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During ite course of your acadexic Fears, jTu fave ceriainiy
:een subjecied To moise. Somsiizes, the Type of roise coobined with tke
furcticn you atierded irritaited you. On otker cceasicrs, a roise of a
totally different nsture provcksd laughier. Io matler what ihe raiure
of 2 noise is, it is disiraciing and disturbing; otrerwise, it would rot
te ter—ed roise. Aside. frem roise, you may a2iso have experierced diffi-
culty in speech commumicaticn, eitker im classroozs, kalls or azphi-
tkeaires, due to either tco —uch reverberaiicn or imsufZicieni louress
or toin.

-

Cre Lype of tuiiding in which noise mmsh Do minimized gnd

intelligibility made at premium is academic Uype of building.

The aim of this presentaticn is noi to Stress the imporiance
of a good acoustical environrent in academic buildings bui to acquaini
you 1) with the parameiers which govern noise control and tkose which
govern room acoustics and 2) to dexonsiraie how a good acoustical envi-
ronmeni can be achieved.

1;0ISE CONTROL, AND AGCUSTICAL. TESIGH OBJECTIVES

When coniroliing the acoustical envirommenit of a building in
which all the rooms are used for speech commmmicaiion almwost exclusively,
the objective is io meei predetermined values of noise criierion and
reverberation time; and there are optimm walues for both. To achieve
‘ physical comfort, in faci, a room must possess a certain amouni of noise
and reverberation and their optimm vaiue derives from practical experi-
ments conducied by well-kmown authoriiies on this subject over a period
of several jears.

NOISE SOURCES AlD NO0ISE PROPAGATION

To remain in the context of academic buildings and keeping
in mind that MnoiseM is a disturbing sound, the noise sources are many
and varied. They may be divided into two categories: internal and
external. The most important internal noise sources are the following:
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2) TVentilaticn equirrent.

b) Air ccrditicning ecuir—ent.

c) Flecirical iransfor—ers ara fiuoresceni light fixtures.
d) Itpecis (fooisieps, eic.)

e) icud comversaziion.

£) Plubing.

g) Flevaiors ard escalators.

Among the rany externzl roise sources Ghose we are moSuly
concerned wich are the following:

h Y — - - - - I Pl o2
a) Head, raitivecazd ard air raiiic.
i
-t - - - Vs - - -
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c) Road ard building consiruction eguiprment.

oise originates in the form of a mechanical vibration. Some
of this vibratory energy is immediately transiaied into a fiuctuation of
the azzbiznt 2ir pressure. This is celied z2irhgne naoise., Pari of the
vibrawory energ;y:is also transmitied io structural componenics of buildings
in its original Form with more or less amplification or atienuation, de- I
pending on the resonance and damping characteristics of the transmitiing !
mediza. This is called struacture borne noise and is aiso invariably
iranslaied into airborme noise. If of sufficient initensity, airborne
noise will someiimes transiate itsel? into structure borme noise as if
frequently occurs in the case of sonic booms. This is called air coupled
vibrations.

ACHTEVING 4 COMPORTABLE ACCUSTICAT. ENVIRONVENT

At the outset of a project in which proper acoustics are
conitemplated, it is customary to write an acoustical specification.
OCther than elaborating on various coniractual commitments, the acous-
tical specification establishes the criteria of acoustics and noise and
outlines the general manner in which those crilteria will be met.

This brings us to the main purpose of this paper: MHow to
physically meet the criteria of acoustics and noise'.

Those who are assigned the task of designing acoustics and ;
noise control on a project for the first time, are confronted with the
quesiion as to whether the acoustical design or the noise control must
be considered first. This question can be answered in the following

mranner:
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Tre intersity of 2 scurd weve iIr 2 roon Zecreases imversely
Wittt tre smuare of ike disiarce frcc the socund scurce. Fast a ceriain
hosever, Lte intersiiy ceases o @ecrsacse aznd recains cornstant.
This effect is proporiiczal %o tis ercunt of atscrpiicn im a2 rooo.
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Cn ike Giker rard, the m2in acoustical design paremsier of
a rccm, is reverterziicn tize which is also a direct funowicn of tre
z=ount of absorpiicn in a ro.

