





New Acoustics Workbook (200 pages). Supported by Newman Fund.

Intended to be a seif-study aid for students and teachers. For 17 sample pages,
including Table of Contents, refer to Paper Copying Service (Golden Gavel |).

1.

Acoustics Demos

Ripple tank on overhead projector (Kellogg & Ceraldi)

Fuil-scale puipit canopy by Clemson students (evaluated by RASTI)
Noise box (Oregon tribute)

Examples from Rossing et al

4 & & o

Hands-on and Ears-on Self-Study Exercises

Acoustical diary using low-cost sound-level meters

Al word lists

Ray diagraming

Optical models (several case study drawings)

Fill-in blanks problems and tables {(see sample pages)

Directed Self-Study Projects

* Noise impact assessments by walk-talk method (Schultz for HUD)
o Listening to buildings using evaluation guide {several case study drawings)
s Electronic sound systems identification guide (Shade)

Learning Resources

+ Books (from publishers, ASA, INCE, NSCA)
o Videos, CB-ROMs, manufacturers booklets (Wenger examples)
e Grants (Newman Fund’s Schultz grant, AlA’s Fellows grant)

Ethics in Acoustics (part of section on acoustical design projects)

o To quote H. G. Rickover (1974): “Any system of education which does not
inculcate moral vaiues simply furnishes the intellectual equipment whereby men
and women can better satisfy their pride, greed, and lust.”

» Need moral courage to nof tolerate: trimming, cooking, forging, and plagiarizing.
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Front Cover

A photo of Professor Wallace Clement Sabine is inset on the front cover. The
background image is a view of Boston Symphony Hall as seen from the stage. This
world-renowned concert hall was Professor Sabine's first major performing arts
consulting project. Architects were McKim, Mead & White of New York City. The hall
opened in 1900 to mixed acoustical reviews from the Boston, Mass. music critics, but
today is acknowledged to be one of the finest halls for music in the world. For back-
ground on Sabine’s contributions to the science of architectural acoustics, see J. W.
Kopec, The Sabines at Riverbank, Acoustical Society of America, Woodbury, NY, 1997.
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Nervi, designed the Cathedral in the late 1960s. To control reverberance in the 2.2
million cubic foot volume, acoustical consultants D. Fitzroy and A. Raes recommended
using sound-absorbing board by USG in the vaulted ceiling coffers. The measured
reverberation time for fully-occupied conditions is 2.4 sec at mid-frequencies. The
Ruffatti organ (4842 pipes), supported on a concrete pedestal in the central volume, has
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“The technology of noise control both inside and outside buildings is well developed
foday. The problem is that it is too seldom used. Architects continue fo ‘hope” that a
row of frees or bushes will solve the problem of noise intrusion from the nearb %
highway, or perhaps that someone will invent an air curtain that will stop the
transmission of sound between two parts of a room! But, there are no miracles—there

are simply some hard physical facts.”
Robert B, Newman, 1972

iv R. B. Newman



PREFACE

The goal of this workbook is to reinforce one’'s common sense in the study of
architectural acoustics through a variety of learning materials. Using principles and
examples from the book Architectural Acoustics, the workbook includes demonstration
examples, listening exercises, case studies, design projects, and other resources.
Many of the project assignments and problem exercises can be used for self study if
cited references are carefully read. Answers to the problem exercises are given at the
end of the workbook.

Thanks are due to colleagues who provided suggestions and materials (current or
former affiliations follows): Ed Allen and Bob Apfel (Yale University), Leo Beranek (MIT),
Bill Cavanaugh (RISD), Ted Ceraldi (Syracuse University), Bob Coffeen (University of
Kansas), Howard Heemstra (lowa State University), Chris Jaffe (RP1), Dick Keliogg
(University of Arkansas), Peter Lee {Clemson University), Jerry Marshall
(Marshall/KMK), John Reynolds (University of Oregon), Tom Rossing (Northern lllinois
University), Neil Shade (American University), Gary Siebein (University of Florida),
Emily Thompson (University of Pennsylvania), Ted Uzzle (NSCA), Barry Wasserman
(Cal Poly Pomona), and Red Wetherili (UBC).

Thanks also to Rose Tardao (1992 Newman Medalist, Clemson University) and
Kimberley Murray (1993 Newman Medalist, Clemson University) for their research on
optical modeling of first sound reflections and to Walter Nurmi (1987 Newman Medalist,
Clemson University) who prepared drawings for the acoustical design projects. Special
thanks are due Charles Tilley (1994 Newman Medalist, Clemson University) for his
dedication to graphic communications and his editorial efforts to produce this workbook.
Tilley is a three-time recipient of the prestigious “Alice L. Sunday Prize” given by the
James River Chapter (VA) of the AIA for excellence in architectural graphics and
presentations.

Thanks also to Mrs. Mary Shaw Newman and her Robert B. Newman Fund Advisory
Board volunteers for nearly two decades of support o students and faculty worldwide in
the field of architectural acoustics. Section 10 explains the Newman Fund: its raison
d’étre, bio-sketch of Robert Newman, roster of participating schools, and form for
instructors to nominate a Medalist from their school.

M. David Egan, Fellow ASA, INCE Bd Cert, Hon. AIA
Anderson, South Carolina
2000

NOTE: Material in this workbook has been reproduced and adapted from M. David Egan, Architectural
Acoustics, McGraw-Hill, New York, 1988 [ISBN 0-07-019111-5] with permission of the publisher,
the McGraw-Hill Book Company, 1221 Avenue of the Americas, New York, NY 10020-1095.
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The Sound Environment:

Teaching Architectural Acoustics

EWART A. WETHERILL
Paoletd Associates Inc.
WILLIAM J. CAVANAUGH
Rhode Island School of Design
M. DAVID EGAN

Clemson University

WHY THE NEED FOR ACOUSTICS INFORMATION

The need for some basic technical background in archi-
tectural acoustics, as inany of the othercontributing environ-
mental disciplines, will remain as long as buildings are
designed to be lived in. The creative output of the designer
will be judged good orbad, depending on his/her understand-
ing of the discipline and its relevance to the particular
project. At the most fundamental level, the design must
fuifill its essential programmed functions. In terms of de-
tailed design and construction, the designer must be able to
usher each special requirement through the collaborative
process and reconcile the inevitably conflicting require-
ments of other disciplines to attain a satisfactory result. The
completed building will demonstrate at best the professional
competence of the designer in satisfying the myriad aes-
thetic, technical and economic requirements of the project
or, at worst, the failure 10 meet the owner's basic needs and
the possibility of alawsuit, Of the need for awareness of each
design discipline there is no doubt, but whether it should be
acquired in school or in practice remains a difficult question.

The battle over course status has been fought in schools
of architecture for many years, each discipline receiving a
larger or smaller share of the pie depending on its standing
in the teaching hierarchy. On the one hand, even a five-year
architectural program can only include a limited number of
purely technical courses if a strong design curriculum is to
be maintained. On the other, it is common te find that
graduates who are unfamiliar with the basic principles or
terminology of a given subject do not easily acquire such
information when working in an architectural practice. The
precise reasons for this may vary, but it is clearly a disadvan-
tage not to have even a basic understanding of the tangible
results of one’s design. For the graduate who elects to teach
instead of going into architectural practice, the long-term
results may be even more profound because this person may
totally neglect a subject in which he/she cannot speak with
assurance, Thus, atleast a basic literacy in the technical areas
affected by architectural design is an absolute minimum.

LEVEL OF INFORMATION NEEDED

The minimum level of information required in any
subject is that which allows the designer to recognize when
that particular discipline must be considered. For acoustics,
this leve! is surprisingly modest and essentially conceptual,
but the understanding of how it can or should te applied will
broaden with experience. The designer must know at least
enough in analyzing the program to ascertain the potential
uses of each space or complex of spaces. In an ¢ra of
increasing technical sophisticaticn in construction and in-
creasingly specialized user requirements, it is essential to
Iook beyond a simplified description of each activity to fully
appreciate its level of importance. This acquired information
must then be carefully integrated with an understanding of
the acoustical design implications of the building configura-
tion, structural system and ventilation system, etc. that have
been selected by the designer for this particular commission.

Figures I and [Irepresent the authors’ experience in what
is considered a minimum level of exposure to the fundamen-
tals of architectural acoustics and their application to build-
ing design. Acoustics problems can be classified in three
basic groyps, 1) sound outdoors, or in outdoor-like spaces 2)
sound in fully-enclosed spaces, and 3) sound transmitted
from room to room through some intervening structure.
Figure I enumerates in each of these categories a few of the
reasons why an architect should know a little about sound
behavior in and around buildings. The student must have a
glimpse of the significance of this discipline to the design
process before he or she can be motivated to explore the
technical details. Most students quickly appreciate that
acoustics is more than just the design of concert halls or
broadcast studios. The acoustical environment of a particu-
lar site may determine the placement of the building, the
planning and arrangement of spaces within the building, the
exterior construction, and even the choice of the site itself.

For each space in the building, the sound field is
influenced by its volume, shaping, surface finishes and
furnishings - all factors that are under the direct control of the
designer. An understanding of the relatively few concepts
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thatare summarized in Figure I enables the designer tosolve

most acoustical problems in advance. The equations in this
figure for each of the three basic groups define essentially all
the information needed to make intelligent design decisions.
For example, the decrease in sound level outdoors as one
moves away from a sound source is fundamentally depen-
dent on distance. But this is a logarithmic refationship and is
thus governed by the law of diminishing returns, Similarly,
where the sound field indoors is influenced by the absorption
of sound at the boundary surfaces, there are practical limits
to how much quieting can be achieved by acoustical mate-
rials. These principles must be taught early by simple
examples and reinforced consistently in subsequent design
projects.

PREREQUISITES

What is not required to understand architectural acous-
tics is an intensive background in physics or mathernatics.
An elementary understanding of algebra, geometry and the
physics of sound, which should in fact be part of any high
school curriculum, provides the background on how sound
behaves in buildings. This should reinforce rather than
compete with the lessons of acoustics learned in everyday
life, making architectural acoustics tangible rather than just
a paper exercise. Which child of 8 or 10 years old, for
example, has not learned that it is difficult to hear conversa-
tion over a loud radio program (the concept of acoustical
masking), or has not experienced the joy of shouting in a
reverberant room - or of singing in a tiled shower (the
concepts of reverberation and resonance)?

An excellent starting point to formally introduce the
student to building acoustics is to examine the individual's
own hearing ability and sensitivity to the sounds of the
everyday environment. An audiometric test - which should
be available atno cost on most campuses - and alistening test
inong’shome are always well-received by abeginning class.
Example: Listen to the sounds of your home (2) by day (b)
by night. Which sounds are pleasing and which are not?
Where do they originate? Are they within your power to
control?

TEACHING PROCESS AND RELATIONSHIP TO OTHER COURSES

From these simple beginnings, followed by the more
developed concepts of Figures I and 1, a series of easy steps
can be integrated into the curriculum so that acoustics can be
seen as part of the overall design process. An appreciation of
the basic difference between spaces for communication and
spaces for non-communication, coupled with the appropri-
ateness of common building materials for specific functions
- and reinforced by the experience of first-hand examples -
will build a lasting and practical foundation for any designer.
It is by this natural process of discovery and experience that
what we like to call intuition enters the design process. The
ultimate test will arise when the designer [be it student or
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practitioner] must decide whether a previously untried build-
ing form or structure is appropriate in a situation with
particular sensitivity to acoustics or vibration.

In a well-integrated design program, there should be no
need for a course labelled “acoustics™ just as there should be
no need for such titles as structures, mechanical systems, etc.
However, regardless of the formal organization, at each
stage of the program the student must be introduced to
specific acoustical concepts, must experience their physical
effectsinactual buildings, and must learn how to analyze and
- above all - to discuss their implications with other members
of a design team. In actual building design, the ability of the
design coordinator to assess and to make accommodation for
each contributing discipline will determine the success or
failure of that particular building, regardless of the compe-
tence of each specialist. In a visual discipline such as
architecture, the very invisibility of sound makes it impera-
tive to accord special attention to acoustics. The words of a
leading architect from an earlier time, “We'll make it so
beautiful that they won’t care how it sounds” still echo with
profound irony. ' 7

Inacoustics, probably more than any other discipline, it -
isessential toexperience and analyze existing buildings. The
auditory effects of reverberation, or of a particular ceiling
shape, can be demonstrated on paper, given a receptive
viewer. However, the experience of actually hearing how
reverberation affects intelligibility of speech, or how an
acoustically-bad lecture room can be made entirely satisfac-
tory by the proper application of a few sheets of plywood and
several square yards of building insulation, is profound to
anyone. Such a demonstration requires neither mathematics
nor training in computer use, and yet it will be remembered
for a lifetime. Similarly, listening in a lecture room whose
ventilation system is loud encugh to obscure the instructor’s -
voice is a prime learning example to a student whose interest
in the acoustical environment has been stimulated.

Every university campus is a treasure trove of examples
of both good and bad acoustics. At any level, the student is
capable of selecting a familiar building, identifying an
acoustical problem, and proposing a solution. The chosen
subject may be more complex than the student’s level of
understanding, making it ideal for those who are interested
in reaching farther than absolutely necessary. A seminar in
which the students then discuss individual examples adds to
the learning process and encourages the application of this
experience to subsequent design studies.

CONCLUSIONS

The past decade or so has seen a steady increase in the
number ofarchitectural schools with strong acoustics courses.
However, the preponderance of new buildings with acousti-
cal deficiencies makes it clear that a much greater teaching
commitment - including engineering and trade schools as
well as architecture schools - is still needed.

Around 40 years ago, Robert B. Newman began leach-



FIGURE I - Reasons for knowing a little about sound
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FIGURE 1I - Quantifying Sound
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FIGURE II - Schools where Newman Medals have been awarded (1986-91)
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University of Western Australia, Perth
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ing architectural acoustics courses at Harvard and MIT,
chiefly in the graduate programs, where they remained a
staple item until his death in the early 1980’s. Through these
courses, lectures that Newman gave on other campuses, and
courses given by his former students, the teaching of a
carefully integrated course in architectural acoustics has
becomne a feature in architectural schools' throughout the
world. A few of the students who have taken such courses,
including the authors, have become deeply involved in the
profession of acoustics. However, as aresultof this exposure,
many practicing architects have learned to consciously
incorporate acoustics as a design parameter in their work,
with a resulting improvement in the general quality of
building acoustics and, indeed, of building design itself.

Since Newman’s death, many of his colleagues and
former students have contributed to a foundation which
prometes the teaching of architectural acoustics and recog-
nizes both outstanding student work and outstanding teach-
ing. Every accredited school of architecture is eligible for
participation in this program, and the results to date - both in
recognition of student/teacher ability and in the growth of the
program - have been gratifying. At the present time some 23
schools of architecture participate in the program, as.noted
on Figure IIf, and 53 Robert Bradford Newman medals have
been awarded to students for merit in the study of acoustics
and its application to architectural design projects. More
recently, the Theodore J. Schultz Award has been esuab-
lished by the foundation to honor excellence in teaching
aconsrics,

However, the ultimate success of any specialized disci-
pline dependsentirely on the acceptance and support of other
faculty members and on the allocation of teaching resources
to supportit, regardless of budget fluctuations. If this support
is forthcoming, the recognition of “miner” courses such as
acoustics by design faculties, and thus in time by the
profession at large, will be assured. The trend toward better
acoustical environments is encouraging. It rests with the
educational institutions of the profession - the schools of
architecture - to expand and encourage this trend.

REFERENCES

F.H. Bosworth and R.C. Jones, A Study of Architectural Schools,
published by ACSA, 1932

W.J. Cavanaugh, Acoustics: Basic Principles, Encyclopedia of
Architecture, Wiley, N'Y, 1989 '

M.D. Egan, Architectural Acoustics, McGraw Hill, NY, 1988

M.D. Egan and P. R, Lee, Acoustics, Architecture and Speech: A
Student Inquiry, AIA 1990

F.P. Rose, Owner's Viewpoint in Residenuial Acoustical Control,
Acoustical Society of America, 1964

D.M. Scott and E.A. Wetherill, Education in Architectural Acous-
tics, Acoustical Society of America, 1973

E.A. Wetherill, A Technological Basis for Design, ACSA National
Convention, 1982

E.A. Wetherill, Architectural Acoustics: The Forgotten Dimen-
sion, Audio Engineering Sociery, 1990

NOTE: “The Sound Environment: Teaching Architectural Acoustics” is reproduced from C. B.
Hess (ed), Proceedings of 10" Annual ACSA Technology Conference, Association of
Collegiate Schools of Architecture, Washington, DC, 1992, pp. 44-47 with permission of

ACSA.
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THREE COMMON PROBLEMS IN ARCHITECTURAL ACOUSTICS

1. Protecting outdoor or indoor spaces from environmental noise.
Receiver r————r—————J
( Outdooys)
" \ — Racsiver
Olsg, ; \ hdoors
éoum@—\) . _ _ | )
Sound in free field conditions outdoors.
2. Controlling loud sound within enclosed spaces.

Souna-reflectin
surfaces (n atrivm

Recedvers ———_

Noiser Qovree

Sound in reverberant field conditions indoors.

3. Reducing sound fransmission between rooms (or from or to outdoars).

Liaktweight

Wl )

Window Lightweight
Wall

Patio ( ( Moqhamr/al

Eo‘m P ment

Sound easily transmitted through stiff, lightweight constructions.
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ACOUSTICAL DIARY

To increase awareness of sound and noise, students shouid use the table on the following page
to record their observations of the acoustical environments encountered during a typical 24-
hour period. Activities occur that may vary from pleasant or restful to annoying or distracting.
Place an X mark in the table to identify the type of activity; also include a brief description of the
activity and location. Identify the source of sound or noise and record: ievel in dBA, pitch or
frequency (low, mid-range, high), and duration in minutes. Describe possible architectural
solutions for any noise problems encountered.

Traffie noice (Vbhio(oe
[ dectlerate to climb hi{\)

Univiersi hvenve, i <

g

é—'“NOi’vb fromn ooofl'n? towers
/2{/4'/; located on roof

East  Avenve

Nof% from chillers  |scated
n r,jr‘SOlb near buj lding

\

&

2
i

Campro Plon

Note to Instructor: This acoustics exercise is similar to the “24-hour Lighting Log” used by
William Lam for many years in his technology courses at MIT and Harvard GSD. Lam believed
this kind of assignment would be a valuable self-education exercise for design professionals so
he included it on pages 443 and 444 in W. M. C. Lam, Sunlighting as Formgiver for
Architecture, McGraw-Hill, New York, 1986.
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Activiby and Tpace Sonic. Environment
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Notes:

1. Use A-weighting scale on sound level meter available from: Quest (Model 208L), Radio
Shack (Cat. No. 23-553), Rion (Model NA-26), TES (Model 1350A), or equal.

2. Estimate sound frequency to be neutral (broadband) or predominantly high (> 2000 Hz),

mid-range, or low (< 250 Hz). High frequency sounds screech or squeal; low frequency
sounds rumble.
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ACOUSTICAL DESIGN GOALS
AND THE PHYSICS OF SOUND;

A TEACHING METHOD FOR
ARCHITECTURAL DESIGN CLASSES

On my campus there is a large lecture room in which lectures are difficult o hear. ronically
the room is in the relatively new “Communications” building. The room is square in plan,
with a low ceiling. All surfaces are reflective exceptthe deeply coffered ceiling, which is
sprayed on all surfaces with acoustically absorptive material!

Acousticians and many architects will immediately identify the design flaws responsible for
poor hearing condifions in the above example. Al of us can recall simitar rooms we have
encouniered in otherwise well-designed buildings. Many new hotels have meeting rooms
with relatively low, absorptive ceilings, whose expanse is only broken by overhead return-
air grilles which emit loud masking fan noise from the roof-mounted AC unifs, So there's a
buiit-in PA system........ it often doesn’t work, so the speaker cannot be heard well. Even if it
does work, questions from the audience must be repeated by the speaker (if she is
thoughtful) so the rest of the audience can follow,

Why do such spaces get built? Why do nof architects dispiay more knowledge about
acoustical needs and design principles?

My conjecture is that they have not organized the various goals of archifectural acoustics
info a clear conceptual framework, based on hearing needs and sound behavior. They do
not have a clear understanding of the acousticat design goais, and thus have little basis on
which to make correct design and specification decisions. They tend to merely “treat” the
roorn for acoustics——like a doctor telling a patient fo "take two aspirins' (and den't call him
in the morningt)

This article will describe a lecture/demonstration | present fo architectural design students
in an attempt to help them clarify the goals and methods of acoustical design while linking
the achievement of those goals fo facts about the physical behavior of sound in & graphic
and realistic manner. | will not here attempt fo go info detail about the specific acoustic
points, but will describe the lecture, and give some details on the method used in the
demonstrations.

The lecture

First, using transparencies on an overhead projector, | emphasize the three major goals of
acoustical design in architecture:

. sound distribution wimnin spaces designed for hearing music or speech,
. sound isolation vetween spaces where privacy or quiet are needed,

. hoise control winhin spaces.

Many of the mistakes we encounter, | point out, likely result from the designer having
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confused these goals, along with the (sometimes conflicting) methods of achieving them.
The lecture and meeting rooms described above provide fair noise control and sound
isolation, but consequentiy poor sound distribution; the wrong goals were pursued.

My next point is that two aspects of sound behavior;
. slow speed of propagation, and

* propagation by WAVES, dictate most of the strategies for achieving these goals.

Referring to the transparencies, |then identify slow speed and wave behavior as positive
or negative factors in relation to each goal. For instance, wave action is plus for distribu-
tion because waves reflect and diffract, but also a minus because waves allow sound to
focus fromn concave walls, or be absorbed when too much absorptive material is present.
Or, slow speed of propogation can ruin good distribution because of echos or excessive
reverberation time. | also cover certain aspects of wave behavior, pointing out ways in
which reflection, absorption, transmission, and diffraction each act to benefit or create
probiems for the designer. Refraction is important only in outdoor situations.

The demonstrations

The key to making these points about wave phenomena clear is the demonstrations which
accompany the lecture. | place on the overhead projector a clear acrylic molded picture
frame about 16" by 20" by 1,5" deep (avallable at most art and hobby stores.) It is raised
above the projector
face by about 1/2" on
shims of modelling clay
so that tfransparencies
can be inserfed under
the fray. The tray is filled
with albout 1/2" of clear
water. (Fig 1.)

Waves created in the
water dre projected
onto the screen as as
they propagate and
reflect. Experimentation
with the focus is needed
fo get the best contrast
between waves and
froughs on the screen,
because the screen
images are not mere
shadows; they are
images formed by
refractioin. (For this
reason, No benefit s
gained from staining the
water.)

Fig. T The projector and water fray setup for wave dermonstrations
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Waves are initiated in the water by tapping with a small ball of clay on the end of a wire or
letting a drop of water fall from an eye-diopper at the appropriate sound source location.
| have found that using a short burst of waves is more effective than a vibrating source
which produces continucus waves. The course of the wave bundle can be followed more
clearly, and time-related effects such as echo and reverberation are more obvious.

Reflective surfaces are represented by strips of (oil-based) modelling clay placed in the

tray of water.” For certain demonstrations |insert below the tray a plece of opaque paper
with a cutout which shows a room plan or section on a transparent plastic sheet. Reflec-
tive boundaries are represenfed on the plan or section by a dark line and a clay sirip in the
water; absorptive boundaries by a halffone gray boundary and no clay strip. The tray
should be large enough to effectively dissipate these "absorbed" waves before they reflect
from the tray boundaries. A sloped rough-textured "beach" made of Styrofoam helps to
fimit reflections from the tray edge by dissipating the wave energy.

Since the water waves are essentially fixed in wavelength, cerfain sound wave phenom-
ena related to different reflective or refractive behavior at different wavetengths cannot
e properly demonstrated. These points must be made by other means, such as diagrams.

There are, however, numerous acoustical wave phenomena which can be demonstrated
with this sefup. 1 will describe one here and list some of the others with a few illustrations.
You are encouraged fo experiment using the described setup and develop others.

Diffraction of waves
through a crack undera
door:

Arrange a clay strip for a
floor and a door, teaving
a crack beneath the
door. Produce a wave
puise on one side of the
door. If the crack is wide
enough, waves will be
seen emanating from it
on the opposite side of
the door (Fig. 2) asif
from a new source,
llustrating a common
problem in achieving
sound isolation.

Fig. 2 Diffraction under a door

*Capllary repulsion befween the water and the olly clay causes the water surface af the juncture
to curve, distorting the projected image along that edge. To make the image clearer, ! line the clay
strips with blotting paper, which, when wet, eliminates the capillary action and the curved water
edge.
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Other demonstrations

» reflection and echo from a straight wall (slow speed of sound is clear here.)

« scattered reflection from an irregular wall if the facets are longer than the water
wavelength.

* undistorted reflection from an irregular wall if the facets are somewhat sherier than
the water wavelength.

+ focusing of reflections from a concave wall,

+ corner reflections from a right angie room or ceiling corner (reflections always return
to emission source.)

* flutter between parailel walls (Fig.3), and eliminafion of flutter by a small deviation
from parallel.

* reverberation within a closed boundary (Fig. 4) Show good diffusion vs. poor by
making boundary irregular vs. rectanguiar or by including gaps to simulate absorp-
tive patches.

» diffraction around a short wall or at any edge, (Fig. 5) or through small openings
(such as back-to- back electrical outlets.)

» fransmission through a thin wall (use thin plastic strips for the "sheetrock,” held in
place by clay strips at the ends.)

* how a "whispering gailery" works (such as along the curved wall of the drum under q
dome as In $t. Peter's Cathedral.)

+ why hearing is so good in a Greek theater in spite of no rear reflecting wall (the
orchestra--literally "dancing area"-- is important as a reflecting surface, and audi-
ence seagting area must be steep.)

« demonsirations of some recommended room plans and sections, using fransparen-
cies placed under the water fray.(Figs. &, 7, & 8)

Some demonstrations illustrated

Fig. 3 Fiutter between parailel walls. Waves
continue back and forth for some time.

Fig. 4 Reverberation In an kregular room,
Waves travel in all directions; continuing for
a relatively fong time,
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Fig. 5 Diffraction over a wall; note the reflection
toward the left, and the bending of waves over the
wall and downward to the right.

Figs. &6 A good audiforium section; nofe the
reinforcing reflections from stage rear wall
and ceiling, plus the strength of waves at
the seats caused by reflection from these
surfaces and the main ceiling.

Fig.7 A good auditorium plan; note the good
diffusion of the waves into the audience.

Conclusions

Please remember that this presentation
method is aimed at clarifying the goals
of acoustical design and some of the

phenomena of sound behavior. [have
found immediate improvement in
students’ design proposals after they
have been sensitized by the presenta-
tion, but | wish fo emphasize that the
points must be continually stressed in
design class and should be followed by
a more detailed course about sound
behavior and measurement.

Fig. 8 A good classroom section; nofe the
reflections from the frontwall and reflective
forward section of the celling. Floor, rear part
of celling, and rear wall are absorpfive.

If good acoustical performance is fo become the norm in buildings, architects must under-
stand the acoustical design goals and why certain design details and forms work fo reach
those goals, (or others work against achieving them.) Knowledgeable architects will also
pring in acoustical consuttants af an earlier stage of design, rather than later stage when
they might be asked to “treat” the building, often when it is too late to do any real good.

Richard Kellogg, NOTE: The foliowing eighteen slide
Professor Emeritus of Architecture images are from Prof. Kellogg's
University of Arkansas lectures.
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ACOUSTICS
THE ARCHITECTURAL
DESIGN GOALS

L SQUND_DISIRIBUTION

10 HEAR VIOICE AND MUSIC AT
ALL POINIS IN A ROOM

2 SQUND ISOLATION

*TO  NOT HEAR UNWANTED
SOUND BETWEEN ROCMS OR
OUTSIDE TO INSIDE

2. NQISE CONTROL

=10 REDUCE OR CONTROL SOUND
LEVEL WITHIN A ROOM

IMPORTANT
SOUND
CHARACTERISTICS

SILOWY

1130 FEET PER SECOND
340 METERS PER SECOND

DISTRIBUTION: -
ISOLATION:
NOISE CONTROL: e

WAVES

A =0 or .8em @ 20000HZ
A=14 or 3scm @ W000H7
A =LV o Mem @ 1000HZ
A =113 0o 34m @ 10HZ

DISTRIBUTION: 4+ -
ISOLATION: —

NOISE CONTROL: -

WAVES ...

REFLECTED

by hard surfaces

ABSORBED

by “fuzzy* moterials

through cracks,

DIFFRACTED around cormers,

ot smooth/fuzzy edges

TRANSMITTED  vougn i, light walls

(mostly oufdoors)

REFRACTED

REFLECTION

BENEFITS L o

* HIGHER SOUND LEVEL
* REVERBERATION

PROBLEMS —

* ECHO

* FLUTIER

* FOCUSING

* RESONANCE

= EXCESSIVE REVERBERATION

F 4
SPECIAL NOTE ABOur

REFLECTION

SHORT WAVELENGTHS-HIGH FREGLENCIES

ABSORPTION

BENEFITS e

® ELIMINATE UNWANTED
REFLECTIONS

* IMPROVE DISTRIBUTION BY
SCATIERING

PROBLEMS —

* HEARING POSSIBLY POOR

* IRANSMISSION NOT
CONTROLLED

* MUSIC SPACES POSSIBLY
TGO "DEAD"

DIFFRACTION

BENEFITS e
¢ HELPS DISTRIBUTION

PROBLEMS _—
= MAKES SOUND

= LEAK THROUGH CRACKS

- BEND QVER AND AROUND
BARRIERS

* REDUCES ISOLATION
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SPECIAL NOTE ABOUT

DIFFRACTION

LONG WAVELEMG]HS BEND EA.SILY AROUND BARR’J'ERS

"”‘\\‘ \ LR

| e

SHORY WAVELENGHTS DO NOT BEND AS EASILY

TRANSMISSION

BENEFITS e

» ALLOWS EAVESDROPPING....?

PROBLEMS -

= REDUCES FRIVACY

* REDUCES NOISE ISOLATION

SOME
RECOMMENDATIONS

DISTRIBUTION

IN ROOMS FOR
MUSIC AND SPEECH

1. PROPER SHAPE

* IRREGULAR IS BEST
* NO CONCAVE SHAPES

2. PROPER LOCATION
OF ABSORPTIVE AND
REFLECTIVE SURFACES

*TO DIRECT SQUND TO AUDIENCE
* TO ELIMINATE DEFECTS

ISOLATION

1. BETWEEN SPACES

* SOLID, DENSE WALLS
*SPECIAL CONSIRUCTION
“NO AIR PATHS

*NO WEAK SPQTS

*NO STRUCTURE PATHS

2. WITHIN ROOM

* LOW, ABSORPTIVE CEILING

» CARPET ON FLOOR

» ABSORPTIVE "BOOTHS" AT SQURCES
* RESILENT MACHINE MOUNTS

« "WHITE" BACKGROUND NOISE

OFFICE

CLASSROOM

AYDITORIVM

N@ISE
CONTROL

PLENTY OF
ABSORPTIVE
MATERIAL !
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EXAMPLE STUDIES BY STUDENTS AT SYRACUSE UNIVERSITY

» To study acoustical attributes of concert halls, students modeled well-known halls such as:
Musikvereinssaal, Vienna (1870); Philharmonie, Berlin (1963); Opéra Garnier, Paris (1875);
Carnegie Hall, New York (1891); and Symphony Hall, Boston (1900).

+ The Kellogg method was used to evaluate reflected sound waves. Longitudinal sections of
the halls were constructed from thin aluminum and then bonded by silicone sealant to a
clear acrylic plastic base. The models were piaced on an overhead projector and filled with
2" of water. Waves initiated by drops of water were observed on the projected image.

» The water surface models helped students to understand basic principles of room acoustics.
In addition to the classic halls, students tested and refined their own designs to achieve
even distribution of sound and to avoid hot spots and echoes.

Srip of thin alum.
Ceeaaicl t be water tight) -

(énl/\bw Fathfy of
mozdcwt and 'veflecked waves
ot water eur{acb)

e thick clear serulic
Flaotio base (Lo dllsw
Unimpeded traremission
of light )

Conyex ootlino)

Deat i
it dle_e;f? water
. (o how waves)
Gouvrce Yocation {(dvep Waves on surface
water bead on Water of watey

2ur-face here)

Analysis of Student Design Project

19

Project By:
A. Chow, Syracuse University
1998 Newman Medallist
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Acoustics, Architecture, and
Speech: A Student Inquiry

Peter R. Lee, AlA
M. David Egan, Hon. AlA
Clemson University

Abstract

A hands-on student project aimed at identifying an
acoustics problem and correcting it was undertaken
during a special two-day period set aside by the College
of Architecture to encourage innovative learning
methods. The exercise combined acoustics theory and
problem definition with architectural design response
and testing of the sclution.

The pastor of a local church was concerned that wor-
shipers had difficulty hearing his sermons. Examina-
tion of the sanctuary space revealed that speech
intelligibility was being degraded by an excessive
amount of reflected sound, In-situ experimentation led
to the conclusion that a canopy could conirol sound
emanating from the pulpit and effectively direct it
toward the congregation. Following the exploration of
alternate designs, a final canopy model was constructed
at full scale and placed over the pulpit for testing
purposes.

Before and after measurements with a portable meter
measuring speech intelligibility revealed that listening
conditions in the church improved significantly with
the installation of the canopy. Similar findings emerged
from surveys of church iembers conducted during the
period of time the canopy remained in place.

