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Your Home Theatre

Acoustic Design Considerations
Part I
Norman Varney
In my last article, I discussed meaningful and meaningless
specifications as they relate to decision making for audio and
acoustic systems. Einstein said, “Not everything that counts can
be counted and not everything that can be counted, counts.” This
is certainly true in audio. We discovered that there are things discernible and describable that are not measureable with electronic
test instruments. For example, the typical frequency response of a
loudspeaker will not tell us if it is likely to sound harsh or sweet,
punchy or tubby.
We also learned that many of the common specifications we
expect to see, and may even consider, are pretty useless. For
instance, we cannot appreciate the difference between 0.1 percent and 0.01 percent THD+N of an amplifier. We also learned
that many of the specifications available are limited in their value,
and extra effort is needed to get all, or at least more, of the meaningful information that acoustical engineers need. For example, the
single-number classifications assigned to sound transmission loss,
absorption, ambient noise floor, etc., are associated with only the
speech frequency range, and many of the testing labs are too
small to confidently measure frequencies below 100 Hz.
In this article we will use much of what has been covered in the
last five segments and apply it to “best practices for the Ultimate
Home Theatre.” We will try to correlate those single numbers to
relatable values. We will merge the science with the art of
acoustics. We will begin to organize sound. We’ll start with noise
control and then address sound quality (in the next part of this
series), just as you would on a real project. Again, this brief article
only touches the subject in a minimal and basic way. The purpose
is to bring awareness of these issues before the construction
stage.
First, we need to determine whether the project is new construction, a remodel, or an existing structure, so that the appropriate questionnaires are filled out. Once the client has filled them
out, we have some scope of the project and can begin dialogue.
Answers to questions like budget, time frame, physical limitations,
décor, and performance expectations are important to establish at
this stage. This is our first glimpse and discovery of the uniqueness of the project. Every room is different and no room is perfect.
There will always be compromises. It is the acoustical engineer’s
job to identify those compromises during the design stage and
convey them, their severity and possible solutions to the client, so
the client can make educated decisions.
The whole point of acoustic control is to maximize human
emotion with the artist’s intent. How convincing it sounds is
many times more important to that connection than how it
looks.
Planning For Noise Control
As previously mentioned, you can’t have sound quality until
noise control is established. The goal is to only have sound waves
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emanating from the loudspeakers to your ear, with just a hint of
room reverberation. No vibrations, resonances, impacts, buzzes or
rattles should be voiced from the room.
There are two reasons for noise control:
1. To eliminate annoyance to and/or from another area(s).
a. It can be disconcerting to hear external sounds. For
example, the sound of rain hitting your home while watching in a
movie that takes place in outer space, under the sea, or in the
desert.
b. It can also be very distracting to hear internal sounds. For
instance, to be fully immersed in a movie when suddenly you hear
the HVAC turn on, or turn off. Or you hear footfalls, a garbage disposal, etc.
c. The home theatre can be an annoyance for someone in
another area of the home. For example, a study or bedroom.
2. To allow sound quality. The ambient noise floor needs to be
lower than the silence of the soundtrack. Low-level details and full
dynamic range cannot be realized when masked by noise. Often,
very quiet clues are given to improve the storytelling and the experience. Silence and the contrast of sudden loud noises are also
commonly used to intensify our emotional responses.
Sound is initiated by something vibrating, which causes waves
of changing air pressure to travel out, for the most part, in all
directions (higher frequencies are more directional). Noise is
unwanted sound. Noise is transmitted as both airborne and structure-borne sound, and often either type is converted to the other.
For example, an acoustic guitar string is plucked in the room,
causing the string to vibrate. The string in turn pushes the air
around it. This is airborne sound. When these sound waves travel
and strike a wall, they become structure-borne sound. Here, some
of the sound energy is reflected back by the wall into the room,
some of the energy is absorbed by the wall, and some of it causes
the structure to vibrate and transfer sound back into the room, and
to the adjacent rooms, which become new airborne sound
sources.
What we hear within the shell of a home cinema is largely influenced by how the walls, floor, door/windows, and ceiling treat the
sound energy generated within, around, and through the space.
Let’s take a closer look at how walls, floors, doors and ceilings
influence your listening experience. There are three basic ways
that room partitions (walls, ceiling, floor, doors, windows) influence
sound energy:
1. The partition will absorb sound energy.
2. The partition will transmit sound energy through it.
3. The partition will reflect sound energy back into the listening space.

