Advance praise for Beranek’s

Concert Halls and Opera Houses:
Music, Acoustics, and Architecture

Given the many controversies surrouncling the acoustical properties of concert halls
and opera houses, it is a relief to be gui&ecl ]:)y someone who is both a scientist and
a devoted listener. Here, the mysteries of acoustics seem less intimidating: we come
to understand Wl'xy music sounds the way it does in various performance spaces, and
what we can do about it. It’s a terrific book!

— PuiLip GOSSETT
Pro][essor 0_7[ Music, University 0_7[ Clzicaga

[This book] provic].es an invaluable reference for the unclerstan(ling and design of

music facilities.

— I.M. PEI
Arclzitect, New York

Dr. Beranek has created a comprehensive and fascinating s’cucly of 100 of the world’s
halls for music. Visiting each of these venues would be a great (lelight and a mar-
velous a&ven’cure, but such being imprac’cical, this great book is the next best ’ching.
All lovers of music , acoustics, architecture, and travel will enjoy this unique work.

— JOHN WILLIAMS
Composer and Conductor, Los Ange/es

The rigor, clarity and comprehensiveness of Concert Halls and Opera Houses, balanced

brilliantly by Leo Beranek’s personal and subjective sense of acoustics and music,
y by p ]

provi(les a powerful resource for architec’ts and music lovers alike. Beranek’s passion

for music helps to make this the most signiﬁcant music acoustics book of our times.

— WiLLiAM L. RawN JII
FAIA, Arclzitect, Boston

Art and science are combined in Leo Beranek’s new book. Presented are carefuﬂy
collected plans, data and pictures of halls for music, and assessments of their acous-
tical quali’cy Ly artists, critics and audiences, as well as measured scientific criteria.
Itis an easily reac].able, “must” handbook for anyone traveling to perform or attend

concert or opera music.

— HELMUT A. MULLER
Mz'i//er—BBM GmlvH Acoustica/ anc] Enviranmenta/ Consu/tants,

P/anegg, Germany



Concert Halls and Opera Houses sets forth the harvest of six decades of intensive
study of acoustics for music performance. Itisa comprehensive (an(l inclispensable)
aid to architects, musicians and design teams who tackle the incre(libly daun’cing

task of creating new performance spaces.

— RUSSELL JOHNSON
Acoustics and Theater Consu/tant, ARTEC Consu/tants, Inc.,
New York

This book assembles architectural and acoustical data on 100 spaces for music and
rank-orders over two-thirds accor&ing to their acoustical quality as ju(lged I)y mu-
sicians and music critics. It gives comprehensive lznowledge of room acoustics and

o{'fers a l)asic foundation for acoustical research long into the future.

— HIDEKI TACHIBANA
Pro][essor af Acoustics, University o][ '_Z?J/eyo, Japan

Beranek has created a new Rosetta Stone for the languages of music, acoustics,
and architecture. Lovers of music everywhere will welcome this extraordinary work
for its scope, depth, and ease of reading, and for heightening our understanding

and enjoyment of the musical experiences that so enrich our lives.

— R. LAWRENCE KIRKEGAARD
Acoustical Consu/tant, C’Zzicago, linois

Beranek’s latest reference work is an essential volume in every auditorium designerrs
11]:)rary. It will also ]:)ring information and pleasure to all with an interest in music,
acoustics and architecture. In our ofﬁces, a common response to a question in an

acoustical design session is “Let’s check in Beranek.”
g

— RoB HARRIS
Director, Arup Acoustics, Winchester, Hampshire, England

Concert Halls and Opera Houses is the definitive work on the architectural acoustic
design of classical music spaces. With presentation of 100 halls, it illustrates various
levels of acoustical quality. Written for the 1ay reader it deserves to be in every school

of music, architecture and science and with every musician and music lover.

— CHRISTOPHER JAFFE
Founa]ing Principa/, ]a]% Holden Acoustics, Norwa//e, CcT
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Preface

he first question any lover of classical music usually asks an acoustician
is, “Which are the best halls in the world?” The response——tl'le three halls
rated highest l)y worl&-praise& conductors and music critics of the 1arges’c newspapers
were built in 1870, 1888, and 1900—always prompts the next query: “Why are
those so goocl while many halls built after 1950 seem to be mediocre or failures?”
You will find answers to these questions in this book, the result of a half—cen’cury’s
research into the very complex field of acoustics of halls for music.

The &ialog re-enacted above bears a close resemblance to another illustration
that ’cypicaﬂy troubles music lovers. They ﬁequently aslz, “Why is a Stradivarius
violin so good and so many built since then not in the same league?" In this case,
we know that Antonio Stradivari, worlzing at the turn of the eigh’ceen’ch century,
employe& the utmost slzill, a good ear, and perhaps a little luck to capture the dozens
of details that make up a great violin. Su]osequent violinmakers have learned that
only ]:Jy proclucing close copies of his masterpieces can they expect their instruments
to be highly acceptal)le.

Inclispu’cably, the acoustics of halls for music are more diverse than those of
violins. As this book will explain in dep’ch, halls for music encompass a broader
range of different types with very different acoustics, and one should always remeim-
ber that composers often wrote music for a particular concert hall or opera house.
Consequently, a given composition usuaﬂy sounds best when performed in its in-
tended acoustics. For instance, Gregorian chants were written for performance in
large churches with high reverl;erance; a smaﬂ, quiet church never comes close to
cloing it justice. As Chapter 1 discusses, compositions of different musical periods——
Baroque, Classical, or Roinantic, for example——sound best in halls whose rever-
beration times vary from medium low to relatively high. Can one hall serve all

purposes? Haﬂs Witl’l variable acoustics are among those treated here.



il

PREFACE

Since we can, toclay, identify the acoustical characteristics of the finest halls
in existence, we could create an unerring duplicate of any one of the several best
and thus reproduce its acoustics exactly. Wl'xy not do so? Because ]:)uilcling com-
mittees generauy select architects not to make exact copies ofa great hall but to do
something original and visually inspiring, with the lzope that the halls will have excellent
sound. Most architects will not argue with that approach. Who would be awarded
an architectural prize for the construction of an exact copy? Consequen’cly, the
acoustical consultant is faced with a dilemma. To have the best acoustics, the hall
should be close in clesign to one of the great halls—and should yiel(l similar electro-
acoustic data when measured. So the consultant usuaﬂy follows a subtle pa’ch, push—
ing for as many similarities as possﬂ)le and maleing recommendations, where dif-
ferences occur, of features— often novel —that may salvage the new clesign.

For every new haﬂ, with its untried acoustics, opening night may become a
trial ]:)y fire. Of course, the local orchestra and conductor may do all in their power
to aclapt their playing s’cyle to the new acoustics, as the history of the Phﬂaclelphia
Academy of Music in Chapter 1 illustrates. But well-traveled music critics, often
in attendance only this once, may ju&ge the acoustics of the new venue against those
of the four or five top-ranlzed old haﬂs, and opening night reviews may set the
reputation of the hall, nega’cively, for years to come. On occasion, these assessments
turn out to be unjust, £ailing to account for how a hall’s acoustics may be a(],jus’cecl
over time or the possilole misuse of the hall that first night. Such bad fortune befell
one important hall that was clesignecl for a standard-sized orchestra playing the kinds
of compositions that make up the bulk of the repertoire of today’s Symphonic con-
certs. For the opening nigh’c, however, the conductor chose a new composition, with
a double-sized orchestra and a chorus of several hundred. The stage had to be
extended to over twice its normal size, and the choristers in the back row stood on
bleachers so high that their heads threatened to touch the stage ceﬂing, thus am-
plifying their voices unevenly. In some parts of the composition, the musicians
created unusuaﬂy loud sound effects, in one case lay hitting a suspenclecl three-meter
section of railroad track with a sleclge hammer. Nearly everybo&y in the audience
went home with a headache. The music critic’s response? The hall was at fault.

Foﬂowing the first chap’cers, which establish a base for unders’canding the ef-
fects of acoustics on composers, performers, and hsteners, and guicling the reader
to a common vocabulary, the bulk of this Loole, c}lapter 3, contains the write-ups,
photographs, drawings, and architectural details on 100 existing halls in 31 coun-
tries. Thlrl:y of the halls are completely new. Although the remainder appeare(l in
earlier books Ly the au’chi_)r, the materials have been updatecl wherever necessary.
The later chapters presen’i the relation of a hall’s acoustics to its age, shape, type
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of seats, and the materials used for the walls and ceﬂing. The sequence of events
that led to Boston Symphony Hall’s excellent acoustics, which opened in 1900, is
covered in cletail———alt]nough it went through a troubled first few years because the
1ea<1ing local music critic considered the predecessor hall as better. Detailed discus-
sions also appear for balcony, ]oox, stage, and pit &esigns. All the known electro-
acoustical measurements on 100 existing halls are examined and compared with
the rank orders of 58 concert halls and 21 opera houses that were obtained from
interviews and questionnaires. Finaﬂy, the optimal electro-acoustical results are pre-
sented for concert halls and opera houses used for today’s repertoires.

Three appendices supplement the chapters: the first gives definitions of all of
the major acoustical and architectural terms and symkols used in the book; the
second provicles the electro-acoustical data available on the 100 haﬂs; and the third

presents in tabular form much of the dimensional and electro-acoustical data for

the 100 halls.
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Group of Trondheim, Norway; Garcia-BBM of Valencia; ACENTECH (successor
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York; and Albert Yaying Xu of Paris. Others too numerous to name here also

provided invaluable information for this volume.
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For the “biographies” of the 100 halls, the architectural drawings for 64 were
produced }Jy Richard Shnider, 30 ]3y the late Wilfred Malmlund, and 6 l)y Daniel

Chadwick. Important editorial assistance on the first two cl’xap’cers was rendered ]3y
Ondine E. Le Blanc.

To all of the aLove, I owe my deepes’c thaﬁks.

LEO BERANEK
October 2003
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UNITED STATES
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Music AND ACOUSTICS

that in(iivi(iuai, a number of elements come ’coge’ciler to create that pieasure—’cile
composition, the conductor, the orciiestra, and the hall must in combination be
excellent to produce a memorable iis’cening experience. For the music professionai,
iiowever, whether a con(iuctor, a periormer, or an acoustical engineer, it is vital to
(iistinguisii among these ingre(iien’cs and to understand what each contributes to
the ’cotaiity.

Ai’ciiougii that task requires a precise ianguage and a correspon(iingiy concrete
understanding of acoustics, most musicians and music lovers can agree in generai
on what makes a “gooti" concert hall. Tt must be so quiet that the very soft (pp)
passages are cieariy audible. It must have a reverberation time iong enougil to carry
the crescendos to dramatic very loud (ﬁ[) climaxes. The music must be sui;ﬁcientiy
clear that rapi(iiy moving violin passages do not melt into a general “gio]:)." The hall
should have a spacious sound, maizing the music full and rich and apparentiy much
“iarger" than the instrument from which it emanates. It must endow the music
with a pieasant “texture,” an in(iescrii)ai)ie, but iiearai)ie, quantity that can be dem-
onstrated i)y electronic measurements. The bass sounds of the orchestra must have
“power” to provide a solid foundation to the music. Finaiiy, there should be no
echoes or “source shift”; that is to say, all or part of the orchestra should not seem
to originate at some side or ceiiing surface.

In an effort to pin down, in piiysicai terms, the quaii’cies that make up this
optimum listening experience, [ have interviewed well over a hundred conductors
and music critics about their acoustical preierences. Those interviews have resulted
in the raniz—or(iering of 58 concert halls accor(iing to their acoustical quaii’cy for
today’s sympiionic repertoire (see Ciiapter 4. Piiysicai measurements of the acous-
tics were made in these halls using the latest in electronic equipment. An anaiysis
of the suiojective responses made it apparent that of all acoustical eiements, rever-
beration time comes to a conductor’s mind first, because it (iirectiy affects his ability
to achieve the ciarity, fullness of tone, and piirasing consistent with his interpre-
tation of the composer’s intention.

Neariy all of my interviewees preferre(i to perform or listen to music of the
classical and romantic periotis in rec’canguiar halls with reverberation times that fell
into a specific window: between 1.7 and 2.1 secs, measured at mid-tones with the
hall ]r:u_iiy occupie(i. A shorter reverberation time, i’lOWBVBI‘, can provi(ie a different
benefit: halls with reverberation times at 1.5 sec or below seem to hone the overall
performance quaii’cy of their home orchestras. At the Piliia(ieipiiia Academy of
Music (1.2 secs), the Cleveland Severance Hall (1.5 sec before recent revisions;
now 1.6 secs), and Chicago Orchestra Hall (1.2 sec before recent revisions; now
1.75 secs), for exampie, an orchestra must piay precisely because no iingering re-

verberation smoothes over siigiit imperfections. Many think that the resident or-
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chestras in those three halls, at least in the years before the recent renovations,
ranked highes’c in performance in the United States. Let us now review the question

of goocl acoustics as viewed by performers, composers, and well-traveled listeners.

@H COUSTICS AND THE PERFORMERS

Com!uctors

Herbert von Karajan, music director of the Berlin Philharmonic Orchestra,
the Vienna Philharmonic, the Vienna Staatsoper, and the Salzl)urg Festival for
various overlapping time periods from 1955 until his death in 1989, was Izeenly
aware of the acoustics of different music haﬂs, as any well-traveled conductor must
be. He also did not retreat from sharing his opinions. In 1943, for example, ke
wrote a damning criticism of the new Berlin Staatsoper: “I was o]:)hged [after four
concerts] to conclude that it is so constituted that a realization of the kind of
performance ITam expectecl to proc],uce is not possi]ole" [Karajan letter to H. Tietjen,
12 May 1943, Osborne, Random House, Karajan, 1998, p. 164]. In 1956, he
wrote to the competition judges of the prospective Philharmonie Hall in Berlin with
his support fora parbicularly innovative (],esign. “Of all the designs submitted,” he
said, “one []:)y Axchitect Hans Scharoun] seems to stand out above the others; which
is founded on the principle that the performers should be in the middle. . . . It seems
to me . . . that this arrangement with the orchestra centraﬂy placed will be better
suited than any known hall to the musical style of the Berlin Philharmonic” [Os-
borne, Karajan, p- 4576]. W’c}l Jv:hese Weﬂ—placecl WOI‘(].S, Karajan helped ljrealz the
tradition of the European rectangular hall as the only acceptecl performing space
for symphonic music.

In this situation, the judges most certainly valued Karajan’s opinion as a
per£ormer, but other factors also unques’cional)ly influenced them—factors that are
evident in the comple’ced hall. The space is visually l)reathtaleing, at least on a first
visit, particularly if one enters at one of the upper “Vineyard" levels (See Hall
No. 57, Chap. 3). The city also, undoul}’ce(ﬂy, sough’c something different, some-
thing to attract attention. The choice did result in certain trade-offs, however: many
of the seats in a surround hall are acoustically inferior to those in the great tradi-
tional shoebox halls. Of course, the loss is balanced l)y a gain: listeners behind the
stage trade acoustical quality for the opportunity to see the conductor face-on and
to feel closer to the performers.

The Berlin experimen{:, and other innovations in performance space around
the world, demonstrates nothing if not that different halls provide different acoustics
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almost always with a clegree of give and take, of value lost and found. Karajan’s
preferences notwithstanding, conductors typicaﬂy learn to play in and value the
acoustics of their home space, thus a&ap’cing themselves and their orchestras to
one hall’s “strengths" and “weaknesses.” At Phﬂadelphia’s Acaclemy of Music, both
Leopold Stokowski (conductor from 1912 to 1936) and his successor, Eugene
Ormancly (from 1936 to 1980), ’caught the players of the Phﬂaclelphia Orchestra
to stretch out the endings of notes so as to simulate the effects of hall reverberation;
the violinists even had to learn to bow out of unison. These ’cechniques would seem
to &e{:y logic, but in fact both conductors knew the same thing: the Acaclemy had
“dry" acoustics, which robbed music of the usual fullness it would derive from a
hall’s reverberation.*

In the 1930s, Stokowski in Philadelphia and Serge Koussevitzky of the Bos-
ton Symphony Orchestra became objects of study for some students of acoustics
at Harvard University. [solating the different conducting techniques that each man
usecl, the students deduced that each had adop’ced his approach to achieve his in-
dividual musical s’cyle in the distinct acoustics of his home hall.

Stokowski was known for his emphasis on orchestral color—bar to bar and
phrase to phrase—as well as on a 1ong, rich, ﬂowing melodic line. The clry, clear,
warm acoustics of the Acaclemy, however, lend high definition and rather low fullness
of tone to compositions performecl in it. The Harvard s’cudy sugges’ce(l the Lri(lge
between his s’cyle and this space, surmising that Stokowski had clevelopecl an or-
chestral ’cechnique that rounded and prolongecl the attack and release of each tone,
tended to blend successive notes, and gave the performance a ﬂowing siﬂey tone. He
requirecl his violists to practice free Lowing to assure smooth orchestral texture. The
violas, ceﬂos, and bases were coached to pro&uce a smoo’ch, rich foundation to the
full ensemble. Stokowski’s individual style became especiaﬂy apparent when he con-
ducted in other haﬂs, albeit perhaps not with the same effect as in the Acaclemy of
Music.

Koussevitzky also emphasized orchestral color, but the lively acoustics of Bos-
ton’s Symphony Hall favored that goal. The Harvard acoustics group observed that
Koussevi’czlzy made his attacks and releases more a]arupt than Stokowski’s, and he
depencle(l on the hall to enhance the fullness of tone. The Lowing techniques of the

cellos and basses were not so cri’cical, since the reverberation of the hall elongates

* It was said that Karajan emulated Stokowski’s bowing techniques. Walter Legge, who was the classical-
recording manager of the British gramophone company EMI, put it this way in 1953, “[Karajan and I]
worked together for years on the theory that no entrance must start without the string vi})rating and the
bow alreatly moving, and wl;gn you get a moving bow Jcouching an alrearly vi]arating string, you geta beautiful
entry. But if either of those bodies is not alive and alreatly moving, you get a click, and Karajan had alreatly
calculated all that” (Osborne, Karajan, p. 307).]
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and rounds the tones. Koussevi’czlzy's violin tone—ringing, brilliant, and loud—
came easily in the acoustics of Syrnp]nony Hall, so much so that even slight im-
precisions could go unnoticecl——something that Koussevitzley would not have tol-
erated had they been perceptilole. He loved to 1)1111(1 up a dramatic conclusion to an
aﬂegro finale, an effect particularly suited to the acoustics of Symp]aony Hall.

Stokowski and Koussevitzlzy were themselves well aware of the different acous-
tics of their two halls. Each of them &eveloped his technique to achieve his greatest
perfection in his own hall and then strongly preferre& that hall to all others. Kous-
sevitzlay is known to have said, “the Academy of Music is good, but not nearly as
good as Symphony Hall.” And Stokowski said, “Symphony Hall has good but not
outstanding sound. The Academy of Music is the best concert hall in America. It
has natural clear sound.”

Audiences also sensed the differences in the two men’s ’cechniques. An annual
visit to Boston by the Philadelphia Orchestra prompted comments about the “over-
smooth, ’coo-siuzy tone.” In Phﬂadelp]:lia, the tone of the reciprocating Boston Sym-
phony Orchestra was described as “crisp, too clearly molde(l, and sometimes slightly
imprecise.” Both reactions are eminently understandable. The result was that many
years ago the two orchestras ceased visiting each other’s hall—the reason given then
was that the halls were unable to sell enough seats in either city. And toclay? The
Boston Symp]:lony Orchestra does not perform in Phﬂadelphia’s Aca(lemy of Music
and the Philadelphia Orchestra only comes to Boston’s Symphony Hall about once
in five years as part of a local bank’s “Celebrity Series.”

Maestro James De Preist, Music Director of the Oregon Symphony, has had
extensive experience in three of America’s important East Coast halls, including
the Academy of Music. Asked for his ’chough’cs on the different reverberation times

in these performing spaces, he wrote:

A native Phﬂa&elphian, I grew up immersed in the splendid, luxurious velvet of the
Philadelphia Orchestra. Hearing concerts in the highest perches of the Academy of
Music remains one of the most vivid memories of my teen years. Not until years later,
when I made my conducting debut with the Orches’cxa, did I realize how hard the mu-
sicians had to work to produce the “Pl'xila({elphia Sound.”

Every concert hall has its individual acoustics, which demand different a&just—
ments and accommodations of the orchestra that plays there. The conductor in particular
clevelops the performance ofa composition in accordance with those acoustics—adjusting
tempo, c].ynamics, structural spacing—to fashion an interpretation. The Academy of
Music, with its c{ry acoustics [s]aort reverberation time] that absorbs and even chokes
sound, impedes leisurely terinpi and long soaring lines. In response, the orchestra’s con-

ductors have require& endless bow arms of the players and directed them to attack and
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sustain notes in order to make the music “sing.” That effort to compensate for the
dryness of the hall, of course, had produced the orchestra’s trademark opulence——its rich
Hending sonorities.

I discovered the challenges of the Academy when I began working with the Phila-
delp]:ﬁa Ofrchestra. It was in 1972 and I had choéen Schoen])erg’s ultra-romantic Pelleas
and Melisande because I knew it would suit the rich, expansive sonority of the orchestra.
Only when I s’ceppe& on stage for the first rehearsals did I realize that the dry acoustics
of the hall undermined my plans for (lynamics and tempi. However, the players’ experi-
ence and intimate lznowledge of the hall allowed us to realize the printed dynamics of
the composition. More than a decade later, albeit much more experienced with my or-
chestra and my hall, I encountered similar difficulties cluring rehearsals of Mahler’s Ffﬁlz
Symplzony: diminuendi evaporated too abruptly and the exquisite pp and ppp string
playing, which sounded fine to me on the podium, was but a hollow vapor in the hall.

Because the Philadelphia Orchestra repeated this same program at Camegie Haﬂ,
we had an opportunity to compare the effects of the two vas’cly different halls on the
same orchestration—and to find out how the Phﬂadelphians could exploit their distinc-
tive sound in a more help{:ul acoustic. A_ntl'xony Gigliot’ci, the orchestra’s longtime prin-
cipal clarinet, felt that over time the Academy’s acoustic became drier and drier, and ]ay
comparison the sound of the orchestra bloomed during its visits to Carnegie. The Mahler
performance bore out his appraisal—in Carnegie Hall T could encourage the softest
pianissimi and allow the hall to play a role in sustaining the notes. Al’cllough the ad-
justments were quite sul)tle—reauy a matter of recalil)ra’cing dynamics—-—Aca(lemy sub-
scribers who attended the Carnegie Hall program claimed that they had never before
heard the full splenclor of The Phﬂadelpl’xia Orchestra.

A few years ago | had the chance to compare the effects of two very different
acoustics in two halls on the playing tecl‘miques of their home orchestras— Boston Sym-
phony Hall and Phﬂadelpl’xia Academy of Music. The Boston Sympl'xony Orchestra,
playing in its legendary Hall, offered a Brahms 2nd Symplzony that was lean, angular
and sharply etched with splendicl clari’cy: a crisp and ln'ghly articulated Brahms, which
was ideal for the Hall’s long reverberation time. A great hall tends to be permissive and
inviting in the process of music making. A few months later I conducted the Philadelphia
Orchestra in the Academy of Music. As with Boston, I invited the orchestra to repose
into the Brahms of their tradition—a more rounded and expansive performance. The
results were shaped as much by the acoustics of the hall as by any other factor. Both of
these magniﬁcent orchestras are products of their environments as their respective sonic
proﬁles witness.

As with every orchestra, the Philadelphia developed its sound in response to the
acoustics of its home, and although some might view the Llanlze’cing effect of the Acad-
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emy as a drawlnaclz, it has in fact demanded of its musicians, lushness, a distinctive

expansiveness, that would never have been realized in a more £0rgiving hall.

Perj[ormers

Conductors experience acoustics in relation to the orchestra as a whole; per-
formers, and especiaﬂy soloists, need to think about the sound of their particular
instrument in a space. Depencling on the instrument he or she plays, a performer
may react cli{{erently to an acoustical environment. As noted before, violins can
suffer from a space that is too reverberant or too clry, and thus prefer a fine balance.
Isaac Stern has explained this in detail:

Reverberation is of great help to a violinist. As he goes from one note to another the
previous note perseveres and he has the £eeling that each note is surrounded Ly s‘crength.
When this happens, the violinist does not feel that his pla,ying is bare or “naked”—there
is a &iendly aura surrounding each note. You want to hear clearly in a hall, but there
should also be this desirable Hending of the sound. If each successive note blends into
the previous sound, it gives the violinist sound to work with. The resulting effect is very
ﬂat‘cering. Tt is like wa]lzing with je‘c—assisted takeof.

Al’chough both are key]aoar(ls, organs—especiaﬂy pipe organs——and pianos
illustrate just how &ivergent the needs of different instruments can be. Pianists
appear to be satisfied with spaces less reverl)erant, “dryer, ” on the whole, than those
pre{;erred lny other instrumentalists. One rarely hears a pianist complain of a short
reverberation time with the same dissatisfaction as a violinist, pro]aahly because,
when chordal change is slow, the pianist has a sustaining peclal that can prolong
notes. Because there is a Jcechnique for merging a tone with its successor, and because
the piano is itself loud and reverberant, the pianist depends more on his performance
than on the hall to create the desired effects. Music for the pipe organ, on the other
hand, needs special consideration. Since the organ has no sustaining peclal, the tone
stops very soon after a key is released. The performer can, with considerable e{'fort,
achieve some fullness of tone, but technique alone can never fuﬂy substitute for
reverberation.

Asa resul’c, much music for the organ has developed such that it depen(ls on

reverberation. E. Power Biggs, a prominent twen’cie’ch-century organist, wrote:

An organist will take all the reverberation time he is given, and then ask for a bit more,

for ample reverberation is part of organ music itself. Many of Bach’s organ works are
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designed actuauy to exploi’c reverberation. Consider the pause that follows the orna-
mented proclama’cion that opens the famous Toccata in D minor. O]Jviously, this is for
the enjoyment of the notes as Jclley remain suspended in air. In harmonic structure,
Mendelssohn’s organ music is tailored to ample acoustics, for the composer playecl fre-
quen’cly in the great spaces of St. Paul’s Cathetlral in London. Franck’s organ music,
like that of Bach, f:requen’cly contains alternation of sound and silence, and clepends for
its effect on a continuing trajectory of tone. In general, a reverberation periocl of at least

two seconds, and prefera]aly more, is best for organ and organ music.

The pel{ormance spaces that dominated Europe, and North America, since the
Renaissance have shaped, or were sometimes shaped by, the styles of music that
prevailed through different perio&s in modern his’cory. Toclay, this acoustical give-
and-take continues to influence efforts to match compositions with appropriate
halls. So al’chough the pipe organ itself cannot fake reverl)era’cion, the great com-
poser of organ music ’chougllt in terms of hig}]ly reverberant spaces and thus created
compositions that still depend upon the acoustic of architecture at a particular

moment in llis’cory.

@A cOUSTICS AND MUSICAL PERIODS

The conductor and performer, presen’ced with a composition and a space in
which to play it, meet the chaﬂenge of maleing that piece shine in that environment,
no matter the disadvantages of the match. The composer, on the other hand, has
often enjoyed the advan’cage of creating a piece of music with a particular space, or
kind of space, alreacly in mind. Ol)viously, the reverberation a composer imagined
while worleing depen(led on the architecture that dominated musical performance
in his surroun(],ings. Consequen’cly, we can look back upon a his’cory of musical

periods with particular and sometimes very divergen’c acoustical demands.

Baroque Period

In spite of differences in the music written between 1600 and approxima’cely
1750 ]:)y European composers Sca’cterecl, the term Baroque gives us a convenient
&esigna’cion for the con’crapuntal s‘cyle from that periocl, a style best exempliﬁecl ]:)y
Bach and Handel in the north of Europe and Correlli and Vivaldi in I’caly. This
century and a half witnessed the evolution of music from an unaccompanied choral
song to a more highly r}iy’chmic, harmonic-thematic balance in which voice and

instrument frequen’cly combined and the parts were not all of equal melodic interest.
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The spacing of instrumental colors and the emphasis on contrast also typiﬁecl Ba-
roque music; with each movement confined to a fixed palette, the variety occurred
only from one movement to another.

Acoustically, the Baroque period cleveloped in two very divergent performance
spaces, one highly reverberant and the other with high definition and low fullness
of tone. Whouy familiar with these acoustical environments, the Baroque composer
wrote music to suit them. Secular music, or Baroque orchestral music, generaﬂy
found its audience in the dry acoustic—in the rectangular ballroom of a palace, for
instance, which had considerable intimacy, or in small theaters that replicatecl these
private spaces. In either case, these were relatively small rooms with hard, reﬂecting
walls and, when occupiecl, a reverberation time 1onger than that of a conventional
living room, yet low—less than 1.5 sec. In the small theaters, such as Munich’s
Altesresidenz Theater (opened in 1753), the music sounded intimate because of
the many near]ay souncl-reﬂecting surfaces; when full, it had an especiauy short
reverberation time. Even toclay, we prefer to listen to this highly articulated music
in a small space with fairly low reverberation time.

The spaces available for Baroque sacred music covered an unusuaﬂy diverse
range, presenting composers with certain chaﬂenges and possﬂ)ﬂi’cies. Bach may be
the composer who best exploited that range. Because most of the important
churches of the eighteenth century were very large and higlﬂy reverberant, listeners
continued to prefer these for the musical forms of earlier times, such as the plain-
chant. On the other hand, much of the sacred music of this periocl was written for
performance in private royal or ducal chapels with low reverberation times; to these
rooms we owe the brisk tempos of Bach’s early {.:ugues. Furthermore, cluring this
same periocl, Europe saw the spread of converted and newly built Lutheran churclmes,
in which the congregation occupiecl gaueries as well as the main floor; the acoustics
thus created were quite modera’ce——consideralyly less reverberant than that of the
medieval cathedral. Hope Bagenal, the Ieading architectural acoustician of England
in the mid-twentieth century, wrote,

The re(lucing of reverberation in Lutheran churches 1)y the inserted gaﬂeties, thus en-
al)ling string parts to be heard and distinguished and auowing a brisk tempo was the most
important single fact in the history of music because it lead clirectly to the St. Matthew
Pussion and the B-Minor Mass.

Bach composetl many choral works speciﬁcaﬂy for this unique environment
and created many of his Iarge works, inclucling the B-Minor Mass and the St.
Mathews Passion, during his tenure as cantor of the Thomaskirche in Leipzig.
Drawing on extant representations of the original Thomaslzirche——li’chographs and
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&escrip’cions of the tapestries, altars, and other art works—we can estimate its acous-
tical quali’cies with a great deal of accuracy. The original ]ouilcling probably had a
reverberation time of about 1.6 sec at mjd-frequencies with a full congregation and
of a little over 2 sec when partly full —a clry environment, as we would call it Jcoc],éty,
for ecclesiastical organ and choral music. Bach was the supreme master of coun-
terpoint, the art of coml)ining different melodic lines in a musical composition, and

this environment made hearing the harmonic relationship between the lines ideal.*

Classical Period

From 1750 until roughly 1820, European audiences enjoyed music written
in the “Classical” style. During this relatively short span of time, a wider secular
appeal gave a new impetus to the composer. Although the church and the court still
commissioned works throughout most of the eighteen’ch century, the growing in-
terest of music pul)lishers, entrepreneurs, and purveyors of pu]:)lic entertainment
increased the composer’s influence and imposecl changing demands on him. Haydn,
Mozart, and Beethoven created their great symphonies in this periocl.

From an acoustical point of view, the Classical symphony and sonata together
constituted the most important clevelopment of the periocl. These forms ’cypicaﬂy
syn’chesized a number of inclepenclent musical ideas—some related, some contrast-
ing—into a single unit. The way in which the ideas were put together—the struc-
ture of the music—sometimes became even more important than the musical ma-
terial itself. Characteristic of the Classical period is a diminished emphasis on the
contrapuntal style, the new direction foHowing the operatic idea of accompaniecl
melody rather than the interweaving of equal parts that characterizes a Brandenburg
Concerto. As Leonard Bernstein explains the Classical style in his The Joy o][ Music
[Simon and Schuster, New York, pp. 232-233 (1959)]:

Counterpoint is melorly, only accompanierl I)y one or more additional melodies, running
along at the same time. . . . [TThis music is difficult for us to listen to. . . . Today, we
are used to llearing melocly on top with chords supporting it underneath like piﬂars—

melocly and harmony, a tune and its accompaniment.

Overan, the changes from Baroque to Classical resulted in a Ligger sound, in which
fullness and c],ep’cll gainecl grounc], over the clarity and briskness that Bach had
exempliﬁecl. In the Classical symphony, a wave of strings carried the main part of

*After it acquiretl a higher céﬂing tluring a nineteenth—century renovation, the reverberation time at mid-
frequencies with full audience increased to about 1.9 sec [L. Keibs and W. Kuhl, “Zur Akustik der Thomas-
kirche in Leipzig,” Acustica, Vol. 9, pp. 365-370 (1959)].
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the melodic ma’cerial, augmentecl ljy woodwind passages as these became more
prominent. Bringing in the full orchestra emphasizecl larger movements.

These new sounds cleveloped concomitantly with the expan(ling audience.
Growing in number ’chroughou’c the eigh’ceen’ch century, pul)lic concerts were per-
formed in London and Paris; Ly the end of the eighteenth century, pu]:)lic concerts
became highly popular, owing mainly to historical and sociological developments
but perhaps also to the new musical style. Signiﬁcantly, Hay(ln composed twelve of
his sympl'xonies between 1791 and 1795 especiaﬂy for Salomon’s series of concerts
at the Hanover Square Room in London. At the turn of the century, concert music
as pul)lic entertainment spreacl across the continent, appearing in Leipzig, Berlin,
Vienna, Stockholm, and elsewhere.

While Luﬂding in this perio& did reflect the growing popular appeal of or-
chestral performance, the architecture 1aggecl behind the new poten’cial of the music.
The first real concert halls, built in the last half of the eigh’ceen’ch century, still
showed the influence of the court halls: ’chey were almost all rectangular, seated
audiences of 400 or fewer, and had rela’cively short reverberation times. The Holyweu
Music Room in Oxford, England, completed in 1748 and recently restored, seats
about 300 and has a reverberation time of about 1.5 sec at mid—frequencies‘ Vi-
enna’s Redoutensaal, which stood in Beethoven’s time, seated an audience of 400
people and had a reverberation time, with full audience, of about 1.4 sec at mid-
frequencies. The Altes Gewandhaus, which stood in Leipzig from 1780 to 1894,
also seated 400 and had a reverberation time, when fuﬂy occupied, of not more
than 1.3 sec at mid—frequencies.

Toward the middle of the nineteenth century, the popular appeal of orchestral
concerts became manifest in the construction of the first 1arge halls speciﬁcally
designed for concerts. These halls also had much 1onger reverberation times. For
example, the old Boston Music Hall, which opened in 1863, retained the rectan-
gular shape of the earlier halls described a]aove, but it seated 2,400 persons and had
a reverberation time of over 1.8 sec, with full audience. The “Neues” Gewandhaus
in Leipzig, completed in 1886 (and destroyed in World War II) embodied the same
change on a slightly smaller scale: also rectangular, it held an audience of 1,660
and had a reverberation time of 1.6 sec. The 1onger reverberation times of the best
of these large concert halls added to their fullness of tone and, hence, to the dramatic
value of the music, while at the same time their narrow rectangular shapes, which
proviclecl early reflections from the side waus, preserved the clari’cy necessary for
Classical music.

Today the pre£errec1 reverberation times for music of the Classical perio& appear
to be in the range of 1.6 to 1.8 sec, which is reasonably consistent with the acoustics
of the Leipzig, Oxford, and Vienna halls of that time. Beethoven’s symphonies,
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particularly his later ones, showed the immense scope of his imagination——he wrote
almost as though he anticipa’ced the large reverberant halls that would be built in
the next 150 years.

Romantic Period

For the next hundred years a succession of composers——from Schubert and
Mendelssohn, through Brahms, Wagner, Tchailzovslay, Richarcl Strauss, Ravel, and
Debussy—crea’ced a loody of music that, together with the Classical symphonies,
make up the preponderant part of today’s orchestral repertoire. From Haydn on-
ward , each generation of composers increased the size and tone color of the orchestra
and experimen’ced with the expressive possi]:)ili’cies of controlled definition. The mu-
sic no longer required listeners to separate out each sound they heard to the same
extent that Baroque and Classical music had. In some Romantic compositions, a
single melody migh’c be Suppor’ced ]:)y complex orchestral harmonies; in others, a
number of melodies interweave, their details on_ly partly discernible in the general
impression of the sound; and in some musical passages no melo&y seems to emerge,
only an outpouring of sound, perhaps rhy’chmic or drama’cic, often expressive or
emotional.

The music of this period, as normally performed, thrives in an acoustical
environment that provides high fullness of tone and low definition. Conductors and
musicians confirm the experience of recording engineers that these qualities are
achieved with a relatively long reverberation time, about 1.9 to 2.1 sec, and a small
ratio of sound that arrives clirec’cly from the performing group or from near]:)y side
walls to the reverberant sound energy that follows. That ﬁnding reflects the pref—
erences of performers and concertgoers today, and not surprisingly it matches the
choices made in concert hall construction in the last half of the nineteenth century.

