texas,
Washington, Wisconsin, Wyoming, and New York had passed mandatory
provisions, and Florida, Wyoming, Utah, and New York had issued formal
guidance manuals for L CC requirements.

Figure 7.1illustratesthe impact that design-stagedecisionshave on building costs.
It portraysthe design processas a team effort in which various disciplinesmake
decisionsin adiscipline-orientedenvironment. Decisions made by one discipline
will affect the cost of the work covered by the other disciplines.

Oned the principal reasonsfor unnecessary costsisthe uni-disciplineapproach
used by most designers. Unnecessary costs occur especialy where decision areas
overlap. Traditionaly, the design has been dictated by the architect; other
disciplines merely respond to the architect's direction. However, a multi-
disciplinary approach to building as asystem can significantly reduce unnecessary
costs. Unfortunately, the uni-disciplinary approach has expanded into LCC and
discipline-orientedsol utionsto energy problems. I n some cases, such as highly-
automated office facilities and high-tech laboratories, the design of
mechanical-electrical systems takes precedence over architectural design. It seems
that the basicfunction of afacility —to house people—is superseded by energy
conservation concerns. The multi-disciplinary approacb showsthat the best
solutionsare devel oped when al participantscooperateto solvethe total problem.

Effectivetiming isa so important. To take maximum advantaged L CC, the
techniquesshould beapplied at theearliest tagesaf thedesignconcept, particularly
during planning and budgeting, preliminary design, and design devel opment
phases. The cost of changing a design increases significantly with time. LCC
exercises that are undertaken during the construction phase or owning and
operating phasesproduce limited results, and they are benefcial only in providing
datafor future projects.

L CCisconcerned with total building costs over the economic lifeof afacility.
Figure 7.2 shows how the total costsof buildingsare incurred. This model has been
used as a basis for an automated approach; for example, atemplate is available

for IBM-compatible equipment using Lotus 1-2-3 or Excel. The blocks are
numbered C-1 through C-8.

BlocksC-1 (initial costs), C-2 (financingcosts), C-3 (operating costs),and C-4
(maintenancecosts) are self-explanatory.

Block C-5 (ateration and replacement costs) identifies costs involved with
changing thefunction of aspace. A replacement cost would be a one-time cost
incurred at sometime in the futureto maintain the original function of the facility
or item.

Block C-6 (tax elements) dealswith the cost impact of the tax laws, and each
case must be anadlyzed on an individual basis. These costs must be continually
reviewed astax laws change; for exampl e, investment tax creditsaregivenfor energy
conservation, different depreciation rates can be used, and different depreciation
periodsarealowed.

Block C-7 (associated costs) is concerned with costssuch as insurance, denial of
use, income, time impact, and staffing and personnel costsrel ated tofunctional use.
For exampl e, supposean LCC analysisisrequiredfor abranch bank. Thefunction
of the bank isto "service customers.” Suppose two banks have exactly the same

Chepter Seven  Life Cycle Cogting
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Life Cycle Cost Elements

Fee Financing Operations Maintenance
Costs Costs (Energy) Costs
Costs
) ] e ——— |
Construction ‘ Initial Costs | waner's Total Cost
Costs i
. LCCC-110 C-8
I f| 1 |
Other | Salvage Associated Tax Alteration &
Costs Value Costs Elements Replacement
Costs

C-8 C-7 C-6 C-5




LCC Terminology
and Examples
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initial costs. One bank can process 200 clients per day with a total staff of 10
people; the other bank requiresa gaff of 12 to processthe samenumber of clients
per day. Clearly, the one that useslessgtaff is more cost effective. This block of
staffing-personnel costsrepresentsthe requirementsrel ated to the buil dingfunction.
Thus functional use costsfor a branch bank would relate to servicing customers.
In LOC andysis, a cost difference or some other comparison would have to be
consideredfor the differencein staffing of these two banksto providethe basic
function of thefacility.

Asanother exampled denial-of-use costs, supposethat there are two approaches
to building aterations, the construction costs of which are the same. One
aternativewould require moving people out of aspacefor six months; the other
alternative could be accomplished during non-working hours. In LCC, the cost of
not being able to use thespace would have to be considered.

Thecost impact of insurancewasillustrated by arecent study of afood-distribution
warehouse. All costs were comparable, but one system had a lower annual
insurancepremium. I n this case, the estimated cost equal to the present worth of
theannual rateswas used for each systemin the LCC.

Block C-8 (salvagevalue) representsthe economic valuedf competing alternates
at theend of thelife cycleperiod. The valueis positiveif it hasresidual economic
value, and negativeif additional costs, such asdemoalition, are required. Figure

7.3 indicatesthe difference in L CC for various building types. The differencesin
high and low initial costs are quite significant, as are annual costs. (See Chapter
Three, " Preparationof Cost Models,""for further information about lifecycle costs)

To comparedesign dternatives, both present and futurecosts for each alternative
must be brought to acommon point in time. One of two methods is used: Costs

may be converted to today's cost by the present worth method, or they may be
converted to anannual seriesof paymentsby theannualized method. Either
method will properly allow comparison between design alternatives. Procedures,
conversion tables, and examplesfor both methods are discussed in the following
sections.

Present Worth Method

The present worth method requiresconversion of all present and future
expendituresto abasdined today'scost. Initial (present) costs are automatically
expressed in present worth. The following formulas are used to convert recurring
and nonrecurring coststo present-day values. Recurring costs are asfollows:

Equation 1

Where:
i = interest rate per interest period (in decimals); minimum attractiverate o
return
n = number of interest periods
P = present sum of money (present worth)
A = end-of-period payment or receipt in a uniformseriescontinuing for the
coming n periods, entire seriesequivalent to P at interest rate i

PWA = present worth of an annuity factor
Nonrecurring costs (when A = $1.00) are asfollows:
Equation 2



Facility Types - Cost Per Building Gross Square Foot*

Corp. Office Financial Medical University Research Industrial
$/GSF $/GSF $/GSF $/GSF $/GSF $/GSF
INITIAL COSTS: Low High | Low High | Low High | Low HighLLow High | Low High
Initial Project Cost 126.36 228.80 [146.30 255.20 |224.25 462.00 |147.40 264.75 19435 49500 9085 199.00
Construction Cost {incl. Site) 95.00 130.00|110.00 145.00(1%0.00 210.00|110.00 150.00 130.00 2500 70.00 100.00
Design Fees 428 78| 49% 87| 105 20| 606 975 910 250 254 500
Construction Administration 190 520 220 58| 300 84| 220 6@ 260 900 16 300
Site 475 195 | 5% 2175 750 3L50| 550 250 65 BH 210 1000
Reservation Costs:
Const. Contingency 428 78| 4% 8M| 6/ 1260 4% 900 58 138 315 60
Furnishings/Equip. 9% 26.00f 110 2900 ) 0.0 10500 1.0 30.00 26.00 11250 7.00 50.00
Interim Financing 50 195%0| 660 27| 90 3L50( 660 25 78 RHB 420 150
Other 0% 1300) 110 1450} 7.50 4200; 11 150 6.50 40 070 100
ANNUAL COSTS: $/GSF/Year $/GSF/Year $/GSF/Year $/GSF/Year $/GSF/Year $/GSF/Year
EnergyfFuel Cost 148 275 157 257 2.06 328 153 252 172 273 175 5.00
Maintenance, Repair & Custodial 224 5.23 19 392 265 553 1.66 348 240 528 185 415
Cleaning (Custodial) 08 172 08 148 10/ 25 00 13 09 23 060 140
Repirs & Maintenance 10/ 266 09% 19 120 218 08 1M 12 2@ 16 20
Roads & Ground Maintenance 0)ee] 0.8 018 054 038 07 016 048 029 08 020 05
Alterationsand Replacements 285 6560 330 725 450 1890 330 7.50 390 20.25 210 9.00
Alterations 0% 260 110 290 1% 105 110 30 13 115 070 5m®
Replacements 19 3V 220 43 30 840 220 45 260 900 140 400
Associated Costs 8651 15374 8832 157.20 12021 28069 3094 68.03 11390 359.80 4273 17753
Administrative (Bldg. Mgmt.) 044 1% 03 092 048 08 03 0M 0 110 040 00
Interest (Debt Service) 88 28 1024 2552 1570 420 103 2648 98 4950 98 1990
Staffing (Functional use) 75.0 1250 7A0 1250 100 22500 20.00 4000 10000 300.00 30.00 150.00

Denial-oi-Use Costs

(Lost Income)

(Lost Income)

(Lost Income)

(Lost Income)

(Lost Income)

(Lost Income)

Other Costs:
Security 0.0r o2 Q= 068 019 03x® 04 012 0283 068 00 0.70
Real Estate Taxes 190 390 220 4B 300 630 NA NA 260 6.7 140 300
Water & Sewer 016 031 017 029 069 10 017 028 069 1m 08 273
Fire Insurance 010 03 an 04 015 063 Q011 0.45 013 0.63 0.07r 030

*Exeerpted from Life Cycle Costing for Desgn Professicnals, Second Edition, McGraw-Hill, Inc., New York, 1995
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Where:

F = sum of money at the end o n, from the present date that isequivalentto P,
with interest ratei

PW = present worthfactor

n = number of interest periods
To use theseformulas, the owner or designer must determinethe rate o return.
Thisinterestrateisdiscussed later. Thefedera government, throughOM B Circular
A-94, hasestablished 10% asthe interest rate to be used in studiesdf thistype,
excluding the leaseor purchased real property. The number o interest periods, n,
or the lifecycle period of the study is usually expressed in years. Normally, alife
cycle between 25 and 40yearsiscons deredadequatefor estimating future expenses.

Escalation

Differential escalation (therate of inflation abovethe general economy) is taken
into account for recurring costs, such as energy, by thefollowingformula

Equation 3

_ A [0+t + D] <[+ + D"~ 1} pyn
oo h [ Fo+in-1
Where:
e = escdationrate
A =$1.00

n = number of interest periods
i = interest rate per interest period (indecimals)
PWA, = Present Worth o Annuity escalated

Where:
e=1
P=An

Economic tablesexist for the many combinationsof interest rates, interest periods,
and discount rates. However, escal ation tablesare not available. Somecal cul ators,
such as the Texas | nstrumentsBusinessAnalyst and the Hewlett-Packard HP-22
Business Management calculators, have economic equations built in for quick
calculation, but they do not deal with escalation. Figure 7.4 isatabledf escalating
vauesat abaseinterest ratedf 10%.*

Annualized Method

The annualized method convertsinitial, recurring, and nonrecurring coststo an
annual seriesdf payments. Thismethod may be used to expressall lifecyclecostsas
an annua expenditure. Home mortgage payments are an example o this
procedure; that is, abuyer optsto purchasea homefor $349 per month (360 equal
monthly paymentsat 10% yearly interest) rather than pay $50,000 all at once.
Recurring costs, as previoudy discussed, are already expressed asannual costs, thus
no adjustment is necessary. Initial and nonrecurring costs, however, require
equivalent cost conversion. Thefollowing formulas are used for this conversion:
Initial costs

Euuation 4
on EREP
A=P m = PP
Where:
A =annualized cost
P =$1.00
i = interest rate per interest period (indecimals)
n = number of interest periods
PP = period payment factor



Present Worth of an Escalating Annual Amount,
10% Discount Rate

Escalation Rate,%

0 11 2 2 4 6 rl 7 8 . 10 44 e 1} —dd YR
0909 0918 0827 0838 O0OMS O m 183 1973 0Qge2 0991 1000 1009 1018 1027 103 1
1738 1781 1787 1813 1839 4BS6 1892 1519 1846 1973 2000 2027 2055 2083 2110 2
2487 2635 2584 2634 2684 2735 2787 2830 2882 2946 3000 3058 3110 3167 3224 3
3170 3246 3324 3403 3483 3566 3649 23735 3821 3910 4000 4082 4185 420 4377 4
3791 3838 4008 47123 4239 4358 4430 4605 4734 4865 5S5.W 5138 5279 S42d 5573 5
4385 4408 4845 4797 4853 5115 5281 5453 6630 5817 £000 6194 8394 6599 8812 6
4868 5048 5234 5420 5628 5837 €053 6277 6508 €750 7000 7259 7528 7.807 8098 7
8335 5553 5781 @019 6287 0526 6796 7078 7372 7680 BOOC 8334 BE83 0047 94268 8B
5759 6017 6288 #6572 6871 7184 7513 7858 B.220 86M 9000 £419 0858 10321 10806 9
8145 6443 6758 7080 T441 7812 8203 8616 9053 9513 0000 10514 11057 11.830 12235 10
6405 §B834 7184 7575 7831 8411 8868 9354 0870 10418 11000 11819 12278 12074 13718 11
6814 7193 7588 8030 8491 HHE3 8510 10072 10672 11314 12000 12733 13517 14355 15251 12
7903 7523 7972 8455 8973 @53 10127 10770 11480 12202 13000 13858 14.781 15774 16842 13
7.367 7825 8320 4&B53 9429 10051 10.723 11449 12233 13082 14000 14593 16068 17231 16491 14
7806 8103 8642 9228 9860 10549 11296 12109 12993 13584 15000 16139 17378 18729 20200 IS

7824 8358 BAd1 9576 10268 11024 11849 12752 13733 14818 16000 17284 la713 20267 21971 18
BOZz 8583 9218 9803 10653 11477 12382 13377 14470 15674 17.000 18.481 20071 21847 23806 17
8201 6808 9475 10209 11.018 11910 12395 13565 5189 18523 18.W 10638 21454 23470 25708 18
8365 9005 09713 10466 11362 12323 13380 14576 15.895 17.363 19000 20825 22882 25137 27679 19
8514 9187 9934 10764 41688 12718 13867 15151 16588 18198 20.W 22024 24298 26850 28.722 10

8649 9353 10139 11015 #1.986 13094 14228 18711 17.268 19022 21.000 23233 25756 26810 3183 21
8772 8506 10329 11251 12287 13454 14789 16255 17.938 19840 22000 24453 27.243 30417 34033 22
8883 9847 10505 11471 12562 ¥3.787 15196 16.764 18591 20650 23000 25685 ZB.7SE 32274 38307 23
8985 9776 10668 11878 12822 14124 15607 17299 10235 21456 24000 26927 30287 34181 38664 24
9077 9894 10810 11871 13068 14437 16003 17.800 18.867 22250 25000 28181 31.886 38141 41.108 25

91681 10002 10860 12052 13301 14735 16384 18287 20488 23038 26000 20448 33484 30,154 436389 26
9237 10102 1.080 12221 13521 15020 16752 18761 21.097 23820 27000 30723 35000 40222 48261 27
9307 10194 11211 12380 13.720 15201 17107 19227 21.695 24584 2B.00C 32012 36.748 42348 48979 28
9370 10278 11323 42528 13933 16561 17448 19611 22283 25381 29.000 33.312 3B433 44528 51797 29
9.427 10355 11.426 12.667 14112 15798 17.777 20.107 22.859 26122 30000 34624 40.150 46,770 S4717 30

BATD 10426 11523 12798 14287 16035 168.095 20532 23426 26875 000 3I5P4T 41898 49073 57743
8526 10491 11612 12820 14453 16281 18400 20944 23062 27622 3I2.000 37283 43678 51438 80879 32
8569 10551 11.695 13034 14610 16476 18.6895 21348 24527 28362 33.000 38631 45490 53868 64128 33
5.809 10606 11771 13141 14759 16682 18979 21.736 25063 20.095 34.000 29982 47335 56385 87497 34
9.644 10657 11843 13241 14889 16878 19252 22116 25588 20821 35000 41384 49214 58529 70088 35

9677 10703 11909 13335 15032 17063 19516 22486 26,106 30541 30.000 42749 51127 61564 74608 3B
8.706 10745 11970 13423 15158 17.244 19.770 22.845 28613 31254 37.000 44147 53075 64270 78385 37
9733 10784 12027 13505 i5.278 17415 20014 23185 27111 31961 38.W 45558 S5056 67050 82241 38
9.757 10.820 12079 13582 15388 17578 20250 23535 27600 32681 39000 46981 57077 63908 B6288 39
8.779 10853 12,128 13654 15495 17.733 20478 23866 28.080 33355 40000 46417 58.133 72840 90441 40
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For nonrecurring costs, use Equation 2 to convert future expenditureto current
cost (present worth), then use Equation 4 to convert today’s cost (present worth)
to an annual expenditure (annualized cost). Since all costs are expressed in
equivaent dollars, for both the present worth and the annudized methods, the
lifecyclecostisthesumaf theinitial, recurring,and nonrecurringcosts, al | expressed
inequivalentdollars.

Discount or Interes Rate

Calculation of present worth is often referred to as discountingby writerson
economics, who frequently refer to an interest rate used in present worth
calculationsasa™discountrate.” Any referenceto the discount rate meanseither
the minimum acceptableratedf returnfor the client for investment purposes, or the
current primeor borrowingrate of interest. 1n establishingthisrate, severa factors
must be considered, including the source o finance (borrowedmoney or capital
assets), the client (government agency or private industry), and the rate of return
for the industry (beforeor after income taxes).

At timesthe owner may establish the minimumattractive rate o return based
only onthecost of borrowed money. Although thisapproach isparticularlycommon
in government projectsand in personal economicstudies, it may not be applicable
to projectsin a competitive industry.

Escalation

Escal ation hasasignificant impact on LCC and isaccommodated in LCC by
expressngall costsin termsaf constant dollars. For example, if the LOC is being
conducted in 1997 dallars, then the purchasing power o a 1997 dollar should be
usad throughout the andlysis. That is, in acomparative analysisit isnot correct

to mix 1997,2000,2010, and 2020 year dollars, asthey will differ in termsaf buying
power.

When the comparativeanadysisincludesitemswith equal escalation rates, the
effect of escalation will be canceled out. However, when cost el ementswith varying
escalation ratesare included, the differencesmust be considered. For example,
theratesd escaation for certain itemssuch asenergy have been increasing above
the average devaluationd the dollar. To accommodatethese differences, those
elementsthat aredifferentiallyescalating or devaluating (at adifferent rare than
the inflation of al other costs) need to be moderated. It is recommended that a
differentia escalation be applied. For example, say the life cycle for anadysisis

20 yearsand energy is estimated to escalate at 5% per year. The deval uationof
money isestimatedat 4% Therefore, the present worth of the energy cost should
be differentiallyescalated at 1%. Equation 3 is the formulaused to determine
presentworth of annuity factors having differential escalation. Figure 7.4 givesthe
present-day value of an escalating annual amount startingat $1.00 per year at a
10% interest rate. For the example above, the PVA equatesto 9.187 versus an
unescalated valued 8514 if no differential escalation isapplied. Thedisk supplied
with thisbook containsthe L CC program and all required values.

Depreciation Period

The depreciationperiod usualy correspondswith the estimated useful lifeof an
asset, during which time the capital cost of the asset is written off. This period
becomesthe basisfor adeductionagainstincomein cal culatingincometaxes. There
are saveral ways commonly usad to distribute the initial cost over time; for
example, straight line, sum o the year'sdigits, and doubledeclining balance. The
Internal Revenue Service has established and made availablecertain guidelines
for varioussystemcomponents. Tax accountantshave ready accessto these changes
in rates.
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Amortization Period

The amortization period is the time over which periodic paymentsare made to
discharge a debt. The period used is often arbitrary and is selected to meet the
economic needsdf the project. Financing costs are assessed during this period.

Salvage (Residual) Value

When evaluating alternatives with unequal useful livesduring the economic life
cycle period, asavageor residual valuemust beestablished. Thesavagevalueisthe
estimated val ue (constant basgline currency) of the systemor component at the
end of the economic lifecycleor study period. The value of asystem at theend of
its useful lifeisnormally equal to itssalvage valueless the cost incurred for its
removal or disposd.

T i eFrames

Severa timeframesare used in an LCC analyss. Firstisthe economic or study
period used in comparing design alternatives. The owner, not the designer, must
establishthis time frame. If the buildinglife is considered as being forever, 25-40
years is Lag enough to predict future costsfor economic purposesto capture the
most significantcosts. Thisisillustratedin Figure 7.5, wherean annual cost for 100
yearsdiscounted to present worth at a 10%interest rate is plotted. The areaunder
thecurveisthecumulative total present-worth equivalent cost of the system.
Note that 80% of the total equivalent cost is consumedin thefirst 25 years.

A timeframemust aso be used for each system under analysis. The ussful life of
each system, component, or item under study may be the physical, technological, or
economic life. The useful life of any item depends on such things as the frequency
with which it is used; its age when acquired; the policy for repairsand
replacements; whether preventive maintenance procedures are followed as
recommended by the manufacturer; the climate in which it is used; the state of
thean; economic changes; inventions; and other developmentswithin theindustry.

Other Methodsd Economic Analvsis

Other methods of economic analysis can be used in a life cyclestudy, depending
on the client's requirements and specia needs. With additional rules and
mechanics, it is possibleto perform asensitivity anaysis; to determine the payback
period; to establisha break-even point between alternatives; to determine rates

of return, extrainvestment, and rate-of-return alternatives; to performa cash flow
anaysis, and to review the benefitsand codts!'

Figure7.6illustratesaflow chart for applying LCC toaproject. T hefirst requirement
1s the inpur data. With this data, alternatives can be generated, followed by LCC
predictions.From these predictions,anoneconomi ccomparisonis made to eval uate
the assumptions about component costs balanced with the functional,
technological, and aesthetic factorsdf the project. The resultant weighted choice
is proposed as the Lomet optimum alternative. That is the best aternative
representing the best choice bal ancing costs and noneconomic criteria. OF the
input data required, specific project information and site dataare usualy available,
but it isunusual forfacility components datato he available, especialyinformation
regarding useful life, maintenance, and operations. Although such input isneeded to
calculate roughly 25% of total costs, few designershave accessto comprehensive
datain aformat facilitating L CC analysis. There is no systemretrieval format for
L CC data readily available to designers. This presents aseriousproblem. The
author has published two texts that attempt to publish such data.®

Consider thisexample of L CC methodology. A hospital saff and itsdesign team
are considering two aternative nursing-station designsfor each bed wing. One will
cost far more to construct than the other becauseit relies more heavily on
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automated devicesfor patient monitoring and record keeping. Will thesavingsin
nursing salaries judtify the increased facility cost?Several stepsusingthe LCC
methodology are required to answer thisquestion.

Firgt, thosefacility elements that will be the samein any of the options being
reviewed should beidentified. Then, those elements should be fixed or removed
from consideration to reduce the time and complexity of the comparativeanaysis.
Next, the decision-makingteam isolatesthe significant varying costs associated
with each adternative. The automated solution in thisexample has higher capital
investment costs but lower functional use (nursing salary) costs. T he costsisolated
for each alternative must be grouped by year over the number of yearsequal to
the economic life of thefacility. If more appropriate, costs may beisolated by time
spansequal to the mode df user operation. In either case, probabl ereplacement
and ateration costs should be considered. Salvage value, if relevant, isaso
consideredfor theend of the life cycle period.

All costsare converted to current dollar valueby present worth techniques using
areasanabl ediscount factor. A 10% interest rate isused by most federal agencies, but
many private owners use a higher rate. Finally, the discounted costsare totaled
and thelowest cost alternative isidentified. It may be necessary to makeasensitivity
analysisof each of the assumptionsto seeif a reasonable changein any of the

cost assumptionswould change the conclusions. If this happens, the probability of
such an occurrence must be carefully weighed. If two or moreeventshave roughly
the same likelihood of occurrence, then the option selected must reflect this. The
final selection df an option should be tempered with noneconomicfactors. The
impact on total cost of any honeconomicfactorswill befactored in by the decision
maker usinga weighted eval uation procedure. See the discussionof weighted
evaluation later in the chapter for further detailsof the process.

LCC Formats

Formats for manual techniques and for computerized spreadsheetsfollow as
examples. The short manual form procedureis used primarily to compare specific
facility components such as the type of exterior siding, various roofing materials,
piping,and soforth. The longer, moredetailed proceduredlowsa more
comprehensivetotal system or facility to be analyzed based on LCC. The manual
procedures provide L CC information from which improved decisionscan be
made.

When the annualized method of L CC is being used, the equivalent cost baseline
isannual codts. Initial cost and present worth of future costsare reduced to annual
series. For example, assume that the mortgage payment on a house is amonthly
seriesthat can be converted to an annualized series. Annual costs of operations,
mai ntenance, taxes, and so forth, are added to yield the total annual costs.

For the present worth method, the equivalent cost baselineis present-day val ues.
All initial capital expendituresarein present-day valuesand require no conversion.
All follow-on costs are recalculatedto resent-da, values (discountedfor the

cost of money).

Both procedureswill result in the sameeconomic recommendation. The present
worth method alows easier consideration of differential escalation therefore, it is
more commonly used. Referenced economic tables are contained in Figures 7.4
and 7.7 through 7.9, and blank worksheets are available in Part Three, "Vaue
Engineering Workbook." The CD that is part of this book package contains a
parameter-based cost-estimatingsystem that istied to the Cost Model and to a
life cycle costing system.



Present Worth (PW)

What $1.00 Due in the Futureis Worth Today (Present Worth) Single Payment
¥rs, 6%PW % PW 8% PW 9% PW 10% PW 12% PW

14% PW

'Formula PW = (141+)")
Whaere: | represents an intarest rate per interest period
1 represents a number of interast periods
PW represents the present worth of $1 due in the luture
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Compound Interest Factors (PWA)

Present Worth of Annuity (PWA): What $1.00 Payable Periodically is Worth Today'
Yrs., 6%PW 7% PW B% PW % PW  10%PW  12%PW
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14% PW

16% PW

18%PW 20%PW Yrs.



Compound Interest Factors (Periodic Payment)

Periodic Paynent {PP): Periodic Payment Necessary to Pay Off Loan of $1.00
(Capital Recovery) Annuitles (Uniform Series Payments)*

Yrs. &% PW 7% PW 8% PW BAPW  10%PW 12%PW 1A% PW 16% PW 18% PW 20% PW

1060000 1.070000 1080000 1080000 1.100000 1.120000 1.14000000 1.16000000 1.18000000 1.20000000
0545437 0553092 0.580769 0.568489 0576180 0591688 0.60728972 0.62206206 0.53871560 0.85454545
0.374110 0.381052 0.388034 0.395055 0.402115 0.418348 0.43073148 0.44525787 0.45992388 0.47472527
0.288591 0.295228 0.301921 0.308669 0.315471 0.329234 0.34320478 0.35737507 0.37173887 0.38628912
0.237395 0.243891 0.2501% 0.257092 0.263797 0.277409 0.29128355 0.30540938 0.31977784 0.33437970

O WN PP

0203363 0209798 0.218315 0.222920 0.220607 0.243226 0.25715750 0.27138987 028501013 0.30070575
0.179135 0.185553 0.192072 0.198891 0.205405 0.219118 0.23319238 024761268 0.28238200 0.27742393
0.161036 D.167468 0.174015 0.180874 0.187444 0.201303 D.21557002 0.23022426 0.24524436 0.26060842
0.147022 . 0.153486 0.160080 0.186799 0.173641 0.187879 0.20216838 0.21708249 0.23239482 0.24807946
0.135868 0.142378 0.149029 0.155820 0.162745 0.176984 0.19171354 0.20680108 0.22252464 0.23852276 1

-

=
OO N
[@XNo}ee]
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Format Usngthe Annudized Method

Figure 7.10 showsamodel formfor predictingannuaizedL CC. Theformisdivided
into three partsasfollows

1. Initial project costsor other capital investment costs.

2. All mgjor singlefuturecostsof replacement expendituresand salvagevalues,
taken back to present worth (discounted), using datain Figure 7.7.

3. Theoutput data that takesall present worth equivalent costsand equates
them to acommon baselined annual costsusing the capital recovery factor
or period payment (PP) necessary to pay off aloan of $1 from Figure 7.9.

These costs are totaled, all annual costsare added, and the annual differencesare
calculated. Thesecan then be converted to present worth costsby using the correct
factor Present Worth o Annuity (PWA),asillustratedin Figure 7.8.

Thefollowingisan exampleof a LOC study for a proposed car purchase (see
Figure 7.11). A consultingengineer needs to purchasea new car. It will be a
company car and assuch will beeligiblefor investment tax creditsand depreciation
allowances. The engineer hassel ected three carsfor an in-depth L CC andysis;
Car A isamoderately priced import; Car B isalarger sze American model;and Car
C isaluxury modd. Theinput data collected isshown in Figure 7.12.

First, theinitial costsd gettingthe car on the road are calculated. The intended
purchaser hasfriendsin thelocal dealershipsand can purchasethecar dightly above
dealer cost with thefirg year'slicensednd insurance: The investment tax credit
iscalculated at 10% of each car's base cost. For example, Car A's credit is 10% of
$16,500, or $1,650. The next step is to calculate the present worth of
replacement-salvagecosts. The replacement costs are listed and the present worth
factor for each year determined. T he present worth of the future costsare then
calculated. All costsshould bein constant dollars; that is the L CC analysisbaseline
is normally current dollar so all costs listed should be the equivalent to the
purchasingpower d thecurrentdollar. It isonly whenthere isdifferential escalation
that the use of differentially escal ated dollars should be considered. For example,
assumethat tiresare replaced in two and four years. For Car A, the cost isestimated
at $225 each cycle. In terms of constant dollars, the costs o the tiresin termsdf
currentdollarsisconstant. T hepresent worthfactorsfor twoand four yearsare 0.826
and 0.683, respectively, s0 the present worth o the tire replacement at two years
is$186 ($225 % 0.826) and at four yearsis$154 ($225 x 0.683). (SeeFigure7.11)

Thesavagevaueshould be taken into account. When dollars are redized from
the trade-in, acredit results. the sdvage or residual value. For example, the trade-in
o Car A equatesto a credit of $3,900 x 0.62, or $2,418.

Part Three of Figure 7.11 summarizesthe annual owning and operatingcosts. The
periodic payment (PP) necessary to pay df aloan of $1 at 10% interest over five
yearsis PP = 0.2638, or for Car A $15,675 x PPequals $4,135/year for fiveyears
The samecal culationis madefor salvageand replacement cogts. The present
worthof each cost isamortized using the periodic pavment (PP) factor. For example,
for the salvage of Car A, theequivalent-annual cost at 10% interest for asalvage
valued $3.900 over fiveyears would beacredit of $2,418(present worth of salvage)
% 0.2638 (PP), or $638/year for fiveyears.

In termsof equival ent costs, $3,900 five years from now has the same buying
power as$2,418 today, as has $638/year for fiveyears They al are equivalent costs
assuming a 10% rate for interest.

After determining the annualized equivalent cost for theinitial and replacement
costs, the annual costs are entered. Car A has $2,200/year for maintenance and
operation cost, $750/year for licensesand insurance, and adepreci ation credit of
$990/year. Thedepreciationcredit iscalculated asfollows



Life Cycle Costing (Annualized)

U others O Process [ Mechanical [ Electrical Sheet N.: -
Economic Life: Years DiscountR ate: %
i ' Alternate Alternate
Iltem Descrlptlon |  Original No. 1 No. 2
i | Base Costs | 1 i 1
Interface Costs I
a
Zol b i 1
B ] 1 1 1
£ 0 . -
o (fther Initial Costs l
TE| &
2% | b I I I 1
sV
. 3 C. {
| i __Total Initial Cost Impact (IC)
6 - . .
g | Initial Cost Savings
I single Expenditures Interest | I i
% l Prgsent VR/orth e ' ) ’ )
1. Year - Amount
PW = Amount X PW factor
2. Year - Amount
PW = Amount X PW factor
3. Year Amount
PW =Amount x PW factor
4, Year Amount
PW =Amount X PW factor
5. Year Amount )
PW = Amount X PW factor
(. |
L_ ] Salvage Amount x (PW Factor 1= l -
A ~ 1 Annual Owning & Operating Costs o
' 1. Capiltal IC x PP |
Recovery Years @ % 1| i
Replacement Cost: PP x PW | | | ]
a. Year ]
b. Year ]
C. Year | 7
d. Year | I
e. Year |
0 Salvage |
_ | 2. Annual Cost | | 1
a. Maintenance
Operations } i ' .

>je gcl Cos

b
c.
d.
e

| 3. Total Annual Cost - |
| Annual Difference (AD) i

| 4 Present Worth of Annual Difference
\ A | (PWAE actor)xAD | | I |
PP = Periodic Payment to pay off loan of $1

PWA = Present Worth of Annuity (what $1 payable periodically is worth today)
PW = Present Worth (what$1 due in the future is worth today)

|

|

|
e
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Life Cycle Costing (Annualized)

Iltem: CAR PURCHASE Date: N/ZA .
[ others [ Process [ Mechanical [ Electrical Sheet No.: 10f1 .
e Economic Life: 5 Years Discount Rate: 10%

her Initial Costs

PW =Amount x PW factor

PW = Amount x PW factor

raight-line depreciation.

Chepter Seven  Life Cyde Codting



Car Purchase Input Data ($)

Cost Element Car A
Initial cost $16, 500
Sales tax S0
Trade-in value(5 years) 3,900
License and insurance cost/yr. 750
Maintenance and operating cost/yr. 2, 200
Tire costs at 2 and 4 years 225
Major replacement at 2-1/2 years 500

Depreciation 5 years straight line
Investment tax credit 10%
Tax bracket of consultant 30% tax rate

CarC

Car B
$15,000 $30, 000
5% 5%
3, 500 15, 000
1, 000 1, 500
2,800 2,000
300 350
750 400



Chepter Sewn  Life Cyde Costing

$16,500 (initial cost) /fiveyears (straightlinedepreciation) = $3,300/yr. x 30%
tax bracket or $990/year credit.

Format Using the Present\@ith Method

Thesame result is obtained when the present worth concept is used, as
demonstrated in Figure 7.13. In Part One, theinitial costsare listed and are already
in present worth terms. Next, the present worth of the replacement-sal vagecosts
arecalculated. Again, salvagevauesare negative.

For example, the present worth of salvagedf Car A is$3,900 x 0.62, or acredit of
$2,418.

Findly, the annual costsare converted to present worth. For example, the annual
operating cost o Car A is$ 2,200/yr., equivalentto $2,200/yr. x (presentworth
d annuity in Figure 7.8) 3.791, or $8,340 present worth (see Figure 7.13). The
present worth amountsare then totaled and differencescal cul ated.

Waeghted Evaluation

Asafinal action, the economicdata df costs haveto be tempered with the human
factors such as comfort, appearance, performance, safety, and costs (initial,
operation and maintenance, replacement,and salvage). A weightedevaluation is
used to more formally organize the process. Weighted evaluation ensures
optimum decisions. Good decisionsare made by placing the proper emphasison
al criteria. During evauation it isimportant to discuss and weigh the following
aress

* Needs versusdesres

* Important versus unimportant

* Design tradeoffsversusrequired functions

Note: An Excel weighted evaluation worksheetisincluded in the VE tools section o the
CD.

Procedure

The recommended procedure for weighted eval uation has been broken down into
two processes, the criteriaweighted process and the analysis matrix. The
criteriawel ghted processisdesigned to isolate important criteriaand establish
their weights or relativeimportance.

On the criteriascoring matrix, all criteriaimportant in the selection of the
alternativesare listed. Criteriaare compared, one against another. Thisseriesof
comparisonsis the simplest way to achieve the evaluation.

In comparing two criteria, preferencefor one over the other isscored according to
itsstrength. (That is, 4—major preference, 3-aboveaveragepreference, 2—average
preference, L-light preference). When criteriaare deemed equal, each criterionis
assigned ascored 1. Scoresarethen tallied, the raw scores brought to acommon
base (10is used for anormal evaluation), and the criteriaand weightstransferred to
the anadysismatrix.

In the anadlysis matrix, each alternativeislisted and ranked against each criterion,
and the rank and weight of each constraint are multiplied and totaled. The
aternativesare then scored for recommended i mplementation. No alternatives
are considered that do not meet minimum criteria. For example, if acar does not
meet minimum safety requirements, it isdropped from the evaluation.

Reaults

From Figure 7.14, the purchaser developed the criteriaweights shown and selected
Car A. Even though it wasnot the lowest initial cost, itsfollow-oncostswere
thelowest; and the owner benefitsin the other criteriamadeit the optimum choice.



Life Cycle Costing Example (PW)

Item: Car Purchase Date: N/A
D Process [ Electrical |:| Mechanical kd Others Sheet No: 1of 1
Economic Life: 5 Years DiscountRate: 10%
o l Original Alternate No. 1 Alternate No. 2 4
Description Estimated Present [Estimated| Present [Estimated Present

Year PW | |
A. Tires
B. Major Replace.
C Tires
D.
E. Salvage 3 0620 | (3,900)| (2,418)| (3,500)| (2,170){(15,000)| (9,300)
F.
G
H'—
Total Replacement/Salvage Costs (PW) (1,683) (1,725} (8,456)
3. Annual Costs
Dif. Escal. PWA,
A. Operating Cost 0 3791 | 2200 | 8346 2,800 | 10,615 2,000 7,582
B. License & insur. 0 3.791 750 2,843 7,000 3,791 1,500 | 5,687
C. Dep. Credits 0 3.791 (990)| (3,753)] (900)| (3,412)[ (1,800)| (6,824,
G —
H -
Total Annual Cost
Total Annual Cost( PVY 7,430 10,994 6,445
Grand Total Present Worth Costs 21,422 24,119 26,489
Life Cycle Present Worth Savings 5,067 2,370
Savings % 23.65% 9.83% |

PW = Present Worth Factor (what $1 due in the future is worth today)
PWA = Present Worth of Annuity Factor (what$1 payable periodically is worth today)
PWA, = Present Worth of Annuity Escalating ( what $1 payable periodically that is
differentially escalating is worth today)
The depreciation credits column is based on 30% tax rate, straight-line five-year depreciation.
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Weighted Evaluation
Project: Car Purchase

O Architectural [ Structural [ Mechanical

Criteria Scoring Matrix

5-Excellent 4-VeryGood 3-Goed 2-Fair
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1-Poor

O others

Sheet No.. 10f 1

How Important:

4 = Major Preference
3- Above Average Preference
2 - Average Preference
1 - Slight Preference
1 - Letter/Letter
No Preference
Each Scored One Point



Application of LCC
to Buildings

Theapplicationd the LCC concept to buildingsisgraphicaly illustrated by
Figure 7.15, which shows hypothetical ownership costs of an office buildingusing
present worth concepts. Thefigureindicatesthat for the buildingtype and data
used, approximately 40%caf the total cost of ownershipisininitial cost, 28% of the
cost o ownership isin financing (cost of money), and 22.5% is in annual

mai ntenance and operationcharges. T heremainingamountsarefor design,indirect
costs, and alterationsand replacement cogts.

