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Finding a Happy Medium
Between Technology and Building

All too often, a church is built like a civic auditorium--big space and many
seats--yet in the case of a large church, the building is expected to perform
like a church. An auditorium is made for “auditing”, or listening. A church

is made for auditing and singing, therein lies the important difference. Most
acoustic design projects, and churches are no exception, start with a budget
and a vision. By the time the building committee is finished with a fully
functional church, it will have allocated about 10 percent of the total building
budget to the acoustics, and that does not include the sound system, wiring,
the audio room or the sound equipment. The hope is, after all is said and
done, that the church will actually sound like a church.

Reverb Design Brings Bad News

The basic acoustic definition of an
acoustic project always begins with its “Reverb
Time”. Reverb time is the time it takes for a loud
sound to completely die out in a room. You can
pop a balloon and measure the reverb time with a
stopwatch. For a church, the recommended re-
verb time (T) in seconds depends on the type of
service (S) and the volume (V) of the room.

1) T=S(LogV-1.0)

For a large modern auditorium type
church, the service factor S = 0.20 sounds very
well for speech. For a large traditional Catholic
church, the service factor would be S = 0.45, giv-
ing a more reverberant, old world church type of
sound. The reverb time (T) tells us how long
sound should linger and remain audible with the
congregation being two-thirds full. It is based
on data from hundreds of churches around the
world. A handy reference on this subject is found
in many acoustic books, one of which is Acous-
tic Design and Noise Control (1977, Michael
Rettinger).

In our giant church example, we have a
10,000-seat auditorium style church. We allow 10
square feet of floor space per person for comfort-
able traffic and seating. Smaller churches need
an additional 2,000 to 3,000 square feet for pulpit

and choir areas. About 6 square feet is needed to

comfortably seat each. A 10,000-seat church cer-
tainly will occupy about 100,000 square feet of
floor space. It might well be a rectangle, 400 feet

wide and 250 feet deep with a raised platform against the middle of one long wall.
ceiling in these spaces will be about 40 feet high which puts the volume of our ro
at 4 million cubic feet. The “recommended” reverb time now can be estimated.

1la) T =0.20 (Log 4,000,000 - 1.0)

=1.12 seconds

When we make a noise in a big church the sound remains captured wit
the volume (V) of the room until it either dies out or escapes from the room through
open space. In either case it disappears as it were escaping through an open wi
area (A). The reverb time (T) depends on the ratio of room volume to window area |

2) T=0.049 VIA

This is called the Sabine equation, named after a great acoustic pionee
the 1800s. However, in our case, we already know what the reverb time should be
and the volume (V) of our room. What we would like to know is how many square fi
of open windows do we have to cut into the walls to make this big room sound go
We rearrange the Sabine equation.

3) A=0.049VIT

Now we have something to work with because what we want to know abc
is expressed in terms of what we already know about, room volume and reverb tir

3a) A=0.049 x 4,000,000/1.12

= 175,000 square feet of open window

For a hall of 4 million cubic feet to sound great, the room has to have ab
175,000 square feet of open window space. Sounds like the building could get a |
drafty. Let's look at the walls. The perimeter distance around the hall is (250 + 40
250 +400) 1,300 feet and the walls are 40 feet tall. We have 52,000 square feet of
space. Even if we blow out all the walls and hold up the roof with a few columns (|
the Parthenon) we are short of open space by 123,000 square feet. We can remo
roof and gain another 100,000 of open space and now have a total of 152,000 sc
feet of open space, no walls or ceiling either and still 23,000 square feet shy.

No, the equations aren’'t wrong. We are simply running into the acous
reality of large spaces. We need to stop thinking of our giant church as somett
slightly larger than a normal church. We have to start thinking of it as somethi
slightly smaller than a normal astrodome.



Intelligibility Design Means Quality Sound
Let's accept that big rooms are essen .
tially untamable with respect to reverb time. For In a ChurCh Sett|ng’
tunately, there is more to acoustics than rever
time. We know that we can't understand eac

other if we stand in opposite corners of a big emp “Wa" Of SOUﬂd" WOUId be bUlIt

gym and yell. If we get close together and whis
per, we can certainly understand each other. | 1
either case, the loudness of the voice reaching o |nt0 the front Wa” Of the ChurCh1
ears remains the same. The big difference is t . .
loudness of the reverberation. If we whisper, th h|dden Of Cou rse beh|nd SOme
reverberation is quiet. If we yell, the reverberatio
is loud. Itis very important to understand that i . .
both cases, the reverberation time (T) remains t arCh |teCtu ral g Il ” SyStem .
same.