Composers of this period sometimes wrote with a specific concert hall in mind.
Wagner composed Parsifa/ expressly for his Fes’cspielhaus in Bayreuth, Germany, for
example, and Berlioz composecl his Requiem for Les Invalides in Paris. In the last
half of the nineteenth century, halls built speciﬁcaﬂy for the performance of concert
music reflected the composers’ desire for acoustics with high fullness of tone. The
Grosser Musikvereinssaal in Vienna, for example, completed in 1870, has a rever-
beration time at mid-frequencies of about 2 sec when the hall is 1Euﬂy occupied. The
hall is small enough for ]5[ orchestral effects to sound very lou(l, and its narrowness,
which emphasizes the early sound reflections from sidewalls, lends both signiﬁcant
definition and spaciousness to the music. The Concertgeljouw of Amsterdam, which
was comple’cecl in 1887, also has a reverberation time of 2.0 sec at micl—frequencies,

but as it is wider it emphasizes the early sound reflections less; ’cherefore, the music
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played in it emerges with less clari’cy and more fullness of tone. The Concertgelaouw

has excellent acoustics for music of the late Romantic period.

Twentieth Century

Since the 1880s, concert going has grown into a well-established cultural
activity in Europe and the Americas. More recently, an impressive surge of interest
in concert-hall music has swept Japan, and Tolzyo migh’t soon become the world
capital of concert-hall music. Japan boasts a large number of symphony orchestras
and music conservatories, as well as wi(lespread pu]alic patronage; over eighty concert
halls have gone up across the country just since World War II. Tolzyo alone has more
than ten symphonic orches’cras, of which two, perhaps, are world-class ; descriptions
of nine Tolayo halls appear in Chap’cer 3 of this book.

The l)uilding as well as renovation of performance spaces at this time ]arings
with it the chaﬂenge of accommo&a’cing earlier s’cyles and meeting the (levelopments
of more recent compositions. The concert music of the twentieth century presents
audiences with a great deal of variety, some of it reﬂecting carlier styles and some
of it largely unprece&en’ce&. Many contemporary composers have written for 1arge
orchestras along lines similar to those tlevelopecl in the second half of the nineteenth
century, though with the addition of new harmonies, new instruments, and new
effects. Some of these works evince a return to the clearer sound of pre—Classical
perio&s, which requires smaller instrumental combinations and sometimes calls for
instruments (].irectly pat’terned on those of that earlier epoch. At the same time,
new musical innovations emerge every year, including experiments with sound from
sources other than conventional instruments—the electronics laboratory, the tape
machine, and the computer all furnish the components of a new music or at least
novel sounds.

Daniel Pinlzham, an active composer in New Englan(‘l, illustrates the dilemma

faced by a composer today working primarily in the “Baroque” environment of

King’s Chapel in Boston (1749). He writes,

Music that I have composed for King’s Chapel is in a style which might sound muddy
when performed in a reverberant concert hall, but which sounds at its best in that rather
dry environment, which transmits the details of each line with crystanine clarity while
still providing a useful blend for the various lines. When I was preparing my Haster
Cantata for Chorus, Brass and Percussion, the rehearsals were held in ]ordan Hall, Boston,
which is fairly live. For the actual performance that followed in a TV studio, I found
that the only way to cope with the dead acoustics was to permit the percussion instru-

ments to ring as long as they Would, and this gave the whole sound the impression of
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adequate reverberation. As a result of this experience, | have written my Concertante
No. 3 )[or Organ and Percussion Orchestra so that the aﬂer—ring of the percussion £ollowing
each phrase is deli]:)era’cely carried over into the l)eginning of the next phrase; in a dead
hall this will compensate for the lack of reverberation, while in a live hall it may either
enhance the reverberant sound of the room or the percussion ring may be curtailed at
the will of the performers to minimize confusion. On the other hand, T have found great
difficulty, even with llighly experienced musicians in performing in a live hall some music
that had originaﬂy been written for the dead acoustics of the TV studio.

To meet the needs of modern concert music, a contemporary hall would best ac-
commodate a variety of styles. Music of the transparent, “intellectual” type wants
a hall with relatively high definition, of the kind requirec{ for Bach. New halls now
exist that fulfill this requirement; often referred to as “hi-fi” halls, they combine
high definition with reverberation times at or near 1.4 sec at mi&-frequencies when
occupiec{. Modern music of a more passionate or sentimental quali‘cy sounds best
in a hall with high fullness of tone and low definition, the same profﬂe typical of
many la’ce—nineteenth—century spaces.

A real need persists, however, for halls that can straddle a range of musical
styles——haﬂs with variable acoustics. Some attempts at such &esigns appear in
Chapter 3 of this book, inclu&ing halls that make use of devices that reduce rever-
beration times, such as retractable curtains, and devices that increase reverberation
times, such as operal)le doors that permit the addition of 1arge reverberant chambers.
A few major halls are experimenting or have experimente& with electronic augmen-
tation—an art and craft that is slowly gaining in acceptance—but this effort still

applies mostly to halls that need to correct for basic acoustical deficiencies.

E uropean Opera
Of all the types of halls for music ever designed, the European opera house

has proved the most consistent over time. From at least 1700 on, the horseshoe-
shape& theater has been built with rings of boxes one atop the other and a crowning
gaﬂery of low-priced seats. The form reached its apogee in the Teatro alla Scala, the
well-loved La Scala of Milan, comple’ce& in 1778. Its horseshoe (].esign has croppe(l
up in nearly every important city in Europe and on other continents as well. This
ul)iqui’cous opera house, with its rela’cively short reverberation time (1.2 sec), has
allowed composers a unique creative privilege: to write opera with one kind of acous-
tics in mind. )

The acoustical requirements of opera differ from those for orchestral concerts.

Because the vocal part {:unc’cions, like speec]:l, as a form of communication, listeners
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should be able to hear the words clea.rly. To preserve a libretto’s inteﬂigﬂaility, es-
pecially at the tongue-twisting musical speeds of Mozart and Rossini, the perfor-
mance space must provide a relatively short reverberation time, so that the rever-
beration from one sound or chain of sounds will not mask successive syﬂalales.

Many opera houses sa’cis’f’y these requirements, especiaﬂy in Europe, where
audiences usuaﬂy hear an opera in their own 1anguage. The opera houses of Naples
San Carlo , Paris Gamier, London Royal Qpera, Vienna Staatsoper, Munich Staats-
oper, and Aca(lemy of Music in Phﬂa&elphia exempli.{y this type of acoustic. In
these houses, the singers’ voices reach the audience with clari’cy and sufficient loud-
ness, and the orchestra sounds clean and undistorted. This balance between or-
chestra and vocalists is assisted ]oy the acoustical &esign as well as ]oy the conductor’s
control of the orchestra. In the Americas and in Japan, where audiences typica]ly
listen to an opera in the language of its original composition, the need for precision
becomes less important. Consequently, in these houses, the reverberation can be
longer—more attuned to the music than to £0Howing the libretto. One hears this
acoustic at, for exarnple, Teatro Colén in Buenos Alires (1.6 sec), Metropolitan
Opera in New York (1.5 sec), and New National Theater in Tokyo (1.5 sec).

The works of Richard Wagner constitute the one exception to the European
standard: Wagner broke with the tradition of Baroque—lﬂze opera and evolved a s’cyle
closely related to the traditions of the Romantic periocl, albeit still whoﬂy distinctive.
From his pen flowed some of the most unusual and stirring of operas, “musical
dramas” as he called them. Wagner's rich Romantic music is best supported by high
fullness of tone and rela’cively low definition. His orchestral passages, with their
relatively low spee&, sound best in a hall with a 1ong reverberation time, approxi-
mately 2 sec at mid—frequencies; however, in order for the libretto to remain intel-
hgi];)le the reverberation time needs to be somewhat shorter, in the vicinity of 1.6 sec.

In an effort to achieve the perfect acoustical environment for his musical s’cyle,
Wagner &esigned his own opera house—the Festspielhaus at Bayreutll, Germany—
a house that combines a relatively 1ong reverberation, 1.6 sec at mi&—frequencies,
fuﬂy occupiecl, with a thoroughly blended orchestral tone. Al’chough per]r:ormances
here use a very large orchestra (100 to 130 pieces), proper balance is maintained
between singers and orchestra 1)y means of a sunken and covered pit, Which, ’cllrougll

a slot in the cover, also imparts a mysterious quali’cy to the music.

@H cOUSTICS AND LISTENERS

In the end, any s’cudy'm’; performance hall acoustics has one goal: to per:Eect

the audience’s enjoyment. All the constituent elements—the architecture, the com-
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position, the conductor, the performers, every‘ching—come ’coge’cher in the listener’s
experience of live music. And listeners take in the hall as a whole, rather than as a
cliagrammatic breakdown of reflective and a})sorbing surfaces. For example, as men-
tioned regarding the Berlin Philharmonie above, a layou’c that impedes the acoustics
of a hall may still please the audience, since it can add to the visual experience.

In an effort to make sense of what listeners prefer in a concert haﬂ, one
naturaﬂy gravitates toward those institutions with ou’cstanding reputations on the
assumption that audiences intui’cively recognize superior acoustics. Al’chough the
ingreclients that create a hall’s reputation may seem to have little to do with acous-
tics—positive reviews, high—proﬁle guest composers, etc.—many are nonetheless
traceable, at some level, to the physical clynamic of the space.

Music critics are, in a sense, audience members with excep’cional experience
and a heightened awareness for the details of a penr:ormance. They can be of vital
importance when it comes to gauging a hall’s reputation for its acoustical quality.
Every critic knows that the acoustics of a hall form the conduit between the per-
forming ]:)ody and the listener and, hence, shape what the latter hears. Every critic
also knows that a musical composition was pro]:)al)ly composecl for performance in
a particular acoustical environment. This lznowledge, then, contributes to the critic’s
assessment of a per£ormance.

Critics have a significant influence on a hall’s reputation when the institution
holds its gala opening or inaugural performance after major renovations. At that
opening concert, the critic probably asks him or herself an array of questions all of
which reveal something about the new l)uilcling’s acoustics. Are the tone quah’cies
of and the balance among the different sections of the orchestra to my hleing? Is
the sound as good or better than that in the haﬂ(s) that I regularly attend? Is the
hall overly bright or reverberant or too clinical or dry? Did the principal piece sound
as goocl as the best perjr‘ormance of that composition that I have ever heard? If not,
was the orchestra at fault or the acoustics? Were there any echoes or clistur})ing
sound reflections? Was there any acoustic distortion?

Of course, a careful critic realizes that it may be too early for pronouncements:
it takes months for an orchestra to acljus’c to the acoustics of a new hall and later
“tuning” of the hall may improve its sound (several famous halls received low critical
acclaim based on their first concerts, but rose to their present high estimation over
the years). N onetheless, the critic must analyze the music heard that nigh’c to pro-
duce the review, the wording of which will aﬁec’c, possil)ly Sul:)stan’ciaﬂy, the hall’s
reputation. Taken together, the ju&gments of a number of writers average out,
with the most Weight going to the most prestigious pul)lica’cion with the widest

circulation.
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Un(leniai)ly, a hall also wins iarge, regular, and satisfied audiences when it can
feature visiting musical (iigni’caries season after season, as well as a strong home
orchestra. Carnegie Hall is famous not oniy because its acoustics are favorable but
also because the great orchestras and performers Qi the world appear there. In ’cin's,
the relationship between good acoustics and gooci seasons is syml)iotic, as demon-
strated above: the best periormers will gravitate to the best halls because that acoustic
enhances their sound. The combination prociuces the excellent periormance that
leaves listeners profouncliy iiappy.

The conductors and soloists—the most high—proﬁie performers—-—maiee judg-
ments i)aseci, in part, on factors that the audience is not aware of, such as the
response to their ears of the stage enciosure, the ai)ility of the musicians to hear
each otiler, and the eariy reflections from the auditorium that reach their ears. If
every conductor says that Hall “X” is one of the great halls of the world, their
combined opinion will outweigii any results of questionnaires that migiﬂ: be ad-
dressed to that hall’s concertgoers.

From these dense and unscientific phenomena——reputa’cion, listening piea-
sure, etc.—the acoustical engineer must find a way to tease out acoustical quaii‘cy
and to relate that to how listeners responci. Un{ortuna’ceiy, we do not have recent
studies to go on: no cornprehensive, modern, iai)oratory-controﬂed tests of listeners’
preierences for a concert hall’s acoustical characteristics. N onetheless, many halls
are un(iergoing renovations, with the principai o]oject of improving their acoustics,
‘cypicaiiy i)y increasing their reverberation times. Orchestra Hall in Chicago, for
example, now has a reverberation time of 1.75 sec, up from 1.2 sec in 1994.. For
halls that generaily feature standard orchestral repertoires, those changes indicate
that the mid-frequency reverberation times should be in excess of 1.6 sec, but
optimally between 1.8 and 2.1 sec with the hall fully occupied.

A recent in-depth S’cu(iy of 24 opera houses has attempte(i to determine which
acoustical characteristics most affect conductors’ judgments of acoustical quaii’cy in
those venues (Hidaiza and Beranek, 2000). The survey obtained responses from 21
well-known opera conductors and six or more opinions on 21 houses. The ques-
tionnaires contained a rating scale for each house, with the options “Poor” and
“One of the Best” at the two extremes and “Passai)ie," "Good," and “Very Good”
in between. The average ratings of the houses 13y the conductors extended from half-
way between “Passable” and “Good” to iiaii-way between “Very Good” and “One of
the Best,” with the Buenos Aires Opera Colén at the top and the very iarge Toizyo
NHK Hall at the bottom.

The reverberation times of the six best opera houses range(i from 1.24 sec
(Milan, La Scala) to 1.6 sec (Dresden, Semperoper) with the mean value for all of
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1.4 sec. The best halls seated less than 2,500 persons, and thus were not too wide,
creating a sense of “intimacy,” which is proviclecl only if there are soun&-reﬂec’cing
surfaces near the proscenium. The loudness of the singers’ voices in the audience
area depende& on the type of scenery on stage and whether the singers stood near
the apron of the stage or farther back. In the best houses, the singers’ voices were
judged as “clearer” than the sound of the orchestra, because singers are more ex-
pose(l. The conductors were also asked to give separate grades for the acoustics as
heard in the audience and as heard in the pit. In only three houses (Munich, Prague,
and New York) was the sound in the pit (the conductor’s position) judged signifi-
cantly better than the sound in the audience. Finaﬂy, the “texture” of the sound in
the best houses rated above that in the least goocl houses (see Chap‘cer 2 for a
definition of texture and the usual method of measurement).

With this general introduction, we shall move in the next chap\ter to the ter-
minology used in musical acoustics and to an un&erstanding of the acoustical factors
that are believed, at this stage of acoustical lenowle&ge, to determine the quality of

a concert haﬂ Oor opera house.
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A third group, music critics, provide a useful foil. Since they need to convey
their reactions to a lay pu]olic in vivid terms, Jchey use a suLjective language that is
rarely amenable to precise definition. Tl'ley may describe the acoustics of a new
concert hall as llover]aearing," “ravishing," “shimmering,” or “shat’cering." While
such words cannot serve as guicles to successful acoustical design, ’clley do have a
purpose. Because the critic is a perceptive, experienced listener, both the musician
and the acoustician must pay attention to this language, gleaning from it infor-
mation that facilitates their own professional goals.

. The 25 terms defined here cover all the important aspects of music performe(l
in the acoustics of a closed space (a chart at the end of this chapter provicles an
overview). Accompanying each definition is an explanation of the physical charac-
teristic that affects the defined acoustical parameter. Please leeep in mind that these
definitions and the discussions in this book concern concert halls and opera houses
seating more than 700 persons, with occasional references to churches and halls
for chamber music. The acoustics of small rooms and broadcast studios, which

typicaﬂy have problems at the low frequencies , are not treated here.

Reverberation and Fullness o]/ Tone

Reverl)era’cion, to the acoustician, is the continuation of a musical sound in
a hall after the instrument that produced it ceases to sound. This “aﬂ:er—ring" is
par’cicular to music playe(l inc].oors; ou’csicle, a note has no reverberation—sounds
simply become weaker as they travel outward. Imagine that a violinist on stage in
a concert hall plays a single note. The acoustical wave that radiates outward from
the violin in all directions encounters the surrounding surfaces—waus, })alcony
fron’cs, ceﬂing, and the audience area. A listener, as shown in Fig. 2.1, hears first
the direct sound wave, fonowed, after a brief in’cerval, Ly a succession of “first”
reflections (designated in Fig. 2.1 as R;, R,, R, etc.). Those first reflections will
go on to encounter more su&aces, including the audience “surface," and more waves
of reflections ensue. In one second, in fac’c, because sound travels so rapicﬂy, the
single note from that violin can impinge on and be reflected from a room’s surfaces
some 20 times. Of course, the sound loses some energy at each encounter—par-
ticularly at the audience area—so that what the listener hears graduaﬂy dies down
to inaudi]oility.

In the work that acousticians do in concert haﬂs, “reverberation time” (RT)
holds a key position. In general terms, the reverberation time of an enclosed space
refers to the amount of time it takes for a loud sound in that space to become
completely inaudible after it is s’coppecl. In more technical terms, reverberation time

is the number of seconds it takes for a loud tone to decay 60 decibels after ]oeing
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%RE 2.1. An illustration of the paths that sound travels from player to
listener, including the direct sound and four early reflected sound waves out of
many that may occur in the early time period of 80 msec. These additional
reflections may occur from balcony faces, rear wall, niches, and any other
surfaces, including the audience “surface.”

stopped, also known as the “sound decay process” (Fig. 2.2). A sound created in an
unoccupied concert hall, with hard interior surfaces and without sound—a]osorl)ing
materials (carpets, for example), will continue to reverberate for three or more sec-
onds after cessation; that is to say, the room has a reverberation time of three or so
seconcls, unoccupie&. The addition of an audience, which reflects but also absorbs
soun(l, will cause the reverberation to die out sooner. The most famous halls have
reverberation times, ﬂlﬂy occupie(l, at middle frequencies (the frequencies between
350 and 1400 Hz; see definition below), in the range of 1.8 to 2.0 sec.
Reverberation is in itself neither desirable nor undesira]:)le; it is one of the
components available to the composer (and the performer) for producing a musical
effect. Because the reverberant sound fills the spaces between new notes as they are

pla.yed, it provides the “fullness of tone” that musicians may employ or restrain, as
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%RE 2.2. A diagram of sound decay at a listener’s ears. Here the direct
sound and its strength appears as the vertical line at the left of the diagram,
followed by the initial-time-delay gap (ITDG). The ITDG is followed by a succes-
sion of sound reflections that decrease in amplitude as they suffer loss at each
reflection from surfaces in the room. The reverberation time of the room is
defined as the length of time required for the reverberant sound to decay 60
decibels. This time is usually measured from —5 dB to —35 dB and multiplied
by a factor of 2 to give the equivalent of a 60 dB decay. Starting the measurement
after the sound has dropped 5 decibels eliminates the ITDG from the result. In
this drawing, the length of the ITDG is exaggerated, shown as about 200 msec,
nearly 10 times the length found in the best concert halls, which have rever-
beration times of about 2.0 secs, fully occupied.

their needs demand. Beginning in the sixteenth century, composers wrote choral
and h’curgical music for per{ormance in both large highly reverberant cathedrals and
smaﬂer, less reverberant churches or chapels. In every period, composers have written
chamber music for small groups of instruments playe(l in small rooms, where the
reverberation times are short. Between 1700 and 1850 much orchestral music was

written for groups that performed in larger but reasona]:)ly narrow public halls and
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in ballrooms in the palaces of Europe. The reverberation times in these spaces
reached a maximum of 1.5 sec at mid—ﬁequencies. Similarly, opera was usuaﬂy
performecl in rela’cively small, and narrow, horseshoe—shaped opera houses, such as
the Teatro di San Carlo in Naples, Italy, which has a reverberation time of only
about 1.2 sec. '

This array of venues, with their distinct acoustical personalities, has allowed
composers to conceive their musical works with particular ranges of reverberation
times in mind. I(],eauy, every performance of a work finds an environment suited to
its composition—or an orchestra skilled at negotiating discrepancies between com-
position and hall. When a work is performecl in a hall with an unsuitable reverber-
ation time, a sophis’cicate& listener will quiclely realize the mismatch. As the organist
E. Power Biggs once said, “The listener immediately senses something wrong when
he hears one of the organ works compose(l for performance in a cathedral played in

a small coﬂege auditorium.”

Direct Sound, Ear/y Sound, Reverberant Sound

Direct sound is the first sound a listener hears coming from an instrument
on the s’cage—tha’c is, the sound that travels directly from instrument to listener.
In Figs. 2.2 and 2.4, it appears as the vertical line at the left of the graph. The
term ear]y sound encompasses the direct sound plus all the reflections that reach a
listener’s ears in the first 80 milliseconds (msec) after arrival of the direct sound
(a millisecond is equivalent to one-thousandth of a second; 100 msec is a tenth of
a second). The reverberant sound includes all the reflections that arrive after
80 msec. In the paragraphs that foﬂow, frequen’c references appear to the ratio of
the energy in the early sound to that in the reverberant sound.

Ear/y Decay Time (EDT) (A]so Ear/y Reverberation Time)

When a musician or ensemble plays rapidly, only the early part of the sound
decay process remains audible between successive notes (see “speed” below). “Early
decay time” (EDT) designates that initial phase of sound decay. More specifically,
it is the exact amount of time it takes for a sound from a musical note to clecay 10
decibels after it is cut off, mul’ciplie(l l)y a factor of 6. Why the factor of 67 Ten
decibels of decay occurs in a time perio& roug}]ly equivalent to one-sixth of the time
required for 60 decibels of &ecay, defined above as the reverberation time. The factor
6 allows a direct comparison between EDT and RT (both in seconds). The descrip-
tions of the concert halls iri Chap’cer 4 include a correlation between each hall’s

suhjec’cive ranlz—ordering, gathered from interviews and questionnaires, and its EDT
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and RT measurements. The results make it apparent that EDT indicates acoustical
quality better than RT does, because notes playecl l:)y violinists in sympllonic com-
positions usually follow each other very rapi(lly.

Speec] O][ Successive Tones

When a musician pertorms, the Speect at which he or she plays has a vital
relationship with the acoustics of the hall. In particular, the spee(i at which successive
tones follow one another interacts with reverberation time and thus stiapes what the
audience hears. The two graptis in Fig. 2.3 demonstrate this process: each grapli
shows two successive tones playe(t on a musical instrument in different acoustical
environments. If the reverberation time is long, as in Graph A (3 secs), the second
tone falls beneath the reverberant sound and becomes inaudible. In other wor(is,
music played at this speed in a hall with tiigli reverberation time will have little
clarity (see “Definition,” l:)elow). Grapll B shows the same two notes in relation to
a reverberation time of 1 sec. In this case, the second tone comes tllrougll clearly,
as does its ensuing reverberation.

The faster the musicians play, the more quiclzly notes pile up under even short
reverberation times. Were the spee(l of successive notes as representecl in Grapll B
to increase, the second tone would move to the left because the time between the
two notes becomes shorter. If the spee(t is great enougll the second tone will fall
below the reverberation line for the first tone even for a 1-sec reverberation time
and will become inaudible. If there is no reverberation (RT = 0), the notes will
stand out clearly whether playe(l fast or slow, just as with music outdoors.

We must empllasize, liowever, that for any given tempo, the number of notes
squeezed into a musical measure may be large, particularly for stringect instruments,
thus the separation between notes is a fraction of a second, and the strengttis of the
successive notes are not greatly different. Thus the presentation in Fig. 2.3 of two
successive notes 15 decibels apart in strengtli, and playe(t very slowly, demonstrates
principle only, not actuality.

De][inition (or C’/arity)

The terms “definition” and “clarity” are synonyms for the same musical qual—
ity. Ttiey name the (tegree to which a listener can (tistinguisli sounds in a musical
pertormance. Definition is discernable in two forms: Zzorizonta/, related to tones
playe(l in succession, an(l7 vertical, related to tones playect Simultaneously. In either
case, definition results from a complex of tactors, both musical and acoustical—a

certain piece of music, playe(t in a certain way, in a certain acoustical environment.
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%RE 2.3. A demonstration of the way a long reverberation time “masks”
(hides or drowns out) a musical note. Graph A shows the first note starting at
the left side of the graph and dying out (—60 dB) 3 secs later. A second note
(very weak with a strength that is 15 dB less than the first note) is sounded
0.5 sec later. It is masked by the falling reverberation of the first note. Graph B
shows that if the reverberation time is shorter (1 sec), the second tone and its
falling reverberation will remain audible. The decaying of the first note “bridges”
the gap between the two notes, which adds “fullness of tone” to music.

“Horizontal definition” refers to the degree to which sounds that follow one
another stand apart. The composer can speci£y certain musical factors that deter-
mine the horizontal deﬁnition, such as tempo, repetition and number of tones in
a p]nrase, and the relative loudness of successive tones. The performer can vary the
horizontal definition with phrasing and tempo. Both, however, have to work within
the acoustical quali’cies of the hall. Horizontal definition increases both as the length
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of the reverberation time decreases and as the ratio of the loudness of the early
sound to that of the reverberant sound increases.

Horizontal definition is usua]ly defined I)y acousticians as the ratio expressea[
in decibels of the s’crength of the early sound to that of the reverberant sound. Thus,
if the definition, in decibels, is a positive quantity, the early sound dominates. If
negative, the s’crength of the reverberant sound dominates. If zero, they are alike.

“Vertical definition” refers to the degree to which notes that sound simulta-
neously are heard separately. Like horizontal definition, vertical definition depends
on the score, the performers, and the auclitory acuteness of the listener, as well as
on the acoustics of the room. The composer speciﬁes the vertical definition by
choosing which tones sound at once, the instrument(s) for each tone, and the
relation among the tones; the latter can vary, for instance, depending on whether
the composition is hymnlilze, chorclal, con’crapun’cal, or simply an accompaniecl mel-
ocly. Performers can alter the vertical definition Ly varying the clynamics of their
simultaneous sounds and ]:)y the precision of their ensemble. The performance space
shapes vertical definition vis-a-vis acoustical factors such as balance among the
sounds of the various instruments as Jchey reach the auclience; the degree to which
the tones from the different instruments in the stage enclosure blend toge’cl’ler; the
relative response of the hall at low, miclcﬂe, and high frequencies; and the ratio of
the energy in the early sound to that in the reverberant sound.

To communicate a piece of music faith{’uﬂy to an audience, the musicians and
conductor need to discern and follow the clegree of definition that the composer
intended; success in that endeavor requires a though’cful choice of hall. Gregorian
chant—with its slow melodic lines that build and recede graduaﬂy——is best per-
formed with little horizontal cle{:ini’cion, pre£eral)1y in a cathedral-like room with a
very long reverberation time and lots of reverberant energy compared to the early
sound energy. Bach’s Toccata in D Minor for organ needs a reverberation time of at
least 3 sec in order to realize its full sonorities. At the other end of the spectrum,
a piano concerto I)y Mozart—with its rapid solo passages and the delicate in’cerplay
of piano and different orchestral voices—needs considerable horizontal and vertical
definition. It should be performecl in a room that has a relatively short reverberation
time and that allows for a larger amount of energy in the early sound relative to
that in the reverberant sound. Mozart, after hs’cening to a performance of Die
Zauéen[/d'te from various locations in an unoccupiecl opera house, wrote in October
1791: “By the way, you have no idea how charming the music sounds when you
hear it from a box close to the orchestra—it sounds much better than from the
gauery. ” Mozart learned what later generations have conﬁrme&, that even in a hall
with a rela’cively short reverl;gration time, his s’cyle of music sounds best at a location

where the amount of early energy exceeds that of reverberant energy.
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In spealzing of concert hall acoustics, a musician may use the terms “rever-
berance” and “resonance” interchangeal)ly, but an acoustician employs each to sig-
ni£y very speciﬁc——ancl clistinct—phenomena. The time-worn musical example of
resonance is the story of the soprano who hits a certain high note and shatters a
crystal stem-glass. The explana’cion? The frequency (tone) of her loud high note
coincided with the ﬁequency of a “natural mode of vibration” of the glass, therel)y
inclucing a vibration vigorous enough to break the glass.

Every Loc].y or ol)jec’c, even those that appear to be whoﬂy inanimate, is con-
stan’cly in motion on a molecular level. By the same token, every oLjec’c vibrates,
quite na’curaﬂy, at certain frequencies. Resonance refers to the speciﬁc coincidence
of two phenomena: the glass resonates (1) because an external sound, Vil)ra’cion, or
other force—the soprano’s high note—matches (2) one of the glass’s natural modes
of vibration and causes it to vibrate vigorously at exactly that frequency. When you
strike the head of a tympani with a mallet the tones you hear come from one or
several of its natural modes of vibration: the air column inside the tube beneath the
bar of a xylophone will resonate when the {requency of the bar matches the air
column’s natural mode of vibration.

For technical discussions, it is also necessary to (listinguish resonance from
“augmentation of 1ouc1ness,” although musicians may conflate the two. For exam-
ple, when the string on a violin is set in motion l)y the bow, the l)oc],y of the violin
will amplify the string’s tone: the violin’s large surface area radiates sound many
times better than does the small area of the string. The ampliﬁca’cion does not occur
because the string’s frequency matched the frequency of a natural mode of vibration
of the Lody. An even louder tone is genera’ced, however, when a natural mode of
vibration of the violin laody coincides with the frequency of the tone genera’ce(l Ly
the vibration of the string.

Intimacy or Presence and Im’tia/—ﬂ'me—De/ay Gap

A small room has visual intimacy——people in the room see the walls and other
olnjects rela’cively nearby. By the same tolzen, a hall can have “acoustical intimacy”
if sounds seem to originate from nearby surfaces. (Professionals in the recording
and broadcast industries would say that such a hall has “presence.”)

This phenomenon matters to the acoustical engineer because it arises from
the speciﬁc physics ofa space. The degree of musical intimacy in a space corresponcls
to how soon after the direct sound the first reflection reaches the listener’s ears. As
described a]:)ove, any listener in a performance hall hears first the direct soun(].,
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which travels in a straight line from an instrument to the person’s ears in just a few
hundredths of a second. The reflected sound waves follow just behind. If the time
difference between the direct sound and first reﬂection, also known as the initial-
time-delay gap (ITDQ) (Figs. 2.2 and 2.4), is short, the hall sounds intimate. Acous-
tical measurements show that in the center of the main floor of the best-liked halls
the ITDG remains at or below 25 msec. In a lower-grade hall, the ITDG exceeds
35 msec; in a poor hall, it reaches 60 msec or greater.

Usuaﬂy the first reflection arrives from a sidewall or a l)alcony front. Thus,
for a low ITDG, a hall should be narrow and have near-parallel sidewalls. In a fan-
shaped ha]l, the early reflections are reflected into the back corners, so that the first
reflection a listener in the center of the main floor hears will prolaably come from
a hig]a ceiling, which means that the ITDG may grea’cly exceed 30 msec. In that
case, hanging reflecting panels or “saw-toothed” panels along the sidewalls can be
used to guide early sound to the listener and to reduce the ITDG to the 20-msec

region.

Time in milliseconds ——>

%ﬂn—: 2.4. A “reflection pattern” diagram, useful for measuring the initial-
time-delay gap (ITDG). It illustrates the sequence in which sounds travel to a
listener’s ears and the relative loudness of each sound. The vertical line at the
left shows the sound that travels directly from the performer to the listener, the
first sound to arrive. After the ITDG, reflections from the walls, ceiling, stage
enclosure (see Fig. 2.1), and other reflecting surfaces arrive in rapid succession.
The height of the direct sound plus the height of the series of reflections sug-
gests the loudness of the sound.
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Liveness and Mic[-Frequencies

A “live” hall has a 10ng reverberationvtime; a hall with a short reverberation
time is called “dead” or “dry.” “Liveness,” a largely subjective term, corresponds
genera]ly to the reverberation times at the jr‘reqliencies between 350 and 1400 Hz
(for orientation, the note A above middle C on the piano leeyboard has a Jr‘req[uency
of 440 Hz) because a person’s hearing is more sensitive in that region. The average
of the reverberation times in this frequency range, called the reverberation time at
mic[—ﬁequencies, constitutes a part of the description for each hall in the next chap’cer.
In a concert hau, when a tone is sounded and then sucldenly turned o{‘f, the rever-
beration time at micl—frequencies remains audible for about 1.5 to 2.2 sec. In an

opera house the range is generally 1.2 to 1.6 sec.

Spaciousness

When a cello, for example, plays ina rela’cively narrow, shoebox—shaped con-
cert haﬂ, the sound appears to the listener to emanate from a space sul)s’cantiaﬂy
wider than the actual width of the cello. This phenomenon, known as spaciousness,
comes primarily from lateral reflections in the hall, such as reflections from sidewalls
and side-balcony fronts. Properly measured, the degree of spaciousness ranks as one
of the primary reasons why one concert hall or opera house sounds better than
another.

A listener takes sound into the brain Linauraﬂy——tha’c is, through the two ears
that are separa’ce(l from each other I)y the head; this conﬁguraﬁon and the way the
brain interprets the resulting transmission of information from the two ears is
responsible for the perception of spaciousness. When a listener faces a source of
music outdoors, the sound that reaches him or her will be identical at both ears and
thus bereft of spaciousness; however, when a sound comes from one side, one ear
hears it sligh’cly sooner than does the other. Fur’chermore, the sound that arrives at
the second ear will be of lower strength because the intervening head shadows it
slightly. Ina hau, where many reflections converge at various angles on the audience
in the first 80 msec, a substantial portion of those heard will be lateral (Fig. 2.1).
If the lateral reflections combine at each listener’s two ears with the right degrees
of difference, the spaciousness that results will cause the hall to be judged as having
superior acoustics. Lesser spaciousness than this optimum amount results in re-
duced acoustical quali’cy. Acoustical engineers measure spaciousness with instru-
mentation that yielt].s a quantity called Binaural Quality Index (BQI), detailed in
Chapter 4. Inci&entaﬂy, thg presence of strong bass sounds will also add somewhat

to a hall’s spaciousness, but bass s’creng’ch is treated separately below.
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Warmth

In general, “warmth” of music in a concert hall is direc’cly related to whether
the bass sounds are clearly audible when the full orchestra is playing. In technical
terms, “warmth” in music is determined by the strength of the bass tones, simply
measured lz)y a sound level meter at various audience seats in a hall cluring which
time a standardized loudspeaker radiates a 125-Hz tone from the stage. Problems
with warmth can arise at either extreme. Musicians sometimes describe as “dark” a
hall that has too strong a bass, which only occurs because the high frequencies
become too attenuated ]:)y draperies, carpets, or other sound—al)sorl)ing materials in
the hall. Conversely, the music will lack warmth if the walls or the ceiling surfaces—
or both—are constructed of thin wood paneling, which soaks up low-frequency
sounds. The pipes and swell boxes of a pipe organ or overly thick upholstery on the

seats can also absorb low Hequencies in signiﬁcan’t amounts.

Listener E. nve/opment

“Listener envelopmen’c" refers to the degree to which the reverberant sound
seems to surround the listener—to come from all directions rather than from lim-
ited directions. In Boston’s Symphony Hall, where the acoustics are ju&ged excel-
lent, the reverberation appears to originate in the entire upper—haﬂ space and arrives
at the audience from al)ove, ahea,d, and behind. By contrast, any person seated on
the main floor of a hall with a steep audience balcony at the back will perceive the
reverberation as coming primarily from the front of the hall. Al’chough the electronic
measures for listener envelopmen’c are too involved to discuss here, one can estimate
it with a visual inspection of a hall. Just observe whether the sound waves have the
freedom to travel around the overhead surfaces at the £ron’c, sides, and rear of the
hall (imagine the freedom that a billiard ball has to bounce around the four sides
ofa pool ta]:)le) ; note the presence of any signiﬁcant irregularities and ornamentation
on the si&ewaﬂs, ceiling, and balcony fronts, which will help spreacl the sound re-

flections to all surfaces.

Strengtlz o][ Sound and Loudness

The word loudness as employed by acousticians bears a strong resemblance to
the lay person’s use of the term—the su]ojec’cive perception of the volume or force
of a sound at one’s ears. But acousticians use “s’crengt}l of sound," measured in
decibels, to formulate loudness with much greater precision. Measuring a sound’s
s’creng’ch with a microphorre‘ and a calibrated sound-level meter, engineers look at

loudness in two stages of its arrival at a listener’s ears: early and reverberant. Loud-
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ness of the eariy sound comprises the sound that comes (iirectiy from the source
and the energy received from the eariy reflections in the first 80 msec. Loudness of
the reverberant sound is defined as the total sound energy that reaches a listener in
the period following the first 80 msec. Parenttiica]iy, if the strength of a sound
increases or decreases t)y about 10 ctecit)eis, its loudness as one hears it is doubled
or halved, respectively.

From these ctetinitions, one can estimate different levels of loudness from hall
to hall, ciepen(iing on the ptiysicai (iesign of each. A sound emitted unitormiy ina
concert hall seating 1,000 listeners would be louder than that in a hall seating
3,000 to 5,000 if both halls have the same reverberation time. (Note that in the
usual concert hall at mici—trequencies the audience area actuaiiy absorbs up to 80
percent of the total sound radiated i)y the orctiestra.) Thus, the total sound power
that the orchestra emits is divided almost equaiiy among the number of listeners,
and each of 1,000 listeners will receive three times the amount of sound energy (5
decibels more) as each of 3,000 listeners. Music also sounds somewhat louder in a
tiigiiiy reverberant hall than in a dead hall, even ttiough both may seat the same
number of listeners.