Thedataon whichthefigure is based are asfollows.

Initial cost of building $80/f.” ($861/m°)
Buildingsize 100,000£t.% (9,290m?)

Cost of red estate (not included)

Interest rate 12%

Lifecycle 20 years

Cost of maintenance, operations, etc. ~ Average $6.00/ft.” ($64.58/m2)
Desgn 4.5%

Indirect construction costs 10%

Alteration and replacement costs $1,500,000every ten years

Cost of OwnershipCalculations:

1 Present worth of initial costsequalscost per unit areatimes
buildingsze

Initial Costs = $80/ft.” x 100,000ft.* = $8,000,000 ($861/m? x 9290 m?
= gpproximately $8,000,000).
2. Present worth of annual costsequalsthe area timesthe annual cost times
the present worth of $1.00 payable periodically (PWA) 12% interest rate
from Figure 7.8.

Annual cost = 100,000ft.” x $6.00 x 7.47 (PWA) or apptoximately
$4,482,000(9290 m? x $64.58 x 747 PWA).

3. Present worth of financing costs equals present worth of financing for

estimated initial costsand annual costs.

Present worth o the interest costsfor the estimated costs equalsthe
present worth of annual difference of payoff with interest, lessthe
payoff without interest. Annual chargeswith interest equalsinitial
costs timesperiodic payment necessary to pay off aloan of $1.00
(seeFgure 7.9).

Annual chargewithout interest equalsinitial costs divided by number
of years

Difference= $1,072,000— $400,000/year = $672,000/year, whichis
the annual valuedf interest.

Present worth of annuity, interest =
$672,000 x (PWA) 7.47 = $5,019,840, approx. $5,020,000
(seeFigure 7.8).

Present worth of interest (financing) of annual costsequas annual
financing coststimes present worth of $10D payable periodicaly
(Figure 7.8).

Annual financing charge = 12% x $600,000 = $120,000.
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Present worth = $120,000 x (PWA) 7.47 = $537,840(approximately
$540,000).
Total present worth of financing costs = $540,000 + $5,020,000
= $5,560,000.

4. Other Codsts
Design costs = design percentage timesinitial costs= 45% x $8,000,000
= $360,000

Indirect cost = indirect cost percentagetimesinitial costs= 10% x
$8,000,000 = $800,000.

Present worth of alteration and replacement costs = costin future
year(s) timespresent worth of $1.00 duein the future (Figure7.7).

Present worth of alteration and replacement costs = $1,500,000x
0.322 (PW for tenth year) = $483,000.

$1,500,000 x 0.104 (twentiethyear) = $156,000

Total PW Alterationsand Replacement = $483,000+ $156,000=

$639,000.
Summary of Costs:
Present Approximate
Worth Percentd Totd
Initial Costs $8,000,000 40.0
Annual Costs 4,482,000 225
Financing Cods.
[nitial 5,020,000
Annual 540,000 28.0
Other Codts.
Desgn 360,000 20
Indirect 800,000 40
Alteration and Replacement 639,000 35
Totd 100.0%
Present Worth—Totd Cost
of Ownership $19,841,000

If we take the above concept and add to the life cycle costsdf the officeworkers
sdaries, another viewpoint is achieved. Figure 7.16 illustratesa commercial office
operations expenseson an annual cost bad's (1990 prices). For example, it cites
wherea renovation/upgrade in office space was paid back in productivity gainsin
lessthanoneyear. T hefigureistakenfroman articlein ConsultingSpecifying Engi neer
(January 1997) entitled, " Giving Productivity an Energy-EfficientBoost.” The
articlestates, "Because of the importance o sdariesin operating budgets, payback
cal culationsshould includepotential performanceimprovementsand absenteeism
reductions, aswell asefficiencysavings." Thisstatement should be the ultimategoa
o the VE efforts—savings in total cods. A similar situation was recently
experienced when additional initial costs added to afive-star hotel complex was
more than judtified through projected increasein occupancy.

Figure 7.17 illustratesthe total cost for the total present worth for capital expense,
daff, operation and maintenance for ahospitd. It is interestingto note the
percentaged initial coststo the total cost, which is about 6%, whilegaffing is
50%. Y¢, decisions made during design significantly influencethe bulk o the total
cogs.

Chapter Seven  Life Cycle Cogting



3

Office Workers' Gross Total Electricity Repair and
Salaries Office Rent Energy Maintenance

Source: Building Owners and Managers Association; Electric Power Research Institute; Statistical Abstract of the United States, 1921

_ LIFE CYCLE - COMMERCIAL OFFICE EXPENSE (INCLUDING STAFEING)

1
]
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Application d LCCto HVAC Systems

Following is an exampleof the use of L CC for selectiondf aheating, ventilation,
air conditioning system (HVAC) system. It is assumed that the study group
considered the origina design and devel oped two alternativesfor comparison.
Figure 7.18 showsthe LCC analysisof thisexample using the annuaized method.

Theorigina designinitial base bid cost isestimatedat $49,150, alternative system
No. lisestimated at $70,000, and alternative system No. 2 isestimated at $62,000.
Thesefigures are shown under "Base Cogt.." The interface costsfor electrical total
$10,000 for the original design, $4,835 for altemative No. 1, and $7,200for
aternative No. 2. Owner-supplied equipment costs $48,450 for the original design,
$25,000for alternative No. 1, and $27,000for atemative No. 2.

Next, replacement and salvage costsare considered. The original design resultsin
substantial replacementcostsd $35,000 at the tenth and twentieth yeer. For
aternativeNo. 1, replacement costs of $30,000 will be incurred in the twentieth
year. For altemative No. 2, costs of $35,000 are estimated for the twentieth year.
Findly, thesdvagevaued each aternativeat the end of the lifecycleperiodis
estimated. Theseamountsare then discounted todeterminethe presentworth using
Figure 7.7. For example, the present worth of $35,000due 10 yearsin thefuture
i50.3855 x $35,000, or $13,494. Replacementcosts used must be thosecosts (using
current dollars) estimated for the year indicated. I n some cases, thiswill require
using present-day costsescal ated for future priceincreases. However, the escalation
should be limited to only the amountsd differential escalation over and above
dollar devaluation. This must bedoneto keep all amounts in terms of a constant
present-day dollar purchasing power. For example, replacement of a chiller was
estimated to occur at 20 years. A market study indicated that the cost of that
particular type of chiller was estimated to escalate at 12% per year and dollar
devaluation was averaging10% per year. A 2% differential escalation would be
applied to the 20-year cost estimate. Theformulafor calculating escalation is

F= (1+i)", whereF isthefactor to be used, i isthe differential interestrate in
decimals, and y is the number of years. Inthisinstance, F= (1+ 02)%° = 1.49. For
example, the chiller to be replaced costs$23,500 today. Twenty yearsfrom now

in terms of constant dollars, it is estimated to cost $23,500 % 1.49(F) or $35,000.

Next, the annualized costs are determined. The initial cost must be amortized by
determiningthe annual payment costs necessary to pay off aloan equaling the
total initial cost impact. For the exercise, aspan of 25 yearsat 10% interest is used.
Information from the table in Figure 7.9 isentered under the interest rate across
the 25-yearsline tofind the periodic payment necessary to pay dff aloan of $1; in
thiscase$0.1102 per year. Each total initial cost is multiplied by chisfactor to
determinethe annual capital recovery costs. For example, the annual cost required
to recover the original cost of $107,600 over 25 years at 10% would be $107,600
% 0.1102, or $11,858 per year.

The next step isto convert the replacement and salvagecoststo a uniformseries
o payments. To do this, the present worth (discountedfuture costs) is amortized
over the projected life. In the case of salvagevalue, the costsare negative, as
indicated by the parentheses. For example, the original design has replacement
costsdf $35,000at year 10, which has a present worth of $13,494. The periodic
payment necessary to pay off aloan o thisamount is$13,494 x 0.1102, or $1,487
per year.

After determiningthe annual amount of initial and replacement costs, other
annual costs-such asoperation, maintenance, and taxes—are added. The total
represents a uniform baselinecomparisonfor thealternativesover aprojected lifeat
aselected interest rate. Theannual differencesare then determined and used for



Life Cycle Costing (Annualized) Life Cycle Period

[tem: Enlisted Men's Quarters HVAC System Date N/A =
0 others [ structural [ Mechanical [ Etectricat Sheet No.: 10f1
Economic Life: 25 Years Discount Rate: 10%
H Alternate Alternate
Iuem Description Original No. 1 No.2 .
A | |BaseCosts | 4_9_._!59| zo-@qa| gwc’|
Mtsifase Coaks |
2 Eloctrical nstallation
cC
Other Initlal Costs
a. Owner Suppled Equipment
b.
rte~1 T 1 I 1
Year 10 Equip. Replace. Amount
PW = Amount X PW factor 0. 3855

Year 20 Equip. Replace.  Amount

PW = Amount x PW factor ~ 0.1486

Year Amount
PW = Amount x PW factor e
Year Amount
PW = Amount x PW factor —

Year 25 Amount
PW =Amountx PW factor ~_  0.0923

w | | Salvage

" 8 | a Mainfenance . e . 2800)  2200)  2000"
8| Goolpa | T izgs0 | 13950 | T 1g025
. HeaiingEnergy | = 1080 .. 24|
3 | & DomesticHWenergy [ - 7806 |- 3% 56
3 Total Annual Cost R B 38,845 3341 | = 35024 °
Annual Difference (AD) I 5, 427 3,821, .
‘ 4. Present Worth of Annual Difference A
\ A PWA Factor XAD 9077 =PWA Factor 49.261 | 4683

PP = Periodic Payment to pay off loan of $1
PWA = Present Worth of Annuity (what $1 payable periodically is worth today)
PW = Present Worth (what $1 due in the future is worth today)
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recommendations. | n thisexample, aternativeNo. 1, whichhasthelowest annual
owning and operating costssavings (annual differences)—$5,427/year—would
be recommended.

The present worth of the annual difference (PWA from Figure 7.8 % theannual
difference) can dso bedetermined. I nthisexample, the present worthaof theannual
differenceindicated for alternativeNo. 1 isthe annual differenceof $5,427 x the
presentworthd $1.00 payable annuallyfor 25 year,or $5,427% 9.077, whichequals
$49,261.

As previously stated, LCC analysiscan be accomplished usingeither the annualized
method or the present worth method. In the case of the present worth method,
the basdine d comparison is the present-day vaue. Figure 7.19 shows the
applicationd the presentworth method and usestheinformationfromtheprevious
example. I n using the present worth concept, collateral and initial costsarein
present-day vaues and are entered directly. Single costs in the future (salvageand
replacement) arediscounted using present worth factorsfrom Figure 7.7-

Annual costsare entered and multiplied by present worth of annuity (PWA)
factorsfrom Figure 7.8. For example, for the original design the present worth of
the annual costs for maintenanceequals$2,900/yr x 9.077 (PWA), or $26,323.

All present worth amounts are added and the comparison is made for
recommendations. T he resultsvalidate conclusionsdevel oped using the annudized
cost basdline.

Figure 7.20 shows the same examplebut usesdifferentially escalatingratesusing a
discount rate of 10% for operation and maintenance costs. As previoudy
explained, these escal ating rates were cal cul ated as the differential between the
escalationrateand therate of inflation. Operation costsare differentially escaated
annually at 5% per year while maintenancecosts are differentially escaated at

2% per year. Theexamplepointsout theimpact of consi deringescal ationand shows
that alternativeNo. 1 isgtill the recommended alternative.

If the annudized method is used, the annual sumfor operationsand maintenance
may aso be increased by afactor to account for differential escalation. Figure

74 provides the required data. For example, the factor for 2% differentialy
escal ating mai ntenance cost would be 10.82/9.077, or 1.19. The operation cost
factor for 5% would be 14.4419.077, or 1.59. Thesefactorswould be usad to adjust
the annual costs per year accordingly. For example, theadjustment for theannual
maintenancecostsd the original design would be $2,900/yr. x 1.19, or $3,541/yr.

Gengal PurposeWorkshedt

Figure 7.21 showsa general purpose LCC worksheet that can be used for amore
detailed sysem andysis using present worth. Thisform is also useful asasummary
sheet for individual itemsor component anaysis.

Figure 7.22 showsan LCC andysis using thisworksheet for the selection of
emergency power sysemsd alarge computer complex. The original concept was
validated asthe optimum choice.

L CC Analysis—Equipment Procurement

Figure 7.23 outlinesaformal procedurefor LCC o an equipment procurement
(freezer). For thisprocurement, bidder D was awvarded the contract even though
hisinitial unit cost was$309.50, versus$231.53for bidder B. Theimpact of recurring
costs, $357.42 for D versus$464.91 for B, more than offset the differencein initial
cost (onthe basisof present worth andyss).



Life Cycle Costing Example (PW)

Item: HVAC System Date: N/A
O Transportation [J Electrical (J Mechanical D Others SheetNo. _1off
Economic Life: 25 Years Discount Rate: 10%
) 4-Pipa System = 4-Pipa System
with Water with Air
Closad Loop Heat Cooied Chiller & Cooled Chiller &
. PumpSystem  HemiRecovery _  Heat Recovery
o | Original | AtternsieNo.1 |  Alternate No 2
Description Estimated| Present |Estimated| Present |Estimated
Cost Worth Cost Worth Cost Worth
| 1. mitiaVCollaterat Qst s I l [ I |
" A. Rafrigeration Equipment
B. Fiping, Ductwork & Support Equip.
C. Flectrical Instaliation
1 ] ] 1 | 1 I L]
C
D.
E.
I
A. Maintenance
8. Cooling Energy
C. Heating Energy
D. Domestic HW
E.
F.
G.
H.
Total Operation/Maintenance Costs (PW) , , o , ]
Grand Total Present Worth Costs 352559 304,110 317.895
Lite Cycle Pressnt \Worth Savings 48,449 34,664
Savings % 0.0096 13.74% 9.83%
PW = Present Worth PWA = Present Worth of Annuiiji

Chapter Seven  Life Cycle Costing



Life Cycle Costing Example (Present Worth Escalated)

[tem: HVAC System Date: NA
O Transportation [ Eiectricat L} mechanical [] Others SheetNo.: 1o0f 1
Economic Life: 25 Years Discount Rate: 10%
4-Pipe System 4-Pipe System ]
with Water with Air
Closed LOOp Heat Cooled Chiliers & Coaied Chillers &
Pump System Haat Recovery Heat Recovery
_ Original Ahernate N 1 | Alternate No. 2
Eu!imalad Presant Estlmated Present |Estimated| Present
Cast Worth Warth Cost Worth
I 1_initlal/Coflateral Costs I J |
A. Refrigeration Equipment
8. Piping, Ductwork & Support Equ ]
C. Elactrical Installation
n
1 E. l i I
F.
G. —
Other Initial Cost-
A.
B.
Year
A. Equip. Replac. 10
B. Equip. Repiac. 20
Salvage 25 0.0923 | (78,000,

| Total Replacement/Salvage GxLS (PW) |
| 3. Annual Costs |
i Escl. %

A. Maintenance 2.0%

8. Cocling Energy  50%

C. Heating Energy  8.0%

D. Domestic HW 5.0%

IGmm

Total Annual Cost
Total Annual Cost (PW)

Grand Total Present Worth Costa
Life G/C| € Present Worth Savings
Savings % - )
PW = Present Worth

PWA = Present Worth of
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Life Cycle Costing Estimate (PW)
General Purpose Work Sheet
Study Thie: N

0 transportation () Etectrieal 1 mechanicai T Others
_Economic Life:  Years Discounted Rate: ___ %

1 | Original | AlemateMo.1 |  ANemateNo.2 |  AllemateMo.3 |
B - o
- o | 1 1
I I = - -
| | & -
[ 1 & _ .-
151 - I
=1 v L I il =S I i i '
_ Total Saivage | i | | | I

. TowePrsentWormLieCylecosss | | | ] T ‘ ] '

Life Present Worth Doller Savings )
PW = Frasent Worth WA = Present Worth of Annuity
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Life Cycle Costing Estimate (FW)
General Purpose Work Sheet

Study Title: Standby Generators Date:
2 Transportation &) Electrical [] Mechanicat [] others Sheet No: toft
Economic Life: 40 Years Discount Rate: 10%
Original Atienate No. 1 Alternate No. 2 Atternats No. 3
8- 1000 KW 4 - 2000 KW 8- 1000 KW Gas 4 - 2000 KW Gas
Racin. Diesel Recip. Diasel Turbines Turbines \
Description _Engines | Ergines _
Estimated Prasent Estimmed Prasent Estimated Runt Entimated Prasant
Cosl i Worth Coet Worth Cost I Worth Cost Worth
1 inttialiCollataral Costs [ l .
A Generators 1,400,000 1,800,000 2,000,000 2,000,000
B Switchgear - . 128000 126,000 _)._ 138,000 —| 126,000
C Mechanical 157,000 175,060 19t 000 | 175,000

Oiff Escal Rate PW wiEscal
A. Lubricats, change filters

B, Check & adjust ignition

C. Inspect winding rings o
D. Befts, etc., check fuel _ [ T S [ O
E. Coolant, electrolyls, efc. 0% 8779 _ Lo L b 2 | .
F. Replaco faledcomponents 0% 877 | 600, 7800| ~ 400] . .3800 | _ 2600 [ 1p60f] | .m| 9800
oW | 45100] | M |
450,000 | 41,500
k. I | ' .
| I F (Faliure rale n@ m lour) o . J________ - I - . )
. L . 32,300 | | 41,500
i Tax Elements . |
! DIt Escal Rale PW witsscal. | | | | ,
[ [ =cseceis | i | - | | | 1
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Summary of Life Cycle Costs for Top Mounted Freezer®

Zone Type Cost A
1 AP 24221
R® 518.01
Lee! 760.22
4 AP 272.09
R® 518.01
Lec? 790.10

®See referenceprocurement discussionin text.
A” = Acquisition costs

R° = Recurring

LGC® = Life Cycle Cost - Present Worth

B

231.53
464.91
696.44

24504
464.91
709.95

C

263.45
431.24
694.69

25745
431.24
688.69

D

309.50
357.42
666.92

309.50
357.42
666.92

E

252.90
486.96
739.86

267.25
486.96
75421

248.36
49340
741.76

248.36
493.40
741.76



The procurement in Figure 7.23, based on anticipated demand quantities, provided
aprojected cost savingsover the useful life (15 years) of some $260,000. The
LCC formulausad in this pmcurement is

LCC=A+R
Where:

LCC = lifecycle cost in present vauedollars

A = acquisition cost (bid price)

R = present valuesum of the cost of the electrical energy required by the

refrigerator freezer during its useful life.
R=PxTxDxC

Where:
P = computed electrical energy
T = annual operating timein days
D = total discount factor, which will convert the stream o operating costsover
the life of the equipment to present worthform (Figure7.8).
C = codt of onekilowatt hour o electricity

Thediscounted cash flow or present value methodol ogy was used as adecision,
making tool to alow direct comparison between different expenditurepatterns of
alternative investment opportunities. The present value sum representsthe
amount of money that would be required to beinvested teday, at a given rate of
interest, to pay the expected future costs associated with a particular investment
aternative. For purposesd this procurement, a discount rate of 8% and a product
life of 15 yearswere used, resultingin atotal discountfactor, D, of 8.56
(Figure7.8). Also, an energy cost of $0.04 per kilowatt hour was used.

Thevauefor Pin the energy cost equation isafunction o the net refrigerated
volume, V, o the product being offered and the energy factor, EE which relates
refrigerated volumeand the el ectrical energy consumed to maintain the refrigerated
volume. Stated in mathematical notation, the valuedf PisdeterminedasP =
V/EE, where:

EF — (Vol froz. food compartments) * (correction factor) * (food compartments)
kWh of elec. energy consumed in 24 hrs. of operation

Thecorrectionfactor isa constant o 1.63. Thus the L CC evaluationformula,
LCC=A+R=A+(Px Cx Tx D),canbewritten asfolows
LCC=V+V x $.04 x 365x% 856
BF=A + V[EF x 124.976.

Owerall Note

Certain libertieshave been taken in the above discussion to simplify the LCC process.
One such liberty wasassuming /! initial and collateral costs were at the same basdline. In
some cases, these codts could vary a few yearsin a construction project, but the
complications involved did not warrant incorporation of additional refinement. Also,
follow-oncosts-annual , replacement, etc.—awoudd vary from the beginning of the year
to the end of the year. Tables for annuity factorsand so forth have been developed for
beginningof the year and end df the year values. Inthis chapter, all costs were ed of the
year values; the teblesreflect that assumption. The exampleswere prepared in an Excd
spreadsheet that referred to more detailed data than is indicated on the spreadshests.
Therefore, the extensionsarem e complete than they would beif a hand cal cui a or

had been used
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Conclusion

References

With the advent of increasing interest ratesand escal atingenergy and labor rates,
the concept of LCC for decision making has become increasinglyimportant.

No magjor decision regarding buildings that involve largefollow-on costs should be
madewithout usingthe L CC technique. Thistechnique must bebased on bringing
al costs to a common baseline—the concept of equivalent costs for comparison
before selection.

Escalation factors based on differential factorsshould be applied if the evaluation
groupfedsthey areappropriate.When theevaluation groupfed sthe availabledata
aretoo variable, asensitivityanalysisshould beconducted using the best available
estimated escalation factors. Where savings are augmented by escalation, a
stronger recommendation can be made. Where savings are compromised by
escalation, a conditional recommendation should be made. LCC analysis
techniques using the equival ent cost concept provide vital toolsthat should be
usd by all designers.

1 A.J Dell'Tsola and SJ. Kirk, Life Cycle Costingfor Design Professionds, Second
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Edition, (New Yok: McGraw Hill, Inc., 1995).
A .J.Dell'Isola and S.J. K rk, LifeCyck Cost Data(New York: McGraw-Hill,
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alue engineering is effective in many areas of the construction

industry, and it can be utilized at different dagesin the life o a

building. The greatest potential for the integration of VE exists
in three major aress.

1. Planningand design
2. Construction
3. Maintenance and operations

I i I these three construction areas, the greatest potential for integrating value
Hmnlrgaﬂd D estgn engineering lies in planning and design. Early in the development of value

engineering, architectsand engineerswere resistant to the implementationof VE.
Thetypical approach to planning and designwasto (1) proceed with design

until an established time—for example, schematicor design devel opment, or (2)
wait until a cost ovenun surfaced. In time, it became apparent that more savings
were being logt than redized. Eventually,the U.S. governmentand owners, who
recognized continual cost overruns and poor value results, encouraged the design
community to embrace VE. Asaresult, the applicationd valueengineering
moved to earlier design phasesand wasintegrated into the design process.

The experiencesd the A/E firm of Smith, Hinchman & Grylls (SH&G) offer an
illustration of thisevolution. In the early 1970s, the firm redlized the importance
o VE and established one o the first consulting VE offices This VE consulting
officecontinuesto thrive, offering the classical approach to VE applied during
design to owners and design consultants, both nationally and internationally.
Billionsd dollarsin savingshave resulted from these efforts.

However, when the firm used the same classical approach for itsown in-house
design, difficulty arose. At first, an analysisdf the problem suggested that the VE
speciaistswerelocated too far from where the design was prepared. However, the
classical approach isdways remote. Further sudy of the problem indicated that
the red issue was the need for value consultation throughout the design process.
This redlizationwas critical to improved decision makingfor the design team.

Figure8.1 representsatypical solicitationfrom agovernment agency for VE services.
Asthetext indicates, the recent trend has moved from requestsfor individua
studiesto a more comprehensive task order approach. This strategy has reduced
the timeand effort required for contracts and administration.
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Solicitation for YE Services

COMMERCE BUSINESSDAILY

Issue No. PSA-1788

Publication Date: 02/24/97

Services

Architect and Engineering Services-- Construction

Synopsis# SN033843-0029

NOTICETYPE: Salicitation

NOTICE DATED: 021997

OFFICE ADDRESS: CommandingOfficer, Southern Division, Naval Facilities Engineering
Command, 2155 Eagle Drive (29406), PO Box 190010, North Charleston, SC

ZIP CODE: 29419-9010

SUBJECT: C - Indefinite Delivery Requirements(IDR) for Vaue Engineering (VE) Studiesand
Reportsin the Southern Divison AOR

SOLICITATION NO: SOL N62467-97-R-0883

RESPONSE DEADLINE: DUE 032597

CONTACT: POC Admin Questions. Ms. FrancesJ. Mitchell, (803) 820-5749

NOTICE TEXT: Twofirmswill be selectedfor this solicitation, one for each contract. Nofirm
will be awarded morethan one (1) contract. A separatesubmittal isrequired to be considered for
each contract covered by thissolicitation. Firmsshall indicatein Block 1 of their SF 255 the
contract number for which they wish to be considered. The two contractsshall befor value
engineering (V-E) studiesand reportson all typesof facility design projectsand the ability to
provide a 40-hour Society of American Value Engineerscertified training workshop. The first
contract, N62467-97-R-0883, will encompassthe following states: NC, SC, GA, FL, AL, MS,
TN, and KY. Thesecond contract, N62467-97-R-0884, will encompassthe following states:

LA, TX, OK, AR, MO, KS, CO, WY, SD, ND, NE, IA, IL, MN, WL, IN, Ml, and OH. The
contractorsmay also, on occasion, be asked to providethe servicesdescribed herein at
government activitiesouts de the geographical areaencompassed by these contracts. These
actionswill be decided on a case-by-casebasisas approved by the contracting officer. In the
event that a selected A-E firm cannot perform their dutiesunder the termsof the contract dueto
quality, workload, negotiationsor any other problems, a different A-Efi rm(backup) will be
employed to perform the work. The A-E firm selectedfor contract number 97-R-0883 will be
the backup for contract number 97-R-0884 and the A-E firm selected for contract number
97-R-0884 will be the backup for contract number 97-R-0883. The contract period shall be one
year with four (4) one-year optionsfor the complete serviceslisted above. Thiscontract may use
negotiatedfee schedules. Contract award is contingent upon availability of funds. The
anticipated value of this contract is between $100,000.00 to $500,000.00 per year.

Thefollowing criteria (listed in descending order of importance) will be used for the basisof

selection. Theformat for responding to each criteriashall be indicated in lieu of completing
Blocks7, 8, 9 and 10 in the SF 255.
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1. PROFESSIONAL QUALIFICATIONS: Technica qualificationsof the firm's proposed teeam
to @) Provide Value Engineering (VE) studies and reports; b) Conduct Value Engineering
training; and ¢) Professional registrationand Ce el Vaue Specidist (CVS) certificationof
the proposed team members. SUBMISSION FORMAT: Submit a matrix for proposed
team(s), including alternates, that contains the following data about the member's assignment
Team member's name, firm name, office location, proposed team assignment, % timeto be
spent on thisteam, highest education level/discipline (example: BS, mechanical engineering),
states of professional registration, number of yearsof professional experience and number of
yearswith the firm, Also, for project managersand team leaders, identify the number of
teams (planning/design, consultants and joint venture partners) they havemanaged over the
past three years.

2. SPECIALIZED EXPERIENCE: Recent experietith (within the past 5 years) of theindividuals
assigned to the proposed team in &) Organizing and leading V E study/review; b) Conducting
Vaue Engineeringtraining; and c) Designing various typesof facilities. SUBMISSION
FORMAT: Providea description of at least 3 projectswith client references (point of contact
and phone number) for which team members provided a significant technical contribution.
Work on these projects must have been doneinthelast 5 years. Indicate how each projectis
relevant to the work described herein. 1n matrix form, identify which team membersworked
on the projectsdescribed above. Projectsshall bein theleft column and team members
names shall be across the top row of the matrix.

3. PERFORMANCE: Past performanceratings by Government agencies and privateindustry in
terms of value engineering studieslreviewsand value engineering training. SUBMISSION
FORMAT: Provideatabular listing of al excellent performance ratings and Jetters of
commendationfrom both private and DOD clients (designate your role: prime, consultant or
joint venture partner). Theseratings should be dated 1992 or later and should include those
for joint venture partners and consultants. Providealist of projectsof varioussizes, managed
by proposed project managers(s), that started since January 1992 and include thefollowing
data: client'scontact, client's need date, project completion dateand final cost estimate
compared to the contract award amount (note whether bid or negotiated).

4. CAPACITY: a) Capacity of firm and proposed teamsto accomplish the work; b) Ability of the
firrn to conduct several studies concurrently and sustain the loss of key personnel while
accomplishingwork within required timelimits. SUBMISSION FORMAT: Submit an
organizational chart with the following information: Principal point of contact, project
manager, team leaders, the name of each planning team member, all team members
assignments, and the name of at least one alternatefor each key person.

5. LOCATION: a) Knowledge of probablesite conditionsover the Southern Division geographic
area of responsibility; b) Knowledgedf regulatory requirements; and ¢) Geographic location
of thefirm to ensure timely responseto requestsfor on-sitesupport. SUBMISSION
FORMAT: Provideallist of recent projects performed by thefirm or joint venture partners
and appropriateconsultants in the enumerated 26 state area.

Chepte Eight  Integrating VE into the Construction Industry



6. VOLUME OF DOD WORK: Firms will be evaluated in termsof work previously awarded to
thefirmby DOD within the past twelve months with the objectiveof effecting an equitable
distribution of contracts among qualified A-E firmsincludingsmall and small disadvantaged
businessfirms and firms that have not had prior DOD A-E contracts.

7. JOINT VENTURE, TEAMING OR SUBCONTRACTOR UTILIZATION: Firmswill be
eva uated on the extent to which they commit to using small businesses, small disadvantaged
businesses, historically black collegesand universitiesor minority institutionsin performance
of the contract, whether asa joint venture, teaming arrangement, or consultant. If the
successful f i i isalargebusiness, they will beasked to provideaforma subcontractingplan
in accordancewith FAR 52.219-9, Small Businessand Small Disadvantaged Business
SubcontractingPlan, prior to award. SELECTION INTERVIEW REQUIREMENTS: Prior to
the sel ection interview, A-E firms dated must submit their Design Quality Assurance Plan
(DQAP). Thisshall include an explanation of their management approach and commitment to
accomplishing numeroussmall projects (less than $1M) aswell aslarge projects (more than
$1M), their commitment to aquality philosophy, specificquality control process, a portfolio
of VE engineering studies(both new constructionand upgradesto existingfacilities), alisting
of present businesscommitmentswith their required compl etion schedules, financial and
credit references(includenameand telephone numbersof officersat their financia
Institutions), and performancereferences other than Southern Division, Naval Facilities
Engineering Command (include 3 or more with namesand telephonenumbers of the contract
administrators).

,,,,,,,

For consideration, provideone original SF 255 and SF 254 for the prime and an SF 254 for each
consultant proposed. The SF 255 with attachments shall be limited to 25 pages (8.5 x 11 one -
side), with print size not smaler than 12 pitchfont. The submittal package must bereceivedin
thisofficenot later than 4:00 P M EASTERN TIME on TUESDAY,, 25 MARCH 1997.
Submittalsreceived after thisdateand time will not be considered. If additiona firmsare
needed for consderation, SF 254s dready on file will be used. Includetelefax numbersin Block
3aand Contractor Establishment Code (formerly the DUNS number), Commercia and
Government Entity (CAGE) Codes, if known, and Taxpayer |dentification Number (TIN) in
Block 3. The DUNS, CAGE and Tl N arediscussedin the DOD FAR Supplement, Part 204
Subpart 204.671-5. For each contract, label lower right comer of outside mailing envel ope with
"A-E Services, 97-R-0883 or 97-R-0884."

Thisisnot arequest for proposd. Sitevisitswill not be arranged during advertisement period.
Addressall responsesto ATTN: Code 0213FM.

Source: Federa Information & New Dispatch, Inc. (Find), http:llwww.find-inc.com.
e-mail: find@ find-inc.com, 202-544-4800
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Differ encesBetween the Old and New Approaches

Until value consultation through the design process became an accepted practice,
actual application o individual VE studiesfor a project were on acase-by-case
basis. The classical approach separated VE applicationfrom the remainder of the
AfE activities. The design team prepared each stage of design with little or no
coordinating input from the value engineer, asillustrated in Figure 8.2.
Architect/engineers did not have much say in this approach. They simply agreed
to keep this application separate.

The VE consultants (asindependent eval uators) performed their dutiesat the end
of each dage—at the"'nodes” shownin Figure8.2. They believed that the overall
project schedulewould not be affected, since the study coincided with the normal
review and approval processof most owners. Unfortunately, many good VE ideas
came too late to be incorporated into the design. And till, the consulting value
engineersdid not oppose. It waseasier to maintain adiscreteset of work activities
requiring little coordination with the variety of A/E design decision-making
activitiesthat occur between the nodes. Little or no integration with the design
team resulted in fewer management headachesfor the VE consultant.
Unfortunately, many good VE proposals were not accepted by the design team
because of lack o integration within the design decision-making process. Poor
timing of an otherwise good idea, or pressurefrom design project management *'to
forget the VE idea"' to maintain the design schedul e, negated many good idess.
This"review and revise” approachisnot particularly appeding to an A/E firm that
ideslly prefersareview and approve” approach, within the nodes.

TheNeed for VE" Between the Nodes'

In 1987, SH&G embarked on apilot program to integrate VE into the design
process (betweenthe nodes) for all large design projects. To do thiseffectively, the
firm assigned avaluespecialist to itsmain designoffice. So that VE might succeed,
top management committed to a revised organization that placed VE in a
prominent position, provided active participation in the early planning, and
monitored results. Thefirst several months were devoted to the study of how best
to incorporatethe principlesof VE into the routine activitiesof the A/E office.
Figure 8.3 illustratesthe resulting group, called " Facility Economics," and the cost,
quality, and value engineering responsibilities. The cost g&ff is a team of
architectural, structural, mechanical, and €l ectrical estimatorsand schedulers.
Elevator specidists, hospital equipment specialists,mechanical controlsspecialists,
and so on, dso provideinput into the preparation of acost estimate. The quality
(value) teams are selected and organized specificdly for the needsof each project
from those architects and engineerswho have no prior input to the design being
reviewed. This objectivity isfurther assured by the team coordinator, who has no
direct management reportingresponsibility to the designteam. Once assembled,
the VE team partici patesthroughout the progressond designfollowing the project
design work plan schedule.

Proiect Wark Plan

Bcforc every design begins, a project schedul eis prepared to graphically portray
the stages of design, discipline responsibilities, coordinating relationships, and
designproducts. Thisset of informationisreferred to asthe Project Work Plan. The
Work Planisupdated throughout thedesignprocess. I n Figure8.4,key information
from atypical project has been abstracted to graphically illustrate how VE is
integrated into the design process.

In Figure 84, VE isdefined broadly as the balancing of cost, quality, and timeto
meet required owner functions. Assuch, thewntrolling el ementsdf costand quality
placea"bounds" to the design Work Plan and are shown above and below the
normal design activities.Both cost and quality arefurther subdividedinto modeling,
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VE Organization Chart
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measuring, and managing. Modeingisthe initial budgetingof both cost and
quality requirementsby the owner. M easurements (or estimates) of cost and quality
are taken at varioustimes during the design progression. Management of cost

and qudity occurs only when management takes specificcorrective design actions
to deal with the variations between the budget model and the actual design
measurement. A s the diagram shows, these activitiesoccur throughout the design
decision-making process. They may be performed by an independent team of
vaue engineers (asin the classicd approach); but they are aso performed by the
origina design team, a group that was not involved with the previous decision.
However, the classical VE reviewsstill occur at the completiond each mgor
stageof design. Thesereviewsare augmented by other less-formaized,value-rel ated
studies" between the nodes." These sudies are scheduled by the VE manager to
coincide with key cost-driver decisons. The diagram aso isolatesthe design and
cost information needed to conduct workshopsand when they should be held.

Databaseshave been created to support both cost and quality VE activities. The
cost databaseincludeshistorical, parameter, systemns, unit component, and lifecycle
cost (LCC)information. A specidly designed, automated cost-estimating system
has been developed to integrate these efforts into the VE process. The database
includes information such as ideas from previous VE studies, findingsfrom
post-occupancy eval uations, and design standards regarding space and engineering
functions. These databasescontinue to be improved through experience and
formdized feedback from post-bid analysesand post-occupancy evaluations at the
completionof projects.

Each VE activity is coded in the Project Work Plan to describethe task in greater
detail to the project manager, the design team, and the VE team. For example,
Quality Task 204: Schematic VE Workshop is described in aone-page narrative
covering the topicsaf:

* Purpose

Participants

» Datarequired

« Activity

* Product

The narrativefor this particular activity isincluded in Figure 8.5. Explaining each
of the taskshel psboth the project manager and the design team better understand
what the dutiesof thevalueengineerare, aswdl aswhenthey will bedoneand how.
Also, thisdocumentation providesguidancefor othersin the integrationof work
assignments and data requirements, so the value engineer can in turn complete
needed assignments.

Changesfrom Classcd VE

Thisnew approachin design has resulted in severd fundamental changesto the
classical way of conceptualizing VE. One significant change is that VE can be
practiced on both aformal and an informd badis, by both an independent team
(to maintain objectivity) and, & a convenience, by the design team. The
independent VE team isstructured based on the needsdf the specific valuestudy,
but it dwaysconsstsdf other designteammemberswhohavenot participatedinthe
original designdf the project. The principlesof VE—induding following the Job
Plan, function analysis, separationd creativity and evaluation, LCC analysisand
recommendations—are still afundamental part of every study.

