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1. INTRODUCTION

PFCS: Who We Are
SOLUTIONS
Pete Fowler Construction Services (PFCS)
specializes in creating REAL PRACTICAL
SOLUTIONS for property owners & managers,
builders & developers, construction contractors,
product manufacturers & suppliers, lawyers and
insurers.

www.petefowler.com
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PFCS: We Know Buildings
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1. INTRODUCTION

PFCS: We Know Buildings
CLIENTS
• Property Owners
& Managers
• Builders & Developers
• Contractors
• Product Manufacturers
• Insurers
• Lawyers

www.petefowler.com

Read about industry impacts on our blog at www.petefowler.com
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The PFCS Way
ON ALL PROJECTS

BLM OR LITIGATION?

Building Information Management:
We pick up where Zillow and Google
leave off. We use technology to
collect, organize, structure and store
documents and building info forever.

Manage Quality: We apply
professional construction
management discipline to get work
done, and create and execute
construction quality assurance plans.

Evaluate Performance: We perform
structured building inspection and
testing evaluations, exceeding the
highest standards.

Allocate Responsibility: For insurance
and legal clients we use our expertise
in evaluating, specifying and
managing construction to compare
what happened in problem projects
to what should have. We apply
professional judgment to allocate
responsibility.

Specify Solutions: We analyze, report,
make recommendations and compose
specifications and estimates for
construction, maintenance & repairs.

Read about industry impacts on our blog at www.petefowler.com

We know
buildings
EXPERTISE
PROJECT MANAGEMENT
TECHNOLOGY
STANDARDS
RESULTS

Maintaining your property
is hard. We can help.

building
Life-Cycle

Building Life-Cycle Management Services for
Owners, Associations and Managers
Evaluation
Property Condition Assessment (per ASTM E2018)
Leak Investigation and Testing (per ASTM E2128)
Information Management (Incl. Document Storage and Access per ASTM E2166)

Specification
Consultation
Maintenance Plan
Maintenance Manual
Reserve Study (In close coordination with a Reserve Study specialist)
Budget
Life-Cycle Cost Analysis
Specifications for Maintenance, Repair and Improvement

Quality Management
Progress Schedule
Request for Proposal
Proposal / Bid Analysis

Pete Fowler Construction Services (PFCS) specializes in
creating REAL PRACTICAL SOLUTIONS for property owners
& managers, builders & developers, construction contractors,
product manufacturers, lawyers and insurers.
PROJECT MANAGEMENT: To deliver valuable work with
measurable return on investment (ROI), we have to manage
the Scope, Budget and Schedule of our work and yours.
TECHNOLOGY: We use proprietary technology to create
valuable work faster, better and cheaper, to make the
information available to all applicable stakeholders, and to
create a permanent digital record at no extra cost.
STANDARDS: To help clients manage building lifecycle
performance and costs, we compare each project to industry
standards and best practices, then apply professional
judgement to develop strategies and stepbystep plans for
maximizing ROI for maintenance and repair expenditures.
RESULTS: Our work allows our clients to make informed,
effective decisions.

Contracts
Construction Management including invoice and change order processing
Quality Control Inspections
Warranty Management

P e t e Fo w l e r

www.petefowler.com

CONSTRUCTION

Services, Inc.
www.petefowler.com

6/26/2014

Program Outline
1. Introduction
2. I Have A Dream (of Connected Dots)
3. Decisions Decisions
4. Playing Doctor (Evaluating)
5. Do the Right Thing (Prioritizing)
6. Conclusion
Read about industry impacts on our blog at www.petefowler.com
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Pete Fowler
CONNECT WITH PETE
Call 949.240.9971
Email pf@petefowler.com
Find him on LinkedIn!

Read about industry impacts on our blog at www.petefowler.com
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Webinar Materials

Click on the seminar you attended
Read about industry impacts on our blog at www.petefowler.com
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CE CERTIFICATES WILL BE
SENT OUT WITHIN 3
BUSINESS DAYS
(There is no need to contact us, Certificates
of Attendance are sent to all who logged in
for the seminar).
Read about industry impacts on our blog at www.petefowler.com
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Your Feedback is Important
SURVEY SAYS!
You will receive a survey
link immediately following
the webinar. We put a lot
of effort into providing
these programs free of
charge, we just ask that
you take a few seconds to
leave your feedback on
today’s presentation
Read about industry impacts on our blog at www.petefowler.com
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1. INTRODUCTION

Learning Objectives
The point of this program is to talk about what it
means to (1.) apply professional judgment to (2.)
making good decisions about building maintenance.
And good building maintenance decisions include
deciding WHAT, WHERE, HOW, and WHEN
maintenance work should be done, and WHO
should be involved in the process. And all of this
must take into consideration HOW MUCH these
various scenarios cost.
Read about industry impacts on our blog at www.petefowler.com
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Program Introduction
WHY THIS IS IMPORTANT
• If your “Level 1” pass, that you learned how to do in our
last program called Building Performance Analysis and
Budgeting 101, comes out to $1 million (or 2 or 6 or 10),
but you don’t have $1 million, what do you do?
• Some get loans, and that is a good solution for some
• But some projects should not have $6 million spent on
them, even if the Owner(s) have the money.
LITIGATION CLIENTS: Because creating a realistic scenario
for the Owners is a way to get matters settled.
BLM CLIENTS (Owners, Managers): Because some
projects should not get the Cadillac even if they can.
Read about industry impacts on our blog at www.petefowler.com
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Program Introduction
Whether you have a limited budget or not, you should
always make decisions about property maintenance,
improvement and repair with two ideas in mind:
(1.) Lifetime costs and (2.) costs versus benefits.
If you perform work (spend maintenance dollars) too
early, you might spend more over time. But if you spend
too late (deferred maintenance), then damage can cause
costs to soar and the building might never fully recover
without significant expenditure for repairs. We will show
you a framework for making smart long‐term, cost‐
benefit decisions about building and property
maintenance, repairs and improvements.
Read about industry impacts on our blog at www.petefowler.com
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Program Introduction
Making smart property‐related decisions is hard.
We sometimes see some people making good,
fact‐based decisions with return on investment
(ROI) in mind. But at least as often, the decision
making strategies are either (1.) guesswork and
prayer; these are sometimes referred to as
“experience,” or (2.) “our contractor told us
what needed to be done.” Or both.

Read about industry impacts on our blog at www.petefowler.com
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1. INTRODUCTION

Program Introduction
To make good decisions, we need good
information. And good information in any
complicated matter comes from applying of
time‐tested standards like organization of the
data so that a sensible EXAMINATION can take
place. Once the data is turned into information,
a thoughtful DIAGNOSIS can be made. Then, and
only then, should a PRESCRIPTION be issued.

Read about industry impacts on our blog at www.petefowler.com
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Program Introduction
And remember: If a doctor prescribes before
examination or diagnosis, it’s called malpractice.
Beware “building doctors” who tend to
prescribe one‐size‐fits‐all solutions. This means
you need to be careful that you “don’t fix what
ain't broke!”.

Read about industry impacts on our blog at www.petefowler.com
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Program Introduction
RECOMMENDATION
Don’t get contractors who are interested in
bidding on the work involved at this point in the
decision making process, unless you are going to
pay them for consulting services.
Because competition is the ONLY reliable
mechanism we have that can increase quality and
decrease cost. No competition = higher cost.
Read about industry impacts on our blog at www.petefowler.com
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2. I HAVE A DREAM
(OF CONNECTED DOTS)

2. I HAVE A DREAM

I Have A Dream (Of Connected Dots)
1. Building Construction Lifecycle
2. Good to Great – Best Practices
3. “Building” Costs
4. Building Performance and Lifecycle
Management
5. A Sensible List
6. Life‐Cycle Cost Analysis
Read about industry impacts on our blog at www.petefowler.com
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2. I HAVE A DREAM

Building Construction Lifecycle

Read about industry impacts on our blog at www.petefowler.com
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Building Construction Lifecycle
LIFECYCLE PROCESS

1. Plan

San Onofre Nuclear Power Plant

2. Build
3. Use
4. Maintain
5. Repair & Improve
6. Learn
Read about industry impacts on our blog at www.petefowler.com
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2. I HAVE A DREAM

Good to Great
HOW DO WE KNOW WHAT THE “BEST PRACTICES” ARE?
1. This uses the “twins separated
at birth” model of figuring out
best practices for companies.
2. If we structure the financial data
related to property maintenance
and management then then we
can compare the physical and
financial performance of
projects to divine best practices.
3. This is a LOT of work.
4. There is lots to learn here.
Read about industry impacts on our blog at www.petefowler.com

2. I HAVE A DREAM

“Building Costs”
1. Building (verb) Costs:
Incurred during construction.
2. Building (noun) Costs:
Incurred after construction.
3. Estimating Service Life: Reserve Studies
4. Budget vs. Actual

Read about industry impacts on our blog at www.petefowler.com
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2. I HAVE A DREAM

Building Performance and
Lifecycle Management
INTEGRATING DOCUMENTS & INFORMATION:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Elements or Components List
Property Condition Assessment
Maintenance Plan
Maintenance Manual
Reserve Study
Scope of Work
Request for Proposal
Budget
Schedule
Contract
Construction Management Documentation
Warranty Documentation
Chart of Accounts (make budget‐to‐actual comparison easy)
Read about industry impacts on our blog at www.petefowler.com
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A Sensible List

Read about industry impacts on our blog at www.petefowler.com

6/26/2014

2. I HAVE A DREAM

A Sensible List
UNIFORMAT (PFCS STANDARD)
Level 1 Structure (Major Categories)
A. Substructure
B. Superstructure
C.

Interiors

D. Services
E.

Equipment & Furnishings

F.

Special Construction & Demolition

G. Building Sitework
H. Other (incl. Operating Expenses)

Read about industry impacts on our blog at www.petefowler.com
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A Sensible List
UNIFORMAT (PFCS STANDARD)
Level 2 ‐ Detailed List

C. Interiors

A. Substructure

D. Services

•

A2025 Waterproofing

B. Superstructure
•

B2013 Siding & Trim

•

B2050 Joint Sealants

•

B2060 Exterior Paint

•

B3001 Sloped Roofs

E. Equipment & Furnishings
F. Special Construction &
Demolition
G. Building Sitework
•

G2055 Fine Grading &
Drainage

H. Other (Operating Expenses
Read about industry impacts on our blog at www.petefowler.com
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2. I HAVE A DREAM

A Sensible List
Chart of Accounts
Many financial reports don’t help
us to make good decisions about
building costs. But with some
thought, they can become a very
powerful tool.
This book describes a usable
method for organizing financial
data into management
information for decision making.