1/9

How sound energy reacts with its surrounding room envelope
can vary immensely depending on how much sound energy travels via each energy path. Changing or varying the energy path for
better or for worse depends on a complex array of products, their
material properties, and how they are integrated together to form
an assembly.
To better illustrate how the flow of sound energy affects the
room’s listening environment, let’s bundle items 1 and 2 (absorption and transmission) together as all the sound energy that potentially “leaves” the room, and item 3 (reflection) as all the sound
energy that remains in or is reflected back into the room. We’ll call
the sound energy that leaves the room α (alpha) and that sound
energy reflected back into the room ρ (sigma). Newton once said
that energy can neither be created nor destroyed. So, all the
sound energy that is incident to your room’s shell, before any
reflection or absorption takes place, is equal to 100 percent of a
partition’s incident sound energy. The following equation describes
how these principles come together.

into the room from the un-optimized partition assembly design.
Graph 1 provides a basic overview of how a simple homogeneous
partition panel reacts to sound energy over a broad range of
sound frequencies (horizontal axis). The amount of decibels that
are transmitted from sound passing through it is generally depicted by the graph. Remember from last month’s issue that the higher the decibel loss (vertical axis), the greater the panel’s ability to
reduce transmitted sound energy. The term for this type of measurement is called “Sound Transmission Loss” or TL for short.
Another way to put it is that transmission loss (TL) is the loss in
sound power that results when sound travels through a partition.
The more energy that is lost, the greater the TL. Sound transmission data is used to determine the single-number sound performance rating for partitions called the STC (Sound Transmission
Class). The higher the number the better the partition isolates
noise from one side to the other.

ρ + α = 1.0 (100%)
Pictorially, let’s look at how different wall partitions can treat
sound energy.

Graph 1. Transmission Loss Characteristics for a Homogeneous Panel

So what do you do when it comes to determining a partition’s
performance in the very low-frequency range? The following discussion looks at the principles governing how partitions vibrate
and will, hopefully, help you understand what to look for when
selecting effective noise-control products within wall, floor, ceiling,
and door (partition) assemblies.
Let’s take a closer look at these important sectors or regions of
vibration.
Three basic regions of the frequency spectrum are indicated
and show how a barrier reacts to sound energy. They are:

1. Region 1: Stiffness And Mass Resonance

Illustration 1.

As you can see by the illustration depicted (Illustration 1), C
provides the best results by utilizing a number of sound absorption
characteristics to limit the amount of energy flowing back into the
listening space as well as into adjacent rooms. Unfortunately,
achieving this is easier said than done. Often the use of too much
mass and too little panel absorption provides good sound transmission loss results, but at the expense of interior room sound
quality i.e., way too much energy ends up being pumped back
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a. Stiffness: The overall stiffness of a barrier influences its ability
to radiate sound energy in the low-frequency range, just below the lowfrequency resonance region (wavy line area). In this low-frequency
region of the sound spectrum it is stiffness alone that forces the wall
into motion. The stiffness of the wall, floor, or ceiling partition is acting
as a large spring, which will increase in sound isolation as the frequency
of the spring (partition) is reduced. Reducing the overall stiffness of
a barrier or partition will improve the partition’s ability to attenuate lowfrequency sound energy. However, again, this is easier said than done.
Partition design is always a balancing act between the structural load
requirements of the partition (wall, floor, or door), physical space
constraints (how thick the partition can be), budgetary constraints, and
the desired noise-control performance. It is a game of give and
take where the ultimate goal is to take energy out of the system.
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b. Resonance: As we move up the frequency spectrum, still in the
low frequency region, we find many low-frequency resonances that
are driven not only by stiffness but are now also driven by the mass
of the overall structure. We will speak a lot about mass and its influence
on partition movement. However, we should be aware that low-frequency resonances are in no way always attributed to mass alone.
Wave velocity within the various materials (such as drywall), the
size and thickness of the partition, the use (or lack of) structural
vibration connections, and cavity air space are just a few features
that can attribute to low-frequency resonances. Unfortunately,
nothing is as simple as we would like it to be, but with a little work
we can boil things down and begin to digest pieces of the puzzle.

