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Noise Mitigation for Residential Sites Near Transit

by Ethan Casavant
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The Hub on Causeway Boston, Mass. Acentech was brought on at the start of the design process to provide advice and
recomendations on a variety of noise and vibration issues at the 1,500,000 SF residential and mixed-use Hub on
Causeway development in Boston, including sound isolation from both under- and above-ground transportation

systems, and isolation from the adjoining TD Garden arena.

Architect: Gensler. Photo courtesy of Bret Osswald Photography.
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When evaluating the prospective location for a multi-family residential project, there are many factors
that should be considered. Chief among them is a factor that is often overlooked: potentially intrusive ex-
isting noise sources around the building site. Here in the greater Boston area, Acentech has consulted on
several residential projects along major transit lines. Noise from the Mass Pike and other highways, the
commuter and light rail system, and Bostons Logan Airport bombard building fagades with high levels
of noise. Special consideration is needed to ensure that noise from these modes of transit is addressed ap-
propriately. And while it’s true that robust facade constructions on residential buildings near high-trafhc
areas are often imperative for the comfort of residents, they can also result in significant additional costs
to the project if overdesigned.

With any residential project site near road, rail, or airport noise sources, the construction of the building
envelope is especially crucial to the design process. From an acoustic standpoint, the window construc-
tion is most critical in achieving the desired overall sound isolation performance of the envelope, since
windows typically have lower sound isolation ratings than standard exterior walls. In many cases, a typi-
cal 1-inch insulated glazing unit is not sufficient to attenuate exterior transit noise to an acceptable level.
Varying the thickness or number of the lites, upgrading to laminated glass, or increasing the airspace
between lites all impact the overall sound isolation capabilities of the window assembly. Modifications to
one or more of these elements of the window are often necessary to attenuate transit noise. On one hand,
specifying windows that do not provide the necessary level of sound isolation may result in disturbed and
angry residents; on the other hand, installing a window with an excessively high sound isolation rating
has diminishing returns, and can add unnecessary expense to the project.

Evaluation Process and Establishing Noise Goals

Before any decisions can be made regarding the building envelope, an evaluation of the project site
should occur. Acentech’s process for evaluating environmental noise at a project site typically involves
deploying long-term sound level meters at critical locations near the planned future facade. These meters
collect noise data over the course of several days and nights, both during the week and weekend. We use
this data to quantify the potential impact from steady-state and transient noise sources, each of which
needs to be addressed to satisty different noise goals.

Steady-state noise comprises the consistent noise levels that occur for extended periods of time during a
certain time window, such as HVAC noise or consistent vehicle traffic along a highway. By performing a
weighted average of noise data collected over the course of a 24-hour period, a Day-Night sound level, or
DNL, can be calculated to describe the consistent noise level of a site in a single number. In our experi-
ence, we have encountered calculated DNL as high as 81 dBA for residential projects, which translates to
about the noise level of a blender or garbage disposal.

Table 1 in Chapter 48 of the American Society of Heating, Refrigerating, and Air-Conditioning Engi-
neers (ASHRAE) handbook establishes recommended interior noise levels for HVAC related background
sound for several project types. As outlined in this table (shown below), a typical background noise goal
for residential living spaces is 35 dBA, and 40 dBA for bathrooms, kitchens, and other supplementary
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spaces.1 Designing a building facade such that intrusive noise from traffic is at or below these levels results
in steady-state traffic blending in with the background. While the noise goals established by ASHRAE are
widely accepted for most residential projects, some specific projects may have other noise goals. One such
example is residential projects that pursue funding from the Department of Housing and Urban Develop-
ment (HUD), which requires that interior noise levels do not exceed 45 dBA DNL.?

Transient noise sources are shorter and typically louder than steady-state noise; when present, they can of-
ten control the sound isolation requirements of the fagcade. These events are a major concern near railways,
since noise from train horns or bells often exceed steady-state background noise. We have encountered
residential projects that experience peak noise levels as high as 110 dBA from transient events.

The Lucas Boston, Mass. Acentech provided acoustics and noise control for The Lucas (a former church) in Boston,
designed by Finegold Alexander. Proper sound isolation techniques were vital to ensuring the effectiveness of these
glass walls against noise from a nearby highway.