Timt»re anc] 7-('3728 CO/OT

“Timbre” is the quaiity of sound that distinguishes one instrument from
another or one voice from another. “Tone color” describes balance between the
strengti’is of iow, mi(i(i.ie, and tiigtl trequencies, and balance between sections of the
orchestra. The acoustical environment in which the music is prO(iucect affects tone
color. If the hall either ampii]r:ies or absorbs the treble sound, brittleness or a muffled
quaiity may mar the music. If the stage enclosure or the main ceiiing directs certain

sounds oniy toward some parts of the hall and not toward others, the tone color will
be affected (iitterentiaiiy.

Acoustical Glare

I£ the sidewalls of a hall or the surfaces of tianging paneis are flat and smooth,
and are positione(i to proctuce eariy sound reflections, the sound from them may
take on a brittle, hard, or harsh quaiity, anaiogous to opticai glare. This “acoustical
giare" can be preventect cither i)y actcting fine-scale irregularities to those surfaces or
l)y curving them. In the eig”tlteenttl and nineteenth centuries, t)aroque carvings or
piaster ornamentation proviii‘eci fine-scale irregularities on sounct-retiecting surfaces

which reduced giare very ettectiveiy.
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Brilliance

A bright, clear, ringing sound, rich in harmonics, is described as “brilliant.”
A brilliant sound has prominent treble frequencies that clecay slowly. In a concert
hall, the high frequencies, to some extent, will diminish natura]ly because they are
absorbed in the air itself through which the waves travel. A serious lack of briﬂiance,
however, arises primarily from the presence of carpets, clraperies, or any significant
amount of souncl—a]osorbing materials. By contrast, sound may become overly bril-

liant with improper additions of electronic amplification.

Ba/ance

Good “balance” entails both the balance between sections of the orchestra
and balance between the orchestra and a vocal or instrumental soloist. Some of the
ingreclien’cs that combine to create good balance are acoustical and others are mu-
sical. A performance can lose balance if the stage enclosure or some other surface
near the players overemphasizes certain sections of the orchestra or if it fails to
support the soloists a&equately. Beyoncl that, balance is in the hands of the musi-
cians, their seating, and the conductor’s control of the players. In an opera house,
balance between singers and orchestra is achieved Ly the stage clesign, the early
reflective surfaces proviclecl near the stage to assist the singers’ voices, the pit clesign,

ancl, again, the conductor’s control of the orchestra.

Blend

“Blend” describes a mixing of the sounds from the various instruments of the
orchestra such that the listener finds them harmonious. Blend clepencls partly on
the placemen’c of the orchestra, which should be sprea(l neither too wide nor too
cleep. Blend also clepencls heavily on the design of the souncl-reﬂec’cing surfaces close

to the stage, such as those of a stage enclosure.

Ensemlple

“Ensemuen refers to the al)ili’ty of the per{ormers to play in unison—to
initiate and release their notes simul’caneously so that the many voices sound as
one. Orchestral ensemble &epencls on the a]oili’cy of the musicians to hear (ancl
perhaps to see) their fellow performers. The sound-reﬂecting surfaces near and above
the performers should carry the sound from the players on one part of the stage to

those on other parts. Risers on the stage are often used to enable the musicians to



The Language anusica/Acaustics

see each other better (they can also allow the audience on the main floor to see the

players at the rear of the orchestra).

Immediacy o][ Response (Attack)

From the musician’s standpoint, a hall should give the performers the £ee1ing
that it responds immediately to a note. This can depend largely on the hall’s “im-
mediacy of response’ : the manner in which the first reflections from surfaces in the
hall arrive back at the musician’s ears. If the reflections occur too 1ong after the
note is sounde(l, the players will hear them as an echo. Conversely, if the musicians
hear reflections only from the nearby surrounding stage Waus, they will have no

sense of the hall’s acoustics.

Texture

“Texture” refers to the listeners’ su]ojective impression of the music based on
the patterns in which the sequence of early sound reflections arrives at their ears.
In an excellent hall those reflections that arrive soon after the direct sound follow
in a more-or-less uniform sequence. [n other halls there may be a considerable
interval between the first and the fo]lowing reflections. High—quali’cy texture requires
a 1arge number of early reflections ' uniformly but not precisely space(], apart, aﬂowing

no one to dominate.

E CZIOQS

chho" describes a delayecl reflection sufﬁciently loud to annoy the musicians
on stage or the listeners in the hall. Ceiling surfaces that are very high or that focus
sound into one part of the hall may create echoes. Echoes may also result from a
10ng, high, curved rear wall whose focal point is near the front of the audience or

on the stage. Echoes are more obtrusive in halls with short reverberation times.

Dynamic Range and Backgrouna] Noise Level

“Dynamic range” is the spread of sound levels over which music can be heard
in a hall. This range extends from the low level of Laclzground noise produced l)y
the audience and the air—handling system up to the loudest levels produced in the
per{ormance. All extraneous sources of noise—including traffic and aircraft

noise—must be avoided in order to obtain a wide dynamic range.

I
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Quality of Early Sound

Quality of Reverberant Sound

Quality of Bass Sound

Loudness of Sound

Clarity or Definition

Timber & Tone Color

Ensembie

Dynamic Range
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Abundance of lateral reflections

‘Low correlation between early sounds

at the two ears at mid-frequencies

Reverberation time optimum for type
of music performed

Adequate strength
Irregular surfaces in hall

Adequate strength of sound in the
frequency range 80-355 Hz

Hall must not be too large

Hall must contain minimum of
sound-absorbing materials

Proper ratio of direct sound energy
to reverberant sound energy for the
music being performed

Restricted reverberation time

Affected by speed of music

Affected by texture, balance, and
blend of music in sound field

Irregularities on hall surfaces
Balance of tonal spectrum
Musicians’ ability to hear each other

Hall not too large

Minimum of background noise

C%G\URE 2.5. A chart showing the interrelations between the audible factors
of music and the acoustical factors of the halls in which the music is performed.
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Detriments to Tonal Quality

Like a fine instrument, a concert hall can have fine tonal quali‘cy—the faithful
transmission of the sounds from the instruments without any added (or sulatractecl)
sounc],s, distortion , or shift of source. Tone quali’cy, can suffer any number of injuries,
such as a rattle in a metallic surface or metal bars in the front of an organ that
resonate in unison with certain musical notes. Sometimes a special kind of distor-
tion will intrude—some architectural or decorative aspect of the hall may add a
rasping sound to the orchestral music. Fine-scale irregularities on reﬂec’cing plane
surfaces alleviate this type of distortion. A “shift of source,” heard at certain seats
in even some of the best halls, can also distort the tonal quality. Ifa particular
sound-reﬂec’cing surface focuses a large amount of sound toward one part of the
audience, the listeners there will hear the sound as emanating from that surface
rather than as coming c].irec’cly from the orchestra.

U mformity o][ Sound in Audience Areas

The same music, tonal quality, etc., should reach every listener. The quality
of a listener’s experience will suffer if he or she is seated under a deep overhanging
loalcony or at the sides of the front rows in the hall. In certain loca’cions, reflections
may overemphasize one section of the orchestra or produce echoes, muddiness, or
lack of clarity. Musicians sometimes speak of “dead spots” where the music is not
as clear or as live as it is in other arts of the hall. Acousticians reserve that term

only for locations where the music is especiauy weak.

Summary o][ the Musical Qua/ities Aﬁ[ectea[ ZJy Acoustics

F‘igure 2.5 summarizes the interrelations between the musical quali’cies heard
in a concert hall and the acoustical factors that affect those quali’cies. This chart,
together with the definitions of this chapter, covers the known interrelations among
the quali’cies of music performecl in a concert hall. Much of the information also
applies to opera houses, but there are sufficient differences to require a separate

discussion (see Chapter 5).

F
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ONE HUNDRED CONCERT HALLS AND OPERA HOUSES

would stand alone as the one ’ching in the world not possessecl of different degrees
of quality.

Even music lovers who {-requent live performances can be unaware of the
factors that shape the sound ’chey enjoy. Most listeners seldom hear music in halls
other than the one or two Jchey regularly atten.d, and those visits engage their senses
on many levels at once—visual and tactile as well as auclitory. Similarly, the pro-
fessionals responsil)le for creating concert halls and opera houses typicaﬂy prioritize
concerns other than the acoustics. Architects &esign for clients, and either may have
specific goals in mind. The owner presents the architect with a list of desired or
requisite features—such as seating capacity, size of the stage, lol)l)y areas, ventila-
tion, and lighting—that can be tallied up once the structure is completecl. The
architect may wish to build a monument that the pul)lic will travel far to see and
that will win international awards. Either through lack of lenowleclge or interest,
architects and owners may fail to build for, argual)ly, the most important feature of
a hall for musical performance: how the acoustics of such a creation will or should
sound.

The one hundred halls described on the £0Howing pages provicle a tour of the
World, as it were, via its acoustical achievements. Musicians and music aficionados
may gain from this book an unders’canding of why some halls have earned better
reputations as venues for music than others. By deﬁning and measuring how the
physical elements of a room shape its acoustics, | also have endeavored to make
sound quali‘cy a concrete goal for the individuals who are planning or renovating

performance spaces.
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Stage floor area

”‘ h I | Remote wall surfaces in longitudinal section
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1
Aspen, Colorado

Benedict Music Tent

ocated in the Rocky Mountains, Aspen, Colorado, is a quaint Victorian

town, albeit with a cornucopia of cultural oﬁerings, including music, clance,
Jcheaﬁ:er, painting, and films. It boasts many sl'xops and gaﬂeries as well as excellent
1iving and dining facilities. The Aspen Music Festival and School were established
in 1949. It is a foremost training grouncl for pre—professional musicians and offers
studies of classical music for nine weeks each summer. There are five orchestras
staffed })y the students and their instructors, four of which perform under guest
conductors and one that trains student conductors.

The Music Festival comprises more than 200 events annuaﬂy, including or-
chestral concerts, chamber music, opera, contemporary music, and lectures. The
principal festival performances occupy three venues, the Opera House, Concert
Hall, and Music Tent. Aspen differs from its sister institution, the Tanglewood
Music Center in Western Massachusetts, mainly in that the premier orchestra is
composecl of the instructors and the most accomplishecl students, while at Tangle—
wood the main performing entity is the Boston Symphony Orchestra. Tanglewoocl
has a premier student orchestra and its own concert hall.

The Benedict Music Tent was dedicated in 2000. With 2,050 seats, it has the
outdoor appearance of a circus tent, but closer inspection reveals a hurricane- and
snow-resistant structure augmentecl to give it an acoustical ambience that rivals that
of excellent concert halls. The main supporting structure is a circular grid, 100 ft
(30.5 m) in cliameter, formed from intersecting, eﬂiptical—shapecl steel trusses that,
in turn, rest on four large, telescoping columns, 45 feet (13.7 m) in height, two of
which stand at the front corners of the stage, while the other two are in the middle
part of the audience. This structural “disk” supports an upper “roof” of sound-
reﬂecting wood and glass panels, They are protected from the elements 1)y the tent
material itself, which is TeﬂQn-coatecl glass-filaer fabric.

The “ﬂying" souncl-reﬁécting surfaces immeclia’cely above the stage are made

from 3 X 3-in. (7.6-cm squares) welded wire mesh secured to curving steel trusses
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that are attached above to the structural disk. The wire mesh panels are covered
with No. 10 duct canvas, which has been sprayed with two coats of polyurethane
finish. F‘inaﬂy, the periphery of the tent has operable wooden louvers that are used
to exclude wincl, rain and sun, or opened to permit the audience and orchestra to
view the surrounding mountains. '

Conductors and audiences have spolzen highly of the acoustics, whether the

performance involves orchestra and c]norus, chamber group, or soloists.

—
C\A\ (AR CHITECTURAL AND STRUCTURAL DETAILS

Uses: Summer symphony and chamber orchestra, soloists, lectures. Cei]ing: Center
section, parl:ly glazing, par’cly ’congue-ancl-groove decking, all covered lvy the outer tent
which is Teflon-coated glass-ﬁ]aer fabric. Canopy above stage: Panels composecl of
No. 10 duct canvas with two coats of spray-applied polyurethane finish stretched over
3 X 3-in. (7.6-cm) welded wire mesh, all secured to curving steel trusses that are
anchored to the hard shell above. Low side and rear walls: Operal)le steel-framed
vertical louvers, of which lower 66% is 0.75 in. (1.9 cm) plywood, all wrapped in dyed
acrylic fabric. Stage enclosure: Veneered plywoocl on two 1ayers of 0.75-in. substrate
affixed to 12-in. (30 cm)-thiclz grout-ﬁﬂed CMV block. Audience floors: Bare con-
crete. Stage floor: Tongue-and-groove wooden ﬂooring, over two layers of 0.75-in.
plywood, mounted on rafters spaced 16 in. (40.6 cm) apart, over airspace. Stage
l’leigl‘lt: 3k (0.9 m) above floor at first row. Carpet: None. Seats: Molded plywood
benches with cast aluminum supports and closed-cell foam cushions Wrapped in clyecl

acrylic fabric.

ARCHITECT: Henry Teague Architects. ACOUSTICAL CONSULTANT: Kirkegaard
Associates. PHOTOGRAPHS: Tim Hursley, Little Rock.

Note: The terminology is explained in Appendix 1.
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Baltimore

Joseph Meyer}loﬂ Symphony Hall

he Joseph Meyerhoﬁ Symphony Hall was built only for concert use. Itis a

beautiful ]ouiltling, with a unique shape, panorama of glass and Lricle, and
gran(l staircases. [t was opened in 1982 to generaﬂy favorable reviews I)y music
critics. Home of the Baltimore Symphony Orchestra, it is one of America’s im-
portant concert halls. There are no flat Waﬂs, no ninety—(legree angles; instead at
each level there are curved randomly shapecl “Lumps" that reflect and diffuse the
sound field. The ceiling is covered with 52 convex disks that emulate the coffered
ceilings of classical halls. The seating capacity is 2,467 and the reverberation time,
at mid-frequencies, fully occupied, is 2.0 sec, which is optimum for today’s sym-
phonic repertoire.

From the ]oeginning, the orchestra was not happy with the sound on stage.
The players cited excessive loudness, poor ensemble conditions, and some early
reflections strong enough to be clistracting both to the conductor and the musicians.
In 1990, a large array of QRD sound diffusers was installed around the periphery
of the stage, with early reports that “’chey have had the positive effect of clearing up
the sound on stage.” However, after several seasons’ use the QORD'’s were removed
because of the general £eeling that the diffused sound made it more difficult for the
orchestra to play in goocl ensemble.

In 2001 a major renovation of the performing area was completecl. The origi-
nal stage ceﬂing was altered and an array of reﬂecting panels was llung below from
rows of battens. The average size of each reflector is 5.75 ft (1.75 ms) square; each
is adjustal)le in angle, both fore—aft and sicleways ; and the rows can inclividually be
changecl in height, as can the individual panels. Risers have been added to the stage,
both to improve players' abilii:y to see each other and better to project the sound to
the audience. Some cllanges’have been made in the sidewalls at the main floor level
to remove harshness of tone,:ancl al)sorl)ing material has been added in a few places

on the rear wall to reduce faint echoes.
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Acous’cicaﬂy, the sound is a little louder than that in Boston Syinphony Hall,
and the bass is a little stronger, but the }ugh level of the balconies at the rear of the
hall and the resul’cing need to slope the ceiling downward prevent the around-the-

room reverberation that is a trademark of the Boston hall.

A~

Cv\\ (AR CHITECTURAL AND STRUCTURAL DETAILS

Uses: Concerts, recitals, and conferences. Ceiling: Plaster over concrete planl'zs. Walls:
Plaster over concrete l)loclz; plaster on laalcony faces. Floors: Cast—in-place concrete
slab. Carpets: On aisles of main floor and balconies—0.33-in. (0.83 cm)-thick, di-
rectly affixed to concrete. Stage sidewalls: Masonry construction. Stage canopy:
Each reflector is sp]nericaﬂy curved with a 22 f (6.7 m) radius. Stage floor: Wood,
tongue-and-groove over planks. Stage height: 39 in. (1 meter) height above main floor
at first row of seats. Seating: Backrest is 0.38-in. (1 cm)-thick molded plywood. Top
of seat bottom and front of backrest are upholstered, porous fabric over open—ceﬂ foam.

Armyrests are wooclen.

ORIGINAL ARCHITECT: Pietro Belluschi, Inc. ASSOCIATE ORIGINAL ARCHI-
TECT: Jung/Brannen Associates, Inc. RENOVATION ARCHITECT: RTKL Associates,
Dallas. ORIGINAL ACOUSTICAL CONSULTANT: Bolt Beranek and Newman, Inec.
RENOVATION ACOUSTICAL CONSULTANT: Kirkegaard Associates. PHOTOGRAPHS:
Upper photograph, courtesy Meyerhoﬁ Syrnphony Hall; lower photograph, Richard S.
Mandelkorn, courtesy of Jung/Brannen.

TECHNICAL DETAILS

Note: The terminology is explained in Appendix 1.
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Boston

Symphony Hall

ymphony Hall, built in 1900, is rectangular in shape with a high, hor-

izontal coffered ceiling and two Wraparound balconies. On entering the
hall, one encounters two strong architectural features: the stage with its back wall
devoted to a row of gilde& organ pipes, and the upper walls of the hall with their
niches, in front of which stand replicas of Greek and Roman statues. The combi-
nation of shades of gray and cream paint, gilcle& proscenium frame and balcony
fronts, red—plush balcony rails, black leather seats, and red carpets would place this
hall architecturaﬂy in the middle of the nineteenth century, although it was built
fi{:ty years later. In some ways it resembles the Vienna Grosser Musilzvereinssaal;
never’cheless, it is &i{{erent, primarily because it seats 2,625 people compare& with
1,680 for the Vereinssaal. During May, June, and December each year, tables are
installed on the main floor for “pops” concerts and the capacity is reduced to 2,369.

The sound in Symphony Hall is Clear, live, warm, ljriﬂiant, and 1011(1, without
Leing overly loud. The hall respon&s immedia‘cely to an orchestra’s efforts. The
orchestral tone is balanced, and the ensemble is excellent.

Conductors von Karajan, Bernstein, De Preist, Leins&orf, and many others
have agreed it is the “most noble of American concert halls.” Encomiums such as
“one of the world’s greatest haﬂs," “when this hall is fuﬂy occupiecl the sound is just
rigl'xt—(livine," “an excellent hall, there is none better,” are expressed I)y players and
leaders.

Seven crucial design features were responsible for the immediate success of
this hall. The shoebox shape, which was modeled after the (01(1) Leipzig, Gewand-
haus ; the proper reverberation time, determined l)y Sabine’s formula, which set the
ceiling heigh’c; the preservation of bass both Ly avoicling large areas of wood, which
followed the decision to make the buil&ing fireproof, and by choice of seats with a
minimum of uphols’tering ; Iimiting its width and leng’th to insure intimacy; pro-

vi(ling sound diffusion by niches, statues, and ceiling co{{ers; and, finauy, lay a stage
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house that blends the orchestral sound ljeautifuﬂy and projects the music uniformly
throughout the audience.

Whoever has the good fortune to travel to many halls p finds Boston Symphony
Hall possessing features that harcﬂy exist elsewhere. Most compe]ling is the high
upper space that allows the sound to travel around the room so that it is heard as
coming from the sicles, {Tont, and back. Balconies, in other haﬂs, that rise to the

ceﬂing at the rear are the chief barriers to such sound.

—
<::==s
Uses: Orchestra and soloists. Ceiling: 0.75-in. (1.9 cm) plaster on metal screen.

Whalls: 30% plaster on metal lath, 50% on masonry bacleing, and 20% of 0.6-1-in.
(1.25-2.5 cm)-thick wood, including the stage walls; balcony fronts, open-pattern cast

RCHITECTURAL AND STRUCTURAL DETAILS

iron. Floors: Base floor is flat concrete with parquet wood a{‘ﬁxecl; in winter concert
season, sloping floor of 0.75-in. boards on 4 X 4-in. (10 X 10-cm) framing mem-
bers—the airspace beneath varies from zero at the front to 5 ft (1.52 m) at the rear;
]:)alcony ﬂoors, wood supported above concrete. Carpets: Thin, on main aisles. Stage
enclosure: Wood paneling about 0.5 in. thiclz, but from the stage floor up toa height
of about 14 ft (4.3 m), is about 1 in. thick. Stage floor: 1.5-in. wooden planlzs over
a large airspace with 0.75-in. flooring on top. Stage height: 54 in. (1.37 m). Seating:
The front and rear of the backrests and the top of the seat bottoms are leather over

hair; the underseats and the arms are of solid wood.

ARCHITECT: McKim, Mead, and White. ACOUSTICAL CONSULTANT: Wallace
C. Sabine. REFERENCES: Richard P. Ste]abins, The Ma/eing ofSym;ol]orzy Hall, Boston
Symphony Orchestra, Inc. (2000).

Concerts

V = 662,000 ft* (8,750 m3) S, = 11,360 ft2 (1,056 m?) S, = 14,750 ft2 (1,370 m?)
S, = 1,635 fi2 (152 m?) S; = 16,385 ft2 (1,523 m?) N = 2,625

H = 611t (18.6 m) W =75 ft (229 m) L = 128 ft (39 m}

D = 133 ft (40.5 m) V/S; = 40.4 ft (12.3 m) VIS, = 44.9 ft (13.7 m)
VIN = 252 2 (7.14 m?) SN = 5.62 ft2 (0.52 m?) S,/N = 4.33 ft2 (0.40 m?)
HIW = 081 LW =11 ITDG = 15 msec

Note: The terminology is explained in Appendix 1.
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Kleinhans Music Hall

he Kleinhans Music Hall is a large venue for today’s symphony—loving

pu})lic, seating 2,839, but its weu-proporl:ioned lines and primavera wood
interior render an immediate feeling of intimacy, warmth, and comfort. Buffalo’s
audiences are proud of the hall and most find no fault with its acoustical properties.
The seats are luxuriously upholstered and widely spacecl. The Lalcony is enormous,
yet it leaves one with the feeling of an intimate space. Controversy has surrounded
its acoustics largely because its parabolic shape Lrings the music directly to the
listener, emphasizing the early souncl, at the expense of the reverberant sound and
giving the hall the reputation of ]:)eing too dry The music is loud because of this
early—soun(l emphasis and the bass is strong. The reverberation time at mid-
frequencies, {-uuy occupiecl, is estimated at 1.5 seq, below optimum, but above the
RT in Philaclelphia’s Academy of Music, where the famed Plliladelpl’lia sound orig-
inated. Originaﬂy, the ventilation noise was excessive; that has been eliminated.

I have on several occasions attended concerts in the Kleinhans Music Hall.
The brilliance of the string tone is exceﬂent, particularly on the main floor, and the
sound is warm with rich full bass. In certain parts of the main ﬂoor, the sound takes
on a more reverberant character. I have classified this as “stage liveness” rather than
“hall liveness.” Isaac Stern praised the haﬂ, and he was usuaﬂy critical of a clry
sound. He said that on stage the sound was quite good, and he felt a sense of
immediacy and support. Izer Solomon saicl, “T conducted there for many years.
The acoustics are goocl, perhaps not quite as goocl on the stage as on the main floor
of the auditorium.”

The principal difference between this hall and the shoeboxes of Boston, Vi-
enna, and Amsterdam, besides the reverberation time, which for those halls is about
2.0 sec, is that there is no upper space for the reverberation to form and to reach
the listener from all directions.

In defense of its clesigriers, it was one of the first halls built between 1900 and
1950 and there was only one good model in the United States to {oﬂow, Boston.
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The architect wanted to deviate from this nineteenth-century shape. Not enough
was known acousticaﬂy to give the architect the guiflance about the need for more
early sound. A serious prolalem was the lack of lznowleclge about the large a]asorl)ing
power of an auclience, which caused the lower than expec‘ced reverberation time.
Buffalo is fortunate that the hall has come out so well.

C-\" Hr
N RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Orchestra, solois’cs, glee clul), and lectures. Cei]ing': 0.75-in. (2 cm) pain‘cecl
plaster. Sidewalls: 0.75-in. plas’cer on metal lath on which is pas’cecl a linen cloth over
which are cemented 0.06-in. (0.16 cm) flexible wooden sheets. Rear walls: 0.75-in.
pla,ster on metal lath on which is cemented a heavy woven monk’s cloth. Floors:
Concrete. Carpet: The main floor seating area and aisles are fuﬂy carpeted. Stage
enclosure: The orchestra enclosure is permanent and is made of 0.75-in. (2 cm)
plywood irregularly supported on 2 X 2-in. (5 X 5-cm) furring strips held, in turn,
lay a hollow-tile structure. Ligh’cing coves overhead open to a high attic and permit air
to filter out. Stage floor: 1.1-in. (2.8 cm) wooden planks on 0.75-in. subfloor over a
large airspace. Stage height: 42 in. (107 cm). Added absorbing material: On each
wall are located ten vertical strips of thin, perforated ashestos, backed in places Ly sound-
absorl)ing material. Seating: Front of the backrest and the top of the seat are uphol—

sterecl; seat-bottoms and armrests are solid.

ARCHITECT: Eliel Saarinen and F. J. and W. A. Kidd. ACOUSTICAL CONSUL-
TANTS: C. C. Potwin and J. P. Maxfield. PHOTOGRAPHS: Courtesy of Kleinhans Music
Hall Management, Inc. REFERENCES: J. P Maxfield and C. C. Potwin, “A modern

concept of acoustical design,” pp. 48—55; and “Planning functionally for good acous-
tics,” pp. 390-3985, J. Acous. Soc. Am. 11, (1940).

TECHNICAL DETAILS

V = 644,000 ft* (18,240 m3) S, = 17,000 ft2 (1,580 m?) S, = 21,000 ft2 (1,951 m?)
S, = 2,200 ft2 (205 m?) S; = 22,940 ft2 (2,131 m?) N = 2,839

H = 441t (13.4 m) W = 129 ft (39.3 m) L =123t (37.5m)

D = 144 1t (43.9 m) V/S; = 28.1 ft (8.56 m) V/S, = 30.7 ft (9.35 m)
V/N = 227 ft3 (6.24 m3) SN = 1.4 12 (0.69 m?) S,/N = 6.00 ft2 (0.556 m?)
HIW = 0.34 L/W = 0.95 ITDG = 32 msec

Note: S; = S, + 1,940 ft2 (180 m?); see Appendix 1 for definition of S;.

Note: The terminology is explained in Appendix 1.
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Orchestra Hall in Sympllony Center

his oclcﬂy shaped hall, which reopenecl 4 October 1997, has undergone
extensive renovations Jesignecl to improve the acoustics and to a&ap’c the
stage shape to presen’c-day orchestra seating. Viewed from the stage, the visual ap-
pearance of the audience areas has changecl little from the 1904 design by Chicago's
music giant, Theodore Thomas, who conducted the Chicago Symphony Orchestra
from 1891 to 1905. But viewed from the audience, the revision is lorea’chtalzing.
Three meters above and around the narrowed and &eepened stage is a "U—shapezl"
terraced seating area, three rows deep. Res’cing on the rear wall of this seating area,
9 ms above the stage, is a hemispherical, souncl—transparen’c dome beneath which
hangs an unusuaﬂy attractive glass—ancl-s’ceel acoustical canopy. The strileingly beau-
tiful interior overall attests to the faultless task of the designers: all silver and cream,
new but not garish, shining yet balanced.
Blair Kamin, the Clzicago Tribune’s architecture critic, wrote (3 October
1997):

... the debut of the renovated and expanclecl Ofrchestra Hall merits a full-throated
“bravo” for pumping new lifeblood into both the arts and the heart of Chicago .. .One
of the arts that it invigorates is architecture . . . it reinterprets the 93—year—olcl original
in an adventurous conversation hetween past and present . . . the concert hall itself has
been made larger while 1osing none of its former visual intimacy. The most prominent
addition to the hall, a steel—ancl-glass acoustical canopy . . . now floats elegan‘cly above

the stage, lacy as a doily . . . on the whole, this is a sparlzling transformation.

Negative criticism of the 1904 Orchestra Hall ]oegan the clay it opene&. Al-
though the orchestral music was clear and well ]aalancexl, the sound was &ry, meaning
the reverberation time was too short. Listeners ’craveling to the o{'t—praise(l halls in
Boston, Vienna, and Améfcer&am were clismaye& ]oy the lack of support for the
orchestral tone; missing was a “singing tone” that made those halls famous. Only
]:)y an increase in reverberation time, accompaniecl ]ay an increased number of strong,

early sound reflections, could the hall be made competitive.
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Orchestra Hall in Symplwny Center

In the 1997 renovation the (acoustical) ceiling was raised 15.8 ft (4.6 m). It
is flat and thiclz, reaching a heigh’c that is 37 ft (11.3 m) above the over-stage
hemisphere (see the drawing). The visual ceiling is now more open so that it freely
communicates with the space above. The new qu]oic volume is 50 percent greater
than the previous value of 18,000 m3 male.ing the reverberation time, {'tu occupied
and at the middle range of frequencies, about 1.6 sec, compared to the previous
1.2 sec. There are other changes acoustically, the most important being the sus-
pended glass-and-steel canopy which enables the players to hear themselves. Another
is the new seats on which the upholstering is half as thick, which means that ’chey
absorb less bass sound. Suspendecl panels above the hemispherical orchestra enclo-
sure reflect sound to the various areas of the audience and back to the players.

Very importan’cly, the front part of the hall is now narrower ]Jy about 7.6 m,
which creates side-reﬂecting surfaces for sending highly desirable, early, lateral sound
to listeners on the main floor. The width of the stage is reduced Ly about 3.6 m.
Orchestra Hall can again boast of a pipe organ. The hall was lengtl'xened, both to
make room for the three-row terrace seating and to increase the stage depth l)y
about 3 m. The hall now seats 2,530 persons.

The general evaluation l)y Chicago listeners and most music critics is largely
favorable—the sound has been improve(l signiﬁcan’cly. James R. Qestreich, The New
York Times, in The Living Arts Section, October 6, 1997, wrote:

The results, to ju&ge on Sa’curday from a choice seat in the lower Lalcony &uring the
long concert . . . are remarkable. The strings, fora change, could hold their own against
those mighty Chicago winds. The low strings, especia]ly, had a new warmth and solitlity,
and the whole bass and baritonal range of the orchestra provitle& a firmer basis and a
mellower foil for the sound above it, which has always been brash and brilliant.

A music critic of the C’lzicago Tribune in 2002 has denigra’ced the new acoustics,
“[Tl'xe changes] have robbed the upper strings of shimmer and warmth even as Jchey
added dep’ch and spaciousness to the low frequency sound, ﬂa’ctering the cellos and
basses.” The acoustical consultant responded, “... we are very pleased with much
of what was accomplished in the renovation, l)u’c, along with otl'xers, are not yet
completely satisfied with the results . . . further refinements that will achieve every-
one’s goals can be accomplishec]. within reasonable means.”

At two center seats in the front Lalcony and two on the main floor, where 1
sat during two concerts, the sound was very good. Some listeners report that the
sound on the main floor u’;lder the Loxes/l)alcony overhang is less good. Observe
that the sound will never exactly duplicate that of Boston’s and Vienna’s famous
haﬂs, because the steep balconies in Orchestra Hall prevent the sound from rever-
bera’cing in spaces behind the listeners.
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Cv\\ (AR CHITECTURAL AND STRUCTURAL DETAILS

Uses: Orcllestra, chamber music, soloists, chorus, organ, lectures. Upper ceiling‘: Pre-
cast concrete with sound-diffusing shaping, 614 in. (15-36 cm). Visual ceiling: Plas-
ter ribs occupy 5%; perforated metal between ribs 42% open; above the stage the per-
forated metal is 95% open. Stage canopy: 0.5-in. (1.25-cm) laminated glass panels of
double-convex shape hung from a steel structure, 70% solid. Walls above visual ceiling‘:
Sides, plastered brick, 12-in. (30-cm); Rear stage, 16 in. (41 cm). Walls below visual
ceiling: Plaster applied to brick, 12-20 in. (30~50 cm). Majority of rear walls and box
rear walls are QRD diffusers behind perforated metal with limited areas of 4-in. (10-cm)
plaster‘ Balcony side walls are plaster and perforatecl metal. Rear of first Lalcony and
rear sides and underside of upper balcony are plaster 2—4 in. (5-10 cm). Stage walls,
all behind perforate(l metal: Center of choral seating is diffusive 4-in. (10-cm) plas—
ter. Side walls of choral seating are concrete block 12 in. (30 em), bowed in plan. Rear
walls of stage are a combination of wood paneling and perfora’cecl metal over plaster.
Floors (audience floors everywhere): Painted concrete with thin carpet in aisles; choral
seating area, tongue-ancl-groave WOOCl; stage ﬂoor, ’congue—and-groove maple, 1in. (25
cm), over two 1ayers plywoocl, 0.75 in. and 1.13 in. (1.5-2.9 cm)—-—aﬂ over a l-in.
(2.5-cm) airspace formed Ly sleepers and neoprene pads. Orchestra risers: Wood,

which telescope and retreat onto castered carriages for removal from stage.

ARCHITECT: 1904, D. H. Burnham; 1997, Skidmore, Owings & Merrill, LLP.
ACOUSTICAL CONSULTANT: Kirkegaard & Associates. PHOTOGRAPHS: Jon Miller,
Hedric}l-Blessing. REFERENCE: Kevin Hand and Celeste Bernard, C]zicago Tibune,
Sunday, September 28, 1997, Arts and Entertainment Section.

TECHNICAL DETAILS

V/ = 953,000 ft3 (27,000 m3) S, = 11,406 ft2 (1,060 m?) S, = 12,471 f2 (1,159 m?)
S, = 2,884 ft* (268 m?) S; = 14,408 ft2 (1,339 m?) N = 2,530

H = 89 ft(27.1 m) W= 721(21.9 m) L = 80 ft (24.4 m)

D = 105 ft (32 m) VIS, = 66.1 ft (20.2 m) VIS, = 76.4 ft (23.2 m)
VIN = 377 ft (10.7 m?) S,/N = 4.93 12 (0.46 m?) S,/N = 4.50 ft (0.420 m?)
HIW = 1.24 Lw =111 ITDG = 36 msec

Note: S; = S, + 1,940 f2 (180 m?); see Appendix 1 for definition of S;.

Note: The terminology is explained in Appendix 1.
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S everaince Hall

everance Hall is a handsome classical l)uﬂding , located in the University

Circle area of Cleveland. Completed in 1931, the hall was designed during
the period when some acousticians adhered to the philosophy that the acoustics of
the audience area should be “dead” and that the stage enclosure alone should be
live. In 1958, as part of a program of rehabilitation, most of the draperies and
carpets in the hall were removed, and a stage enclosure of contemporary s’cyle, with
relatively low ceiling, was installed. With fewer sound—absorbing materials present,
the reverberation time increased noticeably. Certainly, the hall, with only 2,101
seats, was favorable to the production of good rnusic———having assisted two famous
conductors, George Szell and Christoph von Dohnanyi, in })ringing the Cleveland
group world acclaim as the equal to toclay's best sy‘mphonic orchestras.

In 1999, a second general rehabilitation took place. Lobbies and musicians’
facilities were enlargecl, exhibition space and clining facilities indoors and outdoors
were added, and undergrouncl parlzing was provi(led. The audience space was not
changed; except new audience seats were installed. The older stage enclosure was
scrappecl and replaced by one that not only blends with the 1931 ornamental Art
Deco s’cyle, but also has brought about a significant improvement in the acoustics.
In aclclition, the original pipe organ, 1ong buried behind the orchestra shell, was
restored. There was always considerable unused space to the sides and above the
1958 stage enclosure and that now is employed to house the refurbished organ and
to add cubic volume above and to the sides of the semi-transparent stage enclosure.
The reverberation time, with full occupancy, at mid-ﬁequencies has been increased
throughout the hall from 1.5 to 1.6 sec and the modified on-stage acoustics ap-
parently pleases the players. Visuaﬂy, the new stage is stunning. Behind the upper
sidewalls are concealed doors that can be closed or opened by degrees to adjust the
acoustics to fit the preferenc’_es of the musicians and conductors.

One of the most satisfying concerts that I have attended in recent years has

convinced me that the stage modifications were successful acousticaﬂy. Allan Kozinn
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in The New York Times, January 10, 2000, said, “Less than 20 minutes into the

program it was evident that there was no cause for worry.”

e~

Cv\\ (AR CHITECTURAL AND STRUCTURAL DETAILS

Uses: Symphonic music, chamber music, and recitals. Ceiling’: Plaster on wire lath.
Stage ceiling’: Five irregular sections, separa’ced Ly air spaces. Walls: Plaster, except
for doors and space dividers. Stage walls: Each side has five Lays besides the original
bay with an entry door; from the bottom of each bay upward, 14 in. (36 cm) solid,
then solid, sand-filled section followed ]oy ligh’cing Lays; next is a 14-in. hard section,
above which are acousticaﬂy transparent screens, backed Ly opera]ale doors ; then another
14-in. solid section above which is a curved plaster section; the rear wall is the same
except for organ pipes. Floors: Concrete covered with vinyl tile. Carpet: None. Stage
floor: Two layers wood, over sleepers on joists over airspace. Stage lleig'l-rt: 27 in.
(69 cm) above front of main floor. Seats: Uphols’cered on seat backs and seat ]oottoms,

no perforations beneath seat bottom.