Since, tkerefors, the accustical design of a roon hK2s an
effect cn ike ability inhis rcen has To atiemuaie tke e-plijude of scurd

>

=ves, tke accustical desigr rust te ccnsidered first. Froper accusiics

in elassrooms are relatively easy ©o achieve. EHsverkteration tinme is
the imporiant eritericn ard is calculaied as foilcis:

=]

T= 0.CL9F
=

wkere T = xmeyerberatics Lims Im Saaonan
¥ = room volume in cubic feet
S = area of all surfaces in sguares feei
Z = awerage absorpiion ccefficient of the room.

The absorption regquired to achieve a predetermined amowmt of
reverberaiion time is generally supplied by 1) the people in tke class-
room and 2) by acoustical tiles placed on the ceiling. It is also gocd
praciice to place acoustical tiles or any absorbing magerial on the rear
wall, thus preveniing sound wave refleciions from interferring with
direct naves.

Tobbys, halls, libraries, cafeterias and offices are also
designed to meet a predeiermined amouni of reverberation tizme and this is
pretiy well the only acoustical criierion for these functions.

Tn the acoustical design of auditoria, other parameiers such
as diffusion and room modes are involved. These parameters are, however,
not discussed in this peper since they generally form the basis Tor long
and elaboraie discussions.

HOISE CONTROL

Now that the absorption has been calculated to achieve pro-
per acoustics throughout a building, a factor which will be important in
the calculations for noise conirol, can be extracted from the calcula-
tions previously performed in the design of room acoustics. This factor
is called the room constant and is Found as follows:
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T is this facior which determines whai —2odmm npise ievel
can be tolerzied ai a roise gexeraiing source ioceted in 2 rom in order
%0 meet 2 predeiermined noise criterion for tkat room. A tetter under-
standing of this staiecent will e gaired by imspecting tke foligcuing
forrmlia:

SPL. = PWL. + 10 ?!I.og.'0 1+41+0.5db.

 ——

4™ R

where SPL = Sound Pressure Ievel at a given distance fron
a sourd scurce.

Piji, = Power Ievel of tke scurnd scurce.

If the average absorction is high; R is high and consegquently
has much effect on tke formmula. T% means that at a relatively apprecizable
distance from the soures, fhe sonnd sevel will have decreased Signifi-~
cantly. If, on the conirary, the average shsorption is low, &b a rela~
t+ively appreciable distance from a sound source the sound level will have
ot decreased significanily. Anniher way of saying it is: "The higher
the room constani, the larger the distance between $he sound scurce and
the reverberant fieid'.

T: is through the use of the above forrmila that the masdmmm
sound power levels can be established for the noise emanating fra= 43if-
fusers and registers of ventilation systems, and from window and wall
surfaces.

Once these maximm levels have been established, it is then
a matier of comirolling the media which will provide the necessary amouni
of sound a2ttermation ir order not to exceed those noise levels.

Without enmterring the technicalities of the operations per—
formed in noise control, let us examine the means and tools which are
availizble to acousticians to help them comirol noise.

Ventilation and mechanical equipment noise: — Formilae
exist by which the power level of the noise produced by ventilaiion fans
can be calculated. The parameters are the following:

i. The ype of fan (centrifugal or axial).
2. The displacement in CFM (cubic feet per mimte).
3. The static pressure in inches of water.