Another differenceis that the VE team's job does not end when the VE
recommendationsare given to the origina designers. The VE team, being part of
the same organization, must assg in the implementation of each idea. If further
research isrequired, thisteam may be called upon to completethe work.
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Facility EconomicsActivities
Schematic Design

204: Schematic YE Workshop -

’Purpose

Partici pants

'Data Required

fActivity

Product

Review the schematic submittal to optimizedecisions, for technical
adequacy, compliancewith required standards, desired quality and cost.

1 e

The basic work isperformed by an independent VE team under the
leadership of a Certified Vaue Specialist, who servesas the quality
coordinator. The owner/user representativesand the construction manager
also participate. The design team providesinformationand is available
throughout the VE workshop to answer questions.

Prior to the VE workshop, the project manager should obtain thefollowing
data:

- Site Analysis, Soils Report

- Plans, Elevations, Sections

- Building Description Forms

- Schematic Estimate, Project Schedule

Once thisinformationis complete, it should be given to the quality
coordinator for review prior to the schematicVE workshop. R

Thequality coordinator preparesa VE work session agenda and recommends
the independent team members. The project manager is requested to arrange
a VE session. (The actual length of the VE session depends on the
size/complexity of the project and the resultsto be achieved. The quality
coordinator will recommend the proper length of the VE workshopto achieve

the objectivesof the project manager).

|Once the team is assembled, a project briefing is presented by thedesign

team. The team then reviews the documentation, cost and quality models, and

beginsto isolate areas for in-depth value improvements. The following
phases are followed:

Information Phase (including function analysis)
|dea Phase

Analytical Phase
Recommendation Phase

Upon completion of the above, the team givesan oral presentationof VE
recommendations to the design team and senior owner/user representatives.
A draft VE report is presented at this time documenting the
recommendations.

A final report, prepared by the V E coordinator, documentsthe VE process
and recommendations.
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Bendfitsdf Integration
Sinceintegrationd VE with the design processin 1987, every major project has
followed similar Work Plans. Because VE has been applied from project initiation
through completion, it isdifficultto isolateall the valueimprovementsresulting
from this new approach. The owner, project manager, and design team have all
benefited from the organized methods of VE. Clients and designersalikeagree
that greater value resultsfrom the integration of VE into the design process. Other
improvementsinclude:

= Greater team interaction.

+ Greater knowledgeof costsand the resulting economicimpact of various

designdecisions.
« Easier and more economical implementation of VE recommendations.
* Increased monitoring and management of quality and cost throughout design.

On a morepersonal basis, the value engineer on one project becomes the designer
on thenext. Thisresultsin theinformal incorporation of VE ideasand attitude
into the mainstreamd designfor the next project. Since each VE team member
knowsthat the next project he or she designs might be value-analyzed by thesame
people now being eval uated, interpersonal relationships within the organization
areimproved.

TheCos o Integrated VE

The classical approach to VE application segregated the labor involvedin a study
by the VE consultants. Thiscost waspaid by theowner directly. Withintegration
o VE into thedesign decision-making process, the added cost has alesserimpacton
the overall feesfor designing aproject. At thesametime, it improvesthe effect
on project valueand design production efficiency. Infact, VE began asan essential
part of alarger overall production/manufacturing organization where the benefits
outweigh the added design management responsibilitiesfor the designer and
inclients.

Another successful integration of VE has occurred in project/construction
management. When usedfor fast track, bid packaging, or just plain increasedproject
management application, the use of VE asapart of the managers scopeof work
isan innovative tool to increase the effectivenessd their sarvices. The scope of
serviceswithin the framework of PM/CM responsibilitiesdiffersfrom those offered
by a VE consultant and/or an in-housedesigner or owner. In al instances,
experienceon over 50 large PM/CM projectshasshown aresultant VE savings
that far exceedsfees.

A typical scope of work for valueengineeringservicesfor PM/CM isprovidedin
the Appendix of this book. These guidelinesresult in greater objectivityinthe VE
processthan the in-house designer effortscan offer. When a PM/CM approachis
used, thecontract for theseservicesisthe preferred placement for the VE provisions,
Sincethe PM/CM isresponsiblefor cost, schedule,and quality control, VE belongs
inthii professiond'stoal kit.

. Initialy, VEwasapplied during the construction cycle. I n 1968the Armed Services
(Construction  Procurement Regulations began to write construction contracts that included
Vdue Engineering Incentive Contracts. Since then, all Department of Defense
Construction Contracts (unlessspecifically exempted with good reason and in
writing) haveincluded the VE Incentive Clause. Thisclauseispart of the Standard
General Conditions, and it becomes effectiveafter award of the contract. The
beds of bid is not changed. However, contractors are invited to submit Vaue
Engineering Change Propasals (VECPs) on contract changesthat reduce costs.
They share in any approved VECPs, as set forth in the dauses (normally about
50%).Figure 8.6, "'Vaue Engineering—Construction," isan excerpt fromthe
VE Program (i (B for Design and Construction.
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52.248-3 Value Engineering--Construction

As prescribedin 48.202, insertthe followingdause:
Vdue Engineering= Congtruction
(March1989)

(a) General. The Contractor i sencouragedto develop,
prepare, and submit val ueengineering change proposals
(VECPs) voluntarily. The Contractor shall sharein any
instant wntract savingsrealized from accepted VECPS,
in accordance with paragraph (f) below.

(b) Définitions. "Collaterd cogts," asused inthisclause,
means agency costsof operation, maintenance, logistic
support, or Government-furnished property.

"Collateral savinos" as used in this clause, meansthose

net re HC?JSOHS Ies&!lihnlg om a VECP in the
agency'soverall projected wllateral costs, exclusiveof
acquisition savings, whether or not the acquisitioncost
changes.

"Contractor's development and implementation costs,"
as used in this clause, meansthose coststhe Contractor
incurson a VVECP specifically in developing, testing,
preparing, and submittingthe VECP, as well as those
costs the Contractor incursto makethe contractua
changesrequired by Governinental acceptance of a
VECP.

"Government costs," asused in thisclause, meansthose
agency coststhat result directly from developingand
implementing the VECP, such asany net increasesin
thewst of testing, operations, mantenance, and
logistical support. The term does not include the normd
administrativecostsof processing the VECP.

"Ingtant wntract savings," as used in thisclause, means
the estimated reductionin Contract wst of performance
resulting from acogptance of the VECP, minusthe
allowable Contractor'sdevel opment and implementation
costs, including subcontractors developmentand
implementationcosts (see paragraph (h) below).
"V d ue engineering change proposal (VECP)" meansa
proposal that --

(1 Requiresa changeto this, the instant contract, to

implement; and

(2) Resultsin reducing the contract priceor estimated
cost without impairingessential functionsor
characteristics; provided, that it doesnot involvea
change--

(i) In deliverableend item quantitiesonly; or
(ii) To the contract typeonly.

(c) VECP prepamtion. Asaminimum, the Contractor shall
includein each VECPtheinformation described in

subparagraphs(1) through(7) below. If the proposed
changeisaffected by contractually required
configuration management or Similar procedures, the
instructions in thoseprocedures relating to format,
identification, and priority assignmentshall govern
VECP preparation. The VECP shall includethe
following:

(1) A descriptionof the differencebetween the
existing wntract requirement and that proposed,
the comparativeadvantagesand disadvantagesof
each, ajustification when an item's function or
characteristicsae beinedtered. and the effects of
the changeon the end item's performance.

(2) A list and analysisof the wntract requirementsthat
must be changed if the VECPi s accepted, including
any suggested specification revision.

(3) A separate, detailed cost estimatefor (i) the
affected portionsof the existing contract
requirementsand (ii) the VECP. The cost reduction
associatedwith the VECP shall takeinto account
the Contractor'sallowable development and
implementation cogts, including any amount
attributableto subcontractsunder paragraph (h)
below.

(4) A description and estimate of coststhe Government
may incur implementing the VECP, such astest
and eva uation and operating and support cods.

(5) A predictionof any effectsthe proposed change
would have on collateral cogts to the agency.

(6) A statement of thetime by which a contract
modification accepting the VECPmMust beissued in
order to achieve the maximum cost reduction,
noting any effect on the wntract completion timeor
delivery schedule.

(7) 1dentification of any previous submissions of the
VECP, including the dates submitted, the agencies
and contract numbers involved, and previous
Governmentactions, if known.

(d) Submission. The Contractor shall submit VECPs to the
Resident Engineer at the worksite, with a copy to the
Contracting Officer.

(e) Government Action.

(1 The Contracting Officer shall notify the Contractor
of the status of the VECP within 45 calendar days
after the contractingofficereceivesit. If additional
timeisrequired, the ContractingOfficer shal
notify the Contractor within the 45-dav peri od and
provide the reason for the delay and the-expected

Lo
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52.248-3 Value Engineering--Condruction

date of thedecision. TheGovernment will process
VECPs expeditiously;, however, it shdl not be
liablefor any delay in acting upona VECP.

(2) If the VECPisnot acogpted, the Contracting
Officershall notify the Contractor in writing,
explainingther easons for rgection. The Contractor
may withdraw any VECP inwholeor in part, at ay
timebeforeit i saccepted by the Government. The
Contracting Officer may requirethat the Contractor
provideWi tten notification before undertaking
significant expendituresfor VECP effort.

(3) Any VECP may be accepted, inwholeor inpart, by
the Contracting Officer's award of amodificationto
thiswntract citing thisclause. The Contracting
Officer may accept the VECP, even though an
agreement on price reductionhasnot been reached,
by issuing the Contractor a notice to proceed with
the change. Until anoticeto proceed isissued or a
wntract modification applies a VECP to this
contract, the Contractor shall perform in accordance
with the existing contract. The Contracting Officer's
decisionto accept or reject al or any part of any
VECP shdl befinal and not subject to the Disputes
clauseor otherwise subject tolitigationunder the
Contract DisputesAct of 1978 (41U.S.C.601-613).

(f) Sharing.

(1) Rates. The Government's shareof savingsis
determined by subtracting Government costs from
instant contract savingsand multiplyingt he result
by

(i) 45 percentfor fixed-price contractsor
(i) 75 percent for cost-reimbursementcontracts.

(2) Puymrent. Payment of any share duet he Contractor
for usedf aVECP on thiscontract shal be
authorized by a modificationto this contract to-

(i) Accept the VECP

(ii) Reducethe contract priceor estimated cost
by the amount of instant contract savings; and

{iii) Provide the Contractor's share of savingshy
adding the amount cal culated to the contract
price or fee.

(9) Collaterd savings. If a VECPisaccepted, the instant

contract amount shall bei noressed by 20 percent of any
projected collateral savingSdetermined to berealized in
atypical year of useafter subtracting any Government
costs not previously offset. However, the Contractor's
share of collateral savingsshall not exceed (1) the
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contract'sfirm-fixed-price Or estimated cost, atthetine
the VECPisaccepted, or (2)$1006,000, whicheveris
greater. The Contracting @i o shall bethe scle
determiner of the amount of collateral savings, and that
amount shall not be subject to the Disputesclauseor
otherwise subject to litigationunder 411J.8.C.601-613,

{h) Subeontracts. TheContractor shal | includean

appropriate val Ue engineering clause in any subcontract
of $50,000 or more and may includeonein subcontracts
of lesser val ue. In computing any adjustment in this
contract'sprice under paragraph{f) above, the
Contractor's allowabledevel opmentand implementation
cogtsshall includeany subcontractor'sallowable

devel opment and implementation costs clearly resulting
from a VECPaccepted by the Government under this
contract, but shall excludeany vaueengineering
incentive payments; provided, that t hese paymentsshail
not reduce the Government's shareof the savings
resultingfromthe VECP.

()t a The Contractor may restrict the Govemnment's

rightto use any part of a VECP or the supporting data by
marking the following legend on the affected parts:.

"Thesedat a, furnished under the Va ue Engineering—
Condtructionclauseof contract........., shallnot be
disclosed outsidet he Government or duplicated, used, or
disclosed, in wholeor in part, for any purpose other than
to evaduate a val ueengineering changeproposal
submitted under the clause. Thisrestrictiondoes not
limit the Government's right to use information
containedinthesedat a if it has beenobtained or is
otherwiseavailablefromt he Contractor or from another
source without limitations.”

If a VECP is accepted, the Contractor hereby grantsthe
Government unlimited rights in the VECPand
supporting dat a, except that, with respect to data
qualifiing and submitted as limited rights technical dat a,
the Government shall havetherightsspecified in the
contract modification implementingthe VECP and shdll
appropriately mar k the data. (Theterms"unlimited
rights’ and "limited rights" are defined in Part 27 of the
Federa AcquisitionRegulation.)

(End of clause)

Alternate | (APR 1984). Wien the head of contracting
activity determinesthat the cost of calculatingand
traqki;F_collateraI savingswill exceed the benefitsto be
derived in a construction contract, delete paragraph (g)
from the basic clauseand redesignate the remaining
paragraphs accordingly.

Source: Value Engineering Program Guide for Design and Construction, PB&-PQ251, May |0 1993, Vol.2, p. 7.



Maintenanceand

Conclusion

I'n addition, some contractorswho have bid Guaranteed Maximum Contracts
have used VE. They have devel oped a trained s&ff that performs a"mini* VE study.
These contractorsoffer ownersareducedcost, if their proposalsare accepted.

Thisisthe areawhere VE hasleast penetrated. It isdifficult becauseof the current
budgeting practices that independently budget M & 0 and capital expenditures.
As a result, adding extra costs to reduce M & O are not normaly considered.
However, what hasbeen donein anumber of occasionsistoadd an M & O teamto
the VE studies schedul ed during design. These teams have resulted in adding
creativity and senditivity to the process not previoudy redized. In afew rare
instances, VE has been conducted solely for M & C projects. Resultshave been
quitesignificant, but the opportunities have been very limited. However, the VE
Incentive Clauseshave been included i n many U.S. government contractsfor

M & O sarvices.

Thereal goa of avalueengineer shouldbeto integratethe VE processinto standard
operating procedures. T he effort would he integrated with the normal cost,
schedule, and design review procedures, but these would be augmented with the
VE techniques. The owner, design team project/construction managers, and
contractorswill discover that thisapproach haslittle impact on their overall fees,
yet, it will maximizetheeffect on project valueand owner satisfaction.Asa resule,
sdlesand profitshouldincreasesignificantlywhen VE issold aspart of their services.
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n 1993, there was an opportunity with a large, city port authority to

apply VE methodology in conjunction with formal risk assessment and

analvsis. The client owned a large, 30-vex-old office complex that wesin
the process of an extensive upgrade and modernization. Several recent projects
had large cost and schedul eoverruns with adverse occupancy effects. Therefore,the
owner required a VE effort that would be augmented with an application of
risk assessment and andysisfor future projects. The marriage of the two concepts
would give additional assurance that moreaccurateproject budgetsand schedules,
aong with improved total project objectives, would be redized. Quickly, it
became obvious that the combination was a very powerful tool. The VE team
worked with a risk analyst to provide more comprehensive feedback regarding
potential risk areas and a broader evaluation bassfor establishing cost ranges.
The development of mitigating actions using the VE methodology proved more
powerful than wasiinitially imagined. This chapter describesasmplified example
outlining the techniques usad in this study.

i A VE study was scheduled during early schematics, using 15 professional scovering
RI g( Ammt the mgjor aspects of the project. The team was broken into severd groups, one of

whichwould cover risk assessmentand anaysis. Team membersconducted aformal
VE study alongwithan initial assessmentof project-rel ated risk. After presentations
d the project by the owner's gaff and areview of availableinformation,the risk
asessment team discussed the phasesand scheduling of the project and identified
withthe other VE teamsthefollowing categories of risk to beincluded in the
assessment:

|. Design

II. Administration and Contractual Issues

I11. Construction

IV. Tenant Relations and Public Image
During the information phases, a wide range o possible risks wasidentified, along
with levelsdf severity or risk exposure. The riskswereisolated by all teamsand
consolidated by the risk team. Risks were categorized as "medium™ or "high."

Random or extraordinaryriskswerenot included. During the creative phase, ideas
weresolicited from all teamsfor possible mitigation of the identified risks.
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| dentificationd Risks
The assessment effort identified fiverisksas most important:

Tenant Risks: There wasaseriousrisk that tenants would not renew leasssif they
believed the modernization program ignored their needsor if improvementstook
excessivetime. In addition, owner responseto tenant complaintsneeded to

be improved.

Design Risks: The perceptionaof how design decisionsfor necessary technology
upgrades affect cost and rental revenueswes isolated asa risk item.

Contractor Risks: Thesubmittal of competitivecontracting bidswas evaluated as
"uncertain," with a potential adverseeffect on costsand schedule.

Environmental Risks. The presencedf asbestosaffected costsand had a significant
impact on scheduling.
Administrative Risks: The complexity of the modernization program requireda
dedicated ownerlmanagement team. T he absence of such a team could adversdly
affect the upgrade results, including revenues.
Followingisa moredetailed outline of the categories.

I. Design

A. Thekey designrisk factorsidentified:

1 Levd of informationin bid documents (high risk)

2. Design uncertainties(mediumrisk)

3. Environmental/asbestos issues (high risk)

B. Mitigation

Thefollowing were general recommendationsto mitigate design risk:

1 Improvedocumentation of existing conditionsaof equipment and systems
prior to development of bid documents, with some risk-sharingby owner on
any changes identified.

2. Improvedetail of any performance specificationsand provisionsof
informationto bidders.

3. Providebidderswith more detail and availabledocumentson existing
conditionsand owner, local authority guidanceon life sfety, asbestos, and
indoor environmental issues

4. Scheduletechnical review by VE team to focuson ability of designto
accomplishobjectiveswithout significant adverse impact on costsand
revenue.

I. Administration and Contractual Risk Issues
A. Thekey administrationand contractual risk factorsidentified:
1 Interestand availability of qudified modernization and maintenance
contractors(high risk).
Dedicated ownerlmanagement coordination (high risk).
Union participationand work claims (mediumrisk).
Owner biasesdf general conditions (mediumrisk).
Advantagedf contractorscurrently doing work (mediumrisk).
B. Mitigation
Thefollowing were genera recommendationsto mitigateadministrationand
contractual risk:
1 Indicate adedicated owner/management team to communicateto top
management all aspects (includingcontractual) of modernization program.
Team would aso be responsiblefor tenant/ public/contractor
communications. Key target: Plan work so that only clean, asbestosfree
areasare subject to new construction. Owner to assume morerisk in
ashestoscleanup efforts (seeenvironmental and design risk issues).

kW
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2. Review owner general conditions for possible changes of more onerous
requirements.

3. Expand and improve technical specifications by requiring consultants to
retain specificationconsultant(s) for concurrent devel opment of
specifications.

4. Assignresponsibility to seek out additional qualified contractorsand
conduct interviewsto indicate objectivity in bid award and selection
process.

ITI. Construction Risk Issuesand Mitigation
A. Thegeneral recommendationsto mitigate construction risk:

1. Developmoredetailed information provision to prospectivebiddersand
risk-sharing by owner.

2. Establishdedicated management team for the modernization programto
include responsihility for devel oping detailed construction inspection
program and improved level of detailed specifications.

3. Establishand enforcedetailed equipment acceptance testing procedures.

I'V. Tenant Relationsand Publiclmpact Risk Issues
A. Thekey tenant relationsand publicimpact risk factors:

1. Reduction o valuedf office spaceas perceived by current and prospective
tenants (highrisk).

2. Length of time for modemization and upgrade (medium risk).

B. Mitigation

Thefollowing were general recommendationsto mitigate tenant relations and

public impact risk:

1. Under the guidanceof the dedicated management team, implement an
increased tenant public relations program during construction to
communicate project status. Explain benefits of modernization programto
tenants.

2. Astechnology advances, owner must keep abreast of changesand
implement those considered cost effective. After project completion,
reeval uate system upgradesfor cost effectiveness.

3. Anticipate prospective tenant elevator demands and identify service
options to ensure marketing success.

4. Minimizeadversetenant impact throughfast track schedule, with
scheduling of operations and shut-downs during off hoursas much as
possible. Management team will be responsiblefor maintaining
communications with facility tenants to promote and enhance public
relationsduring the project.

RISI( Analyszs Thissection presentsthe methods and findingsof the risk analysisperformed by
the VE team. After the risk areas and possible mitigation are identified, the risk
tea— withadded cost expertisefrom the VE team —performed anumber of project
cost estimate adjustments. These included the project estimate runs, which are
listed in Figure9.1 incolumnsland 2

Trackingthe Estimateand Risk Analysis

Column 1: Original (Designer/Owner) Estimate

Thedesigner's estimate submitted for the project by the owner's project manager
includesthe hard costs (construction= $46,000,000)or this project. Tothis
estimate was added the designer's concept of standard owner markups, to arrive at
the total project cost estimate of $82.5 million. Column 1 (Submitted Designer
Budget Estimate) was the starting point for the VE team evaluation.
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Office Modernization Program
Cost Estimates Summary (Millions)

Submitted Desigﬁgégtwner Approved

Designer i
Budget Estimate VE Team
Estimate A@jﬁéﬁd Estimate@ Risk

Total Construction Contract Cost

Project Cost Before Contingency

Project Contingency

Total Project Cost

Risk Analysis Adjustment Incl.

Adjusted Total Project Cost 157.5

Potential Project Savings
Additional Savings (PW) Reduced Maintenance
Total Potential Savings




Column 2: EstimatesAdjusted toal| Applicable Owner Standards, Approved
Add-ons, and VE Team Estimate Revisions Adjusted for At-Risk

Adjustmentsincluded the following:

1 Theestimatewasadjusted to include the Standard Owner Guidelinesnot
included by the designer for add-on allowances (e.g., planning and
engineering, constructi on contingency, extrawork allowances).

2. Itemswereadded to the estimate to reconcileit with componentsidentified
asessential by the VE team to meet owner initial objectives{e.g., other
elevator costs, tenant construction costs, temporary construction costs).
Note: These costswere reviewed with owner/design personnel and accepted
asvalid cogis.

3. The VE team madefurther adjustmentsto the origina estimate to allow for
comparisondf equal projects. Thisisthe risk-adjusted estimate. The team
estimated thenormal level of construction uncertaintyand thenreviewedthe
variousrisk factors affecting the project as proposed. The appropriatelevels
d uncertainty (potential viability) were identified for the primary project
components. Thefollowing factorsresulted:

Construction Costs Low Mid
Architecrural 95 1.00
Mechanical .95 1.00
Elevators .95 1.00
Other 95 1.00
Modular overlays, 95 1.00

electrical
Structural

Other Costs
Security
Tenant construction

Soft Costs
Escalation,

contingency, etc.

In the abovechart, the"low" factor representsan estimate of cost with a10%
probability o being too high. The"high" factor representsan estimateof cost with
a10% probability of being too low. This column showsthe resultsof the risk
anaysisfor the original project proposd asadjusted. The construction and project
contingency and risk adjustment were estimated after asimulationanalysiswes
performed for the adjusted base estimate. The VE team identified major project
componentsas rangesof cogt (rather than single estimates), and asimulation
anaysiswas used to identify the 80th percentile (80% level of confidence) that
was deemed appropriateby team and owner for the construction cost. The
simulation was performed using a microcomputer spreadsheet program (L otus
1-2-3) and asimul ationprogram (@ Risk). For thissimulation,1,000 samples(using
aMonteCarlo sampling technique) weretaken within therangesof dataidentified
and thedistributiond outcomesidentified.

The80th percentilewas then identified from the resultsof the smulation. (See
Figure9.2) Thefigureillustratesresults o risk andysisfor an estimate having an
80% probability, with a basdine estimate of $143.7 million, a project contingency
o $10.8 million and a risk adjustment of $14.3 million, for atotal project cost of
$168.8 million.
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Conclusion

Column 3: Approved VE Team Estimate Adjusted for At-Risk
Adjustmentsincluded thefollowing:

1. TheVE team estimate wasadjusted to include the accepted VE proposals.
These involved the typical VE ideas plusthe risk mitigation ideas approved
by the group during the risk assessment and study. Note that initial costs
weredightly increased due to the extrainitial costsincurred for mitigation.

2. Therisk analysis simulation was performed on the data. The appropriate
levelsof uncertainty were identified for the project components. The
followingfactorsresulted:

Construction Costs Low Mid
Architectural 95 100
Mechanical 95 100
Elevators 95 1.00
Other 1.00 115
Modular overlays, 95 100

electrical
Structural .80

Other Costs
Security
Tenant construction

Soft Costs
Escalation,

contingency, etc.

Using the above input, another computer run using the Risk software was
conducted. Figure 9.3 portraysthe results. The plot shows a basdline estimate of
$144.3 million that, when adjusted for contingency and risk ($13.2 million),
equates to $157.5 million.

Theimmediatefactor recognized by all personnel involved in thestudy was this:
Validationof the baseline estimate by a project- rather than design-orientedteam is
mandatory. It followsthat the risk analysisidentifiesthe specific levelsof risk or
uncertainty facing the program and quantifies the risk wherever possible. The
method used in this analysisidentifiesoverall levels of cost uncertainty and then
variesthe percentagesbased on additional risk factors(such as availahility of a
dedicated management team). Costswere also includedfor particular risk elements
such asnet cost waork (security), general conditions, and tenant interface impact.

The level of project contingency and risk adjustments based on the uncertainties
isolated for the adjusted designerfowner estimate is 17.5%. For the accepted VE
team proposal, an overall additional markup of 9.2% isrecommended.

The recommended project proposal budget is estimated to be $168.8 million
(asshownin Figure9.2).

The recommended and approved VE team proposal budget is estimated to be
$157.5million (asshown inFigure9.3), which is$11.3 million lessthan the project
proposal because of severa VE recommendationsand reduced risk. Also, the VE
team budget indicates additional follow-onsavingsaf $0.9 million in maintenance
and operations.

In summary, the key differencesbetween a typica VE study and a study with arisk
assessmentand anaysis(RAAY) requirement are:
RAA requires agreateremphasisoninitial cost efforts. A team effortisrequired
to set realisticrangesand isolate risk areasas well asto estimate mitigation
actions. Also, RAA requiresaclear ideadf total project costs. Most project
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design and development teamsconsider only construction costs, which do
not represent an accurate picture of total owner costs.

» RAA requiresadditional creative efforts (such as brainstorming) to develop
mitigation ideasfor isolated risks.

» The agendaand time schedule df a typical study will not work well. Thefinal
risk analysisrequiresthe resultsof the approved VE actions to be meaningful.
Before they canfix the ultimate project budget, the VE ideas must be
implemented. ASaresult, the post-V E study effortsare longer and augmented.

 RAA requiresenlightened owners (highly structured, compartmentalized
ownersdo not respond) with easy accesstototal budget thinking. Thisrequires
ownerswho are responsive to initial startup, sdlesand marketing, operations
and maintenance, insurance, financial expense, security and user costs. A
principal reasonfor thisisthat risk mitigation frequently requiresaddinginitial
cost to reducesoft (contingencies) costs. Too few owner/managers of facility
projectshave the ability, or are organizationally structured, to respond.

From the discussionin this chapter, it would appear that ownerswould be most
responsiveto usng a VE study with RAA. However, thereal world isnot so logical.
Ownerswho are not sophisticated in budgetingand project cost control may be
inclined to basedecisionson known pathways and familiar products. Thisbook and
this chapter will, hopefully, provide information and methodol ogy enabling
ownersto choose VE studiesthat combine risk assessment and analysis.
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n 1994, four teams—archirectural, structural, mechanical, and
eectrical —gudied a large commercia office headquarters fa:ilityl
consisting o the following:
800,000 square feet 3 basement levels of parking
3levels o shops 1 mezzanine level for arestaurant

2 17-story office towers
Principal study constraint: Maintain the architectural image of the building.

On thefinal implementation, approximately $10,000,000, or 15% of theinitial
cost, wassaved. | naddition, $350,000/year infollow-onsavingsresultedinincreased
utilization of space, and reduced costsfor operationsand maintenance.

The itemslisted below and shown in this case study have been excerpted from an
Ca‘se Study E lETTIEﬂIS actua VE report. (TheTable o Contentson page 177 isone of the excerpts
and refers to some documents not listed here or shown in the section.)

Description Page
Tabled Contents (fromoriginal study report) 177
ExecutiveSummary 178
Construction Cost Summary 182
Cost/Worth Model 183
Function AnalysisWorksheet 184
Summary of Results 187
Summary o Potential Cost Savingsfrom VE Proposals 189
Selected Vaue Engineering Recommendations
Stop Elevatorsat Upper Ground Foor (No. A-4) 193
Use Precast Hollow-Core Plank Floor Construction (No. S-3) 197
Modify Thermal Energy Storage (TES) Design (No. M-2a) 199
Reconfigure Electrical Distribution (No. E-1) 202

! Acknowledgment is made to the National Company for Cooperative
Insurance/(NCCI), with special thanksto Sulliman S. Al Medeiheem, Project
Manager of CooperativeReal Estate | nvestment Company, and Basem Al Shihabi,
Principal Designer of Omarania& Associates. Their input wascritical to the
successd thisstudy.

Case Study One  Corporate Office Building



Case Study One  Corporate Office Building



VALUE ENGINEERING REPORT
Corporate Office Building

Tableof Contents

SECTION DESCRIPTION
LISTOFH GURES & TABLES
ES-1 EXECUTIVESUMMARY

INTRODUCTION

Genera

The DesignTeam

The Vaue Engineering Team
Executive Briefing

VE Study Agenda

PROJECT DESCRIPTION
Generd

Scope

Architecturd

Structural

Elevators& Escalators
Mechanica HVAC
Mechanical Plumbing
Fire Protection
Electrica

Cost

VALUEENGINEERING ANALY SISPROCEDURE
Generd

VE Job Plan

Economic Factors

Function AnalysisWorksheets

Creative/Evaluation Worksheets

SUMMARY OFRESULTS
Generd
Va ue Engineering Recommendations

i s e T o G
Selected excerpts appear in this case study.
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Value Engineering Report

Corporate Office Building

Executive Summary

This documentis areport of avalue engineering (VE) workshop conducted in 1994 at the request
of ared estate investment company.

Thiscommercid office headquartersfacility consisted of approximately 800,000 squarefeet of
space with three basement level sof parking, three levelsof shops, a mezzaninelevel for a
restaurant, and two 17-story office towers. Thedesign was at the Design Devel opment Phase
(60%) stage; the estimated constructioncost was approximately $71,000,000. A principal
congtraint of the project study wasto maintain thearchitectural image of the building.

Four teams conducted the study: Architectural, Structural, Mechanical, and Electrical. Team
members were drawn from the officesof the V E consultant, the designer, and the owner.
SUMMARY OFRESULTS

The teams generated 130ideas toimprovethe valueof the project. From theseideas, 50
proposals (includingaternates) were written, recommending initial cost savingsof $1 4.5
million. If al these proposaswereimplemented, they would resultin an additiona annual
savingsin facility operationsand maintenanceof $500,000/year.

In addition, this report includes 30 design suggestionsfor overall project enhancement that were
documented for consideration during continuing development of thedesign.

SUMMARY OF PRINCIPAL RECOMMENDATIONS

Following isasummary of the major recommendationsmade during the workshop. The
Summary o Resultsin thisreport containsdetailed proposalsfor each recommendation.

ARCHITECTURAL

Sixteen proposals were generated with the constraint that no major architectural feature or
concept would be touched. The major areasisolated were asfollows:

* Stop elevatorsat the upper ground floor, add hydraulic elevatorsforthe basement, and
stop one bank of elevatorson each tower at the 16th floor. Thiswould result in $1.33
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million in savings and improve elevator serviceover the present scheme, whichis
margina.

* Deleteescalatorsand stairs on the north side up to newly proposed officeareas. About

$750,000 would be saved, since traffic flow and separation of traffic negated the value of
escal ator service.

Note: Significant savings in maintenanceand operation wouid also be realized from
implementing the above items.

 Uselessexpensive, yet adequate penthousewallsand interior wall modifications
($500,000).

Relocateand delete one set of outsidestairsto the basement not required by code
($130,000).

Usealower category of finish materia that will still meet owner requirements, to bring
costscloser to budget ($300,000).

= Since the net to gross space could be improved, reduce proposed lobby space on each

floor. By changingspaceto useable (rentable), a largeincreasein revenueof $70,000/year
wasforecasted.

STRUCTURAL

Nine basic and optional structural proposal swere developed. The major itemswere asfollows:

« Consider precast hollow-corefloor planksfor either or both basement and tower fl oors
(savings. upto$1.44 million).

Delete 4th and 5th basement level s used for storage tanksand rel ocate tanks and spaces
(savings: up to$530,000).

 Modify floor slab design using two-way slab and beam (savings. up to $800,000 but not in
addition to using precast).

MECHANICAL

Seventeen basic and optional mechanical proposalswere developed. The major items were as
follows:

« Eliminate2nd-level penthouseby rel ocating water t anks at roof and in conjunction with
deletionof 4th- and 5th-level basement (savings: up to $1,000,000).
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- Modify therma energy storage (TES) systems by relocating tanks a basement levels1-3
and relocating pump roomsto level 1 basement (savings: $450,000 in initial cost and
$£54,000/year). Project value would also beimproved significantly by increasing rentable
space with this relocation.

Note: A detailed economicanalysiswas conducted on deleting the TES system. The
resultsindicated that although the lije cycle costs of the TES system were estimated as less
expensive, the order of magnitude was disappointing. Therefore, the team focused on
modifying the proposed design to optimize usage.

= Increase coverageof variableair volume (VAV) boxes. Present coverage of 270 SF. per
box appearstoo costly and should bereviewed in light of potential savings of $370,000
plus maintenancesavingsof $25,000/year.

« Uselight troffersfor distribution in lieu of linear diffusers, which would result in amore
flexible celing system for tenant layout and save $265,000.

There werethree additional suggestionsthat were rather controversial but should be reviewed for
project value improvement:

- Delete metering and use proportional chargesto tenants.

- Use ASHRAE insde temperaturedesign criteriacf 78°F for summer and 680Ffor winter.
- Consider " shelling" space to reducecapital expenditures, postponing fitup cost until tenant
desiresare known or leasing the space iscertain.

ELECTRICAL
Nineelectrical proposals were developed. The major ideaswere asfollows:

» Reconfigare electrical distribution using a high voltage busto the penthouse and
rel ocating transformersto the variousfloors ($1.73 millionin potential savings).

* In conjunction with the above proposal, reconfigure HVAC electrical distribution using
380V equipment rather than 240V equipment. Also, use demand and load factorsusua for
similar buildings ($1.3 millionin savings).

+ Reduceloads on emergency power by using diesel-driven fire pumps, backup
battery-operatedemergency lighting fixtures, and reducing the number of emergency
receptacles. Decrease the number of generatorsfrom two each per tower a 900 KVA to
one per tower. The generator will be sized at approximately 1,000 KV A to meet power
company requirements (savings. $650,000).
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Make a number of lighting changes. Deleteemphasislightingfor insided exterior wall in
officeareaswhere control isquestionable, changefrom use of parabolic to lessexpensive,
satisfactory officefixtures, and selected system reconfiguration (savings: up to $350,000
ininitial costsand $20,000/year in annual costs).

Cost

During theinitial phaseof theworkshop, the A-E estimatewas reviewed by the VE teamand a
number of cost questionswere generated. The VE team and A-E representativesat down and
agreed to anew baselineestimateof $70,634,000for the building. The only point in question was
the area of the building; approximately 35,000S.F. of extragrossareawas calculated by the VE
team. It was deemed by the A-E team not to be of significanceat this phaseof design.

CONCLUSION

All of the above recommendationsand design suggestionsare contained in the Summary of
Resultsof thisreport.

In summary, about 50ideas, if implemented, would mean savingsof up to $12.5 million.
Normally, it is unlikely that all ideas will beaccepted. However, theresultsof thisworkshop
should proveto not only reduceinitial cost but to favorably influencefollow-on costs of
ownershipin therange of $265,000 per year.

We appreciatethe splendid cooperation of thedesigner and owner, in particular, the president of
the designfi rmfor their participationin thisworkshop. Without their cooperation and input, the
potential to improvethe valuedf thisproject would not have been assignificant.

Note: At the final presentation the owner directed the designer to makeall the changes
immediately.Only those in which choiceswere indicated were left open to future selection.
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Construction Cost Summary
Corporate Office Building

680% Design Stage
I 'TOTAL COSsT Sub System
| PER sYSTEM |
Demalition
M poundats MPA 80.054 20 1,657.948 207
012 |Snecial Foundations MPA
02 |SUB ETRUCTURE 1772895 021|8iab on Grade MPA,
022{Bssement Excavation acF 525413 7.18 3772805 4
023 | Basement Walls BWA
03 [SUPER STRUCTURE s3ee4e1| 031 |Pioor Construction UFA 520913 180 4,060,969 507
032 |Roof Construction 80F 50,054 16.59 1,327,812 1.68
033{stak Construction AT
o |EXTERIOR CLOSURE 11,956118] 041 |Extorior Watts XWA 311,886 EIRT 8718592 1243
042) Ext. Doors & Windows XDA 8,361 23888 237477 27
05 |ROOFNG z 1,000,234 05|Roofing 8oF 80,054 1249 | 006.234 125
05 [INTERIOR CONSTRUCTION sssad00]  061|Partnons PEM
062 |intertor Finishes TFA 318,980 3029 9,683,400 1208
063] Spectaittes e
' " 1zamoss]  081/Prambing I e | swl  tssan] 1088 387 | 138l
1 o82Hvas 1 TON | 140 500005 | 8,365,037 | 10441
| os3|Pwe Protection | a | w1078 2 | 220863 | 28|
1 084i8pecial Mech. Svstems I s I 818 | #9437 | 81254 | ari
E— ST o KA | 8WI £00.00 | 4,800,000 | 5991
092|Emergency PowerguPs | v | 1800 27.04 | 426,687 | s |
1 |  ©e3|Lighting & Power | GSF | 81078 | se7 | 3,881,401 | u;]
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Cost/Worth Model
Value Engineering Study

T |
| 12- Sitework | !Buildlng-TotaI!

