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Silence Is Golden

The invisible challenge: Optimizing the acoustic environment

Sponsored by Price Industries | By Alex Michaud, M.Sc.

s building systems continue to evolve,

noise remains the same—acceptable

or annoying. The former often goes
unnoticed and the latter requires attention.
Noise is the number one occupant complaint
in many projects. Various research indicates
that hospital patients complain about noise
more than anything else. For those who travel,
it should come as no surprise that noise is the
biggest complaint among hotel guests. Even
in restaurants, noise was the number one
complaint in Zagat’s latest national dining
survey. Various studies indicate that noise can
negatively impact occupants by ultimately
lowering productivity and increasing stress
levels. This “invisible” problem is loud and clear.

While building systems may change, noise

is a constant condition that is best addressed
during the design process. Unfortunately, this is
not always the case and noise is often addressed
in the final design stages or after customers
move in and the complaints start. Solutions
to most “noise problems” typically require the
examination of multiple paths, and how they

interact with each other and relevant building
systems. By properly addressing all noise
sources, offices can become more productive,
conference room meetings more effective,
and hospital patients more comfortable. A
firm grasp of the basics can go a long way
towards achieving spaces that allow occupants
to maximize the intended use, whether it be
sleeping, working, learning, or eating.

ACOUSTICAL CHARACTERISTICS

There are several acoustical characteristics

that occupants typically notice when entering
a space. The first is often background noise,
that is, how loud or quiet a space is. Another

is how reverberant a space is. When there

are surrounding occupied spaces, the noise
isolation (or lack thereof) provided by building
assemblies can become apparent. While these
metrics can directly impact the occupants, they
can also influence the decision to rent or buy

a building or space. Class A office space, for
example, typically achieves lower background
noise levels than Class B or C, which is one
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reason why it commands a higher price per
square foot. Integrating acoustics into the client
dialogue early helps optimize the design process
and end result for everyone involved.

Three Aspects of Noise

Noise can be thought of in three distinct
aspects—source, path, and receiver. Every
project has these three aspects, though they
vary in number (one source vs. many) and
importance (the receiver is an intern vs. the
CEO). In many cases, noise control products
can be applied to improve various conditions.
Each project is unique with varying limitations
such as budget or space. Understanding project
parameters and available noise control products
allows for the most effective design solution.
The illustration above depicts some common
noise conditions in a typical office setting and
products to address them. Blue arrows indicate
air flow and yellow waves indicate noise. The
noise control products in yellow are often
referred to as air transfer silencers and are
discussed later.

Sound Transmission

Idealized lab-rated sound transmission loss is
often described using STC (Sound Transmission
Class), a lab measurement of the noise reduction
provided by a building assembly. Examples of
typical building assemblies with STC ratings
include walls, ceiling, and floors. Other sound
transmission field measurements are ASTC
(Apparent Sound Transmission Class) and

NIC (Noise Isolation Class) depending on field
conditions. These field measured ratings are
typically five points lower than the corresponding
lab rating because of flanking paths such as
cracks and holes (piping penetrations, mullion
conditions, etc). The table below simplifies the
description for common noise change perception,
whether from a sound source or building
assembly’s noise isolation performance. To be
clear, STC points and dB are not equivalent, but
for the sake of simplicity and perception they are
used interchangeably in this discussion.

Field construction quality impacts drywall
partition performance; often the joints are not
properly finished, which decreases overall noise
isolation. Over time, a partition’s noise isolation

Source: Price Industries
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Noise control products address various conditions.

performance may deteriorate. For example, if
the caulk sealing a joint dries out, cracks can
allow for noise to flank between spaces. Common
elements such as light switches and electrical
outlets also reduce noise isolation performance,
since they’re not always sealed completely and
the plastic assemblies have lower mass than the
drywall that was removed. Ultimately, field noise
isolation provided by poor construction can
vary from equivalent laboratory STC by more
than 15. Operable partitions are even worse
when comparing lab and field noise isolation
ratings; the spread is often in excess of 10 due
to flanking paths, improper installation, and
operable wall size.