Canopy design evolution

Place In Curriculum

For two days during the spring semester of 1988, all
design studio and supporting lecture classes in the
Coliege of Architecture were canceled in order that
students could take part in special leaming programs,
Five undergraduate architecture students joined in the
acoustics design exercise conducted by a teaching team
from design studies and building technology, assisted
in turn by two graduate students. The work performed
over the two-day period by this student group forms the
basis of this innovative instructional program.

Educational Purpose

The fundamental goal of the exercise was to
demonstrate that acoustical design and architectural
design can be integrally linked. The specific objectives
consisted of the following:

1. To leam to identify acoustics problems in spaces
for listening such as churches and auditoriums,

2. To determine how to correct fanlts such as echoes
and excessive reverberation of sound.

3. To explore the design of architectural elements
that successfully enhance good hearing conditions.

Teaching Strategies

A local church, where speech intetligibility had been a
problem since its construction in the earty 1960s, was
selected as a subject for the study. The following pro-
cedure was employed:

1. The students gathered the first moming for an
introductory seminar on basics of room acoustics
design, accompanied by familiarization with the
use of the B & K portable meter in measuring the
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rapid speech transmission index [RASTI]. This
meter, which permits very rapid measurement of
speech intelligibility throughout listening spaces,
was loaned to the school by Bruel and Kjaer of
Marlborough, Massachusetts, specifically for this
exercise, A workbook of critical acoustical data
prepared by the two graduate students was also
issued to the participants at this time.

That aftemoon, the group moved to the church,
where the students used phonetically balanced
word lists to determine the articulation index [AI}
within the sanctuary space, took measurements
with B & K's meter to measure RASTI, and drew
ray diagram tracings on plan and section drawings
to indicate patterns of reflected sound. These
analyses fed lo the conclusion that natural sound
cmanating from the pulpit was being poorly dis-
tributed and was causing excessive reverberation
within the high-ceilinged worship space.

Laterin the day, empirical testing of an improvised
covering above the pulpit indicated that such a
device would direct more sound toward the con-
gregation and, as a consequence, result in fess
reverberation, higher signal-to-noise ralios, and
overall better hearing conditions. The students
subsequently explored design ideas for such a pul-
pit canopy by means of sketches, small-scale study
models, and partial mock-ups. Following a critique
of the various proposals, agreement was reached
ot the best design approach, and construction of a
full-scale prototype canopy was begun.

Work on the project continued throughout the
night and into the following moming. The canopy
was constructed of 3/47 thick polystyrene panels
joined by thin ribs of the same material. This
assemblage in tum was supported by columns
made of large diameter commercial carpet rolls
donated by a local store. The three panels of the
canopy, which formed a convex shape, were in-
tended to be symbolic of the trinity, with the ex-
tended ribs alluding to the crown of thoms. The
column supports in turn represenied the four
corners of the universe, while a green ribbon
entwining one recalled a snake and the fall from
grace in Eden.

Installation of the canopy over the pulpit required
that the columns be cut to different lengths to
adjust to floor level changes at the pulpit area, after
which they were set into bases and stabilized with
sand-filled polyethylene bag inserts, With the
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canopy now in place, the original speech intel-
ligibility tests were repeated, with the results in-
dicating that the introduction of the canopy caused
significant improvement in listening conditions as
indicated in the accompanying Al gradients and
contours.

6. The pulpit canopy remained in place for two suc-
cessive weeks of Sunday services. Several of the
students took this opportunity to observe its effect
on speech intelligibility within the sanctuary,
Taking into account they had not aitended the
church previously and therefore lacked a long-
term basis of comparison, they reported listening
conditions to be favorable and none indicated any
difficulty in hearing the pastor during his sermon.
Equally important to this informal evaluation of
the canopy's effectiveness was the sense of ac-
complishment afforded these students in being
able to see their work being put to real use,

Means of Assessment

The exercise was assessed both on the basis of in-
dividual learning acliievements by the participating
students and its overall success in focusing collective
student learning toward an achievable product. In the
former case, students were evaluated on the basis of

1. The degree of active participation in all aspects of
the undertaking, and the demonstration of an in-
quiring attitude and healthy work ethic. While
overall interest in the exercise initially appeared
modest as its theoretical foundation was being
established, a show of enthusiasm emerged as the
students were able to see the application of this
knowledge 1o an actual problem, and particutarly
as they observed the canopy itself take physical

shape.

2. The quality of performance during pre-design
documerdation, design exploration, and the con-
struction phase. Since the participating students
were from different year levels, it was not unex-
pected that their proficiency as designers would
vary. However, in both the pre-design documenta-
tion phase and the canopy construction work,
ability appeared more equalty distributed and each
student proved able to make a significant contribu-
tion to the exercise.

The success of the students in directing their efforts
toward an achievable product was evaluated on the
basis of



3. The results of the exercise as compared with other
innovative learning programs, and its application
to further studies. In a comprehensive slide
documentation of the collective efforts of the two-
day College event, it was evident that among the
approximately two dozen undertakings, this exer-
cise uniquely directed critical inquiry toward an
achievable end. In a broader framework, the exer-
cise has spurred interest in further integration of
acoustic science and studio design, and the in-
creased use of hands-on activities in technology
studies.

4. The responsiveness of the proposal both o the
auditory needs and the visual character of the
church sanctuary. Survey forms developed by the
church building conunittee were distributed to the
congregation to secure their opinions on the effec-
tiveness of the canopy in improving listening con-
ditions within the sanctuary, as well as to its visual

qualities. A current move to develop a permanent
canopy of siinilar design is indicative of a positive
response in each of these areas.

Jury Comments
“It is well executed, design sensitive, and a solid course
that is transferable to lighting, HVAC, etc.”

“This has an intensity of experience that the students
from the whole school will never forget. From analysis
through execution in a short time it provides a full
rounding of experience. The sense of satisfaction at the
end must have been phenomenal. It not only represenis
the complete cycle for analysis through execution, i
links the top and bottom of the school and offers a
balance between service and learning, which is not a
casual by-product.”

“What may be innovative here is the idea of the Com-
munity Design Centers applied to technologies rather
than design.”

NOTE: Kay Moore Mason and Arnold McClure (1988 Newman Medalists, Clemson University)
prepared materials for the introductory seminar on acoustics. They also served as
facilitators for the RAST! measurements and during design, construction, and
installation phases of the working canopy.
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Seminar on acoustics

Student mmecasuring RASTI

o

Testing improvised covering

T
Exploring design alternatives
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Group design critigque

Setting he columns

On 16 the church

Auaching the canopy
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TIPS FOR DESIGN OF REFLECTORS FOR SPEECH

1. In general, the larger the refiector and the closer itis to the speaker’s location, the
better. Minimum dimension of length, width, or diameter should be at least 4 ft.

2. Use tilted flat surfaces or moderately convex surface (radius of curvature about
20 ft) to reflect sound toward listeners at middle to rear of seating areas.

3. Avoid concave shapes because they focus sound rather than evenly distributing it.

4. Use ray diagrams on section drawings to find optimum position and orientation for
reflector. Be sure reflector extends forward of the speaker's location. '

5. Construct reflector from materials such as wood, gypsum board, laminated-glass, or
acrylic plastic that have sound absorption coefficients less than 0.10 at 2000 Hz.
Reflector should be well braced to be rigid.

6. Be sure sound-reflecting surface is smooth and does not have any sound-diffusing
elements or significant surface modulations. Depth of ribs or other surface relief
should not exceed 2 inch.

7. To adjust reflector in situ (or temporary full-scale mock-up of thick molded
polystyrene or foam-core board), cover bottom surface with high light-refiectance
membrane such as aluminum foil, silvered mylar, or glossy polyethylene. Then with
room darkened, use narrow-beam theater followspot positioned at speaker's
location to evaluate pattern of reflected light into seating areas. Adjust tilt until
desired even coverage is achieved.

tilted
sound yeflector

W;géx_hﬁl#ﬂjj7 arqle of Filt

Front View_ 9ide View
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SOURCES FOR CLASSROOM DEMONSTRATIONS

Most of the acoustics experiments presented in these books and videos can be performed with
inexpensive equipment. Although some of the books are out-of-print, they should be available

in most university libraries. Classroom demonstrations can help demystify acoustical principles
and leave a lasting impression.

Books -

D. R. Carpenter and R, B. Minnix, The Dick and Rae Physics Demo Notebook, Dick and
Rae, Inc., Lexington, VA, 1993.

R. D. Edge, String and Sticky Tape Experiments, American Association of Physics
Teachers (AAPT), College Park, MD, 1987

Exploratorium Cookbook, Exploratorium, San Francisco, CA, Vol. | [1975],
Vol. {l [1980], Vol. Il [1887].

G. D. Freier and F. J. Anderson, Demonstration Handbook for Physics, American
Association of Physics Teachers (AAPT), College Park, MD, 1981.

T. D. Rossing, Acoustics Laboratory Experiments, Northern lllinois University,
DeKalb, IL,1982.

R. M. Sutton, Demonstration Experiments in Physics, McGraw-Hill, New York, 1938.

C. Taylor, The Art and Science of Lecture Demonstrations, |nstitute of Physics (IOP),
1988. Available from Adam Hilger, Philadelphia, PA. [Taylor's book discusses the
art and science of classroom demonstrations, including advice on how to achieve
well-executed, memorable demos.]

J. Walker, The Flying Circus of Physics, John Wiley, New York, 1974.

Videos (VHS format)

“Simple Waves” [Order from: Central Scientific Co., 11222 Melrose Ave., Franklin
Park, 1L 60131].

“What is a Wave?” [Order from: Science Kit and Boreal Laboratories, Tonawanda,
NY 14150].

“World of Sound” [Order from: Science Kit and Boreal Laboratories, Tonawanda,
NY 14150].

“The Puzzle of the Tacoma Narrows Bridge Collapse” [Order from: AAPT, 5112 Berwyn Road,
Coliege Park, MD 20740].
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EXAMPLE TABLE-TOP DEMOS

To demonstrate how molecules bump each other and propagate sound energy, set up

a row of dominoes. By pushing the first domino, the chain reaction passes energy to
the other end.

Push ?Qushz Travele alona]

000!

Use a slinky toy to show wave propagation. Suspending the toy between both hands,
shake one end. Observe the dynamic pattern produced by tightly spaced coils and
widely spaced coils. The distance between adjacent concentrated coils, or between
adjacent widely spaced coils, is the wavelength.

L wave lenghy

. | 1

T3

a F

(L Na\fo-loncgf‘k_qL

A tube for mailing architect's drawings can be used to demonstrate specular reflection
of sound. Cut the tube in two, set each half on a pile of books, and tape a noise source
to the end of one of the tubes. With that tube at an angle to the wall, adjust the
opposite tube until the sound is loudest. This should be when the angle of incidence
(£i) equals the angle of reflection (1),

VN Hard Vi

Cordbonrd aurfece f;]/ _
tube

Sovree
(Wateh) [

_ Reference
. J. Wellington, Sounds, Stanley Thomes, Cheltenham, England. 1984,
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SOUND ISOLATION DEMONSTRATION

A doorbell can be used to demonstrate the basic principles of sound isolation. With no
isolation, the doorbell produces 70 dB at a few inches away. When the doorbell is surrounded
by a 3/4-in-thick enclosure of low-density, porous glass fiber (called “fuzz”), the transmitted
noise is reduced by only 3 dB. Porous sound absorbers are very poor isolators because air
moletules can readily pass through them. By themselves they act as sponges, they absorb
sound but do not prevent its transmission. ,

When the doorbell is surrounded by a 1/2-in-thick plywood enclosure with a soft, airtight seal
around its edges, the noise level is reduced from 78 dB within the enclosure to 50 dB outside.
This significant reduction in noise level would be perceived by most observers to be about one-
fourth as loud as the unenclosed bell. The plywood enclosure is an effective barrier because it
is solid, has sufficient mass, and is sealed airtight at the gaps around its edges. The seal is
essential because even a very small opening can noticeably increase the transmitted sound.

When the doorbell is surrounded by a 1/2-in-thick plywood enclosure fully lined with 3/4-in-thick
sound-absorbing material, the buildup of reflected sound energy within the enclosure is reduced
by 6 dB. The noise level outside the enclosure now is reduced to 43 dB.
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NOISE BOX LECTURE DEMO

In the articie below, “Homage to Bob Newman,” Connector, Spring 1998, Professor
John Reynolds tells how he uses a noise box demo to teach acoustics to architecture
students at the University of Oregon. The Connector, edited by Ed Allen, is a biannual
newsletter for teachers of technology at schools of architecture. It focuses on examples
of how to teach technology and provides a forum for information exchanges by faculty.
To request a subscription, write to: 129 Eliot Street, South Natick, MA 01760.

Homage to Bob Newman

Consider the following in homage to Bob Newman, from whom | took this idea. It made
such an impression on me in his class 31 years ago that | promptly copied it and have
used it every year since.

We begin our discussion of sound isolation in acoustics by the “noise box
demonstration”. Our class is about 110 undergrad-grads mixed. | have rigged up a
small annoying buzzer and an equally annoying bell, sounding together. | plug this
contraption in, and manage to make myself heard above the din. Holding up in one
hand a small wooden box capable of covering this noisemaker, and in the other a thick
hat-like creation made of carpet underlayment fabric, also capable of covering the
noisemaker (and just small enough to fit inside the wooden box, later on). | shout,
swhich will reduce the noise more, the box or the hat"? Then | unplug the noise, and
ask them if, before they vote, have they any more questions? Typical questions: “How
thick?” and “what exactly is the material?” Less frequently, “how much does each
weigh?” The class then holds up hands; typically, two-thirds favor the “hat’, one-third
the “box”, and one or two people vote “the same”. ('m quite sure | voted for the hat
myself once upon a time.) Then i plug the thing back in again, cover it first with the hat,
then the box. The result, of course, is dramatic. They tend to remember (at least thru
the Midterm Exam...) that noise absorbing materials do NOT, by themselves, isolate.
The box-hat combination can then be used to show how absorbing materials within the
box reduce noise still further (a nice accompaniment to PWL and SPL, for which we use
Egan’s graph), and, by pressing down on the box cover, how “caulking” of cracks can
further reduce noise transmission.

So, thanks, Bob, for the demo idea; you were tops.
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BASICS OF SOUND

Sound and Vibration

Sound is a vibration in an elastic medium such as air, water, most building materials, and the
earth. Noise is unwanted sound (annoying sound made by other people or loud sound which
may cause hearing loss). Sound energy progresses rapidly, producing extremely small
changes in atmospheric pressure, and can travel great distances. However, each vibrating
particle moves only an infinitesimal amount to either side of its normal position. It bumps
adjacent particles and imparts most of its motion and energy to them.

Position of Position of &ir
maximum particle at rest
displacement
@ .
\\-\\ L Amplitude
Amplitude -/.\
(maximum displacement \

during’ vibration) @

Frequency of Sound

A full circuit by a displaced particle is called a cycle. The number of complete cycles per
second is the frequency of vibration. Frequency is measured in cycles per second, the unit for
which is called the hertz (abbreviated Hz). It is more difficult to isolate low-frequency sound
energy (<250 Hz) than energy at high frequency (>2000 Hz).

Decibels
Ernst Weber and Gustav Fechner (nineteenth-century German scientists) discovered that
nearly all human sensations are proportional to the logarithm of the intensity of the stimulus. in

acoustics, the bel unit (named in honor of Alexander Graham Bell) was first used to relate the
intensity of sound to an intensity level corresponding to the human hearing sensation.
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Some common, easily recognized, example sound levels in decibels (abbreviated dB) are
shown in the figure below. The human hearing range from the threshold of audibility at 0 dB to
the threshold of pain at 130 dB represents a tremendous intensity ratio of 1 to 10 trillion.

Subjective

o ® Crackling of plastic food wrappers (2 f% gy

2 60 ®Near highma; traffic ( when »55dBA, road
o and rail traffic énnoy most people)

Decibels  Emampies evaiuation
== 140 ®.Jet engine ( 754t away)
= Painful (and
;I;hres_hoid Y I—{130 e Jetaircraft during takeoft (300 away) dangerous )
pain —
Threshold —) =120 ®Hard rock’ band (with electronic smplification)
of feeling = ® Thunder (nearby) Desfening
—1110  ®Accelerating motoreycle at feu £ away
— 100 h 10 away )
— 32‘}334 ggi’lecat Foo‘tba%t game
—J]qg ®Printing press ' Very toud
— ®Preumatic concrete bresker
— ® Computer sguipment room
Threshold ——) || 20 ®Cafeteria with sound - reflecting surfaces
of hearing |oss i
i'fp’}g;,’.‘:;’“ | :“*_:'- 10 @B-757 zireraft cabin during flight o) Loud

Speech

Moderate

-owed 50 @04Fice activities

: 40 e50ft stereo music in residence
M_ 30 ®Residence without stereo plaging” { late 2% E Faint

night)
® Nhisper
®Audiometric testing room
O Rustie of |eaves in breeze

® Human breathing Very faint

Thresheld ——)

of hearing
(or audibility)
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LOGARITHMS MADE EASY

Logarithm Basics

The first step to find the logarithm of a number is to express it as a digit
from 1 to 9 muitiplied by 10 to a power. A logarithm usually consists of two
parts—the characteristic, which is the power of 10, and the mantissa, which is
the decimal found in log tables {or from pocket calculators ) . In solving loga-
rithms, remember that

105 = 100,000

104 = 10,000

108 = 1000

102 = 100

10" =10

10° = 1 (= means equal to by definition}
10-1 = 0.1

10-2 = 0.01

10-% = 0.001

and when the decimal point is shifted to the left by n places, the number is to
be multiplied by 10" when the decimal is shifted to the right by n places, the
number is to be divided by 10" This may seem complicated at first, but after
reviewing a few examples it should become routine.

4.820,000,0 = 482 X 10° = { & means approximately equal to)
~— P 9

Numbers ending in 0.5 and greater should be rounded up as shown by the
example above. If less than 0.5, the decimal should be dropped.

0.0000258 = 2.58 X 107 =
8,400,000,000.0 = 8.4 X 10° =

The following shortened logarithm table can be used to quickly find the
mantissa of numbers from 1 10 9.

A USEFUL LOG TABLE
Number Mantissa

0
0.3
0.48
0.6
0.7
0.78
0.85
0.9
0.95

oo~ bWk —
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In almost all acoustical problems, it is not necessary to work with small
fractions of decibels. Use either the log table above, or a four-place log table,
and round the final answer to the nearest decibel. A pocket calculator that
finds an entire logarithm in one step is very handy when working with decibels,

The following examples represent logs of very large and very small num-
bers. Remember, the first step is to arrange the number as g digit times 10 to

a power.

log (4,820,000.0) =log (5 X 108) = §7 =

'—-—-—emernumber '

column to fing
log (0.0000258) = log (3 X 10-¢) = — jog (E}x 105)
= ~log (0.33 X 10%) = -iog (3 x 104) = 21
log {8,400,000,000.0) = log (8 x 10%) =
Antilogarithms

The antilogarithm of a quantity, such as antilog (x}, is the number for
which the quantity x is the logarithm. For example,

] IR
antilog {6.7) = 5 X 1086 =

L enter mantissa
column to find

antiog (—4.48) = -3 x 10t =1 x 104 =033 x 10~ = § x 10
3

When the mantissa of a log falls between values in the shortened log table,
use the closest mantissa to find the corresponding number from 1 to 9.

Properties of Logs

1. log xy = log x + log y
2, logf—% log x — log y

3. log x° = nlog x
4. log1 =90

“This property is important in acoustical analysis becayse operings in building slements have NG resistance to
soundﬂowMichmencanbeaxprassadasOdﬁofisdaﬁon.
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PRACTICE PROBLEMS

1. Using logarithms, compute the sound intensity levels (L) in decibels (dB) corresponding
to foliowing sound intensities (I) in watts per square meter. Round your answers to the

nearest whole dB.

8.93 x 102 W/m? L = dB
4.2 x 10 Wim? L = dB
8.48 x 10" W/m? i = dB
1.0 x 10" W/m? L = dB
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Find the corresponding sound intensities (I) in watts per square meter (W/m?) from
following sound intensity levels (L) in decibels (dB). Refer to page 22 in Architectural

Acoustics.

I= Wim?

125 dB

29 dB I= Wim?
73 dB I= Wim?
0dB I= Wim?
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POWERS OF 10 REVIEW

Remember, the symbol 102 is a shorthand notation for 10 X 10X 10=
1000. Also, the product of two powers of the same number has an exponent
equal to the sum of the exponents of the two powers:

102 X 10° = (10 X 10} X (10 X 10 X 10} =

or

102 X 10° = 1012+3 =

Additional examples follow:

107 X 105 = 1007 +% =

1072 _ 4109 x 10+12 = 1018+ 12 =

V 10-12

When combining exponents, be careful of the signs. Dividing by a negative
exponent such as 102 is equivalent to multiplying by its reciprocal, 102

%8__%-= 10-3 X 10+12 = 103+ 12} =

You have now leamed to handle powers of 10 and logarithms, which are
fundamental relationships needed to describe how humans perceive sound and
how building materials affect sound energy.

Examples

1. The intensity { of a rock music group is 8.93 X 10-2 W/m?,
Find the corresponding sound intensity tavel L,

L

!
10 log =5

2
= 10 1og 383 X10Z = 1010g (8.93 X 10)

L, = 10 (10.9509) = (110 dB
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2.

3.8 Basic Theory

) ))))

Loud speech, measured at 3 ft away, has 3 sound intensity level L, of 73 dB.
Find the corresponding intensity /.

/
L= 10 Iog?)—_;;

73= 10 log 35

Next, divide both sides of the equation by 10.

!
73 = log—.m—_',-.;

The above expression states that the log of a ratio {I} 10712} is equal 10 7.3.
When the number for which the log is 7.3 {i.e., antilog) is found, set it equal
to the ratio.

I '
antifog {7.3) = 1.995 x 107

from mantissa table
or pocket calculator

Therefore,
1995 x 107 = =L
and by cross multiplication
/= 1995 X 107 X 10-2 = [1.995 X 10-° W/m?|




PRACTICE PROBLEMS

1. Convert sound intensity (1) into corresponding sound intensity leve! (L).

Given: Rock music at 5.4 x 107W/m?. Rock lacks two of the following
defining elements of music: harmony, rhythm, and melody.

Warning: Prolonged exposure {0 noise exceeding 85 dBA can cause permanent
hearing loss.

2. Convert sound intensity level (L) into corresponding sound intensity (I).

Given:  Bruce from the University of Woolamaloo yells toward Sheila at an
extremely loud level of 78 dB.

o

1= Wim?
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3. A Komodo Dragon angrily hisses at 82 dB. The corresponding intensity will be
Wim2,

4, Sound at a wavelength of 2.5 # wiil have a frequency of ' Hz.

5. Three basketballs hitting a wooden fioor are measured at sound levels of 63 dB,
64 dB, and 66 dB respectively. The combined sound level will be dB.
[HINT: Refer to pages 22 to 24 in Architectural Acoustics.]

6. An excited aardvark snorts at 50 dB. Find the combined sound level from
seventeen snorting aardvarks clustered together during their nighttime journey
over open terrain.

L= dB

7. Pure tones stand out above adjacent frequencies. Will a 40 dB pure tone at 125
Hz be perceived as louder than a 40 dB pure tone at 4000 Hz? [HINT: Refer to
graph of Fletcher-Munson's equal-foudness contours.]

Yes No
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INVERSE-SQUARE LAW

Sound waves from a point source outdoors with no obstructions {called
free-field conditions) are virtually spherical and expand outward from the
source as shown below. A point source has physical dimensions of size that
are far less than the distance an observer is away from the source.

Distance d, dosbled at
position 2 (ared of wave
guadrupled, so intensity is V&)

Portion of sound wave
at positien |

Sound source of
power (W) in watts

Distance (4,

Power is a basic quantity of energy flow. Although both acoustical and
measured in watts, they are different forms of energy and
cause different responses. For instance, 10 watts ({abbreviated W) of electric
energy at an incandesent tamp produces a very dim light, whereas 10 W of
acoustical energy at a loudspeaker can produce an extremely loud sound. Peak
power for musical instruments can range from 0.05 W for a clarinet 1o 25 W
for a bass drum.
The intensity from a point source outdoors at a distance d away is the
sound power of the source divided by the total spherical area And? of the
sound wave at the distance of interest. This relationship can be expressed as:

electric energies are

w

I= 4nd?

where | = sound intensity (W/m?}
W = sound power (W)
d = distance from sound source {m)
If the distance is measured in feet, multiply the result by 10.76, because 1 m?
equals 10.76 ft2.
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EXAMPLE PROBLEM (INVERSE-SQUARE LAW)

Location |

\ Location 2
\ |
1046 (d)
B0 ¢% (dia)

1. A car hom outdoors produces a sound imensity level L, of 90 dB at 10 #
away. To find the intensity /, at this first location, use

/
L= 10109“10—_,—2*

80 = 1O|og—1—é':-5~

“
9.0 = IOQT()’T.‘E-

¥
antilog (E'J.O) = 1.0 X 10°
[

/
1.0 X 109:?0_1—72'

h= 10X 10° X 10-2 =[10-3 W/m? |at 10 ft away

2. If the sound intensity / is known at a given distance in feet away from the
source, sound power W can be found by the following formula,

W
/= pyp X 10.76
By cross muitiplication
= 1
W= 4gd? X 10.76 x1

Since /; = 109 W/m?2at 10 ft away

= 1 3
W=4X314 X102 % 10_76X 102 =012 W
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3. The intensity level L, at 80 ft away can be found by the inverse-square law.
First, find the sound intensity I, at the location 8O ft away.

oo (22.)2
L \d,

I 10
103 _

L
641, = 107

1= '5312 x 10-3 = [[56 X 10 W/ at 80 ft away

Next, find L,

1.56 X 10
102

L,= 10log (1.56 X 107) = 10(7.1831) = [7ZdBl at 80 ft

L, = 10 log 37;575= 10 log

This means a listener moving from location 1 at 10 ft away to location 2 at
80 ft away would observe a change in intensity level of 18dB (1hat is, 80
dB - 72 dB). This reduction would be judged by most listeners as “very

much quieter”. However, a car horn at 72 dB would still be considered “loud”’
by rmost people.

Distance from source (#%)

Note: From 10 to 80 ft away is three doublings of distance (i.e., 1010 20 ft, 20 to
40 ft, and 40 to 80 ft}. Therefore, three doublings X 6 dB/doubling = 18 dB reduc-
tionand L, = 90 — 18 = 72 dB at 80 ft away.
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PROBLEM EXERCISES

1. Convocations are held outdoors on a college campus where ambient
background sound levels are 40 dB. Unamplified speech levels average 60 dB
at the 1st row, located 10 ft from the raised platform. If audience attenuation is
1.5 dB per row, find the reduced speech level at the 10th row, located 40 ft from
the platform,

{J
L L =X +

Step 1. Speech level at 1st row. L= dB

Step 2. Sound spreading loss to 10th row. A= dB
Compute by inverse-square law.

Step 3. Audience attenuation. A= dB

Step 4. Speech level at 10th row. L,= dB

Step 5. Will speech levels be audibie at 10th row?
[Circle correct answer.] Yes No
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A siren produces an intensity of 2.0 x 10" W/m? outdoors at a distance of 40 ft
away. What would be the intensity at 20 ft away?

I=1.0% 10°% Wiy

L= W/m? at 20 ft away

d level of dB at 2000 Hz. Find

At 25 ft away, cicadas produce a soun
100 ft away. [HINT: Referto table on

the sound level from these cicadas at
page 34 in Architectural Acoustics.]

dB at 100 ft away

m
I

Basic Theory 3.15



4. Find how far a noisy rotary-

screw chiller should be away from a screened
outdoor porch. The noise |

evel on the porch should not exceed 40 dB.

Given: 1. Chiller noise is 95 dB at 20 ft awa

y outdoors. Consider chiller to be
a point source.

Y § d» 7’
2. Inverse-square lawis 1 _| % .

chiller

7, Wﬂmfruﬁm’wym

oreh ‘: A7 Chiller
(]:ormt #:—P,» noise « 1748

exceea 4o d B),?'

@70’ awau
DISTANCE (4,)
Step 1. Find intensity (L,) at 20 ft from chiiler.
I, = Wim?
Step 2. Find intensity (I,) corresponding to 40 dB, notf to be exceeded at porch.
L= Wim?
Step 3. Use inverse-square law to find distance (d,) chiller must be away from
porch.
d, = ft

NOTE: You can check your answer usin

g formula for noise reduction outdoors:
NR =20 log (d

2/d;), where NR will be 95-40 = 55 dB and d, = 20 ft. Solve for d,.
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5. Two electric motors are side-by-side in an open area outdoors. When operating
alone, one motor measures 80 dBA at 5 ft away, the other 78 dBA at 10 ft away.
Find the combined noise level at 40 ft away when both motors are operating
simuitaneously. [HINT: For a method to quickly combine decibels, refer to
pages 23 and 24 in Architectural Acoustics.]

L= dBA at 40 ft away

6. Find the A-weighted decibel (dBA) for a snowmobile. At 50 ft away, the
measured octave-band sound levels are: 82 dB at 125 Hz, 84 dB at 250 Hz,
75 dB at 500 Hz, 78 dB at 1000 Hz, and 77 dB at 2000 Hz. [HINT: For the
weighting decibels and examples, refer to pages 31 and 32 in Architectural
Acoustics.}

L= dBA

7. The Irish Tenors™ (Tynan, Kearns, and McDermott) sing “Galway Bay” outdoors
at 80 dB each. How many additional tenors would be needed to reach 97 dB?

N = lrish Tenors
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RAY DIAGRAMS

Ray-diagram anaiyses can be used to study the effect of room shape on
the distribution of sound and to identify surfaces which may produce echoes.
A ray diagram is an acoustical analogy to the specufar reflection of light where
the angie of incidence £/ of an impinging sound wave equals the angle of re-
flection £r, with angles measured from the perpendicular to the surface. That
is, sound waves are reflected from surfaces in the same way a billiard bal,
without spin, rebounds from a cushion. Because of this, small mirrors or
silvered paper can be used with architectural drawings {or smail-scale models)
in a darkened room to reflect light from a point source. The patterns of re-
flected light demonstrate, during the design process, the effect of room shape
on the distribution of sound. [Refer to Section 8.]

Billiard Table

[« Beam of light
: from point source

> Reflected beam
% of light

/——-M irror
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RAY-DIAGRAM GRAPHICS

An inexpensive protractor to measure angles, a pencil, scale, and paper
are all the equipment required for ray-diagram calculations. Shown below is an
auditorium section with sound path differences calculated to front and middle-
rear audience locations from a typical source location. :

Path difference == reflected path — direct path

Angle of incidence (2i)

equale angle of reflection
{erY) at normal to
reflecting surface

' ~
k (o“""/:r)\ N cound- reflecting ceiling
| 50° \\ i .

NS = Normal “~T6, Reflected sound path
II e to ceiling ~NE&)
” e ~
\\gj . Direct sound path

Example Ray-Diagram Measurements (Distances are shown in parentheses on
above drawing}

Front location no. 1.

Path difference = {11 + 18} — {12} =
Excellent for speech and music because path difference is less than 23 ft.
Middle location no. 2:

Path difference = {16 + 26) — (33) =

Excellent for speech and music because path difference is less than 23 ft.
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EXAMPLE RAY DIAGRAMS (Adaptive Reuse Design)

According to L. L. Beranek, “Concert Hall Acoustics,” JASA, July 1992, p. 36, intimacy is the

most important subjective attribute in a hail. Intimacy correlates well W|th short path differences
and the corresponding ITDG (<20 msec).

Path diffevence =
[ (a+b) -c]

b&forb Moo\iﬁoa‘t[ohj_, ( Poov a“'ifrifauf’ l;DV\ o-f r{yﬂbot%{ SOUM.)

C\eoténd 3175“’\7““ | ssrended
I [A
material on ’{ \/éourl:&{*r‘e'{:lwtlhj
N Fanols

_fhctcr Modifications (Better distribution 4 shorter 1Tves)
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PROBLEM EXERCISES

1. Use the lecture hall plan and section drawings below to practice ray diagramming.
Sound should be evenly distributed to seating area.

¢ Show how sound is reflected off the front half of ceiling and front half of side

walls.

¢ Find initial time delay gap (ITDG). To convert path difference (in ft) to ITDG
(in msec), multiply path difference by 0.9. Refer to page 105 in Architectural

Acoustics.

A 1F
Z\, Guapended 4. by -
6&111141]
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2. Use auditorium section drawing to show how sound is reflected off suspended
reflectors in the lowered position and when raised to be flush with ceiling. Sound

should be evenly distributed from stage to audience con all levels. Two conditions
are:

+ Intimate theater mode (suspended reflectors in lowest position as shown
below).

¢ Concert hall mode (suspended reflectors flush with ceiling and sound-
absorbing banners retracted into truss space).

e
O
b
(&

—;—'{'
S
(v,
p——
D
N
)
O
1
7S
Y
=
=
3
G‘s
=
o .

B
/

E —E “oond: -—-;2
I | hbooring ]
: f Eannof‘ﬁ ;
b&\&ony : :1 5‘
| ey o
= |
— ':"'"" T‘Wuet @’(‘ad)o
-._[ % Mede
l,obb): _ Orchestra %aqo
| Ovch. Yit i
Section
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3. Lay out a suspended array of panels to acoustically couple the cubic volume of the
orchestra shell to the audience chamber. Use ray diagrams to show distribution of
reflected sound. Indicate thickness, size, and shape of your panels. Note fo
Instructor: For a review of geometric principles for designing sound reflectors, see
pages 105 to 118 in L. Cremer and H. A. Milller, Principles and Applications of
Room Acoustics, Vol. 1, Applied Science Publishers, Barking, England, 1978.