Read about industry impacts on our blog at www.petefowler.com

Designation: E2166 – 07

Standard Practice for

Organizing and Managing Building Data1
This standard is issued under the fixed designation E2166; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope
1.1 This practice covers the organization of building information to support informed decision making. The kinds of data
considered in this practice includes text, numeric, and graphic
data. The system of organization is applicable to a wide range
of data collection and organization tasks from routine in-depth
analysis of a single building, to situations where many buildings must be evaluated and prioritized in a short time frame.
1.2 The organizational structure is based on UNIFORMAT
II (ASTM E1557), a system which groups building elements
according to the way buildings are constructed and function.
1.3 The use of UNIFORMAT II provides a set of recognized
summary levels that are relevant throughout the industries that
design, construct, and manage buildings.
2. Referenced Documents
2.1 ASTM Standards:2
E631 Terminology of Building Constructions
E833 Terminology of Building Economics
E917 Practice for Measuring Life-Cycle Costs of Buildings
and Building Systems
E1334 Practice for Rating the Serviceability of a Building
or Building-Related Facility
E1557 Classification for Building Elements and Related
Sitework—UNIFORMAT II
E1699 Practice for Performing Value Analysis (VA) of
Buildings and Building Systems
E1765 Practice for Applying Analytical Hierarchy Process
(AHP) to Multiattribute Decision Analysis of Investments
Related to Buildings and Building Systems
1
This practice is under the jurisdiction of ASTM Committee E06 on Performance of Buildings and is the direct responsibility of Subcommittee E06.81 on
Building Economics.
Current edition approved April 1, 2007. Published April 2007. Originally
approved in 2001. Last previous edition approved in 2001 as E2166 – 01. DOI:
10.1520/E2166-07.
2
For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

E1836 Practice for Building Floor Area Measurements for
Facility Management
3. Terminology
3.1 Definitions—For definitions of terms used in this practice, refer to Terminologies E631 and E833.
4. Significance and Use
4.1 Use this practice to organize information that describes
new or existing buildings of any size. The concepts presented
here can also be applied to other categories of construction
where a standard corresponding to UNIFORMAT II does not
yet exist.
4.2 The hierarchical structure of UNIFORMAT II enables
the user to focus on building elements in functionally consistent groups. It can be applied by an administrator initiating a
data system as a facility standard, as well as a consultant
reporting on building conditions.
4.2.1 A consistent method of arrangement for subject matter
expedites the preparation and use of source documents, and
simplifies the process of comparing information from several
sources.
4.3 This practice is suitable for arranging the content of
individual reports, managing physical files, as well as automated data applications. Personal computers operating commercially available software are able to meet the functional
requirements of this practice.
4.4 This practice provides a consistent and comprehensive
outline suitable to track the evolution of specific building
conditions in one or many buildings. It can be applied to
historical building data as well as new information.
4.5 Administration of this practice will reveal categories of
building data that have been overlooked in prior data gathering
efforts that did not rely on a systems approach. The comprehensive hierarchy of Systems and Elements, readily displays
the amount and depth of information distributed among the
categories and levels. The pattern of available information
highlights voids among the categories. It is also possible to
quickly focus on the quality and sufficiency of cataloged data

Copyright. (C) ASTM International. 100 Barr Harbour Dr., P.O. box C-700 West Conshohocken, Pennsylvania 19428-2959, United States

Copyright by ASTM Int'l (all rights reserved); Thu Nov 3 12:33:16 EDT 2011
1
Downloaded/printed by
Peter Fowler (Peter+Fowler+Construction+Serv) pursuant to License Agreement. No further reproductions authorized.

E2166 – 07
to determine whether an appropriate level of detail exists to
address the needs of decision-makers.
5. Procedure
5.1 Organize existing physical information to correspond to
the categories of UNIFORMAT II. Initial data-gathering efforts
for new or existing buildings can easily make information
conform to the hierarchical structure of UNIFORMAT II.
5.2 Legacy data and pre-existing text are likely to be found
in the prevailing style of the preparer. In order to preserve the
clarity and continuity of concept presented in text which was
arranged in a non-UNIFORMAT II outline, it will be necessary
in many instances, to associate the same block of text to several
hierarchical levels in order to adequately communicate conditions or intent.
5.3 Where a large body of existing data is available, the
initial organizing effort will involve some degree of judgment
based on the quality of existing historical data, the present
condition of the subject building, and some expectation of the
range of potential uses for the building. Make objective
decisions on the acquisition, retention, and application of data.
Avoid stacking data to force outcomes that are situationally
perceived to be “obvious” or “inevitable.”
5.3.1 Many buildings lack significant existing data for
certain Systems. In order to reliably establish baseline conditions, consult with relevant building specialists. Direct consultants to provide copies of new studies in formats compatible
with the facility’s resident system.
5.4 Inventory a complete list of rooms or named spaces.
Each room or space is delimited by a finite set of constructed
entities such as floors, walls, and ceilings that correspond
directly to a UNIFORMAT II element. Make on-site observations of existing building conditions, or compile available data
from the drawings of a proposed building to develop a suitable
inventory. Reference UNIFORMAT II elements to the constructed entities of the room inventory.
5.5 Develop a list of elements within the third level of
UNIFORMAT II. Make distinctions among the functional
attributes of similar elements. These distinctions form subsets
of elements or types. A type refers to a kind of assembly that
possesses a unique combination of function and components
consistent with, and subordinate to, elements within the third
level of the UNIFORMAT II outline. Elements which superficially appear to be similar are constructed with purposeful
physical variations in order to accommodate a variety of
functional or situational requirements. For example, the exterior envelope of certain buildings is uniform on all sides and on
all levels while the exterior of other buildings vary by facade,
as well as by groupings of floor levels. Partitions which
separate rooms from each other possess different functional
requirements, such as fire rating, than the partition that
separates the rooms from the corridor, or a room from a
stairwell. Limits of connections, distinctions of substrate conditions and basic functional definitions must also be discerned
in order to definitively name a type. For example, within the
family of partition types, wood stud-framing covered on each
side with a single layer of gypsum wall board (GWB) is a wall
type, as is a concrete masonry [unit] block (CMU) wall. If
these walls are painted with the same kind of paint system, that

paint system is the finish type common to both wall types. If
the CMU wall is to be covered with GWB and painted, the
GWB, furring or other sub framing, as well as the paint is
considered to be a finish type since the GWB is incidental to
the function of the CMU. If the CMU wall needs to achieve a
certain fire-rating which is only possible with the application of
plaster or stucco, the CMU plus the applied coating is
considered together as a type, because the coating is essential
to its basic function. Frequently, these types correspond to an
existing standard assembly which has been tested and published by recognized testing laboratories or industry interest
groups. Develop a list of types peculiar to the study building at
the earliest opportunity.
5.6 Identify the connections between the different elemental
types and segments of the same type. These connections or
joints are designed to maintain the functionality of the system
by mitigating certain conditions within designed limits. Develop a list of joint types rather than attempting to account for
the joint as a component of an adjacent element type. The
function of the joint is necessarily more complex than the types
being joined. An awareness of the joint as an entity helps to
focus attention on its functional criteria. For instance, a basic
function of an exterior wall type is to keep weather out of the
building. The joints must additionally accommodate movement, possibly provide galvanic isolation, and present an
appearance consistent with an overall architectural vocabulary.
The materials used to make joints are frequently unique to the
joint and different than the materials comprising the basic types
being joined. The useful life and maintenance cycles of many
kinds of joints vary sufficiently from the adjacent assemblies to
merit scheduled attention.
5.6.1 Organize the list of joint types to respond to relevant
needs such as maintenance. The function and composition of
the joint determines the nature and frequency of attention.
Elastomeric sealant in an exterior wall for example, will
fatigue or deteriorate at a reasonably predictable rate based on
the material and exposure. Joints which respond to specific
events such as fire or earthquake need to be occasionally
checked to confirm that the joint continues to have the capacity
to perform as intended. After an event, those joints need to be
inspected for repair or replacement. Fixed joints such as
structural connections are of great interest during the design
and construction phases, but generally require no further
attention until the next renovation.
5.7 Naming conventions for types depend upon the needs of
the study in the context of the overall building documentation
effort and are not standardized in this practice.
5.8 Existing buildings frequently lack sufficient available
documentation to confidently identify types without performing invasive exploration. Where such activity is not warranted
at the time of the data gathering effort, identify only directly
observable materials and note observable functions at the
appropriate UNIFORMAT II level. Include more detailed
information as it becomes known.
5.9 Associate relevant combinations of types. Within a
single room, a structural element such as a column and an
envelope element such as an exterior wall and two different

Copyright by ASTM Int'l (all rights reserved); Thu Nov 3 12:33:16 EDT 2011
2
Downloaded/printed by
Peter Fowler (Peter+Fowler+Construction+Serv) pursuant to License Agreement. No further reproductions authorized.
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Decisions Decisions
• Ritz v. Motel 6
• Definitions
• Examples
• Dangers
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Ritz vs. Motel 6
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Ritz vs. Motel 6
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Definitions
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Definitions
1. Maintenance: (1.) The process of maintaining or preserving
someone or something, or the state of being maintained:
"the maintenance of democratic government". (2.) The
process of keeping something in good condition: "car
maintenance"; "essential maintenance work".
2. Deferred: (1.) Put off (an action or event) to a later time;
postpone. (2.) Submit humbly to (a person or a person's
wishes or qualities): "he deferred to Tim's superior
knowledge".
3. Deferred Maintenance
Source: Google.com
Read about industry impacts on our blog at www.petefowler.com
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Examples
A.

Substructure

B.

Superstructure

•
•

A2025 Waterproofing
B2013 Siding & Trim

•

B2050 Joint Sealants

•

B2060 Exterior Paint

•

B3001 Sloped Roofs

C.

Interiors

D.

Services

E.

Equipment & Furnishings

F.

Special Construction & Demolition

G.

