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A NOTE FROM THE PUBLISHER

Over the years, I have seen my fair share of battered editions of Architectural
Graphic Standards (AGS) in architects’ offices; even in the pick-up trucks of
construction contractors. As an amateur architect and an author who has
written about architecture, I have my own treasured volumes. Why not? AGS
is a classic and a testament to a long partnership between Wiley publishing
and the American Institute of Architects. It may be one of the only profes-
sional reference books to have its own history, beginning with Drafting
Culture: A Social History of Architectural Graphic Standards (MIT Press,
2008), written by practicing architect, historian, and Professor of Architecture
at Georgia Tech, George Barnett Johnston.

We do not know why John Wiley (1808-1891), the son of our founder,
chose to publish a book for architects and their customers, but he chose well.
Andrew Jackson Downing’s Cottage Residences was published by Wiley &
Putnam in 1842. An influential pattern book of houses, it was consulted
across America by house builders and led to the widespread construction of
residences in the picturesque “Carpenter Gothic” style. It is still in print
today. With Downing’s book, John laid the foundation for an architecture list
that included many reprints of the work of John Ruskin.

The publication of the 12th edition is a defining moment in AGS's 84-year
history. As we like to say in publishing, content is escaping the confines of a
book. The precursor for this on AGS was the introduction of a CD in 1996 and
an ebook in 2007. In this edition, however, AGS becomes completely digital
with its content fully searchable online. There are, of course, those who still
treasure a book or prefer both print on paper and digital. The new edition will
also be available in book form.

With this fully digital edition, our objective is to make an architect’s work life
easier. We have deepened our definition of what it means to create a com-
plete and trusted companion for architects in the office, on a worksite, or
anywhere one pleases. I haven’t seen many architects climb a scaffold with
an AGS under their arm, but I have seen many with handheld devices.

As Wiley’s digital capabilities evolve, we want you, our customers, to
find working with our content to be as effortless as possible. We understand
this dramatic shift in the context of defining ourselves as a learning company
devoted to the educational and professional needs of our customers from the
beginning of their architectural education to the end of their professional
careers. In premier undergraduate architecture programs with which I am
familiar, students work collaboratively in digital environments foreshadowing
the work environment at architectural firms where they will be employed.
Even in small offices, collaboration in a digital environment is part of the
work routine. In short, we at Wiley are ready to meet you, the architect,
where, when, and how you work.

We believe deeply in our mission to serve you; we are appreciative of
your needs; and we will continue to connect with them as we redefine pub-
lishing in a world reshaped by digital experiences.

Peter Booth Wiley

Chairman Emeritus and Member of
the Board of Directors of John Wiley
& Sons, Inc.
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A NOTE FROM THE AIA

Across the years, Architectural Graphic Standards (AGS) has retained its
name, and the commitment of the American Institute of Architects (AIA) has
remained unwavering in its mission—to provide an indispensable resource
for the design and construction industry. However, the content of AGS,
entirely irrespective of format and media, has changed in significant ways.
To serve a rapidly transforming profession, the industry’s bible had to
change with it. Consider the expanding range of modern architectural prac-
tice. When the first edition of AGS was published more than eight decades
ago, wellness, resilience, sustainability, and accessibility were not on the
profession’s or AGS's radar. The initiative behind Charles George Ramsey and
Harold Reeve Sleeper’s first edition (1932) centered wholly around creating
a “technical” touchstone of graphic standards for architectural drafting, at a
time when architects were actively pursuing their professionalization as a
distinct body.

Times change. Today, obesity, an aging population, and the impact of
climate change have emerged as among the most urgent issues of the 21st
century, issues that lend themselves to design thinking on a global scale. The
current scope of architectural services has expanded enormously beyond
what could ever have been imagined in the early 1930s in response to client
and community needs.

Along with the “what” of architectural practice, the “how” of project
delivery has likewise altered, especially in the last decade. Computers and
electronic media have compressed time and space, as architecture spreads

globally. Practice is evolving toward greater collaboration. Architects can work
more efficiently and creatively, but they require quick access to current techni-
cal information, from codes to new building materials, to avoid costly errors.

The 12th edition supports the ways we access and process knowl-
edge—uvisually. In doing so, the latest edition of AGS gives new life to what
the Editor-in-Chief Dennis Hall identifies as the intent of the first authors: to
produce a graphic-centric resource.

I thank Dennis Hall, his editors, the countless contributors of content—
both written and visual—as well as the proofreaders and fact checkers. That
so many hands could weave a seamless resource testifies to their dedication
to serve our varied, demanding profession.

From the very first time the AIA and Wiley joined hands as partners for
the sixth edition in 1970, we have built a valued, mutually supportive relation-
ship that has benefitted generations of architects, growing with and guiding
the architectural profession in the pursuit of excellence. Through all the
iterations of Architectural Graphic Standards, our commitment to quality
continues, but never wavers. Use this distinctive new resource well, and
prosper.

Robert Ivy, FAIA
EVP/Chief Executive Officer
The American Institute of Architects



ARCHITECTS’ TRIBUTES TO ARCHITECTURAL

GRAPHIC STANDARDS

To mark the publication of the 12th edition of Architectural Graphic Standards
(AGS) and its digital launch with Architectural Graphic Standards Online
(www.graphicstandards.com), Wiley approached architects from some of the
most forward-looking practices in the United States; these firms were spe-
cifically selected for their strong vision and their engagement in making
design and construction. We asked them to each provide a short statement,
commenting on what AGS means to them, how it has contributed to their
practice, and how they anticipate AGS being used in the future with the
further evolution of the digital and data-driven design techniques.

What is marked is the attachment that these prominent architects all
have to AGS.This is poignantly expressed by Steven Ehrlich, Founding Partner
of Ehrlich Architects in Culver City, California, which won the 2015 AIA
National Firm Award:

I treasure my sixth edition of Architectural Graphic Standards, which
was given to me as a birthday present by my parents in 1973. I had
just returned from three years of traveling and practicing architecture
in Africain the Peace Corps, and was starting a residential design-
build practice in Vermont. My mother inscribed the book: “May this be
the beginning of a very happy and exciting future.” My engineer-
inventor father, a tough guy, wrote, “Learn it all by heart. But if you
need any further info call me. Good luck for good architecture.”

I have used the AGS so much over the years that it is now
literally held together by duct tape. The launch of the online edition
ensures that it will continue to be an essential reference for archi-
tects in the digital age. While technology has transformed our
profession in thrilling ways, we do not (yet) live in a virtual world:
Buildings are still made of wood and steel and mortar.

Steven Ehrlich, FAIA, RIBA

For Robert Siegel, Design Director at Gensler, AGS has been a ubiquitous
presence for an architect who thrives on design:

As FK. Ching’s Form, Space, and Order is to deciphering the con-
ceptual and formal basis of architecture, Architectural Graphic
Standards is to creating the built environment. I love to draw and
invent. Since I started my practice, I've depended upon Architectural

Graphic Standards for its beautifully detailed dimensional dia-
grams at all scales: from describing the human body in space to
defining the turning radii of vehicles. This information helps me to
design bespoke buildings and interiors that function perfectly and
are easy to use. I imagine that future editions of Architectural
Graphic Standards will include a detailed and interactive digital
model of the human body and of groups of people, both in static
and dynamic modes. This information can be integrated into the
design process so that the measure of human needs in architec-
ture is more integrated than ever before.

Robert Siegel, AIA, NCARB

Corie Sharples is Principal of SHoP Architects in New York, a firm that has in
the last couple of decades helped redefine the relationship between design
and construction. Here she describes how AGS represents an essential infor-
mation tool:

From the founding of SHoP almost 20 years ago, my partners and
I recognized that there was an enormous and inefficient division
between thinking and doing in architecture. A lot of what we’ve
tried to do since is work to bridge that gap: to unify the process of
design with the process of building, to close the distance between
theory and practice. We’ve tried to prove in the real world that the
best architectural results, the most creative, come when architects
are able to control the process of construction through the intelli-
gent management of building information. We’ve developed a lot of
proprietary methods and technologies over the years to help us get
there. But, looking back, even to the time before our firm bought its
first computer, we had a copy of Graphic Standards by our side. The
clarity of images and diagrams in the book was an early inspiration
for our own approach to communication. It was our first real infor-
mation tool: a resource so complete in its technical data that it let
our creativity run free.

Corie Sharples AIA

Claire Weisz, Principal-in-Charge of WXY Studio, an award-winning urban
design and planning office, also in New York, closes by reminding us not only
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how AGS provides a visual lexicon, but also how its development over time too complex to be memorized and, perhaps more critically, too
acts as an effective barometer as summed up by the great Modernist archi- scattered to be found in one place in an architect’s office. But in
tect Eero Saarinen in a foreword to the 1956 edition: particular I am fond of how he used the wonderful term “contem-

) ) ) poraneous” to describe its essential value. That is what is striking
As far as touchstones of architecture practice go, Architectural

Graphic Standards is our lexicon. Not only do we need and use the
latest edition in our libraries, but we also see the book as a mile-
stone of achievement; as a way to measure the passage of time
whereby nothing is lost. Years ago the principal at my first job in
architecture rewarded my youthful enthusiasm with his fifth edi-

about the mechanism of reissuing it as needed by the field.
Saarinen in ending his evaluation of Architectural Graphic
Standards stated that it “will show the future the dizzy speed and
expanding horizons of architectural development and practice in
our time.” Now after almost 60 years dizzying may be an under-
statement, but this index to the state of the art of building today

tion from 1956—since the sixth has long been in use. With a . .
still holds its own.

foreword written by no other than Eero Saarinen—and in a great-
looking font—it remains within close reach of my desk to this day.
Not every book has a summary from one of architecture’s lumi-
naries and it doesn’t disappoint in its clear snapshot. Agreeing
with his predecessors’ estimate of its value as an essential part
of architectural practice, serving to gather facts and references

Claire Weisz, FAIA

With thanks to Steven Ehrlich, Robert Siegel, Corie Sharples, and Claire
Weisz.



TIMELINE

The increase in size and complexity of Architectural Graphic Standards since its initial publication has mirrored the extraordinary accomplishments of architecture in the 20th century.

Architectural Graphic Standards Highlights Architecture Landmarks

1910 —— Pennsylvania Station, New York, New York (McKim, Mead and White)

John Wiley & Sons publishes Architectural Details, a prototype for Architectural Graphic—— 1924
Standards

1929 —— a Villa Savoye, Poissy, France (Corbusier)
1930 —— Chrysler Building, New York, New York (William Van Alen)
Wiley publishes first edition of Architectural Graphic Standardse——1932
1934 —— Fallingwater, Bear Run, Pennsylvania (Frank Lloyd Wright)
10,000th copy sold ——1936
100,000th copy sold ——1947
1949 — The Glass House, New Canaan, Connecticut (Philip Johnson)

Fourth edition published: changes in building technology trigger 80% increase in lengthe——1951
over prior edition

Fifth edition published: final edition prepared by Charles Ramsey and Harold Sleeper —— 1956
1958 — . Seagram Building, New York, New York (Ludwig Mies van der Rohe)
1966 —— Salk Institute, La Jolla, California (Louis Kahn)

Sixth edition published: first edition edited by American Institute of Architects; ——— 1970 —— John Hancock Center, Chicago, Illinois (Bruce Graham/Skidmore Owings and Merrill)
incorporates Uniformat organization

1973 —— AIA Headquarters, Washington, DC (The Architects Collective)
1977 —— Centre Pompidou, Paris, France (Richard Rogers and Renzo Piano)
1978 —— National Gallery of Art East Wing, Washington, DC (I.M. Pei)
1982 — Vietnam Veterans Memorial, Washington, DC (Maya Lin)

Ninth edition published: incorporates ADA guidelines; new material on building systems ——1994
and energy-efficient design

First digital version of Architectural Graphic Standards released as CD, version 1.0 ——1996 —— J. Paul Getty Museum, Malibu, California (Richard Meier)
1997 —— Guggenheim Museum, Bilbao, Spain (Frank Gehry)
1,000,000th copy soId-—1999|: Reichstag, New German Parliament, Berlin, Germany (Foster + Partners)
Jewish Museum Berlin, Berlin, Germany (Daniel Libeskind)
Tenth edition of book and version 3.0 of CD published——2001

2003 —— The Gherkin’, 30 St Mary Axe, London, UK (Foster + Partners)

Graphic Standards franchise expands with the release of Interior Graphic Standards—— 2004 —— Seattle Central Library, Seattle (Rem Koolhaas/OMA)
2005 — De Young Museum, San Francisco (Herzog & de Meuron)

In conjunction with American Planning Association, Planning and Urban Designe——2006
Standards is released

Landscape Architectural Graphic Standards published
To celebrate its 75th anniversary, eleventh edition of book and version 4.0 of CD published 2007 —— Metropol Parasol, Seville, Spain (Jiirgen Mayer H)
John Wiley & Sons celebrates 200th anniversary
The American Institute of Architects celebrates 150th anniversary «——2008 —— The Bird’s Nest, National Stadium for Beijing Olympic Games, Beijing (Herzog & de Meuron)
2009 —— MAXXI Museum, Rome (Zaha Hadid Architects)

Second Edition of Architectural Graphic Standards for Residential Construction book e—— Burj Khalifa, Dubai (Skidmore, Owings and Merrill)
and CD-ROM 1.0 release 2010

Interior Graphic Standards, 2nd Edition and CD 2.0 release =—— Guangzhou Opera House, The People’s Republic of China (Zaha Hadid Architects)

2012 ——= The Shard, London (Renzo Piano)

2014 —— One World Trade Center, New York, New York (David Childs of Skidmore Owings & Merrill)
2015 —— The Shanghai Tower, Shanghai, The People’s Republic of China (Gensler)

Architectural Graphic Standards 12E releases :|2016

Architectural Graphic Standards Online launches



Xvi

INTRODUCTION

A BAROMETER OF CHANGE

As the go-to book for architects for over eight decades, Architectural Graphic
Standards (AGS) provides a unique barometer for measuring change within the
industry: tracking and assimilating shifts and innovations within the design/
construction sector with each new edition. Change has never been more
apparent or intense than in the last two decades, as the widespread adoption
of technology has prompted significant transformation of the industry. This has
had a far-reaching impact not only on the medium in which buildings are
designed and constructed, but also on processes, standards, analytics, and
ways of delivering professional services. Changes encompass the expansion of
project delivery methods and role changes; new building codes and industry
practices, which have been extended to include accessibility, sustainability, and
building resilience guidelines; new building products and construction meth-
ods; and an evolution of new and expanded building information management
organizational standards.

While all these changes are significant in the evolution of architectural
graphics and the standards of practice of the architect, the expanding range
of practice tools now available to architectural professionals has had a much
more far-reaching effect. Only three decades ago, architects labored over
drafting boards, producing so-called “working drawings” for the purpose of
providing the contractor with a complete set of instructions on how to put
together the building. Specifications were carefully written to reflect materi-
als and methods of construction. However, as design professionals sought to
shift liability away from themselves for the construction issues and new
design and production tools increased production efficiency and the ability to
manage building information, the final work product of the architect has
evolved into “design intent” documentation. This type of construction docu-
ment is more generic and highly dependent upon contractor coordination
drawings and manufacturer’s information, in order to explain the actual
building construction. Building codes have recognized these changes in con-
struction documents and have codified some building product manufacturers’
installation instructions, as requirements to provide the minimum informa-
tion necessary to construct buildings and to protect the health, safety, and
welfare of the public.

Now with the 12th edition, AGS is undergoing a watershed moment in
its own evolution as it shifts from being defined purely by the page and
becomes available digitally online for the first time. Content is being liberated
from the confines of a book binding and the limits of its previous electronic

formats, whether as an ebook or in a CD form, to become a highly searchable
online tool. Though it still remains available in print and ebook formats to
provide users with the information in the medium of their choice, the online
version fully acknowledges that AGS as an indispensable source for design
and technical information for practitioners has to reflect the practices of
architects of today: a profession that now spends nearly every day on screen
and only has seconds available to search for the essential nugget of informa-
tion it requires.

REVIVING THE GRAPHIC

Despite new online developments, the editorial vision for the 12th edition of
AGS marks a return to the publication’s essential characteristic—its highly
visual quality—which generations of architects have prized. An over-arching
aim of this edition has been to restore the more graphic-centric content. This
remains true to the primary intent of the original authors, Charles George
Ramsey (1884—1963) and Harold Reeve Sleeper (1893—1960); it has also
been central to AGS's success across the years as it is entirely in tune with
how architects consume and communicate design information. To optimize on
the effectiveness of this, it was also our ambition to provide more focused
information. The editors constantly asked us, “What do architects need to
know about this subject matter?” Our goal was to eliminate unimportant
content and concentrate on relevant knowledge, ensuring that information is
presented in a manner that is clear, complete, concise, and correct. Finally,
we wanted to recognize the evolution of construction documents and were
mindful of today’s best industry practices. It is also important to recognize
what AGS is not. This book is not intended to repeat information in 7he
Architect’s Handbook of Professional Practice (American Institute of
Architects, 15th edition, Wiley, 2014), regarding firm management, project
delivery, or contracts, but complement that knowledge with more technical
information on the graphic instruments in the service of the architect. While
AGS does not focus on building types or spaces, some design information
regarding the construction of unique spaces and building types is included.

The 12th edition of AGS concentrates on the core knowledge of architectural
design and the creation of the built environment. As the great architect and
educator Mies van der Rohe liked to say: “Architecture begins when you
place two bricks carefully together.” Likewise, Mario Botta said, “The first act
of architecture is to put a stone on the ground. That act transforms a condi-
tion of nature into a condition of culture; it’s a holy act.” Both architects



understood the importance of how to use materials creatively and correctly
in creating great architecture. AGS will continue to provide architects with
the knowledge to understand the elements of a building and the implications
of technology and construction as part of the design process.

ORGANIZING AND MANAGING BUILDING INFORMATION

While graphics are a far better medium for communicating design ideas than
words, in today’s complex world of “big data,” words are necessary to con-
vey building performance requirements and other nongraphic information.
As architects, we are not only the designers of our buildings, but also the
managers of the information necessary to procure, construct, and operate
the facility. AGS recognizes the importance of terminology as notations on
drawings, building code requirements, manufacturer’s installation instruc-
tions, and for electronic search tools. Careful attention has been paid to
ensure the consistent use of proper construction terminology throughout
AGS.Terminology has been coordinated with the 2010 edition of UniFormat™,
MasterFormat™ 2014 Update, the OmniClass Construction Classification
System™ tables, and the International Building Code. These building infor-
mation organizational structures are used in AGS as a means of organizing
chapters into sections and information within the chapters. We can also
expect the future of architectural graphics to be highly dependent upon the
ability to organize, retrieve, and reuse information.

THE FUTURE OF ARCHITECTURAL GRAPHICS

Architectural graphics as a part of the architect’s instruments of service have
evolved and will continue to do so. The interoperability of building information
is critical to the future of a profession and an industry that must improve

efficiency in processes and building performance. This is dependent upon our
ability to gather, manage, and use building information to achieve better
aesthetic, functional, and technical performance of our designs. International
efforts in the creation of global unique identifiers (GUIDs) that associate
properties of construction objects with specific products is a first step in
achieving this goal, but we can only achieve goals we can measure and we
must develop practice tools to verify and monitor building performance at
every level. These evolving practice tools are only a few of the evolutional
changes in a rapidly expanding industry of traditional and specialty practices.
For the last 84 years, AGS has sought to provide design professionals, own-
ers, and contractors knowledge regarding best practices in architectural
graphics as a means of creating architecture. We recognize the changes and
challenges of our industry and are poised to create electronic tools to con-
tinue the legacy of Ramsey and Sleeper in sharing design knowledge. The
new online version of AGS will enable continuous updates of critical informa-
tion and the latest standards of practice. The ability to link knowledge from a
wide array of Wiley design publications and industry experts will make this
tool truly indispensable.

The American Institute of Architects (AIA) was founded upon the lofty
goal of architects working together to improve our profession and the cre-
ation of the built environment through knowledge sharing. I am honored and
pleased to have contributed to this worthy goal and the 12th edition of
Architectural Graphic Standards.

Dennis J. Hall, FAIA, FCSI

Editor-in-Chief of Architectural
Graphic Standards
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PREFACE

For more than eight decades, the Architectural Graphics Standards (AGS) has
been the iconic book, which guided the design of the built environment in the
20th and 21st century North American by bringing complex ideas to visual life
like no other comprehensive manuscript. The AGS is an indispensable profes-
sional resource that articulates the state-of-the-art in holistic building design
and construction through a graphic-centric composition. The visual delivery
of information uniquely unites the gap between concept and practice with
incredible content breadth and depth.

Revised for the first time since 2008, the AGS Student Edition thought-
fully frames the significantly new and updated content into an academic
companion piece suitable for a wide range of design and technical curricula
throughout a student's architecture education, and even into the early stages
of professional practice. The Student Edition covers the design and documen-
tation process for the building materials and elements of several project
types, and features considerably new and updated content such as the emer-
gent theme of resiliency in buildings. A strong index offers direct access to
hundreds of architectural elements from over a thousand illustrations.

You will discover that this flagship book is much more than our first
‘go-to’ resource. The book bears stories of legend. I urge you to find your
professor’s AGS on her bookshelf and ask. You will see a face light up and
regale in a reflective tale of late night studio adventures. Architecture is a
passion that burns in many of us, and your new Student Edition is the tinder.
Virtually everything needed to realize a design idea is at your fingertips, as
you will experience your own swashbuckling tales of enlightenment.

Many thanks to the AIA, and the AGS editors and contributors in estab-
lishing the truly exceptional underlying framework; the Wiley team of
Margaret, Lauren, Kalli, and others for injecting life into the Student Edition
and bringing it to fruition; the advisory board of Chris, Danielle, Leslie,
Michael, Randy, Tony, and Traci for their insightful feedback; and my wife
Kathy and children Sarah and Brice for their patience and encouragement.

Keith E. Hedges, AIA, NCARB

Editor-in-Chief of Architectural
Graphic Standards, Student Edition
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FUNCTIONAL PLANNING HUMAN FACTORS

HUMAN FACTORS

Human factors information refers to the variables that affect
human performance in the built environment, such as human
physiology and human psychology. Data accumulated from the
fields of engineering, biology, psychology, and anthropology are
integrated in this multidisciplinary field. “Fit” describes a design
that uses human factors information to create a stimulating but
nonstressful environment for human use. Some areas of fit are
physiological, psychological, sensual, and cultural.

ANTHROPOMETRICS AND
ERGONOMICS

The field of anthropometrics provides information about the dimen-
sion and functional capacity of the human body. “Static anthropomet-
rics” measures the body at rest; “dynamic anthropometrics” mea-
sures the body while performing activities defined as “work.”
Dimensional variation occurs in anthropometric data because of the
large range of diversity in the human population. To utilize anthropo-
metric charts effectively, a designer must identify where a subject
user group falls in relation to these variables. The factors that cause
human variations are gender, age, ethnicity, and race. Patterns of
growth affected by human culture cause variation in human measure
as well. Percentiles that refer to the frequency of occurrence

ANTHROPOMETRIC DATA
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describe dimensional variation on anthropometric charts: that is, the
mean percentile (50 percent), the small extreme percentile (2.5
percent), and the large extreme percentile (97.5 percent).
“Ergonomics” is the application of human factors data to design. This
term was coined by the U.S. army when it began to design machines
to fit humans, rather than trying to find humans to fit machines.

HUMAN BEHAVIOR

Human behavior is motivated by innate attributes such as the five
senses and by learned cultural attributes. Each human has a
unique innate capacity to gather sensual information. How that
information is understood is determined by personal and cultural
experience. “Proxemics” is the study of human behavior as it
relates to learned cultural behavior. Human behavior is motivated
by the innate nature of the animal, and this behavior is expressed
and modified by each person’s learned culture and traditions.

INNATE HUMAN ATTRIBUTES

The five senses determine human comfort levels in the environ-
ment and are a part of human factors studies.

* Site: Behavioral scientists agree that, for human beings, seeing
is the most engaged sense for gathering information. Physical
form is perceived when visual data is organized into patterns,

50 PERCENTILE MAN

and that data is integrated with memories and emotions. Visual
form is perceived as having a context with boundaries. Visual
form can be understood to be a dynamic system of directional
lines of forces that are innate, kinetic, and independent of the
representational content of a form. Once a form’s attributes
have been perceived, humans tend to give the perceived form
symbolic meaning. This meaning is cultural and personal, result-
ing from associations and past experiences.

Touch: Touch is essential to human development and growth.
Texture is learned most completely through skin contact. Human
skin is sensitive to temperature, pain, and pressure. Vision and
touch are interwoven in sighted humans. Memory of tactile
experiences allows humans to understand their environment
through visual scanning.

Hearing: Humans can use hearing to determine distances.
Sound moves in concentric circles and in horizontal and vertical
planes. The ear transmits these airborne vibrations to the brain
where it is processed and assigned meaning. The ability to focus
hearing is called “sensory gating.” The ability to gate sound
varies and diminishes with aging.

Smell and taste: Research about smell is difficult to conduct
because human sensitivity to smell is highly variable over time and
from person to person. A person’s sense of smell to an odor can
fatigue quickly during exposure. Smell is defined in terms of com-
monly perceived odors such as flowery, putrid, burned, resinous,
and spicy. Taste and smell are closely related in human experience.
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MEASURE OF MAN—SIDE VIEW
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FUNCTIONAL PLANNING HUMAN FACTORS

MEASURE OF WOMAN—FRONT VIEW
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MEASURE OF WOMAN—SIDE VIEW
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8 FUNCTIONAL PLANNING HUMAN FACTORS

ANGLE MOVEMENTS OF BODY COMPONENTS
1.5

110° ARM SWING

0 MSR i
i,

54.5°W
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)
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M WRIST
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ROTATION WRIST

HIP ROTATION
45.5° W
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o VALUES ARE INDICATED;
MEN AND WOMEN VALUES
VARY

TINTED AREAS ARE ,
COMFORT RANGES FOR

THE SITTING POSTURE;
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WITHIN THE SMALLER
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NOTE
1.1-1.6 Timeline data adapted from Papilia and Wendkos Olds, 1989.
Contributor:

Alvin R. Tilley, Henry Dreyfus Associates, The Measure of Man &
Woman: Human Factors in Design, John Wiley & Sons, New York, 2001.



UNIVERSAL AND ACCESSIBLE DESIGN FUNCTIONAL PLANNING
UNIVERSAL AND ACCESSIBLE DESIGN

“Universal design is a process that enables and empowers a
diverse population by improving human performance, health and
wellness, and social participation” (Steinfeld and Maisel, 2012).
Proponents of universal design view it as an approach to good
design, and they posit that by considering the full range of human
ability across our lifetimes (small/big, young/old, with varying
abilities across every size and every stage of life), designers can
provide better environments for everyone. In short, “Universal
design strives to make life easier, healthier, and friendlier for all
people” (Steinfeld and Maisel, 2012). While universal design must
also be accessible, it exceeds the minimum requirements of acces-
sible design standards to provide optimum conditions for people
with and without disabilities.

Some equate universal design with accessible design; however,
there are distinct differences. Accessible design is the design of a
certain percentage of features to conform to technical require-
ments as required by laws such as the Architectural Barriers Act
(ABA), the Rehabilitation Act, the Fair Housing Amendments Act
(FHAA), and the Americans with Disabilities Act (ADA). It does not
guarantee inclusion for everyone, nor does it guarantee good
design in a holistic sense.

This section will explain the differences and relationship between
these two very different approaches to design. One addresses the
full range of human experience and abilities and the other derives
from an accommodation model that has a narrower focus. The sec-
tion will provide details on the basic minimum requirements for
accessible design and offer suggestions on where designers
should exceed the minimum to provide a more welcoming and
inclusive environment for all people by addressing universal design
goals.

This section is divided into three subsections:

* Universal design: This subsection will provide a background on
the philosophy and goals of universal design and present four
case studies of universal design in public buildings and housing.

* Accessible design: This subsection will discuss the legislative
history and regulatory process of accessible design and intro-
duce important federal laws such as the Americans with
Disabilities Act (ADA), Fair Housing Amendments Act (FHAA),
Architectural Barriers Act, and the Rehabilitation Act.

* Technical criteria: This subsection will provide detailed drawings
for how to comply with key accessible design standards and
provide suggestions on how to exceed those standards to exem-
plify best practices in universal design.

UNIVERSAL DESIGN

Our bodies and minds are in a constant state of change across our
lifetime. We are not static. We are also exceedingly diverse—
young and old, small and big, fast and slow; we come in shades of
many skin colors and with many different backgrounds, aspira-
tions, and ways of life. Increasingly, we humans are gaining more
control over our world, our bodies, and our minds. To design uni-
versally is to design for improving the human experience of the
built environment for all. It recognizes that the designed environ-
ment can improve life experiences at the individual and societal
level. Universal design is a manifestation of the increasing control
we have over our world, through discovery and application of
knowledge. In addition to being a philosophy that puts the needs of
people first, universal design has a practical side as well. Universal
design is a continual improvement process that seeks to achieve
the best possible outcomes with the means available, recognizing
that not every project and context has the resources available.

Universal design is most successful when fully integrated within a
project. As a design movement, it is the result of a meeting of
minds between human-centered design approaches and the dis-
ability rights movement. In the 1970s, architect Michael Bednar
suggested that the value of “barrier free design,” the term used at
the time to address the removal of design practices that discrimi-
nated against people with disabilities, extends to all of us, not just

the few barrier free environments (Barrier Free Environments,
Stroudsburg, PA: Dowden, Hutchinson, and Ross, Inc., 1977).

Ron Mace would give the movement its name and its first definition
in his book, Universal Design: Barrier Free Environments for
Everyone (Los Angeles, CA: Designers West, 1985): “Universal
design is the design of products and environments to be usable by
all people, to the greatest extent possible, without the need for
adaptation or specialized design.”

In the 1990s, Mace worked with a group of fellow advocates and
designers (architects, product designers, engineers, and environ-
mental design researchers) to create the Principles of Universal
Design, providing a conceptual framework for implementing uni-
versal design as an essential part of good design. The authors of
the Principles argued that there was a business case for wide-
spread adoption of the concept—increasing markets through the
design of more usable products and environments. This marked a
significant shift away from the regulatory approach taken by codes
and standards. The Principles included a set of design criteria
focused primarily on issues of usability: (1) equitable use, (2) flex-
ibility in use, (3) simple and intuitive use, (4) perceptible informa-
tion, (5) tolerance for error, (6) low physical effort, and (7) size and
space for approach and use.

While the Principles proved to be valuable to early adopters of
universal design, proponents of the concept across the world rec-
ognized that usability alone is not sufficient to encourage wide-
spread adoption and to address design goals important to the
broader population (see Steinfeld and Maisel, 2012). For example,
more usable environments alone do not necessarily open opportu-
nities for participation in society for people with disabilities,
women, or minority groups. What good is a more usable school
building to women if the schools do not provide enough security for
their safe education? Additionally, a neighborhood design that does
not support walking contributes to increased levels of obesity and
further disability, regardless of how usable the buildings in a com-
munity might be. In addition, the Principles did not provide any
evidence base or benchmarking strategy for achievement. In order
to encourage adoption by the broader professional community and
public, the Center for Inclusive Design and Environmental Access
(IDeA Center) at the University at Buffalo—State University of
New York developed eight Goals of Universal Design to complement

WATER PLAY ENVIRONMENT—WALL OF DRYERS
1.7

the Principles. Each of the eight goals represents specific outcome
measures and corresponds to a knowledge base from research
in fields including human performance, social participation, and
wellness. The first four goals focus on human performance in the
knowledge areas of anthropometry, biomechanics, perception, and
cognition, while the last four goals address health and social par-
ticipation outcomes.

EIGHT GOALS OF UNIVERSAL DESIGN
GOAL ONE: BODY FIT

Accommodate a wide range of body sizes and abilities
(see Figure 1.7).

GOAL TWO: COMFORT
Keep demands within desirable limits of body function
(see Figure 1.8).

ADJUSTABLE-HEIGHT LAVATORY AND VANITY
1.8

In addition to achieving the goals of body fit and personalization,
this adjustable-height lavatory and vanity allows adults and chil-
dren to comfortably reach the faucets and use the mirror.

Architect Koning Eizenberg Architecture and the exhibit designers, Springboard Architecture Communication Design, turned a mundane
hand dryer into something more at the Pittsburgh Children’s Museum. They took an object that is simple to use and clear in its utility,
multiplied it, mounted it within multiple reach ranges, and transformed it into an experience.
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NOTE
1.7 Springboard Architecture Communication Design LLC, Pittsburgh.

Contributors:

Dr. Ed Steinfeld, AIA and Jonathan White, Center for Inclusive Design
and Environmental Access (IDeA Center), University at Buffalo,
New York
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GOAL THREE: AWARENESS GOAL FOUR: UNDERSTANDING

Ensure critical information for use is easily perceived. Methods of operation and use are intuitive, clear, and unambiguous.
MULTISENSORY INTERSECTION DESIGN FAUCET FOLLOWING COMMON CONCEPTUAL MODEL
1.9 1.10

This intersection design has several features that improve aware-  This faucet follows the common conceptual model of having the
ness for all people. Curb ramps with return curbs guide pedestri-  cold lever on the right and hot on the left. The faucet is coded with
ans in the direction of the safe crossing zone. The detectable  color and pictograms to aid in understanding by children and non-
warnings let people know they are about to enter the street.  English speakers: blue snowflake for cold, red flame for hot.
Countdown timers, pictograms, and an audible beacon all let peo-
ple know when it is safest to cross while high-contrast markings
alert drivers to the presence of a crossing zone.

BLUE

HOT ON THE LEFT COLD ON THE RIGHT

GOAL FIVE: WELLNESS
Contribute to health promotion, avoidance of disease, and preven-
tion of injury.

MULTIMODAL STREETSCAPE SECTION
1.11

This right-of-way provides a choice of transportation method, encouraging healthy alternatives to the automobile.

i

RESTAURANT PATIO WALK PARK BIKE BIKE PARK

ONE WAY ‘ BIO -SWALE ‘ ONE WAY

WALK ‘ PATIO ‘ RESTAURANT

Contributors:

Dr. Ed Steinfeld, AIA and Jonathan White, Center for Inclusive Design
and Environmental Access (IDeA Center), University at Buffalo,
New York
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GOAL SIX: SOCIAL INTEGRATION )
Treat all groups with dignity and respect. Y
Ve
TRASH
FORD ELEMENTARY SCHOOL SITE PLAN ENCLOSURE 7
1.12
e
The site plan of this school shows spaces designed for community -
use, including playing fields, a community garden, a placita for
gatherings and parent meetings, and a shade structure where
parents can congregate and provide informal supervision of chil-
dren at play.
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GOAL SEVEN: PERSONALIZATION
Incorporate opportunities for choice and the expression of indi-
vidual preferences.

KITCHEN LIGHTING
1.13

Kitchens are one room of the house requiring sufficient light for detailed tasks such as cutting vegetables. This kitchen has several levels
of lighting to suit anyone’s preference or needs and adjust for different times of day and mood.

AMBIENT LIGHTING ————————=

e

ACCENT LIGHTING
DAYLIGHTING WITH

SHADING DEVICE

J L N —1
2l®
TASK LIGHTING —
J{
] ==
——
DOORS AND BASE

GOAL EIGHT: CULTURAL APPROPRIATENESS
Respect and reinforce cultural values and the social and environ-
mental context.

LACTATION ROOM
1.14

Lactation rooms are an increasingly common example of how to break down cultural barriers, allowing mothers to comfortably breastfeed

or pump with privacy if desired.

i
|

CURTAINS PROVIDE PRIVACY
LOCKED CABINETRY
SOFT LIGHTING

REFRIGERATOR FOR MILK STORAGE
PAPER TOWELS

HAND SANITIZER IN CLOSE PROXIMITY
TO CHAIR AND CHANGING TABLE

SINK
BABY CHANGING TABLE
COMFORTABLE CHAIR FOR LACTATION

ACCESSIBLE DESIGN

“Accessible” is a design term first appearing in the 1950s, describ-
ing elements of the physical environment that are usable by people
with disabilities. Originally, the term described facilities that wheel-
chair users would be able to access, but the term has evolved to
include designs for a wider group of people with more diverse
needs, such as people with hearing and vision limitations.

Continuing advances in medicine and technology have changed the
character of disability since the introduction of accessible design.
The population with disabilities is now more diverse, with many
more people who have severe disabilities able to live indepen-
dently and participate in community life. New technologies for
wheeled mobility, including power wheelchairs, scooters, and seat-
ing and positioning systems, have increased the complexity of
design for wheeled mobility. New building technologies, such as
residential elevators, wheelchair lifts, and power-door operators,
have made the provision of accessible facilities more practical and
less expensive. Accessible design will continue to change as medi-
cal advances and technologies continue to evolve.

From an architect’s perspective, appropriate accessible design for
public facilities and multifamily housing is different from custom
design of residences or workplace accommodations for people
with disabilities. Public accessibility standards establish general
design specifications that broadly accommodate minimal needs.
Design for a specific user in a private residential setting or work
environment should address that user’s specific needs and involve
much more interaction with the client to ensure the design accom-
modates the person’s preferences. It is also likely that people with
disabilities will appreciate universal design approaches because
they improve function beyond minimum requirements and increase
social participation and safety.

LAWS, REGULATIONS, AND STANDARDS

Architects should become familiar with the federal legislative pro-
cess and its terminology to help them understand the intent of
laws, their requirements, and their continuing evolution. A “law” is
an act of a legislative body. A “regulation” is developed by a regu-
latory agency such as the Department of Justice or the Department
of Housing and Urban Development. A regulation defines the spe-
cific ways that a law is implemented. A “standard” is a stand-alone
document, often used to implement a regulation. A “voluntary
consensus standard” is developed by a standards organization
such as the American National Standards Institute (ANSI) or the
National Fire Protection Association (NFPA), which has rules gov-
erning the process of standards development to ensure equity and
fairness. A standard can be referenced by a model code, which can
in turn be adopted by a regulatory agency. Standards can also be
issued by standards setting agencies of the government and refer-
enced in their own regulations. “Guidelines” are a general term
that can refer to nonbinding design criteria or to the equivalent of
standards. Guidelines are sometimes issued by one government
agency and then adopted as standards by another. Laws can also
incorporate standards by reference or even include their full text.