2. Region 2: Mass Controlled
The Mass Controlled region, as the description indicates in
Graph 1, is based on the influence of the overall weight or mass that
a partition plays to control the transmission of sound energy. The
“Mass Law,” as it is called, is based on the premise that each small
section of a panel or partition oscillates independent from the other.
As a result, for every doubling of the mass or frequency in this region,
the TL performance is expected to improve by 6 dB. Unfortunately,
in real life, each small section of a pane is connected and does
have relative stiffness between them. As a result, the doubling of
mass in the field does not always fit the 6 dB ideal of the mass law
(often 4 or 5 dB improvements are seen). 6 dB is clearly discernible to the human ear, and it often makes sense to double the
weight of a partition via the drywall at least once. Adding more
mass can quickly become wasteful and create more problems
than it’s worth, including driving more low-frequency sound energy
back into the listening space, and suddenly you have a very muddysounding room. Think of it this way, to move anything that gets heavier
and heavier, more and more effort (energy) will be required to
move it. If the amount of energy is insufficient to set a massive
barrier into motion, the partition will be unable to vibrate sufficiently
to radiate any significant sound energy at that frequency.
It is often said that mass is “king” in the world of noise control
because it is so often considered a failsafe approach. Wall and
floor STC performance can easily be increased through the use of
doubling or tripling the layers of drywall, etc. However, mass can
quickly get out of control with too much weight, space, and cost,
and not enough beneficial flexure.
Following are a couple of wall systems to show what happens
when we double the surface mass by adding layers of drywall.
Graph 2 above is intended to show you the relative change in
transmission loss due to doubling the mass of the gypsum board
surface. You can see from these tests that the shift is fairly similar,
around 5 to 6 dB. While this gives you a good sense of how mass
affects partition performance, I want to emphasize that no two partition assemblies are alike. Remember, always check a partition’s
TL to see how the partition performs as the mass of the partition is
increased. The increase may not be very broad or even in bandwidth, and too little and too much mass will sacrifice sound quality.
You need some mass for both the noise control, and to support
low-frequency sound quality. A concrete bunker will sound terrible,
as the energy has nowhere to go and remains in the room. On the
other hand, rice paper walls will offer no noise control or low-frequency support and sound very dull. The key is that we are building partition systems that address a number of relevant frequencies, and mass plays a major role across a broad spectrum.
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Graph 2. TL comparison of doubling the mass of two similar
wood stud assemblies and two double wood stud assemblies.

3. Region 3: Coincidence
When the bending sound waves form within the surface sheets of
a wall, floor, or ceiling partition and coincide with the incident sound
wave striking the panel, a resonance forms called “coincidence.” It
is quite typical in TL curves to see a fairly narrow but major dip in the
TL performance. In Graphs 1 and 2 you can find the coincidence dip
in the upper-frequency range between 2,000 to 3,000 Hertz. The location
and magnitude of this dip is primarily dependent on the density of
the material, its modulus of elasticity, and the material thickness. For
a given material such as drywall, the density and modulus of elasticity is constant, therefore, the driving factor is typically thickness.
Remember again, the single-number STC and IIC ratings can
be very misleading, especially if you wish to accurately match the
performances of various components (door, window, etc.) making
up the shell of your room. Getting apple-to-apple comparisons in
noise control assemblies is often a difficult task. When beginning
the design process for the shell of a home theatre or studio environment, always try to find the actual test TL data that reflects the
STC number being advertised. STC ratings are convenient, but as
we’ve learned, they don’t give you the complete picture. For example, take a look at the STC rating of a 2-1/2-inch metal stud wall
and compare it to the STC rating of a 3-1/2-inch metal stud wall
(See Graph 3). Looking only at the STC ratings indicates that the
2-1/2-inch metal stud wall has an STC-39 and the 3-1/2-inch metal
stud wall has an STC-47. Wow, an eight point increase. Not bad…
but wait, let’s take a closer look and compare the TL contours for
these two wall assemblies.
When you look at the average dB difference across 1/3 octave
bands we only get a difference of about 2 dB. If you were to build
these two walls next to each other, you would be hard-pressed to
hear the difference between them. So why the eight point jump?
STC ratings often pivot around one or two key frequencies. In this
case, the key frequency is a 7 dB difference at 125 Hertz. So be
careful. Just because someone says the wall or floor assembly has
an eight or 10 point STC advantage over the competition doesn’t
always mean it’s really performing that much better.
Widescreen Review • Issue 229 • July 2018
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Graph 3. An STC-39 wall and an STC-47 wall that would actually sound nearly the same.

It is worth repeating the graph above (Graph 4) here from the last
article. It is obvious from looking at the two TL curves that Wall 1 (red)
appears to perform better than Wall 2 (black) in the mid to high
frequencies, and yet their STC ratings are identical. The average dB
difference over the TL spectrum is approximately 8 dB. The region
on the graph where these decibel differences occur is located in what
is often called the “speech frequency” region of human hearing. These
are the frequencies that make up most of human speech, and as a
result of human evolution, our ears have become sensitive to the
perception of sound falling within these frequencies (approximately 200 through 4,000 Hertz). If we were to listen to sounds such as
music, conversation, or various movies through these two wall
assemblies, we would clearly hear a difference between the two.