This illustrates how we deal with commu-
nication in reverberant spaces, we improve the signal to noise ratio. The signal ig#q8t any church, separate the bass from the
direct sound from the speaker. The noise is the loudness of the reverberation. WeTile, we will find that the garbled part of the
the signal set at some reasonable level, not too loud and not too quiet. The only tRfgd is almost always in the bass range.
we have to work with is the loudness of the reverberation. Acoustic design based on If your church has garbled
intelligibility has been around for over 30 years and has been taught to acoul@€s and you are getting desperate to do some-
designers, sound contractors and architects during the last 10 years. The best ab¥{ig-about it, start by turning down the bass

tic design includes an intelligibility specification in addition to a reverb time specific¥©lume a little. Since you can’t understand the
tion. bass anyway, no need for it to be loud. Quiet

garbled bass is better than loud garbled bass.

The bass part of the voice ends up being just a
The Conundrum of Loudspeakers constant murmur over which the treble part of

_ The modern loudspeaker usually has two speaker; mounted in the front gf @, ice stands out. The female voice is much
_b|g box. One speaker has a rectangular shape, the othe.r circular. The rectangulasQ8&r for the congregation to understand. It
is a horn that plays treble range sound. The round one is awogfert_hat plays the@&;&ny does not generate as much bass as the
range. The two speakers crossover at about 400 Hz, that's a fairly high pitch, closg i voice and it usually is richer in the treble
A440 th(_a orchestra tune up note. Together, and in a good box, the system usqg}%e_ The female voice generally produces a
sounds just great. _ _ o __ better signal to noise ratio and is easier to under-

Horns are made to project their sound right into the congregation, likesg, 4.
megaphone. This works because the wavelengths in the treble range are shorter than |15 not unusual for a church to become
frustrated with their sound system because of
LOUDSPEAKERS PROJECT SOUND it's lack of understandability and decide to buy a
o BAst g, new speaker. Computer modeling is used to pre-
ap-"’ %'“h} dict how well the speaker system will perform.
These programs produce great looking printouts
and some of them even “auralize” or create sound
s, that is supposed to mimic how your church is
T , going to sound. The shortfall of these programs
ol Zag, is that they are all “ray tracing” programs. They
L work very well in the treble range because treble
can be aimed. They work very poorly for bass
range because bass cannot be aimed. Changing
speakers is mostly an exercise in changing the
toward the congregation, however the bass range woofer projects most treble part of sound. The problem sound, garbled
sound away from the congregation. bass, usually remains the same.

. . , There are three different ways to remove
the length of the horn. Horns work like a flashlight, you can shine the beam where yaudg garble from the hall. All reduce the amount

want, but not so with the woofer. It acts like a bare light bulb, emitting waves outin g, - o< that feeds the reverberation buildup. We
directions. And that's our problem. The treble horn is good, it's a megaphone thah, move the bass speakers closer to the audi-
projects sound only into the congregation. The bass woofer is bad, it projects SOl and turn the volume down. We can leave
into the congregation and everywhere else as well (see Loudspeakers Project Soyd),ojume alone and absorb any bass that isn’t
The musical range of sound is divided. Half the notes are in the bass ragdthg directly towards the congregation. We
and half the notes are in the treble range sounds. If we listen carefully to Soundrﬂ?ght even try to combine some of these effects.

The treble range horn of the loudspeaker projects most of its sound di




Regardless of which option we choose, what
makes all the difference in the quality of sound in BASS TRAP ZONES
the church is to reduce the loudness of the re- -
verberant bass in the room. The problems can :
be split into three categories: distributed bass,
projected bass and absorbed bass.