At present, the laws, regulations, and standards governing the
implementation of accessible design are highly complex; there-
fore, architects must educate themselves, and stay abreast of
current developments to ensure that they have a good grasp of the
requirements. Further, it behooves the architect to research the
applicable laws, regulations, and standards that apply to each
specific building carefully. Federal laws such as the Americans with
Disabilities Act (ADA) and Fair Housing Amendments Act (FHAA),
have built-in penalties for architects whose work does not comply.
Thus, there is an incentive for the architect to understand thor-
oughly the legal requirements of accessible design regulations and
their underpinnings. Guidance information such as technical assis-
tance manuals and bulletins on interpretation are available on all
the federal regulations, although it is not all collected in one place.
In addition to the regulations themselves, additional information is
available in the legislative history of each act and in the numerous
documents issued during the “rule-making process.” Architects
can monitor rule-making activities to anticipate new rules and
avoid unpleasant surprises late in the design stages of projects.

Contributors:

Dr. Ed Steinfeld, AIA and Jonathan White, Center for Inclusive Design
and Environmental Access (IDeA Center), University at Buffalo,
New York
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Available information at the state and local level may be more dif-
ficult to find but most state regulations are based on federal
requirements or model codes. The architectural guidelines and
standards for laws such as the ADA are periodically revised
through the rule-making process. To understand the complex
nature of accessible design laws, regulations, and standards,
architects should first understand the legislative process and
accessible design regulatory history.

ACCESSIBLE DESIGN LEGISLATIVE
PROCESS

Civil rights laws are the basis for accessible design requirements.
Governing bodies such as the United States Congress, state legis-
latures, and local governments enact laws to achieve a particular
public policy objective; for instance, the right of people with dis-
abilities to access and use public buildings. The legislation specifies
the measures necessary to achieve the policy objective. The legis-
lation might directly reference a particular standard or it might
authorize a government agency to develop and maintain a guide-
line or standard. The administrative process for implementing
federal laws requires public notice in the Federal Register and a
public comment period for any proposed new regulations or guide-
lines. Federal standards become regulations when the Department
of Justice incorporates them in the Code of Federal Regulations.
States have similar processes and often have parallel legislation.

Civil rights laws often include provisions for both facility design and
operations. Provisions that address operations create legal
responsibilities that are shared between facility designers and
facility operators. Architects should carefully record programming
decisions with implications for accessibility, since the intended use
of a new space often establishes the specific accessibility require-
ments that apply. For example, in the ADA, requirements for an
employee workspace are different from those for a public space. If
a facility operator changes the use of a space after the building is
completed, compliance becomes the owner’s rather than the archi-
tect’s responsibility. Architects should carefully evaluate an own-
er’s project funding sources to determine which local, state, and/
or federal accessibility requirements apply. It is important to do
this prior to preliminary design because the requirements can
affect some basic early design decisions.

Accessibility regulations have two parts: technical criteria and
scoping requirements. Technical criteria are the specifications for
how to achieve the policy objective; i.e., “what and how.” For
example, to ensure people who use wheeled mobility devices can
use a drinking fountain, there must be a knee clearance height of
at least 27 in. Scoping is the extent to which the technical criteria
must apply; i.e. “when and where.” The technical criteria may apply
to all project elements or to only a fraction of the elements.
Scoping criteria specify how many items of what type need to be
accessible, for example, at least 50 percent of drinking fountains,
or 100 percent of dwelling units. One level of complexity in current
accessibility regulations is caused by the presence of scoping
requirements in different sections of regulations. For example,
there may be scoping provisions in a beginning section of the
document, and there may be scoping provisions integrated with the
technical criteria. Often there are exceptions and conditional
options buried deep within the technical criteria of the documents
that are difficult to find.

Sometimes, scoping and technical criteria can be in two different
documents. State and local governments often adopt a document
developed by the International Code Council and the American
National Standards Institute, the ICC/ANSI A117.1 Standard, to
achieve their public policy objectives. Some may adopt it using a
separate law while others incorporate it via reference in their
building codes along with other fire and safety standards. The
International Building Code (IBC) includes scoping provisions but
adopts the A117.1 standard by reference for its technical provi-
sions. Currently, ICC/ANSI A117.1 is the only consensus standard
for accessible design in the United States. Since 1986, no versions
of A117.1 have scoping criteria. The IBC model code and the state
or local codes usually base their scoping criteria on federal regula-
tions. The purpose of removing the scoping was to encourage
adoption by states and promote uniformity; however, many states

and some municipalities have modified the IBC scoping criteria and
several states have their own independent accessibility “code”
that differs substantially from the ICC/ANSI A117.1 standard.

The federal government empowers its standard-setting agencies
to develop their own standards and processes for implementing
disability rights laws such as the ADA and FHAA; however, the U.S.
Access Board, a small federal agency, is charged with developing
accessibility guidelines for several federal laws. This creates a
complex relationship between the Access Board’s guidelines, fed-
eral regulations of different agencies, and the state and local
building codes across the United States. Although many of the
accessible design requirements in the civil rights laws and the
codes are similar, there have been considerable differences, espe-
cially since state and local rule-making, federal rule-making activi-
ties, and the revision cycles of model standards and codes are not
synchronized. Despite significant efforts to harmonize national
model codes and ICC/ANSI A117.1 with the federal requirements,
there are still differences.

Due to this complexity, architects must be able to determine which
laws, regulations, and standards apply to any project and which is
more stringent for any particular element. To help reduce complex-
ity, federal agencies identify “safe harbors,” which are regulations
or standards the agency certifies to be substantially similar to their
own standards, permitting their use as an alternative to the fed-
eral regulations. However, federally specified safe harbors are
sometimes older standards, already superseded by state or local
regulations. Furthermore, unlike municipal officials, federal agen-
cies do not issue building permits and typically do not inspect
construction prior to occupancy unless they are funding a project.
Civil rights law enforcement is a “complaint-based process.”
Federal agencies may choose to act on a citizen complaint, or a
complainant may elect to seek direct relief through federal courts.
Legal decisions regarding such complaints gradually refine unclear
rules but the policies embedded in those decisions are not orga-
nized for designers to easy reference. Victims of discrimination
under the Act can be awarded compensatory and/or punitive dam-
ages. Courts can also order remediation in the form of renovations
to buildings, to bring them into compliance. Retrofitting and other
conditions of remediation are considerably more expensive than
complying with the law in the first place when costs are minimal.
There is no statute of limitations on compliance. Complaints may be
filed at any time, and violations are often uncovered during the
course of due diligence. The latter can affect the sale and sales
price of a property. The responsibility for compliance rests with
building owners, architects, contractors, and others involved in the
design and construction of covered buildings.

To add to the complexity, some of the regulations have not changed
at all since they were issued while others have changed consider-
ably. For example, while the ADA Standards were revised signifi-
cantly in 2010, the FHAA Guidelines have not been changed since
they were issued in 1991, the same year the original ADA
Standards were issued. Some federal agencies still use “legacy”
accessibility standards such as the Uniform Federal Accessibility
Standards (UFAS) for some of their construction programs, and
recent standards such as the 2010 ADA Standards for other pro-
grams. When more than one program is used to fund a single
project, the applicable standards can be quite difficult to ascertain.
Further, the date of construction or application for a building permit
can trigger different regulations and standards. When architects
are hired to assess compliance with building codes, they need to
know what regulations or standards were in force at the time the
building was designed or constructed and what applies in the pres-
ent. Architects should therefore monitor federal activities related
to the type of buildings they design and be familiar with the legisla-
tive history of different laws to ensure they are aware of the most
current regulations, design standards, and interpretations.

REGULATORY HISTORY OF ACCESSIBLE
DESIGN

In the 1950s and 1960s, disabilities rights advocates organized and
petitioned federal, state, and local governments to enact legisla-
tion that would allow people with disabilities to have access to the
same public institutions to which others have access.

In 1961, ANSI published the first national standard for accessible
design: Accessible and Usable Buildings and Facilities, (A117.1).
Many states and local jurisdictions adopted ANSI A117.1 as their
accessibility code, although they often modified selected standards
to suit their communities. It quickly became the most widely used
accessible design standard in the United States.

In 1968, the Architectural Barriers Act (ABA) was the first federal
legislation to require accessible design in facilities owned or
leased by the federal government, or financed by certain agencies
of the federal government. It empowered those agencies to
develop standards for accessible design. The ANSI Al17.1
Standard was referenced by most of the agencies.

In 1973, Congress passed the Rehabilitation Act to address the
absence of federal accessibility standards for buildings construct-
ed by entities receiving federal funds and the lack of an enforce-
ment mechanism. This Act created the Architectural and
Transportation Barriers Compliance Board (Access Board) to
develop and issue minimum guidelines for design standards to be
used by the four federal standard-setting agencies. The Act
required any facility built with federal funds, or built by entities that
receive federal funds (such as public schools and government
contractors) to be accessible to people with disabilities.

A consensus committee periodically revises ANSI Al117.1 and in
1980, they expanded it significantly to reflect new research and to
include housing standards. By 1982, the Access Board published
“Minimum Guidelines and Requirements for Accessible Design”
based largely on this document.

In 1984, the four standard-setting agencies (General Services
Administration, Department of Defense, Department of Housing
and Urban Development, and U.S. Postal Service) developed the
Uniform Federal Accessibility Standards (UFAS) to comply with the
ABA and the Rehabilitation Act. The 1980 ANSI Al117.1 served as
the basis for the requirements in UFAS but the agencies added
additional scoping requirements and specific sections that apply to
the types of buildings they construct and fund. The UFAS requires
that at least 5 percent of the units in multifamily and single-family
housing projects constructed with any financial assistance from
the federal government be accessible to people with mobility
impairments and 2 percent to be accessible to people with com-
munication impairments.

In 1988, Congress amended the Fair Housing Amendments Act
(FHAA) to prohibit discriminating against individuals based on
disability. The U.S. Department of Housing and Urban Development
(HUD), which oversees the regulations related to Fair Housing,
was given the responsibility of developing regulations for imple-
menting the Act which are called the Fair Housing Accessibility
Guidelines (FHAG). Architects need to be aware of HUD’s inter-
pretation of this Act. The Fair Housing Act Design Manual is the
authoritative source of information on interpretations of the FHA
regulations. FHAG dwelling units are of a lower accessibility
standard than previous dwelling unit requirements found in the
UFAS and in many state building codes; however, the regulations
apply to a/l units in high-rise buildings and ground floor units in
walk-ups.

In 1990, the President signed the Americans with Disabilities Act
(ADA) into law. It was a landmark piece of legislation that prohib-
ited discrimination based on disability in employment, state and
local government, places of public accommodation, transportation,
and telecommunications. It provided new civil rights protections
for people with disabilities. New federal accessibility standards,
the ADA Accessibility Guidelines (ADAAG), similar to the 1986 ANST
A117.1 Standards, were developed that addressed the design and
operation of places of employment (Title I), state and local govern-
ment facilities and programs (Title II), and privately owned public
accommodations (Title III). The ADAAG did not include housing
design requirements.

The International Code Council (ICC) started administering the
ANSI reorganized A117.1 Standard in 1998 and expanded it to
include technical requirements for dwelling and sleeping units
consistent with the requirements of the FHAG. These are known as
“Type B” dwelling units. The original ICC/ANSI A117.1 and UFAS
housing requirements, as amended, became known as “Type A.”

Contributors:
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In 2003, ICC/ANSI again expanded A117.1 to add “Accessible
Units,” which have a higher level of accessibility than the Type A and
B units, which are less accessible and have adaptability features. In
2004, the Access Board harmonized their latest ADA-ABA Guidelines
with the 2003 version of ICC/ANSI A117.1. Over the next few years,
the federal agencies previously using UFAS began using these guide-
lines to comply with the ABA and Rehabilitation Act.

In 2009, ICC/ANSI A117.1 added a “Type C” unit designation that
addresses basic accessibility to single-family homes and other
units not covered by other legislation. This is the result of the
“visitability” movement started in 1986 by an advocacy organiza-
tion called Concrete Change, directed by Eleanor Smith. Visitability
provides a basic level of access to all homes that supports short-
term use by people with disabilities and reduces the cost necessary
to adapt the dwelling further. Many states and municipalities man-
date visitable housing but there is a lot of variability in the require-
ments and scope of coverage. The Type C units provide a uniform
set of guidelines for local and state adoption. A proposed federal
law, the Inclusive Housing Design Act, would require visitability in
all new housing receiving federal assistance, which could include
any federal mortgage insurance. The details of Type C and visit-
ability ordinances are not discussed here because it is a subject
more appropriate for the Architectural Graphic Standards for
Residential Construction.

In 2010, the Department of Justice published new ADA Standards
for Accessible Design based on the 2004 ADA-ABA guidelines. Tt
includes guidance for residential dwelling units. In 2014, HUD
began allowing use of the 2010 ADA Standards as an acceptable
alternative to UFAS (with certain exceptions found in the Federal
Register at 79 FR 29671). Designers may use UFAS for projects
under the auspices of HUD if they choose, and must use UFAS
where required by HUD’s exceptions.

ICC/ANSI anticipates publication of a new edition of A117.1 in 2016.
This version will have major changes to fundamental requirements
such as clear floor space and turning space based on more recent
research than the research underlying the current standards, which
was conducted in the late 1970s. While it is too early to know when
state, local, or federal entities will adopt the 2016 edition, architects
should begin familiarizing themselves with the new requirements as
they generally exceed current minimum requirements and provide
accessibility for a greater number of people with disabilities.

DETERMINING THE APPROPRIATE
STANDARD

Architects practicing in the United States understandably may be
overwhelmed by the long regulatory history of accessible design
and the complex way in which it is implemented. The following table
can help designers determine the appropriate accessible design
standard to use for any given project. The first step is to determine

which laws and regulations apply. Project accessibility require-
ments may be determined by answering the following questions:

* What type of building or structure will be built?

* Who owns the facility?

* Will some construction funds come from a government agency?
* What other government funding will the project receive?

* Who are the intended users of a space or component?

The table lists the applicable standards for many types of projects.

FEDERAL ACCESSIBLE DESIGN
REQUIREMENTS

AMERICANS WITH DISABILITIES ACT (ADA)
REQUIREMENTS

The 2010 ADA Standards include design requirements for new
facility construction, and for additions to and alterations of existing
facilities that are owned, leased, or operated by both private enti-
ties and state or local governments. However, design standards
and management responsibilities differ between the two owner
groups: Title II for state and local governments and Title IIT for
private entities. Title IT includes the regulations at 28 CFR 35.151
and Title IIT includes the regulations at 28 CFR 36 subpart D. Both
include the 2004 ADA-ABA Guidelines at 36 CFR part 1191, appen-
dices B and D. The DOJ published these requirements collectively
as the 2010 ADA Standards for Accessible Design.

Under Title IIT, owners and operators of existing private facilities
that serve the public have ADA construction responsibilities under
what is called “readily achievable barrier removal.” Under Title II,
local governments also have the additional responsibility of making
all their new and existing programs accessible and are held to a
higher standard. Meeting this ADA responsibility for municipal
programs may sometimes require new construction or physical
modifications to existing facilities. The ADA also prescribes
employer responsibilities for changing their policies or modifying
their facilities to accommodate employees with disabilities (Title I).

Several ADA concepts affect the design requirements for any
specific building, such as “path-of-travel” components for renova-
tion projects and the “elevator exception” for small multistory
buildings. It is imperative that architects familiarize themselves
with these aspects of the law as well as with the design standards
to help their clients fulfill their responsibilities.

The concept of “program accessibility,” which is similar to Section
504 of the 1973 Rehabilitation Act for Federal Programs, is a key
component of Title II. The ADA requires state and local govern-
ments to provide access to all their programs for people with dis-
abilities. Local government program responsibility includes policies
and operations as well as the built environment. To provide access
to existing inaccessible programs, state and local governments
were required to develop and implement a “transition plan” that

APPLICABLE ACCESSIBILITY STANDARDS FOR SAMPLE PROJECTS

1.15

PROJECT DESCRIPTION LAWS

STANDARDS

Federally owned, leased, or financed

public facility 1973 Rehabilitation Act

1968 Architectural Barriers Act

ABA Standards (similar to 2010 ADA
Standards for Accessible Design)

Federally owned, leased, or financed

housing 1973 Rehabilitation Act

1968 Architectural Barriers Act

1988 Fair Housing Amendments Act (if multifamily)

UFAS or 2010 ADA (with exceptions)
UFAS or 2010 ADA (with exceptions)
Fair Housing Accessibility Guidelines, ICC/
ANST A117.1 (2003), or other Safe Harbor

Local government-owned public facility

receiving federal funding)

1990 Americans with Disabilities Act (Title II)
1973 Rehabilitation Act (if part of federal program or

2010 ADA Standards for Accessible Design
ABA Standards (similar to 2010 ADA
Standards for Accessible Design)

Local government-owned housing

receiving federal funding)

1990 Americans with Disabilities Act (Title II)
1973 Rehabilitation Act (if part of federal program or

1988 Fair Housing Amendments Act (if multifamily)

2010 ADA Standards for Accessible Design
UFAS or 2010 ADA (with exceptions)

Fair Housing Accessibility Guidelines, ICC/
ANSI A117.1 (2003), or other Safe Harbor

Privately owned public accommodation
or commercial facility

1990 Americans with Disabilities Act (Title III)

2010 ADA Standards for Accessible Design

Privately owned multifamily housing
(public spaces)

1990 Americans with Disabilities Act (Title III)

1988 Fair Housing Amendments Act (private spaces)

2010 ADA Standards for Accessible Design
Fair Housing Accessibility Guidelines, ICC/
ANSI A117.1 (2003), or other Safe Harbor

included a self-evaluation and listed the necessary changes. State
and local governments should have implemented those transition
plans by now. The plan can address inaccessible programs by alter-
ing policies and procedures, by modifying physical structures, or by
a combination of both strategies. Although not every habitable
space in every existing building needs to be accessible, enough
accessible spaces to ensure access to all programs are needed.
For example, if a school has only one accessible science laboratory
and it is not sufficient to accommodate all grade levels, another
accessible laboratory may be needed.

In new construction, all spaces need to be accessible, unless oth-
erwise noted by the regulations.

FAIR HOUSING AMENDMENTS ACT (FHAA)
REQUIREMENTS

The FHAA covers new multifamily housing constructed by either pri-
vate entities or local governments. Generally, the FHAA covers proj-
ects with four or more total dwelling or sleeping units in one struc-
ture that are built for sale or lease. This includes apartments and
condominiums, as well as all types of congregate living arrange-
ments such as dormitories, boarding houses, sorority and fraternity
houses, group homes, assisted-living facilities, and nursing homes.
Even condominiums that are individually designed are covered. The
law applies to all units if the building has an elevator or only ground
floor units if there is no elevator. Only the first floor of multistory
units must comply with the law. Townhouses can be exempted
because they are multistory units and do not contain an elevator but
they must be constructed a certain way to be considered single-
family units. Existing housing structures, remodeling, conversion, or
reuse projects are not covered by FHAA. The law’s design standards
include requirements for both individual dwelling units and common-
use facilities such as lobbies, corridors, and parking.

The Fair Housing Accessibility Guidelines (FHAG) allow the exclu-
sion of certain dwelling units because of site considerations such
as steep topography and floodplains. The guidelines include site
practicality tests for analyzing site constraints. Several major
scoping issues such as multistory dwelling units and multiple
ground-floor levels are discussed in the supplementary informa-
tion included in the FHAG.

The requirements are modest and do not constitute full accessibility,
yet they address a growing demand from the aging population (mar-
ket) for housing in which they can live more safely and for a longer
period. To assist design professionals in meeting the requirements for
compliance, HUD has developed training and published the Fair
Housing Act Design Manual. Prior to project design, architects should
carefully review this material as well as the guidelines themselves.

The Fair Housing Accessibility Guidelines have seven basic design
requirements. Refer to the Technical Criteria section of this chapter
for detailed information on how to comply with the seven design
requirements:

=

Accessible Building Entrance on an Accessible Route
Accessible Public and Common Areas

Usable Doors

Accessible Route Into and Through the Covered Unit

Light Switches, Electrical Outlets, Thermostats, and Other
Environmental Controls in Accessible Locations

. Reinforced Walls for Grab Bars

. Usable Kitchens and Bathrooms

AW

N o

HUD recognizes the following 10 safe harbors. When used with the
Fair Housing Act, HUD’s regulations, and the Guidelines, compli-
ance with any one of these will fulfill the Fair Housing Act’s access
requirements:

1. HUD Fair Housing Accessibility Guidelines published on March
6, 1991 and the Supplemental Notice to Fair Housing
Accessibility Guidelines: Questions and Answers about the
Guidelines, published on June 28, 1994

HUD Fair Housing Act Design Manual

ANSI A117.1 (1986)

CABO/ANSI A117.1 (1992)

ICC/ANST A117.1 (1998)

Code Requirements for Housing Accessibility, 2000 (CRHA)
International Building Code (2000), as amended by the 2001

NSk wN

NOTES

1.15 a. All projects may be subject to state or local laws and building
codes in addition to those listed above.

b. There may be various combinations of the project descriptions above.
For example, a private tenant in a government-funded building, or a
federal program operating out of a privately owned building, such as a
Social Security office in a mall.

c. Certain buildings may be exempt from federal requirements such as
religious facilities; however, exemptions may not apply if the organization

receives government funding, such as for meals or childcare programs,
or if they have tenants not covered by the exemption.

d.Temporary facilities must meet the same federal standards as similar
permanent facilities.
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Supplement to the International Codes
8. International Building Code (2003) *with one condition
9. ICC/ANSI A117.1 (2003) *with one condition
10. International Building Code (2006)

Other solutions and standards may be used only if they meet or
exceed the minimum specifications set forth in the guidelines.
The ICC/ANSI Al117.1 Standard only contains technical criteria
so it must be used in conjunction with the scoping requirements
found in the Act, the regulations, and guidelines or the IBC. It
is generally advised to use the most recent safe harbors, as
those are more likely to have greater consistency with state
and local codes.

Following the Fair Housing Act Guidelines is not the same as pro-
viding full accessibility. These requirements, like the accessibility
requirements for places of public accommodation, are minimum
guidelines. Some states and local jurisdictions will require greater
accommodations than the FHAG. Thus, architects may want to
consider going further, for example meeting ICC/ANSI A117.1 Type
A unit requirements in all units, and ICC/ANSI A117.1 (Accessible
Units) requirements in at least 5 percent of each unit type.

TECHNICAL CRITERIA

As discussed earlier, technical criteria are the design specifica-
tions for achieving compliance with various laws. The scoping
section of the applicable standard or building code will specify
when, where, and how many elements need to conform to the
technical criteria. Sometimes, the technical criteria change
depending on scoping. This section will illustrate the typical techni-
cal criteria as specified by ICC/ANSI A117.1 (2009) and will pro-
vide some alternatives that would allow minimum compliance with
certain laws such as the FHA. It will also illustrate best practices
to exceed the minimum specifications. This section focuses primar-
ily on design for wheeled mobility because their needs have the
greatest effect on building design. There are many other require-
ments not illustrated here.

HOW TO USE THIS SECTION

The drawings and illustrations presented herein combine the
requirements for several standards and regulations and include
best practices as well. A star identifies dimensions in illustrations
that are best practices, typically exceeding the minimum dimen-
sions. Illustrations without a star have no research evidence to
support one dimension over another. The illustrations also note
new requirements that have been approved for inclusion in the
upcoming 2016 edition of ICC/ANSI A117.1, as of the time of this
writing, although not finalized prior to publication of this book.
Sometimes, the ICC/ANSI A117.1 (2016) dimension is also a best
practice because it was adopted based on the latest research.
Some illustrations may have multiple dimensions: (1) best practice
(identified by star), (2) ICC/ANSI A117.1 (2009) requirements (no
label), and (3) requirements of other standards or future standards
(labeled accordingly). As with any resource book, it is important to
realize that the illustrations depict general compliance require-
ments under typical conditions. Unless otherwise specified, the
dimensional requirements in this section represent minimum and
maximum requirements as specified by ICC/ANSI A117.1 (2009).
Consult with applicable codes and standards for more detailed
specifications.

BUILDING BLOCKS

“Building blocks” provide the design foundation for accessibility
and universal design. Designing access for wheeled mobility users
provides generous space clearances for all building users and
makes the built environment feel spacious and comfortable for all
people. Critical components of the building blocks include floor
surfaces, maneuvering and turning space, knee and toe clearance,
and functional reach distances. The building blocks are a set of
rules that apply in similar ways across a variety of spaces and
situations. Learning the building blocks is a critical step for all
designers and architects toward creating inclusive and accessible
spaces.

GRAPHICS KEY
1.16

This figure represents the way in which technical criteria are
dimensioned in this chapter.

BEST PRACTICE
IDENTIFIED BY STAR

. STANDARD UNIQUE FROM
R * 54" MIN. " ALL OTHER STANDARDS

52" MIN. (ANSI'16)
48" MIN. COMMON REQUIREMENTS
OF ALL OTHER STANDARDS

| 1 HAVE NO LABEL

SOMETIMES, THE BEST
PRACTICE IS THE SAME AS
24"

36" MIN. (UFAS) A PARTICULAR STANDARD

30" MIN.
COMMON REQUIREMENT
OF ALL OTHER STANDARDS

MANEUVERING CLEARANCES

MANEUVERING CLEARANCES
1.17

FUNCTIONAL PLANNING

Floor surfaces of a clear floor space must have a slope no steeper than 1:48. One full, unobstructed side of the clear floor space must
adjoin or overlap an accessible route or adjoin another clear floor space.

L * 54" MIN. L
! 52" MIN. (ANSI '16) N
48" MIN.
PARALLEL APPROACH

* 32" MIN.
30" MIN.

FORWARD APPROACH

% 32" MIN.
30" MIN

L * 67" MIN. L
! 60" MIN. ”

PARALLEL APPROACH-ALCOVE

S =
= &
—
sl A
ZZ2 <
=<
I
x| =
S
<

L # 38" MIN. L

36" MIN.
FORWARD APPROACH-ALCOVE
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KNEE AND TOE CLEARANCES
1.18

Designers have the option of using a T-shaped or circular turning
space where a turning space is required.

KNEE AND TOE CLEARANCES: ELEVATION KNEE AND TOE CLEARANCES: PLAN
17"-20"* 17'-20"*
17725 W‘ﬂ
M. e ——— A
8" MIN. (_‘E;% _d |
— ﬁ ‘
|
|
=
|
=) 2=
T | zz 4 L~ a
J \ 22 2 54 MIN |
\ 27 5[E CLEARFLOOR SPACE y N ST /
® ]%b) \g S R 48" MIN,
|
|

'A-13"MIN.L L L 4" MAX.*
11" MIN. 7 M 6" MAX.*

* MAY EXCEED MAXIMUM, BUT MAY NOT BE COUNTED AS PART OF CLEAR FLOOR SPACE

WHEELCHAIR TURNING SPACE
1.19

Knee and toe clearance that is included as part of a -shaped turning space is allowed only at the base of the T, or on one arm of the T. In
some configurations, the obstruction of part of the T-shape may make it impossible for a wheelchair user to maneuver to the desired loca-
tion. ICC/ANSI A117.1 (2016) will require that knee and toe clearance included as part of a circular turning space overlap only 10 in. of
the circular turning space. Floor surfaces of a turning space must have a slope that is no steeper than 1:48 and has no level changes.

%*67" MIN. (ANSI '16)

ANSI '16 OPTION 1
ANSI '16 OPTION 2

60" MIN.

ANSI '16 OPTION 3 *
OTHER STANDARDS

OPTION 1 ONLY

36"
38"
40"
36"

2"
22"
2
2

ANSI'16 OPTION1 | 8" | 8" 36" 8" | 8" J‘ } | }
« - |
ANSI '16 OPTION 2 11" 42" 11" J‘ | } MIN. CIRCULAR TURNING
T } | SPACE DIMENSIONS
% ANSI '16 OPTION 3 16" 40" 16" N |
***** |
OTHER STANDARDS 12" 36" 12" J‘

MIN. T-SHAPED TURNING SPACE DIMENSIONS
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REACH RANGES
1.20

Existing elements may be located 54 in. maximum above the floor
or ground. The 48-in. reach limit does not apply to tactile signs.
Tactile signs must be installed so the tactile characters are
between 48 and 60 in. above the floor. Below this height, tactile
characters are difficult to read by standing people, as the hand
must be bent awkwardly or turned over (similar to reading upside
down) to read the message.

ACCESSIBLE ROUTES AND WALKING
SURFACES

REQUIREMENTS FOR ACCESSIBLE ROUTES

Accessible routes generally require the following:

Site arrival points: From each type of site arrival point (public
transportation stops, accessible parking spaces, passenger
loading zones, and public streets or sidewalks) to an accessible
entrance.

Entrances: Consult the applicable regulation to determine the
required number of accessible entrances. Standards generally
require that at least 60 percent of the public entrances, but no
less than one, be accessible. The FHAG requires at least one, but
may exempt some facilities from this requirement due to
extreme site conditions. Consult the FHAG for site implacability
tests; however, the prevailing attitude is that most sites can be
made accessible.

Within a site: Between accessible buildings, facilities, elements,
and spaces on the site.

Interior routes: Where an accessible route is required and the
general circulation path is an interior route, the accessible route
must also be an interior route.

Relation to circulation paths: Accessible routes must coincide
with or be located in the same area as a general circulation
path. Avoid making the accessible route a “second-class” means
of circulation. Consult the applicable regulations for additional
specific requirements regarding location of accessible routes.

FUNCTIONAL PLANNING

g2 =
== == =<
* Zq & z..
g
1 d
10" MAX.
UNOBSTRUCTED SIDE REACH UNOBSTRUCTED FORWARD REACH
= =
2 2 E-
22 o &
I % B J| S
3
IF>10"-24') THEN | | IF > 20"- 25" — THEN | |
[
FO-10' | THEN IFO'-20'| THEN

OBSTRUCTED SIDE REACH

Directional signs: Where the accessible route departs from the
general circulation path and is not easily identifiable, directional
signs should be provided as necessary to indicate the accessible
route. The signs should be located so that a person does not
need to backtrack.

Multilevel buildings and facilities: Between all levels, including
mezzanines, in multistory buildings, unless exempted.
Accessible spaces and elements: An accessible route must con-
nect all spaces and elements that are required to be accessible.
Toilet rooms and bathrooms: The ADA and model codes gener-
ally require that all toilet and bathing rooms be accessible. This
does not trigger a requirement for accessible routes if the floor
level is not otherwise required to have an accessible route.

COMPONENTS OF ACCESSIBLE ROUTES
Accessible routes are only permitted to include the following
elements:

Walking surfaces with a slope of 1:20 or less

Curb ramps

Ramps

Elevators

Platform (wheelchair) lifts (The use of lifts in new construction
is limited to locations where they are specifically permitted by
the applicable regulations. Lifts are generally permitted to be
used as part of an accessible route in alterations.)

.

Each component has specific technical criteria that must be applied
for use as part of an accessible route. Consult the applicable code
or regulation.

OBSTRUCTED FORWARD REACH

CURBS AND PARKING

Follow these design guidelines for accessible curb ramps and
passenger loading.

Design storm drainage utilities to shed water away from curb
ramps.

The dimensions shown are for new construction. When these
dimensions are impractical for alterations, refer to guidelines
and standards.

Refer to applicable codes, standards, and regulations for detect-
able warning requirements and locations. Some have unique
requirements and others do not include requirements for these
features.

PASSENGER LOADING ZONES

If passenger loading zones are provided, at least one must be
accessible or one accessible space for each 100 linear feet of pas-
senger loading zone provided. An accessible passenger loading
zone is also required where there is valet parking.

The accessible passenger loading zone vehicle space must have an
adjacent access aisle as long as the vehicle space. The access aisle
must be marked, at the same level as the vehicle pull-up space, and
adjoin an accessible route, including a curb ramp if the passenger
loading zone is not level with the adjacent sidewalk. Curb ramps,
signs, or other objects are not permitted in the access aisle.

The vehicle pull-up space and access aisle must be level, with
slopes no steeper than 1:48. The accessible parking loading zone
and the vehicular route to the entrance and exit serving it must
have a vertical clearance of 9 ft-6 in., minimum.
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CLEAR WIDTH OF AN ACCESSIBLE ROUTE

1.21
36" MIN.

% 34" MIN.

24" MAX.

T

* 54" MIN.
S2" MIN (ANSI '16)
48" MIN

* 34" MIN.
32" MIN.

24" MAX.

48" MIN.

INTERIOR ACCESSIBLE EXTERIOR ACCESSIBLE ROUTE
ROUTE FOR SINGLE (ANSI '16) AND AMBULATORY
WHEELCHAIR PERSON PASSING WHEELCHAIR

CLEAR WIDTH AT TURNS
1.22

OPTION 3 (ANSI '16 ONLY)

OPTION 2
OPTION 1

43" MIN
48" MIN.
60" MIN

.
!

\
\
\
\
| 36" MIN.

36" MIN.

OPTION 1

# 67" MIN.

60" MIN.

ACCESSIBLE ROUTE
ALLOWING 180° TURN AND
TWO PASSING
WHEELCHAIRS

L 42" MIN.

42" MIN.

OPTION 2

|
|
|
|
|
|
L 43" MIN.

43" MIN.

OPTION 3 (ANSI '16 ONLY)

X < 48"

180° TURN AROUND AN OBSTRUCTION

% 43" MIN.

36" MIN.

90° TURN

CHANGES IN LEVEL
1.23

Changes in level greater than 1/2 in. must be ramped. Some stan-
dards prohibit changes in level in clear floor space, maneuvering
clearances, wheelchair turning space, and access aisles.

L ]

2
174" MAX. ] 1? 4 172" MAX
V2 VIS

PROTRUDING OBJECTS IN CIRCULATION
PATHS

DIMENSIONS OF PROTRUDING OBJECTS
1.24

Wall sconces, fire extinguisher cabinets, drinking fountains, dis-
play cases, signs, and suspended lighting fixtures are examples of
protruding objects. Some standards allow doorstops and door
closers 78 in. minimum above the floor. Protruding objects are not
permitted to reduce the required width of an accessible route.

3 =

80" MIN.

E IF X >27, THEN 4" MAX.

IF X <27, THEN ANY AMOUNT

REDUCED VERTICAL CLEARANCE
1.25

Protection from overhead hazards can be provided by built-in ele-
ments such as planters or railings, or curbs. Designers can reduce
or eliminate most overhead hazards (e.g., low-headroom hazards
can be avoided by enclosing areas under stairs and escalators).
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CURB RAMP WITH RETURN CURB BLENDED EDGE
1.26 1.28

Use this where planting strip or other objects reduce likelihood  Use this for high-volume pedestrian traffic when distance between vehicular way and structure is very narrow.

of pedestrians walking perpendicular across ramp.
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= . LASMAX. | Z
ES L48MAX.|  PLANTING | |24"MIN. - | 2 =
g STRIP ‘ = %
== t > a
P / e
* W BUILDING
N 1:12 MAX EE
——— UP 8 = s § =
‘ ‘ \ SE o = 23
\ | oz 2 = =%
| | i a = ~ UP ™
/ P o
| | /' == -
| | / =
777777 v B =
| | /;/ o R
77777777777 B L2 * T
L 1:12 MAX.
- P
TWO CURB RAMPS
SHOULD BE USED AT . PLANTINGS LEVEL WITH STREET AND
INTERSECTIONS F07R2 6,"\’23#3 ' 1:48 MAX CROSS SLOPE
= IN ANY DIRECTION
= i %,
L = 72" MIN. | 1,
* 48" MIN (ANSI '16) S 48" MIN. FOR 6" CURB [ (4
36" MIN. ‘ [ e
T | pmm e
[ [
[ [
[ [
[ [
CURB RAMP WITH FLARE i D
1.27 i ¥
. L . . [
Use this to prevent tripping if pedestrians could walk perpendicular I } }
across ramp. } } } }
[ (I
g H DIAGONAL CURB RAMP CUT-THROUGH ISLAND
= 1:48 MAX. 1.29 1.30
2 — :
52‘7 = L o M Use this where there is insufficient space for two curb ramps at Use this where a crosswalk would otherwise be obstructed
== T a corner. by an island.
% %o ’ >
NI up == z LEVEL WITH
L g = = STREET
1:12 MAX E £ S
- P Y
.
3 S
7 I /1 =
/ | i / a .
s | / Z |32
e A L7 & L12" MAX. S|=x=
, [ X 1:10" MAX. T INZe
e fm e f L2 = =5
2 '
72" MIN. =
TWO CURB FOR 6" CURB 5
RAMPS SHOULD NG I ‘ * 48" MIN. (ANSI '16)
BE USED AT * 48" MIN. (ANSI '16) 1 T.10' VAX. 36" MIN.
INTERSECTIONS 36" MIN. h

24" MIN.

Contributors:

Dr. Ed Steinfeld, AIA and Jonathan White, Center for Inclusive Design
and Environmental Access (IDeA Center), University at Buffalo,
New York



20

FUNCTIONAL PLANNING UNIVERSAL AND ACCESSIBLE DESIGN

PARALLEL CURB RAMP
1.31

Use this where pedestrian route only crosses a vehicular way in
one direction.

)
5 BUILDING
=
=
> SLOPE CURB
ES WITH RAMP
239
«
2% _ 2%
52 1:12 MAX.U S 2
| —
48" MIN. 24" MIN.
72" MIN. FOR 6"
CURB

ACCESSIBLE PARKING

The information provided here conforms to the 2010 Americans
with Disabilities Act Standards for Accessible Design. State and
local regulations may require greater access (for example, some
states require wider access aisles).

The access aisles must be accessible from the passenger side
of the vehicle. Backing into 90-degree stalls from a two-way
aisle is an acceptable method of achieving this; but with angled
parking, the aisle must be on the right side of the vehicle space.
Vehicular overhead clearance at a van-accessible stall, adjacent
access aisle, and along the path of travel to and from a van-
accessible stall should be 8 ft-2 in. In parking structures, van-
accessible stalls may be grouped on a single level.

Access aisles must be clearly marked to prohibit parking and be
the same length as the adjacent parking space. They also must
be at the same level as parking stalls (not above, at sidewalk
height). Required curb ramps cannot be located in access aisles.
Parking spaces and access aisles should be level, not exceeding
1:48 (=2 percent) in any direction.

The stalls required for a specific facility may be relocated to
another location if equivalent or greater accessibility in terms of
distance, cost, and convenience is ensured.

ACCESSIBLE PASSENGER LOADING ZONE

90-DEGREE TURN TO CURB RAMP
1.32

Use this when there is insufficient sidewalk space for return curb
or flares at an access aisle or mid-block crossing.