Building Sitework
•

G2055 Fine Grading & Drainage
Read about industry impacts on our blog at www.petefowler.com
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Examples: A2025 Waterproofing
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Examples: B2013 Siding & Trim

Read about industry impacts on our blog at www.petefowler.com
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Examples: B2050 Joint Sealants
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Examples: B2060 Exterior Paint
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Examples: B3001 Sloped Roofs
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Examples: G2055 Fine Grading &
Drainage

Read about industry impacts on our blog at www.petefowler.com
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Dangers
• Spending too much
• Spending too little in the short term, allowing
damage to increase costs long‐term
• Unattractive property
• Unsatisfied owners & occupants
• Trying to play catch‐up
Read about industry impacts on our blog at www.petefowler.com

Designation: E 2018 – 01

Standard Guide for

Property Condition Assessments: Baseline Property
Condition Assessment Process1
This standard is issued under the fixed designation E 2018; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1.2 Objectives—Objectives in the development of this guide
are: (1) define good commercial and customary practice for the
PCA of primary commercial real estate improvements; (2)
facilitate consistent and pertinent content in PCRs; (3) develop
practical and reasonable recommendations and expectations for
site observations, document reviews and research associated
with conducting PCAs and preparing PCRs; (4) establish
reasonable expectations for PCRs; (5) assist in developing an
industry baseline standard of care for appropriate observations
and research; and (6) recommend protocols for consultants for
communicating observations, opinions, and recommendations
in a manner meaningful to the user.
1.3 Considerations Beyond Scope—The use of this guide is
strictly limited to the scope set forth in this section. Section 11
and Appendix X1 of this guide identify, for informational
purposes, certain physical conditions that may exist on the
subject property, and certain activities or procedures (not an all
inclusive list) that are beyond the scope of this guide but may
warrant consideration by parties to a commercial real estate
transaction.
1.4 Organization of This Guide—This guide consists of
several sections, an Annex and two Appendixes. Section 1 is
the Scope. Section 2 on Terminology contains definitions of
terms both unique to this guide and not unique to this guide,
and acronyms. Section 3 sets out the Significance and Use of
this guide, and Section 4 describes the User’s Responsibilities.
Sections 5 through 10 provide guidelines for the main body of
the PCA, including the scope of the Walk-Through Survey,
preparation of the Opinions of Probable Costs to Remedy
Physical Deficiencies, and preparation of the PCR. Section 11
provides additional information regarding out of scope considerations (see 1.3). Annex A1 provides requirements relating to
specific asset types, and where applicable, such requirements
are to be considered as if integral to this guide. Appendix X1
provides the user with additional PCA scope considerations,
whereby a user may increase this guide’s baseline scope of due
diligence to be exercised by the consultant. Appendix X2
outlines the ADA Accessibility Survey.
1.5 Multiple Buildings—Should the subject property consist
of multiple buildings, it is the intent of this guide that only a
single PCR be produced by the consultant to report on all of the
buildings on the subject property.

1. Scope
1.1 Purpose—The purpose of this guide is to define good
commercial and customary practice in the United States of
America for conducting a baseline property condition assessment (PCA) of the improvements located on a parcel of
commercial real estate by performing a walk-through survey
and conducting research as outlined within this guide.
1.1.1 Physical Deficiencies—In defining good commercial
and customary practice for conducting a baseline PCA, the
goal is to identify and communicate physical deficiencies to a
user. The term physical deficiencies means the presence of
conspicuous defects or material deferred maintenance of a
subject property’s material systems, components, or equipment
as observed during the field observer’s walk-through survey.
This definition specifically excludes deficiencies that may be
remedied with routine maintenance, miscellaneous minor repairs, normal operating maintenance, etc., and excludes de
minimis conditions that generally do not present material
physical deficiencies of the subject property.
1.1.2 Walk-Through Survey—This guide outlines procedures for conducting a walk-through survey to identify the
subject property’s material physical deficiencies, and recommends various systems, components, and equipment that
should be observed by the field observer and reported in the
property condition report (PCR).
1.1.3 Document Reviews and Interviews—The scope of this
guide includes document reviews, research, and interviews to
augment the walk-through survey so as to assist the consultant’s understanding of the subject property and identification of
physical deficiencies.
1.1.4 Property Condition Report—The work product resulting from completing a PCA in accordance with this guide is a
PCR. The PCR incorporates the information obtained during
the Walk-Through Survey, the Document Review and Interviews sections of this guide, and includes opinions of probable
costs for suggested remedies of the physical deficiencies
identified.
1
This guide is under the jurisdiction of ASTM Committee E50 on Environmental
Assessment and is the direct responsibility of Subcommittee E50.02 on Commercial
Real Estate Transactions.
Current edition approved Dec. 10, 2001. Published March 2002. Originally
published as E 2018–99. Last previous edition E 2018–99.
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E 2018 – 01
1.6 Safety Concerns—This guide does not purport to address all of the safety concerns, if any, associated with the
walk-through survey. It is the responsibility of the consultant
using this guide to establish appropriate safety and health
practices when conducting a PCA.
1

2

3

4

5

6

7

8

Walk-Through Survey
8.1
Objective
8.2
Frequency
8.3
Photographs
8.4
Scope
8.5
Additional Considerations
9
Opinions of Probable Costs to Remedy Physical Deficiencies
9.1
Purpose
9.2
Scope
9.3
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4. PLAYING DOCTOR

Playing Doctor
1. Evaluate: Examine, Diagnose, Prescribe
2. Property Condition Assessment
3. Evaluating Water Leakage of Buildings
4. Case Study: Residential Condo in Pacific
Northwest
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4. PLAYING DOCTOR

Evaluate: Examine, Diagnose,
Prescribe
• Playing (Building) Doctor: Examine, Diagnose, Prescribe
• Hippocratic Oath
• Examine: Structure, Standards
• Diagnose: Its not always obvious
• Prescribe: Do the right thing(s). And remember that one size
does NOT fit all.
• Over Engineering: Not everyone can afford it.
• Evaluate: Apply Professional Judgment

Read about industry impacts on our blog at www.petefowler.com
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Property Condition Assessment
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Evaluating Water Leakage of Buildings
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4. PLAYING DOCTOR

Evaluating Water Leakage of Buildings
A SYSTEMATIC APPROACH

1.
2.
3.
4.
5.
6.
7.

Review of Project Documents
Evaluation of Design Concept
Determination of Service History
Inspection
Investigative Testing
Analysis
Report Preparation

Read about industry impacts on our blog at www.petefowler.com
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Case Study
RESIDENTIAL CONDO PROJECT IN PACIFIC NORTHWEST
1.

Analysis of Data

2.

Map All Data Points

3.

Scope of Repair & Repair Map

4.

Bid Solicitation

5.

Bid Analysis / Award

6.

Contracts with Attachments

7.

Construction Management

8.

Key Learnings
Read about industry impacts on our blog at www.petefowler.com
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Case Study
RESIDENTIAL CONDO PROJECT IN PACIFIC NORTHWEST
• Define Review and analyze existing reports, perform inspection, evaluate
current conditions, make repair recommendations, bid & negotiate the
work, inspect repairs and process payments.
• Budget: Keep the total project costs at or under $50k.
• Schedule: All repairs completed during the summer months and also
maintain a payment schedule aligned with HOA dues and budgets.
• Contract: Manage this project as third party construction manager.
• Coordinate: Construction Manager (CM) as advisor to the owner. Steward
the project beginning to end, coordinating design, soliciting bids, creating
contracts, processing payments, and verifying conformance.
• Verify: The CM will process payment applications, conduct site visits at pre‐
defined hold points and conduct a final walk‐through with the general
contractor.
Read about industry impacts on our blog at www.petefowler.com
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4. PLAYING DOCTOR

Case Study
Residential Condo Project
in Pacific Northwest
Property has 50 units in 11
buildings. Built in early
1970s as apartments and
converted to condos 13
years ago.
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Case Study
RESIDENTIAL CONDO PROJECT IN PACIFIC NORTHWEST

Satellite Image /
Site Plan
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Case Study
RESIDENTIAL CONDO PROJECT IN PACIFIC NORTHWEST
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4. PLAYING DOCTOR

Case Study
RESIDENTIAL CONDO PROJECT IN PACIFIC NORTHWEST
1. Analysis of Data
A. Review reports published by others
B. Interview HOA / maintenance contractor
C.

Perform site inspection / openings

D. Product research

Read about industry impacts on our blog at www.petefowler.com
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Case Study
RESIDENTIAL CONDO PROJECT IN PACIFIC NORTHWEST
2. Map all data points

Read about industry impacts on our blog at www.petefowler.com
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Case Study
RESIDENTIAL CONDO PROJECT IN PACIFIC NORTHWEST
3. Scope of Repair & Repair Map
•

Cleaning: Vinyl Siding

•

Rough Carpentry: Damaged OSB at Window Sill
(map)

•

Rough Carpentry: Treat Exposed OSB (map)

•

Roofing: Moss and Algae Removal (map)

•

Siding: Leaks at Corners of Window Sills (map)

•

Siding: Drill Weep Holes at Horizontal J‐Channels

•

Siding: Corner Trim Components (isolated)

•

Siding: Warped Siding (isolated)

•

Flashing Components: Roof‐to‐Wall

•

Windows: Install Screens (isolated)

•

Fences & Gates: Replace along Thiessen Road
Read about industry impacts on our blog at www.petefowler.com
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Case Study
RESIDENTIAL CONDO PROJECT IN PACIFIC NORTHWEST
3. Scope of Repair & Repair Map
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Case Study
RESIDENTIAL CONDO PROJECT IN PACIFIC NORTHWEST
3. Scope of Repair & Repair Map
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Case Study
RESIDENTIAL CONDO PROJECT IN PACIFIC NORTHWEST
4. Bid Solicitation

Read about industry impacts on our blog at www.petefowler.com
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Case Study
RESIDENTIAL CONDO PROJECT IN PACIFIC NORTHWEST
5. Bid Analysis / Award

Read about industry impacts on our blog at www.petefowler.com
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Case Study
RESIDENTIAL CONDO PROJECT IN PACIFIC NORTHWEST
6. Contracts with Attachments
•

AIA Contracts

•

Scope of Repair

•

Repair Exhibits

•

Bid

•

Manufacturer Specs.