only needs to report data from 125 through 4,000 Hz to get an STC
rating. As I’m sure you know, this is far from the frequency spectrum
being reproduced by your standard home theatre system. The LFE
channel typically crosses over at 80 Hz, though, it can cross over
lower or higher, depending on the low-frequency extension of the
loudspeakers in the system. We need to know how the walls, floors,
ceiling, and doors will react to frequencies down as low as 31 Hz
or lower, but unfortunately, test laboratories can only report lowfrequency data that can accurately be reproduced in their test
facility and have a high level of repeatability and confidence (95
percent confidence to be exact). That means that for testing laboratories to accurately measure low-frequency waves, it is necessary that the test rooms be very large (See Figure 1). This is to allow
the long wave lengths associated with such center frequencies as
31 Hz, 50 Hz, or 63 Hz to become fully developed and diffuse within the space. Sometimes you will see laboratory data listed down
to a center frequency of 50 Hz. While this data can be listed, if
taken, it will in most cases not meet the confidence level required
by ASTM—that is, to meet a 95 percent confidence level. Most
laboratories can only report down to 100 Hz or 125 Hz. Bottom
line, TL isn’t perfect either, but like STC and IIC, it is a tool that can
help us understand the capabilities of the partition assemblies
under review within its own limitations. So if someone tells you their
product has been tested and is certified down to 50 Hz or less,
ask for proof, like a test report. If the report is any good, it will note
that the low-frequency data is not within the confidence levels.

Figure 1. Sound Wavelength chart with references.

Back To Planning For Noise Control

Graph 4. Two different walls with the same STC rating.

So the message again is that while STC ratings are helpful, they
are far from perfect. Until we review the TL curves for the partition
assemblies or doors, we really won’t know what frequencies and at what
decibel level the partition assembly will perform at. Not knowing that
up front could mean disappointment later… a very costly disappointment!
As previously mentioned, even TL has its limitations. Most TL
curves are measured in 1/3 octave band center frequency and begin
around 80 to 100 Hertz. ASTM standard E-90 states that a laboratory
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There are four means available to us for controlling noise energy:
1. Blocking
2. Absorbing (including damping)
3. Isolating
4. Breaking
It is important to have a good idea of the anticipated soundpressure levels the customer desires, what kind of low frequencies
will be generated, and how important noise infiltration is to the
homeowners for both the home theatre, as well as from the theatre
to the rest of the home. Again, it can be very distracting to hear a
car horn blast in your home theatre while you’re watching Gravity,
and it is of little benefit to have a nice home theatre that cannot be
used after the kids go to bed. These scenarios happen more often
than not because of poor knowledge, design, and/or installation.
4/9
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Fundamentals of Noise Control
• Noise is a two-way street; if sound can get in, it can get
out. You may only be concerned with one direction, but by
addressing one, you address the other.
• Low frequencies are tough to control because they
have a lot of energy and because their wavelengths are so
long (See Figure 1).
• Sound follows the path(s) of least resistance.
• Once sound energy enters the structure, it spreads fast
throughout the rest of the structure and is hard to stop.
• The noise control design is governed by the weakest
link in the system.
• Sound leaks.
Once some of the noise control goals are established, additional questions are asked about the type of construction anticipated,
the use of the spaces adjacent to each wall, floor and ceiling,
anticipated partition penetrations like recessed lights, windows,
etc., which may lead to additional questions and concerns.
In general, to determine the required amount of noise reduction
and best solutions for the specific issues discovered from the
questionnaires, the following steps are taken:
. 1. Evaluate the noise environment under existing or anticipated conditions. Existing noise conditions can be measured onsite with instrumentation that will provide statistically significant
data. The process requires the appropriate noise measurement
equipment, accurate calibration of the equipment, and knowledge
of proper data-gathering methods. Anticipated noise conditions
can be estimated from empirical engineering formulas and/or
derived from computer programmed algorithms, driven by intuitive
experience. For instance, the standard motion picture reference
SPL is 85 dB. This is often the chosen noise level to work from.
2 Determine what the noise level goal is. This is defined by
an existing standard or simply an acceptability level as determined
by the educated client. For example, for sound quality, the client
wants to be able to hear a pin drop on a table inside the home
theatre. This will require an ambient noise floor of NC 10-20. For
noise control, he wants to be able to crank it up even while others
are sleeping. Sleeping requires a steady-state noise background,
ideally not more than an SPL of 40 dBA, and maybe only 30 dBA
SPL for more sensitive sleepers.
3. Obtain the difference between the noise level in Step 1 and
the noise level in Step 2. This difference represents the amount of
noise reduction that must be provided to obtain the noise criteria. The
amplitudes across the entire audio frequency spectrum are considered. In our example, this means a noise reduction of at least
45 dB SPL, and as low in frequency response as possible, which
are going to be governed by any specific job constraints in Step 4.
4. Evaluate the various noise-reduction options available to
meet the design goal. Cost is usually the driving factor, but
weight, space, local codes, material/labor availability, etc. must
also be considered.
The above evaluations would be done for both ambient noise
floor conditions, meaning HVAC, projector fan noise and other
equipment that generates noise inside the home theatre, as well
as for sound transmission for airborne and structure-borne noise
from sound waves and sound vibrations originating from outside of
the home theatre. This includes plumbing, mechanical and electrical noise, via direct and via flanking paths.
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Each of these steps is then studied at three points: a) the noise
source, b) the noise path, c) the noise receiver or listener. Each is
then evaluated to insure the most efficient means of noise mitigation is implemented. Often for home theatres, it is a combination of
methods applied to both A and B, but sometimes may include C.
Let’s look at some examples of how to control each of these:

The Source
Each source will have unique characteristics in terms of frequency
spectrum and magnitude. For example, HVAC systems are typically
dominated by aerodynamic noise associated with the fan and the flow
of air through filters, ducts, turns and dampers. It may even include
noise radiated by the unit’s housing, compressor, etc. Sources of
structure-borne noises are often a result of the dynamic unbalance
of rotating fans and motors. The source of the HVAC noise may
contain; a) airborne noise radiated from the housing, b) airborne
noise radiated through the vent openings, c) structure-borne noise
communicated through coupled feet of the unit to the floor and/or
rigid hangers, and then propagated to the building structure.
The following are general solutions to help alleviate or eliminate
noise and vibration problems at the source of the noise:
• Locate the source of the vibration as far away from the receiver as possible.
• Aim the noise source away from the receiving area.
• Enclose the noise source using heavy construction and
absorptive materials inside.
• Seal any openings that permit noise to leak.
• Provide isolation mounts between the source of vibration and
the structure.
• Add sound-absorbing materials to the source room surfaces.
• Apply a resilient layer to any surface subjected to impact.
• Strengthen the structure at the points of vibration.
• Reduce the power of the source vibration.

The Path
The path is likely many paths; direct, reflected and structural,
including flanking. Flanking, as was covered in Issue 227 (May,
2018), is the sound path involving elements other than the common partition, though, it may still be involved (See Figure 2). The

Figure 2. Typical structural sound transmission paths for common coupled construction. Once the vibration enters a rigidly
connected structure, it travels to all points. Note that the red
flanking lines represent all corners of the room.
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efficiency with which each path transmits noise to the listener
depends on several factors, including: the distance between the
source and the receiver, the characteristics of the room surfaces
(including materials, construction methods, and geometry), the
floor structure’s mass per unit area and stiffness, and the frequency range and magnitude.
The following are general solutions to help alleviate or eliminate
noise and vibration problems along the path of the noise:
• Isolate the source of vibration by providing; 1) structural
breaks or separations, 2) dynamic separation of components via
resilient layer, flexible connections, etc.
• Seal all shell penetrations and openings along the airborne path.
• Improve the sound insulation of the partitions.
• Apply damping materials where vibrations structurally transmit.

The Receiver
The following are general solutions to help alleviate or eliminate
noise and vibration problems at the receiving end of the noise:
• Move the receiver as far away as possible from the source.
• Aim the receiver away from the source.
• Add sound-absorbing materials to the receiving room surfaces.
• Cover the radiating surfaces.
• Reduce the vibrations with damping material.
• Sound masking
• Ear plugs
Obviously, some of these solutions depend on which side of
the two-way street you’re on.
So what is a good noise level to shoot for with the
“Ultimate Home Theatre”?
An ambient noise floor of RC-20 or lower would mean wide
dynamic range, low-level resolution, and no audible distractions.
This means serious shell construction and a dedicated HVAC system. By the way, an “Ultimate Home Theatre” would also include a
dedicated AC system with a technical ground. By serious shell
construction, we are talking an STC-61 or better, depending on
many factors.
As we covered in the last issue, STC is a form of rating airborne
transmission loss (TL) in decibels for partitions derived from the TL
data measured in 16 one-third octave bands from only 125 Hz to 4
kHz. STC is a single-number rating system, where the data collected is plotted against a reference contour curve. The contour is
heavily weighted on 500 Hz. The higher the STC number, the better the isolation. The most common way to isolate a room is to
build a room inside of a room. This approach is nearly always performed for dedicated home theatres.
There are four primary ways to reduce structural noise transfer
for a home theatre:
1. Air
Air gaps inside walls, ceiling and floor assemblies act as noise
insulators. The thicker the air cavity, the more energy is isolated.
This is one reason why home theatres typically have thicker partitions, though, there are other ways to control noise. Resilient channels (RC) offer some additional airspace, along with decoupling
benefits. Also, they can be incorporated with other elements with
very good results.
2. Mass
As a general rule, every doubling of the weight assembly will
increase the sound transmission loss by 4 dB to 6 dB. Remember
this benchmark for comparison: A standard, non-insulated interior
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Figure 3. Top view relating how wall thickness, resilient channel, mass, air space, and breaks in the vibration path, can
contribute to noise isolation and their associated audibility
thresholds.