J;,. The speed in RPM and

5. The hose-power of the driving motor.
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Tre atiervation of ire ducis conrecied wEth a fan can also

be calculated in ter—s of dbffcot. Ore can tkerefcrs cslculale wkai the
roise level of a wentilaticn systen will be at the verious outleis cn 2
ductwork systen. If tke roise is fournd o be tco high at an ouilew,
sourd absorbing material may be used in tke form of lining irside ke
duci. If tke lengih of duci is imsufficieni o accczzodate tke reguired \
a~ount of lining raierial, a silercer will have %0 be used. 70 arderstand |
tkte operation of a silencer, it stould first te mentioned thai tie TwD

: main factors which govern tke sound attenusiion of a duct are 1) tke |
: absorpticn coefficient of the surfaces and 2) the ratio of the perimeier
: of itre duct o its cross-sectional arez; the larger this ratio tre higker
R tke attenuntion. A silencer, therefore, is a seciion of duci ccniaining
splitiers which effectively increase the raiio perirsterfarea. These
plitters are furiher lired with sound absorbing meterial {o increase

tke absorpiion coefPicient of ke surfaces.

[R*]

- - -

Sound Trans=is55ion 10SS O walilis:—

¥ G} fpm——

4s a general rule, tke sound ransmission 10ss &f 2 mai STiEL
is proporiionzl to iis surface weight. The air space between RO Whyees
of a partition also add o the transmission loss of the pariition. in
this case the efficiency of the air space increases with freguency. To
get a good benefit of an air spaced partition at low frequencies, the
latter mist be at Xeast four inches.

e L]

adi- ewe
enminn (1] Livn | i

Tmpact noise ratving of fFleor/ceiling construciicrns:-

-~

Trhere exist no valid formilae by which This parameier can be
calculaied. Suppliers of prefabricated fioor eiements and govETIEEnLaL
research institutions, however supply on request, litterature which con-
tains the impact noise characteristics for various ficor/ceiling consiruc—
tions.

'
o gy

Tsolation of mechanical eguipment vibracion:-

The general rule was, uncil recently, that when mechanical
equipmeni such as faus, chiller compressors, water pumps, €ic... is
located in proximity of a critical area such as bedrooms or execuiive
i offices, to provide a vibration decoupling efficiency of 953 or betier.
Tn all other cases a decoupling efficiency of 85% to 907 was satisfac-
tory. There are numerous tables available which show at a glance the
required spring static deflection as a function of RPM and decoupling
efficiency. These tables assume that all vibration mounts are undamped

but are nevertheless used quite extensively.

.

4 wore logical approach ©O vibration decoupling was re-
cently imtroduced in the field of engineering and which is derived direct-
1y from the dynamics of vibrating structures. The vibration isolation
systems are designed as a function of both the dynmamic characteristics
of ihe machine which is to be isolated and the dynamic characteristics
of the section of the structure where the machine is located.
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TABLE OF NOISE CRITERIA APPLICABLE TO THE

VARIOUS FUNCTIONS FOUND IN ACADEMIC BUILDING

Function Ncise Criterion
ClasSreomS e o i ieieecceccnnacecnccncccccccas NC-35
Recreation halls.. .. cceeeeeeeenneacaanana... NC-50
Lounges..cceeeceaeceecroccececccccacccaces NC-35
Lobbys and corridors. e v eeeveeecnnnnnnnn.... NC-40
Libraries..c.cceeceecnceccceccceamnazzczzs NC-25
Cafeterios..cceeeecenceacccaccceccccacccans NC-45
Auditorid.ccceceveccecececccecceacceacaca. NC-25
Private offices....ccveceeccecenccneeacnann. NC-30
Secreterial offices.....cceccieeeianenaana.. NC-40
Domitories...ccoeeeccceacceecacceccaaceans NC-30

n j pappas & associates
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CURVES RECOMMENDED
OR REQUIRED BY VARIOUS
EXISTING FOREIGN CODES
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Fig. 1 Field Measurements of Sound Pressure Levels

# in the room underneath a floor construction
on vhich a standard tapping machine is opera-

ting should not exceed this curve by more than

the tolerances specified iIn section III-A-3

cf the text.
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SOUD SISTEMS

Sourd systezs find —ore and more use in aczdexic puildings.
Trey are used o provide —usic in cafeterias and lcurges and to address
students in classrccos, arphitteaires and gathkering ralils. Intercorri-
nication Systexs are also used o a large exient.