Structural

| 122 Site
improvement

| (123 Site Utfiitles

1 1124 On-site Work 1

Project:
Location:

Phase of Design:
Date:

Total Cost/Worth
70,634,049
B8,745 875

Corporate Office Building
60%
NOTES:
Bidg. Type:
Aea (sQF) 801,534
Area (SQF) VE 801,534




FUNCTION ANALYSIS WORKSHEET

PROJECT: Corporata Oftice Bullding

LOCATION: BASIC FUNCTION: Dffices
FUNCTION

COMPONENT (VERB-NOUN) KIND COsT WORTH COST/ WORTH COMMENTS

B = Basic Fungtion S = Secondary Function RS = Required Secondary Function

121 Site Preparation 0 000

122 Site improvement 1,329,974 1,306,000 102 No comment

123 Site Utittles 0 000

124 OH-Site Work 0 000

TOTAL 1,329,074 1,300,000 102

STRUCTURAL

01 Foundation Support load B 1,857,949 1,390,517 119 Relocate 4th & 5thlevel
tanks

B 3,772,695 3,000,000 126 Relocate 4th & 5th level
tanks.

03 Superstructure Supportloadand house B 5,388,481 4,300,000 125 Consider hollow precast

staff planks for fieer and
masonry core walls.
Delete outside stairs.

TOTAL 10,619,126 8,690,517 124

ARCHITECTURAL

04 Wall Closure Enclose space B 11,956,119 10,500,000 114 Combine triangular
buildings.

05 Roofing Protect building RS 1,000234 695259 144 Reduce skylights.
Reduce planters &
granite.

06 Interior Construction  Finish and beatify B 9,663400 9,137,685 106 Re-evaluate finishes.
Re-evaluatedoor
selection.

07 Conveying System  Transport people B 7413333 5,500,000 135 Reduce basement stops;
use hydraulics. Reduce
escalators.

TOTAL 30,033,087 25,832,944 1.16
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FUNCTION ANALYSIS WORKSHEET

PROJECT: Corporate Office Building
LOCATION: BASIC FUNCTION: Offices
FUNCTION
COMPONENT (VERB-NOUN) KIND COST WORTH COST! WORTH COMMENTS
B = Basic Function S =SecondaryFunction RS = Required Secondary Function

MECHANICAL

081 Plumbing Service building 8 1,086,867 1,085,789 100

082 HVAC Conditionspace a8 8,365,037 7548523 111 Reduce AHU's
Reduce VAV boxes
Simplify diffusers
Simplify lobby supplies
Delete A/C of garage lift
lobbies

083 Fire Protection Protect building & 2,266,631 2 266,543 1.00

people

0B4 Special Mechanical Control system 612,534 496,613 123

TOTAL 12,331,068 11,398,468 108

ELECTRICAL

091 Service & Dist. Distribute power B 4,800,000 1,787,808 268 Extend 138 KV system
through building.

Locate transformersin
basement.
Delete bus ducts.

092 Emergency & UPS  Backup power 426.667 357,000 012 Reduce generator
capacity; use diesel
backup pumps.

093 Lighting & Power tight space B 3,861,401 3,376,971 114 Reduce lighting lixtures.
Reduce cable sizes.

094 Special Electrical Support systems 3712,012 3,422,550 1.09 Reduce telephonerisers.
Reduce exchange capacitv.
Optimize floor outlets.

TOTAL 12,800,081 8,944,329 143

111 Fixed & Mov. Equip. Supportbuilding 561.036 560.974 1.00

112 Furnishing Provide services 16.000 0 0.00 Re-evaluate furnishings.

113 Special Const. 880,000 439.999 2.00 Re-evaluate special
construction.

TOTAL 1,457,036 1,000,974 146
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FUNCTION ANALYSIS WORKSHEET

PROJECT: Corporate Office Buliding
LOCATION: BASIC FUNCTION: Offices
FUNCTION

COMPONENT [VERB-NOUN) KIND COST WORTH COST!/ WORTH COMMENTS
B8 = Basic Function S = Secondary Function RS-= Required Secondary Function

GENERAL

Mobitization Exp. 0 0.00

SteQverheads 1,863,677 1,574,000 118 Reduce percentage.

Demobilization 0 0.00

0N. Exp. a Profit 0 an

TOTAL 1,863,677 1,574,000 1.18

OVERALLTOTAL 70,634,049 58,741,230 1.20
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VALUE ENGINEERING REPORT

Corporate Office Building
Section 4 - Summary of Results

GENERAL

This section of the report summarizesthe resultsand recommendationsfor the study. Ideas that
were developed are submitted here as recommendationsfor acceptance.

When reviewing the resultsof the VE study, it isimportant to review each part of arecommen-
dation based on its own merits. Often, thereisatendency to disregard a recommendation
because of concern about one portion of it. When reviewing this report, consider the areaswithin
arecommendationthat are acceptable, and apply those partsto thefinal design.

VALUE ENGINEERING RECOMMENDATIONS

The VE teams devel oped 45 proposalsfor change, representing$14.5 millionin potentia initial
cost savingsand $19.4 millionin life cycle (PW) cost savingsthat representsfollow-on annual
savings of $500,000/year. Not included in this total are two optiona mechanical proposals
("Shell construction” and "Delete TES system”). The proposa to delete the TES system was
dropped. Theshell spaceis presented for consideration, aswell asfour alternatestructura
proposds. In addition, 30 ideas are provided as Design Suggestionsthat clarify design, improve
design, or affect cost. For clarity, proposal shave been separated into groups as shown below:

Recommendation
Category No. of Proposals Initial Savings LifeCycleSavings

Architectura
Structural
Mechanica
Electrica

TOTAL 45 14,649,727 19,430,617

Savings Summary
(All Costsin US Doallars)
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Cost isaprimary basison which to comparealternatedesigns. T o assure continuity of cost
among the recommendationsproposed by the V E team, we have used the project cost estimate
developed by the VE team in cooperation with the A/E asthebasis of cost. Where thiswas not
possible, the VE team used R.S. Means cost data, adjusted for local conditionsfor comparative
purposes, and data provided by Saudi Projacs estimators.

All lifecycle costswere based on the economicfactorslisted in Section 3 of thisreport. Where
appropriate, the impact of energy costsand replacement costs, and the effect on operationsand
maintenance, are shown within each recommendation.

A summary of potential cost savingsfor each V E recommendationfollows,
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SUMMARY OF
POTENTIAL COST SAVINGSFROM YE PROPOSALS

PROPOSAL

ARCHITECTURAL

A-3

A-4

A-9

A-13

A-14

A-15

A-16

A-17

A-18

A-19

A-20

A-27

A-32

A-34

A-35

A-36

Rel ocate basement stairs.
Stop elevators a upper ground floor.
Deeteescaators & dairs.

Deleteterrace planters.

Deleteone bank of elevatorsat floors 7-18.

Plant level curtain wal glazing and
interior modifications.

Changeroof of bridges.

Change granite a prayer roof.

Reduce lobby for 2-tenant floors.
Delete skylightsover stairs5 & 6.
Redesign cove at triangular offices.
Increasegranitewall at triangleoffices.
Modify granite usage between towers.
Revisefloor paving at colonnade.

Ddete tentsat second floor.

Eliminate 4th & 5thlevel and rel ocate spaces.

ARCHITECTURALTOTAL

Cuse Sudy One  Corporate Office Building

INITIAL LIFECYCLE
SAVINGS =~ SAVINGS
139,630 139,630
1,058,017
741,350
13,160 13,160
232,275 232,275
556,800
8,000 8,000
7,500
71,400
2,800 2,800
32,270
466,670
607,400 607,400
46,825 46,825
41,100 102,130
SeeS-3



STRUCTURAL

S-3  Full hollow-core plank floor construction.

S4  Delete4th & 5th basementlevels.

S-6 Incoreareasuse 20 cm masonry for cross
wallsin lieu of CIPfor top 30 mof walls.

S9 Useded stairsin lieuof CIP.

S-10 Reduce basementwall thicknessfrom 30 cm

to20cm at first leve.

STRUCTURAL TOTAL

Optional Ideas

S-la

5-1b

S2

S7

Use two-way beam and slab design for all
structural floorsin lieu of rib slab and
beam design.

Similar to S-1a above, but exclude basement
parkingfloors.

Use precast prestressed concrete hollow-core
planks spanning between CIP beamsfor
basement levels1 and 2.

Similarto S-6 but also use masonry for
E-W core wallson grid lines85 and 11.5.
S-7can beusedonly if S-1 isused.

INITIAL LIFECYCLE
S SAVINGS

1,441,600 1,441,600

535,200 535,200
129,350

121,350 121,350
20,720

$ 2,248,220 $ 2,248,220
849,600
643,730
349,100
10,100

Note: Optional ideas are not included in totas. The combination of ideas totaled above is
recommended asit providesthe maximum savings. The other optional ideas may be used only in
one of thefollowing two combinations:
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INTIAL LIFE CYCLE

PROPOSAL SAVINGS SAVINGS
MECHANICAL
M-1  Simplify air conditioning

in coreof basement level.
M-2a Modify TES design. 454.700
M-3  Simplify air conditioning

inwreof basement level 5.
M-5 Deleteair conditioning

in car park lift lobbies.
M-8 Reviseair conditioning at east entrance of

ground and mezzanine. 6,200
M-9 Reviseair conditioning

at common spacesof ground and mezzanine. 1,050
M-16 Simplify stair pressurization with 2 small

wall-mounted propeller fans. 9,550
M-22 Reviseair conditioning

at common spaces of 1st floor.
M-23 Simplify air distribution in lift lobbies. 8,750
M-26 -Increase coverage of VAV boxes. 382,400
M-29 Modify HVAC for 3-tenant suites. 39,600
M-30 Moeodify officesupply air device. 260,800
M-36 Deletelevel 2 penthouse. 1,077,300
M-38 Lbe ASHRAE recommended criteria.* 1,141,300
M-39 Delete BTU metering. 200,000
MECHANICAL TOTAL $3,672,580

* Needsfurther review by client.
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INITIAL LIFECYCLE
PROPOSAL SAVINGS SAVINGS
Optional Ideas
M-2 Delete TES system. Dropped
Bid aternateoption.

M-24 Shell construction

Note: Optional ideasare not included in totals.
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INITIAL LIFECYCLE
PROPOSAL SAVINGS SAVINGS
ELECTRICAL
E-1  Reconfigureeectrical distribution. 1,735,000
E-4 ReconfigureHVAC system electric. 1,324,130
E-7 Reconfigurelightingsystems. 133,630
E-18 Reconfigureemergency power. 653,730

E-29 Reconfiguretelephone exchange & system. 336,000

E35 Delete lobby covelightingin rental tower.

16,370

E-37 Replace paraboliclightingfixturesin offices. 166,700

E-38a Deleteglazing covelighting.

E-39 Reconfigureeectrical connectionsfor
for VAV boxes.

ELECTRICAL TOTAL

GRANDTOTAL
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VALUE ENGINEERING RECOMMENDATION

PROJECT: Corporate Office Building
ITEM: Stop elevatorsat upper ground floor

ORIGINAL DESIGN

In each tower, six elevatorsserve the 3rd basement leve for garage parking. Thesesame
elevatorsserve podium shopping and the 18-story officetowers.

PROPOSED DESIGN

Stop office tower elevatorsat the upper ground floor. Add two 2,500-pound hydraulic elevators
in the basement at each tower, one on each side of the end of each elevator bank, to servegarage
parkingonly between basement level 3 and the upper ground floor.

DISCUSSION

Attached to this proposal is an elevator consultant'sreport (not included in this case study),
which indicates that the present design does not meet minimum requirementsfor good elevator
service. The proposed separation of elevator function improvesserviceto officetower usersand
to car park and shop users. It improves privacy for officetower use, because shopperscannot go
past the upper ground-floor level asthey mightdointhe original design.

This proposal improves handicap accessibility in the basement by ensuringthat al elevators
servingthe basement levelswill be accessible, which is not the casein the present design.
Space savingsis gained on basement levels1 through 3. The spacesaved is approximately 100
square meters per floor. The space currently occupied by the elevatorson thelower ground floor
becomesthe elevator pit for the towers. This proposal aso eliminatesserviceto B4 and B5
levels(threestops). However, it is unsafe to combine people and water tanks in these lower
levels. It is assumed that these functionswill be relocated el sewhere, as suggested in other
proposas. Asa result of this proposal, the space saved herein could be used for the relocated
small dormitory, water storage, engineeringoffice, and other support functions. Maintenance on
elevator landing openingswill bereduced. Thisisestimated to be worth $300 per opening per
yedr.

Life CycleCost Summary Capital Replacement Annua O&M

Origind 1,558,017 0 16,800
Proposed 499,295 0 6,130
Savings 1,058,722 0 10,670
TOTAL LIFE CYCLE (PW) SAVINGS: $1,159,257
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VALUE ENGINEERING RECOMMENDATION

PRQIECT: Corporate Office Building
ITEM: Stop elevatorsat upper ground floor

Proposed Elevator sat Upper Ground Floor

Delete this wall to provide Typical pro
/ posed garage
space between elevalors at elﬂatnrg. (Rmrsga sldga al
basement for mechanical north tower)
piping.
South Tower
DRW FD A-IS
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COST WORKSHEET RECOMMENDATION

PROJECT: Corporate Office Building
ITEM: Stop elevators a upper ground floor

ITEM UNIT QUANTITY UNIT COST TOTAL

ORIGINAL DESIGN

Tower elevators(UG to B3)
Tower elevators (B4/B5)

Shaft walls
(27 1m x 20m high per shaft)

Lobby finishes
Lobby doors
Lobby services

Totd

PROPOSED DESIGN

Tower elevators LO 3 19,325 57,975
Basement hydraulics LO 20 17,330 346,600
Garageelevator shaft wals m? 960 74 71,040
Tower shaft walls m? 320 74 23,680
Total $US 499,295
SAVINGS $US 1,058,722
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VALUE ENGINEERING RECOMMENDATION

PROJECT: Corporate Office Building
ITEM: Use precast hollow-coreplank floor construction

ORIGINAL DESIGN

Thetypical floor construction for all floorsabovelevel 1 basement is cast-in-place (CIP)
concreterib/slab spanning between CIP concrete beams. A 7 cmtoppingslabis placed over the
floor.

PROPOSED DESIGN

Use precast, prestressed concrete hollow-core planks. The congtruction is proposed inall floor
areas whererib/slab design is presently shown. The precast planks will be 25 cm thick, with 7
cm topping dab. Thetoppingis aso provided in the original design. The hollow-core planks
would span 1¢ m (9 m clear span) between CIP concrete beams running in N-Sdirection.

DISCUSSION

The proposed design generatessignificant savingsin construction cost and time.

A new 21-gtory hotel is being designed locally using hollow-core planks. We havea so
conferred with thedirector of the local precast plant regarding the use and availability of precast

hollow-core planks. In addition, aspecialist in the use of structura precast products highly
recommendsthe use of hollow-coreplank as both economica and available.

LIFE CYCLE COST SUMMARY Capital Replacement  Annual O&M

Original
Proposed
Savings

TOTAL LIFECYCLE
(PW) SAVINGS:

Life Cycle Cost Savings
(in US dollars)
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QOO5T WORKSHEET RECOMMENDATION

PROJECT: CorporateOffice Building

ITEM: Use precast hollow-core plank floor construction

ITEM

ORIGINAL DESIGN

CIP rib/slab

Tota

PROPOSED DESIGN

Hollow-core plank

Totd

UNIT

QUANTITY

UNIT COST TOTAL

SAVINGS

$1,441,800
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VALUE ENGINEERING RECOMMENDATION No. M-2a

PROJECT: Corporate Office Building
ITEM: Modify Thermal Energy Storage (TES) design

ORIGINAIL DESIGN

Present design callsfor athermal energy storagesystem (TES) consistingof four 690 m* tanks
attached to two 214-ton chillers. The chillersrun at approximately 100% during off-peak hours
and store energy that is used (cold water) for peak periodsand for emergency usage.

PROPOSED DESIGN

The VE team proposesto eliminatethe 4th & 5th basement levelsand relocate the pump room to
basement level 1. This proposal can be implementedonly if the elevators are stopped at the
ground floor. See No. A-4. The mat slab must be dropped 2 metersand provisonsmadefor alift
room under the elevators that stop at the upper ground level. Also, only oneriser per tower is
proposed for the new TES system.

DISCUSSION

This aternate will requireapproximately $124,000 of tank constructionand a reduced rental
impact because of rel ocation of the pump roomsfrom the 1st floor to the basement.

Tank areainvolved = 7 m x 36 mx 3 floors= 756 m*
Rental cost lost per yr. = $30,150/tank areax 2 tank area= $60,300/yr.

This proposa now shows an improved return oninvestment of 48.4% over the original design of
21.3%.

Note: This proposa must be evauated for tank depth of 10.6 m vs. 12.0 m ideal, relocation of
TES pump rooms, and use of one riser per tower.

Theoriginal costsare included M-2.

LIFE CYCLE COST SUMMARY CAPITAL REPLACEMENT ANNUAL O&M
Origina 2,466,700 0 237,860
Proposed 2,012,030 0 182,660
Savings 454,670 0 55,200
LIFE CYCLE (PW) SAVINGS $US 975,000

LifeCycleCost Savings
(in U.S. dollars)
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LIFECYCLECOST WORKSHEET

PROJECT: CorporateHeadquartersBuilding

ITEM: Modify TES System

VE RECOMMENDATIONNO. N 2a

Discount rate 10% EconomicLife 30years

(All costs iN$US x 1,000)

INITIAL COSTS

Chillers

Othe costs
TES equipment
Tank cost 4&35
Tank support
Trander beam
Elev walls 1-3
Pump rm mods
Extratak cost
Other savings

Total Initial Cost

REPLACEMENT COSTS

20vyears
Total Replacement Costs

ANNUAL COSTS
energy

maintenance

value - rental

Total Annual Costs (PW)

TOTAL PW COSTS

LI FECYCLEPRESENT
WORTH SAVINGS

REWRN ONINITIAL
INVESTMENT

Factor

ORIGINAL PROPOSED

Est.Cods

PW Cods Ed4.Cods PW Cods
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VALUE ENGINEERING RECOMMENDATION VE Rec. No. M-2a

Project: Corporate Headquarters Building
[tem: Modify TES design

» TES TANKS

-PROPOSED
PUMP RooOM

Elevationtop ground floor (upper) = 2.950 m

Proposed eevation top of tanks0.0 m- water level - 23 m
Proposed eevation bottom of bottom tanks = 129 m

Volume df tanks= 6.5 m x 10.6 mx 23.4 mx (2 sides) = 3,224 m°
Required volume= 690x 4 = 2,760 m®

Note:

Tank depth o 10.6 is margind - if not satisfactory,additiond tank depth will be required.
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VALUE ENGINEERING RECOMMENDATION

PROJECT: CorporateOffice Building
ITEM: Reconfigure el ectrical distribution

ORIGINAL DESGN

Existing system uses 13.8 KV feeder from thelocal power company room connected to owner's
13.8 KV switchgear with four 2000 KV A transformersto step voltage down to 220V. Each
transformer is connected to a main switchboard (M SB) for HVAC loadsand generd power.
From each MSB, a set of busducts distributesload to building floor panelsand distribution
boards. Basement boardsare connected by cablesand each transformer isconsidered a separate
unit and cannot support another in case of failure. General power M SBsare connected through
automatic transfer switches(ATS) to separate emergency generatorsfor each tower and no bus
coupling exists between towersfor emergency use.

The busduct system set consistsof two 2500 Amp. connected to each MSB for general power,
four 4000 Amp. connected to HVAC M SBs, and a3000 Amp. connected fromeach MSB for
general power to each emergency switchboard. Every panel is metered, atotal of 418 panels.

All lighting panel shave 48 poles. Theload assumed for future shop spaces resultsin having
some70 mm? cable. Nodemand or diversity factor was used for riser design. The main circuit
breaker (MCB) for each MSB is5000 Amp., whichisararesize, and it isconnected by a
specially manufactured 5000 Amp. busduct.

PROPOSED DESIGN

Delete the bus duct system. Relocate transformerson buildingfloors. Reduce the size of
equipment by using 380V for HVAC, using more than 2 transformers for general power
distributionwith 220V secondary. Connect al transformers by alooped 13.8 KV cable. Loopcan
be achieved acrossthe 17th floor bridge. Transformers should be asfollows:

2 ea. 2000 KVA for HVAC located at roof plant rooms

1 ea 1000 KVA for emergency power

2 ea. 500 KVA for floors basement 5 through floor 2 at 220V
2ea. 300KVA at 6thfloors

2ea. 300KVA at 14th floors at 220V

2 ea. 300 KVA for elevatorsat 380V

Use 3 x 150 mm?® 13.8 KV cablefor theloop. Reconfigure 13.8 KV switchgeartoincludel
incoming and 2 outgoing for the looped 13.8 KV cable.

LIFECYCLE ANNUAL

COST SUMVARY CAPITAL REPLACEMENT O&M
Origina $US 2,515,380 0 $US 25,154
Proposed $US 781,041 0 $US 7,810
Savings %USL, 734,339 0 $US 17,360

LIFECYCLE (PW) SAVINGS $US 1,897,974

LifeCycleCost Savings(in U.S. dollars)
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VALUE ENGINEERING RECOMMENDATION No. E-1

PROJECT: Corporate Office Building
ITEM: Reconfigureelectrical distribution

PROPOSED DESIGN (continued)

Refer to attached sketch for additional detailsof the proposed system. Use cablesin conduits
from transformer board to each panel. Reconfigure all panelsfor anticipated loadsand the
required number of poles.

DISCUSSION

The system as designed i s very expensive, without any flexibility to transfer power from one
tower to the other. Use of busduct requiresmuch more maintenance cost than doescable. The

proposed system achievesboth flexibility and lower initial cost.

This proposal requiresspace for the transformers on the recommended floors. With 2 plant
rooms in each tower on each floor, thiscan be accomplished without extra cost except for a shaft
for the high voltage cables. Transformerslocated at floorswill also improvesystem
performance.

The proposed system should use standard materialsto maximizecompetition and eliminatethe
useof specialized manufacturersfor designed equipment. This proposal minimizesthe use of
expensivedraw-out circuit bregkers.

Annua maintenance and operation costsar e estimated to be 1% of initial cost.

Cae Study One  Corporate OfficeBuilding



VALUE ENGINEERING RECOMMENDATION  VE Rec. No E-1

PROJECT: Corporate Office Building
ITEM: Reconfigure electrical distribution
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VALUE ENGINEERING RECOMMENDATION  VE Rec. No. E-1

PRQIECT:. Corporate Office Building

ITEM: Reconfigure eectrical digribution
NORTH TOWER Proposed Floor Distriion SOUTH TOWER
Alternative 1
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COST WORKSHEET Recommendation No. E-1

PROJECT: CorporateOffice Building

ITEM: Reconfigure dectrica distribution
Proposed Floor Distribution | ~ NA4 |
]
i
1]
!
)
¥
|
!
)
E
]
5
|
7
’
|
|
L]
|
'
13.0/220-127 l
DRY TYPE

Down to BASEMENT LEVEL 1
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COST WORKSHEET Recommendation ND. E-

PRQJECT: Corparate Office Building
| TEM Reconfigure dectrical distribution

Cost of Original Design

| IEnd Box 2000 Am
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OCST WORKSHEET Recommendation No. E-1

PROJECT: Corporate Office Building
ITEM: Reconfigure eectrical distribution
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COST WORKSHEET Recommendation N E-1

PROJECT: CorporateOffice Building
ITEM: Reconfigure el ectrical distribution

Coat d Proposed Design
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COST WORKSHEET Recommendation Nb. E-1

PRQIECT:  Corporate Office Building
ITEM: Reconfigure electrical distribution
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value engineering study was conducted on the proposed design

development, Phase 3 (50% working drawings), for a hospital and

gaff housing complex. The VE team studied the project from four
viewpoints: architectural, structural, mechanical, and electrical. Separately, the
medical equipment specialist documented three areas that would generate
additional income.

Study objective: Review the design documentsto optimize thecost impact of
designdecisions.

Basad on several reviews with the owner and A/E, approximately35 proposas
were implemented. Initial cost savingsof $10,000,000 to $12,000,000will result,
dependingon progressionaf the design and futureestimates. Follow-on cost savings
vary up to $1,000,000/year, depending on thefinal design alternative.

The items listed below and shown in thiscase study have been excerpted from an
CﬂS@ Study EIE?TIETTIS actual VE report. (The Table of Contents on page 213 isone of the excerpts
and refersto some documentsnot listed here or shown in the section.)

Decription Page
Tableof Contents (fromorigina study report) 213
Executive Summary 214
Section 2: Project Description 217
Section 3: Vaue Engineering Procedure 220
Function AnalysisWorksheets 223
Cost/Worth Modes 227
Section 4: Summary of Results 229
Sel ected Recommendations

RearrangeClinical LabsfHemodialysis Department (No. A-7) 233

ReduceThicknessd Precast and Use Wall and Plaster for Housing 235

(No. A-8)
Reconfigure Electrical Distribution System (No. E-1,2 & 4) 237
Add 3 beds to Hemodialysis Department (No. ME-6) 240
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VALUE ENGINEERING REPORT

LIST OF FIGURES & TABLES
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(Notincluded in case study)
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Mechanical
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Economic Factors
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Creative/Evaluation Worksheets

SECTION 4
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VALUE ENGINEERING REPORT

Hospital

EXECUTIVE SUMMARY

A Value Engineering study was conducted on the design development, Phase 3, 50% working
drawings proposed for the hospital. The study was conducted at the Architect's and Engineer's
office in November 1996. The objective of the study was to review the design documents to
optimize the cost impact of design decisions. The project involved a hospital of seme 350,000
S.F. and a housing complex of five buildings of some 195,000 S.F. The costs validated by the
VE team and agreed to by the A/E amounted to approximately $93,000,000.

Some 127 ideas were generated during the initial review phase, from which 56 ideas were
developed. In addition, some 22 design suggestions representing VE team design review type
comments were generated; these are located in Section 4, Figure 4-2. A marked-up set (one
copy) of drawings indicating these and additional comments are attached. These proposals
represent potential initial savings of over $16,000,000 and additional follow-on potential savings
in operation, maintenance, and increased revenue of about $265,000/year. Also, suggested
recommendations of potential deferred construction costs for supporting and medical equipment
are included amounting to some $5,000,000.

As a separate input, the medical equipment specialist documented three areas to generate
additional income of some $100,000 /year by: adding three beds to hemodialysis, one mobile
ultra sound, and two mobile radiographic X-ray machines.

SUMMARY OF PRINCIPAL RECOMMENDATIONS

General

The team suggests that the Owner considers two options to defer initial cost outlays:

- Delete nurses' house and rent space. A rough cash flow analysis indicates Owner will
be some $200,000 /yr ahead using an equivalent cash flow analysis avoiding a
$3,500,000 capital expenditure.

Consider design build, lease-back for 20 years. By doing this Owner will defer some
$15,000,000 in capital outlay and own the facilities after 20 years. He incurs some
additional annual leasing costs that would be less than amortizing his capital investment
over 20 years.

Note: The above savings are not additive.
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Architectural - 16 Items totalling approximately $3,500,000

The principal items are:

- Review design of interior partitions for housing and hospital.

- For housing, delete doctors' unit balconies, less expressive canopies, eliminate
basement in water table and use less expensive exterior wall panels.

- Revise design of hospital and housing exterior pre-cast panels from 7" to 5 thick or
consider using masonry and local stone.

« Raise hospital basement level by one meter to reduce hydrostatic uplift on slab.

« Revise finishes of ground floor (granite) and use less expensive, more practical floor
finish for operating rooms.

Structural - 2 ltems totalling approximately $130,000

Revise structural system to flat slab and increase floor-to-floor height to 14-3".
Note: Original design of 13 feet would not accommodate economically the required
utilities. An increase in cost would be incurred in trying to fit utilities in the proposed
ceiling space.

Simplify ground and basement slab levels to reduce changes in grade.

Mechanical - 14 ltems totalling about $1,000,000 in initialand
$110,000/yr. in annual savings

The major items being:

- Consolidate the sanitary waste and sewer lines within the building.

« Consider eliminating the sewage treatment plant. Alternate solutions: a) Consider a less
expensive plant yielding $320,000 initial cost savings, or b) provide a septic tank
system resulting in $375,000 initial cost savings. Hookup to municipal would occur when
new line is installed.

Consider providing a chilled water thermal energy storage system as a means of
electrical load shedding during peak hours. This recommendation was not analyzed in
great detail; however, it could be developed should the electrical building load grow
beyond electric company standard substation size or ability to deliver peak power.

Consider increasing chilled water temperature rise from 42°F to 46°F across the cooling
coils. This results in an overall chilled water flow reduction leading to lower piping costs,
reduced pumping energy and an overall efficiency increase of the chiller operation.

- Design general patient bedrooms for 75°F rather than 65°F inside design temperature
during the cooling season. This results in overall initial and life cycle cost savings
without compromising the required environmental patient comfort.

- Use a central variable air volume system approach rather than fan coils in the general
patient rooms. The central system improves indoor environmental conditions for
patients by providing higher filtration levels in the space, eliminatesintrusive
maintenance, and lowers operating costs.
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Electrical - 11 items totalling approximately $3,800,000 in initial savings and $100,000/yr.
in annual costs.

The principal items are:
Re-configure site electrical distribution system to optimize use of high voltage
distribution.

- Replace parabolic with prismatic lens fixtures and electronic ballasts with high power
factor. Energy savings do not offset initial costs.

Re-configure outdoor lighting reducing number of poles, etc.
- Centralize the Uninterruptable Power Supply (UPS) system.
- Relocate switchgear nearer to load center.

Change chiller voltage from 280 volts to 380 volts.

Medical Equipment - 9 Items totalling approximately $7,500,000 in initial costs plus
$650,000/yr. in additional income.

There are several significant proposals presented:

« Consider deferring several items to postpone costs until patient load increases to create
break-even conditions, e.g., MR, cardiac catheter lab, nuclear and gamma cameras.
Deferred capital cost of some $5,300,000 not included above.

Consider adding select equipment to generate additional revenue such as:
+ Add one additional ultra sound scanner.
Add three additional beds in hemodialysis for pediatric patients presently not
covered.
Add 2 mobile radiographic X-ray machines.

The above equipment willadd some $675,000/year in additional income.
- The largest area of potential savings was isolated by a critical look at the medical
equipment and recommending the following:
- Eliminate items redundant with building (construction) equipment estimate.
- Procure local equipment wherever available at less cost.

Reduce quantities that appear excessive and buy alternate equipment (other
manufacturers) that produce equipment (non-proprietary) adequate for the
hospital functions.

Add equipment needed to meet overall hospital requirements (added costs).
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SECTION 2 - Project Description

1. Requirements of the Hospital

a. Number of Beds = 180

Area of land = 500,000 S.F.

Parking one car per bed plus staff and out-patient
Site plan is provided.

Housing:
It is required to accommodate all doctors and a total of 130 nurses;
a recreational area is to be provided.

® oo o

2. Civil Structural Engineering

a. Site
On-site wastewater treatment, effluent recycled for irrigation. Utility building housing
chillers, O, incinerator.

b. Structure
Pre-cast hollow-core slabs with a reinforced concrete frame.

3. Architectural

a. Walls
Interior: Drywall partitions with two (2) 1/2" sheets each side.
Exterior: Pre-cast concrete panels with upper 20% window area.
b. Floor
Heavy-duty vinyl flooring, in general, with lobbies and ground-floor granite specified in
selected areas.
c. Finishing Material of Facia
Pre-cast concrete panels

d. Partition Wall Finishes
Enamel paint.

e. Ceilings

Armstrong-type painted tiles and waterproofed gypsum board for wet areas. Selected
area in basement calls for linear metallic ceilings.
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4 Mechanical Systems

The mechanical works include the following systems:

- D O 0O T o

.
i

K.

. Domestic hot and cold water system.

. Reverse osmosis/ionized water system.

. Drainage system.

. Rainwater drainage system.

. Oxygen, vacuum and other medical gases network system.

Heating, ventilation and air-conditioning system, consisting of:
- Four (4) air-cooled chillers (size not noted in outside equipment area)
« Fan coil units with fresh-air ventilation in general patient rooms
+ Fan coil units in general out-patient areas
+ VAV in administration areas
« Single-zone constant volume, 100% outside air with heat recoveryin critical
areas.

. Steam boiler for laundry, sterilizing and washer/decontaminators units.
. Fire fighting system: Wet pipe, combined sprinkler standpipe system with

combination electric and diesel fire pumps.
Waste disposal and incinerator system.
Low-pressure gas (LPG) services.
Irrigation system.

I. Automatic temperature control system.

5. Electrical

Building load is estimated at 6000 KVA. The following systems are proposed:
a. Standing Generator System: 2 - 700 KVA units.

b.

UPS Systems: Central plus 2 floor units for selected areas. A minimum of 30
minutes backup used.

. Power Distribution: Vertically via XLPE cable in shafts.
. Lighting: Primary lighting recessed parabolic fluorescent fixtures and energy-saving

lamps. Fixtures to have electronic ballasts and deo starters.

. Telewmmunication: Distribution will be by horizontal and vertical ladder-type cable

trays. Telephone company to provide backup lines. Standard equipment to be
specified.

Radio Communication: Masts and power to be provided on roof.

. Fire Alarm System: System to be microprocessor-basedautomatic, analog

addressable system alarm, to be displayed on a digital readout screen, and CRT
shall display graphics of system under activated alarm.
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h. Security System: Four sub-systemsto be provided:
a) Key management system for low-risk public areas
b) Card access control for high-risk areas
¢) Closed-circuit TV

i. Lightning Protection: System to consist of air terminal, electric device, arrestor,
lightning conductors, earthing rods and pits.

j. Earthing (Grounding) System: System to consist of Power Co. transformer grounding,
equipment grounds, foundation earthing, and special systems, e.g., OR, UPS,
medical equipment, low-current systems.

k Special Call Systems:

1) Staff automatic system
2) Nurse call and hospital communicationssystem
3) Radio paging system

6. Cost Estimate

The estimate was developed by the Project Manager and adjusted and validated by the
designers' estimator (see Section 3 - Value Engineering Procedures for Estimates).

The project estimate at bid and area analysis follows:

Main Hospital and supporting areas (356,000 S.F.)
= $ 74,000,000
Unit Cost = $ 210/S.F.

- Housing and Dormitories plus supporting areas (197,000 S.F.)
= $ 18,000,000.
Unit Cost = $ 93/S.F.

Total Estimated Costs $93,000,000
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SECTION 3 -VALUE ENGINEERING PROCEDURE

GENERAL

Value engineeringis a creative, organized approach, whose objective is to optimize the life
cycle cost and/or performance of a facility. To present a clear description of our assessment of
the project in terms of cost and life cycle usage, and the approach that we applied to the study,
we have outlined the procedure followed for the study.

A multidisciplinaryteam was formed to analyze the project design utilizing applicable value
engineering techniques. It was the objective of each team member to analyze the project, find
high-cost areas, recommend alternatives and estimate initial and life cycle costs whenever
significant for the original system and for each proposed alternative. Also, other criteria were
used to assure the proposed recommendations did not sacrifice essential functions and timely
completion of the project. The actual recommendations derived from the analysis are identified
in Section 4 of this report.

PRESTUDY

Upon receipt of the project documents-- namely, selected plans and design documents
(Design development) -- selected members of the VE team reviewed them. At this time the
estimate did not reflect the level of details of the documents. Also, a list of questions and ideas
to be reviewed during the first day of the formal workshop was generated.

The project documents were also reviewed by a medical equipment layout specialist for basic
comments. The comments received from the medical equipment specialist, from a large A/E
firm specializing in hospitals, were given to the client and design team. These comments were
reviewed with the consultants by the team and incorporated, as applicable, into the ideas
generated during the formal workshop.

VE JOB PLAN

The VE team analyzed the project documents submitted by the design team. These were the
design documents, including plans, cost estimate, and design report.

The VE study was organized into six distinct parts comprising the VE Job Plan: (1) Information
phase, (2) Creative phase, (3) Judgment phase, (4) Development phase, (5) Presentation
phase, (6) Report phase.

In accordance with the agenda, the design team and owner made an initial presentation on the
design constraints and development. At that time, additional drawings were submitted to the
team. A VE budget level estimate using the UniFormat system was prepared at the start of the
workshop. This estimate was resolved with the design team estimator and the resolved
estimate was used for cost modeling and proposals.
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Informatjon Phase

Following a study of the latest engineered documents, the VE team performed function
analyses of the different components of the project. The functions of any system are the
controlling elements in the overall VE approach. This procedure forces the participantsto think
in terms of function, and the cost associated with that function. Preparing the function analysis
helped to generate many of the ideas that eventually resulted in recommendations. Includedin
this report are the function analysis worksheets (Figures 3.1a and 3.1b).

Next, based on the resolved cost estimate, costiworth models were developed for hospital
(Figure 3-2a) and housing units (Figure 3-2b) to assist in isolating areas for value
improvement. Cost is in the form of unit cost {$/SF) for the project, as taken from the resolved
cost estimate for the project. Backup cost data is furnished with the model.

The teams assigned worth to the cost model based upon the function analysis performed, their
experience, and historical data for similar systems. This model indicated that the greatest
potential for value improvement exists in medical equipment, architectural, and, to a lesser
extent, the electrical and mechanical. Additional site savings in electrical utilities were isolated,
based on the differencesin the costiworth estimates. Actual savingsimplementedwill depend
on time required to implement, stage of design, and owner preferences.

Creative Phase

This step in the value engineering study involves the listing of creative ideas. During this time,
the value engineering team thinks of as many ways as possible to provide the necessary
functions at a lower initial and/or life cycle cost and design enhancements to improve required
functions. During the creative phase, judgment of the ideas is restricted. The value engineering
team looks for quantity and association of ideas, which will be screened in the next phase of
the study. This list may include ideas that can be further evaluated and used in the design. The
creative idea listing is presented in the last part of this report as Figure 3-3.

Judgment Phase

In this phase of the project, the value engineeringteams judged and ranked the ideas
generated from the creative session. The remainder of the creative idea listing worksheet was
used for this phase, and the results are included on the right side of the worksheet. Ideas
found to be impractical or not worthy of additional study are disregarded, and those ideas that
represent the greatest potential for cost savings are developed further.