1) Distributed Bass

The use of distributed speakers is the
standard recommendation when it comes to set-
ting up acoustics in a large, reverberant space.
We see this in airport terminals, with their speak-
ers every 40 feet. Sound contractors and archi-
tects know all about distributed speakers. But
we are not talking about the standard distributed Because loudspeakers project their bass equally in all directions, bass trap
sound system. Our distributed speaker system to be located in 5 specific areas to reduce the loudness of bass reverberat
is only for bass. improve the intelligibility.

A good distributed sound system will
have many speakers. Close to the audience arall the sound is coming from the central cluster.
set at a low volume. A poor distributed sound Here is what the overall picture looks like. We have one big central speake
system will have few speakers, as far apart andluster hanging down from the ceiling up front and sprinkled overhead throughou
as loud as possible. A good system for us willthe seating area are many small hanging woofers. It will take about 250 woofers 1
see woofers as close as 10 feet above the headsver the entire seating area of 10,000 people. The distributed woofer system will t
of the listeners and no more than 15 feet aparton a staggered time delay pattern, set up so the treble sound from the central clus
Even though the speakers will be all around overfeaches each listener first followed by sound from the overhead woofers arrivin
head, our ear/brain will take its directional cueswithin 20 milliseconds. Once the architect gets over the initial shock of having to dee
from the central cluster speakers and we will thinkwith many small overhead objects, the creative juices will begin to flow. A distributec

Figuring out if your church needs B) The side walls. Another large D) The front wall. Another frac-
an acoustic make-over before you add tecfaction of bass sound expands out from theon of bass expands from the speaker
nology means f|nd|ng the places where Sourﬂ)eaker SideWayS, impacting the walls to ewards the front wall where it beginS its o
is the least favorable during the service--dugher side of the speaker. This sound contisequence of bounces between the front s
ing any kind of service. One of the bigges#es to bounce back and forth between theack of the room, resulting in more ba
problems to a sound system is a bass trajde walls, creating reverberant garble. Hegarble. We cover the upper two-thirds
Since sound starts with the central speakf€ cover the upper two-thirds of the fronthe central one-half of the front wall wit
cluster that typically hangs down from théalf of each side wall with bass traps. Thbass traps to help knock down the amo
ceiling above the speaker’s platform, a churd@Wwer partin the front and all of the back halbf bass garble in the room. Everybody's e
has to absorb as much of the bass wave @<he wall is left alone. This takes the sidéce this big wall and the architect’s toug
possible except that which is heading inté Side bass bounce out of the room arttere is critical.
the seating area. However, sound gets weakeguces bass garble. E) The floor. Some bass alsq
as it moves away from the sound source. C) The back wall. Another seg- reaches the congregation area. Altho
Here are some typical hot spots for you tgent of sounds expands out from the clupeople absorb treble, they don’t absorb bg
investigate when working with your acousti{€r, over the heads of the congregation afidhe seating area is a good place for b
cian. slams into the back wall. This starts a frorttaps. Mounting them under the seat is

A) The ceiling. The fraction of bass t© back bouncing of the bass that leads tgpod idea. If we have bench seats, the |
sound that heads up from the speaker Btore garbled bass. The entire upper twoem and back surfaces of the seat act lik
down towards the floor accomplished littlethirds of the back wall is fit with bass trapsbig sound funnel, compressing bass rig
more than to just bounce back and forth béeaving the lower one-third of the wall aloneinto the corner, a perfect spot to build-in
tween the floor and ceiling, creating reverJhis helps remove the front to back bassorner loaded bass trap. Bass absorptio
berant garble. We locate bass traps on tReunce out of the room and reduce basse seats even further reduces the ama

ceiling above the speaker out to one-thirgiarble. of bass garble in the room.
the width of the room and out from the front

wall no more than one-half the length of the

hall. This takes the up/down bass bounce

out of the room and reduces bass garble.




lighting system, piggyback on the woofers, might be used
instead of those high power streetlights we see in churche
today. The distributed bass option is effective but is visually
challenging.