wall, with 2x4 wood studs, 16 inches on center, will deliver an
approximate STC 34. Adding a second layer of drywall on the
“source” side of the wall will provide a three to five STC point
increase, and a second layer on the “receive” side will add another three to five points. As you can relate on the graph, this wall of
approximately STC 42 is no match for a typical home theatre.
Mass-loaded vinyl (MLV) is often viewed as effective isolation,
but independent labs indicate that it is not, whether attached
“limply” to the studs before drywall is installed or “sandwiched”
between two layers of drywall. In either case, you have STC 43 to
47. Again, not near sufficient for a home theatre.
Another technology that can be used for both low- and high-frequency resonance is viscoelastic or constrained-layer damping.
One of the benefits from the proper use of this technology is to
reduce the amplitude of cavity vibrations within the sheet material
(say drywall or plywood) at resonant frequencies. Lightly bang
your fist on a wall between 2x4 studs and you typically hear 70 Hz.
This resonance is called adiabatic compression and is a calculable function of the surface mass of the sheathing skins and the
thickness of the airspace in-between them. Viscoelastic design
looks at the material properties of the vibrating material and determines the resonant frequencies that are prevalent, and then
designs the viscoelastic product to address those frequencies. It
may sound easy, but proper damping requires a number of features and attributes to be successful. Viscoelastic materials are
typically a thin layer of semi-flexible (temperature-dependent)
compounds that convert the bending shear stresses of a vibrating
layer(s) into heat. Again, the proper combination of system design,
such as proper placement of mass, viscoelastic damping, and
stiffness (or lack of) can provide excellent results. Constrainedlayer damping between layers of drywall provides several benefits:
The added mass (without additional stiffness) from the viscoelastic
“damping” compound reduces sound transmission as well as cavity resonances. The damping action allows treated surfaces some
freedom to move, which is good for low-frequency absorption of
room modes, while reducing the vibration amplitude and duration
of the movement. The result is that the shell starts and stops
movement along with the sound track, rather than storing the energy and releasing it later in time, like a typical wall does. This
delayed release of energy, along the cavity resonance, makes the
room sound muddy and boomy. With the room reacting faster and
6/9
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without low-frequency resonance, dynamics and bass articulation
are improved.
Another benefit of a quality, constrained-layer damping compound is the reduction of the “coincidence effect.” When the
bending sound waves form within the surface sheets of a wall,
floor, or ceiling partition and coincide with the incident sound wave
striking the panel, a resonance forms called “coincidence”. It is
quite common in TL curves to see a fairly narrow but major dip in
the TL performance. In Graph 3 you can find the coincidence dip
in the upper-frequency range between 2,000 to 3,000 Hertz. The
location and magnitude of this dip is primarily dependent on the
density of the material, its modulus of elasticity, and the material
thickness. For a given material such as drywall, the density and
modulus of elasticity is constant, therefore, the driving factor is
typically thickness. There are a number of ways to reduce or shift
the coincidence frequency. Elastomeric treatments work very well
in this region. Introducing other materials and changing the thickness of the material all reduce coincidence. A common remedy is
to change out thicker gypsum boards with the application of multiple thinner layers.
As you can guess, gypsum wall board is a major player for
most of the surface treatment of wall and ceiling partitions in the
US. The critical frequency for gypsum board can be calculated
using the formula:
fc x t = 30.8
Where fc is the critical frequency in Hertz and t is the thickness
of the gypsum board in meters.
3. Absorption
There are two types of absorption encountered by the room, in
the air, and by the boundary. Air, in small rooms, is pretty insignificant. However, as mentioned above, air between dividing surfaces
can be very significant. Boundary absorption is due to the movement of surface materials. Both have to do with sound wave resistance. In addition, by adding interior absorptive materials to both
the source and receive rooms, a reduction in the average noise
level and reverberant sound field is gained in the receive room,
even with no changes to the partition. This addition is most beneficial when applied on the source side. How much of an improvement depends on the noise level, the room size, and the type and
quantity on interior absorption materials, but typically up to 6 dBA.
4. Decoupling
Let’s take a step back to remember that the reason most sound
energy migrates (to rooms next door, as well as above or below) is
because the drywall (or subfloor) is fastened to studs, ceiling
joists, and floor supports with screws and nails. These screws and
nails are mechanically connecting all of the room surfaces to the
structural elements of your home, and therefore, provide a path for
energy to enter or leave your critical listening environment. The
most effective method to stop this vibration pathway is to eliminate
it. And it’s not as hard as it may seem. In many moderately priced
multi-family apartments or condominiums, a standard building
product called resilient channel (RC) is used. Don’t confuse this
product with “furring channel” or “hat channel.” With RC, the drywall screws no longer hit the studs (or ceiling joists), which lessens
the amount of energy that transfers from the surface of the drywall
to the structure. In other words, the drywall is “decoupled” from
the stud or joist. RC, when installed correctly, can deliver STC ratings in the upper 40s. However, this system is very easy to “short
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out,” a condition where some drywall screws wind up hitting the
stud.
Within the last 15 years, specialty “drywall isolation clips” have
been developed that provide a higher level of installation assurance and an overall higher level of “decoupling” of the drywall and
studs. These clips are typically installed in grids where the drywall
is attached to drywall furring channel or hat channel. Clip spacing
may vary but is typically every 48 inches horizontally (every third
stud) and 24 inches vertically. Drywall isolation clips often offer the
“biggest bang for your buck.” Published tests from a variety of clip
manufacturers demonstrate that by simply adding clips only to the
“source” side of a wall, STC ratings of 55 and higher are achieved.
Think about this. A standard STC 34 described earlier (2x4-inch,
16 inches on center, one layer of drywall each side) could become
an STC of 55 by simply including insulation, hat channel and isolation clips. That is good! Not good enough for the “Ultimate Home
Theatre,” but good enough to rid all but the bass. And yet, interestingly, transmission loss in the frequencies below 125 Hz is
noticeably higher than any other application we’ve discussed in
this article. This is because the mass is decoupled and allowed to
move—more low-frequency absorption and less vibration transferred. To see this for yourself, some manufacturer’s tests provide
data that show the transmission loss (TL, i.e. the reduction, in
decibels) at specific frequencies below 125 Hz. For example, you
may be considering two isolation methods that have very comparable STC ratings. But, at 80 Hz, you find a TL of 36 for one
assembly and 23 for another. This means that one option tested
13 decibels better than the other at 80 Hz, even though the STC
ratings were comparable. At 80 Hz it sounds less than half as loud
as the other assembly. Guess what that means to others when
you’re watching Master and Commander in your home theatre?

