
Absorption Materials
and Room Acoustics

How room characteris tics
can impact the effectiveness of

absorption materials.

I nsulation and sound contrac-
tors work in a wide variety of

environments, which pose diverse
challenges in controlling noise
levels and obtaining optimum
sound quality. The basic principles
of room acoustics — the study and
manipulation of sound character-
istics in enclosed areas-can offer
the contractor interesting and
helpful hints about how to make
more effective use of absorption
materials.

Several definitions are key to
understanding these principles:
l Sound — a propagating dis-

turbance through a physical
medium. The human ear
perceives sound as a pressure
wave superimposed upon the
ambient air pressure.

l Noise — Unwanted sound.
l Frequency and Hertz — Fre-

quency is the number of
vibrations per second that air
particles experience as
positive and negative pres-
sure alters their normal
position. Hertz (Hz) is the
unit of measurement for fre-
quency.

l Sound power versus sound
pressure — Sound power is
the energy emitted by a given
source. Sound pressure is the
incremental variation in ambi-
ent atmospheric pressure.

l Decibel (db) — The logarith-
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mic value used to express
sound levels relative to a ref-
erence sound pressure.

l Reverberation Time — The
amount of time it takes for an
implulse to be reduced 60
dBA in a space. From this
data other room accoustic
data, such as room constant
and absorption coefficient,
can be calculated.

l Sound field — The areas
through which sound waves
spread from a sound source.
A direct sound field is that
area in which sound waves
impact directly from the
sound source. A reverberant
sound field is that area in
which sound waves impact
after having reflected off of a
surrounding surface. Direct
and reverberant sound fields
exist at the same time in most
rooms.

l Room constant — absorption
or reverberant properties of a
room.

l Absorption Coefficient — A
measure of how efficient a
material absorbs incident
sound. A soft material may
absorb 95% while a hard ma-
terial may absorb 1% of the
incident sound.
All surfaces in a room absorb

and reflect sound energy. Factors
which have a direct effect, there-

fore, on the resulting noise levels
in a room include ceiling height,
type of ceiling materials, type of
wall coverings if any, furnishings,
floor coverings, and amount of
equipment that may be in a space.
In room acoustics, the common
light bulb provides a simple
analogy to illustrate the effect of
these factors in reducing noise
levels.

Imagine two rooms of equal
configuration, each lit by a single
100-watt light bulb in a lamp in
the center of the room. The only
difference between the two rooms
is the color of the paint on the
walls: one room is all white, the
other black. Obviously, the black
paint absorbs more light than the
white paint, so the black room
seems to be more dimly lit than
the white room even though in
reality they are both lit equally by
100-watt bulbs. Both rooms have
the same power input, but the
effect — illumination — is very
different.

The same is true of sound
sources in rooms with different
room constants. A room with no
wall coverings, minimal furnish-
ings and tile floors will be “nois-
ier” than one with acoustical treat-
ment on walls, ceiling and floor.
The type of acoustical treatment
used in a given space directly
affects the resulting noise level in
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the room even though the sound
power of the noise source is the
same.

The materials selected for a
particular space depend a great
deal on the use of the space and
the environment. For example, the
materials considered for an open-
plan office would usually not be
the same for a factory environment
or food processing environment.
Standard “off the shelf” acoustical
absorbing panels are available
from a variety of manufacturers to
suit the particular environment.

There are also several parame-
ters to consider when selecting the
materials and predicting expected
results. The materials must be
compatible with the contemplated
use of the space. For example, in a
food processing environment
special care must be taken to
protect acoustical absorbing mate-
rials from contamination. They
must also be cleanable. Usually
“soft” absorbing materials, such as
fiberglass, mineral wool, and
acoustical foam may not be
compatible with a harsh environ-
ment, but experience has shown
that when suitably protected, they
can be compatible with and
functional in the environment.

Another parameter in selecting
acoustical absorbing material is the
overall size of the room. If the
ceiling is very high and the walls a
great distance apart, the noise
reduction apparent to a listener in
the center of the room, particularly
if it contains noisy equipment, will
be nil. The “natural” attenuation,
or weakening, of sound traveling
through the air is as effective as
the absorbing material placed a
great distance from the source.

For examaple, the expectation
for noise reduction in a “hard
reflective” room with 14-foot
ceilings and with 30% to 40% of
the ceiling and walls covered will
be in the 4 dBA to 6 dBA range.
Furthermore, if the ceiling height
is 16 feet or more, materials placed
on the ceiling are much less
effective. Thus the room size plays
a major role in the effectiveness of
acoustical absorbing materials.
Usually this type of treatment may
be the last of many approaches
considered for total noise re-
duction.

