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ROOM CONSTRUCTION

“Referencing Cedia White Paper CEB22 Home Theater Recommended
Practice: Audio Design”

> APPENDIX 3
WALL AND CEILING CONSTRUCTION

Home theater installation technicians can use multiple wall and ceiling
construction applications to achieve sound isolation. Each method has its
own inherent advantages and disadvantages. Key considerations, however,
are that such constructions incorporate high mass, mechanical decoupling
from the building'’s structure, and absorption.

Framing techniques

e Room-within-a-room method

In the framing process, the most effective method is the room-within-a-
room method. This method however may not be acceptable due to the
amount of floor space consumed, local fire-code objections and loss of
floor to ceiling clearance. A true room-within-a-room style of
construction dictates an isolated floor, isolated base/top plates, and an
isolated ceiling framing. Prior to proceeding on such a path, one is advised
to seek professional input from either an architect or structural engineer.

e Stagger-stud method
The least effective is the stagger-stud method of framing. While this
method does provide mechanical isolation, neither the base nor top
plates are isolated. More of an issue is implementing stagger joist to
provide ceiling isolation. Usually stagger joist construction is not viable
with existing mechanical and plumbing systems running through the joist
space areas.

¢ Isolation clips
The third method utilizes isolation clips installed onto the framing
members (wall and ceiling), a metal “HAT” or furring channel installed
into the clips, and then the drywall is installed to the HAT channel. The
isolation clips consist of a rubber, or flexible material, which isolates, or
damps, the wall/ceiling from the structure. This method is can be very
effective and is not cost or space prohibitive. Traditional “Z” channel or
resilient channel is not an effective solution for music or cinema sound
reproduction spaces.
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All joist and framing cavities should have fiberglass batts, blown-in wet
cellulose, or similar insulation material in the cavities. Closed cell foam
insulation products are counterproductive. If open cell foam is to be used,
the foam should not contact both sides of a wall or ceiling. This would re-
couple the walls.
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¢ Drywall isolation techniques
Drywall is installed directly onto the framing for double wall or stagger-
stud construction or into the “HAT” channel when isolation clips are
utilized. Two layers of drywall are highly recommended and provide a
doubling of mass. Such high mass walls will reduce the resonance
frequency of the wall assembly.
CEA/CEDIA-CEB22
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CEA/CEDIA-CEB22

When multiple layers of drywall are used, each layer should be
completely installed before any subsequent layer. In other words, ceiling
then walls followed by ceiling and walls again. This results in a lap joint in
the corners rather than a butt style joint which, if not well sealed, will
provide a flanking path and defeat your sound isolation efforts. Layers of
drywall should have a viscoelastic coating applied between each layer of
drywall. Such coatings have been shown to be very effective in damping
(absorbing) low frequency energy.

Drywall products are available which have been manufactured with a
constrained layer damping material laminated into the drywall at the
time of manufacture. Special caution should be taken when electing to
utilize such manufactured products. First, two layers of the material may
be required to achieve a wall with a mass equal to two layers of 1/2” or
5/8” drywall. Second, using such single layer products will require careful
attention to sealing any gaps or flanking paths where the sheets of
material butt together.

For less critical applications, or where the existing space is already dry
walled, a second layer of drywall can be installed over the existing walls
and ceiling using a viscoelastic material applied between the old and new
drywall. Do not be tempted to install resilient channel or isolation clips
over an existing wall surface and then install the new drywall. This form of
construction will create a triple leaf and will result in more transmission of
sound through the barrier rather than less.

In order to effectively seal the room, it is suggested the installation of
drywall occur before the installation of any architectural acoustical
treatment elements such as columns, soffits, stages, or raised seating
platforms. Columns can be used to house speakers, electrical outlets, and
lighting control dimmers without the adverse effects associated with
putting holes in the sound isolation barrier around the room. Installing
wall to wall seating and stage platforms inside the barrier will also allow
these items to be used as bass traps.
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Floor Isolation Techniques

e Floors should be decoupled from the structure of the building. Failing
to do so will create a significant and undesirable flanking path. Again,
in a double wall construction method, floor faming can be isolated by
use of commercially available isolation pucks, “U” anchors, floor
suspension devices and similar materials. Such methods will generally
consume more height than is desirable in most residential situations.
Concrete is an excellent transmitter of kinetic sound energy and any
temptation to avoid isolating concrete slab floors should be
dismissed.

e An effective method of floor isolation (without large structural
impacts on upper floor rooms) is to install a high mass 5/16- to 1/2-in.
(7.5-12.5mm) rubber mat over the existing subfloor or slab. This mat
should be installed after the drywall is installed; any gap between the
bottom of the drywall and the subfloor should be thoroughly caulked.
The mat should be installed 1/4” (5mm) short of the drywall and not
contact the drywall at any point. Oriented strand board (OSB) or
plywood is then installed over the mat, again not contacting the
drywall, using an approved mastic. Seating platforms and stages are
then installed over the new subfloor.