* 60" MIN. (ANSI '16)

48" MIN.
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Accessible stalls in the numbers shown in the accompanying
table must be included in all parking facilities.

The access aisle must join an accessible route to the accessible
entrance. As a best practice, designers should configure acces-
sible routes to minimize wheelchair travel behind parked vehi-
cles.

Signs with the International Symbol of Accessibility are required
for accessible spaces. Signs must be mounted 5 ft. minimum
from the ground surface to the bottom of the sign.

Accessible parking spaces must be on the shortest accessible
route to the accessible building entrance. If there is more than
one accessible entrance with adjacent parking, accessible park-
ing must be dispersed and located near the accessible entranc-
es. The accessible parking spaces must be located on the short-
est route to an accessible pedestrian entrance in parking facili-
ties that do not serve a particular building.

When different types of parking are provided (for example,
surface, carport, and garage spaces), the accessible parking
spaces must be dispersed among the various types.

REQUIRED MINIMUM NUMBER OF ACCESSIBLE
PARKING SPACES

1.33
FULL LENGTH OF

1.34
OF THE
ACCESSIBLE
REQUIRED SPACES, MINIMUM
MINIMUM NUMBER
TOTAL NUMBER OF REQUIRED TO
SPACES ACCESSIBLE ALSO BE VAN
PROVIDED SPACES ACCESSIBLE
1to 25 1 1
26 to 50 2 1
51to75 3 1
76 to 100 4 1
101 to 150 5 1
151 to 200 6 1
201 to 300 7 2
301 to 400 8 2
401 to 500 9 2
501 to 1000 2% of total 1 for every 6 or fraction
thereof
More than 1000 20, plus one for each 1 for every 6 or fraction
100 or fraction thereof | thereof
over 1000

VEHICLE PULL-UP SPACE
20-0" MIN.

[

AREA TO BE MARKED/

)

60" MIN.

_

]

96" MIN.

D

NOTES: The following are exceptions to the requirements outlined in
the accompanying table:

=

At hospital outpatient facilities, 10 percent of the parking spaces
serving visitors and patients must be accessible.

At rehabilitation facilities and outpatient physical therapy facilities,
20 percent of the spaces provided for visitors and patients must be
accessible.

. The information in the table does not apply to valet parking facilities,
but such facilities must have an accessible loading zone. One or more
self-park, van-accessible stalls are recommended for patrons with
specially equipped driving controls.

The requirements for residential facilities differ slightly among
applicable codes and guidelines, but generally, one space must be
provided for each residential dwelling unit required to be accessible.
If more than one space is provided per unit, then 2 percent of the
additional parking per unit is required to be accessible, in addition to
visitor spaces as per the table. This parking must be dispersed
among the various types of parking including surface, covered car-
ports, and detached garages.

N
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PARKING SPACE AND ACCESS AISLE LAYOUT

1.35
*67" MIN. (ANST ' 16)
60" MIN.
96" MIN. 96" MIN.
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*67" MIN. (ANSI ' 16)
60" MIN.
132" MIN. N
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STANDARD ACCESSIBLE VAN-ACCESSIBLE SPACE
SPACE

OPTION 1

VAN-ACCESSIBLE SPACE
OPTION 2

RAMPS

COMPONENTS OF A RAMP
1.37

Surfaces with a running slope greater than 1:20 are considered ramps. Accessible ramps must have running slopes of 1:12 or less. Provide
ramps with the least possible running slope. Wherever possible, accompany ramps with stairs for use by those individuals for whom dis-
tance presents a greater barrier than steps. Maximum cross slope for ramps is 1:48. Design outdoor ramps and approaches so water will
not accumulate on surface.

12" HORIZONTAL EXTENSION (MUST RETURN TO THE WALL, FLOOR, OR GROUND) 12"

RAILING
Aﬁ
|
|
|
. :
& } 1:12 T0 1:20 SLOPE (SLOPE < }
1:20 IS NOT DEFINED AS A
\ RAMP SURFACE RAMP SO NO HANDRAILS ARE |
[ REQUIRED) \
s ! — ] !
[ - \
o
= |
=
= |
“*s— ===
>
LANDING Y = RAMP LENGTH (HORIZONTAL PROJECTION) LANDING
o =

SLOPE = X:Y, WHERE Y IS A LEVEL PLANE

ACCESSIBLE PARKING LAYOUTS
1.36

MARKED ACCESS AISLE

— WALL
ACCESSIBLE ROUTE

SIGN ‘\

SV SV

36" MIN.

* 67" MIN. (ANSI ' 16) 96" MIN.

60" MIN.

NN
* 48" MIN. (ANSI '16) I

96" MIN.

*Q 60" MIN.
— N3

SV SV
CURB
SIDEWALK 96" MIN.

SLOPE 1:12 MAX.

% 48" MIN. ( ANSI '16)
[ 36" MIN.
b
1:12 CURB RAMP
MAX. SLOPE

* 48" MIN. (ANSI '16)
36" MIN

NY N

CURB / J,@ \ LANDSCAPING
SIDEWALK 06" MIN.

* 1:12 FLARE MAX. SLOPE
1:10 FLARE MAX. SLOPE

1:12 CURB RAMP MAX. SLOPE
% 48" MIN. ( ANSI '16)
[ 36" MIN.
b

R

o

CURB

* 67" MIN. (ANSI '16)
SIDEWALK 60" MIN.

96" MIN.

S = ACCESSIBLE PARKING SIGN
SV = VAN-ACCESSIBLE PARKING SIGN
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RAMP LANDINGS
1.38

Landings should be level at top and bottom of ramp run and at least as wide as the run leading to it. A landing as shown is required where
a ramp changes direction. Provide level maneuvering clearances for doors adjacent to landings. Note that required handrails and ramp
edge protection are not shown in this drawing. All ramps must have edge protection and most building codes require a guardrail that does
not allow passage of a 4-in sphere when the drop-off adjacent to any walking surface is greater than 30 in. This would include ramps,

stairs, and landings.

RAMP RUN

LANDING AT LEAST AS
WIDE AS RAMP RUN

RAMP RUN

X MAXIMUM SLOPE
NEW CONSTRUCTION ANY RISE 1:12
EXISTING * 6 INCHES MAX. 1:10
EXISTING * 3 INCHES MAX. 1:8

* EXISTING BUILDING EXCEPTION ONLY PERMITTED WHERE NECESSARY DUE TO SPACE LIMITATION

HAND RAIL DESIGN

1.40
1-1/4"- 1-1/2"
2 MIN.
HORIZONTAL
1-1/2" MIN. / PROJECTION

CIRCULAR

2-1/4" MAX.

1-1/2" MAY
REDUCE 1/8"
FOR EACH 1/2"
OF PERIMETER
OVER 4"

3 PRV
AN mAx.

1-1/2"
MIN.

NONCIRCULAR

RAMP RUN

4"70 6-1/4"
PERIMETER

| _—— HORIZONTAL
PROJECTION
(CANNOT
OBSTRUCT >20%
OF HANDRAIL

LENGTH)

FUNCTIONAL PLANNING UNIVERSAL AND ACCESSIBLE DESIGN

RAMP CROSS SECTIONS
1.39

Handrails are required on both sides of ramps when rise is greater
than 6 in. Provide continuous handrails at both sides of ramps and
stairs and at the inside handrail of switchback or dogleg ramps and
stairs. If handrails are not continuous at bottom, top, or landings,
provide handrail extensions as shown in Figure 1.37. Ends of hand-
rails must be rounded or returned smoothly to floor, wall, or post.
Provide handrails of size and configuration shown and gripping
surfaces uninterrupted by newel posts or other construction ele-
ments. Handrails must not rotate within their fittings. Handrails and
adjacent surfaces must be free from sharp or abrasive elements.

12" MIN.
EXTENDED SURFACE
36" MIN. —l

CLEAR WIDTH

HANDRAIL ———=) o
BALUSTER — |
.
RAMP s
o
EXTENDED i
PLATFORM
ANEIEN
RAMP WITH EXTENDED SURFACE
36" MIN. )
CLEAR WIDTH
HanorarL ——7
ENCLOSED RAMP B
PROVIDES EDGE iy
PROTECTION &

ENCLOSED RAMP
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ELEVATOR LOBBY
1.41

HALL SIGNALS /(

DOORS AND FRAMES OF . -
HEAVY GAUGE METAL /
Ny =
HOISTWAY ACCESS (BY KEY) %I =
TACTILE AND BRATLLE ——— &
FLOOR SIGN AT BOTH JAMBS B
/ w
=18
g g}
AUTOMATIC 5|2
REOPENING e =< A
SENSOR, TYP. o|E
— e
HALL CALL 2 ls
BUTTONS H s
N \

N

LOBBY PANEL PROVIDES
INFORMATION FOR
SECURITY AND EMERGENCIES

#¢ 42" (UFAS)

15'-48' '\
NGRS

7

INSIDE DIMENSIONS OF ELEVATOR CARS
1.42

Accessible Elevators: A 5/8-in. tolerance is permitted at 36-in. elevator doors, allowing the use of standard 35.43-in. clear-width doors.
Any other car configuration that provides a 36-in. door and either a 60-in. diameter or T-shaped wheelchair turning space within the car,
with the door in the closed position, is permitted. Inside car dimensions are intended to allow an individual in a wheelchair to enter the
car, access the controls, and exit.

ELEVATORS
LOBBY

Model codes may allow or require elevators to serve as a means
of egress in some circumstances when standby power is provided.

Elevator doors must open and close automatically and have a
reopening device that will stop and reopen the car and hoistway
door if the door is obstructed. Although the device cannot require
contact to activate, contact can occur before the door reverses
direction. The device must remain effective for at least 20 seconds.

Tactile designations at each jamb of hoistway doors should be 2 in.
high, @ maximum of 60 in. above the floor. A five-pointed star
should be included at the main entry level.

Hall call buttons should be raised or flush, 15 to 48 in. (some stan-
dards require 42 in. exact) unobstructed above the floor measured
to the centerline of the highest operable part, with the up button
located above the down button.

Audible hall signals should sound once for cars traveling in the up
direction and twice for cars traveling down. Check the applicable
regulations for required decibel level and frequency of audible
signals. In-car signals are permitted in lieu of hall signals, as long
as they meet all the requirements for visibility and timing.

GENERAL REQUIREMENTS AND CAR
INTERIOR

ASME A17.1, “Safety Code for Elevators and Escalators,” covers
general elevator safety and operational requirements. It has been
adopted in virtually all jurisdictions. All sizes shown in this section
are based on ICC/ANSI Al117.1, which contains extensive acces-
sibility provisions for passenger elevators, destination-oriented
elevator systems, limited-use/limited-application elevators, and
private residence elevators. Consult the applicable accessibility
regulations for elevator exceptions and requirements.

B
TYPENSE DOOR POSITION | A1, A2 MIN." | B MIN." | C MIN." D MIN." | MIN. SQFT
* NEW ELEVATOR CENTERED 42 80 51 54 N/A
NEW ELEVATOR OFF-CENTER 36 68 51 54 N/A
NEW ELEVATOR ANY 36 54 80 N/A N/A
""" NEW ELEVATOR ANY 36 60 60 N/A N/A
PRIVATE RESIDENTIAL CENTERED 32 36 52 (ANSI'16)|  N/A N/A
ELEVATOR 48
2 Cl e
NEW LULA CENTERED 32 42 54 N/A 15.75
EXCEPTIONS:
————— EXISTING ELEVATOR CENTERED 32 36 54 N/A 16
T . NEW LULA - ADJ. DOOR * | ~ CENTERED 36,42 * 42 54 N/A 18
— NEW LULA - ADJ. DOOR * |  CENTERED 36,36 * 51 51 N/A N/A
,,,,, JE—
3 3 EXISTING LULA CENTERED 32 36 54 N/A 15
Al NOTES: * DOORS PROVIDED ON FRONT AND SIDE. SECOND DIMENSION IS ADJACENT SIDE DOOR A2.
LULA DESIGNATES LIMITED-USE/LIMITED-APPLICATION ELEVATOR.

# DENOTES BEST PRACTICE
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ACCESSIBLE DOORS

Manual doors and doorways and manual gates on accessible
routes must comply with accessibility requirements. With double-
leaf doors and gates, at least one of the active leaves must comply.

ACCESSIBLE DOOR FEATURES
1.43

Specify door hardware that can be operated with one hand, without
tight grasping, pinching, or twisting of the wrist. Thresholds are
typically limited to 1/4 in. maximum height, or 1/2 in. maximum
height if the top 1/4 in. is beveled at a 1:2 maximum slope; how-
ever, some standards allow a 3/4-in. height beveled at a 1:2 maxi-
mum slope for existing or altered thresholds and patio sliding
doors in some residential dwelling units. Interior doors (other than
fire doors) should be able to be operated with 5 Ib. of force.
Exterior doors and fire doors may be regulated by the authority
having jurisdiction. Door closers must be adjusted so that there is
at least a five-second interval from the time the door moves from
90° to 12° open.

=]

™~ DOOR CLOSER

DOOR
- HARDWARE

SMOOTH
/ SURFACE

80" MIN
b
) A\

()
3 <8
[ce] =|=
i eI
< h|E
) r——— 7774% w—b

\ | = | =

o

| | =1=

L _ _J

CLEAR WIDTH OF ACCESSIBLE DOORWAYS
1.44

For a hinged door, the clear width is measured between the face of
the door and the doorstop with the door open at a 90° angle. For a
sliding or folding door, the clear width is measured between the
edge of the door and the jamb with the door fully open. Hardware
must be accessible with the door in fully open position. Openings
and doorways without doors more than 24 in. in depth must have a
clear width of 36 in. minimum. Doors in dwelling units covered by
FHAG are permitted to have a “nominal” 32-in. clear width. HUD
allows a 2 ft-10 in. with 31-5/8-in. clear width swing door to sat-
isfy this requirement. ICC/ANSI A117.1 (2003) allows a 31-3/4-in.
clear width in Type B dwelling units.

* 34" MIN.

HINGED DOOR

# 34" MIN.
32" MIN.

= [

SLIDING OR FOLDING DOOR

= g =
A
36" MIN
DEEP OPENING
= { =
36" MIN
DOORWAY WITHOUT DOOR

PULL-SIDE MANEUVERING CLEARANCE AT SWINGING
DOORS

1.45
,,,,,,,,,,,,,,,,, oy
\
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\
\
[
[
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T wn
\
\
\
\
L —
HINGE APPROACH
,,,,,,,,,,,,,,,, 1 —
\
\
\
[
I ,
| =
| =
| 5
‘ O
36" MIN. \
[
[
! e
HINGE APPROACH
,,,,,,,,,,, - .
\
\
[
[
\ .
| =1
| =
| g
18" MIN. |
\
[
\
| 4

FRONT APPROACH

24" MIN.

L

48" MIN.
54" MIN
IF CLOSER IS PROVIDED

LATCH APPROACH
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ACCESSIBLE TOILET AND BATHING
ROOMS

Accessible design of toilet and bathing rooms is the most complex
of any standard and code item. Fixture requirements vary among
the common accessibility standards and guidelines. The Americans
with Disabilities Act (ADA) Standards for Accessible Design provide
accessibility requirements for general public buildings and accom-
modations as well as residential dwelling units and units in tran-
sient lodging, medical and long-term care facilities, and detention
and correction facilities. The Fair Housing Accessibility Guidelines
(FHAG) include two options for bathroom design, designated as
Option A and Option B. The primary difference is that Option B pro-
vides a more accessible approach to the bathtub. In covered dwell-
ings with two or more bathrooms, all bathrooms must comply with
Option A, or at least one must comply with Option B requirements.
In covered units with only one bathroom, either Option A or B may
be used. Some residential facilities may be covered by both the ADA
and the FHAA—for example, dormitories and nursing homes. HUD
also permits the 2010 ADA to be used as an alternative standard
(with some exceptions) for residential dwelling units formerly
required to comply with UFAS by the ABA or Rehabilitation Act.

ICC/ANSI Al117.1 includes the technical requirements for four
types of bathrooms with mobility features and the technical

requirements for the bathrooms vary significantly among these
types:

* Accessible: Bathrooms not in residential dwelling units or in acces-
sible dwelling units generally have the strictest requirements.
The number of accessible units required by the building code typi-
cally is based on a percentage of the total number of units pro-
vided in the facility.

Type A:Type A dwelling units are required by the building code
in multifamily residential facilities, including apartment build-
ings, condominiums, monasteries, and convents. The number of
units required to comply with these requirements is generally
based on a percentage of the total number of units provided.
Refer to the applicable building code.

Type B:The requirements for Type B dwelling units are intended
to be consistent with the technical requirements of the FHAG,
although as of the date of this publication, the most recent ver-
sion of ICC/ANSI A117.1 accepted by HUD as a safe harbor is
the 2003 version.

Type C:The requirements for Type C dwelling units are for cov-
ered private single-family homes and generally only require
first-floor access to a half-bath and Type B clearances at the
toilet as well as reinforcement for the future installation of grab
bars.

.

PUSH-SIDE MANEUVERING CLEARANCE AT SWINGING DOORS
1.46
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1.47

®67" MIN. (ANSI '16)
60" MIN

*67" MIN. (ANSI '16)

60" MIN.
-
x| E
8le
o=
T T~
7 N
z292 / \
S|55= \ |
EEL: \ J
£ 4 \ Y,
//
x| E
8le
o=
| I
* 67" MIN. (ANSI '16)
60" MIN.
S
—_ - N
ZIESE g \
=252 / \
b= ‘
* )
x| E
Sle
o=
* 67" MIN. (ANSI '16)

60" MIN.

NOTE: Turning space is permitted to overlap door swing where indicated.
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Approach clearance requirements for the different accessibility
standards are illustrated in this section. All dimensional criteria
are based on ICC/ANSI Al17.1 and adult anthropometrics. The
differences among other standards are noted only where more
stringent.

LAVATORIES

Generally, knee and toe clearance is required below accessible
lavatories. The lavatory overflow is permitted to project into the
knee clearance. All residential dwelling unit types require forward
approach, with the exception of FHAG and ICC/ANSI A117.1 (Type
B and C units), which allow a parallel approach centered on the
basin, or removable cabinetry for a future forward approach. ICC/
ANSI A117.1 (Type A) and ADA residential dwelling units also allow
adaptable cabinetry beneath the lavatory provided it can be
removed without removing or replacing the lavatory and the floor-
ing and walls already have a finished appearance.

ICC/ANSI A117.1 (Accessible Units) requires vanity size and prox-
imity to the lavatory to be comparable to the nonaccessible units in
a project.

ADA, ICC/ANSI All7.1 (except Type B and C units), and UFAS
include requirements for faucets, mirror height, and pipe protec-
tion. All pipes located beneath these lavatories must be insulated
or otherwise protected to prevent users from contact with the
pipes. Lavatory controls should be within accessible reach range,
be operable with one hand, and not require tight grasping, pinch-
ing, or twisting of the wrist. Automatic controls are acceptable.
Manually activated, self-closing faucets should operate for not less
than 10 seconds.

Mirrors located above lavatories, sinks, and vanities must be
mounted with the bottom edge of the reflecting surface 40 in.

LAVATORIES
1.48

maximum above the floor. Other mirrors must be mounted with the
bottom edge of the reflecting surface 35 in. maximum above the
floor.

URINALS

ICC/ANSI A117.1 allows wall-hung and stall-type urinals; it does
not require an elongated urinal rim for a wall urinal; however,
other regulations may. Manually operated flush controls must be
located 44 in. maximum above the floor.

TOILETS

Generally, no other fixture is permitted in the toilet clear floor space
and the toilet must be located adjacent to a side wall to accommo-
date grab bars. In residential dwelling units, UFAS, ICC/ANSI
A117.1 (Types A, B, and C), FHAG, and ADA allow a lavatory within
this space. The toilet is not required to be adjacent to a side wall,
but if it is not, it must have 18 in. minimum clearance on both sides
to accommodate the future installation of swing-up or floor-mount-
ed grab bars. Toilet distance to side wall varies by standard. Refer
to Figure 1.49 for dimensional requirements of each standard.

In addition to clearance requirements, UFAS, ICC/ANSI A117.1,
and the ADA include provisions for toilet seat height. Seats must
not spring to return to a lifted position. They also specify the loca-
tion and operation of flush controls and toilet paper dispensers.
Manually operated flush controls must be located on the open side
of the toilet; they may not be centered above the toilet. ICC/ANSI
Al17.1 (Type A) requirements also include seat height require-
ments and the location and operation of flush controls. The hatched
area in Figure 1.49 indicates the allowable location of the toilet
paper dispenser. Dispenser outlets must be within the range
shown. Dispensers should allow continuous paper flow, not control
delivery.

The grab bar arrangement can influence the floor plan of an acces-
sible bathroom. The grab bar requirements of ICC/ANSI A117.1
(Accessible and Type A), UFAS, and ADA can become critical factors
in toilet and bathroom arrangements. Figure 1.49 depicts typical
grab bar positions at the toilet. The ADA, ICC/ANSI A117.1 (Types
A, B, and C), and FHAG allow reinforcement for future installation
of grab bars in residential dwelling units in lieu of pre-installed
grab bars. ICC/ANSI A117.1 (Types B and C) and FHAG grab bar
standards permit a 24-in. side grab bar if space does not allow a
42-in. grab bar. ICC/ANSI A117.1 (Types B and C) and FHAG also
allow the installation of swing-up grab bars in lieu of side- and
rear-wall grab bars, so the wall adjacent to the toilet may be
shorter or omitted entirely. Swing-up grab bars must be on both
sides of the toilet, centered 15.75 in. from the toilet centerline.

TOILET COMPARTMENTS

Where toilet compartments are provided, at least one compart-
ment must be wheelchair-accessible. Where six or more toilet
compartments are provided in a toilet room, in addition to the
wheelchair-accessible compartment, a 36-in.-wide ambulatory
accessible compartment is also required. Left- or right-handed
configurations are acceptable. The door to the toilet compartment
must be self-closing and have an accessible pull on both sides
near the latch. The locking mechanism must be operable with one
hand, and not require tight grasping, pinching, or twisting of the
wrist.

Minimum compartment size varies based on presence of toe clear-
ance under the partition wall, toilet mount (side or wall), and if the
stall is for adults, children, or if it is an ambulatory stall. Use the
accompanying figure and table to determine the appropriate mini-
mum stall size.

Sinks and lavatories for children ages 6 to 12 with a 31-in. maximum rim or counter surface may have a knee clearance of 24 in. minimum. Parallel approach is permitted at lavatories and sinks used primarily

by children ages 5 and younger.
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SINGLE-USER TOILET ROOMS

In new construction, all public and common-use toilet rooms are
generally required to be accessible. In accessible toilet rooms, at
least one of each type of fixture and accessory provided must be
accessible. A wheelchair turning space is required within accessi-
ble toilet rooms. Doors are not permitted to swing into the required
clear floor space at any fixture, except in single-user rooms where
a clear floor space is provided beyond the swing of the door. UFAS
does not provide this exception in single-user rooms. The same is
true of single-user bathing rooms, which will be discussed later in
this section.

Recent model codes require accessible single-user toilet rooms
in certain assembly and mercantile occupancies. Single-user
rooms are typically unisex facilities, which is beneficial for par-
ents with small children and for people with disabilities who
require personal assistance in using toilet facilities, as the assis-
tant may be a person of the opposite sex. A requirement for

WATER CLOSETS

1.49
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unisex facilities usually applies when a total of six or more toilets
(or toilets and urinals) are provided in the facility or in certain
occupancy areas. Unisex facilities must be located within 500 ft.
and within one floor of separate-sex facilities. In facilities with
security checkpoints, such as airport terminals, unisex facilities
must be located on the same side of the checkpoint as the sepa-
rate-sex facilities.

Where multiple single-user toilet rooms are clustered in a
single location and each serves the same population, 5 percent,
but not less than one of the rooms must be accessible. Signs
must identify the accessible room(s), when not all rooms are
accessible.

Single-user toilet rooms provided within a private office are per-
mitted to be adaptable for future accessibility. Making the room
accessible is permitted to involve replacement of the toilet and
lavatory, changing the swing of the door, and installing grab bars in

previously reinforced walls. Certain conditions permit accessible
unisex toilet rooms in alterations in lieu of altering existing sepa-
rate-sex facilities, provided they are located in the same area and
on the same floor as the existing inaccessible facilities. Consult
with applicable standards and codes.

Doors to single-user toilet rooms must have an accessible locking
mechanism inside the room. Single-user toilet rooms require a
single toilet and lavatory with an optional urinal. Fixtures provided
in single-user rooms are permitted to be included in the number of
required plumbing fixtures.

If storage is provided in separate-sex facilities, it must also be
provided in a unisex facility. Likewise, when bathing fixtures are
provided in separate-sex facilities, an accessible shower or bath-
tub must be provided in the unisex bathing room. Refer to the sin-
gle-user bathing room section for more details.

USE APPROACH | A" B" c D" LAVATORY |PERMITTED BY
(MIN.) |(MIN.) PERMITTED | STANDARD
* PUBLIC/RESIDENTIAL EITHER 56 60 16-18* | N/A NOQ *** ALL STANDARDS
RESIDENTIAL DWELLING FRONT 66 60 16-18* | 18 YES ADA, ANSI A,
ANSI B, FHAG
RESIDENTIAL DWELLING FRONT 66 48 18 18 YES UFAS, ANSI B,
FHAG
RESIDENTIAL DWELLING SIDE 56 60 18 18 YES UFAS, ANSI B,
FHAG
RESIDENTIAL DWELLING EITHER 66 48 16-18 * | 15 ** YES ANSI B, FHAG
RESIDENTIAL DWELLING SIDE 56 48 16-18* | 15%* YES ANSI B, FHAG

* 18 IN FHAG AND UFAS

*% 18 IF SIDE WALL WILL NOT ACCOMMODATE A 24 " GRAB BAR 12" FROM REAR CORNER.

*%% ALLOWS SIDE TRANSFER TO TOILET
# DENOTES BEST PRACTICE

54" MIN.
39" 41" MIN. i
36" MAX. 1
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12" MAX.
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24" MIN. * 24" ALLOWED TF ADJACENT RECESSED FIXTURE
LIMITS WALL SPACE (EXCEPT UFAS).
42" MAX.
#%1519" ALLOWED IN ICC/ANSI AL77.1 (TYPE A).
NOTE

1.49 Vertical grab bar is only required by ICC/ANSI A117.1. It is omitted
by other standards and is not required in Type A and B residential dwell-
ing units.
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TOILET COMPARTMENTS

1.50
WIDTH (W)
b 'S
1 1.
= : JJ N ;
o = }
|
5\
Z|
§‘ =
=< =
=T
=HE N
gl ®
Sl
g
e 2
|
|
I/ |
77777777777777771tv(:|:\‘
///
~
Ve
//
/ =
/ s
/ R
/
[
€ D ol
END OF ROW
6" MIN.
— ———-L4
5 | T
228 |
?Ez' |
1N
®| = |
. ©
|
TOILET STALL

TOE CLEARANCE

56" MIN. (ADULT WALL-HUNG)

. WIDTH (W)
1

T ~ '(f T 'lj

‘ L ]

|

|

|

Iy

=

E

I3

s

i

=

wn

} 41 MAX.

| C 32" MIN. .

g T

777777777 i}:

] FRONT TOE CLEARANCE |

e

e
~
-
MIDROW

MINIMUM WHEELCHAIR ACCESSIBLE TOILET STALL SIZE

DEPTH (D)

36" MIN.

> |[—%

=™ =1
e a
F .|

/

/
/
/
-
//

AMBULATORY ACCESSIBLE

6" TOE CLEARANCE ~ MIN STALL  MIN STALL MIN STALL DEPTH (D) IF
LOCATION WIDTH (W)  DEPTH (D)  WALL-HUNG TOILET IN ADULT STALL

NO TOE CLEARANCE 66" 65" 62"

AT FRONT ONLY 66" 59" 56"

AT SIDE ONLY 60" 65" 62"

AT BOTH SIDE AND FRONT 60" 59" 56"

60" MIN.
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SINGLE-USER TOILET ROOM LAYOUT
1.51

* 32" MIN.
30" MIN.

# 54" MIN. L
*

52" MIN. (ANSI '16)
48" MIN

|

DOOR
WIDTH *

LAVATORY CFS J

* ONLY UFAS REQUIRES THAT THE DOOR NOT ENCROACH
UPON THE FIXTURE CLEAR FLOOR SPACE IN SINGLE-USER
TOILET AND BATHING ROOMS. OTHER STANDARDS PERMIT
AN OVERLAP IF THERE IS A CLEAR FLOOR SPACE WITHIN
THE ROOM AND OUTSIDE THE SWING OF THE DOOR

SINGLE-USER BATHROOMS

The requirements of single-user toilet rooms also apply to single-
user bathrooms. The accompanying figure depicts several layout
options based on the minimum clear floor space for the fixtures,
grab bar position, and door location. Each bathroom plan must
provide the fixture clearances required by the applicable standard.
In addition, maneuvering space must be provided, although the
amount of space varies by unit type.

ICC/ANST A117.1 (Accessible and Type A units), UFAS, and the ADA
require either a circular or a T-shaped wheelchair turning area
within the room. Turning space can generally include knee and toe
space under fixtures and accessories, as far as the building blocks
section permits. The door swing may overlap the turning space. The
clear floor space at a fixture is frequently more stringent than the
turning space. With the exception of UFAS, the door swing may
overlap the clear floor space at fixtures, provided there is enough
clear space to position a wheelchair clear of the door swing. Door
maneuvering clearances must also be considered.

Bathrooms in ICC/ANSI A117.1 (Type B units) and FHAG must be
“usable” rather than “accessible”; therefore, the minimum
maneuvering clearance required is smaller. In these units, there
must be enough clear space to position a wheelchair clear of the
door swing and a turning space is not required. All of the standards
permit required floor space for fixtures to overlap with the
required maneuvering space.

Note the accompanying figure does not depict each fixture’s clear
floor space. Refer to the section on each fixture for specific dimen-
sions. Dimensions provided refer to finish dimensions and do not
provide a tolerance. Consider adding at least 2 in. to the overall
size to allow for adjustments in the field. Doors in the figure are
assumed to be 36 in. wide. Refer to the doors section for more
detailed requirements.

BATHROOM LAYOUTS

1.52
%32" MIN
30" MIN.
60" MIN. 30" MIN.
1618" ) #36' IF
18" (UFAS,FHAG) SHOWER

54" MIN.

ALL STANDARDS, ALL UNIT TYPES

ONE-WALL CONFIGURATION
32" MIN.
30" MIN.
1818 30" MIN.
'[ WMIN. *36" IF
SHOWER

<
s AN Y

/ N 3

! N 7

/ v

e

! i )
FHAG / ANSI i TYPE A/UFAS
TYPE B ONLY ] REQUIRED
93" MIN.

ANSI TYPE A AND B, UFAS, FHAG
ONE-WALL CONFIGURATION

48"INSWING | 18" 18" 30"MIN.

42" 0UT WMIN. * 36" IF
SWING*

L 114" MIN. (IN SWING DOOR)
*108" MIN. (OUT SWINGING DOOR)

*42" OUT SWING DIMENSION
DEPENDS ON TOILET BOWL WIDTH

FHAG/ANSI TYPE B OPTION A
ONE-WALL CONFIGURATION

30" MIN.

®36"IF
SHOWER

)
=
_ |z
S |-
Il (%)
S|
[l =]
o)
st

30" MIN.

z
=
&
o
-4
ALL STANDARDS, ALL UNIT TYPES
TWO-WALL CONFIGURATION
30" MIN.
*36" IF
SHOWER
77777777 g
=
z
=
=}
o

h
/. UFAS REQUIRED
| -
|

ALL TYPE A AND B, UFAS, FHAG
TWO-WALL CONFIGURATION

30" MIN. .

*36"IF
SHOWER

3
t

FHAG/ANSI TYPE B OPTION A OR B
TWO-WALL CONFIGURATION

Contributors:

Dr. Ed Steinfeld, AIA and Jonathan White, Center for Inclusive Design
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New York
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PUBLIC RESTROOMS

The spacing and location of plumbing fixtures and toilet rooms
should respond to occupant needs and code requirements. The
design professional should be aware of how water is piped to
plumbing fixtures and how waste is plumbed from fixtures, along
with general venting requirements. Even during preliminary design,
the design team should begin to address the requirements for accu-
mulation and flow of water through horizontal and vertical piping.
Additional design issues needing to be considered include coordina-
tion of plumbing fixture location with toilet compartments and urinal
screens, toilet and bath accessories, and tub and shower doors.

CODES AND STANDARDS

Plumbing codes establish minimum acceptable standards for the
design and installation of plumbing systems and the selection of

WOMEN’S TOILET ROOM WITH OPEN VESTIBULE
1.53

the components they comprise. Requirements for plumbing system
design should be based on the adopted code of the jurisdiction of
the project.

The word “approved” is often used in conjunction with components
and devices that come in contact with potable water and products
used for human consumption or use. Nonetheless, a responsible
code official or agency must examine and test these items to
determine whether they are suitable for a particular intended use.
Only materials and devices approved by the local jurisdiction can
be used in plumbing systems. Plumbing design drawings and utility
services also must be examined and found to be in compliance with
local codes, rules, and regulations.

32411 =
5-6" MIN. ALTERNATE COMPARTMENT 36" (914) WIDE CAN BE 3.0° MIN. g+
USED TO MEET ADA REQUIREMENTS FOR AN
ADDITIONAL ACCESSIBLE COMPARTMENT WHERE
SIX OR MORE COMPARTMENTS ARE PROVIDED
-
iS T
L ‘ 2
n
J\Z/\Z/\Z/\A: — DOORLESS
+ - 52"% 30" (ANSI '16) OR + ENTRIES ARE
& 48" 30" MIN. UNIVERSALLY
& . CLEAR FLOOR SPACE USABLE

67" (ANSI'16) OR | —L g

60" MIN. %

DIA. TURNING

SPACE

7\ WASTE N
* RECEPTACLE [ SANITARY NAPKIN/
Q ] TAMPON VENDOR
- / = |~ 52" X 30" (ANSI 16) OR
i e 48" % 30" MIN, CLEAR
* FLOOR SPACE
/ L L COUNTERTOP LAVATORIES WITH KNEE
BABY-CHANGING SURFACE L WASTE RECEPTACLE PAPER TOWEL DISPENSER SPACE AND A PROTECTIVE PANEL BELOW HAND DRYER

NOTE
1.53 Bobrick Washroom Equipment, Inc., North Hollywood, California.

Contributor:
Alan H. Rider, AIA, Daniel, Mann, Johnson, & Mendenhall, Washington,
DC.
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ENVIRONMENTAL FACTORS

SOLAR RADIATION AND BUILDING
ORIENTATION

OPTIMUM ORIENTATION

To visualize the thermal impacts on differently exposed surfaces
four distinct geographical locations approximately at the 24°, 32°,
40°, and 44° latitudes are shown in Figure 2.1. The forces are
indicated on average, clear winter and summer days. The air
temperature variation is indicated by the outside concentric cir-
cles. Each additional line represents a 2°F difference from the
lowest daily temperature. The direction of the impact is indicated
according to the sun’s path as temperatures occur. (Note the low
temperatures at the east side, and the high temperatures on west-
facing surfaces.) The total (direct and diffuse) radiation impact on
the each side of the building is indicated with arrows. Each arrow
represents 250 Btu/sq. ft. day radiation. Figure expresses the
radiation in numerical values. The values show that in the upper
latitudes, the south side of a building receives nearly twice as
much radiation in winter as in summer. This effect is even more
pronounced at the lower latitudes, where the ratio is about one to
four. Also, in the upper latitudes, the east and west sides receive
about 2-1/2 times more radiation in summer than in winter. This
ratio is not as large in the lower latitudes; but it is noteworthy that
in summer these sides receive two to three times as much radia-
tion as the south elevation. In the summer, the west exposure is
more disadvantageous than the east exposure, as the afternoon
high temperatures combine with the radiation effects. In all lati-
tudes the north side receives only a small amount of radiation, and
this comes mainly in the summer. In the low latitudes, in the sum-
mer, the north side receives nearly twice the impact of the south
side. The amount of radiation received on a horizontal roof surface
exceeds all other sides.

The optimum orientation will lie near the south; however, it will
differ in the various regions, and will depend on the daily tempera-
ture distribution.

In all regions an orientation eastward from south gives a better
yearly performance and a more equal daily heat distribution.
Westerly directions perform more poorly with unbalanced heat
impacts.

SOLAR CONSTANT

The sun is located at one focus of the Earth’s orbit, and we are only
91.4 million miles away from the sun in late December and early
January, while the Earth-sun distance on July 1 is about 94.4 mil-
lion miles.

Solar energy approaches the Earth as electromagnetic radiation at
wavelengths between 0.25 and 5.0 um. The intensity of the incom-
ing solar irradiance on a surface normal to the sun’s rays beyond
the Earth’s atmosphere, at the average Earth-sun distance, is
designated as the solar constant, Ig.. Although the value of Isc has
not yet been precisely determined by verified measurements made
in outer space, the most widely used value is 429.2 Btu/sq. ft. hr.
and the current ASHRAE values are based on this estimate. More
recent measurements made at extremely high altitudes indicate
that Isc is probably close to 433.6 Btu/sq. ft. hr. The unit of radia-
tion that is widely used by meteorologists is the langley (Ly),
equivalent to one k cal/sg. cm. To convert from langleys/day to
Btu/sq. ft. day, multiply Ly/day by 3.67.

THERMAL IMPACT BASED ON GEOGRAPHIC LOCATION
2.1
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TOTAL DIRECT AND DIFFUSED RADIATION (BTU/SQ. FT. DAY)
2.2

LATITUDE SEASON | EAST SOUTH WEST | NORTH | HORIZONTAL

44° LATITUDE WINTER 416 1374 416 83 654
SUMMER 1314 979 1314 432 2536

40° LATITUDE WINTER 517 1489 517 119 787
SUMMER 1277 839 1277 430 2619

32° LATITUDE WINTER 620 1606 620 140 954
SUMMER 1207 563 1207 452 2596

24° LATITUDE WINTER 734 1620 734 152 1414
SUMMER 1193 344 1193 616 2568

COMPASS ORIENTATION

In Figure 2.4, the wavy lines from top to bottom show the compass
variations from the true north. At the lines marked E the compass
will point east of true north; at those marked W the compass will
point west of true north. According to the location, correction

ORIENTATION AND TRUE NORTH

ENVIRONMENTAL FACTORS ENVIRONMENT

ANNUAL MOTION OF THE EARTH ABOUT THE SUN
2.3

POLARIS *

ISOGONIC CHART OF THE UNITED STATES (FROM DEPARTMENT OF THE INTERIOR GEODETIC SURVEY 1975)
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2.3 The tilt of the Earth’s axis with respect to the ecliptic axis causes
the changing seasons and the annual variations in number of hours of
daylight and darkness.
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should be done from the compass north to find true north.
Figure 2.5 provides an example for locating true north at a project
site in Wichita, Kansas, through orientation correction.