Graph 4. With and without a decoupling RC channel.

To illustrate the influence of various vibration paths through a
wall, let’s look at the transmission loss curve for a conventional 2x6
wood stud wall with no cavity insulation and compare it to that
same wall, except now we have broken the direct vibration path
through the stud using resilient technology (resilient studs or
resilient channels).
We can see that in the black line, Item 1 (See Graph 4), there is
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a definite low-frequency resonance occurring at around 160 Hertz.
When we isolate the vibration path through the stud (Item 3 red TL
contour), we can see the detrimental influence a conventional
stud or joist plays to directly pass vibrations from one side of a
partition to the other. Isolating vibrations from passing into the stud
or joists mean that the gypsum board (or subfloor) energizes or
vibrates less to produce sound. The partition becomes quieter, not
only at resonance, but across a wide band of frequencies above
the low-frequency resonance. Studs and joists when directly connected (coupled) to gypsum board and/or subfloors are a dominant path for vibrations to freely pass from one side of the partition
to the other.
These applications require careful installation so that there are
no “short circuits” of the drywall screws to the studs, and making
sure the perimeter and any penetrations of the sheathing do not
touch anything, yet are sealed airtight. This means careful use of
resilient air-gap fillers and resilient sealant around the perimeters
and all penetrations.
As we mentioned in the last article, it is important to see the
actual product laboratory test reports for better insight. There are
many different materials and methods deployed to reach STC levels beginning in the mid 40s. Manufacturers of these products
publish independent lab tests of various build-ups and their relative STC ratings. But, be aware that many tests are done using
unconventional construction, which will not apply to conventional
construction. Viewing the actual lab report should specify all
details regarding the construction materials, construction methods,
and test methods performed.

Design And Construction Tips
You are probably realizing how important it is that all of the
trades i.e.; electrical, plumbing, drywall, caulking, door and window installers, etc., understand that each of their efforts depends
on the others. If one of them makes a small error, it will most likely
destroy the noise control goals in a big way. My company supplies
each of the trades information regarding their roles, along with
installation details regarding any unconventional construction
materials and methods that may be involved.
You have probably also gathered that the acoustical performance can be greatly affected by design and construction details.
Here are a few tips to help achieve your goals:
1. Sealing
Sound leaks are the passage of sound through cracks or holes
in the structure and are the greatest cause for failure of a welldesigned partition. An airtight seal around the perimeter of each
wall, floor, ceiling, door/window opening, and any penetrations
should be made to keep sound waves and vibrations from being
transferred to adjoining surfaces. This decoupling is then filled with
a resilient material, such as foam or porous rubber, and then an
air-tight seal is made with a resilient caulking compound. This
allows the surface to move without moving other surfaces or components. Floating floors consist of raft build-ups, and floating ceilings utilize hangers. Like the walls, they are cut short to avoid contact with the adjoining surface, and the void is filled with foam and
acoustic caulking. You have now created an airtight, yet flexible
room that will block airborne flanking noise, eliminate structureborne vibration transfer, and help mitigate low-frequency room
modes.
A quality seal means an airtight seal. Debris, a gap in the
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caulk, warped lumber, mortar cracks, etc., can cause leaks.
Although the area of a leak may be very small, the transmission
loss is essentially zero. Graph 5 shows the effects of STC ratings
of partitions with leaks of various sizes. For instance, if the leak
area is 0.0001 times the surface area for an STC 60 wall, the STC
cannot exceed 40.