2) Projected Bass

Bass can be projected, but it's not easy. Ittakes alo
of speakers. The Grateful Dead pioneered the “wall of sound
to pFOJQCt powerful b.aSS into the audience without bothering The loudspeaker sounds best if it plays into a quiet space. The congreg
the neighbors by their outdoor concert. They stacked speak N o T e T e e e e L e L L
(oJo) QU oJo] gl ole ) NI\ YACTOR (=T M To] s e Tale RSTOR (CTIAWI [SHEERT]IORWEL  dlesign creates a space that facilitates both aspects of worship under o
of speakers, one stage left and the other, stage right. It looke
and sounded impressive, toed in to crossfire into the audi-
ence. Behind the wall of speakers, there was almost no sound. And they setup the  People hear bestin an acoustically quiet
stage always with it's back towards the noise sensitive nearby town. space and sing best in a reverberant, lively space.

In a church setting, “wall of sound” would be built into the front wall of theThese acoustic properties seem to be at odds
church, hidden of course behind some architectural grill system. Feedback is nafita each other, and often are. But we now know
problem because of the low sound levels anywhere on stage. Time delay is set othtfitave can have a church where both the pastor
cluster so that it just leads the plane wave off the front wall. Bass traps are cetyl the music minister can be happy at the same
needed behind the audience, on the back wall. The projected bass option usestian®t The pastor needs to get a message to the
of speakers and also is visually compromising. congregation. The music minister needs to en-

3) Absorbed Bass gage and involve the congregation with song.

The last option is to simply absorb the bass wave when and where it is fod@signing a church with a good central cluster
going in any direction but the listener’s. We need to use bass traps to get thedo® bass traps located on the first reflecting sur-
done. These are different from the more commonly available sound panels, wHREES creates a space that sounds auditorium but
only absorb in the treble range. They have to absorb bass sound waves betwe&ingg like a church.
Hz up through 400 Hz. Bass flows past most objects with ease. Working together, the
architect and acoustic consultant can specify acoustic transparent grills that look
great. %* About the Author

The next thing is to figure out where the bass traps go. Sound starts with
central speaker cluster that typically hangs down from the ceiling above the speak
platform. We want to absorb as much of the bass wave as possible except that w
is heading into the seating area. Sound gets weaker as it moves away from the s
source. The closer we place our bass traps to the speaker, the more sound pow:
bass traps can absorb. A trap 50 feet away from a speaker will absorb one-twe _
fifth of what it would absorb at 10 feet. Hanging baffle-type bass traps can work, | ~Arthur Noxon has worked in
they are so visually distracting, it usually is better if the bass traps are located on acoustics since 1971. He has
ceiling and walls (see Bass Trap Zones). advanced degrees in engineer-

What is very interesting about the absorbed bass option is that it can dlR@ and physics and owns Acoustic Sciences
help to quiet down the room. It can provide “two for the price of one” acoustfeorp., an acoustic design and manufacturing
conditioning. Most every room needs a reasonable amount of full bandwidth acoe@npany since 1983. He is a professional acous-
tical treatment in order to sound any better than an empty gym. Our church istiggl engineer with a passion for psychoacous-
exception. Bass traps can be built to include treble range absorption at little adigs. He holds 5 acoustical patents and guest
tional cost. The acoustic material in the room now will not only develop bass raritjites magazine articles about acoustics.
intelligibility but also serve a second purpose, to improve the acoustics of the room as
awhole. Arthur Noxon can be reached at:

Something to Sing About art.n@tubetrap.com

As we review what we have created with the absorbed bass option Qe 1-800-272-8823

discover that we have a large room that contains two separate acoustic systems. One
system guides the sound from the speaker cluster to the congregation, delivering
clear speech. The other system acts to contain the sound of congregational singing,
holding it close to the congregation, making for a lively singing environment. Look at
the ceiling directly above the congregation and the walls directly to the either sidez——— — .
front or back (see Multipurpose Acoustics). They are all sound reflective. Th ;h's article originally appeared in the October

. . . . 001 issue of Church & Worship Technology.
design allows bouncing back and forth of sounds generated by congregational Singreprinted with permission by Editor Hollle
ing. It does not allow bouncing for the sounds of speech generated by the centratostello. For information about this magazjne
speaker. We have designed an acoustic space that seems to change its sonic natgpgtact: hollie@workhorsepublishing.com
on cue but really it is just a space that reacts differently, depending on where the
sound comes from.

MULTIPURPOSE ACOUSTICS
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