Several guidelines to optimize a wall
construction’s acoustic performance in the field
include using two layers of overlapping drywall
on each side of the stud between noise-sensitive
spaces, selecting lighter-gauge metal channel
studs, staggering electrical outlets and switches
so they are not in the same stud space, filling
stud cavities with sound-absorbing material, and
sealing all joints and penetrations completely
using non-hardening caulk. Just adding 2 inches
of sound-absorbing material in a stud cavity
for example can improve STC performance
by at least 2 to 5 depending on the overall wall
construction. One of the easiest methods to
identify noise leaks is to perform a light test. Turn
the lights off on one side of a building assembly
and look for light leaking in on the dark side.
Wherever there is light, there is the potential for
noise to leak. Unfortunately if you're afraid of the
dark, this is a horrible method.

Human Perception

1 Imperceptible

3 Just barely perceptible
6 Clearly noticeable

10 Twice or 1/2 as loud

20 Four times or 1/4 as loud

NOISE SOLUTIONS

There are a variety of solutions on the market
to decrease noise and increase building
occupant satisfaction.

Acoustic Panels

While duct noise is usually addressed using
silencers, radiated noise issues are not always
caught due to a lack of communication and
understanding among the different trades on a
project. Acoustic panels can greatly reduce the
transmission of radiated noise from rooftop
units, generators, and internal mechanical
equipment, and also reduce noise inside
mechanical rooms because of their sound
absorption properties. When used to fabricate
large air plenums, acoustic panels have several
advantages over drywall. Acoustic panels are less
susceptible to moisture, can be easily cleaned,
and provide equipment noise reduction because
of the perforated liner much like a silencer.
Drywall, on the other hand, often increases
equipment noise due to its high reflectivity. In
addition, drywall does not handle moisture very
well, is not as durable as an acoustic panel, and
is prone to more field installation variability as
described earlier.

Acoustic panels are an engineered product
available in various thicknesses utilizing a sandwich
construction with various internal absorptive media
options. Fiberglass insulation is the most common
media, but they can also use foam, natural fibers,
or mineral wool, depending on the application.
Acoustic panels are manufactured in a controlled
environment and final assembly occurs on the
project site, so there is reduced variation in assembly
performance. Insulated tongue-and-groove joints
reduce possible flanking that could occur with
traditional H-channel or non-insulated joints.
Many projects utilize field-fabricated panels built
by sheet metal contractors. Drawbacks of these
site-constructed panels include a lack of lab-rated
performance data, reduced material and paint
options, and decreased consistency across projects.

Often used as noise barriers outside or to
surround noisy equipment such as generators,
acoustic panels typically consist of a solid casing
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A typical acoustic panel application and assembly

Plenum noise flanking is reduced by air transfer silencers.

Cross talk silencers can reduce air transfer noise flanking.

side and perforated liner side. The perforated placed between a noise source and existing
side typically faces the noise source because it building assembly. This is effective for targeted
is highly effective at absorbing sound. Acoustic noise treatment. For example, if there were a
panels can also improve partition and slab conference room directly above a mechanical

noise isolation performance (STC) by being floor or equipment, acoustic panels could be

SILENCE IS GOLDEN

installed in the mechanical room below the
conference room to provide additional noise
isolation performance for the overall slab
assembly. Other alternatives like moving the
equipment or adding mass to the slab are not
always viable options.

Air Transfer Silencers

Air transfer silencers can provide additional
noise reduction to ensure that overall partition
assemblies provide adequate noise isolation

or speech privacy. For example, two adjacent
rooms separated by a non-full height wall can be
negatively impacted by noise flanking through
the common ceiling plenum. As depicted in

the accompanying illustration, this noise path
can be reduced by using air transfer silencers at
return grilles with the added benefit of reducing
visibility into the plenum space. Projects often
utilize non-full height walls between private
spaces as a way to reduce cost. Unfortunately,

if the resulting flanking path is not properly
addressed, the relevant private space’s
effectiveness is also reduced.

