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This study consists of three reports which treat the subject of noise
within the context of urbhan pedestrian areas. The main concern of the study
is noise mitlgation, although its contents cover a wide range of topics related
to noise in the urban environment. The first report provides a description of
existing noise mitigation techniques which have application to pedestrian
improvement areas., The second report summarizes the actual application of
noise mitigation techniques to pedestrian areas based on the results of a
questionnalre sent to pedestrian projects throughout the country. The second
report alsc includes the formulation of noise abatement criteria for the design
of Broadway Plaza, a proposed pedestrian project in New York City, The third
report analyzes actual noise levels and attitudes by pedestrians toward noise
in several public plazas in New York City based on actual noise monitoring and
attitudinal surveys conducted in the plazas.

The first report, "Noise Mitigation Techniques for Pedestrian Areas:
State-of-the Art," 1s intended to serve local governments as a planning guide
to noise mitigation techniques appropriate to padestrian improvements. Although
extensive research has been done on noise mitigation and on pedestrian areas,
little analysis has been done treating the two subjects together. BAs a
consequence, the noise mitigation techniques which have potential for applicatic
in pedestrian areas have been drawn from a variety of other applicatiens,

Noise in urban areas is varied and comes from many sources simultaneously
However, noise can be cateqorized according to the three parts of its journey
as a sound wave, viz., (1} at its source; (2) along its path, and (3) at the
point whare‘ it is heard or "received." Noise mitigation techniques for
pedestrian areas, which are examined in this first report of this study, cun
be similarly grouped into these three headings. A fourth category has been
added to include those measures which do not attempt to directly control

noise through physical means but rather through instituticnal or regqulatory

measures,
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These four categories are further divided according to application of
each type of noise mitigation technique. For example, noise mitigation tech-
nigues applicable to source noise include: mandating or selecting quiet equip-
mant; medifying an existing source of noise; enclosing the source; noise manage-
ment procedures for source nolse; site design for source neise, and development
of alternative noise sources. The subject of noise mitigation techniques along
the path of noise transmission is discussed under the headings of: shielding
and buffering. Mitigation techniques applicable to noise at the point where it
is heard or received are best understood by the term "isolation". Finally,
inatitutional mathods of noise mitigation are presented under two general head-
ings: 1. funding and 2. public awareness campaigns. The classifications of

mitigation technigues used here is not intended to establish a strict frame-

‘work for urban noise, which is not susceptible in all cases to such neat cate-

gorization. Rather, it is one way in which noise can be understood so that

appropriate mitigation techniques can be more easily identified.

The second report, "The Application of Noise Mitigation Techniques
in Pedestrian Areas," goes beyond the conceptual treatment of noise as presented
in the first raport to an understanding of the environment of the pedestrian
aréa. The concern of this report is to determine how noise has actually been
treated in the planning, design and/or operation of pedestrian areas which have
been or arabeing constructed in the United States., A questionnaire was pre-
pared and sent to eighteen malls throughout tha country under the aegis of the
United States Conference of Mayors. Sixteen malls answered the gquestionnalre and
an analysis of the regults is included here. The analysils showed that nearby
surface transportation vehicles are the major contributors to the noise levels in
and around pedestrian areas. Another major source of noise is construction
equipment. Efforts to mitigate the nolse from these sources include rerouting

vehicles away from the padestrian area,the use of masking noise to prevent
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upwanted sound intrusion, retrofitting huses and construction equipment, the
use of temporary enclegures around construction equipment, limiting the hours
during which construction is permitted and purchasing quieter construction
equipment.

Very little was done by the malls surveyved to use design elements as
sound attenuators. Only a few malls monitored the noise before the mall was
huilt and only onc monitored noise after construction was completed. On the
whole, the use of noise mitigation techniques appeared not to have been of
eritical concern to the surveyed malls. A notable exception was the Portland
Mall, which was selected for analysis as a case study because of its various
efforts to mitigate noise through design as well as through operational and
engineering means, 'The case study on the Portland Mall included in this
report reveals that the major contributor to noise levels on the Portland Mall
ig the diesel bus. The City of Portland has undertaken a bus retrofit program
in an effort to guiet bus noise.

The last part of this report formulates noise abatement criteria for
Broadway Plaza, a proposed pedestrian project in New York City. The schematic
design of the project was analyzed and suggestions were made for possible noise
mitigation measures. Operational procedures for vehicular traffic were also
recommended for the purpose of controlling noise. The recommendations will be
evaluated in terms of their feasibility for implementation in the project in
light of the project's objectives and such factors as cost,

The main focus of the third report, "An Evaluation of Noise and Urban
Spaces," was to determine if certain design elements commﬁnly found in public
spaces have any effect on the reduction of noise. To accomplish this, several
public plazas in New York City were monitored for noise. Based on this study,
several factors appear to have some effect on the reduction of noiqe levels,
viz., changes in site elevation, distance from the noise scurce and walls

positioned between the source and reciplent of noise.
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Such elements as benches, statues, trees, shrubbery and other vegetation have
little effect on the attenuation of noise. Furthermore, tall buildings around
the pedestrian area cause sound to reverberate and noise is unable to dissipate
in that type of enviromment. Based on these findings, a nomegraph and calculation
methodelogy were developed to assist designers and planners in projecting noise
levels and speech interference levals for pedestrian projects. In addition, a
methodology was developed based on traffic and design factors as a means for
projecting noise levels for individual pedestrian projects. This methodoloegy
will provide project planners and designers with a better understanding of the
results of various operational and design factors on potential nolse propagation
and, consequently, on the relative guiet of the proposed space.

This report also considers the sensitlvity and awareness of noise by the
people using pedestrian spaces. A survey was developed to determine how
pedestrians perceive noise in a public outdoor space in relation to their use of
that space and compared with other environmental problems., The attitudinal
survey indicated that the majority (63 percent) of plaza users were either not
botlhared or only somewhat bothered by plaza nolge. When asked which plaza
design element would hest reduce noise, 34 percent of those daytime users
surveyed selected trees. In reality, the most effective means for mitigating
noise in an outdoor plaza is a wall which, if placed betwsen a nolse source
and a nolse recipient, can serve as a barrlier. However, only 13 percent of
daytime users favored using walls as a design element., The surveys also showed
that most people interviewed visited the space between three and five times a
week, with most of the visits ocourring during lunch hours, The activity
enjoyed by many was "pecple watching." Most tended to stay between 15 and 30
minutes and many expressed a desire for more landscaping, in the form of trees

and waterfalls, in these public spaces.
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This study introduces the subject of noise in the urban environment and
the range of noise mitigation posgibilities suitable for public pedestrian
spaces. The intent of the study is twofold: to serve as an introduction to
the subject of noise and urban pedestrian areas as well as an impetus for

continued exploration.
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1.0 INTRODUCTION

The information compiled in this report is being done to aid in under-
standing which noise mitigation techniques are appropriate in the planning,
design, construction and operation of pedestrian-related projects. Noise can
be categorized according to the three parts of its journey as a sound wave,
viz., (1) at the sourcer (2) along the path, and (3) at the point where it is
heard or "received." Noise mitigation technigues for pedestrian areas, which
shall be examined here, can be similarly grouped into these three headings.

A fourth category has been added to include those measures which do not attempt
to directly control noise through physical means but rather through institutiocnal
or regulatory means.

Although the subjects of noise mitigation and pedestrian areas are not
new concepts, there is little data that treat the two of them together.
Consequently, the techniques discussed below have been drawn from a variety of
applications but have potential for application to pedestrian areas.

Within the first three major categories of noise control, similar tech—
nigques of noise mitigation have been grouped together. Where appropriate, existing
applications of the technique are included.

Chapter 2.0, which examines "Mitigation Techniques at the Source of
Noise," Includes six generic techniques appropriate to pedestrian areas. They
are: (1) mandating or selecting gulet equipment; (2} modifying an existing
source of nolse; (3) enclosing the source of noise; (4) noise management pro-
cedures for source noisey (5) site design for source noise; (6) development of
alternative noise sources.

Chapter 3,0, "Mitigation Techniques Along the Path of Noise Transmission,"
includes two generic techniques: (1) shielding, and (2) buffering,

Chapter 4.0, which discusses "Mitigation Techniques at the Receiver End
of Noiag," explores the technique of isolation.

Chapter 5.0, "Instituticnal Methods of Noise Control," incorporates

mitigation measures which do not attewpt to control noise through strictly

physical means.
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2.0 MITIGATION TECHNIQUES AT THE SOCURCE OF NOISE

All noise originates from a source; in urban areas it emanates from
many sources at once. In these areas, pinpointing exact sources of certain
noises may become gquite involved, given the number of nolses that are heard
simultaneously from different sources (e.g., bus, truck, aute) and even from
the same sourcé {e.g., bus exhaust, bus transmission, bus tires).

It is also important to realize that each type of noise may have its
own peculiarities. Low frequency noise may pose different problems for noise
contxol than high frequency noise. Impact noise associated with a loud sound
of short duration is not the same as ambient or background noise level, which
is a continuous type of noise ranging acreoss a broad band spectrum.

There are several generic techniqﬁes to control noise at its source.
They are (1) mandating or selecting quiet equipment; (2) modifying an existing
source of noise; (3) enclosing the source; {4) noise management procedures for
source noise; {(5) site design for source noise; and (6) development of
alternative noise sources.

2.1 Mandating or Selecting Quiet Equipment

An cobviocus way to mitigate noise levels is to purchase the gulietest
model possible of the equipment needed for the pedestrian area.

The U. S. Environmental Protection Agency (USEPA) has instituted a
program to regulate the permissible noise levels emanating from certain new
products which that agency considers major contributors to noise, Manufacturers
of these products must meet the noise level regulation in order to market their
goods., Some affected product lines are: portable air compressors, medium and
heavy trucks, and pavement breakers. Future candidates for noise control are:
autos and air conditioning units. A complementary part of this regulatory
program is the. requirement that all Federal government agencies purchase the

quietest model of eguipment which is available and suitahle for their use.
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Several cities are undertaking a similar approach. For example, the
Ccity of Portland i# in the process of purchasing quleter buses to help de-
crease the noise levels along the length of their mall. However, since speci-
fic noise levels are not indicated on the purchase specification, it is not
known how they will compare with current bus models in service use, This ef-
fort is independent of a bus retrofit program which is discussed in Chapter
II.

Similar strategies involving product selection can be employed for
pedestrian improvement areas. Land owners whose properties abut a pedestrian
mall may voluntarily agree to install the quietest possible equipment needed
for the safe and efflcient operation of theilr buildings or machinery. An-
other possibility is that a mall assecciation or operator may institute a maxi-
mum decibel limit for noise from participating or abutting properties. This
could present difficulties 1f noise emitted from unregulated sources, e.g.,
passing vehicles, is greater than the established limit. A third illustration
of this technique is the voluntary purchase by the mall association of equip-
ment needed to maintain and operate the mall.

2.2 Modifying an Existing Source of Noise

If it is imposaible to acquire quiet models of equipment, modifying
that equipment to reduce its noise may be possible. This technique involves
physically altering the source itself. This technique is best illustrated in
the efforts made to control noise from subways, vehicles and construction and
building equipment.

The program for subway equipment modification, instituted by the New
York City Transit Authority, aims to reduce noise in the transit system by
10 dBA within ten years through modifications to the rails, braking system
and wheels of existing equipment.

Subway noise, audible through sidewalk ventilation chambers, can be
significantly intrusive in pedestrian areas. The ventilation chambers may be

I-3



prime candidates for the application of noise mitigation techniques, Appro-
priate techniques related to subway ventilation chambers will be discussed
below in the section related to path noise. As is the case with all of these
technigues, it should be menticned early that the expense associated with
their application may make such efforts feasible for only those pedestriar
sites where the area impacted by the nolse is significant enough for the
technique to be cost-effective.
Various efforts are underway to modify vehicular noise. The Washington
Metropolitan Area Transit Authority, in conjunction with the U.S. Department
of Transportation (POT) sponsored a project to reduce the noise emanating from
! its bus fleet. The project demonstrated the need to work on modifications to
the engine, exhaust, intake and cooling systems of the coaches to reduce noise.
In addition, DOT has established a TRANSBUS program with the objective of de-
slgning a state-of-the-art transit coach. Part of the total project is the
attainment of an exterlor noise level in the 75 decibel (dBA) range. Another
part of the qulet bus program instituted by the City of Portland has been to
modify the bus engine compartments of its existing fleet and to install retro-
fit noise reduction packages, which consist of turbocharging the engine, new
mufflers, rescnators, revised tail pipes and engine compartment absorption.
Noise emanating from construction and building machinery contribute to
the increase in cutdoor noise levels. The retrofit of such equipment with such
sound attenuators as mufflers, silencers and filters would help to modify the
source noise contributed by that equipment to reduce its effect on pedestrian
areas and on adjacent facilities, Proper handling and maintenance of the equip-
ment prevents parts from wearing out and avoids the situation of raising noise
levels unnecessarily. The institution of a program that regularly inspects
i and maintanins the working order of such equipment is a step in this direction.

[ 2.3 Enclosing the Source of Nolse

‘ If the selection or modification of source noise is impossible, another

I-4
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tachnigque invelves enclosing the nolse source to keep the noise from escaping
into the surrounding environment., Enclosures are sound insulating structures
designed for the total containment or exclusion of a sound ficld.

Many types of sound resistant enclosures are manufactured to conform
to a wlide variety of shapes and sizes. A most popular methed of enclosure
material uses sheet steel for the external insulation surfacse. This is nor-
mally lined with approximately 2 inches of non-flammable absorbent material.
Such material can be made for a variety of uses as acoustic screens, partial
enclosures, heods or even large weather-resistant buildings. The rule con-
cerming enclosures is that no apertures should exist that will permit sound
leakage.

The most logical conseguence of this technique for pedestrian mall
areas is to encase any noise source on or adjacent to the slte for the purpose
of iphibiting its sound field from escaping into the surrounding environment.
Noise from machinery located on buildings adjacent to the pedestrian mall may
be prime candidates for such a technigue. Alse, covering the loading bays of
delivery trucks is another application of such a technique.

2.4 Noise Management Procedures for Source Noise

When the techniques discussed above are considered impractical and the
noise level still persists, operational controle may help to remedy the situa-
tion. HNoise management procedures may not actually eliminate the measurable
sound, but could help to prohibit, schedule and/or redirect noise from sensi-
tive areas, including the pedestrian area and, perhaps, adjacent facilities
or buildings.

An example of outright prohibition exists in many municipal noise or-
dinances, A case in point is the prohibition of noise in the astablishment
of a hospital zone or school zone. The creation of auto restricted zones with

a complete prohibition of vehicles can be an effective measure in reducing

" noisa levels in pedestrian areas.
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Limiting or scheduling noise to certain hours is an example of the time-
of-day management technigue. As an example, many airports do not permit
takeoffs and landings during nighttime hours when the possibility of inter-
ference with the sleep of the affected populace exists. In the case of
pedestrian areas, a parallel example can be made by limiting the time when
nolse-producing sources, such as delivery trucks, are allowed in or near
pedestrian areas, Another possibility is to limit construction activity, which
is a major irritant to nearby people, to certain times of the day. The times
of permissible noise activity may be able to coinclde with periods of user
inactivity., Thus, truck deliveries to the pedestrian sites could be limited
to nighttime or early morning hours, Likewise, maintenance equipment could
also be scheduled for use at times when the pedestrian area is least populated.

Management procedures may be used to direct noise away from sensitive
areas. For instance, the Federal Aviation Administration (FAR) has instituted
flight procedures for aircraft takeoffs and landings in some areas, Takeoff
and approach paths are planned to take advantage of the least sensitive areas
around some airports. A similar strategy can be utilized for pedestrian areas.
The rerouting of traffic around sensitive areas may reduce noise levels there.
In addition, traffic management p;:ocedures can be instituted to control traffic
flow, speed and turning movements. Realizing that acceleration and brai;ing
activity can cause increased levals of nolse, the use of siénalization and
other traffic aids can help to prevent excess vehicle starting and stopping,
illegal or hazardous turns causing sudden braking, congesticn and driver
frustration which results in the use of horns.

Another dimension to nolse management is instituting brocadures for user
operations. Considerate use of nolse-producing eguipment by its operators
can alleviate much noise. A case in puinf. is the FAA's strategy with respect to

alrcraft operation. FAA has advocated such measures as reduced thrust settings
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neax the ground and the use of minimum certified flaps te reduce aerodynamic
dray in an effort to decrease noise levels through user controls, While this
approach may prove diffucult to implement for the myriad of ussrs of a pedes-
trian area, visyal reminders in the form of signs or traffic contrel devices,
such as'signalization, may be indirectly effective in controlling the operation
of noise sources by thelr users. A more direct approach is to institute train-
ing programs that instruct operators of nolsy equipment in ways to use their
equipment more quietly (e.g,, bus driver tralning programs).

2.5 Site Design for Source Noise

If noise control is considered early encugh in a preject, site plan-
ning and design can be instrumental in reducing noise. The placement of noise
sources and selection of the materials used for slte copstruction and design
can help to reduce noise levels.

In designing a pedestrian area, consideration should be given to those
parts of the site where pedestrian activity will take place as well as to ad-
jacent land uses which could be sensitive to noise emanating from the mall it-
gelf. In this way, sources of noise can be placed far enough away from these
activity nodes or sensitive areas as possible.

In another vein, the type of materials used for the constructdon of the
site is important. An example of this is road surfacing. The roughness of the
roadway adjacent to a pedestrian area may raise the noise level due to tire-road-
way £riction. The United States Environmental Protection Agency and the Federal
Highway Administration are currently studying this problem. Secondly, a wet
roadway surface can raise the noise level, With this in mind, roadway surfaces
may be designed to produce faster runoff and to be made of material that dries
more quickly. Within the pedestrian mall itself, conaider#tion can be given
to the materials used for building facades and the mall's pavement, For example,
concrete reflects sound resulting in the reverberation of sound waves and the

further propagation of the noise, Orienting facades of such hard material to
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reflect sound away from noise sensitive areas or treating them with sound ab-
sorbent materials may be successful applications of this approach.