Pro-

Proscenium Stage House
o Orchestra
L & . Ny Shell
1 Audience Y
Chamber
[} . . , '
', ..
LLLL
Orchestra Pit
Section
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4. Match the sound reflectors shown below to the prominent concert halls in the cities
listed below. For photos and drawings of seventy-six halls, refer to L. L. Beranek,
Concert and Opera Halls, Acoustical Society of America, Woodbury, NY, 1996. If
you finish before time is called, you may check your work on this section only.

d e

A.‘ TH}E E?AQE[/“ u (4 v t
o DovetNuT" B THE |cE cupE c. THe PrivsLE

=4

D, ‘Tt PANCAKE" E.THE DoRITOT  E “He CRysTAL SaLap
Powl "
Baltimore, Maryland  ©~ Dallas, Texas
Berlin, Germany ¢ Minneapoiis, Minnesota &
Caracas, Venezuela C San Francisco, California &
Christchurch, New Zealand Toronto, Canada 1
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GOOD HEARING IN ROOMS

Students are to evaluate the speech intelligibility in one of the spaces listed below. The report
should contain sketches, diagrams, graphs, and charts as needed to effectively convey
information.

Church, Synagogue, Mosque, Temple
Auditorium Instructor should select
Performance Theater space.

e Large Classroom
s Cafetorium

s Atrium

The above spaces are recommended, but do not limit report assignment to them.
Articulation Index

The articulation index (Al) is an objective measure of speech intelligibility, which can be
calculated from the scores of a group of experienced listeners with normal hearing who write
sentences, words, or syllables read to them from selected lists (see "Egan’s R-List’). The graph
on the following page relates Al to the percentage intelligibility of clearly spoken sentences or
words that skilled listeners hear correctly. For example, if a speaker calls out 100 words and a
listener correctly hears 90, the Al would be 0.7.

Al (words) Speech Conditions
>0.85 Excellent
0.7t00.85 Very Good
06to<07 Good

Evaluation Procedure

From a lectern, a speaker should read from the word lists in a conversational voice level.
Listeners should be seated throughout the room. They should carefully listen and write down
the words as they hear them. Do not allow guessing, but allow for spelling differences of words
that sound the same such as: one or won and bare or bear {called homophones). Plot the Al
results on plan drawings. Low Al can indicate excessive reverberation, poor distribution of
reflected sound, or high noise levels. if possible, the room should be evaluated with and
without the HVAC system operating.

Report Elements

Your report should include observations on Al results and recommendations to improve
listening conditions. Provide outline lists and sketches to support your recommendations.
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EGAN’S R-LIST (100 SELECTED WORDS)

Aisle
Barb
Barge
Bark
Baste
Bead
Beet
Beige
Boil
10. Choke
11. Chore
12. Cod
13. Coil
14, Coon
15. Coop
16. Cop
17. Couch
18. Could
19. Cow
20. Dale

DEoNOGOhON=

1 Ball
2 Bar
3 Bob
4.  Bong
5. Book
8 Boot
7 Booth
8 Bout
9, Bowel
10. Boy
11. Boys
12. Brain
13. Bull
14, Crane
15. Cue
16. Curb
17. Curd
18. Curse
19. Curt
20. Cute

21,
22.
23.
24.
25.
26.
27.
28.
29.
30.
31
32.
33.
34.
35.
36.
37.
38.
39.
40.

21.
22
23.
24.
25.
26.
27.
28.
29.
30.
31
32.
33.
34.
35.
36.
37.
38.
39.
40.

Pame
Done
Dub
Feed
Feet
File
Five
Foil
Fume
Fuse
Get
Good
Guess
Hews
Hive
Hod
Hood
Hop
How
Huge

Dial
Dig
Dine
Ditch
Doubt
Dowel
Drain
Em
En
Fade
Far
Foam
Fob
Foe
Foot
Full
Gall
Gong
Grain
Hem

RLIST 1

41.
42.
43.
44,
45.
46.
47.
438.
49.
50.
51.
52.
53.
o4,
55.
56.
97.
58.
59.
60.

Jack
Jam
Law
Lawn
Lisle
Live
Loon
Locp
Mess
Met
Neat
Need
Qil
Quch
Paw
Pawn
Pews
Poke
Pour
Pure

RLIST 2

41.
42.
43.
44,
45,
486.
47.
48.
49,
50.
51.
52.
53.
54.
55.
56.
57.
28,
59.
60.

Hen
Huff
Hush
Jar
Job
Joy
Joys
Kirk
l.eap
Leave
Made
Maize
Mew
Muff
Mush
Mute
New
Newt
Oh
Ohm

61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74,
75.
76.
77.
78.
79.
80.

61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75,
76.
77.
78.
79.
80.

Rack
Ram
Ring
Rip
Rub
Run
Sale
Same
Shod
Shop
Should
Shrill
Sing
Sip
Skil
Soil
Soon
Soot
Soup
Spill

Peep
Peeve
Phase
Pull
Put
Raid
Raze
Rich
Rig
Ream
Roe
Root
Rough
Rush
Ruth
Sack
Sap
Slain
Tack
Tall

81.
82.
83.
84.
85.
86.
87.
88.
89.
80.
91.
92.
93.
o4,
95.
96.
97.
98.
99,
100.

81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94,
95.
96.
97.
98,
99.
100.

Still
Tale
Tame
Toil
Ton
Trill
Tub
Vouch
Vow
Whack
Wham
Woe
Woke
Would
Yaw
Yawn
Yes
Yet
Zing
Zip

Tap
Them
Then
Title
Tine
Tong
Toot
Tooth
Tout
Towel
Toy
Toys
Weave
Weep
While
Whine
Wig
Witch
Yak
Yap
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SITE NOISE EVALUATIONS

Students are to evaluate the overall noise level conditions at one of the outdoor sites listed
below. The report should contain sketches, diagrams, graphs, and charts as needed to
effectively convey information.

+ Site One (near noisy highway)

+ Site Two (near industrial plant) Instructor should select
« Site Three (near playground) sites.

L ]

Any other noisy location on or near campus

Evaluation Procedure

To assess site noise, follow the guidelines as recommended by the walk-away test described
on the following page. Refer also to pages 268 to 271 in Architectural Acoustics.

Report Elements

Submit appropriate maps, location diagrams, calculations, and sketches as needed to convey
your results. Comment on site noise and provide recommendations to mitigate noise so nearby
buildings would not be adversely affected.

Note to Instructor: Preferred locations would be sites on which heavy vehicular traffic or other loud noise
sources (such as industrial or cormmercial facility) and residential spaces are close together.

G EE AR

NOiS\j Tite  (eound waver (fleck prtween puildings)
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WALK-AWAY NOISE TEST

The walk-away test may be used to assess the noise level acceptability
of a proposed building site for low-rise buildings. [ However, to evaluate
compliance with noise ordinances, measurements should be made only with
precision sound level meters.] Two persons with normal i
hearing and average voices are required to perform the walk-away test. The
speaker should stand at a fixed location and read unfamiliar text material in
a conversational voice level normally used indoors. The listener should back
slowly away until only & scattered word or two over a period of more than
10 s is understood. Measure the distance and evaluate conditions using the
iable below. Test during times when noise levels are highest (e.g.. during
peak morning and afternoon traffic) or most annoying {e.g., after 10 p.m.
when people are trying to sieep). For best results, perform the test during
several visits to the site and reverse the roles of speaker and listener.’

Clearly Acceptable

> 7084 apart ('speech understood’) ’{

Clearly Unacceptable

(T

Listener Talker

Distance from Which Male Speech is Noise Level
Understood (ft) Acceptability
>70 Clearly acceptable
26 t0 70 Normally acceptable
7t0 25 Normally unacceptable
<7 Clearly unacceptable -
Reference

T. J. Schultz and N. M. McMahon, HUD Noise Assessment Guidelfines, U.S. Depant-

ment of Housing and Urban Development, Washington, D.C., 1971. Student Exercises 4.5



OUTDOOR NOISE CONTOURS

Use a grid similar to the one below to record your estimated site noise levels. For example, the

grid shows distances away from railroad tracks and
noise data on page 34 in Architectural Acoustics. P
distance outdoors; line sources 3 dB per doubling o

highway. Refer to example transportation
oint sources drop off 6 dB per doubling of
f distance.
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CHECKLIST FOR CONTROLLING OUTDOOR SOUND

1.

2.

Select the quietest site.

Locate buildings or exterior use areas far away from noisy streets and highways. In
urban areas, roads should be designed so vehicle speeds will be slow and constant.
Noise is loudest at hills, at intersections, and on rough road surfaces.

Take advantage of natural shielding of terrain and nearby buildings.

Use physical barriers such as earth berms, outdoor walls, and dense vegetation to
reduce noise.

Face critical spaces toward quiet sides of site.
Use non-critical interior spaces as buffers to reduce transmitted noise.
Design envelope of building to reduce transmitted noise to be below ambient sound

levels in rooms. Detail and specify sound-isolating construction elements: walls,
roof, doors, windows, and the like. [Refer to Section 6 in Workbook.]

= =7 = _KO '7:-_-1!.==
““N\%OWVVJ \/leUal SNV (/67“00'“/] aef\ﬂ’c‘[‘f TUF{:. b{OOk
wal (not noise barvier)  Arive (avicter packing aulface
Gurface “than (to 2trb

@reve[) cound)

Student Exercises 4.7



Listening to Buildings:
Experiencing Concepts in
Architectural Acoustics

Gary W. Siebein, FASA, Associare Professor
Richard P. Cervone, Research Assistant and
Adjunct Faculry

College of Architeciure, The University of Florida

Abstract

coustics is too beautiful, too intrinsically

architectural, and toe complex to be taught

solely from a theoretical, abstract, or analyti-
cal perspective in the classroom. A series of listen-
ing experiences were arranged for students enrolled
in a required environmental technology course. The
listening experiences were designed o encourage
students to view architecture from the perspective
of their senses and to help them understand basic
room acoustics principies in terms of their own lis-
tening judgments. A total of 26 rooms encompass-
ing a wide variety of acoustical conditions were
selected for the exercise. Students attended at least
three speech intelligibility tests and two concert
rehearsals in different rooms. At the concert
rehearsals, an acoustics evaluation sheet was used
as a vehicle for structuring the listening experi-
ences. Each student prepared a typewritten paper
relating what they heard in the rooms to the archi-
tectural characteristics of the rooms. They compared
and contrasted the listening experiences, revealing
many positive as well as negative architectural fea-
tures and acoustical qualities in the process. The
experience of visiting rooms and critically listening
to sound in the rooms helped to bridge the gap that
often exists between concepts discussed in lecture
and tangible realities of buildings.

Place of Program in the
Curriculum

The assignment was administered during the
acoustics pertion of an upper level course studying
environmental technologies in architecture. This
was a required course in the four-year Bachelor of
Design curriculum leading to the professional
Muster of Architecture degree. Four class sections
participated In the eight-week project involving
approximately 180 third- and fourth-year students.

4.8 Student Exercises

Educational Goals

There were several educational goats to this exer-
cise. The assignment was intended to explore broad
philosophical issues about architecture as well as
specific principles of room acoustics simultaneous-
ly. The educational aims are listed below.

b, Toview architecture as an art that is experi-
enced and understood in the realm of the senses.

The idea that architecture is an art in which the
participant is “submerged in the experience” was
the philosophical ground for the project,
Architecture 1s fundamentally different from arts
such as painting, sculpture, film. eic., where one is
exposed to a certain medium (Fitch, 1975). While
we recognize the visual as a notable quality of
buildings, light, temperature, and sound were also
proposed as qualities of buildings. Students were
able to understand the spatial and material decisions
that shaped the rooms in terms of their senses (in
this case hearing) by visiting buildings and critically
listening to their acoustical qualities.

2. To view human perception and iechnology with-
in the context of architectural design.

While the course was entitled Environmental
Technology, lectures and assignments were not lim-
ited to or focused on technical material. On the con-
trary, the course sought to examine the essence of
technotogy and its relations to experiential qualities
of architecture. Emphasis was placed on integrating
material typicaliy taught in lecture format within the
broader context of the curriculnm. Human percep-
tion of sound was considered the "ultimate test of
the acoustical performance of a space” (Siebein,
1986, p. 1), Technology in architecture was viewed
as the body of knowledge accumulated by people
that considers the material and physical aspects of
buildings as links between people and their environ-
ments. The size, shape, materials, and textures of a
space determine to a large extent the physical
behavior of sound waves within that space and
therefore influence one’s perception of acoustic
quality.

3. To realize the implications of architectural
design on room acoustic qualiry.

It was important that students understand that
architectural design decisions—those influencing
the size, shape, materials, and textures of a space—
are the very decisions that determine the quality of
sound in a space. Furthermore, it was important for
students to understand the range of acoustical con-
ditions possibie in order for them to appreciate the
magnitude of architectural design decisions.



4. To understand the value (and shortcomings) of
various theoretical techniques for prediciing room
acoustic guality.

Physics of scund, room acoustics theory, and
hearing perception theory were topics discussed in
tecture. These topics were presented as methods to
assist in the achievement of an artistic goal, It was
emphasized that existing theoretical technigues are
very useful in predicting the acoustical implications
of architectural design decisions, but that they do

“not qualitatively describe the totality of the acousti-
cal environment. Students experienced this firsthand
by listening to the acoustical qualities of the rooms.
They therefore could comprehend the strengths and
weaknesses of current theories in terms of their own
listening judgments.

5. To enrich the general education of the students.

For most, it was their first time listening to live
symphonic or chamber music. Discussions with
musicians, conductors, and theater/music directors
occurred during the trips to the rehearsal perfor-
mances and offered the students many insights into
the beauty of these art forms and the difficulties
involved in designing spaces for performance. The
rehearsals generated a great deal of interest among
the students as many attended more than the five
required sessions and several brought tickets to
actual performances,

Teaching Strategies

Teaching room acoustics thoroughly, accurately,
and in terms useful to future architects is nearly
impossible to do solely in the classroom. The reality
and beauty of sound can only be appreciated sensu-
ally. Therefore, experiencing sound ir actual rooms
was essential to expose the students to the physical
realities of acoustics. A detailed deseription of the
reaching strategies is provided below.

L. To visit a wide variety of rooms with contrasting
acoustical enviromments.

The rooms included a large concrete fire stair,
several concert halls and music recital spaces. three
theaters, two churches, several classrooms and lec-
ture hails, and an open field. The acoustical quali-
ties of the rooms varied dramatically. Several of
them were designed by nationally recognized
acoustical consultants and many of them appeared
to have had no acoustical considerations in their
design. After one visited several of the rooms. it
was very clear that the design of the rooms signifi-
cantly affected the listening conditions. Students
were deliberately exposed to a number of spatial

condilions, seating arrangements, and building
materials throughout the process.

2. To evaluate the listening conditions critically.
The rooms were divided into speech rooms and
music rooms, Three speech intelligibility tests were
given in each of the speech rooms. An acoustics
evaluation sheet was completed in each of the music
rooms during a rehearsal performance by a sympho-
ny orchestra or chamber orchestra. The sheet was
composed of rating scales for several qualities '
widely accepted as important to music listening
conditions. The intelligibility tests and evaluation
sheets were used as vehicles to structure the listen-
ing experiences and establish a common vocabu-
lary. It was important for the students to listen in the
rooms for an ample length of time {usually about
one hour) so that they could really hear the architec-
ture. This was a very different experience than
attending a field trip to a building and having an
expert simply point out acoustical design features.

3. To discuss the listening experience and the
impact of the architecture on the listening condi-
tions while in the room.

After the speech intelligibility tests or concert
rehearsals were finished, an open discussion took
place. Students offered their comments on what
they heard and how the architecture affected their
listening. The instructors also offered their insights
and posed questions Lo the students. In several of
the music rooms, musicians and conductors became
involved and generously offered their views as
well! These discussions proved very valuable in
order to articulate the benefits of the sessions.

4. To document the listening experiences and offer
suggestions for the improvement of less-than-satis-
factory rooms.

This portion of the assignment was in the form of
a written paper. The students were given all of the
results of the speech intelligibility tests and music
evaluations. They were also given the background
noise level and reverberation time of each room and
asked to relate these quantitative indices 1o the gual-
ttative observations they made during the listening
sessions. In their papers, they were asked to discuss
the relative benefits and drawbacks of the rooms
they visiled as rcoms for listening. Furthermore.,
they were to compare and coutrast the rooms and
describe how the architecture alfecred the quality of
sound in each of the rooms. Recommendations for
improving rooms were included as well. Students
were encouraged to revisit the rooms and carefully
note their design features.
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Means for Assessing
Student Work

A very enthusiastic atmosphere prevailed In the
course throughout the semester. Students became
highty motivated to participate in class discussions
as the listening expertences progressed. Each stu-
dent was required to attend five listening sessions,
vel many of them attended mere and some attended
as many as eight. Course evaluations completed by
the students at the end of the semester displayed a
high level of satisfaction. The student work was
assessed by the criteria listed below.

. Artendance at the listening sessions.

Attendance was taken at each of the sessions and
contributed toward each student’s grade for the pro-
ject. Since the philosophical basis for the assign-
ment was to understand architecture through the
senses and by experience, participation was essen-
tial and therefore considered in student assessment,

2. The preparation of a wriiten paper demonsirat-
ing the student's ability 1o make connections
berween the architectural characteristics of the
rooms and the listening conditions observed.

As emphasized earlier, the exercise was intended
10 allow the students to develop a broad understand-
ing of the consequences of architectural design.
Therefore, it was critical that the students addressed
this issue in their papers. This was viewed as mean-
ingfui to the education of architects.

The listening experiences gave the students the
ability to understand the nature of the decisions that
architects make regarding the size, shape, materials,
textures, and ambient notse levels that affect the
acoustical environment of buildings. The success of
learning through experience led the instructors to
develop a similar assignment for lighting during the
remainder of the semester.

References

Fitch, James Marston. American Building: The
Environmental Forces That Shape It. Schocken
Books. New York, 1975,

Siebein, Gary W, “Project Design Phase Analysis
Techniques for Predicting the Acoustical Qualities
of Buildings.” August [986.

Excerpts From Student
Papers

The statements and iltustrations shown below are
excerpted from the papers students wrote evaluating

4.10 Student Exercises

their experiences in the different rooms. Emphasis
was placed on understanding acoustical qualities as
intrinsically linked with architectural features of the
rOOms.

Jury Comments

This course hits at the heart of something we so
often fail to do in coursework of this rvpe and in our
studios. It gets at the perceptual aspects of under-
standing qualities of space, buildings, and perfor-
mance. We so often steer to abstract relationships,
to planes and spaces, without fully understanding
the implications of this aspect. Frankly. this build-
ing rvpe often fails in our society. We really desper-
atelv need cowrses that convey all those cultural
aspects of wonderful sounds of human voices and
mursic. The wavs in which they outlined their experi-
ments and drawings were fascinating. Everything
had been tuned to how to bring students’ enthusi-
asm along. And how 1o take the problem of getting
people out in real situations, away from the class-
room, away from the abstractness of the classroom
and getting them 1o notice things. ... It goes beyond
technology io the human experience of buildings. ...
this is where we put architecture back into the
realm of the senses.... Students learned a lot about
how acoustics actually work and the scientific defi-
nition of acoustical problems.... It also enriched
their general education; many of them said that they
bought tickets 1o musical events for the first time
and actually began to see buildings enhanced by
those events. ... I'm going to take it and show it to
our high falutin’ engineer acoustics man because {
think that ke is making a big mistake by not using
this kind of approach. ... The fact that a human
being is used as the instrument of evaluation, {
thought, was really great.
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ROOM ACOUSTICS EVALUATIONS OF EXISTING SPACES

1. Students are to select a listening space (such as a church, synagogue, mosque,
auditorium, large meeting room, or lecture hall) seating 300 to 1500 persons.

2. By attendance at two or more functions with an audience, observe and evaluate
listening conditions. If you can arrange it with the owners, try to listen from several
seats during a given performance. Discuss listening conditions with the owners,
performers, and/or experienced listeners. [Complete “Evaluation Guide” as
described by the following pages.]

3. Your report should include the following important acoustical parameters.

» . Find cubic volume per person. Show all steps used to compute cubic volume.
[For guidance, refer to pages 127 to 130 in Architectural Acoustics. Volume
strongly affects reverberance and loudness.]

+ Compute the mid-frequency reverberation time (average of reverberation at
500 Hz and 1000 Hz) for fully-occupied conditions. [Use “Calculation Sheet”
on facing page to organize your computations.]

e Find bass ratio (BR). BR is the average of reverberation at 125 Hz and 250 Hz
divided by mid-frequency reverberation. A room with sufficiently high BR
sounds warm.

e Prepare graph of reverberation in sec versus sound frequency in Hz.

* By ray diagrams, show reflections off front half of ceiling and side walls, Also
show how initial time delay gap (ITDG) was measured. [Refer to pages 95 to
99 in Architectural Acoustics. 1TDG is related to atiribute of intimacy.]

* |dentify any diffusing surfaces such as pilasters, deep reveals, or sound-
diffusing wells. Sufficient diffusion prevents harsh, glaring sounds of music.

» Listen for noise from HVAC system and any intruding noise from outdoors and
nearby spaces. [Refer to Chapter 5 in Architectural Acoustics. Ambient sound
must be low in listening spaces.]

+ Use word lists to find Al at several locations in the seating areas. [Refer to
Egan’s R-Lists in this section of Workbook. Clarity is important for speech.]

4. Finally, state your overall evaiuations of the space and any recommendations to

improve fistening conditions. Include plan and section drawings as needed to
communicate your findings.

4.12 Student Exercises
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EVALUATION GUIDE FOR MUSIC PERFORMANCE SPACES

How To Use Evaluation Guide

The scales on the evaluation guide can be used by listeners to record their
subjective impressions of spaces for music performance {e.g., concert halls,
churches, recital halls) . Place a checkmark in the section of the scale which
best represents your individual judgment of the specific attribute or condition.
The primary purpose of the evaluation guide is to encourage users to becormne
familiar with important acoustical properties of rooms where music is per-
formed. The guide is not intended to be used to rank the best or worst spaces
because there always will be a wide range of individual judgments, even
among experienced listeners and performers. Recognize also that it is ex-
tremely difficult to separate judgment of a hall from either judgment of the
quality of a particular musical performance, or from longstanding personal mu-

sical preferences.

Subjective Judgments of Music Performances

Subjective impressions can be recorded for the following conditions (see
*gvaluation guide").

Clarity (listen to beginnings of musical notes and observe degres to which
individual notes are distinct or stand apart)

Reverberance (listen to persistence of sound at mid-frequencies)

Warmth (listen for strength or liveness of bass compared to mid- and

~ treble frequencies )

Intimacy (listen to determine if music sounds as though played in a small
room regardless of actual size)

Loudness {listen for direct sound and reverberant sound; evaluate during
louder passages for comfort conditions and weaker passages for audibility)

Diffusion (listen for envelopment of terminal sounds or feeling of immer-
sion in sound; compare conditions with eyes open and closed}

Balance (listen for relative strength and quality of various sections of
orchestra, ang between orchestra and soloist or chorus)

Sounds which interfere with perception of music performances may also
be observed. The most common are the following:

Background noise (sounds other than music or from audience, heard
during times solo instrumentalists play faintest notes, or when hall is empty)

Echoes (notice direction and strength of any long-delayed, discrete sound
reflections)

4.14 Student Exercises



Use a separate evaluation sheet for each seat where performance is 10 be
evaluated. Absence of "dead spots,”” that is, locations where music is very
weak, and minimum varigtions in listening conditions throughout space indicate
good uniformity. Remember, there.are no absolute or “correct’” answers. Sub-
jective impressions by individuals are the only evaluations that really matter.

Qverall Impression

The box at the bottom of the guide should be used to record your overall
impression of the musical perforrance at a given seat location. It is suggested
that traditional academic ratings be used: A (for best ever, a most memorable
listening experience)} to F (for one of the worst, a truly bad listening experi-
ence), with C for average experience. Always keep in mind that this guide is
intended to be used to develop an understanding of specific music perform-
ance conditions and, by careful observation, how they may be affected by ar-
chitecture. '

References

M. Barron, “Subjective Survey of British Concert Halls,” Procsedings Institute of Acous-
tics, vol. 7, February 1985, pp. 41-46.

L. L. Beranek, Music, Acoustics and Architecture, Wiley, New York, 1962, pp. 471-
480. { The pioneering, comprehensive rating system based on detailed study and anal-
ysis of 54 concert halls and opera houses. )

J. 8. Bradley, "‘Exparience with New Auditarium Acoustlc Measurements,” Journal of
the Acoustical Society of America, June 1983, pp. 2051-2058. (Presents data from
measurements in Canadian halls where several acoustical properties have been evalu-
ated.)

P. H. Heringa, "“Comparison of the Quality for Music of Different Halls, " 11th Interna-
tional Congress on Acoustics, Paris, vol. 7, July 1983, pp. 101-104.

T. J. Schultz, “Concert Hail Tour of North America,” Bolt Beranek and Newman Rever-
beration Time Data Report, BBN Labs., Cambridge, Mass., 18980.
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EVALUATION GUIDE

(Place mark on section of scale which best represents your impression of listening condition. Use separate
sheet for each seat where performance is to be evaluated. )

CLEAR SOUND L { ! t 1 ! BLURRED SOUND

{varies from clear or distinct to blurred or muddy)

LIVE REVERBERANCE | 1 | L ] | DEAD REVERBERANCE

{liveness or persistence of mid-frequency sounds)

WARM BASS L I i | ] | COLD BASS

{relative liveness of bass or longer duration of reverberance at bass compared to mid- and treble frequencies)

INTIMATE SOUND | } ! i | i REMOTE SOUND

{auditory impression of apparent closeness of orchestra)

SATISFACTORY UNSATISFACTORY

LOUDNESS LOUDNESS {too weak
‘ t i l i | | or too loud)

(indicate early or direct sound (symbol D) and reverberant sound {R) on scale)

RICH DIFFUSION POOR DIFFUSION

{expansive sound ) 1 ! | I L _ | {constricted sound)

(envelopment of sound which surrounds listener from many directions)

GOOD BALANCE L L | ! | I POOR BALANCE
{observe between musicians and soloist or chorus, among sections of orchestra)
SATISFACTORY UNSATISFACTORY
BACKGROUND NOISE BACKGROUND NOISE
{ very quiet) | 1 ! L ! i {very noisy)
{from HVAC system, or intruding noise from ancillary spaces or outdoors}
ECHOES L INo L !Yes Direction:
{long-delayed reflections that are clearly heard)

Music Performance Space: Date:

Seating Capacity: Cubic Volume: lid

Orchestra/Conductor: Composer /Work:

Seat Location: Seat No.:

{Use space at right to sketch floor plan, or cut and paste seating layout

from program booklet. }

OVERALL IMPRESSION

(Refer to instructions on preceding pages.)




TIPS FOR EVALUATING MUSIC LISTENING SPACES

1.

Request a copy of seating plan from ticket office so you can record locations
where evaluations were made.

Before or after the performance, with the room empty, clap your hands together
loudly to:

e Listen to reverberation [persistence of sound].

» Observe echoes off large flat or concave surfaces, or other discrete sound
reflections.

Identify any adverse effects on listening due to noise from HVAC system or from
adjacent spaces.

During performance, cup both ears toward stage and again toward rear of hall.
Try to determine if walls and/or suspended panels reflect sound toward sides of
seated audience.

Listen to professional and amateur performances. Note the differences in
loudness, clarity, and other qualities of sound.

If possible, listen to the same group performing the same music in different halls.

_/_\; QQQQQQ Brgan

}:l Fl H H H F:[ H chambper
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EVALUATION GUIDE

(Place mark on section of scale which best represents your impression of listening condition. Use separate
sheet for each seat where performance is to be evaluated.)

CLEAR SOUND L v | ! ! 1 BLURRED SOUND
{varies from clear or distinct to blurred or muddy)

LIVE REVERBERANCE L. Y | 1 ! ! | DEAD REVERBERANCE
(liveness or persistence of mid-frequency sounds)

WARM BASS n | v | | | | COLD BASS

{relative liveness of bass or longer duration of reverberance at bass compared to mid- and treble frequencies)

INTIMATE SOUND | { [ ‘/
(auditory impression of apparent closeness of orchestra)

l f 1 REMOTE SOUND

SATISFACTORY UNSATISFACTORY
LOUDNESS ‘/ LOUDNESS {too weak
| | i i | | or too loud)

{indicate early or direct sound (symbol D} and reverberant sound {R) on scale)

RICH DIFFUSION / -~ POOR DIFFUSION
{expansive sound) [ I L o i —_1 (constricted sound)
{envelopment of sound which surrounds listener from many directions) R

GOOD BALANCE v R L | POOR BALANCE
{observe between musicians and soloist or chorus, among sections of orchestra)

SATISFACTORY UNSATISFACTORY
BACKGROUND NOISE / BACKGROUND NOISE

f i _t (very noisy)

{very quiet) L I |
{from HVAC system, or intruding noise from ancillary spaces or outdoors)

ECHOES ;_LJ No L 1Yes Direction:
{long-delayed reflections that are clearly heard)

Music Performance Space: H-J. Hyde Thealre, Date: 02112199

Seating Capacity: 100G Cubic Volume: 240, 000 (est)n®
Orchestra/Conductor: |/tlge kz Composer/Work: Music Mél’\
Seat Location: Palceory Seat No.: E109

{Use space at right to sketch 4!001' plan, or cut and paste seating layout
from program booklet. }

A OVERALL IMPRESSION NV

{Refer to instructions on preceding pages. } ‘ :
&lwny 6oatlmj Planh
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WELL REGARDED CONCERT HALLS IN NORTH AMERICA AND EUROPE

Nearly all large cities have symphonic music performance spaces. Concert halls range
from superb to the awful. A few years ago, Traveler's magazine singled out halls they
believed had superior acoustics.

In Eurdpe

Concertgebouw, Concertgebouwplein 2-6, Amsterdam, the Netherlands
Conservatory Hall, 13 Herzen Street, Moscow, Russia

Musikvereinssaal, Dumbastrasse 3, Vienna, Austria

Philharmonie, Matthakirchstrasse 1, Berlin, Germany

Smetana Hall (Obecni dum), Republiky 5, Nové Mesto, Prague, Czechoslovakia
Symphony Hall, International Convention Centre, Broad Street, Birmingham, England

Théatre des Champs-Elysées, 15, avenue Montaigne, Paris, France

Tonhalle, Zlaridenstrasse 7, Zurich, Switzerland

In North America

Jack Singer Concert Hall, Centre for Performing Arts, 205 Eighth Avenue S.E.,
Calgary, Alberta, Canada

Mechanics Hall, 321 Main Street, Worcester, Massachusetts
Morton H. Meyerson Symphony Center, 2301 Flora Street, Dallas, Texas

Symphony Hali, Huntington and Massachusetts Avenues, Boston, Massachusetts

/ Niche
1 o,
I I v " Shage

110
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TEN PRETTY GOOD RULES FOR AUDIENCES

According to a Spring 1997 issue of the Dallas Symphony Orchestra’s Stagebill, “part of one's
pact as an audience member is to take seriously the pleasure of other, a responsibility fuifilled
by quiet, attentive (or silently inattentive) and self-contained behavior. After all, you can be as
demonstrative as you want during bows and curtain calls.” The DSO’s ten Golden Rules,

commonly observed at theatrical, opera, and symphonic performances throughout the world,
are listed below.

1. Go easy with the atomizer; many peopie are highly allergic to perfume and cologne.

2. If you bring a child, make sure etiquette is part of the experience. Children love learning
new things.

3. Unwrap all candies and cough drops before the curtain goes up or the concert begins,
4. Make sure beepers and watch alarms are OFF. And don't jangle the bangles.
5. The overture is part of the performance. Please cease talking at this point.

6. Note to lovebirds: when you lean your heads together, you biock the view of the person
behind you. Leaning forward also blocks the view.

7. THOU SHALT NOT TALK, or hum, or sing along, or beat time with a body part [sic].

8. Force yourself to wait for a pause or intermission before riffling through a purse,
backpack, or shopping bag.

9. Yes, the parking lot gets busy and public transportation is tricky, but leaving while the
show is in progress is discourteous.

10. The old standby: Do unto others as you would have them do unto you.

Reverberation

chambers

Organ

Movable
canopy

Section (Pallas)
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MODERN ACOUSTICAL MEASUREMENTS FOR AUDITORIA

in the table below, students are to: define objective acoustical measurements, describe briefly
how measurements are made (equipment and test setup), list criteria for auditoria, and identify
architectural design features affecting sound. Some definitions, criteria, and essential design
features are given for concert halls. For example, cubic volume to seat ratio (V/N) for concert
halls should be 300 to 450 ft*/seat. Most successful halls have low seating capacity (< 2000).
[NOTE: Orchestras do not play best in half-filled halls.]

Acoustical Measurement Acoustical Architectural
Attribute Measurement | Method Criteria Feature
Reverberation RT is decay time RT =1.8to 2.0 sec
(RT, EDT, BR) from-5to-35dB x 2. {occupied)
EDT is decay time and
from0tc-10dB x 6. EDT =
BRis and
' BR=1.10t0 1.45
Clarity 80 = -1 to -4 dB per | Cubic volume fo seat
(C80, RASTI) ad vericordium of ratio (V/N).
' orchestra and
conductors. Seating area config.
and
Loudness G is ratio of sound 4t06dB Height to width ratio
(G) energy in room to (HAWW) > 0.6.
sound energy 10 m and
away from same Seating area (S7).
source in anechoic and
room.
Spatial LF >0.15 Width (W) < 80 ft.
Impression and and
(LF, IACC family) IACC (E) < 0.40 ITDG < 20 msec.
! and and
IACC (L) < Multiple balconies
and side wall boxes.
Diffusion 0.81t0 1.0 per Large and small
(SDI) F. R. Fricke irregularities on walls
and ceiling.
Noise Use ANSI Type 1 NCB=15 See Chapters 4 and
(NC, NCB) sound level meterat | and 5in Architectural
ear height through- NC = Acoustics.
out audience
chamber.
References

L. L. Beranek, Concert and Opera Halls, Acoustical Society of America, Woodbury, NY, 1996.
J. 8. Bradley, “The Evolution of Newer Auditorium Acoustics Measures,” Canadian Acoustics,

QOctober 1890.