“End Reference Cedia White Paper CEB22 Home Theater Recommended
Practice: Audio Design”
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B> LOW FREQUENCY RESPONSE:

Create your room and place your speakers, subwoofers and seats using
REW’s Room Sim software.

Fie Tedts | Prefarenced Gragh Wl Donln  Pra Upgredes WO %Y 2= T oo R - wana s
Feom Sinvlation

e e
Hsom + f
s BT ~|  Serfuce Abaoipten:
Angih |=1|.: From
Wt LT 2l mack 0
tarsgts D Left
Resmvsleme  Luern! Bt
Faam i, yraded Caftng L
Reatore Delas Settng s
-
[ [T p— Toteh Ta Higar n Fret Srhmd
i tnad Py || Loma P2 || noma#n | | tsat i || Lo Ps || Senreterence
P L Sove || wen#2 || s ) || Savepa || Saverd | L
Msdal Ravsasncs Liney B 2| Combinnt responseat
Main i Paun |
Micraphene Patitions w
- Combined terponte 5
Sgaaher Cosrod Ll sebecoed mic pgra |
o Morre Tatiy 55 Foamers sl reapeaien
. Minmeposn |
[l e it 4 rigghe symemetric L _ Move duba o wall midpoints
Ingsndual rvpoas e ot |
e M p e vabecned it posess |
B Time M Spotabers and Sutrs L et B b0 room dnesr e 3
Al Sl gty Eratre Pk barween spaaker
B oo serwer Filoer iHish 82
] @ i<}
S I L = \Tetn. ey mad gains
=] 1 Sources Ui -MdE0ME [ncleaure Mt fromblsn  TemeAlgn Deleyimd  Gan (dB
e 3 seb1 3020 [Pored =/ Fhdinbbm . G3mw - =
by
Subd
b
I3 therw Lirvaten Ve i L

Identify the room modes and nulls in the response based on the predicted
frequency response. Try and move the subwoofers or seating positions
around if required to achieve the best possible response
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Based on the frequency response identify any of the major nulls in the
response and identify any room modes associated with that null. Put your
music cursor on the vertical line for the room mode as shown in the above
screen shot and you will see the frequency response associated with that

mode. Visit https://amcoustics.com/tools/amroc and choose New
“Shoe-Box Shaped Room”.

Insert the room dimensions for your room and be particular which metric
you choose, centimeters or feet.
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Accordingly adjust the surface absorptions in rew’s room gain software on that
particular wall based on amroc’s suggestions. See how that affects the
frequency response.
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Once you have a response you are happy with note which surfaces require
absorption and your NRC coefficient for each surface based on REW’s Room
Gain software and a low frequency absorption design can be created

Isometric View
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B> MID TO HIGH FREQUENCY RESPONSE

We will require the off axis response measurments of all speakers being used
except for the subwooders. If you already have this information open it, or else
take measurements of the speakers you plan to use at 15 degrees, 45 degrees,
60 degrees and 90 degrees off axis.
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Based on the off axis response we can determine where in the response we
have nulls or large dips after the transition frequency for the room. We are
looking at all responses higher then the transition frequency, because below
the transition frequency is being considered in the low frequency treatment
plan.

Once we identify the frequency or frequencies which have a significant null or
dip, we can which type of treatment we want to use to treat those frequencies.
For example, if we have a null at 1600 hz and it continues till 4200 hz. We want
to use acoustic treatment which will treat frequencies between 1000hz and
5000hz

https://mehlau.net/audio/calculator/

1600hz frequency = 8.46 inches
4200hz frequency = 3.22 inches
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Considering these distances it becomes obvious the surfaces which will be
affected by the frequencies where the null occurs, 1600hz to 4200hz is a within
9 inches of the speaker.