THERMAL FORCES INFLUENCING
ORIENTATION

The climatic factors such as wind, solar radiation, and air tem-
perature play the most eminent role in orientation. The position of
a structure in northern latitudes, where the air temperature is
generally cool, should be oriented to receive the maximum amount
of sunshine without wind exposure. In southerly latitudes, how-
ever, the opposite will be desirable; the building should be turned
on its axis to avoid the sun’s unwanted radiation and to face the
cooling breeze instead.

Adaptation for wind orientation is not of great importance in low
buildings, where the use of windbreaks and the arrangement of
openings in the high and low pressure areas can help to amelio-
rate the airflow situation. However, for high buildings, where the
surrounding terrain has little effect on the upper stories, careful
consideration has to be given to wind orientation.

SOLAR TIME

STANDARD TIME ZONES OF THE UNITED STATES
2.6

NTAL FACTORS

COMPASS ORIENTATION, VARIATION, A
2.5

CN

1. COMPASS ORIENTATION

STEP 1. Find the compass orientation on the s

STEP 2. Locate Wichita on the isogonic chart.
pass variation is the 10°E line.

ND CORRECTION

2. COMPASS VARIATION

ite.

The nearest com-

3. ORIENTATION CORRECTION

STEP 3. Adjust the orientation correction to true north.

The figures illustrate a building that lies 25° east with its axis from

the compass orientation.
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2.6 Greenwich Standard Time is 0 h.

Contributor:
Victor Olgyay, AIA, Princeton University, Princeton, New Jersey.



SOLAR PATH AND SOLAR ANGLE ENVIRONMENT

SOLAR PATH AND SOLAR ANGLE

SOLAR ANGLES

The position of the sun in relation to specific geographic locations,
seasons, and times of day can be determined by several methods.
Model measurements, by means of solar machines or shade dials,
have the advantage of direct visual observations. Tabulation and
calculated methods have the advantage of exactness. However,
graphic projection methods are usually preferred by design profes-
sionals, as they are easily understood and can be correlated to
both radiant energy and shading calculations.

At the Earth’s surface the amount of solar radiation received and
the resulting atmospheric temperature vary widely, primarily
because of the daily rotation of the Earth and the fact that the
rotational axis is tilted at an angle of 23.45° with respect to the
orbital plane. This tilt causes the changing seasons with their vary-
ing lengths of daylight and darkness. The angle between the Earth-
sun line and the orbital plane, called the solar declination, d, varies
throughout the year, as shown in Figure 2.9 for the 21st day of each
month.

Very minor changes in the declination occur from year to year, and
when more precise values are needed, the almanac for the year in
question should be consulted.

SOLAR ANGLE DIAGRAM
2.7

\ SUMMER
SOLSTICE

EQUINOX

The Earth’s annual orbit about the sun is slightly elliptical, and
so the Earth-sun distance is slightly greater in summer than in
winter. The time required for each annual orbit is actually 365.242
days rather than the 365 days shown by the calendar, and this is
corrected by adding a 29th day to February for each year (except
century years) that is evenly divisible by 4.

To an observer standing on a particular spot on the Earth’s surface,
with a specified longitude and latitude it is the sun that appears to
move around the Earth in a regular daily pattern. Actually it is the
Earth’s rotation that causes the sun’s apparent motion. The posi-
tion of the sun can be defined in terms of its altitude 3 above the
horizon (angle HOQ) and its azimuth @, measured as angle HOS in
the horizontal plane.

At solar noon, the sun is, by definition, exactly on the meridian that
contains the south-north line, and consequently the solar azimuth
@ is 0.0°. The noon altitude B is: 90° =L + 8.

Because the Earth’s daily rotation and its annual orbit around the
sun are regular and predictable, the solar altitude and azimuth may
be readily calculated for any desired time of day as soon as the
latitude, longitude, and date (declination) are specified.

SOLAR ANGLES WITH RESPECT TO A TILTED SURFACE
2.8

INCIDENT ANGLE v

SOLAR PATH DIAGRAMS

A practical graphic projection is the solar path diagram method.
Such diagrams depict the path of the sun within the sky vault as
projected onto a horizontal plane, as shown in Figures 2.10 through
2.15. The horizon is represented as a circle with the observation
point in the center. The sun’s position at any date and hour can be
determined from the diagram in terms of its altitude (B) and azi-
muth (). The graphs are constructed in equidistant projection. The
altitude angles are represented at 10° intervals by equally spaced
concentric circles; they range from 0° at the outer circle (horizon)
to 90° at the center point. These intervals are graduated along the
south meridian. Azimuth is represented at 10° intervals by equally
spaced radii; they range from 0° at the south meridian to 180° at
the north meridian. These intervals are graduated along the periph-
ery. The solar bearing will be to the east during morning hours, and
to the west during afternoon hours.

S HORIZ0N WINTER
SOLSTICE EARTH - SUN LINE
SOLAR
ALTITUDE
TILTED SURFACE
S SOLAR AZIMUTH
SOLAR ANGLES
2.9
AN | -19.9° [apR | +119° [uuL | +205° [ocT | -107°
FEB | -10.6° | MAY | +203° | AUG | +12.1° | NOV |-19.9°
MAR [00° [JunN | +235° [sep [00° [DpEC |-235°
NOTE

2.8 Q designates the sun’s position so 0Q is the Earth-sun line while OP?
is the normal to the tilted surface and OP is perpendicular to the inter-
section, OM, between the tilted surface and the horizontal plane.

Contributors:
John L. Yellott, PE, College of Architecture, Arizona State University,
Tempe, Arizona; Victor Olgyay, AIA, Princeton University, Princeton,
New Jersey.

35



ENVIRONMENT SOLAR PATH AND SOLAR ANGLE
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44°N LATITUDE
2.14

The Earth’s axis is inclined 23°27” to its orbit around the sun and
rotates 15° hourly. Thus, from all points on the Earth, the sun
appears to move across the sky vault on various parallel circular
paths with maximum declinations of =23°27". The declination of
the sun’s path changes in a cycle between the extremes of the
summer solstice and winter solstice. Thus the sun follows the same
path on two corresponding dates each year. Due to irregularities
between the calendar year and the astronomical data, here a uni-
fied calibration is adapted. The differences, as they do not exceed
41’, are negligible for architectural purposes.

The elliptical curves in the diagrams represent the horizontal pro-
jections of the sun’s path. They are given on the 21st day of each
month. Roman numerals designate the months. A cross-grid of
curves graduate the hours indicated in Arabic numerals. Figures
2.10 through 2.15 show eight solar path diagrams at 4° intervals
from 28°N to 48°N latitude.

DECLINATION OF THE SUN

2.16

CORRESP. UNIFIED
DATE | DECLINATION | DATE DECLINATION | CALIBR.
June 21 | +23°27° +23727'
May 21 | +20°09’ July 21 +20331 +20°20°
Apr.21 | +11°48 Mug.21 | +12712 +12°900'
Mar. 21 | +0°10° Sep. 21 +0°47’ +0°28'
Feb.21 | -10°37’ oct. 21 -10°38' -10°38'
Jan. 21 | 1957 Nov2l | -19%53 -19°55'
Dec. 21 | -23°27’ -23°27'
EXAMPLE

Find the sun’s position in Columbus, Ohio, on February 21, 2 p.m.:

STEP 1. Locate Columbus on the map. The latitude is 40° N.

STEP 2. In the 40° sun path diagram, select the February path
(marked with II), and locate the 2 hr. line. Where the two
lines cross is the position of the sun.

SOLAR PATH AND SOLAR ANGLE ENVIRONMENT

STEP 3. Read the altitude on the concentric circles (32°) and the
azimuth along the outer circle (35°30°W).

SOLAR POSITION AND HEAT GAIN
CALCULATION OF SOLAR POSITION

The solar position to any location and time can be accurately cal-
culated by relating the spherical triangle formed by the observer’s
celestial meridian, the meridian of the sun, and the great circle
passing through zenith and the sun. The following formulas can be
used to find the solar altitude and azimuth angles:

sin 3 = cos L cos & cos H + sin L sin &
cos ¢ = (sin B sin L —sin 8)/(cos B cos L)

where:

B = solar altitude above the horizon

L = latitude of the location; conventionally negative for
southern hemisphere latitudes

& = declination of the sun at the desired date, which is the
angle between the Earth-sun line and the equatorial
plane (north declinations are conventionally positive;
south declinations negative)

H = hour angle of the sun = 0.25 X (number of minutes
from local solar noon); H is zero at solar noon and
changes 15 degrees per hour

¢ = solar azimuth, which is the angular distance measured
from the south between the south-north line and
the projection of the Earth-sun line in the horizontal
plane

48°N LATITUDE
2.15

SOLAR-SURFACE ANGLES

SOLAR SURFACE ANGLES

2.17

EARTH - INCIDENT ANGLE FOR
SUN LINE HORIZONTAL SURFACE
INCIDENT ANGLE NORMAL TO

FOR VERTICAL HORIZONTAL SURFACE
SURFACE

SOLAR

ALTITUDE HORIZONTAL

SURFAC

SOLAR
AZIMUTH

VERTICAL
SURFACE SURFACE

AZIMUTH
SURFACE -

SOLAR
AZIMUTH

NORMAL TO
VERTICAL SURFACE

The direction of the Earth-sun line OQ is defined by the solar alti-
tude A (angle HOQ) and the solar azimuth B (angle HOS). These can
be calculated when the location (latitude), date (declination), and
time of day (hour angle) are known. The surface azimuth S is the
angle SOP between the south-north line SON and the normal to the
surface OP The surface-solar azimuth G is the angle HOP

The angle of incidence g depends on the orientation and tilt of the
irradiated surface. For a horizontal surface, qH is the angle QOV
between the Earth-sun line OQ and the vertical line OV. In Figure
2.17, the vertical surface shown as facing SSE, the angle of inci-
dence qv is the angle QOP between the Earth-sun line 0Q and the
normal to the surface, OP. For surfaces such as solar collectors,
which are generally tilted at some angle T upward from the hori-
zontal, the incident angle gt may be found from the equation:

cos Ot = cos AcosSsinT + sinAcosT

Contributor:
Victor Olgyay, AIA, Princeton University, Princeton, New Jersey.
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CALCULATION OF SOLAR IRRADIATION

It is necessary to know the amount of solar energy falling on
exposed surfaces in order to evaluate the importance of solar shad-
ing. Because shading devices primarily protect surfaces from direct
solar irradiation, only these energy calculations are described here.

The magnitude of direct solar irradiation is, first of all, a function
of the sun’s altitude and the apparent solar constant and atmo-
spheric extinction coefficient. The latter two parameters take into
account the annual variation of the Earth-sun distance and the
atmospheric water vapor content. The intensity of direct solar
irradiation under clear atmospheric conditions at normal incidence
can be calculated by:

Ipy = A exp (-B/sin B)
where:

Ipn = direct normal solar intensity at the Earth’s surface on
clear days
exp = base of natural logarithms
A = apparent solar constant or apparent normal incidence
intensity at air mass zero
B = atmospheric extinction coefficient

Figure 2.18 indicates direct normal solar irradiation on clear
days as a function of solar altitude on the solstices and the
equinoxes.

CLIMATE ZONE

DESIGNING FOR COLD AND
UNDERHEATED CLIMATES

Cold and underheated climate conditions occur over the northern
half of the United States and in mountainous regions. These condi-
tions can be generally quantified as where the frost depth is 12 in.
or greater. Designing foundations for these conditions is treated in
a more typical manner, such as: providing a foundation below the
frost depth, including a basement, and providing insulation on the
exterior to reduce the cold ground temperatures from reaching the
structure.

Ipny AS A FUNCTION OF SOLAR ALTITUDE
(BTU/SQ FT/HR)

2.18
p JUNE 21 MAR. 21/SEPT. 21 DEC. 21
5 33 55 77
10 106 142 173
15 156 195 226
20 189 228 258
25 212 250 279
30 229 266 294
40 251 286 314
50 264 298 325
60 272 306 332
70 277 310 336
80 280 313 339
90 281 314 339

SLAB-ON-GRADE CONSTRUCTION IN COLD CLIMATES
2.19

INSULATED, SEALED GAP
ISOLATES SLAB FROM FROST
WALL AND BLOCKS RADON ENTRY

OPTIONAL SLOPED INSULATION
DRAINS WATER AWAY FROM
FOUNDATION AND ALLOWS
SHALLOWER FOOTINGS WHEN
BUILDING HEAT WARMS SOIL

A COARSE GRAVEL SIS
DRAIN BED SURROUNDED R
BY FILTER FABRIC AND \/\\//<\>/<\
DRAINED WITH 4" (\\///\\\///\\
MINIMUM PERFORATED PIPE K
FOUNDATION WALL

THICKENED SLAB EDGE

MAY BE SUBSTITUTED

FOR FOUNDATION WALL

AND FOOTING IN WELL-
DRAINED NON-FROST-
SUSCEPTIBLE SOILS,
AND DEPENDENT UPON
EXTERIOR LOADING
CONDITIONS

H
\

7

SOLAR IRRADIATION

The direct irradiation received by any given surface is also a func-
tion of the angle of incidence of the solar beam relative to that
surface. The angle of incidence is the angle between the direct
solar rays and a line normal to the irradiated surface.

For horizontal surfaces, the cosine of the angle of incidence is
equal to the sine of the solar altitude. The direct irradiation on
horizontal surfaces is thus calculated by:
Ipy = Ipy X sinB

For vertical surfaces, the incident angle depends on the solar alti-
tude and the surface-solar azimuth. The surface-solar azimuth (g)
is the angular distance between the solar azimuth and the azimuth
of the surface. The surface azimuth is the angle between south and

the normal to the surface, measured counterclockwise from south.
The direct irradiation on vertical surfaces can thus be calculated by:

Ipy = Ipy X cos B cosy
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BASEMENT CONSTRUCTION IN COLD CLIMATES
2.20

AIR-VAPOR RETARDERS SHOULD BE OVERLAPPED
AND SEALED AT CHANGES IN CONSTRUCTION

HEATED BASEMENTS SHOULD HAVE INSULATED
FOUNDATIONS; EXTERIOR INSULATION (WITH
PROTECTIVE COATING) HELPS TO REDUCE THERMAL
BRIDGING, KEEPING THE FOUNDATION AND
FOOTINGS WARM TO MINIMIZE FROST PROBLEMS
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INSULATED, SEALED GAP
ISOLATES SLAB FROM FROST WALL
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BASEMENT WALL OF CONCRETE OR CMU
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CONTINUOUS VAPOR RETARDER UNDER THE SLAB

AVERAGE DEPTH OF FROST PENETRATION (IN.)
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CLIMATE ZONE ENVIRONMENT

ENERGY-EFFICIENT WALL SECTIONS FOR

UNDERHEATED CLIMATES

2.21
BALLOON FRAMING ELIMINATES

| THERMAL BRIDGE AND

| CONDENSATION PROBLEMS;

| GOOD FOR HEATED BASEMENT
BOARD ‘
INSULATION ] FLOOR

‘ CONTINUOUS
PROTECTIVE | / POLYETHYLENE VAPOR
COATING RETARDER TAPED TO

[ FOIL FACING

CONCRETE OR CMU WALL

FURRED-OUT INTERIOR
INSULATION REQUIRES
CONTINUOUS VAPOR
RETARDER SEALED AT

FLOOR/WALL JOINT
BELOW

INSULATION ON INSIDE OF CONSTRUCTION

! SOLE PLATE
|
} g /f FLOOR
VAPOR !
! FLOOR INSULATION
RETARDER — )
ISl fe——————— OPTIONAL INSULATION
SILL ! INSIDE BAND JOIST WITH
SEALER | R-VALUE LESS THAN HALF
) THAT OUTSIDE VAPOR
~] RETARDER
6" MIN. .
CLEAR 4\4\¥ CONCRETE OR CMU WALL
~ ~ < ¥
RO, PROTECTIVE COATING
SRR ¢ ON INSULATION
NS \/\
3" EXTRUDED POLYSTYRENE

FOAM INSULATION

INSULATION ON OUTSIDE OF CONSTRUCTION

FROST ISSUES

Detrimental frost action in soils is obviously limited to those areas
of the United States where subfreezing temperatures occur on a
regular basis and for extended periods of time. “Frost action,” as
used in this context, is the lateral or vertical movement of structures
supported on or in the soil. Frozen soil is, in itself, not necessarily
detrimental to the supported structures. It becomes detrimental
when, through the growth of ice lenses, the soil, and whatever is
resting on the soil above the ice lenses, heaves upward. This causes
foundations and the structures supported by the foundations to
distort and suffer distress. Other common problems are the heaving
of sidewalks, pavements, steps, retaining walls, fence poles, and
architectural features.

The depth of frost penetration is directly related to the intensity
and duration of the freezing conditions, a measure that is termed
the freezing degree day index. In milder climates in the United
States, the local building codes might stipulate a frost protection
depth for foundations of 12 in. In the northern portions of the
United States, the frost protection depth might be 42 to 60 in.
required by local building codes. These guidelines are usually con-
servative, but there are situations where deeper frost protection
depths are warranted. For instance, if the emergency entrance to
a hospital is on the north side of the hospital, where the sun never
warms the pavement adjacent to the building, and the pavement is
kept 100 percent snow-free for safety reasons, then the frost
penetration can easily exceed the code requirements.

Contributors:

Richard O. Anderson, PE, Principal Engineer, Somat Engineering, Taylor,
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Engineering Laboratory, U.S. Army Corps of Engineers, Hanover, New
Hampshire; Donald Watson, FAIA, Rensselaer Polytechnic Institute,
Troy, New York; Kenneth Labs, New Haven, Connecticut.
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DESIGNING FOR HOT ARID
CLIMATES

CLIMATE IMPLICATIONS

Though classified as arid and overheated, severe desert climates
in the United States typically have four distinct periods for deter-
mining comfort strategies.

The hot dry season, occurring in late spring, early summer, and
early fall, has dry, clear atmospheres that provide high insulation
levels, high daytime air temperatures, very high sol-air tempera-
tures, and large thermal radiation losses at night, producing a 30°F
to 40°F daily range. Nighttime temperatures may fall below the
comfort limits and are useful for cooling. Low humidity allows
effective evaporative cooling.

The hot humid season occurs in July and August. In addition to high
insulation, it is characterized by high dew point temperatures
(above 55°F), reducing the usefulness of evaporative cooling for
comfort conditioning. Cloudiness and haze prevent nighttime ther-
mal re-radiation, resulting in only a 20°F or less daily range.
Lowest nighttime temperatures are frequently higher than the
comfort limits. Thus, refrigeration or dehumidification may be
needed to meet comfort standards.

The winter season typically has clear skies, cold nights, very low
dew point temperatures, a daily range of nearly 40°F, and the oppor-
tunity for passively meeting all heating requirements from isolation.

The transitional or thermal sailing season occurs before and after
the winter season and requires no intervention by environmental
control systems. This season can be extended by the passive fea-
tures of the building. Other desert climates have similar seasons
but in different proportions and at cooler scales.

CONSTRUCTION DETAILS

Capitalize on climatic conditions by incorporating construction
practices that respond in beneficial ways to the environment,
including:

Insulate coolant and refrigerant pipes from remote evaporative
towers and condensers for their entire length.

In hot locations, use roof construction similar to the cold climate
roof detail.

Do not use exposed wood (especially in small cross sections) and
many plastics, as they deteriorate from excessive heat and high
ultraviolet exposure.

Although vapor retarders may not be critical to control condensa-
tion, implement them as a building wrap or wind shield, both to
control dust penetration and to avoid convective leaks from high
temperature differentials.

Avoid thermal bridges such as extensive cantilevered slabs.

Radiant barriers and details appropriate to humid overheated cli-
mates are at least as effective as vapor retarders, but avoid holes
in assembly where convection would leak their thermal advantage.

Ventilate building skin (attic or roof, walls) to relieve sol-air heat
transfer.

DESIGNING FOR HUMID,
OVERHEATED CLIMATES

Humid, overheated conditions are most severe along the Gulf
Coast, but occur across the entire southeastern United States.
Atmospheric moisture limits radiation exchange, resulting in daily
temperature ranges less than 20°F. High insulation gives first pri-
ority to shading. Much of the overheated period is only a few
degrees above comfort limits, so air movement can cool the body.
Ground temperatures are generally too high for the Earth to be
useful as a heat sink, although slab-on-grade floor mass is useful.
The strategies are to resist solar and conductive heat gains and to
take best advantage of ventilation.

TYPICAL WALL SECTIONS FOR HOT, ARID CLIMATES
2.23
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PORTLAND CEMENT
STUCCO ON METAL LATH
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PLASTER OR GYPSUM BOARD

CONCRETE MASONRY UNIT

? FOAMED-IN-PLACE INSULATION IN CORES OF

REINFORCING STEEL

ENERGY-EFFICIENT WALL SECTION: VENTED SKIN WALL WITH RADIANT BARRIER FOR HUMID,

OVERHEATED CLIMATES
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SHEATHING

EAST AND WEST WALLS RADIANT BARRIER
APPLIED TO FACE OF PLYWOOD; OR USE
FOIL-FACED FOAM SHEATHING

VENTILATING INLET WITH
INSECT SCREEN (>3500 CDD)

AS REQUIRED BY LOCAL CODES ~

/ / PLYWOOD SHEATHING

2 x 2 FURRING STRIPS TO MAKE VERTICAL

| " AIR SPACE OPEN TO ATTIC ABOVE

/ 2% 6 PLATE OVERHANGS BY 2"
——H

SILL SEALER GASKET

1-1/2" BOARD INSULATION WITH STUCCO FACING
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THERMAL COMFORT

CLIMATE DATA

STRATEGIES OF CLIMATE CONTROL

The bioclimatic chart (Olgyay, Design with Climate, updated by
Givoni and Arens) is presented here in standard psychrometric
format. Plotting temperature and humidity data on the chart identi-
fies cooling strategies for buildings dominated by envelope loads.
The heavy lines in Figure 2.26 delineate limits within which ventila-
tion, massive construction, evaporative space cooling, and clothing
can maintain thermal comfort indoors.

VENTILATION

Whole-house (exhaust) fans provide up to 20 air changes per hour
and, like continuous cross ventilation, maintain indoor tempera-
tures close to the outdoors. As long as outdoor conditions are
within the comfort zone, “air-exchange ventilation” maintains
indoor comfort. “Body ventilation” is best provided by ceiling
(paddle) fans. They are effective up to 70 percent relative humidity
and 85°F effective temperature (ET), with a maximum air speed of
3 fps and light clothing (0.4-0.6 clo).

THERMAL MASS

A very massive building envelope can maintain indoor comfort if
outdoor air temperature does not exceed the thermal mass limit on
the chart (roughly equal to 89°F ET). This requires that (1) the
envelope is shaded or reflective enough that its average daily
outside surface temperature is no higher than the daily mean air
temperature; (2) the envelope is massive enough to average daily
temperature fluctuations; and (3) there is no daytime ventilation of
the indoors. Nighttime ventilation extends the upper limit by cool-
ing the envelope from both sides.

EVAPORATIVE SPACE COOLING

Intake ventilation air is evaporatively cooled by drawing it through
wetted mats or filters. The technique is suited to arid and semiarid
regions and requires a fan-powered ventilation system. The limits
are 71.5°F wet-bulb temperature and in excess of 105°F dry bulb,
which is a conservative upper bound.

OTHER CLIMATIC ELEMENTS

Wind speeds and direction are important for site analysis and for
orienting the building for shelter from winter winds and to capture
cooling breezes. Solar radiation data (“irradiation” or “insolation”)
is necessary for solar heating and daylighting design. Insolation,
measured in Btu/sq. ft./day (or per hour), is a function of latitude,
sky conditions, and angle of incidence to the receiving surface (see
Kusuda and Ishii, 1977). Ground temperatures at various depths
can be estimated from well-water temperatures (see Labs, 1981).

TERMINOLOGY

The effective temperature, ET, refers to any set of temperature and
humidity conditions that gives the same sensation of comfort as
the stated temperature at 50 percent relative humidity (RH). ET
plotted in Figure 2.26 assumes light office clothing (0.6 clo) and
very little air movement. A clo is the insulating value of clothing. A
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BUILDING BIOCLIMATIC CHART (AFTER GIVONI)
2.26
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business suit is 1.0 clo. One can feel as comfortable at 80°F with
20 percent RH as at 76°F at 80 percent RH; both are 78°F ET. The
ASHRAE comfort zone is bounded by an upper humidity limit of
about 62°F dew point; 65°F is a conservative limit. A mean daily
dew-point temperature of 50°F produces diurnal air temperature
swings in excess of 30°F.

ADAPTIVE THERMAL COMFORT

A relationship exists between outdoor the environmental condi-
tions and the perceived indoor human comfort due to behavioral,
physiological, and psychological human thermal adaption.

HEATING DEGREE DAYS

Design professionals should combine data derived from climatic
control maps with data derived from the average number of
Heating Degree Days (HDD) in a region when designing for differ-
ent parts of the country. Figure 2.27 provides winter weather data
and design conditions for locations within the United States.

90

— 85
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— 75

DEW-POINT TEMPERATURE (°F)
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WINTER WEATHER DATA AND DESIGN CONDITIONS FOR THE UNITED STATES

2.27
STATE OR LATITUDE | LONGITUDE | ELEVATION | WINTER DESIGN | AVERAGE WINTER AVERAGE MONTHLY HEATING DEGREE DAYSC
PROVINCE | CITY ©) ©) (FD TEMPERATURE2 | TEMPERATURED | SEPT |OCT | NOV |DEC |JAN |FEB |MAR |APR |MAY |TOTAL
AL Birmingham 333 865 61 21 54.2 6 93 363 555 592 462 363 108 9 2551
AK Fairbanks 645 147 5 436 —47 6.7 642 1203 1833 2254 2359 1901 1739 1068 555 | 14,279
AZ Tucson 321 1110 2584 32 58.1 0 25 231 406 471 344 242 75 6 1800
AR Little Rock 344 921 257 20 50.5 9 127 465 716 756 577 434 126 9 3219
CA Sacramento 383 1213 17 32 54.4 0 62 312 533 561 392 310 173 76 2419
San Diego 324 1171 19 44 59.5 21 43 135 236 298 253 214 135 90 1458
San Francisco 375 1223 52 40 55.1 102 118 231 388 443 336 319 279 239 3001
co Denver 395 1045 5283 1 37.6 117 428 819 1035 1132 938 887 558 288 6283
CN Hartford 411 731 7 9 37.3 117 394 714 1101 1190 1042 908 519 205 6235
DE Wilmington 394 753 78 14 42.5 51 270 588 927 980 874 735 387 112 4930
DC Washington 385 770 14 17 45.7 33 217 519 834 871 762 626 288 74 4224
FL Miami 255 802 7 47 711 0 0 0 65 74 56 19 0 0 214
GA Atlanta 334 843 1005 22 51.7 18 124 417 648 636 518 428 147 25 2961
Savannah 321 811 52 27 57.8 0 47 246 437 437 353 254 45 0 1819
HA Honolulu 212 1580 7 63 74.2 0 0 0 0 0 0 0 0 0 0
D Boise 433 116 1 2842 10 39.7 132 415 792 1017 1113 854 722 438 245 5809
IL Chicago 420 875 658 —4 35.8 117 381 807 1166 1265 1086 939 534 260 6639
IN Indianapolis 394 862 793 2 39.6 90 316 723 1051 1113 949 809 432 177 5699
IA Des Moines 413 934 948 -5 355 96 363 828 1225 1370 1187 915 438 180 6588
KS Topeka 390 954 877 4 41.7 57 270 672 980 1122 893 722 330 124 5182
KY Lexington 380 844 979 8 438 54 239 609 902 946 818 685 326 105 4683
LA New Orleans 300 902 3 33 61.8 0 12 165 291 344 241 177 24 0 1254
ME Portland 434 702 61 -1 33.0 195 508 807 1215 1339 1182 1042 675 372 7511
MD Baltimore 391 764 146 3 43.7 48 264 585 905 936 820 679 327 90 4654
MA Boston 422 710 15 9 40.0 60 316 603 983 1088 972 846 513 208 5634
MI Detroit 422 830 633 6 37.2 87 360 738 1088 1181 1058 936 522 220 6232
MN Minneapolis 445 931 822 =12 283 189 505 1014 1454 1631 1380 1166 621 288 8322
MS Jackson 322 901 330 25 55.7 0 65 315 502 546 414 310 87 0 2239
MO Columbia 390 922 778 4 423 54 251 651 967 1076 875 716 324 121 5046
MT Billings 455 1083 3367 -10 345 186 487 897 1135 1296 1100 970 570 285 7049
NE Omaha 412 955 978 -3 35.6 105 357 828 1175 1355 1126 939 465 208 6612
NV Las Vegas 361 1151 2162 28 53.5 0 78 387 617 688 487 335 111 6 2709
NH Concord 431 713 339 -3 33.0 177 505 822 1240 1358 1184 1032 636 298 7383
NJ Trenton 401 745 144 14 42.4 57 264 576 924 989 885 753 399 121 4980
NM Albuquerque 350 106 4 5310 16 12.0 12 229 642 868 930 703 595 288 81 4348
NY New York 405 740 132 15 42.8 30 233 540 902 986 885 760 408 118 4871
NC Charlotte 350 810 735 22 50.4 6 124 438 691 691 582 481 156 22 3191
ND Bismarck 465 100 5 1647 -19 26.6 222 577 1088 1463 1708 1442 1203 645 329 8851
OH Cleveland 412 815 777 5 37.2 105 384 738 1088 1159 1047 918 552 260 6351
Columbus 400 825 812 5 39.7 84 347 714 1039 1088 949 809 426 171 5660
0K Oklahoma City 352 97 4 1280 13 483 15 164 498 766 868 664 527 189 34 3725
OR Salem 450 1230 195 23 454 111 338 594 729 822 647 611 417 273 4754
PA Pittsburgh 403 801 1137 5 384 105 375 726 1063 1119 1002 874 480 195 5987
RI Providence 414 713 55 9 38.8 96 372 660 1023 1110 988 868 534 286 5954
SC Columbia 340 811 217 24 54.0 0 84 345 577 570 470 357 81 0 2484
SD Rapid City 440 1030 3165 -7 334 165 481 897 1172 1333 1145 1051 615 326 7345
TN Nashville 361 864 577 14 489 30 158 495 732 778 644 512 189 40 3578
X Dallas 325 96 5 481 22 55.3 0 62 321 524 601 440 319 90 6 2363
Houston 294 952 50 32 61.0 0 6 183 307 384 288 192 36 0 1396
ut Salt Lake City 405 1120 4220 8 38.4 81 419 849 1082 1172 910 763 459 233 6052
VT Burlington 443 731 331 7 29.4 207 539 891 1349 1513 1333 1187 714 353 8269
VA Lynchburg 372 791 947 16 46.0 51 223 540 822 849 731 605 267 78 4166
WA Seattle 47 4 1222 14 27 46.9 129 329 543 657 738 599 577 396 242 4424
Wwv Charleston 382 814 939 11 448 63 254 591 865 880 770 648 300 96 4476
WI Green Bay 443 881 683 -9 303 174 484 924 1333 1494 1313 1141 654 305 8029
Wy Casper 425 106 3 5319 -5 33.4 192 524 942 1169 1290 1084 1020 651 381 7410
NOTES

2.27 a. Based on 97.5 percent design dry-bulb values found in ASHRAE
Handbook of Fundamentals, 1977.

b. October—April, inclusive. ASHRAE Systems Handbook, 1976.

c. Based on the period 1931-1960, inclusive. ASHRAE Systems
Handbook, 1976.



DAYLIGHTING

DAYLIGHTING DESIGN

Architects understand design of space and light as a central prin-
ciple of form making. The term daylighting requires clear definition,
as it represents multiple design intentions, often at cross-purposes.
Daylighting design incorporates strategies for controlling the way
light enters a building while also considering energy, lighting
design, operable shades, and controls. Daylighting design uses
scientific tools, but is ultimately an art, concerned with comfort,
quality of light, and space, as well as more measurable attributes
such as footcandle levels and energy savings.

SYSTEMS INTEGRATION

Sustainable design is universally understood to be about whole
systems integration, and nothing illustrates the case better than
daylighting, which optimizes the relationship between energy, task
visibility, comfort, cost, controls, color, character, and connection to
the outdoors. Daylight can achieve very different goals through
systems integration. One building might strive to keep direct sun
from entering, another might seek optimal visual comfort, and still
others might use daylighting primarily to achieve energy efficiency.

Algorithms that model energy performance of daylighting strate-
gies are beginning to be integrated into existing energy modeling
software. Good design incorporates the qualitative aspects of
daylighting as part of an overall lighting and envelope strategy,
optimizing user control of lighting and operable window shades or
window blinds.

DESIGN VALUES AND DAYLIGHTING

Daylighting design is part of a broader approach to building.
Maximizing energy efficiency often means compromising daylight.
A small amount of dark-tinted glass in an office building might be
the energy solution, but it yields an interior that feels disconnected
from the outdoors, gloomy, and dependent on low-level light. There
is no one right answer, but the degree of connectedness to the
outside world desired and the nature of outdoor light quality are
critical factors. In a mostly cloudy climate, clear glass and light
monitors can be elements of an essential design strategy. In a cli-
mate with intense direct sun, finding ways to reflect light, modulate
brightness in increments, and provide relief from glare can be the
keys to good daylighting. A number of these factors are defined
briefly here:

Daylight and views: Daylight and views are often linked as con-
cepts, but there is no real basis for this connection other than
the fact that both involve exterior wall openings. A building that
affords great views does not, by definition, provide great day-
lighting, and a well-daylit building might afford no views at all!
What constitutes a view is easily defined in technical terms as a
window with a view beyond the foreground of the building. High-
quality views are more difficult to define.

Ambient brightness: The brightness of the sky dome at various
times of day is critical. Bright, cloudy days actually have higher
ambient brightness than clear, sunny days. Outdoor light on a
surface can be measured at as much as 10,000 footcandles (fc),
but the human eye can read comfortably at fewer than 10 fc
(even at 1). This ambient level changes throughout the day.
Modeling can measure the sky dome under both clear and
cloudy conditions.

Daylight factor: The quantitative measurement of openings and
transparency in the building envelope is referred to as the day-
light factor. It is not a measure of daylight quality and does not
take glare into account.

Illuminance and luminosity: Measurement of light incident on a
surface, or illuminance (measured in lumens per square meter,
or footcandles), is not the same measurement as what the eye
sees reflected from the surface. The reflected light luminance, or
Juminosity (measured in candelas per square meter, or footlam-
berts), is what makes up the field of view; and relative brightness

DAYLIGHTING ENVIRONMENT

within that field is what determines level of both comfort and
stimulation. Because good lighting design involves the skillful
use of reflected light through the illumination of wall and ceiling
surfaces, luminance is a critical measurement. Most lighting
design guidelines, however, measure footcandles incident on a
work surface.

Adaptation to light intensity: The human eye is resilient and can
adapt to changes in light level by approximately a factor of 10.
For example, entering a building on a day with 10,000 fc light
level to below a canopy with ambient light of 1000 fc is still rela-
tively comfortable. Entering the foyer of the building with a level
of 100 fc is again comfortable, making it possible to move to an
interior office with 10 fc. Without intermediate steps the eye has
trouble adjusting and takes a moment to refocus. This phenom-
enon is a serious factor in many situations, such as transitioning
from brightly illuminated service stations to driving on a dark
highway, where the eye might take several minutes to readjust.
Adaptation decreases with age and eyestrain.

Glare: Glare is defined as discomfort or interference with visual
perception caused by a high differential in light levels within the
field of view. The eye adapts to the brighter area, making adapta-
tion to the darker area difficult or impossible.

Perimeter daylight, glass location, and building section: Bringing
light into a space and reflecting it onto the ceiling and high wall
surfaces is critical to good daylighting. Glass below desk height
is of little value to daylighting. A variety of light-reflecting
devices are available for this purpose. A good rule of thumb is
to use high, clear, continuous horizontal glass that can be shad-
ed from low-angle sun as needed. If a commercial building has
a high floor-to-floor section that yields a generous clear interior
height, this transom zone, generally above the height of interior
doors, can have glass of 2 ft. high or more. The appropriate
height for an interior space depends on use and building width.
In general, well-daylit buildings in Europe and the United States
are 50 to 80 ft. wide. A 60-ft building width with high ceilings can
allow virtually continuous daylight and a central space that
benefits from all exposures. More common office buildings in
the United States have deep floors of 100 ft. or more, yielding a
25-ft potential daylight zone at the perimeter and a 50-ft zone at
the core, which is fully dependent on electric lighting.

Roof windows and skylights: Light travels in a straight line with
minimal diffusion. In general, areas below a skylight (even on a
cloudy day) will form a bright spot that contrasts dramatically
with the space around it. Roof windows and skylights acting in
conjunction with reflective surfaces bounce light back to the
ceiling and even eliminate direct-beam penetration. Skylights in
art museums often employ baffles or fabric or glass diffusers
inside or outside the building envelope. Without some form of
diffusion, skylights alone must be larger to be effective daylight-
ing devices. Larger skylights become sources of heat gain and
heat loss, but can also provide a welcome connection to the
outdoors.

Light monitors and clerestories: These provide light in a more
controlled manner than skylights. A monitor is a rooftop struc-
ture with a vertical glass and a roof. A clerestory is like a moni-
tor, but with glass on only one side. An east-west orientation and
strategically sized overhangs can make a monitor a very effec-
tive daylight source, one that eliminates many of the issues
associated with skylights. Direct-heam penetration is controlled,
vertical surfaces are illuminated, potential leaks and heat loss
are reduced, and snow cannot cover the protected vertical
surfaces.

Light shelves: Light shelves reflect direct sunlight onto the ceiling
into a space. A light shelf can be located inside or outside the
building. Light shelves are not exterior shades by definition, but
an exterior sun shade with a reflective top surface can be a light
shelf. A secondary but important function of light shelves is the
screening of glare caused by direct views of the sky. Once this
glare is reduced, overall light levels in a space can be reduced
while maintaining comfort.