Architect: Finegold Alexander Architects. Photo courtesy of Raj Das Photography.

Building Enclosure May 19, 2023



Tiable I Design Guidelines for HVAC-Related Background Sound in Rooms

Octave Band Analyils®  Approximate Overall Sound Pressure Level*

Rosm Types NC/RC® dRA® dBC
Rooms with Intrusioa from  Traific solse N/A 45 k)
Cutdoce Nolse Sourees®  Aircraft flyovers NA 45 0
Ruucm?, Apartments, Lising areas 30 38 &
oms Bath , kitchens, utility rooms 35 40 0
Hotelsihotels Individeal rooms or suites 10 35 &0
Mectingbanquet rooms 30 35 0
Comidars and lobbies 40 45 65
Servicafupport hreas A0 45 3]
Office Buildings Executive and private offices 30 35 &0
Coaference rooms 30 35 &0
Telecomference rooms 25 0 55
Openeglan offices 40 43 65
Comidocs and lobbist 40 45 &5
Cortrooms Unamplified speech 30 s 50
Amplified speech kil 40 60
Perfonning Arts Spaces Drama theaters, concert and recital kalls 20 25 50
Music teaching stsdios 25 10 55
Music practics pooms 30 15 &0
Hospitels and Clinbes Patient roomd £l 35 &
Wards 35 40 &0
Ogperating and procedure rooms 15 40 &0
Corridors and [obbies 40 45 65
Laborateries Taijting/research with misimal speech i 35 15

commmunication
Exteasive phone use and speech communication 45 £ 0
Growg teaching is 40 &0
Churches, Mosques, Genenl assembly with critical musie programy® 25 10 33
Synagogues

Schools’ Classrooms 30 35 &0
Large lestute romms with speech amplification 30 i3 &0
lLarge locture rooms without speach amplification 5 30 85
Librarica 10 is &0
Indoar Sudinms G fums and satatorinmss 45 50 10
Gymoasiums Large-seating-capacity spaces with gpeech 50 35 75

amplifications

NUA = Net spgiicable

Walues sad renged sre bated on [sdgmnest iind expecimoe, aod repreent proarad Uinits of
sagepuabiliny for typoal bailding cccw,

WRC: thin muttrha plots ectave band sound fevels againat a funily of refirence canves, with the
s=nber rating eqaal to the highew tingent lins value,

RC: whem powed qualicy b the space is importast, the RC metric peovides o' diagnastic tel
to quastify both the speech imterforonce level asd spectral bebalpnce:

CABA wnd (BC: these e overall soand pressure

lag,m!mtugwdrt!ntuﬁ!’ﬂaml snglo-maeber messmement They we ilso
foe

Ipprogriate
dedig,

in casss whers no octive band sowsd duty we svpdshle fop

“Iarusive polis Ly addrrssed hroe for e (n evadiating possible nond{YAC noise that iy
Tieely 1o contritute to background nojes levels

“An experienced atountinal conslimt thould be retined for giddends oo noesti-
cally mﬂﬁl MMW RC 30) ke for a3l performing asti spacod.
Some Tigwe Ot FIVAC-relatod sosnd criterda for schocls, ng
listed mmmmmefui:m w40 high and impeds eamming fow
wffected cromps of all agen. Soe ANSYASA Ssndard S12.40 (ASA 2009, 2000) fox
clanroess scoastics and & justification for bower sound criteris in schools. The
WACWdezmmwwmmmldﬁu
wandand if HVAC-telatod back d potd T apczon NCRC 235, Witkia
hix eateaney. degions for K- smm&um&gmmmmu
and colleges.

RO or NCeritweris foy these ipaces nend only be selectad foc the desired spech and
Tearing vonditions,

However, designing a window assembly to attenuate transient noises to 35-40 dBA is often very challenging
without the use of potentially complex window assemblies, and runs the risk of expensive over-design. In
these cases where transient noise sources are well above the steady-state metrics, a slightly elevated noise
goal for transient events is a more reasonable target. Studies conducted by the World Health Organization
(WHO)3 in 1999 and 2009 suggest that intrusive noise levels as low as 42-45 dBA can cause residents to
wake up earlier than intended. As such, an alternate noise goal of 45 dBA is often used for intrusive tran-
sient noise events, depending on the type, frequency, and time of day the event occurs, as well as the sensi-
tivity of the project. This is generally in agreement with the ASHRAE table referenced above. In some cases,
pursuing an interior noise goal of 50 dBA from transient sources is more reasonable.