We accordingly need to plan acoustic treatment which has been built to treat
frequencies between 1,600hz to 4,200hz and place it on the nearby surfaces
covering 3 inches to 8.5 inches away from the position of the speaker in the
room. In this example we can look at the Vicoustic Multifuser DC3. This does a
great job of scattering the sound from 800hz to 5000hz which covers the
trouble frequencies we are finding in our off-axis response.

https://drive.google.com/file/d/15AcgVUwA6PUxf8EyfzZVW3EVEDKkVFgak /edit

We can plan to place the Multifuser DC3 around our speaker positions up to 9
inches away from the speaker to scatter sound coming at an off-axis response.
So from the left and right and above and below the speaker a single DC3 panel
can be placed around the speaker which will properly treat the frequencies
which are of concern in the off axis response.

oom internal
dimension

Diffuser & Absorber Isometric view
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B> RAY TRACING

Visit https://amcoustics.com/tools/amray and draw the room based on your
room dimensions in the ray tracing sketchpad. Set Reflection Order to 3,
Number of Rays to 100, and Absoprtion Coeffecient to what value was
calculated in the REW Room Sim.

Place your speaker and listening positions in their respective positions in the
room. Depending on your absorption coefficient you will see the reflections
which are present in the room based on your speaker position and listening

position. Take a screenshot of the page. Repeat this process for all the speakers
positions.
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Check your room sim design in REW to see where expected frequency nulls may
occur. Please see the example below.

Flastorn Dutas Semngs

7 Srow Ebrvtion Viewr: .

As we can see from the REW Room Sim image above, we have 3 large dips. The
first at 158hz, the second at 247hz and the third at 284hz. If we use our
frequency calculator

https://mehlau.net/audio/calculator/

we know that 158hz is around 85 inches or just above 7 feet. Using the ray
tracing diagram we can mark out a line 7 feet from our speaker to the nearest
reflection point. This the location where we can add the necessary treatment to
treat this frequency.

RT60:

Take a measurement of any single speaker in the room. Generally, we measure
the LCR since they are furthest from the listening position. Take a full range
measurement from 20hz to 20,000hz.

Select the measurement in the left side of the REW software. Choose the RT60
tab as shown in the screen shot below.
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The first screen shot shows the RT60 for the Front Right speaker in this room
without treatment. If we compare with screen shot 2 which measures the same
speaker after applying acoustic treatment, it is quite evident how much more
uniform the reverberation time for the room becomes beyond 154hz.
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B> Energy Time Curve (ETC):

Using the same measurements of a single speaker in the room as above, click

on the Filtered tab.

Select the measurement in the left side of the REW software. Choose the

Filtered IR tab as shown in the screen shot below.

REW VB3

X @ = v Bl & uEe

REW is frea softwars, but if you can aliord 10 phease click he

i Wi Showroom £ )

W windows 5PLmeler  Generstr  Scope  Lovels  Ovorlys  ATA EQ Room sim

to make a donation to help support its continuing development

L N Shownoom L

L MMt Sremrenn A ) |
FNM Showroom F )
A Accuntic Treatrr )

I!‘
IR
ill

L ki
|

Ila Wiy RN SosmonF
1M i LN Sowem A @
| s
l

il{_ duni” RHM Sowmon F D)

o CTPT— o

P
Caphun

, SPLAPrase ANSPL Dwiorion Imovso | Flieed 8 | GO | AT60 | ATE0 Decry | Gty | Decay | Wilorlad | »

5.

Serchtan

0

of

-0

6

/

10
r e 0

TAOABFS

d0Fs

) Erweinps £1C)

008 Puak input befors cipping 520 4B SPL jncakbrated)

150 E ) e Mom o it

08 JBET

A50en

-

A=

v' @ 1  EO L

Fi v

Awieclows SPLemeter  Geewrster  Scops  Levels Ovedeys  ATA EQ oo sim

REW Is free software, but If you can afford to please

orn fo make a donation to help support its continuing deveiopment

Scroibar

= i e o Y
IISHHME.  AEKHr 16:bitie, 10-DR oWt D008 BUO8 DOON 008D DADD DERD BE0N BH0D

#1 Fi MM Showeoom FR Alter Treatm ———— -840 dBFS

) Schroncier integral _—

ABFS

Pasit. input Defors chpping 130 o8 SPL uncalibessed)

If we compare screen shot 1 above to screen shot 2 we see that in screen shot 1
before applying acoustic treatment our mid to high frequencies decay till
atleast 240ms. In screen shot 2 after applying acoustic treatment our longest
reverberation time decreases to around 200ms. This is a great way to ensure
that you have not over absorbed your room. Ideal decay time of small cinema
rooms should be between 200 to 350ms.
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»> Waterfall:

Using the same measurements of a single speaker in the room as above, click
on the Waterfall tab.