ARCHITECTS: original, Walter and Weeks; renovation, 1999, David Schwartz.
ACOUSTICAL CONSULTANT: original, Dayton C. Miller; 1999, Jaffe Holden Acous-
tics, Inc. ORGAN CONSULTANT, 1999, Schoenstein & Company. PHOTOGRAPHS:
Steve Hall of Hendrich Blessing.

TECHNICAL D

V = 575,000 ft3 (16,290 m?3) S, = 10,000 ft2 (930 m?) S, = 13,000 ft2 (1,210 m?)
S, = 2,313 ft2 (215 m?) Sy = 14,960 ft? (1,390 m?) N = 2,101

H = 55 ft (16.8 m) W = 90 ft (27.4 m) L = 108 ft (32.9 m)

D = 135 ft (41.2 m) VIS; = 38.4 ft (11.72 m) VIS, = 442 ft (135 m)
VIN = 2737 188 (1.75 m?) S,/N = 6.19 ft2 (0.58 m?) HIW = 061

LW =12

Note: S; = S, + 180 m? see definition of S;in Appendix 1.

Nove: The terminology is explained in Appendix 1.
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Orange County Performing’
Arts Center, Seg’erstrom Hall

pened in 1986, Segerstrom Hall, seating 2,903 for full orchestra, is a

multi-use auditorium. The acoustical design called for early, 1a’ceraﬂy re-
flected sound to all seating areas. These reflections are procluced Ly walls created at
the edges of four seating trays; I)y 1arge tilted panels that float within the volume
near the front of the haﬂ; and I)y tilted rear walls. Some of the tilted panels are
plea’cecl (so-caﬂed quadratic residue diﬁusers, QORD, discussed in Chapter 4), de-
signed to spread a sequence of early sound reflections to each listener. Tl’xey also
decrease the intensity of overtones relative to fundamental tones, which gives the
music a warm, mellow cllarac’ceristic, and eliminates acoustic “glare" common to
reflections from 1arge smooth surfaces. All seats share the same reverberant sound
field which is determined })y the outer walls of the auditorium, including the volume
behind the ﬂoating panels. The reverberation time can be shortened for rehearsals
or speecl'l events Ly curtains that are drawn out in varying lengths from suspen&ed
housings distributed throughout the ceﬂing area and from behind the 1arge panel
reflectors. At the stage encl, the proscenium opening is high, chosen to make the
performing orchestra be within the room, while its width is dictated I)y the owner’s
request for a stage area of 2,400 f£2 (223 m? for normal symphony concerts,
increasing to 3,060 ft2 (284 m?) for choral works or decreasing to 500 f2 (46 m?)
for soloists. The orchestra enclosure is only 15 ft (4.6 m) deep, so that about half
the players are in front of the curtain line. To provicle them with cross-stage com-
munication, three removable reﬂecting panels are located overhead.

The measured acoustical data show that the hall has met the design o})jectives
of acllieving sufficient early lateraﬂy reflected sound energy, an optimum early clecay
time (2.2 seconcls, unoccupiecl), and excellent sound levels over the audience area.
Segerstrom Hall differs from the classical halls in that the ratio of early sound
energy comparecl to later reverberant energy is higher and the later reverberation
time is shorter— 1.6 sec. Ini the upper two trays, the later reverberant sound is not
heard as surrounding the listener, as in a conventional rec’cangular hall, but rather

is heard as a Lroadening of the source, a sa’cis£ac’cory result.
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—_— RCHITECTURAL AND STRUCTURAL DETAILS

Uses: About 25% each for classical music, musicals, and dance; remainder divided
among opera, pops, and rentals. Ceiling‘: 2-in. (5-cm) }righ—tlensity plaster; under-
balcony soffits 1-in. (2.5-cm) plaster. Walls: 2-in. high-density plaster; balcony faces
and surfaces between trays, same. Sound diffusers: Located in back corners of each
seating area, chevron in shape, made of 0.75-in. (1.9-cm) wood; each about 70 ft?
(6.5 m?) in area; depth 1-8 in. (20 cm); and open at perimeter. Quadratic residue
diffusers: Twelve in number. Constructed of 0.5-in. (1.25-cm) plywood, totaling
1,550 fi2 (144 m?); design {'requency near 500 Hz based on prime number 7. Floors:
Dense concrete. Vinyl tile cemented to concrete in seating areas. Variable elements:
Proscenium opening variable between 68 and 52 ft horizontally and 42 to 32 ft ver-
’cica”y; variable part, l-in. plywood. Carpets: 0.33-in. direc’cly affixed to concrete,
totaling about 3,630 f2 (340 m?). Stage enclosure (see sketch): Each side formed by
three tall roﬂing towers; back wall section and the three ceiling sections are flown ]3y
rigging, all Composed of 0.75-in. plywoocl laminated to 0.5-in. plywoocl; for large choral
works, a 12-ft (3.7-m) insert increases the performing area; between lower and upper
portions of the si(lewa”s, an intermediate 10-ft (3 m) length, 20 Aegrees from Vertical,
is built in. These sloped surfaces have a single-period QRD attached to them; chevron
diffusers are attached to the lower vertical surfaces on the tower portions and are arrayed
across the entire back wall of the enclosure; three large reﬂecting panels above the
players, each about 50-ft (15-m) wide and 9-ft (2.74-m) deep at heights (from down-
stage to upstage) of 33 ft, 30 f, and 28 £t (10 m, 9.25 m, and 8.5 m) above stage
level. Stage floor: Extends into auditorium on two pit lifts plus a 3-ft. extension; fixed
floor is Composed of 0.75-in. particle board on 1 X 4-in. (10-cm) tongue—ancl—groove
subfloor, supported on 2 X 3-in. strips, 10 in. (25 cm) on centers—strips are separated
from the flat concrete surface below by 0.325-in. (1-cm) neoprene pads. Stage height:
40 in. (1.02 m) above floor level at first row of seats. Seating: The backrest is 0.325-
in. molded plywoocl. The front of the backrest and the seat top are upholsterecl. The

seat bottom is unper£ora’ce(1. Seat arms are wooden.

ARCHITECT: Charles Lawrence. ASSOCIATE ARCHITECTS: Caudill-Rowlett-
Scott and The Blurock Partnership. AcousTICAL CONSULTANTS: Joint Venture:
Paoletti/Lewitz Associates, Jerald R. Hyde and Marshall/Day Associates. PHOTO-
GRAPHS: Courtesy of J.R. Hy(le. STAGE SKETCH: Iohn von Szeliski. REFERENCES:
D. Paoletti and J.R. Hycle, “An acoustical preview of OCPAC,” p- 23, Sound & Video
Contractor July 15, 1985; J. R. Hyde and J. von Szeliski, “Acoustics and Theater
Design: Exploring New Design Requirements for Large Mul’ci-Purpose Theaters,” 12th
International Congress on Acoustics, Vancouver, Canada (August 1986); A. H. Mar-



Orange County Per][orming Arts Center, Segerstrom Hall

shall and J.R. Hyde, “Some Practical Considerations in the Use of Qua&ratic Residue
Diﬂ;using Surfaces,” Tenth International Congress on Acoustics, Syclney, Australia
(1980); J. R. Hyde, “Segerstrom Hall in Orange County— Design, measurements and
results after a year of operation,” Proceedings of Institute of Acoustics, 10, 155 (1988);
J. R Hyde, “Sound strength in concert halls: The role of the early sound field on
objective and subjective measures,” J. Acoust. Soc. Amer. 103, 2748 (A), (1998).

TECHNICAL D

V = 981,800 ft* (27,800 m?) S, = 16,190 ft2 (1,504 m?) S, = 18,750 ft* (1,742 m?)
S, = 2,400 ft? (223 m?) S; = 20,690 ftz (1,922 m?) N = 2,903

H = 80 ft (24.4 m) W = 136 ft (41.5 m) L= 1191(36.2m)

D = 144 ft (44 m) VIS, = 41.4 ft (14.5 m) V/S, = 60.6 ft (18.5 m)
VIN = 338 ft3 (9.58 m?) S,/N = 6.46 ft2 (0.6 m?) S,/N = 6.46 ft* (0.600 m?)
HIW = 059 L/W = 0.88 ITDG = 31 msec

Note: S; = S, + 1,940 ft2 (180 m?); see Appendix 1 for definition of S;.

Note: The terminology is explained in Appendix 1.
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Dallas

Eugene McDermott Concert Hall in
Morton H. Meyerson Sympllony Center

he McDermott Hall in the Meyerson Symphony Center is a classical rec-

’cangular hall in the front two-thirds and a classical opera house in the re-
.maincler. Entrance is via circular, Leige, Italian marble stairs that lead one into an
asymmetrical 1oM)y that surrounds the hall like an eigh’ceenth-cen’cury glass ball-
gown. The concert haﬂ, seating 2,065, is in direct contrast—an intimate, warm
room in soft red and dark wood tones trimmed with bronze. On the occasion of its
opening in 1989, a New York Times critic wrote, “One of the handsomest new
rooms in which to hear music anywllere."

Acous’cicaﬂy, the unusual feature of the Meyerson is the 254,000 ft3 (7,200
m?) of partiaﬂy couple(]. reverberation space wrapped around the perimeter of the
hall above the highest audience level and concealed Ly an open-weave cloth. The
chamber is openecl and closed Ly seventy-four, 4-in. (10—cm)—thick, hinge(]., concrete
doors , motor—operated Ly remote control. With Jchem, the 1ength of the reverberation
time can be varied, and the four—part canopy can be raised to give the sound energy
greater access to the chamber for 1arge-scale works, or lowered for more intimate
chamber and recital music.

During my two-concert, five-seat visit to the hall the canopy was raised high
enough that its surface was paraﬂe’l to the vision of listeners in the highest rows. [t
was obvious that the reverberation chamber (].oors, at least some of them, were open.
The ﬁdeli’cy of tone, orchestral balance, and intimacy were excellent nearly every-
where. The spaciousness and the fullness of the sound was best on the main floor
and in the seats in the curved rear one-third. On the sides the orchestra was less
well balanced, one side or the other clominating over the cello in Shostakovich’s
Concerto No. 1. The effect of the chamber was hard to evaluate. Its presence was
not obvious in all the seats, except after su(].clen-s’cop chorcls, when the sound seemed
to reverberate for about 3.0 sec. In the running music, the early reverberation time
sounded like 2.0 sec. Critical reviews have been favorable. The haﬂ, l)eing l)asicaﬂy

rectangular, combines a favorable (].esign with an interesting addition of a lengthened
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Eugene McDermott Concert Hall

reverberation time. Since this lengthened RT is audible only with very slow tempos

or after stop chords, the question is whether the extra construction cost is merited.

—

C\A\ (AR CHITECTURAL AND STRUCTURAL DETATLS

Uses: Symphonic and chamber orchestras, recitals, and soloists. Ceiling: 5.5-in. (14-
cm) concrete with plaster skim coat. Overstage canopy: 6-in. (15-cm) laminated
wood, 4,000 f2 (372 m?), over orchestra and front of audience; normal height 36—
50 ft (11-15 m). Walls: Thin wood veneer on 0.5-in. (1.5-cm) particle board bonded
]sy adhesive and plaster to 10-in. (25-em) masonry, some areas of limestone; center
canopy has 0.06-in. (0.16-cm) layer of felt to suppress acoustic glare. Balcony fronts:
2.0-in. (5-cm) plaster, on upper two fronts, added thin wood veneer. Variable absorp-
tion: Motor-operated curtains in storage pockets for covering 6,190 f2 (575 m?) of
walls; in each poclzet, one set of curtains is single—layer thin fal)ric, the other is multi-
1ayer, tighﬂy woven, heavy velour. Floor: Terrazzo or painted concrete; no carpet. Stage
floor: 0.5-in. (1.5-cm) tongue—ancl-groove wood on wood boards on joists. Floor be-
neath cellos and double basses has 2 in. (5 cm) of wood over 3 ft (0.9 m) of airspace.
Stage walls: Lower 14 ft (4.3 m) is 2-in. (5 cm) wood doors that are selectively opened
to expose a 12-ft (3.7-m)-deep airspace behind instruments. Reverberant chamber:
254,000 £t3 (7,200 m?3), containing 4,844 f2 (450 m?) of variable sound absorption.
Stage heig‘ht: 42 in. (1.38 m). Seating: Molded p]ywoocl back and unper{orated
plywood Lottom; uphols’cered seatback and seat with porous fabric over polyvinyl foam

cushion,‘ armrests, wood.

ARCHITECT: Pei Cobb Freed & Partners. ACOUSTICAL CONSULTANT: ARTEC
Consultants, Inc. THEATER CONSULTANT: ARTEC Consultants, Inc. PHOTO-
GRAPHS: Courtesy of Pei Cobb Freed & Partners.

V = 844,000 ft* (23,900 m?) closed S, = 10,550 ft2 (980 m?) S, = 12,500 fi2 (1,161 m?)
S, = 2,691 ft2 (250 m?) S; = 14,440 ft2 (1,341 m?) N = 2,065

H = 86 ft (26.2 m) W = 84 1t (25.6 m) L = 101 ft (30.8 m)

D = 133 ft (40.5 m) V/S; = 58.4 ft (17.8 m) VIS, = 61.5 ft (20.6 m)
VIN = 409 ft2 (11.6 m?) S,/N = 6.05 ft2 (0.56 m?) S,/N = 5.11 ft2 (0.474 m?)
HIW = 1.02 . Uw=12 ITDG = 21 msec

Note: S; = S, + 1,940 ft2 (180 m?); see Appendix 1 for definition of S;.

Note: The terminology is explained in Appendix 1.
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Den ver

Boettcher Concert Ha]l

enver is known as the gateway to the Roclzy Mountains. At an altitude of

1 mile (1.6 km) it boasts 300 days of sunshine a year. In 1978 the
opening of the Boettcher Concert Hall signalecl a move toward the population’s
greater appreciation of the performing arts. The Colorado Sympl’lony Orchestra
performs from Sep’cember through May and attracts leading soloists.

Boettcher, seating 2,750, is circular in design; with the orchestra near the
center, no listener is more than 100 feet from the stage. Actually, only 311 seats
are clirectly behind the orchestra, although a substantial number are to the sides.
Modeled after the Philharmonie in Berlin, the Boettcher’s seating is terraced—
composecl of trays—so that part of the sound from the orchestra is reflected from
the tray—sicles 1aterany to the listeners, which creates a desirable acoustic effect.

Most obvious to a visitor are the hall's 106 1arge, translucent disks hovering
above the stage and parts of the auclience, which guide the sound of the performers
to all sections of the hall. The opening night music critics were enthusiastic about
the acoustics—Schonberg of The New York Times wrote, “In mi(l—range and top
frequencies the sound was beautiful —warm and intimate, well detailed, with plenty
of color and presence . . . sauvity and smoothness of response. [Except for a few
spots| the bass can be heard well enough. ce listening to music there is a com-
fortable, enjoyal)le experience.” Martin Bernheimer of the Los Ange/es Times of-
ferecl, “Pianissimos shimmer at Boettcher, the string tone is reaﬂy lustrous, and the
brass cut the air with clarion purity. . . . The acoustics are fine.” At the hall’s tenth
anniversary in 1988, the Denver Post interviewed the hall’s musical users and con-
clu&ed, “Boettcher Hall is earning goo& gracles for acoustics.” These listeners sat
facing the front of the orchestra.

On the other hancl, those seated behind an orchestra that is situated near the
center of a hall hear a poor rendition' of a piano or a singer’s voice, because the
high tones are radiated forWarcl, while only the lower ones project rearward. The

orcllestra souncls are also unl)alancecl, I)ecause tl’le Frencl’l horns {ace Laclewarcl an(l
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the other brass instruments face forward. Placing a singer stage-right on risers
behind the orchestra string section would help the voice prol)lem. With that ori-
entation, 90 percent of the audience would be forward of the singers, and those
behind would be near enough to hear a reasonalaly well-balanced vocal sound. Fur-
ther, years ago, the Baldwin Piano Co. developecl a reversed piano lid that would
resolve any clirec’cionali‘cy prolalems for that instrument. To many listeners, a distinct
aclvantage to those rear seats is the experience of facing the conductor and Leing
“part of the orchestra.”

= #k
Cv\"\ YRCHITECTURAL AND STRUCTURAL DETAILS

Uses: Primarily symphonic concerts, but otherwise general purpose. Ceiling and side
walls: Three layers of gypsum board. Stage floor: Tongue-and-groove wood above
wooden underlayer on sleepers with a moat below. Seats: Molded wood with uphol—
stering on top of seat bottom 2 in. (5 cm) thick and that on front of seat back 1 in.
(2.5 cm) thick.

ARCHITECT: Harcly Holzman Peiffer Associates. ACOUSTICAL CONSULTANT:
Ja{{e Holden Acoustics. REFERENCES: J. 8. Bradley, Gary Madaras, and Chris Jaﬁe,
“Acoustical characteristics of a 360° surround hall,” J. Acoust. Soc. Am. 101, 3135(A)
(1997).

TECHNICAL DETAI

V = 1,321,760 ft* (37,444 m?) S, = 18,290 ft2 (1,700 m?) S, = 23,564 ft* (2,190 m?)
S, = 2,561 ft? (238 m?) Sy = 25,504 ft? (2,370 m?) N = 2,750

H =401t (122 m) W = 174 ft (53 m) L = 190 ft (59 m)

D = 100 ft (30.5 m)* V/S; = 51.8 ft (15.8 m) VIS, = 56.1 ft (17.1 m)
VIN = 481 ft* (13.6 m3) Sa/N = 857 ft2 (0.796 m?) S./N = 6.65 2 (0.62 m?)
H/W = 0.23 L/w = 1.07 ITDG = 17 msec

Note: S; = S, + 1,940 ft2 (180 m?); see Appendix 1 for definition of S,.
* With the stage extended, D = 75 ft (23 m).

Note: The terminology is explained in Appendix 1.
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Fort %rtlz, Texas

BaSS Performance Hall

he Bass Performance Haﬂ, situated in the heart of downtown Fort Worth,

is a neo-classic Luil&ing with an outdoor motif of two trumpet—heralding
angels. The hau, which seats 2,072 lis’ceners, gives the feeling of the Teatro Colén
in Buenos Aires, one of the world’s best-loved opera/concert halls, while American
musicians liken it to Carnegie Hall.

Bass Performance Hall in Fort Worth is a combination concert hall and opera
house, also suitable for lz)alle’c, Broadway ’cheater, and popular music. The principal
prol:)lem with mul’ci—purpose halls is the di{ﬁculty of afljus’cing the reverberation time
to suit the different per£ormances. In the Bass Hall two means are employed to
overcome this prol:)lem. First, the “Concert Hall Shaper” shown in the drawings
was employecl to increase the cubic volume of the stage end of the hall without
exposing the space to the sound a]asorp’cion of scenery stored in the upper part of
the stage house. Second, lower reverberation times for theater, voice, and contem-
porary music can be attained loy deploying sound—al:)sorl:)ing curtains that can cover
6,600 fz (613 m?) of wall space and 1)y storing the “Shaper" against the upper rear
wall, thus exposing the alosorp’cion of the normal house scenery in the stage house.
The reverberation times at mifl—frequencies, fuﬂy occupied, are 1.9 sec, optimum
for symphonic concerts, and 1.6 sec, excellent for opera and contemporary music.
Intimacy is preserved Ly the r’elatively small distances between the Lalcony fronts
in the front of the hall.

Music critics have praise(l its acoustics from the time of its opening in early
1998, and the New York Philharmonic Orchestra, performing there in 1999 under
the direction of Kurt Mazur, sent word via their executive flirec’cor, Deborah Borda,

’cha’c, “Jts acoustics as well as the aesthetics make it ’cruly an international gem.”

Kurt Mazur ad(].ed, “A beautiful hall with perfec’c acoustics.”
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C%\ (AR CHITECTURAL AND STRUCTURAL DETAILS

Uses: Multi-use hall used ky the Fort Worth Symphony, Opera, Bauet, and general
perform'mg arts functions. Ceiling‘: Dome area is 1-in. (2.5-cm) plaster and remaining
area is 2-3 layers of 0.62-in. (1.58-cm) gypsum board. Side walls: 90% drywall
laminated to masonry; 10%, plaster on masonry; balcony fronts are plaster. Floors:
Concrete. Stage house: Hall shaper ceiling is series of reflectors made of 0.5-in.
masonite and perforatecl brass covers on top; outer stage house walls are painte& grout-
filled masonry; upper shaper ceiling is 0.5-in. (1.25-cm) plywood; concert towers sur-
rounding the players are plywood veneer over brass. Carpet: Thin, on aisles. Height
of the stage above the audience floor level: 54 in. (1.37 m). Seats: Front of seat
back and top of seat bottom upholstered; back of seat back woocl; bottom of seat plastic.
Armrests not upholstered.

ARCHITECT: David M. Schwarz Architects. ACOUSTICAL CONSULTANT: Jaffe
Holden Acoustics. PHOTOGRAPHS: Len Aﬂington.

Concerts

V = 964,000 ft® (27,300 m?) S, = 10,180 ft* (946 m?) S, = 13,150 ft2 (1,222 m?)
S, = 3,270 ft2 (304 m?) S; = 15,085 ft? (1,402 m?) N = 2,072

H = 821t (25m) W=T711(21.6 m) L = 94 ft(28.6 m)

D = 131 ft (40 m) VIS, = 63.9 ft (19.5 m) VIS, = 71331t (223 m)
VIN = 465 ft* (13.18 m?) S,/N = 6.35 ft? (0.59 m?) S,/N = 491 ft2 (0.456 m?)
HIW = 1.156 LW = 1.324 ITDG = 25 msec

Note: S; = S, + 1,940 ft2 (180 m2); see Appendix 1 for definition of S;.

Opera

V = 652,000 ft2 (18,470 m?3) S, = 9,500 ft2 (883 m?) S, = 12,370 ft2 (1,150 m?)
Sy = 796 ft2 (74 m?) S, = 2,320 ft2 (215.6 m?) Sy = 15,486 ftz (1,440 m?)
N = 1,960 V/S; = 42.1 ft (12.83 m) V/S, = 52.7 ft (16.06 m)

VIN = 333 ft* (9.42 m?) S,/N = 6.31 ft2 (0.587 m?) S,/N = 4.85 ft2 (0.45 m?)

Note: The terminology is explained in Appendix 1.
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Lenox, Massac]: usetts

Seiji Ozawa Hall

he Seiji Ozawa hall opene& ]uly 7, 1994, with four conductors, two sym-

phony orches’cras, and a three-hour program that ended with the audience
singing Randall Thompson’s Alleluia. Modeled after Vienna's Grosser Musikvereins-
saal, Ozawa Hall is a somewhat smaller “shoebox” seating 1,180 vs. 1,680. The
hall is beautiful inside, with stucco walls paintecl a warm, off-white. The two tiers
of balconies are faced with railings and griclcle(l fronts in teak wood. The loge boxes,
with the railings, become the most important architectural element when the hall
is filled with people. Even the backrests of the seats picle up this griclclecl pattern.
The ceiling is made of pre-cast coffers and the side walls are irregular to provide
good sound diffusion.

The musicians sit on risers modeled so that they can see each other and be
seen Ly the audience. High up, there are clerestory windows. Unusual, are high
narrow windows above and behind the stage, northerly directed, that give one partial
views of the slzy changing from sunset to twﬂight to night.

The hall had to meet one other requirement, an audience seated outside on
the lawn. Located in a natural shallow bowl, the rear wall can be completely opened,
Lringing the concert to outdoor audiences as large as 2,000, with sound augmented
Ly an excellent sound system. (See lower photograph.)

The very thick concrete waﬂs, &oors, win&ows, and ceﬂing preserve the bass
like no other hau, giving the music a rich sound and emphasizing the tones of the
lower strings. The reverberation time, fuﬂy occupiecl with rear wall open, is 1.7 sec
at micl—frequencies. At the lower ﬁequencies, the reverberation is 2.2 sec and the
bass ratio equals 1.32, which accounts for the warmth and richness of the bass
sound. Because the hall is narrow and with plen’cy of surfaces for reﬂec’cing sound
1aterauy to the audience, the subjective acoustical parameter called “spaciousness”
also exceeds that in any larger hall, including that in its Viennese model. It contrasts
with the nearby 5,000-seat "Koussevi’czlzy Music Shed, with greater loudness and a
feeling of hs’cening in a small group. Edward Rothstein, music critic of the New
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York Times, said, “[Tt] is precisely what a concert hall should be: a resonant, warm

space that comes to life with sound.”

= A |
—_— RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Rehearsals, performances, and recorcling. Ceiling‘: 35 pre-cast concrete panels
weighing 27,000 lbs (12,200 kg) each. Main sidewalls: 12-in. (30-cm) grout-filled
concrete blocks with stucco covering. Balcony fronts: Lower part irregular to provide
early lateral reflections; upper part open gridded wood. Stage ceiling’: None; overhung
slightly by balconies. Stage sidewalls: Removable wooden panels on stage right, and
canted concrete block walls , behind wood trimed skrim fabric panels on stage left. S‘cage
floor: Tongue—ancl-groove rnaple wood strips glue& to canvas and floated on bed of
plastic and 1.12-in. (2.8-cm) plywood to approximate the looseness of classic, aged,
tongue-ancl—groove stage floors and to prevent off-season })uclzling. Stag'e heig’ht: 42
in. (106 cm). Audience floor: Wooden tongue-and-groove boards affixed to 3.25-in.
(8.26-cm) tongue-and-groove timber planleing. Carpet: None. Sound alosorption:
Six large panels, 6 in. (15 cm) thick can be lowered })y steps from the ceiling over the
stage and a]osorl)ing curtains along the upper sidewalls can be &ropped to reduce the
empty reverberation time (w1’c11 closed rear Waﬂ) down l)y 0.4 to 0.6 sec to the desired
recording reverberation time. Seating: Seat loaclz, open sla.ttecl; seat pans covered with

thin cushions; structure, I)aclzrest, and armrests, solid wood.

ARCHITECT: William Rawn Associates, Architects, Inc. ACOUSTICAL CONSUL-
TANT: Kirleegaarcl & Associates. PHOTOGRAPHS: Steve Rosenthal.

V= 410,000 f* (11,610 m3) S, = 5,340 ft* (496 m?) S, = 7,955 ft2 (739 m?)
S, = 2,175 ft2 (202 m?) Sr = 9,895 2 (919 m?) N = 1,180

H = 49t (149 m) W = 68 ft (20.7 m) L = 94t (28.6 m)

D = 94 ft (28.6 m) VIS; = 41.4 ft (12.63 m) VIS, = 51.5 ft (15.7 m)
VIN = 347 ft* (9.83 m?) S,/N = 6.74 ft2 (0.63 m?) S,IN = 452 2 (0.42 m?)
HIW = 0.72 LW = 1.38 ITDG = 23 msec

Note: S; = S, + 1,940 ft2 (180 m?); see Appendix 1 for definition of S,.

Note: The terminology is explained in Apbendix 1.
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Lenox, Massaclf;usetts

Tang’lewood, Serge Koussevitzlzy
Music Shed

anglewood, where the Boston Symphony Oxrchestra’s Koussevi’czley Music

Shed is 1oca’ce<1, is an incre(lil)ly beautiful estate in the Berkshire Hills of
Massachusetts. The Music Shed at Tanglewoocl boasts a unique position among
concert halls. Tt is the only place that houses a very 1arge audience, 5,121 1is’ceners,
under acoustical conditions that rival the best in America. And an additional
10,000 people seated on the lawns outside can enjoy the music that issues from
the par’cly open sides of the shed and a superior sound ampliﬁca’cion system. Even
though the sides of the shed are open to a heig}l’c of about 15 ft (4.6 m), the
reverberation behaves like that in a regular auditorium.

The shed }Jegan its life using an ina&equate stage enclosure that was moved
indoors from a tent in 1938. The combination of a high reverberation time, and
no surfaces for projecting the sound from the stage, led to a "mu(ldy" acoustical
environment. The sound lacked definition and the balance between early and late
sound energy was poor. In 1954, the trustees engage(l Bolt Beranek and Newman
to undertake a s’cuc],y to improve the acoustical quali’cy. Worlzing Legan with the
architect in 1968; a new orchestra enclosure, acoustic canopy, and rear-wall sound
di{{using surface were designed, and the whole was dedicated in 1959.

The 50-percent-open low ceiling , comprising 26 non—planar ’criangular panels,
varying in width from 7 to 26 ft (2.1 to 7.9 m), reflects about half of the early
sound energy down onto the audience, arriving shor’cly after the direct sound, thus
giving music the quality heard in classical rectangular halls. The upper volume of
the hall receives sufficient energy to maintain an optimum ratio of early sound
energy to later reverberant sound energy at the listeners’ ears. On stage, the enclo-
sure/canopy also contributes to excellent sectional balance and ease of ensemble
playing.

Isaac Stern said after-the 1959 season, “The new orchestra enclosure in the
Tanglewoocl Music Shed is one of the most fan’cas’cicaﬂy successful efforts to create
Lriﬂiant, ringing sound with wonderful defini’cion, despi’ce the enormous size of this
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Tang/ewood, Serge Koussevitzky Music Shed

hall. Tt is particularly successful in providing an equal sound value wherever one
sits. On stage there is a woncler[‘uﬂy live quality, and yet comple’ce clari’cy for bal-
ancing with a 1arge orchestra.”

At the end of the summer season of 1959, Charles Munch, then the Music
Director of the Boston Symphony Orchestra, wrote, “The new canopy has solved
all the old prolalems of &isproportion among the various elements of the orchestra.
The greatest benefit has come to the strings and especiaﬂy the violins which now
can be heard in the shed with as much brilliance and clari’cy as in the best concert
halls.”

Pierre Monteux said in 1959, “What has been done is al)solu’cely marvelous.
Last year | could not hear the violins. This year the sound is marvelous.”

Owning a summer home nearby, Eugene Qrmancly, then Music Director of
the Phﬂadelphia Orchestra said (1962), “This year and also a year ago | sat in
boxes at the center of the Shed and was amazed at the fine quali’ty of the sound.
The acoustical enclosure is wonderful. The brass is somewhat predominant in the
large orches’cra, though the conductor should be able to control it.”

The acoustics of the comple’ce& hall corroborated our predictions. The Shed’s
canopy and enclosure were the first applica’cion of the results of a six-year program
of studies. The low ceiling over the stage and front part of the audience (almos’c 50
percent open) produces the necessary shorl:—initial—’cime—clelay reflections in the hall,
yet leaves the upper volume of the hall available for reverberation. In addition, the
canopy contributes to excellent sectional balance for a 1arge orchestra and improved
clarity inside the shed.

Measurements of reflected sound from this type of panel array, in the labo-
ratory, are in agreement with mathematical ’cheory, which shows that lateral dif-
fraction from the edges of the panels maintain an uniform energy flow even down
to very low frequencies. This energy flow seems mos’cly to come from clirec’cly ahead
because measurements in the unoccupiea] Shed reveal low values for the Binaural
Quali‘cy Index BQI. But this apparent deficiency is more than made up for Ly the
streng’ch of the bass. The bass ratio, BR, is 1.45, far greater than Boston’s 1.03.

It has been sugges’ced that the optimum reverberation time, 1.9 sec at mid-
frequencies, fuﬂy occupie&, and the BR so enhance the effectiveness of this type of
canopy that strong lateral reflections are not necessary to give a £eeling of spacious-
ness. No confixming experiments have been performe(l to show that the favorable
values of these two acoustical attributes are necessary to make this type of canopy

WOIlQ .
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Uses: Symp]nony orchestra, chamber orchestra, and choral music. Ceiling: 2-in. (5-
cm) wooden planlas. Side and rear walls: Closed part of walls is 0.75-in. (1.9-cm)
paintecl fiberboard; large area open to outdoors cluring concert season. Floors: Paclzecl,
treated dirt. Stage enclosure: 0.4-0.6-in. (1-1.5-cm)-plywood with modulations in
shape and randomly and heavﬂy braced. Canopy: Suspencled by steel cables from the
roof, consisting of a series of non-planar ’criangu.lar plywoocl panels 0.4-0.6 in. thicle,
heavily framed, connected tip-to-tip (see the drawings). Stage floor: 1.25-in. (3.2-cm)
wood over large airspace. Stage heig’ht: 33 in. (84 cm). Soun(l-al)sor]aing‘ materials:

None. Seating: All wooden with metal arms, no cushions.

ORIGINAL ARCHITECT: Joseph Franz, engineer (1938), from preliminary design

of Eliel Saarinen. In 1937, Saarinen consented to the use of his original drawings with

such cllanges as were necessitated Ly the financial resources of the Berkshire Festival
Corporation. RENOVATION ARCHITECT: Eero Saarinen and Associates (1959).
AcousTicAL CONSULTANT: Bolt Beranek and N ewman, now Acentech. PHOTO-
GRAPHS: Courtesy of Boston Symphony Orchestra. REFERENCE: F. R. Johnson, L.
L. Beranelz, R. B. Newman, R. H. Bolt, and D. L. Klepper, “Orchestra enclosure and
canopy for the Tanglewood Music Shed,” Jour. Acoust. Soc. of Am. 33, 475-481
(1961).

V = 1,500,000 ft* (42,490 m?) S, = 24,000 ftz (2,230 m?) S, = 30,800 ft2 (2,861 m?)
S, = 2,200 ft? (204 m3) Sy = 32,740 ft2 (3,041 m?) N = 5121

H = 441t (13.4 m) W = 200 ft (61 m) L = 167 ft (50.9 m)

D = 163 ft (49.7 m) VIS; = 45.8 ft (13.97 m) VIS, = 48.7 ft (14.8 m)
VIN = 293 ft3 (8.29 m?) S,/N = 6.01 ft2 (0.56 m?) S./N = 4.69 ft2 (0.435 m?)
HIW = 0.22 L/IW = 0835 ITDG = 19 msec

Note: S; = S, + 1,940 ft2 (180 m2); see Appendix 1 for definition of S;.

Note: The terminology is explained in Appendix 1.
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Minnesota Orcl'lestra Association

Orche stra Haﬂ

rchestra Hall opened in October 1974. Designe(l primarily for The Min-

nesota Syrnphony Orchestra, which turned 100 in 2003 , seats 2,450. The
concert haﬂ, one of two components in the complex, is made of concrete, Lriclz,
and oak. In the tradition of Vienna's Grosser Musikvereinssaal and Boston’s Sym-
phony Hall, it is hasicaﬂy rectangular, but with three wraparouncl balconies and a
much less exposed wall above the top I)alconyA Missing also are the gﬂded or white
statues of its famous pre&ecessors.

Orchestra Hall must be seen to be believed. As one approaches, the exposed
pipes come into view, blue on the exterior and yeuow, green, and blue in the lol)l)y.
Inside the concert haﬂ, a newcomer is struck Ly the play{-ul cube-like shapes that
cover the entire ceﬂing and the rear wall of the stage. In direct contrast is the
militaristic formali‘cy of the Lalcony fronts and the stage side walls. These intriguing
rectangular boxes are made of plas’cer and are randomly oriented to create a diffuse
sound field—one in which the reverberant energy is uniform throughout the haﬂ,
giving the music a pleasant singing tone.

The balconies seat only 038 people, with movable cushioned chairs arranged
in boxes along the sides and theater—style seats in the rear. Their shallowness assures
the ticket ]suyer that no un&er—balcony dead spots exist. Great efforts were made to
eliminate outside noises. The hall is separated ]:Jy a l-in. (2.5-cm) airspace from
the structure which surrounds it on three sides. Acljacent to the entry doors on the
three sides is a “ring corridor,” with carpeted walls and floors designecl to combat
the noise of air—handling machinery, transformers, and office equipment. This sec-
ond part of the Luil&ing also contains rehearsal space, artistic and administrative
of—ﬁces, and the 101)]3}7.

Orchestra Hall’s usable stage area is 2,174 f2 (202 m?). The hall is suffi-
ciently narrow that no central aisle is needed. A state-of-the-art sound system ren-
ders it usable for pops concérts, popular artists, seminars, and school functions.

During the month of June, for pops, the seating configuration on the main floor
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is converted into terraced levels with tables and chairs, reducing the hall’s capacity
to 1,838.

= |
S——— RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Mostly orches’cra, soloists, and popular artists. Ceiling’: Plaster on wire lath.
Walls: Side walls are hardwood on concrete block. Balcony wall is plaster on wire lath.
Floors: The base floor is flat concrete with parquet wood affixed; during the winter
concert season, a sloping floor is installed (see the clrawing). Carpets: On main aisles
(].owns’cairs, with no underpa(].. Stage enclosure: Most of the enclosure, including the
ceiling, is thick wood. Stage floor: 1.5-in. (3.8-cm) wooden planks over a large airspace
with 3/4-in. (1.9-cm) ﬂooring on top. Stage height: 46 in. (117 cm) above floor level
at first row of seats. Seating: The rear of the backrest is 0.5-in. (1.25-cm) molded
plywooc],. The front of the backrest and the top of the seat bottom are upholsterecl over

a polyurethane cushion. The underseat is unperfora’cecl. T}le arms are Wooden.