•

Payment Application

•

Insurance Certificates

Read about industry impacts on our blog at www.petefowler.com
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Case Study
RESIDENTIAL CONDO PROJECT IN PACIFIC NORTHWEST
7. Construction Management
• Periodic Inspections throughout repair time frame
• Document through photographs and field notes
• Resolve any new issues
• Change Orders
• Approve Payments
• Project Close‐out
Read about industry impacts on our blog at www.petefowler.com
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Case Study: Key Learnings
• Significant savings to HOA
• Maximizing life cycle of products
• Minimal disturbance to unit owners
• HOA is able to maximize their funds
• REAL PRACTICAL SOLUTIONS

Read about industry impacts on our blog at www.petefowler.com

Designation: E2128 – 12

Standard Guide for

Evaluating Water Leakage of Building Walls1
This standard is issued under the fixed designation E2128; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope
1.1 This guide describes methods for determining and
evaluating causes of water leakage of exterior walls. For this
purpose, water penetration is considered leakage, and therefore
problematic, if it exceeds the planned resistance or temporary
retention and drainage capacity of the wall, is causing or is
likely to cause premature deterioration of a building or its
contents, or is adversely affecting the performance of other
components. A wall is considered a system including its
exterior and interior finishes, fenestration, structural components, and components for maintaining the building interior
environment.
1.2 Investigative techniques discussed may be intrusive,
disruptive, or destructive. It is the responsibility of the investigator to establish the limitations of use, to anticipate and
advise of the destructive nature of some procedures, and to
plan for patching and selective reconstruction as necessary.
1.3 This practice does not purport to address all of the
safety concerns, if any, associated with its use. Establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use. Awareness
of safety and familiarity with safe procedures are particularly
important for above-ground operations on the exterior of a
building and destructive investigative procedures which typically are associated with the work described in this guide.
2. Referenced Documents
2.1 ASTM Standards:2
C1601 Test Method for Field Determination of Water Penetration of Masonry Wall Surfaces
C1715 Test Method for Evaluation of Water Leakage Performance of Masonry Wall Drainage Systems
E331 Test Method for Water Penetration of Exterior Windows, Skylights, Doors, and Curtain Walls by Uniform
Static Air Pressure Difference
1
This guide is under the jurisdiction of ASTM Committee E06 on Performance
of Buildings and is the direct responsibility of Subcommittee E06.55 on Exterior
Building Wall Systems.
Current edition approved Jan. 1, 2012. Published January 2012. Originally
approved in 2001. Last previous edition approved in 2009 as E2128 – 01a (2009).
DOI: 10.1520/E2128-12.
2
For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

E547 Test Method for Water Penetration of Exterior Windows, Skylights, Doors, and Curtain Walls by Cyclic Static
Air Pressure Difference
E631 Terminology of Building Constructions
E860 Practice for Examining And Preparing Items That Are
Or May Become Involved In Criminal or Civil Litigation
E1105 Test Method for Field Determination of Water Penetration of Installed Exterior Windows, Skylights, Doors,
and Curtain Walls, by Uniform or Cyclic Static Air
Pressure Difference
E1188 Practice for Collection and Preservation of Information and Physical Items by a Technical Investigator
2.2 AAMA Standards:3
AAMA 501.2 Quality Assurance and Diagnostic Water
Leakage Field Check of Installed Storefronts, Curtain
Walls and Sloped Glazing Systems
AAMA 511 Voluntary Guideline for Forensic Water Penetration Testing of Fenestration Products, Article 4.2.1.3.1
Optional Sill Dam Test (This test method previously
appeared in AAMA 502.)
3. Terminology
3.1 Defintions—Refer to Terminology E631.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 incidental water—unplanned water infiltration that
penetrates beyond the primary barrier and the flashing or
secondary barrier system, of such limited volume that it can
escape or evaporate without causing adverse consequences.
3.2.2 water absorption—a process in which a material takes
in water through its pores and interstices and retains it wholly
without transmission.
3.2.3 water infiltration—a process in which water passes
through a material or between materials in a system and
reaches a space that is not directly or intentionally exposed to
the water source.
3.2.4 water leakage—water that is uncontrolled; exceeds
the resistance, retention, or discharge capacity of the system; or
causes subsequent damage or premature deterioration.
3.2.5 water penetration—a process in which water gains
access into a material or system by passing through the surface
exposed to the water source.
3
Available from American Architectural Manufacturers Association (AAMA),
1827 Walden Office Square, Suite 550, Schaumburg, IL 60173-4268, http://
www.aamanet.org.

Copyright. © ASTM International, 100 Barr Harbour Drive, P.O. box C700 West Conshohocken, Pennsylvania 19428-2959, United States

Copyright by ASTM Int'l (all rights reserved); Fri Apr 20 13:15:40 EDT 2012
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E2128 – 12
3.2.6 water permeation—a process in which water enters,
flows, and spreads within and discharges from a material.
4. Significance and Use
4.1 This guide is intended to provide building professionals
with a comprehensive methodology for evaluating water leakage through walls. It addresses the performance expectations
and service history of a wall, the various components of a wall,
and the interaction between these components and adjacent
construction. It is not intended as a construction quality control
procedure, nor as a preconstruction qualification procedure. It
is intended for evaluating buildings that exhibit water leakage.
4.1.1 Qualifications—This guide requires the evaluator to
possess a knowledge of basic physics and of construction and
wall design principles and practices.
4.1.2 Application—The sequential activities described
herein are intended to produce a complete and comprehensive
evaluation program, but all activities may not be applicable or
necessary for a particular evaluation program. It is the responsibility of the professional using this guide to determine the
activities and sequence necessary to properly perform an
appropriate leakage evaluation for a specific building.
4.1.3 Preliminary Assessment—A preliminary assessment
may indicate that water leakage problems are limited to a
specific element or portion of a wall. The preliminary assessment may also indicate that the wall is not the source of a leak
even though it is perceived as such by the building occupant.
The presence of water might result from a roofing problem, a
condensation problem, a plumbing problem, operable windows
or doors left opened or unlatched or some other condition not
directly related to water leakage through the building wall and
is outside the scope of this guide. The evaluation of causes may
likewise be limited in scope, and the procedures recommended
herein abridged according to the professional judgement of the
evaluator. A statement stipulating the limits of the investigation
should be included in the report.
4.1.4 Expectations—Expectations about the overall effectiveness of an evaluation program must be reasonable and in
proportion to a defined scope of work and the effort and
resources applied to the task. The objective is to be as
comprehensive as possible within a defined scope of work. The
methodology in this guide is intended to address intrinsic
leakage behavior properties of a wall system, leading to
conclusions that generally apply to similar locations on the
building. Since every possible location is not included in an
evaluation program, it is probable that every leak source will
not be identified. Leakage sources that are localized and unique
may remain and may require additional localized evaluation
effort. The potential results and benefits of the evaluation
program should not be over-represented.
4.2 This guide is not intended as a design guide or as a guide
specification. Reference is made to design features of a wall
only for the purpose of identifying items of interest for
consideration in the evaluation process.
4.3 This guide does not address leakage through roofs,
leakage below grade, or water that accumulates due to water
vapor migration and condensation. It is not intended for use
with structures designed to retain water, such as pools and
fountains.

SYSTEMATIC APPROACH TO AN EVALUATION
5. Overview
5.1 The methodology presented in this guide is a systematic
approach to evaluating wall leaks and is applicable to any wall
system or material. It differs from other approaches that are
material specific or component specific and which are basically
adaptations of quality control procedures. The sequence of
activities is intended to lead to an accumulation of information
in an orderly and efficient manner, so that each step enhances
and supplements the information gathered in the preceding
step.
5.1.1 Sequence of Activities—The recommended sequence
of activities, discussed in individual sections below, are:
5.1.1.1 Review of project documents.
5.1.1.2 Evaluation of design concept.
5.1.1.3 Determination of service history.
5.1.1.4 Inspection.
5.1.1.5 Investigative testing.
5.1.1.6 Analysis.
5.1.1.7 Report preparation.
5.1.2 The first four recommended activities, and their descriptions in the body of the guide, are: 6. Review of Project
Documents; 7. Evaluation of Design Concept; 8. Determination of Service History; and 9. Inspection. These activities
intentionally precede 10. Investigative Testing because they
facilitate a rational determination of the spectrum of conditions, and are the basis for a rational selection of investigative
test locations and procedures.
5.2 The protocol in this guide is not based on conventional
hypothesis testing and quantitative random sampling.4 The
starting premise for the application of this guide is that the
building is suspected or known to leak. The objective of this
guide is qualitative, purposeful, and intended to address the
question of why, how and to what extent a building leaks. A
statement stipulating the limits of the investigation and the
starting premise of the investigative program should be included in the report.
5.3 Scope of Investigation—It is not assumed or expected
that all locations with similar design, construction and service
characteristics will be currently performing in precisely the
same manner. Likewise, it is not necessary to establish such in
order to reach technically valid conclusions about why and
how a building leaks. The evaluation of water leakage of
building walls is a cognitive process in which technically valid
conclusions are reached by the application of knowledge,
experience and a rational methodology to determine the
following:
5.3.1 The intrinsic properties of the wall.
5.3.2 The cause(s) and mechanism(s) of leakage.
5.3.3 The applicability of findings to similar un-inspected or
un-tested locations on the building.
5.3.4 And, if within the scope of the evaluation, to acquire
and report sufficient information to permit an assessment,

4
Haughton, L.L., and Murphy, C.R., “Qualitative Sampling of the Building
Envelope for Water Leakage,” Journal of ASTM International, Vol 4, No. 9, paper
ID JAI100815, 2007.
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Do The Right Thing
• Building Lifecycle Management
• Building Information Management
• Building Performance Analysis
• Prioritize
• Plan
• Execute
• Compare
Read about industry impacts on our blog at www.petefowler.com
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Building Lifecycle
Management
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Building Lifecycle Management
PFCS BUILDING LIFECYCLE MANAGEMENT ACTIVITIES FRAMEWORK

1. Document and Information Management
2. Meetings / Interviews with Key People
3. Preparatory Analysis (Building Information Management)
4. Inspection
5. Analysis
6. Testing (Only As Necessary)
7. Estimate
8. Report / Property Condition Report (PCR)
Read about industry impacts on our blog at www.petefowler.com
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Building Lifecycle Management
EVALUATION
• Property Condition Assessment
• Leak Investigation and Testing
• Information Management
SPECIFICATION
• Consultation
• Maintenance Plan
• Maintenance Manual
• Budget Life‐Cycle Cost Analysis
• Specifications for Maintenance,
Repair and Improvement

QUALITY MANAGEMENT
• Progress Schedule
• Request for Proposal
• Proposal / Bid Analysis
• Contracts
• Construction Management
including Invoice and Change
Orders
• Quality Control Inspections
• Warranty Management

Read about industry impacts on our blog at www.petefowler.com
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Building Information Management
• Locations
• Elements (Components / Assemblies)
• Issues: Inspection Checklists
• Project Images: Plans. Maps. Aerial Photos.
• Photographs: With Location & Element tags
• Project Players
• Project Timeline

Read about industry impacts on our blog at www.petefowler.com
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Building
Information
Management
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Building Information Management
A.

Substructure

B.