Select the measurement in the left side of the REW software. Choose the
Waterfall tab as shown in the screen shot below.

soe REW VB3
¥ 1] - ¥ B~ " .
B %0 > owm Bl e meEe o
Measuw  Open  Saveal Remove sl  Indo IR windows - SPLmeter  Geneador Scope  Levels  Overdays  ATA EQ  Room sim Proferences
REW is free software, but if you can afford to please click here to make a donation o help suppert its continuing development x
* Collapna e w1 oy
R %M Showroom B IQ) 5. | 5m g Phave AIGAL  Distorson | impuse  Fiesd IR OD | ATO) | AVE0 Decay | Clarty Docay | Wasertali | » + ¥
Capturs Soroibar Frog, A Limés Cardrols
L1 A uage LBMShosmomFl G /
z # B Showmom F ) @ T 50 re wirckow, 100 e Fibn v, .00 e sice indorval, 1.7 P resn, 1 = 300 8
3 dae  LMMSvemomAl @ '
4 W MM Sowcom P @
& NM Acouatic Troser |
b | Ao B 04 LT r
] | f [ i
Y o Soundears: biocal 1 B .
{7
e
Changx od R b Shoaroom F Q) i
o dee R SoemomF Q) &7
1 Ll W b Showmom P Q) 51
B g NS B s |
IQ i’ P S P @ | 2
[ 0 i PR SoemonF @ | a3
| A glie’ RO SowronF | E]
12 L P Snown A
|- ki mom A @ |
13 3 Bt oo
[ e REM ol
I" Ldge LSl @ L
1 20 3 4 50 60 7080 100 (123 20 300 &0 500 600 B0 1k ™ E 3 & Sk Bk Bk 10k PomHe
115 e T Showmom P | @ e
I | () Fi N Shewensom FR e B _ 71508
ol 1B e R SroamemF )
OS5 1ME ARk 1E-bitin, 18-BRG BOD 000 3000 2000 0BRD D00 JRLT ] Puaai input belore chpping 120 08 5PL uncaitrated)

ene REW V521

i - a1 = | N - s
= X0 om B A e w s
Moasurs  Open Save sl  Aemoveall  info A windows SPLmeter  Genermior  Scope  Lowels  Owverlys HTA EQ  Room sm Proferences
REW is free software, but if you can afford to please click hore 1o make a donation 1o help support [is continuing development x
i H rend mmowroom - A |
&) . oh apase IS Daterion | brouse | Ftess 5 GD TS0 | FTEODecwy  Claety | Docwy | Witor | i y
ot ]2
M ke RN Showveom UK | capin Seroibars Froq. Axe Lmis Cortrois
il BN Snowrcom £ ey =
<adir O | Mad 500 s windiw, 100 e ra e, 300 mrm wicm interval, 1.7 P rean, 1« 300 8
2 oy’ LNMShowroomA @
2y L AW Somrm F Q)
M sdge  LNMSmmen Al @
W e RN Stowsem F D 88
W RMMSeemE Q) IS
4 RLNM Showroom F i
Ll L] =
W gy ANMSowsomP @
s
] W Acountia Treatrr 4 B
A Aor B, 24 81500, ]
et 8101023 =
4 M Sendeand: Nocal! B 56
50
o
Changn G2 1wt smowrcom P @) .
B 0w RNMSwweomE @ e
0
r Jdar  LNMSwwoom A @
2 gy LNMSwomA @ |
B Gugs LN Seromi ‘
| Mo LR Srcon | @) | 0 40 50 07080 WO 1583 200 300 400 500600 BOO Tk P
|Etatuar LR Showroon | @) | () 51 404 S0 FF AT THITN e mEdE
o 0 (R v |
EMVESAMI 4B ke 18-be i, 18-bitout NOSE 0000 304 8000 MO0 008 a8 onea Poak input befor cipping 120 ol SPL realibrated)

If we compare screen shot 1 above to screen shot 2 we see that in screen shot 1
before applying acoustic treatment our mid to high frequencies reverberate till
atleast 240ms. In screen shot 2 after applying acoustic treatment our longest
reverberation time decreases to around 210 ms and the reverberation time
across the frequency spectrum above 150hz is much more uniform. This lets us
know we have less ringing and late reflections in the room.
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B> Spectogram:

Using the same measurements of a single speaker in the room as above, click
on the Spectrogram tab. The Spectrogram is another way of viewing the same
results which we find in the Waterfall graph.

Select the measurement in the left side of the REW software. Choose the
Spectrogram tab as shown in the screen shot below.
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Again if we compare Screenshot 1 with Screenshot 2, we see the peaks evident
in Screen shot 1 which is the response without acoustic treatment, around the
670hz range. In screenshot 2 the peaks are reduced and we have a much
smoother more even decay after applying acoustic treatment.
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