Yore than ofien, scurd sysiems are rot adeguaie frem a Poindg
of view of uniformiiy of sourd disiributicn and initelligibiiity, tecause
itre acousiical characierisitics of trhe rooms in which the loudspeakers
are insialied were noi properly accocunied for. Tre mmber, the location
and tke acousticzl pewer of the loudspeakers are direcily related O
the acoustical properiiss of reoxs ard their funciicn. Sound sysiems
st therefore te desigred by sysiem enginesrs worxing in clcse coops-
ration with acousticians.

GOLCIGSIGHS

Working in a pleasunt envirornmeni is ceriainly more Iruiiiul
in 211 respecis ikan working under adverse conditions of comfori. Acous-
tics in aczademic instituiions rank on the same level as appearance, lighi-
ing and climatic conditions o provide comfori. These four corditions
st work as a group. 1Y any orne is at fauli the value of the oithers is

badly impaired.

¥R. BLOUL: Thank you, Mr. Loritie. T a=m sure many of us now know a little
more about ¥ibrations and acousiics than before and it should be very
helpfyl in planning our nexi buildings.

FORUM AlD QUESTION PERICD

CHATRMAI]: Jean Blouin, Universiié de Montréal.

PMELISTS: L.Jd. Lortie, 1.J. Pappas & Associates.
R. Yeo, VWestern University of Ontario.
T.. Doelle, Consulting Engineer.
J. Hemel, Université de Sherbrooke.

¥R. BLOUT: e have now reached the question pericd and I will ask tke
mermbers of the panel to say a few words on the subject.
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¥R. Y90: W¥r. Blcuin asked —e this corning to say 2 few words cn this :
cubject. We do not seen to start soon encugh, in the plemning of cur '
tuildings, to hendle ke accustic problems thet coe along. So we
recognize these difficulties only wien we Lave tten and tken we have %o
do some expensive alieratims or live with tken. We can learn t0
recognize these rroblens perkaps if we have similar situations- It
seens difficuli io recognize ke problems in mew projecis. Every
tuilding, every projeci is different. What we reed is a zmetkod of
finding the problems, new types of ecuipment, new Types of consiruc- :
ticn. Probably noise conirol is one of cur more sericus problems. -
e must stari eariier in cur plapming. I think the folicw up on tke
installation is a point.

YR. HAWEL: T think #fr. Yeo had just about the seme ideas as I have.

1 heve taken notice of whet was said this morming thai there was 2 lack
of cormmication from the stert. I would like to add that the many
rroblems we have with accusiics are very expensive to correct once the
whole thing is done. M¥r. Blonin was saying, they called in a copsultant
afier this euditorium was Tinished. It is mmch better to have the con-
sultani before.

VR. DOFII¥: The subject of accustic has been quiie well treated by

Mr. iortie. T would just like to make a few comments particulariy on
room acoustics, because as you lisien to the speech of Mr. Iortie, these
are the two mzin problems, achievemenit for good hearing and the reduc-
tion of noise. Mr. loriie pointed out the importance of speech
intelligibility in an auditorium. Whai is speech intelligibility?

When we provide good recepiion for the spoken word do we know what we
are doing? We are tuning the auditorium for speech. We tune the audi-
toriam in exactly the szme way the violin makers tune their violins.

ile tune it to the sound of speech so that you understand the speech.

I think that the tuning of an auditorium in an academic building is very
important. The academic building auditorium is the instrument of educa-
tion. Tt is the instrument of examinaiion, of imowledge, and experience,
and furthermore the instrument of friendship, mutual undersianding,

mitual respect, which is so important in this world to-day.