Superstructure

•

C.

A2025 Waterproofing

•

B2013 Siding & Trim

•

B2050 Joint Sealants

•

B2060 Exterior Paint

•

B3001 Sloped Roofs

Interiors

D.

Services

E.

Equipment & Furnishings

F.

Special Construction & Demolition

G.

Building Sitework
•

G2055 Fine Grading & Drainage
Read about industry impacts on our blog at www.petefowler.com

6/26/2014

5. DO THE RIGHT THING

Building Information Management
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Building Performance Analysis
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Prioritize
1. A = Hurry / Must‐do / On‐Fire
2. B = Should do soon, but not an emergency
3. C = Get it into the plan
4. D = Would be nice… But never gonna
happen… Unless you’re the Ritz.

Read about industry impacts on our blog at www.petefowler.com
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Plan
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Execute

Read about industry impacts on our blog at www.petefowler.com

5. DO THE RIGHT THING

Compare
1. Performance vs. Plan
2. Budget vs. Actual
3. Budgets vs. Estimates
4. Estimates vs. Contracts
5. Contracts vs. Project Costs
6. Project Costs vs. Value

Read about industry impacts on our blog at www.petefowler.com

P e t e F o w l e r
CONSTRUCTION
Services, Inc.

Managing Construction Quality

The Good Old Days

•

Successful construction projects used to go
something like this: Owners would hire
experienced, hard working Architects and
Engineers who developed plans and
specifications that were not perfect, but
good enough that experienced, hard working
General Contractors could hire experienced,
hard working Trade Contractors to do the
work of making a project happen. We
worked through the inherent difficulties of
construction by working long hours, keeping
our word and understanding that “stuff
happens”. We accepted that no project was
perfect, that people screw up, and knew that
there was little use in crying over spilled
milk. The satisfaction of a job well done
carried us through the toughest days.

•

We didn’t spend much time telling
specialists, like trade contractors, how to do
their job. They had skilled tradesmen, the
construction was relatively simple, and most
contractors did things pretty much the same.
If we had a contract, it was something the
“suits” put together, and copies might not be
sent to the job site since they had little or no
connection to the “getting the job done”.

The New World

•
•

Construction Management
Our company delivers training in
construction management and we have
categorized the phases of project planning
and management in a framework we call
“The DBSKCV™ (pronounced “dib-skiv” DiB-SKCiV) Method.”

Summary of the DBSKCV™ Method
•
•
•
•
•

Construction professionals are living in a
new world:
•
Consumers expect quality increases and
price decreases in all products.
•
The building industry is not keeping
pace with the quality and price advances
many industries are making.
•
Consumers are more litigious than ever
and there is a proliferation of attorneys.

The building industry is not attracting
the best and brightest young people.
The built-environment has been altered
in the last 20 years, including increased
complexity, less fault-tolerant materials,
and tighter, slower drying buildings.
Consumers are more conscious of
building-related health issues than ever.
In some areas, a lack of skilled
construction labor makes the
construction professional’s job even
more critical.

•

Define the Scope of Work (this includes
the design phase).
Budget: Identify how much the project
will cost the contractors and owner.
Schedule when the construction will
happen and share this information.
Contract (K): Who is doing what?
Everyone should know what to expect.
Coordinate the construction.
Verify, document and communicate that
everyone is doing what they should.

For details, please read The DBSKCV™
Construction Management Method.

www.petefowler.com E:info@petefowler.com License:713760
927 Calle Negocio, Suite G, San Clemente, CA 92673 T:949.240.9971 F:949.240.9972
9320 SW Barbur Blvd., Suite 170, Portland, OR 97219 T: 503.246.3744 F: 949.240.9972
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Construction Risk Management
Growing legal risks, administrative issues,
sky-rocketing workers’ compensation costs,
increasing fees and taxation, and
complicated insurance issues are only a few
of the reasons why the price of construction
is higher today than ever before. Managing
construction risk is a full time vocation for
many professionals and beyond the scope of
this article (we do training on this too).
THE ABC’S OF RISK MANAGEMENT
•
A = Avoid Potentially Dangerous
Situations (Impossible in construction)
•
B = Be Really Good At What You Do
•
C = Cover Your Assets
The ABC’s apply to Managing Construction
Quality because (A.) we must face the fact
that “risk avoidance” as a construction
professional is impossible, (B.) being good
at what you do means doing all you can to
make sure a project succeeds, and doing a
little bit of someone else’s job will
sometimes become necessary, and (C.) the
best “coverage” is avoiding problems by
delivering work that meets expectations. Just
accept buyers expect high quality and
performance, even when they pay rockbottom prices, and lawyers expect
perfection; the former is hard, but easier
than the latter.

Project Definition
The “Define” phase of construction
management consists of documenting the
work to be performed. This is usually
graphic and written with plans, specs,
references to codes and standards, and
detailed “Scope of Work” documents.
Getting a clear, specific and detailed project
scope is the first step in the construction
project management process and it is where
a project’s “quality” is established.

Managing Construction Quality 08-03-27 A.doc

SOME QUICK DEFINITIONS
•
Plans and Details: Graphic
representation of construction.
•
Specifications: Specs are the written
representation of construction, which
usually includes a greater level of detail
regarding construction performance,
process, products, and quality.
•
Construction Contract: Agreement
between two or more parties for the
delivery of construction; plans and
specifications are used as the definition
of what is being bought and sold.
•
Standards: Documents, with graphic and
written information, referenced by plans,
specifications and construction contracts,
which specify performance criteria
and/or methods in greater detail than
typical plans or specifications. Standards
are created by standards setting bodies
like ASTM, product manufactures, and
industry trade groups.
•
Scope of Work: The written
representation of all labor, materials and
equipment required to complete the
project described in the contract
documents. A list or description of the
responsibilities for various categories of
work plus exclusions; serves to
memorialize a meeting of the minds as
to what is being bought and sold. It
should conform to the fundamentals of a
2 or 3 level “Work Breakdown
Structure” collectively representing
100% of the project scope.
•
Hold-Point: Critical time in the
construction process where construction
should stop for verification of
conformance with plans, specifications,
standards (including performance) and
contracts. Verification can include
inspection, testing, recording, and
reporting.
In “the good old days” we left the details of
“how to” to the trade contractors. After all,
they are the specialists. But for the reasons
www.petefowler.com
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stated above, leaving the details to trade
contractors to work out among themselves
has left a lot of projects in a less than
enviable position: lack of integration, quality
problems, re-work, leaks, lack of durability,
and on and on.

project that will meet the performance
expectations of the owners and applicable
codes. The contractors on the project then
work under the hypothesis that the design is
functional, and that the work they do will
also meet performance expectations.

Owners or their representatives should no
longer sign a one or two page “Proposal”
from a contractor which serves as the
“Scope of Work.” Such documents are not
likely to contain information specific
enough to ensure the scope is complete, to
ensure that the parties are on the same page
for quality or performance, and they lack
adequate contractual protections.

Question: How do we verify our
construction projects are going to perform?
Answer: (1.) During the define phase, we
make sure our design hypothesis is
reasonable by having someone with
experience in building performance issues
review, comment and recommend
improvements; (2.) We make sure the plans,
specifications, standards, and contracts are
consistent in describing to the contractors
who will install the specified material “what
good performance looks like”; (3.) We
establish a procedure to “verify” at specified
Hold-Points during construction; (4.) During
construction we inspect to verify
conformance with the design (plans, specs,
standards, and contracts). (5.) After the
initial assemblies are installed, test them to
verify performance, or build a mock-up and
test it before construction (whichever is
more cost effective).

Specification writers making obscure
references to documents that are difficult to
obtain is not new. But acquiring these
documents is much easier due to the
internet. It is now possible to “define”
(design) our projects using readily
accessible documents that we can use during
the building process to make sure the on-site
work is being installed and integrated
correctly. This information needs to be
integrated throughout the plans,
specifications, standards and contracts. In
practice, these documents should be created
or referenced in the Define phase, referenced
in the Contract phase, and used to compare
the actual work in the field to the plan
during Coordination and Verification.

Managing Construction Quality
There is no way to 100% guarantee project
success and performance; the closest I have
found is the use of a proven system.
Think of it this way: Construction plans and
specifications are a hypothesis, and a
hypothesis should always be verified. The
hypothesis is that the designers and specialty
consultants have composed a set of
documents that are appropriate to build a

Remember: We must be willing to
administer consequences to project team
members who don’t do what they promise.
You will get resistance. If a contractor has
signed a contract to perform consistent with
a specified standard, it will sometimes take a
strong will to make some of them perform.
ATTACHMENT: The attached Managing
Construction Quality spreadsheet is a matrix
of optional activities one might perform or
purchase from a consultant. The minimum
activities required, for a third party to be of
assistance in ensuring project quality, are
identified; higher levels of service are like
buying more insurance. Remember, this
does not include doing the actual design. At
a minimum, this is making sure the project
www.petefowler.com
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definition is close to complete, and helping
assure that proper installation and
integration of the assemblies will lead to
appropriate performance. Further work can
ensure a connection between the plans,
specifications, standards and contract scope
of work documents.

Quality Management Plan
Here is the system, organized in the context
of The DBSKCV Method. Remember, the
DBSKCV Method is iterative, meaning we
walk through all steps many times
throughout the life of a project. We should
go through the “D-B Loop” (e.g DefineBudget-Repeat) many times before moving
forward.
DEFINE
•
Architectural, Structural, and Specialty
Design
•
Specification Writing
•
Referenced Standards
QUALITY PLANNING
•
Evaluation of plans and specs
•
Evaluation of referenced standards,
and contract / scope of work
language review (Optional)
•
Hold Point Development and
performance verification planning
(Optional)
•
Mock-Up of assemblies and testing
(Optional)
•
Recommendations (final) from
Quality Review Consultant
•
Meetings or teleconferences between
Quality Review Consultant and
Owner, Designers and/or Contractors
(Optional).
•
Review of updated design,
specification, referenced standards
and contracts made in response to
Recommendations from Independent
Quality Review Consultant
(Optional).