Another common condition is when a full
height wall (floor to slab) requires transfer air
between spaces, but must maintain a specific
STC rating. Mechanical room partitions,
for example, are often designed to have a
minimum STC-50 rating, but often also require
penetrations for return air. One method for
achieving both return air transfer and noise
isolation requirements is to use a cross talk
silencer, as depicted in the accompanying
illustration. This product has lab-tested
performance and can be sized appropriately to
satisfy project design requirements.

Noise and light transmission are additional
issues that are often overlooked during
the design process. By addressing both of
these issues, air transfer silencers allow for
more flexible space layouts and mechanical
equipment placement. They also can result in
significant construction cost savings because
of their simplified installation. Lined return
boots are often recommended, but they have
several drawbacks. For one, lined return boots
are usually field fabricated with no reliable
performance data. They also require additional
labor due to support requirements and their
height often limits installation especially in
crowded or shallow plenum conditions. An
air transfer silencer on the other hand can be
installed directly below mechanical equipment
in addition to having lab performance and
minimal labor costs.

It’s important to clarify that air transfer
silencers do not provide the same amount of
noise reduction as HVAC-duct silencers. Rather,
air transfer silencers allow for the overall STC or
CAC (Ceiling Attenuation Class) to be preserved.
Most ceiling tile manufacturers provide CAC
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LOWERING BACKGROUND
NOISE AT BOSTON
CHILDREN'S HOSPITAL

Almost 3 out of every

1,000 children born

in the U.S. have a

hearing impairment. The

Audiology department

at Children’s Hospital

Boston at Waltham is

instrumental in providing

the gift of hearing to many

of these children, through

detailed assessment and the

application of hearing aids. A

quiet environment is essential for an
audiologist to accurately assess patients’
needs and progress. After several

years dealing with elevated noise levels
emanating from a fan coil unit located
above his office, the head of audiology
at Children’s challenged his facilities
team to fix the problem. The issue had
become increasingly pronounced as
consultations in the space increased and
a dramatic noise reduction was required.
The director of hospital engineering for
Children’s set an aggressive background
noise goal close to NC-30 for the space.
The path to a solution required close
collaboration, product innovation, and
rigorous performance testing.

Because hearing aids can be more
sensitive than the human ear, background
noise in the examination room can
interfere with the audiologist’s ability to
assess the patient’s needs and progress.
In the office of the head of audiology,
the room'’s fan coil unit was positioned
directly above the consultation area.
The consultation process requires very
low background noise, and the industry
standard fan coil unit in place was not
performing to the necessary level.
Several months of adjustments to the
unit, ventilation, and duct work failed to

Image courtesy of Price Industries

A custom
quiet fan coil
unit satisfied
multiple project
requirements.

net a significant improvement.

Initially the project’s acoustical consultant
measured NC-51 in the space with the fan coil
running at 365 cfm using acoustically lined
duct. The diffuser was located directly
above the doctor’s head when seated

at his desk, making opportunities for
sound attenuation extremely limited. The
significant space restrictions would make
NC-30 a challenging goal. A replacement
unit would need to be accommodated

in a space no larger than four ceiling
tiles. Further adding to the acoustic
challenge was the requirement that no
exposed fiberglass liner was allowed on
the project. A custom-designed fan coil
unit contributed to a significant noise
reduction in the space by achieving an
estimated 15 dB noise reduction at the
original 365 cfm with only a 20 percent
reduction in air flow to 290 cfm. For
reference, a 15 dB reduction is typically
perceived as being three times quieter.
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ratings for suspended ceiling systems. CAC
measures the noise reduction between two
adjacent rooms by accounting for the sound
path through the ceiling and common
overhead plenum. The purpose of air transfer
silencers is to ensure that any air transfer
openings are not noise flanking paths—this
is often the weak link that reduces noise
isolation performance. This noise reduction
is also relevant for air moving equipment
radiated noise, such as fan coils, terminals,
and exhaust fans. Because air transfer
silencers provide more noise reduction than
typical ceiling tile, they eliminate any noise
flanking path that would otherwise create a
hot spot in the occupied space directly below.