T. Houtgast and H. J. M. Steeneken, "A Review of the MTF Concept in Room Acoustics,” JASA,
March 1985. [For additional case studies using RASTI to evaluate speech in rooms, contact
Briel & Kjaer, 2815 Colonnades Court, Norcross, GA 30071.]
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LATERAL SOUND

The spatial impression of an auditorium has two subjective dimensions: apparent source width
(ASW) and listener envelopment (LEV). ASW, a characteristic where music appears to come
from a source wider than the actual source, is affected by the strength of early arriving lateral
reflections. LEV is affected by later arriving lateral reflections. Envelopment seems best when
loud reverberant sound arrives equally from all directions. Rectangular halls have higher LEV
than fan-shaped halls.

6ource, at let mclecbl.one :
center et \ g own frove oq —_

ng)ht . KK\

H/W =02 I

Wi = o4 Hw-=08

+ +
s | I
Hw= o5 gaL=od
S, k’ Flret ano\
O 62 mﬂw’a o
+ hwera{ side ¥
e I of pudience I

Note to Instructor: Use transverse sections to study effects of HAW ratio on lateral sound. Ask
students to draw ray diagrams on enlarged transverse sections of rectangular halls. Be sure
students accurately measure £i = Zr to show first reflections off ceiling and walls from source at

center stage.
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PIPE ORGANS
The natural acoustics of worship spaces (and auditoria) affects how pipe organs sound. Locate
pipes so sound will be projected into the worship space. Also be sure to locate organ, choir,

and console together. Example layouts for a rectangular plan are given below. For a checklist
on acoustical design of worship spaces, refer to pages 119 to 122'in Architectural Acoustics.

MO P s
O

. Console
'I‘K/
L7 :
_@ (_/ P&w areze Ohmr

P';_V“? * wmd&heht‘b Location for Pipes/Windchests

( Kwy bos V'Aé)

No

£

8 N

.
-

Note to Instructor. For class exercises, ask students to identify the optimum locations for
pipes/windchests and console in the four worship spaces shown on the following page. Cite
reasons why the preferred location should work best. Consult references of Associated Pipe
Organ Builders of America (APOBA, P.O. Box 135, Chicago Ridge, IL 60415) such as “Planning
Space for Pipe Organs,’ APOBA, 1992
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ELECTRONIC SOUND SYSTEM IDENTIFICATION GUIDE

Neil Thompson Shade
American University

Obijectives

Students are to visit a building such as an auditorium, lecture hall, or worship space to identify
the type of sound system and major audio compaonents used. Ask building owners which
aspects of the sound system they believe to be good or bad. Use the guide to identify sound
system functions and equipment. Perform a subjective listening test of the sound system and
describe any needed improvements.

References

Prior to site visit, review material on sound systems from the following sources: 1. M. D. Egan,
Architectural Acoustics, McGraw-Hill, 1988, pp. 356-386; 2. W. J. Cavanaugh and J. A. Wilkes
(eds), Architectural Acoustics: Principles and Practice, Wiley, 1999, pp. 187-232; and

3. N.T. Shade, Sound Systems Design Guide, Newman Fund, Lincoin, MA, 1999.

Room Characteristics

1. Roomdimensions: _ _tength _ Width ____ Height

2. Under balcony or transept seating? ___ Yes No

3.  Separate room for sound system controis? Yes No

4. Reverberationtime: ___ seconds (clap hands, estimate decay time using watch)

5. Draw small-scale floor plan and section in space below or on separate sheet. |dentify
audience seating and loudspeaker locations.
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Sound System Function and Type (interview sound system contractor)

1. Functions: Voice only Music Playback of prerecorded audio media
2.  Type of sound system: Central cluster Distributed ceiling
Distributed scund columns Other (describe)

3.  Location of equipment rack (houses electrical equipment):

4, s equipment rack conveniently located? Yes No
5. Is there adequate clearance around the equipment rack for service and ventilation? ¥ N

6. Does sound system require permanent operator? Yes No

7.  Estimate cost of sound system installation: $
8.  Number of electrical power circuits: Amperage rating:
Equipment Components (survey the individual equipment items which make up system)

Microphones {convert acoustical signals into electrical audio signals)

1. Microphone type(s): Podium Handheld Lavaliere Boundary Layer
Wireless handheld Wireless lavaliere  Total number of microphones:
2. Location(s):
3.  Types of connections: Wall plate Casework plate Wall box with cover
Floor plate Floor box with cover
4,  Are connections labeled or identified? Yes No
5. Distance between microphone and closest loudspeaker: ft

Assistive Listening System (enables hearing-impaired persons to hear audio program)
1. Is an assistive listening system used? Yes No

2. Type of assistive listening system: Infrared FM Induction loop

3. Do number of assistive listening headsets equal 4% of room occupancy? ___Yes ___No
4, s there visible signage indicating that an assistive listening system is available? Y N

5.  Areinstructions for using equipment readily available? Yes No
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Special Features (provide audio signal level adjustment and other functions)

1. Type of electronic signal processing used: ____ Frequency equalizer _____ Signal delay
_____Active crossover ____ Compressor/flimiter

2. Type of electronic sound mixer used: _____ Automatic type ______Manual type

3. Does sound system use computer control as part of its operation? ____ Yes ____No

4. s sound system operator located in the same room as loudspeakers? Yes No

Loudspeakers (convert electrical audio signals into acoustical signals radiated into room)

1.  Loudspeaker type(s): Single loudspeaker enclosure above stage
Multiple horn loudspeakers above stage
Single loudspeaker both sides of stage
Multiple small ceiling loudspeakers

2. Is the loudspeaker mounting height appropriate? Yes No

3.  Areloudspeakers visible in the room? ___Yes __ No  Total no. of loudspeakers:
4. Do listeners have line-of-sight to ali loudspeakers? Yes No

5. Describe support method used to mount loudspeakers.

6.  Distance from loudspeaker to farthest listener: ft
Subjective Listening Evaluation Test

First, request permission from the owner to perform this test. Then obtain instructions or
assistance on using sound system. Set up a microphone 1 to 2 ft away from a talker. Listeners
should be positioned along room centerline, approximately one-fourth length of room away from
talker. The talker should read material not familiar to listeners, for 1 to 2 minutes duration.
After listening to the material, listeners should reposition themselves. The talker should read
the same material again. Next, sound system should be turned off or microphone disconnected
and same material read without amplification. Compare listening experiences at different
locations with and without use of sound system. Observe the following at different locations:

. Uniform sound level. [Sound level should not be noticeably lower as you move away from
loudspeakers to perimeter or to underbalcony locations.]

Clarity of individual consonant sounds and words.

Frequency balance between bass and treble tones.

Any audible feedback (such as ringing tones or holiow-sounding voices).

Natural quality of vocal reproduction.

Amplified sound should be loud enough (but not too foud) with mics 1 to 2 ft from talker.

* & & » 2@
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SOUND ABSORPTION PRINCIPLES

Porosity

Sound-absorption by porous sound absorbers (such as glass-fiber or mineral-fiber
blankets and boards) is predominantly the indirect conversion of sound energy into
thermal energy. The impinging sound wave has its energy reduced largely due to
further flow resistance from the walls of the mazelike interconnected pores. Porous
sound absorbers, however, are extremely poor sound isolators. Due to their soft,
lightweight, interconnected structure, sound energy easily passes from one side of the
material to the other.

Thickness

Thickness has a significant effect on the efficiency of porous sound absorbers. On
exposed room surfaces, such as walls or ceilings, thick sound-absorbing board (or thin
board with an airspace behind) will absorb far more sound energy at low frequencies
(<1000 Hz) than thin sound-absorbing board. Sound absorption coefficients, in decimal
percent, can vary from O (no sound energy absorbed) to 1.0 (perfect absorption).

—

‘\Iil thick fuzz

(glass Fiber or mineral Fiber)

0.6

0.4

.2+ ;

Sound absorpbion coefficient CY)

1 1 i 1 1
{25 250 500 1000 2000 4000

Freguency (Hz)
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Standard Test Mountings

Laboratory tests to determine sound absorption efficiency should replicate the
installation methods used on actual surfaces. For example, the ASTM C 423 test
method describes several standard mountings (test specimen flat against backup
surface, test specimen with shallow airspace behind, test specimen with deep airspace
behind, and so on).

Common Absorbers Used in Building Construction

The most common sound absorbers used in building construction are glass-fiber
blankets and boards, minerai-fiber blankets and boards, and spray-on cellulose
coatings.

Facings

Needlepunched nonwoven mat can be used as facing material for sound-absorbing
blankets and boards, provided mat porosity is high (>60 cfm/sq ft per ASTM D 737 test
method). [Ref. K. P. Roy, “Thermal and Acoustical Performance of Needlepunch
Fabrics”, INDA 92.]

Dee <SoU ho\

Sound-reflecting  Sorfaces Sound-abserbing  Surfaces

-
[ a
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SOUND OUTDOORS (from point sources)
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Distance controls sound level
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Room absorption controls sound level
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NOISE REDUCTION DUE TO SOUND ABSORPTION

A smalt room 10 ft by 10 ft by 10 ft has all walls and floor finished in ex-
posed concrete. The ceiling is completely covered with sound-absorbing spray-
on material. Sound absorption coefficients o’s are 0.02 for concrete and 0.70
for spray-on material, both at 500 Hz.

Spray-on sound- .
abgorbing treatment

Concrete walls and
Floor

Find the noise reduction NR in this room if sound-absorbing panels are
added to two adjacent walls. The sound absorption coefficient a is .85 for
panels at 500 Hz.

Sound - 9bsorbing”
wall panels

Concreve +loor

1. Compute the surface argas S,

$=5 X 10 X 10 = [BOO 12 of concrete

S = 10 X 10 = [100 f? of spray-on material

2. Compute the total room absorption a, with spray-on material on the ceiling.

8 = XSa = (500 X 0.02) + {100 X 0.70) = 10 + 70 = [80 sabing

3. Compute the total room absorption a, with sound-absorbing panels covering
two walls and spray-on material on ceiling.

8 =XSa= (300 X 0.02) + (200 X 0.85) + (100 X 0.70)

=6 + 170 + 70 =246 sabins]

4. Compute the noise reduction NR.
NR = 10 rogz—f-: 1orogz—;§= 10 log (3.075 X 10°)
= 10(0.4878) =

5.4 Sound Absorption



This would be a “'noticeable’”” improvement. With no treatment, the.
total absorption in the room would only be 600 X 0.02 = 12 sabins:
Therefore, treating theiceiling alone provides

NR = 10 log 32 = 10log 6.67 = 10(0.8241) =
which is a ‘‘significant”” reduction. Howaever, initial conditions of all hard sur-
faces in unfurnished rooms rarely occur.
Find the noise reduction NR if all four wall surfaces are treated with fabric-
covered panels and the floor is carpeted. The sound absorption coefficient o of
the carpet is 0.50 at 500 Hz.

Sound = absorbing’ well
panels (all walls trested?

Corpeted floor

1. Compute the total room absorption a, with sound-absorbing panels on all
walls, spray-on material on ceifing, and carpet on fioor.

a =XLSa= (400 X 0.85) + {100 X 0.70) + {100 X 0.50)
= 340 + 70 + 50 = |460 sabins

2. Compute the noise reduction NR for these improvements compared to rocm
conditions of spray-on ceiling treatment alone.

NR = 10 log 3% = 10109%= 10 log (5.75 X 10°)

10{0.7597) =

The results from both parts of the prob!ém are summarized befow.

il

Surfaces Treated Room NR
{in addition to ceiling) {at 500 Hz)
Two walls 5 dB
Four walls and floor 8 dB

Note: The NRs given in the above table would not be as great at low frequencies be-
cause sound absorption coefficients usuaily are smaller at low frequencies than at mid-
or high frequencies.
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PROBLEM EXERCISES

Find room noise reduction (NR) from adding floor carpet to the small gallery shown
below.

Given: Oglass = 0.05 Owoog = 0.08
agypsum board = 0.10 C(.carpet =0.50

15’

@ &l 6 wall 1
Oz{u?mn ——jc

Gup- Y-
LE X w?_fiie a 4

+ e :
PLAN SECTION Ak

Step 1.  Find total absorption in room (wood floor exposed). Use a = Areax .

Surface Dimensions Area (ft)) o a (sabins)
Ceiling 15 ft x 20 ft
Side wall 15 ftx 8 ft
Side wall 15 ft x 8 ft
Rear wall 20ftx 8 ft
Front wall 20ftx 8 ft
Floor 15 ftx 20 ft
a = sabins
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Step2. The owner decides to install wall-to-wall carpet. Find the new total

absorption (a,) in the room.

Surface Dimensions Area (ft9) o a (sabins)
Ceiling 15 ft x 20 ft
Side wall 15ftx8ft
Side wall 15ftx 8 ft
Rear wall 20ftx 8 ft
Front wall 20ftx 8 ft
Floor 15 ft x 20 ft
a, =

sabins

a
Step3.  Find noise reduction (NR) due to carpet absorption. Use NR = 10 log )

a

NR dB
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EXAMPLE PROBLEM (REVERBERATION TIME)

A classroom 60 ft long by 35 ft wide by 15 ft high has sound absorption
coefficients a's of 0.30 for walls, 0.04 for ceiling, and 0.10 for floor. All a's
are at 500 Hz.

Y
“Plaster ceiling (o= 0.0 )

Walls (average
o= 0.30)

-

IS¢t (height)

1742 #¢ (% room ‘/T‘nle fleer (%=0.10)
width shuM

- G0t (length)

Find the reverberation time T at 500 Hz in this space with no occupants and
no sound-absorbing treatment.

1. Compute the room volume V.

V=60 X 35 X 15 = (31,500 ft°

2. Compute the surface areas S.

Ceiling S= 60 X 35 = 2100 fi2

Walls S=2 X 35 X 15 = 1050 f¢?
S$=2 X 60 X 15 = 1800 fi2

Floor §=60X 35 =2100f1?

3. Compute the total room absorption a using 8 = ZSa.

S o a (sabins)

Ceiling 2100 X 0.04= 84
Walls 2850 X 0.30 = 855
Floor 2100 X 0.10=_210

Total a = {1149 sabins
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Note: include air absorption in total for large rooms at frequencies greater than 1000Hz.

4, Compute the reverberation time T using T=0056 -g.

_ V _0.05%31500 _ 1575 _
T=0.05 1149 —-1149—at500Hz

peoustical ceiling
panels (%=0.857

Chalk board

Find the reverberation time T if 50 percent of the ceiling surface {along the pe-
rimeter of the room) is treated with acoustical panels at a of 0.85. The central
area remains sound-reflecting to help distribute sound energy from lectem end

toward rear of the room,

1. Compute the total room absorption a using 2 = ZSa

s o a (sabins)
Bare ceiling 1060 X 0.04 = 42
Treated ceiling 1050 X 0.85 = 892
Walls 2860 X 0.30 = 855
Floor 2100 X 0.10 = 210

Total a= |1999 sabins|

2. Compute new reverberation time 7.

_ V _ 0.05%31,500 _ 1575 ..
T=00545= 1999 = 1999—at500Hz

The reverberation time is reduced to below 1 s with 50 percent ceiling

treatment for unoccupied conditions. This represents a reduction of
137 -0.79 % 100 = 42 percent, which is a “clearly noticeable” change.

1.37
Absorption provided by teachers and students will further reduce reverberation
depending on the number of occupants, their distribution throughout the room,

and the clothing wom.
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PROBLEM EXERCISES

1. Find the reverberation time for a conference room at Mushies Cereal Co.
(Mushies, the cereal that gets soggy without milk). Dimensions are 40 ft long by
20 ft wide by 10 ft high. The sound absorption coefficients («) are: 0.10 for the
ceiling, 0.20 for the walls, and 0.05 for the floor.

a-= sabins
T = seconds
2. Find reverberation time for the Mushies conference room, if 75% of the ceiling is

treated with acoustical panels having a sound absorption coefficient of 0.90.

a=___  sabins

T = seconds

5.10 Sound Absorption



A portable orchestra shell at the Mary Backstayge Theatre is 40 ft deep by 60 ft
wide by 20 ft high. The sides, top panels, and stage floor all are finished in
sound-reflecting materials having an absorption coefficient of 0.10. The 20 ft by
60 ft front end is completely open to the large volume of the audience chamber.
Find the reverberation time within this shell designed by the McBeeBee twins.
[HINT: Use absorption coefficient of 1.0 for open end facing audience chamber.]

RERE
. = | a Avdience
” ying chambey
jamui ”
J——
Orchestra
Shell
Section

V o= ft°
a=__ sabins
T = sec

Recommend preferred mid-frequency design reverperation times (average of
reverberation at 500 and 1000 Hz) for the following spaces you are designing.

Classroom {lecture) Broadcast Studio

Multi-purpose Auditorium Symphony Hall
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5. A laboratory for Whizzo Chocolates (Whizzo, the makers of chocolate-covered
frogs) is finished entirely in sound-reflecting surfaces: plaster, painted concrete
block, glass, and vinyl tile. The sound absorption coefficient (o) for these
materials is 0.05. Laboratory dimensions are: 60 ft long by 25 ft wide by 12 ft
high. What is the reverberation time (T,) in this laboratory with windows closed?
If a sound-absorbing tile, having a coefficient of 0.75, is glued to the entire ceiling
surface and the 150 sq ft glass area is completely open to the cutdoors, what will
be the reduced reverberation time (T,)? With windows closed, what will be noise
reduction (NR) from adding sound absorption to the ceiling?

Medifivd ceihhg S
Zovnd - absorbing '
tile 12

Blazing (150 %) ——

Placter on [ath
(original finieh)

& Pamted conc. block

< — /- :
o Vinyl tile
el -
| 5
ll
T, = sec
T, = sec
NR = dB
<3 Find noise reduction coefficient (NRC) for material having the following sound

absorption coefficients: 0.40 at 125 Hz, 0.5C at 250 Hz, 0.65 at 500 Hz, 0.60 at
1000 Hz, and 0.50 at 2000 Hz. [HINT: NRC is average of only four absorption
coefficients! Round answer to nearest 0.05 increment.]

NRC =
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he sound absorption is due to the audience and
orchestra. An audience absorbs like a thick carpet with exposed edges. For an
explanation on why absorption must be accurately predicted, see L. L. Beranek,
“The Acoustical Design of Concert Halls,” Journal of Building Acoustics, Vol. 1,
No. 1, 1994, pp. 4-7. Find absorption from an audience seated in the 30 ft by 50

ft area in the auditorium shown below.

7. In concert halls, over haif t

Step 1. Identify edge boundary conditions. Three sides of seating area face audience
across an aisle. One side faces the rear wall.

Kear
wall
5 m——-/—ée,gt(.nﬁ area
(Uv\no\fa’c@\f&a\
2' T 9e )
T tarbial lan

Step 2. Find o at 1000 Hz on page 53 in Architectural Acoustics. Audience will be

seated in upholstered seats.

a:

Step 3. Compute area of seating and area of all edges. Use St = Z Spian * Seages:

12 & a»(}qe/
st rear 2ile
-Faoino} wall

S plen = 20x 50 - [:j ft*
5%5 - Z(’:‘Dx%) + 20 % D+ 20 74‘:[

24k edop st aisles
hav’m %ajcino) on
oth oldes

Step4. Find absorption from audience, including edge effect.

a=S, Xo= l x0.94 = 1 , sabins
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AUDIENCE SEATING

Students are to compare the characteristics of continental seating and conventionai
multiple-aisle seating. Evaluate the attributes listed in the table and also circle: Yes (Y)
or No (N) and High (H) or Low (L). Note to Instructor: For an overview of sightline
principles, see “Theater Design Criteria” by P. H. Frink in J. R. Hoke (ed), Architectural
Graphic Standards, John Wiley, New York, 1994, pp. 839 to 841. To review life safety
principles, see Chapter 6 in M. D. Egan, Concepts in Building Firesafety, Krieger

Publishing, Malabar, Florida, 1986.

Attribute Continental Conventional
Supports focus of audience Y N Y N
on event, not on each other.
Enhances “performance Y N Y N
attentive” experience.
Enhances “shared event” Y N Y N
feelings.
More than two choices for exiting. Y N Y N
Short evacuation times due to Y N Y N
limited “exit access” options,
Flexibility to shape audience H L H L
seating areas.
Impact on achieving good sightlines. H L HL
Fhaae 144 5eater in .
*) %0'X 20" area %4 caty in
H0X%0' area
~ARE———
/]
—/
N Uoets | T = [l s0et
w;jhm Joft ' b"f within 408
(adive = = (ading
4L pe—— IA

Continenta| (more zeatss
Within 4o ft. radive)
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CHECKLIST FOR USE OF SOUND ABSORPTION

1.

Use sound-absorbing materials to control noise buildup, reverberation, and
echoes.

Do not use sound-absorbing materials on surfaces that shouid reflect sound,
such as ceilings over podiums.

Be sure installation method wil provide desired absorption. Actual mountings
in rooms should be the same as ASTM standard mounting used to determine
absorption coefficients in testing laboratory.

Do not depend on significant noise reduction from sound absorption. For
most situations, the practical limit is about 6 dB.

Remember, the noise reduction coefficient (NRC) is an average number,
rounded to the nearest 0.05 increment. It does not account for absorption at
low frequencies (below 250 Hz) or high frequencies (above 2000 Hz).
Before specifying a material, evaluate the absorption coefficients across the
frequency spectrum. Always specify absorption performance of a material
along with the corresponding mounting method.

& pecimen

Moun{"{n@
Hrame

Dbecimen % < MOUY\{TW) Aepth

Furr\'m)
%Mountth@ Aopth

Tg]ge, E

_ATTM Standard M ovntir\o‘\f
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SOUND ISOLATION PRINCIPLES
Mass

Sound waves impinging on surfaces produce a back-and-forth motion. The
magnitude of this motion depends on the weight (or mass) — the greater the
weight (Ib/sq ft), the greater the resistance to motion and therefore less sound
energy will be transmitted. Sound transmission class (STC) is a measure of
sound isolation effectiveness. The higher the STC, the better the sound isolation
within the speech frequency range (250 Hz to 4000 Hz). Numbers on the graph
below represent twelve different building constructions: windows, doors, walls,
and floor/ceilings.

50 2 /" ]
-
—~ ~ _‘.]U
> 40 =]
o Te o
It A
_g 2 5® & \-wMass law curve
9 ag
_{S_ )//
lé}
s 20
+ q,.
-
S
& 10 LL
[ 2 5 10 20 B0 100

Surface weight (lb/ £

Stiffness

The sound isolation efficiency of a material also depends on its stiffness. Less
stiff materials and configurations provide better sound isolation. For example,
when two plywood panels of identical weight are tested, the grooved less stiff
layer has much higher sound isolation performance, evaluated by the
transmission loss (TL) in dB. The Tl is the difference in sound levels measured
in rooms on opposite sides of a test specimen installed in the common wall
(ASTM E90).
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>i5dB
coincidence dip

W' TR A

Transmission loss (dB)

Frequencg {(Hz)

Cavity Absorption

When walls or floor/ceiling assemblies have an airspace between layers, sound-
absorbing material can be used to dissipate sound energy within this cavity,
thereby improving sound isolation.

Airtightness
Because sound transmission is logarithmic, very smail holes, open seams, or
gaps can significantly reduce sound isolation. Flexible, non-hardening sealant

(Shore A durometer at <35) can be used to prevent the passage of sound
through gaps and cracks. If light can pass through an opening, so wilt sound.
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EXAMPLE PROBLEMS (TRANSMISSION LOSS)

1. Find the TL of a material that has a sound transmission coefficient 1 of
8.0 X 1074,

TL = 10 log ©

1
= 0legxT0 "

10 log (0.167 X 104)
10 log { 1.67 X 103}
TL = 10 (3.2227) =[32 dB|

2. The TL of a heavy concrete block wall construction is 40 dB. Find the 1 for

this wal.

- 1 -

TL—!Ologt a

N

ol d N

40-»10!091 S

4 =logt A
_OQT

1

— =1 X 104

1

1= or 0.0001 of incident sound energy is transmitted.

3. An open casement window has a TL of 0 dB. Find the 1 for this opening.
TL= 10 Iog;lr'
0= 10log 1
T

Becauselog 1 = 0
A
t

7 = [1] for an opening (all incident sound energy is transritted! )
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EXAMPLE PROBLEMS {NOQISE REDUCTION )

1. In an apartment building, two adjacent living rooms have a party wall con-
structed of 4-in-thick brick which has a TL of 40 dB at 500 Hz. The surface
area S of the wall is 200 fi2, and both rooms have 300 sabins of absorption
8, at 500 Hz. Find the sound level L, in room 2 if the sound level L, in room 1

is 74 dB.

First, find the noise reduction NR between the rooms.

NR:TL+10aog?~53

=40 + 10109%%)=40+ 10 log 15

NR = 40 + 10 (0.1761) = 418 dB
Next, find the sound level L..

NR=L,~L,
and therefore
Lz = Li - NH

L, =74 — 418 = 32.2 > 32dB| at 500 Hz in room 2
2. The common partition between a private office and a mechanical equipment
room has a surface area of 100 fi2 and a TL of 35 dB. The office has 200
sabins of absorption. Find the sound level L; in the office if the sound level L,
in the mechanical equipment room is 98 dB,
Common partition

Campressor—x

|
i

Office Mecnanical equipment room

First, find the noise reduction NR hetween the rooms.

a2

S

=35 + 10 log 200 = 35 + 10 fog 2

NR =.35 + 10 (0.3010) = |38 dB

NR =TL + 10 Jog
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Next, find the sound levet L, in the office.
NR=L,-L;
and therefore

L2=L1"NR

L,=98 —38 = which would be perceived as noisy by

most listeners
. Find the TL for the 90-f12 common partition between the two adjoining dormi-
tory rooms shown befow. Ceiling height in the rooms is 9 ft. Sound absorption
coefficients a’s are 0.04 for gypsum board walls and ceiling, and 0.69 for the
carpeted floor. Absorption of the bed is 15 sabins. Noise level in the receiving
room should not exceed 22 dB. Likely noise level from a stereo in the source
room is 82 dB.

Drywsll partition
(I0FL by AFt high)

" i1t ‘ stereo
) - \
D
L
[
o
LI

Dormitory reom Dormitord room

First, find the absorption in the receiving room using the formula a = LS.

Surface area [ft2) 1 a

Walls 2(12 X 8) = 218
2(10 X 9} =180

Ceiling 10X 12 =120
16 X 0.04 = 21
Floor 10 % 12 = 120 X 069 = 83
Bed _15
a; = 119 sabins

Next, find the required NR. Finally, find the required TL.

NR=1,~L, TL=NR—10|09383
NR = 82 - 22 = [60 dB
= 60 -~ 10 fog 5

= 60 - 10log (1.3} = 60~ 10 {0.1139)
TL=60-1=59dB
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PROBLEM EXERCISES (TL)

1. What would be the transmission loss (TL) of a construction having a
sound transmission coefficient (t) of 8.0 x 10°°?

TL = dB

2. What would be the transmission loss (TL) of a material having a sound
transmission coefficient (t) of 90,686 x 10°? Find the transmitted sound

level (L,), if 75 dB impinges on this material. [HINT: First arrange
numbers for = as digit times 10 to a power.]

L= ?

Material at
=907 x 07"

| =T34

TL

dB
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3. Find Composite TL for the wall construction shown below.

Given:; Concrete block TL=45dB
Solid-core wood door  TL=34dB
Single-pane glass TL=31dB

>'s
ZrS'

Remember. Composite TL = 10 log

7t

’r " Conerete block f
A :
7 [ f [ ! —
\ 1 A2 1 N
% r 1 t vt T
T 1 1
Y A T T t I

—

5 [ Zléfaf:s 2 B\j 86]255

T T T ﬂHKlf ——

- ZRE U:—ood door
Elevation

Step 1. Find sound transmission coefficients (T). Use 10 log 1 :
T

. Concrete block

"C =
. Wood docr

T -
. Single-pane glass

T =
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Step 2.  Find area of each component of wall. S is symbol for surface area.

. Concrete block
S = ft?
. Wood door
_ S = 12
. Single-pane glass
S = ft?
Step 3. Compute T x S for each component of wall.
. Concrete block
TS =
. Wood door
TS =
o Single-pane glass
18 =

Step 4.  Find Composite TL.

total from step 2 —A/

ZZ::S = 10log

total from step 3 f

CompositeTl, = 10log
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One wall of the library at Springfield Elementary School contains a
louvered door. The wall is 20 ft long by 9% ft high. The TL of the drywalll
construction is 40 dB, but the TL of the 3 ft by 7 ft louvered door is only
10 dB. Find the composite TL for this wall-door construction.

,.]..—4{.

At

Comp. TL = dB

Principal Seymour Skinner replaces the louvered door with a solid-core
wood door, gasketed to be airtight when closed. If the TL of the new door
is 32 dB, find the improved composite TL.

Comp. TL = dB

The common wall between Wally Ballou's office and a mechanical room
has a surface area of 150 ft? and a TL of 38 dB. Noise level in the
mechanical room is 87 dB. Ballou’s office has 400 sabins of absorption.
What sound level (L,) will be transmitted to the office?
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SOUND TRANSMISSION CLASS RATINGS

Estimate the STC for the following drywall constructions. For multi-family dwellings, an STC
below 50 for the common wall normally will be unsatisfactory. When occupants hear noise from
their neighbors transmitted through the common walls, they tend to blame their neighbors not
the wall. As a consequence, poor acoustical design and/or faulty building construction
contribute to social problems. Cite test references used to estimate STC rating. The most
reliable sources of data are independent acoustical laboratories accredited by NVLAP to
perform ASTM E 90 tests.

STC using
Light-gage STC using
Brywall Construction Metal Studs Wood Siuds  Test Reference

' ayp. bA . (ea. 4ide)

Ll wide, 4tvds (15 22.)

%" mineral-Fiber (a) F"‘D

Z lav]ov% o€ A" MP- ba-

(ea. side )

WARNING: STC ratings from sound-isolation performance measured in the laboratory are
normally far higher than field STC ratings for nominally identical constructions.
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PROBLEM EXERCISES (Noise Criteria)

1. Noise criterion (NC) curves can be used to specify octave-band sound level
limits over the audible frequency range. What criteria limit or range would be
appropriate for the following spaces you are designing?

NC dBA

Music Recital Hall

High School Auditorium

Lobby of Office Building

Small Enclosed Office

HINT: Consult current edition of ASHRAE Handbook (“Sound and Vibration” chapter) or
refer to pages 232 to 238 in Architectural Acoustics.

2. The following noise levels are measured in a large conference room: 50 dB at
125 Hz, 44 dB at 250 Hz, 38 dB at 500 Hz, 37 dB at 1000 Hz, 38 dB at 2000 Hz,
and 36 dB at 4000 Hz. Plot data on graph on following page to determine NC
rating. Is the noise rumbly or hissy? [HINT: Refer to page 288 in Architectural
Acoustics.}

NC =

3. The following noise levels are measured in a school competition gymnasium. 56
dB at 125 Hz, 55 dB at 250 Hz, 55 dB at 500 Hz, 50 dB at 1000 Hz, 43 dB at
2000 Hz, and 32 dB at 4000 Hz. Plot data on graph on following page to
determine NC rating. Is the noise rumbly or hissy?
NC =

4, In open-plan offices, what continuous background masking level should nof be
exceeded? [HINT: Occupants tend to raise their voice levels to be heard when
this background level has been reached.]

Background Sound Level = ‘dBA
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5. Find the required TL in dB for the floor/ceiling construction separating bedrooms
in the Ewan McTeagle Apartments. Finishes and furnishings are given below.
Each bedroom is 10 ft wide. At night, background noise drops to NC-20. Specify
the floor/ceiling construction necessary to provide sufficient sound isolation.

Wallo: plaster on brick
Floors - h@av\ﬁ carpet on

-{:oam rubber

O_Oi[_l'ﬂgj Yo JYpsum \Doarc\
aozorphion of bed ¢

rniture, = 90 22bine @ 900 Bz
120 sabiine @ locoHe

rmq'm?, alarm

clook

(oz AP at SGooHe
Y 4B ot 1000 He)

NR = dB at 500 Hz
NR = dB at 1000 Hz
TL = dB at 500 Hz
TL = dB at 1000 Hz

Consiruction type
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PROBLEM EXERCISES (Outdoor Barriers)

|

1. Traffic noise should not exceed 54 dB at 250 Hz in a school courtyard
located 80 ft from a busy highway. The highway department plans to
build a continuous, solid barrier 10 ft from the highway. The barrier will
extend 4 ft above the acoustical line-of-sight. If a motorcycle on the
highway produces a noise level of 82 dB at 20 ft away, what will be the
noise level (L) in the courtyard? Will sound attenuation (A) from
spreading and the barrier sufficiently reduce the motorcycle noise?