The use of vegetation can have a positive psychological effect on the
ugers of pedestrian areas by way of creating the effect of a sarene ambience
or by vigsually shielding actual noise sources. It has been demonstrated that
sound measurements taken in front of and behind a hedge row results in a 4if-
ference of approximately one decibel, Since thé human ear can only detect dif-
ferences in the sound pressure level of 3~5 decibels, it can be seen that mod-
erate amounts of vegetation per se do not attenuate noise to any noticeable ex-
tent. However, creative use of vegetation materials can create a feeling of a
quieter area and contribute to the perception of a more pleasant surrounding.

2.6 Development of Alternative Nolse Sources

Creating another sound that masks the undesirable noise is a technique
to drown out unwanted nolse sources. This technigue, however, should never be
used to drown out noise which may be hazardous to a person's hearing. Sounds
are masked only by rival sounds that are quite near them in pitch, Effective
masking, therafore, requires a broad band source of masking noise if the situa-
tion requires predicting tha frequency range in advance or dealing with broad
band interference. Therefore, the criteria for producing a masking ncise ara:
(a) to create a steady sound of a low intensity with a wide band frequency dis-
tribution void of any pure tones, (b) to produce an omnidirsctional scurce, and
(e} to provide the masking nolse with the ability to override intruding noise
without becoming annocying itself,

Masking nolse has taken the form of fountains, artificial waterfalls,
and piped-in music. Of these, the most effective seems to be the waterfall,
whare the natural splashing sound is of sufficient intensity to mask less agree-
able neoise. The introduction of masking noise in pedestrian areas is possible
in the form of artifical waterfalls in certain areas, The masking noise could

be effective in its immediate surrounding environs, wheras gitting, eating or
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reading activities may be deslred. The effect of the masking hulse will be
lost, however, the further a user of the pedestrian area travels away from ilc.
Some piped-in music for certain activities such as outdoor cafes may prove

successful as a masking noise depending upon the sound intensity of rival noises.
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3.0 MITIGATION TECHNIQUES ALONG THE PATH OF NOISE TRANSMISSION

An airborne sound field, once established, travels through a medium
{e.g., alr, water}, before reaching a receiver of that sound. The sound is
sald to travel along a path. 1In the case of pedestrian areas, the medium is
air. Sound waves, once introduced into the air, can be refracted, diffracted,
reflected, diffused or dissipated. Of these, diffraction and dissipation are
most suaceptible to noise mitigation for pedestrian improvement areas through
the techniques of shielding and buffering. The principle of sound diffraction
will be discussed in the context of the technique of "shielding"; the principle
of sound dissipation in conjunction with the technique of "buffering."

3.1 Shielding

Diffraction occurs when the sound waves become bent around a solid
object or barrier., Once emitted from a source the sound waves travel until
they strike the barrier. Depending on the height, size and composition of the
barrier, part of the sound wave hits the barrier and a path loss occurs. The
other part of the wave becomes bhent ag it moves over the barrier, thereby
suffering a path loss as well. The effect of this path loss is a reduction of
the decibel level.

The composition, configuration and placement of shields or barriera
determine their effectiveness, The greater the diffraction of the sound waves,
the more effective the barrier becomes. Barriers can either be natural or
artificial. Artificial barriers have been placed adjacent to highways in some
areas to block noise emanating from highway traffic. In some areas, buildings
housing daytime activities, such as office buildings, have been placed between
heavy traffic arteries and residential dwellings to prevent noise from intruding
on the residential areas at night. Natural barriers, such as berms and hills,

hava alsc been used affectively to hlock sound in highway designs.
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Screening has been substituted in some cases for barriers. However,
iightwaiqht material is not an effective substitute for a barrier structure,
Conventional harriers consist of three construction elements - a foundation,

a supporting structure and sound absorbing material. Construction of sound
absorbing barriers requires material which is capable of absorbing penetrating
sound energy and transforming that sound energy into heat. Stone wool panels,
for instance, 50mm in thickness with a density of 100Kg/m , have proven
effective against road traffic noise. A sound reflecting wall is erected as
part of the barrier behind the absorbing material so double penetration is
possible as the sound wave first penetrates the material then reflects back
through it. An intermediate air gap is provided betwean the absorbing elements
and the reflecting backwall to improve performance. An effective barrier can
reduce noise levels by 5~15 dBh.

Barriers, ideally, should not have apertures along their lengths which
permit noise seepage. While they have proven effective when placed alongside
highways, the use of such continuous structures along reoads adjacent to busy
pedestrian areas probably is, in most cases, impractical. However, other
objects may be used in similar fashion as harriers in pedestrian areas, although
their effectiveness will not be as significant. For instance, the placement of
bus shelters or taxi stands can be utilized as partial barriers against traffic
noise, with their shelter sides facing away from the traffic. Mall furniture,
sculptures, table umbrellas may be used, although they may be of marginal
benefit in attenuating noise. The use of these and various other objects can
be pogitioned in many ways to provide for some relief against noise levels.

The significant intrusicon of subway noise through sidewalk ventilation chambers
was alluded to above, Treating the walls of these chambers with absorption
material may help to transfo?m the ventilation chamber into a sound attenuater.

The useful application of commonly found objects in pedestrian malls for noise
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mitigation purpoges is limited only by the physical constraints of the site
and the imagination of the designers. Such objects can be used in conjunction

with trees, shrubs, berms and isolated standing walls to create a more serene
type of environment.

3.2 Buffering

As a sound wave begins to travel away from its source, its intensity
decreases until, at a certain distance, the sound is not heard. Increasing
the distance between noise source and noise receiver is termed buffering, One
of the physical properties of sound is its decreasing intensity with distance
(dissipation property). Doubling the distance between a point source of
noise {e.q. siren) and the receiver of noise in an "open sound field" may
decrease the sound pressure level by 6 decibels; from a line source (roadway)
the rule of thumb is that the sound pressure level decreases by 3 decibels
when the distance is doubled. However, in most urban areas, the “open field"
is non-exlstent as buildings and other objects reflect sound, causing further
sound propagation.

Buffering has been used in the areas of land use planning and zoning.
Buffer zones have often been required between different types of abutting
land uses to protect against nuisances and encroachments. Purchases of land
for easements and excess land acquisitions are other land use measures that
may be applicable in buffering pedestrian areas from noise intrusions.
However, given the density of development usually surrounding pedestrian areas
in center cities, any forms of the above examples of buffering may he
expensive, cumbersome to accomplish, and impractical for significant

reductions in noise levels based on the digsipation properties of sound,
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4.0 MITIGATION TECHNIQUES AT THE RECEIVER END OF NOISE

Once neise has been emitted from a source and has Lravelled through
a medium along its path, it remains to be heard or felt by a person or an
object. The primary technique to mitigate noise at that point involves
isolating the "receiver."

4.1 Isolation

Isolation at the point where noise is heard or "received" is similar
to the enclosure technique for source noise. Just as the noise source was
encloged in that technique, the reseiver is similarly isolated.

For pedestrian areas, an example of this technique would be to isolate
any programmed activities (i.e,, the dispensing of tourist information) in
enclosed structures if verbal communication could be adversely affected by
surrounding noise sources.

Exterior areas requiring gquiet for pedestrian activities might also be
partially isolated from adjacent noise sources through changes in site eleva-
tion. By creating partiallv enclosed pedestrian levels helow the level of
the ncise seource or by locating the source of noise in a depressed area
(e.g. a roadway cut), the receiver's exposure to the sound waves is decreased.
Tha cost of constructing such site elevation changes, however, may outweigh the
benefits derived from a lower noilse level,

As a last resort, ear plugs are a classic example of nolse isclation

practiced on an individual basis.
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5,0 INSTITUTLIONAL METHODS OF NOISE CONTROL
5.1 Funding

Strategies which do not attempt to control noise through strictly
physical means could be categorized as institutional methods of nolse control.
One such strategy is to incorporate specific project elements for noise atten-
uation in the funding process. The Department of Housing and Urban Development
(HUD) for instance, has the authority to withhold funds to build or rehabilitat.
residential dwellings in areas containing unaceeptable noise levels. HUD has
defined such areas. Likewise, HUD can recommend certain measures to influence
the reduction of noise levels in other areas where noise is considered proble-
matic but less than unacceptable. The funding inducement is also present in
this case.

Funding can alsc be used directly to support research on state-of-art
noise miﬁigation techniques, as is presently occurring in many areas of noise

control in the United States and foreign countries.

5.2 Public Awareness Campaigns

Another method of noise control relies upon familiarizing the public
with the potential 111 effects o? neise through public awareness campaigns.
short film clips, attractively designed signs and posters that would also
decorate an area, are some applications of this technique which are appro-

priate to pedestrian areas and would help bring attention to the noise issue.
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6.0 CONCLUSION

Existing in the environment around urban malls are many types of
noises with their own peculiar characteristics. These various sounds are
emitted from a multitude of sources. The emitted sound waves are influenced
by the presente of solld objects, wall finishes, site topography, absorbent
materials, distance and meteorological conditions. Given the number of
variables affecting nolse propagation, designers of pedestrian areas
concerned about noise attenuation have the option of dealing with noise by
employing one or a series of noise mitigation techniques, depending upon
the specific characteristics of nolse propagation and the objectives of the
mall itself. Iﬁ the case of bus noise, for example, the rerouting of bus
routes around the mall, the purchase of the quietest model of buses, retro-
fitting existing buses with sound absorbent material, the placement of bus
stops away from sensitive areas, and the installation of bus stop shelters
to provide some form of barrier between the noise source and pedestrians are
noisge mitigation alternatives which can he uB_ed individually or in combination
to address this particular noise problem. It is difficult to predict the
effectiveness of one technique over another. Each mall, its character and
its resources wiii be different, Consequently, the ways to deploy the ahove

techniques for noise attenuation, of necessity, reflect that diversity.
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“I1. The Application of Noise Mitigation
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1.0 INTRODUOCTION

The purpose of this report ia to synthesize and present information
obtained from sixteen transit/pedestrian malls in the United States on the
extent to which noise mitigation measures have been incorporated into thelr
planning, design, construction and operation. A second purpose is to apply

the findings to a case study. The sixteen malls on which information was

obtained are;:

1. Llexington Mall - Baltimore, Maryland

2. State Street Mall - Chicago, Illinois

3. Stoneplace Mall = Dallas, Texas

4. River City Mall - Louisville, Kentucky

S. Mid-America Mall -~ Memphis, Tennessee

6. Lincoln Road Mall - Miami Beach, Florida

7. Nicollet Mall - Minneapolis, Minnesota

8. Chestnut Street Transitway - Philadelphia, Pennsylvania

9, East Liberty Mall - Pittsburgh, Pennsylvania
10. Portland Mall - Portland, Oregon
1l. Westminster Mall - Providence, Rhode Island
12. Exchange Street Mall - Raleigh, Nerth Carolina
13. Market Street = San Francisco, California
14. Occidental Mall - Seattle, Washington
15. Gallery Place - Washington, D. C.
16. Library Place ~ Washington, D. C.

The report is divided as follows:

Chapter 2.0 presents background information on each of the malls. The
first section of this chapter consists of one-page summaries of the physical
and eperational characteristies of each mall, together with a description of
the context in which the mall was built {e.g. land use). The second section
contains a summary of what were considered potential noise issues and/or
problems suggested by the background material collected on each of the projects
and indicates how this information was used to structure a noise gquestionnaire
for distribution to the sixteen malls.

Chapter 3.0 focuses on the responses to the questionnaire, The noise
guestionnaire was intended to determine the extent to which noise was

considered in the planning, design, construction and operation of the malls
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and any mitigation measures which were used to address an identified noise

problem. Once developed, the questionnaire was sent to the cities representing

the malls by the United States Conference of Mayors. The third chapter is,

therefore, divided into two sections. The first section records the responses

to each question ip both a tabulated and narrative form. The second section
offers some conclusions based on an evaluation of the responses and regarding
the consideration given by the malls to noise.

Chapter 4.0 presents a case study analysis of the Portland Mall in

Portland, Oregon. The case study identifies the various efforts taken to

mitigate noise on the Mall through design, operation and engineering.

The last chapter, 5.0, examines a proposed pedestrian project in New York Cits

with respect to possible noise mitigation techniques; the project is presently

in the design stage.
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2.0 DACKGROUND INFORMATION ON SIXTLEEN MALLS
2.1 Overview

In order to previde an overview of the sixteen malls, a summary sheet
was developed which was intended to highlight information on each project, as
well as on the project's surrounding envirenment. For the most part, the
information sought was thought to have some bearing on noise. This included
the physical characteristics of the project, such as the length, width, area,
number of blocks and the types of design features of each mall. Under the
category of operational characteristics, information was included on the
availébility and type of programmed activities, as well as vehicular usage
(e.g., transit, traffic, loading and emergency vehicles). The category of
"context" was intended for information on the types of adjacent thoroughfares,
the population of the Central Business District, the transportation modes used
to gain access to the CBD, and types of land uses adjacent te the mall, Lastly,
a short summary is provided for each mall to highlight salient features. THé
overview data is included below, The sources of information for the summary

sheets are listed in the bibliography at the end of this section.
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MALL

NAME LEXINGTON MALL
LOCATION BALTIMORE, MD
DATE COMPLYMTED 1874

PHYSICAL CHARACTERISTICS

SIZE
LENGTH : 650
WIDTH 62"
AREA 40,300 5Q BT
BLOCKS : 2
DESIGN ELEMENTS Trees at grade, landscaping, benches,

hollards, streset lights , new paving.

OPERATION CHARACTERISTICS

ACTIVITY PROGRAMMING N/A *
TRAFFLC/TRANSIT ACCESS
TRANSIT : None
TRAFFIC H None
LOADING = 6:00 A.M. to 10:00 A.M,
EMERGENCY : Any time
ADJAGENT STREETS N/A
CBD POPULATION AND DATE 905,759 in 1970
ADJACENT LAND USE CBD Ratail
ACCESS TO CBD AUTO BUS TAXT TRAIN BICYCLE PEDESTRIAN
als 3% 2% O% 51 15%

The two-block Lexington Mall is designad with new paving, padestrian lighting,
seating, trees and planters, The mall serves as a link between the office and
retail cores in downtown Baltimore, with an additional block extension planned
to link the mall with a proposed subway antrance in the retail center-

* N/A = Information not available.
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MALL

NAME
LOCATION
DATE COMPLETED

PHYSICAL CHARACTERISTICS
SIZE
IENGTH:
WIDTH
AREA 1
BLOCKS:
DESIGN ELEMENTS

OPERATION CHARACTERISTICS
ACTIVITY PROGRAMMING:

TRAFFIC/TRANSIT ACCESS

TRANSIT :
TRAFFIC H
LOADING t
EMERGENCY 1

CONTEXT

ADJACENT STREETS

CBD POPULATION AND DATE
ADJACENT LAND USE
ACCESS TO CBD

SUMMARY

STATE STREET MALL
CHICAGO, IL
1979+

4,000' approximately

4 blocks = 120'; 5 blocks = 100'

435,550 sQ P

9

Trees in planters, various sculptures and
fountains, bus shelters, escalators to subway,
gidewalk cafes, new sidewalk paving, new
lighting, heated and lighted newstands,
canopies over bus waiting areas.

Plans include activity programming.

puses (one lane each way, alternating lay-bys)
underground subway.
Nene; cab stands on cross streets.

On cross streets,

Any time.

Cross streets.
3,366,951 in 1970

CBD retail core.
AUTO BUS TAXI TRAIN BICYCLE PEDESTRIAN

N/A W/A N/A N/A N/A H/A

State Street Mall, a transit mall to be completed in 1979, is planned to include

unigque design features on each of the nine blocks; these furnishings include fountains,

Sculpture, sidewalk cafes, and art display cases, Programming for the mall is a
key element of the plans, with activity areas included in the design.

Transit is also an important aspect of the mall with buses in both directions and
boarding bays, plus the subway directly beneath with access by escalator and stair
to the Mall. The Loop elevated 1s nearby.

* Projected completion date.
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MALL

HAME STONERPLACE MALL
LOCATION DALIAS, T
DATE COMPLETED 1365

PHYSICAL CHARACTERISTICS

SIZE
LENGTH : 2001
WIDTH 50"
ARER ¢ 10,000 5Q FT
BLOCKS : 1
DESIGN ELEMENTS Treas in planters, benches, lighting.

CPERATION CHARACTERISTICS

ACTIVITY PROGRAMMING N/A
TRAFF}C/’I‘RANSIT ACCESS
TRANSIT H None
TRAFFIC H Hona
LOADING @ From side straets.
EMERGENCY @ Any time.

CONTEXT

ADIACENT STREETS One major thoroughfare at each end of the mall.
CBD POPULATION AND DATE 844,401 in 1970
ADJACENT LAND USE CBD office and retail.
ACCESS TO CBD AUTC BUS TAXI TRAIN BICYCLE PEDESTRIAN
B7% 13% 0% o% 0% 0%

Stoneplace Mall is the smallest mall of this study. The one~black street was
de-mapped to facilitate traffic flow along the twe major avenues at either end,

and a pedestrian mall was built to £ill that empty space. The mall serves primarily
ag a mini-park for downtown office workers.
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RIVER CITY MALL
. IORISVILLE, KY
" DATE COMPLETED 1973

" PHYSICAL CHARACTERISTICS

SIZE
LENGTH: 2,B815"
WIDTH 1 60°
AREA 1 168,900 5@ FT
BIOCKS 3
DESIGN ELEMENTS Many plantings and trees, variety of

seating, shelters, kiosks, children's climhing blocks
and stage fixtures built into mall in several

places, new paving. B80% of mall is open space and
unfurnished.