ARCHITECT: Hammel Green and Abrahamson. ASSOCIATE ARCHITECT FOR
DESIGN: Hardy Holzman Pfeiffer Associates. ACOUSTICAL CONSULTANT: Cyril M.
Harris. PHOTOGRAPHS: Tom W. McElin and Banbury Studios.

V = 670,000 ft* (18,975 m3) S, = 13,627 ft2 (1,266 m?) S, = 16,942 ft2 (1,574 m?)
S, = 2,185 ft2 (203 m?) S; = 18,882 ft2 (1,754 m?2) N = 2,450

H= 54t (16.5 m) W = 941t (28.6 m) L =125 ft (38.1 m)

D = 134 ft (40.8 m) V/S; = 35.48 ft (10.82 m) VIS, = 335t (12 m)
VIN = 273 3 (1.74 m3) S,/N = 6.91 ft2 (0.642 m?) S,/N = 556 ft2 (0.516 m?)
HIW = 057 L/W = 133 ITDG = 33 ms

Note: S; = S, + 1,940 ft2 (180 m?); see Appendix 1 for definition of S,.

Nore: The terminology is explained in Appendix 1.
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Avery Fisher Hall

Wew Fisher Hall is the successor to Philharmonic Hall, ai’ci’iough the
exterior and the lobbies to the }Juii(iing have remained unci'lange(i. The

original hall was openecl in 1962 and suffered such criticism that a series of reno-
vations were periorme(i over the next several years. Tilen, ’ci’u:ough the generosity of
Avery Fisher, a complete reconstruction was made, inciuding relocating the balco-
nies, iowering the ceiling somewi'ia’c, aclcling irreguiari’cies to all surfaces, insta]iing
a new stage enciosure, changing the contour of the main floor (i)eneatii the seats),
and seiecting new seats. Also, the decor is compieteiy different. The new hall is a
classic rectangular shoebox, like Boston Sympi'iony Hall, but its drawings more
resemble those of Salt Lake and Minneapolis.

The reconstructed hall opened in 1976. Tt seats 2,742 persons. On entering
the i'iail, three elements command one’s attention. Firs’c, the sound reflectors on
the walls and ceiiing of the stage enclosure. Then, the side balconies, resemi)ling
looxes, each with a goid—ieai-coverecl, cyiinclricai front. Ancl, ’chir(i, the ceiling with
“waves” to facilitate sound diffusion. The change in acoustics was welcome, and
music critics, immeclia’ceiy after the reopening, piace(i Avery Fisher Hall on an
approximate par with Carnegie Hall.

The stage is iarge fora regular concert hall, 2,230 f2 (207 m?) in area, 81,000
ft3 (2,295 m3) in volume and 41 ft (12.5 m) in depth. It was augmented in 1992
}Jy the addition of two tiers of rounded sound diffusers on the side walls (see the
pi’iotograph) and two difi’using elements in the ceiling. The pubiishe(i purpose was
to reflect sound back to the musicians so that tiley could hear themselves and their
Coueagues better.

The reverberation time (occupie(i) is shorter than that in Boston Symphony
Hall (1.75 compared to 1.9 sec), and the ratio of the iow—irequency reverberation
times to those at middle frequencies is appreciably less in Avery Fisher (0.93) than
in Boston (1.03). There are still complaints about bass weaianess, as is borne out

]:)y the acoustical data just quote(i, and about the lack of intimacy in the hall.
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Recently, Lincoln Center has been discussing the possi})ility of razing the hall’s

interior and replacing it with one having fewer seats.

—
Cv\\ (AR CHITECTURAL AND STRUCTURAL DETAILS

Uses: Concerts, primarily. Ceiling: 1.5-in. (3.8-cm) plaster on metal lath. Main and
balcony side walls: 0.75-in. (1.9-cm) painted plywood panel over minimum 1-in.
(2.5-cm) compressed ﬁberglass (varies with angle of wall) screwed to grounds attached
to 6-in. (15 cm) concrete block. Balcony fronts: Gold-leaf surface on 1-in. plas’cer.
Stage ceiling: 0.75-in. (1.9-cm) natural-faced wooden plywood over which was poured
4-in. (10.2 cm) layered plas’cer ceiling. Stage sidewalls: 0.75-in. (2-cm) natural
wooden plywoocl over 0.75-in. compressed ﬁ]aerglass screwed to 10-in. (25.6-cm) con-
crete blocks. Stag'e floor: 0.6-in. (1.5-cm) tongue—and-groove oak wood strips over
0.75-in. (2-cm) plywood on 2 X 4-in. (5 X 10-cm) sleepers over original 3-in. (7.5-
cm) wooden planks. Stage height: 42 in. (106 cm). Audience floor: To give the floor
a new slope a new concrete floor was poured; 1.62-in. (4.1-cm) sleepers were laid on
the ﬂoor; a 0.5-in. [1.25-cm plywood subfloor was attached and the finish ﬂooring is
0.6-in. (1.5-cm)] oak wood boards. Carpet: Thin, on aisles. Added sound al)sorp-
tion: None. Seating: Seat backs, molded plywood; tops of seats and fronts of the
backrests are uphols’cered with vinyl cushion, porous cloth covering; underseat, unper-

forated me’cal; armrests, wooden.

ARCHITECTS: For buﬂding exterior (1962) , Harrison and ALramovitz; for con-
cert hall (1976), Philip Johnson/John Burgee Architects; stage modifications (1992),
Iohn Burgee Axrchitects. ACOUSTICAL CONSULTANTS: For the hall (1976) , Cynl M.
Harris; for the stage modification (1992), ARTEC Consultants, Inc. PHOTOGRAPHS:
Sandor Acs and Norman McGrath.

V = 720,300 ft* (20,400 m3) S, = 12,798 2 (1,189 m?) S, = 15,930 ft2 (1,480 m?)
S, = 2,180 fiz (203 m?) Sy = 17,870 ft? (1,660 m?) N = 2742

H = 551t (16.8 m) W = 85 ft (25.9 m) L = 126 ft (38.4 m)

D = 135t (41.2 m) V/S; = 40.3 ft (12.29 m) VIS, = 42.2 ft(13.8 m)
VIN = 262 ft* (7.44 m?) S,/N = 581 ft2 (0.54 m2) S,/N = 4.67 ft2 (0.434 m?)
HIW = 0.65 L/W =15 ITDG = 30 msec

Note: S; = S, + 1,940 fi2 (18Q m?); see Appendix 1 for definition of S;.

Note: The terminology is explained in Appendix 1.
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Carneg'ie Hall

saac Stern and Board Chairman James D. Wolfensohn are picturecl ina
1991 Carnegie brochure emiaracing each other outside Carnegie Hall on
December 15 , 1986, beneath the caption: “Renovation and Re—Opening ; The reno-
vation . .. restored the auditorium to its lgth-century spienclor." Immedia’ceiy
thereafter controversy erupteci over the ra(iicauy altered acoustics of this famous hall
and persists to this day.
The lower pi’iotograpi'i here shows the 1960 appearance of the stage prosce-
nium. Note that a curtain i'iung over the upper half of the proscenium opening,

even when the lower curtains were retracted. My description of the stage architecture,

presente(i in Music, Acoustics, and Architecture Wiiey, New York, 1962) reads—

Stage enclosure: Walls of the stage are plaster on wire lath; just prior to 1960, thin
nylon draperies 30 ft [9 m] high were hung on either side [end] of the stage; in front of
these draperies there were three )goi(iing screens, each with two paneis. Bach panei is made
of 1/4-inch plywood on 9-ft-high by 4-ft-wide [2.74 m X 1.22 m] frames of 2 X 2 in.
[ cm] wood. Above the stage there are two frames, each about 6 ft [1.83 m] wide and
40 ft [12.2 m] long, sloped forward about 20° painted canvas is stretched over the
frames [tiiese create an acoustic ceiiing for the orc}iestra]. Stage floor: wood on s/eepers

over concrete [emphasis added].

Direct quotations from interviews with ten ieaciing conductors of that clay
spoize of Carnegie with statements like: “In Carnegie Hall the music is clear as a
bell. Tt has excellent i’iigi'i-irequency ioriiiiance, but the middle- and iow—irequency
brilliance is not the best. There is a lack of laody in the sound.” “Carnegie Hall is
oniy ‘goocl’ to ‘fair.” From the podiurn there is a siigi'itiy ciampecl feeiing—especiaiiy
on climaxes.” “It is better than Phiiatieipiiia [Aca(iemy of Music], but worse than
Boston [Sympiiony Haii]." .

Irving Koiociin, revered music critic for the Saturc]ay Review, said to me in
December 1960, “I have a fondness for this hall. It is not a iia])iii’ty to any per{or-
mance. Carnegie Hall lets the orchestra be itself. It doesn’t impose its personality
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on it. Whether from Europe or Phﬂadelphia, an orchestra always sounds with its
own s‘cyle." We must remember that Kolodin occupied the same seat, one of the
best, for this period.

Prior to Sep’cem})er 8, 1966, new seats were installed, a new main floor was
installed, the stage was extended 6 ft [1.83 m], the stage floor was renewed, and
the center aisle was eliminated. Harold Schon]oerg wrote in the New York Times,
November 10, 1966, “Ever since the new seats with their wooden backs were in-
stalled. . . . The auditorium is less mellow than it used to be. What we now are
hearing is not necessarily a bad sound, but it certainly is a different sound.” In The
New York Times of May 3, 1982, Donald Henahan attempts to analyze the origin
of Carnegie’s “satisfying acoustics,” while admitting, “its seating capacity of 2,800
is 69 greater than that of everyl)ody’s favorite American concert space, Symphony
Hall in Boston . . .” Without mentioning the great changes to the stage in the late
1950s and again in 1966, he attributes the satisfactory acoustics to the architect
William B. Tuthill.

Carnegie officials now have a very complete report on the acoustics of the hall,
written Ly Tuthill in 1928, a year before his dea’ch, and publishe(l privately l)y his
son in 1946, a copy of which came to the Carnegie archives in 1985 with an
inscription to Mr. Stern. The booklet is entitled, “Practical Acoustics, A study of
the Diagrammatic Preparation o][ a Hall of Audience.” Tuthill is hardly modest; he
starts Ly writing, “Practical acoustics. . . . becomes a demons’cral:ly easy theme and
task for a designer who Ly nature is scientiﬁcaﬂy endowed, is generaﬂy cultured and
has been trained in all phases that may relate to the sul)jec‘c." Tuthill delineates some
of his basic principles, as follows: (1) A hall should preferably not be 1onger than
about 100 ft [30.5 m] [aﬂ seats in Carnegie are within this distance from the front
of the stage, except those in the top I)alcony]. @) The earliest reflections must be
heard within about a ninth of a second after the direct sound [’chis requirement is
met l)y all first reflections except those from the rear wall below the first Lalcony].
(3) If the arrivals of the earliest reflections are delayed longer than one-ninth of a
second, there will be an echo, and (4) there should be no wood of any kind, except
in the planlzing of the floors, to preserve reverberation in the room.

How successful was Tuthill’s Carnegie Hall? Major Henry Higginson, then
owner of the Boston Symp]nony Orchestra and chairman of the l)uilding committee
for Boston Symphony Hall which opened in 1900, stated that he and the com-
mittee disliked Carnegie Hall’s acoustics and looked to European halls as models.
More conclusive has been the general response to the 1986 renovation that “restored
the auditorium to its 19th-century splendor.” Sad to say, there was a significant
change in the orchestral sound. The brass and percussion strode forth in full volume.
The famous mellow tone ce;ase(l to exist. The reflected sound took on a “hard”

texture. Hchoes from the rear wall of the main floor and from the rear stage wall
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troubled the audience at the front of that floor. On stage, the musicians were
disturbed l)y focused ceiling echoes and ]3y the same echoes as the audience. Those
time—delayecl reflections across-stage exceeded the direct sound heard from one sec-
tion to another, and made ensemble playing difficult. Something had to be done.

In 1989, novel and effective renovations were instituted—with the under-
stancling that the 19th—century visual appearance was not to be changed. The sl'lape
of the stage ceiling was sligh’cly altered and a thin layer of sound—a]asorl)ing material
was appliecl to it. In the three square panels on the back wall of the stage, felt was
attached in thicknesses varying from 0.25 to 0.50 in. (see upper pho’cograph). In
the small rec’cangle and the semicircular decoration above each side—s’cage door, more
felt was appliecl. Finauy, to eliminate the high-frequency components in the reflec-
tions from the rear wall of the main floor, scien’ciﬁcaﬂy designed acoustic panels,
about 28 ft (8.53 m) long (in three sections), were installed just below the soffit of
the l)alcony above. They act to spreacl the high— and mid(ﬂe—frequency sound energy
sideways, which improves spaciousness on the main ﬂoor, eliminates the echo from
the lower rear wall, and masks the echoes from the box levels.

However, some grave negatives still exist. The worst acoustics I have ever heard
in any concert hall exist toclay in the front rows of the top balcony. Without the
pre—1986 curtain, the sounds from the back of the stage rise to the curved section
of the ceiling between the proscenium and the flat upper cei.ling and focus on these
seats. At a 2001 concert of the Chicago Symphony with Yo Yo Ma as soloist, I
could harclly hear the cello and the violins because of the overwhelming s’crength of
the sound from the back of the s’cage—horns, percussion, l)rass, and some wood-
winds. Bven in the front half of the main ﬂoor, there is amphﬁca’cion of the sound
from the rear of the orchestra owing to the shape of the stage ceiling.

There have been general complaints about a lack of bass since the 1986 ren-
ovations even on the main floor. This was caused Ly the removal of the hanging
curtain, which permits the entire middle and rear sections of the orchestra to be
ampliﬁecl l)y the stage ceﬂing—maleing the basses and cellos sound less prominent.
This deﬁcieney led to the cliscovery of a solid layer of concrete beneath the stage
floor. The immediate conclusion ]:)y music critics was that the concrete must cause
a reduction in the s’creng’ch of the basses and cellos that had not existed before the
stage floor was rebuilt in 1986. Alan Kozinn in the Septem]:)er 14, 1998, issue of
The New York Times wrote, “How the concrete got there—and who was responsi-
ble— remains a mystery. The architects and builders have no record of it.” But it
is clear from my 1962 description above that the concrete was there in 1002 in
exact/y the form that is shown in the sketch with the Kozinn article. The concrete was
removed in 1995. At the first concert that foﬂowed, many believed that the bass
s’creng’ch was restored. Incleecl, there may have been a cli{{erence, but that would also
have resulted if the concrete had been removed in 1962 while the curtains were

777
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there. In various articles in The New York Times in the 1995-96 music season, the
theme enunciated by Kozinn reoccurs, “There are still ways in which the pre-1986
sound was preferahle. The old stage curtain, ’chough less attractive, absorbed higll
frequencies and kept strings and winds from soumling strident, as ’chey sometimes
still do.” Unless Carnegie is drastically rebuilt, e.g., eliminating focusing surfaces
like that in the ceiling just outside the proscenium, the simplest answer is to restore

the proscenium curtain and, possihly, the hanging panels above the orchestra.

—

CV\\ (AR CHITECTURAL AND STRUCTURAL DETAILS

Uses: Mostly orchestra, soloists, and chorus. Ceiling: 1-in. (2.5-cm) plaster on metal
screen, 5% open for ventilation. Waus: 0.75-in. (1.9—cm) plas’cer on me’cal screen Witll
small airspace between the plaster and the solid Lacleing; beneath the first tier of boxes,
the walls are plaster on solid I)aclzing; Lalcony fronts are plaster. Floors: Wood ﬂooring
on sleepers over concrete. Carpets: In the aisles on main floor and upper two tiers (3
and 4); carpet in the boxes. Stage enclosure: Walls of the stage are mos’cly plas’cer on
masonry, but a few areas are plas’cer on metal la’ch; stage ceiling is vaultecl, plas’cer
resilien’cly suspenoled free of wall surfaces (other details in the text). Stage floor: Prior
to 1995, the construction was wood on sleepers over concrete. In mid-1995, the
concrete was removecl, opening a large airspace underneath. Stage heig’ht: 48 in.
(122 cm) above floor level at first row of seats. Seating: [rwin PAC chair with high-
impedance mohair uphols’cery, perfora’ced metal pans.

ARCHITECT: William B. Tu’chiﬂ; for the 1986 and 1989 renovations, James
Polshek. AcousTICAL CONSULTANTS: For the 1986 renovation, Abraham MelZer;
for 1989 renovation, Kirkegaard & Associates. PHOTOGRAPHS: Lower photograph
courtesy of Carnegie Hall in 1962; upper photograph, Michelle V. Agins The New York
Times (1991).

V = 857,000 ft3 (24,270 m?3) S, = 12,300 ft2 (1,145 m?) S, = 17,220 ft2 (1,600 m?)
S, = 2,440 ftz (227 m3) S; = 19,160 ft2 (1,780 m?2) N = 2,804

H =178 ft(23.8m) W = 85 ft (25.9 m) L = 108 ft (32.9 m)

D = 147 ft (44.8 m) VIS; = 44.7 ft (13.63 m) VIS, = 59.8 ft (15.2 m)
VIN = 306 ft* (8.65 m?) / S,/N = 5.71 ft2 (0.53 m?) S,/N = 4.39 ft* (0.408 m?)
HIW = 0.92 B Lw =121 ITDG = 23 msec

Note: S; = S, + 1,940 ft2 (180 m?); see Appendix 1 for definition of S;.

NoTe: The terminology is explained in Appendix 1.
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Metropolitan Opera House

n Septemt)er 1966, the new Metropolitan Opera House opene(t with all

the pomp and circumstance that a devoted New York opera put)hc could
muster. The renowned Metropolitan Opera Association regularly features on its
roster some of the world’s finest singers. Its pit orchestra is among the best in this
country. [ts tradition has been caretuﬂy nurtured t;y a prou(]. New York society and
t)y the nationwide audience devoted to its Saturday afternoon broadcasts.

Its 3,816 seats make the Met one of the largest houses in the world used
exclusively for opera. [ts shape is not like Milan’s horseshoe La Scala, traditionaﬂy
used as a model for most opera houses, though there are resemblances. The seating
is on five tiers, plus a t)alcony, and the fronts of the tiers are flattened to make the
viewing distance from the stage as short as possitale. Its volume of 873,000 fr3
(24,724 m?) is more than double that of La Scala, maleing it necessary for singers
to have strong voices in order to project. Its reverberation time, tuﬂy occupie(]., at
mi(t-trequencies, is about 1.6 sec, as higl‘l as that in any other opera tlouse, which
aids in augmenting the loudness of the singer’s voices.

The Met's stage is prot;at)ly the most highly mechanized in the world. Scenes
can foat up from below on seven hy(traulic lifts which occupy a 60 X 60-f
(18 X 18-m) area. Scenes can glide in from two side stages on large motorized
wagons and from t)aclz-stage, which also boasts a 57-ft (17 .4-m) diameter turntable.
Scenes and people can pop up through traps in the lifts. The tront-stage curtains
and all hanging—soenery battens are motorized. The extensive controls for these
mechanisms and the hghting are truly awe-inspiring.

The designing acousticians wisely tailored the box fronts and the tall flat areas
to either side of the proscenium to create the necessary early lateral sound reflections
to give the voices breadth and intimacy. The acoustics benefit from the large apron
on the stage, which reflects ’the voices of the singers into the upper four tiers and
the t)alcony. The sound is distributed reasonat)ly equaﬂy to all seats throughout the

house except those in the upper tiers nearest to the proscenium.
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C\A Hx
—_— RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Opera. Ceiling: Plaster, covered with 4,000 rolls of 23 carat gold leaf. Walls:
Plaster, some areas covered with 27,000 {2 (2,500 m?) of burgundy velour, some
painted and some with wood paneling. Floors: Solid. Carpets: 18,000 2 (1,670 m?).
Pit: Floor is made of 2.5-in. (6.4-cm) wooden planles; the pit walls are of 0.75 in.
(1.9 cm) wood. Stage height: 48 in. (122 cm) above floor level at first row of seats.
Seating: Fuﬂy upholstered, except underseats are soli&; seats range in width from 19
to 23 in. (48 to 68 ¢m) to conform to “three-row vision” sequence. Proscenium
curtain: Gold patterned silk damask, tableau drape, 9,000 £2 (836 m?). Proscenium
opening: 54 {12 (16.5 m?).

ARCHITECT: Whllace K. Harrison of Harrison and Abramovitz. ACOUSTICAL
CONSULTANTS: V. Lassen Jordan and Cyril M. Harris. PHOTOGRAPHS: Metropolitan
Opera Archives and United Press International Photo. REFERENCES: Plans and de-
’caﬂs, ]ohn Pennino, archivist office of the Metropoli’can Opera Association.

Opera

V= 873,000 ft? (24,724 m?3) S, = 20,600 ft? (1,914 m?) S, = 24,350 f12 (2,262 m?)

S, (pit) = 1,420 fe2 (132 m2) S, = 25,770 ft2 (2,394 m?) N = 3,816 plus ~200 standees
H = 821t (25 m) W = 110 ft (33.5 m) L = 130 ft (39.6 m)

D = 184 ft (56.1 m) V/S; = 33.8 {t (10.3 m) VIS, = 35.8 {t (109 m)

VIN = 229 ft3 (6.48 m?) S,/N = 6.38 ft2 (0.59 m?) S,/N = 5.40 ft2 (0.50 m?)
HIW = 0.745 L/W =118 ITDG = 34 msec

Note: The terminology is explained in Appendix 1.
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Academy of Music

xcept for the Teatro Di San Carlo in N aples and the Teatro alla Scala in

Milan, after which it was modelecl, the Academy of Music is the oldest hall
in this book. In the middle of the nineteenth century, there were no symphony
orchestras to speale of in this country, but grand opera was immensely popular and
enjoyed unique prestige both in Europe and in New York. The Aca&emy was built
for the express purpose of bringing this art to Phﬂa&elphia. Acousticaﬂy, it is un-
ques’cionalnly the finest opera house in the United States, and the most beautiful.

Venerated for nearly a century and a half of concerts and operas, beautiful and
intimate, this hall and the world renowned Philaclelphia Orchestra mean to America
the best in music. .

With a cubic volume only 40 percent greater than that of the Vienna Staats-
oper, the Acaclemy nevertheless holds 70 percent more people. Each of its 2,827
(for opera) seats is allotted only 5.5 {2 (0.5 m?), inclucling aisles, as comparecl to
7.5 £t2 (0.7 m?) in Vienna in the 1955 reconstruction. For symphonic music, the
bigges’c criticism of the Academy of Music is its low reverberation time. Measured
in 1992, fully occupied, at mid-frequencies, it is 1.2 sec, comparable to La Scala’s
1.2 and Vienna’s 1.3, but well below the 1.85 sec of Boston’s Symphony Hall.

The orchestra enclosure is composed of twelve rolling “towers” (see the draw-
ing), four on each side and four at the rear. Each has three convex sections, clesignecl
to diffuse the sound on the stage for better in’cer—player communication. The ceiling
is made of three ﬂa’c, slopecl sections, as shown in the clrawing.

Every conductor and music critic interviewed in 1960 said that the Academy
was excellent for opera, but for syrnphonic music, “somewhat clry," “sound too
smaﬂ," “not very live.” My own judgmen’c, based on hstening to concerts there many
times, is that the orchestral sounds are ]Jalanced, clear, and beautiful. Basses and
cellos are strong. There is a feeling of intimacy, both VisuaHy and musicaﬂy. But

there is no audible reverberation and the sound does not envelop one as in rectan-
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PHILADELPHIA

gular orchestral halls. It does not seem fair in this book to compare it with the

world’s great concert haﬂs. It is reaﬂy an opera house.

= A |
—_— RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Opera, orchestra, chorus, and soloists. Ceiling: 0.75-in. (1.9-cm) plaster on
wood lath on flat surfaces ; plaster on metal wire screen on curved surfaces. Walls: Pine
boards, 0.4 X 3in. (1 X 7.6 cm), nailed to wooden framing. Floors: Two layers of
0.4-in. (1-cm) boards on joists. Carpets: with underpad main aisles downstairs and in
the first ring (see 1 and 2 in the upper clrawing). Stage floor: Two layers of wood on
joists. Stage height: 52 in. (132 c¢m). Seating: Seat bottoms and seat backs fuﬂy
upholstered. Bench—type backs at the upper-most level with upholstere& seat bottoms
and with a cushion on the bench backs.

ARCHITECTS: Na,poleon E. H. C. Le Brun and Gustavus Runge. CREDITS:
Drawings, seating, room, and stage enclosure details from Academy of Music. PHO-
TOGRAPHS: Ed Wheeler.

ML

Opera

V = 533,000 ft2 (15,100 m?)
S, (pit) = 640 ft2 (59 m?)
VIS; = 2841t (8.7 m)

H = 64t (19.5 m)

D = 118 ft (36 m)

Concerts

V = 555,000 2 (15,700 m?)
S, = 2,350 ft? (218 m?)
V/S; = 29.8 ft (9.07 m)
S./N = 5.72 ft2 (0.531 m?)

Note: S; = S, + 1,940 ft2 (180 m2); see Appendix 1 for definition of S;.

S, = 2,401 2 (223 m?)
S, = 18,740 ft (1,740 m?)
VIS, = 339 ft (10.4 m)
W = 58ft(17.7 m)

HIW =11
S, = 14,000 ft2 (1,300 m?)

I

S, = 18,640 ft2 (1,730 m?)
V/S, = 332 f (10.13 m)
S,/N = 479 ft2 (0.445 m?)

S, = 15,700 ft* (1,460 m?)
N = 2,827

S,/N = 5.55 ft2 (0.52 m?)
L =102 ft (31.1 m)

L/W = 1.76

S, = 16,700 ft (1,550 m?)
N = 2921

VIN = 190 3 (5.38 m?)
ITDG = 19 msec

Note: The terminology is explained in Appendix 1.
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Verizon Hall in the
Kimmel Center for the Per{orming Arts

hilaclelphia’s world-renown symphony orchestra has a new home, which

formally opened on December 14, 2001. The orchestra had performed for
101 years in the oldest hall in America, the Acaclemy of Music, which was built as
an opera house. The change in the acoustics is enormous. Efforts to build a “sym-
phony hall” date back to 1908, and even as recen’cly as 1995 it seemed that the
solution to a hall with a greater reverberation time might be to modify the Acaclemy
along the lines of the renovations to Orchestra Hall in Chicago. Instead, the former
mayor of Phﬂadelphia embraced the idea of the Kimmel Center as the centerpiece
of his “arts-as-renovation” project. Verizon Hall, seating an audience of 2,298 plus
247 bench seats for chorus or audience, is only one part of this complex. It is
adjacent to the Perelman Tiieater, seating 651, and a black-box experimental the-
ater, seating 100. All are only a short distance from the Academy of Music.

The Verizon Hall is a modified “shoebox," with some resemblance in shape to
a cello. Its unusual acoustical feature is means for varying the reverberation time.
Up to one hundred doors at all levels can be openecl into acoustic (reverbera’cion)
chambers. Preliminary data show a reverberation time (measured from —5 to
—35dB on the clecay curve, using the Schroeder method of analysis) of 1.6 seconds
with all doors closed, increasing to 1.7 seconds with all doors 45 degrees open,
about 0.1 second below Carnegie Hall in New Yorlz, and well above the 1.3 seconds
in the Academy of Music. To reduce the reverberation time for conferences, velour
curtains can be drawn over the walls.

There is a canopy over the orchestra that is in three sections, each of which
can be a(i.jus’ce(i. in height. Preliminary heigh’cs for the front part (iacing the audi-
ence) is about 50 feet (15 meters) and the back part is about 44 feet (13.4 meters).

This hall is still unclergoing a(ijustments and an attendee at a concert does
not know whether the best acoustical condition is being presentecl that night. Press
music reviews have been mixé'cl, partly for this reason. The sound levels on the main

floor under present conditions are weaker than those in Boston’s Symphony Hall
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Verizon Hall in the Kimmel Center for the Performing Arts

and New York’s Carnegie Hall. In the balconies the sound is fuller. The bass/treble
balance and the balance among orchestral sections is excellent. One appreciates, as
always, the high qualii:y of the magniﬁcent Pl'u'ladelphia Orchestra, one of America’s
best.

—

Cv\\ (A R CHITECTURAL AND STRUCTURAL DETAILS

Uses: Concert music, pops, and organ recitals. Ceiling‘: Cement 3 in. (7.5 ¢m) thick
with an applied layer of 0.62-in. (1.6-cm) fiberboard. Canopy: Multilayer. Walls: 12-
in. (30.5-cm) block with 0.75-in. (1.9-cm) plywood and finish layer 0.5-in. (1.25-cm)
fibetboard. Sound diffusers: Portions of Lalcony fronts, walls and chamber doors
are textured. Variable a})sorption: 12,238 f2 (1,337 m?) sound—al)sorlaing banners.
Floors: 0.5-in. (1.25-cm) tongue—and-groove wooden boards, 0.5-in. plywood sub-
strate, cemented to concrete. Variable elements: One hundred 4.2-in. (10.7-cm)-
thick operalale doors that open into cement chambers with a total volume of 262 ,000
ft3 (7,420 m3) and banners that drop from the ceilings of the reverberation chambers.
Walls of stage enclosure: Portions are {:ixecl, of poured concrete with a transparent
screen in front. The movable portions are 2 to 4 layers of 0.62-in. (1.6-cm) cement
board. Stage floor: 1-in. (2.5-cm) tongue—and—grove board over 2 in. (6 cm) thick
wood laid on neoprene pads on concrete. Stage height: 42 in. (1.07 m). Seats: Seat
backs and bottoms 1.25-in. (3.2-cm) padding. Choir/audience balcony seating is bench
style, unupholsterecl.

ARCHITECT: Rafael Vifioly Architects PC. AcousTICAL CONSULTANT:
ARTEC Consultants, Inc. PHOTOGRAPHS: ]e{-f Goldl)erg, Esto.

V = 830,240 ft? (23,520 m3)* S, = 13,224 f2(1,229 m?) S, = 17,926 ft2 (1,666 m?)
S, = 2,948 ft2 (274 m?) S; = 19,863 ft2 (1,846 m?) N = 2519

H = 75t (22.9 m) W = 84 ft (25.6 m) L = 90 ft(27.4 m)

D = 140 ft (42.7 m) V/S; = 41.8 ft (12.7 m) VIS, = 46.3 ft (14.1 m)
V/IN = 330 ft? (9.34 m?) S,/N = 7.12 112 (0.661 m?) S,/N = 5.25 ft2 (0.49 m?)
HIW = 0.89 Lw =12 ITDG = 28 msec

Note: S; = S, + 1,940 ft2 (180 m?); see Appendix 1 for definition of S;.

Note: The terminology is explained in Appendix 1.
* Not including the 262,000-ft* (7,420-m3) acoustic control chambers.
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Roclzester, New York

Eastman Theatre

ew theaters in America no longer exhibit the expensive handiwork that

went into the Eastman Theatre. Built in 1923, it embodies {abrics,
metals, and decorations of a quali’cy found in the royal palaces of old. It contains
3,347 1arge, comfortable seats. One is aware immediately on entering the hall of
the high volume of nearly 900,000 cubic feet (25,488 m3).

The high ceiling and wide, splayed side walls direct sound primarily to the rear
of the hall. Before a major renovation was made in 1972, regular concertgoers
complainecl about a lack of clarity of the music, particularly on the main floor,
which resulted from a very 1ong ini’cial—’cime—&elay gap and a comple’ce lack of early
lateral sound reflections. This condition did and does not exist in the rear part of
the upper I)alcony because lateral reflections na’curaﬂy occur ’chere, along with a
shorter initial—time—delay gap.

The renovation was directed at improving the acoustics of the hall for concert
music, which is presente& regularly ]:)y the Minneapohs Symphony and the Eastman
School orchestras. Tt primarily consisted of a new stage enclosure (sheﬂ) with a large
storable canopy. The orchestra enclosure and canopy were clesignecl to reflect and
project more sound outward through the proscenium. The canopy is shaped and
located to send a higher percentage of acoustic energy from the instruments in the
front third of the orchestra to the audience, particularly onto the previously ne-
glec’ced main floor area. The result is an increase in the ratio of the energy of the
direct sound to that of the reverberant sound and the canopy provides a short initial-
time—delay gap in that area. This change speus “clarity." The reverberation times
were not altered. Other ol)j ectives were restoration and preservation of the decorative
features.

The theatre is used for opera. With a full 85-piece pit orches’cra, half of the
musicians sit under the stage. This makes it difficult for them to hear what is
happening on stage and to maintain proper balance among themselves. To a listener,

the instruments back under the stage sound as ’chough they were in another room.
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The recessed pit provides better balance between the louder instruments and singers,
who may be less powerful than the singers at the NY Metropolitan Opera.

—

C\f\\ (A RCHITECTURAL AND STRUCTURAL DETAILS

Uses: General purpose. Ceiling': Plaster. Side walls: Plaster, approxima’cely 50% cov-
ered with souncl—al)sor})ing materials that have been heavily painted. Rear walls and
Lalcony fronts: Covered with soundua]:)sor]:)ing ma’cerials, heavily painte(l. Floors:
Concrete. Stage enclosure: The sidewalls and ceiling are mostly curved plywoocl pan-
els, 0.38 in. (1 cm) thick with random ]ara.cing and randomly spaced transverse ribs.
Stage floor: Wood on joists. Stage height: 42 in. (107 cm). Carpets: On all floors.
Seating: Fuﬂy uphols’cered (Lo’ch sides) Laclzzrests; underseat is solid. Pit: Half-recessed

under stage; the floor is of woocl; the walls are concrete; the railing is asbestos board.

ARCHITECT: Gordon E. Kaelber. ASSOCIATE ARCHITECT: McKim, Mead and
White. ARCHITECT FOR 1972 RENOVATION: Thomas Ellerbe Associates. STAGE
ENCLOSURE DESIGN (1972): Paul S. Veneklasen. CREDITS: Original drawings from
the American Architect, Fel)ruary 1923. PHOTOGRAPHS: Lower photograpll courtesy
of Ansel Adams, Eastman Kodak Company (1962); upper photograph courtesy of Paul
Veneklasen.

Concerts

V = 900,000 ft3 (25,500 m3) S, = 17,000 ft2 (1,580 m?) S, = 21,750 ft2 (2,021 m?)
S, = 2,200 ft2 (204 m?) S; = 23,690 ft2 (2,201 m?) N = 3347

H = 67 ft (20.4 m) W = 120 ft (36.6 m) L = 117 ft (35.7 m)

D = 142t (43.3 m) V/S; = 38.0 ft (11.58 m) VIS, = 1.3 ft (12.6 m)
VIN = 269 ft* (7.62 m?) S,/N = 6.5 ft2 (0.60 m?) S,/N = 5.08 ft? (0.47 m?)
HIW = 0.56 LW = 097 ITDG = 22 msec

Opera

V = 846,500 ft* (23,970 m3) S, = 2,752 ft2 (256 m2) S, = 21,750 ft2 (1,907 m?)
S, = 25,270 ft2 (2,348 m?) S, (pit) = 770 {2 (71.5 m?) Se (pit) = 1,750 ft2 (162.5 m?)
N = 3,347 V/S; = 33.6 ft (10.2 m) V/S, = 389 ft (11.9 m)

Note: The terminology is explained in Appendix 1.
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Salt Lake City

Abravanel Symphony Hall

d alt Lake City is prou(l of its Symphony Hall, home of the Utah
Symphony Orchestra. Dedicated in 1979 with special honors to retiring
Maestro Maurice Abravanel, its music director for 32 years, the hall is well situated.
At the entrance to the site, on the 1e£l:, is a well attended garclen. Just behind it is
an outdoor amphi’cl’xea’cer and sculpture court, both associated with Salt Lake’s
Community Art Center. The lobbies give concertgoers an uplifl:ing experience and
smiles everywhere give one a feeling of warmth and welcome.

The specifica’cion for the acoustics of the hall was that ’chey should approach
those of the hig}ﬂy acclaimed halls of the world. The architect, Worlzing closely with
the acoustical consultant, decided on the classic “shoebox” shape, which has proven
its quali’cy in many venues. One must remark that the hall’s capacity—2,812, seats,
with 1,838 on the main floor—expresses optimism as to the possible number of
subscribers in the Salt Lake Clty/ Ogclen, Utal'x, metropoli’can area witha popula’cion
of only 1.2 million. The me’cropoli’can areas of Chicago, popula’cion 8.5 million;
Washing’con, D.C, 6.8 miﬂion; and Boston, 5.5 miﬂion, support only one hall
each and they seat between 2,759 and 2,582, with the smallest l)eing the Chicago
hall. The width of Salt Lake’s Sympl'xony Hall is 90 £ (27 m), which contrasts
with Boston’s 75 ft (22.8 m), and, along with continental seating, tends to give a
visitor a feeling of entering a vast room.

The hall has the proper features for provicling good acoustics. The side and
rear walls are made of ranclornly dimensioned oak panels and the plas’cer ceiling
closely approximates the souncl-clif'fusing properties of the coffered ceilings of Bos-
ton and Vienna's halls. The rec’cangular shape provi(les early, lateral sound reflec-
tions which give a feeling of intimacy. [ts reverberation time, with full audience, is
about 1.7 sec, good for music of the Classical periocl and for a hall that must serve
some other purposes than Symphonic concerts. Comparecl to Boston, there are a
few decibels’ weakness in the bass. There is no tonal harshness and the string and

woodwincl souncls are exceuen’c. The hass/’crel)le l)alance an(l ’cl’xe sec’cional balance
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are very good. The stage is large, 2,350 2 (218 m?), compared to Boston’s 1,600
fr (149 m?), which may make ensemble playing more difficult.