BUDGET: Update as necessary throughout
the process. Make active decisions about
“how much insurance to buy”.
SCHEDULE:
•
Establish Hold Points
•
Be prepared to stop the project if
acceptable performance cannot be
achieved
CONTRACT
•
Connect the Plans, Specifications, and
Standards, Quality Management Plan,
including Hold Points, to the Contract
and Scope of Work documents so that
Quality does not “cost extra” (in change
orders) during construction.
COORDINATE
•
Make sure prime and trade contractors
know the standards they will be held to
during the Verify phase.
•
Coordinate actions at Hold Points in the
construction schedule to verify quality of
installations.
VERIFY
Visual Inspection at Hold Points to
verify conformance with project
definition (plans, specs, standards and
contract scope of work documents) and
to evaluate any on-site changes
(Optional)
•
Testing to verify performance (Optional)
•
Final Report that might include: Quality
control process, design summary,
evaluation process, inspection summary,
testing summary and on-going
maintenance recommendations
(Optional)
•

www.petefowler.com
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Line
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
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Independent Quality Review

Description of Potential Services
Evaluation of plans and specifications
Evaluation of referenced standards
Evaluation of contracts (scope of work)
Hold Point Development
Mock-Up of Assemblies and Testing
Recommendations (final)
Meetings or Teleconferences
Review of Updated Design
Visual Inspection
Testing
Final Report
Potential Deliverables
Opinion Letter re: Evaluation
Issues List with Recommendations
Inspection Summary
Inspection Report
Location Matrix
Hold Points
Testing Protocol
Testing Summary Report
Project Close Report
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Typical Durations
Low
High
8
40
4
40
4
40
4
40
16
80
8
80
2
40
4
40
4
160
8
80
8
40

1

16

Explanation of Service Levels
L1: No Inspection
L2: Limited Visual Inspection
L3: Limited Visual, Limited Testing
L4: Periodic Inspection, Limited Testing
L5: Extensive Inspection, Limited Testing
L6: Extensive Inspection, Extensive Testing
Document Review Levels
A: Plans and Specs only
B: Plans, Specs, and Standards
C: Plans, Specs, and Standards and Contracts
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Conclusion
• Learning Objectives
• What To Do Next
• Program Outline
• Recommendations
• Back‐Up Materials
Read about industry impacts on our blog at www.petefowler.com
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6. CONCLUSION

Learning Objectives
The point of this program was to talk about
what it means to (1.) apply professional
judgment to
(2.) making good decisions about building
maintenance.

Read about industry impacts on our blog at www.petefowler.com
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What To Do Next
• Examine: Property Condition Assessment
• Diagnose: Building Leak Investigation
• Prescribe: One size does NOT fit all.
• DBSKCV Construction Management Method:
Define‐Budget‐Schedule‐Contract‐Coordinate‐Verify.
• Attend further training in PFCS Property Analysis
Seminar/Webinar Series.
• Figure out how to get financial data to compare budgets to
actual performance over time.

Read about industry impacts on our blog at www.petefowler.com
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What To Do Next: Webinar Series
1. Property Condition Assessment Using ASTM E2018
2. Evaluating Water Leakage of Buildings Using ASTM
E2128
3. Managing Property Maintenance, Repair and
Improvement
4. Contracts for Property Maintenance, Repair and
Improvement
5. Prioritizing Maintenance and Repairs on a Limited
Budget Or… How to Save A Million Bucks!
Read about industry impacts on our blog at www.petefowler.com
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Program Outline
1. Introduction
2. I Have A Dream (of Connected Dots)
3. Decisions Decisions
4. Playing Doctor (Evaluating)
5. Do the Right Thing (Prioritizing)
6. Conclusion
Read about industry impacts on our blog at www.petefowler.com
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Recommendations
• Always make a Sensible List
• Play Doctor: Examine, Diagnose, Prescribe. THEN Treat.
• Analyze! Don’t accept “It was not built right” without
questioning the need to spend money now (or ever).
• The budget is part of the analysis. ROI is a critical part of the
analysis and so is “Lifecycle Cost Analysis.”
• Reject “The Team Approach.” Don’t get contractors involved
until after the scope of work has been defined and it’s time
for bidding. Apply professional judgment instead.

Read about industry impacts on our blog at www.petefowler.com
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Back‐Up Materials
1. ASTM E2166‐07 Standard Practice for Organizing and
Managing Building Data
2. ASTM E1557‐09 UNIFORMAT II: Standard Classification
for Building Elements…
3. ASTM E2018 ASTM E2018‐01 STD Guide for Property
Condition Assessments…
4. ASTM E2128‐12 Evaluating Water Leakage of Building
Walls
5. PFCS’ DBSCKV Construction Management Method
6. PFCS’ Managing Property Maintenance and
Improvement
Read about industry impacts on our blog at www.petefowler.com
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Webinar Materials

Click on the seminar you attended
Read about industry impacts on our blog at www.petefowler.com

6. CONCLUSION

CE CERTIFICATES WILL BE
SENT OUT WITHIN 3
BUSINESS DAYS
(There is no need to contact us, Certificates
of Attendance are sent to all who logged in
for the seminar).
Read about industry impacts on our blog at www.petefowler.com
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Your Feedback is Important
SURVEY SAYS!
You will receive a survey
link immediately following
the webinar. We put a lot
of effort into providing
these programs free of
charge, we just ask that
you take a few seconds to
leave your feedback on
today’s presentation
Read about industry impacts on our blog at www.petefowler.com

Join us for our next WEBINAR:
Specifying Building
Construction, Maintenance,
Repairs & Improvements
Thursday July 24, 2014
www.petefowler.com
CA 949.240.9971

CO 303.554.0381

OR 503.246.3744

6/26/2014
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Life-Cycle Cost Analysis (LCCA)

by Sieglinde Fuller
National Institute of Standards and Technology (NIST)(http://www.nist.gov/index.html)
Last updated: 06-28-2010

INTRODUCTION
Life-cycle cost analysis (LCCA) is a method for assessing the total cost of facility ownership. It takes into account all costs of acquiring, owning, and disposing of a
building or building system. LCCA is especially useful when project alternatives that fulfill the same performance requirements, but differ with respect to initial costs
and operating costs, have to be compared in order to select the one that maximizes net savings. For example, LCCA will help determine whether the incorporation
of a high-performance HVAC(/resources/hvac.php?r=lcca) or glazing system(/resources/windows.php?r=lcca), which may increase initial cost but result in
dramatically reduced operating and maintenance costs, is cost-effective or not. LCCA is not useful for budget allocation.
Lowest life-cycle cost (LCC) is the most straightforward and easy-to-interpret measure of economic evaluation. Some other commonly
used measures are Net Savings (or Net Benefits), Savings-to-Investment Ratio (or Savings Benefit-to-Cost Ratio), Internal Rate of
Return, and Payback Period. They are consistent with the Lowest LCC measure of evaluation if they use the same parameters and
length of study period. Building economists, certified value specialists, cost engineers, architects, quantity surveyors, operations
researchers, and others might use any or several of these techniques to evaluate a project. The approach to making cost-effective
choices for building-related projects can be quite similar whether it is called cost estimating(/design/utilize_management.php), value
engineering(/design/use_analysis.php), or economic analysis(/design/use_analysis.php).

DESCRIPTION
A. Life-Cycle Cost Analysis (LCCA) Method
The purpose of an LCCA is to estimate the overall costs of project alternatives and to select the design that ensures the facility will provide the lowest overall cost of
ownership consistent with its quality and function(/design/func_oper.php). The LCCA should be performed early in the design process while there is still a chance to
refine the design to ensure a reduction in life-cycle costs (LCC).
The first and most challenging task of an LCCA, or any economic evaluation method, is to determine the economic effects of alternative designs of buildings and
building systems and to quantify these effects and express them in dollar amounts.

Viewed over a 30 year period, initial b uilding costs account for
approximately just 2% of the total, while operations and
maintenance costs equal 6%, and personnel costs equal 92%.
Graphic: Sieglinde Fuller
Source: Sustainab le Building Technical Manual / Joseph J.
Romm, Lean and Clean Management, 1994.

B. Costs
There are numerous costs associated with acquiring, operating, maintaining, and disposing of a building or building system. Building-related costs usually fall into
the following categories:
Initial Costs—Purchase, Acquisition, Construction Costs
Fuel Costs
Operation, Maintenance, and Repair Costs
Replacement Costs
Residual Values—Resale or Salvage Values or Disposal Costs
Finance Charges—Loan Interest Payments
Non-Monetary Benefits or Costs
Only those costs within each category that are relevant to the decision and significant in amount are needed to make a valid investment decision. Costs are relevant
when they are different for one alternative compared with another; costs are significant when they are large enough to make a credible difference in the LCC of a
project alternative. All costs are entered as base-year amounts in today's dollars; the LCCA method escalates all amounts to their future year of occurrence and