Factors used in evaluating the ideas included: the state-of-the-art of the idea, cost to develop,
probability of implementation, the time necessary to implement, the magnitude of its potential
benefit, and its impact on aesthetics. The ideas were ranked from 1 to 10, with 10 being the
best idea. Ideas with a ranking of 8 or more were developed or combined into proposals.

To assist in preliminary judging of ideas and to gain additional knowledge regarding them, all

ideas were reviewed with the designer and owner team to hear any objections, problems or
agreement.
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DevelopmentPhase

During the developmentphase of the value engineering study, selected ideas were expanded
into workable solutions. Development consisted of the recommended design, life cycle cost
comparisons, and a descriptive evaluation of the advantages and disadvantages of the
proposed recommendations. It was important that the value engineering team convey the
concept of their recommendation to the Designer. Therefore, each recommendation has a brief
narrative to compare the original design method to the proposed change.

Sketches and design calculations, where appropriate, are included with the recommendations.
The VE recommendations are included in Section 4 = Summary of Results.

Presentation and Report Phase

The last phase of the value engineering effort was the presentation and preparation of
recommendations. The VE recommendations were further screened by the VE team before the
oral presentation of results. On the final day of the VE study workshop, a presentation of
recommendations contained in this report was made to the same team who attended the first
day.

At the conclusion of the workshop, VE proposals were reviewed, edited for clarity, and
re-evaluated for computation of cost savings. Recommendations and the rationale that went
into the development of each proposal are described in the proposals presented in Section 4.

ECONOMIC FACTORS
During the value engineering study, construction cost and life cycle cost summaries are

prepared for each element of the project. Economic data and assumptions made for the life
cycle cost comparisons were as follows:

Discount Rate 10% (compounded annually)

Analysis Period 30 years

Equivalence Approach Present Worth converted to Annualized Method
Inflation Approach Constant Dollars

Present Worth Annuity Factor ~ 9.42

Operating Costs

Energy Cost 0.03 cents/KWhr (average)
Maintenance Cost 1 to 5% of capital cost depending on element
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FUNCTION ANALYSIS WORKSHEET

PROJECT:

Hospital
TEM: Hospital and Supporting Facllities
BASIC FUNCTION:  House and treat patients

COMPONENT DESCRIPTION FUNCTION ( VERB-NOUN) KIND cosT WORTH wnmsn;:& COMMENTS
B = Basic Function S = Secondary Function RS = Required Secondary Funciion
SITE WORK
123 Bite Ulillies 2,678,667 1408268 1.0
124 Off-Site Work 138,887 110833 125
TOTAL BAAZ596 3404,201 180
STRUCTURAL
TOTAL 5,791,789
04 \Wall Closure Enclose space B 1,518,320 985809 1.84  Replace graniia/marble with
precast element.
081 Plumbing Service building B 2,225,867 1,780,683 125 ﬁ:onwlm. wasta and soil
TR,
D82 WAC Condition space B 4,566,667 3,520,747 130  Use unilary cooling.
083 Fire Prolection Protect space & people RS 800,787 492905 162
084 Special Mechanical Control systems RS 833,333 $33734 147
TOTAL 8,526,863 §428,079 133
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FUNCTION ANALYSIS WORKSHEET

PROJECT: Hospital
ITEM: Hospital and Supporting Facilities
BASIC FUNCTION:  House and irest patients

081 Service & Dist, Distribute power B 862,667 690,133 125 Ceniralize load.
082 Emergency & UPS Backup power RS 2,093333 1408299 14
093 Lighting & Power Light space B 1,202,779 844979 153  Improve light distribution.
094 Special Electrical Suppoarl systems RS 3,013,333 1,760373 171
TOTAL THLT1Z 4,705,786 154

T
i1l Fixed & Mov. Equip. Support building B 1,938,687 1287469 153
112 Fumnishing Provide ssrvices RS o 0 000 Uselocal market.
113 Special Const, Support building B 15,733,333 91539041 1,72

(Medical equipment)

TOTAL 17,672,000 10421470 170
‘GENERAL 20%
Mobilization Exp. 2% 1,009,669 B47943 156
Site Overhosds 2.5% 1,262,088 809.828 156
Demobilization 0.5% 282,417 161986 156
Off. Exp. 6 Profit 15% 7522419 4858576 136
TOTAL 10,096,692 6479435 1.55
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FUNCTION ANALYSIS WORKSHEET

PRWECT: Hospital

ITEM: Housing and Dormitories

BASIC FUNCTION: House doctors and hospital staff

COMPONENT DESCRIPTION FUNCTION (VERB-NOUN)  KIND  COST cos COMMENTS

B = Basic Function ~ §'= Secondary Function RS = Required Secondary Funclion ™~ 7~~~ 77777

FUNCTION ANALYSIS WORKSHEET

PROJECT: Haspital

ITEM Housing and Dormitories

BASIC FUNCTION' House doctors and hosp tat staff

COMPONENT DESCRIPTION FUNCTION (VERBNOUN) ~ KIND  COST WORTH  SO8TL COMMENTS

B = Baslc Function  § = Secondary Fiingtign RS = Réqulred Secendary Furiction T

SITE WORK

Overhead & Profit g 0 000

121 Site Preparation 0 0 000 Includedin Hospital

122 Site Imprevemeant 0 0 000 tnoluded in Hospital

123 Site Lidities 0 ¢ 000 included in Hospital

124 Ofi-8ite Work 0 % 000 includedin Hospital

TOTAL [] 0 000

01 Foundation Supportload B 210,477 168382 125  Eliminate water level problem.

93,832 75066 125  Move substryetura to grade

level.

03 Superstructure Suppott load and house staff B 1,904,773 1,358,933 140  Simplify structural system.

WTAL 2,209,083 1602381 138

ERCHITECTURAL

94 Wall Closure Enclose space B 1,879,200 1,358,933 146  Changegranite/marble with
precast.

05 Rocfing Pmtect building RS 4,777 58.240 1.63 Raduce space oocupant

06 Interior Construction Finish and beautify space B 3,450,144 2326600 148  Change wall construction from
gypsum board to CMU.

07 Conveying System Transport people B 912,000 728600 125

TOTAL 6,436,121 4ATEZTZ 144

MECHANICAL

081 Plumbing Service building B 787,200 582,400 135 Consofidate waste and soil tine

082 HVAC Conditian space 8 1,950,667 1,358,933 144 Use unitary eooling

083 FinProtection Protect buitding & people 0 000 None

084 Spectal Mechanical Contred system 0 [O T s X 1] None

TOTAL 2,737,857 1,941,333 141
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FUNCTION ANALYSIS WORKSHEET

PROJECT: Hospital
ITEM: Housing and Dormitorles

BASIC FUNCTION: House doctors and hospital staff

rneT!

COMWNENTDESCRIPTION FUNCTION ({ VERB-NQUN) KIND COST COMMENTS
B'="Hask Funttion ~ S'=Secondary Function ™~ &8 = Kequlred S&condary Function
CAL
091 Service & Dist, Distributepower B 230,667 174,720 132 Centralize load.
092 Emergency& UPS 0 0 000
093 Lighting 8 Power Light space B 830,933 388267 163 Improve light distribution
094 Special Electrical Support systems 146,667 97.067 151
TOTAL 1,008,267 660,053 153 N
EQUIPMENT
111 Fixed & Mov Equip Support buiiding 224,000 155,307 144
112 Furnishing Provida servicas 920,000 582,400 158 Use local market
113 Special Const 0 0 000
TOTAL 1,144,000 737,707 155
GENERAL 20%

Mabilizatian Exp. 2%
Stte Overheads 2 5%
Demobilization0 5%

Off Exp. & Profit 15%

TOTAL 2,707,067 1,883,569 1.44

OVERALL TOTAL 16242,405 11,301,417 144
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Cost/Worth Model

Value Engineering Study
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VALUE ENGINEERING REPORT

Hospital
SECTION 4 - SUMMARY OF RESULTS
GENERAL

This section of the report summarizes the results and recommendations for the study. Ideas that were
developed are submitted here as recommendations for acceptance. It is important when reviewing the
results of the VE study to review each part of a recemmendation on its own merits. Often there is a
tendency to disregard a recommendation because of concern about one portion of it. When reviewing
this report, consideration should be givento areas within a recommendation that are acceptableand
apply those parts to the final design.

VALUE ENGINEERINGRECOMMENDATIONS

The value engineering team developed fifty-six (56) proposals for change. They represent approximately
sixteen million dollars ($16,000,000) in potentialinitial cost savings and over $265,000/year

in present worth of annual G & M cost savings, plus over $500,000/year in additionalincome. In addition.
22 design suggestions are provided to clarify design, improve design, or increase cost. For Owner
consideration. some recommendations for deferred cost reduction of $19,000.000 are presented.

For clarity, proposals have been separated into groups, as shown below

Recommendation No, of DeferredCost ~ PW of Add'l Initial Life Cycle
Category Proposals Reductions Income Savings Savings
GENERAL 2 16,000,000
ARCHITECTURAL 17 3,359,143 3,359,143
STRUCTURAL 3 128,784 128,784
MECHANICAL 14 1,242,477 2,146,809
ELECTRICAL 11 3,783,086 4,586,725
MEDICAL EQUIPMENT 8 3,919,345 4,947,427 7,494.228 7,494,228
Total of Proposals 55
TOTALS 19,919,345 4,947,427 16,007,718 17,695,690

Savings Summary Legend
(All Costs in $US)

To assure continuity of cost between the recommendations proposed by the VE team, we have used the
project cost estimate developed by the VE team in cooperation with the Designer as the basis of cost.
Where this was not possible, the VE team used data provided by PM estimators. All iife cycle costs
were based on using the economicfactorslisted in Section 3 of this report.

A summary of potential cost savings for each VE recommendation follows.
Value engineering recommendations are presented in Section 4.
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Summary of Potential Cost Savings from VE Proposals

Hospital
Life Cycle
PROPOSALS Rgsz"c’tﬁﬁis Savings
(PW)
GENERAL, SITE
G9 Delete Male housing and rent space.
(Not additive to G-10)
G190 Bid housing using design, build, lease back 16,000,000
o General Total 16000000
PROPOSALS Initial Life C_:ycle
Savings Savings
ARCHITECTURAL
A3 Relocation of medical gases PMG 5,273 5,273
A5 Revise layout of outpatient area waiting room.
A7 Clinical Labs I Hemodialysis Department -95,191 -95,191
A8 Exterior precast panels, Hospital.
(See A24 & A 25)
A 8a Interior partitons - Houslng
(See A 24 & A 25, notincludedin total)
AB8b Interior partitions - Hospital 298,320 298.320
A10 Change canopies on Housing units
(See A 25, notincluded in total)
A1 Eliminate balconies on doctors' housing units. 239.327 239,327
(See A 24 & A 25, not included in total)
A 12 Relocate basement of housing units to above grade. 105,561 105,561
grade. (See A 24 & A 25; savings not included in
total.)
A 13 Courtyard re-evaluation 178,088 178,088
A17 Raise hospital & building grade by 1 meter. 478.216 478,216
A22 Raise partition size from 10 cm to 20 cm minimum in (28,627) (28,627)
basement.
A 24 Combine nurses' dormitories and optimize design. 2,485,815 3,668,118
Note: If G 10 implemented, savings are redundant.
(Savings not included in total.)
A 25 Combine doctors' housing and optimize design. 4,467,805 7,206,288

Note: If G 10 not implemented, these savings can be
implemented. (Savings not included in total.)
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Summary of Potential Cost Savings from VE Proposals

Hospital

A27 Consider masonry exterior walls. 1,064,336 1,064,336
Note: if G 10 or A 8 not implemented, these savings
can be implemented. (Savings not included in total.)

A28 Internal floor finish -change granite to periato sicilian. 271,200 271,200

A 29 Change OR floor finish to less expensive material. 361,600 361,600

Architectural Total 3,359,143 3,359,143
PROPOSALS Im'FlaI Life chle
Savings Savings

STRUCTURAL

S 1,2,3.4 Reduce slab on grade thickness and use vapor 156,808 156,808
barrier membrane.

S7&8 Re-evaluate the use of hollow-core slabs & change (506,240) (506.240)
floor-to-floor height (4.4)

S14 Simplify ground-level heights. 478,216 478,216

Structural Total 128,784 128,784

MECHANICAL

M2 Consider point use water coolers vs. central

M5 Consolidate sewage and waste lines.

M6 Connect to Balada sewer; eliminates STP.

M 10 Consider using water-cooled chillers vs. air.

M12 Use de-coupled loop piping.

M 14 Shade air-cooled chillers.

M 15 Increase CHW temperature rise.

M 19 Modify summer inside design conditions.

M 20 Reduction of OR airflow when not used.

M21 Provide for HEPA filtered re-circulation of operating-
room air.

M 22 Use central AHUs vs. fan coil units in patient rooms.

M 26 Cool computer rooms with AC units w/Econocoil. 27,333 34,877

M 28 Delete diesel fire pump and provide emerg. power. 28,000 53.147

M 29 Use CHW cooled units for substation/UPS cooling. 14,400 64,140

Mechanical Total

1,242,477 2,146,809
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Summary of Potential Cost Savings from VE Proposals

Hospital
o
ELECTRICAL
E 1,284 Reconfigure electrical distribution system. 1,659,473 1,831,818
Ela Consider alternate configuration. 1,272,621 1,424,745
E5 Replace parabolic fxtures wfselect prismaticlens. 205,316 395,344
E6 Replace electronic ballast with high-power factor 262.865 403,272
ballast.
E 10 Use GFI to control 1 circuit receptacles. 4014 4,014
E 11 Reconfigure outdoor lighting. 93413 184,512
E 14 Delete plumbing fxtures sensor. 15.730 33,733
E 15 Delete clocks in patientmoms. 26,035 45,668
E 16 Centralize UPS. 80,000 80,000
E17 Change chillers supply voltage to 380 V. 56,952 56,952
E 20 Relocate switchgear room in basement. 106,667 106,667
Electrical Total 3,783,086 4,566,725
PROPOSALS InDit? ;T réiit Initial Cost '-g:v%yge
MEDICAL EQUIPMENT
ME 1 Consider leasing equipment for clinical labs.

ME 2 Defer cardiac equipment.
Deferred Initial Cost 1,250,000

ME 3 Defer MRI equipment
Deferred Initial Cost 2,250,000

ME 4 Defer procurement of Nuclear Medicine/Gamma.
Deferred Initial Cost 419,345

ME5 Add one additional ultrasound unit. (28,500) 606,621
ME 6 Add 3 additional beds to hemadialysis (see A7 for

new layout).
MES8 Optimize procurement of medical equipment/ 7.613,395

tumiture L kiichenl laundry.
ME9 Add mobile radiographic units. (90,667) 2,723,200

Deferred Initial Cost 3.919.345

Initial Savings 7,494,228
Present Worth of Additional Income 4,947 427
Life Cycle Savings 7,494,228

Caee Study Two  Hospital and Saff Housing Complex



Value Engineering Recommendation
Project: Hospital VE Rec. No.
Iltem: Revise Layout of Clinical Labs / Hemodialysis Department A7

The dinical labs and hernodialysis department are located between axis 10, 16 and A, F. They are
divided into separate areas for blood donation, clinicallab and for hemodialysis.
See attached plan.

Consider rearrangementof the clinical labs and blood donation as per Sketch No. A-7. The change
allows for an improved separation between the donation area and clinical labs, and accessibility of
outpatients to donation area. In addition, switching the donation area and hernodialysis area will
allow anincrease of 3 additional beds for hemodialysis patients.

Note: See ME 6 for overall savings generated.
Discossion, Advantages and Disadvantages

The rearranged layout improves the flow of outpatients to the labs and the blood donator to the
donation area, keeping the required privacy of the clinical labs. It will allow the addition of
hemodialysis beds that will increase the revenue of the hospital. Also, the present design does not
accommodate pediatric patients. Additional beds will be designated for this purpose.

G

OrginalDesign . '
Not applicable
Total Cost
Curtains
Chart dressing
Chair dialysis
Hemodialysis unit
Oxygen outlet
Medical air outlet
Medical vacuum outlet
Markup %
Total Cost
Initial Annual O&M
Original N.A.
Proposed 95,191
Savings -95.191
PW Annual Savings at (Factor) 943

TOTAL SAVINGS (Initial + PW Annual) ($95,191)
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Value Engineering Recommendation
Project: Hospital VE Rec. No.
Item: Revise Layout of Clinical Labs / Hemodialysis Department A7

Sketch No. A7

H A
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Value Engineering Recommendation

Project: Hospital

VE Rec. No.

Iltem: Revise exterior precast panels for hospital and housing. AB

Present design calls for 7" exterior precast concrete exterior wall panels for both the hospital and
housing (see AD-I).

I . Use 5" precast wall panels for hospital only.
2. Use CMU, plaster and texture paint for housing units.

The team discussed panels with a local manufacturer, who indicatedthat a 5" panel would suffice.
This change will result in considerable weight and cost savings.

The recommendation to use CMU, plaster and paint for the housing is based on budgetary
resrictions. Maintenance costs should be slightly higher for the housing exteriors requiring painting

7" thick precast panels, hospital SF 213,156 9.91 2,113,067
7" thick precast panels, housing SF 114,594 9.91 1,136,000
Mark up % 013 3,249,067 422,379
Total Cost
Lnit Quantity Unit Cost  Total
5" thick precast panels for hospital SF 213,156 6.20 1,320,667
buildingonly
CMU, plaster and paint, housing SF 114,594 2.23 255,600
Mark up % 0.13 1,576,267 204,915
Total Cost
Savings
Exterior Wall Maintenance - Original LS 1 Based
Exterior Wall Maintenance - Proposed LS 1 3,000.00 3,000
Savings 3,000
Initial Annual Q&M
Original 3,671,445
Proposed 1,781,181 3,000
Savings 1,890,264 -3,000
PW Annual Savings at (Factor) 943 -28,278
TOTAL SAVINGS (Initial + PW Annual) 1,861,986
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Value Engineering Recommendation

PROJECT: Hospital

VE Rec. No. A 8

| TBM Revise exterior precast panels for hospital and housing
| Division: Tille: Deloil: Detail No:
3| CONCRETE AND TYPICAL __ADL_
«| MASONRY CONCRETE WINDOW SILL roject: 3
4 LINTEL DETAIL dale. OCT. 96
1 1 Il (mm ﬂRC PROOF,
OUTER FOILED BACK.VAPOUR &
DAMPING DARRIER
PRECAST PANEL —_  —FLOOR TINISH
TYP. GROOVE
5cm SCREED
————————————— ]
COW. oms
< 111 W fhin l
|
|
|
|
FALSE CEMLING !
|
CURTAN WAL — I |
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Value Engineering Recommendation
Project: Hospital VE Rec. No.
Item: Reconfigure electrical distribution system. E 1,284

The design document shows a substation building of about 9,500 SF to house 6 transformers
for both housing and hospital. After revising the loads to all facilities, the required transformers
capacity will be 9000 KVA. From the substation, it is required to run about 59.000 LF of 3 x 300
plus 150 mm? low voltage cables complete with manholes and all supporting items to feed
electricalloads in all buildings and chiller compound.

Proposed Design

The VE team recommends the use of high voltage distribution utilizing 13.8 KV network to different
facilities and using oil-type transformer, outdoor mounted near load concentration. Pad mounted
transformers of the loop feed type are recommended.

——r =

Discussion, Advantages and Disadvantages =~~~ = e

The VE team feels that proposed design will result both in initial and LCC cost savings. In addition,
better power distribution performance and improvement of service is achieved.

The only disadvantage is that the owner has to maintain the transformers. Maint. should not exceed
2 hourslyr. for each unit. Replacementcosts are minimal when transformers are designed as they

are at 80% of their capacity. Their life expectancy should not be less than 25 years. High
voltage cables once properly installed needs no more maintenance time than low voltage cables.

Original 2,449 584 32,464
Proposed 792,126 13,492
Savings 1,657,469 18,972
PW Annual Savings at (Factor) 943 178,834

TOTAL SAVINGS (Initial + PW Annual) 1,836,302
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Cost Worksheet

Project: Hospital VE Rec. No.
Item: Reconfigure electrical distribution system E 1,284
Unit Quantity Unit Cost Total
Transformer type 1000 KVA
High voltage switchgear 11 CBS, tie break.
LV cables to 2 doctors' housing
3 x 3000 + 150 mm? 3%VD
Cable to recreation building LF 19
3 X 240 + 120 mm? 2.73% UD
Cable to main building LF 23
3 X 300 + 150 mm’ 2.5%VD
Cables to female dormitories LF 23
3 x 300 + 150 mm? at 2.9%VD
Cable to mosque LF 15
3x 185 + 95 mm? at 1.55%VD
Cables to Hospital LF 23
3 x 300 + 150 mm? at 1.25%VD
Cables to chillers, MCC only LF 23
3 x 300 + 150 mm?
Manholes
Substation building
HV cables 300 mm?
Markup (Contingencies) % 0.13 2.167.783 281,812
Total Cost
Maintenance cost % 0.0 2,449,594 24,496
Operation cost/ Power loss KWhrslyr 0.03 265,601 7,968
Total Cost
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Value Engineering Recommendation

Hospital VE Rec. No.
Reconfigure electrical distribution system E 1,284

For Housing: Transformer pad-mouni  ea 2 30,667 61,333
oil type 1500 KVA

For Hospital: Transformer pad-mount  ea 2 25,333 50,667
oil type 1000 KVA

For Chillers: Transformer pad-mountt ea 2 44,000 88,000
oil type 2000 KVA

HV switchgear incld. CBS for Lincomr ea 1 173,333 173,333
outgoing, 4 for loop feed

13.8 KV loop feed 300 mm? LF 3,281 28 93,163

Cables:

For hospital: 3 x 300 + 150 mm? LF 1,312 23 29,812

For chiller: 3 x 300 + 150 mm? LF 2,297 23 52,171

For Doctors housing: 3x 300 + 150n  LF 2,625 23 59,624
Dorm: 3 X 95 + 150mm?® LF 2,297 23 52,171

For Mosque: 3 X 95 + 50 mm? LF 328 8 2,662
For Recreation: 3 x 95 + 50 mm? LF 328 8 2,662

Building for switchgear & SCECo SF 646 55 35,397
switchgear

Mark up (Contingencies) % 13% 700,996 91,130

Total Cost
Maintenance cost % 0.015 792,126 11,882
Operation cost I Power loss KWhrs/fyr 0.03 53,655 1,610
Total Cost
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Value Engineering Recommendation
Project: Hospital VE Rec. No.
ltem: Add 3 Additional Beds to Hemodialysis Dept. (see A 7 for new layout) ME 6

Present design call for 4 beds in hemodialysis.

Revise design to add 3 additional beds to cover needs for pediatric patients & the prenatal units.
Relocate the unit to a larger space (see A-7).

This area is in demand. Hemodialysisis a needed service with long waiting lists at existing
hospitals. The local market should be more than able to supply the need for the additional beds.
The projected income will easily offsetinitial costs and help defray other expenses. At present.
pediatric patients cannot be property serviced.

See income projection and costs attached. Break-even s less than one year.

Original

: See present worth of )
Proposed 105000 | additional annual income !
Savings -105,000

PW Annual Savings at (Factor)
TOTAL SAVINGS (Initial + PW Annual) $1,617,600
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Cost Worksheet

Project: Hospital VE Rec. No.
Iltem: Add 3 Beds to Hemodialysis Dept.  (See A-7 for new layout) ME 8
Initial Cost
Beds at $35,000 bed 3 35,000 105,000
Subtotal 105,000
Replacement @ 8 years and 16 years
PW @ 8 years 0.47
PW @ 16 years 0.22
Total 0.69
Annual Cost
Maintenance
Main equipment 105,000
Operation supplies 2,667
Subtotal
Staffing
Specialist Staff 13 40,000
Technologist Staff 13 21,333
Subtotal
Income Projections (outlays in equivalent annual dollars)
Revenue Shyr
Average case per wash $ 267
Case per day (3 hrs per wash) Case 4
Days of operation per year Day 280
Break-even analysis — Equivalent Annual Cost
(Initial + Replacement Cost) x PP 20,850
Initial 177,450
PP 0.1175
Maintenance and Operation 8.000
Staffing 79,733
Total $#yr 108,584

Break-even in $/yr = Equivalentannual cost of expenditures 1 annual income
= $108,584/yr 1 $298,667/yr = 0.38years orless than 5 months

PW = Annual Income x PWA =190,083x 8561 =
Annual Income = Income - Expense = 298.667 - 108,583 = $190,083
PWA 8.51
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n 1993 a value engineering study was performed as one component o a

training program at arefineryfacility in California. Three teams, studied the

facility from the following points of view: layout, process, and
electrical/mechanical/piping.

On fina implementation, 60%—or approximately $35,000,000—in savings
were redlized, representing an 11% reduction. Follow-on annual savings were
$500,000/year.

The itemsbelow and shown in this case study have been excerpted from an actual
CGS@ Study Elements VE report. (TheTable of Contents on page 245 isone of the excerptsand refers
to somedocumentsnot listed here or shown in the section.)

Description Page
Table o Contents (fromoriginal study report) 245
Executive Summary 246
FAST Diagrams
Team 1 Layout 248
Team 2 Process 249
Team 3: Electrical/Piping/Mechanical 250
CostfWorth Model 252
Summary o Results 253
Summary of Potential Cost Savings 254
Selected Potential Cost Savingsfrom VE Recommendations
ReviseLayout of Site (No. L-10) 256
Combine/Reduce Sizeof Storage/Port Tanks (No. P-36) 263
Revise 115KV Plant Feed from Underground to Aboveground 270
(No. E-3)
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VALUE ENGINEERING REPORT

Refinery Project
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Value Engineering Report
Refinery Project

EXECUTIVE SUMMARY

Thisreport presentsthe resultsof a 1993 valueengineering (VE) study as part of atrainingeffort
for the proposed subject facility. There were three study teamsfor therefinery facilitieslocated
overseas. layout, process, and mechanical/piping/electrical. These teams comprised some 15
professionalsfrem the oil company and their consultants. This Executive Summary describes
their efforts.

Team 1: Project Layout

The team conducted a component function analysisand devel oped a Function AnalysisSystem
Technique (FAST) Diagram as an aid to understanding the present design. Theteam generated
64 ideas, from which four were selected for development. In addition, the team developed 12
design suggestions.

The principa proposalswere to consolidate thesite to reduce interface cost, reducethesize, and
consolidate buildings to reflect required rather than desired future requirements. The team
isolated potential savingsof some $8.5 millionin initial cogts.

Team 2: Process

Theteam reviewed the processflow for the project and developed a component function analysis
and FAST Diagram. The team generated 44 ideas, from which four proposalsand five design
suggestions were generated. These would result in $38 millionin VE recommendations. An
additional $1 million in annual cost savingswould aso be achieved.

The principal proposals were to combineor delete excessively redundant typetanks, use
seawater for process cooling, reduce the number of seawater pumps, and eliminate pipeline

scrapers.
Team 3. Electrical/Mechanical/Piping

Theteam reviewed a myriad of functional areasfrom their function and FAST analyses. The
team focused on the pipingas well as the el ectrical comments generated by the el ectrical team.
Theteam generated 32 ideas and devel oped five proposalswith estimated savingsof $7.6
million, and 24 mechanicaland el ectrical design suggestionsestimated at $2.2 million in
additional savings.

The principal proposalswereto eliminateone product loadingar mat the port facility because of
its poor value; eliminatesome of the excessivefill requirement in the off-plot tank areg; install
the main electrical distribution line above ground; and reduce the size of the main transformers
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closer to actual needs. Some key design suggestionswere to eliminatethe 15% overdesign for
tanks, useearthen berms for the site, reduce pump spares, and delete one of the pipelaunchers
and receivers.

Total Impact

Thetotal impact of this workshopwas to identify potential savingsin initial costsof about $55
million. This represents approximately 17% of the planned investment for the project areas
studied.

Another $1 million in annual operations and maintenance savingscould be accomplished if all
of the ideas were implemented.

Careful foiiow-on study should be givento the design suggestions that have a potential
additional savingsin excessof & million.
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FUNCTION ANALYSIS SYSTEM TECHNIQUE (FAST)

FUNCTION/LOGIC DIAGRAM
HOW? >==
Transport !
Product |
IProduct #2 I IProduct#1
Transport Store
Product #3 Product £3
1< 4 . - . - . Project Scope
- Functions that happen'at Me sametime" are shown vertically from the critical path,
NOTES: - Functions are the objectives of the project expressed in active verbs and measurabie nouns.

- Reading from right to lefl on Re FAST Diagram explains why each function is necessary.
- Reading from lefl | o right on h e FAST Diagram expiains fiw each function can be achievad.

Project Name. Refinery

Team 1 - Layout

Location:

<c< WHY 7

1House Supplies 1

Isupport Pipe !
IManufacture Transport
Product Feedslock
{Out of Scope)
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FUNCTION ANALYSIS SYSTEM TECHNIQUE (FAST) Project Name. Refinery

FUNCTION/LOGIC DIAGRAM

Team 3b - Piping/Mechanical

Location:
HOW ? >>> <<= \WHY ?
. . : , . 1 |
Transfer ' “Store Transfer
Product 1 JOff-Site Product
| jOperate Operata
Product
— !
Ship | | Transfer |
Product Product
| 1
Operate
Loading
Project Smpa >

NOTES: - Functlions are the objectives of Ihe project expressed h active verbs and measurablenouns.
-Reading from right to left on the FAST Diagram explains why each function is necessary.
-Readingfrom left to right onthe FAST Diagram explains how each function can be achieved.
- Functions that happen "at the same lime' are shown verticallyfrom the critical path.



COSTWORTH MODEL

VALUE ENGINEERING STUDY
Legend. Project: Refinery
1 1 —
Phase: Feasibility —
Date:
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VALUE ENGINEERING REPORT
REFINERY PROJECT

SECTION 4= SUMMARY OF RESULTS
GENERAL

This section of the value engineeringstudy summarizesthe resultsand recommendationsfor the study.
Ideas that were devel oped are submitted here as recommendationsfor acceptance.

It is important when reviewing the resultsof the VE study to review each part of arecommendationon
itsown merits. Often there isatendency to disregard a recommendation because of concern about one
portion of it. When reviewingthis report, consideration should be given to the areas withina
recommendationthat are acceptableand apply those partsto the final design.

VALUE ENGINEERING RECOMMENDATIONS

The value engineeringteamsdeveloped 13 VE proposalsfor change based on the current design and 41
design suggestions havinga potential initial cost savings of some$60 million and present worth life
cyclecost savingsof $68 million. One additional proposal (P-44) isnot included in the abovetotals
becauseit is an alternate which was not fully developed and affects RO . The table below providesa

summary of proposals.

Initial Tota
Recommendation Ref. Nb. Cogt PW Cost
Category Code Proposal Savings Savings
VE Proposals
Layout L 4 8, 540, 000 8, 422,000
Process P 4 38, 700, 000 47,177,000
Mechanicd M 5 7,662, 000 7,874,500
TOTALS 13 54, 902, 000 63, 473, 500
Design Suggestions
Layout L 12 2,900, 000 2,900, 000
Process P 5 25,000 45, 000
Mech/Elec M/E 24 2,180, 000 2,180, 000
TOTALS 41 5,105, 000 5,125, 000
GRAND TOTALS
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SUMMARY OF POTENTLAL COST SAVINGSFROM YE RECOMMENDATIONS

INITIAL ANNUAL TOTAL PW
cost O&M COST CosT
NO. DESCRIPTION SAVINGS SAVINGS SAVINGS
LAYOUT TEAM
L-2 Reduce Size of
Admin. Building
L-3 CombineBuildings
L-10 Revise Layout of
Site
L-27 Combine MCC and
Control Room
L-DS Design Suggestions
Layout Totals
PROCESSTEAM
P-14 Use Seawater for
Process Cooling
P-17 Eliminate/Reduce
Seawater Pumps
P-25 Product Pipeline
Scrapers
P-36 Combine/Reduce Size
of Storage/Port Tanks
P-44 Reconfigure Plant
to Make no Benzene
P-DS Design Suggestions
Process Totals

Note: ' Ideais not fully evaluated, needs further study, and is not included intotals.
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SUMMARY OF POTENTIAL COST SAVINGSFROM VE RECOMMENDATIONS

INITIAL ANNUAL TOTAL PW
COST O&M COST COosT
NO. DESCRIPTION SAVINGS SAVINGS SAVINGS
MECHANICAL/PIPING TEAM
M-10 EliminateOne
Loading Arm
M-17 Combine Wastewater &
Off-Plot Tankfeed
M-21 Eliminate Tank Area
Fill
E-2 Reevauate Substation
E-3 Revise115K YV Plant Feed
M-DS Desi gn Suggestions
E-DS Electrica Desgn
Suggestions TBD TBD TBD
Mechanical/Piping Totals $25,000 $10,054,500

Grand Total
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VALUE ENGINEERING RECOMMENDATION NO. L-10

PROJECT: Refinery Projects
ITEM: Revise Layout of Site

ORIGINAL DESIGN

Layout and flow sequences are shown on Attachment |I. Refinery and product store tanks run along the
north side of the site. Feed entersat (1), goes to tank at (2) and back to Refinery at (3). Products flow
from (3) to (4) C, (benz), (4) four other product types (mixed parts). Then al products flow from tanks
to point (5).

PROPOSED DESIGN

Various rearrangements were considered as a means to reduce pipe costs. They are briefly described and
comparatively ranked on the attached Weighted Eval uation sheet.

As shown, the highest ranked alternate was based on moving the tanks to the south of Refinery and
moving all hydrocarbon products facilities to the east. Most personnel and utility facilites move to the
west near thesite center. All the future siting is moved to the far west. The rearrangement is shown on the
attached sketch. Lengths were scaled from the drawings.

DISCUSSION

The primary driver for this proposa was to minimize the piping to carry the hack and forth flow
sequences. Theresult was a reduction in on-site piping from 7,847 metersto 4,499 meters.

Added costs of moving building further from water and power supplies are assumed balanced by cost
reduction in moving wastewater treatment and surge ponds closer to the wastewater pumping station.

LIFE CYCLE COST SUMMARY Capital Annual O&M
Original
Proposed
Savings
LIFECYCLE (PW) SAVINGS $ 2,940,000
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VALUE ENGINEERING RECOMMENDATION NO. L-10

PRQIECT:  Refinery Projects
ITEM: Revise Layout of Site

Biping Unit Cost Determination

Extension of off-sitepipelineto feed storagetanks:

Line cost $43,795,000 for 67.5 km length; this is$649/m.
Information is from area/unit 90-90 from cost estimate.

On-site hydrocarbon piping, except cyclohexanes:.

Cost from estimate is $5,332,000, and length from layout drawing is 6,030 m. Thus, unit wst is
$884/m.

Cyclohexane pipe is 852 meterslong and costs $71,000. Unit cost is then $83.30/m.
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VALUE ENGINEERING RECOMMENDATION NO. L-10

PROJECT: Refinery Projects
ITEM: Revise Layout of Site

Original Layout
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VALUE ENGINEERING RECOMMENDATION NQ L-10

PRQIECT:  Refinery Projects
| TEM Revise Layout of Site

Proposed Layout
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Weighted Evaluation
Project: Refinery Facility
Revise Layout of Site

How Important:

Criteria 4- Major Preference
3 -Above Average Preference

Criteria Scoring Matrix 2 -Average Preference

*Arbitrarily assigned score of 1 to keep in evalutation.
5-Excellent 4-Very Good 3-Good 2-Fair 17-Poor
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COST WORKSHEET RECOMMENDATION NO. L-10

PROJECT: Refinery Projects
ITEM: Revise Layout of Site

lte Quan. Meas. Unit Cogt

—
=
E

ORIGINAL DESIGN

Pipdineextensonto
feed tank

Feed tank to Refinery

Refinery to 1« storageto
siteedge

Refinery to 2nd storageto
siteedge

Refinery to 3rd storageto
Siteedge

Refinery to 4th storageto
Siteedge

Refinery toflare

Totd
PROPOSEDDESIGN

Pipdineextensionto

feed tank 326
Feed tank to Refinery 139
Refinery to | st storage to

siteedge 917 m 834.00 810,628
Refinery to 2nd storageto

siteedge 752 m 884.00 664,768
Refinery to 3rd storageto

siteedge 1022 m 884.00 903,448
Refinery to 4th storage to

Siteedge 665
Refinery toflare 678

649.00 211,574
884.00 122,876

3 3

83.30 55,395
884.00 599,352

33

Totd $-3,368,041

SAVINGS $ 2,659,736
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LIFE CYCLE COST WORKSHEET RECOMMENDATION NO.L-10

PROJECT: Refinery Projects
ITEM. ReviseLayout of Site

Discount Rate: 10%
EconomicLife 20years

PRESENT WORTH ANALYSIS

(Costsal $ x 1,000)
Original Proposed
Estim. PW Estim. PW
Factor Costs Costs Costs Costs

INITIAL COSTS

Pipelines

Totd initial cost

REPLACEMENT COSTS

Not applicable

Total repl. cost 0 0
ANNUAL COSTS

Assume maintenance
eguals 1% of investment

Maintenance 10.7 60 642
Total Annua Costs
Totd Annual Costs (PW)

TOTAL PW COSTS 6,670

LIFE CYCLE PRESENT WORTH SAVINGS
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VALUE ENGINEERING RECOMMENDATION NQ P36

PROJECT: Refinery Projects
ITEM: Combine/Reduce Size Storage/Port Tanks

ORIGINAL DESIGN
Feed: Feed arrives from sourceto one of two stock tanks. Whileone isfilling, the other feedsthe process.

Interim Product Storage: Benzene and cyclohexane run down to day tanks for checking product quality
prior to shipment to the port. If off-spec, they are re-run viaan off-spec tank. On-spec Benzene goesto a
product tank for either shipment to port or for local sale.

By-product Storage: The two by-products run down to day storage prior to batch shipment down a
common line.

PROPOSED DESIGN

Feed: Fead directly to process. A feed stock tank is provided to, a) keep the plant on-line during a feed
line interruption, b) providesurgein case plant is off-lineand c¢) catch off-spec product for rerun.