Exterior shading: Shading elements such as overhangs and
awnings can limit direct-beam penetration into a space. Such
elements also cut down on daylight. The best solution in any
particular situation involves consideration of the planning and
use of the space, climate, and expectations related to use and
comfort. Exterior shading on southern exposures is almost
always beneficial, as it keeps direct sun out at midday in the
summer and lets light and corresponding heat into buildings in
the winter. Shading of vision glass is beneficial, as it is lower on
the wall than transom glass and of lesser value in terms of
reflectance deep into the space. At the same time, this shading
of vision glass can help block direct view of the sky, reducing
glare in the field of view.

Interior window shades and window blinds: Window blinds and
roller window shades are the most common and economical
means of sun control. Although they do little to combat heat
gain, shades and blinds are an integral part of any daylighting
strategy. Reflective window blinds function as adjustable day-
lighting devices, reflecting light onto the ceiling. Roller window
shades and pleated window shades are available in a variety of
fabrics with measurable levels of light transmittance, interior
and exterior colors, and automation systems.

MODELING

Daylighting comprises two interrelated concepts: providing appro-
priate light levels on surfaces and mitigating direct-beam light
penetration when it is unwanted. Computer daylight modeling can
address both.

Computer modeling: The ease with which three-dimensional model-
ing now simulates solar movement is making this the preferred
strategy employed by increasing numbers of designers. Computer
simulations are a permanent record allowing more iterations than
a physical model.

DAYLIGHTING STRATEGIES

DAYLIGHTING

2.28
SKYLIGHTING
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REDUCED WINDOW AREA
LIGHT SHELVES

The architect should consider the following items in designing an
energy-efficient nonresidential building, regardless of size and
building type.

Place windows high in the wall of each floor. Windows placed high
in the wall near the ceiling provide the most daylight for any given
window area, permitting daylight to penetrate more deeply into the
interior.
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Use light shelves. Light shelves are horizontal projections placed
on the outside and below a window to reflect sunlight into the
interior. Typically placed just above eye level, the light shelf reflects
daylight onto the interior ceiling, making it a light-reflecting sur-
face (instead of a dark, shaded surface typical of a conventional
interior ceiling). At the same time, the light shelf shades the lower
portion of the window, reducing the amount of light near the win-
dow, which is typically overlit. The result is more balanced daylight-
ing with less glare and contrast between light levels in the interior.

Size windows according to use and orientation. Because window
glass has little or no resistance to heat flow, it is one of the pri-
mary sources of energy waste and discomfort. Window areas
should be shaded against direct solar gain during overheated
hours. Even when shaded, windows gain undesired heat when the
outdoor temperature exceeds the human comfort limit. Window
areas should, therefore, be kept to a reasonable minimum, justified
by clearly defined needs for view, visual relief, ventilation, and/or
daylighting.

Use skylighting for daylighting, with proper solar controls.
Skylighting that is properly sized and oriented is an efficient and
cost-effective source of lighting. Consider that for most office
buildings, sunlight is available for nearly the entire period of occu-
pancy and that the lighting requirement for interior lighting is only
about 1 percent of the amount of light available outside. Electric
lighting costs, peak demand charges, and work interruptions dur-
ing power brownouts can be greatly reduced by using daylight.
Cost-effective, energy-efficient skylights can be small, spaced

ATRIUM DESIGN
2.29
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widely, with “splayed” interior light wells that help reflect and dif-
fuse the light. White-painted ceilings and walls further improve the
efficiency of daylighting (by as much as 300 percent, when com-
pared with dark interior finishes). Skylights should include some
means to control undesired solar gain by one or more of the follow-
ing means: (1) Face the skylight to the polar orientation; (2) pro-
vide exterior light-reflecting sun shading; and (3) provide movable
sunshades on the inside, with a means to vent the heat above the
sunshade.

DAYLIGHTING OPPORTUNITIES

An atrium with the predominant function to provide natural lighting
takes its shape from the predominant sky condition. In cool, cloudy
climates, ideally, the atrium cross section would be stepped out-
ward as it gets higher, to increase overhead lighting. In hot, sunny
locations with clear sunny skies, the cross section is like a large
lighting fixture designed to reflect, diffuse, and make usable the
light from above. Daylighting design is complicated by the move-
ment of the sun as it changes position with respect to the building
throughout the day and the year.

WINTER GARDEN ATRIUM DESIGN

Healthy greenery can be incorporated in atrium design. The
designer needs to know the unique horticultural requirements for
the plant species for lighting, heating, and cooling, which could be
quite different from those for human occupancy. Generally, plants
need higher light levels and cooler temperatures than might be
comfortable for humans. The most efficient manner to keep plants
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heated is with plant bed or root heating, as with water tubes or air
tubes in gravel or earth. Plants also benefit from gentle air move-
ment, which reduces excessive moisture that might rot the plants,
and circulates carbon dioxide needed for growth.

COLOR TEMPERATURE

Interaction of sunlight with the atmosphere results in color changes
throughout the day. The appearance of colors and textures of mate-
rials and coatings is strongly affected by this interaction. Cities and
regions throughout the world are known for their light quality. Los
Angeles has a bright, even, flat light created by dispersion of light
through smog and mist. Coastal light, in general, benefits from the
reflection off the water. Combinations of solar altitude, presence
and location of water vapor in the atmosphere, surface water, color
and topography of the surrounding landscape, and dust particles
create a unique profile of ambient light. Material choice wedded to
the light quality of a place is critical to the success of good design.
Good architectural daylighting takes the unique nature of place into
account.

Color temperature is measured in degrees Kelvin based on the
radiation emitted from a theoretical object called a “black body
radiator” When the radiator is heated, it changes from black to red
to yellow to white to blue. The lower the Kelvin rating, the warmer,
or more yellow, the light. The higher the rating, the cooler, or more
blue, the light.

Research indicates that humans prefer cooler light at higher inten-
sity and warmer light at lower intensity. Dim fluorescent lights appear
gloomy; likewise, bright, warm color lights are uncomfortable.

COLOR TEMPERATURE

2.30
SOURCE KELVIN RATING (K)
Candle 1800
Indoor tungsten 2800
Warm fluorescent 2850
Sunrise/sunset 3000
Outdoor sunlight 5500
Cool fluorescent 4100-6500
Outdoor shade/cloudy 7500
North sky 10,000

COLOR RENDITION

Another significant variable in lighting and daylighting related to
sustainable design is the capability of the source to accurately
reproduce colors compared to the continuous spectrum of the sun.
The sun has a color rendition index (CRI) of 100 (percent). Light
from radiation of an incandescent filament also has a CRI of 100.
Fluorescent lights, however, have lower CRI, as they attempt to
re-create the full spectrum through phosphors that cover multiple
segments of the visible spectrum to achieve the appearance of
while light.

COLOR RENDITION INDEX (CRI)
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SOURCE CRI
Candle 100
Indoor tungsten 100
Warm fluorescent 52
Sunrise/sunset 100
Outdoor sunlight 100
Cool fluorescent 56-93
Outdoor shade/cloudy 100
North sky 100




Some whites are whiter than others, and by a greater margin than
is generally understood. A bright white paint can be far more
reflective than off-white, which is an order of magnitude more
reflective than colors. Pure white can be close to 90 percent reflec-
tive, off-white at 80 percent. Black is only 4 percent reflective, and
deep colors are between 10 and 30 percent reflective. The implica-
tions of this for daylighting (and for urban heat island effect) are
significant. White roofs reach a maximum temperature of 110°F,
whereas dark asphalt or rubber roofs reach 190°F.

GLASS SELECTION

The visible transmittance of glass (Vt) is critical to the success of
daylighting. In general, clear glass, even with low-E coatings, pro-
vides less shading and allows more heat gain than tinted or more

ACOUSTICS

DESIGNING FOR SOUND

Sound is energy produced by a vibrating object or surface and trans-
mitted as a wave through an elastic medium. Such a medium may be
air (airborne sound) or any solid common building material, such as
steel, concrete, wood, piping, gypsum board, and so on (structure-
borne sound). A sound wave has amplitude and frequency.

The amplitude of sound waves is measured in decibels (dB).
The decibel scale is a logarithmic scale based on the logarithm of the
ratio of a sound pressure to a reference sound pressure (the
threshold of audibility). The values of a logarithmic scale, such as
the decibel levels of two noise sources, cannot be added directly.
Instead, use the simplified method described in Figure 2.53. For
example, 90 dB + 20 dB = 90 dB; 60 dB + 60 dB = 63 dB.

AMPLITUDE (DECIBELS)

2.32
Difference between sound levels (indB) | Otol | 2to3 | 4t09 | 10
Add this number to higher sound level 3 2 1 0

SUBJECTIVE REACTIONS TO CHANGE IN SOUND
LEVEL

2.33
CHANGE IN SOUND
LEVEL, DB CHANGE IN APPARENT LOUDNESS
1to2 Imperceptible
3 Barely perceptible
5to6 Clearly noticeable
10 Significant change—twice as loud (or
half as loud)
20 Dramatic change—four times as loud (or
a quarter as loud)
FREQUENCY

The frequency of sound waves is measured in hertz (Hz; also
known as cycles per second) and grouped into octaves; an octave
band is labeled by its geometric center frequency. An octave band
covers the range from one frequency (Hz) to twice that frequency
(f to 2f). The range of human hearing covers the frequencies from
20 to 16,000 Hz. Human hearing is most acute in the 1000~ to 4000-
Hz octave bands.

The human ear discriminates against low frequencies in a manner
matched by the A-weighting filter of a sound-level meter, measured
in dBA, or A-weighted decibels. This is the most universally
accepted single-number rating for human response to sound.

heavily coated glass. See Table 9.9 for window types and visible
transmittance.

CONTROLS, SENSORS, AND FIXTURES
Perimeter lighting can be turned off when daylighting is effective.
In continuously occupied space with individual switches, this can
be accomplished by individuals who learn to control their work-
space—in other words, no automation. The other extreme is a fully
automated building where photocells and motors adjust lights and
shading devices. Each project needs to weigh pros and cons of user
control and automation.

Photosensors that raise and lower window or sun shading devices
and modulate light fixtures can be used in concert with time clocks
and occupancy sensors to achieve a fully integrated system.

SOUND ABSORPTION PROPERTIES
OF MATERIALS

All materials and surfaces absorb some sound. The percentage of
incident sound energy that is absorbed by a material, divided by 100,
equals the coefficient of absorption, which ranges from 0 to 0.99.
The coefficient varies as a function of frequency, measured in hertz.

Any material can be tested in a proper laboratory to determine its
coefficient of absorption values, as per ASTM C 423, “Standard Test
Method for Sound Absorption and Sound Absorption Coefficients by
the Reverberation Room Method.”

The sound absorption coefficient for a given material may vary
depending on the thickness of the material, how it is supported or
mounted, the depth of the airspace behind the material, and the
facing in front of the material. In general, thicker, porous materials
absorb more sound. The airspace behind a material will increase
the absorption efficiency, especially at low frequencies. Thin fac-
ings degrade high-frequency absorption.

SOUND ENERGY ABSORPTION
MECHANISMS

There are three mechanisms by which sound energy is absorbed or
dissipated as it strikes a surface. In all cases, sound energy is
converted to heat, although not enough heat to be felt.

Porous absorption entails the use of soft, porous, fuzzy materials
such as glass fiber, mineral wool, and carpet. The pressure fluctua-
tions of a sound wave in air cause the fibers of such materials to
move, and the friction of the fibers dissipates the sound energy.

Panel absorption involves installation of thin lightweight panels
such as gypsum board, glass, and plywood. Sound waves cause
these panels to vibrate. Sound absorption for a panel is greatest at
its natural or resonant frequency.

Cavity absorption entails the movement of air pressure fluctua-
tions across the narrow neck of an enclosed air cavity, such as the
space behind a perforated panel or a slotted concrete masonry
unit, also called a Helmholtz resonator. Friction of the resonating
air molecules against the wall of the neck converts sound energy
to heat. If there is also insulation within the cavity, additional
energy is extracted via the porous absorption mechanism.

ACOUSTIC MEASUREMENT TERMS

Following are acoustic measurement terms:

* Apparent Sound Transmission Class (ASTC): Field measurement
that covers all sound transfer paths between spaces. Previously
referred to as the Noise Isolation Class (NIC).

* Articulation index (AI): Measures how materials affect speech
intelligibility in offices.

* Average room absorption coefficient (average coefficient of
absorption):Total room absorption divided by total room surface
area.

ACOUSTICS ENVIRONMENT

Here is an example strategy:

1. Perimeter office lights are off at the beginning of the workday,
and window shades are raised automatically before sunrise.

. Occupants can choose to turn on overhead lights in the office
and dim to a comfortable level.

. An occupancy sensor turns off light when an occupant leaves the
room for a set period of time and returns it to the same level
when the occupant returns.

. Exterior sun control devices are programmed to be lowered
automatically in preset increments by time clock in summer
months and manually at other times of year.
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Coefficient of absorption (absorption coefficient): Percent of
sound energy absorbed by a material.

Decibel (dB): Measures sound pressure (perceived as relative
loudness).

Hertz (Hz): Measures frequency (perceived as high or low pitch).
Impact Isolation Class (IIC): Measures impact sound transmis-
sions through floor assemblies.

Noise criteria (NC): Standard spectrum curves used to describe
a given measured noise.

Noise Isolation Class (NIC): Formerly used to estimate sound
isolation between two enclosed spaces; replaced by ASTC.
Noise reduction (NR): Measures actual difference in sound pres-
sure levels at any two points along a sound path.

Noise reduction coefficient: Average of sound absorption coef-
ficients at four frequency bands. Replaced by SAA, similar rat-
ings but less accurate.

Sabin: Unit of sound absorption.

Sound absorption average (SAA): Average of sound absorption
coefficients.

Sound absorption coefficient: Measures absorptive property of
a material in a specified frequency band.

Sound transmission class (STC): Provides an estimate of the
performance of a partition in certain common sound insulation
situations.

Sound transmission loss (TL): Measures attenuation of airborne
sound through a construction assembly.

Speech absorption coefficient (SAC): Tool for evaluating the
effectiveness of ceiling materials for sound absorption.

MEASURING SOUND ABSORPTION

One measure of the quality of sound in a room is the average coef-
ficient of absorption for all surfaces combined. As determined by
using the average coefficient of absorption, the quality of sound in
aroom can be evaluated as 0.1, 0.2, or 0.3. A room with an average
coefficient of 0.1 is rather acoustically /ive, loud, and uncomfort-
ably noisy; one with an average coefficient of 0.2 is comfortable,
with well-controlled noise; and one with 0.3 is rather acoustically
dead, suitable for spaces in which the emphasis will be on
amplified sound, electronic playback, or a live microphone for
teleconferencing.

The sound absorption average (SAA) is a new single-number mea-
sure of sound absorption that is replacing the noise reduction
coefficient (NRC) rating. The SAA is the average of sound absorp-
tion coefficients of a material from 200 to 2500 Hz inclusive. The
method for determining the SAA is defined by ASTM C 423, as
described below.

Pink noise (a mixture of sound waves that diminish in intensity
proportionately with frequency) is emitted from two loudspeakers
in the receiving room. While the sound is triggered on and off, 50
sample decay rates (from 80 to 500 Hz) are measured with
(referred to as full room) and without (referred to as empty room)

Contributors:

Mark Rylander, AIA, William McDonough + Partners, Charlottesville,
Virginia; Mark Rylander, AIA, William McDonough + Partners,
Charlottesville, Virginia; Cline McGee, AIA Hall Architects, Inc.,
Charlotte, North Carolina; Peter Novak, CEO, Sundolier, Inc., Boulder,
Colorado.
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the test specimen installed in the chamber. The decay rate data is
used to calculate the empty- and full-room absorption. The empty-
and full-room absorption is used to calculate the SAA rating.

Although NRC ratings have been replaced by the SAA, manufactur-
ers often continue to report only NRC values, and NRC values are
often given for historic comparison.

Usually, the numerical value of the NRC is almost the same as that
of the SAA. A rating of 0.35 is considered indicative of good sound
absorption, whether given as an NRC or SAA rating.

Figure 2.34 gives representative absorption coefficients at various
frequencies for some typical materials. To determine values not
provided here, refer to the manufacturer’s data or extrapolate
from similar constructions. All materials have some absorption
values that can be determined from proper test reports. NRC val-
ues are provided for reference.

MEASURING SOUND ABSORPTION
DETAIL

The following figures provide detail for measuring sound absorption.

ROOM ACOUSTICS

The sabin is defined as a unit of sound absorption. One square
meter of 100 percent absorbing material has a value of one metric
sabin. The unit is named in honor of Wallace Clement Sabine, con-
sidered the father of acoustic design.

The total sabins in a room can be determined by adding together
the sabins of all the surfaces, which vary as a function of fre-
quency. Because most materials absorb more high-frequency
sound waves than low-frequency ones, it is typical to find more
sabins in a room at high frequencies than at low frequencies.

In general, sound energy that is not absorbed will be reflected;
thus, surfaces with low coefficients of absorption can be used to
encourage sound reflection when appropriate.

PROPERTIES OF SOUND

Distance and time are two defining properties of sound. Outdoors,
sound drops off 6 dB each time the distance from a source is
doubled (inverse square law). Indoors, the reflecting sound energy
in a room reaches a constant level as a function of the sound-
absorbing units (sabins) in the room.

Outdoors, sound ceases when the source stops. Indoors, sound
energy lingers; this decay is called reverberation. The reverbera-
tion time (RT) is defined as the length of time in seconds that it
takes for sound to decay by 60 dB. Reverberation time is directly
proportional to the volume of a space and inversely proportional to
the units of absorption (sabins) in it.

Shorter reverberation times greatly enhance speech intelligibility
and are imperative in listening environments for people with hearing

impairments and for rooms with live microphones for teleconfer-
encing. Longer reverberation times add richness to concert and
liturgical music.

USE OF SOUND-ABSORPTIVE
MATERIALS

Sound-absorptive materials (such as acoustic tile, glass fiber, wall
panels, carpet, curtains, etc.) can be added to a room in order to
control or reduce noise levels or shorten reverberation time. Noise
control is especially helpful when the noise sources are distributed
around a room, as in a gymnasium, classroom, or cafeteria.

GUIDELINES FOR USE OF SOUND ABSORPTION
2.35

ROOM TYPE TREATMENT

Classrooms, corridors and lobbies,
patient rooms, laboratories,

shops, factories, libraries, private
and open-plan offices, restaurants

Ceiling or equivalent area; add
additional wall treatment if
room is quite high

Boardrooms, teleconferencing
rooms, gymnasiums, arenas,
recreational spaces, meeting and
conference rooms

Ceiling or equivalent; add wall
treatments for further noise
reduction and reverberation
control and to eliminate flutter
or echo

Auditoriums, churches,
acoustically sensitive spaces

Special considerations and
complex applications

SOUND TRANSMISSION

The property of a material or construction system that blocks the
transfer of sound energy from one side to another is sound trans-
mission loss (TL), which is measured in decibels. Specifically, TL is
the attenuation of airborne sound transmission through a con-
struction during laboratory testing, according to ASTM E 90,
“Standard Test Method for Laboratory Measurement of Airborne
Sound Transmission Loss of Building Partitions and Elements.”

Transmission loss values range from 0 to 70 or higher. A high TL
value indicates a better capability to block sound; that is, more
sound energy is lost (transformed into heat energy) as the sound
wave travels through the material.

Sound transmission class (STC) is a single-number rating system
designed to combine TL values from many frequencies. STC values
for site-built construction range from 10 (practically no isolation;
e.g., an open doorway) to 65 or 70 (such high performance is only
achieved with special construction techniques). Average construc-
tion might provide noise reduction in the range of STC 30 to 60.

It is very difficult to measure the STC performance of a single wall
or door in the field because of the number of flanking paths and
nonstandard conditions. Field performance is measured with

SOUND-ABSORBING COEFFICIENTS FOR VARIOUS MATERIALS

2.34
MATERIAL 125 HZ 250 HZ 500 HZ 1000 HZ 2000 HZ | 40,000 HZ NRC
Marble 0.01 0.01 0.01 0.01 0.02 0.02 0.00
Gypsum board, 1/2” (13 mm) 0.29 0.10 0.05 0.04 0.07 0.09 0.05
Wood, 1” (25 mm) thick, with airspace behind 0.19 0.14 0.09 0.06 0.06 0.05 0.10
Heavy carpet on concrete 0.02 0.06 0.14 0.37 0.60 0.65 0.30
Acoustic tile, surface mounted 0.34 0.28 0.45 0.66 0.74 0.77 0.55
Acoustic tile, suspended 0.43 0.38 0.53 0.77 0.87 0.77 0.65
Acoustic tile, painted (est.) 0.35 0.35 0.45 0.50 0.50 0.45 0.45
Audience area: empty, hard seats 0.15 019 0.22 0.39 0.38 0.30 0.30
Audience area: occupied, upholstered seats 0.39 0.57 0.80 0.94 0.92 0.87 0.80
Glass fiber, 1”7 (25 mm) 0.04 0.21 0.73 0.99 0.99 0.90 0.75
Glass fiber, 4 (100 mm) 0.77 0.99 0.99 0.99 0.99 0.95 1.00
Thin fabric, stretched tight to wall 0.03 0.04 0.11 0.17 0.24 0.35 0.15
Thick fabric, bunched 4” (100 mm) from wall 0.14 035 0.55 0.72 0.70 0.65 0.60

Apparent Sound Transmission Class (ASTC) ratings, which cover
effects from all sound transfer paths between rooms. ASTC rat-
ings, previously referred to as the Noise Isolation Class (NIC), are
derived by using the STC procedure (ASTM E 413, “Classification
for Rating Sound Insulation”) to rate the uncorrected sound-level
difference spectrum without correction or normalization factors.

TRANSMISSION LOSS

Design of construction and materials for high transmission loss
builds on three principles: mass, separation, and absorption.

Mass: Lightweight materials do not block sound. Sound transmis-
sion through walls, floors, and ceilings varies with the frequency of
sound, the weight (or mass) and stiffness of the construction, and
the cavity absorption.

Separation: Improved TL performance without an undue increase
in mass can be achieved by separation of materials. A true double
wall with separate unconnected elements performs better than the
mass law predicts for a single wall of the same weight.

Absorption: Use of soft, resilient, absorptive materials in the cavity
between wythes, particularly for lightweight staggered or double-
stud construction, increases transmission loss significantly.
Viscoelastic (somewhat resilient but not fully elastic) materials,
such as certain insulation boards, dampen or restrict the vibration
of rigid panels such as gypsum board and plywood, increasing
transmission loss somewhat. Follow manufacturer-recommended
installation details.

If two layers of dense material are separated by an airspace
(rather than being continuous), they create two independent walls.
The improvement in transmission loss depends on the size of the
airspace and the frequency of the sound. Avoid rigid ties between
layers in all double-wall construction.

When a wall or surface of a room is made up of two or more differ-
ent structures (e.g., a window in an outside wall or a door in an
office), the TL performance (or STC) of the composite construction
should be evaluated by combining the TL (or STC) values of the
components. Note that small gaps and cracks, such as the perimeter
of an ungasketed door, can dramatically degrade the performance of
a high-TL construction.

NOISE REDUCTION

Noise reduction (NR) depends on the properties of a room and is
the actual difference in sound pressure level between two spaces.
It is the amount of sound blocked by all intervening sound paths
between rooms, including the common wall but also the floor, ceil-
ing, outside path, doors, and other flanking paths.

Noise reduction also depends on the relative size of a room. If the
noise source is in a small room next to a large receiving room (e.g.,
an office next to a gymnasium), the noise reduction will be greater
than the TL performance of the wall alone because the sound
radiating from the common wall between office and gym will be
dissipated in such a large space. On the other hand, if the noise
source is in a large room next to a small one (as from a gym to an
office next door), the noise reduction will be far less than the TL of
the wall alone because the common wall, which radiates sound, is
such a large part of the surface of the smaller room. An adjustment
for this ratio, plus the contribution of the absorptive finishes in the
receiving room, enters into the calculation of actual noise reduc-
tion between adjacent spaces.

SOUND ISOLATION

One of the most common goals in the design of sound isolation
construction is achievement of acoustic privacy from a neighbor.
This privacy is a function of whether the signal from the neighbor
is audible and intelligible above the ordinary background noise
level in the environment. Noise reduction is measured as a field
performance, where it is evaluated and given an STC value. The
privacy index is equal to noise reduction plus background noise
that masks speech sounds.




Normal privacy, in which you are aware of a neighbor’s activity but
not overly distracted by it, can usually be achieved with a privacy
index of 68 or higher. Confidential privacy, in which you are unaware
of the neighbor, usually requires a privacy index of 75 or higher.

A quiet environment with little or no natural background sound
between neighbors requires a higher degree of sound separation
construction to achieve the same privacy as does a noisier environ-
ment with louder background sound.

The level of continuous background noise, such as that provided by
the heating, ventilating, and air-conditioning (HVAC) system or by
electronic masking, has a significant impact on the quality of con-
struction selected and must be coordinated with the other design
parameters.

SOUND ISOLATION CRITERIA

Ratings for interior occupied spaces depend on the nature of the
exterior background noise—its level, spectrum shape, and
constancy—as well as thermal considerations and the client’s
budget.

The STC ratings shown in Figure 2.36 for music practice rooms are
guidelines only. These spaces typically require double-layer con-
struction with resilient connections between layers or, preferably,
structurally independent “room within a room” construction.

SOUND ISOLATION DETAIL

The following figure provides STC data for sound isolation.

2.36
BACKGROUND LEVEL IN SOURCE
ROOM:
OCCUPANCY SOURCE ROOM ADJACENT AREA QUIET NORMAL
School buildings Classrooms Adjacent classrooms STC 42 STC 40
Corridor or public areas STC 40 STC 38
Kitchen and dining areas STC 50 STC 47
Shops STC 50 STC 47
Recreation areas STC 45 STC 42
Music rooms STC 55 STC 50
Mechanical equipment rooms STC 50 STC 45
Toilet areas STC 45 STC 42
Music practice rooms Adjacent practice rooms STC 55 STC 50
Corridor and public areas STC 45 STC 42
Executive areas, doctors’ Office Adjacent offices STC 50 STC 45
suites, confidential privacy -
General office areas STC 48 STC 45
Corridor or lobby STC 45 STC 42
Washrooms and toilet areas STC 50 STC 47
Normal offices, normal Office Adjacent offices STC 40 STC 38
privacy requirements, group - -
meeting rooms Corridor, lobby, exterior STC 40 STC 38
Washrooms, kitchen, dining STC 42 STC 40
Conference rooms Other conference rooms STC 45 STC 42
Adjacent offices STC 45 STC 42
Corridor or lobby STC 42 STC 40
Exterior STC 40 STC 38
Kitchen and dining areas STC 45 STC 42
Large offices, computer work Large general office areas Corridors, lobby, exterior STC 48 STC 35
areas, banking floors, etc. -
Data processing areas STC 40 STC38
Kitchen and dining areas STC 40 STC 38
Motels and urban hotels, Bedrooms Adjacent bedrooms STC 52 STC 50
hospitals, dormitories - -
Adjacent single bathroom STC 50 STC 45
Adjacent living rooms STC 45 STC 42
Dining areas STC 45 STC 42
Corridor, lobby, or public STC 45 STC 42
spaces

ACOUSTICS ENVIRONMENT

SOUND TRANSMISSION CONTROL
REGULATIONS

The International Building Code (IBC) sets requirements for sound
transmission control in residential buildings. It applies to common
interior walls, partitions, and floor and ceiling assemblies between
adjacent dwelling units or between dwelling units and adjacent
public areas such as corridors, stairs, or service areas.

Ratings for multifamily housing depend on nighttime exterior back-
ground levels and other factors directly related to the location of a
building. Grades I, I1, and IIT are discussed in A Guide to Airborne,
Impact, and Structureborne Noise Control in Multifamily Dwellings,
HUD TS-24 (1974).

The STC ratings of building assemblies are established when test-
ed in accordance with ASTM E 90, “Standard Test Method for
Laboratory Measurement of Airborne Sound Transmission Loss of
Building Partitions and Elements.” Impact insulation class (IIC)
ratings for floor-ceiling assemblies are established when tested in
accordance with ASTM E 492, “Standard Test Method for
Laboratory Measurement of Impact Sound Transmission through
Floor-Ceiling Assemblies Using the Tapping Machine.”

The requirements do not apply to dwelling entrance doors, which
must be tight fitting to the frame and sill.

IMPACT NOISE

Floors are subject to impact or structure-borne sound transmission
noises such as footfalls, dropped objects, and scraping furniture.
Parallel to the development of laboratory STC ratings for partition
constructions is the development of an impact insulation class
(IIC). This is a single-number rating system used to evaluate the
effectiveness of floor construction in preventing impact sound
transmission to spaces beneath the floor. The current IIC rating
system is similar to the STC rating system.

Testing for IIC ratings is a complex procedure using a standard
tapping machine. The machine cannot simulate the weight of a
person walking across a floor; therefore, the creak or boom that
footsteps cause in a wood-framed floor cannot be reflected in the
single-figure impact rating produced from the tapping machine. The
correlation between tapping machine tests in the laboratory and
field performance of floors under typical conditions may vary
greatly, depending on the construction of the floor and the nature
of the impact.

NOTE

2.36 Adapted from Benjamin Stein, John S. Reynolds, Walter T. Grondzi,
and Alison G. Kwok, Mechanical and Electrical Equipment for Buildings.
Reference 2015 International Building Code (IBC) for STC AND IIC code
requirements.

47



48

ENVIRONMENT ACOUSTICS

TYPICAL HIGH SOUND ISOLATION CONSTRUCTION
2.37
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The following figure provides NC ratings for background noise
criteria.

RECOMMENDED BACKGROUND NOISE CRITERIA
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NC RATING A-WEIGHTED

TYPE OF SPACE USES RANGE DECIBELS
Sensitive listening spaces Broadcast and recording studios, concert halls NC 15 to NC 20 25 dBA
Performance spaces Theaters, churches (no amplification), video and teleconferencing NC 20 to NC 25 30 dBA

(live microphone)
General presentation Large conference rooms, small auditoriums, orchestral rehearsal NC 25 to NC 30 35 dBA
spaces rooms, movie theaters, courtrooms, meeting and banquet rooms,

executive offices
Quiet areas Offices, small conference rooms, classrooms, private residences, NC 30 to NC 35 40 dBA

hospitals, hotels, libraries
Public spaces Restaurants, lobbies, open-plan offices, clinics NC 35 to NC 40 45 dBA
Service and support Computer equipment rooms, public circulation areas, arenas, NC 40 to NC 45 50 dBA
spaces convention floors

ACOUSTIC PARTITIONS

The reduction of airborne sound transmission, such as normal
conversation and other office noise, is identified by STC ratings.
The STC does not identify reductions of impact or vibration noise,
which are classified by the IIC ratings. Impact and vibration noises
may require isolation and sound dampening through means other
than the partition.

Partition STC ratings are dependent on the partition mass, resil-
iency or isolation, dampening, and sound absorption. Multilayer
partitions have more mass than single-layer partitions. Wood studs
are less resilient than steel studs and transmit more sound.
Isolating wood studs by staggering their placement or using resil-
ient channels improves the resistance to sound transmission.
Sound attenuation insulation provides sound dampening and
absorption.

Acoustic partitions require sealant at the perimeter edges of the
partition assembly, as well as at openings in the gypsum board
panel such as junction boxes and other wall penetrations.

Published sound-rating assembly performance is developed under
controlled laboratory conditions. Actual performance may vary
from the published STC rating.

RECOMMENDED STC VALUES

2.39
RECEIVING ROOM SOURCE ROOM STC
Offices requiring privacy Lobby or corridor 50
(doctors, executives) General office 15
Adjacent office 50
Toilet room 55
Other office areas Lobby or corridor 45
Kitchen or dining room 45
Conference and training rooms Other conference room 50
Adjacent office 50
General office 50
Lobby or corridor 50
Toilet room 55
Hotel bedrooms Adjacent bedroom, living 55
room, or bathroom
Lobby or corridor 55
Classrooms (K to 12) Adjacent classroom 45
Laboratory 50
Lobby or corridor 50
Kitchen or dining room 50
Vocational shop 55
Music room 55+
Toilet room 50
All areas Mechanical room 60

Contributors:

Jim Johnson, Wrightson, Johnson, Haddon & Williams, Inc., Dallas,
Texas; Doug Sturz and Carl Rosenberg, AIA, Acentech, Inc., Cambridge,
Massachusetts.



ACOUSTIC PARTITION DETAILS

DOUBLE-LAYER GYPSUM BOARD PARTITION
2.40
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SOUND CONTROL WINDOWS

Depending on the intended function, many spaces require a certain
level of sound isolation from surrounding areas. Many common
building components are available with specific acoustic ratings,
but generally require specialized design and construction to
achieve good performance. For example, where a high level of
sound isolation is required between spaces that also need a visual
connection, standard window assemblies may not be sufficient.
Acoustic windows typically have two panes of laminated glass 1/4
to 1/2 in. (6 to 13 mm) thick, separated by a 1- to 4-in. (25 to 102
mm) airspace, and have been designed as an assembly to meet
specific performance requirements up to approximately STC 55.

OPEN OFFICE ACOUSTICS

Open offices can provide great flexibility in office arrangements
and workflow. However, because workstations or cubicles do not
have full-height partitions, noise can be a major problem. The
extent to which speech is distracting depends on its level of intel-
ligibility. An overheard conversation may be annoying or distract-
ing, while an inaudible murmur may not. When designing open
offices, the need for communication between workstations should
be evaluated in light of work functions and practical separation.

Acoustics in open-plan systems furniture installations present
unique challenges. Sound travels in all directions and may be difficult
to contain. The use of acoustic panels somewhat improves sound

CEILING-HEIGHT PARTITION WITH SOUND
ATTENUATION
2.41
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absorption, but the noise from telephones, conversation, equipment,
and other sources is usually audible. An acoustic ceiling and carpet
on the floor will absorb some of the sound. An acoustic engineer can
offer suggestions on how to contain and control noise. Sound-
masking systems, utilizing white noise, are increasingly considered
a necessity.

Speech intelligibility and acoustics in an open-plan office can be
rated in terms of an articulation index (AI), which is a measure of
the ratio between a signal (a neighbor’s voice or intrusive noise)
and steady background noise (ambient noise from mechanical
equipment, traffic, or electronic sound masking). When communi-
cation is desired, for example, in classrooms or teleconference
rooms, it is preferable to have a high AI so that people can hear
well. In an office environment, however, it is preferable to have a
low AI, which is more conducive to concentration.

AI values range from near 0 to 1.0:

* Near 0: Very low signal and relatively high noise, with no intel-
ligibility or good speech privacy

* Near 1.0: Very high signal and low noise with excellent commu-
nication or no speech privacy

Low AT ratings for open-plan office spaces can be achieved in three
primary ways: by blocking sound, by covering (masking) sound, and
by absorbing sound.

BLOCKING SOUND

Partial-height barriers or partitions are necessary to block direct
sound transmission between workstations. The barriers must be
high enough and wide enough to interrupt the line of sight
between a source and a receiver; hence, the first 4 ft. (1.2 m) or
so of barrier height do not help speech privacy significantly.
Barrier heights of 5 ft. (1.5 m) are a minimum requirement for
acoustic separation, and heights of 6 ft. (1.8 m) are typical for
normal privacy.
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SOUND-ISOLATED ASSEMBLIES
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The barrier should be able to block sound at least as well as the
path for sound traveling over the barrier, which means a minimum
laboratory STC value of 24. Barriers or screens should extend to
the floor or leave only an inch or so open at the bottom. There
should be no open gaps between adjacent panels. Barriers may
need to have sound-absorbing facings to reduce reflections to the
next workstation.

MASKING SOUND

The character and level of background sound is perhaps the most
important acoustic design consideration for an open-plan office.
A modest level of background or ambient sound will cover, or
mask, annoying, intrusive sounds. Masking sound should be nei-
ther too loud nor too quiet, between 45 and 50 dBA. Conference
rooms and private offices, which require lower levels of back-
ground noise, should have plenum treatments so they are
shielded from direct exposure to the masking sound.

Sound-masking systems comprise a noise generator, an equalizer
to shape the sound spectrum properly, amplifiers, and loudspeak-
ers hidden above an accessible acoustic tile ceiling. Such systems
generate a broadband, pleasant-sounding, evenly distributed
masking noise. The sound in the plenum filters down through the
ceiling and provides an even blanket of sound that will mask the
intrusive sound from a neighbor.

Avoid untreated sound leaks in the ceiling, such as openings for
return air; these become noticeable hot spots and draw unwanted
attention to the sound from the ceiling. Masking sound from two
channels can improve spatial uniformity. Ceiling height and plenum

NOTES

2.40 This figure shows a nonrated partition that can achieve a two-hour
rating with Type X gypsum board. This design offers additional security
due to a double layer of gypsum board. The resilient channel provides
higher-performance sound control. Acoustic sealant is required for an
STC rating of 55 to 60.

2.41 This figure shows a nonrated partition commonly used in commer-
cial and high-quality residential construction. The ceiling is installed
prior to installation of the partition. Normal conversation is not audible,
but loud sounds may be transmitted through the partition. STC rating of
40 to 44.
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SOUND CONTROL IN OPEN OFFICES
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conditions (fireproofing, beams, ducts, etc.) will determine loud-
speaker spacing and location. Electronic sound masking should be
professionally designed and installed.

ABSORBING SOUND

The ceiling in an open-plan office is the most important surface to
treat with highly efficient sound-absorbing material. Glass fiber
ceiling panels often have NRC/SAA values of 0.85 or higher and are
the preferred material for open-plan spaces. Regular mineral fiber
acoustic panels have typical NRC/SAA values of about 0.55 to 0.65.
Hard sound-reflective materials such as exposed structure or
gypsum board will dramatically reduce privacy and increase
annoying sound levels in an office. Most ceiling tile manufacturers
provide extensive NRC/SAA data for their products and have spe-
cial products with high absorptive performance for use in open-
plan spaces. Materials must also be selected for their ability to
reflect light.