Spreading A = dB
Barrier A = dB at 250 Hz
L= dB at courtyard

Satisfactory? Yes  No

20 £

acovetical “line of-oight” 104

2. To reduce traffic noise from a nearby highway, a lumberjack suggests

planting a 100 ft deep band of deciduous trees. At 1000 Hz, what
attenuation (A) in dB would you anticipate when the frees mature and are
fully foliated? [HINT: Refer to graph on page 264 in Architectural
Acoustics.]

Landscape A = dB
>l R

Canopy of
TR dense treee

m o
{{:‘jﬁ Wi f;v\:gt &Y (fully {'oliatui) =
Y

M p \Vw-‘ 4 /\\\
5 | d .ﬂ b G 7
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CHECKLIST OF OUTDOOR NOISE REDUCTIONS

1. WIND GRADIENTS (can increase or decrease sound by 10 dB or more)

@ wind direction
acovstical “shadew
(__qu)( Toned where noise

levels ere vedueed

2. TEMPERATURE GRADIENTS (similar effects to those from wind)
7 i/(’“e»or\
Wy

acoystical Yshadow
zone " on hot
. summer  dsy

3. HUMIDITY (For example, at 1000 Hz, 20° C, & 60% RH, attenuation will be 0.003 dB/m.}

4. GROUND COVER (For example, dense growth can be 0.12 dB/m.)
\ ) 7‘?}’?»5@?{«
¢ Py . -

5. LINE-OF-SIGHT BARRIERS (Attenuation can be up to 15 dB, depending on

sound frequency, barrier geometry, and other factors. Refer to pages 255 to 258 in
Architectural Acoustics.)

1

Barrier clse o

]

SOLYCe. )
acoystical A

Aeouvst ’62'.‘ ‘(“;;hadaw zone”

“['lnb-b{"SIqht“ L —— W - —— IH
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SPEECH PRIVACY

Speech privacy depends on signal-to-noise ratio between the intruding speech (signal)
and the steady background sound (noise). Level of intruding speech depends on how
loud people talk and degree of noise reduction from common wall, flanking paths, and
room finishes. Background noise primarily is due to the din from activities of people and
HVAC systems, or the steady sound from electronic masking. [Refer o Chapter 6 in
Architectural Acoustics.]

The curve on the graph below shows average response of people to intruding speech
based on a rating number determined by subtracting the isolation rating from the speech
rating. For example, if an office design has a speech privacy rating number of 10, the
likely response by occupants would be from moderate to strong dissatisfaction.

Ap.paren‘t RN SRR
satisfaction

Mild |
dissatisfaction \

Moderate - \
dissatisfaction \

Strong
dissatisfaction

Serious
. ] ) N T T O Y A I O O B | | -
dissatisfaction q 5 0 5 27
Speech privacy rating number
References

W. J. Cavanaugh et al, "Speech Privacy in Buildings,” Journat of the Acoustical Society
of America, April 1962.

R. W. Young, "Re-Vision of the Speech Privacy Calculations,” Journal of the Acoustical
Society of America, October 1965.
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PROBLEM EXERCISES (Speech Privacy)

1. A normal degree of speech privacy is desired in the Einbinder Flypaper
open-plan office where workers talk at conversational voice levels.
Background noise from an electronic masking sound system is 51 dBA.
Workers will be seated 8 ft apart and separated by partial-height barriers.
How high (H) must the barriers be above the acoustical line-of-sight?
[HINT: Refer to pages 344 to 348 in Architectural Acoustics.]

& & )
¥

- absorbing 7"
T
Barrier *ling - of - sight

Sovree of 2R —— — — &Spuree of
listener listoner
. carF&{'ﬁ‘{ 'Q’loo("
Seckion
H= ft

2. Two adjacent private offices for Elmer W. Litzinger, Spy are 17 ftby 15 ft
in plan. The common wall is 15 ftlong by 8% ft high. Background noise
levels in the offices are 35 dBA. If occupants often speak at raised voice
levels and normal degree of acoustical privacy is desired, what STC-rated
wall would you specify to achieve apparent satisfaction? [HINT. Use
enclosed-plan speech privacy method presented on pages 329 to 333 in
Architectural Acoustics. Set speech privacy rating number equal to 0.]

“ A [

117 L

A,/S =

:

1

STC =

=t
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SPEECH PRIVACY ANALYSIS WORKSHEET (Open Plan)

Anticipated Response to Privacy Situation

v OISTANCE ()

Open Plan Dimensions

—

Sourecs O,S]
LISTENER

Speech Rating

A (ST{CAL
Z/ﬁs‘” CF SIGHT*
Q/Soz/ﬂcé orR
L/STENER
LR
A B

Loud  Raised Conversational
1.Speech effort: how people talk in room.
72 66 60 - -
2.Privacy allowance: degree of privacy desired. Confidentia  Normal L .
15 g )
Isolation Rating @ Speech rating total (S) .
3. Distanee from souree to listener: effect of room sound absorption
and sound level falloff with distance (D) from source to listener,
Room finishes Distance D. ft.
Ceiling Floor 3 4] 12 25 50 100
Refecting Refiecting 0 3 6 9 12 15
Reflecting Absorbing ) 4 8 12 16 20
Abserbing Reflecting 0 5 10 15 20 25
Absorbing Absorbing o 6 12 18 24 KL . o
4. Panial - heipht barter Attenuation from barrier with ceiling
absorpticn based on NRC of 0.75. Barrier widih should be at
least twice its total height.
Barzier height H (above acoustical “line-of-sight” in feet.} Distance D. ft.
3. 08 12 2 0 100
1 1 7 4 2 0 0
2 i4 10 7 4 3 2
3 15 11 8 5 4 3
4 6 12 9. ¢ 5 4 _ .
5. Rogm background nojse level (dBAY): Masking sound available. . _
Speech Privacy Rating Numbher ®lsolation rating totat () e

Speech Privacy Rating (SPR) = (8) - (D)
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CONSTRUCTION OF SOUND ISOLATION ENCLOSURE

1. Students are to select an annoyingly loud noise source such as an alarm
clock, electric shaver, warning siren, or car horn. The louder the noise
source the better, because the achieved noise reduction only can be
evaluated if the transmitted noise can be detected above the background
noise outside the enclosure.

2. Using the principles of noise control covered by Chapters 2 and 4 in
Architectural Acoustics, design and construct an enclosure that significantly
reduces the noise level of your source. The noise control enclosure should
be portable and lightweight, not weighing more than 20 Ibs.

3. The effectiveness of your enclosure will be determined by measuring the
noise level before and after the noise source is covered. Measurements will
be recorded in A-weighted decibels (dBA) and decibels (dB) at 125 Hz.

The procedure will be similar to the field noise isolation class (field NIC)
measurement according to ASTM E 336.

4. Your report should describe the noise source, the design process used fo
achieve noise reduction, and the enclosure. Comment on what worked and
what didn’t. Include plan and section drawings showing the important
details of your enclosure.

5. Final evaluation will be based on: achieved NIC, noise reduction
effectiveness per Ib of enclosure, and quality of your written report.

Note to Instructor: To measure noise reduction of students’ enclosures, borrow a sound
level meter from the department of physics, environmental engineering, or occupational
safety & health. The meter should be classified ANSI Type 1, manufactured by Briel &
Kjaer, Larson Davis, Rion, or equal. Weigh enclosures on a bathroom scale that
measures in ounces, available from K-Mart, Sears, and the like.
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EXAMPLE SOUND ISOLATION ENCLOSURE (UNCC Students)

o 2 thick glaes-fiber batt

thin vinul wrz,\p?in?

I'h" thick gqlasm-fiber batt

& foamcore englosore with
18" dia. hioles

T

) IS ey

noise govrce (battery powered)

e onclosvre (approved
the U2 Pestal %r@fw _Fofy

[4L Evergreen Turace )
thin vinyl wrarf{nﬂ
/2" thick. alas -fiber batt

foamcore  enclosuce with
gt dia- holess

|/ Veoprene wolation mount

Section
g = N
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COMMON NOISE PROBLEMS IN BUILDINGS

Students should practice listening to their academic, recreational, and residential buit
environments. When acoustics problems are discovered, try to see if the cause can be
identified and solutions proposed. Be careful when discussing problems with owners
because diagnosis by those who have not studied acoustics often is misleading. Where
there are multiple noise sources, turn off all sources and listen to each, turned back on
one at a time. Use the table to practice on the symptoms presented and to record your
experiences. [HINT: For example solutions, refer to Chapters 2 and 4 to 6 in
Architectural Acoustics.]

Symptom Probable Cause Likely Solutions
Cafeteria is so loud one o

must almost yell to
communicate.

Sound seems to come 1. Sound leaks in wall. 1. Caulk openings and
through commeon wall of ‘ seal back-to-back
rooms in dormitory. electrical boxes.

2. Sound transmitted by 2. Add mass to wall and/or
wall (lightweight or too enhance stud system.
stiff). 3. Consider electronic

3. Room too quiet. masking sound system.

People walking in overhead
apartment are clearly heard
below.

Environmental noise from
nearby highway makes it
hard to concentrate in
classroom.

Sounds of telephone
conversations can be heard
throughout open-plan
office.
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CLASSROOM DESIGN

Students are to evaluate the room acoustics and modify the interior of the historic university
classroom described by the following plan and section drawings. Determine all physical
dimensions based on proportions to the given dimensions. The report should present
information in a clear, understandable format.

Acoustical Objectives

Modify interior surface shapes and determine finishes to achieve satisfactory listening
conditions for the following activities performed on the platform.

s lectures and debates
» small chorus singing

+ chamber music recitals

Report Elements

The following are important acoustical parameters that should be part of your report.

1.

2.

Compute cubic volume (ft*). Show all subdivided volumes used to find total cubic volume.
Compute volume-to-seating ratio (ft® per person).

Analyze reverberation time conditions.

a. Find reverberation time (sec) at 125, 500, and 4000 Hz for empty and fully-occupied
conditions. Show results on graph of reverberation time (sec) versus frequency (Hz).
Comment and show on sketches any improvements you recommend.

b. Select finish improvements for ceiling, walls, and floor. Identify finish and area (ft*) of
any sound-absorbing treatment on drawings submitted with your report. Use sound
absorption data from pages 52 and 53 in Architectural Acoustics. Existing finishes are:
ceiling - plaster on lath (#40), walls - plaster on block (#12), floor and platform - wood
(#18), bench seating (#56), and people (#55). Be sure to include “edge effect” for
seated audience. Cite sources for sound absorption coefficients of your proposed
madifications.

By ray-diagram analysis, show how sound is distributed by reflections off ceiling surfaces
above and in front of platform. Show recommended improvements.

Show initial time-delay gap (ITDG) in ft (and msec) by rays off side walls and ceiling. ITDG
can be found by subtracting the direct sound path from the reflected sound path to a
listening position near the center line, half-way between the source position on platform and
rear wall.
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5. To reinforce speech, loudspeakers are to be positioned above the platform. On plan and .
section drawings, show preferred location for loudspeakers and best location for sound
system controls.

6. Suggest preferred layout of reflecting and diffusing panels to support chamber music
performances. [Refer to R. S. Shankland, "Acoustical Designing for Performers,” Journal of
the Acoustical Society of America, January 1979 and A. H. Marshall et al, “Acoustical
Conditions Preferred for Ensemble,” Journal of the Acoustical Society of America,
November 1978.]

Note to Instructor: Pricr to assigning this problem, you may wish to read about the role of this
historic lecture hall in the advancement of the science of architectural acoustics. See Chap. 11
in P, L. Galison and E. A. Thompson, The Architecture of Science, The MIT Press, Cambridge,
MA, 1999. For a review of acoustical problems in modern classrooms, see pages 82 to 86 in R.
E. Apfel, Deaf Architects & Blind Acousticians?, Apple Enterprises Press, New Haven, CT,
1998.

Auditodom sesting (sloped > %)

Orehneatss ({alm for doncers
and chorvs)

%20 £

Zone, Of poor Siept ard sound (reenrved
ot foreigners, 1atecomers, and women .
Ref. M. Barron, 199%.)

Skene (%aqo Novee for actors)

Clazeical Creek Theatre , Epidevrns (260 BC)

e
—

“In order that hearing may be good in any auditorium, it is necessary that the sound should be
sufficiently loud; that the simultaneous components of a complex sound should maintain their
proper refative intensities; and that the successive sounds in rapidly moving articulation, either
of speech or music, should be clear and distinct, free from each other and from extraneous
noises.”

Wallace Clement Sabine, 1898
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CINEMA/LECTURE HALL DESIGN

Students are to evaluate the room acoustics and sound isolation of the 270-seat auditorium
described by the following plan and section drawings. Determine all physical dimensions based
on proportions to the given dimensions. The report should present information in a clear,
understandable format. '

Acoustical Objectives

Suggest improvements needed to achieve satisfactory listening conditions for the following
functions.

s films
e |ectures |
» panel discussions
e instrumental recitals
Problems
The following elements of design make it extremely difficult to use the auditorium.
1. Excessive noise from regularly scheduled social events fn nearby atrium intrudes through
pivoting doors at balcony level. [If pivoting doors can be effectively gasketed, show details

of your solution.]

2. Noise buildup in lobby to auditorium is excessive. It also intrudes through doors. [Show
details to reduce noise.}

3. Unamplified speech from stage platform is not intelligible throughout seating areas.
4. Existing electronic sound system does not evenly distribute sound to audience.
Report Elements

The following are important acoustical parameters that should be part of your report.

1. Compute cubic volume (ft*). Show ail subdivided volumes used to find total cubic volume.
Compute volume-to-seating ratio (ft* per person).

2. Analyze reverberation time conditions.
a. Find reverberation time (sec) at 125, 500, and 4000 Hz for empty and fully-occupied

conditions. Show results on graph of reverberation time (sec) versus frequency (Hz).
Comment and show on sketches any improvements you recommend.
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b. Finishes in auditorium are: walls and ceiling- plaster board (#9) and glazing (#5); stage
floor- wood (#18); and floor and bench seating- covered with indoor-outdoor carpet
(#36). Use sound absorption data from pages 52 and 53 in Architectural Acoustics.

¢. Compute bass ratio (divide reverberation at 125 Hz by mid-frequency reverberation at
500 Hz).

3. By ray-diagram analysis, show if sound is distributed to seating areas by reflections off
surfaces above stage. Show recommended improvements.

4. Electronic speech-reinforcing system loudspeakers are located in face of stage apron.
Show location for preferred system cluster and best {ocation for control console.

5. Rear wall has two 36 ft? areas of fixed 1/8 in thick float glass. Show how to correct this
serious sound leak. -

5. Wall at lower level of entrance lobby has loudspeaker mounted in it. Enclosure box
penetrates gypsum board layer on opposite side from lobby. Show how to surface mount or
enclose this 2 ft X 1 ft X 6 in deep loudspeaker so it will not disturb activities in auditorium.

Note to Instructor: For acoustical criteria for the modern cinema, see latest edition of

T. Holman, THX Sound System Program Instruction Manual Architect's and Engineer’s Edition,
Lucasfilm Ltd., Nicasio, CA. (Order from: Lucasfilm Ltd., P.O. Box 2009, San Rafael, CA
84912-2009.) For a quick review of impartant design elements affecting speech intelligibility in
lecture halls, see page 88 in Architectural Acoustics.
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CIVIC AUDITORIUM DESIGN

Students are to evaluate the room acoustics and sound isolation of the 2,500-seat multi-
purpose auditorium described by the following plan and section drawings. Determine all
physical dimensions based on proportions to the given dimensions. The report should present
information in a clear, understandable format.

Acoustical Objectives

Suggest improvements needed to achieve satisfactory listening conditions for the following
functions.

e drama events on stage
» orchestral and music recitals by small groups and soloists
lectures, speeches, and panel discussions
» trade and professional organization convention activities on main floor (with seating
removed)
*» dangcing for school graduation and military balls on main floor (with seating removed)
Problems
The primary uses of the auditorium are speech, music, and convention activities. The following
are aspects of the original auditorium design that cause serious acoustics problems.
Consideration is being given to demolishing the building if the acoustics are not improved.

1. Loud noise intrusion from dining rooms, kitchen, and mechanical equipment room located
underneath auditorium. [Specify details for improvement.]

2. Noise buildup in lobby and corridors surrounding auditorium is excessive and intrudes
through entry doors. [Show details to correct this problem.]

3. Strong echoes off concave ceiling and concave face of balcony.
Report Elements
The following are important acoustical parameters that should be part of your report.

1. Compute cubic volume (ft*). Show all subdivided volumes used to find total cubic volume.
Compute volume-to-seating ratio (ft* per person).

2. Analyze reverberation time conditions.
a. Find reverberation time (sec) at 125, 500, and 4000 Hz for empty and fully-occupied

conditions. Show results on graph of reverberation time (sec) versus frequency (Hz).
Comment and show on sketches any improvements you recommend.
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b. Finishes in the auditorium are: domed ceiling- plaster on lath (#13); walls- plastered
concrete block (#12) and single glass (#5); stage floor- wood (#18); auditorium main and
balcony floor- carpet (#33) and seating (see table below). Use sound absorption data
from pages 52 and 53 in Architectural Acoustics. Cite reference if other sources for
sound absorption coefficients are used.

Seating Absorption (sabins per seat)

125 Hz 500 Hz 4000 Hz
Qccupied 3.3 6.4 6.8
Unoccupied - 0.7 2.3 : 1.3

¢. Compute bass ratio (divide reverberation at 125 Hz by mid-frequency reverberation at
500 Hz). Comment on why longer reverberance at low frequencies may be desired for
music. Remember bass ratios greater than 1.2 are usually judged to be excellent,
below 0.9 to be poor. ‘

By ray-diagram analysis, show how sound is distributed by reflections off ceiling surfaces
above and in front of stage. Show recommended improvements. [Refer to L. L. Beranek,
«Acoustics and the Concert Hall,” Journal of the Acoustical Society of America, June 1975
and C. Jaffe, “Acoustics of Concert Halls,” Architectural Record, March 1979.]

Show initial time-delay gap (ITDG) in ft (and msec) by rays off side walls. ITDG can be
found by subtracting the direct sound path from the reflected sound path to a listening
position near the center line, half-way between the source position on stage and rear wall.

Curved surfaces cause echoes and “hot spots.” Identify problem areas and show
alternate construction details to correct serious acoustical defects.

A new electronic sound system will have loudspeakers positioned above the stage apron.
Show preferred location for loudspeaker cluster and best location for control console.
Resolve the viewing requirement to maintain unobstructed line-of-sight to the historic
mural on the proscenium wall.

Exterior walls of the building have several large areas of single glazing (roughly 30% of
total wall surface area). Show how to correct these sound leaks. The masonry portion of
exterior walls is rated STC-65.

Suggest preferred layout of reflecting and diffusing panels to form an orchestra enclosure
on stage. [Refer to R. S. Shankland, “Acoustical Designing for Performers,” Journal of the
Acoustical Society of America, January 1979 and A. H. Marshall et al, “Acoustical
Conditions Preferred for Ensemble”, Journal of the Acoustical Society of America,
November 1978.]
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WORSHIP SPACE DESIGN

Students are to design the ceiling for a worship space seating 400 persons. The pulpit platform
is 3 ft above the floor. Evaluate the room acoustics after you have determined a preferred
ceiling height. Determine all physical dimensions based on proportions to the given
dimensions. The report should present information in a clear, understandable format.
Acoustical Objectives

Design and modify interior shapes and finishes to achieve proper listening conditions for the
following activities.

» Speech (from pulpit platform)
* Singing {from chair and congregation)
o Small instrumental groups on platform
* Pipe organ
Report Elements
The following are important acoustical parameters that should be part of your report.

1. Compute cubic volume (ft*). Show ail subdivided volumes used to find total cubic volume.
Compute volume-to-seating ratio (ft° per person).

2. Analyze reverberation time conditions.

a. Find reverberation time (sec) at 125, 500, and 4000 Hz for empty and fully-occupied
conditions. Show results on graph of reverberation time {sec) versus frequency (Hz).
Comment and show on sketches any improvements you recommend.

b. Proposed finishes are: ceiling and walls- 5/8” thick gypsum board (#8), aisles- carpeted
(#33), and seated people (#55). Use sound absorption data from pages 52 and 53 in
Architectural Acoustics. Cite references if other sources for sound absorption
coefficients are used.

c. Compute bass ratio (divide reverberation at 125 Hz by mid-frequency reverberation at
500 Hz). Comment on why longer reverberance at low frequencies may be desired for
music. Remember bass ratios greater than 1.2 are usually judged to be excellent,
below 0.9 to be poor.

3. By ray-diagram analysis, show how sound is distributed by reflections off ceiling surfaces
and side walls. Show recommended improvements.
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4. Show initial time-delay gap (ITDG) in ft (and msec) by rays off side walls and ceiling. ITDG
can be found by subtracting the direct sound path from the reflected sound path to a
listening position near the centerline, half way between the source position and the rear
wall.

5. Suggest preferred layout of reflecting and diffusing surfaces to form an effective
environment near choir. [Refer to R. S. Shankland, “Acoustical Designing for Performers,”
Journal of the Acoustical Society of America, January 1979 and A. H. Marshall et al,
“Acoustical Conditions Preferred for Ensemble”’, Journal of the Acoustical Society of
America, November 1978.]

Note to Instructor: Eor architectural drawings, photos, and acoustical data on over forty worship
spaces, see D. Lubman and E. A. Wetherill, Acoustics of Worship Spaces, American Institute of
Physics, New York, 1985. For a review of liturgical design principles, refer to M. Mauck,
Shaping a House for the Church, Liturgy Training Publications, Chicago, iL, 1990.
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ACOUSTICAL PROGRAMMING GUIDE FOR WORSHIP SPACES

The following questions are intended to help define goals for acoustical design of
worship spaces. Comment in spaces provided or in margins. Building committee
members also should cite existing worship spaces they believe meet their acoustical

aspirations.
1. Will the main sanctuary also be used for secular activities? Yes No
2. Identify the preferred acoustical environment for music. [Circle preference.]
Cathedral-ike  Reverberant  Moderately-reverberant  Dry
3. s singing by worshipers a primary concern? Yes Somewhat No
4. Rank the following in order of importance [1 highest to 5 lowest].
Speech Soloists
Organ Instrumentalists
Choir
5. Choir size will be voices. Orchestra members.
Rehearsal needs include:
6. Secular activities (such as: guest orchestra, musical or theatrical productions,
cinema) include:
7. Will the electronic sound system be required to support music? Yes No
8. Recording and broadcast activities (such as: TV, radio, archival) include:
9. What are specific needs for hearing-impaired persons?
10. List video recording and playback needs.
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CONCERT HALL DESIGNS

Students are to evaluate the room acoustics of two proposed designs to renovate a 2000-seat
auditorium described by the following section drawings.

Report Elements

Complete the tablé below by listing your evaluation of the characteristics of the two designs.
Important acoustical attributes are: reverberance, clarity, loudness, intimacy, diffusion, and
stage environment (for support of musicians). The controlling architectural features to be
compared are given in parentheses below.

Acoustical Attribute Alternate A Alternate B

Reverberance (cubic volumes)

Clarity (widths of halls and ceiling
canopy)

Loudness (cubic volumes, compactness,
finishes, and sight lines)

Intimacy (how shapes connect stage to
audience)

Diffusion (extent of surfaces that scatter
sound)

Stage Environment (vertical and overhead
panei configurations)

References
For tutorial on the four basic shapes for concert halls, see L. L. Beranek, “"Concert Hall

Acoustics,” JASA, July 1992. For stage environments, see J. S. Bradiey, “Some Effects of
Orchestra Shells,” JASA, August 1996. Refer also to page 151 in Architectural Acoustics.
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ETHICS IN ARCHITECTURE

The following excerpts are from J. P. Cramer, “Ethics. Bridge Over Troubled Waters,"” AlA
Memo, June 1992. Cramer served as Executive VP/CEQ of the American Institute of Architects
(AlA).

Values Measure Success

There’s a wonderful story about the gifted engineer Fazler Khan. In the 1950s, a highway
scheme was proposed that would have carved Washington, DC, with concentric rings of
beltways. An inner beltway was to dive under the Lincoln Memorial and come up for air at the
Tidal Basin. Clearly something special was needed as an appropriate neighbor to the Jefferson
and Lincoln memorials. So Khan was asked to design an elegant bridge.

Think of the recognition, the prestige, and the money! But when Khan looked at the site and
then into himself, his response was: "Don't build it!”

Khan's greatest monument in our nation's capital is something he never designed nor was ever

built. His courage, his integrity, his civic-mindedness. He lost the money, but he kept
something that could never be taken away from him.

Achieving Excellence
Of course we should treasure those days when our accomplishments bring applause. But don't

depend on them. The sound that will ring most true during both the high and low points will be
your own inner voice saying, “l did my best!”

Note to Instructor: For advice on how {o start an ethics course at a school of architecture,
contact Clemson University, lowa State University, or California State Polytechnic University at
Pomona.

“Any system of education which does not inculcate moral values simply furnishes the inteflectual
equipment whereby men and women can better satisfy their pride, greed, and lust.”

H. G. Rickover, 1874
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RECOGNIZING RATIONALIZATIONS

Scholars have identified dozens of fallacies of logic. In daily life, most go unnoticed and
unchalienged. It helps, therefore, to learn to recognize the rationalizations people use
when facing an ethical dilemma. Rationalizations often are clever and attractive, but
always are specious attempts to justify behavior. Although they may have the ring of
truth, on examination they are false. Listed below are example rationalizations from the
language of the ethically challenged (warning signals). For basic readings in moral
philosophy, see J. Rachels, The Right Thing to Do, McGraw-Hill. New York, 1989 and
V. E. Frankl, Man’s Search for Meaning, Beacon Press, Boston, 1992.

Example Rationalizations

» “Everybody else does it." (ad populum)

e ‘“lf we don't do it, someone else will.”

* “That's the way it's always been done.”

e “We'll wait until the lawyers tell us it's wrong.” (ad vericordium)
¢ “We made a good faith effort.”

* “The system is so unfair.” (ad misericordium)

¢ ‘It doesn’t really hurt anyone.”

» "We were not as smart as we should have been.”
» “There was never any intent to mislead.”

e “That's the way | feel about it.”

¢ “We were just following orders.”

o “We're only human.”

Note to Instructor: Ask students to add to above list of rationalizations and to match
rationalization to fallacy such as: ad populum, ad vericordium, ad misericordium, slippery slope,
petitio principii (begging the question), and false analogy. For an overview of principies of
reasoning and critical thinking, refer to D. C. Wilson, A Guide to Good Reasoning, McGraw-Hill,
New York, 1999,

Reference

M. M. Jennings, Case Studies in Business Ethics, West Publishing, St. Paul, MN, 19986.
[Presents more than 150 case studies. Comprehensive Instructor's Manual available.]
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RESOLVING ETHICAL DILEMMAS
In resolving ethical dilemmas, consider if you want to be part of any activity that would
pass legal tests but would be offensive to fellow design professionals. The Professor
Laura Nash Model presented below gives a format to use for resolving ethical dilemmas
by: 1. defining the problem, 2. examining alternatives, and 3. resolving any
constraints. Where principles of ethics are involved, be deaf to expedient alternatives.
Doing the right thing may sometimes be hard, but knowing right from wrong in everyday
practice is not that difficult.
Define Problem

¢ Have you accurately defined the problem?

« How would you define the problem if you stood on the other side of the fence?

« As adesign professional, to whom and to what do you owe loyalty?
Examine Alternatives

o What is your intention in making this decision?

« Whom could your decision injure?

e Can you discuss your decision with the affected persons?

 Are you confident that your action will be valid over a long period of time?
Resolve Constraints

« Under what circumstances would you make exceptions to your position?

« Could you discuss your decision with your boss, colleagues, friends, and
family?

¢ What is the symbolic potential of your action?

» Would you be willing to see your decision reported on the front page of the local
paper?

For an ethics book written for the profession of architecture, see B. L. Wasserman,

P. Sullivan, and G. S. Palermo, Ethics and The Practice of Architecture, John Wiley,
New York, 2000. The book includes thirty case studies, most taken from actual
experiences documented by Professor Wasserman for his grant from the AIA Education
Committee.
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ETHICS IN ACOUSTICAL DESIGN

After an exhaustive national search, a major US city hired architect-acoustical consultant design
team A to renovate the civic auditorium. The auditorium, designed in 1912 by a prominent New
York firm, had poor acoustics: uneven distribution of sound from stage to audience, hot spots
and focusing of sound due to concave surfaces, lack of balance for orchestra music on stage,
and like problems. The renovation design proposed by consultant A wouid correct the
acoustical problems, but generated controversy because it would remove the baiconies. Local
historic preservationists hired acoustical consuitant 8 to propose a design that would save the
balconies. The city now had two conflicting designs with no compromise in sight. According to
press reports, consultants A and B had been feuding in public for months. Because the Building
Committee did not feel competent to judge the acoustical merits of the two designs, they hired
consultant C to serve as independent technical advisor. Consultant C concluded that either
proposal could be developed to provide excellent acoustics, but the number of seats with good
sight lines and construction costs likely would greatly differ. For background on core ethics
values of the architectural profession, refer to “Rules of Conduct” by the National Council of
Architectural Registration Boards (NCARB) and “Code of Ethics and Professional Conduct” by
the American Institute of Architects (AIA).

Discussion Questions

» Should consultant B have accepted this project from the preservationists knowing that
consultant A had a contract with the city? What conflicts would be avoided if
consultant 8 had initially agreed to not be a replacement for consultant A? [Does
legality alone set the standard for ethical behavior?]

» Should consultant B have publicly questioned the professional qualifications of
consultant A? Consuitant A was an internationally renowned designer and author of
books on auditorium design. [Should peers be treated as rational persons rather than
as a means to advance self-interest?]

» What shouid consultant C have done when it was alleged that consuitant B had made

false and misleading technical statements to the Building Committee? Would false
statements be justified if it were believed everyone else would do the same?

»  Would knowingly making false and misleading statements violate provisions of AlA
Rule of Conduct 4.1037 [Should saying what you know is not true be a matter of
personal preference?]

» After the contract with consultant A was terminated, should consultant C accept an
offer to become the new acoustical consultant for the project? Would acceptance be
ethical if consultant C befieved that, if offer was declined, someone else would accept?

References
J. G. Brennan, Foundations of Moral Obligations, Presidio Press, Novato, CA, 1994.

J. Rachels, The Elements of Moral Phifosophy, McGraw-Hill, New York, 1993, [Use the table on
following page to compare theories and arguments presented by Rachels.]
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HONESTY IN ACOUSTICAL RESEARCH

According to C. E. Harris et al in Engineering Ethics, Wadsworth Publishing, Belmont,
CA, 1995, dishonesty in science and engineering can take several forms: trimming,
cooking, forging, and plagiarism. To be honest in acoustical research means not fo:
trim (to smooth irregularities in measurements so data looks precise), cook (to retain
data that fits and discard data that doesn’t), forge (to invent data or report phantom
experiments), and plagiarize (to use intellectual property of others without permission or
credit). To avoid temptations or appearance of conflict of interest, the world-renowned
acoustician Dr. A. Harold Marshall (University of Auckland, NZ) made sure acoustical
data were measured by others in the concert halls he designed. For similar reasons, it
is prudent to specify that acoustical performance of materials and building systems be
certified by independent laboratory according to ASTM test methods such as C 423 for
sound absorption coefficients and E 90 for airborne sound transmission losses.
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Note to Instructor: Principles and example case studies for modeling are covered by the
following section. Use the acoustical design projects in this section as an additional source of
drawings for optical modeling studies. Should students be reluctant to discuss ethical issues,
such as the case study on feuding consultants, or cite the fog of “gray areas”, recall the Peanuts
cartoon by Charles Schulz where Lucy wonders aloud: “Are there more bad people in the world
or are there more good people?” Charlie Brown responds with an expansive gesture: "Who is
to say? Who is to say who is bad or who is good?” “{ will” says Lucy. For a discussion on why
Lucy would be right to use moral reasoning, refer to pages 4 to 12 in S. Satris (ed), Taking
Sides, Dushkin Publishing, Guilford, CT, 1998,
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OPTICAL MODELS FOR ACOUSTICS

Optical models can be used to design for good acoustics.” For example, models can be used
during design development phase of projects to: identify focusing problems, locate surfaces
which are echo-prone, and show patterns of useful reflected sound such as lateral sound from
side walls in auditoriums.? There are numerous building types, particularly spaces for speech
and music, which would benefit from optical model studies. Examples include: conference
rooms, worship spaces, muiti-purpose auditoriums, theaters, courtrooms, hotel function rooms,
and atria.

Scale Ratio

Optical models are typically built at a scale of 1/4" = 1'-0", or larger (>1:48). Models of one-half
the space studied can be used for symmetrical auditorium designs such as rectangular, fan, or
reverse-trapezium shapes.

Model Materials

Basic materials needed to construct an optical model are listed below.**

Quantity Item Description
(Minimum)
1 sheet chipboard neutral gray surface

(easy to cut)

1 sheet foam-core board light-absorptive color
1 box straight pins steel {long)
1 bottle white giue Elmer’s or equal
1 roll (or 2 sq ft) aluminum foil or silver specular silver finish (foil must
contact paper be smooth, without bumps or
ridges)
1 can spray adhesive 3M Super 77 Spray Adhesive

(spray only in well-ventilated
areas or outdoors)

1 flashlight adjustable, narrow beam Mini-Maglite or equal

Acoustic Models 8.1



ATRIUM CASE STUDY

The design goal was to determine how to control the noise buildup and focusing in a linear
atrium. The end walls are concave and the ceiling is vaulted. Functlons in the atrium will
include circulation, receptions, and lectures to smalf groups.