OFERATION CHARACTERISTICS

ACTIVITY PROGRAMMING Children's programs.
TRAFFIC/TRANSIT ACCESS
TRANSIT H None.
TRAFFIC H None.
LOADING 6:00 P.M., ~ 10:00 A.M,
EMERGENCY : Any time,
ADJACENT STREETS N/A
CBI} POPULATION AND DATE 361,472 in 1970
ADJACENT LAND USE CBD retail.
ACCESS TO CBD AUTQ BUS TAXI TRAIN BICYCLE PEDESTRIAN
B5% 15% O 0 0 o

The three-block pedestrian River City Mall in downtown Louisville ls 80% open space.
The filled areas contain a variety of seating as well as trees and ground plants.
There are large, flexible, multi-purpose shelters and information kiosks on two

of the thres blocks, Use of the mall by families is encouraged by including
children's shows and climbing blocks,
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MALL

NAME
LOCATION
DATE COMPLETED

PHYSICAL CHARACTERISTICS
SIZ2E
LENGTH ;
WIDTH
AREA :
BLOCKS:
DESIGN ELEMENTS

OQPERATION CHARACTERISTICS
ACTIVITY PROGRAMMING

TRAFFIC/TRANSIT ACCESS

TRANSIT 3
TRAFPIC H
LOADING t
EMERGENCY :

CONTEXT

ADJIACENT STREETS

CBD POPULATION AND DATE
ADJACENT LAND USE
ACCESS TO CBD

SUMMARY

MID-AMERICA MALL
MEMPHIS, TN
1977

4,000!
varies
N/A

10

Described as the “Longest Pedestrian Mall®;
trees at grade, plantings, reflecting pool,
large fountains, kiosks, performance platforms,

banners, sculpture, pavilions.

Flaborate schedule, music over kiosk loudspeakers.

Free tram.

Two blocks for limited traffic; two serpentine

lanes form the roadbed.

Cross streets and back alley system

Any time,

Cross streets,
623,000 in 1970

CBD retail, office, government,

AUTO BUS TAXI TRAIN BICYCIE PEDESTRIAN

N/A N/A N/A N/A N/A

The Mid-America Mall is part of a greater city scheme for the revitalization of
Memphis, The Civic Center provides an anchor for the Mall at one end; at the other
end are twe blocks of"semi-mall" where two lanes are provided for general traffic.
A free tram runa the length of the mall.

Degsign includes seating areas, covered waiting statlions, a large fountain near the
Civic Center, various water sculptures, pavilions, kiosks, and platforms for per-

formances,
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MALL

NAME
LOCATION
DATE COMPLETED

PHYSICAL CHARACTERISTICS
SYZE
LENGTH :
WIDTH
ARER @
BLOCKS :
DESIGN ELEMENTS

OPERATION CHARACTERISTICS
ACTIVITY PROGRAMMING

TRAFFIC/TRANSIT ACCESS

TRANSIT '
TRAFFIC H
LOADING H
EMERGENCY :

CONTEXT

ADJACENT STREETS

CBD POPULATICN AND DATE
ADJACENT LAND USE
ACCESS TO CBD

SUMMARY

LINCOIN ROAD MALL
MIAMI, FL
1960

3,000'

100!

300,000 SQ FT

8

Plantings and trees at gqrade down center of
mall; canopies and covered arcades adjacent
to storefronts.

N/A

An electric mini-bus runs end to end.
None
From side streets,

Any time

Cross streets.
687,072 Date unavailable.

Ratall
AUTO BUS TAXI TRAIN BICYCLE DPEDESTRIAN
60% 308 0 104 0 0

Lincoln Road Mall ig geared toward tourists, who ara its principle customers, with

& mini-bus running from end to end during days and some avenings.

Clugters of

plantings and exotic trees shade the center of the mall, canoples and covered

arcades shade the sides.
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MALL

NAME NICOLLET MALL
LOCATION MINNEAPOLIS, MN

DATE COMVLETED 1967

PHYSICAL CHARACIERISTICS

SIZE
LENGTH : 3,300
WIDTH 80!
AREA 264,000 sp FT
BLOCKS ; 8

Trees at grade, fountains, sculpture, new paving,
bus shelter/Kiosk combination includes benches,
displays, telephones, and piped-in music; serpentine
transit lanes, skyways; removal of all overhanging
signsg; new paving with snow melting mats; 15 feet
of clear walking area beside building line,

DESIGN ELEMENTS

QPERARTION CHARACTERISTICS

(

——

ACTIVITY PROGRAMMING Music over kiosk loudspeakers.
TRAFFIC/TRANSIT ACCESS *
TRANSIT : Bus, mini-bus, taxi: one lane in each direction.
TRAFFIC H None
LOADING H From side streets, rear access, and a tunnel
system,
EMERGENCY : Any time
ADJACENT STREETS Cross streets
CBD POPULATION AND DATE 434,500 in 1970

CBD retail core, nsar office core.
AUTO BUS TAXI TRAIN BICYCLE PEDESTRIAN

42.6% 50.8B% O G 3% 3.6%

ADJACENT LAND USE
ACCESS TO CBD

SUMMARY

Nicellet Mall is the most widely publicized of the study malls. Desire for retail
improvement provided the original impetus for creating the transit mall, although
a 51% increase in bus volumes is foreseen by 1985,

Most noted for its unique system of skyways {which will connect with future parking

and subway facilities}), and a serpentine transitway, the Nicollet plan also incorporates
fountains, sculptures, a four-sided clock, and multi-purpose bus shelters which have
benches, telephones, informational displays, and loudspeakers for piped-in music,

The mall was constructed of hard materlals such as copper, bronze, granite, brick and
terrazo. The trees at grade are sparse along its length,

% Pedegstrian volume: 12,800 before mall; 13,600 after mall (av. per side/block/12 hrs)
Pre-mall traffic volume: 6,800 (per side/block/l2 hours)

Bus volume at peak hour: Estimated 20 per hour in each direction before the mall,

60 per hour in each direction after the mall.
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MALL

NAME CHESTNUT STREET TRANSITWAY
LACATION PHILADELPHIA, PA
DATE COMPLETED 1975

PHYSICAL CHARACTERISTICS

SIZE
LENGTH : 5,600!
WIDTH : &0'
AREA 336,000 SQ FP
BLOCKS & iz
DESIGN ELEMENTS Trees at grade, planters, bus shelters, special

newsstands,ornamental light fixtures, informatien
columns, benches, corner curbs flush with street,
widened sidewalks, new brick paving.

OPERATION CHARACTERISTICS
ACTIVITY PROGRAMMING /A

TRAFFIC/TRANSIT ACCESS *

TRANSIT 1 Bus, taxi; two lanes.
TRAFFIC 3 Two blocks of the 12, One block iz open te taxis; the
second block is open to general traffic for access to
LOADING From side strasts; parking lots,
rear access; hight loading on mall,
EMERGENCY : Any time,
ADJACENT STREETS Cross streets.
CBD POPULATION AND DATE 1,950,089 in 1970
ADJACENT LAND USE CBD retail core.
ACCESS TO CBD AUTO BUS TAXI TRAIN BICYCLE PEDESTRIAN
26,9% 26.2% 2.7% 30.2% 0.3% 3.7%

SUMMARY

Pedestrian scale is emphasized in the Chestnut Street Transitway. Plans for this mall
developed out of the need to easeprojected Bicentennial traffic conjestion, The two
transit lanses, one in each direction, are for buses only on ten of the twelve mall
blocks, with one block allowing taxis access to a hotel, and the other block allowing
general traffic access into parking lots. New signal timings will facilitate bus
flew. Furnishings are few along tha widened sidewalks, thus permitting high
padestrian wlumes.

* pedestrian volumeg: After transitway, 3016/block side/hour during peak pariods -
on major blocks.

Pre-mall traffic volumes: 14,000 {(one wayy daily),

Bus volumes at paak hour: 43 before transitway, 52 in each direetion after transitway.




MALL

NAME
LOCATION
DATE COMPLETED

PHYSICAL CHARACTERISTICS
SIZE
LENGTH:
WIDTH 1
AREA
BLOCKS:
DESIGN ELEMENTS

OPERATION CHARACTERISTICS
ACTIVITY PROGRAMMING

TRAFFIC/TRANSIT ACCESS
TRANSIT $

TRAFFIC H
LOADING t

EMERGENCY

CONTEXT

ADJACENT STREETS

CAD POPULATION AND DATE
ADJACENT LAND USE
ACCESS TO CBD

SUMMARY

EAST LYBERTY MALL
PITTSBURGH, PA

1969

Broad Penn Highland
soo! 1400' 1400
50" 100 7a
283,000 SQ FT

14

Interconnecting transitways along three streets;
trees and shrubbery in above grade planters;
numerous benches and shelters/display units;
lighting fixtures, new paving.

N/A

Bus, mini-bug; transitway connecting three strests.

One block of Highland open to traffic, due to
lack of rear loading access,
Rear access, plus one block of Highland.

Any time.

N/A
525,275 in 1970
CBD retail.

AUTO BUS TAXI TRAIN BICYCLE PEDESTRIAN
BOs 1B% 1% ¢} o] 1%

Three stresta interconnected as a transitway comprise the East Liberty Mall in
downtown Pittsburgh. Buses, mini~buses and taxis are permitted on the transitway.

Design of the fourteen blocks emphasize pedestrian comfort with landscaping in
small planters, numerous benches, and shelters that serve as display units.

II-12
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NAME PORTLAND MALL ,
LOCATION PORTLAND, OR
DATE COMPLETED 1978

PHYSICAL CHARACTERISTICS

SIZE Two parallel Avenues:
LENGTH : 2800' each (5600' total)
WIDTH ag'
AREA : 448,000 50 FT
BLOCKS 11 each - 22 total
DESIGN ELEMENTS Transitway, treoes, above-grade plantings, sculpture,

fountains, trip planning kiosks, bus shelters;
clear area for pedestrians passageway adjacant to
puilding line; vending machines, lighting, special
benches, concession booths, bollards.

OPERATION CHARACTERISTICS

RCTIVITY PROGRAMMING Outdeoor fairs.

TRAFFIC/TRANSIT ACCESS **
TRANSIT : Two ene~way bus lanes.
TRAFFIC H One lane for three out of avery four blocks.
LOADING : Loading and taxi bays on side streets.
EMERGENCY 1 Any time

CONTEXT

ADJACENT STREETS Crogs Strasts.

CBD POPULATION AND DATE 381,000 in 1970

ADJACENT LAND USE CBD retail, office, government.

ACCESS TO CBD AUTO BUS TAXI TRAIN BICYCLE PEDESTRIAN

NA 218 NA NA NA . NA

SUMMARY

Portland Mall, scheduled for completion this year, is actually two ll-block transit
malls on adjacent parallel one-way streets. High bus volumes are anticipated because
the City plans to reroute bus lines onto or near the mall. Two bus lanes per mall
ptreet are planned, with general trafflc permitted in a third lane on three out of
aevery four blocks. Platooning of buses and special timing of traffic signals will
facilitate traffic flow.

Portland has included many pedestrian amenities in their design such as trip-planning,

kiosks (with free information phones, and video screens), sculptures, fountains,
trees, vending machines at the end of sach block, and bus shelters.

;

»* padestrian volumes: 686 on Sixth Avenua, 444 on Fifth Avenue (avarage hourly
volume mid-morning and mid-afternoon, per side, per block).

Traffic Volume: ZILess than 14,000 dally

Bus Volumes: Peak hour (bafore mall/projected): Sixth Avenue (85/207); Fifth

Avenue (85/211),
{85/211) 11-13




MALL

NAME WESTMINSTER MALL
LOCATION PROVIDENCE, RI
DATE COMPLETED 1965
PHYSICAL CHARRCTERISTICS
SIZ2E Two sections: "A" “B"
LENGTH ¢ 950" 316’
WIDTH : 60' 60"
AREAR 75,960 SQ FT
BLOCKS ; 8 Total = 6 2
DESIGN ELEMENTS The two sections (6= and 2- blocks) separated

by one block that is open to general traffic,
contain lighting fixtures concealed in the
planters, henches, illumlnated trees and a
sound systeam,

OPERATION CHARACTERISTICS

ACTIVITY PROGRAMMING N/A
TRAFFIC/TRANSIT ACCESS
TRANSIT H None
TRAFFIC None, except for the one middle block.
LOADING 6:00 P.M, to 7:00 A.M, weekdays
EMERGENCY Any time
ADJACENT STREETS Cross streets
CBD POPULATION AND DATE 179,116 in 1570
ADJACENT LAND USE CRD = retail
ACCESS TO CBD AUTO BUS TAXI TRAIN BICYCLE PEDESTRIAN
79% 17» 0O 1% 0 k1)

Westminister Mall is part of a larger city plan to encourage urban revitalization,
The Mall is situated along eight of nine blocks of Westminster Street in Providence.
The two- and six-block pedeatrian configuration is split by one block, along which
genera) traffic is permitted for access to the parking structure on that block.

The six-bhlock section was designed to .omplement the older, more austere architecture
which surrounds it, while the two-blick section is more modern and monumental.

A sound system is incorporated into the above-grade planters.

II-14
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MALL

NAME
LOCATION
DATE COMPLETED

PHYSICAL CHARACTERISTICS
SI1ZE
LENGTH :
WIDTH 1
AREA
BLOCKS:
DESICN ELEMENTS

OPERATION CHARACTERISTICS
ACTIVITY PROGRAMMING

TRAFFIC/TRANSIT ACCESS
TRANSIT :

TRAFFIC '
IOADING H

EMERGEHNCY

CONTEXT

ADJACENT STREETS

CBED POPULATION AND DATE
ADJACENT LAND USE
ACCESS TC CBD

SUMMARY

DOWNTOWN MALL
RALEIGH, NC
1975

N/A

N/A

N/R

3% blocks

Gazebo, large sculpture, trees, bus shelter
and outdoor seating beneath shade trees, amphi-
theatre seating 300, mural wall, reflecting
pools, two fountains, clock/bell tower, lawns,
new paving.

Posgible activities planned for the gazebo.

None: cross streets only.
None
None; service access only.

Any time

Crogss streets.

121,577 in 1970

Capitol Bldg.,commercial, retail,office,l government.
AUTO E..".E TAXI TRAIN BICYCLE PEDESTRIAN

N/A  N/A N/A N/A N/A N/A

The Downtown Mall will complement the planned State Government Mall that will
join the State Capitol with a high-rise office building. Other nearbvy malla

are anticipated by the City,

II-15
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MALL

NAME MARKET STREET
LOCATION SAN FRANCISCO, CA
DATE COMPLETED N/A
PHYSICAL CHARACTERISTICS
SIZE
LENGTH ; N/A
WIDTH : N/A
AREA N/A
BLOCKS ; N/A
DESIGN ELEMENTS Sidewalk widening, new pavement.

OPERATION CHARACTERISTICS

ACTIVITY PROGRAMMING N/A
TRAFFIC/TRANSIT ACCESS
TRANSIT Bus, underground light rail rapid transit
{LRRT) , BART.
TRAFFIC Limited
f LOADING N/A
§ EMERGENGY : Any time
i
: CONTEXT
) ADJACENT STREETS Cross streets.
CHBD POPULATICN AND DATE 715,674 in 1970
ADJFACENT LAND USE CBD retail, affice,
ACCESS T0 CBD AUTO BUS TAXI TRAIN BICYCLE PEDESTRIAN
N/A  N/A N/A N/A N/A N/A

Market Street is an important transit hub in downtown San Francisco, where
above and below grade local transit systems interface with. BART, tha San
Francisco area rail system.

II-16
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MALL

mnon OCCIDENTAL MALL
SEATTLE, WA
DATE COMBLETED 1973
PHYSICAL CHARACTERISTICS
S1ZE
LENGTH: 560!
WIDTH : as’
AREA 47,600 SQ ¥T
BLOCKS: 2
DESIGN ELEMENTS Trees at grade, street furniture, overhead

wiring remcved.

OPERATION CHARACTERISTICS

ACTIVITY PROGRAMMING Open air concerts, art exhibits, vending carts.
TRAFFIC/TRANSIT ACCESS
TRANSIT t None
TRAFFIC H None
LOADING 7:00 A.M, - 10:00 A.HM.
EMERGENCY : Any time
ADJACENT STREETS N/R
CBD POPULATION AND DATE 550,000 in 1974
ADJACENT LAND USE Seattle's Piloneer Square Historie District.
ACCESS TO CBD AUTO BUS TAXI TRAIN BICYCLE PEDESTRIAN
75% 22% o] 9 2% - 1%

The Occidental Mall in the PFloneer Square Historle District of Seattle was planned
with outdoor activities in mind, with vending carts, open alr concerts and art
exhibits scheduled in the summer months., The mall is also a primary pedestrian
thoroughfare to the Domed Stadium to the south.

11-17
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NAME CGALLERY PLACE
LOCATICN WASHINGTON, D.C,
DATE COMPLETED 1977

PHYSICAL CHARACTERISTICS

SIZE
LENGTH ; Approximately 450'
WIDTH Approximately 125'
AREL 56,250 SQ FT
BLOCKS: 1
DESIGN ELEMENTS Trees at grade, raised plantings, two fountains

and row of fountains at grade down the center,
sculpture which doubles as seating, slab seating;
wide and spacious area.

OPERATION CHARACTERISTICS

ACTIVITY PROGRAMMING Elaborate Schedule
TRAFFIC/TRANSIT ACCESS
TRANSIT  : Midi-bus (although no road bed).
TRAFFIC H None
LOADING H None
EMERGENCY Any time

CONTEXT

ADJACENT STREETS Cross streets.

CBD POPULATION AND DATE 756,510 in 1970

ADJACENT LAND USE National Portrait Gallery, retail.