www.wbdg.org/resources/lcca.php
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discounts them back to the base date to convert them to present values.
Initial costs
Initial costs may include capital investment costs for land acquisition, construction, or renovation and for the equipment needed to operate a facility.
Land acquisition costs need to be included in the initial cost estimate if they differ among design alternatives. This would be the case, for example, when comparing
the cost of renovating an existing facility with new construction on purchased land.
Construction costs: Detailed estimates of construction costs are not necessary for preliminary economic analyses of alternative building designs or systems. Such
estimates are usually not available until the design is quite advanced and the opportunity for cost-reducing design changes has been missed. LCCA can be
repeated throughout the design process if more detailed cost information becomes available. Initially, construction costs are estimated by reference to historical
data from similar facilities. Alternately, they can be determined from government or private-sector cost estimating guides and
databases(/design/utilize_management.php). The Tri-Services Parametric Estimating System (TPES) contained in the National Institute of Building Sciences (NIBS)
Construction Criteria Base (CCB)(/ccb/) developed models of different facility types by determining the critical cost parameters (i.e., number of floors, area and
volume, perimeter length) and relating these values through algebraic formulas to predict costs of a wide range of building systems, subsystems, and assemblies.
The TPES models can be adapted to facilities beyond those included in the base modeling system by using SuccessEstimator(/tools/success.php), a software
package available from U.S. Cost(http://www.uscost.com/).
Detailed cost estimates are prepared at the submittal stages of design (typically at 30%, 60%, and 90%) based on quantity take-off calculations. These estimates
rely on cost databases such as the Commercial Unit Price Book (C-UPB) or the R. S. Means Building Construction Cost Database(http://www.rsmeans.com/).
Testing organizations such as ASTM International(http://www.astm.org) and trade organizations have reference data for materials and products they test or
represent.
Energy and Water Costs
Operational expenses for energy, water, and other utilities are based on consumption, current rates, and price projections. Because energy, and to some extent
water consumption, and building configuration and building envelope are interdependent, energy and water costs are usually assessed for the building as a whole
rather than for individual building systems or components.
Energy usage: Energy costs are often difficult to predict accurately in the design phase of a project. Assumptions must be made about use profiles, occupancy
rates, and schedules, all of which impact energy consumption. At the initial design stage, data on the amount of energy consumption for a building can come from
engineering analysis or from a computer program such as eQuest(http://doe2.com/equest/index.html). ENERGY PLUS (DOE)(/tools/eplus.php), DOE2.1E(http://simulationresearch.lbl.gov/) and BLAST(/tools/blast.php) require more detailed input not usually available until later in the design process. Other software
packages, such as the proprietary programs TRACE (Trane)(/tools/trace.php), ESPRE (EPRI), and HAP (Carrier)(/tools/hap.php) have been developed to assist in
mechanical equipment selection and sizing and are often distributed by manufacturers.
When selecting a program, it is important to consider whether you need annual, monthly, or hourly energy consumption figures and whether the program adequately
tracks savings in energy consumption when design changes or different efficiency levels are simulated.
Energy prices: Quotes of current energy prices from local suppliers should take into account the rate type, the rate structure, summer and winter differentials, block
rates, and demand charges to obtain an estimate as close as possible to the actual energy cost.
Energy price projections: Energy prices are assumed to increase or decrease at a rate different from general price inflation. This differential energy price escalation
needs to be taken into account when estimating future energy costs. Energy price projections can be obtained either from the supplier or from energy price
escalation rates published annually on April 1 by DOE in Discount Factors for Life-Cycle Cost Analysis, Annual Supplement to NIST Handbook
135(/ccb/browse_doc.php?d=4233).
Water Costs: Water costs should be handled much like energy costs. There are usually two types of water costs: water usage costs and water disposal costs.
DOE does not publish water price projections.
Operation, Maintenance, and Repair Costs
Non-fuel operating costs, and maintenance and repair (OM&R) costs are often more difficult to estimate than other building
expenditures. Operating schedules and standards of maintenance vary from building to building; there is great variation in these
costs even for buildings of the same type and age. It is therefore especially important to use engineering judgment when
estimating these costs.
Supplier quotes and published estimating guides sometimes provide information on maintenance and repair costs. Some of the
data estimation guides derive cost data from statistical relationships of historical data(/design/utilize_management.php)
(Means(http://www.rsmeans.com/), BOMA(http://www.boma.org)) and report, for example, average owning and operating costs
per square foot, by age of building, geographic location, number of stories, and number of square feet in the building. The
Whitestone Research Facility Maintenance and Repair Cost Reference(https://secure.whitestoneresearch.com/) gives
annualized costs for building systems and elements as well as service life estimates for specific building components. The U.S.
Army Corps of Engineers, Huntsville Division, provides access to a customized OM&R database for military construction
(contact: Terry.L.Patton@HND01.usace.army.mil(mailto:terry.l.patton@HND01.usace.army.mil)).
Replacement Costs

(Courtesy of Washington State
Department of General
Administration)

The number and timing of capital replacements of building systems depend on the estimated life of the system and the length of
the study period. Use the same sources that provide cost estimates for initial investments to obtain estimates of replacement costs and expected useful lives. A
good starting point for estimating future replacement costs is to use their cost as of the base date. The LCCA method will escalate base-year amounts to their
future time of occurrence.

www.wbdg.org/resources/lcca.php
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Residual Values
The residual value of a system (or component) is its remaining value at the end of the study period, or at the time it is replaced during the study period. Residual
values can be based on value in place, resale value, salvage value, or scrap value, net of any selling, conversion, or disposal costs. As a rule of thumb, the residual
value of a system with remaining useful life in place can be calculated by linearly prorating its initial costs. For example, for a system with an expected useful life of
15 years, which was installed 5 years before the end of the study period, the residual value would be approximately 2/3 (=(15-10)/15) of its initial cost.
Other Costs
Finance charges and taxes: For federal projects, finance charges are usually not relevant. Finance charges and other payments apply, however, if a project is
financed through an Energy Savings Performance Contract (ESPC)(http://www1.eere.energy.gov/femp/financing/espcs.html) or Utility Energy Services Contract
(UESC)(http://www1.eere.energy.gov/femp/financing/uescs.html). The finance charges are usually included in the contract payments negotiated with the Energy
Service Company (ESCO) or the utility.
Non-monetary benefits or costs: Non-monetary benefits or costs are project-related effects for which there is no objective way of assigning a dollar value. Examples
of non-monetary effects may be the benefit derived from a particularly quiet HVAC system or from an expected, but hard-to-quantify
productivity(/design/productive.php) gain due to improved lighting. By their nature, these effects are external to the LCCA, but if they are significant they should be
considered in the final investment decision and included in the project documentation. See Cost-Effective—Consider Non-Monetary
Benefits(/design/consider_benefits.php).
To formalize the inclusion of non-monetary costs or benefits in your decision making, you can use the analytical hierarchy process (AHP), which is one of a set of
multi-attribute decision analysis (MADA) methods that consider non-monetary attributes (qualitative and quantitative) in addition to common economic evaluation
measures when evaluating project alternatives. ASTM E 1765 Standard Practice for Applying Analytical Hierarchy Process (AHP) to Multi-attribute Decision
Analysis of Investments Related to Buildings and Building Systems(/references/ihs_l.php?d=astm%20e%201765) published by ASTM
International(http://www.astm.org) presents a procedure for calculating and interpreting AHP scores of a project's total overall desirability when making buildingrelated capital investment decisions. A source of information for estimating productivity costs, for example, is the WBDG Productive Branch(/design/productive.php).

C. Parameters for Present-Value Analysis
Discount Rate
In order to be able to add and compare cash flows that are incurred at different times during the life cycle of a project, they have to be made time-equivalent. To
make cash flows time-equivalent, the LCC method converts them to present values by discounting them to a common point in time, usually the base date. The
interest rate used for discounting is a rate that reflects an investor's opportunity cost of money over time, meaning that an investor wants to achieve a return at least
as high as that of her next best investment. Hence, the discount rate represents the investor's minimum acceptable rate of return.
The discount rate for federal energy and water conservation projects is determined annually by FEMP(http://www1.eere.energy.gov/femp/); for other federal projects,
those not primarily concerned with energy or water conservation, the discount rate is determined by OMB(http://www.whitehouse.gov/omb/). These discount rates
are real discount rates, not including the general rate of inflation.
Cost Period(s)
Length of study period: The study period begins with the base date, the date to which all cash flows are discounted. The study period includes any
planning/construction/implementation period and the service or occupancy period. The study period has to be the same for all alternatives considered.
Service period: The service period begins when the completed building is occupied or when a system is taken into service. This is the period over which operational
costs and benefits are evaluated. In FEMP analyses, the service period is limited to 40 years.
Contract period: The contract period in ESPC and UESC projects lies within the study period. It starts when the project is formally accepted, energy savings begin
to accrue, and contract payments begin to be due. The contract period generally ends when the loan is paid off.
Discounting Convention
In OMB and FEMP studies, all annually recurring cash flows (e.g., operational costs) are discounted from the end of the year in which they are incurred; in MILCON
studies they are discounted from the middle of the year. All single amounts (e.g., replacement costs, residual values) are discounted from their dates of occurrence.
Treatment of Inflation
An LCCA can be performed in constant dollars or current dollars. Constant-dollar analyses exclude the rate of general inflation, and current-dollar analyses include
the rate of general inflation in all dollar amounts, discount rates, and price escalation rates. Both types of calculation result in identical present-value life-cycle
costs.
Constant-dollar analysis is recommended for all federal projects, except for projects financed by the private sector (ESPC, UESC). The constant-dollar method has
the advantage of not requiring an estimate of the rate of inflation for the years in the study period. Alternative financing studies are usually performed in current
dollars if the analyst wants to compare contract payments with actual operational or energy cost savings from year to year.

D. Life-Cycle Cost Calculation
After identifying all costs by year and amount and discounting them to present value, they are added to arrive at total life-cycle costs for each alternative:
LCC = I + Repl — Res + E + W + OM&R + O
LCC = Total LCC in present-value (PV) dollars of a given alternative
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I = PV investment costs (if incurred at base date, they need not be discounted)
Repl = PV capital replacement costs
Res = PV residual value (resale value, salvage value) less disposal costs
E = PV of energy costs
W = PV of water costs
OM&R = PV of non-fuel operating, maintenance and repair costs
O = PV of other costs (e.g., contract costs for ESPCs or UESCs)

E. Supplementary Measures
Supplementary measures of economic evaluation are Net Savings (NS), Savings-to-Investment Ratio (SIR), Adjusted Internal Rate of Return (AIRR), and Simple
Payback (SPB) or Discounted Payback (DPB). They are sometimes needed to meet specific regulatory requirements. For example, the FEMP LCC rules (10 CFR
436A(/references/code_regulations.php?i=116&r=1)) require the use of either the SIR or AIRR for ranking independent projects competing for limited funding. Some
federal programs require a Payback Period to be computed as a screening measure in project evaluation. NS, SIR, and AIRR are consistent with the lowest LCC of
an alternative if computed and applied correctly, with the same time-adjusted input values and assumptions. Payback measures, either SPB or DPB, are only
consistent with LCCA if they are calculated over the entire study period, not only for the years of the payback period.
All supplementary measures are relative measures, i.e., they are computed for an alternative relative to a base case.
NS = Net Savings: operational savings less difference in capital investment costs
SIR = Savings-to-Investment Ratio: ratio of operational savings to difference in capital investment costs
AIRR = Adjusted Internal Rate of Return: annual yield from an alternative over the study period, taking into account reinvestment of interim returns at the discount
rate
SPB = Simple Payback: time required for the cumulative savings from an alternative to recover its initial investment cost and other accrued costs, without taking
into account the time value of money
DPB = Discounted Payback: time required for the cumulative savings from an alternative to recover its initial investment cost and other accrued costs, taking into
account the time value of money

F. Ev aluation Criteria
Lowest LCC (for determining cost-effectiveness)
NS > 0 (for determining cost-effectiveness)
SIR > 1 (for ranking projects)
AIRR > discount rate (for ranking projects)
SPB, DPB < than study period (for screening projects)