Most sound-absorbing materials are measured in a reverberation
chamber in accordance with ASTM C 423, “Standard Test Method
for Sound Absorption and Sound Absorption Coefficients by the
Reverberation Room Method,” to determine their random inci-
dence sound absorption coefficients. For office acoustics, the
most useful measurement is the capability of a material to absorb
sound at an incident angle of 40° to 60° from a flat ceiling and at
frequencies weighted to reflect the relative contribution to speech
intelligibility. A beneficial tool for evaluating the effectiveness of
ceiling materials for sound absorption is the speech absorption
coefficient (SAC).

]

I —
—————

PREFERRED LAYOUT

OTHER FACTORS

The following factors affect acoustic performance in open offices:

Arrange offices so that entrances are offset, and eliminate
direct line of sight or an open view through doorways from one
workstation to another.

Workstations should be 8 to 10 ft. (2.4 to 3 m) apart so voice
levels are adequately reduced over distance. Higher ceilings can
help reduce noise transfer.

Light fixtures in the ceiling plane should not have hard lenses or
be placed directly above a partition because the fixture can then
act as a mirror for sound across the barrier.

Absorptive material may be necessary on some barriers or
reflecting surfaces (e.g., walls, file cabinets).

Carpet helps reduce footfall and impact noise and is a great
benefit in open offices.

Voice levels should be kept to a minimum; even the best acoustic
treatments cannot prevent disturbances caused by loud voices
and hands-free amplified telephone use.

All the factors outlined above are interrelated. For example,
doubling the distance between adjacent workstations will reduce
a nearby conversation by 5 dBA, while raising the height of a 5-ft
(1.5-m) barrier to 6 ft. (1.8 m) may reduce the sound path over the

top by 3 dBA. Changing from a mineral fiber acoustic ceiling tile
to a glass fiber ceiling tile may reduce reflected noise by 5 dBA.
Adding sound masking may change the ambient level by 10 to
20 dBA.

An acoustics consultant can evaluate proposed layouts and materi-
als as part of the design process. The acoustic outcome of a design
should be analyzed before construction.

As a rough initial guideline, offices in which freedom from distrac-
tion is the only criterion will require highly efficient sound-absorbing
ceilings and an electronic background masking sound at levels
between 45 and 50 dBA. For normal speech privacy, these condi-
tions should be augmented by keeping workstations 8 to 10 ft. (2.4
to 3 m) apart and adding partial-height barriers at least 5 ft. (1.5 m)
high, with increased attention to office layout and reflecting sound
paths. Confidential privacy requires higher partitions and greater
attention to related details; it is extremely difficult to achieve this
in an open plan.

PERFORMANCE ACOUSTICS

Theaters and performance spaces are rooms in which good hear-
ing conditions are critical to the use of the space. The design of
a performance space generally requires input from an acoustic
consultant.

Sound generated by speakers or musicians should be projected
efficiently to the audience and captured within the space. The send-
ing end of the room (i.e., the stage) should be acoustically hard.
Walls near the performer should be angled or splayed to enhance
projection and prevent flutter echoes at the stage. Walls and ceil-
ings in the audience area should be hard so they can reflect sound,
unless absorptive treatment is needed to eliminate problematic
reflections or focusing or to reduce reverberation time for particu-
lar program needs.

Good hearing environments should maximize the signal-to-noise
ratio. In addition to the desired signal being well projected,
unwanted noise should be eliminated. To accomplish this requires
very low background sound levels (NC 20 for concert halls, NC 25
for smaller theaters) from mechanical equipment. Sound-lock ves-
tibules eliminate intrusive noise from a lobby and allow latecomers
to enter without acoustic interference to the show. Carpeted aisles
help reduce footfall noise. Noise from exterior environmental
sources should also be considered. Avoid lightweight roofs, which
will transmit rain noise.

SPACIOUSNESS

Because of the lateral configuration of the human ear, sound sig-
nals that are slightly different in each ear allow the listener to
hear an acoustic quality called spaciousness, which is highly
desired for classical music. This sense of spaciousness can be
enhanced if the distribution of sound through a large hall is dif-
fused, enabling the ear to hear reflections from many facets of the
side and rear walls. This diffusion can be enhanced by protrusions
and angled surfaces on the side walls. Diffusion is also important
for other musical applications. Sometimes spaciousness is also
referred to as envelopment.

REVERBERATION TIMES

Room volume and area of absorption can be calculated to predict
reverberation times (RTs). The design factor affecting RT the most
is ceiling height. The relationship between the volume of a hall and
the number of seats is often a good approximation of sound quality
in the room.

In wide halls with high ceilings, seats in the center of the orchestra
often suffer from lack of early reflections. Reflecting canopies or
arrays over the front rows can bring reflected sound to these seat-
ing areas, which otherwise may suffer from poor articulation.

Contributors:

Jim Johnson, Wrightson, Johnson, Haddon & Williams, Inc., Dallas,
Texas; Doug Sturz and Carl Rosenberg, AIA, Acentech, Inc., Cambridge,
Massachusetts; Jay Pulaski, Equipment Planners, Inc., Summit, New
Jersey; lauckgroup, Dallas, Texas; Shawn Parks, Rhode Island School of
Design, Providence, Rhode Island; Jim Johnson, Wrightson, Johnson,
Haddon & Williams, Inc., Dallas, Texas.
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Often seats at the rear of the balcony do not experience this
problem, and these seats have excellent acoustics. This gives
preference acoustically to rectangular and diamond-shaped halls.

The range of reverberation times for each room type is a function
of the room volume: The larger the room volume, the closer is the
distance to the longer end of the range. The smaller the room vol-
ume, the closer is the distance to the shorter end of the range.
Some considerations to keep in mind:

Church reverberation requirements vary greatly based on size,
room volume, and music style. Some contemporary services
resemble folk rock concerts, while others have a cathedral-style
liturgy with an organ.

Music recording is often done in studios similar to those used
for speech recording, for future mixing. Some classical record-
ing is done in rooms with higher reverberation times.

Contributors:

Abigail Cantrell, AEC Acoustics, Manassas, Virginia; Joshua Dachs,
Jules Fisher Associates, Inc., Theater Consultants, New York, New York;
Carl Rosenberg, AIA, Acentech, Inc., Cambridge, Massachusetts.
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RESILIENCE IN BUILDINGS
OVERVIEW

Natural and manmade hazardous events can impose a devastating
cost upon society. As Figure 3.1 shows, the costs of some of these
disasters in the United States alone can be staggering.
Stakeholders of civil infrastructure have a vested interest in reduc-
ing these costs by improving and maintaining operational and
physical performance of facilities.

Throughout history, infrastructure resilience has been defined in
numerous ways, the most widely used and most objective was by
the National Infrastructure Advisory Council (NIAC) in 2009, which
states:

Infrastructure resilience is the ability to reduce the magni-
tude and/or duration of disruptive events. The effectiveness
of a resilient infrastructure or enterprise depends upon its
ability to anticipate, absorh, adapt to, and/or rapidly recover
from a potentially disruptive event.

No city is immune to challenges, whether natural or manmade, and
given the world’s growing population, more people than ever are in

OVERVIEW

the potential path of catastrophe. Fortunately, cities can become
resilient and withstand shock and stress if planned well. As
conditions change over time, cities that are resilient can evolve
in the face of disaster and stop failure from rippling through
systems; they can reestablish function quickly and avoid long-term
disruptions.

This chapter explores different aspects of resilience management,
to control and help reduce the rapidly increasing costs of manmade
and natural hazards and ensure that civil infrastructure exhibits a
high degree of resilience. A definition of resilience that incorpo-
rates four components—robustness, resourcefulness, recovery,
and redundancy—is presented and its manifestation in building
systems is covered.

Stakeholders of buildings stand to benefit from resilience manage-
ment. Businesses locate where they can rely on critical infrastruc-
ture. Communities that become resilient will increasingly attract

DAMAGES FROM RECENT NATURAL DISASTERS IN THE UNITED STATES

3.1

DAMAGE (B US$)

businesses because executives know they can rely on the services
and workforce availability, even in the face of disruptive events.

Natural and manmade hazardous events are unpredictable, but
they are still inevitable and impose a devastating cost to civil
infrastructure. By improving and maintaining the operational and
physical performance of our nation’s building stock, strategies for
resilience can be developed.

When planning and designing buildings, it is appropriate to try to
mitigate the potential of the spiraling cost of operational failures
by opting for more resilient performance through well-thought-out
investments in better planning and designs. It no longer makes
sense to wait until after a crisis to implement resilience efforts.
Resiliency strategies for buildings should be discussed and imple-
mented now, so that there is a greater chance of increased perfor-
mance, not only today but for the future, benefiting all building
stakeholders.
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NOTE
3.1 Source: EM-DAT International Disaster Database 2014
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COMPONENTS OF BUILDING RESILIENCE

THE 4RS

The National Infrastructure Advisory Council (NIAC) 2009 determined
that resilience can be characterized by three key features:

Robustness: the ability to maintain critical operations and func-
tions in the face of crisis. This includes the building itself, the
design of the infrastructure (office buildings, power generation,
distribution structures, bridges, dams, levees), or in system
redundancy and substitution (transportation, power grid, com-
munications networks).

Resourcefulness: the ability to skillfully prepare for, respond to
and manage a crisis or disruption as it unfolds. This includes
identifying courses of action and business continuity planning;
training; supply chain management; prioritizing actions to control
and mitigate damage; and effectively communicating decisions.
Rapid recovery: the ability to return to and/or reconstitute normal
operations as quickly and efficiently as possible after a disruption.
Components [ of rapid recovery] include carefully drafted contin-
gency plans, competent emergency operations, and the means to
get the right people and resources to the right places.

COMPONENTS OF RESILIENCE CHART
3.2

1-THE ASSET (OR COMMUNITY)
IS OPERATING AT ITS NORMAL

Redundancy: backup resources in case of failure.

These four resilience features are simply called the 4Rs. Resilience
is multidisciplinary and needs the cooperation of different disci-
plines for successful outcomes. Without multidisciplinary coopera-
tion and contributions, there cannot be successful or efficient
resilient infrastructure.

A beneficial illustration of resilience was introduced first by Mary
Ellen Hynes (2001) and then by Bruneau, et al (2003). Figure 3.2
shows graphically how to objectively estimate the resilience of an
asset or community by using resilience charts.

ASSET (BUILDING) RESILIENCE
AND COMMUNITY RESILIENCE

One of the objectives is to clarify distinctions and relationships
between three of the emerging paradigms: risk, resilience, and
sustainability. First, risk is expressed as the relationship between

a particular hazard (or threat) that might degrade the performance
of the infrastructure under consideration and the consequences
that might result from a degradation of performance (Gutteling and
Wiegman 1996, FEMA 2005, and NRC 2010). Most professional
industries, such as engineering, finance, insurance, and medicine,
adopt a variant of this particular definition of risk (Gutteling and
Wiegman, 1996). In the building/infrastructure community, FEMA
(2005) uses an objective risk definition which states:

Risk rating = function (Consequence, Threat,
Vulnerability—C, T, V)

The type of risk function also depends on the desired degree of
complexity of risk analysis.

It was established earlier that a reasonable resilience definition
relates resilience to robustness, resourcefulness, recovery, and
redundancy (the 4Rs). It can be shown that the 4Rs can be recast
as a subset of C, T, V. Ettouney and Alampalli, 2012a and 2012b,
proposed a relationship similar to that shown in Figure 3.3.

5-FINALLY, THE ASSET (OR COMMUNITY)
COMPLETELY RECOVER TO

[ OPERATIONS LEVEL THE DESIRED OPERATIONAL LEVEL
NORMAL ‘[\/ \
OPERATING
LEVEL
= 2-UNDESIRABLE
S EUE 4-THE ASSET (OR COMMUNITY) STARTS RECOVERING ITS
< (SUCH AS OPERATIONAL CAPABILITIES GRADUALLY USING ITS
= FLOOD OR REDUNDANCY, RECOVERY, AND RESOURCEFULNESS
iy EARTH-QUAKE) ATTRIBUTES
= OCCURS
|
S omsHeD 3-IN SHORT TIME, THE ASSET (OR
S OPERATING COMMUNITY) LOSES SOME, OR
S LEVEL AFTER MOST OF ITS OPERATIONAL
S ThE EVENT CAPABILITIES DUE TO THE
S UNDESIRABLE EVENT,

6-THE AREA UNDER THIS CURVE REPRESENT A MEASURE OF THE RESILIENCE OF THE ASSET (OR COMMUNITY).
--SMALLER AREA REPRESENT HIGHER RESILIENCE SINCE IT INDICATES SHORTER RECOVERY TIMES AND / OR LESSER DEGREE OF

OPERATIONAL INTERRUPTIONS.

--LARGER AREA REPRESENTS LOWER RESILIENCE SINCE IT INDICATES LONGER RECOVERY TIMES AND / OR HIGHER DEGREE OF

OPERATIONAL INTERRUPTIONS.
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RESILIENCE IN BUILDINGS COMPONENTS OF BUILDING RESILIENCE

RELATIONSHIPS BETWEEN RISK AND RESILIENCE

3.3

RESILIENCE COMPONENTS
RISK COMPONENTS ROBUSTNESS RESOURCEFULNESS RECOVERY REDUNDANCY
Consequence Minor Major Major Major
Threat Major Minor Minor Major
Vulnerability Major Minor Minor Major

RESILIENCE MANAGEMENT-BASED
BUILDING DESIGNS

There is an essential distinction between asset resilience and com-
munity resilience. As the label implies, asset resilience is the
resilience of a single asset. For immediate purposes, an asset is
considered to be an individual building. Note that other types of
assets are also feasible such as bridges, mass transit stations,
transmission towers, or tunnels. DHS (2009) and the American
Society of Civil Engineers (ASCE) Report Card (2013), each contain
a comprehensive list of types of assets.

Asset resilience is described using the resilience definition above
with the 4Rs. Within an asset, different parameters (sometimes
referred to as considerations) control asset resilience. These

parameters can be categorized as components of one or more of
the 4Rs. Table 3.6 shows a simplified example of building compo-
nents and categorizations in an asset resilience setting. Note that
Columns fit in more than one resilience component (robustness
and redundancy). In addition to the categorizations of Table 3.5, a
functional diagram, called a network or a graph, needs to be estab-
lished. This network shows dependencies of different parameters.
The dependencies are expressed by arrows from the controlling
parameter to the dependent parameter. If there is no obvious
dependence between two linked parameters, then a simple line
connecting the two parameters is used. Figure 3.6 shows a simple
network for asset resilience of a tall building. Capturing important
parameters (both operational and physical) as well as their inter-
dependencies as shown in Table 3.5 and Figure 3.6 are essential
first steps for achieving successful asset resilience management.
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COMPONENTS OF BUILDING RESILIENCE RESILIENCE IN BUILDINGS

RESILIENCE EXAMPLE OF INDIVIDUAL BUILDING AS
AN ASSET

3.5
RESILIENCE BUILDING PARAMETERS
COMPONENTS (CONSIDERATIONS)
R1: Robustness Columns

Structural connections

R2: Resourcefulness

Maintenance of building

Memorandum of understandings (MOUs)
between different organizations

R3: Recovery

Roadways leading to building

Training of all kinds

R4: Redundancy

Columns

Main water pipes into building

Electric and/or power lines

COMMUNITY RESILIENCE

We now turn our discussion to community resilience. As the name
implies, a community is comprised of several assets (nodes) that
are interconnected via links that may be assets themselves. The
nodes and links constitute a community’s network. Community
resilience is dependent on the resilience of the network’s individu-
al asset components (both nodes and links). As an essential step
of community resilience management, a greater understanding of
the resilience of nodes and links is needed. In addition, community
resilience will depend on the topology of the network and how dif-
ferent nodes are linked together.

The size of the community is completely subjective. A community
could be a simple campus comprising a small number of buildings
(such as a small hospital or college). A community could be a
transportation network, a small town, a region, a state, or even a
whole country. Each of the 4Rs of community resilience is a func-
tion of all of the 4Rs of its nodes and links as well as the topology
of the network. Figure 3.7 shows a simple resilience network for a
small community.

ASSET RESILIENCE LINKS FOR RESILIENCE MANAGEMENT (SIMPLIFIED TALL BUILDING EXAMPLE)
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COMMUNITY NETWORK FOR RESILIENCE MANAGEMENT
3.7
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HAZARD-SPECIFIC CONSIDERATIONS

OVERVIEW

Achieving resilience in the design of new facilities and the renova-
tion of existing ones focuses on increasing the robustness of the
structures and establishing the warranted redundancies needed to
achieve the desired performance in response to hazards.
Consideration of resourcefulness and recovery should also be part
of the planning process although these resilience components are
more directly related to operational programs. This section
addresses design considerations to increase resilience primarily
through strengthening and configuration to minimize the impact
from natural and manmade hazard events.

DURABILITY

Durability, the ability to resist wear and decay, is to be lasting and
enduring over time.

Durability for buildings depends on the quality of the design and
construction of the building. The physical condition of the building
is, over time, dependent on the quality of the materials and sys-
tems used and the nature of how all elements are combined and
installed to resist degrading in its natural environment as well as
during extraordinary events.

Design strategies for durability look to these qualities and to
anticipation of both normal and extraordinary events that might
impact the viability of the building and its functions.

LONG-TERM PERFORMANCE

Design strategies for long-term viability are built on the choices
affecting the ability of the building or facility to remain functional
over time.

* Lessen the amount of required maintenance
* Design to extraordinary events beyond code
* Plan for upgrades and replacements

Each building system is first considered individually and designed
to stand alone, but also is designed to work together in a whole
building system. Knowing the level to which each system is
designed and knowing the vulnerabilities inherent in each is the
basis for its use.

Contributor:
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The assessment of each system informs the design on how best it
can be integrated into the whole where the vulnerabilities of each
system are taken into account.

The goal for planning a resilient building is to design and construct
integrated systems, to locate and protect critical elements of each
system so as to enhance survivability, and facilitate maintenance
and repair.

CLIMATE CHANGE

Climate change and variability increase the probability of adverse
conditions and events both in frequency and severity. Building
design standards that address durability are based on the best

MAINTAINABILITY

The relation between resilience and maintainability can be mea-
sured on at least two scales. One is the ease and cost effective-
ness of regular maintenance, and the other is the ability to restore
and maintain a system after a damaging event.

Design considerations for maintainability include:

* Standardization and availability of systems or components

* Ease of access for normal maintenance

* Access for major maintenance and replacement of components
* Resilience of logistics affecting service, maintenance, and repair

SAFETY

Protection from natural hazard events is broadly identified as
“safety” and is analyzed by hazard type. The type of load created
by the hazard requires different responses from the building to
withstand a threat event.

GRAVITATIONAL AND LATERAL
LOADS

Buildings are required to withstand both gravity loads that act
vertically and lateral loads that may either be in the form of
wind pressures applied to the building envelope or base motions
that generate inertial forces. Both types of these natural occur-
rences are correlated by statistical studies to determine the
magnitude as a function of likelihood (or return period). As
would be expected, the moderate levels of such lateral load
effects occur frequently with very short return periods but the
extreme levels of these lateral load effects are relatively infre-
quent. Because of this statistical variation in the magnitude of
load effects, building codes provide both prescriptive and per-
formance-based approaches to resist both moderate and
extreme levels of these lateral load effects. Fundamental to the

SAFETY RESILIENCE IN BUILDINGS

estimates of the probability of damaging events and then balancing
the probability of those events against the investment it might
require to address such occurrences.

Standards based on past performance and probability may not be
adequate to address a rapidly changing climate or a sudden break
from the “normal” past.

A resilient design strategy for any building needs to assess its
particular environment and if any of the potential climatic threats
in that environment are likely to increase.

Even the less than extraordinary events that degrade buildings may
increase and result in an increased need to repair and maintain

* Backup for inputs needed to operate systems, including energy,
monitoring, control, and spare parts
* Extent of inputs required for restoration and general maintenance

Standalone buildings or systems may be less vulnerable to wide
area disruptions and require little or no recovery from such events;
but those same buildings may be less resilient in an event directly
affecting that building. A balance must be struck between on-site
resilience, which demands less of the surrounding community in
recovery, and off-site resilience, which can support the recovery of
each building.

resistance of both wind and seismic loading is the presence of
lateral load-resisting structural systems that are capable of
withstanding the corresponding forces and moments and can
transfer the accumulated effects to the foundation. While these
lateral load-resisting systems must be strong enough to prevent
material failure or connection dismemberment, they must also
be stiff enough to limit lateral sway motions and to prevent
secondary P-Delta effects from precipitating global instabilities.
Building structures must therefore satisfy both strength and
serviceability requirements.

WIND

Wind loads are defined in terms of 3-second gust speeds and these
velocities are related to design pressures. As wind gusts sweep
across a landscape, caused by differential atmospheric pressures,
they are influenced by the topography of the region and the den-
sity of objects (trees, buildings, etc.) at the ground surface. Wind
velocities are found to be fairly constant above a “gradient height”
that is determined by the terrain’s exposure category, and drag
effects reduce these velocities closer to the ground; the smoother
the ground surface the lower the gradient height. Buildings are

elements of the building and site. These should be considered dur-
ing the design phase so as to mitigate possible degradation.

TECHNOLOGICAL OBSOLESCENCE

Another aspect of resilience is the ability to maintain the technol-
ogy of building functions. Critical design decisions include:

* Systems’ maintainability over time and ability to adjust to new
and evolving systems

* Ease of replacing critical elements of a system

* Capability to add upgrades, or new systems

assigned risk categories based on the use and occupancy, and wind
speed maps are assigned to each category along with a corre-
sponding return period that ranges from once in 300 years for low
hazard structures to once in 1700 years for assembly or essential
structures. The wind speed maps account for the hurricane-prone
regions along the Atlantic and Gulf coasts and the specified veloci-
ties are amplified accordingly.

Wind speeds are calculated at the elevation of the building and
are factored by the effects of topographic directionality and the
openness of the building envelope. Pressures are applied to either
the windward face as an inward load or to the roof, sides, and lee-
ward faces as a suction load. Openings in the facade will produce
either internal pressures or internal suctions. Two sets of forces are
calculated based on the calculated wind pressures: forces that are
applied to the global lateral-load-resisting system and forces that are
applied to local cladding and components. Globally, the net forces
collected over the building surface are transferred through the floor
diaphragms and these lateral loads are combined with the gravity
loads when designing the lateral-load-resisting system. Locally,
the cladding and component loads are used to design the facade
elements.
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Lateral-load-resisting systems may be composed of combinations
of moment frames, braced frames, and shear walls. Moment
frames rely on the interactive bending of beams and columns to
develop the lateral stiffness, whereas shear walls behave as stiff
beams cantilevered from the foundation. Shear walls tend to be
significantly stiffer than moment frame buildings and in most
cases buildings with significant shear wall systems are treated as

60 RESILIENCE IN BUILDINGS SAFETY

“sway inhibited” structures. Moment frame construction tends to
be less stiff and there is greater concern for secondary P-Delta
effects.

For rigid diaphragm buildings, such as concrete floor systems, the
percentage of lateral force will be distributed to the various later-
al-resisting components in proportion to the relative stiffness of

STRUCTURAL SYSTEMS FOR RESISTING WIND LOAD AND SEISMIC-INDUCED STORY DRIFT

3.8

the various lateral-resisting elements. For flexible diaphragm
buildings, such as timber construction, the percentage of lateral
force will be distributed in proportion to the tributary areas that
are exposed to wind.

MOMENT-RESISTING FRAME

SEISMIC INDUCED STORY DRIFT
3.9
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SEISMIC

Seismic forces are induced by the building components as the
building’s inertia resists the lateral base motions. These inertial
forces are related to the base acceleration through Newton’s
Second Law of Motion (force equals the product of mass and accel-
eration). Similar to wind loads, seismic base acceleration maps
define a short period (0.2 second) and long period (1 second)
ground motion parameter. The maps are constructed to provide a
uniform probability of hazard, corresponding to a 1 percent prob-
ability of collapse in 50 years. These ground motion parameters are
multiplied by site coefficient factors, based on site classification,
that either amplify or reduce the intensity of design ground accel-
eration. Since the induced seismic force depends to a great extent
on the structure’s frequency of vibration, the factored ground
motion parameters are used to develop a design response spectra
that defines acceleration as a function of building period. In gen-
eral, the design response spectra is constant for relatively stiff
buildings, decays inversely proportional to the building period for
more massive or more flexible buildings, and decays inversely
proportional to the square of the building period for very flexible or
very massive buildings.

Building occupancy types, ranging from low-hazard to assembly or
essential structures, are used to define importance factors and
risk categories. The importance factors are used to scale the inten-
sity of the spectral values and the risk categories are used to
define both the analytical methods and the structural systems that
may be permitted for a range of building heights. Since earth-
quakes are extraordinary events that vary in intensity, buildings
are expected to be undamaged in response to relatively low-
intensity events but are permitted to sustain modest amounts of
damage in response to much greater magnitudes of ground
motion. In order to enable buildings to sustain these modest
amounts of damage, they are required to adhere to relatively strict
rules governing structural systems and detailing requirements. By
adhering to these rules, the buildings will deform in a ductile man-
ner that will permit large inelastic deformations that dissipate
considerable amounts of energy prior to structural failure.

In order to minimize stress concentrations and eccentric load
paths, both vertical and torsional irregularities should be mini-
mized to the greatest extent possible. Similarly, the greatest uni-
formity in both mass and stiffness are desirable attributes for
buildings that may have to resist seismic forces. The Figures 3.9
and 3.10 images depict both a damaging torsional mode resulting
from a horizontal irregularity and a soft story failure resulting from
a vertical change in story stiffness.

WIND AND SEISMIC CONNECTIONS

The different structural system types—bearing walls, building
frame, moment frame, dual system secondary moment frames
(SMF), dual intermediate moment frames (IMF), wall frame, and
cantilever column—are permitted for specific risk categories and
building heights with corresponding response modification coeffi-
cients and deflection amplification factors. In this manner, the
appropriate level of ductile inelastic deformation is permitted in
response to the most extreme ground motion. Moment-resisting
frames, braced frames, and shear wall systems are depicted in
Figure 3.8. Detailing of the connections, splices, and other struc-
tural conditions are required to follow preapproved and tested
practices. Examples of seismic connections for concrete and steel
moment frames are shown in Figure 3.11 (Aghayere & Vigil, 2015).
The rigorous analytical methodology and preapproved detailing is
the most effective means of designing structures to withstand
extraordinary events and to make sure the details deliver the
desired performance.

SEISMIC IMPACTS ON BUILDINGS

3.10

A NORMAL

SAFETY RESILIENCE IN BUILDINGS
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STRESS CONCENTRATION
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SEISMIC-RESISTANT CONNECTION DETAILS
3.11
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Tt is essential to provide a continuous path of resistance from roof
to foundation to dissipate both lateral and uplift forces. Connections
along this load path will guarantee uninterrupted resistance.
Seismic and wind forces are transferred from the roof diaphragm
to shear walls and through the walls into the ground at the founda-
tion. Shear walls resist horizontal forces in the roof and floor dia-
phragms and so must be connected to them. It is important to
apply wall sheathing to the full wall height, nailing it to the top
plate, blocking, or rim joist, as well as to the mud sill or bottom
plate. Shear wall height/width ratios are an important consider-
ation; consult a structural engineer for their design. The details
illustrated show several connection paths; for each specific design,
a structural engineer familiar with seismic and wind-resistant
construction should be consulted. Many of the requirements for
high-wind situations apply to seismic loading as well, except in
shear wall design.

(E) BOLTED END
PLATE (IMF, SMF)

(F) BOLTED FLANGE PLATE
(OMF, SMF)

SEISMIC RECORDING
INSTRUMENTATION

In regions of moderate to high seismicity (earthquakes), building
codes and international standards require installation of seismic
recording instrumentation for certain types of both new and exist-
ing buildings. Seismic recording instrumentation consists of two
types of sensor equipment:

* Strong motion accelerograph
* An accelerometer

This instrumentation is deployed at strategic locations within a
building structure to provide recorded data of the building’s
response to earthquake ground shaking at the building site. Figure
3.13 charts typical recorded ground motions at a building’s roof,
ground floor, free-field, and bedrock.

WIND AND SEISMIC CONNECTOR FRAMING
3.12
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3.12 Ties between floors: Wood members (studs) must be sized for the
load-carrying capacity at the critical net section.
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TYPICAL RECORDED GROUND MOTIONS
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PURPOSE OF GROUND MOTION DATA
RECORDING

The primary purpose of recording ground motion data from build-
ings and other instrumented structures is to facilitate analytical
investigations. This analysis correlates actual building perfor-
mance with expected performance. This information can be used to
improve building codes and better predict the response of struc-
tures to earthquake ground motions, resulting in fewer losses of
life and property. Such information can be used to provide critical
time-dependent information to agencies responsible for earth-
quake preparedness and emergency response in large urban
areas. Data can also be utilized to greatly reduce the time and
extent of post earthquake building damage inspections. Automated
procedures can then be utilized for rapid analysis of recorded sen-
sor data prior to building inspections regarding the degree of
damage immediately following a damaging earthquake.

SEISMIC INSTRUMENTATION EQUIPMENT
Seismic instrumentation equipment includes accelerographs,
accelerometers, and cabling and digital recorders:

Accelerographs: Triaxial accelerographs, analog or digital, are the
most widely deployed instruments by national and international
organizations. A triaxial accelerograph contains two orthogonal
horizontal accelerometers and one vertical accelerometer with-
in the unit, which also houses the recording components.

Accelerometers: New installations normally consist of force-bal-
ance accelerometers with digital recording transducers, avail-
able in uniaxial, biaxial, or triaxial models. Sensors are usually
installed in the building structure and in the free-field or down-
hole adjacent to the structure. The accelerometers are bolted to
the building frame or floor, and data is transmitted to a central
recording location by shielded cable. Triaxial accelerometers are
the preferred models, as they include three force-balance accel-
erometer modules mounted orthogonally in one package.
Sensors typically allow for recording ranges of plus/minus 0.25
to plus/minus 4 g, with recording bandwidth ranges from DC to
200 Hz.

Cabling and digital recorders: Accelerometers are interconnected
by cabling to centrally located digital recorders for synchronized
timing. There should be a junction box at each location where the
main cable breaks out, to pick up more accelerometers. The
junction box should be sized according to the number and size of
the cables, which will be connected in and/or passing through it.
The digital recorder should be located such that it is the shortest
possible run to an outside wall, to facilitate installation of a GPS
option. Digital recording systems can download data to a laptop,
or transfer by modem or other communications media.
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BUILDING CODE REQUIREMENTS

In certain locations, buildings of a certain size or height may
require earthquake recording instrumentation. Municipalities may
further require additional instrumentation, including complete
strong motion accelerograph specifications for complete systems,
installation, data retrieval, and servicing.

EXAMPLE INSTRUMENTED BUILDING

In 1998, the historic Court of Appeals Building in San Francisco,
California, was rehabilitated and retrofitted with a base-isolation
system. The U.S. Geological Survey (USGS), with the cooperation of
the U.S. General Services Administration (GSA), installed a total of
36 channels of accelerometers with state-of-the-art digital record-
ing capability. The dense array of recorders will provide vital data
on the performance of the isolators and the response of the super-
structure to future earthquakes. A free-field station has been
deployed close to the building to provide key input data for evalua-
tion of structures in the proximity of the Court of Appeals Building
and to contribute to the assessment of the variation of ground
motion within downtown San Francisco.

SEISMIC INSTRUMENTATION PROGRAM

A seismic instrumentation program should be configured to pro-
vide enough information to reconstruct the response of a building
in enough detail to compare the mathematically modeled response
with laboratory simulations and tests. The goal is to improve math-
ematical prediction models and provide data to assess reasons for
damage to the structure. Nearby free-field and ground-level earth-
quake response recordings will further support comparisons with
building response recordings to understand effects of soil-struc-
ture interaction. A complete set of recordings should provide use-
ful data to verify analytical models, correlate observed damage,
improve building codes, and facilitate retrofit strategies. The pri-
mary goal of seismic instrumentation programs is to assess how
actual buildings and structural and nonstructural components
respond to earthquakes.

TYPICAL INSTRUMENTATION SCHEMES

IMPLEMENTATION AND MAINTENANCE

OF THE INSTRUMENTATION PROGRAM
Implementation of a code-mandated or voluntary seismic instru-
mentation program is normally the responsibility of the building
owner, although federal and state programs, including the U.S.
Geological Survey (USGS) and the California Geological Survey
(CGS), may provide assistance with implementation and mainte-
nance of these programs.

Energy utilities, hospitals, and universities have developed their
own specifications and procedures to implement and maintain these
programs. Maintenance of instrumentation and processing of earth-
quake response data is normally the responsibility of the enforce-
ment agency or a designated agent, such as the USGS and CGS.

TYPICAL BUILDING INSTRUMENTATION
SCHEMES

Local codes vary and should be consulted for requirements of
building information schemes. The most basic scheme usually
consists of three accelerograph sensors placed at the top, middle,
and ground or foundation levels of a building. Because of the lim-
ited number of sensors in this configuration, only enough data is
retrieved to serve as a basis to monitor, rather than fully analyze,
the building’s response.

A more extensive type of instrumentation scheme includes at least
three horizontal accelerometers corresponding to two translation-
al and one rotational degree-of-freedom. These horizontal acceler-
ometers are required for each of the first four fundamental modes
of vibration of the structure, resulting in a total of 12 accelerome-
ters. If significant vertical motion and rocking is expected, at least
three additional vertical accelerometers are required at the base-
ment level.

Additional extensive instrumentation schemes can be used for
special-purpose buildings, such as structures with flexible dia-
phragms, or base-isolated buildings. To make full use of the
recorded data and accurately correlate the responses of an instru-
mented building, recording sensors must be synchronized with
high-precision digital recording devices. This allows postprocess-
ing data to reconstruct the overall behavior of the structure.
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EXAMPLES OF INTERNAL SHELTER LOCATIONS IN RETAIL/COMMERCIAL BUILDINGS

3.15
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Buildings are not typically designed to resist tornados; however,
buildings in tornado-prone areas often provide “safe rooms” or
shelters as areas of refuge. The concept of shelter-in-place
requires sufficient space internal to the building, away from the
exterior facade, for the building population to assemble. Interior
partitions should be constructed of debris-mitigating materials,

preferably reinforced block walls.
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FLOOD

Flooding hazards are associated with water damage and hydro-
static loading on exposed surfaces. The base flood elevation (BFE)
defines the elevation of the flooding, including wave height, with a
1 percent change of exceedance in any year and the corresponding
design flood elevation is provided in flood hazard maps produced
by the regional authority having jurisdiction. Flood insurance rate
maps (FIRMs) are produced by the Federal Insurance and
Mitigation Administration to define special flood hazard areas and
risk premium zones. Waterproofing must be comprehensive up to
the design flood elevation in order to protect property within the
building. The structure must be able to withstand the hydrostatic
loads, hydrodynamic loads, wave loads, and debris impact loads.
Hydrostatic forces are based on the weight of standing water that
increases with depth, and hydrodynamic forces account for the
effects of moving water. Wave loads are associated with the

FLOOD-RESISTANT FOUNDATION DESIGN

SAFETY RESILIENCE IN BUILDINGS

periodic cresting and falling of the water surface; these waves may
“break” against the structure. As upstream debris from damaged
structures is swept up in the flood waters, downstream buildings
become vulnerable to debris impact.

Design level flood loads are based on hurricane-generated storm
tides but these loads only apply when the water level exceeds the
local ground elevation. As a result, the statistical characteristics of
flood loads depend on the ground elevation. Flood loads may be
applied laterally to the vertical surfaces that resist the water pres-
sure and as uplift to horizontal surfaces beneath the design flood
elevation. Walls and slabs subjected to flood loads must be ade-
quately reinforced and braced to resist the resulting pressures.

Making a building flood resistant involves the use of resilient mate-
rials, which must be resistant to excessive humidity and require no
more than cleaning and cosmetic repair following three days (or
more) contact with flood waters. Some of the flood-resistant
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materials include glazed brick, concrete, concrete block, glass
block, stone with waterproof grout, naturally decay-resistant lum-
ber, marine grade plywood, and cement board. A more detailed list
of flood damage-resistant materials may be found in FEMA
Technical Bulletin 2. All structural interfaces below the flood level,
such as building foundations and equipment, must be adequately
anchored to resist buoyancy uplift forces and lateral movement.
Mechanical, plumbing, and electrical systems must be moved
above the flood level so as to protect heating, ventilation, plumbing
appliances, ducts, electrical panels, meters, and switches.
Waterproof enclosures and coatings may be required where sensi-
tive equipment cannot be moved.

In addition to flood waters inundating a property and the forces
they may impose, flooding often causes sanitary sewer lines and
wastewater systems to back-up and cause additional damage.
Backflow and automatic shutoff valves must be installed on any
pipes that leave the building or are connected to equipment below
the base flood elevation. Fuel supply lines must be equipped with
float-operated automatic shutoff valves.

FIRE

Fire is among the most common catastrophic hazards in the United
States. According to National Fire Protection Association (NFPA), in
2013 U.S. fire departments responded to over a million fires that
caused over 3000 civilian fire fatalities, nearly 16,000 civilian fire
injuries, and an estimated $11.5 billion in direct property loss.
Passive and automatic fire protection systems are effective in
detecting, containing, controlling, and extinguishing a fire in its early
stages. Designers must take an integrated systems approach to
address the four primary sources of fire: natural, manmade, wildfire,
and incidental. While code compliance will protect against loss of life
and limit fire impact on the community, it doesn’t necessarily protect
the building assets and, as a result, additional considerations
should be integrated with the minimum required fire safety mea-
sures. The inclusion of a fire protection engineer on the design team
will produce a performance-based design approach that addresses
both the code-mandated requirements and project-specific criteria. The
Society of Fire Protection Engineers (SFPE) and NFPA published
the Engineering Guidelines to Performance-Based Fire Protection
Analysis and Design of Buildings.

Fire protection involves the construction type and size of a project,
exposures and separation requirements, fire ratings of materials
and systems, occupancy types, interior finishes, and exit stairway
enclosures. Additional considerations are the remoteness of exit
stairways; exit discharge locations; areas of refuge; accessibility
of exits; and fire detection, notification, and system survivability.
The design of fire suppression systems addresses the adequacy of
water supply, automatic fire extinguishing systems, standpipes,
and fire department hose outlets. Emergency power, lighting, and
exit signage must be survivable.

Fire protection engineering is a multidisciplinary field that coordi-
nates mechanical (sprinklers, standpipes, smoke control),
electrical (fire alarm), architectural (egress systems), and struc-
tural (fire-resistant design) professionals in a comprehensive
strategy. In addition to satisfying prescriptive codes and stan-
dards, the fire protection engineer will use equivalency or alter-
nate methods to portions of the building that achieve the fire
safety goals while preserving project-specific aesthetics and
functionality.