ACCESS 10 CBD AUTO BUS TAXI TRAIN BICYCLE PEDESTRIAN
N/A  N/A N/A N/A N/A N/A

SUMMARY

The Washington D.C. "Streets for People" is an extensive plan to pedestrianize F and
G Streets over a perdod of time. Gallery Place is the first block on F Street; it is
one of the first pedestrian spaces to be implemented as part of the "Streets for
People" plan. Amenities include information kiosks (with video screens), raised
plantings, trees at grade, two fountains, a row of at-grade "fountains" down the
center of the mall, and matching granite sculpture and bollards which double as
seating. A temporary stage is available for outdoor programs. B mini~bug runs
along the perimeter of this block., The Arrowstreet planning process, which included
subjective noise evaluation by users, found the pre-mall street noisy.
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MALL

NAME
LOCATION
DATE COMPLETED

PHYSICAL CHARACTERISTICS
, sI2k
{ LENGTH :
i WIDTH :
; ARER  :
BLOCKS =
DESIGN ELEMENTS

OPERATION CHARACTERISTICS
ACTIVITY PROGRAMMING

TRAFFIC/TRANSIT ACCESS

TRANSIT :
TRAFFIC H
LOADING t
EMERGENCY :

CONTEXT

. ADJACENT STREETS

{  CBD POPULATION AND DATE

" ADJACENT LAND USE
ACCESS TO CBD

. SUMMARY

far in Washington D.C.'s "Streets
4 gramming is emphasized, However,
H areas, ralped plantings, two rows
transit along this block, and the
found this pre-mall street quiet.

N At

PRO.

L
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LIBRARY PLACE
WASHINGTON, DC
1977

Approximately 450'

Approximately 753'

33,750 8Q FT

1

Two rows of trees at grade, raised plantings,
sunken seating areas, benches {wood and rock slab).

Extensive schedule.

None.
None.
N/A

Any time,

Cross streets.

756,510 in 1970

Library, smaller institutional buildings.
AUTO BUS TAXI TRAIN BICYCLE PEDESTRIAN

N/A N/R N/A  N/A N/A N/A

Library Place, on G Street, is the gecond of two blocks to have been built thus

for People" plan. Like Gallery Place, pro-
the design is different, with sunken seating
of trees, and various benches, There is no
Arrowstreet study which sampled user attitudes,
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2.2 Pormulation of the Noise Questionnajire

The background information on the malls became the basis far struc-
turing a questionnaire of noise in each mall. An analysis of information
obtained on each project made it appear obvicus that there was no simple way
to generally classify the malls, Some malls were purely pedestrian-oriented
while others contained provisions for traffic or transit or both. Similarly,
gome malls were of congiderable length while others were cne or two hlocks
long., Some contained a wide range of diverse design elements while others
did not. Nevertheless, it was felt that there were several agpects in common
to all.

First, each mall was situated in or near an urban area of high
acluuvity - the central business district. Because of this, it was inferred
that eaclh mall was affected by a similar environment. As a result, questions
were developed to determine the various sources of noise to which each mall
was subjected in order to determine if similar environments contained similar
noise sources,

Second, it was apparent that each mall had incorporated various design
elements, Consequently, it was inferred that these design elements may have
some bearing on attenuating noise by acting as barriers or shields to block
noige emanating from noise sources and that our quastionnaire should explore
this posaibility.

Third, many of the malls contained provisions for either allowing
vehicular traffic on the mall or diverting traffic aroqnd it. Since it was
deduced that traffic is a major contributor to nolse, several questions were
developed to determine the impact of such noise.

Finally, since the malls were situated in or nsar intense urban develop-
ment, a great deal of pedestrian traffic could be generated. In this respect,

questions were structured to determine the implications of noise on the
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pedestrians (receivers of noise) by way of the pedestrian complaints and the

existence of less atbractive areas in the mall due to naise,
The inferences that were drawn from the background material gathered

on the malls helped to structure the gquestionnaire, which is the subject of

the next chaptex.
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SYNTHESIS QF NOISE DATA COLLECTED FROM SIXTEEN MALLS IN THE U, S,

Data Collection Process

Varicus methods of data coliection were examined. It was determined

that a questionnaire was the most useful survey instrument. The flexibility

of the questionnaire enabled the project staff to satisfy a wide range of
objectives.
The objectives of the gquestionnaire were to survey the extent to which

the subject of noise was considered in the design, planning, construction and

oparation of the malls and the measures which were taken to mitigate it.
Additional objectives of the questionnaire related to the identification of
noise sources, the use of design features for noise attenuvation and the
impact of noise on the users of the malls.

The questionnaire was distributed by the United States Conference of
Mayors (USCM) to eighteen malls in the United States. The selection of the
malls was intended to provide a cross-section of the malls in the country.
A list of contacts for the malls was supplied to the USCM. The list repre-
sented a diverse groups it consisted of city planning officials, city
engineers, mall administrators, project directors, officials of the Chamhers
of Commerce and consultants, Initially, only one questionnaire was sent to
each mall. In cases where there was no response, follow-up phone calls
were made and a second questionnaire was sent to the appropriate contact.
Information on sixteen of the eighteen malls was finally collected by way
v of written response or telephone interview.

The text of the questionnaire reflects the study's objectives. The
questicnnalre was divided into four parts:

The first part focused on sources of noise. Seven questions were

developed te determine: (a) if sources of noise were identified in the

foetiart L

: planning and design of the mall; (b) what sources were considered problematic;
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(¢) what measures, if any, were taken to reduce or control noise at its
source; and {d) if sources of noise were not identified in the planning
stages, whether any have been identified since operations began,

The second part of the guestionnaire concentrated on obtalning
information on techniques to control noise along the path of sound trans-
mission. The objective was to determine if any desiun elements were con-
sidered for use ag a mean. of attenuating the noise between the location of
noise sources and the location of noise receivers. PFive gquestions were
designed to obtain data related to the kinds of barriers that may also have
been incorporated as design features, the types of materials used for them
and the use of buffer areas to separate noise sources and noise receivers.

The third part concentrated on gathering information about the noise
recipient. To ascertain what mitigation measures were considered at the
point where noise is felt or heard, four questicons were formulated to detex-
mine (a) if there were less attractive areas in the mall due to noise;

(b) if certain configurations of building facades were utilized to help
reflect sound away from activity noises; (c) if sound absorbing material was
used; and (d) if there were user complaints abeut noise in the mall area.

The final part of the guestionnaire contained administrative questions.
Questions were developed to obtain diverse information, such as whether noise
measurements were taken, whether an environmental impact statement was sub-
mitted, whether any public awarenes= campaigns about noise for the mall have
been established and whether a nolse consultant was retained.

The gquestionnaire is presented below, together with a tabulation
showing the responses selected hy the malls and a brief narrativa summarizing

the response pattern.
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3.2 Hoise Questionnaire and Results

A. SOURCE NOISE

1. WERE POTENTIAL SOURCES OF NOISE IDENTIFIED BEFORE OR DURING
THE PLANNING AND DESIGN PHASE OF YOUR MALL? YES 8 NO 8
IF NO, SKIPF TO QUESTION 5.

The responses of the sixteen malls were evenly divided between
affixmative and negative ~ eight malls responded "yes" and
eight "no", Those respondents who answered "yes" represented
the malls in the cities of Memphis, Philadelphia, Portland,
Minneapolis, Chicago, Pittsburgh and wWashington, D.C. (This
last regpondent answered the questionnaire for the two
Washington, D.C. malls simultaneously). If a pattern to the
responses was apparent, there seemed to be a correlation
between the identification of noise sources and those malls
that made provisions for vehicular use of the mall. fThose
malls that were strictly pedestrian-oriented were more likely
to answar "no" to this question.

2, IF ANSWER TO 1 IS YES, KINDLY CHECK THE GENERIC AREA (8) WHERE
NOISE SOURCES WERE IDENTIFIED AS PROBLEMATIC:

A, B SURFACE TRANSPORTATION

B, 2 SUBSURFACE TRANSPORTATION

.

c, _O AIRPLANE FLYOQVER

D. 0 BUILDING NOISES (E.G., FANS, VENIILATING UNITS, AIR
CONDITIONING UNITS)

E. 3 NUISANCE TYPE NQOISE GENERATED FROM MALL ACTIVITY (E.G.,
MALL ADVERTISING DISPLAYS, LOUDSPEAKERS, SPECIAL
EFFECTS TO ENHANCE MALL'S CHARACTER, ETC.)

! F. 1 NOISE GENERATED BY HUMAN ACTIVITY (E.G., LOUD CONVERSATION,
YELLING, PORTABLE RADIO/STEREOS, ETC.}

G, 3 CONSTRUCTION NOISE INVOLVING THE MALL'S DEVELOPMENT

H. 0 OTHER (PLEASE SPECIFY)

Of the eight that responded affirmatively to Question 1, the

: generic area most frequently cited in the responses to Question 2
was surface trangportation, The next two areas most frequently
chacked ware constructlion noise and noise related to the mall's

2 activity. Noise emanating from subsurface transportation was

' considersd problematic in the two Washington, D.C. malls.

MM e e T
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3. 1N ORDER TO BE MORE SPECIFIC, THE GENERIC AREAS OF QUESTION 2
ARE SEPARATED INTO THEIR SUBSTITUENTS BELOW WHERE APPROPRINTE.
KINDLY CHECK THE SPECIFIC TYPE OF NOISE SOURCE, WITHIN THE
CORRESPONDING GENERIC AREA MARKED ABCVE, THAT WAS IDENTIFIED
AS PROBLEMATIC.

A. SURFACE TRANSPORTATION: CAR __@_, BUS 8 , TRUCK 5 ,
TAXI 2 , EMERGENCY VEHICLES 0 , RAILROAD O

B. SUBSURI'ACE TRANSPORTATION: SUBWAY 2 , UNDERGROUND ROADWAY O

C. BUILDING NOISES: VENTILATING FANS O , AIR CONDITIONIMG UNITS 0 |,
TRANSFORMERS O , GENERATORS 0 ,
OTHER (PIEASE SPECIFY)

D. MALL ACTIVITY NOISE: ADVERTISING DISPLAYS (0 , LOUDSPEAKERS 3.
SPECIAL ACTIVITY AREA, E.G., OUTDOOR THEATRE 0 ..
SPECIAYL DESIGN EFFECTS, E.G., WATERFALLS, TOWER CLOCKS,
PUMPED-IN MUSIC (PLEASE SPECIFY) Record Stores

E. OTHER (PLEASE SPECIFY)

The specific type of surface transportation that was checked most
frequently as a noise problem was buses, followed by cars and
trucks. Taxis were only cited twice as being problematic.

With respect to mall activity noise, loud speaker systems and
record stores were regarded as significant noise producing
sources.

In the subsurface transportation category, subway nolse was cited
by the Washington, D.C, respondent.

The reader should note that construction noise, while considered
prohlematic in Question 2, was not further delineated in this
question for the sake of simplicity.

4. WERE ANY OF THE FOLLOWING NOISE REDUCTION MEASURES INCORPORATED
INTO THE MALL'S DEVELOPMENT TO ATTENUATE SQURCE NOISE? KINDLY
DESCRIBE.

A._2 NOISE SOURCE (S) WAS PHYSICALLY MODIFIED

A

B. 1 NOISE SOURCE {5} WAS ENCLOSED

C._1 NOISE SOURCE (8) WAS LIMITED TO CERTAIN TIMES OF THE DAY

i
—————

; D. 5 NOISE SOURCE (S) WAS GIVEN AN ABATEMENT PROCEDURE THAT
HELPED TO ATTENUATE NOISE WITHOUT PRYSICALLY MODIFING IT

IN ANY WAY.

E. 1 OIHER _Noise Regulations
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In response to 4a, two malls (Portland and Chicago} indicated
that the purchase of new, gquieter bus models was being made

(Portland) or being considered (Chicago). The new buses would
contain design modifications to provide for guieter operation.

For 4b, Portland required the use of temporary enclesures arocund
noise-producing equipment during the construction phase of its
mall. fThe effectiveness of such enclosures was not reported,

In response to 4¢, Portland restricted the use of construction
equipment to certain times of the day.

The responses to 4d were varied. Minneapolis reported the use

of a maintenance program for its mall buses to keep them in good
operating condition. By maintaining the buses in proper working
crder, worn and pitted parts are replaced te avoid making
unhecessary noise. In a different vein, Philadelphia and Pittsburgh
responded to "d" by reporting that most vehicular traffic was
diverted around the mall area. Although the source noise was not
physically altered, the source {most vehicular traffic) was
redirected away from the sensitive arsa. Raleigh, North Carolina
and Washington, D.C, made use of an alternate noise source to mask
the annoying type of noise with a more pleasing type of sound. The
type of noise source used in these instances was the splashing of
waterfalls or water fountains.

In response to 4e, Memphis reported the use of noise regulations
that limited the level of sound that could be produced by a source
of noiss in the mall.

5., IF NOISE SOURCES WERE NOT IDENTIFIED IN THE PLANNING AND
DESIGN PHASE, HAVE ANY BEEN IDENTIFIED AS PROBLEMATIC SINCE
QPERATION OF THE MALL? YES 2 NO 14

G. IF 50, WHAT SQURCES OF NQISE HAVE BEEN IDENTIFIED AS
PROBLEMATIC? Bus noise and store loudspsakers

Of the eight malls that responded negatively to question 1,
the question which seeks to identify noise sources during
mall design and planning, two malls responded affirmatively
to Question 5, which tries to identify noise sources
apparent since oparation. Raleigh and Louisville indicated
that a noise source has been identified since operation,
Ralelgh responded that buses created & noisa problem where
they crossed the mall at street intersections. Louisville
cited the use of store loudspeakers as problematic,
Louisville has effectlively dealt with their problem
administratively with the cooperation of the mall's busineasmen.
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WAS CONSIDERATION GIVEN TO SET NOISE "LIMITS" FOR ANY
EQUIPMENT , MATERTAL, MACHINERY, ETC, WHICH USERS OF THE
MALL WOULD NOT PURCHASE CR USE IF SUCH LIMITS WERE
SURPASSED? YES 2 NG 14

Two malls responded affirmatively to this question. As
indicated above, Memphis made use of a city ordinance to
set noise limits on noise sources. The other mall to
angwer "yes" was Portland.

B. NOISE TRANSMISSION ALONG THE PATH

8.

WERE DESIGN CONSIDERATIONS (IN THE FORM OF BUFFERING, E.G.,
SHIELDING BY WAY OF PHYSICAL BARRIERS OR INCREASING THE
DISTANCE BETWEEN NOISE SOURCE AND NOISE RECEIVER) GIVEN TO
THE ATTENUATION OF NOISE AS IT PASSED THRDUGH AIR FROM
NOISE SOURCE TO NOISE RECEIVER? YES 5 NO _ 11

Flve malls answered 'yes' to this question. Raleigh,
Portland, Pittsburgh and the twe Washington, D.C, malls
were among those respondents which utilized design
features which were thought to help attenuate noise
between the nolse source and the receiver of noise.

IF SO, WHAT KIND OF PATH BUFFERING WAS USED?

A PURPOSEFULLY PCSITIONED ARTIFICIAL BARRIER

USE OF A NATURAL BARRIER (HILL, BERM, ETC.)

USE OF OTHER BUILDINGS

. 0 INCREASING THE DISTANCE BETWEEN NOISE SOURCE AND
NOISE RECEIVER

USE OF VEGETATION

PURCHASE OF EASEMENTS

EXCESS ACQUISITION OF LAND TQ PROVIDE FOR BUFFER ZONES
OTHER (PLEASE SPECIFY)

0

)
B
C
D

.

T oM

.

Of the five responses to Question 8, four out of the five
cited the use of scme form of barriler to attenuate sound.
The barrier took the form of ralsed planters with
vegetation or water fountain structures. Two malls cited
the use of vegetation to attenuate noise. Raleigh and

tha two Washington, D.C, malls checked "h'" above and noted
the use of pleasant masking noises to compete with the
unwanted, intruding noises,
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10.

11.

12.

IF ARTIFICIAL BARRIERS WERE USED, WHAT TYPE OF MATERTALS
WERE THEY MADE OF?

Frocast stone was the material cited by Raleigh and the
two Washington, D.C. malls for the planters and fountain
structures. Portland utilized temporary plywocd enclosures
around heavy machinery during its ceonstruction phase as
its barrier material.

IF BUFFER DISTANCES WERE UTILIZED, WHAT DISTANCES WERE
CONSIDERED ADEQUATE FOR YQUR PURPOSE?

This gquestion was not answered by any of the malls.
Evidently, since all of the selected malls are in densely
populated urban areas, an inference can be drawn that
there is little opportunity to amass space between hoise
source and noise receiver in these areas for the purpose
of dissipating noise.

WERE ANY SPECIFIC MATERIALS USED ELSEWHERE IN THE MALL
FOR EITHER THE ABSCRPTION OR FEFLECTICN OF SOUND WAVES?
YES 2 RO 14

IF 50, WHAT HA’I'ERIMS WERE USED AND DO YOU CONSIDER THEM
EFFECTIVE?

The respondent from the two Washington, D.C. malls addressed
this question. The materials used there to assist in
absorbing or reflacting sound waves were the different types
of vegetation uged in landscaping the planters.

C. NOISE AT THE RECEIVER END

13.

WOULD YOU SAY THAT THERE ARE "IESS ATTRACTIVE" AREAS OR
LESS UTILIZED ANEAS OF YOUR MALL WHERE THE REASONS FOR
SUCH UNDERUTILIZATION CAN BE ATTRIBUTED TO EXPOSURE TO
"ANNOYING" NOISE {IRRESPECTIVE OF THE FACT THAT ANNOYING
NOISE DIFFERS FROM INDIVIDUAL 70 INDIVIDUAL?)