G. Uncertainty Assessment in Life-Cycle Cost Analysis
Decisions about building-related investments typically involve a great deal of uncertainty about their costs and potential savings. Performing an LCCA greatly
increases the likelihood of choosing a project that saves money in the long run. Yet, there may still be some uncertainty associated with the LCC results. LCCAs
are usually performed early in the design process when only estimates of costs and savings are available, rather than certain dollar amounts. Uncertainty in input
values means that actual outcomes may differ from estimated outcomes.
There are techniques for estimating the cost of choosing the "wrong" project alternative. Deterministic techniques, such as sensitivity analysis or breakeven
analysis, are easily done without requiring additional resources or information. They produce a single-point estimate of how uncertain input data affect the analysis
outcome. Probabilistic techniques, on the other hand, quantify risk exposure by deriving probabilities of achieving different values of economic worth from probability
distributions for input values that are uncertain. However, they have greater informational and technical requirements than do deterministic techniques. Whether one
or the other technique is chosen depends on factors such as the size of the project, its importance, and the resources available. Since sensitivity analysis and
break-even analysis are two approaches that are simple to perform, they should be part of every LCCA.
Sensitivity A nalysis
Sensitivity analysis is the technique recommended for energy and water conservation projects by FEMP. Sensitivity analysis is useful for:
identifying which of a number of uncertain input values has the greatest impact on a specific measure of economic evaluation,
determining how variability in the input value affects the range of a measure of economic evaluation, and
testing different scenarios to answer "what if" questions.
To identify critical parameters, arrive at estimates of upper and lower bounds, or answer "what if" questions, simply change the value of each input up or down,
holding all others constant, and recalculate the economic measure to be tested.
Break -even A nalysis
Decision-makers sometimes want to know the maximum cost of an input that will allow the project to still break even, or conversely, what minimum benefit a project
can produce and still cover the cost of the investment.
To perform a break-even analysis, benefits and costs are set equal, all variables are specified, and the break-even variable is solved algebraically.
Sensitivity analysis and break-even analysis, and a number of other approaches to risk and uncertainty assessment, both deterministic and probabilistic, are
described in detail in Techniques for Treating Uncertainty and Risk in the Economic Evaluation of Building Investments, by Harold Marshall, NIST Special
Publication 757, September 1988. (Request a copy of this publication from the Office of Applied Economics at NIST(http://www.bfrl.nist.gov/oae/publications.html)).

www.wbdg.org/resources/lcca.php
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H. Design and Analysis Tools
The use of computer programs can considerably reduce the time and effort spent on formulating the LCCA, performing the computations, and documenting the
study. Listed below are several LCCA-related software programs:
Building Life-Cycle Cost (BLCC) Program(/tools/blcc.php)—Economic analysis tool developed by the National Institute of Standards and Technology for the
U.S. Department of Energy Federal Energy Management Program (FEMP)(http://www.eere.energy.gov/femp/information/download_blcc.html).
ECONPACK(/tools/econpack.php) for Windows—An economic analysis tool developed by the U.S. Army Corps of Engineers in support of DOD funding
requests.
SuccessEstimator Estimating and Cost Management System(/tools/success.php)—Cost estimating tool available from U.S. Cost(http://www.uscost.com).

APPLICATION
LCCA can be applied to any capital investment decision in which relatively higher initial costs are traded for reduced
future cost obligations. It is particularly suitable for the evaluation of building design alternatives that satisfy a required
level of building performance but may have different initial investment costs, different operating and maintenance and
repair costs, and possibly different lives. LCCA provides a significantly better assessment of the long-term costeffectiveness of a project than alternative economic methods that focus only on first costs or on operating-related
costs in the short run.
LCCA can be performed at various levels of complexity. Its scope might vary from a "back-of-the-envelope" study to a
detailed analysis with thoroughly researched input data, supplementary measures of economic evaluation, complex
uncertainty assessment, and extensive documentation. The extensiveness of the effort should be tailored to the
needs of the project.

RELEVANT CODES AND STANDARDS
10 CFR 436 Subpart A—Federal Energy Management and Planning Programs, Methodology and Procedures for
Life-Cycle Cost Analyses(/references/code_regulations.php?i=116&r=1)
Circular No. A-94—Guidelines and Discount Rates for Benefit-Cost Analysis of Federal
Programs(/references/omb_circulars.php?i=70&r=1)

LCCA was among the many design and
analysis tools used to transform this turn of the
century b uilding located in downtown Tacoma,
WA into an energy efficient showcase
b uilding.
(Courtesy of Washington State Department of
General Administration)

Energy Policy Act of 2005(/pdfs/epact2005.pdf) (PDF 1.9 MB, 550 pgs)
Executive Order 13423, "Strengthening Federal Environmental, Energy, and Transportation Management"(/ccb/browse_doc.php?d=7707)
Executive Order 13123—Greening the Government through Efficient Energy Management(/ccb/browse_doc.php?d=342)
DOE Guidance on Life-Cycle Cost Analysis Required by Executive Order 13123(http://www1.eere.energy.gov/femp/pdfs/lcc_guide_05.pdf) (PDF 164 KB, 33
pgs)

Facilities Standard for the Public Buildings Service, P100 (GSA)—Chapter 1.8—Life-Cycle Costing(/ccb/browse_doc.php?d=5086)
P-442 Economic Analysis Handbook (NAVFAC)(/ccb/browse_doc.php?d=4180)
Standards on Building Economics,(http://www.astm.org/cgi-bin/SoftCart.exe/BOOKSTORE/COMPS/111.htm?L+mystore+k vml2554) 5th ed.
ASTM(http://www.astm.org), 2004. ASTM Stock #: BLDGEC99, ISBN# 0-8031-2714-6.
Tri-Services Memorandum of Agreement (MOA) on "Criteria/Standards for Economic Analyses/Life-Cycle Costing for MILCON Design"(/pdfs/moa.pdf) (1991)

LCCA Guidelines for OMB Projects
Office of Management and Budget (OMB) Circular A-94 – Guidelines and Discount Rates for Benefit-Cost Analysis of Federal Programs, October
1992(/references/omb_circulars.php?i=70&r=1), applies to building-related benefit-cost or cost-effectiveness analyses of federal programs or policies that are not
primarily concerned with energy or water conservation or renewable energy projects. Appendix C of Circular A-94, updated annually in February, provides the OMB
discount rates.

LCCA Guidelines for FEMP Projects
FEMP has published life-cycle costing rules and procedures in its Code of Federal Regulations, 10 CFR 436, Subpart A(/references/code_regulations.php?
i=116&r=1). These FEMP rules are consistent with OMB rules. They are to be followed by all federal agencies, unless specifically exempted, in evaluating the costeffectiveness of potential energy and water conservation projects and renewable energy projects for federally owned and leased buildings. NIST Handbook 135 LifeCycle Costing for the Federal Energy Management Program(/ccb/browse_doc.php?d=8097) explains and amplifies the LCC rules of 10 CFR 436A. The Annual
Supplement to Handbook 135, Energy Price Indices and Discount Factors for Life-Cycle Cost Analysis(/ccb/browse_doc.php?d=4233), updated annually on April 1,
provides the FEMP discount rates. The same publication contains tables of discount factors for time periods up to 30 years, using either the OMB or FEMP
discount rate. The FEMP discount factors also include the most recent energy price escalation rates projected by the DOE Energy Information Administration (EIA)
(http://www.eia.doe.gov/). The discount factors are embedded in BLCC5(/tools/blcc.php) and other federal LCC computer programs.

LCCA in the Department of Defense (DOD)
The Tri-Services Memorandum of Agreement (MOA) on "Criteria/Standards for Economic Analyses/Life-Cycle Costing for MILCON Design" (1991) provides the
guidelines for LCCA for DoD energy and non-energy projects. These guidelines are consistent with FEMP and OMB guidelines. However, the MOA recommends
(but does not require) that cash flows are discounted from the middle of each year rather than from the end of each year as are cash flows of FEMP and OMB
projects.

ADDITIONAL RESOURCES
www.wbdg.org/resources/lcca.php
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WBDG
Design Objectives
Cost-Effective Branch(/design/cost_effective.php), Functional / Operational(/design/func_oper.php), Productive(/design/productive.php),
Sustainable(/design/sustainable.php)
Products and Systems
Federal Green Construction Guide for Specifiers(/design/greenspec.php)

Publications

Building Economics: Theory and Practice by Rosalie T. Ruegg and Harold E. Marshall. New York: Van Nostrand Reinhold, 1990.

Facility Maintenance and Repair Cost Reference(https://secure.whitestoneresearch.com/products/view/FAC-MAR-2010-2011) by Whitestone Research. 20102011 (15th Edition)
Energy Price Indices and Discount Factors for Life-Cycle Cost Analysis, Annual Supplement to Handbook 135(/ccb/browse_doc.php?d=4233) by Amy
Rushing, Joshua D. Kneifel and Barbara C. Lippiatt. NISTIR 85-3273-25. Gaithersburg, MD: National Institute of Standards and Technology, May 2010. Also
available from the DOE/FEMP Help Desk at 1-877-EERE-INF (1-877-337-3463).
Engineering Economy by G. J. Thuesen and W. J. Fabrycky. Prentice Hall, 1993. ISBN 0-13-277491-7.
GSA LEED® Cost Study(/ccb/browse_doc.php?d=90) GSA, 2004.
GSA LEED® Applications Guide(/ccb/browse_doc.php?d=238) GSA, 2005.
Life-Cycle Costing Manual for the Federal Energy Management Program(/ccb/browse_doc.php?d=8097) by Sieglinde Fuller and S.R. Petersen. NIST Handbook
135. National Institute of Standards and Technology, 1995.
Simplified Energy Design Economics by Harold E. Marshall and Rosalie T. Ruegg. NBS SP 544. Washington, DC: National Bureau of Standards, January
1980.

Others

ASTM International(http://www.astm.org)—Publishes standards that support LCCA.
R. S. Means Company(http://www.rsmeans.com)—Offers construction cost databases.

Sustainable Buildings Industry Council (SBIC)(http://www.sbicouncil.org)—Offers workshops on Designing Low-Energy Buildings that include instruction in
using Energy-10 software.
U.S. Army Corps of Engineers Life-Cycle Cost Module
U.S. Cost(http://www.uscost.com)—Conducts training workshops for SuccessEstimator and Tri-Services Parametric Estimating System (TPES) models
several times each year.
U.S. Department of Energy (DOE) Office of Federal Energy Management Programs (FEMP)(http://www1.eere.energy.gov/femp/)—Conducts
workshops(http://www1.eere.energy.gov/femp/services/training.html) on a variety of topics related to energy and water conservation.

National Institute of Building Sciences(http://www.nibs.org/) | An Authoritative Source of Innovative Solutions for the Built Environment
1090 Vermont Avenue, NW, Suite 700 | Washington, DC 20005-4950 | (202) 289-7800 | Fax (202) 289-1092
© 2013 National Institute of Building Sciences. All rights reserved. Disclaimer(/about.php)
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