Step 1. Cut the floor, walls, and ceiling out of foam-core board. Do not use cardboard due
to corrugated ridges on surface. Model surface must be smooth.

Y
Curved foam-core board
(scored with knife {o form
concave shape}
Floor End Wall Ceiling

Step 2. Apply dark-colored paper and reflective material to the appropr:ate surfaces. Use
dark-coiored paper to model sound-absorbing wall surfaces and aluminum foil to

model sound-reflecting ceiling and end walls.
light reflected foil
(to represent
sound-reflecting
finish)

low light-reflectance color
(to represent sqund-absorbing
finish}

Floor End Wall Ceiling

8.2 Acoustic Modesls



Step 3.  Assemble the model using white glue. Use straight pins where surfaces are o be
removed to study alternative shapes or to photograph model.

vaulted ceifing

curved end wall

(stHF base)

Afrium Model

Step 4. Use mini-flashlight to experiment with light patterns to determine where sound is
concentrated or spread. Photograph results from this study for further evaluation
and documentation.

foil on concave surfaces

opening for mini-flashfight and camera

[ light-absorptive color foam-core board

e T T
Se—
1
|
=

T Prier ety Sty T Tt S i L g T P N T
H: RECT i AL e B R TS

T

Perspective of Atrium Model
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MUSIC REHEARSAL HALL CASE STUDY

The design goal was to identify echo-prone surfaces and to shape sound-reflecting surfaces in
a space for music rehearsal. The room has a large height-to-width (H / W) ratio.

Step 1. Construct the model. Cut a hole in floor so mini-flashlight will be at location of sound
source.
H
Y
A //‘Izw
Music Rehearsal Hall Model
Step 2. Record data on plan drawing. Use numbers and/or ietters to identify points on
model surfaces that reflect light aimed from a source Iocatlon
lmmp kaom% on wall a&
% 7 f,[— fic ‘elevation
—_.-—T:::_“ B e o N1 . L~
‘ J 11185 HH
\ ]p’://d g // ~ - \\
\ % T\ - -~ y []
4‘ \// j \ /"’ e /
N - _ / S e ( rd 7
— . Y,
\ /
N // a
W o U
Pattern oF [I Wt voblected L Pipe organ
off wall (#vom aiming pt.1) ( hzhr ‘7ovrcb
Floor Plan Showing Reflections From Side Wall \(wv‘o)
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Summary

Optical models can be used to demonstrate principles of room acoustics. Because they can be
constructed quickly and inexpensively, optical models complement more sophisticated tools
such as computer ray tracing and costly frequency-scaled physical models.® For example,
when models are used early in schematic and design development phases of projects, potential
acoustical defects can be corrected. Because the light beam shows how sound reflects off
surfaces, the design can be immediately altered if necessary. Surfaces also can be shaped 1o
enhance good listening, such as optimizing lateral sound in spaces for music. Optical models
can be a significant design aid to achieve good acoustics.

References

1. L Cremer and H. A. Muller, Principles and Applications of Room Acoustics, Vol. 1, Applied
Science Pubtishers, Barking, England, 1978, pp. 164-8.

M. D. Egan, Architectural Acoustics, McGraw-Hill, New York, 1988, pp. 105-7.

N

3. F. Moore, Modelbuilder's Notebook, McGraw-Hill, New York, 1990C.
4. J. Taylor, Mode! Building for Architects and Engineers, McGraw-Hill, New York, 1971,

5 A. H. Marshall, “Recent Developments in Accustical Design Process,” Applied Acoustics
Vol. 31, 1990, pp. 7-28.
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ACOUSTICAL MODEL. STUDIES

1.

Students are to evaluate room acoustics of the spaces on the following pages. If

necessary, reshape the walls and ceiling to improve listening conditions. Refer to the plan

and section drawings for details and seating tayouts. [Note to Instructor: Types of spaces
listed below also are recommended, but do not limit optical model studies to them.]

Worship Space Courtroom Atrium

Cafetorium Gymnasium Music Rehearsal Room

Construct a study mode! of one-half of room to evaluate distribution of sound in existing

space or preliminary design. Use a study model of the other half of the room to refine and

demonstrate your improvements.

An acoustical study model should have the following elements.

. 1/4" scale (or larger).

. To represent sound-reflecting surfaces, use light-reflective material such as shiny
metallic contact paper or aluminum foil bonded te model board by spray adhesive.
Make sure the material is applied smoothly without any bumps or ridges.

. To represent sound-absorbing surfaces, use gray or dark brown paper.

. On foam-core board, mark the area for the audience.

. Use a narrow-beam flashlight or laser pointer to show pattern of reflected sound
from walls and ceiling. Indicate distribution of light on seating areas by color code or

other marking. Identify first reflections from aiming points on wails and ceiling.

The written report should describe how the mode! was constructed and indicate how it
was used {o redesign for better acoustics.

. Include overlays of plan views showing patterns of reflected light before and after
improvements,
. Include conclusions and any recommendations for good room acoustics that you

learned from this study.

A word about craftsmanship....

Craftsmanship will affect the success of the model study. For example, be sure to
achieve crisp edges, fully-bonded surfaces, and tight corners. The interior of the model
must be carefully constructed, but the exterior will not affect the acoustics being studied.

8.6 Acoustic Models



[This page intentionally blank to
remind instructor to archive drawings
for student assignments.]
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REFERENCE BOOKS FOR FACULTY AND STUDENTS
Architectural Acoustics

M. Barron, Auditorium Acoustics and Architectural Design, Chapman & Hall,
London, England,1993.

L. L. Beranek, Music, Acoustics, an_d Architecture, John Wiley, New York, 1962.

v L. L. Beranek, Concert and Opera Halls, Acoustical Society of America,
Woodbury, NY, 1996.

v W. J. Cavanaugh and J. A Wilkes (eds), Architectural Acoustics: Principles and
Practice, John Wiley, New York, 1999.

/ J. P. Cowan, Architectural Acoustics Design Guide, McGraw-Hill, New York, 2000.
[Interactive CD-ROM set by Acentech also is available from McGraw-Hill.]

L. Cremer and H. A. Miller, Principles and Applications of Room Acoustics,
Vol. 1, Applied Science Publishers, Barking, England, 1978.

L. L. Doelle, Environmental Acoustics, McGraw-Hill, New York, 1972.
M. D. Egan, Concepts in Architectural Acoustics, McGraw-Hill, New York, 1972.
/M. D. Egan, Architectural Acoustics, McGraw-Hill, New York, 1988.

M. D. Egan, S. Hass, and C. Jaffe, “Acoustics: theory and applications, Part I in
D. Watson (ed), Time-Saver Standards, McGraw-Hill, New York, 1997.

v M. Forsyth, Buildings for Music, Cambridge University Press, Cambridge,
England, 1985.

/L. K. Irvine and R. L. Richards, Acoustics and Noise Control Handbook for Architects
and Builders, Krieger Publishing, Malabar, FL, 1998.

. G. C. Izenour, Theater Design, McGraw-Hill, New York, 1977.

G. C. Izenour, Theater Technology, McGraw-Hill, New York, 1988. [Reprint edition
of both Izenour books available from Yale University Press.]

v M. Mehta, J. Johnson, and J. Rocafort, Architectural Acoustics: Principles and Design,
Prentice Halil, Upper Saddle River, NJ, 1999.

v W. C. Sabine, Collected Papers on Acoustics, Peninsula Publishing, Los Altos,
CA, 1993. [Original edition printed in 1922.]
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C. M. Salter, Acoustics: Architecture, Engineering, The Environment, William Stout
Publishers, San Francisco, CA, 1998.

Noise Control

L. L. Beranek and . L. Vér (eds), Noise and Vibration Control Engineering,
John Wiley, New York, 1992.

M. J. Crocker (ed), Handbook of Acoustics, John Wiley, New York, 1998,

C. Ebbing and W. Blazier (eds), Application of Manufacturers’ Sound Data, ASHRAE,
Inc., Atlanta, GA, 1998.

C. M. Harris (ed), Noise Control in Buildings, McGraw-Hill, New York, 1994,

R. S. Jones, Noise and Vibration Control in Buildings, McGraw-Hill, New York,
1984.

M. E. Schaffer, A Practical Guide to Noise and Vibration Control for HVAC
Systermns, ASHRAE, Inc., Atlanta, GA, 1991.

Electronic Sound Systems

D. Davis and C. Davis, Sound System Engineering, Howard W, Sams, Indianapolis, IN,
1987.

J. F. Eiche (ed), Guide to Sound Systems for Worship, Hal Leonard Publishing,
Milwaukee, WI, 1990.

F. A. Everest, The Master Handbook of Acoustics, TAB Books, Blue Ridge Summit, PA,
1983.

T. Uzzle, R. A. Bushnell, and T. G. Bouliane, Technical Fundamentals of Audjo, Intertec
Publishing, Overland Park, KS, 1999. [Order from National Systems Contractors
Association (NSCA), 625 First St. SE, Suite 420, Cedar Rapids, IA 52401.]

NOTE: The Directory of Publishers, available from the National Association of College
Stores (NACS), provides information on how instructors may request
complimentary desk copies of books being considered for course adoption. It is
best to contact the publisher directly, rather than through your campus
bookstore. To obtain a Directory, write to NACS at 500 East Lorain Street,
Oberlin, OH 44074-1294.
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Collected Papers on Acoustics

Wallace Clement Sabine (Preface by L. L. Beranek.
Introduction by F. V. Hunt.)

Peninsula Publishing, Los Alios, CA, 1 993.
xxi+ 279 pp. Price $35.95 USA, $37.95 Inmil.

Next year will be the 100th anniversary of Professor Wallace Clem-
ent Sabine's historic studies from 1895 to 1898 to correct the atrocious
listening conditions in the lecture room of the just completed Fogg Art
Museum building at Harvard University. Peninsula Publishing has re-
printed the landmark papers of Professor Sabine that have been out-of-
print for more than 2 generation. These unabridged papers, originaily
written during the period of 1898 to 1917, were first collected together by
Harvard Untversity for publication in 1921. More than four decades later
il} 1964, Dover Publications reproduced the Harvard edition in a

3 % B3 in. format paperback reprint edition. This reprint included 2 new
Introduction by Professor Frederick V. Hunt of Harvard. In the Intro-
duetion, Professor Tiunt concludes by noting that international standard-
jzation has honored Sabine by naming the area unit of sound absorplion
for him, bronze plagues memorialize him in Boston's Symphony Hall and
in the lecture room of the Jefferson Physical Laboratory at Harvard, but
later generations may remember him even longer and more fondly for his
reverberation time discoveries and for his Collected Papers or Acoustics
This reviewer believes Hunt's prediction is true today and can be renewed
with confidence. '

As evident by the collected papers, Prof. Sabine was not anly the
founder of the science of architectural acoustics, but also a great commu-
nlcator through his spoken presentations and technical papers written for
scientists, architects, builders, and others in the construction industry. He
believed in nifecting progress in the building profession throvgh educa-
tion. He convinced architects and engineers to apply his discoveries to
theic designs by showing them the process of determining how buildings
affect sound and how he could predict acoustical characteristics prior to
construction. The Sabine papers are authoritative and still useful today
because they cogently demonstrate how Sabine made his important dis-
coveries.

The collected papers include a chapter on “Reverberation,” which
documents Sabine’s meticulous experiments in the lecture room nt Fogg
and “calculation in advance of construction" for his first major acoustical
consulting assignment, the new 2631-seat Boston Music Hall (McKim,
Mead, and White, Architects). The Hall, now called Symphony Hall, is
today universally acclaimed to be one of the finest halls for symphonic
music in the world. In this paper, Sabine states “a knowledge of the
volume of 3 room and of the coefficients of absorption of its various
components, including the audience for which it is designed, will enable
one ta calculate in advance of construction the duration of audibility of
the residual sound, which measures that acoustical property of & room
commonly called reverberation.” Imagine the tmpact this discovery had
on architects and engineers at the turn of the century. Untit then they
coutd only faithfully copy existing rooms or leave acoustical results to
chance. ’

A chapter on “Theatre Acoustics” contains examples of Sabine's

consulting projects for Liftle Theatre, New York City (Ingails and,

Hoffman, Architects); Mew Theatre, New York City (Carrére and
Hastings, Architects); Scollay Square Theatre, Boston, MA (C. H.
Blackall, Architect); and Harris Theatre, Minneapolis, MN (Chapman
and Magney, Architects}. These case studies include: architectural plan

and section drawings, examples of Sabine’s photographic method for -
studying sound reflections in small-scale models, and graphs of reverber-
ation measured in situ by Sabine. In the Preface to the new Peninsula
Publishing edition, Dr. Leo L. Beranek cites several additional important
acoustical consulting commissions undertaken by Sabine during the pe-
rod of 1908 until 1919, the year of his death at age 50. From 1916 to
1918, Sabine also patriotically worked for the War Department as scien-
tist and advisor. Sent to France, where 2 million American “Doughboys”
scrved during World War 1, Sabine worked with the American Expedi-
tionary Forces and advised the armed forces of France, Great Britain, and
Italy. He developed acoustical detectors to locate enemy artillery, flew on
missions behind enemy lines to photograph airdromes with his camera
invention, and consulted on other essential, often dangerous, military
prablems. To complete his work for the War Depastment, Sabine deferred
surgery until it was too late to save his life. The Harvard Crimson (Jan-
uary 15, 1919 issue) cited his service and concluded with: “The country
honors and thanks him for the lives of many soldiers saved from German
batteries located by his sound-stations.™'

1n Collected Papers on Acoustics, Sabine cautions against prescribing
the best height, best width, or best length for a theatre by emphasizing the
interdependence of cubic volume, seating layout, shape of boundary sut-
faces, finish materials, and so on. Throughout the papers, Sabine reveals
the insight gained from working with full-scale physical models, as he did
by measurements in completed buildings. Sabine also wisely cites the
pragtical limitations of real world practice on the architect and acoustical
consultant. (Refer to Fig. | from p. 84 in Collected Papers on Acoustics for
illustration of a Sabine test apparatus used to conduct room acoustics
experiments.)

In the chapter on “The Insulation of Sound,” Sabine uses convine-
ing analogies to demonstrate the principles of sound isolation by mass,
multiple-layer construction, and the importance of physical separation. In
an interesting case study at the Institute of Musical Art, New York City,
Sabine identifies fanking of sound energy due 10 gversiressed “deadening
sheet” and the negligible effects of boundary surface absorption on sound

dl

T

FIG. 1. lllustration of the Sabine test apparatus used to conduct room
acoustics experiments.

Teaching Resources 9.3



transmission. His test setup and analysis procedures for acoustical field
measurements are described in detail.

In averview, the Collected Papers on Acoustics is organized as fol-
lows: Chap. 1, Reverberation; Chap. 2, The Accuracy of Musical Taste in
Regard to Architectural Acoustics. The Variation in Reverberation with
Variation in Pitch; Chap. 3, Melody and the Origin of the Musical Scale;
Chap. 4, Effects of Air Currents and of Temperature; Chap. 5, Sense of
Loudness; Chap. 6, The Correction of Acoustical Difficulties; Chap. 7,
Theatre Acoustics; Chap. 8, Building Material and Musical Pitch; Chap.
9, Architectural Acoustics; Chap. 10, The Insulation of Sound; Chap. 11,
Whispering Galleries; and Appendix (additional paper on measurement
of intensity of sound, translated from Sabine's notes which were written in
French for his very popular lectures at the Sorbonne during World
War 1}.

This reviewer belicves ASA members interested in the built environ-
ment will be delighted to own a copy of this historic and yet still emi-
nently practical document. The book is hardbound in a large format—
much easier to read than the long out-of-print Dover edition. The dust
jacket illustration of St. Paul's Cathedral, Detroit, Michigan is superb.
Every schoot of architecture, engineering, interior design, and construc-
tior science should have copies of the book in their library. Students and
faculty alike should be exposed to the insights uniquely revealed by Sab-
ine's steps of discovery during the penesis of the science of architectural
acnustics. Wallace Clement Sabine was a great sciemtist, dedicated
teacher, acoustical consultant, author, and 2 man who literally gave his

life for his country.?

M. DAVID EGAN

College of Architecture

Clemsan University

Clentson, South Caroling 29634-0507

"W, 1. Orcutt, Wallzce Cloment Sobine: A Study in Achievement
{Plimpton, Norwood, MA, 1933), p. 335,
See Rel. I, pp. 290-338.
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Auditorium Acoustics and  Architectural

Design

Michael Barron

E&FN Spon, 2-6 Boundary Row, London SE 1 8HN, UK, 1993,
443 pp., 12 chapters Price 3125.00.

This may be the most comprehensive single volume pubfished to date
on acoustical and architectural design for Hstening spaces. Barron provides
in one book some of the historical perspective of Michael Forsyth's Build-
ings for Music and George Tzenour's Theatre Design, some of the technical
discussion of Beranck's Music, Acoustics and Architecture; and some of the
fundamentals and practical details of Egan’s Architectural Acoustics,

This book i written primarily for acousticians, and there is more detail
here than the average architect or musician will be interested in. This is alse
one of the most technical books on the subject, but there is a wealth of
information for readers at all fevels of experfise.

The strength of this book is its scparate chapters on acoustical design
for recital halls, thealers, concert halls, opera housts, and multipurpose an-
ditoriums. For cach of these types there are scparate chaplers providing a
discussion af the acoustical design objectives, historical development of the
form, and examples of cxisting halls, Readers looking for information on a
particutar type of performance hall will appreciate this format.

The book is illustrated throughout with valuable figures; Fig. 1 is an
example.

FIG. 1. Axonometric view of Wren's Drury Lane Theatre, Lendon of 1674
(Fig. 8.8, p. 250).

The sections on specific hall types are augmented by general chapiers
on fundamentals of sound and room acoustics, techniques for analysis of
room acoustics during design (including a good section on scale modeling),
and acoustical measurement parameters for objective testing in finished
projects. These general reference sections are limiled in their depth of cov-
erage. Readers who are new to the subject will find them a good introduc-
tion to other references for a more detailed presentation of these topics. The
strongest feature of the fundamental chapter is a thorough explanation of
reverberation time, including criteria and prediction methads.

The brief appendices on acoustical measarements are helpful but dis-
appointing considering the author’s considerable cxperience. Barron could
have gone much further in his presentation of measurement parameters. He
does provide an overview of some of the “new” acoustical measurement
parameters, including €80, G (foudness), lateral energy fraction, ST1 {ob-
jective support), and carly decay time. There are several other impertant
variables that shoutd have been included here. OF course it is difficult to find
agreement among acoustical researchers and cousultanls on what measure-
ments are important, and there is continuing discussion on the finer points of
integration times, filtering techniques and microphone setups. There is a
good description of the measurements in mathematical and qualitative
terms, but there is very little information on the equipment and methodology
for measurements. Barron has made and published many such mcasure-
ments and is well qualified to tell us how it is donc. This is a topic that
should be expanded in the next cdition.

Barron believes in fearning from the results of existing halls, and he
backs this up by including numerous case studies. Some of the case studies
are examples of gooed acoustics, others illustrate mistakes to be avoided,
There is a strong cmphasis on case studics of British halls, understandable
since the author lives and works there. Unfortunately, some of the British
examples are tather ordinary facilities. While they do serve to illustrate a
point, they may be of limited interest to readers from other couniries.

One of the highlighis of the book is the chapter on development of the
concert hall. The description of carly concert rooms as they developed from
private ballrooms provides valuable perspective. Barron traces the history of
concert halls from the Schloss Bisenstadt (used by Haydn in 1760} to Roy
Thompsoen Hall in Toronto {completed in 1982). This chapter includes illus-
trated discussions of the world's most famous halls inctuding the Leipzig
Gewandhaus, the Concertgebouw Amsterdam, Boston Sympheay Halt, and
Berlin Philharmenie. One problem in this chapter is Barron's discussion of
Philharmonic Halt at Lincoln Center {New York City), He insists on once
again raking this unfortunate history over the coals. giving it more coverage
than he gives to even the most seccessful halls including Berlin and Boston.
Tis asscssment of Philharmonic 1Tal} as an “acoustical disaster™ is particu-
farly inapproptiate, only serving fo undeemine the credibility of the acous-
tical consultanting profession,

Two special sections of the book are cspeciatly worthy of mention.
The first is a special section on desigaing concert stages for performers,
written by Anders Gade. This important topic has been getling nnuch greater
attention in recent years, and rightfully sa since an ensemble cannot be their
best unless they are confident of their own sound quality through proper
on-stape reflections. The second special topic is electronic reverberation
enhancement (in the section on multipurpose halls}. This seclion provides
more detail than any previous book, including descriptions of several pro-
prietary systems that have been installed in major halls.

Even with a few miner concerns, this book offers the most detailed and
up-to-date coverage of auditorium acoustics available in any single volume.

TIMOTHY J. FOULKES
Cavanaugh Tocci Associates
327 F Boston Post Road
Sudbury, Massachusetts 01776
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Architectural Acoustics: Principles and
Practice

William J. Cavanaugh and Joseph A. Wilkes

John Wiley & Sons, Inc., New York, NY, 1999.
xvii +332 pp. Price: $69.95.

The new textbook Architectural Acoustics: Principles and Practice by
William J. Cavanaugh and Joseph A, Wilkes is an exceptionally welcome
addition to the limited number of textbooks specifically written to teach
architects the basic principles of building acoustics.

Each of the six chapters is authored or co-authored by a practicing
acoustic consultant with expertise in specific areas of architectural acoustic
design. Mr. Cavanaugh and Mr. Wilkes have assembled an impressive team
of individuals who offer the reader an opportunity to understand both the
principtes of the subject as well as how to apply these principles.

The key introductery chapter is written by William Cavanaugh, former
Director of BBN's Architectural Technology Diviston and currently the
principal and founder of Cavanaugh Tocci Associates, Inc. of Sudbury,
Massachusetts, one of the country’s leading consultancies in architectural
acoustics. Having taught and lectured on.the subject for over 30 years, Mr.
Cavanaugh is well aware of the need to differentiate between teaching ar-
chitects and teaching engineers or physicists. His Introductory Chapter on
Basic Concepts and Design Criteria is extremely clear and concise. Both the
text and graphics are well organized and within the 54 page Introduction, I
counted only 4 simple algebraic equations, Nothing quite scares an archi-
tecture student as much as opening an engineering textbook on acoustics and
being faced with page after page of equation derivations. The material in
this textbook is primarily explained through the use of text, charts, graphs,
tables and nomograms.

Subjects covered are basic meastrements. of sound, wavelengths. the
audible frequency range, and units of sound intensity. The design criteria
portion explains NC curves, $TC numbers, and other typical architectural
criteria. In addition, Me. Cavanaugh emphasizes the importance of involving
the acoustic specialist at the beginning of the design process in order to meet
required program objectives such as privacy, speech intelligibility and mu-
sical liveness, warmth and definition.

Chapter two, written by Rein Pirn of Acentech, Inc. of Cambridge
Massachusetts, is devoted to descriptions of construction materials and their
ability to absorb, reflect, or transmit sound. Mr, Pim was the acoustician
who first advised his colleagues that the power of musical sources must
determine the volume of recital halls rather than the amount of absorption
represented by seated audience members. Also, in researching rehearsal and
recital hall usags, he found that musicians preferred lowering the reverbera-
tion times in these spaces through added absorption when the power levels
of source ensembles were too high. Mr. Pim begins his section with the
acoustician's anthem to architects. Materials that absorb sound cannot be
used to isolate sound. Fiberglass batts, boards, and ceiling tles, as well ag
lightweight panels, have very low transmission loss characteristics and must
not be nsed as sound isolation partitions. A particularly valuable section of
this chapter is 12 pages of construction details with corresponding tables of
Sound Transmission Class, Surface Weight, Overall Thickness, and Fire-
Resistive Ratings. A brief overview of vibration isolation devices is in-
cluded here, aithough more detailed information regarding this subject can
be found in the next chapter.

The third chapter, authored by Greg Tocci, co-founder of Cavanaugh
Toccei Associates, Inc. and currently the Associate Editor of Noise Control
Engineering Journal, is devoted 1o noise and vibration control. Mr. Tocci
analyzes noise from its multiple sources through their paths to the ultimate
receivers and describes the controls aecessary to assure privacy and acous-
tical comfort. Systems described include building partitions, floor/ceiling
construction, building envelopes, and HVAC mechanical systems and their
distribution networks. It is a shame that the acoustics profession as well as
the Siandards Committees of a number of our leamed societies have not
arrived at a single standard to measure steady state background noise in
rooms. The section of this chapter devoted to explaining the differences
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between NC (Noise Criteriz), RC (Room Criteria), and NCB (Balanced
Noise Criteria) may tend to confuse the architect rather than assist him in his
design efforts. On the other hand, Mr. Tocci’s explanations and graphics
depicting the differences between these criteria will be of great assistance to
practicing acousticians who may be somewhat befuddled by the controversy
on this subject now raging in our midst.

" David Klepper and L. Gerald Marshall, co-founders with Larry King
of KMK Associates, were brave enough to tackle chapter four, Room
Acoustics, They did an excellent job in explaining how sound reflection
patterns in a listening room affect musical quality and speech intelligibility,
and describe why the reproduction of these patterns determines the acoustic
quality of a space rather than its geometric shape.

There are a few comments with which one might take issue. I do not
believe that the authors are correct in stating that poor orchestral balance
will be found behind the orchestra platform in a surround hall. It is the high
power levels and uni-directional characteristics of horns, trumpets, and
trombones that are more likely to create orchestral imbalance in shoebox
concert halls when the rear wall of the room reinforces the brass sections to
the detriment of the lower powered string instruments. I might have ex-
pected a little more historical transition from the Greek and Roman Theatses
to those of the Court Theatres of the Italian Renaissance and Elizabethan
England. These latter building types are gaining great favor with Contem-
porary theatre consultants and are causing acousticians to rethink acoustic
criteria for multi-use performance facxlmes On the whole, an A plus for this
section.

The fifth chapter of the book covers sound reinforcement systems and
describes how they must be tailored to match the acoustical design of public
rooms. I, Jacek Figwer, an independent consultant from Concord, Massa-
chusetts, wrote this section and provides the reader with a clear description
of the type of systems required to meet the program uses of a variety of
different spaces (Theatres, Meeting Rooms, Plenary Halls, Churches, Music
Schools, Sports Arenas, etc.). I am not sure the numerous system schematic

* drawings shown in the Case Studies portion of the chapter will be of use 1o

architects. However, practicing sound system design professmnals will find
them of immense value.

One topic I found missing from this chapter is a warning 1o architects
that loudspeakers are three-dimensional objects which must be integrated
into an architectural design at the earliest possible moment. Dreaming of
recreating the proscenium arch of the La Scala Opera House is an invitation
to aesthetic disaster. Rooms such as La Scala were built well before the era
of electronic sound reinforcement. Once pictures of your new facility have
been taken for the architectural press, the theatre crew (doing whatever is
necessary to develop good speech intelligibility in the room), will hang
loudspeakérs helter skelter all over your beautiful proscenium arch,

The final chapter was written by Professors Gary S. Siebein and Ber-
tram Y. Kinsey of the University of Florida. Both men played key roles in
setting up the Architectural Techrology Research Center at the school and
have established independent consultancies in the State. This section of the
book seeks to record the most recent progress in acoustic research in devel-
oping methods of evaluating, modeling and predicting the acoustical char-
acteristics of buildings. Here, again, we may find design professionais better
able to evaluate these tools and determine when to use them than architects
or students of architecture, We are at an early stage in the development of
these techniques and one cannot overemphasize the importance of adding a
skifled, knowledgeable, and experienced practitioner to the design team in
order to insure the successful cutmination of acoustically sensitive building
projects. ]

One is hesitant to offer superlatives when addressing scientists and
engineers. However, this book deserves afl our accolades. It is a welcome
addition to every architect’s and acoustician’s bookshelf and is a must for
gvery University and College library here and abroad.

DR. J. CHRISTOPHER JAFFE

Jaffe Holden Scarbrough Acoustics, Inc.
114A Washington Street

Norwalk, Connecticut 06854



A THOROUGH LOOK AT ACOUSTICS

Reviewed by Mark R. Gander

Charles Salter and Associates, Acous-
tics: Architecture, Engineering and
the Environment, William Stout Pub-
lishers, San Francisco, May, 1998; hard-
cover, ISBN 0-9651144-6-5, $75.00.

Charles M. Salter and Associates is a

well-known, San Francisco-based consult-

ing firm specializing primarily in archi-
tectural and environmental acoustics and
AV and presentation technology. Its staff
of 30 is involved in more than 400 projects
per year. Readers will perhaps be most
familiar with such weil-known Salter sig-
nature projects as Disney/MGM Studios,
the Lucasfiim Technical Building at
Skywalker Ranch, San Francisco Museum
of Modern Art, the Rock and Roll Hall of
Fame, Dolby Laboratories screening
room, and CBS Studios. ‘

The company has pooled its knowl-
edge and experience to create a large-
format colorful reference book and edu-
cational text covering the disciplines
within which they work. The book also
includes a wide range of case studies
that demonstrates the breadth of their
activities and provides instructive ex-
amples of the many problems, ap-
proaches and solutions encountered
within the acoustics disciplines.

Of those 30 employees, 28 have con-
tributed to the book’s 21 chapters. Be-
ginning with history and fundamentals,
then moving on through psychoacous-
tics and hearing, and measurements, the
first chapters review the basics of acous-
tics. Each chapter is nicely illustrated
with sketches and architectural draw-
ings, much of it in color. Even charts
that might appear in clinical form in an-
other book are rendered with colorful
contrast and creative typeface. This

style is typical of architecturai reference
texts, but it serves to enhance the ease
of communication to all readers, not just
visually oriented architects.

More lengthy chapters on environmen-
tal noise, room acoustics, and sound
insulation give background on the theo-
retical principles as well as specific prac-
tical details of design methods to
achieve specific goals. Chapters on
sound insulation, building vibration, and
mechanical and electrical systems are
full of guidelines and typical implemen-
tations. The chapters on active reduc-
tion of noise and sound amplification
systems are brief and limited in scope,
but those covering one of Salter’s
avowed specialties, A-V and acoustical
simulations in the muitimedia age, bring
the experience of traditional disciplines
up to modern surround-sound and vir-
tual-reality standards. _

Audio forensics is discussed, mostly
in its typical context of tape-recorded
material for consideration as legal evi-
dence. Design and construction issues
and costs and benefits discuss value en-
gineering and the documentation and
project process and compare specific
tradeoff options in the choice of archi-
tectural and noise-reduction elements.

Some 32 case studies are briefly pre-
sented, each with a single accompany-
ing photograph. These include the-
aters, performing arts centers and con-
cert halls; boardrooms, courtrooms
and council chambers; theme parks and
museums, studios and scoring stages,
and residences, hospitals and indus-
trial facilities. Each vignette provides
insight into the characteristic problems
inherent in the type of facility as well as
the specific solutions employed within

each example. ‘

Probiems and solutions for multi-fam-
ily housing, office acoustics and speech
privacy, and industrial noise control in-
clude sample calculations and predic-
tive formulas and algorithms. Of particu-
lar interest is the final chapter covering
legal issues. The firm provides expert
witness testimony in court cases involv-
ing acoustics, and a discussion of such

- legal principles as negligenice, breach of

contract and liability is supplemented
by 18 legal case studies. Most of these
are typical noise complaint and hearing
loss claims, many relating to the misap-
plication or installation of acoustical
materials. Some are fascinating examples
of the role that sound can play in the
problems and conflicts of our everyday
lives, such as the audible fire alarm that
might have saved a life. :

The book includes as appendices area-
sonably complete glossary of acoustical
terminology and a brief listing of essential
units and equations, but it unfortunately
has a spotty index. It will find its place on
my shelf of architectural acoustics and
noise control books, alongside the classic
M. David Egan book Architectural Acous-
tics. It serves a useful need in communi-
cating the problems and opportunities of
acoustics to architects, interior designers,
developers and planners, and the case
studies and legal case examples provide
reference points for comparison to other
similar projects.

Gander, B.S., M.S.E.E; Fellow-AES, Member, ASA, IEEE,
SMPTE, is vice president, strategic developmant with JBL
Professional. Northridge, CA.
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The history of acoustics - Sabine to the present

Reviewed by M. David Egan

J. David Quirt, ed,, Proceedings of
the Wallace Clement Sabine Centen-
nial Symposium, Acoustical Society
of America, 1994, xviii +393 pp., pa-
per, $38 (U.S.), $40 (outside the U.S);
(ASA members, less $5).

This 393-page, soft-bound book
should be in the library of every school.
of architecture and bullding construc-
tion and should be owned by everyone
interested in the history of architec-
tural acoustics, the achievements of
researchers and acoustical consultants
during the 20th century, and the fu-
ture of the profession,

The book, edited by J. David Quirt,
contains more than 80 historical, sci-
entific and engineering papers on room
acoustics. Also included are case stud-
ies on a variety of auditoria and re-
ports on scale modeling and acousti-
cal simulations. Quirt organized the

Egan is Principal Consultant, Egan Acoustics, Anderson,
SC, and Distinguished Professor of the Assoclation of
Coliegiate Schools of Architecture (ACSAY.

le;g;r
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papers into a practical volume with

four major themes: historical back-
ground, scientific principles, measure-
ments and criteria, and performing-
arts auditorium appiications.

The Acoustical Society of America
published the book for the Wallace
Clement Sabine Centennial Sympo-
sium, June 5-7, 1994, Cambridge, MA.
The 3-day symposium at MiT honored

the pioneering work of Harvard Uni-

versity Professor Sabine, the father of
the modern science of architectural
acoustics.