Another thing I would like {o emphasize, in the provision
of good acoustic conditions in an auditorium, the installation of a sound
system is very important. It st be remembered that, in an auditorium
in an academic building, there must be provided 2 two-way communication.
One commimication from the lecturer to the audience, and one from the
andience’back to the lecturer. If you are sitting in an auditorium it
is @ifferent from a theatre or a concert hall. if you are sitting in a
theatre you are a member of a large andience and you do not want to be
jdentified. In a2 lecture hall you want %o maintain your identity. You are
an individual; you want to ask questions and these questions must be well
heard and understood by the lecturer. This cannot be done where there
is no two-way communication. How do you provide this? From the ceiling.
The ceiling must be properly shaped in an auditorium, the room shape and
the finish are all extremely important.
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ifese wrere Jjust a few re=arks in tkis very stort tire ard
I ccrélude that the welfere of ite academic tuiidirgs for which ycu are
responsible are in very careble rards.
CIIRY: i7e —eeting is mow opsh o cuesticns frex the flcor.
3. IEEFEAU, ICRTEEASTER ULUIJERSIZY: Do jou say thal reverteraticr is

azcut 8/i0iks of a seccrd in speech?

R, LCRTIE .

size of 1,000 c.7%

A

?DZJDTE L=
1i=% is tre

teration sournd except as a ratier

ko)
-
-

YR. LORTIE:
desizgn of the auditoriun.

GUESTICH:
Arrange tken in a manver
that your speech would rot
¥R. I0RTIE: Definitely. A sowrd
is one of the insirumenis io rake
the distance tetween the speakers

T
ixed relaiionstip tebusen
'r.

This is fynction of the rcon.

£

T% is deperdent on ke voluce of the rcom, cn a2 Iypical

celieve, you kave ro ccrnirol over ard
tre sourd socurce and the rever—
of distance.

3% is zostly concermed in the

placerent of your speakers.
infused relaiionship so

reverteracion?

in ke

is
have an

systen, as designed by a sound engineer,
the fusing of the loud speakers so thai
is counted ard will 1ot cause interfe-

Trence.

MR. HANSEN, ULIVERSITY OF HAJATI: You said there was a problem with this
avditorium. I find it very comforiable. 7kat was wrong and what did you
do?

This audivorium at this end is not very wide, and the problem
ile had tke

B, LORTIE:
is that when we talked here we did xnow if our voice carried.
impression that you could not kear us.

MR. THOMAS, CARIEGTE TSTITUTE OF TECHNOLOGY: 1If you have done everyihing
you can ©o buiid a perfect room and to insitall a perfeci sound sysienm,
what can be done to educaite the person at the microphore to use the miero-
phone as ke should?

this

it

ard if you puc

MR. LORTI%: Tmplement a training, T would suggest,
the dcor, then

in the new rules for tke auditorium and paste it on
might work.

Tncidentaily, I gave a valk along these lines. The ediitor
of the university newspaper was inieresited and I have writien an article
in which I go afier the people who refuse to co-operate with the P.A. man
and I hope that it is widely read.
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CTUESTIOI: ¥e are in ike process of puilding a2 Scierce school. We are

2 very s=all school., ©'e are goirg to tave a2 lecture k21l of 350 caracity
ard a2 P.A. sysien. How do yon take care of ithe accusiics for a srail
group ard for a lecturer?

¥R, DGEIIR: If you hawve an auditorimwm for 20, which is very =z2il, T do
ot tairk that, crce the room hes been desigred to carry tke sound pro-
perly from sourd source ard a reasoneble a-ouni of acoustical material
well ckosen and snitably locaied > Fou will Zawe 1o prcblen. 4 350 audi-
toriun is going to te atout €0-55,000 cubic fee: or less arnd ihis isa
€zall room. ZIf your lecturer hkas had scme praciice and is 2 iraired
speaker, you do not need 2 sound Sysie=. Eui the rcom shape must be
properly desigred, acoustical materials rusi be Properiy distributed.