—

( - @%QCHITECTURAL AND STRUCTURAL DETAILS

Uses: Music, 90%; Speech, 10%. Ceiling: 1.5-in. (3.8-cm) hardrock plaster—all
openings sealed with gaslzets. Walls: Side and rear walls poured-in—place concrete with
0.75-in. (1.9-cm) plywood finish surface mounted on 0.75-in. furring strips, space
between filled with ﬁberglass; halcony faces 1.5-in. hardrock plaster on furring strips
on concrete structure. Floors: Main and l)alcony floors: 0.75-in. Jcongue-an&-groove
oak wood on furring strips on main floor and on frames in balconies. Carpet: None.
Stage enclosure: See Walls above. Stage floor: 0.75-in. tongue-ancl—groove oak
boards on 0.75-in. plywood subfloor on sleepers. Stage height: 43 in. (109 cm). Sound-
absorl)ing‘ materials: None. Seating: Wooden seat back; front of seat back and seat
bottom upholsterec]. with spra.yecl, impervious fabric over polyvinyl foam; undersea.t,

perforatecl metal; arms, wooden.

ARCHITECTS: Fowler, Ferguson Kingston Ruben. ACOUSTICAL CONSULTANT:
Cyril M. Harris. PHOTOGRAPHS: Schoenfeld.

V/ = 688,500 ft* (19,500 m?3) S, = 16,000 ft2 (1,486 m?) S, = 17,965 ft2 (1,669 m?)
S, = 2,350 ft2 (218 m?) S; = 19,900 ft2 (1,850 m?) N = 2812

H = 54 ft (16.5 m) W = 96 ft (29.3 m) L =124t (37.8 m)

D = 134 ft (40.85 m) V/S; = 34.6 ft (10.54 m) VIS, = 383 ft (11.7 m)
VIN = 245 ft* (6.93 m3) S,/N = 6.39 2 (0.59 m?) S,/N = 569 ft2 (0.528 m?)
H/W = 0.56 LW =129 ITDG = 30 msec

Note: S; = S, + 1,940 2 (180 m?); see Appendix 1 for definition of S,.

Note: The terminology is explained in Appendix 1.
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San Francisco

Louise M. Davies Symphony Hall

@ avies Sympl'lony Hall, when it opened in 1980, was approxima’cely circular
in plan and had a maximum width on the main floor of 100 f (30 m),
about 20 ft in excess of the best of the well-liked large, rectangular concert halls.
Lower wall surfaces producecl useful lateral reﬂections, but also genera’cecl echoes
back to the stage. In addition, there was a rear wall echo. The hall’s flat ceiling,
68 ft (17.7 m) above platform level created an immense overhead cubic volume.
The circular acrylic panels suspencled above the players were sparse and helpecl their
ensemble little.

A major remodeling of Davies Hall was undertaken during the summers of
1991 and 1992. The volume in the upper front part of the hall was reduced by
]:)uilding new side walls above the chorus sea’cing—’chey are now 24 ft (7.3 m) closer
to each other and shaped to direct sound energy to the main floor (see the pho’co—
graph). A compu’cer—controﬂecl array of ﬁ{'lry—nine 6-ft (1.83-m)-square, convex
panels was hung at a height of 30-35 f (9-10 m) above the stage and the first
four rows of seats. These panels improve communication onstage and provicle strong
early reflections to the main floor and first ]oalcony.

The walls around the pla’clrtorm are 1.5 ft (0.46 m) higher than Lefore, although
the exposecl wall area is less due to the height of the orchestra risers—2, ft (0.61 m)
high at the sides and 3 ft (0.92 m) high at the rear. The entire rear wall of the main
floor is covered with quaclratic residue diffusers (QRD’s) to eliminate echo. To
reduce the width of the main floor to 84 ft at the fron’c, the side walls were moved
in and reshapecl. Ten raised boxes were built on either side to improve sightlines and
to provide early lateral reflections. The hall now seats an audience of 2,743.

The changes have worked. The sound is more intimate and clear and the bass
response is grea’cly improved. These modifications reflect the changes in acoustical
design since 1975. At that date the importance of early lateral reflections was not
yet proven; the theory of m{ﬂ’ciple hanging panels was in its infancy; and QORD’s

were not yet invented.
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Cv\\ (AR CHITECTURAL AND STRUCTURAL DETAILS

Uses: Orchestral music and recitals. Ceiling‘: 6-in. (15-cm) concrete Walls: Front,
side, and rear walls are multi-faceted pre-cast concrete 4 in. (10 cm) thick. Above the
sides of the stage, the new reﬂec’cing walls are glass fiber shells containing sancl—packed
steel tubes—the total weighing 40 Ib/ft2 (195 kg/m?); balcony fronts and soffits are
2-in. (6-cm) plas’cer; box {'ron’cs, plas’cer on gypsum lath. Floors: Parquet over wood
over small airspace and concrete base. Carpet: In aisles only. Stage enclosure: (see
the text). Stage height: 39 in. (99 cm). Sound-absorbing materials: None, except
QRD cli{‘fusers, which have an a})sorption coefficient of 0.1 to 0.25 over a wide band
of frequencies. Seating: Molded wooden seat Laclz; lightly uphols’tered front of seat
La.clz,' relatively thin seat cushion with porous fabric covering; unclerseat, unperforated

wood—all designed to reduce low—frequency sound al)sorption.

ARCHITECT: Skidmore Owings and Merrill. ORIGINAL AcousTiCAL CON-
SULTANT: Bolt Beranek and Newman. ACOUSTICAL CONSULTANT FOR REVISIONS:
Kirlzegaard and Associates. PHOTOGRAPHS: Dennis Gearney. REFERENCES: L. Kir-
leegaard, “Concert Acoustics: The Performers’ Perspective.” Paper presented at the
116th meeting of the Acoustical Society of America, Honolulu, 15 November, 1988.

V = 850,000 ft® (24,070 m?3) S, = 13,070 ft2 (1,214 m?) S, = 16,800 ft2 (1,562 m?)
S, = 2,155 ftz (200 m?) S, = 18,740 ft2 (1,742 m?) N = 2,743

H = 68 ft (20.7 m) W = 92 ft (28 m) L = 107 ft (32.6 m)

D = 127 £t (38.7 m) VIS; = 45.4 ft (13.8 m) V/S, = 50.6 ft (15.4 m)
VIN = 310 12 (8.78 m?) S,/N = 6.12 ft2 (0.57 m?) S,/N = 4.76 ft (0.44 m3)
HIW = 0.74 L/W = 1.16 ITDG = 12 msec

Note: S; = S, + 1,940 12 (180 m2); see Appendix 1 for definition of S;.

Note: The terminology is explained in Appendix 1.
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San Francisco

War Memorial Opera House

he War Memorial Opera House surpasses many of the world’s opera houses

in the ]aeauty of its exterior and lobbies. The hall itself is reminiscent of
other theaters built in the United States in the early 1930s. Yet it has a dignity
and beauty that exceed that of many contemporary haﬂs, par’cly because the architect
eschewed adornments and confined the design to simple 1ines, a high ceﬂing, and
a majestic proscenium.

I have attended four performances, including the world premier of Blood Moon
by Norman Dello Joio, Nabucco 1)y Ver(li, and Arshsk IT by Cllulehajian. The long ,
thin pit gave the conductor some trouble with enseml)le, but the timbre was satis-
fac’cory throughou’c the house. The singers were easy to hear above the orches’cra,
although some may have forced their voices some—what, proba]oly because to them
the hall looks huge. Most pleasan’c was the general liveness, greater than that of La
Scala, or the Staatsoper in Vienna.

I had access to seats in four parts of the house during the operas. In the front
of the house (tl’le 15th row near the left aisle of the main ﬂoor) , the reverberation
tended to interfere with in’ceuigﬂaili‘cy of opera sung in Englisll. But the hard ma-
terials of the interior also gave warmth to the music, and a fullness of bass not
found in many European houses. At the other seats the sound was very good.

The shallow dome presents no acoustical pro]alem, because the very large
chandelier beneath it e{‘fectively diffuses the sound. G. Albert Lans]:)urgh, one of
the architects for the San Prancisco Opera, told me that the dome is treated with
acoustic plas’cer. He said that there are goo& sight lines to all 3,252 seats.

Seven conductors who have had experience in the San Prancisco Opera House
were interviewed. Each rated it good from the positions of both the conductor and
the listeners. Several of them remarked that the audience hears much better in the
balcony than on the main floor.

As is true of all wide halls with higll ceﬂings, the ini’cial—’cime—delay gap is
somewhat too 10ng for the 1isteners in the forward part of the main floor. The ceiling
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supplies these first reflections to the fronts of the balconies and the side walls supply
their first reflections to the rear of the balconies. S‘ciﬂ, for its size and the comfort
of its seating, this house is acousticaﬂy quite sa’cisfactory.

C\A Hh
—_— RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Opera, general purpose. Ceiling’: Plaster except for center domed section, which
architect says is acoustic plas’cer. Whalls: Plaster with some wood trim. Floors: Entire
floor area carpeted except in upper part of top I)alcony where carpet is only in aisles.
Stage: Wood over air space. Pit: Wooden floor on elevator; wooden rear and front walls
with 1 ft (30 cm) of velvet covering over an open railing. Stage height: 40 in. (102
cm) above floor level at first row of seats. Added al)sorptive materials: Velvet drap—
eries, about 1 ft (2.5 cm) l’ligl‘l above rails of cross aisles. Seating: Main ﬂoor, {:uﬂy
upholstered with four holes 1 in. (2.5 cm) in diameter in unclerseat; laalcony, but with
hard backs. Orchestra enclosure: Canvas throughout except that 1/4-in. plywood
covers the bottom part of the walls extending upwarcl 10 £ (3 m) from the floor.

ARCHITECT: Arthur Brown, Jr. COLLABORATING ARCHITECT: G. Albert Lans-
Lurgh. REFERENCES: B. J. S. Cahiﬂ, “The San Francisco War Memorial Group,” The
Architect and Engineer, 111, 11-44, 59 (1932). PHOTOGRAPHS: Courtesy of Musical
America and Opera News. Details verified l)y the author during a visit and l)y manage-
ment (1993).

Opera

V = 738,600 ft2 (20,900 m3) S, = 16,500 ft? (1,533 m?) S, = 21,240 ft2 (1,973 m2)
S, (pit) = 760 ftz (70.6 m?) S, = 2,500 ft2 (232 m?) S; = 24,500 ft2 (2,276 m2)
N = 3,252 H = 73ft(222 m) W = 104 ft (31.7 m)

L = 120 ft (36.6 m) D =122 ft(37.2 m) V/S; = 30.1 ft (9.19 m)
V/S, = 34.8 ft (10.6 m) VIN = 227 ft? (6.43 m3) S./N = 6.53 ft (0.61 m?)
HIW = 0.70 L/W = 115 ITDG = 51 msec

Note: The terminology is explained in Appendix 1.
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B c€naroya Hall

enaroya Hall graces Seattle with a performance space clesignecl exclusively

for symp}lonic music. Seating 2,500, and openecl in 1998, it sits in
Seattle’s downtown area. A component of urban renewal, the buﬂding is owned ljy
the city, but is operatecl Ly the Seattle Symphony. The chosen site was particularly
chaﬂenging. The hall sits directly over a tunnel for a major railway line, adjacen’c
to which is an underground bus and light—rail tunnel. Threats of vibrations and
noise also come from air traffic above and Lusy city streets to the sides.

The street approacl'l to the hall gives little indication of its contents. A block-
1ong, 1arge1y glass exterior wall forms one side of a high—ceﬂinged interior gaﬂery
that contains, on the side opposite the glass waﬂ, a row of shops, the box ofﬁce,
and the entrance doors to the hall’s lob})y. At each end of the gaﬂery hangs a massive,
intricate chandelier crafted Ly the famous glass artist Dale Chihuly. Beyond the
entrance doors from the gaﬂery is a 1arge, semicircular, four—story structure that
houses the lolaljy. Enclosed in glass, it affords ou’cstanding views of Puget Sound
from its several levels. Above the main staircase in the 10131)}7 are two 1arge panels
by Robert Rauschenberg.

To eliminate vibrations and noise, the hall is a box floated within a box. Two
levels of garage separate the railroad from the two laoxes, each of the boxes is floated
on rubber Learings. In the hall, outside noises are simply not audible.

The concert hall has the shoebox shape of the famous halls of Vienna, Am-
sterdam, and Boston, with three side and rear balconies s’cepped to provide good
vision to their occupants. The rich dark color of the A_‘Erican—maleoré, wooden-faced
sidewalls contrasts with the ivory—’cone& facia and dark soffits of the balconies. Every-
where are irregulari’cies—-—co&ere& ceilings, ljulging sidewalls, erratic Lalcony fronts,
all &esigned to create diffusion of reflected sound—which assure a mellow rever-
beration. The majority of the reviews speale favorably of the acoustics of the hall,
but USA TODAY comments that “Critics haven’t been entirely complimentary

upon hearing the orchestra in its new hall . . .” The principal criticism is weakness
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of loass, particularly in the laalcony. There are conﬂic’cing reports of the mid-
£requency, {‘uﬂy occupiecl revaluation times ' taken from stop chords obtained during
regular concerts. One observer reports 1.95 sec (one concert) and the other 1.75

sec (three concerts). The pipe organ was installed between the two measurements.

—

Cw\ (AR CHITECTURAL AND STRUCTURAL DETAILS

Uses: Symphonic, chaml)er, and soloists’ music. Ceiling‘: 1.5-in. (3.8-cm) plaster,
with inverted polyhedron in each coffer; Walls: Wood particle—l)oard panels, with cherry—
mahogany veneer, shaped into irregular polyhedrons in variety of sizes, 0.75 in. (1.9 cm)
thicl:a, fastened to wood battens fixed to concrete waH—randomly spaced wood ]aloclzing
behind panels; Balconies: Facia formed in a variety of thomboidal shapes and sizes,
and soffits, flat—all 0.75-in. plaster on metal lath. Floors: 0.75-in. oak tongue-and—
groove strips, over 0.75-in. plywoocl l)ase, supported l)y wood joists on concrete; Car-
pets: On aisles only, short tight pile with no underpad. Stage enclosure: Lower side
walls are like those on auditorium side waﬂs, while the upper side walls are polyhedrons
made of plas’cer on metal la’cll, 0.75 in. thick. Stag‘e floor: Same as audience ﬂoor,
except sleepers instead of wood joists that rest on elastic pads isolated from a concrete
stage foundation. Stag’e heig’}lt: 42 in. (1.1 m) above auditorium floor. Seating: Back
sides of seat backs are bare and upholstery has a short nap, cushion thickness chosen

to give approximately same sound al)sorp’cion unoccupied as when occupied.

ARCHITECTS: LMN Architects. ACOUSTICAL CONSULTANT: Cyril Harris.
GROUND VIBRATION ISOLATION SYSTEM: Wilson, Thrig & Associates. MECHANI-
CAL SYSTEM NOISE CONTROL: Hoover & Keith, Inc. PHOTOGRAPHS: Jeff Gold-
Lerg/Esta. REFERENCE: The Seattle Times, June 21, 1908.

V = 680,000 ft? (19,263 m3) S, = 12,675 2 (1,178 m?) S, = 15,624 ft2 (1,452 m?)
S, = 2,324 2 (216 m3) Sr = 17,564 ft2 (1,632 m?) N = 2500

H = 60 ft (18.3 m) W = 85 ft (25.9 m) L = 117 ft (35.7 m)

D = 134 ft (40.8 m) VIS, = 38.71t(11.8 m) VIS, = 4351t (13.2 m)
VIN = 272 m? (7.7 m3) SN = 6.25 ft2 (0.58 m?) S,/N = 5.07 ft2 (0.47 m?)
HIW = 0.71 L/W = 1.38 ITDG = 28 msec

Note: S; = S, + 180 m% seé‘the definition of S;in Appendix 1.

Note: The terminology is explained in Appendix 1.
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John E Kenne&y Center
for the Performing’ Arts, Concert Hall

he Kennedy Center for the Performing Arts, which openecl in 1971, con-

tains an opera llouse, a concert haﬂ, and a drama theater. The opera and
drama halls have been adequately successful, but the concert hall was never juclgecl
acous’cicaﬂy to be in the same league as Carnegie Hall in New York or Symphony
Hall in Boston. In acldi’cion, the hall never rose to inspire a ticket holder visuaﬂy——
its mien was a sort of a grayish—whi’ce monotone. Finaﬂy, after a quarter century,
the United States Congress appropriate(l $13 million of the $14 million that was
spent to renovate the concert hall.

The hall was re—opened in 1997, seating 2,448. R. W. Apple, in The New
York Times, wrote, “In the old clays, members of the orchestra complainecl, musi-
cians on one side of the stage could not hear those on the other; so ’chey playe(l
louder hoping to overcome the acoustics. Violins sounded weedy and strident in the
upper register, and the overall tone was sluggish and lifeless.” Another 1eading music
critic wrote, “. . . there was near-unanimity . . . that the acoustics are [now] bright,
Vi]orant, spacicus and responsive—a vast improvement on what was there ]:Jefore,"
and yet another, “Unques’ciona]aly, the hall's acoustics . . . are improved overall . ..
this is now a hall positively (lripping with sound.”

On entering the hall, five architectural changes are immedia’cely apparent. The
stage has been modified to include audience seating in four boxes on either side at
the first tier level. Choral seating is provide(l at the same level on the back wall of
the stage beneath a new pipe organ. A set of sound-reﬂec’cing panels now hangs
above the performers that are adjus’cal)le both in heigllt and in tilt. To liven the front
end of the hall acous’cicaﬂy, the forward ends of the third loalcony have been cut
back. The four dark surfaces on each upper sidewall of the stage open into hidden
acoustical reverberation chambers that start behind the boxes and extend upwar(l to
the underside of the structural roof. Doors can close the chambers to reduce the

reverLera’cion, when desired, to suit the music })eing performed.
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The basic rec’cangular shape, which is exceﬂen’c, has been preserved so that
acoustical intimacy and spaciousness are unaffected. The changes have clrama’cicaﬂy
increased the reverberation time at low frequencies, occupiecl, from 1.8 to 2.0 sec,
with little difference at the micl-ﬁequencies but with greater fullness of tone. The
sound-reﬂec’cing panels add Lriuiance, streng’ch, and clarity to the upper string tones

an(l shoulcl solve the musicians’ ensem]ale proLlems.

—

C\’\\ @%QCHITECTURAL AND STRUCTURAL DETAILS

Uses: Symphonic and chamber music, solos, and conferences. Ceiling: 1-in. (2.5-
cm) -thick acoustical plaster. Side walls: 0.75-in. (1.9-cm) -thick wood panels on studs.
Rear wall on the second tier level is covered with acoustical panels. Walls and ceiling
of the stage enclosure: Combination of layers of gypsum board, concrete block and
precast concrete. The ceiling is plaster (thickness varies). Acoustic canopy is 0.75-in.
plywood. Main floor: 0.75-in. (1.9-cm) ’congue—and—groove wood on top of 0.75-in.
plywood over a concrete slab. Floor on upper levels: On the box level, there is carpet
on pacl; first and second tiers have the same construction as the main floor. Stage
floor: 0.75-in. (1.9-cm) tongue-and—groove wood over 0.75-in. plywood on sleepers
laid on neoprene isolators. Heig‘ht of the stage above the audience level: 40 in.
(1 m). Carpet: On the aisles over a pad, 0.5-in. (1.25-cm) total thickness. Seats:
Front of backrest and top of seat bottom upholstered.

ARCHITECT: Original: Edward Durrell Stone. Renovation: Quinn Evens, Wash-
ington, D.C. AcousTICAL CONSULTANT: Original: C. Harris. Renovation: ]a{‘fe
Holden Acoustics. PHOTOGRAPHS: Peter Aaron/ Esto.

V = 788,000 ft? (22,300 m3) S, = 11,567 ft2 (1,075 m?) S, = 15,333 ft2 (1,425 m?)
S, = 2,453 ft? (228 m?) - = 17,270 ft2 (1,605 m?) N = 2448

H = 52 ft (15.85 m) W = 93 ft (28.4 m) L = 120 ft (36.6 m)

D = 131 ft (40 m) V/S; = 45.6 ft (13.9 m) V/S, = 51.4 ft (15.6 m)
VIN = 321.9 83 (9.11 m?) S,/N = 6.26 ft2 (0.582 m2) S,/N = 473 ft* (0.433 m?)
H/W = 0.56 LW =129 ITDG = 40 msec

Note: S; = S, + 1,940 ft2 (180 m?); see Appendix 1 for definition of S;.

Note: The terminology is explained iri:Appendix 1.



UNITED STATES

25
%s]aington, DC

John F. Kennecly Center
for the Performing’ Arts, Opera House

gi: John F. Kennedy Center for the Performing Arts was opened in 1971
at a site aiong the Potomac River upstream from the Lincoln Memorial. It

fills a cultural need in this city of politicians, ciiplomats, civil servants, companies
cioing business with the Federal government, and ioioinists. The center incorporates
into a singie i)uii(iing three au(iitoriums, the Eisenhower Ti’ieater, the Concert Haﬂ,
and the Opera House.

The size is unusual for the United States in that the house seats only 2,142
with the orchestra pit in use—56 percent of the capacity of New York’s Metropoi-
itan Opera House and 66 percent of San Francisco’s Opera House. For opera
lovers and singers this is gooci. Because the roof heigh’c of the overall iouiicling was
restricted, the conventional muiti-ringe(i, horseshoe style had to be eschewed. In-
stead the house has a box tier and two balconies. The audience is as close to the
stage as possii)ie.

It was expec’ceci from the Leginning that granci opera would not be a dominant
use. Included are musicals, soiois’cs, spealeing functions, and ballet. As a house that
empilasizes voice, the reverberation time is optimum, even a little iiigher than that
of many of the famous opera houses in Europe, measuring 1.5 sec at mici-irequen-
cies when the house is fuily occupieci (talzen from recorciings made (iuring the per-
formance of an opera), compareci to 1.1-1.45-sec range.

The rear and side walls of the Opera House are formed ]oy a series of contiguous
convex-silapeci cyiinciricai surfaces that run from floor to ceiiing. Not i)eing identical
in size, they provicie diffusion of sound over a wider i:requency range. Their average
radius of curvature is 15 ft (4.6 m) and the cord iengtii is 13 ft (4 m) and tiley
vary in width. A short recess or doors separate one from another. The facias of the
tiers are subdivided into a series of convex paneis which are bowed ou’cwarci, each
about 5.5 ft (1.67 m) across. The overall result is gooci sound diffusion at all
irequencies, which heips tile'quality of the reverberation. The center of the ceiling

is a recessed circular area in which a soun(i-(iii{"using crys’cal chandelier hangs.
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No acoustical adjus’cmen’cs had to be made in the hall after completion. Music

critics have compared the house favoral)ly with the Staatsoper in Vienna.

= A |
—— RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Opera, musicals, ballet, and spealzing functions. Ceiling: 1-in. (2.5-cm) (min-
imum) plaster on metal lath; uncler]aalcony soffits 1-in. plaster‘ Walls: 1-in. plaster (see
the text) on metal lath separated by 1-in. airspace from 6-in. (15 cm) solid block; rear
walls are molded 0.75-in. wood paneling, fixed, with 1-in. airspace to solid block;
Lalcony and box tier £acias, 0.75-in. (1.9-cm) plaster on metal lath. Floors: Dense
concrete. Carpets: Floors fully covered with thin carpet. Stage height: 40 in. (102

cm) above floor level at first row of seats. Seating: Baclzrest, seat ]Jottom, and armrests

fuﬂy upholstere(l.

ARCHITECT: Edward Durell Stone. AcousTiCAL CONSULTANT: Cyril M. Har-
ris. PHOTOGRAPHS: Carol Pratt. REFERENCE: Cyril M. Harris, “Acoustical clesign
of the Jolln F Kennedy Center for the Performing Arts,” J. the Acoust. Soc. Am. 51,
1113-1126 (1972).

V = 460,000 ft* (13,027 m3)
S, = 1,173 fi2 (109 m?)

N, (Opera) = 2,142

W = 104 ft (31.7 m)

VIS, = 26.8 ft (8.17 m)
VIN,y> = 198 ftt (5.62 m?)
H/IW = 0.54

S, = 12,196 ft2 (1,133 m?)
S, = 2,120 ft2 (197 m?)

Ny (no pit) = 2,318

L = 105 ft (32 m)

VIS, = 332 ft (10.1 m)
S,/N, = 6.48 ft2 (0.602 m?)
Lw =10

S, = 13,875 ft2 (1,289 m?)
S; = 17,168 ft2 (1,595 m?)
H = 56t (17.1 m)

D = 115t (35.1 m)

VIN, = 215 ft? (6.08 m3)
S,/N = 569 ft2 (0.529 m?)
ITDG = 33 msec

Note: The terminology is explained in Appendix 1.
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Worcester ,

Mechanics Hall

ﬁ pened in 1857, Mechanics Hall became known as one of the finest halls
(as distinct from theaters or opera houses) in the United States. The Worces-
ter Dai/y Spy reported, “ ..the Hall is a perfect success, . . . both for music and
for spealzing." In its heyclay it attracted musical greats (Caruso, Paderewski, Rach-
maninoﬁ, Rul)ins’cein) and clistinguishecl lecturers (Tl’loreau, Emerson, Diclaens,
Mark Twain). After the great clepression of the 1930s, the hall fell into disuse.

In 1977, Mechanics Hall opened again restored to its original laeau‘cy and
excellent acoustics by the Worcester County Mechanics Association under the
watchful eye of the Society for the Preservation of New Englancl Antiquities. Some
further renovations followed in 1990. Seating 1,343 with a 1,080-&2 (100-m?)
stage, or 1,277 with a 1,400-ft2 (130-m?) stage, it is closest in all dimensions to
the Stadt-Casino in Basel, Switzerlancl, which was built 19 years later. Today, it
retains its original purpose as a multi-use auditorium for concerts, conventions,
large receptions, and dinners. Artists who have pergormecl there recen’cly include
Yo Yo Ma, Itzhak Perlman, ]essye Norman, and many others. The hall boasts two
concert series that I)ring in symphony orchestras and chamber groups from all over
the world. Tt is used ex’censively for recorcling. The hall’s organ, built in 1864, was
returned to its original condition by organ-})uilcler Fritz Noack and was rededicated
in 1982.

The hall provicles the intimacy and early lateral reflections common to a rec-
tangular hall, being 80 ft (24.4 m) in width and 58 ft (17.7 m) between balcony
faces. The distance from the farthest balcony seat to the stage is 98 fe (30 m),
maleing it visuaﬂy intimate. Surfaces for the diffusion of reflected sound are evident
everywllere, from the coffered ceiling to the niches and pilas’cers on the walls. There
are no sounc],-a]osorl)ing materials, only thin carpets in the aisles. The reverberation
time, measured during intermission at a concert with full audience, but no orchestra
on stage, is 1.6 sec at micl-{’fequencies, excellent for a mul’cipurpose hall that nor-

maﬂy does not present 1arge orchestral groups. Its principal deﬁciency is the flat
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main floor, which makes neck s’cretching necessary to view performances. Also,
organ recitalists would prefer longer reverberation times, particularly at low fre-

quencies.

—

Cv\\ (@A RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Music, speech, and social events. Ceiling: 1-in. (2.5-cm) plaster on wood lath;
balcony soffits 0.6-in. (1.5-cm) gypsum board. Walls: 1-in. plaster on wood lath, bal-
cony fronts wood, about 50% open. Floors: The finish is 0.6-in. (1.5-cm) red oak
over 0.5-in. (1.25 c¢m) tongue—and—grove oak over two layers of 0.75-in. (1.9-cm) pine
sul)ﬂooring. Carpets: On aisles, with no unclerpacl. Stage floor: 0.75-in. maple over
two layers 0.6-in. wood chipl)oar& over 1-in. wood boards over large airspace. Stage
height: 31 in. (79 cm). Seating: Main floor, movable upholstered seat bottom and
Lac]z on metal {:rarne; Lalcony, molded plywoocl, uphols’cere& seat top and front of seat

lnaclz; all armrests wood.

ARCHITECT: Original haﬂ, Eﬂ)ridge Boyclen,‘ 1970s renovation, Anderson Not-
ter Finegold, Inc.; 1990s renovation, Lamoureux Pagano & Associates, Inc. Acous-
TICAL CONSULTANT: Both renovations, Cavanaugh Tocci Associates, Inc. SOUND
CONSULTANT: David H. Kaye. REFERENCES: W. J. Cavanaugh, “Preserving the

acoustics of Mechanics Hall: A restoration without compromising acoustical integrity,”

Technology & Conservation (Fall 1980).

Concert stage, small orchestra

V= 380,000 ft* (10,760 m3) S, = 5,823 ft? (541 m?) S, = 17,546 ft2 (701 m?)
S, = 1,658 ft2 (154 m?) S; = 9,204 ft2 (855 m3) N = 1,343
H=411(125 m) W = 81 ft (24.7 m) L = 89 ft(27.1 m)

D = 99 ft (30.2 m) V/S; = M1.3t (125 m) V/S, = 50.3 ft (15.4 m)
VIN = 283 ft? (8.01 m?) S,/N = 5.61 ft2 (0.52 m?) S,/N = 4.34 ft2 (0.40 m?
HIW, = 0.51 Lw =141 ITDG = 28 msec

Note: Terminology is explained in Appendix 1.
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Buenos Aires

Teatro Colén

he Teatro Colén is one of the beautiful large opera houses of the world.

With 2,487 seats plus standees, it is larger than most of the famous opera
houses in Europe but smaller than the principal houses of the United States of
America. It has been very successful since its dedication in 1908.

A stucly was made of 23 opera houses in Europe, Japan, and the Americas in
1997-99. Questionnaires were mailed to a number of important opera conductors.
Twenty—one usable responses were received. Ratings of the acoustics were reques’tecl,
as heard both in the audience and in the pit. The Teatro Colén was ju(lgecl the best
of the 23, acousticaﬂy, Ly a significant amount. The closest quality ratings were for
the Dresclen—Semperoper, Milan-Teatro alla Scaﬂa, Toleyo—New National Theater,
and Naples—Tea’tro di San Carlo. Acoustical tests were made in these halls rela’tively
recently, and in every respect the measurements in the Colén confirmed the excel-
lence of its acoustics.

One aspect of the house that pleases soloists is the well-defined reflections of
adequate intensity back to the stage from the ceiling and the Lalcony faces, thus
giving the performers a feeling of support from the house.

Regular opera-goers in Buenos Aires say that the best seats are in the top two
gaﬂeries. Itis only in those galleries that the violin tone from the pit comes through
with its full quality, which is directly attributable to reflections from the main ceiling.

Depencling on the depth of the pit below the eclge of the pit railing, the sound
of the pit orchestra on the main floor is somewhat muffled. When I attended several
operas in the Colén, the (lepth of the pit was as much as 10 ft (3m).

As a concert hall, the Teatro Colén is surprisingly satisfactory. To accommo-
date the full orchestra the pit is generaﬂy closed over and a rather shallow concert
enclosure is usecl, as shown in the clrawings. The front side-surfaces of the boxes to
either side of the stage and ’the fronts of boxes in the first ring reflect lateral energy
to most of the main floor ane[, selectively, to the rings above. In the highest rings,
the ceﬂing helps procluce early reflections. The reverberation time is about 1.6 sec
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for opera at micl—frequencies with full audience. For concerts it is also about 1.6 sec,

1ess Jchan Jche 1.8 sec for Carnegie Haﬂ in New Yorlz.

—

C%\ (A R CHITECTURAL AND STRUCTURAL DETAILS

Uses: Opera, concerts, recitals, and conferences. Ceiling: 1.5-in. (3.7-cm) plaster on
metal lath. Walls: 1-in. (2.5-cm) plaster on wire lath, including Lalcony fronts. Floors:
Wood. Carpets: On all aisles except in upper two rings. Stage floor: Wood over air-
space; surface inclines at rate of 1 unit for each 100 units. Orchestra pit: Floor and
sidewalls made of wood. Stage enclosure for concerts: 0.5-in. (2.5-cm)-thick molded
fi})erglass‘ Seating: Fuﬂy upholstered chairs, including rear of backrest and armrests.

ARCHITECT: Victor Meano. PHOTOGRAPHS: Burri, Magnum. ARCHITECT’S
DRAWINGS: Made from the building in 1930, courtesy opera administration.

Opera

V = 726,300 ft* (20,570 m3)
S, (pit) = 675 ft2 (63 m?)
S; = 23,077 2 (2,144 m?)
H = 87 ft (26.5 m)

D = 141 ft (43 m)

VIN, = 261 ft3 (7.39 m?)
HIW = 1.09

Concerts

V = 760,000 ft* (21,524 m3)
S, = 2,470 ft2 (230 m3)
V/S, = 363 ft (11.07 m)
SN = 7.64 12 (0.71 m?)

S, = 15,200 ftz (1,410 m?)
S, = 3,402 ftz (316 m?)
Ny = 2,787

W = 80 ft (24.4 m)

V/S, = 315 ft (9.6 m)
S,/N,, = 68 (063 m2)
LW =14

S, = 16,522 ft? (1,535 m?)
S; = 20,940 ft2 (1,945 m?)
VIS, = 40 ft (12.2 m)

S,/N = 6.64 ft2 (0.617 m?)

S, = 19,000 ft2 (1765 m?)

S (pit floor) = 2,050 ft2 (190 m?)
N = 2,487

L= 1131t (344 m)

VIS, = 38.2 1t (11.6 m)

S,/N,, = 5.45 ftz (0.506 m?)
ITDG = 18 msec

S, = 19,000 ft (1,765 m?)
N = 2,487

VIN = 306 ft* (8.67 m3)
ITDG = 18 msec

Note: S; = S, + 1,940 ft2 (180 m?); see Appendix 1 for definition of S;.

Norte: The terminology is explained in Appendix 1.
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Syalney

Concert Hall of tlle
Sy(lney Opera House

he Concert Hall of the Syclney Opera House was openecl in 1973. Con-

tained in one of the most spectacular Luﬂdings in the worlcl, it seats 2,679
and is the home of Sydney Symphony Orchestra. The enormous circular ceiling ;
which rises up to 82 fe (25 m) above the stage and radiates out and down to form
about two-thirds of the waHs, is panele& with white birch plywood,. The lower Waﬂ,
l)oxes, and stage are panelecl with hard brown woocl, brush box. Both woods are
Australian. Suspendecl from this center point are 21 giant acrylic rings, acoustic
reflectors installed to give acoustic feedback to the orchestra and some early sound
reflections to the audience immecliately surrounding the stage.

The oxchestra pla’cform is placed in the front fourth of the hall, with 410 seats
of the 2 ,606 total located to its rear and 158 seats in two boxes at the sides of the
stage. The ten boxes which take the place of side balconies are unusual in that they
are steeply slopecl and seat from 50 to 79 each. The main audience area is steeply
raked comparecl to the main floor of classical shoe-box halls. Behind this block are
two elevated seating areas, even more steeply ralzed, which take the place of balco-
nies—without overhang .

The large side walls that comprise the fronts of the boxes were designecl to give
early sound reflections to at least half of this center area of seating. The upper
seating receives early reflections from the bottoms and eclges of the white birch
ceﬂing.

The gran& organ, designed, and built Ly an Australian, Ronald Sharp, with
127 stops comprising 10,500 pipes, is said to be the 1argest tracker action organ
in the woxld.

[ attended a symphonic concert in the Concert Hall and was seated in the
fourth side box from the rear. At that location there was not an abundance of early
sound reflections. I had hopéd to experience the acoustic conditions on the main
floor, where the early reflections from the fronts of the side boxes certainly contrib-

ute much toward malzing the hall sound spacious and intimate. I was quite aware
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of the 2.0-sec reverberation time, which was well suited to that night’s symphonic
compositions. Sy(lney can be prou(l of the Concert Hall because of its Leau‘cy and

acoustics.

—

Cv\‘\ (A R CHITECTURAL AND STRUCTURAL DETAILS

[Note: This hall was originaﬂy planned as an opera house, which accounts both for its
name and the s’ceeply raked seating.]

Uses: Orchestra, chamber music, and soloists, 43%; drama and speech, 22%; school
concerts, 16%; popular music, 9%. Ceiling: 0.5-in. (1.25-cm) plywood on 1-in. plas-
terboard, constituting 66% of side wall area. Walls: Lower 33% sidewall is 0.75-in.
(1.9-cm) laminated wood. Balcony faces: Same as lower walls. Floors: 1.25-in.
(3.2-cm) laminated wood over 0.75-in. air return space. Carpets: None. Stage en-
closure: Same as walls. Stag‘e floor: Same as floors elsewhere. Stage heig‘ht: 50-in.
at the apron. Seating: Backrest of 0.75-in. molded plywood; back cushion, wool-
upholstere& contoured polyure’cha,ne; seat bottom similar to the backrest. Floating‘
canopy: 21 circular reflectors of clear acrylic and toroidal in section (see the sketch).
Settings range from 27 to 35 ft (8.2 to 10.7 m) above stage level, with latter most

common.