Project Example

One example of a project where both steady-state and transient events were a factor is a residential building
in Chelsea, MA, located near several transit noise sources. Route 1, a major highway, passes on an elevated
roadway less than 200 feet away, and the Silver Line bus route passes directly adjacent to the site. Also adja-
cent to the site is the commuter rail, where trains must use their horn less than 50 feet from the project site.
Since this project was pursuing HUD funding, interior steady-state noise levels could be no higher than

45 dBA DNL, and a 50 dBA noise goal for transient sources was established. The project site experienced
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very high steady-state and transient noise levels, resulting in the need for 40 dB of attenuation in order to
achieve the required 45 dBA DNL, and 50 dB of attenuation was required to decrease transient noise to the
50 dBA goal.

In order to achieve 50 dB of attenuation, a window with an exterior insulating glass unit and an interior
storm window with an airspace of 4 inches was required. While this window construction was necessary
to address noise from transient events, many areas of the building were not exposed to these noise sources.
Consequently, installing such a robust window in all locations of the project was not acoustically necessary.
Specifying a more moderate triple glazed unit achieved the steady-state noise requirement for less severe-
ly-impacted locations on the project, and resulted in significant cost savings potential.

Auralizations

While there are several numerical metrics used to quantify the sound isolation performance of various
assemblies, it is often challenging to translate these numbers into average subjective experience. When
determining the impact of different window types beyond achieving specified project DNL goals, acoustic
simulations, otherwise known as auralizations, can be helpful for translating these numerical metrics or
noise spectra into a more tangible experience.

Using measured data from the project site and recorded traffic noise samples, we can program, playback,
and manipulate in real time samples of how intrusive noise would sound to an average listener and provide
auditory examples of how each window or adjustment to the building envelope could impact the result-

ing interior noise environment. These models are very helpful for architects, owners, and others involved
with the project to hear and make informed decisions regarding critical acoustical design elements. As
opposed to relying solely on numerical estimates of predicted intrusive noise, participants can experience
and decide for themselves what level of noise is acceptable and appropriate for the environment they aim to
Create.

While auralizations are helpful to understand how the rumble of steady state noise may sound inside a
residence, simulating intrusive noise from transient factors can be just as impactful. Train passbys com-
bine the steady state noise of a large engine and the cars passing on often rough tracks with short and loud
sounds of the train horn. Similarly, the roar of jet engines flying to or from Logan Airport can be difficult
to describe in numbers alone. Without the right considerations, both these events can have a significant
impact on the residents. While predicted interior noise spectra or overall noise levels are informative, mod-
eling the relevant events with different window assembly options provides a more accessible understanding
of the difference between the constructions, and acts as a useful point of reference for those making these
critical building design decisions.

Conclusion

Transit systems can have a significant impact on many project types. Gathering the necessary information
regarding these impacts can be invaluable towards making informed decisions. Accordingly, we recom-
mend that developers and design teams consider the following:
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« Thoroughly evaluate steady-state and transient noise events on the project site, to understand what
sources will be impacting the future building.

o Identify the appropriate interior noise goals, to establish the sound isolation requirements of the
building facade.

o And finally, consider pursuing an auralization to inform final decisions regarding window construc-
tion and other acoustic factors. Hearing the difference and making an informed decision can help to
prevent future complaints, as well as saving construction costs.

While it’s true there are no ‘one size fits all’ solutions to noise sources near residential or commercial
developments, there are general recommendations (such as those listed above) that can help reduce
unwanted noise and make spaces more enjoyable for occupants. If you are a developer or part of a design
team, consider hiring an acoustical consultant or noise control engineer early in the planning stage. Not
only will you understand your site constraints more fully, you may even avoid over-designing your facade
and save on construction costs down the road.

Transit systems can have a significant impact on many project types. Gathering the necessary information
regarding these impacts can be invaluable towards making informed decisions. Accordingly, we recom-
mend that developers and design teams consider the following:
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