Acoustic Louvers

Acoustic louvers provide another method for
reducing noise transmission in applications
with limited space. Available in depths
between 6 inches and 12 inches, acoustic
louvers provide reasonable lab-rated noise
attenuation while allowing for air flow
between spaces, such as mechanical rooms
and the outdoors. Acoustic louvers can

be designed to satisfy facade aesthetic
requirements including size, color, and
material. The main variable to consider is
airflow. Unlike a typical architectural louver
that has around 45 to 50 percent free open
area, acoustic louvers have around 25 to 30
percent free open area and, as such, have
reduced air flow capacity. Proper coordination
with the mechanical engineer typically allows
for the inclusion of acoustic louvers and in
many cases can free up additional mechanical
room space because of their compact design.

BACKGROUND NOISE AND HOW TO
MINIMIZE IT

Background noise is often described using
noise criteria (NC) curves, a series of octave-
band curves defining acceptable sound
pressure levels from 63 to 8,000 Hz. It is best
to measure NC levels at occupant ear height
at the loudest location in a space during
ambient conditions. Background noise is
typically governed by mechanical equipment
and industry guidelines of acceptable levels as
outlined by various organizations including
ASHRAE (HVAC Applications 48.3).

® Continues at ce.architecturalrecord.com
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Background noise guidelines are provided in the accompanying table.
There is no universal agreement on background noise levels for each space
because each project and customer is unique. Rather, the table presents a
starting point to then adjust as appropriate. For reference, hearing-impaired
occupants typically require NC curves that are at least 5 point below the
criteria presented in the table.

Typical Background Noise Guideline

Room/Space Type Recommended NC Level

Concert hall, theater NC - 20 to 25
Teleconference rooms NC - 25 to 30
Residences, patient rooms, hotels NC - 25to 35

Conference/meeting rooms, classrooms, pri-

vate offices HOSEDED
Large offices, reception area NC - 35to 40
Open office, lobbies, corridors NC - 40 to 45
Kitchen, laundry, equipment rooms NC - 45 to 55

Another common method for describing continuous noise levels is to use
the room criteria (RC) rating system, which provides additional background
noise qualitative descriptions, such as hissy and rumbly. RC is more
appropriate to diagnose mechanical noise, though it has increased in usage
over the years especially among acoustical consultants.

Design guidelines do not always align with the realities of project
conditions. Sometimes, well intentioned design criteria are too stringent and
it is more important to align customer expectations with space shortcomings
and usage. These discussions should take place early in the design process
once the proposed space and needs are understood. For example, if the
customer’s current conference rooms have background noise levels of NC-40
that work to user satisfaction, it might not be necessary to achieve NC-25/30
in a new space. Generally, lower background noise levels correspond to higher
project costs. In addition, the customer might actually be more satisfied with
NC-35/40 and find NC-25/30 to be too quiet. Ultimately, customer needs
should always trump what a generalized table indicates.

Duct Silencers
These products can help achieve specific background noise levels within
occupied spaces. Duct silencers typically consist of perforated metal baffles
that absorb noise. They come in various shapes (rectangular, elbows,
circular, etc) and sizes, typically starting at 24 inches in length. Commercial
applications typically utilize silencers with fiberglass-filled baffles, though
some school and healthcare projects require that no fibrous media be
exposed to the airstream. In these applications, either film-lined or packless
silencers are used. Film-lined silencers have a polymer film between the
acoustic media and airstream, which ensures that no fibrous media can enter
the airstream. Packless silencers do not have acoustic media and instead
employ tuned chambers to absorb noise. They are especially useful for
airstreams with corrosive contaminants and high heat applications, and are
often used for lab and industrial projects.

A general rule is to not place mechanical equipment adjacent to occupied
space especially when noise levels of NC-40 and below are required. Today
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there are air moving devices that utilize integrated silencers with lab tested
total assembly performance to ensure that sound sensitive spaces are not
negatively impacted by their operation. These unique products should not be
confused with typical air moving devices paired with a silencer, since system
effects and generated noise are not properly accounted for and often result in
elevated noise levels and reductions in energy efficiency.