During World Warl, Sabine took leave
from teaching to work with the Ameri-
can Expeditionary Forces in Europe:
Near the French town of Verdun. he
was a target of German artillery be-
cause the German high-command knew
about his significant contributions to
the war effort. This was a rare and
unwelcomed military tribute to a civil-
fan scientist.

However, Sabine was more than a
scientist. He was a teacher, acoustical
consultant on numerous prestigious
projects (including Boston Symphony
Hall}, author and founder of Harvard’s
Army ROTC program. He was a man
who literally gave his life for his coun-
try: He died at age 51 because he de-
layed surgery so he could continue
serving the doughboys in France.

The Proceedings publication is not a
book in the traditional sense because
its numerous authors each have writ-
fen in an independent style. Neverthe-
less, the volume should prove to be so
useful that most of the papers could be
considered mini-chapters. The read-
ers of S&VC who work in the area of
room acoustics and audio engineering
should find this book a valuable addi-
tion te their professional iibraries.

The reader should first scan the Fro-
ceedings to look at ail of the papers, or
chapters, noting the interesting
sketches and graphs and the useful
and concise conclusions. The first
pleasant surprise might be the discov-
ery that insights to recent and current
performing-arts auditorium projects
and seminal writings on rcom acous-
tics are included by the following au-
thors: George C. Izenour (author of the
classic Theatre Design, McGraw-Hill,
1677, and Roofed Theatres of Classical
Antiguity, Yale University Press, 1992),
LeoL. Beranek (an updated and greatly
expanded version of his classic Music,
Acoustics, and Architecture, Wiley. 1962,
will be published soon), and Michael

Barron (author of Architectural Acous-
tics and Auditoriumn Desigr, Chapman &
Hail, 1993, reviewed in S&VC, Nov. 20,
1994, pages 72-73).

The Proceedings will help readers
decide whether books by these au-
thors should be added to their librar-
ies. Also of considerable interest are
the chapters by Beranek, John Kopec
and Emily Thompson that present
biosketches of prominent 19th- and
20th-century acousticians and their
contributions to the understanding of
room acoustics.

The chapter by Neil Shaw et al. sum-
marizes more than 30 important bocks
on architectural acoustics published
from the mid-1850s to the 1980s. Most
chapters end with a reference list.

The chapter by Jirgen Meyer pre-
sents recent discoveries on orchestral
stage environments and methods to
achieve successful stage acoustics. His
reference list highlights the foremost
studies needed by anyone who seeks
to understand the development of this
aspect of musical acoustics.

Jerald Hyde presents design criteria
for the objective room-acoustics pa-
rameters. He recommends sources of
cencise background summary infor-
mation for the origin of objective pa-
rameters, such as early-to-late sound
index or “clarity” index (C50 and C80),
earlydecaytime (EDT), sound strength
at 10m from socurce (G), lateral energy
fraction (LEF) and interaural
cross-correlation coefficient (JACC).

An author index is at the back of the
book; unfortunately, a subject index is
not included. However, the schedule
of events for the 20 symposium ses-
sions on pages ix through xvii can be
used as a table of contents. A perusal
of these pages wili confirm the enor-
mous scope of the book.

The Proceedings covers the history of
room acoustics dating from Sabine’s
discoveries in 1835 to the present. In-
cluded are two reprinted papers by
Kopec and Beranek, previously pub-
lished in J Acoust Secc. Am. These
papers, along with The Coflected Pa-
pers on Acoustics by W.C. Sabine (re-
printed edition by Peninsula Publish-
ing, Los Altos, CA, 1993) and Wallace
Clement Sabine: A Study in Achieve-
ment by W.D. Orcutt (out of print, but
might be available in libraries), are the
comprehensive record of 5abine and
his influence on buildings throughout
the 20th century. For this reason alone,
I recommend the Proceedings. VU



ACOUSTICS EDUCATION RESOURCES FOR INSTRUCTORS

Manufacturers and Building Product Associations

Wenger Corporation

P.O. Box 448

Owatonna, MN 55060-0448
[Tel: 800/268 0148]

A Planning Guide for School Music Facilities, 1998. This 50-page 8%" x 11” size
booklet presents guidelines on design of spaces for music teaching and performance.
Numerous illustrations and useful rule-of-thumb tables.

Compact disk (CD) and audio cassette decks available to demonstrate rehearsal,
practice, and performance area problems and solutions.

U.S. Gypsum Co. [USG]
P.O. Box 806278
Chicago, IL 60680-4124
[Tel: 312/606-4065]

v 2JEIDY

Construction Selector, 1998. This 8%2"x11" size booklet presents STC and MTC
ratings for construction assemblies. The MTC, developed by USG, accounts for low-
frequency performance of tested assembly. The MTC method provides essential
ratings where loud music or mechanical equipment must be isolated.

Form & Function reprints of “Technical Feature” papers on acoustical design for
sound isolation such as: “Design aid for office acoustics” (1986), “Stereo TV, a new
challenge in hotel sound isolation” (1988), and “Sound Control Construction” (1995).

Videos such as presentation on basics of acoustics and sound isolation (in
production).

Solutia, Inc.

P.O. Box 66760

St. Louis, MO 63166-6760
[Tel: 314/694-4011]

Laminated Architectural Glass Specification Guide, 1999. This 8}2"x11" size booklet
includes STC and TL ratings for a wide variety of glass constructions.
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Acoustical Glazing Design Guide, 1997. This comprehensive three-ring binder
guide, prepared by consultants Cavanaugh Tocci Associates, presents an analytical
procedure to help determine acoustical requirements early in the design
development phase of projects. It covers use of exterior glazing exposed to
environmental noise of: aircraft, highway traffic, and rail transportation.

Industrial Perforators Association [IPA]

5157 Deerhurst Crescent Circle

Boca Raton, FL 33486

[Tel: 561/447-7511] v e

Acoustical Uses for Perforated Metals: Principles and Applications, 1986. This 77-
page 8%2"x11" size booklet, prepared by Dr. Theodore J. Schultz, covers how to use
perforated metal to protect fragile sound-absorbing boards and blankets, how to
design resonant sound absorbers, and includes case studies and design charts.
[Riverbank Acoustical Labs. test data report also is available from iPA]

[ B o OO0 ; \{) (EVE Y\J'
Armstrong World Industries, Inc. for nibd ,/
P.O. Box 3511 U
L.ancaster, PA 17604
[Tel: 800/448-14085)

CD demonstration of open-plan office acoustic performance. The demo simulates
sound performance of ten different spaces with various degrees of wall and ceiling
acoustic treatment. [An 8%2"x11” size Reference Book is available to use with the

CD]

Professional Societies and Foundations

*

Acoustical Society of America [ASA]
Suite 1NO1

2 Huntington Quadrangle

Melville, NY 11747-4502

[Tel: 516/576-2360]

Sponsors student acoustical design competitions. Cash awards. Biannual meetings
have numerous sessions on architectural acoustics and education. Low annual
membership fee for students enrolied half time or more. No meeting registration fee
for student members. Grants available to fund student travel expenses to attend
meetings.
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Institute of Noise Control Engineering [INCE]
P.O. Box 220

Saddle River, NJ 07458

[Tel: 201/760-1101]

Sponsors annual student paper competition. Cash awards to winners.

Robert B. Newman Student Award Fund
P.O. Box 6349

Lincoln, MA 01773

[Tel: 781/259-9299]

Offers support to faculty teaching acoustics (Schultz Grant, videos, books, and
annual newsletter). Provides Medals to students for “merit in architectural acoustics”
at qualified schools worldwide. [Refer to Section 10 for more information. ]

American Institute of Architects [AIA]
1735 New York Avenue, NW
Washington, DC 20006-5292

[Tel: 202/626-7358]

Sponsors annual AlA Education Honors Award program to recognize achievements
of faculty and to provide public exposure of innovative teaching methods. AlA
College of Fellows provides annual grants for programs and projects that promote
awareness of architecture and mentor young architects.

Association of Collegiate Schools of Architecture [ACSA]
1735 New York Avenue, NW

Washington, DC 20006

[Tel: 202/785-2324]

Sponsors annual ACSA Technology Conference and continuing education
programs, such as annual Construction Materials and Technology Institute (CMTI),
to assist faculty in remaining up-to-date on latest developments. CMTI includes
acoustics workshop.

Society of Building Science Educators [SBSE]
Editor, SBSE News

c/o Department of Architecture
University of Idaho
Moscow, 1D 83844-2451

Organizes workshops and retreats for environmental control systems faculty. SBSE
archives instructional written materials, computer software, videos, and thousands of
slides, available at cost to support teaching activities. The prime focus of most
SBSE members is energy-conscious design.
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STUDENT DESIGN COMPETITION

The program for the Opera Hall described below is adapted from one of the annual Student
Design Competitions sponsored by the Technical Committee on Architectural Acoustics (TCAA)
of the Acoustical Society of America (ASA) and the National Council of Acoustical Consultants
(NCAC). Individual entries, or entries by teams of two or three students, are submitted to
TCAA/ASA for display at the spring meeting of ASA. A jury of architects and acoustical
consultants judges the designs and cash awards are given to the best designs.

Purpose

The purpose of the design competition is to encourage students enrolled in architecture,
architectural engineering, and related studies in building design to demonstrate their knowledge
of architectural acoustics. Each year, a new building type is selected for the competition.
Because every space has an acoustical environment, students learn to design for good hearing
and freedom from noise.

Submission Elements

Competition entries should emphasize the acoustical elements of the design. Drawings shouid
present comprehensive solutions in schematic design format. In addition to plan and section
drawings, entries can include acoustical calculations, acoustical criteria, and construction
details. Indicate noise and vibration controls for air handling, electrical power, and theatricali
lighting systems. It is not necessary to prepare exterior building elevation drawings.

Design Information

A liberal arts college proposes building a new performance hall. The primary use of the hall will
be opera, but it also will be used for symphonic orchestra, chamber music, chorus, and dance.
The relatively flat site is located 200 ft from a 6-lane highway and 3 miles from an airport.
Typically, departing aircraft will be 5,500 ft overhead when passing the site. Departing aircraft
produce higher noise levels than arriving aircraft,

Program Requirements

Performance Hall

- Audience Chamber should seat 1,200, with 40% of seats in two or three levels of side and rear
balconies. Seating may be conventional aisle or continental. Provide variable absorption to
accommodate variety of uses in the hall.

Stage should be 6,000 %, 60 ft deep, and have easy access to loading dock.

Proscenium should be at least 50 ft wide by 30 ft high.

Stagehouse height from stage floor to gridiron should be at least 2.5 times opening height of
proscenium. Portable stage enclosure will be needed for instrumental and choral performances
on stage. Refer to pages 139 to 142 in Architectural Acoustics.

Orchestra Pit should accommodate 80 musicians. Provide at least one pit lift with highest
position at stage level. Be sure to include variable absorption in the pit.
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Scene Shop

Scene shop should be 3,200 fi°, with access to stage and loading dock. Provide one large door
with dimensions at least 18 ft wide by 25 ft high to accommodate scenery. lt is anticipated that
the shop will be used during rehearsals and performances in the hall.

Dressing Rooms

Provide two 600 ft* dressing rooms for chorus and eight 70 ft? dressing rooms for individuals.
The rooms also will be used for music practice.

Green Room
Green room should be 500 ft* and also will be used as a meeting room.

Lobby

Lobby will serve as entrance to the performance hall, contain ticket and house manager’s
offices, and also will be used for special events such as luncheons and receptions.

Mechanical Room

Mechanical room should be at least 1,500 ft* to house air handlers. Chilled water and steam
are available from central energy plant.

Site Noise

Noise levels from aircraft flyovers and highway traffic are presented below. The data represent
worst case conditions measured at the perimeter of the site, 200 ft from highway.

Sound Pressure Level (dB)
63Hz 125Hz 250Hz 500Hz 1000Hz 2000Hz 4000 Hz
Departing 68-77 73-87 71-87 71-86 65-82 58-75 55-62
Aircraft’
Vehicular 63-68 66-70 59-61 60-61 60-63 54-57 42-45
Traffic?

NOTES:

1. Sound levels were measured at octave-band frequencies for loudest and quietest flyovers during a
one-hour period when aircraft departures were frequent.

2. Sound levels represent range measured at octave-band frequencies for a 20-minute period during
heavy traffic.
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JOURNALS AND MAGAZINES ON ACQUSTICS

Architecture school libraries should subscribe to the following peer-refereed journals
and frade magazines. These publications focus on acoustics and its application to the
built environment. Although JASA covers all aspects of acoustics in its monthly 1" thick
publication, the papers on architectural acoustics, noise, and engineering acoustics
should be of greatest use. Several papers from JASA are cited in this Workbook.

» The Journal of the Acoustical Society of America (JASA)
2 Huntington Quadrangle
Melville, NY 11747-4502

e Canadian Acoustics
P.O. Box 1351, Station F
Toronto, Ontario, M4Y 2V9, CANADA

» Journal of the Audio Engineering Society (JAES)
60 East 42" Street
New York, NY 10165-2520

o Sound & Video Contractor
P.0O. Box 12960
Overland Park, KS 66282-2960

» Noise Control Engineering Journal (NCEJ)
P.O. Box 220
Saddle River, NJ 07458

o Sound and Vibration
P.O. Box 40416
Bay Village, OH 44140

» Sound & Communications
25 Willowdale Avenue
Port Washington, NY 11050
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ACOUSTICAL SOCIETY OF AMERICA PUBLICATIONS ON ACOUSTICS

ACOUSTICAL DESIGN OF MUSIC EDUCATION FACILITIES, Edward R. Mc-
Cue and Richacd H. Talaske, Eds, Plans, photographs, and descriptions of 59 facilities
from around the world, with supplementary explanatory text and essays on the design
process. 236 pp, paper 1990, Price: ASA members $20; Nonmembers $26. Item #
0-88318-8104

ACOUSTICAL DESIGNING IN ARCHITECTURE, Vern O. Knudsen and Cyril
M. Harris. Comprehensive, non-mathematical treatment of architectural acoustics; cov-
ers general principles of acoustical designing with specific applications. 408 LD, paper
1980 {originally published 1950). Price: ASA members $20; Nonmembers $26, Ttem #
0-88318-267X

ACOUSTICAL MEASUREMENTS, Leo L. Beranck. Classic text with more than
half the pages and chapters revised or rewritten to cover new developments in acous-
tical instruments and measurement procedures. 841 pp, hardcover 1989 (originally
published 1948), Price: ASA members $35; Nonmembers $46. Item # 0-88318-5903

ACOQUSTICS, Leo L. Beranek. Indispensable source of practical acoustical concepts
and theory, with new information on micrephones, loudspeakers and speaker enclo-
SUres, Toom acoustics, and acoustical applications of electro-mechanical circuit theory.
491 pp, hardcover 1986 (originally published 1954). Price; ASA members $25; Non-
members $33. Item # 0-88318-494X

ACOUSTICS—AN INTRODUCTION TO ITS PHYSICAL PRINCIPLES AND
APPLICATIONS, Alian D. Pierce. Textbook introducing the physicat principles and
thearetical basis of acoustics, concentrating on concepts and points of view that have
proven useful in applications such as noise control, underwater sound, architectural
acoustics, audio engineering, nondestructive testing, remote sensing, and medical ul-
trasonics. Supplemented by problems answers. 678 pp. hardcover 1989 ({originally

published 1981). Pricer ASA members $30; Nonmembers $39. ltem #0-88318-6128 -

ACOUSTICS, ELASTICITY AND THERMODYNAMICS OF POROUS ME-
DIA: TWENTY-ONE PAPERS BY M. A. BIOT, Ivan Tolstoy, Ed. This collection
of reprint articles presents Biot's theory of porous media with applications to acoustic
wave propagation, geophysics, seismology, soil mechanics, strength of porous materi-
als, and viscoelasticity. 272 pp, hardecover 1991, Price: ASA members $25; Noomem-
bers $33. Item # 1-56396-0141

ACOUSTICS OF AUDITORIUMS IN PUBLIC BUILDINGS, leonid I
Makzinenko, John 8. Bradley, Hd. Presents developments resulting from studies of
building physics; attempts 1o elucidate problems related to acousticat quality in halls of
public buildings. 172 pp, hardcover 1094 {originaily published 1986). Price: ASA
members $35; Nonmembers $46. Iem # 1-56396-3604

ACOUSTICS OF WORSHIP SPACES, David Lubman and Ewart A, Wetheril, Eds.
Drawings, photographs, and accompanying data of worship houses provide vital infor-
mation on problems and answers concerning the acoustical design of chapels, churches,
mosques, temples, and synagogues. 91 pp, paper 1985, Price: ASA members $20,
Nommembers $26. Item # 0-88318-4664

ASA EDITION OF SPEECH AND HEARING IN COMMUNICATION. Harvey
Fletcher; Jont B. Allen, Ed, Suramary of Harvey Fletcher's 33 years of acoustics work
at Bell Labs. A new introduction, index, and complete bibliography of Fletcher's work
are imporiant additions to this classic volume. 487 PP, hardeover 1995 (originally
published 1953). Price: ASA members $38; Nonmembers $49. Item # 1.56396-3930

AERGACOUSTICS OF FLIGHT VEHICLES: THEORY AND PRACTICE, Har-
vey H. Hubbard, Ed. This two-volume set is orlented toward flight vehicles and em-
phasizes the underlying concepts of noise gencration, propagation, predicting and con-
trol. Volume | includes ten chapters that relate directly to the sources of flight vehicle
noise’ such as Propeller and Propfan Noise, Rotor Noise, Sonic Boom. Volume 2
contains eight chaplers that relate to flight vehicle noise control and operations such as
Atmospheric Propagation, Jet Noise Suppression, Interior Noise, Vol. 1589 pp/Yol. 2
426 pp, hardeover 1994 (originally published 1991). Price per 2-vol, set: ASA mem-
bers $55; Nonmembers $72. Item # 1-56396-404%

COLLECTED PAPERS ON ACOUSTICS, Wallace Clement Sabine. Classic work
on acoustics for architects and acousticians. 304 PP, hardcover 1993 (originally pub-
lished 1921). Price: ASA members $25; Nonmembers: $33. Item # 0-932146-600

CONCERT & OPERA HALLS: HOW THEY SOUND. Leo L. Beranck, Exten-
sively illustrated guide to the world’s important concert and opera halls, examining
their acoustical quality as 'judged by conductors and music critics. Descriptions and
photographs of 76 concert and opera halls and appendices on modem acoustical data on
80 halis included. 643 pp, hardcover 1996, Price: ASA members $39,95; Nonmembers
$49.95. Item # 1-56396-5305 :

THE EAR AS 4 COMMUNICATION RECEIVER, Eberhard Zwicker and Richard
Feldtkeller. Das Obr Als Nachrichtenemapfiinger, the original tille of this classic text,

was published in 1967, This English-language transtation is written as a textbook
aimed at communication engineers and sensory psychologists alike. The book is re-
spected for its comprehensive coverage of the excitation pattern model and londness
calculation schemes and is an excellent source of experimémal data, which are pre-
sented in 217 figures. 297 pp, hardcover 1999, Price: ASA members $50; Nonmembers
$70. Item # 1-56396-381-9

ELECTROACOUSTICS: THE ANALYSIS OF TRANSDUCTION, AND ITS

- HISTORICAL BACKGROQUND, Frederick V. Hunt, Comprebénsive analysis of the

conceptual development of electroacoustics including the origins of echo ranging, the
crystal oscillator, the evolution of the dynamic loudspeaker, and electromechanical
coupling, 260 pp, paper 1982 (originally published 1954). Price: ASA _members $20;
Nonmembers $26. Item # 0-88318-461X

EXPERIMENTS IN HEARING, Georg von Békésy. A classic on hearing containing
some of the vital roots of contemporary auditory knowledge, 760 pp, paper 1989
{originally peblished in 1960), Price: ASA members $20; Nonmembers $26. Ttem #
0-88318-6306

HALLS FOR MUSIC PERFORMANCE: TWO DECADES OF EXPERIENCE,
1962—1982, Richard H. Talaske, Ewarl A. Wetherill, and William J, Cavanaugh, Eds.
Drawings, photographs, and teehnical and physical data on 80 halls; examines stan-
dards of quality and technical capabilities of performing arts facilities. 192 PP paper
1982, Price: ASA members $20: Nonmembers $26. Htem # 0-88318-4125

HANDBOOK OF ACOUSTICAL MEASUREMENTS, THIRD EDITION, Cyril
M. Harris. Comprehensive coverage of noise control and measuring instruments in a
singie volume containing over 50 chapters written by top experts in the field. 1024 op,
hardeover 1998 {originally published in 1991). Price: ASA members $49; Nonmembers
$70. Ytem # 1-56396-774

HEARING: ITS PSYCHOLQGY AND PHYSIOLOGY, Stanley Smith Stevens and
Hallowell Davis, This volume icads readers from the fundamentals of the psychophysi-
clogy of hearing to a complete urderstanding of the anatomy and physiotogy of the ear.
512 pp, paper 1983 (originally published 1938), Price: ASA members $20; Nonmem-
bers $26. Item # 0-88318-4265

NONLINEAR ACOUSTICS, Rabert T. Beyer. A concise overview of the depth and
breadth of nonlinear acoustics with an appenrdix containing references to new develop-
ments. 452 pp., hardcover, 1997 (origiraily published in 1974). Price: ASA members
$40; Nonmembers: $55, Item # 1-56396-724-3

NONLINEAR UNDERWATER ACOUSTICS, B, K. Novikov, O, V. Rudenke, V. I
Timoshenke. Translated by Rober: T. Beyer. Applies the basic theory of nonlinear
acoustic propagation to directional sound sources and receivers, including design no-
mographs and construction details of paramelric arrays. 272 pp, paper 1987. Price:
ASA members $30; Nonmembers $39. Ttem # 0-88318.5229

OCEAN ACOUSTICS, Tvan Tolstoy and Clarence 8. Clay. Presents the theory of
sound propagation in the ocean and compares the theoretical predictions with experi-
mental data. Updated with reprints of papers by the authors supplementing and clari-
fying the material in the original edition. 381 pp, paper 1987 {originally published
1966); Price: ASA members $20; Nonmembers $26. Item # 0-88318-527X

GORIGINS IN ACOUSTICS, Frederick V. Hunt, History of acoustics from anliquity o
the lime of Isaac Newton. 224 pp, hardcover 1992, Price: ASA members $15; Non-
members $20, Item # 0-300-022204

PAPERS IN SPEECH COMMUNICATION. Three-volume series conlaining reprint
papers charting four decades of progress in understanding the nature of human speech
production and perception, and in-applying this knowledge 10 problems of speech
processing, Contains important papers from a wide range of journals from such fields
as engineering, linguistics, physics, psychology, and speech and hearing science. 1991,
hardcover.

Speech Production, Raymond D, Kent, Bishnu S. Atal, Joanne L. Miller, Eds, 880 pp.
Item # 0-88318-9585
Speech Perception, Joanne L. Miller, Raymend D. Kent, Bishnu $, Atal, Eds., §74 po.
tem # 0-88318-9593

Speech Processing, Bishnu S. Afal, Raymond D. Kent, Joanme L. Miller, Eds. 672 pp.
Item # 0-88318-9607

3-volume set. Ttem # 0-88318-KIT

Price: ASA members $35 ea.; $95 for three-volume set. Nonmembers $46 ea.; $129 for
three-volume set.
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RESEARCH PAPERS IN YIOLIN ACOUSTICS 1975-1993. Carieen M. Hutchins,

Ed., Virginia Benade, Assoc. Ed. Contains 120 definitive research papers with an

annotated bibliography of over 400 references. Introductory essay relates the develop-

ment of the violin to the scientific advances from the early 15th Century to the present.

Vol 1, 656 pp: Yoi. 2, 656 pp. hardcover 1996. Price: ASA members: $120 for the
- two-volume set; Nonmembers: $135 for the two-volume set. Ttem # 1-56396-6093

THE SABINES AT RIVERBANK. John W. Kopec. The history of Riverbank Labo-
ratories and the role of the Sabines (Wallace Clement, Paul Earls, and Hale Johnson} in
the science of architectural acoustics. 210 pp. hardcover 1997. Price: ASA members:
$15, Normembers: $20. [tem # 0-932146-61-9

SOUND, STRUCTURES, AND THEIR INTERACTION, Miguel C. Junger and
David Feit. Covers theoretical acoustics, structural vibrations, and the interaction of

elastic structures with an ambient acoustic medium. 451 pp, hardcover 1993 (originally
published 1972). Price: ASA members $20; Nonmembers 526, Tiem # 0-262-100347

THEATRES FOR DRAMA PERFORMANCE: RECENT EXPERIENCE IN
ACOUSTICAL DESIGN, Richard H. Talaske and Richard E. Boner, Eds. Plans,

photographs, and descriptions of theatre designs, supplemented by essays on theaire
design and an extensive bibliography. 167 pp, paper 1987. Price: ASA members $20;
Nommembers $26. [tem # 0-88318-5164 :

VIBRATION AND SOUND, Philip M. Morse, Provides students and profession-
alswith the broad spectrum of acoustics theory, including wave motion, radiation prob-
lems, the propagation of sound waves, and transient phenomena. 468 pp, hardcover
1981 (originally published 1936). Price: ASA members $25; Nonmembers $33, Ttem #
0-88318-2874

VIBRATION OF PLATES, Arthur W. Leissa. 353 pp. hardeover 1993 (originally
published 1969). Item # 1-56396-2942

VIBRATION OF SHELLS, Arthur W. Leissa. 428 pp, hardcover 1993 ({originally
published 1973). ftem # 1-56396-2934 o :
Monogzaphs dedicated to the organization and summarization of knowledge
existing in the field of continuum vibraticns. Price: ASA members $235 ea.;
$45 for two-volume set. Nonmembers $33 ea; $59 for two-volume set.
SET ITEM # 1-56396-KIT

VIDEOTAPES, COMPACT DISC, AND CD ROMS .

Measuring Speech Production. Maureen Stone, producer. Three-tape collection containing demonstrations for use in teaching courses on speech acoustics,
physiology, and instrumentation. Includes text booklet describing the demonstrations and biblicgraphies for additional information. Issued in 1993. Price:

VHS format $47.00 pér set: PAL format $56.00 per set. tem # MSP.VD-KIT

Speech Perception, A video presentation by Patricia K. Kuhl on Speech Perception. Segments include the following: I. General Introduction to Speech/

Language processing: Academic, business and society interest in this topic; Spoken Language Processing; II. Classic Issues in Speech Perception; [IL Phonetic

Perception; IV, Modei of Developmental Speech Perception; V. Cross-modal speech percepticn: Links to production; V1. Biology and Neuroscience Con-
nections; VIL Summary and Conclusions. Tssued in 1997. VHS format. Price; $75.00. Item # SP-VID

Auditory Demonstrations en Compact Disc. A useful teaching adjunct for lectures ot a course on hearing and auditory effects, and provides signals for

teaching laboratories, Coniains 39 sections démonstrating various characteristics of heariag. Includes text bookler containing introductions and narrations of

sach topic and bibliographies for more detailed information. Issued in 1989. Price: ASA members $20; Nonmembers $26.

Item # AD-CD-BK

Proceedings of the Sabine Centennial Symposium on CD ROM. Contains proceedings of the Sabine Centennial Symposium held in Juene 1994 plus
proceedings of several conferences published by the Institute of Notse Control Engineering including INTER-NOISE 95, ACTIVE 95, and INTER-NOISE 94.
Also contains a catalog of standards published by the ASA with links to the abstracts of the standards. Price: $95. Item # INCE25-CP

ORDER FORM

1. Payment must accompany all orders. Payment may be made by check or international money order in U.S. funds drawn on U.S. bank or by VISA,

MasterCard, or American Express credit card.

2. Orders should be sent to Acoustical Society of America, Publications, P. 0. Box 1020, Sewickiey, PA 13143-9998; Tel.: 412-741-1979; Fax: 412-741-

0609.

3. A 10% discount applies on orders of 3 or more copies of the same title only. Discount does not apply to JASA CD ROM.
4. Postage and handiing charges {surface mail): U.S. orders—$5.00 for first item and $2.00 each additional item. Mon-U.8.0rders—$9.00 for first item $3.00

_ each additional item. Call for prices for UPS or priority delivery.
5. Returns are nct accepted.

Name 0 ASA member {1 Noamember
Address
City State ZIp Country
Tel.: Fax:
Please send me the fellowing:
QOuantity Trem # Publication Unit price Torald Cost
Subtotal [ ——

Deduct 10% discount for 5 or more copies of same title

[] Check or money order enclosed for $

[ American Express [] VISA [] MasterCard ~ Signature

{see #3 above)
Postage and Handling
(see #4 above)

TOTAL

(U.8. funds/deawn on U.S. bank)

(Credit card orders must be signed)

Account#r' | I | I I i |I ‘ ‘ l I I ‘JExpiresMo.Der.Djl

9.16 Teaching Resources



The NOISE-CON Series of National Conferences

Noise Control Engineering

A National Conference on Noise Control Engineering (NOISE-CON) is sponsored by the Institute of Noise Control
Engineering in the years when the International Congress on Noise Control Engineering (INTER-NOISE) is held
overseas. The series began in 1973. The Proceedings of these conferences have proved to be a valuable source of
information on national noise control technology. The Proceedings of most of these conferences are available for
immediate shipment from the Institute of Noise Control Engineering. The proceedings which have been published

as a multi-volume set are available only as a multi-volume set.

NOISE-CON 98

Theme: Transporting Noise Control to the 21st
Century: Planning for a Quiet Future

Proceedings edited by J. Stuart Boiton and Luc Mongeau
xviii + 679 pp., soficover 8 1/2" x 11"
Held in Ypsilanti Michigan on 1998 April 5-8 in
conjunction with the 1998 Sound Quality Symposium.
One hundred and twelve papers related to control of
transportation noise sources, information technology
equipment, machinery noise, community noise, structure-
borne noise, and other topics.

NOISE-CON 97
Theme: Frontiers of Noise Control
Proceedings Book 1 edited by Courtney B. Burroughs.
Book 2 edited by Scott Sommerfeldt.
Softcover, 8 1/2" x 11". Book 1, xviii + 554 pp. devoted
to numerical methods for noise comtrol, machinery
diagnostics, and general noise control engineering. Book
2, xiv + 386 pp. devoted to active noise and vibration
control. Held in University Park, Pennsylvania on 1997
June 15-17.

NOISE-CON 96
Theme: Visions for the Next Twenty-Five Years
_Proceedings edited by James D. Chalupnik, Steven E.
Marshall, & Ray C. Klein.
Vol. 1, 520 + xxi pp, Vol 2, 448 + xxi pp, softcover,
8 1/27x11".
Held in Bellevue, Washington on 1996 September 29 -
October 02. One hundred and seventy-one papers on all
aspects of noise control engineering including aircraft
noise control, community noise controf, highway and
traffic noise, active control methods, awtomotive sound
quality, sound power measurement, room noise criteria,
structure-borne noise, noise from weapons, noise from
helicopters, noise from rail vehicles, tire/road noise, test
facikities and instrumentation, and numerical methods.

NOISE-CON %4
Theme: Progress in Noise Control for Industry
Proceedings edited by Joseph M. Cuschieri, Stewart A.
L. Glegg, and David M. Yeager.
1060 + xxvii pp, softcover, 6x9.
Held in Fort Lauderdale, Florida on 1994 May (1-04,

One hundred and sixty five papers covering all aspects of
noise control engineering were presented.

NOISE-CON 93

Theme: Noise Control in Aeroacoustics
Proceedings edited by Harvey H. Hubbard

652 + xx pp, softcover, 6"x9"

Held in Williamsburg, Virginia on 1993 May 2-5. One
hundred and six papers related to agroacoustics including
fan noise control, airport noise monitoring, practical
applications of active noise and vibration control, keeping
aircraft noise out of buildings, aircraft interior noise,
community noise sources, human response O
aeroacoustic sources, and jet noise.

NOISE-CON 91

Theme: Noise Control: Twenty Years of Progress
and Future Trends

Proceedings edited by Daniel A. Quinlan and Marehalti G.
Prasad

766 + xviii pp, softcover, 6"x9"

Held in Tarrytown, New York on the 20th anniversary of
the founding of the Institute of Noise Control
Engineering. Bighty seven papers related to noise control
policy, quality and noise control, active control of noise,
pinaural measurement techniques, ‘loudness, sound
intensity, noise emission, and computer and business
equipment noise control.

NOISE-CON %0

Theme: Reducing the Annoyance of Noise
Proceedings edited by Ilene J. Busch-Vishniac

494 + xviii pp, softcover, 6"x8"

Held at the University of Texas at Austin, Austin, Texas
on 1990 October 15-17. Eighty-one papers related to
reducing the annoyance of noise, reduction of
environmental noise, vibration of small fans, road traffic
noise, annoyance of community noise, loudness, room
gualification for determination of noise emission, noise
modeling, sound intensity, instrumentation for mnoise
measurements, and statistical energy analysis.

NOISE-CON 88

Theme: Noise Contrel Design: Methods and
Practice
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Proceedings edited by Stnart Bolton
636 + xx pp, softcover, 6"x9"
Held at Purdue University, West Lafayette, Indiana on
1988 June 20-22. One hundred papers on many advanced
topics in noise control engineering, Topics include fan
noise control, interior noise of aircraft, absorption of
sound in the atmosphere, active noise controi, the
acoustics of open plan offices, sound power
determination, acoustic holography and sound intensity,

NOISE-CON 87
Theme: Advanced Technology for Noise Control
Proceedings edited by Jiri Tichy and Sabih Hayek
780 + xx pp, softcover, 6"x9"
Held at The Pennsylvania State University, State College,
Pennsylvania on 1987 June 8-10. One hundred and
twenty-five papers on many advanced topics in noise
control engineering. Topics include noise emitted by
gears, valves and steam tubes, axial and centrifugal fan
noise, drifl noise, chain saw noise, combustion noise,
noise barriers, highway noise, sound absorptive
materials, active noise cancellation, noise control of
ships, and sound intensity techniques.