Interim Product Storage: None is provided on-site. All products run down directly to the port. Product
qudity is continuously monitored by line sampling. If a product is off-gpec it is routed directly to the
processar to thefeed stock tank.

By-product Storage: All by-products are shipped directly to the port in dedicated lines.
DISCUSSION

The excess tankage and associated large volume pumps and large diameter piping represent a textbook
"wst of quality." Changing paradigms involving break tanks will result in significant cost savings of
$25.25 million without sacrificing/compromising the operation. The perceived improved reliability of the
origina system isjust that, a a very high cost of initid capital outlay, greater maintenance (more/targer
pumps, more instrumentation, more monitoring wells, etc.) and permanent cash tied up of $1 15 million
in the hydrocarbon inventory of thesetanks.

LIFECYCLE COST SUMMARY Capital Annual O&M
Origind $ 60,900,000 $ 830,000

Proposed $ 27,100,000 $ 145,000

Savings 3 33,800,000 $ 685,000

LIFECYCLE (PW) SAVINGS $ 39,600,000
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VALUE ENGINEERING RECOMMENDATION NQ P-36

PROJECT:  Refinery Projects
ITEM: Combine/Reduce Size Storage/Port Tanks

DISCUSSION (Continued)

Feed: The feed from the field must be approximately equal to the process feed at any given time. So
why not feed the plant directly? A booster pump may need to be run to do this, but the charge pump can
remain off Only one charge pump is required as it is in intermittent service. A spare can be warehoused.
The feed stock tank isavailableto catch off-spec, to catch feed if the processis down, or to feed the plant
if the pipeline is down.

Interim Product Storage: It is not possible to get a representative sample of an 8,000 - 14,000 bbl tank as
the contents are not well mixed. If the tank is off-spec, then 8,000 - 14,000 bbl of material must be
reprocessed. Not only is the cost to process this material lost the first time, but an equivaent amount of
new feed will never be processed = a permanent revenue loss. Instead, check product quality
continuoudly, if a reliable on-line analyzer exists and/or through frequent sampling. Operator intervention
should occur as soon as the problem shows up instead of risking an 8,000 - 14,000 bbl batch to be
spoiled. Local sales can be taken right off the run-down line. If the rate isn't sufficient, flow can be
reversed in the off-plot line by shipping back from the port. Off-spec products are routed hack to the front
end (or into the process immediately). This will be similar to product handling during start-up as the
process becomes lined-out.

By-products: Send thesedirectly to the port. There does not seem to be agood reason for on-site storage.

Savings in Associated Facilities:
Reduce quantity of monitoring wells
Smaller VRS required (only one tank vs. four)
Eliminate N2 pad for 6 tanks
Eliminate N6 pad for 3 tanks
Eliminate 14 pumps
Replace 5 miles of 10", 12", and 14" line with
1-4"2-6"and1-8"line
Reduction in energy costsfor extrapumping
Increase reliability (less pumping & VRS equipment in chain)

Basisfor Savings:

0 Ability to frequently sample, analyze, and take action (must be able to operate a chromatograph
24 hours/day).

0 Process has sufficient stability to allow normal operation under spec.

0 Any required blending can be done at the port.
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VALUE ENGINEERING RECOMMENDATION NO. P-36

PROJECT:  Refinery Projects
ITEM: Combine/Reduce Size Storage/Part Tanks

Original Layout
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VALUE ENGINEERING RECOMMENDATION NO. P-36

PROJECT: Refinery Projects
ITEM: Combine/Reduce Size Storage/Port Tanks

Proposed Layout
=S —"" "~
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Weighted Evaluation
Project: Refinery Facility
Combine /Reduce Size Storage/ Port Tanks

How | mportant:

4 - Major Preference

Criteria 3 -Above Average Preference
Criteria Scoring Matrix > -Average Preference
1-Slight Preference
-Letter/ Letter
-No Preference
e -Each Scored One Point
B. Energy Costs
€. Operability

b Maintainability
. Reliability
o

G.

Analysis Matrix
Alternatives

1. Qigind

2. Proposed

3.

* Arbitrarily assigned a score of 1 to keep in evaluation.
5-Excelfent 4-VeryGood 3-Good 2-Fair 1-Poor
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COST WORKSHEET VE RECOMMENDATIONNO. P-36
PROJECT: Refinery Projects
ITEM: Combine/Reduce Size Storage/Port Tarks
Unit Cost

ORIGINAL DESIGN
Tanks & spheres bbls
Pumps Is
VRS bbls
Bulks & associated

equipment (OSBL) pc
P/L's to port (unit 90-91) dizin
Electrical (guessfrom 80-88) kw
Subtotal
Markup $ .81
Totd
PROPOSED DESIGN
Tank bbls
Pumps (increase |SBL head) Is
VRS bbls
Bulks & associated

equipment (OSBL) 3-1/2 pc Is
P/L’s to port (unit 90-91) dia-in
Electricd (orig = 18 pumps) pumps
Subtotal
Markup $
Totd
SAVINGS $25,183

Case st&

Three Refinery Facility



LIFE CYCLE COST WORKSHEET RECOMMENDATION NO. P-36

PROJECT:  Refinery Projects
ITEM: Combine/Reduce Size Storage/Port Tanks

Discount Rate: 10%
EconomicLife: 20 years

PRESENT WORTH ANALYSIS
(Costsall $ x 1,000)

Origind Proposed

Estim. PW Estim.

PW

Factor Costs Costs Costs Costs

INITIAL COSTS
Congtruction 1 49,400 49,400 24,200 24,200
Working capital 1 11,500 11,500 2,900 2,900
Totd initid cost 60,900 60,900 27,100 27,100
REPLACEMENT COSTS
Not included
Totd repl. cost 0 0
ANNUAL COSTS
Operdtions 8.51 830 7,063 145 1,234
Tota Annud Costs
Tota Annud Costs(PW)
TOTAL PW COSTS 67,963 28,334
LIFECYCLE PRESENT WORTH SAVINGS $39,629
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VALUE ENGINEERING RECOMMENDATION NQ E-3

PROJECT: R€finery Projects
ITEM: Revise 115 KV Plant Feed framUnderground to Above Ground

ORIGINAL DESIGN

A 115 KV plant feed is to be installed underground from the power company substation 4.3 km to the
main substation.

PROPOSED DESIGN
Ingtall the 115 KV plant feed aboveground. (Seeattached)
DISCUSSION

Loca utility requires 115 KV installation underground. The VE team feels above ground would be less
expensive and issuitablefor an industrid area. A waiver should be requested to implement this proposal.

LI FECYCLE COST SUMMARY Capital Salvage Annual O&M
Origina S 6,347,000 3 $
Proposed $ 2,047,000 3 $
Savings $ 4,300,000 $ NA $ NA

LIFE CYCLE (PW) SAVINGS $ 4,300,000
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COST WORKSHEET VE RECOMMENDATION NO E-3

PRQJIECT: Refinery Projects
ITEM: 115KV Plant Feed

Item uan. Meas, Unit Cost Tota

ORIGINAL DESIGN

2 feeders, 3" cableea 84,624 If 25.00 2,115,600
(use$25/if/cable x 6 units)

Ingtallation
(use $100/1f)

Subtotal
Markup indirects(.8)

Tota

PROPOSED DESIGN

2 feeders, 3" cableea 84,624 If 1000 846,240
(use$10/1f/cable x 6 units)

Towersat 500" spacing 30 ea 5000.00 150,000

Ingtdlation
(use $10/1f)

Subtotal
Markup indirects(.8)

Totd $-2,047,104

SAVINGS $ 4,299,696
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er the years, the author has had the opportunity to participate in
erd international design competitions. In 1995, he was a
consultant in the RFP development for the Master Planning
Competition, and he served on the jury for the following competition entry: a
large$1 billion hotel, apartment, and shoppingcomplex.' The competition offered
an opportunity to goply vaue engineering concepts and techniques.

Using the techniquesdf the Information Phase of the VE Job Plan, the project
DerEImee i Of RBC[MESE management (PM) team conducted research into RFPs for similar projects, taking

fOT PTOPO Sal advantageof the resourcesoffered by the American Institute of Architects library
files The PM team collected a dozen RFPs from large projects in the I1.S. and
abroad, and devel oped the competition RFP using these documents, AIA data,
and creative input from the project management (PM) team. The devel opment of
the RFP wasin line with underlying VE methodologies.

Ingeneral, value isdefinedin terms of use, cost, exchange, or esteem. Originally, VE
concepts were often unable to temper results with criteriaother than cost.
However, cost is not dwaysthedominant criterion in selectingalternate design
concepts. Over the years, the author devel opeda welighted eval uation processfor
sdlecting the A/E for major projects that would moderate the solely cost-oriented
approach of VE. This process weighed cost against other factors, such as
experience, availability,and staff, T he sel ection process was modified and adopted
for usein VE, and it wasimplemented in thiscompetition. (Seethe discussion

o weighted evaluation in Chapter Seven.)

The competition evaluation criteriawere devel oped by the PM, and modified by
the owner and sel ected jury membersthrough an exerciseingroupdynamics. These
criteriawereincorporatedinto the request for proposal and werelisted under

Part I1, *Procedural Rules” o the RFP Table of Contents, which isincluded in
this case sudy.

, A concurrent task involved the selectiondf jury members. It took monthsto
Thf SEL?CHO’H P TOCESS researchand gather the top consultantsavailable at the time and place of the
selection. Jury members representing the top professionasin the mgjor areasd the
project were chosen.
Theagendawasdevel oped according to the Del phi M ethod and the VE philosophy
o applyingan organized approach to problem solving. (SeeChapter Sixforfurther
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discussionof the Delphi techniques.) The costing exercisesused the budget systems
developed in the VE process. Creativity and brainstorming were encouraged
throughout, and group dynamics and sensitivity to human factors were key
instrumentsin optimizingthe efforts and results.

Results Theresultsadf the processwereacclaimed by the owner, theexhibitors(the design
teams), and the project manager. T he principal comments generated were as
follows.

The process wes
well organized,
+ based on a set of requirements that was well thought out,
- covered dl of the essential elements, and
« resultedin thefairest competitionfor participants.

Theitemslisted below and shown in thiscase study have been excerptedfroman
Case St’bld}’ E lements actual VE report. (TheTable of Contents on page 275 isone of the excerpts

and refersto some documents not listed here or shownin the section.)

Description Page
Request for Proposa Table df Contents 275
Jury Report Tableof Contents 277
Section |: Overview and Results 278
Section III: Jury Agenda 284

'The author would liketo thank the Abdul Latif Jameel Real Estate I nvestment
Co., Ltd. of Jiddah,Saudi Arabia,for the opportunity to work for them. | nparticular,
General Manager Mohammed Ibrahim Al-Abdan and Engineering& Projects
Director Mohammed M. Abdul Qadir were exceptional people to work with.
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Request for Proposal

Hotel, Apartment, and Shopping Center Development Pr oject

Section

-1
I-2
1-2

H1-25
HI-27
1145
111-54

IV-57
I'V-58
[V-58
IV-61
IV-69
1V-73

Cae Study Fowr Master Planning Competition

Table of Contents

I: Introduction

A. Objectives of the Competition
B. The Project

C. Structureof the Document

D. List of lllustrations

11: Procedural Rules

A. Definitions

B. Calendar

C. Sdlection Process

D. The Competition

E. Submission Requirements
F. Key Requirements

G. Post-CompetitionActivities
H. Competition Rights and Obligations
[. Evaluation Criteria

J Registration Form Formats

I1I: Master PlanningGuidelines

A. Mix Development Overview

B. Program Statement

C. Pedestrian & Vehicular Assessment
D. Cost and Schedule Limits

I'V: Scopeof Services

A. Generd

B. Program Evauation

C. Site Evaluation

D. Description of Designated Services
E Key Requirements

F. Milestone Schedule

" This'is the Table of Gorients from the acuial Request
Selected excerpts appear in this case study.



Requestfor Proposal
Hotel, Apartment, and Shopping Center Development Project

Table of Contents (Continued)

Section V: Siteand Vicinity
V-75 A. Higtory

V-76 B. Evolution

V-82 C. TheContext

V-84 D. Zoning Regulations

V1: Agreement Between Owner & M/P
A. Articlel: M/P's Responsibilities

B. Article2: Scope of M/P's Services

C. Article 3. Additiona Services

D. Article4: Owner's Responsibilities

E. Article 5: Paymenttothe M/P

F. Article6: Construction Cost

G. Article7: Useof Documents

H. Article8: Dispute Resolution

[. Article9: Termination and Suspension
J Article 10: Miscellaneous Provisions

Appendices

A. Profile & Brochure of the Owner
B. Topographic Map

C. Exigting Site Infrastructure

D. Property Limits

Video
A. Prepared by the Owner of the Project Site

Photographs

‘the: Tab
eéted excerpts

in‘this case study.
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Jury Report

Master Planning Competition

for

Hotel, Apartment, and Shopping Center Development

Tableof Contents

Section I: Overview and Results
1-1 Summetion and Recommendation
1-1 Review of Exhibits
1-2 Table 1: Technical Evaluation Criteria
1-3 Overview -- Jury Members
1-4 Procedure
15 Technical Advisory Report

II: Narrative Reportsand Findings*
NarrativeReports

Exhibit A

Exhibit B

Exhibit C

Exhibit D

Exhibit E

111 Attachments
U-7 Agenda

* Not included in theexcerpts
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Section | Overview and Results

1. Summation and Recommendation

In October. the Jury presented the results of their deliberation to the Owner, and their
representatives, cons stent with the following Evaluation Summary:

Exhibit A B C D E
Reference# 721973 000111 100 001 010 454 364 805
Score 51 58.9% 55 57.0% 65
Placement not selected 2 not selected 2 1

*Judgeda tie by unani nous decisiond the Jury members.

2. Review of Exhibits

Table-1 istheevaluation matrices of thefive (5) submittals. The evaluation matrix was

devel oped from the key pointsoutlined in the Request for Proposal (RFP). The' scores” on the
matrix were"'weighted" to provide thefollowing evaluation criteriaand weights:

Partl: Master Planning/Concept Design

Weights
A. General Owner Requirements 10
B. Responseto User Needsand Comfort 10
C. SitePlanning and Image 12
D. Architectura Planning and Image 16
E. Layout/Staff Operationa Efficiency 12
60
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Part II: Technical

Weights
A. Cost/Constructability 11
B. Building Engineering/Operations and Maintenance 12
C. SchedulePlanning 5
D. Sdfety 4
E. Organizational/Manpower Approach 8
40

The above mgjor criteriaareas were further subdivided into forty-six (46) sub-criteria. The
scoring consisted of ranking each of the 46 sub-areas, using Excellent = 5, Very Good = 4,
Good = 3, Fair = 2, Poor = 1. Subsequently, aweighted value was calculated by multiplyingthe
points for each criteriaby itsrank, using Excellent = five(5) astotal points, Very Good = four
(4) as 0.8 timesthe points, Good = three (3) as 0.6 timesthe points, Fair =two (2)as 0.4 times
the points, and Poor = one (1) as0.2 times the points. Thescores listed in Table 1 represent the
average of the seven (7) Jury members individual scorings.

3. Overview-Jury Members

The Jury for selection of the master planner for the proposed project convened in October, 1995.
The Jury members disciplinesand areas of expertise were:

1) Primary focuson building systems and value engineering.

2) Primary focuson architectural and planning of hospitality projects.
3) Primary focus on marketing, operation and devel opment.

4) Primary focuson land utilization and site planning.

5) Primary focuson locd urban and master planning.

6) Primary focuson space planningand economic valuation.

7) Primary focuson traffic/transportation engineering and parking.

Sponsor Representatives. Thetwo (2) representativesfrom the sponsor that participated during
the Jury deliberationas non-voting members were as follows:

1) Genera Manager
2) Generad Manager of Projects

4. Procedure

The agendafollowed by the Jury is attached asFigure 2. As per the Agenda, the Jury
members initially met with the Owners for overall project objectives. Subsequently, the
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Jury developed an evaluation matrix, Table 1, for review of submittals. During the initial
sessions, the Jury members elected Jury Member #1 as Chairman, who presided over and served
asthe Jury leader during the judging process. He ensured that Jury deliberations proceeded in a
fair and orderly manner. Assisted by Jury Member #6, he prepared the Jury Report. Jurors
applied their professional expertise and personal judgment inthe prudent deliberation in
selection of first-, second-, and third-place winners from among the Master Planning concepts
submitted. Reimbursable fees were allocated according to the Jury rankings.

The Jury evaluated the submittalsfollowing the Delphi method. The procedure consisted of an
initial group discussion, during which the group discussed each project. The discussion included
an overview of each exhibit by the designated specialist in thekey areas. These were:

¥ Architectural features Jury Member #2
* Landscapeand Environmental Jury Member #4
* Transportation and Pedestrian Flow Jury Member #7

Building Systems, Costs & Schedule Jury Member #1

In addition, Jury Member #6 overviewed the general programming elements, Jury Member #3
overviewed marketing and sales aspects, and Jury Member #3 discussed the local custom impact
of each exhibit. A jury member wasassigned the responsibility to oversee the rankingand
development of a narrative for one(1) exhibit.

Subsequently, each Jury member devel oped a ranking for each exhibit. Again the group was
reconvened and differences in evaluations were discussed. Subsequently, each individual again
evaluated results. The iterations were repeated until afinal consensus was reached. Thefina
day, the selected Jury member developed a Narrative Critique of their assigned Exhibit. The
critiques areincluded in Section II.

5. Technical Advisory Report

Thethree (3) days prior to the Jury deliberation, the technical advisor started development of the
following aids for the jury evaluation:

a Costs

Development of a baseline cost model {UniFormat) using some eighteen (18) major cost
drivers. A compilation in tabulation form of each exhibit was submitted to the Jury. The
baseline model was compared to each exhibit, aswell ascompared to one another.
Because of the wide variety of the submitted figures, exhibitors were faxed to send
clarifications of their estimates. Their estimateswere adjusted after their clarifications
werereceived. The technical advisor then developed their own evaluation of each
exhibitor's estimate and constructability aspects.
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b. Schedule

Each exhibitor's schedulewas listed in atable and compared to the RFP milestone dates
and with one another. Duringthe workshop, the technical advisor reviewed each
scheduleand devel oped commentsas to the accuracy and feasibility of each exhibitor's
submittal for Jury guidancein evaluations.

c¢. Man-month Input Schedule

A tablelistingal five (5) Exhibitsand their man-month projection was developed. The
table brokedown thelocal and national firms labor projections. During the workshop, a
baseline labor projection of phases | through 6 was developed by a technical advisor for

Jury guidancein evaluating each Exhibit's projections.

d. Technical Report Contents

Again, atableof each Exhibit's submitted data was devel oped assumingsome eighteen
(18) diverse building elements. Clarification was reauested from the exhibitorsin the
number and types of el evatorsand escalators, as some drawings were difficult to
ascertainthe correct numbers.

e. Mechanical Systems

A compilation was assembled of each exhibitor's approach to HVAC, including type of
plant, water storagerequirements, fire protection concepts, water heating systems, and
energy conservation.

f. Electrical Systems

A computation was assembled of each exhibitor'sapproach to electrical, including power
and distribution, lighting, emergency power, and special systems includingsecurity.

g. Structural

During the Jury deliberation,a compilation and technical assessment was made by the
project manager's structural engineer. This dataon each exhibit was used by the Jury for
their edification.

Note: It is pointed out that all during the Jury deliberation the technical advisor's staff
was availablefor additional data collection or clarification of collected data.
However, duringthe find evaluation of the exhibits, the Jury acted aloneintheir
deliberation.
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6. Conclusion

In conclusion, Exhibit E (Firm No. 364 805) wasselected asNo. 1 by the Jury. Thefollowing are
the key criteriaused in arriving at this selection:

Top quality/clarity of submittal
« Best adjudged marketability of design
« Optimum response to user needs and comfort
- Vay good Site planning/image and best ranked pedestrian circulation
and landscape approach
- Ranked No. 1 for architectura planning/image
- Best overal responseto layout/staff operational efficiency
- Most comprehensiveorganization/manpower gpproach

The Jury unanimously recommended that the Owner award the design of the proposed
hospitality devel opment complex to Firm No. 364 805 for Exhibit E.

Section II: Narrative Reportsand Findings
(Not included in the Case Study)
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Section 171: Attachment

Jury Agenda
Master Planning Competition
Hotel, Apartment and Shopping Development Project

1. DAY ONE

08:30 AM  Jury Orientationand Debriefing
09:00 AM Introduction/Agenda/Introduction given by Professiond Advisor
10:00 AM  Formation of Jury Team
* Selectionof the Chairperson
* Breakdown of Jury
10:30 AM  Genera Overview of the(5) Exhibitors
12:00 Noon Confirm Sponsor's Objectives
01:060 PM  Lunch
02:00 PM  Technical Advisor Overview
* Schedule
* Planning/Programming
* Costs
* Financial Projection
04:30 PM  Group (Jury) Review of Exhibitors
* Master Planning/Concept Design
* Technical

2. DAY TWO

08:30 AM  ConcludeForma Group Review of Exhibitors
10:30 AM  Individual Evauation

* Master Planning/Concept Design
12:00 Noon Lunch
02:00 PM  Individua Evaluation of Findings(Cont.)

* Technical
04:30 PM  Group Iteration of Evaluations

Master Planning/Concept Design

06:00 M Adjourn
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3. DAY THREE

08:30 AM Jury Iteration of Evaluation (Cont.)
* Technical

10:30 AM Individual Re-evaluationof Rankings
* Master Planning/Concept Design

12:00 Noon Lunch

02:00 PM  Individua Re-evauation of Ranking (Cont.)

04:00 PM  Deveop Preliminary Evauation

05:00 PM  Adjourn

7-9 PM  Sdes& Marketing Brainstorming Session (Night Session)
* Dinner/Discussion

4. DAY FOUR

08:30 AM Review and Finalize Findings-- Group
* Master Planning/Concept Design
* Technical
12:30 PM  Lunch
02:00 PM  Develop Findings
* Outline Presentation of Findings
05:00 PM  Client Briefing of Tentative Findings
07:00 PM  Adjourn
08:00-9:30 Sales& Marketing Brainstorming Session, Dinner with the Client

5. DAY FIVE

08:30 AM  Group Discussion
* Finalize Results
* Select Winners
10:30 AM  Presentation to Owner
12230 PM  Lunch
02:00 PM  Preliminary Report Preparation
* Narrative Reportsof Exhibitors
05:00 PM  Adjourn
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n 1996, the author assembled a team and conducted a design review

using a two-week formal workshop structured around the VE Job Plan.

Theteam studied 15% design-stage submittal drawingsas part of the project
management input for a large government agency headquarters/complex in
Saudi Arabiaestimated at $125,000,000 (U.S.).

Project Description:
Headquarters/complex (includingofficetower, low-rise office area, parking
structure, and auditorium)
Gross buildingarea: 1,500,000 S.E
Accommodate 2,500 people when complete

Study objective: To assure that the submittal drawingsconform to the owner's
requirementsand to offer value-enhancement suggestions.

Duringthe review, the VE team implemented methodol ogiesthat differed from
those typically used by the designersfowners, who werefollowing the traditional
approach. The key differenceswere
= An established scope of work, schedule, and agendawere followed.
= A multidisciplinary, experienced team of noninvolved professionalsconducted
the review. Maximum effectivenesswas redlized when the VE team was
composed o professionalswho had performed a previousstudy.
* Thereview team not only looked for typical design review items, it also
documented potential value enhancements, such astotal cost, quality, time,
and constructability improvements.

The VE modified design review was well organized, effective, and resulted inan
improvedfacility. Compared to the traditional designreview, the VE modified effort
returned to the owner benefits worth several timesthe cost involved.

Case Study Fve Application to Desgn Review d Govt. Hdqtrs./Complex



The itemslisted bdow and shown in this case study have been excerpted from an
Case Study E lements actual submitted report. (TheTabled Contentson pege 289isoned theexcerpts
and refersto some documentsnot listed here or shown in the section.)

Dexription Page
Tabled Contents (fromorigind Desgn Review Report) 289
Section|: Introduction 290
Section!l: Procedure 291
Workshop Agenda 293
SectionlIl: Conclusion 295
Section IV: Design Review Comments (Sel ected Pages)

Generd 296

Conveying System/Mechanical 297

SiteWork 298
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Design Review Report
Headquarters/Complex

Table of Contents & List of Figures

Section | Introduction
1-1 General
1-2 Project Description

Section !l Procedure

Section lll Conclusion
3-1 Contract Submittal Issues
3-2 Approval Process
3-3 Future Concerns

Section IV Review Comments (Selected Comments Only)
General
Foundation
Substructure
Superstructure
Exterior Closure
Roofing
Interior Construction
Conveying System
Mechanical
Electrical
General Conditions & Profit
Equipment
Site Work

Appendices (Notincluded in case study)
A. 1. Memo dated April 07, 1996
2. Memos dated April 03, 1996
B. Traffic Study
C. Elevator Study

List of Figures

Ground Site Plan (Not included in case study)
Workshop Agenda
List of Documents (Not included in case study)

Thisis the Table of Contents from the actual VE report.
Selected excerpts appear in thiscase study.
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Section |

Introduction

| . General

The design review (DR) team conducted its review on the 15% design stage submittal
drawings. The review was conducted at the designer's offices. The objective of the
review was to assure that the submittal conformedto the owner's requirements and
offered value-enhancementsuggestions.

2. Project Description

The proposed project is a building that will be used primarily for the offices of all
corporate executive and administrativelevels. A large area will be devoted to marketing.

The main elements of the project are the following: office tower, low-rise office area,
parking structure, and auditorium. The facility is designed to accommodate a total of
2,500 persons when it is completed. For the sake of convenience and in view of the
future needs of the building, the projectis divided into three (3) phases -- A, B, and C =
and the constructiondrawings and bid will be presented in three packages.

Site: Attached is Figure 1.1 — General Site Plan (Not includedin case study.)

Buildings: The gross building area is approximately 1,500,000 S F. comprising the
lower main building, twin towers, auditorium with adjacent training center, cafeteria,
lower parking structure, recreation area, warehouse, and utility building.

Design Image and Quality: The proposed building should represent the
modern-technologyimage of the high-level corporate organizationand should be
functionally efficient. The exterior of the building is designed to be clad in stonefprecast
panels. The totalimage should portray one of the most modern designs in the region.
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Section i

Procedure

The design review was conducted as part of a continuing program of design review services
provided by the Project Manager (PM) for the Owner. This effort representedthe first formal
project review of the design development (approximately 15%) documents. The agenda for the
formalreview is attached (see Workshop Agenda). The design review team was comprised of
the following professionals:

+ Design Review Team Leader/Civil/Costs

. Project Director/Electrical/Costs

« Architectural Designer

« Architectural/ Construction Specialist

+ Mechanical Engineer

« Structural Engineer

» Administrative Support/Graphics Specialist

The workshop began with introductions and an explanation of the workshop procedures. This
was followed by an overview of the project documents by the Owner and design review team.
Following is a list of the twenty-four (24) personnel who were in attendance.

Discipline Company
Project Manager Owner
Structural Engineer PM
Review Team Leader PM
Mechanical Engineer PM
Architect PM
Electrical/Project Director PM
Structural/Asst. Project Director PM
Architect PM
Director of Design AlE
Report Writer/lustrator-M.E. PM
Design AlIE
Project Manager AIE
Manager of Design Dept. AIE
Director of Engineering AlIE
Head of Technical Services AlE
Manager of Q.S. & Estimation AIE
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Discipline Company

Head of Structural Dept. AJE
Head of Electrical Dept. AJE
Head of Plumbing Dept. AlIE
Head of HVAC Dept. AfE
Project Architect A/E
Manager of Landscape Architect AE
Civil Engineer A/E
Senior Architect AlE

The team broke out into discipline areas, and members reviewed details with their design
counterparts. The second day was devoted to review of documents and collection of
comments. On the third day, comments were collected, reviewed, and discussed with the
design/owner team. Discussions as required for clarification, as well as suggestions for
potential enhancements to the proposed design, were conducted throughout the formal review
process. In addition, the design review team evaluated the project estimate for accuracy, since
an estimate should represent a reasonable cost for the proposed project. The team developed
comments and suggested changes to improve the overall accuracy of the estimate. These
changes were reviewed and discussed with project {A/E) estimators, and the estimate was
adjusted. Finally, the comments were documented and plans marked appropriately for
evaluation in the report.

During the sessions, considerabletime was spent evaluating the net to gross of the design.
Because of the two-tower concept and use of atria, the calculated net to gross (65%) was
below industry standards. For example, the table below illustrates the ratio goals of the largest
building concern in the world, the General Services Administration (U.S.).

Table 3-1: Minimum Net to Gross Ratios

Building Type Minimum Ratio
Office Building 75%
Courts 67%
Libraries 1%

Source: Data from Chapter 3, Architectural and /nterior Design, June 14, 1994, PBS-PQ100.l, pages 3-15.

The PM conducted several additional special studies. Because the review team had some
initial concerns, a traffic consultant specialist was called in to conduct a traffic study (reported
in Appendix B = not included in this case study), This study, which isolated several points for
further clarification, was given to the owner and designer personnel for their review. Design
review comments deemed appropriate by the team are includedin Section Itl. Also, an elevator
consultant was asked to review the data in the technical report and to conduct some
preliminary runs to evaluate the elevatoring of the project. His report, which contained some
pertinent comments that would optimize performance and cost (reported in Appendix C = not
included in this case study), was given to the Owner and designer personnel. The A/E used
these recommendations to update ongoing elevator studies.
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Design Review: Headquarters/Complex

Workshop Agenda

Day 4:
8:30 am

Day 2
8:30 am

1:00 pm
2:00
4:30

6:00

Day 3.
8:30 am
INTRODUCTION
Briefing on Procedure
Review of Agenda
Objectives
OVERVIEW OF PROJECT
INCLUDING CONSTRAINTS
By Owner
By Designer
Latest Document Status
BREAK
OVERVIEW OF PROJECT
INCLUDING CONSTRAINTS
(CONT.)
LUNCH
TEAM BREAKOUT BY
DISCIPLINES & PROJECT
FAMILIARIZATION 6:00
Interface with Owner &
Design Team
ADJOURN
Day 4
8:00 am
TEAM REVIEW OF DOCUMENTS 1:00 pm
Design Concepts 2:00
Design Analysis
Program & Requirements
Any New Submittals
Drawings
Costs
Conformance with code
requirements
Schedule impact &
constructability
1. By Disciplines
2. By Team
LUNCH
TEAM REVIEW (CONT.)
PROJECT TIME AND STATUS
REPORT
Overview of Progress 1:00 pm
ADJOURN 2.00

Day 5:
8:00

Case Study Five Application to Design Review of Govt. Hdqrs./Complex

METHODOLOGY = COLLECT AND
ANALYZE NOTES
Each Discipline
BREAK
METHODOLOGY - GROUP
DISCUSSION
Evaluation of Comment
Discussion of Review Comments by
Discioline
LUNCH
DEVELOPMENT OF REVIEW
COMMENTS
CROSS FEED OF DISCIPLINES
Round-Robin Discussions
IDEA EXCHANGE WITH OWNER
& DESIGNERS
Group Discussion
ADJOURN

METHODOLOGY & DOCUMENTATION
LUNCH
PROJECT TIME (CONT.)
Documentation by Discipline
METHODOLOGY =
DOCUMENTATIONREVIEW
By Group
Breakout Gmup for General
Conditions Review
ADJOURN

PROJECT TIME ~ REPORT
Complete Written Comments
Prepare Oral Presentations

GROUP LEADER REVIEW OF

COMMENTS

LUNCH

EXECUTIVEBRIEFING BY

DISCIPLINE
Oral Presentations

CLOSING REMARKS

ADJOURN



At the conclusion of the formal workshop, the design review team made a brief summary
presentation of the key comments generated for the Owner and design team representatives.

Following the five-day formal session, the team returned to the PM's office and developed the
final report. During the following week another briefing was held at the Owner's headquarters
building. Personnel in attendance are listed below:

Position Company
Director General Owner
Director, Projects Department Owner
Project Designer Owner
Design Review Team Leader PM
President PM
Project Director PM
Managing Director PM

The design review team would like to thank the designer's personnelfor their hospitality and
use of their facilities. Their staff is to be commended for their positive attitude toward the
review process. In particular, we especially appreciated the productive input of the Project
Manager.

Section IV includes the design review comments that were generated during the formal review.
(Note: This case study presents selected excerpts from the design review comments.)
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Section il
Conclusion

1 Contract Submittal Issues

The submittal documents were reviewedin detail by the team, and approximately 125 design review
comments were generated. The team concluded that the submittal did not fully meet owner
requirements. The following key areas of concern were isolated:

. The submittal had not been approved by the municipality.

- The refined space program needed to be accomplished.

- The geotechnical report was not complete but was underway.

. Atraffic study was necessary to better define accessto site and parking as well as site
roadway.

« Major site elements, such as utility building and utility tunnel, thermal energy storage (TES)
system, and water storage tank, needed to be better defined and located.

- Especially important--thenet to gross of the office areas and parking needed to be improved
to represent an efficientfacility. Reasonable targets for such a corporate structure are a
minimum of 75% net to gross and a maximum of 400 S.F ./car for parking spaces.

- Also, clarification was needed for the engineering systems, e.g., location of plant rooms, TES,

mechanical penthouse, and required utility shafts.

- Current design of tower atriums did not meet the requirements of the Uniform Building Code
(UBC).

. Constructability and construction methods needed to be reviewed for the atrium.

. Wind test needed to be conducted to determine stresses and noise levels on main building.

As for costs, the design review team evaluated the estimate with the project estimators. After several
additive adjustments, a revised estimate was developed; the design review team concurred that this
represented a reasonable estimate of probable costs. As a further refinement, project estimators
agreed to prepare a new estimate using actual project takeoff items before final approval of the 15%
submittal.

Note: The project estimate represents the projected cost if all three phases are bid at one time.

Escalation costs of Phase B and Phase C, which may be bid 10 to 15 years after the bidding of
Phase A, may be from 30% to 100% higher.

2. Approval Process

If the comments are evaluated and implemented to meet owner requirements, the design review team
will quickly approve of the submittal.

3. Future Concerns
For future submittals, the design review team would like to have the drawings numbered per

American Institute of Architects (AlA) standards, the cost estimate in UniFormat, and a revised design
schedule with a milestone, master-type project construction schedule.
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Section IV: Design Review
General

Headquarters/Complex
UniFormat Drawing Number,
Element/ Speciftcation Page or
No. ltem Brief Description
q Contract Contract requires submittal of construction
Item 3a.1.4 methods. None have been submitted.
Constructability This requirement should be met, especially
for the construction of the towers. See
structural for more details.
5 Design Contract item Regarding design schedule. Resubmit in
3a.l Schedule accordance with PM letter dated April 7, 1996.

B. Contract3a.2 No structural drawings were submitted.
Expected drawings are column layout with
approximate sues, foundation concept
should coordinate column location, spans,
shear walls, floor height, foundation details
and coordination with architectural. See
structural for specific basis of design. Report
for mechanical should include sizing
of major equipment, proposed plant and
distribution layout concepts. Major shafts
should be indicated.

Contract 3a.2.6 Basis of design report should include sizing
of major electrical equipment. Location and
layout.
8 Contract3a.2.1 Municipality written approval must be obtained
before approval of 15% submittal. Also.
resolution of glass problem (obscuredglass) for
north and east views needs to be accomplished.
9. Contract 3a.2.6,7 & 8 Submittal shall include design analysis and
preliminary system selection including materials
for major systems. See PM Letter of April 03. 1996.
10. Show elevation at ground floor per datum
established for site topography.
11 Architecture and Basis of Design Report under Generalrefers to
Engineering Design UBC €1 -- shouldbe UBC 94.
Criteria 15% stage

12, Architecture and Program: Space allocation and programis not
Engineering Design complete. Submittal for Approval required, as well
Criteria 15% stage as subsequent determination of room sizes

for each department. See # G-2- Arch.2
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Section IV: Design Review
Conveying System/Mechanical

Headquarters/Complex
UniFormat Drawing Number,
Element/ Specification Page or
No. Itern Brief Description
4 0620 General

AR-02 & 03
General
07 Conveying System
1 0701 See Appendix C*
elevator
consultant's

initial submittal

08 Mechanical

1. 0811 Hot water supply

Cold water supply

Outdoor design
condition

Comment(s)

Show typical finishes for various typical
spaces. indicate approximate costs
of such finishes as a whole (can be line
items in the detailed cost estimate).

1. Granite or other stone tiles use slip-
resistant design.

2. Use carpet tiles only at higher traffic areas.

3. Identify skirting proposed for various floor
finish areas.

Evaluate number of doors at elevator lobby.

Atria requires fire-rated partitions, as per UBC
wde, Chapter 4, Section 402.

Consider elevator analysis by independent
consultant, not by elevator vendors.

'Note: This report was senttoN E and
forwarded to their elevator consultant.
Revisions to elevator design are in progress.

a. Study the use of individual electric water
heaters (for each toilet room on each floor)
of adequate capacity instead of centralized

Action

floor electric water heaters and instantaneous

type for executive areas. Basis of design
and technical report should be clarified.

b. Study the use of UPVC pipes instead of
copper pipes for hot and cold water supply.

Study to use PVC pipe for cold water
Check plumbing wde?

It is suggested that use of Outdoor: DB = 111°F,
WB = 71°F be studied and modified as per official
meteorology temperature records. Use 2-112% line as

recommended by ASHRAE (copy givento NE).
Possible consideration DB 109°F, WB 77°F.
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Section IV: Design Review
Site Work
Headquarters/Complex

UniFormat Drawing Number,
Element/ Specification Page or Comment(s)
No. item Brief Description

12 Slte Work

Study accesses and parking spaces based
on traffic study.

Review sizes and possible combination of
visitors parking and auditorium parking lots.

Adjust road entry to protect future expansion
of site at the northwest corner.

Main plaza walks and pedestrianareas with
patterned marble. Main plaza pavers shall be
slip resistant. No vehicle traffic should occur
over these areas.

Simplify parking and utility roads around
warehouse and proposed utility building.