Speech Privacy

Today’s office has changed a great deal from 50 years ago. These days, open
design concepts are commonplace and have often resulted in dissatisfied
occupants. Many research findings and surveys support the various failures
of open office design including reduced productivity. Research published in
the British Journal of Psychology found that office workers were 66 percent less
productive in an open-plan office than when left on their own.! It should be
no surprise that noise is the number one complaint with open office design
and this is largely driven by the reduction in privacy, when compared to an
office with walls. However well intentioned these open office formats are, the
end result is clear—speech privacy has suffered greatly in today’s open office
world and is likely to continue for some time. Understanding the impact that
office design has on speech privacy is important so that the client not only
appreciates the aesthetics, but also how a space sounds.

The three aspects of noise discussed earlier apply to speech privacy as
well—the source (talker), path (distance), and receiver (listener / unhappy
worker). Speech intelligibility is often described using the Articulation
Index (AI), which describes subjective speech intelligibility between a source
(talker) and receiver (listener). Al varies between 0 (complete privacy)
and 1 (no privacy). Al is inversely related to speech privacy—that is, low
intelligibility means high privacy. Speech privacy in open plan offices is
difficult to achieve because of the direct paths between occupants and raised
occupant noise levels that often occur. In spaces where clear communication
is crucial such as boardrooms and auditoriums, a high Al is desired. The
accompanying table lists Al values and corresponding intelligibility and
privacy descriptions for reference.

Articulation Index Summary

Articulation Index (Al) | Intelligibility Degree of Privacy
0.0 — 0.05 None Confidential

0.05 — 0.20 Poor Normal

0.20 — 0.30 Fair Marginal

0.30 — 0.70 Good Poor

0.70 — 1.0 Very Good None

Enclosed spaces typically have higher speech privacy than open spaces.
The path’s (walls, ceiling, doors, etc) ability to reduce noise transmission is
typically limited by cracks and holes as described earlier. The total speech
privacy between two enclosed spaces can be simply determined by adding
background noise (NC) in the receiving space and field-measured acoustic
separation (ASTC or NIC) between the two spaces.

Speech privacy between enclosed spaces illustrates the compromise
between maintaining a low background noise level and the noise isolation
required to achieve acceptable speech privacy. For example, conference
rooms typically require low background noise levels (NC-25/30) and high
speech privacy (SP 75+), which requires them to utilize higher noise isolation
assemblies (STC-55+).
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Sound Masking

One method of increasing speech privacy in open spaces is sound masking. It
typically consists of speakers that produce a masking noise spectrum placed
in the ceiling space. By raising the background noise level (NC), the speech
privacy is increased. It is important to point out that privacy is increased
over long distances (twenty feet or more), but not over short distances. That
is to say, your noisy neighbor will still be noisy even with sound masking.
Another common misperception is to use sound masking in private office
and conference room spaces. This is often not needed, since partitions
should be designed to provide sufficient noise isolation. A single individual
does not need speakers to increase privacy within an enclosed space since

the walls do this. In a conference room, sound masking can have a negative
effect by making it more difficult to understand individuals and interfering
with audiovisual equipment. If used, it’s worth discussing with the client and
acoustical consultant so that expectations are aligned with the realities of
sound masking.

Sound Absorption

Reverberation time indicates the amount of time for sound in a space to
decay by 60 dB. In laymen’s terms, it is the time needed for a sound to no
longer be audible and is best measured in quiet environments without active
mechanical equipment or other transient noise. Reverberation time is often
tied to a space’s intended function and often described at 500Hz. It is affected
by the size of a room and the amount of absorption in a room. For example,
learning spaces typically require shorter reverberation times (around 0.5
seconds) to allow for better speech intelligibility. Performance venues
meanwhile typically require longer reverberation times (around 1.5 seconds),
which result in spaces that sound richer and more full-bodied. One way to
impact a space’s reverberation time is by selecting surface treatments based
on their sound absorption performance. An easy rule to remember is that by
doubling the total amount of absorption in a room, the reverberation time is
cut in half.