Graph 5. Effects of sound leak on partition sound insulation.
The relative area of the leak for each curve is shown in rectangles. STC is largely determined by the leak area. A 1 percent
combined total leak of the surface area can never exceed
more than a 20 dB (A) reduction, no matter how good the partition’s potential.

2. Doors
Doors are usually the weak area of the wall, in particular, the
perimeter and threshold of the door. Remember that the door rating should match the wall (See Graph 6). Solid wood doors with
perimeter seals typically offer an approximate STC of 30. Heavier
noise-rated door systems are available and can offer much better
isolation, and they are comparatively heavy and expensive. Sliding
doors should be avoided when noise is an issue. Doors across
from other doors should also be avoided. Proper door installation
is vital to its performance. I recently “voiced” a dedicated room I
designed, only to discover that the multi-thousand dollar noiserated door I specified had been poorly sealed. This meant that
sound waves easily exited and entered the room. The manufacturer sent the installer back and we were able to rectify the problem.
Again, care must be taken, or the effort and expense is for naught.
3. Windows
Windows normally have the worst TL values of the shell. Use of
thick insulated glass and double glazing helps. Other means of
reducing noise through windows are: increase the air gap
between panes, good seals, locate them as far away from the
noise source as possible, reduce the window coverage area, and
avoid placing windows across from one another.
4. Electrical
Avoid locating electrical switches and outlets back-to-back.
Make sure wall and ceiling cavities for fixtures and boxes are
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Graph 6. Note that the partition is heavily affected by the weakest
part of the system, which is typically the door or window.

blocked, filled with insulation, and sealed airtight with acoustic
caulk and/or wrapped with acoustic putty. Be sure that electrical
transformer noise issues are addressed.
5. Plumbing
Unsteady flow, coupling with the structure, and proximity are
the issues. There are several acoustical design considerations
regarding plumbing. For example: adding swing arms so that
expansion and contraction can occur without binding, isolate piping from surrounding structures with resilient mounts, provide air
chambers at each outlet to eliminate “hammering,” consider over-sized pipes and reduced water pressure, and
as always, avoid back-to-back fixtures, and use acoustical
caulk around all penetrations. There should not be any
waste or water supply pipes in the shell of a home theatre.
Like HVAC ducts, resilient isolation and lagging, even with
a good plumbing layout, may be recommended.
6. HVAC
My company will send out a separate questionnaire
regarding HVAC so that we design it properly. For example; how often will the room be used, its location relative to
the mechanical room, spacing and direction of ceiling
joists, list of lights and audio amplifiers (for heat buildup)
and their location (for ventilation), etc.
With the above information, we can design for; Btu, air
exchange volumes, air velocity, air flow rates, duct size,
type, number of bends and their locations, number and
size of registers, acoustic duct liner recommendations,
plenum silencer, damper locations, register size, locations
and type, all in the name of comfort and silence.
Ducts easily transmit sound from one register to the
other if not isolated. Sound can also break in or break out
along the duct work. Consider thick metal ducts with
acoustic duct lining to attenuate fan and motor noise, etc.
Sometimes duct wrap, or even lagging, is required to
reduce sidewall transmission. Flexible boot connections
are great low-frequency decouplers, as are resilient hangers. A dedicated HVAC line is recommended for maximum control of noise isolation, airflow velocity (turbulent
air noise), and comfort. Of course, quiet, well-balanced
motors and fans will reduce noise carried through the
ducts.

Additional basic recommendations for a quieter HVAC system
(specifics are calculated):
• Bends in the duct cause air-turbulent noise. The duct should
be straight, near the diffuser.
• Place the air diffuser far away from the listeners.
• Set the blades of the diffuser for zero deflection.
• Place the damper far away from the diffuser.
7. Mechanical Equipment
Whenever possible, locate transformers, furnaces, HVAC units,
pumps, etc., as far away as possible from the receiving space. In
addition, you may need to incorporate some of the methods discussed to enclose them, use vibration isolators, seal penetrations,
etc., to contain and/or absorb noise along the sound path.
In summary, the most effective way to decide on the noise
control design for your room is to understand the costs versus the
benefits. You now have a better understanding of how important
and sensitive noise is to the “Ultimate Home Theatre” from the perspective of those experiencing it inside, as well as to those outside
of it, and/or noises from outside of it.
The good news is that you now understand what to look for so
that you can find credible STC and IIC ratings from reputable manufacturers of isolation materials and systems. Compare those
results to your desired goals and the estimated costs for materials
and construction, and you’re on your way to controlling your
room’s transmissibility, noise floor, and dynamic range!
In the next part of the series, we will apply a similar approach
to sound-quality design considerations. WSR