NOISE-CON 85
Theme: Computers for Noise Control
Proceedings edited by Raj Singh
336 + xxii pp, softcover, 6"x9"
Held at the Ohio State University, Columbus, Ohio on
1985 June 3-5. Seventy-five papers related to the use of
computers in noise control engineering, Topics covered
include numerical methods in noise control, computer
aided design and modal analysis, noise control salutions,
damping and brake squeal, computer-aided design of
ducts and mufflers, signal processing, spreadsheet
analysis in noise control and sound intensity
measurements,

NOISE-CON 83
Theme: Quieting the Noise Source
Proceedings edited by Robert Lotz
490 + xxii pp, softcover, 6"x9"
Held at the Massachusetts Institute of Technology,
Cambridge, Massachusetis, 1983 March 21-23 Fifty-six
papers related to noise control at the source. Among the
subjects covered in the Proceedings are noise control of
valves and orifices, printer and mechanism noise control,
structural  design, noise control of fans and
turbomachinery, control of neise from air conditioners,
motors, transformers and forming machines and tire road
interactions.

NOISE-CON 81
Theme: Applied Noise Control Technology
Proceedings edited by Larry H. Royster, Franklin D.
Hart and Noral D. Stewart
470 + vii pp, softcover, 6"x9"
Held at the North Carcfina State University, Raleigh,
North Carolina on 1981 June 8-10 Eighty-eight papers
on a variety of topics related to applied noise control

technology. Topics include noise source identification,
mufflers, barriers and enclosures, hearing protective
devices, comnwnity noise control, and applications of
damping materials. Papers on noise control in selected
industries are also included.

NOISE-CON 79

Theme: Machinery Noise Control
Proceedings edited by Joseph W. Sullivan and Malcolm

J. Crocker

394 + x pp, softcover, 6"x9"

Held at Purdue University, West Lafayette, Indiana on
1979 April 30-May 2. Forty-six technical papers devoted
to machinery noise control. Topics include EPA and
DOL industrial noise activity, noise control for other
industrial machinery and transportation noise control.

NOISE-CON 77

Theme: Transportation Noise Control
Proceedings edited by George C, Maling, Jr.

502 + ix pp, softcover, 6"x9"

Held at the NASA-Langley Research Center in Hampton,
Virginia on 1977 October 17-19. thirty-six technical
papers related to transportation noise control. Topics
include government programs in transportation noise,
noise impact and environments, prediction of noise
levels, surface vehicle noise, transit system noise
including wheel/rail noise, traffic noise prediction,
aircrafi noise, aircraft engine noise control, and airport
noise monitoring.

NOISE-CON 75

Theme: Standards, Regulations, and Federal
Programs for Noise Control

Proceedings edited by William W, Lang

438 + ix pp, softicover, 6"x9"

Held at the National Bureau of Standards, Gaithersburg,

Maryland on 1975 September 15-17. Forty technical

papers which cover five broad areas: Distinguished

Lectures on noise control engineering, federal programs,

international and national standards, professional society

activity in noise control and research activities of various

organizations.

NOISE-CON 73

Theme:  General Noise Control Engineering:
Programs for Noise Control

Proceedings edited by David R. Tree

578 + xiv pp, soficover, 7"x10"

Held in Washington, DC on 1973 October 15-17.

Ninety-four technical papers devoted to speciatized

1opics in noise control engineering. Subjects include the

impact of state and local regulation, truck noise, the

design of highways to reduce noise, design of new

facilities for noise reduction, machinery noise control,

acoustical technology in buildings, machinery noise

problems in buildings, and construction methods and

materials to reduce building noise.
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The INTER-NOISE Series of International Congresses

Noise Control Engineering

The INTER-NOISE Series of International Conferences on Noise Control Engineering began in
the United States in 1972. Since 1972, the conferences have been held each year either in the
United States or overseas. The Proceedings of these conferences have proved to be a valuable
source of information on world-wide noise control technology. The Proceedings of most of these
conferences are available for immediate shipment from the Institute of Noise Control
-Engineering. Those Proceedings which have been published as a multi-volume set are available

only as multi-volume set.

INTER-NOISE 98. Held in Christchurch,
New Zealand on 1998 November 16-18.
Proceedings edited by V.C. Goodwin and
D.C. Stevenson. Vol.1, xxxiii+p. 1-578;
Vol.2, xxxiii+p.597-1210; Vol. 3,
xxxiii+p.1219-1738. ISBN 0-473-05439-6
(set of three volumes).

INTER-NOISE 97. Held in Budapest,
Hungary on 1997 August 25-27.
Proceedings edited by Fuldp
Augusztinovicz. Vol. I, xxxii + pp 1-592,
Vol.2, xxx + pp 593-1174, Vol. 3, xxx +
pp 1175-1744, ISBN 963 8241 62 O (Set of
three volumes)

INTER-NOISE 96. Held in Liverpool, United
Kingdom on 1996 July 30- August 02.
Proceedings edited by F. Allison Hill and
Roy Lawrence. Book 1, pp 1-544, Book 2,
pp 545-1050, Book 3, pp 1051-1648, Book
4, pp 1649-2188, Boek 5, pp 2189-2780,
Book 6, pp 2781-3362. I1SBN 1 873082 91
6 (Set of six volumes).

INTER-NOISE 95. Held in Newport Beach,
California, USA on 1995 July 10-12.
Proceedings edited by Robert F. Bernhard
and J. Stuart Bolton. 324 papers. Vol.
1, xxxii + 716 technical pages, Vol. 2,
xxiv. + 734 technical pages. ISBN
0-931784-32-8 (set of two volumes).

INTER-NOISE 94. Held in Yokohama, Japan
on 1994 August 29-31. Proceedings edited
by Sonoko Kuwano. 488 papers. Vol 1,
xlvi + 716 technical pages, Vol 2, xxiv +
706 technical pages, Vol. 3, xxiv + 718

technical pages. ISBN 9900282-4-4 (set of
three volumes).

INTER-NOISE 93. Held in Leuven, Belgium
on 1993 August 24-26. Proceedings edited
by Pierre Chapelle and Gerrit Vemier.
404 papers. Vol. 1, x| + 632 technical
pages, Vol. 2, x| + 622 technical pages,
Vol. 3, x1 + 642 technical pages. I1SBN
90-5204-024-9 (set of three volumes).

INTER-NOISE 92. Held in Toronto, Canada
on 1992 July 20-22. Proceedings edited by
Gilles A, Daigle and Michael R. Stinson.
270 papers; Vol. 1 xxxii + 636 technical
pages, Vol. 2 xxxii + 628 technical pages.
ISBN 0 931784-25-5 (set of two volumes).

INTER-NOISE 91. Held in Sydney, Australia
on 1991 December 2-4. Proceedings edited
by Anita Lawrence. 311 papers; Vol. 1,
xviii + 746 technical pages, Vol. 2, xvi +
543 technical pages. ISBN 0-909882 12 6
{set of two volumes),

INTER-NOISE 90, Held in Gothenburg,
Sweden on 1990 August 13-15.
Proceedings edited by Hans Jonassen. 331
papers; Vol. 1, xxii + 710 technical pages,
Vol. 2, xxii + 734 technical pages. ISBN:
01-7848-224-0 (set of two volumes). [SSN
0105-175X.

INTER-NOISE 89. Held in Newport Beach,
California on 1989 December 4-6.
Proceedings edited by George C. Maling,
Jr. 263 papers; Vol. 1, xl1 + 700 technical
pages, Vol. 2, xl + 612 technical pages.
ISBN:  0-931784- 20-4 (set of two
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volumes), ISSN: 0105-175X.

INTER-NOIJSE 88. Held in Avignon, France
on 1988 30 August-1 September.
Proceedings edited by Michael Bockhoff.
396 papers; Vol. 1, xxi + 598 technical
pages, Vol. 2, xxi + 568 technical pages,
Vol. 3, xxi + 572 technical pages. ISSN:
0105-175X. Set of three volumes.

INTER-NOISE 87. Held in Beijing, China on
1987 September 15-17. Proceedings edited
by Li Pei-zi. 412 papers; Vol. 1, xxxvi +
878 technical pages, Vol. 2, xxxvi + 806
technical pages. Set of two volumes.

INTER-NOISE 86. Held in Cambridge,
Massachusetts, USA on 1986 July 21-23.
Proceedings edited by Robert Lotz. 271
papers; Vol. 1, xxxv + 796 pp., Vol. 2,
xxxv + 676 pp. ISBN: (-931784-15-8 (set
of two volumes). ISSN: 0105-175X.

INTER-NOISE 85. Held in Munich, Federal
Republic of Germany on 1985 September
18-20. Bundesanstalt fur Arbeitsschutz,
Ed. 351 papers; Vol 1, viii + 740 pp.,
Vol 2, viii + 760 pp. Set of two volumes.

INTER-NOISE 84. Held in Honolulu,
Hawaii, USA on 1984 December 3-5.
Proceedings edited by George C. Maling,
Jr. 299 papers; Vol 1, xxxviii + 748 pp.,
Vol 2, xxxvii + 678 pp. ISBN:
0-931784-11-5 (set of two volumes). ISSN:
0105-175X

INTER-NOISE 83. Held in Edinburgh,
Scotland on 1983 July 13-15. Proceedings
edited by R, Lawrence. 294 papers; Vol.
1, lii + 552 pp., Vol 2, xliii + 690 pp.
ISBN 0-946731-00-4 (set of two volumes).

INTER-NOISE 82. Held in San Francisco,
California, USA on 1982 May 17-19.
Proceedings edited by J.G. Seebold. 198
papers; Vol. 1, xxxiv + 358 pp., Vol 2,
xxxiv -+ 506 pp. ISBN: 0-931784-07-7
(set of two volumes).

INTER-NOISE 81. Held in Amsterdam, The
Netherlands on 1981 October 6-8.
Proceedings edited by A. DeBruijn. 248
papers: Vol. 1, xxxiv + 592 pp., Vol I,
xxxiv + 550 pp. ISBN: 90-9000-222-7

(set of two volumes).

INTER-NOISE 80. Held in Miami, Florida,
USA on 1980 December 8-10. Proceedings
edited by George C. Maling, Jr. 253
papers; Vol. 1, xxxvi + 556 pp., Vol. 2.,
xxxvi + 638 pp. Library of Congress
Catalog Number: 72-91606, ISBN:
0-931784-03-4 (set of two volumes).

INTER-NOISE 79. Held in Warsaw, Poland
on 1979 September 11-13. Proceedings
edited by Stefan Czarnecki. 182 papers;
Vol. 1, xxiii + 474 pp., Vol. 2, xxiii +
470 pp. ISSN: 0105-175X. Set of two
volumes.

INTER-NOISE 78. Held in San Francisco,
California, USA on 1978 May §-10.
Proceedings edited by William W. Lang.
166 papers, xxx + 1038 pp. Library of
Congress Catalog Number: 78-55436,
ISBN: 0-931784-00-X, ISSN: 0105-175X.

INTER-NOISE 77. Held in Zurich,
Switzerland on 1977 March 1-3.
Proceedings edited by Eric J. Rathe. 138
papers, xxiv + 986 pp.

INTER-NOISE 76. Held in Washington, DC,
USA on 1976 April 5-7. Proceedings
edited by R. Kerlin. 129 papers, xxxi +
529 pp. Library of Congress Catalog
Number: 762229.

INTER-NOISE 75. Held in Sendai, Japan on

1975 August 27-29. Proceedings edited by

Ken’iti Kido. 147 papers, xxvi + 760 pp.

INTER-NOISE 74. Held in Washington, DC,
USA on 1974 September 30-October 02.
Proceedings edited by John C. Snowdon.
140 papers, xxxi + 660 pp. Library of
Congress Catalog Number: 72-91606.

INTER-NOISE 73. Held in Copenhagen,
Denmark on 1973  August 22-24
Proceedings edited by O. J. Petersen. 96
papers, xviii + 634 pp.

INTER-NOISE 72. Held in Washington, DC,
USA on 1972 October 4-6. Proceedings
edited by Malcolm J. Crocker. 92 papers,
xv + 565 pages. Library of Congress
Catalog Number: 72-91606.

9.20 Teaching Resources




10.0 THE ROBERT BRADFORD NEWMAN STUDENT AWARD FUND







THE ROBERT BRADFORD NEWMAN STUDENT AWARD FUND
Background

in 1985, a Student Award Fund in memory of Robert Bradford Newman was established
to recognize merit in architectural acoustics.

For over thirty years, Robert Bradford Newman was a facully member in the School of
Architecture and Planning, Massachusetts Institute of Technology and in the Graduate
School of Design, Harvard University and a founding partner of the consulting firm, Bolt
Beranek and Newman inc. He was widely known as a teacher with extraordinary ability
to communicate the essentials of architectural acoustics. In both teaching and .
consulting, his work enhanced knowledge in architectural acoustics and encouraged
others to study and to seek practical solutions.

The Newman Student Medal for “Merit in Architectural Acoustics” was established to
strengthen the tradition of excellence in the study and teaching of architectural

acoustics, which began with outstanding teachers such as Wallace Clement Sabine,
Vern Oliver Knudsen, Charles Paul Boner, and was extended by Professor Newman.

The Fund annually provides Medal awards to honor outstanding students at qualifying
institutions throughout the world and the Schultz Grant to support teachers and
researchers in architectural acoustics. The Fund is a continuing tribute to this
distinguished teacher whose enthusiasm and personal warmth inspired generations of
students.
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Robert Bradford Newman ¢1917-1983

A paraphrase of the Acoustical
Society's stated purpose, to increase
and diffuse the knowledge of architec-
tural acoustics and to promote its appli-
cations in the practice of architecture,
personifies the professional life of Rob-
ert Bradford Newman. His death on 2
October 1983 in Lincoln, Massachu-
setts, left an irreparable void in the
lives of his family, friends, students, fa-
culty colleagues, and fellow architects
and acousticians.

Bob Newman was born 5 Novem-
ber 1917, in Ungkung, Kwangtung
Province, China. He was the first of
four sons of medical missionary parents, Henry Ware Newman, M.D, and
Ethel Smith Newman. When the family returned to the United States in
1925, Bob was speaking Chinese like a Mandarin and English like a teacher
of grammar, capabilities that led to his amusing mixture of tongues at par-
ties and his compelling insistence on correct usage of written and spoken
English,

In 1938 Bob graduated from the University of Texas witha B.A. degree
in physics, in which he also received an M.A. degree in 1939. There he
studied under and worked with Professor Charles Paul Boner, 25th ASA
President, who inspired Bob to develop a life-long love of architectural
acoustics. From Professor Boner he acquired a professional skiil in tuning
organs and a strikingly effective style of teaching by use of amusing anec-
dotes to illustrate important points and drive them home.

After receiving his degrees in Texas, Bob went east to work at RCA,
where during 1939—40 he started applying his knowledge of acoustics to the
solution of communications problems. In 1941 he went to the Harvard
Electro-Acoustics Laboratory under the direction of Dr. Leo L. Beranek, to
work on problems of voice communication in noisy combat vehicles. As an
expert in testing microphones and loudspeakers, Bob ran the electroacous-
tic testing facility for the Laboratory. Because of this special capability, Bob
was “drafted” in 1943 to upgrade and manage the electroacoustic trans-
ducer test facility at the Naval Aeronautics Engincering Station in Philadel-
phia, where he worked until the end of the war. During these years, Bob
formed friendships with many acoustic workers in war-time laboratories,
including persons whom he would join later as colleagues throughout the
rest of his life.

In January 1946 Bob enrolled in the Physics Department at M.IT. to
obtain a doctor’s degree under Professor Richard H. Boit, then Director of
the Acoustics Laboratory. Upon leamning that Dick had received a degree in
architecture before he obtained his degrees in physics, Bob asked whether
he should take some courses in architecture and Dick encouraged him to do
so. He did, and he never returned to physics.

In 1949 he was awarded a master’s degree in architecture, only three
years after starting with no previous study in the field. Even so, his academic
performance was of such high quality that he was immediately offered a
faculty post in the M.I.T. Department of Architecture, where he served
successively as Instructor, Assistant Professor, and Associate Professor un-
tit 1976, and then as Adjunct Professor the rest of his life.

The other major event that followed directly after Bob received his
master’s degree was his entry into a lifelong association with an organiza-
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tion devoted to acoustics. Together, Leo Beranek, who was then a professor
in the M.LT. Electrical Engineering Department, and Dick Bolt invited
Bob to become the third partner in the firm they had formed in order to
undertake the acoustics consulting on the United Nations Permanent
Headquarters. Thus was formed Bolt Beranek and Newman Inc., in which
Bob conducted a vigorous consulting practice until his death. He also had
been a Senior Vice President and a member of the Board of Directors.

In his first teaching assignment at M.LT. he took on the architectural
acoustics course that Dick had started earlier, and Bob then molded it into
an extraordinarily effective and popular course. He gave his last lecture in
that course four days before he died.

Further to express his love of teaching, Bob started lecturing at other
academic institutions, Throughout his career he lectured at several dozen
universities including the Universities of Arkansas, Auburn, California,
Guadalajara, Minnesota, Nebraska, Oregon, Pennsylvania, Princeton, Sin-
gapore, Texas, Toronto, Utah, and Yale.

In parallel with his academic duties at M.LT., Bob enjoyed a special
refation with Harvard. There he was Visiting Lecturer in Acoustics from
1955 to 1971, and then was appointed Professor of Architectural Technolo-
gy, the position he held until his death.

Today thousands of his former students in many countries around the
world, including “students” who were consulting clients as well as atten-
dees at lecture series and seminars in meetings of the AIA and other organi-
zations—all who heard him lecture remember Bob’s amusing disdain of old
saws such as “sound is round™ and “wood is good.” They would not dare
put “fuzz” on the ceiling of a2 church or lecture hall. They would stop short
of making “stupid” acoustical mistakes when they remembered his some-
times hilarious presentations, such as vecally mimicking noise sources. Of
course what made his approach so effective were the great clarity, precision,
authenticity, and empathy with which he conveyed the information.

Bob's consulting achievements in acoustical designing are well known
1o the architectural profession, both from his many articles and technical
papers published in the architectural literature and from published credits
to his participation in a large number of architectural projects. A modest
sample of projects on which he worked would include the following ones,
starting with some of his earliest work and ending with recent projects: Aula
Magna in Caracas, Oberlin College School of Music, TWA Terminal at
JFK Airport, Air Force Academy, World Zionist Congress Hall in Jerusa-
lem, First and Second Unitarian Church in Boston, Art Gallery At Yale,
Goa Art Center in Goa, India, Musical Arts Center at Indiana University,
Hall of Energy in Boston Museum of Science, the Rotunda at University of
Virginia, Sydney Myer Music Bowl in Melbourne, State Secretariat Assem-
bly in Shah Alam, Malaysia, Knesset Building in Jerusalem, Roy Thomson
Hall in Toronto, Davies Symphony Hall in San Francisco, Victorian Arts
Center in Melbourne, the Meyerhoff Hall in Baltimore, and projects not
completed when Bob died, including the TV A Office of Power in Chattan-
coga. Beyond these and other projects in which Bob was the sole or major
consultant, he contributed to very many team projects.

In his distinctive style of professional activity, Bob increased, diffused,
and applied knowledge through a continuous, unified process. His projects
were simultaneously sources of new data and insights, examples for stu-
dents, and acoustically advanced facilities for clients. He often said *‘real
buildings with real people using them are our research laboratories.” His
students were not only persons enrolled in college but also architects design-
ing buildings. In discussing the relatively low level of acoustic literacy gen-



erally, his family background showed through when he talked about “‘con-
verting the great unwashed architectural profession.”

A quantitative review of Bob’s career in teaching and consulting sug-
gests that he established a unique record. He instructed several thousand
students in architectural acoustics and he worked on several thousand
acoustics projects in architecture. This combined achievement might never
be surpassed.

Bob was a Fellow of the Acoustical Society of America, and a member
of Phi Beta Kappa and Tau Beta Pi. In 1959 he was Senior Fulbright Scho-
lar at the Royal Danish Academy of Fine Arts. He was an honorary mem-
ber of the Instituto Brasileiro de Acoustica. In 1966, on behalf of Bolt Ber-
anek and Newman Inc., he received the Brown Medal of the Franklin
Institute, for contributions to the building industry. He was a director of the
Boston Architectural Center, the Carroll School in Lincoln, and the De-
Cordova Museum, of which he was president 1971-74. In 1977 Bob was
awarded the Quarter Century Citation by the Building Research Advisory
Board of the National Research Council, for his “significant...contributions
to building science and technology.”

An event of great significance for Bob toek place just four months
before he died: he and Mrs. Newman went to China, the land of his birth.
Professor Maa Dah-You, head of the Acoustics Institute of the Chinese
Academy of Science, invited Bob to give several lectures as a guest of the
Ministry of Education. Puring the period from 15 May to 10 June 1983,
Bob lectured at Tongji University in Shanghai, Nanjing Institute of Tech-

nology in Nanjing, and Chinghua University in Beijing. During the same
period, Bob and Mary visited Zhenjiang and found the hospital and house
that had been built for Bob’s father, The buildings are still in use as part of a

" larger hospital complex, the Number 1 People’s Hospital.

Professional and academic achievements alone do not mark the full
measure of a person, Bob Newman had those added attributes that made
him a whole human. His warmth and affection for everything that life offers
were thoroughly shared with his beloved wife, Mary Shaw Newman, his
sons Henry Ware 2nd of Marblehead, MA and R. Bradford Newman, Jr, of
Duxbury, MA, his daughter Catherine N. Kornyei of Lexington, MA, and
his four grandchildren,

The Newman's gracious home in Lincoln, Massachusetts served as the
focal point for regular social gatherings of Bob's students, consuiting collea-
gues, professional friends, and neighbors. Bob often said he had the house
designed with these parties in mind, and he lived life there to the fullest. His
consummate friendliness and warmth, his charm and wit, his pleasant irrev-
erence of all things and people he considered “phoney,” endeared him to his
countless friends and colleagues. His unique place in the history of architec-
tural acoustics is assured.

We are grateful to several colleagues, especially Wm. J. Cavanaugh, for
helping us prepare this memoir.

R.H. BOLT AND L. L. BERANEK
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During the first fourteen years of the Newman Student Award program, medals have
been given to more than 100 students at 32 schools worldwide. Approximately one-third
of the student projects involved research projects; the remainder, specific building
applications.

In addition to medals, five books have been presented to the medalists. The Acoustical
Society of America (ASA) books are:

» Halls for Music Performance: Two Decades of Experience, edited by R. H. Talaske,
E. A. Wetherill and W. J. Cavanaugh (1982).

* Acoustics of Worship Spaces, edited by D. Lubman and E. A. Wetherill (1985).

» Theaters for Drama Performance: Recent Experience in Acoustical Design, edited
by R. H. Talaske and R. E. Boner {1987).

» Acoustical Design of Music Education Facilities, edited by E. R. McCue and R. H.
Talaske (1990).

» Concert and Opera Halils by L. L.. Beranek (1996).

Mary Shaw Newman presenting the medal
to Jian Kang in Cambridge, England
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ROSTER OF PARTICIPATING SCHOOLS

United States (26)

Berklee College of Music

Boston Architectural Center

California Polytechnic State University
Clemson University

Cornell University

Georgia Institute of Technology
Harvard Graduate School of Design
lowa State University

Kent State University

Massachusetts Institute of Technology
Oklahoma State University
Pennsylvania State University
Princeton University

Rhode Island School of Design

Roger Williams University

Southern California Institute of Architecture
Syracuse University

University of Arizona

University of California, Los Angeles
University of Florida

University of lilinois

University of Kansas

University of Maryland

University of North Carolina at Charlotte
University of Texas at Arlington
Virginia Polytechnic Institute

international (6)

Ecole d’Architecture de Paris, France
University of Auckland, New Zealand
University of Cambridge, England
Universidad Ricardo Palma, Lima, Peru
University of Waterloo, Ontario, Canada
University of Western Australia

Number of

Medalists

Al W a2 A 2w (OO O RN had®

R U L I U Y
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The Robert Bradford Newman Student Award Fund

P.O. Box 6349
Lincoln Center
Massachusetts 01773
Tel: 617-259-9299

The Robert Bradford Newman Medal « For Merit in Architectural Acoustics
The Theodore John Schultz Grant « For Advancement in Acoustical Education

Participating School Information Form

Date:

School Name and

Complete Mailing Address:

Dean or Department Head:

Telephone: ( )

Principal Faculty Contact

and/or Teacher of Arch. Telephone: ( )

Acoustics course:

Telephone: ( )

Course Title and Catalog Number in which Architectural Acoustics is included:

Note: Attach course syllabus and other catalog

descriptive material as appropriate.

Comments:  (Include any special information on the school’s normal practice
for presenting awards, contacts at school PR department who

should be notified, etc.)

FAX 617-259-8136

Advisory Commirtee
Lawrence B. Anderson
Christopher H. Blair
Richard H. Bolt

Mary Schultz Carter
William J. Cavanaugh
John A. Curtis

M. David Egan
Timothy J. Foulkes
Richard E. McCommons
Mary Shaw Newman
Carl J. Rosenberg
Ewart A, Wetherill

The Grearer Boston Chapter Acoustical Society of America with the Cooperation of:

The Association of Collegiate Schools of Architecture » Bolt Beranck and Newman Incorporated » The Boston Architectural Center » Comumittee on Education
I Acoustics ASA « Hurvird University Gracuate Schoot of Design = Institute of Noise Control Enginesring « MIT School of Architecture and Planning » National
Council of Acoustical Consultants » Rhode Island School of Design « Riverbank Acoustical Labowtory « Technical Committee on Architectural Acoustics ASA



P.0O. Box 6349
Lincoln Center
Massachuserts 01773
Tel: 617-259-9299
FAX 617-259-8136

The Robert Bradford Newman Student Awa;d Fund

The Robert Bradford Newman Medal + For Merit in Architectural Acoustics
The Theodore John Schultz Grant » For Advarncement in Acoustical Education

Medalist Candidate Notification Form

Note: Please mail to Newman Student Award Fund, Attention: Mary Newman,
approximately six weeks prior to date of award presentation ceremony or
date receipt of engraved medal is desired.

Date:

Advisory Commitree
Lawrence B, Anderson
Christopher H. Blair
Richard H. Bolt

Mary Schuliz Carter
William J. Cavanaugh
John A. Curtis

M. David Egan
Timothy J. Foulkes
Richard E. McCommons
Mary Shaw Newman
Carl J. Rosenberg
Ewart A, Wetherill

School Name and

Mailing Address_:
( )
Faculty Contact:
Telephone: { )
Medalist Candidate for Academic Year 19__
Student’s Full Name: (to be engraved on medal)
Student Mailing Address:
( )
Home (or post-graduation) Mailing Address:
( )

Title of Medalist’s Thesis or brief description of Student Work(s) on which award

was based:

(When available, please mail reduced copies of drawings and/or

project reports to the Fund address above)

The Grearer Boston Chapter Acoustical Society of America with the Cooperation of:

The Association of Coliegiate Schools of Architecture » Boit Beranek and Newman Incorporated » Fhe Boston Architectural Center » Commmittee on Education
in Acoustics ASA » Harvard University Graduate School of Design « nstitute of Noise Control Engineering » MIT School of Architecture and Planning » National
Council of Acoustical Consultants » Rhode Island Schoot of Design « Riverbank Acoustical Laboratory » Technical Committee on Architectural Acoustics ASA



EDUCATIONAL MATERIALS ORDER FORM

The following books and VHS tape are available from the Robert Bradford Newman
Student Award Fund.

Selection Title Quantity Total

Architectural Acoustics-Scale
Modeling Demonstrations by Gary W.
Siebein VHS tape-$50 Postpaid

An Appreciation of Acoustics by
K. Anthony Hoover
$25 Postpaid

Architectural Acoustics Workbook by
M. David Egan
$ Postpaid

Sound Systems Design Guide by
Neil Thompson Shade
$ Postpaid

TOTAL

Make checks payable to: RBN Award Fund
P.O. Box 6349
Lincoln, MA 01773

Inquiries: TEL 781/259-9299
FAX 781/259-8136

Please return the completed order form with your check or money order. Thank you.

Shipping Information:

Name

Address

City

State Zip Code Daytime Tel
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ANSWERS TO PROBLEM EXERCISES







3.0

3.5:

3.6:

3.9

3.10:

3.14:

3.15:

3.16:

3.17:

3.24:

4.0

4.21;

5.0
5.6:

57:

510

5.11:

512:

513

5.14:

BASIC THEORY
1. 110 dB; 86 dB; 139 dB; 0 dB.
2. 316 x 102 Wim? 7.94 x 107 W/m?, 6.3 x 10° W/im?, 1.0 x 1072 W/m?,
1. 107 dB. 2. 6.31 x 10° Wim”.
3. 1.58 x 10 W/m®. 4. 452 Hz. 5. 69 dB (or 70 dB using different sequence to
combine dBs two at a time by method on p. 23 in Architectural Acoustics). 6. L =62 dB.
7. No [See p. 124 in S. S. Stevens and H. Davis, Hearing, John Wiley, New York, 1938.] .
1. Ly =60 dB; 12 dB; 15 dB; L, = 33 dB; No.
2. 8.0x 10 *W/m? 3. 51 dB at 2000 Hz; L, = 39 dB.
4. 3.16 x 10° W/im? 1.0 x 10 W/m?; 11,243 ft (or 11,247 ft, using formula in NOTE).
5. 87 dBA. 6. 82 dBA (or 83 dBA). 7. 47 additional tenors.

A. New Zealand. B. Minneapolis. C. Berlin. D. Baltimore. E. Caracas. F. Toronto.

STUDENT EXERCISES

BR is RT125250 + RTs00i1000; EDT + RT= 0.9 [according to in situ measurements by the
Concert Hall Research Group]; IACC (L) < 0.15; NC < 20. [Referto pp. 411 to 565 in L.
L. Beranek, Concert and Opera Halls, ASA, Woodbury, NY, 1996.]

SOUND ABSORPTION

a, = 96 sabins.

a, = 222 sabins; NR = 3.6 dB,

1. 360 sabins; 1.11 sec. 2. 840 sabhins; 0.48 sec.

3. V =44,400 ft*; a = 1930.6 sabins; T = 1.15 sec. 4. 0.8 sec 0.5 sec
1.7 sec 2.0 sec

5. a, =294 sabins; T, = 3.1 sec; a; = 1487 sabins; T, = 0.61 sec; NR =6.6 dB. {To avoid
prosecution, Inspector Praline from the hygiene squad warned Wizzo to delete the words

“crunchy frog” and replace with the legend "crunchy raw unboned real dead frog."]
6. 0.55.

S = 1935 ft*; a = 1819 sabins.

1. Y/N. 2. Y/IN. 3. N/Y. 4. N/Y. 5 Y/N. 6. H/L. 7. H/H. [Continental or
Conventional seating can be made to work for good sightlines.]

Answers to Problem Exercises A.1



6.0

6.6:

6.7

6.8:

6.9;

6.12:

6.14;

6.15:

6.19:

7.0

7.28:

SOUND ISOLATION
1. 51dB. 2. 30 dB; 45 dB.
1. 3.16 x 10, 3.98 x 10" 7.94 x 10"

2. 13517 24 ft% 105 ft. 3. 0.00427; 0.00955; 0.08337. 4. 10 log (264 + 0.09719) =
34.3 dB.

4. 19.5dB; 38dB. 5. NR=42.3dB; L, =44.7 dB.

1. <20 <30 2 Hissy; 38. 3. Rumbly; 51. 4. 50 dBA. [See p. 346 in Architectural
<30 <38 : Acoustics.]
<45 <52
<35 <42

5. NRsoo = 36 dB; NRigoo = 54 dB; Tlsg = 35 dB; TLigeo = 52 dB. Use 4” thick reinforced
concrete slab. [See Construction No. 33 on p. 205 in Architectural Acoustics.]

1. 12 dB; HY/R = 1.6, 8 dB; L =62 dB; No. 2. 7.5 dB [“He’s a lumberjack and he’s ok, He
sleeps all night and he works all day.” See p. 114 in The Complete Monty Python’s Flying
Circus, Vol. I, Pantheon Books, New York, 1989.]

1.4 2. A=255 ft*, Ao/S = 2.0, STC = 486.

ACOUSTICAL DESIGN PROJECTS

1. Use Laura Nash Model in your analysis. [No. Laws are reactive, they set minimum
standards for ethical behavior. it may be legal to do something, but not ethical.];

2. No. [Discuss Kant's categorical imperative.]; 3. For guidance on reporting unethical
behavior, see Section 9.031 in AMAs Code of Medical Ethics. [No. Without truth there would
be no secure professional interaction.}; 4. Yes [NoJ; 5. Discuss responsibility of custody of
submittals to consultant C by consultants A and B. [No]

40’
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AFTERWORD

After completing the projects and problem exercises in the Workbook, continue to learn
by observing why some acoustical designs are successful while others are not. When
possible, question the designers, acoustical consultants, and owners. Learn from the
mistakes of others, but do not try to enhance your image by diminishing theirs. Read
the articles and books cited throughout the Workbook. Select one or two books from
the lists in Section 9 to read each year. Look forward also to learning from books that
are yet to be written and from designs yet to be built. Find pleasure in your studies and
commitment to your chosen profession. Recognize that to be admired as a design

professional, decency and integrity are more important than material success. Bonne
chance!
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