A material’s ability to absorb noise is described in terms of its absorption
coefficient, or O.. A value of 0 indicates no absorption (complete reflection)
and a value of 1 indicates complete absorption (no reflection). These
coefficient values are typically determined using reverberation chambers
by comparing the sound decay with and without the absorptive material
in question. A common term used to describe a material’s absorption
performance is the noise reduction coefficient (NRC). The NRC is the
arithmetic average of the sound absorption coefficients at 250, 500, 1000,
and 2000Hz. This single number rating is rounded to the nearest multiple
of 0.05 and is limited to describing mid-frequency absorption performance.
Materials with NRC ratings above 0.5 are typically considered sound-
absorbing, while materials with NRC ratings below 0.2 are considered sound-
reflecting. The table lists NRC values for some common building materials
and natural elements.
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Material Absorption Summary

Material NRC Value Thickness
Water surface 0.00 n/a

Brick or concrete 0.00 — 0.05 n/a

Marble or glazed tile 0.05 n/a

Drywall or glass 0.05 — 0.15 0.57+

Wood paneling 0.10 1/4” + AS
Carpet 0.30 — 0.55 Heavy with pad
Thick curtain 0.60 Draped to half area
Wood with 3/16 perforations | 0.65 1/2” + AS
Fabric wrapped panel 0.75+ 17+

g:;f;rated metal (acoustic) 0.80+ oy

Snow (freshly fallen) 0.90 4” thick
::"i:erglass acoustic ceiling 0.95+ 174

It is worth mentioning that while acoustic ceiling tile (ACT) has a high
NRC value, this is because the noise passes through (transmitted) and is
captured in the space behind. An acoustic panel meanwhile can achieve
NRC values that are just as high, but it does not allow noise to pass through
because there is a solid outer casing as well. The important take away is that
sound absorption (NRC) and noise isolation (STC) are not the same thing.
Sound absorption is actually a combination of absorbed and transmitted
energy, which can be a bit misleading for conditions where a large portion
of the “absorption” is actually just transmitted energy. For example, an
open window has a sound absorption coefficient of 1.0 because none of
the noise is reflected back, but in reality the noise is all being transmitted
and not actually absorbed. Noise isolation meanwhile describes how much
sound is stopped. So it is common for many materials with high NRC values
(absorption) to have very low noise isolation (STC) values. This is why it is
best to use fiberglass ceiling tiles in open office spaces and mineral fiber tiles
in private offices especially when offices do not have full height walls. The
mineral fiber tiles reduce noise flanking through the plenum space because
of their higher CAC values. The fiberglass tiles meanwhile “absorb” more
noise and help improve speech privacy over longer distances in open office
environments.

Another common sound absorption rating system used in Europe is the
weighted sound absorption coefficient, Olw, measured in accordance with
EN ISO 11654. Absorption values vary between 0.00 and 1.00, but are only
expressed in increments of 0.05. This system uses fixed reference curves from
125 to 4,000Hz and is similar to NRC except that it assigns “classes” to each
absorption value range as listed in the following table.
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WSAC Rating Summary

A 0.90 — 1.00
B 0.80 — 0.85
C 0.60 — 0.75
D 0.30 — 0.55
E 0.15 — 0.25
Not classified 0.00 — 0.10

The advantages of single number absorption rating systems is that
materials can be quickly classified and compared with each other. The
shortcoming is that these systems only account for a limited frequency range
and do not allow for frequency-specific comparisons. As such, care should
be taken when using the above absorption ratings and acoustical consultants
should always be involved on more noise-sensitive projects.