Provide typical wall section, partial wall
elevation and special custom details planned
for boundary wall.

Show typical section, water requirements
and typical special details required for

any water features.
RFP Page 4 Designer has indicated a 500-person
ltem 9 amphitheater adjacent to the recreation area.
LS-01 This item is not a program element. It was added

by the designer at owner's instruction. Review
team points out this is an additional program
element, which is expensivea high maintenance
item. There were no costs in the estimate for it.
Note: #tem added to estimate in final validation.

Recreationarea is not physically separated by
fencelwall from the main headquarters. Suggest
evaluation to alflow privacy and less interference
with other buildings during off-hours.
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he VE team conducted a 40-hour modified-task team study for the

1" = 100" submittal for alarge-city highway interchangeproject. The

team gods were optimization of the cost impact of design decisions,
simplificationof the highway system, and achievement of a grade raise for the
northbound interstate deeptunnel section.

Infina implementation,some 10 proposals out of 15 submitted were carried out.
Initial cost savingsdf up to$200,000,000 resulted from the study. Follow-on savings
estimates may vary from $3,000,000t0 $5,000,000 each year, dependingon
aternativeschosenfor the final design.

Theitemslisted below and shown in thiscase study have been excerpted from an
CCISE Study EIETTLETLIS actual VE report. (TheTable df Contents on page 301 isone o the excerpts
and refersto some documentsnot listed here or shown in thissection.)

Description Page
Tabledf Contents (fromoriginal study report) 301
Section 1.1 ExecutiveSummary 302
Section 1.3 Summary of Potential Savings 303
Section 2.0 Study Workbooks (sel ected workbooks only) 304
Section 2.1 Narratived Potential Cost Savings 3
Section 2 3 Civil (Proposals)

C-1—Eliminate Ramp A 307

C-6—Raise Profiledf Northbound Interstate 315

Section 25 Structural (Proposal)
S4--Use d Strength and Load Factor Desgn Method in Lieu of

Working Strength Design 324

Section 3.0 Descriptivelnformation
Section 3.1 Vdue Engineering Team 328
Section 3.9 Cost Model and Estimate Breakdown 328
Cost/Worth Model—South Interchange 330

Come Study Six  Highway Project: South Interchange



Cea= Study Sx  Highway Project: South Interchange



Value Engineering Report
Highway Project: South I nter change

Tableof Contents

10 SUMVARY INFORMATION

11
12
13
14

Executive Summary
Description of Study
Summary of Potential Savings
CreativeldealList

20 STUDY WORKBOOKS

21
2.2
23
24
2.5
2.6

Narrative of Potential Cost Savings

General (Forms 1 and 2)

Civil (Forms3 through 15)

Construction Management (Forms 3through 15)
Structural (Forms 3 through 15)
Presentation(Agendaand Form 15)

30 DESCRIPTIVE INFORMATION

The Vaue Engineering Team

Project Description

Purpose of Submission

Description of Submission

Design Criteria Deviations
Design/Construction |ssues

Index of Drawings
BaselineMaterialsand Constraints
Cost Model and Estimate Breakdown
VE Study Meetings
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VALUE ENGINEERING REPORT
HIGHWAY PROJECT: South Interchange

1.0 SUMMARY INFORMATION
1.1 EXECUTIVE SUMMARY

The VE team conducted a 40-hour, modified task team study for the 1" = 100" submittal for amajor
highway interchange project.

The team devel oped a cost model (see Section 3.1), where potential savings targets were isolated
through the functionanalysis performed. The model indicated some six cost elementsas potential areas
for savings. Approximatelythirty ideas were generated during the creative phase, from which ten
proposalsand five design commentsemerged.

The principal proposals recommended elimination of Ramps A and B, modification of Ramp C, and
eimination of part of M Street. The team al so recommended elimination of the portion of Main Street
that passed over the northbound interstatehighway as a high-cost, low-valueitem. Savingsfor the above
areestimated at about $30 million. Implementation of the above changes would permit raising the
profileof the major northbound interstateto reduce expensive tunnel construction. This proposal would
save an additiona $70 millionand approximately oneyear of constructiontime. In addition, elimination
of Ramp D was recommended, based on reroutingsome traffic localy. Additional potentia savings of
approximately $10 million were estimated.

The structural recommendationsinclude review of design criteriafor sizing of structural membersusing
load (strength) factor design methodsin lieu of working strength, and the use of sheet pilingin lieu of
durry walls at selected locations.

The design commentsinclude investigation of the bonding availability for disadvantaged business
enterprises, prenegotiation of labor agreements, and analysisof the materials dredged from the proposed
channel crossing.

Finaly, the VE team expressed concerns about thedesign of the local channel crossing, which locates
the immersed tubesof the crossing withintwo feet of an existingtunnel. It is recommended that the
design be reviewed further to insurethat future problemswill be avoided. In the event of problems,
consider elevatingthe interstate highway (E-W) over thechannel. Whilethisalternativerequires
relaxationof design constraintsand revision to the design schedul g, it offersthe potential to reduce
congtructiontime by two years, initial costs by $140 million, and annual operatingand maintenance
costsby $2 million. Acceptanceof thisrecommendationwould precludethe ability to raisethe profile
of the major north-southinterstateand to realizethe savings ($70 million) for that recommendation.
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VALUE ENGINEERING REPORT
HIGHWAY PROJECT: South Interchange

1.3 SUMMARY OF POTENTIAL COSTS

INITIAL ANNUAL TOTAL PW
COosT 0O&M COST CosT
NO. DESCRIPTION SAVINGS SAVINGS SAVING
(000) (000)
C-1 Eliminate Ramp A TBD
C-2 EliminateRamp D TBD
C-3 EliminateMain St. Overcrossing TBD
C-6 RaiseProfileof N-Sinterstate 1 million
C-10 CombineRampsE and C TBD
C-11 Eliminate Ramp B TBD
C-12 DeleteMain St. Connector TBD
C-19 Elevate E-W Interstate over Channel 2million
and Railroad Yard
ProposalsC-6 and C-12 are mutually exclusive.
CONSTRUCTION MANAGEMENT
CM-I Review insurability of channel crossing DESIGN COMMENT
CM-2Investigate bonding availability for
minority contracts DESIGN COMMENT
CM-4 Review toxic level and disposal
of channel dredgings DESIGN COMMENT
S-1  Review channel crossing DESIGN COMMENT
S2 Changestructural design criteria
for elevated structures DESIGN COMMENT
S-3 Interlocked sheet pilingin 29,400 N/A 29,400 .

lieu of slurry walls

S-4 Useof strength and load
factor design methodsin
lieu of working strength
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VALUE ENGINEERING REPORT
HIGHWAY PROJECT: South Interchange

20 STUDY WORKBOOKS

21 NARRATIVEOF POTENTIAL COST SAVINGS

Thefollowing is a narrativedescriptionof each of the recommendationspresented by the VE team.
Detailed workshop material and data are included in Study WorkbooksSections2.2 (General), 2.3
(Civil), 2.4 (Construction Management), and 2.5 (Structures), respectively.

The VE effort for the south interchangearea concentrated on (1) cost savings precipitated by budgetary

pressures, (2) smplification of the system through greater relianceon local streetsto movelocal traffic,
and (3) the underlying god of achievinga grade raisefor the northbound i nterstate deegp-tunnel section.

C-1 EliminateRamp A

This proposal eliminates Ramp A. Trafficfrom south of the city to the northbound interstatemay use
the shorter and faster route vialocad AvenueN. The estimated savingsis$64.73 million.

C-2 EliminateRamp D

This proposal eliminates Ramp D, which only servesas an emergency by-passramp for westbound
north-southtraffic. Thesavingsassociated with it is$11.1 million.

C-3 EliminateMain Street Overcrossing

The VE proposa recommendselimination of the M Street overcrossing and the associated ramp, and
rerouting local traffic. This proposal estimatesa cost savings of $9.13 million, relievesa congested area,
and removesan obstacleto alowing a grade raisefor the northbound interstate.

C-6 RaiseProfileof Northbound Interstate

This proposal raises the profile of the northbound interstate by passingover railroads, then passing
under the main railroad station connector. |mplementation depends on acceptanceof other proposals,
e.g., C-3, C-10, and C-12. The estimated savingsin initial costsis $69.4 million.

C-10 CombineRamps Eand C

The VE proposa recommendselimination of Ramp C and combinesthisfunctionwith arealigned
Ramp E. This proposal providesan estimated cost savings of $26.0 million, eliminatesseveral
undesirabletraffic movements, and removesone obstacle to agraderaisefor the northbound interstate
tunnel section.
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C-11 EliminateRamp B

The VE proposal recommendselimination of Ramp B, and rerouting local trafficviaa locd street. This
proposal providesan estimated cost savings of $4.35 million.

C-12 Main Street Connector

This proposa recommendsthe elimination of the Main Street connector between the northbound
interstateand local streets, rerouting local traffic viaanother street. The primary benefit of this proposal
is remova of an obstacle to alowing a grade raise for the northbound interstate.

C-19 RaiseProfileof East(E)--West(W) Interstate

The VE team has some environmental concerns about construction at the local channel aswell as
construction feasibility concerns about the impact on the environment of existing tunnels; these
situationsmay requirean alternativeprofile for E-W Interstate. This recommendation was estimated at

$145.4 million in initial savings.

CM-1 Contractor Liability -- Local Construction

The VE team expressed concern over the ability of the proposed design of the local channel crossingto
insure the integrity of the existingtunnels. As such, the ability of the contractorsto realize reasonable
liability and property damage insurance coverageshould be verified. If problemsarise, redesign.
Considerationof the VE alternates(see C-19) may be appropriate.

CM-2 Disadvantaged Business Enterprise(DBEs) Bonding

Theteam recommendsinitiation of augmented effortsto ensure the ability of DBEs to realizerequired
bonding. With other local projects running concurrently, over $500 million in DBE set-asideswill be
required. Present methodsfor securing bonding would be unableto meet the needs in an economical
manner. Thestate needsto resolve the problem before serious consequences result.

CM-4 Disposal of Loca Channel Dredgings

VE teams recommendthe analysis of proposed dredgingto ascertain the nature of the substance(s). The
team believesthat thereisa high probability of thediscovery of contaminated material. Disposal and
costs(not included in estimate) could adversely impact both the costsand the schedul ein this segment.

8-1 Review of Local Channel Crossing

In order to avoid the sensitivedesign and construction problems associated with assuring the
watertightnessand structural integrity of theexisting tunnels, the team feelsit would be better to bridge
over theexisting channel, rather than tunnd in it.

If it is necessary to proceed with the tunndl scheme as outlined, the team recommends undertaking the
followinginvestigations prior to adoption of that scheme:

Developaredlistic, three-dimensional, structural model of the existing tunnelsdepicting the
soil-structureinteraction of the tunnel linings, in their as-built condition, in both transverseand
longitudinal directions.

Using the above modedl, assessthe stress and strain conditionsof the tunnel liningsthrough the
variousstages of construction, taking into consideration the long-term, time-dependent effects.
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If the investigation proves, beyond any doubt, that the watertightnessand structural integrity of the
existing tunnels can be assured, a construction schemeto minimizerisk should be devel oped.

S-2 Structural Design of Elevated Structures

The reference materials provided for thisstudy indicated that:

« The cross sectionsdepicted multicell, reinforced concrete, box-typedeck structures.
- The previousdesigner's estimate assumed an 8-1/2 inch reinforced concretedeck slab
supported by A588 structural steel members.

An examination of the site conditionsreveal sthat extraordinarily long spans would not be required.
Therefore,

span lengths could be optimized for both concrete and steel alternates.
unless aesthetic considerationsforce the issue, the most economical alternatedesign can be

selected.
5-3 Useof Sted Sheet Piling in Lieu of Slurrv Walls

The previous designer's estimate contains 579,650 SF. of durry wallsat a unit price of $69.71 per SF.
for atotal of $40,400,000. An examination of the site conditionsleadsto the conclusion that, except at
very few locations, such as the proximity of a high-rise building, support of excavation could be
accomplished with interlocked steel sheet piling. Thiscould effect a savings on the order of magnitude
of $29,000,000.

S4 Usedf Strength and Load Factor Design Methodsin Lieu of Working StressDesign

Utilizing applicablenational codes and design standards, it isrecommended that

instead of the working stressdesign method for reinforced concrete structures, use the strength
design method in accordancewith ACI-318, "AASHTO Bridges," and the" AREA Manual."

« instead of the working stress design method for steel structures subjected to highway |oadings,
use theload factor design method in accordance with "AASHTO Bridges."

- instead of the working stress design method for steel structuresat grade, usethe load and
resistancefactor design method in accordance with the AISCManual & Steel Construction,
First Edition (1986)."

Thiswill effect a cost saving without sacrificingserviceability, structural integrity, or intended function.
Using thefi gur es shown in the present estimate, the order of magnitude of the cost saving is estimated
at:

$16,800,000for concrete.
- $24,200,000 for reinforcingsteel.
- $4,600,000 for structural sted!.

This resultsin an approximatetotal savingson the order of $45,600,000.
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C-1 EliminateRamp A

HIGHWAY PROJECT FORM 7
STUDY ID: SOUTH INTERCHANGE SHEET 1 OF8

SPECULATIONPHASE
IDEALIST

LIST ALTERNATIVEIDEASFOR EACH FUNCTION, AND NUMBER IDEAS
CONSECUTIVELY.

- USE SEPARATE PAGE FOR EACH FUNCTION.
*DONOT EVALUATE IDEASNOW. REFINEMENT COMESLATER.

1. FUNCTIONNO. __{ Connect {west) bound to (north) bound
(from Form 6) (verb) (noun)
Premises

Constructing Ramp A under local road and tunneling under railroad iscostly.
+ Driver decision pointsfor ramp take-off are too close.
» Left-hand exit undesirablefor local traffic movement.
« Traffic will be minimal sincelocal avenuerouting is shorter and faster.
= Direct return movement is missing.
« Trafficassignment is negligible.
Alternative

Eliminateramp A entirely -- trafficto use local avenueto northbound interstate.
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C-1 EliminateRamp A

HIGHWAY PROJECT FORM 8
STUDY ID: SOUTH INTERCHANGE SHEET 2 OF 8

EVALUATIONPHASE
FEASIBILITY/SUITABILITY EVALUATION

. FEASIBILITY:

FOR EACH FUNCTION REVIEW ALL THE IDEASGENERATED IN THE
SPECULATION PHASE. BEFORE YOU ELIMINATEANY, ASK THE FOLLOWING
QUESTIONS: WILL IT WORK? WILL ITSAVEMONEY? WILL IT MEET
PERFORMANCENEEDS?

NOW ELIMINATE ANY UNSOUND, COSTLY, UNACCEPTABLE,OR UNTIMELY
IDEAS.

SELECT AND LIST BELOW THE MOST FEASIBLEIDEASOR COMBINATION OF
IDEAS FOR FURTHER CONSIDERATION. CHECK () THE BEST IDEA(S). USEA
PAGE FOR EACH FUNCTION.

FUNCTION NO. __1 Connect (west-to-north) Traffic
(verb) (noun)

NO. IDEA ADVANTAGES DISADVANTAGES

1. Eliminateramp, useaternateroute. Reducescosts. Eliminatesfree-flow ramp.
Simplifies|eft exit. Eliminates alternate route
Avoids long tunnel if local avenue 1s congested.
under railroad.
Avoidstunnel behind
seawall.

Case Sudy Six  Highway Project: South Interchange



C-1 EliminateRamp A

HIGHWAY PROJECT FORM 11
STUDY ID: SOUTH INTERCHANGE SHEET 3 OF 8

DEVELOPMENT PHASE
RECOMMENDED ALTERNATIVE = VE TEAM SKETCH AND DESCRIPTION

Narrative of Proposed Changes

Thecurrent revised proposed action includesthe addition of Ramp A connecting westbound
interstatewith northbound interstate as part of theinterchange. The VE proposal eliminatesthis
separate ramp and combines its function with use of local avenue--ashorter, moredirect routeto
the northbound interstate.

Ramp A introduces an undesirable, double, left-hand exit off the roadway, connecting
westbound interstateand southbound interstatewith decision points only 300 feet apart. The
ramp includes costly construction (atunnel under the border road northbound, and under
railroad tracksand east-west interstate).

Negligibletraffic isestimated to use Ramp A, since ashorter route (local avenue) is available.

Also truck trafficfrom city to northbound interstatecan utilizethe connector road and the haul
road.
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C-1 EliminateRamp A
HIGHWAY PROJECT FORM 12
STUDY ID: SOUTH INTERCHANGE SHEET 4 OF 8

DEVELOPMENT PHASE
VE COST COMPARISON

COSTS  [milliens (M)]

1.ITEM 2 DESCRIPTION 3.BEFORE 4. AFTER 5.SAVINGS 6. TRADEOFFS
OF
MODIFICATIONS

C-1 EliminateRamp A $64.7 million 0 $64.7 million Eliminates
emergency
aternate.
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C-1 EliminateRamp A

HIGHWAY PROJECT FORM 13
STUDY ID: SOUTH INTERCHANGE SHEET5 OF 8

DEVELOPMENT PHASE
NOTESAND DISCUSSIONS

USE THISPAGE FOR DISCUSSION, LIFE CYCLE COST CALCULATIONS,
COMMENTARY ON AGENCY APPLICATION OF STANDARDS, SPECIFICATIONS,
TRAFFICPROJECTIONS,ETC.

ADDITIONAL NOTES

Thismajor highway interchangeis a$1 billion complex connecting two major interstateroutes
as wdl assupplyinglocal accessto thecity. The multiplicity of ramps with closdly spaced
takeoffs will make signage difficult. Any stepsthat can betaken to smplify the ramp
configuration, such as elimination of Ramp A, will improve operationsand safety for future
users.

Life cyclecost savingswill be achieved through elimination of tunnel ventilation, lighting and
mai ntenance costs for the 2,000 foot long tunnel.
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C-1 Eliminate Ramp A

HIGHWAY PROJECT FORM 14
STUDY ID: SOUTH INTERCHANGE SHEET 6 OF 8

DEVELOPMENT PHASE
SUMMARY AND RECOMMENDATIONS

CONCLUSIONSAND RECOMMENDATIONS

Eliminate Ramp A.

Traffic from south of the city to northbound interstate will use the shorter and faster route via
local avenue.

SUMMARY OF SAVINGS

CATEGORY | $_64.73million OR _6.5_ % OF TOTAL PROJECT
CATEGORY Il = $ OR % OF TOTAL PROJECT
CATEGORY III = $ OR % OFTOTAL PROJECT
CATEGORY IV = $ OR ____ 9% OF TOTAL PROJECT

TOTAL POTENTIAL SAVINGS
IDENTIFIED=$64.73 million OR _6.5 % OFTOTAL PROJECT

OTHER OPPORTUNITIESFOR VALUE" IMPROVEMENT" :
Improves alignment for heavily used Ramp | (1200 vehicles/hour (VPH) inam. peak)
IMPLEMENTATIONPLAN: (DISPOSITION RECOMMENDED BY PM/DESIGNER)

(Formcontinued on next page.)
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Cae Study Six

C-1 EliminateRamp A

HIGHWAY PROJECT FORM 14({corit.)
STUDY ID: SOUTH INTERCHANGE SHEET 7 OF 8

DEVELOPMENT PHASE
SUMMARY AND RECOMMENDATIONS

IMPLEMENTATION PLAN:
(DISPOSITION RECOMMENDED BY PROJECT MANAGER/DESIGNER)

C-1 Eliminate Ramp A

Project Manager agrees with the VE team that Ramp A, asshown on the Revised Proposed
Action Plan, includes design features that are somewhat undesirable and costly.

The year 2010 traffic forecast for Ramp A showsam. and P. M peak volumes of 350 VPH and
850 VPH, respectively. These volumes indicate that the ramp would be operating under capacity
and may not--alone--justify the movement. However, the movement isjustifiable if one
considersthe positive impact of reducing the over-capacity volumes of rampsin the adjoining
project area.

Currently under consideration are design refinementsthat relocate and improve the design of
Ramp A at a substantially reduced cost.
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C-1 Eliminate Ramp A
HIGHWAY PROJECT FORM 15
STUDY ID: SOUTH INTERCHANGE SHEET 8 OF 8

IMPLEMENTATION PHASE
POSITIONSTATEMENT

FINAL DISPOSITIONBY STATE DEPARTMENT OF PUBLIC WORKS (DPW):

The department feel sthat asuccessful highway design must include movement from the west on
the E-W interstateto the north on the N-S interstate, in order to facilitate commercial activity
from the city's industrial areawith a desireto go north. Because of the implementation of
another proposal that recommendsraising the N-Sinterstate profile, a more direct and
substantially |ess expensive connection was made possible. Therefore, the Project Manager
agreeswith both the VE team and the design team. However, it still supportsthe west to north
movement, as accomplished in the new aignment.
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C-6 RaiseProfile of Northbound I nter state

HIGHWAY PROJECT FORM 4
STUDY ID: SOUTH INTERCHANGE SHEET 1 OF 9

INVESTIGATION PHASE
COMBINE AND RANK FUNCTIONS

1. BASIC FUNCTION OF INTERCHANGE PROJECT:
+ GROUPRELATED FUNCTIONS AND COMBINE COSTS.
« RANK FUNCTIONSBY COST AND ASSIGN SEQUENTIAL NUMBERSTO EACH

GROUP.
2. NO. FUNCTIONS FROM THE 80% GROUPING COST
At Grade
Boat Section
Deep Tunnel Section
TOTAL Northbound I nterstate Segment $105.63M
3. NO. FUNCTIONS WITH NIFICANT POTENTIAL COST
a Deep Tunnel Section $100.41 M
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C-6 Raise Profileof Northbound I nter state

HIGHWAY PROJECT

FORM 7
STUDY ID: SOUTH INTERCHANGE

SHEET 2 OF 9

SPECULATION PHASE
IDEA LIST

- LIST ALTERNATIVEIDEASFOR EACH FUNCTION AND NUMBER IDEAS
CONSECUTIVELY.

« USE SEPARATE PAGE FOR EACH FUNCTION.
DONOT EVALUATE IDEASNOW. REFINEMENT COMESLATER.

1 FUNCTION NO. _1

carry (northbound) traffic
(verb) (noun)

Premises

- Constructing a northbound interstate under the 5 main line railroad tracks approaching

themain railroad station will be extremely costly and time consuming, requiring careful
underpinning.

The resulting deep tunnel, also passing under the E-W interstate, will require extensive
ventilation and will have high annual operation and maintenance costs.

Alternatives

A high-profilecrossing over the railroad and E- Winterstate will be less costly to build and less
disruptiveto rail operations.
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G 6 Raise Profileof Northbound I nter state

HIGHWAY PROJECT FORM 8
STUDY ID: SOUTH INTERCHANGE SHEET 3 OF 9

EVALUATIONPHASE
FEASIBILITY/SUITABILITY EVALUATION

1. FEASIBILITY: FOR EACH FUNCTION, REVIEW ALL THE IDEAS GENERATED IN
THE SPECULATION PHASE AND LISTED ON PAGE 7. BEFORE YOU ELIMINATEANY,
ASK THEFOLLOWINGQUESTIONS: WILL IT WORK? WILL IT SAVEMONEY? WILL
IT MEET PERFORMANCENEEDS?

NOW, ELIMINATE ANY UNSOUND, COSTLY, UNACCEPTABLE, OR PERHAPS
UNTIMELY, IDEAS.

2.SUITABILITY: SELECT AND LIST BELOW THE MOST FEASLBLEIDEASOR
COMBINATION OF IDEAS FORFURTHER CONSIDERATION. CHECK () THE BEST
IDEAS. USE A PAGE FOR EACH FUNCTION.

FUNCTION NO. __1 _.carry (_northbound) traffic
(verb) (noun)
NO. IDEA ADVANTAGES DISADVANTAGES
1 Raise profileto pass over Reducescosts. Must eliminatetwo loca

rallroad and E-W interstate. ~ Easier/faster to construct. Streets.
Reduces vent. Requirements. Must reroutetwo ramps.
Permitslower profilefor
adjacent northbound interstate

elevated structure.
2 Reroute Ramp C, Maintains access, but longer Longer ramp.
combining with Ramp E. distance.

Avoids conflict with
northbound interstate.
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C-6 Raise Profileof Northbound I nter state

HIGHWAY PROJECT FORM 11
STUDY ID: SOUTH INTERCHANGE SHEET 4 OF 9

DEVELOPMENT PHASE
RECOMMENDED ALTERNATIVE == VE TEAM SKETCH AND DESCRIPTION

Narr ative of Pronesed Changes

The Revised Proposed Action Plan includes a long, low-level tunnel for the northbound
interstate from the vicinity of Main to the northern limit of the south interchange. A long 5.9%
downgrade approachesthe tunnel from the vicinity of West Street. The VE proposa
recommends raising the mainlineprofileto cross over therailroad tracksand over the
north-southinterstate. The northbound interstate roadway would then descend a 5.0%
downgrade, passing under the main railroad station connector and under a crossing street,
rejoining the proposed profile and passing under the railroad line. The profile change would
permit the north-south interstate structuresouth of West Street to be lowered as much as 20
feet. Thischangewill avoid the costly underpinningof the railroad tracks, as well aseliminating
ventilation of 1,200 feet of a 3-lanetunndl.

(Note: This recommendationwould requirethe rerouting of two adjacent streetsand one ramp.)
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C-6 RaiseProfileof Northbound I nterstate

HIGHWAY PROJECT FORM 12
STUDY ID: SOUTH INTERCHANGE SHEET 5 OF 9

DEVELOPMENT PHASE
VE COST COMPARISON

COSTS (000)

1.ITEM 2.DESCRIPTION OF 3.BEFORE 4, AFTER 5.SAVINGS 6. TRADEOFFS
MODIFICATIONS

C-6  Raiseprofileof
interstate northbound. $105,000  $36,200 $69,400 Must remove
some ramps
and streets.
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C-6 RaiseProfile of Northbound I nterstate

HIGHWAY PROJECT FORM 13
STUDY ID: SOUTH TNTERCHANGE SHEET 6 OF 9

DEVELOPMENT PHASE
NOTESAND DISCUSSIONS

USE THISPAGE, ASAPPROPRIATE,FOR DISCUSSION, LIFE-CYCLECOST
CALCULATIONS,COMMENTARY ON AGENCY APPLICATIONOF STANDARDS,
SPECIFICATIONS TRAFFIC PROJECTIONS,ETC.

ADDITIONAL NOTES

To accommodatethe raised profile of the northbound interstate, the foll owing changes would
also berequired:

- Eliminate adjacent streets northbound.
« EliminateM Street.
» Eliminate Ramp B.

« Reroute Ramp C to take off local traffic and mergewith Ramp E in the vicinity of Main
Street, joining eastbound interstatewith a single, right-hand entrance.

NOTE: This VE recommendationwill not be feasibleif the alternativerecommendation (C-19)
for raisingthe profile of E-W interstateisimplemented.
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C-6 Raise Profileof Northbound I nter state

HIGHWAY PROJECT FORM 14
STUDY ID: SOUTH INTERCHANGE SHEET 7 OF 9

DEVELOPMENT PHASE
SUMMARY AND RECOMMENDATIONS

CONCLUSIONSAND RECOMMENDATIONS

Raise profile of northbound interstateto passover railroad tracks, then pass under the railroad
station connector and crossing street.

SUMMARY OF SAVINGS

CATEGORY | = $_694Million OR _6.9 % OFTOTAL PROJECT
CATEGORYII = § OR % OF TOTAL PROJECT
CATEGORYIII = $ OR % OF TOTAL PROJECT
CATEGORY IV = $ OR % OF TOTAL PROJECT

TOTAL POTENTIAL SAVINGS
IDENTIFIED =$69.4 Million OR _6.9 9% OF TOTAL PROJECT

OTHER OPPORTUNITIESFOR VALUE “IMPROVEMENT”:
Therewill be a reductionin the number of ventilation fans required in the ventilation building.

IMPLEMENTATION PLAN:
(DISPOSITION RECOMMENDED BY PROJECT MANAGER)

(Form continued on nextpage.)
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C-6RaiseProfileof Northbound I nter state

HIGHWAY PROJECT FORM 14 (cont.)
STUDY ID: SOUTH INTERCHANGE SHEET 8 OF 9

DEVELOPMENT PHASE
SUMMARY AND RECOMMENDATIONS

IMPLEMENTATIONPLAN: (DISPOSITION RECOMMENDED BY PM/DESIGNER)

C-6 RaiseProfile of Northbound I nterstate

Project Manager agreeswith the VE report and design refinements currently under consideration
to raisethe profile of the northbound interstate.

Previoudy, the profile of the northbound interstate would work only as atunnel, dueto the Main

Street bridgeand M Street overcrossing, asthe VE report pointed out. These items--C-3and
C-12--havebeen accepted, allowing this recommendation to be implemented.
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C-6 RaiseProfile of Northbound I nterstate

HIGHWAY PROJECT FORM 15
STUDY ID: SOUTH INTERCHANGE SHEET 9 OF 9

IMPLEMENTATION PHASE
POSITION STATEMENT

FINAL DISPOSITION BY STATEDEPARTMENT OF PUBLIC WORKS(DPW)
The department concurs with this recommendation. Although a Main Street connection between
Frontage Road and Albany Street isdesirable, and an M Street connection to Frontage Road

would enhance urban design potential, the savings realized by this design change issignificant
enough to warrant itsapproval.
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S-4 Useof Strength and Load Factor Design M ethods
in Lieu of Working Strength Design

HIGHWAY PROJECT FORM 11
STUDY ID: SOUTH INTERCHANGE SHEET 10F 4

DEVELOPMENT PHASE
RECOMMENDED ALTERNATIVE-- VE TEAM SKETCH AND DESCRIPTION

A. For design of reinforced concrete structures, strength design method could beused in
accordance with ACI-318, AASHTOdesign specifications for bridges, and the area manual.

The savings could be on the order of 10% for the concrete in sizes and quantity being
contemplated, or on the order of $16.8 million.

B. Similarly, by using these design methods, savings are estimated on the order of 25% in
amount of reinforcement or $24.2million.

C. For design of highway steel structures, load factor design method could be used in accordance
with AASHTO design specifications for bridges. The savings could be on the order of 7% for

asaving of approximately $4.6 million.

Thetotal savings for this proposa are approximately $45.6 million.

Case Study Sx  Highway Project: South Interchange



S-4 Useof Strength and Load Factor Design M ethods
in Lieu of Working Strength Design

HIGHWAY PROJECT FORM 14
STUDY ID: SOUTH INTERCHANGE SHEET 2 OF 4

DEVELOPMENT PHASE
SUMMARY AND RECOMMENDATIONS

CONCLUSIONSAND RECOMMENDATIONS

A. Usestrength design method for sizing concrete structures.
Savings: $16,800,0000r 1.8% of thetota project.

B. Use strength design method for sizing up reinforcement required in concrete
structures.
Savings: $24,200,000 or 2.6% of thetotal project.

C. Useload factor design method for sizingstructural steel for elevated highway

superstructures.
Savings: $4,600,0000r 0.5% of thetotal project.

SUMMARY OF SAVINGS

CATEGORY| = $ 456 million  OR 4.9 9% OFTOTAL PROJECT
CATEGORY Il = $ OR % OF TOTAL PROJECT
CATEGORY Il = $ OR % OF TOTAL PROJECT
CATEGORY IV = $ OR % OF TOTAL PROJECT

TOTAL POTENTIAL SAVINGS
IDENTIFIED = $45.6 million OR _4.9 9% OF TOTAL PROJECT

OTHER OPPORTUNITIESFOR VALUE" IMPROVEMENT":
IMPLEMENTATIONPLAN:

(DISPOSITION RECOMMENDED BY PROJECT MANAGER)

(Formcontinued on next page.)
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S-4 Useof Strength and Load Factor Design M ethods
in Lieu of Working Strength Design

HIGHWAY PKOJECT FORM 14 (cont.)
STUDY ID: SOUTH INTERCHANGE SHEET 3 OF 4

DEVELOPMENT PHASE
SUMMVARY AND RECOMMENDATIONS

IMPLEMENTATIONPLAN:
(DISPOSITION RECOMMENDED BY PROJECT MANAGER/DESIGNER)

S-4 Use of Strength and L oad Factor Design Methodsin Lieu of Working Strength Design

Project Manager agrees with the VE study that the strength and load factor design
methods are appropriate for structural elements of this project, ascited. The Design Criteriais
being revised.
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S-4 Usedf Strength and Load Factor Design M ethods
in Lieu of Working Strength Design

HIGHWAY PROJECT FORM 15
STUDY ID: SOUTH MTERCHANGE SHEET 4 OF4

IMPLEMENTATION PHASE
POSITIONSTATEMENT
FINAL DISPOSITION BY STATEDEPARTMENT OF PUBLIC WORKS (DPW):

The department concurs with the use of load factor design for all bridge/viaduct structures,
whether steel or concrete. Design criterianow reflectsthis.

Theuseof load factor vs. working strengthfor tunnelsis currently under review; al indications
to date suggest that working stress design is favored.

The department has established that working stressdesign will be used for buildings and
ancillary structures.
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VALUE ENGINEERING REPORT
HIGHWAY PROJECT: South Interchange

3.0 DESCRIPTIVE INFORMATION
(Selecteddataonly)

3.1 THE VALUE ENGINEERING TEAM

The value engineering team was organized to provide backgroundand experiencein VE and
design of related projects. Theteam reviewed the plans and preliminary data for the current
design and followed the general guidelinesestablished by the Job Plan. The VE team members
and their assignmentsare as follows:

Assignment Area/s of Expertise
VE Team Leader VE methodology & life cycle costing
Structural Engineer Bridgesand structures
Structural Engineer Geotechnical & underground structures
Civil Engineer Highway & traffic engineering
Civil Engineer Highway construction & costs
Mechanical Engineer HVAC & utilities

3.9 COST MODEL AND ESTIMATE BREAKDOWN

From the cost estimate provided by the design team, the VE team rearranged the cost to be more
responsiveto the VE methodol ogy application. The costs were broken out into functional line
items, e.g., ramps, Frontage Road, main lines, HOV, and others.

The costs were assembled using the unit costs provided to the team (not included in study) and
quantities taken from the site drawing. This estimate was then reviewed, compared with the
original project estimate, and adjusted. Ramp A was added in thetime since the original estimate
was compiled, and its cost has been added intothe VE Cost Modd (see attached Figure 3.1).
Usingthe sameline items as the estimate, afunction analysis was performed and target worth
figures developed. These figures were placed in the Cost Modd. From the model and creative
idea listing, the following areas of potential savingswere isolated:

1) Main linesN-S 5 RampE
2) Mainlines EW 6)Ramp C
3) Ramp A 7) RampH
4) Ramp F

Note: Sections3.2through 3.8 are not included in this case study.
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A copy of the Masters Schedule Revision 1, the Cost Model, and the VE Cost Estimate
Breakdown are attached (not included in study).

Unit Pricesfor VE Studv

UNIT PRICESFOR VE STUDY
AverageUnit Prices

Tunnels 1 Way 2 Lanes $29,000/L.F.
Boat Section 1 Way 2 Lanes $10,000/L.F.
Viaduct ML 1 Way 2 Lanes $ 5,000/L.F.
On-Grade Road I Way 2 Lanes $ S00/L.F.
Deep Tunnel N-S $52,600/L.F.

« Gross number for LCC follow-on cost for maintenance, operational, replacement, etc.

Structures 1% of capital expenditure/yr
Tunnels 5% of capital expenditure/yr
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Legend: Project: South Interchange

COSUWOI"th Location:

VE Target: Phase of Design: “Schematic
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n July 1993 a vaue engineering study was conducted on a proposed
wastewater treatment plant (WWTP) Phase 2 expansion program, which
required an increasein output from 4.5 million gallons per day (MGD)

to 9.0 million gallons per day (MGD). The study aso evaluated a larger planned
expansion up to 88 MGD.! As such, the projected total saving exceeded the
estimate for the initial upgrade.

Several reviews with the owner and designer (see Tables la and |b) showed
that most of the team's proposals were implemented. Initial cost savings were
calculated at $15,000,000 based on progression o the design and related
estimates. Follow-on annual savings o over $1,000,000/year were estimated
again, based on final design. Savings from the water conservation efforts were
not included in these totals.

Theitemslisted below and shown inth'S casestudy have been excerptedfrom an
Case Study E lemenrs actua VE report. (TheTable of Contents on page 333 isone of the excerpts
and refersto some documentsnot listed here or shownin the section.)

Case Sudy Seven Wastewater Treatment Plant

Description Page
Tabled Contents (fromoriginal study report) 333
Executive Summary 3A4
Summary of Approved Recommendations

Table la: Current Phase

Table Ib: Future Phase 339
Section 2 Project Description 341
Section 3: Vdue Engineering Analysis Procedure 342
Section 4 Summary of Results 350
Appendix B: Vaue Engineering Recommendations (Sel ectionsonly)

L-11 Cogeneration Upgrade 351

L-58 Revise SludgeHandling Design 355

F-12 Revise HydraulicGradient in New Plant 358
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Wastewater Treatment Plant
Expansion Project

Executive Summary

A value engineering study was conducted on a proposed wastewater treatment plant (WWTP) Phase 2
expansion from 4.5 million gallons per day (MGD) to 9.0 million gallons per day (MGD). The study
was conducted on site in the spring of 1993. The two major objectives of the study wereto conduct a
VE review of the Phase2 expansion asrecommendedin the 1992 Environmental Study Report and to
develop amaximum site utilization plan.

Over 180 ideas were devel oped during the study, from which the team devel oped approximately 72
proposals, including about 25 design suggestions. Some 25 proposal s recommended additional costs
primarily oriented toward life cycle savings. These proposasoffer over $5,000,000in potential savings
for the present Phase 2 expansion, offset by some $500,000in costs for performanceor lifecycle
improvements. Lifecycle cost savings of $300,000 to $400,000 per year were identified. In addition,
over $10,000,000in potential savingsfor futureexpansions beyond 9.0 MGD wereidentified. These
savingswould be offset by approximately $13,000,000 of suggested additionsfor meeting anticipated
new standards, performanceand lifecycle improvements.