YES 2 NO 14

Two mall respondents indicated the possibility that less
attractive areas existed in the mall due to noise. It is
of interest to note that both indicated the fact was due
to bus noise. Raleigh indicated that those street
intorsections where buses crossed the mall were likely
candidates for "less attractive" astatus. The respondent
from Portland deduced that there probably were such sites
because outdoor cafes were planned for some mall araas
but the bus noise was considered too annoying at the time
for such a use.
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14, WERE CERTAIN BUILDING CONFIGURATIONS UTILIZED OR DESIGN
LAYQUTS CREATED AS A RESULT OF NOLSE CONSIDERATICONS?
YES 3 NO 13

IF S0, WHAT DESIGN LAYOUTS OR BUILDING CONFIGURATIONS
WERE CONSIDERED?

The respondent for the two Washington, D.C. malls addressed
this guestion by indicating that the positioning of planters
and the use of vegetation would help absorb the sound
reflecting from building facades and store glass windows.
Raleigh's response also indicated that consideration was
given to noise in the positioning of their planters.

15. WAS IT NECESSARY TO CONSIDER SOUND ABSORBING MATERIAL TO
INSULATE BUILDINGS OR STRUCTURES IN THE MALL FROM NOISE?
YES _ 0 NO _ 16

0f the mall respondents who chose to answer this question,
all of the responses were negative.

16. HAVE THERE BEEN ANY COMPLAINTS ABOUT NOISE LEVELS BY USERS
OF THE MALL? YES [ NO 10

Several of the mall respondents indicated that there have
been general complaints about noise levels; additional
comments varied from occasional gerneral complaints to
specific complaints. Among the specific complaints were
bus noise {Philadelphia) and loudspeakers (Louisville}.

D. ADMINISTRATIVE

17. WERE ANY OF THE FOLLOWING CONSIDERED OR USED IN CONJUNCTION
WITH THE MATL'S OPERATION TO DISCOURAGE NOISE? KINDLY CHECK.

PUBLIC AWARENESS CAMPAIGNING ABOUT NOISE
LITERATURE DISTRIBUTICN ON NOISE

FILM CLIPS

. SIGNS

-_1 OTHER (PLEASE SPECIFY)

mooWwy

The respondent from the Pittsburgh mall indicated that a
public awareness campaign about noise was considered at
some time. Memphis checked "e" above, citing the use of a
City noise ordinance to distourage noise associated with
the mall's oparation.
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18.

19,

20,

21,

WERE THERE ANY NOISE MEASUREMENTS TMEN TG DETERMINE NOISE
LEVELS BEFORE CONSTRUCTION OF THE MALL? YES 3 NO 13

AFTER CONSTRUCTION OF THE MALL? YES _1 NO 14

There were three malls that had taken noise measurements
before construction - Philadelphia, Portland and Chicago,
Only one, Portland, has taken such measurements since
keginning its operations. The respondent from Chicago
noted that Chicago's mall is still in its construction
phase and, therefore, noise monitorings after construction
could not be addressed at this point.

WAS THERE AN ENVIRONMENTAL IMPACT ASSESSMENT DRAFTED FOR
YOUR MALL THAT CONSIDERED THE NOISE ISSUE?
YES 4 NO 12

Three malls drafted an environmental impact statement -
Philadelphia, Portland and Chicago. Seattle's response
indicated that a Declaration of Non-Significant Impact
was made for Phase 2 of its mall but was not necessary
for Phase 1.

WAS A CONSULTANT RETAINED TC ADDRESS NOISE MATTERS?
YES 1 NO 15

IF SO, DID IT PROVE COST EFFECTIVE IN YOUR ESTIMATION?
YES 1 NO _ -

Portland retained a consultant to address the noise issue
and congidered it effective. In the case of the two
Washington, D.C. malls, a consultant was retained to do a
pre-design survey, of which noise was a component. However,
no indication was made that there was a consultant used to
specifically address the noise issue there.

DO ANY MUNICIPAL CODES COVER THE PROBLEM OF NOISE IN
YOUR MALL? YES 11 NO _5

IS IT EFFECTIVE? YES il NO O

IS ENFORCEMENT OF SUCH A CODE A SERIOUS PROBLEM?
YES 0 NO 11

Eleven of the malls were located In cities which had scme
type of municipal code which addressed noise, However,
there was no consistent type of ordinance found among the
eleven responses. Scome cities had a nuisance ordinance
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while others prescribed noise performance standards in
their zoning codes. Each of the eleven malls which
indicated some type of nolse code alsc indicated that
the code was effective in controlling noise. MNo serious
enforcement problem was cited by the eleven.
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3.2 Evaluation of Noise Mitigation Efforts by the Selected Malls

Based on the information rececived, several conclusions and inferences

can be made concerning identified nolce patterns and noise mitigation efforts

practiced by the sixteen selected malls.

1.

3.

Surface transportation vehicles on or adjacent to malls create

the most seriocus noise problem. The surface transportation

vehicle which appears to contribute most to this noisy condi-

tion is the bus. Even the mall in Raleigh, which is pedestrian-

oriented but allows for bus crossings at side streets, has
clted problems with nolse at those intersections. The search
for gquieter bua models is being undertaken for the malls in

Chicago and Portland.

Noise involved with conetruction of a mall also creates a
serious problem. Efforts to cope with this type of noise has
centered around encleosing the noise~producing equipment with
temporary structures and limiting the construction to certain

houre of the day.

Besides purchasing quiet equipment, enclesing a noise source
and limiting noise to certain hours of the day, the rerouting
of traffic away from the mall was considered by some of the

mall respondents as a way of controlling noise at its source.

The question that remains to he angwered is whethexr or not the

diverted traffic is seriously affecting those areas which are

now receiving the increased volume of traffic,

Another nolse mitigation effort, which has been considered

effective by some of the mall respondents, is masking noise.
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The use of waterfalls has been cited as a way to create a
more pleasant type of sound which blocks the intruding and
more annoying types of noise, However, while masking noise

may be effective for the immediate area adjacent to the

waterfall, its effect is reduced the further away one travels

from it. Secondly, the sound must be one of sufficient

intensity to function properly as a masking noise.

It appears that very little has been done to use various
design features in malls as sound attenuation possibilities.
Several malls have relied on the use of vegetation and above-
ground planters as shields to block noise as it passes through
the air from noise source to noise receiver. However, moderate
ugse of vegetation alone is not enough to substantially reduce
noise and, depending on their size and construction, isolated
planters may not have much of an effect either. Based on the
responses to the questionnaire, it still remains to be seen
whether or not design features such as mall furniture, bus
shalters, isolated standing walls, etc. can be effectively

designed into the mall layout for sound attenuation purposes.

It appears that very little space is available at the sites
of the malls to act as a buffer area between noise source and
nolse receiver. The distances between a noise source and the
pedestrian receiver of noise appears to be close at the malls.
In such a case, lt would be Aifficult to design a mall where
noise sources could be positioned far enough away from

gensitive areas so that a buffer zone could be created.
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7.

10.

Very few malls measured existing noise levels. In those malls that
did, only Portland has done it on a before and after basis. This
could imply that, in many cases, noise was not a serious concern in
the design and operation of the mall. Furthermore, only one mall

used a noise consultant (Portland).

Several malls appear to rely on citywide ordinances to help enforce
noise levels in the mall area, The effectiveness of such municipal
ordinance lies in proper enforcement. F£ssentially, the effort at

nolge reduction through such means becomes administrative in nature

rather than the consequence of mall planning or design.

In reviewing all the responses by the selected malls, it appears
that, even in those malls that identified noise as problematic,
the use of noise mitigation techniques was not of critical concern.
This was most obvious in cases where the mall was pedestrian-
oriented and where the development of the mall was accomplished
prior to the requirements of an environmental impact review process,
The more recently planned malls were more likely to consider noise
mitigation techniques in thelr development. However, even in

many of these cases, evidence does not seem to support an active
effort to forcefully mitigate npise in the malls. Portland, with
its noise mitigation program, which shall be discussed in

Chapter 4.0, appears to be the exception rather than the rule in

this regard.

From the responses, it would also appear that the attenuation of
noise in central city areas was not among the primary objectives

for mall development either. It would appear that the overall
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aohjectives for constructing the mall would more likely be linked
to encouraging economic development, area beautification, or
comprehensive traffic programs than to the creation of a quieter

envirenment for central city areas.

11. Finally, evidence would indicate that, given the nature of the
urban mall per se and the intensity of activity surrounding it,
noise continues to be a problem and that past efforts to atten-
vate it need to be supplemented with more information about
noise mitigation techniques, increased awareness about noise on

the part of urban designers and more resources to accomplish

the task.
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4.0 A CASE STUDY - PORTLAND, OREGON
4.1 Setting

The problem which noise poses to mall users and neighboring businesses
and the efforts which have been made to mitigate noise are best illustrated
in the Portland Mall in Portland, Oregon. A detailed examination of such a
specific project as Portland, and the noise issues and prohblems related to it,
should afford a better understanding of noise abatement strategles in the
context of actual factors and decisions affecting a project's planning,
design and operatiaon.

4,2 Description of the Portland Mall

Early transportation studles, performed for the City of Portland by
private consultants, recommended the consolidation of the downtown bus net-
work. Almost all of the buses which operated in the downtown area were to be
routed to and through a transit mall. The transit mall was planned for two
major downtown streets ~ Fifth and Sixth Avenues between Burnside and Madison
Streets - a distance of approximately eleven blocks on each avenue for a
total of twenty-two blocks (Figure 1), The implementation of the mall was
part of a larger effort by Tri-Met, the principal mass transportation carrier
in Portland, to provide more affective transit service to the overall metro-
politan area.

Several alternatives were considered for the desiqn of the transit
mall, The approved design provided for two exclusive bus lanes on each
avenue, plus a third for mixed traffic use on sixteen of the total twenty-two
blocks. s bus volumes increase in the future, private autos would be
further restricted from using the mall and higher transit capacity woul@ be

achileved.
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Figurel
Project Location in Downtown Portland

Source: U.S, Department of Transportation, Urban #ass Transportation Administration,
Fing) Environmental Impact Statement Fifth and Sixth Avenues Transit Mall,
: Eoxtland, Oregen, December 1975, p. (L-B)2.
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The bagic configuration of the mall is a system of two parallel high-
capa_.city transit lanes., Sixth Avenue, the western half of the mall, carries
transit vehlcles northward; Fifth Avenue, the eastern half, carries south-
bound traffic. Most of the routes serving the metropolitan area of Portland
eventually travel along the mall., The mall also includes about twenty bus
stops ln each direction of the eleven-block mall. Crosstown sireeats are
open to traffie, and non~transit vehicles may turn onto the transit mall on
eight of the eleven blocks on each avenue. Extended sidewalks at certain
locations act as barriers to prevent complete through-movement of non-transit
vehicles. Surface facilivies for transit passenqgers include sheltered
waiting areas with seating, widened sidewalks, route and schedule information
via television monitors, bus stop markers, route identification maps and
phones which communicate with a transit information center. Other design
features, not specifically related to transit travel, have heen incorporated
into the design of the mall as well. They include street landscaping, con-
sisting of shade trees and granite planters which contain a wide variety of
seasonal flowers and foliage, special brick paving with a surface pattern
designed to accent and delineate pedestrian areas, street furpishings including
elaborate drinking fountains, water fountains, kiosks, bulletin boards, display
cases, concession booths, benches, bollards, lighting, flagpoles, traffic
signage and traffic signalization. All of these elements are designed to
project a visually attractive environment, supportive of pedestrian and
transit-related activity.

4.3 Nolse and the Transit Mall

Planning Considerations

Noige was perceived as a potential preblem in the planning phases of
the mall. The major contribhutor of noise was considered to be vehicular

traffic - specifically buses, Because Fifth and Sixth Avenues were heavily



trafficked, noise levels were high in the area before the implementation of
the mall. With the addition of more diesel buses on the two corridors,
increased noise levels were predicted.

The Environmental Impact Statement (EIS) of the mall investigated
several mass transit alternatives in relation to their noise impacts. Beside
the diesel bus alternative, a trolley system, a light rail system, a mixture
of a diesel and trolley system and a no-build alternative were evaluated.

The no-build alternative was evaluated in terms of the mixture of traffic

that was present in the area before mall implementation. These alternatives

were analyzed in terms of four noise criteria: pedestrian speech interference,

hotel room sleep interference, office background noise standards and court-
room background neoise criteria. Noise measurements were taken at four sites
on Fifth and Sixth Avenues and at eight sites on the adjoining cross streets
east and west of the proposed mall. Table 1 identifies the location of
these sites and their respective statistical noise levels,

The alternative to increasing the use of diesel buses on the mall
would, according to the EIS, increase pre-mall noise levels to beyond the
standards contained in the four noise criteria. The EIS showed that only a
switch to a different type of transit mode {e.g. from diesel bus to a
trolley system} would improve noise conditions on the mall. However, this
alternative required a significant capital investment and was, therefore,
abandoned in favor of less costly solutions that may be available in the
design and/or operation of the project.

Design Considerations

Several design possibilities to mitigate noise were considered. In
examining these possibilities, the primary objective of the mall had to be
kept in mind. It was, above all, a transit mall for huges - designed to

miake access to the downtown area more attractive and convenient, An
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TABLE 1:

On

Makt

Sitas__ Time Lag_ bsp  L1p Ly L

1 Day 60 64 712 80 69
Evening 55 61 69 78 66
Night 51 57 64 73 o1
Peak Hour 61 66 4 83 N

2 Day 62 v 17 B0 73
Evening 52 58 64 0 8
Might 51 57 64 ¢ 60
Peak Hour G4 72 B3 87 718

3 Davy 65 68 72 7% N
Evining 58 64 1Al 6 67
N.oly 51 L1 63 70 50
£-ak Hour G2 67 N 77 B3

B Day 62 68 ‘74 B0 70
Evening 62 68 19 84 74
[Night 33 54 0 . 7% 67
Paak Hour Gl 69 b3 83 73

it

]

Sites
LI 63 G7 n 76 69
Lvening 52 59 6 74 63
Feol. Hour 63 G "M 60 71

L Day 66 72 18 86 75
Cvening 59 69 72 B4 71
Peal; Hour 67 73 80 B7 76

7 Day 62 68 75 83 72
Evening 56 62 75 82 71
Peak Hour 61 66 74 81 71

8 Driry B1 64 n 78 67
Evening 55 50 (3 75 64
Puak Hour G2 67 3 70 70

q Day 58 64 73 82 70
Evening 57 64 12 80 69
Peak Hour 62 6B 14 82 71

10 Dav 61 66 12 79 69
Evening 59 66 5 B2 71
Peak Hour 63 G9 76 B5 74

n Day GO 64 n 82 69
Evening 46 50 57 64 54
Peak Hour 62 67 14 84 72

12 Day 61 11} 12 77 63
Evening 56 60 65, 73 63
Peak Hour 66 72 8 82 74

Source:

Mall, Japuary, 1975.

470 e
'.'r'f'“r

Tables 5 and 6, Roliin M. Towne Asscciates, Envirgnmental Noise Sgudy, Porgtand Transit
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unavoidable byproduct of bus Fraffic is noise. TFurthermore, there was not a
vast amount of open space between the transit lanes and the pedestrian walk-
ways and building lines. In some areas of the mall the presence of tall
buildings would create a canyon effect where noise can reverberate.

One design possibility was to acoustically treat the facades of the
abutting buildings. However, this would prove costly and ineffective bhecause
there were large window areas on the building facades and there was little
space left for acoustical treatment.

The use of acoustical barriers placed between the bus lanes and the
sidewalks was also explored but considered untenable for several reasons.

A barrier several feet high placed on the ground may prove effective in
absorbing and diffracting noise, such as is created by bus exhaust, which
emanates from underneath the bus. However, the exhaust stacks on most of
Portland's fleet are directed skyward from the top rear of the bus and a
barrier lower than the noise source would have little effect in this case,
Secondly, an effective barrier should have no gaps in its length. Such a
situation would clearly interfere with pedestrian and passenger circulation.

The use of extensive vegetation was also considered ineffectiva. The
lack of space to plant vegetation in addition to the amount of vegetation
necegsary to substantially reduce noise argued against the pursuit of this
alternative. Similarly, the use of masking noises, in the form of waterfalls,
was considered ilneffective. While a waterfall may be useful for a small area,
it would not be viable given the extensive size of the Portland Mall.

The bus shelters along the mall were prime candidates for acoustical
treatment. They are oblong in shape and semi-enclosed structures. BAccess to
each shelter is from either tﬁe curb or sidewalk. The norxth and south ends
of each structure are rounded and enclosed with transparent material. The

top of each shelter is made of the same transparent material. For noise
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mitigation purposes, the side of the shelter adjacent to the sidewalk could
be closed off. However, the resulting three-sided enclosure was more expensive
to construct and less convenient to pedestrian access.

In short, there was little that could be, and, in fact, was done with
respect to designing the mall to attenuate noise given the purpose and physical
constraints of the project.

Oparation Considerations

As the mall was phased into operation, the number of buses began to in-
creage on Fifth and Sixth Avenues, As a result of the increased bus volumes,
the noise levels began to rise. Shopkeepers initiated complaints about the
noige, The cause of their annoyance was primarily the buses, specifically the
noise associated with bus acceleration. The increased noise levels also affect-
ed the ability of mall users to carry on conversations at normal volce levels
in the vicinity of bus traffic and also posed a possible hazard to hearing. Of
importance in this latter consideration is the time spent at the mall by the average
person. In addition, the increase in the noise was significant encugh to pro-
hibit the U.S. Department of Housing and Urban Development (HUD) from funding
housing units along the busy downtown coriider. Confronting the noise problem
from & dlfferent direction, Tri-Mst examined operational strategies on the mall
to decrease noise levels.