General rules of thumb for achieving acceptable absorption can be
dangerous, since each space is different both in usage and geometry. Because
room absorption is directly impacted by surface area, an absorptive ceiling
(NRC =0.80+) can provide much needed sound absorption and reduce
reverberant noise levels by 10 dB. Walls are another good surface to treat,
though modern construction often results in one or more being glass.
Assuming it is thick enough, carpet can also provide sound absorption.
Besides the thickness issue, another limitation of carpet is its distance and
orientation from the occupants. Unless occupants are hiding under the table,
much of the sound absorption provided by carpet is limited by the typical
large conference room table, which is usually a hard, reflective surface.
Increasing a room’s size results in higher reverberation time and can increase
speech intelligibility issues. This is why large classrooms, for example, must
employ multiple absorptive surfaces to ensure that speech is not garbled by
elevated reverberation levels. Utilizing acoustic ceiling tile, thicker carpet,
and acoustic panels on at least two non-parallel wall surfaces are all methods
for achieving a suitable reverberation time. Open office sound absorption
is very straightforward: treat the entire ceiling with acoustic ceiling tile
having a minimum NRC of 0.80. Carpet and absorptive cubical walls help,
but remember the importance of maximizing absorptive surface area and
occupant orientation. For example, speech levels at the front of a speaking
person are around 10 dB louder than at their rear.
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QUIET ON A NEW YORK CITY ROOFTOP

Photo courtesy of Price Industries

In New York City, a custom acoustic enclosure for a rooftop dry cooler reduced operat-
ing noise, making for happy neighbors.

A New York City 34-story luxury mixed-use building took on a new ground floor commercial
tenant with energy demands that required extra capacity not originally envisioned when
the building was constructed in 1962. The aging rooftop equipment was replaced with

a higher output dry cooler, which also increased exterior noise levels and threatened to
impact surrounding residential tenants. The solution was a custom acoustic enclosure

that included intake and discharge silencer banks. Silencers, acoustic panels, and other
enclosure components were shipped to the project site and assembled. The integral

intake and discharge silencer banks were designed to preserve dry cooler performance.

To ensure adequate durability against the elements, bolt-together structural support for
the discharge silencer banks and roof panels were provided. Due to the inherent flexibility
of the STC-rated 4-inch-thick acoustic panels, the design team easily built a custom
enclosure specific to the unique needs of the project. Seamless corner panels were used
on all exterior vertical corners to minimize leakage, flashing, and installation complexity. All
nearby surrounding rooftop equipment was enclosed in the acoustic enclosure or carefully
built around to ensure sufficient clearance and access as required. Finally, an acoustic
access door was installed to satisfy maintenance requirements.

After completion of construction, the project team measured the resulting dry cooler

noise levels to confirm they were at or below the requirements outlined in the design
specifications. Rooftop dry cooler noise levels during full load conditions were reduced by
approximately 10 dB after the acoustic enclosure was installed. For reference, a decrease of
10 dB is typically perceived as being half as loud.

As a result, the dry cooler’s performance and accessibility were optimized, while its
operating noise was reduced. “The acoustic enclosure provided a realistic solution to a very
delicate and complicated situation. Not only were the building residents able to upgrade
the commercial spaces, they also enjoyed lower noise levels than before the project
began,” said Brendan McHeffey, project architect, Spector Group.
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ACOUSTICS AND LEED

The specifics seem to constantly change, but currently both school and
healthcare projects have several acoustical requirements and/or credits. LEED
2009 for Schools requires Minimum Acoustical Performance (IEQp3) based on
background noise levels (=45 dBA) and surface absorption in classrooms and
core learning spaces depending on room size (20,000 cubic feet is the cutoff).
LEED documentation recommends using acoustical ceiling tile to achieve
required sound absorption performance (NRC =0.70). Not surprisingly,
classrooms have many of the same issues as open offices discussed earlier. A
German study” found that 65 dBA is the average noise level in a classroom—a
threshold level for possible noise-induced heart-attacks. It can be argued

that this level of stress is totally unnecessary particularly when reducing
reverberation time in a classroom is a relatively simple and inexpensive fix.
Enhanced Acoustical Performance (IEQc9) is worth 1 point and requires both
lower background noise levels (<40 dBA) and minimum sound transmission
performance (=STC 35). For reference, these background noise and sound
transmission requirements are less stringent than what most acoustical
consultants and industry guidelines recommend.