The following sections briefly



describe three scenarios in which
acoustical absorbing materials
were used to solve noise level
problems in diverse situations.

The Open Office Environment
For a Dallas-based electronics

firm, the opportunity was to
determine how effective various

-Figure 1: Ambient noise levels in empty
office area; partially finished; and with all
finishes and furnishings in place.

finish materials and furnishings in
a standard office “block” were in
reducing ambient background
noises in the space; the office was
near a busy freeway. Sound level

and reverberation measurements
were conducted on three occa-
sions: first, when the space was in
its original, unfinished condition—
bare concrete floors, walls and
ceilings; second, when carpet and
ceiling treatment had been in-
stalled; and finally, when the
space was completed with furnish-
ings in place and fully occupied by
company personnel. Using the re-
verberation measurement data, the
room constant and absorption co-
efficient were calculated for com-
parison to all other conditions, and
a noise reduction calculated based
on normal office activity.

Results (see Figure 1) demon-
strated that ceiling and floor
treatments (standard acoustic
ceiling tiles and commercial grade
carpet) contributed largely to the
overall reduction of background
noise, particularly in the range of
frequencies which affect speech
privacy. The ceiling was a folded
concrete plate design. Ceiling
height ranged from nine feet to 15
feet and was at such angles as to
be very effective for sound absorp-
tion when 4-foot-square fiberglass
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acoustical ceiling tiles were added.
The furnishings, on the other

hand (modular, fabric-covered
cubicles and chairs) provided the
majority of low-frequency noise
reduction — for example, the
“rumble” of HVAC equipment—
but contributed less to improve-
ments in speech privacy. This was
due to diffraction of sound around
the modular furniture and screens.

All finishes — absorption as well
as furnishings — complemented
each other, producing 10 dBA to
16 dBA reductions in speech
sounds from one side of the room
to the other, thus providing the
required privacy.

Factory Environment
Another client requested help in

reducing noise levels at a manu-
facturing facility in Louisiana. The
metal-working machinery in the
facility produced noise levels in
excess of 100 dBA. The facility
contained approximately 13,000
sq. ft. of production space, with
14-foot ceilings. Ceilings were
pan-joist construction; walls were,
for the most part, bare concrete
blocks.

Figure 2: Functional panels in place on Figure 3: Functional panels in place on
ceiling of manufacturing facility. ceiling and walls of manufacturing facility.

In this case, functional panels
were used to reduce the noise
levels. The functional panels (See
Figures 2 and 3) were perforated
metal with a 2-inch layer of
semirigid fiberglass, which was
covered with a polyethylene bag
to protect it from dust and other
contaminants in the air. They

were hung from the ceiling and
walls, covering approximately
30% to 40% of those surfaces.

The panels brought noise levels
down by 4 dBA to 6 dBA (See
Figure 4). Greater coverage would
not have resulted in much more
reduction; in terms of cost and
benefits, the application achieved
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Figure 4: Noise reduction in manufacturing facility after acoustical treatment was installed.

optimum results.
Other noise control devices,

such as enclosures, silencers and
barriers, were used in conjunction
with the acoustical treatment to
achieve further reductions in noise
levels.

Gymnasium
A recreation center in an East

Texas town required assistance in
solving severe sound reverbera-
tion problems in its 7,500 sq. ft.
gymnasium. The gymnasium was
used for multiple purposes in the
community. Like many gymnasi-
ums, this one had concrete block

walls and a corrugated metal roof.
Shortly after the facility was

opened, a country western concert
was held and the results were
disastrous. Because of the high
reverberation, the entertainers and
music could not be understood.
There was so much noise that
many people in the audience
simply left.

A reverberation study of the
gym indicated the problem: The
results prior to treatment are
shown in Figure 5, compared with
the measurements made after the
acoustical treatment was added.

Functional panels were in-

Figure 5: Reverberation study results in gymnasium.
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Figure 6: Functional panels in place on ceiling of gymnasium. Figure 7: Functional panels in place on walls of gymnasium.

stalled (See Figures 5 and 6) along
structural beams, as well as on the Summary

walls of the facility, covering approxi-
mately 40% of the ceilings and walls.

The challenges here were interesting
because of the ceiling height — the
panels had to be out of reach to
prevent damage from basketballs �
and the fact that there were essentially
no furnishings in the gym. The results
were quite satisfactory for the variety
of uses for this space (See Figure 7).

1) Acoustical absorbing materials, while useful, are limited in
their noise reduction capability.

2) They should be used in conjunction with other noise
control solutions.

3) The size of the space and ceiling height plays a major role
in the resulting noise reduction.

4) The materials must be compatible with the environment
and use of the space.

5) When in doubt ask for help from the material manufacturer
or a consultant.