Sustained and prolonged exposure to elevated temperatures
weakens structural materials and precipitates collapse as shown
in Figure 3.17 (Buchanan, 2001). Fireproofing materials are there-
fore used to insulate the structural materials to minimize the heat
gain and to delay the weakening of the structure. Steel is most
susceptible to elevated temperatures and fireproofing materials
may be cementitious (such as concrete encasement), board systems
(such as calcium silicate and gypsum), spray-on systems, and
intumescent paints. Each system has advantages and disadvantages,
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EFFECTS OF FIRE ON UNPROTECTED BUILDING SUPERSTRUCTURE which dictate their use. However, the effectiveness of each system
3.17 is established through extensive testing in fire labs under con-
trolled conditions. Hollow steel sections can be filled with concrete
to improve fire performance and in rare occasions, hollow sections
have been filled with water. Although concrete materials are less
vulnerable to sustained heat, concrete spall can leave reinforcing
steel exposed to sustained high temperatures and weaken the
structure. Adequate thicknesses of concrete cover will limit the
potential for reinforcing steel to be damaged before a fire can be
brought “under control.” Examples of different fireproofing details
are shown in Figure 3.18 (Buchanan, 2001).

TYPICAL STRUCTURAL SYSTEM FIRE PROTECTION APPLICATION DETAILS
3.18

L

CONCRETE ENCASEMENT

SPARY-ON BOARD SYSTEMS




SECURITY

A physical attack against a facility, its assets, or its occupants, may
potentially disrupt building operations and functionality. The dura-
tion and magnitude of disruption will depend on the type of attack
(vandalism up through weapons of mass destruction), the areas/
functions/personnel impacted, and the mitigation measures in
place at the time of the attack. A facility may also experience col-
lateral effects of an attack on a nearby facility, including a poten-
tially similar level of disruption. Inclusion of appropriate security
and hardening features into the site and facility design will aid in
providing robustness against such attacks, resulting in a more
resilient facility.

Design provisions should also be considered for maintaining an
appropriate post-event security posture for the facility after a
disruptive event has occurred (including deliberate physical attack,
accident, or natural hazard).

BLAST RESISTANCE

Explosions can be generated from a variety of sources and condi-
tions, and can be intentional (e.g., terrorist attack) or accidental
(e.g., chemical plant malfunction). An explosive event results in a
blast wave or shock front that expands outward in all directions at
high velocity that will produce time-variant pressure loads on any
surface that is directly or indirectly exposed to the blast wave as it
expands. These loads can vary significantly across a building’s

GENERAL BLAST PROVISIONS FOR BUILDINGS
3.19

SECURITY

exterior surfaces based on the size, geometry, and location of the
building. Explosions can also be either external or internal to the
building. The two must be treated differently, as effects from
reflections and gas pressure buildups are typically more pro-
nounced in an interior blast event.

There are three ways to approach blast protection for buildings:

* Reduce the blast loading on the facility

* Increase standoff to the facility, and/or

* Decrease the design basis explosive charge size
* Structurally harden the facility
* Accept a higher level of damage/risk for the facility

One or more of these constraints are typically fixed for design
projects, which limits available options for blast resistance.

Blast design considerations for exterior explosive threats include:

* Perimeter protection (standoff distance, vehicle barrier design,
screening)

* Structural response (walls, slabs, roofs, frames/columns,
foundation)

* Windows (glass, frames, and attachments)

* Fragments (primary and secondary)

Blast design considerations for interior explosive threats include:

* Confined volume
* Location (hasement, exterior room)

RESILIENCE IN BUILDINGS

* Windows (glass, frames, and attachments)

* Structural response (walls, slabs, framing/columns)
* Proximity to critical systems or personnel

* Fragments, fire, smoke damage

HARDENED UTILITY RISERS

3.20
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Provide at least one bay of standoff between critical infrastructure

SECURITY

BALLISTIC PROTECTION

GENERAL BALLISTIC PROTECTION PROVISIONS FOR

systems (fire, water, power, communications, alarms, etc.) and BUILDINGS
vulnerable locations such as the building exterior, lobbies, mail  Ballistic-resistant design considerations include: 3.23
rooms, loading docks, and the like. . . . .
9 * Underwriters Laboratory (UL) or National Institute of Justice ~ TESTED STEEL TESTED SEAM CONFIGURATIONS FOR
Infrastructure systems should be provided in hardened utility ris- (NIJ) rated window glazing (typically several inches thick with ~ INSERTSIN PANEL-TO-PANEL CONNECTIONS
ers. Isolate critical infrastructure systems from riser walls that multiple glass, polycarbonate, and laminate layers) WINDOW AND
may be exposed to either direct or indirect (infill) blast loads. * UL or NIJ rated doors DOORFRAMES
Perimeter protection is the first line of defense in providing secu- ~ ° Tested steel insert§ placed in window an_d doorframes )
rity for a facility. It is used to define boundaries, provide protection, ~ * Wall pane_|§/materlals tested to the desired level of protection
and deter or delay unauthorized access. In addition to defining the with detailing for panel-to-panel seams. Note that most stan-
physical limits of a facility and controlling access to it, a perimeter dard or llayered bU|Ild|r}g mqterlals do not currently have stan-
barrier also creates a physical and psychological deterrent to dard ratings for ballistic resistance.
unauthorized entry. Tt delays intrusion into an area, making the vendors of ballistic mitigation products should provide test results
possibility of detection and apprehension more likely. It also aids  demonstrating that the design/product will perform as intended. N \
security forces in controlling access and assists in directing the
flow of people and vehicles through designated entrances. UL OR NIJ RATED DOOR
_ ULORNLY WALL PANELS/MATERIALS TESTED
BLAST-RESISTANT CONSTRUCTION RATED GLASS TO DESIRED LEVEL OF PROTECTION
EFFECTS OF BLAST ON VEHICLES
3.21
VEHICLE TYPE MAXIMUM LETHAL AIR | MINIMUM FALLING- -
EXPLOSIVES | BLAST EVACUATION | GLASS BALLISTICS-RESISTANT
CAPACITY RANGE (FT) | DISTANCE HAZARD (FT) CONSTRUCTION
(L) - (FD No construction can be truly bulletproof, but ballistics-resistant
CO(TPaCt 500 (in trunk) 100 1,500 1,250 construction is possible. Protected areas should be designed to
sedan withstand a level of attack based on the threat at that location, in
particular the type of arms expected. Each component in a ballis-
tics-resistant assembly must be ballistics-resistant; there can be
Full-size 1,000 (in trunk) 125 1,750 1,750 no weak links and no gaps. Therefore, it is essential to consult a
sedan specialist in ballistics-resistant construction.
Effective protection combines ballistics-resistant assemblies with
Passenger 4,000 200 2.750 2750 ;ppropriatg fjgtection, alarm, commupicgtion, escape, anq retalia-
van or cargo tion capabilities. The complete ballistics-resistant environment
van makes it possible for personnel to escape, retaliate against attack,
summon help, and defend themselves against the threat of gunfire,
flame, and chemical or mechanical attack.
Small box 10,000 300 3,750 3,750
van (14’ box)
Box van or 30,000 450 6,500 6,500
water/fuel
truck
Semitrailer 60,000 600 7,000 7,000
o0 GO
EFFECTS OF BLAST ON WINDOWS PERFORMANCE | PROTECTION LEVEL | HAZARD LEVEL | GLAZING SYSTEM RESPONSE
3.22 CONDITION
1 Safe None Glazing does not break. No visible damage to glazing or frame.
OCCUPIED SPACE 2 Very high None Glazing cracks but is retained by the frame. Dusting or very small frag-
ments near sill or on floor acceptable.
19 5 3a High Very low Glazing cracks. Fragments enter space and land on floor no farther
’ § than 3.3’ from the window.
§ 3b High Low Glazing cracks. Fragments enter space and land on floor no farther
than 10’ from the window.
AIR BLAST 4 Medium Medium Glazing cracks. Fragments enter space and land on floor and impact a
I vertical witness panel at a distance of no more than 10’ from the win-
IMPULSE = 4 dow at a height no greater than 2’ above the floor.
1/2 X PRESSURE 3a 30 - , . - -
(PST) x DURATION |, ] L 5 Low High Glazing crack§ and wlndow systemlfalls catastrophlcally. Fragments
(MSEC) * 3 P * enter space, impacting a vertical witness panel at a distance of no
more than 10’ from the window and at a height greater than 2’ above
the floor.

Source: GSA Test Protocol: GAS TS01

Contributor:
Charles Ruotolo, PE, Ducibella Venter & Santore, North Haven,
Connecticut.



BALLISTICS-RESISTANT DESIGN
CONSIDERATIONS

These guidelines apply to security doors and frame assemblies:

* The entire unit should be certified as a ballistics-resistant
assembly by an independent testing laboratory.

* Ballistics-resistant doors are heavier than regular doors, so the
frame and hinges must be reinforced.

* The frame must be constructed of ballistics-resistant material
equivalent to that of the door itself. A proper fit between the
door and the frame is required to prevent gaps that could permit
ballistic penetration. Ideally, the door and frame should be sup-
plied by the manufacturer as a single unit.

* Use of appropriate hardware is important. The lockset should be
mortised with 5/8-in. minimum throw on the latch bolt and be
thoroughly armored to prevent the door from unlatching after
assault.

* The door should be equipped with a heavy-duty closer, to ensure
it closes completely.

Similar guidelines apply to ballistics-resistant window assemblies:

* The entire unit should be certified as a ballistics-resistant
assembly by an independent testing laboratory.

* All elements in an assembly must be ballistics-resistant, includ-
ing voice communication equipment and trays.

* The window frame must be ballistics-resistant, as well as sub-
stantial enough to retain the glazing material under the impact
of a projectile.

* The window should be designed so that the frame and the glass
form an integral unit.

UL-LISTED BALLISTIC LEVELS

3.24
BALLISTIC LEVELS PROJECTILE CALIBER
UL Level 1 9 mm Parabellum
UL Level 2 .357 Magnum
UL Level 3 .44 Magnum
UL Level 4 .30 30-06
UL Level 5 .30 7.62 NATO
UL Level 6 9 mm Parabellum (high-velocity load)
UL Level 7 .223 5.56 NATO
UL Level 8 .30 7.62 NATO

FORCED ENTRY/PHYSICAL ATTACK
RESISTANCE

Forced entry design considerations for exterior physical attack
include:

* Door and frame assemblies, including sidelights, door glazing,
door louvers, and corresponding hardware (locks and latch sets,
hinges, strikes, door closers, and frame anchors)

* HVAC and related ventilation louvers

* Window systems, including glazing and framing, frame anchors,
deal trays, pass-through drawers, and speaking apertures

* Walls and wall panel systems

Validation of forced entry systems is performed through testing,
typically using methods developed by the U.S. State Department,
ASTM, and others. Ratings requirements should be provided in the
project specifications and are typically defined in terms of method
of physical attack and minutes of protection provided against such
attack. Vendors of forced entry systems should provide test results
showing compliance with the desired level of protection. Systems
validated through testing should be installed using the configura-
tion under which they were tested.

BALLISTIC-RESISTANT WALL
3.25
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\ BALLISTICS-RESISTANT

TRANSFER UNIT
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BALLISTICS-RESISTANT
DEAL TRAY

GLASS-MOUNTED
GUNPORT
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3.27
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TYPICAL BALLISTICS-RESISTANT MATERIALS
3.29

SECURITY

MATERIAL FUNCTIONS AND CHARACTERISTICS THICKNESS WEIGHT REMARKS
STEEL Cost-effective shielding against direct assault 1/8”to 17 6 to 24 psf —
Thin
Can be fabricated for retrofit
Easy installation
GLASS Cost-effective vision-panel shield 1-3/16" to 2” 15 to 31 psf One-way security glass is avail-
Scratch-resistant, chemical-resistant ?Pllisﬁjztgslf_wg" thick; weight
Substantial assault can defeat glass
PLASTICS Lighter weight and more impact-resistant than glass 1-1/4” 7.8 psf Glass-clad polycarbonate is avail-
(ACRYLIC) Spall-resistant able 1” to 1-11/16” thick; weight
9.6 to 17.6 psf
Relatively high cost
Substantial assault can defeat plastic
COMPOSITES Can be opaque or transparent 1/4"-1-1/8” 2.51011.5 psf Available in 4’ x 8’ sheets
Lighter-weight alternative for direct assault shielding
Composite vision panels can be made stronger than glass
Workable; suitable for custom installation
Relatively high cost
CYBERSECURITY IT s about data; OT is about controlling machines and OT is increas-

The Target Stores data hack in 2013 brought increased attention to
the network connectivity of facilities/buildings operations and
maintenance vendors, the organization’s business IT systems, and
the facility/building control systems.

Buildings are increasingly relying on building control systems with
embedded communications technology, with such technology
enabled via the Internet. These systems provide critical services
that allow a building to meet the functional and operational needs
of building occupants, but they can also be easy targets for hackers
and people with malicious intent. Attackers can exploit these sys-
tems to gain unauthorized access to facilities; be used as an entry
point to traditional informational technology (IT) systems and data;
cause physical destruction of building equipment; and expose an
organization to significant financial obligations to contain and
eradicate malware or recover from a cyber-event.

The facility/building control systems such as the Building
Automation Systems (BAS), Energy Management Systems (EMS),
Physical Security Access Control Systems (PACS), and Fire Alarm
Systems (FAS) are just beginning to be considered as potential
hacking points into an organization. These control systems are
often referred to as Operational Technologies (OT) and use a com-
bination of traditional IT protocols such as TCP and UDP, and unique
protocols such as Modbus, BACnet, LonTalk, and DNP 3 to com-
municate with the sensors, devices, and actuators.

ingly becoming more Internet Protocol (IP)-based. The Internet of
Everything, Smart Grid, Smart Cities, Smart Buildings, and Smart
Cars are redefining the boundary between IT and OT. As the IT and
OT systems have converged, so have the risk and vulnerabilities of
hacking and using the OT systems as a point of entry and then
pivoting up the network and taking control of other system assets.

COMPARING IT AND OT SYSTEMS

3.30
INFORMATION OPERATIONAL
TECHNOLOGY TECHNOLOGY
Purpose Process transactions, Control or monitor physical
provide information processes and equipment
Architecture | Enterprise-wide Event-driven, real-time,
infrastructure and embedded hardware and
applications (generic) software (custom)
Interfaces GUI, Web browser, termi- | Electromechanical, sensors,
nal, and keyboard actuators, coded displays,
hand-held devices
Ownership CIO, IT Engineers, technicians,
operators, and managers
Connectivity | Corporate network, Control networks, hard-wired
IP-based twisted pair and IP-based
Role Supports people Controls machines

The National Institute of Standards and Technology (NIST) has
been a primary source of IT cyber standards and guides. The NIST
SP 800—37 and NIST SP 800-53 publications, the SANS Top Twenty
controls, and ISO standards have been used by both government
and industry as IT best practices for many years.

KEY CYBER ISSUES

Building control system protocols such as Modbus, BACNet, and
LonTalk are not encrypted or authenticated.

Many system integrators do not employ basic cyber hardening of
the IT front end of the control systems.

Many of the operator log-ins for Web portal access use htpp
(port 80) and not Attps (port 443).

Social engineering and phishing of facility operators and main-
tainers will likely succeed, with limited tools to prevent or
identify the exploit.

NIST SP 800-82 R2 Industrial Control Systems Security Guide
provides guidance and best practices.

Tools like Kali Linux, DHS CSET, Shodan, Sophia, and Diggity need
to become part of the facility tool bag.

Continually monitor and conduct security audits of the building
control systems.

Contributors:

Roger J. Grant, CSI, CDT, National Institute of Building Science (NIBS),
Washington, DC; Martin Denholm, SmithGroupJJR; Robert Smilowitz
Ph.D., PE. Thornton Tomasetti - Weidlinger Protective Design Practice,
New York, NY.; Joseph L. Smith, PSP and Kenneth W. Herrle, PE., CPP,
PMP, Applied Research Associates, Inc., Vicksburg, Mississippi; Michael
Chipley PhD GICSP PMP LEED AR PMC Group, Centreville, VA.



SUSTAINABILITY

Sustainability focuses on decreasing the environmental impact of a
building’s construction and operation. That focus results in design
strategies that decrease overall energy and material use and
incorporate renewable resources wherever possible. Sustainability
can play an important part in overall resilience by improving the
ability of buildings to withstand threats, and recover from damag-
ing events.

ENERGY AND ENVIRONMENTAL
IMPACT

Reducing energy and other resource consumption and waste gen-
eration during the building process and in building operation
reduces the impact on the environment and contributes positively
to sustainability of the design.

Design considerations:

Lower energy demands to decrease size and vulnerability of
supporting infrastructure

Prioritize energy use to aid response and recovery from damage
Renewable materials that lessen the impact of providing materi-
als for repair and restoration

Renewable and recyclable materials to lessen the impact of
disposal and replacement

Maximize use of available natural resources.

PASSIVE SURVIVABILITY

Sustainability strategies can be cross-purposed with resilience
strategies in many aspects of building and site design. Site selec-
tion and design are important aspects of both sustainable and
resilient design.

Design considerations:

Avoid areas and sites of greater environmental vulnerability
from water, fire, and wind threats.

Maintain natural barriers and systems that prevent damage
from environmental threats.

Implement water management and natural water flow and
drainage to both lessen environmental impact and to protect
buildings from such events.

Install renewable on-site energy production to maintain
operations.

Employ water and rainwater reuse and recycling to enhance
potable and non-potable availability pre- and post-event.

Use natural systems to improve the building’s ability to recover
operations.

SUSTAINABILITY RESILIENCE IN BUILDINGS

DIAGRAM OF RECYCLABLE MATERIALS LIFECYCLE
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GOOD PRACTICES

OVERVIEW

Design strategies that not only increase robustness but also facili-
tate incorporation of resourcefulness and planning for recovery
and warranted redundancy should be implemented. In some cases
these strategies are simply achieved through effective configura-
tion and use of site and building features. In other cases, more
extensive additions of systems are required.

BUILDING FUNCTION AND TENANTS

Resilience is a strategy to enhance the ability of a building, facility,
or community to both prevent damage and to recover from damage.
Each building has some particular function for which it is designed.
Each function, each particular tenant, has a set of requirements and
support systems necessary for that function. Attention should be
paid to those particular needs in arriving at the specific resilience
strategy and design. Achieving resilience for tenants will involve a
combination of physical characteristics of the building that deter-
mine its ability to withstand disruptive events and programs and
procedures that minimize impact and enable an appropriately rapid
return to operations. An effective building design should anticipate
and incorporate both types of resilience achievement elements.

Some of the important functional and operational factors affecting
the resilience strategy are:

* Importance of the building’s function to the community

* Role the building function fills in the institution or business in
which it is involved

* Effect of damage and recovery on the building’s surrounding
neighbors and environment

* Economic importance of timely recovery of the building’s operation

BUILDING SITING AND LAYOUT

Building siting and layout should use a defense-in-depth approach
against physical attack which considers concentric and progressive
levels of defense, implemented through a combination of physical
attributes (setback, hardening, access, avenues of approach, etc.),
technology (CCTV, alarms, etc.), and planned operational processes
for the facility. The goal is effective threat deterrence, detection,
delay, response, and, finally, physical denial in the case of the
occurrence of an undesirable event.

GOOD PRACTICES

Siting and layout should also account for potential natural hazards
that may impact the site such as flooding and wildfire, high wind
debris from adjacent sites, as well as potential off-site accident
hazards such as hazardous substance release or explosions that
may impact the site, including any compounded impact from com-
bined hazards.

Building siting and layout must also consider expedient access to
the site and the facility by first responders such as the fire depart-
ment, police, and medical response vehicles and personnel, includ-
ing access to applicable critical infrastructure to support their
individual missions.

Defensive locations for critical utilities and backup systems should
be selected. Defensive locations should be considered for
protection from manmade threats, natural hazards, and potential
accidents with a goal of maintaining post-event operability, or
rapid restoration of services based on the specific needs of the
facility. Redundant utility feeds to the site (power, water, communi-
cations, gas, etc.) should be used to the greatest extent possible.

Site considerations should also include egress pathways and areas
of refuge for building evacuees, including multiple physically sepa-
rated locations with appropriate standoff distances. Elimination of
line-of-sight targeting for ballistic protection should be considered
in the design. Design in urban areas presents challenges in these
approaches.

When designing for resilience, site selection must also consider
the level of resilience of the surrounding community for the pro-
posed site, particularly with regard to basic infrastructure and
services such as transportation and deliveries, public and private
utilities, and post-event availability of building tenant employees
who reside in the surrounding community. For most facilities, pro-
longed outages and shortages in the surrounding communities will
impact building resilience from a recovery perspective.

PASSIVE DESIGN

Passive measures developed to provide protection for building
personnel, property, equipment, and operations against potential
manmade threats and natural hazards that may test a building’s
resilience include the effective use of architecture, lighting, land-
scaping, and other building and site features specifically designed to:

* Deter threats
* Deny threats
* Mitigate the impact of threats

GENERAL EMERGENCY POWER QUICK CONNECTS FOR BUILDINGS
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Perimeter protection passive design features are used to control
pedestrian and vehicle access to the site. Multiple methods can be
used to accomplish this for a variety of configurations and rating
levels:

Fixed bollards; Provide vehicle control and enforced vehicle
standoff, but are ineffective for pedestrian control.

Fencing: Provides vehicle and pedestrian control, as well as
enforced vehicle standoff when integrated with a vehicle cable
system or similar measure.

Fixed barriers: Provide vehicle control and enforced vehicle
standoff; level of pedestrian control varies widely based on type
and configuration.

Curbs: Provide a low level of vehicle control and nonenforced
vehicle standoff, but are ineffective for pedestrian control.
Street furniture, lampposts, and retaining walls built to with-
stand vehicle impacts

Boulder fields, ha-ha walls, berms, tree cover, and other land-
scape features

Water retention ponds, fountains, bioswales and other water
features, either decorative or part of a water management
system.

Redundancy, structural and facade hardening, Crime Prevention
Through Environmental Design (CPTED), and locations of critical
systems within and around the building or site should also be
considered as passive design measures. Structural and facade
hardening for blast resistance are often sufficient to mitigate many
natural hazard threats.

Passive design measures should also include appropriate anchor-
age and attachment of exterior critical infrastructure systems for
natural hazards that may impact the facility.

ACTIVE SYSTEMS

Active measures developed to provide protection for building per-
sonnel, property, equipment, and operations against potential
threats and natural hazards that may test a building’s resilience
include the effective use of tested systems, equipment, and tech-
nologies specifically designed to:

* Deter threats

* Detect/report threats
* Deny threats

* Respond to threats

/ GENERATOR QUICK CONNECT
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Active design components selected to provide these functions
include:

* Electronic security and surveillance systems/networks (CCTV

cameras, monitoring stations, etc.)

Electronic access control systems (card readers, biometric read-

ers, electromagnetic locks, intrusion detection systems, etc.)

Electronic notification systems (annunciators, duress buttons,

radios, etc.)

Pedestrian and vehicle access infrastructure (turnstiles, doors,

gates, mantraps, portals, active vehicle barriers, etc.)

 Standby emergency power with auto transfer switch and on-site
fuel storage

* Wireless backup for landline communications

* Sump pumps for submerged areas containing critical functions

CRIME PREVENTION

Security design and access control is more than bars on windows, a
security guard booth, a camera, or a wall. Crime prevention involves
the systematic integration of design, technology, and operation for
the protection of three critical assets—people, information, and
property. Protection of these assets is a concern and should be
considered throughout the design and construction process.

The most efficient, least expensive way to provide security is dur-
ing the design process. Designers who are called on to address
security and crime concerns must be able to determine security
requirements, must know security technology, and must under-
stand the architectural implications of security needs.

The process of designing security into architecture is known as
“crime prevention through environmental design” (CPTED). It
involves designing the built environment to reduce the opportunity
for, and fear of, stranger-to-stranger predatory crime. This
approach to security design is different from traditional crime
prevention practice, which focuses on denying access to a crime
target with barrier techniques, such as locks, alarms, fences, and
gates. CPTED takes advantage of opportunities for natural access
control, surveillance, and territorial reinforcement. It is possible
for natural and normal uses of the environment to meet the same
security goals as physical and technical protection methods.

CPTED strategies are implemented by:

Electronic methods: Electronic access and intrusion detection,
electronic surveillance, electronic detection, and alarm and
electronic monitoring and control

Architectural methods: Architectural design and layout, site
planning and landscaping, signage, and circulation control
Organizational methods: Manpower, police, security guards, and
neighborhood watch programs

CPTED CONCEPTS

Concepts involved in crime prevention through environmental
design are described below.

DEFENSIBLE SPACE

Oscar Newman coined the expression “defensible space” as a
term for a range of mechanisms, real and symbolic barriers,
strongly defined areas of influence, and improved opportunities for
surveillance that combine to bring the environment under the
control of its residents.

CRIME PREVENTION RESILIENCE IN BUILDINGS

CONTINUED OPERATIONS GOALS

In assessing the importance of continued operations during
design, tenant use should be paramount, as various locations
throughout the building may have different needs regarding con-
tinued operations. As part of the planning and design process,
evaluating the benefits of building resilience based on risk and
continuity of operations should be performed. As noted earlier,
this can be done using the DHS IRVS tool. Design considerations
include:

* Evaluating needs for tenant-specific operations
* Identifying resiliency options to maintain mission-critical func-
tions for each tenant

SECURITY LAYERING OF SPACES

* Quantifying impact to each tenant from loss of partial or full
operational functionality, including financial impact, reputation/
political impact, and others

* Consideration of cascading impacts to external customers from
loss of tenant operations

To maintain continued operability of the building post-event, or
resumption of building operations, the building owner should be
prepared to obtain MOUs/MOAs with service providers regarding
priority of service and potential work-arounds to maintain/restore
service.
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RESILIENCE IN BUILDINGS CRIME PREVENTION

NATURAL ACCESS CONTROL

Natural access control involves decreasing opportunities for crime
by denying access to crime targets and creating a perception of
risk in offenders. It is accomplished by designing streets, side-
walks, entrances, and neighborhood gateways to mark public
routes, and by using structural elements to discourage access to
private areas.

NATURAL SURVEILLANCE

A design concept intended to make intruders easily observable,
natural surveillance is promoted by features that maximize visibil-
ity of people, parking areas, and entrances. Examples are doors
and windows that look onto streets and parking areas, pedestrian-
friendly sidewalks and streets, front porches, and adequate night-
time lighting.

TERRITORIAL REINFORCEMENT

Physical design can create or extend a sphere of influence. In this
setting, users develop a sense of territorial control, while potential
offenders perceive this control and are discouraged from their
criminal intentions. Territorial reinforcement is promoted by fea-
tures that define property lines and distinguish private spaces from
public spaces, such as landscape plantings, pavement design,
gateway treatments, and fences.

MANAGEMENT AND MAINTENANCE

It is important to maintain neighborhoods and residences, and
keep security components in good working order. Equipment and
materials used in a dwelling should be designed or selected with
safety and security in mind.

LEGITIMATE ACTIVITY SUPPORT

Legitimate activity for a space or dwelling is encouraged through
the use of natural surveillance and lighting, and architectural
design that clearly defines the purpose of the structure or space.
Crime prevention and design strategies can discourage illegal
activity and protect a property from chronic problem activity.

STRATEGIES

Designing CPTED and security features into buildings and
neighborhoods can reduce opportunities for, and vulnerability to,
criminal behavior and help create a sense of community. The goal
in is to create safe places through limited access to properties,
good surveillance, and a sense of ownership and responsibility.

NATURAL ACCESS CONTROL
AND SURVEILLANCE

Use walkways and landscaping to direct visitors to the proper
entrance and away from private areas.

All doorways that open to the outside as well as sidewalks and
all areas of the yard should be well lit.

Make the front door at least partially visible from the street and
clearly visible from the driveway or parking lot.

Windows on all sides of the building should provide full views of
the property. The driveway should be visible from the front or
back door and from at least one window.

Properly maintained landscaping should provide good views to
and from the building.

TERRITORIAL REINFORCEMENT

* Entryways or vestibules create a transitional area between the
street and the building.

Define property lines and private areas with plantings, pave-
ment treatments, or fences.

The street address should be clearly visible from the street, with
numbers a minimum of 5 in. high and made of nonreflective
material.

CRIME PREVENTION THROUGH ENVIRONMENTAL DESIGN—PLAN VIEW
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SUBDIVISIONS AND OFFICE PARKS
NATURAL ACCESS CONTROL

Limit access to the subdivision without completely disconnecting
it from neighboring areas. However, try to design streets to
discourage cut-through traffic.

Paving treatments, plantings, and architectural design features such
as columned gateways can guide visitors away from private areas.
Locate walkways where they can direct pedestrian traffic and
remain unobscured.

NATURAL SURVEILLANCE

* Landscaping should not create blind spots or hiding places.

* Locate open green spaces and recreational areas so they can be
observed from nearby houses.

* Use pedestrian-scale street lighting in areas with high pedes-
trian traffic.

TERRITORIAL REINFORCEMENT

* Design lots, streets, and houses to encourage interaction
between neighbors.

Accent entrances with changes in street elevation, different
paving materials, and other design features.

Clearly identify residences with street address numbers that are
a minimum of 5 in. high and are well lit at night.

Property lines should be defined with post-and-pillar fencing,
gates, and plantings to direct pedestrian traffic.

All parking should be assigned.

MULTI-FAMILY DWELLINGS
NATURAL ACCESS CONTROL

* Balcony railings should never be made of a solid, opaque mate-
rial or be more than 42 in. high.

% Aol
ElRE
/fl

PAVING TREATMENTS DEFINE SUBDIVISION
AND TRAFFIC CALMING

ARCHITECTURAL DESIGN FEATURES DEFINE
SUBDIVISION (PROVIDE ADEQUATE LIGHTING)

* Define parking lot entrances with curbs, landscaping, and/or
architectural design; block dead-end areas with a fence or
gate.

* Common building entrances should have locks that automati-
cally lock when the door closes.

* Limit access to the building to no more than two points.

NATURAL SURVEILLANCE

Make exterior doors visible to the street or neighbors, and
ensure they are well lit.

All four building facades should have windows. Site buildings so
that the windows and doors of one unit are visible from those of
other units.

Assign parking spaces to each unit and locate them next to the
unit. Designate special parking spaces for visitors.

Parking areas and walkways should be well lit.

Recreation areas should be visible from a multitude of windows
and doors.

Dumpsters should not create blind spots or hiding places.
Shrubbery should be no more than 3 ft. high for clear visibility
and tree canopies should not be lower than 8 ft. 6 in.

TERRITORIAL REINFORCEMENT

Define property lines with landscaping or post-and-pillar fenc-
ing, but keep shrubbery and fences low to allow visibility from
the street.

Accent building entrances with architectural elements and light-
ing and/or landscape features.

Doorknobs should be 40 in. from window panes.

Clearly identify all buildings and residential units with well-lit
address numbers a minimum of 5 in. high.

Common doorways should have windows and be key-controlled
by residents.

Locate mailboxes next to the appropriate residences.
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LIFECYCLE CONSIDERATIONS

OVERVIEW RISK, RESILIENCE AND PERFORMANCE RELATIONSHIPS
3.36

Incorporating resilience into new building designs, existing build-
ing retrofits, and ongoing building operations can carry significant ’

costs. To justify investments in resilience it is imperative to evalu-
ate the cost/benefit relationship of the investments over the full
lifecycle of the facility. To evaluate increasing resilience, it is neces-
sary to identify performance (or for safety and security objectives, “
protection) levels and their impact on reducing risk and increasing

resilience. With performance/protection levels identified, the costs

; X L L o SECURITY
associated with achieving the performance/protection identified RESILIENCE / RISK CAPITAL COSTS
can be calculated and used to evaluate the benefits of higher PERFORMANCE

resilience. The relationships between functional performance, risk,

resilience, and cost are identified in Figure 3.36. :} OPERATING COSTS
SAFETY
Establishing the tradeoffs between performance and cost requires

DEMANDS AND PERFORMANCE METRICS ‘

evaluating the relationships between the cost of providing building ENVIRONMENTAL
systems, their performance over the life of the facility, including ﬁ CONDITIONS RECOVERY /
response to undesirable events and the interrelationships between P CAPITALIZATION COSTS

systems and performances. Traditional first-cost-estimating
approaches cannot effectively handle these evaluations. Evaluating
Total Cost of Ownership (TCO) is a more effective way to analyze

all of the cost factors identified in Figure 3.36. TCO is calculated by
establishing capital cost for the building or improvement and then ENVIRONMENT = ENERGY RESILTENGY / CONTINUED
adding to it the discounted costs of future expenses (operations, CONSUMPTION OPERATIONS

MAINTENANCE COSTS

maintenance, recovery) to arrive at a TCO. TCO can then be com-

pared_for dlfferent c_onflguratlons to perfqrm a cost an_a_|y5|s of th_e B ENVIRONMENTAL

benefits of increasing performance to increase resilience. This DURABILITY FOOTPRINT RISK

methodology is implemented in a DHS project entitled Owners

Performance Requirements for Building Envelopes. More informa-

tion about the approach and access to a tool that implements it is
available in DHS (2011) and at www.oprtool.org.

SERVICE LIFE /
SERVICEABILITY NOTE: PERFORMANCE METRICS
ARE IN THE BLACK BACKGROUND

SHORT-TERM VERSUS LONG TERM
RESILIENCE PLANNING

It has been shown that long-term planning can help immensely in
cost savings (see FEMA [1996] and MMC [2005]). An objective
way to accommodate such long-term cost savings is by following a
reasonable resilience management procedure during planning,
design, and throughout the life span of the building. Some details
of resilience management components are offered in the chapter
appendices.
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ARCHITECTURAL CONSTRUCTION DOCUMENTATION PROCUREMENT DOCUMENTS

PROCUREMENT DOCUMENTS

The procurement (Bidding) documents consist of three components: the
project manual, the contract drawings, and the addenda. See Figure 4.1

The project manual contains the procurement requirements and
text-based contract documents (owner-contractor agreement,
general conditions of the contract, supplementary conditions, and
specifications). The specifications identify, in narrative form, the
qualitative, performance, and installation requirements for prod-
ucts, materials, and workmanship, as well as the administrative
procedures that govern each tract.

The contract drawings are the graphic illustration of the project.
They show the size, form, and representation of materials and
systems, and the relationships between them. The contract draw-
ings are bound separately from the project manual.

The documents may need to be modified during the procurement
period. These modifications are issued as addenda. An addendum
can modify the drawings, the project manual, or both. Addenda can
be issued in response to questions by bidders or proposers, or to
reflect architect- or owner-initiated changes.

AIA CONTRACT DOCUMENTS

AIA Contract Documents are divided into six alphanumeric series
by document use or purpose. Current AIA Documents, by Series,
are categorized as follows:

A-Series: Owner/Contractor Agreements

B-Series: Owner/Contractor Agreements

C-Series: Other Agreements

D-Series: Miscellaneous Documents

E-Series: Exhibits

F-Series: Reserved

G-Series: Contract Administration and Project Management Forms

THE BIDDING PROCESS

The goal of the bidding and negotiation process is to determine the
price a contractor will charge a client to construct the building
described by the construction documents. There are five primary
forms of bid prices:

PROCUREMENT DOCUMENTS
4.1

Stipulated sum: This approach is often referred to as a lump-sum
or fixed-sum bid. The bid price is offered as a single-number value
that represents all the costs required to build the project.

Guaranteed maximum price: Also known as GMP or GMax, the
guaranteed maximum price is the cost of construction that the
contractor assures the client for which the project will be built.

Cost plus: Also known as time and material or T&M pricing, this
approach is based on the actual cost of the work. The contractor
and subcontractors provide the client a detailed accounting of the
cost of materials, equipment, and systems included in the project.

Unit prices: Unit prices are frequently used when a project’s full
scope of work is unknown. The cost for each specific unit of work,
including materials, labor, fees, overhead, profit, and similar fac-
tors, are defined in the owner-contractor agreement.

Target price: Target pricing is used most often for design-build
projects, where the owner identifies the construction cost as part
of the procurement documents. A design-build team that can pro-
vide the most scope for that cost is awarded the project.

REQUEST FOR INFORMATION

During the bidding period, bidding contractors may have questions
about the project, the documents, or the bidding requirements. The
procurement documents should define procedures for contractors
to submit questions to the owner (or the owner’s CM advisor) or
the architect. These requests for information (RFI) procedures
should also be discussed in the pre-bid meeting. One person, who
may be the owner, the CMa, or the architect, should be designated
to receive all RFIs.

RFI responses must be distributed to all bidders, not just to the bidder
requesting the information. RFI responses are not part of the contract
documents unless they are issued as an addendum to all bidders.

SUBSTITUTION REQUESTS

The procurement documents will usually allow bidding contractors to
propose alternatives to specified products, suppliers, or systems.
Such proposals are defined as substitution requests. The instructions
to bidders should define the information required to be submitted to
allow the architect to properly evaluate a substitution request.

Typical project maunal

The proposed substitution information must provide documenta-
tion that demonstrates compliance with the performance criteria
and design intent of the contract documents. It should include:

A statement indicating why the specified product, fabrication, or
installation cannot be provided.

Coordination information, including a list of all changes to other
portions of the work that will be necessary to accommodate the
proposed substitution.

A list of all modifications needed to other parts of the work, includ-
ing construction performed by the owner and separate contractors.

CONSTRUCTOR DOCUMENTATION
AND SUBMITTALS

During the construction phase, the primary objective of the archi-
tect is to deliver contract administration (CA) services and work
with the contractor toward providing the owner with a successful
project that substantially conforms to the design concept. The
general contractor and/or construction manager is responsible for
maintaining certain minimum submittals to document decisions by
the owner, architect and contractor.

The contract documents prepared by the architect illustrate the
completed project, but they are not a complete set of instructions on
how to build the building. Instead, the documents express the design
intent for the contractor to use in preparing its work plan. A primary
part of the contractor’s work plan is contractor submittals. These
include detailed drawings (referred to as “shop drawings”) pre-
pared and approved by the contractor, detailed information or data
from the product manufacturers, and physical product samples.

Submittals are a part of the contractor’s work plan documents that
illustrate in detail how the contractor plans to construct the work,
and they must be submitted to the architect for review and
approval. The architect determines which parts of the work require
submittals, and the contractor is prohibited from performing those
portions of the work without approved submittals.