INITIAL ARCHITECT: Joern Utzon, exterior design. PRINCIPAL ARCHITECT:
Peter Hall, interior design. ACOUSTICAL CONSULTANT: V. L. and N. V. Jordan.
REFERENCES: V. L. Iorclan, “Acoustical design considerations of the Sydney Opera
House,” pp. 33—53, and Peter Hall, “The design of the Concert Hall of the Sydney
Opera House,” pp. 54—69, Journal and Proceedings, Royal Society of New South Wales,
106, 1973.

TECHNICAL DE

V = 868,600 ft* (24,600 m?) S, = 14,666 ft? (1,362 m?) S, = 16,824 ft* (1,563 m?)
S, = 1,945 12 (180.7 m?) S; = 18,769 ft2 (1,744 m?) N = 2,679

H = 551t (16.8 m) W = 109 ft (33.2 m) L = 104 ft (31.7 m)

D = 146 ft (44.5 m) V/S; = 46.3 ft (14.0 m) VIS, = 516 ft (15.7 m)
VIN = 324 ft° (9.18 m?) Su/N = 6.24 1t2 (0.58 m?) S,/N = 547 ft2 (0.51 m?)
H/W = 0.50 B L/W = 0.95 ITDG = 36 msec

Note: The terminology is explained in Appendix 1.
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Fests];)ielhaus

he Salzburg Festspielhaus, with 2,158 seats, was opened July 26, 1960. In

keeping with Salzhurg tradition, it was both a musical and social occasion,
attracting (liplomats, inclus’crialis’cs, and artists. The F‘estspielhaus has a width of
nearly 112 ft between the faces of the side Lalcony boxes. On the main floor the
width approaches 124 f! This hugeness, both visual and acoustical, must concern
the patrons who regularly attend operas and concerts in Europe’s small halls.

For opera, the sound in the balcony has generaﬂy been praisecl. On the main
floor, some seats are not as good because of the outward sloping Waﬂs, which means
that lateral sound reflections are not extensive in the front part of the hall and
sound reflected from the ceiling travels primarily to the rear of the hall and the
]aalcony. The sound from the pit orchestra is also projec’ced hy the ceiling to the rear
half of the main floor and ]ay the side walls to the rear half of the main floor and
to the boxes.

In 1979, to improve the sound for symphonic concerts, a new stage enclosure
was installed (see the middle photo, not shown on the drawings). For aesthetic
reasons, it was replacecl Ly a second enclosure in 1993 (see the lower pho’co). The
musicians can hear each other better and the sound is projecte& to the front parts
of the main floor with good results. Satisfaction with the acoustics has increased
greatly.

The materials of the hall are excellent from an acoustical stanclpoin’c. The
walls and ceiling are of Vibra’cion-clamped plaster, on reeds. Since the plas’cer and
wood panels on the side walls are over 1.5 in. (3.8 cm) thick, they do not absorb
the lower registers of the orchestra. In the loalcony the sound is warm, intimate,
clear, and brilliant. The reverberation time at mid-frequencies, fuﬂy occupied, is
1.5 seq, ideal for most opera, but somewhat low for symphonic music of the Ro-
mantic periocl. '

The F‘estspielhaus takes its place among the more important halls of Europe
because of the high quality of its musical performances. Great opera is procluced loy
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the Vienna Opera Company and orchestral music comes from the best European

and overseas traveling orchestras.

—

CV\\ (AR CHITECTURAL AND STRUCTURAL DETAILS

Uses: Opera, concerts, and drama. Ceiling: 1.5-2.0-in. (3.8~5-cm) plaster on reeds.
Sidewalls: Concave-curved portions made of plaster on reeds with a thin wood layer;
in front of the concave portions are convex curved panels, about 1.5 in. (3.8 cm) thiclz,
of wood-fiber sheets. Rear walls: Convex wooden panels. Floors: Wood panels, sup-
porl:ed above concrete Ly standards; seat rows and aisle steps have cemented cork li-
noleum covering. Carpet: On all aisles and in l)oxes, except in I)alcony. Stage floor:
Wood. Stage height: 35.5 in. (90 cm). Orchestra pit: 2-in. (5—cm)-thiclq wood ﬂoor;
walls are wooden wainscoting. Seating: Molded plywood; top of the seat bottom and a
portion of the armrest are upholstered.

ARCHITECT: Clemens Holzmeister. ACOUSTICAL CONSULTANT: G. A.
Schwaiger. PHOTOGRAPHS: upper, courtesy of the architect (1962); middle, Jens
Rindel (1982); lower, Anrather Photo (1995).

Concerts

V = 547,500 ft3 (15,500 m3) S, = 11,400 ftz (1,058 m?) S, = 14,800 ftz (1,375 m?)
S, = 2,100 ftz (195 m?) S; = 16,740 ft2 (1,555 m?) N = 2158

H = 47 ft (143 m) W = 108 ft (32.9 m) L = 97 ft (29.6 m)

D = 95ft (29 m) VIS, = 32.7 t (9.97 m) VIS, = 371t (11.3 m)
VIN = 254 ft3 (1.18 m?) Su/N = 6.96 ft? (0.637 m?) S,/N = 5.28 ft2 (0.490 m?)
HIW = 0.44 L/W =109 ITDG = 27 msec

Opera

V = 495,000 ft3 (14,020 m3) S, = 10,850 ftz (1,008 m?) S, = 14,100 ft* (1,310 m?)
S, (pit opening) = 800 ft2 (743 m?) S, (pit floor) = 950 ft2 (88.2 m?) N = 2,158

S, = 17,000 ft2 (1,580 m?) S, = 2,100 fz (195 m2) V/S; = 29.1 t (8.87 m)
VIS, = 35.1 ft (10.7 m) VIN = 229 £ (6.5 m?) S,/N = 6.53 ft2 (0.61 m?)
Note: S; = S, + 1,940 ft? (18’@ m?); see Appendix 1 for definition of S,.

Note: The terminology is explained in Appendix 1.
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Vienna

Grosser MusilzvereinSSaal

gﬁ “Grosse Saal der Gesellschaft der Musikfreunde in Wien” openecl in
1870. Without cloult)’c, the pulse of any orchestra conductor quiclzens when
he first conducts in this renowned hall. The Vienna Philharmonic, the parade of
famous concluc’cors, and the fine music played there make this the Mecca of the old
halls of Europe.

The side walls are made irregular Ly over forty high windows, twenty doors
above the Lalcony, and thirty-two taﬂ, gildecl buxom female statues beneath the
Lalcony. Everywl'lere are gilt, ornamentation, and statuettes. Less than 15% of the
interior surfaces is made of wood. Wood is used only for the doors, for some paneling
around the stage, and for trim. The other surfaces are plas’cer on brick or, on the
ceiling and Lalcony fron’cs, plas’cer on wood lath.

The superior acoustics of the hall are due to its rectangular shape, its relatively
small size (Volume 530,000 fis (15,000 m?3) and seats 1,680), its high ceiling with
resul’cing 1ong reverberation time (2.0 sec, fuﬂy occupied), the irregular interior
surfaces, and the plaster interior. Any hall built with these characteristics would be
an excellent kall, especiaﬂy for symphonic music of the Romantic and Classical
periocls.

Nearly every conductor echoes Bruno Wal’cer, “This is certainly the finest hall
in the world. It has l)eau’cy of sound and power. The first time I conducted here was
an unforgettable experience. | had not realized that music could be so beautiful.”
Herbert von Karajan, added, “The sound in this hall is very full. Tt is rich in bass
and good for high strings. One sl’lor’ccoming is that successive notes tend to merge
into each other. There is too much difference in the sound for rehearsing and the
sound with audience.”

The Grosser Musikvereinssaal is similar acous’cicauy to Symphony Hall in
Boston. Most critical listeners agree that the clarity or definition is better than
in the Amsterdam Concertge})ouw. The sound in this hall is much louder than in

Boston, and some feel that this is a c],isaclvan’cage fora touring orchestra which may
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not be in the habit of restraining itself. Also, it is overly easy for the brass and
percussion to dominate the strings. The string and woodwind tone are delicious and

the sound is uniform throughout the hall.

C\"‘\ A
—_— RCHITECTURAL AND STRUCTURAL DETAILS

Use: Orchestra and soloists. Ceiling: Plaster on spruce wood. Side and rear walls:
Plaster on l)ricle, except around the stage, where walls are of wood; doors are of woo&;
l)alcony fronts are plaster on wood. Floors: Wood. Carpets: None. Stag’e floor: Wood
risers over wood stage. Stage height: 39 in. (1 m) above floor level. Added absorbing
material: 200 #2 (18.6 m?) of draperies over front rai]jngs on side 1oges. Seating:
Wood structure on main floor and side balconies, except that tops of seat bottoms are
upllolstered with 4 in. (10 cm) of cushion covered Ly porous clo’ch; rear Lalcony seats,
plywood.

ARCHITECT: Tlleopllil Ritter von Hansen. PHOTOGRAPHS: Courtesy of Sekre-
tariat, Gesellschaft der Musikfreunde in Wien.

V = 530,000 ft* (15,000 m?) S, = 7,427 ft* (690 m?) S, = 10,280 ft* (955 m?)
, = 1,754 ft2 (163 m?) S; = 12,030 ft* (1,118 m?) N = 1,680

H = 571t (174 m) W = 65 ft (19.8 m) L =117t (35.7 m)

D = 132 ft (40.2 m) VIS; = 44 1t (134 m) VIS, = 515 ft (15.7 m)
VIN = 315 ft* (8.93 m?) Sa/N = 6.1 1t2 (0.57 m?) S, /N = 4.42 ft2 (0.41 m?)

H/W = 0.88 LW =18 ITDG = 12 msec

Note: The terminology is explained in Appendix 1.
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Viemza

Konzerthaus

t the opening of the Konzerthaus in 1913 it was claimed to be a p/ace

for the cultivation of superior music, a ][ocus o][ artistic endeavors, a Zmi/ding

][or music and a Zmi/aiing )[or Vienna. This assertion has been Vigorously borne out

throughou’c the hall’s history. Containing four halls in a range of sizes, it boasts

today of approximately 650 presentations and more than 30 su]oscription series per

year. [ts programs include not only the entire classical repertoire of orchestral and

choir music, operas in concert, chamber music and recitals, but also jazz and folk
music events.

Emperor Franz Joseph I attended the opening of the Konzerthaus. Performed
were Beethoven’s Ninth Symplzony and a premier presentation of Richard Strauss’s
Festliches Priludium. The Konzerthaus is listed as an important national historical
monument, representing a special example of Viennese Art Nouveau. Seating 1865,
the main hall’s gorgeous splendor was restored in 2000, along with new facilities
for per{:ormers, patrons, and occupants. Together, the Konzerthaus, the Musikver-
einssaal, and the Staatsoper are responsi_l)le for Vienna’s worldwide reputation as a
1eading center for music.

One of the goals of the rehabilitation of the main hall was to make such
improvements in the acoustics of the Konzerthaus as the state of the art might
suggest. Although it had the sound of a ’typical rectangular concert hall, there had
been complaints that the sound was too powerful, too reverberant—some even using
the phrase “suggesting a barn.” The renovation adjustments called for reducing the
reverberance of the haﬂ, particularly at low frequencies, and reducing the strength
of the sound. Adding sound-al)sorlaing materials at critical places in the hall and
malzing some non-observable structural changes accomplishecl these goals. The re-
verberation time at 125 Hz, {:uﬂy occupiecl, has clropped from 2.7 to 2.3 sec and
that at 500 Hz from 2.0 to 1.95 sec. The binaural quality index measure has
increased from 0.57 to 0.66. Musicians and conductors have commented favora]oly
on these changes.
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VIENNA

C\”\ Hhr
N RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Orchestra, soloists, chamber music. Ceiling: Reed-reinforced gypsum plaster
on wood framing. Sidewalls: 2.8-in. (7-cm) gypsum plaster on wood with 3.2-in.
(8-cm) airspace over concrete wall. Rear walls: Fabric on perforated metal—air space—
brick wall. Stage walls: Wood, partly removable. Balcony fronts: Plaster on wood.
Floors: 0.9-in. (2.2 cm) parquet on 1.4-in. (3.5 cm) plywood; 500,000 holes for air
intake. Carpet: 538 f£2 (50 m?) on aisle behind the open side loges. Seating: Wooden
structure, thin upholstering on the front of backrests and top of seat bottoms.

ORIGINAL ARCHITECT: Luclwig Baumann, Hermann Helmer, and Ferdinand
Fellner. ARCHITECT FOR RECONSTRUCTION (1997-2000): Hans Puchhammer.
AcousTicAL  CONSULTANT (1997-2000): Karheinz Miiller, Miiller-BBM.
PHOTOGRAPHS: Courtesy Wiener Konzerthaus.

AR

.:5&11331’5'“1.;&'7"

Concerts (with orchestra shell):

V = 585,980 ft* (16,600 m?)
S, = 1,474 2 (137 m?)

H = 46 ft (14 m)

D = 117 ft (35.7 m)

VIN = 314 ft* (8.90 m?)
HIW = 049

S,= 7,016 ft2 (652 m?)
S,= 10,954 ftz (1,018 m?)
W = 93 ft (28.4 m)

V/S, = 535 ft (16.3 m)
S,/N = 5.08 ftz (0.472 m?)
LW = 1.02

S,= 9,480 ft2 (881 m?)
N = 1,865

L = 95ft(29 m)

VIS, = 61.8ft(18.8 m)
S,/N = 3.76 ft2 (0.35 m?)
ITDG = 23 msec

NoTe: The terminology is explained in Appendix 1.
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Vienna

StaatSOPer

he main hall of the Staatsoper is modern in design. Bombed c],uring the war

and rededicated in 19585, it has the same architectural shape as the original
house of 1869 but without Laroque decoration and gildecl statues. There are three
tiers of Loxes, a central box for clignitaries, and two upper gaﬂeries. The interior is
dominated ]3y red velvet and red damask, and the decoration is mainly white with
golc],. There is a 1arge toms—shape& crys’cal chandelier against the ceﬂing.

The conductors who know the Staatsoper are unanimous in their opinion that
the house has goo& sound. Bruno Walter said (1960), “The Staatsoper is the most
alive of all opera halls. Tt is much better than New York and better than La Scala.
The orchestra does not overpower the singers.”

The auditorium has 1 , 709 seats, compare(l to the New York Metropoli’can
Qpera House's 3,816 seats and San Francisco’s 3,252 seats———inclee&, it is a min-
iature. One year | attended four consecutive pe&ormances with the privﬂege of
sitting in any part of the house. On the last evening [ sat in the orchestra pit
through an entire act. The sound is louder than in its American counterparts, largely
because of the smaller cubic volume. On the main floor the sound is more intimate ,
l)eautifuﬂy clear and brilliant. Since it is only 64 ft (19.5 m) wicle, the early lateral
reflections are strong and the initial-time—&elay gap is short, which accounts in 1arge
part for the superior sound.

The auditorium itself is not very live. The liveness heard cluring the perfor—
mances | attended came primarﬂy from the s’cagehouse, which is large, and quite
reverberant. The canvas ]:vaclz&rop, the “cyclorama," is thiclz, heavily pain’cecl, anc],,
hence, does not absorb high-frequency sounds.

At the ends of the pit, behind the brass (left) and percussion (right) , there are
small entrance chambers, open to the pit, the doors at the back of which are simply
covered with red velvet. The double basses are lined up against the hard wall of the

pit on the stage side, which increases their loudness.
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[ judge the sound of the Staatsoper exceHen’c, and I rate the main floor much
better than that of La Scala. In the boxes, both houses are excellent. The live stage

house of the S’caatsoper also makes its sound more interesting than the (lry sound

of La Scala.

—

Cv\\ (A R CHITECTURAL AND STRUCTURAL DETAILS

Uses: Opera. Ceiling‘: Plaster. Walls: In the top gaﬂeries, the walls are covered with
damask behind Plexiglas to prevent tlamage l)y standees; faces of the rings are of wood;
in the })alcony beneath the gaﬂery, the walls are of damask over plywood with 0.25 in.
(0.64 cm) airspace between Jchem; in the boxes the walls are of tightly stretched damask
on wood. On main floor, walls are 0.5 in. (1.3 em) wood. Floors: In the gaﬂery and
l)alcony, the floors are PVC linoleum over concrete; the main floor is of wood with
carpet in the aisles; the main-floor s’canding room is of wood. Pit: On the pit floor are
3-in. (7.6-cm) wooden planlas; the pit walls are of 0.75-in. (1.9-cm) wood; there are
small rooms at the end of each pit, with velvet on the doors behind. Stage heig’ht:
41 in. (104 cm) above floor level at the first row of seats. Seating’: the boxes have
simple chairs with upholstere& seats; on the main floor the seats are of solid wood except
that the front of the backrests and the top of the seat bottoms are covered with 1-in.
(2.5-cm) upholstering.

ARCHITECT: August Siccard von Siccards]:)urg and Eduard van der Nuell. Ar-
CHITECT FOR RECONSTRUCTION: Erich Boltenstern. ACOUSTICAL CONSULTANT
FOR RECONSTUCTION: G. Scl’lwaiger. REFERENCES: Plans, details, and photographs
courtesy of the management of the Staatsoper.

Opera

V = 376,600 ft3 (10,665 m3) S, = 10,000 ft2 (930 m3) S, = 12,850 ft2 (1,194 m3)
S, (pit) = 1,150 &2 (106.8 m?) S, = 1,720 ft2 S, = 15,720 ft2 (1,460 m?)
N = 1,709 H = 62ft (189 m) W = 60 ft (18.3 m)

L =98ft(29.9m) D = 1111t(33.8m) VIS, = 24 ft (7.3 m)

VIS, = 9.3t (8.9 m) VIN = 220 ft3 (6.24 m?) SA/N = 7.75 ft2 (0.72 m?)
HIW = 1.03 B L/W = 163 ITDG = 15 msec

Note: The terminology is explained in Appendix 1.
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Brussels ,

Palais des Beaux-Arts

nown ofﬁciaﬂy as the Salle Henri Leboeuf of the Palais des Beaux-Arts,
this hall has a mixed history. Opened in 1929, it was rated highly for
many years. My surveys of conductors and music critics in the early 1960s estab-
lished it as a world-class venue for sympl’lonic music. [ reported that a German
acoustician, F. Winkel (Der Monat, February 1957, p. 77) wrote to a number of
European conductors asleing them to name their favorite hall anywhere in the world.
The answers mentioned the Palais about as often as the Grosser Musikvereinssaal
in Vienna or Symphony Hall in Boston. The reverberation time in 1961 measured,
at mid—frequencies, fully occupied, about 1.7 sec, slightly lower than the halls just
mentioned, but with the hall’s sa’tisfac’tory bass response and a plethora of early
sound reﬂections, it was generaﬂy acceptecl as a superior place to perform. It contains
2,150 seats.
But over the years, preceding 1999, various renovations had taken place, some
of which affected the acoustics nega’tively. Various openings were made in the ceiling ,
oversized air—conditioning outlets were ins’caﬂed, the stage was rebuilt with a heavy
concrete surface beneath for fire safe’cy reasomns, and heavily upholsterecl seats were
installed. The reverberation time clropped to 1.5 sec and the bass response suffered
sul)stan’ciaﬂy. The hall’s reputation droppecl. To restore the hall to as near its original
state as feasible architectural renovations were undertaken in 1999. The changes
described above were reversed, including instaﬂing seats more favorable to bass re-
sponse. As a result, the reverberation time at mid-frequencies has increased to 1.6
sec, and the bass response has been restored. Musicians using the hall in the 2000-
2001 season report a signiﬁcan’t difference and some say that it sounds nearly as

it did during its earlier incarnation.
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—

( — @%QCHITECTURAL AND STRUCTURAL DETAILS

Uses: Orchestra, chamber music, theater, ballet, and conferences. Ceiling: 76% pla.s—
ter on metal lath; 20% thick glass on heavy metal frames; 5% hgh’cing fixtures. Rear
walls and sidewalls: Plaster on brick. Floors: On main ﬂoor, 0.32-in. (8-mm) wood
on double layer of plywood over 3-ft (90-cm) plenum; in balconies, 0.32-in. (8-mm)
wood floor on double layer of 0.32-in. (8-mm) plywood on concrete or sleepers. Stage
floor: 0.32-in. (8-mm) oak on 1.325-in. (35-mm) on pine substructure. Stage
height: 36 in. (92 cm). Carpeting: None. Seats: Modest upholstering.

ARCHITECTS: Original, Baron Victor Horta; year 2000 reconstruction, George
Baines. ACOUSTICAL CONSULTANT FOR RECONSTRUCTION: Daniel Commins.
CREDITS: Drawings, plans, photographs, and details courtesy of Director General of
the hall. REFERENCES: D. Commins, “Successful acoustic design Ly architect Victor
Horta and the Palais des Beaux-Arts concert hall, Brussels,” Proceealings of the Institute
of Acoustics 19, pt. 3, pp. 213-220 (1997).

V = 442,000 ft* (12,520 m?) S, = 11,000 ft2 (1,020 m?) S, = 14,000 ft* (1,300 m?)
S, = 2,000 ft2 {186 m?) S; = 16,000 ft? (1,486 m?) N = 2,150

VIS; = 21.6 ft (8.42 m) VIS, = 31.6 ft (9.6 m) VIN = 206 ft* (5.83 m?)
S,/N = 6.51 ft? (0.60 m?) H = 96 ft (29.3 m) W = 76 ft (23.2 m)

L = 102 ft (31.1 m) D = 117 ft (35.7 m) H/W = 1.26

LIW = 1.34 S,/N = 5.12 ft? (0.474 m?) ITDG = 23 msec

Norte: The terminology is explained in Appendix 1.
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34
Séo Fa u/o,

Sala Sao Paulo

he Sala Sao Paulo is located next to old active railway tracks. The grouncl

floor of this lauilcling was an open-air waiting room bounded 1)y open walk-
ways and decorative columns, complete with palm trees. This open space was used
for many years as an alternate summer location for orchestral and other musical
events. In 1996, the Sao Paulo Symphony Ofrchestra and the State of Sao Paulo
joinecl to investigate the feasil)ih’cy of a better space for musical performances. The
theater and acoustical consultant noted that the clepot venue was about equal in
width to that of Boston Symphony Hall and was of about the same 1engt11 and
heigh’c as the Vienna Musikvereinssaal. Its rectangular plan corresponclecl to that of
both famous halls. In addition, the side gaﬂeries of the upper floors could be used
for added reverberance.

The Brazilian National Institute of Historic and Artistic Heritage s’cipula’ced
that the columns of the courtyarcl remain completely visible inside the hall. More
chaﬂenging were the active railroad tracks located within a hundred feet of the
facili’cy. The solution to the railroad noise and vibration prol)lem was to excavate
the main floor and substitute a ﬂoa’cing concrete slab that also supportecl the new
sidewall structures, that in turn were insulated Vil)rationaﬂy from the existing col-
umns. The noise level in the completecl haﬂ, with trains passing, measures NC-15.

A ceﬂing comprising 15 inclivicluaﬂy movable panels of wood separates the
lower cubic volume from that above. When all are set at their lowest normaﬂy used
level, the lower space has a volume of 635,400 {3 (18,000 m3) and the upper
458,000 f (13,000 m3). The panels can, inclivicluaﬂy, be set at any distance be-
tween 31 ft (9.5 m), thus permitting variation in the micl—frequency, occupiecl re-
verberation times from 1.7 sec up to 2.4 sec. [tis there]ay possil)le to select a degree
of openness that suits the music Leing playecl. To make the hall suitable for con-
vocations or theater, clemou/pta})le seating is provicled in the center, and a})sorhing

cloth banners above the moﬁng ceiling can be lowered to reduce the reverberation

time to about 1.5 sec. The Sala Sao Paulo, seating 1620, opened to Brazilian
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acclaim in Iuly 1999 with the Mahler Second Symplzony. While acoustical data are
limi’ced, it seems logical to conclude that with the reverberation times reported, its

modest size, and its architecture, the hall is assure(ﬂy a success.

C\”"\ Hr
— RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Orchestras, recitals, solois’cs, and fashion shows. Ceiling’: COmposed of 15 ad-
jus’ca])le panels each weighing 7.5 tons and supporl:ed l)y 16 steel cables, each divided
into three coffered sub-modules with a range of 13-72 ft (4—22 m) above the main
floor. Canopy: Ceﬂing panels can form a canopy. Sidewalls: Either masonry or panels
of formed cement plaster on 2-in. (5-cm)-thick wood frame. Balonies: Supported on
vibration isolated structures, 6-in. (15-cm) pre-cast concrete covered with pre-molded
wood panels. Sound diffusers: Crowns of the columns, molded masonry ﬁgures and
textured wood patterns on the Lalcony fronts and ceﬂing. Variable sound a]osorption:
Acoustic banners that can be lowered into the a(ljustal')le volume above the ceiling.
Floors: 1-in. (2.5-cm) wood over 1-in. plywood supported by a metal frame resting on
a ﬂoating concrete slab. Stag‘e floor: Level 2-in. (6-cm) tongue-and—groove wood
mounted on metal support structure with 9.8 ft (3 m) airspace. Stage height: 47 in.
(1.2-m). Seats: Plywoocl with high-density foam cushion covered with syn’clletic fabric.

ARCHITECT: Nelson Dupré, Dupré Arquitetura. ACOUSTIC AND THEATER
CoNsULTANT: ARTEC Consultants. PHOTOGRAPHS: Luiz Carlos Felizardo.

V = 706,000 ft* (20,000 m3) S, = 8,027 ft> (746 m?) S, = 11,223 f2 (1043 m?)
S, = 4,261 ft2 (396 m?) Sr = 13,160 ft? (1223 m?) N = 1,610
H = 60 ft (18.3 m) W = 76 ft (23.2 m) L = 98 ft(29.9 m)

~ D = 100 ft (30.5 m) V/S; = 53.6 ft (16.3 m) VIS, = 62.9 ft (19.18 m)
VIN = 438 ft3 (12.4 m?) Su/N = 6.97 ft2 (0.648 m?) S,/N = 4.98 ft2 (0.463 m?)
HIW = 0.79 L/w =129 ITDG = 34 msec
Note: S; = S, + 1,940 2 (180 m?); see Appendix 1 for definition of S,.

Note: The terminology is explained in Appendix 1.
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Montrea/ '

Salle Wilfrid-Pelletier

ocated in Place des Arts , Canada’s larges’c center for the arts, the Wilfrid-

Pelletier Hall is the jewel in the city’s crown. Openecl in 1963 with a gala
concert lr)y the Montreal Symphony Orchestra, it has served the city well since. It
underwent some renovation in 1993. Seating 2,982, with a pit for 70 musicians
created Ly removing 78 seats, the W-P Hall accommodates concerts, Laﬂet, opera,
musical comedies, and variety shows. More down-to-earth than its cousin, the Roy
Thompson Hall in Toronto, it has a proscenium and a stage house of 1arge pro-
portions. For concerts, a stage enclosure is erected on stage, shown in the clrawings.
A sound system is used for non-orchestral events.

As a concert hall, it has not been without criticism. The principal objections
are that the orchestral sound is not suﬁiciently loud on the main floor and the hall
lacks intimacy. Studies have been made Ly several acoustical consultants with some
preliminary comments: First, the ceiling of the shell is too high and the rear wall
is too wide. Too much sound is trapped on the stage and the music lacks clari’cy.
Seconcl, there are no surfaces at or near the sides of the procenium to reflect lateral
sound energy onto the main floor. La’ceraﬂy reflected sound energy would give the
audience a feeling of intimacy and of Leing envelopecl Ly the sound. Third, the semi-
open ceiling does not reflect enough sound energy to the main floor seating sections.

One acoustician reports that an experiment showed that when the back wall
of the orchestra enclosure was Lrought forward toward the audience so that the front
half of the orchestra sat over the pit, the music sounded 1ouder, £uﬂer, and more
intimate on the main floor. If this shift were accompaniecl Ly aclding reﬂecting
surfaces on either side of the pit location and if others of proper shape were located
in the space below or above the ceiling, the loudness of the orchestral sound in the
audience areas would increase further and the listeners would feel more enveloped
1)y the sound. The musicians would also sense better the acoustics of the hall.
Finaﬂy, if modifications to the lower side walls and the doors were made, lateral
reflections could be increased further and thus add to the feeling of spaciousness
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and envelopmen’c. These suggestions would need to be su]ojected to investigation in

a model both for refinement and to make certain ofa suitalnle solution.

C-\’ = A
—_— RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Multipurpose, including classical music. Ceiling: Heavy plas’cer beneath which
is hung precast plas’cer lattice. Walls: Plaster over concrete Moclz; })alcony faces molded
plas’cer. Floors: Parquet on concrete, except all boxes are carpeted. Stage enclosure:
2-in. (5-cm) panels, each about 4 ft I')y 6.5 f (1.22 Ly 2 m) made into irregular, off-
center, shallow pyramids supportecl on frames. Stag'e floor: Tongue-and-groove wood
over timber. Stag'e heig‘}lt: 36 in. (91 em) above floor level. Seating: Uphols’cered top
of seat bottom and front of seat })aclz; underseat molded plywood; rear of seat back
molded plywood; arms upholsterecl.

ARCHITECT: Afﬂeclz, Desbarats, Dimaleopoulos, Le})ensold, Michaud and Sise.
ACOUSTICAL CONSULTANT: Bolt Beranek and Newman. PHOTOGRAPHS: Studio

Lausanne and Panda Associates.

V = 936,000 ft (26,500 m?) S, = 16,684 ft2 (1,550 m?) S, = 19,020 2 (1,767 m?)
S, = 1,850 ft2 (172 m?) S, = 20,870 ft2 (1,939 m?) N = 2982
H=T11(235m) W = 108 ft (32.9 m) L =123 (37.5m)

D = 135ft(41.2 m) VIS, = 44.8 ft (13.7 m) VIS, = 49.2 ft (15 m)
VIN = 314 f2 (8.9 m3) S,/N = 6.38 ft2 (0.59 m?) S,/N = 5.59 ft* (0.52 m?)
HIW = 0.1 Lw = 1.14 ITDG = 20 msec

NoTe: The terminology is explained in Appendix 1.
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Toronto

Roy T}lompson Hall

oy Thompson Hall is a semi-surround, non-proscenium hall, with only

a small percentage of the audience to the sides and behind the orchestra.
Seating 2,500 plus 113 seats in the choir lift, it ranks as a fairly large concert hall,
but the distance from the stage to the farthest seat is only 127 ft (38.7 m).

When the Roy Thompson Hall opened in 1982 it was a strilzing visual success.
It still appears to be a circular hall, but originaﬂy a 1arge circular wheel was suspendecl
overheacl, surrounded Ly a forest of stalactites, called Lanners, all l)rilliantly colored
and illuminated. Those banners were suppose(l to enhance the acoustics, but they
seemed more to absorb the sound. The visual interior was a strilzing gray on gray,
mos’cly created by paint on concrete.

The new design (see lower slze’cch) was dedicated in Sep’cember 2002. The
former interior has now been replaced by 12,000 2 (1,100 m?) of white Canadian
maple as a finish over 23 semi—cylin(lrical, very heavy, multilayer, “bulkheads” that
surround the circular space above the upper seating tiers. Their installation has
reduced the cubic volume of the hall Ly 13.5%.

The wheel, banners, and a number of clear acryhc discs that were suspendecl
above the stage, have been replace(l }Jy a massive two-part canopy, weighing 38 tons
(25,000 lzg) ] that hangs overhead and serves both to return sound to the players
and to distribute sound better to the main-floor audience. The canopy can be raised
or lowered between 30 and 50 feet above the stage level. Larger than the size shown
in the drawing, the stage has been extended 3 feet in the center, tapering off to its
previous position at the sides. New two-sided panels have been installed around the
stage; one side is hard, the other sound a]asorlaing. They can be rotated to achieve
a tailored orchestral balance.

Are the changes effective? One can only judge 1)y the opening-night music
critics’ remarks. All agreecl tha’t there has been substantial improvement, mention-
ing the increased warmth of the bass and cello tones and the increased impact of

the overall orchestral sound. Some mentioned, “more fibre in the wooclwincls, and
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a bﬁgh’cer glow in the brass.” The players are particilarly pleased, now able to hear
themselves and one another better. All seemed to agree that the haﬂ, prol)al)ly
because of its circular construction, does not have the rich, encompassing rever-
beration of Vienna's Vereinssaal, or Boston’s Symphony Hall. Nevertheless, the

improvement is great and music in it is beautiful and distinct.

—
( — @%ECHITECTURAL AND STRUCTURAL DETAILS

Uses: Primarily concert, recitals, choral events, and organ. Ceiling: Plaster. Main
sidewalls: Above seating levels, 5 in. (2.5 cm) thicle, nine 1ayers of dense wood chip
board; Below the seating 1evels, 6 in. (15 cm) poured in place concrete. Sound ab-
sorption: Provided on a Variable basis Ly doul)le-layerecl velour (lraperies. Audience
floor: Wood on concrete. Seating’: Upholstered seat bottom and part of seat back.

ORIGINAL ARCHITECT: Arthur Erickson and Mathers & Haldenl)y Associated
Architects. RENOVATION ARCHITECT (2002): Kuwabara Payne McKenna Bluml)erg .
ORIGINAL ACOUSTICAL CONSULTANT: T. J. Schultz of Bolt Beranek and Newman.
RENOVATION ACOUSTICAL CONSULTANT (2002): ARTEC Consultants, Inc.

V = 865,000 ft* (24,500 m?) S, = 14,000 ft2 (1,300 m?) S, = 16,800 ft2 (1,560 m?)
S, = 2,500 ft2 (232 m2) S; = 18,740 ft2 (1,740 m?) N = 2613

H = 76 ft (23.2 m) W = 102 ft (31.1 m) L = 89 ft(27.1 m)

D = 108 ft (32.9 m) VIS, = 46.2 ft (14.1 m) VIS, = 514 ft (15.7 m)
VIN = 331 ft3 (9.4 m3) S,/N = 6.43 2 (0.60 m?) S,/N = 5.36 iz (0.498 m?)
HIW = 0.74 L/W = 0.87 ITDG = 35 msec

Note: S; = S, + 1,940 2 (180 m?); see Appendix 1 for definition of S;.

Note: The terminology is explained in Appendix 1.
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Hong Kong

Cultural Center, Concert Hall

he Hong Kong Center for the Arts, completed in 1989, was ol)viously

meant to })ring to the city an architectural triumph like that achieved Ly
Australia’s Sydney Opera House. The impression from a neigh})oring sleyscraper is
that the motif is a combination of the United Nation’s General Assem})ly Luﬂding
in New York and the tail fin of a Boeing 707 airliner. An opening article (uniclen-
tified reprint supplied })y Hong Kong Cultural Centre) reads, “Hong Kong has added
theatre sails to its Kowloon sleyline. The curves of Hong Kong Cultural Centre may
be gentler than those of Syclney Opera House but no less dramatic when viewed in
the context of a sleyline where all lines are straight and most are vertical. Just take
in the view from the world’s number one ferry trip.”

Openecl in November 1989 and seating 2,019, the concert hall interior re-
sembles New Zealand’s Christchurch Town Hall (Concert Hau) and the Costa Mesa
(USA) Segerstrom Hall because the same acoustical consultant was responsilole.
The design has two features. First the upper part of the hall is not vertical as in the
“shoebox” halls, but rather is lined with sloping panels that reflect the incident
sound into the audience areas, while cliﬂ:using it sicleways cluring reflections. Second,
the sound is not able to reflect back and forth, as it does with paraﬂel waﬂs, so that
energy is drained from the reverberant sound. This design creates a new acoustic,
it emphasizes the early sound, maleing the music clear and true. It cle—emphasizes
the reverberant souncl, both from standpoint of the energy in the reverberant sound
and the length of the reverberation time. In one haﬂ, the Glasgow Royal Concert
Hall, originaﬂy of similar design, the upper reﬂecting panels were recently removed
in order to allow more energy to remain in the reverberant sound field and to
1engt}1en the reverberation time.

During the 1997 pre-opening musical performances, it was found that the
acoustics were improve(l w}lep the stage was extended and its shape and construction

modified. Exactly how the sound field was modified has not been pul)lished‘ The

acoustical consultant reports that the noise from the air-conditioning equipment,
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Cultural Center, Concert Hall 205

not his responsi]oility, exceeds customary standards for concert halls and infringes

on the enjoyment ofa performance.

= A
— RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Primarily orchestra and soloists. Ceiling’: 1.0-in. (2.5-cm) “glasscrete” coffers
suspencled below plate girders. The top of the horizontal area of the coffers (a})ou’c 75%)
was plas’cered with 1.4-in. (3.5-cm) cement plas’cer. Walls: Plaster on concrete. Internal
reflectors: QRD panels constructed of composite plaster]aoard/ plywoocl and oak veneer,
total 1.4 in. (3.5 cm) thick. The lower reflectors serve the lower level seating, the upper
ones serve the balconies. Floors: Qak on concrete at front, oak on framing at rear.
Carpets: None. Stage enclosure: The photographs show QRD diﬂ:using panels
around the stage. The overhead sound reflector is 60% QRD reflectors, surrounded Ly
0.7-in. (1.7-cm) Plexiglas curved panels. Its normal concert heigh’c is 25 ft (7.5 m).
For organ concerts it is raised to 49 ft (15 m). Stage floor: Wooden strips over small
airspace on sleepers on concrete. Stage heigfllt: 42 in. (1.07 m) above floor level at
first row of seats. Seating: Fuﬂy upholsterecl, including armrests.