VE Proposals

Principal proposalsfor the Phase 2 plant expansion are:

- haul sludgeto centralizedsludgestorage; convert existing storagetank to a digester; and build
storage at CSSF.

- deleteadditional primary tanks by increasing aeration capacity and adding fine screens.
- reduce aeration tank modulesfrom 4 to 2.

« thicken digested dudge.

- renegotiate Certificate of Approval to reduce need for nitrification and lessen effluent quality
criteria
reduce size of plant through water conservation.

In addition, several other significant proposal swere generated, such as buying a new boiler to utilize
plant digester gas, improve handling of grit by usingacompactor and auto bagger, raisingliquid level in
aeration tanks, and seasona versus continuous disinfection.

For the future expansions beyond 9 MGD, theteam generated several significant proposals. These were:

- raise hydraulic profile in the northwest plant.
recover digester sludge heat.
- Usevortex grit removal units.

- use deeper aeration tanks.

Ca=e Study Seven Wastewater Treatment Plant



« utilize maximum sizetanks.

usechlorine gas vs. hypochlorite, or consider using ultraviol etirradiation.
« reduce need for odor control through utilization of foul air for aeration.
- evaluateadternativedigester designs.

utilizeBNR technology .

thicken waste-activated sludge.

= changeto centrifugal blowersfor agration.

Theteam al so recommended the following design suggestions to optimizefuture expansions beyond
Phase 2. procurement of adjoiningland for future expansion, conversion of inlet buildingfor greater
usage, and utilization of larger 5.5/11 MGD expansion modules.

In July 1993 the draft of thisreport was reviewed by al VE team members. Tables| aand | b summarize
the VE proposal sthat were approved by the team and that are recommendedto the region for
implementation. The proposas have been grouped under four headings, asfollows:

Table | a-- Phase 2 Expansion
Group 1. Recommended Actions
Group 2: Regional Follow-up Actions
Group 3: Certificateof Approval Negotiations

Table 1b-- Future Expansion for 9 MGD to 55 MGD
Group 4: Recommended Actions

Ultimate Site Capacity

Theteam combined several applicableideasand developed a proposed ultimate site development plan.
This plan indicatesthat an 88 MGD plant, with reasonable provisionsfor possible new standards,
appearsfeasible. Appendix C providesthe narrative backup and the proposed plan.

Cost Estimates

(i) Phase2 Expansion (4.5 MGD to 9.0 MGD)

The cost estimatesfor the originally proposed Phase 2 expansion, prepared by another firm, are
summarizedin Table 2. In addition, Table 2 showsthe cost estimatesdeveloped by the VE team,
incorporatingthe impact of the approved VE recommendationsthat are detailed in Table 1a under
Group 1. Table 2 also showsthe differencesin capital costs and the annual operations and maintenance
savings, resulting from these recommendations.

(ii) Expansion from 9.0 MGD to 55.0 MGD

Construction costs for asingle plant expansion program from 4.5 MGD to 55 MGD are estimated at
approximately $140,000,000 (see pages 3-4). However, as noted in Appendix C, a staged construction
program using 11 MGD expansion modulesis recommended. Cost estimatesfor the various expansion
phases are summarizedin Table 3. It can be seen that thetotal estimated costsfor the staged
construction program for the 55 MGD plant exceed the estimated cogts of a singleexpansion program.
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Costs shown for Phase 3 and beyond are of an order-of-magnitudelevel only. They are based on the VE
workshop cost modd (pages 3-4) and are prepared by scale-up procedures and/or other dataavailableto
the team members during the workshop week. They are.presented to'introduce, on a preliminary basis,
the various construction phases into the region's capital works program.

(iii) Expansonto 88.0 MGD

Construction costsfor asingle expansionprogram from 4.5 MGD to 88.0 MGD would be approximately
$230,000,000. However, under a continued, staged construction program beyond 55.0 MGD, additional
11.0 MGD expansion modules would be estimated as shown in Table 3.

These costs are based on estimatesfor similar modules for the 55.0 MGD plant expansion.

Observations

The following obserations can be made on the VE review of the current Phase 2 expansion:

« Cost estimateof the originaly proposed Phase 2 expansion $11,977,000
- Theimpact of the VE recommendations on the cost estimateinclude:
Cost savings -5,513,500
Costsof additional featuresto improveoperations and reduce
annual operationsand maintenance costs +480,400
Update of original cost estimate +356.100
- Base cost estimateof the VE recommended Phase 2 expansion $7,300,000

- The base cost estimate includes provisionsfor off-sitesludgestorage
at the central dudge storagefacility.

Conclusions

The VE recommendationsfor the current Phase 2 expansion includethe following:
- Total capital cost savings $4,677,000
- Total annual operationsand maintenance cost savings (per year) -$69,730

- For budgetary purposes, a contingency aliowance
of 10% should be included.

- Total cost estimate (budget) $8,030,000
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Table 1a

Summary of Approved VE Recommendations for Current Phase 2 Expansion
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sludge from Oakville
WPCP to Mid-Halton

-9MGD
- Additional /6 MGD

Purchase land on #astern boundary.
Consider land purchase east Of
Pumping Statioa for niew potable
water treatment plant

12,287,000
106,239,000

10, 450, 000
90,305,000

750,000

1,847,000
15,934,000

(750,000)

3,272,000
23,268,000

(750,000)

F37

Counsider privatization Of wastewater
operations

Group 3

rtificate of wval

Reduce need for nitrification
"9 MGD
- Additional 46 MGD

4,425,000

1,733,000
4, 425, 000

2,228,400
6,957,000

Seasonal vs. continuousdisinfection
"9 MGD
- additional 46 MGD

185,800
949,000

Lessen stringent effluent quality
criteria

significant
savi ngs
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Table 1b

Summary of Approved VE Recommendations for Future Expansion from 9 - 55 MGD

se¢ precast concretec
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Provide for interconnection of

| | gas and potable water

ickening Of waste activated

positive displacement

F39 Consider digested sludge hear 0 200,000 557,000
recovery

Appendix B - Dwg F2 Design
Ultimate Site Development Plan suggestion

Summnary Group 4
Savings 10, 760, 000 9,917,000

Improvements 318 o
g (2,420,000 32,945,000

+ Note: Chlorine gas alternative used in summary.
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Wastewater Treatment Plant
Expansion Project

Section 2 - Project Description

The value engineering study included two main subjects, asfollows:

I.  Vaueengineeringof the currently proposed expansion
II. Preparation of an ultimatesite devel opment plan

I. CURRENTLY PROPOSED EXPANSION PROGRAM
(as recommended in the 1992 Environmental Study Report)

Scope of Work

Expand the plant from its current capacity of 20,500 m*/d to 41,000 m*/d. The proposed addition of one
20,500m’/d module consistsof thefollowing:

« Two (2) primary clarifiers
» Four (4) aeration cells
Two (2) air blowers
Two (2) find clarifiers
 New return activated sudge and waste-activated d udge systems
Improvements to the existing cogeneration system
+ One primary and one secondary digestion tank
One sludgestoragetank
Facilitiesto receive leachate from the waste management site and sludge hauled from other

plantsinthe area
» Sitework, including roadsand landscaping
All associated instrumentation and control systemsfor integration in the existing SCADA

system; all mechanical, electrical,and ancillary items

Estimate

In October 1992 afirm prepared itemized cost estimates for a total construction cost of $1 1,977,000.
Copiesof the estimate pages A-2to A-8 areincluded in thissection as pages 2-3 to 2-9.

TIL ULTIMATESITE DEVELOPMENT

Determinethe maximum plant capacity that can be accommodated on the existing site and develop an
ultimate site development plan.

The original master plan, prepared by another firm, is attached as Figure 2-1 (page 2-10).

The wastewater treatment plant criteriaused during thisstudy are included on pages2-11to2-13.
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Wastewater Treatment Plant
Expansion Program

Section 3 -- Value Engineering AnalysisProcedure

GENERAL

Value engineering is a creative, organized approach whose objective isto optimize thelife cycle
cost and/or performance of afacility. In this section we have outlined the procedure followed for
thestudy (1} to present a clear description of our assessment of the project in terms of cost and
energy usage, and (2) to explain the approach that we applied to the study.

A multidisciplinary team approach, utilizing applicable value engineering techniques, was used
to analyzethe project design. It wasthe team's objective to analyze the project, find high cost
areas, recommend alternatives, and estimate initial and life cycle costs for theoriginal design
and for each proposed aternative. Other criteria were aso used to assure that proposed
recommendationsdid not sacrifice essential functionsand timely completion of the project. The
actual recommendations derived from the analysisare identified in Section 4 of thisreport.

PRESTUDY PREPARATION

The success of aVE study is largely dependent on proper preparation and coordination.
Informationand documents furnished by the owner and designer were distributed to theteamin
advance of the workshop to prepare them for their area of study. Participants were briefed on
their roles and responsibilities during the study. The prestudy effort for this project included the
following activities:

I dentification of constraints to the VE study
- Review of project design documentation
- Finalization of arrangements for the workshop

The VE team received excellent support from the owner and designer in the way of information.

VE JOB PLAN

The VE study was organized into six distinct parts comprising the VE Job Plan: (1) Information
Phase, (2) Creative Phase, (3) Judgment Phase, (4) Development Phase, (5) Presentation Phase,
(6)Report Phase.

I nformation Phase

Early in the Information Phase, the VE team prepared a cost/worth model for the proposed
expansion (see Cost Model 1). The model was broken down by systems and subsystems
representing major functions of the project. The numbersin the upper portion of each box
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represent the design estimate of the cost of construction of the system functions. The numbersin
the lower portion of each box represent the VE team's eval uation of the worth of the system
functions.

Thetermwort h is defined as the lowest cost means possibleto achieve an individua function
without regard to other systems or functions. Worth is determined by experienceof the VE team
member, use of data from similar construction, and historical parameter cost data.

The cost/worth model helped to isolate areas of higher potential savings so the VE team could
concentrateon those areas. Asthemodd indicates, the major potential for savingsoccursin the
following aress:

Solidshandling $2,400,000
Architectural $470,000
Piping/Mechanical $250,000
Primary Tanks $200,000
Electrical $200,000

Overall, the VE team saw a potential cost savings god of approximately $4 million from the
estimated cost of construction.Concurrently, theteam collected data on costs and developed an
estimate for a plant of 55 MGD. This was done to develop savings estimates for further site
development and for budget-planningguidancefor the owner. The cost model, (Cost Model 2),
was developed. From thismodel, atotal savingspotential from VE wastargeted at some
$20,000,000, with a broad target savings acrossthe total plant.

Next, the VE team analyzed the project documentsand prepared a function analysisfor the
different project components. The functions of any system arethe controlling elementsin the
overal VE approach. This procedureforcesthe participantsto think in terms of functionand the
cost associated with that function. Preparing the function analysishel ped to generatemany of the
ideas that eventually resulted in recommendations.

Thisfunction analysisfor the project isincluded as Worksheet 1. It isolated areas of potentia
savings and provided backup data to the worth areas selected in the cost/worth model.

Creative Phase

Thisstep in the value engineering study involvesthe listing of creativeideas. During thistime,
the value engineering team thinksof as many waysas possibleto provide the necessary
functionsat alower initial and/or lifecyclecost. During the creative phase, judgment of the
ideas is restricted. The value engineering team is looking for quantity and association of ideas
which will be screened in the next phase of the study. Thislist may include ideasthat can be
further evaluated and used in the design.
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The creative idea listings areincluded as Appendix A in this report. They are grouped and
numbered by discipline or study team in the following sequence:

L Layout 59 ideas

P Process 87 ideas

F Future 39 ideas
In all, some 185 ideas were listed.

Judement Phase

In this phase of the project, the value engineering team judged the ideas resulting from the
creative session. The remainder of the format provided in Appendix A was used for this phase
and resultsare included on theright side of the worksheet.

The value engineering team ranked the ideas according to the following criteria:

State of the art 1-10 New--existingtechnology
Probability of implementation  0-10 Low--high chance
Magnitude of savings 0-10 Small--largesavings
Redesign effort 0-10 Large--minimal effort
Schedule 0-10 Large--no impact

Advantagesand disadvantages of each ideaare quickly considered and recorded. |deas found to
be impractical or not worthy of additional study are disregarded, and those ideas that represent
the greatest potential for cost savings are then developed further.

The VE team, with help from the owner, created a life cycle model (LCC) to develop a
long-range profile for the project. Through interaction with the owner, each cost item on the
LCC model was explored to determine itsimportance. These interactions were quite important
for developing a full site utilization approach.

The LCC model, (LCC-I), illustrates the categories addressed by the VE team during the VE
workshop. The costs shown are estimated annual costs and the amortized (PP) initial financial
expenditure.

Development Phase

During the Development Phase of the value engineering study, many of the ideas were expanded
into workablesolutions. The development consisted of the recommended design, life cycle cost
consideration, and a descriptive evaluation of the advantages and disadvantages of the proposed
recommendations.

It was important that the value engineering team convey the concept of each recommendation to
the designer. Therefore, each recommendation was presented with a brief narrative to compare
the original design method to the proposed change. Sketches and design calculations, where
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appropriate, are included in this report with the corresponding recommendations. The individua
VE recommendationsare included as Appendix B to this report.

Presentation and Reaort Phase

Thelast phase of the value engineeringeffort was the presentation and preparation of
recommendations. The mgjor VE recommendationswere summarized and presented to the
owner and designer at the conclusion of the workshop.

We appreciated the presence of key regional management officials at theora briefing. At this
meeting, we reported a savings for the proposed Phase 2 expansion to 9 MGD of some$4
million, representing some 33% . Based on previoussimilar studies, implemented savingsshould
be greater than 50% of the savings identified. In addition, annual savings of up to $500,000/yr
were also identified.

Asfor the ultimatesite layout, a break-out team was set up and a concurrent study generated.
Theresults of their study are attached as Appendix C.

For the future ultimate site utilization of 88 MGD, annual savings of $2,500,000 were projected
whichincluded several areas of additional expenditures of process and life cycle improvements.
Annual savingsof over $3,000,000/yr were projectedif al proposalswereimplemented.

At the conclusion of the workshop, and beforefinal preparation of this report, each VE
recommendationwas again reviewed. As aresult of that review, some proposasmade at the
presentation may have been deleted from the report and some may have been added.

Implementation Plan

In accordance with the schedul e, an implementation meeting was held on July 1993.

ECONOMIC FACTORS

Ouri ng the value engineering study, construction cost and life cycle cost summariesare prepared
for each element of the project. Economic data and assumptions made for the life cycle cost
comparisonswere asfollows:

Discount rate (for LCC only) 6% (compounded annually)
Analysisperiod 30years
Equivalence approach Present worth converted to annualized method
Inflation Approach Congtant dollars
Present worth annuity factor 13.76
PPYear 30 0.0726
Periodic payment (PP) factor
Desired payback period 3to5years
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COST MODEL 2
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PROJECT: Wastewater Treatment Plant Expansion FUNCTIONANALYS SWORKSHEET
ITEM: Wastewater

BASIC FUNCTION: Treat Waste- 45 MGD
COMPONENT DESCRIPTION  FUNCTION cosTt WORTH COST/
Verb Noun KIND  (x 1800) {x 1000) WORTH COMMENTS
B = Basic Function § = Secomdary Function RS= Required Secondary Function
Primary Clarifiers
- structures trest wage RS 785 600 131
hold wasic RS 410 350 117 e onelarge primary tank with bridge-type collector
- equipment tregt wasie B 1195 950 126
Seration Cells
-structures transmit wadte RS 873 850 103 Design acration tank for plug flowsonly
-equipment treat waste B 859 859 100 Deletecross walls
Final Clarifiers
- struclures tranamit wade ) 1,403 1333 106 Userectangulart anks
- equipment process wade B 620 460 135
SolidsHandling
- structures hold wade RS 4126 2,400 172 e exigting digesters pump off-site
-equipment treat wade B 1,943 1,400 139
- architectural enclose  equipment RS 1,665 1,000 167
SiteWork
- mads & landscaping provide access RS 113 100 113

Worksheet 1



LIFE CYCLE COST MODEL

11 MGD PLANT MODULE

$325,000 MAINTENANCE %

520,000HAULAGE

$81,000 MISCEI

$2,300,000 FINANCIAL EW.

0
S0% $740,000 ELEC

45,000 CHEMICALS 7%
$300,000LABOR 7%

Assuming utilization of digester gasin
new boiler and pumping to central
sludgestoragefacility.
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Wastewater Treatment Plant
Expansion Project

Section 4 -- Summary of Results

GENERAL

This section of the value engineering study summarizes the results and recommendations for the
study. Ideas that were developed are submitted here as recommendationsfor acceptance.

It isimportant, when reviewing the results of the VE study, to consider each part of a
recommendation on its own merits. Often there is a tendency to disregard a recommendation
when concern is raised about one portion of it. Following is an effective strategy for evaluation
of VE study reports: Locate acceptable areas within a recommendation and apply those parts to
thefinal design.

VALUE ENGINEERING RECOMMENDATIONS
The value engineering team developed 72 proposalsfor change, including some alternates for

the same idea, that represented approximately $7,300,000 in value. For clarity, proposals have
been separated into groups, as shown below.

Total Total
Recommendation Reference No. I nitial Annual
Category Code Proposal Savings Savings
Layout L 27 $4,000,000 $300,000
Process P 19 800,000 175,000
Future F 26 2,500,000 3,450,000
TOTALS 72 $7,300,000 $3,925,000

ADDITIONAL COST SAVINGSIDEAS
Both the owner and designer should carefully review theidea listing provided in Appendix A.

The VE team attempted to develop the most significant items, but, time constraints prohibited
preparation of recommendations for every savingsitem possible.
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VALUE ENGINEERING RECOMMENDATION NO. L-11

PROJECT: Wastewater Treatment Plant VE
ITEM: Cogen Upgrade

ORIGINAL DESIGN

Two (2) 150 KW digester--gasengine--generatorsets, with 1.2 X 10° BTU exhaust gas boilers (hot
water) in the basement of the Energy Building. These units also provide emergency power inthe
WWTP, using enhanced controls.

Two (2) 1235 KW (4.2 x 10° BTU) natural gasfired hot water boilers as backup on the grade floor
of the same building.

There appearsto be a serious problem with the operability in regard to engine robustness (speed
too high at 1800 rpm) and corrosion of engine internal sfrom excessive hydrogen sulphide (2,000
ppm to 3,000 ppm) in the digester gas supply.

PROPOSED DESIGN

Alternative A -- Upprade Cogen

Buy new 300 KW engine generatorsof robust design (1200 rpm, naturally -- aspirated), suitable
for digester-gas firing, and add a gas scrubber to reduce H,S to an acceptablelevel.

Sall two (2) existing 150 KW engine-generator setsfor natural gas firing only.

Alternative B -- Add Boiler

Add new small boiler fired by digester -- gas, or replace one existing natural gas fired boiler with
adigester gas fired unit. (Avoid modifyingan existing boiler with a new digester gas burner;
copper tubesare unsuitable for corrosive digester gas.)

- Plan the installation of improved cogeneration for the next increment. Note: Scrubber not required
for thisalternative.

(Alternative design proposalsar e continued on the next page.)

LIFE CYCLE COST SUMMARY CAPITAL ANNUAL O&M
Original Design $ §
Proposed Design $ §
Savings $ $

PRESENT WORTH (PS)ANNUAL O&M COST
LIFE CYCLE (PW) SAVINGS

90 &

See attached Life Cycle Costs Analyses.
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VALUE ENGINEERING RECOMMENDATION No. L-11 (Continued)

Alternative C

+ Buy 350 KW cogeneration generators of robust design, suitable for digester gasfiring and
scrubber, if required for Skyway WWTP presently generating gas and not cogenerating.

DISCUSSION

The cogen unitsare important for energy conservation opportunities involving load-displacement of power
and heet at the plant. When the plant reachesthe stagethat it is devel oping enough methane gas to support
anew 300 KW cogen unit, the savings would be significantly greater for upgrading cogen than for
operating thedigester gasfired boiler. On this basis, thefollowing are recommended.

1. The wastewater treatment plant's best optionis to provide replacement upgraded boiler in the
initial phase (see attached LCC based on 150 KW Cogen Unit) and upgradethe cogen at
subsequent phases when the gas generation is closer to allowing continuous operation. The
existing units can be retained for standby power serviceusing natura gas fuel.

2. In lieu of the region replacing the engine-generators, the cogen system could be privatized with a
specialistfirm for reduced capital outlay and operating staff labor commitment.

3. A cogen ingtallation at Skyway WWTP would be more suitable based on higher capacity
(20 MED) and existing pressurized gas storage. This could sustain a350 KW unit.

O&M COSTS
Proposed Alternative A == Upgrade Cogen
Gross Power Savings 150 KW X $540/KW YR = $81,000/YR
Maintenance Cost 150 KW x $0.02/KW x 7,000HR/YR = 21,000/YR
Heat Savings 250 KWH x 3410 BTU/KW x 1/1000 CE/BTU x
7,000 HR/YR x $3.50/1000 CF = $20,900/YR
Maintenance Cost $ 2,900/YR
Total Savings $78,000/YR

Proposed Alternative B =~ Smaller Boiler

Based on samegasinput as Cogen

Gross Savings

Maintenance

Total Savingsat design flows $31,000/YR
Total AverageSavings $16,580/YR
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COST WORKSHEET VE RECOMMENDATION NO, 1-11
PROJECT: Wadewater Treatment Plant VE
ITEM: Cogen Upgrade

ITEM UNIT QTY. UNIT COST TOTAL

Propased AlternativeA = Upgrade Cogen
Buy 300 K Wat $1,500/KW

Sell 300 KWat $400/KW

Scrubber

Ingtallation and Miscellaneous

Subtotal

Total

Proposed AlternativeB - Smaller Boiler

Special burner
Digester gaspiping

Subtotal
Total

Note: Useexistingcogen as anatural gas emer gency unit.
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DEVELOPMENT PHASE - UFE CYCLE COST {Present \Worth Method)

Cogen Update ALT. A
Proposal No. _L-11___ Data_ Cogen Update
PROJECT UFE CYCLE (YEARS) 10 (w/scrubber)
DISCOUNTRATE ({PERCENT) 6.000%

ALT. B ALT.C
Small Boiler Skyway
{w/o scrubber) {w/scrubber)

L BB 20§ B B B B B B 5 _J B B B W N 1 & F 1 ¢ P E & 3 i I NEIF T EET YT RNE YT EE T FREEEE ]

Capital Cost Eat Fvy
A)  Initial Costs 550000 550000
B) 0
< 0
D) 0
El L]
F o

Other Initial Costs

Total Initial Cost Impact {IC)

Initial Coat PW Savings
A} __ 1.0000 o
B) —  1.0000 n
) 10000 o
D) —. l.0c000 n
8 —_ 1.0000 °
F} — 1l.0000 0
G) — 1.0000 g

Salvage (neg. cash flow) 1.0000

Est. PW Est. PW
150000 150000 670000 870000
S o ______ 0
- o ____ 0
S o ____ 0
— 0 — 0
—_ c ___ 0
- o 0
— [+ I
- R 0
e o 0
S o T 0

o o)
o 0
o 0

B B RN 91----.--ﬂﬂ‘.-------------------------.-------------

Operation/Maintenance Cost Esel, % PWA

Al Power Revanus 0.000% 7360 -81000 -598187 0 0 -80000 882408

&) Power Maint. 0.000% 7.360 21000 154562 0 0 25000 184002

o) Heat Revenus 0.000% 7360 -20900 -153828 -34300 -252461 -21000 -184002

D} Heat Maint. 0.000% 7.380 2900 21344 3300 24288 5000 38800
Total Operation/Maintenance (PW} Costs -574087 -228163 425807
BN N AN SN GNERES S S NS N A SR NS O SR N SN W DL NS N NN S ST SN SN N N S S e NN N N B B DN N SN O S A
Total Presant Worth Life Cycle Costs -24087 -78163 44393
Life Cycle {(PW) Savings 24087 78163 -44393

PW - Prasent Worth PWA - Present Worth of Annulty
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VALUE ENGINEERING RECOMMENDATION No. L-58

PROJECT: Wastewater Treatment Plant VE
ITEM: Revise sludge handling design

ORIGINAL DESIGN

Construct:
1 primary digester 27.5mdia 6.2mSWD
1 secondary digester 275m, 69 m SWD
1 digested dudge storagetank 37 mdia 6.9m SWD
PROPOSED DESIGN

Convert existing secondary digester to primary digester.

Convert existing storagetank to secondary digester.

Build pump station and force main to central sludge storagefacility.
Pumping facilitiesat central sludge storage facility for supernatant return.
Build storagetanks at CSSF.

DISCUSSION

Advantages:

« No haulage(truck traffic) to central storage.

- Take advantage of lower construction costs and site availability at central facility.
- Lower cost.

« Annua savings: 233,800/yr X 13.76 = 3,218,000 PWA

« Frees up areaat northwest comer of sitefor additional plant capacity.

Disadvantages:
Pumping cost for udge.
LIFE CYCLE COST SUMMARY CAPITAL ANNUAL O&M

Original design $7,235,000 $278,000
Proposed design $4,200,000 $54,200
Savings $3,035,000 $223,800

PRESENT WORTH (PW) ANNUAL O&M COST $3,079,000

LIFE CYCLE (PW) SAVINGS* $6,107,000

*See attached LCC analysis.

Revised July 1993
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COST WORKSHEET VE RECOMMENDATIONNO. I-58
PROJECT: Wastewater Treatment Plant VE

ITEM: Revise sludge handling design

ITEM UNIT QTY. UNIT COST TOTAL

Original Design

Excavation
Backfilling
Structural concrete
Process equipment
Misc. metal, roofs
Mechanical

I nstructional
Electrical
Architectural

Subtotal
Totd

Proposed Design

Convert sec/primary tank
Convert storage sec/primary tank
Forcemain, 10 km

Pumping facility

Storage tank (9,000 m®)*

Subtota

Total

SAVINGS

*Use $200/m?
Revised July 1993
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DEVELOPMENT PHASE - LIFE CYCLE COST (Prasent Worth Method)

Revise Sludge Handling Design

ALT. 1
Revised Design

ORIGINAL
Original Design

= CEEESETETIT m SEESSoUymgss ID DX == ==

Proposal No. __L-88___ Date
PROJECT LIFE CYCLE (YEARS) 30
DISCOUNT RATE (PERCENT!} 6.000%
=l===ﬂ==l==s=ﬂ===-IM=
Capital Cost

QII Initial Costs

Other Initial Costs

Total Initial Cost Impact {IC}
Initial Cost PW Sevings

Est, PW Est PW
7235000 7235000 4200000 4200000

Replacement/Salvaga Costs Year Factor

A} Equipment 10 0.5584 0 10000 5583

8 Equipment 20 03118 0 10000 3118

™ 1 AANN N ')

) _— 1.00U0

Salvage (neg. cash flow) —_ 1.0000

Total Replacament/Salvage PW Costs (0] 8701
R B N B8 - - _— _—_F & B B & B ¥ |
Jperation/Maintenance Cost Ezel % PWA

A) Maintenance

B) Operations

C) Labor

D) Pumping Costs

E)

F)

G)
Total Operation/Maintenance (PW} Costs 3826623 746054
B8 5 F B - - - — B & B & B E B = = = = m=_m==
Total Present Worth Life Cycle Costs 11061623 4954755
Life Cycle {(PW) Savings 6106868

PW - Present Worth

Revised July 1993

Care Sudy Seven Wastewater Treatment Plant

PWA - Present Worth of Annuity



VALUE ENGINEERING RECOMMENDATION NO. F-12
PROJECT: Wastewater Treatment Plant VE

ITEM: Revise hydraulic gradient in new plant

ORIGINAL DESIGN

Hydrauliclosses through the existing 4.5 MGD plant is approximately 25 feet.

PROPOSED DESIGN

Raise plant foundation by 5 feet. Thisraises hydraulic gradient at effluent weirs by 5 feet.
Design for a hydraulic loss through the expanded plant of approximately 6 feet.

Lower hydraulic gradient at inlet works by 14 feet.

DISCUSSION
» New plant assumed to be built to a depth of 5 feet lessin shale.
- Typically alossof 6 feet should be enough for the66 MGD plant.
A risein tanks (primary, aeration, and final) of 5 feet would save cost of rock

excavation.
Savingsin energy $22,250/yr, based on reduced head for raw sewage pumps.

LIFECYCLECOST SUMMARY CAPITAL ANNUAL O&M
Origina Design % 0 $ 22,250
Proposed Design 5 0 $ 0
Savings $ 762,000 $ 22,250

PRESENT WORTH (PW) ANNUAL Q&M COST $306,000

LIFE CYCLE (PW) SAVINGS $1,068,000

Case Study Seven Wastewater Treatment Plant



COST WORKSHEET VE RECOMMENDATION NO. F-12

PROJECT: Wastewater Treatment Plant VE

ITEM: Raise hydraulic gradient in new plant
ITEM UNIT QTY. UNIT COST TOTAL
Primaries:
6500 X 1.524 = 9906 m? m’ 9,906 20
Aerations:

500 X 1.524 = 8832

Finals:
13,000 x 1.524 = 19812 m? 19,812 20
Subtotal
Total
SAVINGS $(762,000)

Cae Stuidy Seven Wagtewater Trestment Plant



VALUE ENGINEERING RECOMMENDATION NO. F-28

PROJECT: Wastewater Treatment Plant VE
ITEM: Initiate a Water Conservation Program

ORIGINAL DESIGN

Original plant design is based on projected capital -popul ation flow cal culations, using
previously established flows.

PROPOSED DESIGN

Augment efforts to implement a water conservation program. Assume 15% reduction in flow to
the plant. Reduction will increase strength concentrations to process. Design now for 35 MGD
instead of 50 MGD.

DISCUSSION

Savings will be minimally offset by investment in a water conservation program
(implementation via community).

Note: Although a 30% reduction in household consumption has been achieved in many areas,
theteam suggests use of a more conservative factor of 15%. Thisfactor is suggested because
infiltration, irrigation, etc., will not be reduced by the water conservation efforts.

LIFE CYCLE COST SUMMARY CAPITAL ANNUAL O&M
Original design $118,536,000 $6,666,666
Proposed design $100,755,000 $5,666,666
Savings $ 17,780,000 $1,000,000

PRESENT WORTH (PW) ANNUAL 0&M COST $13,760,000

LIFE CYCLE (PW) SAVINGS $31,540,000

Case Study Seven  Wastewater Treatment Plant



DEVELOPMENTPHASE ~ LIFE CYCLE COST (Present Worth Method)

Consider Water Conservation and Design for 35 MGD ORIGINAL ALT. 1
proposal No. _F—28___ Date _ 50 MGD Plant 35 MGD Plant
PROJECT LIFE CYCLE {YEARS) 30
DISCOUNT RATE (PERCENT) 6.000%
Capital Cost Est PW Est. PW
Al Initial Costs 118536000 118538000 106755000 100755000
Other Initial Costs
A)
B)
Total Initial Cost Impact {IG)
Initial Cost PW Savings
Replacement/Salvage Costs Year Factor
A)
B e
C)
D)
E) —_—
F)
G) B
Salvage {neq. cash flow)
Total Replacement/Salvage PW Costs
Cperation/Maintenance Cost Escl. % PWA
A Maint. & Operations 0.000% 13.765 6666666 91765532 5666666 78000701
B) _ 13.765 0 0
C) —_— 13.765 0 0
D) 13.765 0 0
E) — 13.765 0 0
F) — 13.765 0 0
G) — 13.765 0 0
Total Operation/Maintenance (PW) Costs 91765532 78000701
Total Present Worth Life Cycle Costs 210301532 178755701
Life Cycle (PW) Savings 31545831

, PW = PresentWorth  PWA = Present Worth of Annuity

Case Sudy Sewn  Wastewater Treatment Plant












VE Workbook  Vaue Engineering Workbook

he Value Engineering Workbook is designed to guide practitioners

through the application of the VE Job Plan. The blank forms and

spreadsheet templates, prganized according to the structured phases
of the Job Plan, provideaframework to assst the team asit worksthrough the VE
study process. A list of key questions, techniques, and procedures precedes the
formsfor each phase, highlighting the objectivesand methods for each part of
the plan.

An additional feature of thisbook isaCD with asystem of electronic, integrated
forms and spreadsheet templates that interface with rhe workbook. The author
developed thesedigital formats over the course of more than 500 major project
VE studies. The CD also includes tools for advanced practitioners, developed
especidly for use in the VE process. These applications include a parameter-
based cost-estimating systemtied to the Cost Mode! and life cyclecosting system.

The CD is easily used on IBM-compatible computers with Lotus 1-2-3
or Excdl.
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Value
Engineering
Wor kbook

Study Title

Date

Study No.

Team
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ValueEngineering
An organized approach!

Job Plan Phases

Q Orientation e

(Prgject Sdection)

1 Information TSR S R|

2 Function =

3 Creative e

4 Analysis 1

5 Recommendation Y

6 Presentationand | mplementation o]
s s Tl

Time- VE Study

The purpose o this workbook isto guide
you t hr ough application of the VE Job Flan
while performing your study. Fed free

to add additional pagesdf datatothe
workbook as you collect information.
Theworksheetsareto be used only as
necessary for the specific projects. They
may be added to, deleted from or modiied
as necessay.

Thelistdf formsand their projected usage
follows:

VE Workbook  Value Engineering Workbaook



LIST OF FORMS

FORM DESCRIPTION PAGE
NO. NO.

WS1 Attendance
For initia briefings, interface meetings, and presentation.

PHASE 1 - Information Phase 373

WS2 VaueEngineeringTeam
For listing of team members, contributors,and brief descriptionof team study
area. 374

WS3  Consultationand Document Record
For recordingal significantinput from consultants/outside expertsduring the
workshop. 375

WS4  Cost Summary
For generd purpose cost sheet to record cost datafor information phase of
workshop. 376

WS5  Generd PurposeMode
For usein modeling: initial costs, life cycle costs, energy, space, etc.
May be expanded as required. 377

WS6 CostWorth Mode - Buildings

For usein VE studiesfor initial cost modeling using the UniFormat System. 378
WS7  Congtruction Cost Summary
For usein developing building budget or actual estimate using parameter costs in
UniFormat. Form can belinked to WS 6 - Cost/Worth Model. 379
PHASE 2 - Function Phase 380

WS8 FunctionAnaysis
For useas agenera purpose sheet to do afunction analysis.

WS9 FunctionAnaysis- Buildings
For performinga function analysisfor buildings using the UniFormat Costing
System. Form can belinked to WS 6 - Cost/Worth Model.

WS 10 FAST Diagram - Procedures
For guidelineson how to preparea FAST Diagram.

WS11 FAST Diagram
For useasaform to do a FAST.Diagram.

VE Workbook Vaue Engineering Workbook



FORM DESCRIPTION PAGE
NO. NO.

PHASE 3- Creative Phase

WS 12 Creative/Evaluation \Worksheet
For listing ideasgenerated during creativity/brainstorming phase. 387

Figure 1 IdeaStimulator Checklist
For aidingin the creativity efforts.

PHASE 4 - Analysis/Judicial Phase 339
Analysis/Development Phase 390

WS13 Life CycleCost (Present Worth Method)

For acomparativeevauation of thetotal cost of alternativesover a given
lifecycleand interest rate. 391

WS13 Example LifeCycle Cost (Present Worth Method)
For an exampleof theuseof theform.

Analysis/Evaluation Phase 395

WS14 Weighted Evaluation

For selecting the optimum choice of competing alternatesusing weighted
criteriaand an analysismatrix for ranking. 396

WS14 Example: Weighted Evaluation
For anexample of the useof theform.

PHASE 5~ Recommendation 398
WS 15 Vaue Engineering Recommendation
For writing up proposals.
WS16 Cost Worksheet
For generating the original design and proposed alternative/s costs. 400
WS17 Summary of Potential Cost Savings
For preparing asummary of all the proposalsand their costs. 401
PHASE 6~ Presentation & Implementation 402

Figure2 Outlinefor Team Presentation
For assisting the team in preparing the verba presentation. 403

Note: a fully automated version of the forms is inciuded in the astatched CD.
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Attendance
Project:

Locat i on:

[tem:

Date

No.

Name

Company

Position TelephoneNumber

VE Workbook  Vaue Engineering Workbook



Phase 1
I nformation Phase

Key Questions

® What isit?

1 What doesit do?

B What mustit do?

1 What doesit cost?
8 What isthe budget?
1 What isit worth?

Procedures

H Get al thefacts.
1 Identify al theconstraints.
Determine costs, space, quality parameters.
1 Identify functions.
8 DevdopModds Initial Costs, Space, Energy, LifeCycle, Qudlity.
B Set target worth.
8 Sdect functionsfor valueimprovement.

VE Wokbook  Vaue Engineering Workbook



ValueEngineering Team
Project:

L ocation:
Study Title TeamNo.

Study Date: Sheset No.

|. Team

Name Position TdephoneNunter

[Team

Members

Part Tune
Contributors

IL. DescribeProblem To Be Studied(exi sting procedure, design, system)

VE Workbook  Vaue Engineering Workbook



I nformationPhase Conaultation & Document Record

Proec:

L ocation:

Study Title:

INFORMATION SOURCE Phone No. MAJOR PO NTSOFDATA
Name, Title, Organization, (If Applicable)

or ReferenceDocument

GET INFORMATION FROM THE BEST SOURCES

VE Workbook  Value Engineering Workbook



Cost Summary
Project:

Location:

Study Title:

Check one; use separ ate sheet for each
O construction Cost
Q 0 &M Cost
J ReplacementCosts

New Egtimate

GET COST FROM THE BEST SOURCES

V& 4

VE Workbook  Vaue Engineering Workbook
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Cost/Worth Model
Value Engineering Study

Legend:

Actual/Estimated
VE Target

Date:

Total Cost/Worth

NOTES:

Bidg. Type:
Area; {SQM)
Area: {SQM}) VE

Floors:




Congruction Cost Summary
Project Name:
L ocation:

al Finishes Area

WS T

Nate: An Excel cost program for developing conceptual building estimates is inciuded i the VE fool ssection
of the attuched diskette.
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