Since there seemed to be a correlation between increased bus volumes and
increased noise levels on the mall, it was logical to assume that decreasing the
number of buses along the mall would serve to lower the noise levels. With this
in mind, Tri-Met began to examine different routing possibilities for buses an-
tering and leaving the downtown area. The results of the analfsgs are not com-
plete at this writing. However, while such an operational measure may appear
effective with respect to noise, i1t would be dAifficult to simultanecusly accom-
modate extensive rerouting in light of the fact that the purpose of the fransit

mall 1s to congolidate transit access and to expand such service should the demand
for transit services grow in the future.
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An operational measure that has been implemented is a bus operator education
program. This program is aimed at instructing the bus driver on how to operate
his bus in as quiet a manner as possible. Another operational consideration examined
was traffic signalization, The use of a progressive signal system on the mall
as opposed to a simultaneous signal system has been briefly explored. No conclusive
evidence on the noise curtailment effects of the two systems has been documented
to prove which system, if either, has a more positive effect in reducing noise.
The theory behind the use of either type of signal system is to minimize the starting
and stopping of buses at traffic lights as they trave! the length of the mall. The
progressive system was first used on the mall, The simultaneous system is presently
in effect.

Engineering Considerations

Much of Portland's efforts at nolse attenuation have concentrated on engineering
approaches to quiet bus noise. This approach has the advantage of treating noise before
it is created rather than attenuating it after it is already present In the environment by
means of design and/or operational considerations. Source control measures are now being
undertaken by the bus fleet operator, Tri-Met. Tri-Met has made several alterations on test
buses in a noise retrofit program with funding for the demonstration program provided by a
grant from the US Department of Transportation-Urban Mass Transportation Administration as
well as from the US Environmental Protection Agency. Tri-Met has installed a turbocharger
on the engines of its test buses, The installation of this device has resulted in a reduction
in the engine noise and exhaust noise level, Tri-Met has also padded the engine compartment
on these buses with a 1% inch thick material that is soft, rugged, and easily bent. It consists
ofa 10 ciz/ft2 lead septum sandwiched between two blankets of glass fiber. The composite is
protected by a lightweight waterproof aluminized glass cloth. The lead serves as a sound
barrier and the glass fiber blankets reduce echoing. Tri-Met is also experimenting with
installing belly pans underneath the engine compartment as a noise mitigationtechnique.
The final design of these pans is not yet complete. Another measure, undertaken by Tri-Met,
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has been to rotrofit the exhaust system of its test buses with new mufflers.
Several retrofit buses were tested during 1979; these experimental efforts
have thus far remulted in a 4,5 dB decrease in the noise level of the buses.

At the present time, Tri-Met has not requested funding for retrofitting
their bua fleet. If and when this comes about, Tri-Met expects to retrofit ap-
proximately 15 buses per month. A new type of bus transmission is under inves-
tigation which would reduce the need for full throttla on acceleration, allowing
the bus to move more smoothly with less engine RPM and, consequently, less en-
gine noise. Tri-Met has also investigated the use of trolley bus cperations
within their system to provide for quieter transit operations in the future.

Continued Monitoring

While the engineering effort continues, Portland is fnvolved in a pro-
gram to monitor noise in the central business district with funds provided by
the U.S. Environmental Protection Agency and the U.S, Department of Housing and
Urban Davelopment. Part of the program is to develop an urban noise model ca-
pable of predicting neoisge levels in an urban environment. The program has pro-
duced preliminary noise monitoring data as of this writing. Some of this pre-
liminary information has been inecluded in this report to provide a rough estimate
of the changes in the noise levels of the mal.llon a before-and-after basis.
While a significant amount of !monitoring has occured outside the Gonfines of
the mall for purposes of the urban noise model, two main locations have been
included below. The main locations are on Fifth Avenue at the intersections
of Morrison and Adler Streets. Each main location was composed of four monitor-
ing sites positicned at different strateglc points. The two locations are in
close proximity to locations 1l and 2 of Portland's EIS, which have been included

above in Table 1. Table 2 compares the preliminary post-mall noise level

data with the pre-mall data of the EIS.
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Table 2

Pre- and Poiut-Mall Noise Data for Two Locations

(Average Lgg: Day and Night)

Location Pre-Mall (EIS) Data Post-Mall Data*
Leq 4BA Leg 9BA
A. Fifth Avenue and Day 73 69~75.3
Morrison Street Night 60 56~69
B : Fifth Avenue and Day 69 71-75.2
Adler Strect Night 61 66.4-70.7

*These are preliminary results only and represent the range of the four
monitering sites at each location,

Because the locations of the monitoring sites are not identical for the
pre- and post-mall monitoring, strict comparisons should not be made. However,
these rasults do seem to indicate that the presence of the mall has served to
increase nolse levels in the area. At Fifth Avepue and Morrison Street, where
ﬁoise levels were initially high, the noise level has increased slightly during
the daytime hours. What appears to be more of a problem i the increase in the
noise level in those areas of the mall which were subject to less nolse before
the mall was constructed; these are now similar to or higher than the more noisy
pre-mall locations. BAggravating this situation further is the increased night-
time noise levels, which do not help the City to meet its housing objectives in
the downtown area. A further consideration are the peak hour noilse levels, which
would presumably raise the noise ‘levels on the mall even higher than those

indicated on Table 2, although for brief perlods of time during the day.
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L4 Summary

From Portland's experience, it appears that the most advantageocus way
to solve the nolse problem is at the source of the noise. Portland's best
strategy 1s to retrofit its buses. Retrofitting Portland's fleet appears
possible but expensive. To assist Portland in the future, the purchase of
never, quieter buses to replace its older buses will help to decrease the
noise levels further, To implement design and/or operational techniques to
reduce nolse does not appear to be as effective. The use of barriers, re-

routing schemes, etc., may prove to be costly and only marginally effective,

as well as possible ohstacles to pedestrian access and circulation, which are

objectives of the proJect. On the other hand, the 4.5 dB decrease associated
with Tri-Met's total retrofit effort would substantlally help to decrease the
noilse to levels that are more in keeping with the objective of protecting
against noise~induced hearing loss and preventing undue annoyance and dis-

turbances caused by excessive bus noise.
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5.0 FORMULATION OF NOISE ABATEMENT DESIGN CRITERTA - BROADWAY PLAZA, NEW YORK

Rroadway Plaza is proposed as a series of three pedestrian plazas and a
transitway to be built in the heart of Times Square in New York City. The
project is currently in the final design phase with construction scheduled to
begin in the Spring of 1931, It was of interest to this study of noise and
pedestrian areas to identify potential noise mitigation measures from the per-
spective of the design of a specific project, although the feasibility of
incorporating these techniques will ultimately depend upon their conformance
with project objectives,

Section 5.1 summarizes the design and operational features of the
proposed Broadway Plaza; Section 5.2 analyzes the potential significance for
noige mitigation of certain of these design elements; Section 5.3 suggests
criteria for the location of physical elements to reduce noise; and Section 5.4
offers operational guidelines for vehicular movement for the purpose of
controlling noise.

5.1 Description of Broadway Plaza

Broadway Plaza 1s a proposed pedestrian/transit mall in the heart of
Times Square and the Theater District in New York City. Broadway Plaza will be
created by closing Broadway to traffic between 45th and 48th Streets and
replacing the portion of the street now used for automobiles with new paving,
Since crosstown traffic will be allowed to continue across 46th and 47th
Streets, Broadway Plaza will, in effaect, consist of three pedestrian plazas,
A transitway on Broadway between 48th and 49th Streets will introduce a series
of operational measures designed to glve preferential treatment to transit
vehicles to Columbus Circle. ‘The transitway will be continued along the
eagstern edge of the pedestrian plazas hetwaen 4Bth and 45th Streets.

The southernmost plaza between 45th and 46th Streets will inciude new

paving, trees and the existing monument to George M. Cohan, which is presently
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Broadway Plaza Site Plan
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located on Duffy Square. The eastern edge of the plaza would be

raserved for taxis, with a special lay-by providing taxi information and a
disgpatch operation. A ncw fifty-story hotel has been proposed for the western
edge of this plaza and would include an enclosed sidewalk cafe and escalators
leading from street level to retail areas on the third and fourth f£leors,

The middle and largest of the plazas between 46th and 47th Streets will
incluede a complete transit, tourist and theater information center which will
algo incorporate TKTS, the half-price ticket booth presently located on Duffy
Square. This multi-functional center will also have an outdoor stage for
programmed entertainment, A sgpecial boarding area and lay-by for transit
vehicles will be designated along Seventh Avenue hetween 46th and 47th Streets.
In addition to new paving, this plaza will include trees, banners, information
kiosks and the existing monument to Father Duffy.

The plaza bhetween 47th and 48th Streets will have retail shops on
either side of the block. It has heen designed to include shade trees, lights,
information kiosks and sculpture., A continuous twenty-foot right-~of~way will
be provided for emergency access and service vehicles.

The transitway on Broadway between 48th and 49th Streets is designed as
a dual roadway with transit vehicles and the existing Broadway bike lane to be
routed on the western roadway. A landscaped center median will incorporate a
bus stop as well as information kiosks and shade trees. The transitway will
continue across 48th Street and down Seventh Avenue to 45th Street and provide
access to the block-long lay-bys for buses and taxis prowvided by the two
adjacent plazas.

Broadway Plaza also includes the introduction of a series of oparational
measures and traffic management strategies designed to provide priority treat-

mont for transit vehicles along Broadway, north of the Plaza, and simultaneously
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encourage non-transit vehicles to diversion routes. These measures include
gignal changes, as well as a motorist guidance system.

5.2 Potential Significance of Dasign Elements for Noise Mitigation

Several of the identified design elements can serve a function in
attenvating noise. Although suggestions will be made here for utilizing these
design featuras of the Plaza for noise attenuation, the final design of any of
the discussed slements would be subject to the inherent tradeoffs between cost,
purpose and function.

The first opportunity for noise mitigation lies in the bus and taxi
shelters. 1In effect, these physical elements could act as potential noise
barriers for Plazas A and B. The design of the shelters should be continuous
along as much of the two plazas as possible. The shelter should be of signifi-
cant height not only to block the noise that emanates from near-ground vehicle
exhaust systems, engine compartments, suspension systems and transmissions but
to provide the barrier effect against the exhaust systems of heavier trucks,
which are located well above the ground, The tops of the shelters should be
turned inward at an angle toward Seventh Avenue rather than parallel to the
street surface to provide for more barrier surfaca, The shelter can be con-
structed of a transparent material, such as Lexon, This material would be
preferable to plexiglass, since it has a higher density. There are several
advantages to such shelters. They would be transparent, thereby allowing
visual access between areas inside and outside of the Plaza. Secondly, the use
of a high-density plastie should reduce some of the noise. Thirdly, the
shelters would be located near the noise sources with the further advantage in
that limited space on the Plaza would be needed to accommodate them. The dis-
advantages of a continuous shelter along a block front are that it would signi-
ficantly interfere with pedestrian circulation at the edge of Plazas A and B,

and that it would prohibit easy access to and from the buses and taxis,
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Along the eastern edge of Plazas A and B are located subway ventilation
gratings, Noise from the subways underneath the Plaza emanates from these
gratings, Noise from these gratings can be abated through the installation of
either a prefabricated sound trap or acoustically lined sheet metal ducts.

The sound trap can be installed below the street grade, which would not inter-
fere with pedestrian circulation. The sheet metal ducts could be installed
above street level and can be designed as a series of three foot to four foot
oval or cylindrical ducts extending from the grating of an angle of 135° which
could direct any escaping noise away from activity areas. The duct work could
be designed attractively, as well as color coordinated, with othsr furnishings
and structures on the Plaza lalt:hough such ducts would be clearly unusual forms
for a pedestrian area.

The TKTS booth and information center could be acoustically insulated
to facilitate communication inside the structure, The area designated for
ticket purchases or other areas designated for communication outside of the
struct;}x_ra can be oriented away from the trxaffic side of the structure. In this

way, the structure itself can act as a noise barrier while performing its

other functions.
The roadways adjacent to the mall may be candidates for nolse mitigation.
Potholes and poorly-fitting manhole covers add to the fluctuating noise levels

when passed over by moving vehicles. A smooth roadway surface may pravent the

elanking and thudding of wehicle suspansion systems and provide for quieter tire-

road surface interaction.
Other design elements, thus far identified, used above or in concert with

sach other may have minimal pffectiveness as sound attenuators. A geries of barri-
ers, placed one after apotheX, does not much improve tha effectiveness of a sin-

gle, well-poaitioned and constructed barrier. Therefore, it may not
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prove cost-effective to locate a series of barriers that, for example, may
congist of a line of bus shelters placed in front of a Sseries of bulletin
boards or kiosks which are then positioned in front of a line of shade trees
when a continuous "front line" barrier may provide the most significant
reduction in noise levels, The effectiveness of isolated sculptures, kiosks
or monuments will have a negligible effect in decreasing noise. Isolated treas
or vegetation used to accent plaza appearance will not help to decrease noise
levels either, although they may promote the psychological impression of a
.moxe serene type of environment. The introduction of a masking noise

{e.g. a waterfalls) may prove effective in drowning vehicular noise in areas
immediately adjacent to it, hut its effects are guickly diluted the farther
away one travels from it.

Depreassions in plaza elsvation would help to decrease noise in the
depressed areas. The depressed or sunken area, in effect, becomes isoclated
from the noise pathway. However, this is impossible in the case of Broadway
Plaza since such a change in gite elevation, which would be necessary for noise
abatament purposes, would interfere with subway tunnels and the utility infra-
structure as well as prove a serious impediment to pedestrian circulation in
such a heavily traversed area as Times Square.

The transitway between 48th and 49th Streets presents certain noise
imsues. It will be used by buses, taxis and service vehicles. Although a
madian strip will be positioned in the center of the road to separate transit
and paratransit vehicles, this element will have little effect on reducing
noise. Since traffic will be present on both sides of the median, even a

barrier constructed along its entire length will not provide much assigtance

in reducing the noise there,
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5.3 Criteria for the ILocation of Physical Elements to Reduce Noise

Based on the parameters cutlined in the previous section, several
criteria can be established to locate design elements fox neise mitigation on
Broadway Plaza.

1. Those design elements that can serve a function in attenuating
noise should be located as near as possible to the source of
noise, In the case of Broadway Plaza, the primary noise source
will be vehicular., Consequently, the eastern edge of the plaza
{e.q. along Seventh Avenue) could be considered the primary
location for the installation of design elemente that may help

to attsnuate noise,

2. In the case of using physical elements as barriers, a series
of barriers will not increase the affectiveness over onhe, well~
positioned barrier. Therefore, emphasis should be placed on
designing and locating physical elements to provide for one
"line of defense" against noise intrusions rather than dispersing
physical elements throughout the plaza for noise attenuation

purposes.

3, Physical elements should be placed hetween the source of noise

and the potential receivers of noise {e.g. plaza users).

4. Activity programming and events should be positicned as far

away as possible from nolse sources, since nolee attenuates

with distance.

5. Changes in site elevation (e.g. ﬁepressiong in the site's
topography) can create arsas which are less noisy. Depressed

arsas would be even more effective against noisge if positioned
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as far as possible from noise sources,

Areas where ceonversation is desired can be partially isolated
by the use of design elements when those elements can be placed

between the noise source and conversation areas.

Building structures, and particularly their facades, can be

treated acoustically to prevent sound reverberaticn.

Areas where such activities as eating or reading are desired and

where conversation is not required can be treated with masking

noises.

Isolated and statiocnary noise sources (e.g. alr conditioning
units) can be enclosed or partially enclosed t- prevent noise

from intruding into an area.

Buildings or other structures can ba oriented away from noise
sources, thereby utilizing the structure itself as a nolso

barrier,

Design elements can also be a means of bringing the noise
rroblem to the attention of the publjc, s_igxis and other visual
reminders to encourage quigt could be attractively designed
and located in those areas of the plaza intended for conver-

sation, reading, etc.

Non-parmanent fixtures might be investigated for use as
temporary sound barriers for use during those times when outdoor
avents are scheduled. ‘These temporary fixtures could ke placed to

partially enclose an activity area during performances and
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disassembled afterwards, The location for the temporary
structures would depend upon the specific acoustical needs

of the event.

5.4 Operational Guidelines for Vehicular Movement for Noise Control

The guidelines set forth below pertain to the design of vehicular
movement in the area of Broadway Plaza. Since vehilcular traffic ig the
major contributor of noise in the area, operational technigues to contrel the
flow, movement and composition of the traffic may prove fruitful for noise
control purposes. For this reason, the follewing guidelines are proposed.

1. Traffic signals on Seventh Avenue should be coordinated to

stop traffic either above 47th Street or below 45th Street,

and not adjacent to the major pedestrian areas., This would

Prevent many vehicles from idling at traffic lights adjacent
to the plaza and, more importantly, minimize the noise of

vehicle acceleration at the beginning of the green cycle.

2, Traffic signals between 48th and 45th Streets on Seventh Avenus
should be set to accommodate as steady a flow of traffic on
Seventh Avenue asg possible and to minimize interruptions in the

vehicular flow patterns.

3, Seventh Avenue should be kept clear of double parked vehicles
to provide for a steady flow of vehicular traffic during green

cycles,

4. Vehicles on the crosstown streets in the area of the plaza

. should be stopped behind the building line.
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Trafflc signals along the transitway at the intersections of
48th Street and Broadway and 48th Street and Seventh Avenue
should be coordinated so that buseés can make the double turn

in one signal phase, thereby avoiding double acceleration

from rest.

Trucks should be encouraged to make their deliveries during
those times of the day when the plaza is least utjlized by

pedestrians.

Non-transit vehicles should be prohibited from using the
Seventh Avenuye transitway in order to minimize conflicts with

bus movements.

Through traffic (especially trucks) should he encouraged to
seek alternate routes south other than Seventh Avenue. The use

cof signage and other traffic aids can be helpful i.. .nis regard.

Busg pperators should be encouraged to operate their vehicles
in as quiet a manner as possible. Signage that reminds people
not to use horns and to avold sudden braking and accelerating

may be useful.

Markings for traffic lanes ghould be clearly visible so that

weaving and merging are kept to a minimum.