ARCHITECT: Jose Lei. ACOUSTICAL CONSULTANT: Harold Marshall. PHOTO-
GRAPHS: Courtesy Leisure and Cultural Services Department of Hong Kong Govern-

ment.

CHNIC
V = 750,000 ft2 (21,250 m3) S, = 9,264 {2 (861 m3) S, = 11,954 122 (1,111m2)
S, = 2,668 ft2 (248 m?) Sr = 13,890 ft2 (1,291 m?) N = 2,019

H = 656 ft (20 m) W = 106.6 ft (32.5 m) L = 821t (25 m)

D = 80.36 ft (24.5m) V/S; = 54 ft (16.5 m) VIS, = 62.7 ft (19.1m)
Su/N = 5.92 ft2 (0.55 m?) S,/N = 459 fi2 (0.426 m?) VIN = 371 f& (10.52 m?)
H/W = 0.615 L/W = 0.769 ITDG = 27 msec

Note: S; = S, + 1,940 ft2 (180 m?); see Appendix 1 for definition of S,.

Note: The terminology is explained in Appendix 1.
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Slzanglzai _

Gran(l Theatre

w part of the modernization of Shanghai, the government built the
Shanghai Grand Theatre as a major step forward toward recognition of
the value of per{orming arts. The theatre both gives Shanghafs native inhabitants
a chance to share in the cultural Leauty of the world and satisfies the cultural
preferences of the recent huge influx of international companies and their associated
personnel.

The Grand Tl’leatre, seating 1,895, openecl in August 1998 with a per£or—
mance of Swan Lake Ly the National (Beijing) Ballet company. It is located at the
west side of the Shanghai People’s Plaza, facing the Shanghai Museum, with un-
clerground parleing. As yet, the theatre is not associated with any musical organi-
zation and there is no resident opera company. A month after its opening, the
Florence, I’caly, Opera gave a memorable performance of Aida. Between then and
the end of 2000, the performances were laalle’c, 103; orchestral concerts, 68; West-
ern opera, 31; and a large number of Chinese shows, inclu&ing Beijing opera, local
opera, and drama.

In 1999, the Haml)urg Baﬂet, the Suisse Baﬂet, the British Royal Baﬂet, a
British opera, and a Dusseldorf opera gave performances. In 2000, a Swiss opera,
the British Royal Orchestra, the German Broadcast Orches’cra, the Baden-Baden
Philharmonic Orches’cra, and an American ballet performecl there. A highlight of
2001 was the appearance of the Philaclelphia Orchestra.

Orchestral concerts are accommodated ]:Jy a removable orchestral enclosure
on stage that is maneuvered ljy an “air jet cushion” system. [t can be dismounted
in three sections for easy storage.

It is difficult to rate the acoustics of this theatre, because there is nothing
comparal)le in China. Guest musicians from abroad are satisfied with the sound in

the haﬂ, and, in comparison with most other halls in China, it is outstancling.



208 % SHANGHAI



\
JJ\\\\\ \F
ol @
)»)
g /////////\

—
71

— 1 ]

N




270 hina

SHANGHAI

—

C\’\\ (AR CHITECTURAL AND STRUCTURAL DETAILS

Uses: Opera, symphonic concert, Chinese opera, drama. Ceiling': Two layers cement
gypsum board, each 0.78 in. (2 cm) thick. _Si(lewaus: Outer walls are concrete; dec-
orative walls, lower part (below 11.5 ft, 3.5 m), granite, wooden griﬂe with movable
drapery behind for RT a,cljus’cmen’c and decorated hardhoard panel for remainder. Rear
walls: Outer walls are concrete, remainder wooden gri]le with movable drapery behind.
Acoustical absorbing material: When all exposed, 3,228 2 (300 m?). Carpets: On
main aisles with unclerpad. Seating: Thick upholstering on top of seat bottoms and

front of seat backs. Stage enclosure: Removable—hard board on steel frame. Noise

level: NR-23.

ARCHITECT: Jean-Marie Charpen’cier. INTERIOR: STUDIO, Axchitectural De-
sign Firm. JOINT DESIGNER: East China Design and Research Institute of Architec-
ture, Shanghai. ACOUSTICAL CONSULTANT: J. Q. Wang. ACOUSTICAL DESIGN:
K. S. Zhang of above Institute, Shanghai.

Opera

V = 458,900 ft* (13,000 m3) S, = 6,983 ft2 (649 m2) S, = 9,060 ft? (842 m?)
S, = 914.6 2 (85 m?) S, = 2,666 ft2 (247.8 m?) S; = 12,641 2 (1,175 m?)
N = 1,676 V/S; = 36.3 ft (11.06 m) VIS, = 50.6 ft (15.44 m)

VIN = 2738 2 (7.76 m3) Sy/N = 5.41 fi2 (0.502 m?) S, /N = 4.17 ft2 (0.39 m?)

Concerts

V = 529,500 (15,000 m?) S, = 7,381 ft? (686 m?) S, = 9,695 ft2 (301 m?)
S, = 1,431 f2 (133 m?) Sy = 11,126 t (1,034 m?) N = 1,895

H = 66 ft (20.1 m) W = 116 ft (35.4 m) L=911(27.7 m)

D = 109 ft (33.2 m) V/S; = 41.6 ft (14.51 m) V/S, = 54.6 ft (16.65 m)

VIN = 279 fi (7.91 m?)
HIW = 0.57

S\/N = 5.12 2 (0.475 m?)
L/W = 0.78

S./N = 3.89 12 (0.362 m?)
ITDG = 40 msec

Note: The terminology is explained in Appendix 1.
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Copenkagen

Radiohuset , Studio 1

gg Radiohuset is the home of the Danish Radio Symphony Orchestra. The
stage and the great organ dominate the room, and the audience area is smaﬂ,
seating 1,081, compared to that in a conventional concert hall. Opened in 1945,
the cylindrioal ceihng, low over the stage, has caused on-stage dissatisfaction among
the orchestra players and has resulted in two major revisions. In the most recent
renovation, completed in 1989, a canopy of acrylic panels was hung over the stage;
a number of sloped large reﬂecting panels (see the photograph) were attached to the
stage side waﬂs; and a new ﬂoor, more favorable to bass and ce]los, was installed
along with hy(lraulic risers on stage. These recent changes have improved commu-
nication among the orchestra members and have providecl more intimate sound to
the audience than when the hall was without panels. The hall is also better acous-
ticaﬂy for recorclings. The reverberation time, 1.5 sec, {:uﬂy occupiecl, is on the low
sicle, the optimum for symphonic music in a hall of this size is about 1.7 sec.

The oljject of the acrylic panels is to improve communication on stage, fa-
cilitate orchestral timing, and to create better balance and blend. The size and
number of panels for the Radiohuset followed studies by J. H. Rindel (1990). He
found that a large number of smaller panels, each slightly curved, as compare(l to
1arger ones used elsewhere, give a more uniform reflection of the entire range of
ﬁequencies. The open area in the panel array should be about 50%. Installed in
Studio 1 are 61 panels, each 5.9 X 2.62 ft (1.8 X 0.8 m), 0.3 in. (0.8 cm) tl'liclz,
and slightly curved.

In the ceiling of the Radiohuset, there are low—{'requency sound-ahsorbing
Helmholtz-’type resonators, 105 of which are (currently, 1994) tuned to absorb
sound at 98 Hz and 45 at 64 Hz. Their purpose is to remove low—frequency standing
waves between the floor and the curved ceiling . Because of the small volume of the
hall, 420,000 f& (11,900 m?3), the sound of a full symphony is loud, which helps
create a {eeling to the listener of I)eing envelopecl by the sound field and adds spa-
ciousness to the orchestral music. The reports are that the 1989 changes have been
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well accep’ced l)y the orchestra. Reviews l)y music critics are mixed, some saying that

the sound is much the same as before the stage renovations.

— P
( S C@%{CHITECTURAL AND STRUCTURAL DETAILS

Uses: All types of broadcasting. Ceiling: 3-in. (8-cm) concrete roof, covered by 1-in.
(2.5-cm) tongue-and-groove wood strips (no airspace). Sidewalls: 0.83-in. (2.1-cm)
wood with either 1-in.- or 4-in.- (2.5-or 10-cm)—deep airspace, about 50% each. Rear
walls: Mineral Wool, 25% perforated, covered with thin wood; above second l)alcony,
0.5-in. (1.2 cm) wood panels with airspace. Floor: Parquet over concrete. Stage floor:
0.9-in. (2.2 cm) parquet on joists spread apart 16 in. (40 cm), over 14 in. (36 cm)
airspace; rear part has 26 hydraulic risers. Stage height: 27.5 in. (70 cm). Seating:
Upholstere& in leather, underseat unperforated.

ARCHITECT: Vilhelm Lauritzen. ACOUSTICAL CONSULTANT: Jordan Akustik.
RESEARCH: A. C. Gade and J. H. Rindel from Technical University of Denmark.
REFERENCE: N. V. ]ordan, J. H. Rindel & A. C. Ga(],e, “The new orchestra pla’cform

in the Danish Radio Concert Haﬂ," Proceec]ings of Nordic Acoustical Meeting, Lulea,
Sweden, 1990.

V = 420,000 ft3 (11,900 m3) S, = 6,512 ftz (605 m?) S, = 1,761 ft2 (721 m?)
S, = 3,100 ftz (288 m?) S; = 9,701 2 (901 m?) N = 1,081

H = 58 ft (17.7 m) W = 110 ft (33.5 m) L = 611ft(18.6 m)

D = 751t (22.9 m) VIS, = 4329 ft (13.2 m) V/S, = 54.1 ft (16.5 m)
VIN = 388 ft* (11.00 m3) Su/N = 7.2 12 (0.67 m?) S,/N = 6.02 ft2 (0.560 m?)
HIW = 053 L/W = 0.55 ITDG = 29 msec

Note: S; = S, + 1,940 ft2 (180 m?); see Appendix 1 for definition of S,.

Note: The terminology is explained in Appendix 1.
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Nielsen Hall in Odense Koncerthus

uring the 1960s Odense underwent a major transformation—new

streets, a four-lane highway, and urban renewal. Only a small part, the
Hans Christian Anderson quarter, was preserved. On the east side the concert and
congress Luilding was erected, as well as an adjacent hotel. To the west, stands the
Anderson museum and his house, as well as some low-rise provincial residences. To
the north is a sizeable parlz. To avoid overpowering the other buil(lings, the main
floor and concert stage of the Koncerthus are sunken below grouncl 1eve1; the front
of the l)alcony starts at grouncl level.

The Carl Nielsen Hall is named after the best-known Danish composer, who
was born on the island Fyn on which Odense is now the main city, the third largest
in Denmark. The Nielson Hall opene& in Septeml)er 1982, with the Queen and
Prince in attendance. The Koncerthus complex also contains a chamber music hall
and rehearsal facilities for a full-size symphony orchestra. Conferences and con-
gresses find the site ideal because it is near several hotels.

Financing for the hall came from the city, an indepenclent committee operates
it. Seating 1,320, and having the only built-in pipe organ in Denmarlz, excepting
the Danish Radiohuset in Copenhagen, it is widely recognized as the most successful
concert hall in the country. It serves, primarily, as the home for the Odense Sym-
pl’lony Oxchestra. Each fourth year the hall becomes the venue for the International
Carl Nielsen Violin Competition.

On entering the hall, one is immedia‘cely aware of its rectangulari‘cy and the
sound-cliﬁusing Lafﬂes, “birds,” ﬂying overhead, designecl };)y the artist Gunnar Aa-
gaard Anderson. Miniature protruding balconies on the sidewalls both create dif-
fusion of the sound and provide surfaces for enal)ling lateral reflections of early
sound to the seating areas. The louvered spaces above the balconies are air-condi-
tioning outlets. The two larée white surfaces to either side of the choir/audience

seating are concrete panels with doors. The ceiling is a succession of deep triangles,



276 @wwz(mé ODENSE



Nielsen Hall

4

iR

—F

U

)
<>l filles e M M= =
§Q§ !
b
D 1 L~
@ ] l = @
SEATING CAPACITY 1320
o
@ 420
@ 100 Choir/audience
""""""""ﬂr‘ [l ]}_J]—T.

=
sﬂ o
\<
\ AL R i
N SRS o o g o O IR
— T
=
= 111111“
LYYy URLLyy INimi NI
HHHHL
10 0 10 . 20 30 40 50 60 70 80 90
e ; y FEET
5 0 10 20 30
o METERS




278 Denmark

ODENSE

clesignecl to create diffusion of the reverberant sound field. The users of the hall

speala hig}]ly of its acoustics.

—

Cv\\ (A R CHITECTURAL AND STRUCTURAL DETAILS

Uses: Symphonic concerts, 50%; chamber music, soloists, and other. Ceiling': Molded

concrete with some al)sorption for reverberation control; hanging diffusers. Sidewalls:
Plasterboard with wood veneer, 2 in. (5 cm) ‘chicle; slotted areas that are used for fine
tuning. Floor: Wood, 1.5 in. (3.8 cm) thick on joists with air chamber beneath. Stage
floor: Wood, 2 in. (5 cm) thick. Height of the stage above the main floor: 35.5
in. (0.8 m). Carpet: None. Seats: Front of backrest and top of seat upholstered; rear
of the backrest is cloth covered; underside of the seat is perfora’ce(l.

ARCHITECT: P. Hougaar(l Nielsen and C. J. Norgaard Pedersen with Lars Moller
and Brite Rorback responsi]ole. ACOUSTICAL CONSULTANT: V. Lassen Jor(lan and
Niels V. Jordan. PHOTOGRAPHS: K. H. Petersen. REFERENCES: Arkitektur, DK,
No. 8, 1982.

V = 494,200 ft° (14,000 m?) S, = 5,900 ft2 (548 m?)

S, = 1,894 f©2 (176 m?) S, = 8,900 ft2 (827 m?)

H = 421t (128 m) W = 91t (27.7 m)

D = 102 t (31.1 m) V/S; = 555 ft (16.9 m)
VIN = 374 ¢ (10.6 m?) S,/N = 5.30 ft2 (0.493 m?)
HIW = 0.46 L/W = 1.187

S, = 7,000 ft? (651 m?)

N = 1,320

L = 108 ft (32.9 m)

ViS, = 706 ft (21.5 m)
S,/N = 4.47 f2 (0.415 m?)
ITDG = 40 msec

Note: The terminology is explained in Appendix 1.
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Symp}lony Hall

he City of Birmingham has reestablished itself as a major European city

through its Broad Street Developmen’c with a quality convention center and
Symphony Hall which opened in 1991. No less an achievement was the engagement
of Simon Rattle as Principal Conductor and Artistic Advisor of the Birmingham
Symphony Orchestra, who quiclzly raised it to world class level.

The entrance to the hall is Ly way of a maﬂ, a taﬂ, fuﬂy glazed street, which
is dominated on one side Ly Symphony Hall, with its curved walls and four cas-
cading foyer levels that provicle a dazzling spectacle of light and color at nighttime.

On entering the hall through the doors near the rear, one is struck ]:)y the
beautiful interior, with intimate warm soft red tones and generous use of woo&,
stainless steel, and granite. The hall is a combination of a classical rectangular hall
with the rear third curved and multi-tiered like an opera house. Seating 2,211,
including the choir space behind the orches’cra, it provi&es ample wall areas, not
wiclely separatecl, for early, lateral reflections necessary to an intimate sound. The
strong lines of the balconies that sweep to the front of the room draw one’s eyes to
focus on the pipe organ.

A special acoustical feature of the hall is the reverberation chamber. It is
accessed I)y mechanized concrete doors that surround the organ and also are located
on the upper side walls. These doors can be openecl in any number to create variable
reverberation times that can be matched to the type of music or to other uses of
the hall. To provi&e acljusta})ili’cy to the clari’cy of the sound a 1arge wood canopy is
providecl over the orchestra and the front of the auclience, which can be raised and
lowered. The reverberation also can be reduced ]:)y a series of 3—in.-c1eep sound-
absor]:)ing panels, mounted on rails, which can be moved in and out of the hall. The
normal occupie& mi&—frequency reverberation time is 1.85 sec.

It is difficult for a one-time auditor to describe the acoustics because of the
great Variabili‘cy that can be provicle& in both the reverberation and the clarity, any



220 éme/ BIRMINGHAM

e FEET

P e e METERS



Symp}mny Hall 227

SEATING CAPACITY 2211

(1) es
(2) ss5
() e
(a) 490

1+] o o 20 30 40 50 60 TO B8O 90
e e ] FEE T
5 o 10 20 30



229 v gyé}m/ BIRMINGHAM



Symphony Hall 223

combination of which migh’c be in use (luring that visit. Critical reviews have mostly

been ecstatic. One reviewer complaine& of “not enough reverberance.”

C\A H,
S—— RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Concerts and conferences. Ceiling’: Precast concrete with plaster cover; Lalcony
soﬂ:its, three layers of 2-in. (5-cm) plas’cerl)oard. Canopy: 4.5-in. (11.4-cm) timber
on steel frame, area 2,900 f2 (270 m?); lowest regularly used height is 30 ft (9 m).
Wa]ls: Woocl Veneered panels on I)at’cens in{:illed with sancl/cement, plus large areas
of plaster on structural walls. Terrace fronts at main floor level: 0.75-1.5-in. (2
4-cm) granite. Variable absorption: Motor—opera’ced, fabric covered panels of 3-in.
(7.5-cm) mineral wool, hung on wood ﬁames, totaling 2,050 fi2 (625 m?) area. Floors:
0.9-in. (2.2-cm) wood strip on 0.75-in. (1.9-cm) plywood on battens infilled with
sancl/cemen’c screed over concrete base. Carpet: None. Reverberation chambers:
3()9,000 fi3 (10,300 m?3) hard-surfaced concrete, containing operaue two—layer velour
drapes; opened by 20 remotely controlled doors of 6-in. (15-cm) concrete, totaling
2,100 f2 (195 m?). Stage heig’ht: 47 in. (1.2 m). Seating: Upllols’cerecl front of seat
back and upper side seat.

ARCHITECT: Percy Thomas Partnership. ACOUSTICAL AND THEATER CON-
SULTANT: ARTEC Consultants, Inc. PHOTOGRAPHS: Courtesy of the architect. REF-
ERENCE: “International Convention Centre Birmingham," Architecture %a'ay, 17,
April 1991.

I/ = 883,000 ft2 (25,000 m3) S, = 11,100 2 {1,031 m?) S, = 14,210 ft2 (1,320 m?)
S, = 3,000 ft? (279 m?) S; = 16,150 ft2 {1,500 m?) N =221

H = 75t (22.9 m) W = 90 ft (27.4 m) L = 104 ft (31.7 m)

D = 132t (40.2 m) V/S; = 54.7 ft (16.67 m) ViS, = 62.1 t (18.9 m)
V/N = 400 f (11.3 m?) S,/N = 6.42 ft* (0.60 m?) S,/N = 5.02 f2 (0.466 m?)
H/W = 0.83 L/W = 1.15 ITDG = 27 msec

Note: S; = S, + 1,940 ft2 (180 m2); see Appendix 1 for definition of S;.

Note: The terminology is explained in Appendix 1.
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Glynclel)ourne Opera HOUSC

17
1yndel)ourne7s new opera house marks the start of a fresh chapter in the

life of one of England’s most venerable summer institutions. The exqui-
sitely crafted l)uilcling is an impressive technical achievement which not only com-
bines a sensuous materiali‘cy with an austere formalism, but also contains enough
studied eccentricity to ensure the survival of Glyn&ebourne’s indomitable spirit and
cultural tradition.” Thus starts a special edition of The Architectural Review (Sum-
mer 1994).

The Glynde]oourne Summer Festival lasts for 13 weeks, followed in the au-
tumn by a 3-week Sussex Season. The opera house seats 1,243 and was opened in
May 1994. The exterior l)uilcling isa large oval providing acoustical isolation from
over—ﬂying aircraft noise. Besides the usual foyers and spaces inside for musicians
and staff, it surrounds a cylindrical audience hall, capped Ly its own protruding
conical roof, and a rectangular ﬂy (stage) tower that extends well above the main
roof.

The circular space of the audience chamber presentecl a major chaﬂenge to
the acoustical consultants. The aclvantage is that the farthest listener is close to the
front of the stage, here about 100 f (30.5 m). The danger is that the singers’ voices
will be unevenly distributed throug’hout the seating area. The reverberation time at
mid-frequencies, {'uuy occupied, is 1.256 sec, within the optimum range for Ttalian
opera. Par’cicularly important is the low noise level. Adverse focusing effects and the
need for uniform distribution of the music were both addressed ]:)y the ceﬂing (J.esign,
the shapes of the balcony fronts, the forms of the rear walls of the l)oxes, and the
addition of convex panels at several levels. There is no carpet and only a small
amount of sound—a})sor})ing materials. A major acoustical achievement is the car-
rying of the })alcony fronts to the front of the stage so that surfaces are available to
augment, ]:)y reflection, the direct sound from the singers. The New York Times
reported (Sunday, Augus’t 15, 1999), “So it’'s not a uniformly perfect acoustic. But

in the main floor and in the front rows of the rings it’s miraculous.”
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C'\A Hhr
— RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Opera. Center cei/ing: 6-in. (15-cm) precast concrete, height of ceiling chosen
to achieve desired reverberation time; soffits of balconies also 6-in. (15-cm) precast
concrete. Sidewalls: (separating auditorium from rest of ]:)uilding) two layers, 8.6-in.
(22-cm) brickwork with 2-in. (5-cm) cavity; the fronts of balconies, rear walls of boxes,
and upper walls are covered all or in part by 1-in. (2.5-cm) pitch pine. Floors: Soffits
of balconies that form the floors of the balconies above are 1.8-in. (4.5-cm) Wood;
main floor is 2 in. (6 cm) on steel supports, perfora’ce& Ly ventilation holes which in
turn are fed Ly concrete ducts into a plenum beneath the floor. Pit: Poured concrete
sidewalls to which 1-in. (2.5-cm) wood is affixed on spacers; pit rail above floor level
at first row of seats, 0.5-in. (1.25-cm) wood, made semi-perforate by a slatted treat-
ment, with extra material provided ifan unperforated pit rail is desired. Carpets: None.
Seating: Molded plywoocl with higll backs and slotted seat bottom; upholstering covers
ca 95% of the front of seat back and is 1.2 in. (3 cm) thick; that covering the seat
bottom is 1.8 in. (4.5 cm) thiclz; arms not upholstered; ventilation from holes in floor

is expeﬂed through a perforatecl cylinder acljacen’c to the peclestal support. Noise level:
PNC-15

ARCHITECT: Michael, Hopkins & Partners. ACOUSTICAL CONSULTANT: Arup
Acoustics. REFERENCES: The Architectural Review, Special edition, Summer 1994. R.
Harris, “The acoustic design of the Glynclel)ourne Opera House,” Proc. IOA Interna-
tional Auditorium Conference, England (1995) (www.ioa.org.uk).

V = 275,000 ft° (7,790 m?) S, = 6,004 ft2 (558 m?) S, = 1,543 ft2 (701 m2)
S, = 1,173 (109 m?) S = 1612 12 (150 m2) S, = 10,328 ft2 (960 m?)
N = 1243 H = 62t (18.9 m) W = 25 t (7.6 m)
L = 89 ft(27.1 m) D = 96 ft (293 m) V/S; = 266 ft (8.11 m)
VIS, = 364 ft(11.1 m) VIN = 221 & (6.27 m?) S,/N = 6.07 t2 (0.564)
S,IN = 483 ft2 (0.449 m?) HIW = 248  L/W = 356 ITDG = 20 msec

Note: The terminology is explained in Appendix I.
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Philharmonic Hall

hilharmonic Hall, now seating about 1,800, is pleasant, warm, and com-

fortable. The sidewalls and ceiling form a shell inside the basic construction
composed of a series of sections, each about 15 ft (4.6 m) Wi(le, ’cha’c, in the back
part of the haﬂ, extend down to the Lalcony floor and in the front part to a level
equal to that of the soffit of the l)alcony overhang. These sections are arranged in
echelon, with the front edge of each section rolled back to leave a recess for 1ighting.
An audience of over a hundred par’ciaﬂy surrounds the orchestra.

Openecl in 1939, Philharmonic Hall recen’cly has unclergone extensive reno-
vations, without noticea]aly changing its visual appearance. The renovations include
enlargement of the stage, replacemen’c of the plas’cer sidewalls and ceiling surfaces
with concrete, addition of a front row to the I)alcony, and the installation of qua-
dratic residue diffusers ORD’s (see Chap’cer 4) over the entire rear wall. The QORD’s
replace sound-al)sorl)ent, rock-wool batts that reduced the reverberation time, and
’c}ley provicle useful lateral reflections to those in the upper l)alcony. The new con-
crete interior reflects the bass sounds which were formerly absorbed I)y the thin
plaster. Carpet was removed from under the seats and replaced with wood on con-
crete. New chairs have been installed that reduce the audience al)sorption. Althougl'x
occupied reverberation time data are not availal)le, it is estimated that the changes
increase it about 0.1 sec at mid-frequencies.

In 1960, Gerald McDonald, then General Manager of the Royal Liverpool
Philharmonic Society, said, “From the point of view of artists performing in the
hall, the fact that there are only 613 [then] seats enclosed by a ring of most attractive
boxes seating over a hundred, with a further audience of 943 [then] in the balcony,
is unusual and s’cimula’cing. Its rela’cively low reverberation time and beautiful well-
defined tone make it uniquély favorable for I)aroque and Classical music starting
with Bach, for modern music, and for any music that is cerebral in nature or requires

refinement of definition.” The improved reverberation time should, Jcoclay, make the
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hall excellent for music of the late Classical perio& with greater fullness of tone and
richness of bass.

[Note: The bottom photo is from 1960 and does not show the enlarge& stage
and the decreased seating on the main floor and behind the stage. The stage pho’co

is current.]

C'\A Hh
—_— RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Syrnphonic music, cinema, and speech. Ceiling‘ and sidewalls: Concrete, di-
vided above the boxes by lighting coves into 15-ft (4.6-m) sections; boxes are of wood.
Rear upper wall: Partially covered by quadratic residue diffusers (QRDs). Floors:
Wood over concrete. Stage enclosure: One side wall is occupied by a pipe-organ grille;
the remaining surfaces are concrete. Stage floor: Boards on joists over airspace. Stage
height: 30 in. (76 cm). Seating: Wooden construction with upholstering only on the
seats and front of the backrests.

ORIGINAL ARCHITECT: Herbert J. Rowse. ORIGINAL ACOUSTICAL CONSUL-
TANT: Hope Bagenal. RENOVATION ARCHITECT: Brock Carmichael Co. RENOVA-
TION ACOUSTICAL CONSULTANT: Kirkegaard and Associates. PHOTOGRAPHS: Main
haﬂ, courtesy of the City of Liverpool; stage, ]ona’chan Keenan. REFERENCE: M. Bar-
ron, Auditorium Acoustics and Architectural Design, E & FN SPON, Chaprnan & Haﬂ,
New YOI'12 and Lonclon (1993)

V = 479,000 ft* (13,570 m?) S, = 10,560 ft2 (981 m2) S, = 13,720 ft2 (1,275 m?)
S, = 1,720 ft2 (160 m?) S; = 15,440 ft2 (1,435 m?) N = 1,803

H = 46 ft (14 m) W = 98 ft (30 m) L = 94 ft (28.6 m)

D = 119t (36.3 m) VIS = 31 ft (9.46 m) VIS, = 349 ft (10.64 m)
VIN = 266 ft* (7.54 m3) SN = 1.62 12 (0.71 m?) S,/N = 587 ft2 (0.545 m?)
HIW = 047 L/W = 0.96 ITDG = 25 msec

Note: The terminology is explained in Appendix 1.



ENGLAND

44
London

Barbican Concert Hall

he Barhican Concert Hall was originaﬂy plannecl as a conference £aci1i’cy

with a clesign that boasted audience proximity to the stage and a relatively
low reverberation time of 1.4 seconds. When it was decided to use it for concert
music, it was too late to raise the ceiling to give it a higher reverberation time and
to decrease the width and increase the Iength to make it closer to a shoebox shape.
An architectural feature that has been a disaster acousticaﬂy is two 12-ft (3.7-m)-
deep ceiling beams, necessary to support the roof and the outdoor plaza above, that
run the full width of the hall. Until recently, these beams have prevented most of
the ceiling from sending reflections of the sound to the upper tiers of the audience
area. Listeners there complainecl of a lack of excitement and a feeling that they were
isolated from the performance. Throughout the haﬂ, the most serious deficiencies
were lack of bass caused by thin wood paneling and echoes caused })y clelayed re-
flections from the side and angled rear walls.

The recent renovations have signiﬁcantly improvecl the acoustics without ap-
precial)ly increasing the reverberation time. The principal changes in 1994 and
2001 involve the ceilings over the stage and the audience chamber and the elimi-
nation of thin wood paneling wherever possiljle to streng’chen the bass. Also, the
stage has been enlargecl. The canopy over the stage and a series of reﬂec’cing panels
over the audience area are the most visible changes in 2001. The canopy and ceiling
reflectors, integra’ced in clesign, comprise 35 burguncly-colorecl stainless-steel reflec-
tors, the larges’c of which is nearly 66 ft (20 m) in length, each made up of between
4 and 17 panels. These reﬂec’cing panels can be adjusted to different heights and
angles so as to distribute the sound equaﬂy to the players and to the forward part
of the audience. Placed around and between the large trusses, new reﬂec’cing panels
were designecl to improve the sound for those seated farther back. The hall in its
usual conﬁguration seats 1,924

The Guardian wrote, “The refurbished auditorium is a revelation . . . the new
sense of immediacy and detail is compeﬂing, and the physicali’cy of the sound gen-

3 g ”
ulnely exciting.
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For London, these improvements are vital, not only for concerts of the London

Symphony Orchestra but also for concerts of many visiting performing groups.

C\/\ Hk
—— RCHITECTURAL AND STRUCTURAL DETAILS

Uses: Syrnphonic music, chamber music, recitals, and some conferences. Ceﬂing‘:
Solid concrete, below which hang a number of large })urguncly-colored stainless-steel
reflecting panels that are adjustable in angle. Sidewalls: Upper sidewalls 2.83-in.
(7.2-cm) single-layer, braced plywood panels on frames; lower sidewalls are the same
but are selectively covered with felt 0.125 in. (0.32 cm) thick; rear walls are covered
with diffusers like those in New York’s Carnegie Hall. Carpets: None. Stage enclo-
sure: Timber with sculp’cured surface over concrete. Stag‘e canopy: A large portion of
the 35 lourgundy—colored stainless-steel panels in the room are located here, each of
which is made up of 4 to0 17 panels, and are placed in steeply ascending order above
the stage. Stage floor: Partly wooden over airspace, and four elevators. Stage heig’ht:

3 (0.91 m). Seating’: Top of seat })o’c’com, front of Laclzrest, and armrests are up-
holstered.

ORIGINAL CONSULTANT ARCHITECTS (1982): Chamberlain, Powell & Bonn.
ORIGINAL ACOUSTICAL CONSULTANT: Hugh Creighton. ARCHITECT FOR RENO-
VATION (2001): Caruso St John. ACOUSTICAL CONSULTANT FOR RENOVATIONS
(1994, 2001): Kirleegaarcl & Associates. PHOTOGRAPHS: Robert Moore, London.

i TE
V = 600,000 ft* (17,000 m?) S, = 11,820 fi2 (1,100 m?) S, = 13,610 ft2 (1,265 m?)
S, = 2,250 ft2 (209 m?) S; = 15,550 ft2 (1,445 m?) N = 1924
H = 47t (143 m) W = 129 ft (39.3 m) L = 90 ft (27.4 m)
D = 107 ft (32.6 m) V/S; = 38.6 ft (11.76 m) VIS, = 44.1 ft (13.43 m)
VIN = 312 ft (8.84 m?) S,/N = 1.07 ft2 (0.66 m?) S,/N = 6.14 2 (0.57 m?)
HIW = 0.364 L/W = 0.70 ITDG = 25 msec
Note: S; = S, + 1,940 ft2 (180 m?); see Appendix 1 for definition of S;.

Note: The terminology is explained in Appendix 1.
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Royal Albert Hall

ﬁ n Wednes&ay, March 29, 1871, Queen Victoria, on one of her rare pul)lic
appearances after the death of the Prince Consort, appeared in the royal box
of the newly completed Royal Albert Hall of Arts and Sciences, surrounded lay
members of the Royal Family, to participate in the official opening. The official
record (see References, Clarlz, p. 58) relates: The “Prince of Wales . . . l)egan to
read a welcoming address . . . spealzing distinctly in a clear voice that could be heard
in all parts of the ]ouilding; in many parts it could be heard twice, a curious echo
l)ringing a repetition of one sentence as the next was Legun." Thus ]oegan 100 years
of experiments in an attempt to transform into a concert hall a space that is much
too large ever to be {‘uuy successful for this purpose.

The Royal Albert Hall holds 5,222 persons seated plus about 500 standees.
It is nearly eﬂiptical in shape with a cubic volume of about 3,060,000 fi3 (86,650
m3), four times as great as the 1arges’c regular well-liked concert hall in the world.
Its uses are many-—pageants, lectures, exhil)itions, choral presentations, symphony
concerts, proms (pops) concerts, solo reci’cals, even athletic events. One of the build-
ings most famous features is the great pipe organ, installed in 1871, and rebuilt
for a second official presentation in 1934. The Royal Albert Hall fulfills London’s
need for a hall with a 1arge seating capacity.

The principal acoustical prol)lems of the Royal Albert Hall, particularly before
the 1970 additions, arise from its size. They are (1) a decrease in loudness of the
direct and early sound emanating from the performers as it travels such 1arge dis-
tances in the hall (consider a voice trying to £ill nearly six times more cubic volume
of air than there is in a ’cypical European concert haﬂ) ; and 2) echoes, owing to
the return of Very-long—delayed reflections from distant surfaces back to the front
of the hall.

To alleviate the echoe’s, but further wealzening the loudness of the soun(l, a
large velarium of cloth weighing 1.25 tons (1,136 leg) was hung and remained in

place until 1949. This velarium was raised and Jowered from time to time in an
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effort to improve the acoustics. In 1934, we rea(l, “The echo persistecl and there
was even some suggestion that it had grown worse.”

I take the fouowing information on the Royal Albert Hall from M. Barron
(see References, 1993, pp. 117-125):

It was only in 1968-1970 that the echo proMem was ﬁnaﬂy suppressecl ]ay sus-
pending 134 “flying saucer” diffusers at the level of the Gallery ceiling [see the photo-
graph and sketch] ... Two aspects were also dealt with during this periocl. ... The
reverberation time [that] was particularly 1ong at micl-frequencies . . . was rendered more
uniform with frequency - Ly placing absorbent which was most efficient at these fre-
quencies on the upper side of the saucers . . . This location for absorbent is particularly
apt because it increases the effect of the saucers })y al)sorl)ing some remaining sound
reflected from the dome. Another pro]alem with a large space is maintaining sufficient
early reflections when some seats are inevital)ly remote from useful surfaces. The reflec-
tions from the suspen&e& saucers are very valuable at the upper seating levels. A reflector
above the stage, as first used in 1941, has been retained to provicle [early sound] reflec-
tions particularly to the [main ﬂoor] and [lower sicle] seating. [The middle photo shows

the saucers. Recent revisions have change& the front, as shown in the lower PllOtO‘]

The measured occupiecl reverberation time (measurements 13y M. Barron in
1982) is 2.4 sec at mid-frequencies. This is not disastrous in a room this size. The
more serious prol:vlem is the weakness of orchestral sound, part]y because it is ab-
sorbed to some extent Ly the upper surfaces of the saucers, and partly because it
has to be distributed over 5,080-6,000 hea(ls, comparecl to 1,680 in Vienna's
Grosser Musikvereinssaal. Perhaps, as electronic sound reinforcement becomes
more cominon, the level can be increased 13y that means. The hall has been very
successful in presenting popular (pops or proms) concerts—audiences of over 4,000
are common.

I heard Tcl'lailzovsley's 1812 Overture there. The great organ sounded out at
the climax and the “cannon” boomed forth. The chimes c]anged loucuy through
their part and, ﬁnauy, in combination with the military fanfare theme, the Russian
Imperia/ Anthem thundered forth. The general reverberation swelled with the in-
creased vigor of the composition. Above all the great organ sounded like the voice
of Jupiter. The audience was left breathless and ‘cingling. It is for these moments of
ecstasy that Albert Hall continues to exist.



Roya/ Albert Hall 243

—

Cw\ (AR CHITECTURAL AND STRUCTURAL DETAILS

Uses: General purpose. Ceiling: Roof over l)alcony is of plas’cer clirectly on the struc-
ture; fluted inner dome with perforate(l inner skin backed Ly mineral wool, plus 134
hanging souncl—clig'using reﬂectors—-"ﬂying saucers” which are glass reinforced plastic
dishes with 1.5-in. (3.8-cm) glass fiber blanket on top. Walls: Generally plastered, but
the back of the boxes are of thin wood. Floors: Arena floor is 1 in. (2.5 cm) on wooden
joists over large airspace; balcony is of concrete; box floors are of wood. Stage enclo-
sure: Glass-reinforced canopy over orchestra. Stage floor: Thick wood over airspace.
Stag’e lleigllt: 40 in. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>