Constructor documentation is generally divided into three catego-
ries: Coordination Submittals, Action Submittals, and Informational
Submittals.

Bidding documents

Contract documents

Bidding Contract Contract - Contract
requirements forms conditions Specifications Addenda modifications
+ Invitation to bid « Agreement * General Divisions 1
« Instruction to « Performance conditions through 49

bidders bond* * Supplementary
- Information =+ - Payment bond* +| conditions + + + +
available to * Certificates*
bidders
* Bid forms and
attachments
* Bid security
forms
A A A A
—— Construction documents ———

* These become contract documents when the owner-contractor agreement is signed
if they have been included in the agreement.

NOTE

Reprinted in part with permission from The Architects Handbook of
Professional Practice, 15th edition, John Wiley & Sons, Inc., 2014.

Contributor:
Cline McGee, AIA, Charlotte, North Carolina.
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DRAWINGS

IDEOLOGY OF CONSTRUCTION
DRAWINGS

Innovation and creativity are two words usually associated with
aesthetic design. However, they can also be applied both to the
methods of preparing construction drawings as well as to how
architects convey that information to the document users. Modern
architectural construction drawings can be so much more than a
discrete assemblage of electronically generated parts and pieces.
They can graphically weave a story not unlike a great novel. The
very act of producing the drawings can be done in such a manner
as to help foster a better understanding by the preparers of what
they are doing, with the beneficial result of higher-quality work.

As construction drawings are developed, what goals and expecta-
tions should be established? Here are some suggestions:

Produce drawings that are user friendly.

Organize drawings so clearly that indexes, certain references,
and perhaps even sheet numbers can become unnecessary.
Create drawings that are graphically descriptive to such an
extent that references and schedules can become superfluous.
Use techniques that lessen the printed graphic density to the
extent that drawing scales can be significantly reduced.
Organize and place information in context with related elements
that enhance understanding and visually reveal mistakes.

SOURCE: Reprinted with permission from The Architects Handbook of
Professional Practice, 15th edition, pages 671-672, John Wiley & Sons,
Inc., 2014.

NATIONAL CAD STANDARD

The U.S. National CAD Standard (NCS) is a compilation of related
documents published by several organizations for the purposes of
creating a national standard for construction-related CAD docu-
ments. The demand for a national CAD standard comes from two
sources. First, major facility owners such as the federal govern-
ment were looking to establish a mechanism for organizing
graphic facility information so that it could be easily stored and
retrieved. Whereas most architects think about drawings only as
construction documents, many facility owners perceive them as
the basis of facility management documents. This information is
used throughout the lifecycle of a facility for operation, renova-
tions, additions, and, finally, facility decommissioning and demoli-
tion. What has now come to be known as the facility cycle was a
major impetus in the participation by the U.S. Department of
Defense (DoD) in the creation of the NCS.

The second major reason for the creation of the NCS was the
demand by design professionals to develop standards to allow
sharing of information and to minimize the need for each user
group to create their own CAD standards, which required teams to
adapt different CAD standards for each project, thus wasting time
and money while achieving no benefit. The NCS was perceived as a
method to provide uniformity from project to project and save time
in production, thus allowing architects to spend more time on
design. It was also viewed as a means to allow CAD software
vendors to create tools around these standards that would make
the production of the construction documents easier and faster.

The National Institute of Building Sciences, the American
Institute of Architects, the Construction Specifications Institute,
and the Tri-Service CAD/GIS Technology Center are the contribut-
ing organizations to the NCS. The NCS is updated periodically; the
information presented here reflects NCS version 3.1, updated in
January 2005.

ORGANIZATION

UNIFORM DRAWING SYSTEM MODULES
01 THROUGH 08

Published by the Construction Specifications Institute

Module 01: Drawing Set Organization: Provides guidelines for
the organization of a drawing set, drawing set order, and sheet
identification system.

Module 02: Sheet Organization: Provides guidelines for the lay-
out of the drawing sheet, location and numbering of drawings on
the sheet, sheet sizes, title block area, and supplemental draw-
ing sheet layout.

Module 03: Schedules: Provides guidelines for the layout of
schedules and use of schedules, both on drawings and in the
project manual.

Module 04: Drafting Conventions: Provides guidelines for the
production of construction drawings, including line weights,
dimensioning, orientation, notations, and other graphic drawing
conventions.

Module 05: Terms and Abbreviations: Provides a searchable list
of preferred and nonpreferred terms, as well as abbreviations
used on drawings.

Module 06: Symbols: Provides standard symbols organized by
MasterFormat, 2004 edition, divisions, and symbol type classifi-
cation structure.

Module 07: Notations: Provides guidelines for locating and using
notations on drawings, including general notes, general disci-
pline notes, general sheet notes, reference keynotes, and sheet
keynotes.

Module 08: Code Conventions: Provides guidelines for present-
ing code-related data on drawings. This module establishes
types of code-related information, preferred location, and for-
mat for display of the information.

AIA CAD LAYER GUIDELINES
Published by the American Institute of Architects

* Provides guidelines and organizational structure for creating
CAD layer names for all disciplines.

TRI-SERVICE PLOTTING GUIDELINES
Published by the CADD/GIS Technology Center
* Provides guidelines for pen color and line weight.

APPENDICES
Published by the National Institute of Building Sciences

Appendix A—Statement of Substantial Conformance
Appendix B—Optional and Recommended NCS Items
Appendix C—Memorandum of Understanding

Appendix D—Members of the NCS Project Committees
Appendix E—NIBS Consensus Process

Appendix F—NCS Rules of Governance

Appendix G—Facility Information Council Board

Appendix H—Implementation of U.S. National CAD Standard

DRAWING CONVENTIONS
APPLICATION OVERVIEW

Following are examples of a few of the many guidelines and stan-
dards included in the NCS.

DRAWING SET HIERARCHY
4.2

O - OPERATIONS

Z - CONTRACTOR/SHOP DRAWINGS

X - OTHER DISCIPLINES

R - RESOURCE

T- TELECOMMUNICATIONS

E - ELECTRICAL

M - MECHANICAL

D - PROCESS

P - PLUMBING

F - FIRE PROTECTION

Q - EQUIPMENT

I- INTERIORS

A - ARCHITECTURAL

S - STRUCTURAL

L - LANDSCAPE

C-CIVIL

W - CIVIL WORKS

B - GEOTECHNICAL

V - SURVEY/MAPPING

H - HAZARDOUS MATERIALS
G - GENERAL

SHEET

DRAWING SHEET ORGANIZATION

4.3
1 2 3 4 5
D D
D4 TITLE
BLOCK
C C
C3
B B
B3
A Al A3 A4 A
1 2 3 4 5

NOTES

4.2 Reprinted with permission from The Architects Guide to the
U.S. National CAD Standard, Hall and Green, 2006.
4.3 Reprinted with permission from The Architects Guide to the
U.S. National CAD Standard, Hall and Green, 2006.
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4.4 Reprinted with permission from The Architects Guide to the
U.S. National CAD Standard, Hall and Green, 2006.

4.5 Reprinted with permission from The Architects Guide to the U.S.
National CAD Standard, Hall and Green, 2006.
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NOTES

4.6 a. Dimensions under 1 ft. should be given in inches. Dimensions 1 ft.
and over should be given in feet-and-inches.

b. Use a diagonal line to separate the numerator from the denominator
in a fraction. Do not use decimal fractions preceded by a zero (for

example 0.5 ft.).

c. Dimension points should be indicated with a short, blunt 45-degree
line, called a hatch mark. Hatch marks are usually oriented differently

d. Masonry dimensions are in increments of 8", i.e., 8", 1-4", 2-0",

2'8", etc.
face-of-stud to face-to-stud.

Contributors:

for vertical and horizontal dimensions. Modular dimension points may

be designated with an arrow or a dot.

e. Contractors generally prefer dimensions for interior walls to be from

Daniel Hayes, AIA, Washington, DC; John Ray Hoke, Jr, FAIA,
Washington, DC; Cline McGee, AIA, Charlotte, North Carolina.
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SYMBOL CLASSIFICATION
STRUCTURE

The U.S. National CAD Standard provides six classifications of
symbols. Following is a listing of the symbol types, description, and
examples of each.

IDENTITY SYMBOLS

Identity symbols are those symbols that indicate individual
objects but are not representations of the objects. Identity sym-
bols are generally used to indicate objects such as valves, fire
alarms, light fixtures, and electrical outlets.

LINE SYMBOLS

Line symbols are symbols that indicate continuous objects and are
drawn using either single or double lines. Line symbols are gener-
ally used to indicate objects such as walls, ductwork, and utility
lines.

LINE SYMBOLS
4.7

1-HOUR FIRE-RESISTIVE CONSTRUCTION

2-HOUR FIRE-RESISTIVE CONSTRUCTION

000

3-HOUR FIRE-RESISTIVE CONSTRUCTION

SD

STORM DRAINAGE

MATERIAL SYMBOLS

Material symbols are symbols that graphically indicate construc-
tion materials or material of existing conditions. Material symbols
may be shown in elevation, section, or plan views. Material sym-
bols are generally used to indicate objects such as brick, stone,
earth, wood, concrete, and steel.

MATERIAL SYMBOLS
4.8

FINISH WOOD

END GRAIN CONSTRUCTION LUMBER

EARTH

REFERENCE SYMBOLS
4.10

OBJECT SYMBOLS

Object symbols are symbols that represent specific physical
objects. Object symbols are generally used to indicate objects such
as doors, windows, toilet fixtures, and furniture.

OBJECT SYMBOLS m /
4.9 ~__ 7

DETAIL INDICATOR

LEFT SINGLE-HINGED DOOR

COLUMN GRID INDICATOR

SQUARE TABLE WITH ARMLESS CHAIRS

SHEET KEYNOTE

TEXT SYMBOLS

Text symbols are symbols that graphically indicate a word or words
and may be in notations on drawings.

SHOWER STALL

REFERENCE SYMBOLS

Reference symbols are symbols that refer the reader to information
in another area of the set of drawings, or give basic information
regarding the drawings or data on the sheet. Reference symbols
include such symbols as elevation indicators, detail indicators,
north arrow, graphic scale, section indicators, and revision clouds.
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CONSTRUCTION SPECIFICATIONS

INTRODUCTION
GENERAL

There are numerous ways of organizing facility and construction
information, from various points of view starting with project con-
ception throughout the facility’s lifecycle. The OmniClass
Construction Classification System, UniFormat, MasterFormat, and
SectionFormat are the four primary structures for classifying and
organizing facility information.

OMNICLASS CONSTRUCTION
CLASSIFICATION SYSTEM

The OmniClass™ Construction Classification System (OCCS) is
designed to provide a standardized basis for classifying information
created and used by the North American architectural, engineering,
and construction (AEC) industry, throughout the full facility lifecycle,
from conception to demolition, and encompassing all of the differ-
ent types of construction that make up the built environment.
Created by the OCCS Development Committee, an all-volunteer
cross-industry coalition of organizations, firms, and individuals,
OmniClass is intended to be the means for organizing, sorting, and
retrieving information and deriving relational applications.

Industry organizations are beginning to realize that a greater
degree of harmonization in classifying information is now neces-
sary and possible. The classification tables in the industry-created
OmniClass address these criteria in an effort to make this harmo-
nization a reality.

OmniClass’ scope is designed to encompass objects at every scale
of the built environment, from completed structures, large proj-
ects, and multistructure complexes to individual products and
component materials. Deviating from many of the systems that
have preceded it, OmniClass also addresses actions, people, tools,
and information that are used or take part in the design, construc-
tion, and maintenance of these structures. It is anticipated that
OmniClass will be used throughout a facility’s lifecycle, starting
with facility conception, continuing through design and construc-
tion, and finally to demolition and recycling of its components. The
means to address classification throughout the lifecycle are pro-
vided through both a table to track and document the stages, and
also through properties to describe dating information for compo-
nents and for modifications to the facility as a whole.

OmniClass Table 22, Work Results is based on the concepts incor-
porated into MasterFormat 2004. Conversely, the indexes and
explanations of MasterFormat 2004 draw information from
OmniClass Table 21, Elements and Table 23, Products, making it an
application of OmniClass. Reference to other OmniClass tables is
also made in the Applications Guide. For information on OmniClass,
visit the OCCS website at http://www.omniclass.org.

UNIFORMAT

CSI/CSC UniFormat™ is designed to provide a standardized basis
for classifying the physical elements of a facility by their primary
function without regard to the particular work results that will be
used to achieve the function. Substructure, shell, interiors, and
services are examples of basic functional elements. The functional
elements are often systems or assemblies. The shell element can
be broken down into superstructure (structural frame), exterior
enclosure (exterior wall assemblies), and roofing (roofing assem-
blies). The services element can be broken down into conveying
(elevator systems); plumbing (domestic water distribution); heat-
ing, ventilating, and air-conditioning (heat generation); fire protec-
tion (fire sprinkler systems); and electrical (lighting systems).
UniFormat is an application of 7able 21, Elements of OmniClass.

MASTERFORMAT

CSI/CSC MasterFormat™ is an organizational structure used to
arrange information by traditional construction practices or “work

results.” The primary uses of MasterFormat include organization of
the project manual, detailed cost estimating, and drawing nota-
tions including reference keynotes.

SECTIONFORMAT

CSI/CSC SectionFormat™ provides a uniform approach to organiz-
ing specification text within specification sections contained in a
project manual. SectionFormat is a companion organizational tool
to MasterFormat. MasterFormat provides a standardized system
for sequence, numbers, titles, and scope of the elements, including
sections, of a project manual. SectionFormat provides a standard-
ized system to organize the data within each specification section.

OMNICLASS CONSTRUCTION
CLASSIFICATION SYSTEM

The OmniClass™ Construction Classification System (known as
OmniClass™ or OCCS) is a new classification system for the con-
struction industry. OmniClass is a classification scheme useful for
numerous applications, from organizing library materials, structur-
ing product literature, and structuring project information to pro-
viding a classification structure for databases. It incorporates
existing systems as the basis of many of its tables—
MasterFormat™ for work results, UniFormat for elements, and
EPIC (Electronic Product Information Cooperation) for structuring
products.

OmniClass is a strategy for classifying the entire built environment.

The activities conducted throughout the lifecycle of any structure
generate an enormous amount of data that needs to be stored,
retrieved, communicated, and used by all parties involved.
Advances in technology have increased the opportunities for gath-
ering, providing access to, and exchanging this information.

OmniClass is a publication of the OCCS Development Committee
who has continually been updating and refining the OmniClass
tables. This manuscript references the 2005 edition of the tables,
published in late 2005.

ISO 12006—2, “Organization of Information about Construction
Works—Part 2: Framework for Classification of Information,” and
ISO/PAS 12006-3, “Organization of Information about Construction
Works—pPart 3: Framework for Object-Oriented Information,”
define methods of organizing the information associated with the
construction and affiliated industries, and also promote a standard
object-modeling definition for concepts addressed. Of these two
standards, ISO 12006—2 has more immediate impact on OmniClass,
and the OCCS Development Committee has closely adhered to this
standard in establishing and defining the tables that make up
OmniClass.

OmniClass consists of 15 distinct tables, each of which represents
a different facet of construction information. Each table can be
used independently for the classification of a particular type of
information, or be combined to classify more complex subjects.

The 15 interrelated OmniClass tables are:

* Table 11—Construction Entities by Function
* Table 12—Construction Entities by Form

* Table 13—Spaces by Function

* Table 14—Spaces by Form

* Table 21—Elements (Including Designed Elements)
* Table 22—Work Results

* Table 23—Products

* Table 31—Phases

* Table 32—Services

* Table 33—Disciplines

* Table 34—0rganizational Roles

* Table 35—Tools

* Table 36—Information

* Table 41—Materials

* Table 49—Properties

UNIFORMAT

UniFormat™ is an arrangement of construction information based
on physical parts of a facility called elements or systems and
assemblies. These elements are characterized by their function
without identifying the products that compose them. Elements
render a view of a constructed facility different from the view
rendered by a breakdown of building materials, products, and
activities. UniFormat is primarily used to organize preliminary
project descriptions, preliminary cost estimates, and standard
drawing detail filing. It is intended to complement MasterFormat.

The Construction Specifications Institute (CSI) and Construction
Specifications Canada (CSC) jointly produce UniFormat. UniFormat
is updated periodically; the information herein reflects the 2001
edition.

UniFormat classifies information into the following nine Level 1
categories:

* Project Description

A—Substructure

B—Shell

C—Interiors

D—Services

E—Equipment and Furnishings
F—Special Construction and Demolition
G—-Building Sitework

Z—General

The nine categories can be used to arrange brief project descrip-
tions and preliminary cost information. Category Z—General is
designated by the last letter of the alphabet so the system can
expand beyond building construction. When so expanded, this cat-
egory will remain at the end.

Titles in Levels 1 through 3 can be applied to most project descrip-
tions and preliminary cost estimates. Levels 4 and 5 are available
for use on detailed, complex projects. Level 4 and 5 titles and
detailed listings provide a checklist to ensure comprehensive and
complete application of UniFormat.

The transition from a document organized according to UniFormat
to one organized according to MasterFormat may be easier by
using MasterFormat extensions. When MasterFormat six-digit
number extensions have been added, the document organized
according to UniFormat may be searched or sorted according to
the MasterFormat extension to regroup information. Sorting in this
manner may help discover, for example, a list of elements common
to cast-in-place concrete construction within the project.

Most project manuals are arranged using MasterFormat.
Specifications using both MasterFormat and UniFormat should not
be combined into a single project manual.

Performance specifying can be used at many levels, from a single
product to major subsystems or entire projects. The choice of using
either MasterFormat or UniFormat allows the architect to access a
range of options. Performance specifying encourages competitive
bidding based on nonproprietary requirements and, in its broadest
application, is used for design-build projects. CSI's Construction
Specifications Practice Guide provides detailed discussions about
this application.

The design-build project delivery has created a need for an organi-
zational structure for communicating functional performance
requirements, including organizing design-build requests for pro-
posals. To communicate project performance requirements to
design-build entities in requests for proposals, owners or archi-
tects must describe those requirements. In turn, design-
build contractors must use performance requirements to commu-
nicate their proposals. UniFormat provides this organizational
structure.
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MASTERFORMAT

MasterFormat™ is a master list of numbers and titles classified by
work results or construction practices, primarily used to coordi-
nate project manuals, organize detailed cost information, and
relate drawing notations to specifications.

Construction projects use many different kinds of delivery meth-
ods, products, and installation procedures, but one thing is com-
mon to all—the need for effective teamwork by the many parties
involved to ensure the correct and timely completion of work. The
successful completion of projects requires effective communica-
tion among the people involved, and that in turn requires easy
access to essential project information. Efficient information
retrieval is only possible when everyone uses a standard filing
system. MasterFormat provides such a standard filing and retriev-
al scheme, which can be used throughout the construction industry.

The Construction Specifications Institute (CSI) and Construction
Specifications Canada (CSC) jointly produce MasterFormat.

MasterFormat is updated periodically; the information in this text
refers to the 2014 update.

MASTERFORMAT STRUCTURE
GROUPS AND SUBGROUPS

All of the following MasterFormat groups and subgroups can be
included in project manuals:

Procurement and Contracting Requirements Group (Division 00)

contains:

* Introductory Information: Indexing and general-information
documents are found at the beginning of project manuals.

* Procurement Requirements and Contracting Requirements:
Referred to in MasterFormat 95 as the “Zero Series Num-
bers and Titles” and now included in Division 00, they are to
be used in the definition of the relationships, processes, and
responsibilities for projects.

Specifications Group: This group contains the following five

subgroups. Each subgroup is broken down into Divisions as list-

ed. This group has now grown from 16 divisions to 49 divisions

(16 of which are designated reserved for future expansion).

General Requirements Subgroup: Division 01.

Facility Construction Subgroup: Divisions 02 through 19.

Facility Services Subgroup: Divisions 20 through 29.

Site and Infrastructure Subgroup: Divisions 30 through 39.

Process Equipment Subgroup: Divisions 40 through 49.

Groups are not numbered, but are divided into subgroups.
Subgroups are not numbered, but are divided into numbered divi-
sions. Divisions are the top Level (Level 1) in the hierarchy of the
classification system. The divisions include sets of numbered titles
(Levels 2 through 4). In a project manual application, the titles are
called sections that specify “work results” (Levels 2 through 4).
Work results are permanent or temporary aspects of construction
projects achieved in the production stage or by subsequent altera-
tion, maintenance, or demolition processes through the application
of a particular skill or trade to construction resources.

PROJECT MANUALS

DISCIPLINE AND TRADE JURISDICTIONS
MasterFormat’s organizational structure used in a project manual
does not imply how the work is assigned to various design disci-
plines, trades, or subcontractors. MasterFormat is not intended to
determine which particular elements of the project manual are
prepared by a particular discipline. Similarly, it is not intended to
determine what particular work required by the project manual is
the responsibility of a particular trade. A particular discipline or
trade is likely to be responsible for subjects from multiple divi-
sions, as well as from multiple subgroups.

CONTRACT DOCUMENTS

MasterFormat’s organizational structure does not determine what
is and is not a contract document. Generally, the documents
included in the contracting requirements will include a definition
and listing of the contract documents for a particular project.

In the procurement requirements and contracting requirements,
some owners may use different terminology for some of the docu-
ments from those listed in MasterFormat. Users may alter the
MasterFormat terms in favor of appropriate synonyms required by
the owner. See the Master List of Numbers, Titles, and Explanations
for examples.

In the procurement requirements and contracting requirements,
MasterFormat 2004 numbers have been assigned to provide a
consistent sequencing within the document. However, it is not
necessary to renumber or retitle printed forms and standard docu-
ments published by various professional societies or contract
issuing bodies to correspond with these numbers.

NAMING DATA FILES

MasterFormat is not intended to provide a technical or product data
filing system as there is not necessarily a single location at which
any particular technical subject or product may be located in the
system. A product that is used for multiple purposes or work
results may be located in multiple locations in MasterFormat. If
MasterFormat is used for product data filing, then the user should
be aware that for some products an arbitrary choice of where to file
the data among multiple locations must be made. Names of prod-
ucts may be included in the titles in MasterFormat when they are
synonymous with the work result. Products that might be included
with a work result but not included in the title may be listed in the
explanations column for the title, under the heading “Products.”

Product data is identified using MasterFormat numbers and titles
to clarify the relationship between products and specifications.

MasterFormat numbers can be used as suffixes within another
cataloging system, such as the Dewey Decimal Classification, the
Universal Decimal Classification, or the U.S. Library of Congress
classification.

Suppliers’ and subcontractors’ data (such as qualification informa-
tion or submittals) may be identified by the work result they supply
or install. The work of suppliers and subcontractors often tran-
scends section and division boundaries, so some method is
required for multiple references to MasterFormat titles.

The inventory of construction products is made simpler by using the
specification section number, perhaps as a suffix to a project number.
If more than one product is specified in a section, then some form of
suffix to the section number is needed to distinguish the products.

COST DATA APPLICATIONS

Cost classification requires identification of line items, which are
often related to products and activities. An identification scheme
based on MasterFormat can be flexible, varying with each con-
struction project, or more rigid and uniform, establishing a single
number and location for similar costs in many projects. OmniClass
Table 21—Elements is also recommended when dealing with con-
struction costing applications in the earlier stages of a project
before particular work results have been selected. Similar to the
way that OmniClass Table 22—Work Results is based on
MasterFormat 2004, the Elements Table is based on the existing
legacy system UniFormat.

Organizing unit-price databases using the same numbering and
titling format for specifying and naming data files benefits the user
with increased uniformity and standardization. Familiarity with
MasterFormat allows users to relate specification requirements,
product information, and cost data. Numbers and titles under
“Procurement Requirements” and “Contracting Requirements” in
Division 00 identify cost items related to bonds, insurance, permits,
fees, and other general items. Numbers and titles in Division 01
identify unit costs for temporary construction facilities and con-
trols, mobilization, project site administration, and other general
requirement cost items. Numbers and titles in the other subgroups
of the Specifications Group identify costs related to work results
and their installation.

Organizing and tabulating cost reports may require indicating or
summarizing products and activities. Using MasterFormat numbers
and titles will aid users in making inferences about material costs
while analyzing the report.

ORGANIZING DRAWING NOTATIONS

An important strategy for naming drawing elements is related to
the need to link requirements between complementary documents.
One must examine the entire set of contract documents to deter-
mine all of the requirements for a single product. Notations on
drawings should use terminology consistent with that used in other
contract documents, such as the specifications, to identify the
specified work results and activities.

Reference keynoting applications have adopted MasterFormat as a
base numbering system, to enhance cross-referencing and coordi-
nation between drawings and specifications. This formal method of
linking between drawing objects and the specification is encourag-
ing increased development of automated linking software. See the
U.S. National CAD Standard, UDS Notations module for more
information.

SECTIONFORMAT

SectionFormat™ provides a uniform approach to organizing speci-
fication text within a section of a project manual. The organization
structure is based on three primary parts; each part is further
divided into article subjects to standardize the location of informa-
tion into a logical order.

The Construction Specifications Institute (CSI) and Construction
Specifications Canada (CSC) jointly produce SectionFormat.
SectionFormat is currently undergoing review and revision to
reflect the current state of the industry. The revised document was
published in late 2007.

SectionFormat consists of three primary parts: GENERAL,
PRODUCT, and EXECUTION.

PART 1—GENERAL: Describes administrative, procedural, and
temporary requirements unique to the section. PART 1 expands
on information covered in Division 1 with information specific to
the section.

PART 2—PRODUCTS: Describes materials, products, equip-
ment, systems, or assemblies that are required for incorpora-
tion into the project. Manufactured materials and products are
included along with the quality level required.

PART 3—EXECUTION: Describes preparatory actions and the
method in which products are to be incorporated into the proj-
ect. Site-built assemblies and site-manufactured products and
systems are included.

Each PART is divided into articles, which are then further divided
into paragraphs and subparagraphs. If a section does not require
the use of one or two of the three PARTS, then the PART number
and title is stated and the words “Not Used” are placed under the
PART title.

IMPLEMENTING SUSTAINABLE
PRODUCTS AND PROCEDURES

In an effort to implement construction projects that have the least
impact on the environment, specifiers routinely include into the
specifications requirements such as the following:

* Low- or no-VOC paints, coatings, sealants, and adhesives
Products with high recycled content

Products that have been manufactured, harvested, or recovered
regionally

Roofing and paving materials with high reflectance values
Particleboard and insulations with no added urea formaldehyde
Flooring products that have received FloorScore certifications
Lumber, trim, doors, casework, etc., that are certified as being
harvested from sustainably managed forests

Recycling of construction waste by the contractor

Provision by the contractor of an indoor air quality plan during
construction

High R-values for exterior building components

SOURCE:

Reprinted with permission from The Architects Handbook of
Professional Practice, 15th edition, John Wiley & Sons, Inc., 2014.




BUILDING INFORMATION MODELING (BIM)

A data model in any given domain describes the attributes of the
entities in that domain, as well as how these entities are related to
each other. All computer programs deal with some kind of data, so
they must have some type of underlying data model. Traditional 2D
CAD and generic 3D modeling programs such as Autodesk
AutoCAD, Trimble SketchUP, Autodesk 3DS Max, Robert McNeel and
Associates Rhinoceros 3D, and AutoDesSys form «Z internally rep-
resent data using geometric entities such as points, lines, rectan-
gles, planes, and so forth. Thus, although these applications can
accurately describe geometry in any domain, they cannot capture
domain-specific information about entities. The drawings and mod-
els of buildings created with these applications don’t carry much

information about the building itself, and are essentially “dumb.”
They are used primarily for producing documentation and for
visualization.

To overcome the limited intelligence of general-purpose geometric
representations, every design-related industry has been developing
and using object-based data models that are specific to their
domains. In the case of the building industry, both researchers at
universities and commercial software vendors have worked to
develop a data model that is constructed around building entities and
their relationships to one another. Geometry is only one of the prop-
erties, among others, of these building entities; thus, its primacy is

BIM ARCHITECTURAL CONSTRUCTION DOCUMENTATION

greatly reduced, even though the interface to creating the model is
still primarily graphic. Such a data model is rich in information about
the building, which can be extracted and used for various purposes,
be it documentation, visualization, or analysis.

Building information modeling (BIM) is the term that has been
coined to describe the use of such a model. Several software
applications are available that are built upon this concept, such as
Graphisoft’s ArchiCAD, Bentley MicroStation, Autodesk Revit, and
many others.

EXAMPLE OF USING A BIM APPLICATION FOR BUILDING DESIGN: THE OPEN WINDOWS SHOW A PLAN, DETAIL SECTION, AND 3D VIEW OF THE SAME BUILDING

DATA MODEL.
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HOW BIM OVERCOMES THE
LIMITATIONS OF CAD

Traditional 2D CAD technology has dominated the construction
industry for decades, and technological progress has been severe-
ly constrained by the limited intelligence of such applications in
representing buildings and the capability to extract the relevant
information from the representation that is needed for design,
analysis, construction management, operation, and so on.
Drawings are no longer done manually, but the ubiquitous use of
CAD applications in creating drawings has not revolutionized the
construction industry in any way. CAD continues to have all the
problems associated with manual drafting:
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It is tedious and time-consuming to create separate plans, sec-
tions, elevations, details, and so forth, of the same building.

Any change made must be manually updated in all drawings and reports.
There is no guarantee of accuracy, consistency, or completeness.

Coordinating work based on these drawings between the different
professionals is extremely difficult.

Conflicts and errors are detected in abundance at the construction
site, necessitating expensive fixes.

At the end of the process, the owner/operator has nothing but a
nonintelligent 2D representation of the building on which to base a
lifetime of management, operation, and maintenance.

Analysis and evaluations of energy efficiency, circulation, egress, and
other aspects of the building, haven’t really become an integral part
of the design process as the building data is not available in any
intelligent format and has to be tediously reentered into analysis
tools. As a result, the quality of the building suffers. In short, CAD
simply replicates the processes of manual drafting by reducing build-
ing representations to dumb graphic entities and does little to reduce
the inefficiency, waste, errors, and escalating costs that are all too
common in the design, construction, and operation of a building.

Unlike CAD, which is general-purpose, BIM is specific to building
design: It represents a building using intelligent objects that know
about their properties and about their relationship to other objects.
Therefore, with BIM, a full 3D representation of the building can be
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created that simulates how it would be in real life; from this
information-rich model, any kind of data needed for design, analy-
sis, visualization, documentation, construction management, oper-
ation, and so on, can be derived.

The potential benefits of implementing BIM are manifold:

Because it is customized for building design, it is faster and easier
to create and edit a building model in a BIM application, compared
to developing the drawings of the building in a CAD application.

Once the model is created, all other requirements, including 2D
documentation, schedules, reports, 3D renderings, and animations,
can be automatically derived from it, improving speed and efficiency.

All graphical and tabular views of the building are automatically
synchronized when a change is made to the model, eliminating the
inconsistencies found in construction documents created with
conventional CAD software.

The minimization of drafting allows greater focus on design.

Interdisciplinary collaboration can be significantly improved, as it
will be based on a shared building model.

Better support for analysis and evaluation tools will allow the build-
ing to be thoroughly and vigorously tested before it is built, instituting
much higher standards of quality control than those in place today.

Conflicts are easier to identify in the building model and can be
detected during the design phase, which can reduce the expensive
fixes at construction time.

The model created during the design phase can be reused for
subsequent phases such as construction and facilities manage-
ment, saving costs.

The use of a “live” model for building maintenance can reduce
operating costs significantly throughout the lifetime of the building.

In general, BIM is a methodology that has the potential to inte-
grate and dramatically streamline operations and processes in the
architecture, building, and construction and facilities operations
and management industries.

REAL-WORLD EXAMPLE: LOBLOLLY
RESIDENCE

To illustrate the application of BIM software, a real-world example is
included here. It demonstrates how the Autodesk Revit family of
products was used in the construction of a single-family residence, the
Loblolly house, in Taylors Island, Maryland, on the Chesapeake Bay.

This 1800 sq. ft. weekend house was designed by Kieran Timberlake
Associates (KTA) from Philadelphia, Pennsylvania. With a tight
construction schedule and without access to skilled local labor, the
architects embraced the precision of off-site shop-fabricated, site-
assembled construction. This necessitated a three-dimensional
understanding of the building and its components, which led to
their use of BIM software.

KTA’s systematic approach to Loblolly House allowed the architects to
seamlessly combine standard on-site with unconventional off-site
construction strategies. Use of Autodesk’s BIM software, Revit,
enabled them to improve communication among themselves, engi-
neers, fabricators, and contractors, to collapse all phases of the
project into a virtual snapshot. Design decisions were made in tandem
with detailing, building system, fabrication, and shipping decisions.

The holistic nature of a single virtual model circumnavigated many
of the unknowns that slow down traditional building processes. By
understanding Revit’s capabilities, as well as its limitations, KTA
could customize the software in response to the specifics of the
project. In many cases, they had to reteach the software how to
“behave” with respect to issues of shop fabrication and modular
construction. Proof of their mastery of the software is evident in
the project’s 30-day overall construction schedule.

This example describes the attributes and benefits of Autodesk’s
Revit BIM software by examining each of the major construction
components in the project: scaffolding, framing, and skin.

LOBLOLLY HOUSE—EXTERIOR RENDERING FROM BAY
4.12

Aside from the advantages of designing in three dimensions, this holistic approach allowed for more efficient coordination between sys-
tems and components, as well as more effective management of part schedules and cost models. With BIM software, one model is the
sole source of all project information: It drives all details, fabrication drawings, finish schedules, and parts lists. As a shop-fabricated
project, this degree of control became very important for KTA in Loblolly House.

LOBLOLLY HOUSE—FOUR PERSPECTIVES
4.13

Screenshot of the Loblolly House in Revit. This virtual model of the house has all its layers “turned on,” from four different interior and
exterior perspectives.
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LOBLOLLY HOUSE—EXPLODED DRAWING OF COMPONENTS

Exploded axonometric of Loblolly house with its four major components: scaffolding, cartridges, boxes, and exterior skin.

LOBLOLLY HOUSE—FRAMING
4.15

The Revit screenshot in Figure 4.15 shows the relationship of the light aluminum framing elements to the heavier framing members sup-
ported by randomly placed pilings.

SCAFFOLDING

Fabricators extruded the aluminum profiles, which comprised the
structural frame, cut them to size, then shipped them to the site for
assembly. The characteristics of these profiles required a great
degree of accuracy, so KTA created a library of aluminum profiles
within the Revit model. This enabled them to assemble the frame
virtually, much as it would be erected on-site. Each aluminum
component contained embedded data, including the size of the
profile, length, manufacturer and distributor information, and cost.

Modeling the project in Revit also allowed KTA to accurately study
sequencing, detailing, and tolerances during the early design
phases of the project. In the case of the scaffolding and all of the
project’s construction components, BIM software shortened the
on-site assembly of all building elements above the piling founda-
tion to an astonishing two weeks.

FRAMING

KTA used the schedule produced from the embedded information in
Revit for a number of important purposes: coordination with the
structural engineer, development of a cost model, and, most impor-
tantly, as a parts list for purchasing this material. Having a single
model to which all participants in the design, fabrication, and con-
struction of Loblolly House could refer greatly simplified communi-
cation and coordination of changes. This meant that material,
detailing, and cost considerations found their way into the project
very early in its development. Traditional, two-dimensional con-
struction drawings gave way to a holistic virtual model.
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EXTERIOR SKIN

The construction team lifted and attached wood-framed, shop-
fabricated wall panels with a cedar rainscreen to the structural
frame. Windows and glazing were also installed off-site.
Transparent and translucent panels were off-the-shelf products
designed with custom-hinged and sliding assemblies. Fabricators
produced these off-site as multilevel units before attaching them
to the structural frame on-site. Offset 16 in. from a fully retract-
able, double-glazed storefront, the whole assembly created a
high-performance cavity wall.

Unlike typical walls built on-site, these wall modules had to respect
the limitations of shipping. Therefore, awareness of their parame-
ters was particularly useful during fabrication. KTA understood the
performance requirements of constructing a functional rainscreen
wall. Using Revit allowed them to closely monitor the relationship
between off-the-shelf and custom components to render the
screen operationally sound.

OTHER APPLICATIONS RELATED TO BIM

All component specification information is captured within a BIM
application, which means that any kind of data needed for design,
analysis, visualization, documentation, construction management,
operation, and so on, can be derived from it, thus allowing the
building to be simulated as it would be in real life. There are many
BIM applications that impact all aspects of design, construction,
and operation.

Some examples are:

Computational design technologies: Recent improvements in
visual programming coupled with reduced cost of computational
power have led to a movement in design where building parame-
ters can be driven through rapid iteration. Computational design
is currently used to generate lower-cost material-saving struc-
tures, more energy-efficient buildings, and highly specialized
constructions.

Tools that check a BIM for design and modeling errors: There are
several tools available that aid in the detection of potential design
problems, conflicts, and code violations. One of the key benefits of
BIM is its capability to facilitate multidisciplinary collaboration,
particularly when BIM is being used by all the different disciplinary
professionals involved in a project. This category of tools includes
the architectural, structural, HVAC, electrical, and plumbing com-
ponents. There are several examples of such tools including open
source and cloud-hosted solutions. “Collision detection” is accept-
ed as common practice in the industry today.

Tools for energy analysis: These tools have a long history in the
architecture, engineering, and construction (AEC) industry and
have been used since the advent of computing. Prior to BIM, using
these tools involved a great deal of manual entry of the building
data, a tedious process that was prone to inaccuracy. With BIM, the
building data is already available in a semantically meaningful form
and the data can be directly input to an energy analysis tool. There
are even some BIM applications that integrate building lifecycle
and daylight analysis capabilities directly into the design tools. This
allows for rapid design iteration while considering energy factors
early in the design process when the designer has the most ability
to affect change in the project.

Structural design and analysis tools: Similar to energy analysis
tools, these tools also have a long history of use in the industry
and have traditionally relied on manual reentry of the building
data. Now, BIM structural modeling tools exist that automatically
link to industry standard structural analysis software. Some BIM
applications provide a bidirectional link to the structural analysis
tools, which not only automatically input the analytical model of
the structure to those tools but also use the results of the analysis
to automatically update the physical model and all the related
documentation.

LOBLOLLY HOUSE—WOOD RAINSCREEN
4.16

The house’s wood rainscreen is held away from an operable glass wall by 16 in.
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