Several of the elements and operating guidelines which have been

i guggested above as having potential for noise mitigation have already been
included as part of Broadway Plaza; these include the use of the eastern edge
of the Plaza for the location of design elements and the program of signage

5 and signalization proposed as part of the traffic diversion., A combination of




both design and operatiecnal measures, as dlscussed above, is expected to

reduce the nolse levels in and around Broadway Plaza.
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1.0 INTRODUCTION

1.1 ¥roject .Objectives

The purpose of this atudy is teo evaluate the relationship between urban

pedestrian plazas and amblent noise levels. Seven pedestrian plazas in New
York City were selected aa representative case studies. At each of the seven
plazas a nolse measuremsnt study was conducted to determine the 'noise ¢limate”
during dayt{me and evening hours of maximum use. Since nolse affects the
plaza user, an attitudinal survey to determine the users' profile and sensi-
tivity to noise was included in the study.

The study was begun with the assumption that pedestrian plaza nolse
could originate from any source, It was found that noise sources other than
surface transportation were not likely to affect a plaza. Of the two types
of surface transportation noise, motor vehicle traffic would be more common
to an urban pedestrian plaza than rail. The other major aspects of this
study, noise abatement measures and a method for estimating plaza nolse levels,
deal with traffic as the major source of noise.

An attitudinal survey wag conducted at five of the seven selected
plazas, The intent of the survey was twofold: (1) to determine the profile
of a typical pedeatrian pla‘za uger and (2) to determine the plaza users'
awareness and sensitivity to nolse, 'Noise abatement measures for plaza de-
algn were evaluated. The design elements examined in tﬁia study were a com-
bination of those deaign elements found in the pedestrian plazas studied and
noige reduction techniques used for other types of architectural design.
These design elements typically include barriers, plantings and vegeta;ion,
waterfalls and fountains, seating placement, and multilevel designs.

The final phase of the study was the design of a method to estimate
plaza noise levels. In this method, a nomogram 1s used to determine traffic
noise levels for three n.tegories of wehicles: autos, medium trucks/buses,
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and heavy trucks. Once the traffic nolse level has heen determined, nolse
attenuation due to barrilers, blockage from bulldings, vegetation and depressed énd
elevated plaza design are considered. By using this method, the plaza designer
can determine the plaza noise level due to one or more roadways and its

impact on speech communication within the plaza.
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1.2 Selection of Pedestrian Plazas

Seven pedeatrian plazas in New York City were selected to serve as
representative case studies for the noise and attitudinal surveys. The
selection criteria was based on a cross section of plaza design and plaza
ugse parameters. A chart comparing plaza featurea (Table 1) was used to
select the seven plazas from a preliminary list of 24 plazas (AMRA, 1978).
Two of the seven plazas were excluded from the attitudinal survey because of
their iInfrequent use,

The pedestrian plazas selected were:

Seapram Plaza - Park Avenue between 52nd Street and 53rd Street

Roclkefeller Center — Fifth Avenue between 49th Street and 50th Street

Lincoln Center - Columbus Avenue between 62nd Street and 65th Street

General Motors Plaza - Fifth Avenue between 58th Street and 59th Stree

Grand Army Plaza - Fifth Avenue between 58th Street and 59th Street

Plaza 400 -~ First Avenue between 55th Street and 56th Street

KLM Plaza - Madiscn Avenue between 49th Street and 50th Street
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Table 1

Criteria for Plaza Selection

Plaza

KLM

Seagram
Plaza

General Grand

Plaza Motors Army

400

Plaza Plaza

Rockefeller Lincoln

Center

center

Proximity to different
surface tranasportation:
a. auto traffic only

b. auto and bus traffie
¢, truck routes

d. subway

Adjacent land uses:

a. residential/commercial

b. commercial/office

c. office only

d. recreational/comm/
office

Adjacent streets/avenuea:

a. one street

b. two streets {parallel)

¢, two streets
(perpendicular)

d. three streets

e. four strects

Mall/adjacent structures

a. open plaza area

b. partially enclosed
without canyon

c. partially enclosed
with canyon

d. fully enclosed

Traffic aids adjacent

‘to plaza:

a. traffic lights

b. bus shelters & taxi
stands

Topography

a. above grade

b. below grade

¢. at grade

d, multi-level

e. gradual grade change

P
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.. Table 1 {econtinucd)

General Grand
KLM Seagram Plaza Motors Army Rockefeller Lincoln
Plaza Plaza 400 TPlaza  Plaza Center Center

" G. Geometry
a. rectangular X X X X
b. eircular
¢, triangular
d. L-shaped

e. U-shaped X X X X
H. Design features-presence of:
a, masking noise X X X X X
b. barriers (isolated X
standing walls)
¢, mall furniture X X X

: d. vegetation (by sample
size comparison only)
1. heavy vegetation X
2. light vegetation X X X X X X
3. no vegetation
e. absorbtive materials
&/or Finishes

I. Pedestrian thoroughfare ’

a. presence of X X X b4 X X X
b. absence of

. Source: AMRA, 1978.

: I11-5

F
it

Erg




1.3 Descripticn of Plazas

The design features of each of the pedestrian plazas selected for
this study are as follows:

Seagram Plaza

The bronze and bronze-glass tower Seagram Bullding designed by
Mies van der Rohe in the 1950's reintroduced the idea of "plaza" ro New
York. Occupying the full block on Pavk berween 52nd and 53xd Streets, the
Seagram Plaza (Figure 1) 1s large and open with some furniture and foliage;
two f&unn?ina are sltuated at either end. The Plaza is two metera {m) (aix

feet (ft) ) nbove grade, somewhat separated from street activity.

Rockefellar Center

The flagship RCA building rises directly from Rockefeller Center
Plaza (Figure 2) which not only provides scale to this complex but functions
a6 -a pedestrian enclave for tourists, shoppers and workers in nearby
offices., Rockefeller Plaza 1is a multi-level pedestrian spéce which
encompasses and overlooks the sunken center area which is transformed from
an outdoor cafe in summer to an ice skating rink in winter. This sunken
plaza, sat back from the street, is accessible via the Channel Gardens,
a gently sloped, fountained space with lush seasonal foliage.
Flanked by low-scaled shops, the Gardens offer seating facilitles

from which to view both internsl plaza events ond Fifth Avenue activities.
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Lincoln Center

For purposes of this project the Lineoln Center Plaza (Figure 3}
encompagses the system of pedestrian spaces including the main open space con-
tained by Philharmonic Hall, the State Theatre and the Metreopolitan Opera as
well as Damrosch Park at the southwestern corner of the complex and the smaller
plaza space in front of the Library and Muscum of Performing Arts in the porth-
wast corner. The main plaza is a paved, spacious court; the only furniture
is the fountain situgted in the middle of the plaza around which opera and
theatre goers congregate before and after performances. During the summer
months an outdoor cafe is set up along the south side of Avery Fisher Hall.
To the sputh of the Met is Damrosch Park, a space for free outdoor events.
This park Includes a flat, Intricately paved center section surrounded by an
edge of formal landscaping, On the other side of the Met is a small plaza
in front of the Library/Museum Building; ample seating facilities surround
a reflecting pool.

General Motors Plaza

The bi-level General Motors Plaza (Figure 4) occupies the full
block between 58th and 539th Streets. Attached ro the relatively new
(1968) General Motors tower the U shaped upper plaza 1s regularly
punctuated by stone slab seating facllities and lightly vegetated planters.
This portion of the plaza is at street level and offers an opportunity
for bullding workers or passersby to lunch or people wateh in Maphattan's
exclusive Plaza Hotel distriet., The sunken central space is flanked by
premier quallty reteil facilitles. During warm weather this below grade

portion of the plaza houses a popular outdoor cafe.
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Grand Army Plaza

Located in Manhattan's most exclusive shopping-hotel-office area
at the edge of Central Park, Grand Army Plaza (Figure 5) is the first of New
York's two public urban plazas. It is a pedestrian plaza which is not
a part of a private building complex as are the other plazas in this
study. The plaza is an island, surrounded completely by streets and contailned
by buildings of varied architecture and function. It is bisected by 595th
Street. To the south of the pedestrlan space is ornamented by varied
paving and trees enclosing the Pulitzer Fountain. Although some seating
facilities are provided, many pedestrians relax aleng the fountain rim.
To the north of 59th Street there i1s a ghort mall lined by benches and light
foliage. At the northernmost point of the mall stands = 1903 statue of
General Sherman atop a multi-tiered pedestal.

Plaza 400

Plaza 400 (Figure 6) is a public open space which was developed
in conjunction with the residential complex at 400 E, 56th Street, The
open spaee is multi-level with the below grade portlon along First Avenue.
The plaza is ficted with vegetation and seating. A large fountain is located
at the entrance of the plaza,

KIM Plaza

The KLM Plaza (Figure 7) is continguous with Madison Avenue
between 49th and 50th Streets. The plaza is depressed from sidewalk level and
a defined boundary separates the open space from the sidewalk, The plaza
has ne furnishings or trees, however, a sitting area for pedestrians is pro=
vided by the steps and barrier wall which circle the perimeter of the buildine

on three sides.
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1.4 Study Components

An attitudinal and neise measurement survey was conducted at those
plazas selected for case study. Plaza 400 and KLM Plaza were excluded from
an attitudinal survey., Due to their design and location they are infrequentl
used by pedestriana. They were included in the nolse measurement survey In
order to study the noise propagation of Plaza 400's multilevel design and
determine the noise level of KLM Plaza which is exposed to a high volume of
regular and express bus service along Madison Avenue.

The attitudinal survey was designed to determine the profile of the
plaza users and theilr awareness and sensitivity to noise. An integral part
of the survey was the observation of how each plaza is used, noting any
favored areas of occupancy.

The nolse measurement survey was conducted to determine the nolse
levels of each plaza during the hours of maximum pedestrian use (11 am to
3 pm for daytime use and 4 pm to B pm for evening use).

The data obtained from the attitudinal and nolse measurcment survey
was ysed to determine the [ollowing:

e the effect of plaza design on traffic noise propagation.

& noise attenuation measures that can be incorporated In the design

of a plaza.

® a calculation methodology for the plaza designer which will

estimate the level of traffic noisc within a plaza.

e the effect of nolse on pedestrian use of the space,

III III-16
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2.0 ATTTITUDINAL SURVEY

2,1 Development of a Questionnaire

The attitudinal survey (Table 2) consists of ten questions, the
first five of which are desipned to determine the profile of the plaza users:
frequency of visits (Ql), the time of day of wisit (Q2), factors which in-
fluence the time of day a user would visit the plaza (Q3), users main ackivicy
in the plaza (Q4) and the Length of visit (Q5).

In past nolse studies there was concern about blased or sensitized

answers developing if the respondent knew, at the time of the questioning, that

nolse was the specific subject of the survey (Wyle, 1977}, It was also found that

more respondents claim to be disturbed by noise when the investigation's purpose

is not disguised and the respondent knows the attitudinal survay 1s concerned

with his reaction to noise (Wyle, 1977). The introduction of the word "noise"

was delayed in the questionnaire until after the inveatigation of the plaza
user's profile.

It is important to find out hLow a user ranks nolse among other environ-
mental conditions such as air quality, uncleanliness, crowding and traffic {Q7).
The first question in which "noise' is used asks 1f the user 1s aware of noise
in the plaza (Q8) and, if so0, can he identify the source of the noise (Q8a).

To determine the user's perception of plaza noilse levels (09) an

opinion "thermometer” {s used with the top designated as "extremely noisy" and
the bottom designated as "not nolasy at all." A similar opinion "thermemeter"

1s used to determine if the user is bothered by plaza noise (Q%a). This allows

the respondent to make an independent judgement which is not constrained by

pre-assigned intermedlate amnnoyance intervals. The laatc inquiry of the

questionnaire gave the plaza user an opportunity to select a plaza desiéu
feature which could best alleviate nolse annoyance (Ql0).
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Table 2

AttitudInal Suryey

Huw aften do you vislt the plaza weather permiteing?

a8, 1-5 cimas per week

b, 1-2 times pur week

c. every other week

d. ence a month

a. less than once o month

What cime do you usually vislt cho plnza?

a, morning

b, during work bredks
¢, lunch

4, aftar waork

e, evening

£, other

What fnfluences what cime of day you viait tha plaza?

a, crowdg at the plaza

b. elimate/sunshine

€, apecial seheduled eventa
d, other

Whut do you matsly do when you vislt the plaza?

B, eat

b, talk with friends
e. read

d. people warch

e, other

llow long do you otay?

a. leds than 15 minutes
b. 15-30 winuces

c, J0=45 minutes

d, 43 minutes - )1 hour
e, over I hour

What conditions would you lika to see changed co make your visics
mnore pleasant?

9. more seating

b. shielding from eun, railn, wind

¢. hetter maintenance

d, aesthetic improvemente, such as ttees, waterfallu, plaes furniture
@, program svents

f. othar

7.

Ba.

Su,

[UN

Which of the following affect you most when you're in the plazal

a, alr quallty

b. nolse

¢. uncleanl {nuss

d. crowling

e, surreunding traffic

Ware you awore of poise in this plara prior tn this interview?
.

a, yed

b, no

Can you idencify the source of this nolsu?

a. traffic

b. construction

¢. airernft

d. internal activitles
e. bullding equipment
f. other

Please estimate the nolse lovel in the plaza whea you genwrally viali
ah a scale of ona to five, five being extremely notay

a b e d e
not nolsy ot all 1 2 3 4 5 extrenely nolay
Pleaae Indicate the extent ta which you are bothared by this nolus
agaln on 4 wcale of one to Fiva, flve belng extrosely bothered,

a b e d e
nor bathered ar 811 I 2 3 4 5 extremely bothered
Which of the following do you frel could besc slleviate nofae
annoyanca?

A. Ltreed

b. plaza furnfture
¢. waterfall

d. piped In music
e. barrier wall

f. other
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2.2 Conducting the Survey

The attitudinal survey was conducted at five pedestrian plazas in
New York City during the month of Qctober, 1978. General Motors, Grand Army
and Seagram Plazas were sampled during the lunch period (1llam=~3pm). Roekefeller
Center and Lincoln Center were sampled during this sawe lunch period and again
during the evening (4pm~Bpm). Each question had five p;ssible responses.

The sample size required to detect a given "true" difference between
percentages (or proportions) was determined prior to the survey by the method
of Sokal and Roulf (1969). The analyses were required to be 90% certain of
detecting a significant difference hetween responses to each question when a
difference did exist; and to be 95% certain of not concluding that there was
a significant difference between responses to a question when there was no
difference. = Applying these criteria to the method of Sokal and Rohlf a sample
gize of at least 79 observations was needed.

Each potentinl respondent was advised that the survey was an effort

to obtain information on the users of pedestrain plazas and the results would

be incorporated inte the design and congtruction of future plazas. For the

most part, the survey was performed orally; however, in small group situations,
respondents themselves were allowed to £1il1l out the questionnaire in the pre-
sence of the Interviewer. Respondents were instructed only to select one

; answer per question. The questionnaire was completed in under ten minutes.

th
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2.3 Observations of Plazas

The personnel conducting the attitudinal surveys were asked to ohserve
how the plazas were used. They were to observe any noticeable occupancy
trends in a plaza due to sunlight, seating or other factors.

The observations for the plazas surveyed are as follows:

Seagram Plaza

Here, largely wichout exception, plaza users were offfice workers on
their lunch break. Peak activity occurred during the 12 noon to 2 pm period
in two distinct hourly cycles. Distribution of users throughout the plaza
was strongly related to the presence of sunlight., At the time of the survey
Seagram Plaza had early afterncon sun first felt in the northwest corner!
accordingly, the heaviest concentration of users occured in this area along
both the Park Avenue steps aud the northern periphery of the plaza around
the fountain., Small groups of users opted for seats along the wall in other
sections of the plaza. Lack of foliage and comfortable seating arrangements
were regarded as definite drawbacks to plaza usage.

Rockefeller Center

During the day, user composition was limived essentially to a com-
bination of tourists and office workers on lunch breaks, On the day of the
survey, the majority of plaza users congregated on the upper plaza overlook-
ing the ice rink to watch a specilal skating programmed event. Benches in the
channel gardens were occupied primarily by plaza users eating lunch. A small
number of pedestrians walking through the area stopped there for a short rest.
The upper portion of the gardens fronting on Fifth Avenue was used more con-
sigtently presumably due to the strength of the sun and proximity to Fifth

Avenue sights.
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In the evening the user group was largely composed of tourists and

metropolitan area residents who were in the vicinity and whose visit to the

plaza was a secondary activity. Distribution of users throughout the plaza

was similar to the daytime pattern with the majority of pedestrians overlook-

ing the skating rink and the remainder 1n small groups on henches In the

Channel Gardens.

Lincoln Center

Daytime wsers at Lincoln Center seemed to favor the smaller scaled,
more intimate spaces at the rear of the complex rather than the major plaza.
Damresch Park and the plaza in front of the Library and Museum of Performing
Arts, self-contained and essentlally removed from the street, appeared condu-
cive to longer visits and more solitary types of activities including reading,
studying, writing, sunning. Visits of shorter duration and walk-throughs
tended to sit at the fountain in the maln plaza area. Because of Lincoln
Center's location and speclal function, user composition was perhaps most
diverse at this plaza; the range of users included nearby office workers and
residents, tourists, students and members of the performing arts community.
The volume of users remained more or less constant.

During the ewvening survey period user composition and usage patterns

differed significantly from the daytime survey. For the most part, evening

plaza usage was assoclated with attendance at a Center performance. The peak
activity period ccecurred between 7 pm to 8 pn directly before curtain time.
Users congregated around the fountaln and near the theaters; usage of Damrosch

Park and the Library/Museum plaza was sharply curtailed.

General Motors Plaza

GM Plaza was used almost exclugively by the lunch time office worker

either from the GM Building itself or surrounding bulldings. B5mall groups

TI1-21
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of users cecupied seating facliities on the upper plaza and along Fifth Ave-
nue, The limited duration of the visits was presumably due to unfavorable
weather conditions on the day of the survey. A small number of users, gener~
ally on thelr way to and from the GM Building, preferred to stand along the
ralling overlooking cthe lower plaza. Virtually no plaza activity occurred in
the below grade level due to lack of seating facilities at this time of year.