LEED 2009 for Healthcare provides credits in the way of Acoustic
Environment (IEQc2) that is worth 1-2 points and encompasses sound
isolation, background noise, surface finish absorption, and exterior noise levels.
Again, many of these acoustic credits can be easily earned by simply achieving
industry accepted design criteria and good building design. A knowledgeable
acoustical consultant can help ensure the correct criteria are met.

In the past few years, post-occupancy evaluation research from the
Center for the Built Environment have identified acoustics as having the
lowest occupant satisfaction ratings in both green and non-green buildings.
Equally important is the fact that occupant satisfaction with acoustics actually
decreased with the move from non-green to green buildings. Other IEQ
metrics including lighting, office layout, and office furnishings were higher for
green-buildings. In other words, acoustics are the biggest occupant complaint
in green buildings. This should come as no surprise, since many of the methods
employed by LEED have the added effect of reducing speech privacy, noise
isolation, and/or sound absorption. For example, typical open office design
often results in complaints of reduced speech privacy between occupants.
Using large quantities of glass can increase natural light, but glass is also a very
acoustically reflective material and typically provides lower sound isolation
from outdoor noise. These are just a few examples of why LEED buildings are
often plagued by low occupant satisfaction when it comes to acoustics.

A HOLISTIC APPROACH TO NOISE PROBLEMS

Solutions to most “noise problems” typically require the holistic evaluation
of multiple paths with each requiring individual attention. By properly
addressing noise issues, offices are more productive, conference room
meetings are more effective, and hospital patients are more comfortable.
All of the design criteria and terms described above may not be directly
relevant for every job, but each should be considered. Doing so will
improve the end result, and provide more opportunity for project team
integration throughout the building process. Most importantly, clients will
be confident that all of their noise control concerns, not just the “usual
suspects,” are addressed prior to construction. It is important for architects
to play an active role especially in areas where there is no clear owner. In
many cases, this occurs at mechanical and air distribution equipment

“in” the occupied space, such as terminals and diffusers. While engineers
typically select the equipment, architects drive space planning and are
ultimately held accountable for proper noise levels (since they often hire the
acoustical consultant). Success is achieved when acoustics are prioritized.
Clear communication between project team members on the desired
acoustic environment and various available options lead to exceeding client
expectations.
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Acoustic louvers reduce noise transmission while satisfying air flow
and limited space requirements.

Noise and light flanking reduction using an air transfer silencer

QUIZ—FOR REFERENCE ONLY
1. What acoustical characteristic is often the first noticed when walking
into a room?
a. Speech privacy
b. Background noise
c. Sound transmission class
d. Ceiling attenuation class

2. Which of the following is not one of the three main noise aspects?
a. Source

b. Path

c. Echo

d. Receiver

3. Idealized lab-rated noise isolation performance is typically described using:
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a. STC.
b. dBA.
c. ASTC.
d. NC.

4. These are often used as noise barriers outside or to surround noisy
equipment such as generators.

a. Louvers

b. Acoustic panels

c. Air transfer silencers

d. Duct silencers

5. These are space-efficient noise control products that provide reasonable
lab-rated noise attenuation while allowing for air flow often between
indoor and outdoor spaces:

a. Acoustic louvers

b. Acoustic panels

c. Duct silencers

d. Sound masking systems

6. A general rule is to not place mechanical equipment adjacent to occupied
space especially when noise levels of NC-40 and below are required.

a. True

b. False

7. A major complaint with green buildings compared to non-green
buildings is:

a. lighting.

b. office layout.

c. noise.

d. office furnishings.

8. Methods for optimizing a wall’s acoustic performance include:

a. staggering electrical outlets and switches so they are not in the same
stud space.

b. using a single layer of drywall on each side of the stud.

c. sealing all joints and penetrations with non-hardening caulk.

d.Bothaandc

9. Speech privacy is increased:

a. over long distances.

b. over short distances.

c. in rooms with significant glass.
d. in rooms with hardwood floors.

10. Increasing a room’s size results in:
a. lower reverberation time.

b. higher reverberation time.

c. lower sound transmission class.

d. higher sound absorption.

ANSWER KEY:
1.b
2.c
3.a
4.b
5.a
6.a
7.c
8.d
9.a
10.b