¥R. SIHE, SIR GECRGE WiliillS UNIVERSTTV: I have a problen which is a
13gtle oo @ifficuls. e have air corditioning ard ventilaticn systems
which are well isolated as far as sourd inside tke building. Pui kew
¢an you elimirate noises {o the sireet? We rave meny complainis. We
Turned o our consulianis. They caxe up with an answyer, but it awcunied
to $10,000. which is more than ihe equiprent is worth. Is tkere an
answer? .

¥R. LORTIE: First of ail, 3t must be escablisted what is the source of
noise responsible for this amplificaticn cuiside ike building., If it is
fournd, then tke first thing is to rut 2 silincer on the fan, the duct that
gives iransition reverse on the sireet and tken the equirment may also
need treatment.

¥R, WRIGHT, UNIVERSTTY OF ORECON: ihai effect does carpeting have?

MR. DOEIIZ: Carpeting is usually used along the floor bui you-do noi
need an acoustic ireatment along the floor because the audience supplies
to eliminate footsieps which might be irri ting. From that point of
view you do not add %o ike acoustical qualifies of the room, or rever-
beration, but you do benefit by the elimination of stuff1ing noises.

QUESTION: Zou have developed formulas for concrolling noise inside the
building. Have you developed sound formmlas for traffic noises , exterior
noises, is there anything you can do aboui them?

MR. I0RTIE: Usually noises from external sources are atienuaied by the
construction of the exterior walls 6f the building. Now in the case where
you do have a noise source outside the building which is disturbing inside
one way o counieract this is by adding noise to it in what is called
masking noise. This is probably what Mr. lewman referred to by "perfume".
The noise should be of such a nature that, even if it is low in level, it
may be sufficient to mask the outside noise, Masking can also be provided
by background musiec.




MR. DOEITE: 1 wonld like %o poini cut thet, sirce this is an exirecely
noisy world, we skould xnot te too sensitive o noicse teczuse, on ike
cre hard we cannoi do oo ruch zboui it, and on tke otker sore people
definitely enjoy noise. If you have ever entered a discothegue, ard
seen tre future gereration; kow they enjoy the total emviror—ent in
which there is noise and rusic cn a very high level. I can assure jou
tkat tke future gererziiorn will not be so sensiiive io noise 5, ard tke
roise criteria ithat kas teen so well detailed are going io be changed.
We shall toleraie higher noise levels. So we beiter iive with ike
noise.

VR. WEBER, UIEVERSTTY OF MARYiMD: T understand that in the classroon,
cne place where you do noi use acoustic was in the ceiling?

¥R. IORTTE: Mot in tke case of classrooms. When we refer to class-
rocms wWe have in mind a2 room 0 accormodate 30 people in which case

we do not use the ceiling to carry the voice s but the walls. The length
of the room in a classrcom is such that we can carry the sound waves
withoui special treaiment. Put in the case of an zuditorium or an emphi-
theaire, then the ceiling is used to carry the sound waves to the back.
Bui generaily, not in classrooms.

¥R. DOELIE: TIf you would ask me what is the most importani recomanda-
tion for good acousties in an auditorium, T would say that reguirement
No. 1. would be acoustic treatment of the ceiling.

M¥R. VCKAY, UIGVERSTTY OF THIESSEE: Can you give a statement of the
tolerable noise for a telephone office which might be located next to
our eguimment areza. JIs this a realm of high itolerable noise?

¥R. IDRTIE: As quoted in the Index of noise conirol, for proper tele-
vhone conversation NC L0 is about the limit, at 45 it becomes difficult
and at 50 or over it is impossible. NG LO would be the minimum tolerabie
noise where telephones are used.

CHATRMAN: T would 1ike to thank the members of the panel for their
participation.