Use of below grade level was primarily for access to and from retail shops.

Grand Army Plaza

Directly across Fifth Avenue at Grand Army Plaza user composition varied
to include a fair number of tourists and passing pedestrians as well as office
workers on their lunch break. This difference in user compasition between
Grand Army Plaza and nearby GM Plaza could possibly be attributed to a

combination of the following factors:

# the relatively Informal structure of Grand Army Plaza
s 1ts ample awd varied seating spaces and more diverse vilsual

environment

¢ the perception of Grand Army Plaza as a public space rather than

an extension of an office building.,

With the exception of a marked preference for seating at the multi-tiered
base of the statue at the north end of Grand Army Plaza, the distribution of

users was generally aven throughout the plaza,
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2.4 Suryey Results

Responges from the survey questionnaire were used to develop descriptions
of plaza use and profiles of plaza users. The survey results for the aggregate
daytime and evening responses are presented in Appendix A and are summarized
below:

Daytime User: The typical daytime user visits the plaza during the lunch
period at least once a week for approximately one lhalf hour, While the typical
user may eat lunch at the plaza and in facg engage in several activities during
the visit, his main activity 1s people-watching (33 percent), Favorable climate
or sunshine conditions are by far the most significant influence on the actual
time for the visit (58 percent). Not one environmental factor appeared to ad-
versely affect the daytime user; the responses were split evenly among the
environmental factors.

On the whole, typlical users found the plazas lacking in aesthetics
(e.g. trees, waterfalls, etc.) (28 percent) and seating facllitiea (25 percent),

Evening Users: As would be expected, the evening plaza user differed
from the daytime user in time of visit and frequency of use, Typically, the
evening user visits the plaza after work or during evening hours (73 percent
combined) for approximately one half hour. Unlike the daytime user, the evening
user visits the plaza infrequently, generally less than once s month (39 percent).
Evening plaza use, particularly at Lincoln Center, appears to be associated with

waiting for a scheduled performance to begin, Here again, people watching is

the primary activity (31 percent).
With respect to environmental factors, the evening plaza user is
affected to the greatest degree by crowding (27 percent). Lack of seating

{35 percent) was found to be a plaza's greatest overall deficiency.
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On the whole the survey results Indicate that pedestrians use these

plazas for short visits usually in conjunction with another purpose such as
eating lunch, walting for an event, etc. In those plazas sampled during both

daytime and evenlng hours, two distinct user patterns emerged. Rate of use

among the daytime group 1is significantly higher, presumably due to the fact

that the group 1s largely composed of nearby office workers who have greater

opportunities for repeated use. Evening users on the other hand may visit the

plaza only when they have another reason to be in that particular area.

The attitudinal survey results with regard to a user's awareness

and gensitivity to nolse are discussed in Chapter III-4.0.
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3.0 lNoise Measurements

3.1 Messurements of Procedures

Noise measurements were recorded at each of the seven selected pedestrian

plazas as follows:

Plazs Time Date
Seapram Plaza 11 am-3 pm October 23, 1878
Rockefeller Center 11 am-~3 pm October 24, 1978
4 pm~8 pm November 1, 1978
Lincoln Center 11 am-3 pm October 25, 1978
4 pm=8 pm October 25, 1978
General Motors Plaza Noon =2 pm October 26, 1978
Grand Army Plaza Noon -2 pm October 27, 1978
Plaza 400 11 am-3 pm October 30, 1978
KLM Plaza 4 pm-6 pm October 30, 1978
Nolse measurements were recorded on magnetic tape and analyzed at a later
time. The measurements were made using two microphone locations. One
The other

microphone remained stationary throughout the survey peried.

microphone was moved to different locations throughout the plaza every 20 to

30 minutes,

Two microphone locations were used in order to determine the sound
propagation within each plaza as it relates to the following:

e distance from nolse source,

a sound reflections from wall, floor and other surfaces,

& effects of occupancy.

masking effect of waterfalls.

o free standing barriers.

vegetation.
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A list of the noise monitoring instrumentation is presented in Table
3. Noise levels were recorded by using a one ineh diameter microphone fitted
with a windsereen. The signal from the microphone was passed to a precision
sound level meter where it was A-flltered. Recording the noise through the
A~welghted network increased the dynamic range of the instrumentatlon. The
signal output from the sound level meter was recorded by the magnetic tape
recorder. In the field, a calibration signal of 114 dBE at 1000 HZ was re-
corded on the tape.

Measurements were not made 1if:

# street pavement was not generally dry

e winds were greater than 12 miles per hour (mph)

s non-typlecal noises such as construction, sirens, and unugsual

pedestrian activity occured.
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Table 3

Nulse Instrumentation

Type Manufacturer Model
Sound Level Calibrator Gen Rad 1562-A
Gen Rad 1567
Windscreen Gen Rad For %" & 1" microphones
Microphones Gen Rad 1961-94601
Gen Rad 1962-9601
Sound Level Meter Gen Rad 15658
Gen Rad 1933
Tape Recorder Nagra Kudelski 515
Nagra Kudelski IV-Stereo
Graphic Level Recorder Bruel & Kjaer 2306
Noilse Level Analyzer Bruel & Kjaer 4426
Beyer Dynamics DT98A

Headphone

i
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3.2 Selection of Measurement Locationa

Each of the seven plazas were selected for their desipgn characteristics
and their different sources of noise intrusion. Measurement locatlons
(Figures 8 through 14) were selected to evaluate the plaza design character-
istics as described below:

Seagram Plaza -~ Two water fountains provide masking for the traffic noise
from Park Avenue. The traffic is predominantly cars with an occasional bus.

There are very few trucks other than four wheel vans,

Rockefeller Center - The entrance on Fifth Avenue leads into a long wnd
narrow plaza with high rise buildings on both sides. There are fountains
within the plaza and benches for seating. The traffic noise from Fifth
Avenue consists mostly of cars and buses. The narrow width of the plaza with
its adjoining buildings provides a "canyon effect' sustaining the noise levels
of the traffic and the internal plaza noise of fountains and people. This is
the only plaza surveyed which has programmed eventa.

Lincoln Center ~ The plaza is bordered on three sides by buildings with the
fourth side as the plaza entrance. Thete 1s a single large fountain at the
center of the plaza., Due to the size of the plaza and the spacing of the build-
ings there 1s no canyon effect, There are smaller pedestrian areas set back
from the main plaza area which was tested to determine its barrier effect in
reducing the neise intrusion.

General Motors Plaza = This is a bi-level plaza, street level and
below grade plaza area. The source of noise is Fifth Avenue traffic.

Grand Army Plaza - The plaza is flat, with some benches and vegetat_ion and a
large fountain in the center which provides additional seating. Fifth Avenue
traffic is the noise source.

Plaza 400 ~ This is a multilevel residential plaza affected by traffic

nolase along First Avenue, The traffiec has a high percentage of trucks, mors

I1I-28"
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go than the other plazas selected.

KLM Plaza -~ This plaza was selected for its location on Madison
Avenue which has a high volume of express buses during the afterncon rush
hour.

Traffic counts were obtained concurrently with the noilse measurement

survey for each plaza and are presented in Figures 8 through 14,
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3.3 Results of Noise Survey

The reaults of the nolse measurement surveys (Table 4) indicate that
some of the plaza design elements did result in a reduction in plaza noise

level. The noise characteristies of the individual plazas are described

3

as follows in terms of the measured equivalent sound levels (Leq)

Seagram Plaza - This plaza is flanked on three sides by traffic. The
major source of nolse is along Park Avenue; however, as one walks away from
Park Avenue, traffic along 52nd Street or 53rd Street becomes the predominate
noise source. The flat plaza desipn along with the multiple sources of
traffic noise result in a relatively uniform noilse level (+2 dB} at any
location 1In the plaza.

Lincoln Center - The traffic along Broadway and Columbus Avenues and
the large fountain at the center of the plaza are the predominate sources of
noise. The noise level of the fountain at 3 m {10 ft) was 71 dBA during the
day and 75 dBA at night when the fountain water column was higher. The
noise levels at the rear of the plaza in Damresch Park and the smaller plaza
area in front of the Library and Museum of Performing Arts were in the range of
4 dB to 8 db less than the statlonary mecasurement leecation at the plaza en-
trance, The nolse reduction is due to distance and partilal blockage of the New
York State Theater and Avery Fisher Hall,

Rockefeller Center - The predominate sources of noigse within Rockefell

Center are people and programmed events. As one enters the Channel Gardens,

- the sound of traffic is gradually macked by the other sources of noise,

The bulldings adjoining the Channel Gardens create a slipght "canyon effect"
which tends to reflect the noise many times and sustains the noise at a

higher level (2 dB to 3 dB).
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Table 4

Measured A-Weighted Sound Levels-ley

Mensurementl Rodékefeller Center Lincoln Center

Location Seagram day evening day evening
M1 68 79 71 71 75
51 69 66 66 69 68
M2 71 78 73 72 75
52 70 68 65 69 69
M3 70 78 72 68 72
S3 71 66 68 70 69
M4 69 69 13 &9 76
84 69 66 67 70 70
M5 71 71 70 62 64
85 69 67 66 69 70
M6 70 69 71 61 63
56 69 67 65 68 69
M7 69 71 72 61 60
87 68 67 65 69 6§
M8 69 - ~ 64 62
S8 72 - 68 66

o

69

67
7L
65
70

65
70

70
69

Grand
Army Plaza
Plaza 400
69 74
71 71
12 70
73 71
72 74
68 72
69 75
68 72
- 75
- 72

Note: 1., M denotes mobile measurement locatlons and S denotes statlonary
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General HMotors Plaza -~ The nulse measurements on the below grade level

of the plazz indicated a 5 dB reduction in noise level. The at-grade plaza area
is exposed to traffic nolse on three sides which results in a uniform noilse
level (42 dB) at any location in the plaza.

Grand Army Plaza - The variation in nolse level within this plaza is

a function of a user's distance from Fifth Avenue, the major source of traffic
noise. The flat, stark design of this plaza provides little noise reduction
to its users.

Plaza 400 - This is a multi-level plaza with areas below grade. The
measured difference in noige level due to these below grade areas is 3 dB. This
is less than the 5 dB difference in noise level meagured at the General Motors
Plaza due to a below grade pleza area. The predominant noise source affecting
the plaza is heavy trucks (three axles or more) along First Avenue. The engine
exhaust height of these trucks (3 w to 4 m) tends to minimize the noise re-
duction provided by the below grade plaza area.

KIM Plaza - This plaza had consistently high noise levels (73 dBA
to 77 dBA) due to its flat design and its proximity to Madison Avenue. The
survey was scheduled for 4 pm to 6 pm to measure the noise levels penerated
by regular and expresa bus service along Madison Avenue.

A more detailed description of the noise nomenclature is presented

in Appendix B. The complete set of noilse measurements are presented in

Appendix C.




4.0 EFFECTS OF NO.SE ON PLAZA USERS

4.1 sensitivity to Noise

The actitudinal survey indicates 54 percent of the daytime users and
45 percent of the evening users were aware of noise prior to this interview. The
opinion "thermometer" for questions 9 and 9a uses a scale of 1 to 5. When
evaluating the response to these questions the follewing designatlons are used:

Question 9: 5 Extremely noisy
4
} Moderately noisy

© ¢ Somewhat nolsy
1  Not noisy at all

Question Ja: § Extremely bothered
4
} Moderately bothered

2 Somewhat bothered
1 Not bothered at all

The majority of daytime users (69 percent) estimated the plaza noise
level as moderately to extremely nolsy. However, only a portion of those users
(37 percent) were moderately to extremely bothered by the plaza noise. The
majority of evening users (59 percent) also considered the plaza noise level as
moderately to extremely nolsy, Of these evening users only 39 percent were
moderately to extremely bothered by the plaza nolse.

The attitudinal survey indicated very clearly that the majority of
plaza users are elther not bothered or somewhat bothered by plaza noise (63 per-
cent). As a subjective measure of noise, past studies have shown agreement
between annoyance and verbal communlcations (Alexandre, 1975), Annoyance
oceurs when verbal communications are frequently disturbed. The fact that the
majority of plaza users Indicated minimal annoyance from nolse may be dus to

the following: ITI-40Q
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o the majlority of plaza users do net visit the plaza for the
purpose of talking
o the measured plaza noise levels Indicate that comfortable communica-
tioen at a normal voice level (95 perceut speech iIntelligibility) cam
be maintained at an average discance of 0.6 m (2 ft) (USEPA,1974) for
normal hearing listencers.

The criteria used for determining the maximum distances ocutdoors for which
conversation is considered to be satisfactorily intolligible is presented in Figure
15,

When asked which plaza design element would best alleviate noise annoyance
{QL0) 34 percent of the daytime users and 44 percent of the evening users indicated
trees, In reality, the most effective noise alleviant is a barrier wall but only

13 percent of daytime users and 8 percent of the nighttime users were aware of this,
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Figure 15 MAXIMUM DISTANCE OUTDOORS OVER WHICH CONVERSATION 1S
CONSIDERED TO BE SATISFACTORILY INTELLIGIDLE
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5.0 NOISE ABATEMENT MEASURES FOR PLAZA DESIGN

Plaza desipgn elements which can reduce traffic noise propagation
within a plaza have been evaluated. The desipgn elements observed during this
study have been combined with noise reduction techniques used for other types
of architectural design. The noise attenuation values of the design elements
discussed below can be determined by the calculation methods deseribed in
Chapter 6.0.

Sound Barriaers = A sound barrler can be any obstruction which shields,
or partially shields the traffic noilse from the plaza. The effect of this
shielding is dependent on the barrier height, distance from barrier to receiver
and from barrier to noise source, and the height of the neise soureces. Sound
barriers can take the form of a taxi or bus shelter, a building structure, a wall,
or any other obstructlon which is located between the plaza and the roadway. The
height of a barrier may become an aesthetic consideration that may interfere with
the look and function of the plaza. A compromise between aesthetics and neise
reduction could be achieved by using 1.0 to 1.5 m {3 to 5 ft) high barriers
arranged around seating areas rather than the entire plaza. The barriers would
ptovide noise reductlon to a pedestrian user when sitting and when the user is stand-
ing he would have an unobstructed view of the entire plaza, This design approach
would provide a reduction in nolse level for users who read or talk while not
interfering with other users who people watch or eat lunch. If a barrier is

_not straight but angled, either at the end or at the top (Figure 16} its nolse
reduction value can be Iincreased without making the barrler excessively long

or high.

Multilevel Design - A below grade plaza area waa found to have a lower

noise level than a street level plaza area. This could be used as a major
desipgn element with the entire plaza area below grade or it cgould be limited to

smaller areas designed for seating. The depressed plaza should be a minimum
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ROADWAY

BARRIER

RECEIVER

(A) PLAN VIEW OF BARRIER TURNED AT ENDS

SQURCE BARRIER RECEIVER

(8) ELEVATION OF BARRIER TURNED AT THE TOP

FIGURE 16 BARRIERS TURNED AT THE END OR THE TOP
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of 1.5 to 3.0 m (5 to 10 ft) below grade.

Seating Placement - Seating areas should be segregated within the

plaza at the maximum allowable distance from the traffic noise.

Vegetation - To provide some noise attenuation the vegetation should
conaist of trees or shrubs dense enough to visually block the nolse source
from the plaza user, To be effective year round, the vegetation should be
a reasonable mix of both declduous and evergreen trees, or all should be
evergreen. Noise attenuation provided by vegetation is minimal; 30 m (100 ft)
of vegetation are required to obtain a 5 dB reducticn in noise level.

Fountains or Waterfalls - A fountain or a waterfall may be used to

provide masking of the traffic noise,

Piped in Music - Music will not mask as well as a fountain or a water-
fall because it would compete with the traffic noise for the attention of the
listener.

These plaza design elements can be used alone or in combination to
maximize traffic nolse reduction and still be compatible with form, function,

and aesthetics of the plaza design.
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6.0 METHODOLOGY TU ESTIMATE FPLAZA DESIGN LEVELS

Traffic is the major noise source affecting urban pedestrian plazas.
As a result, to estimate plaza nolse levels, it 1s necessary to calculate the
traffic noise of each roadwny which adjoins the plaza. To estimate roadway
néise, gluple assumplions nust be made concerning how the traffic noise 1s
generated and how it propagates from the roadway to the plaza. As part of this
study, a simplified method of traffic noise prediction has been developed as
a planning tool to be used by plaza designers., Once the plaza nolse level
hes been estimated the impaet on pedestrian users can then be determined sub-
jectively by its effect on speech communications (USEPA, 1974).

One of the simplest methods for estimating traffic noise is a nomo-
gram devaloped by Bolt, Beranek and Newman, Inc. (1973). The nomogram is
valid fur traffic moving at a constant apeed. An average traffic speed should
be calculated that considers acceleration and deceleration between trdaffic
sipgnals.

A nomogram is a graph containing three or more scalea graduated for
different variables so that when a straight line connects the values on any
two scales, the related values may be read directly from che third scale at
the point intersected by the line (Figure 17). The procedure for using this
nomeogram is discussed later in this seetion.

Three different wvehicle categorles based on the vehicles' noise
generating characteristics are incorporated inte the nomogram (automobiles,
medium trucks/buses, and heavy trucks}. Automobiles are vehicles with two
axles and four wheela, This group includes passenger cars, light pick-uvp and
panel trucks. Under normal conditions, automobile noise is composed primarily
of engine exhaust noise and tire-roadway interaction noise, which are both

concentrated near the pavement surface, Hence, the effective source height
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Tigure 17 TRAFFIC NOISE PREDICTION NOMOGRAM
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for automobliles 1s taken at the puavement surface.

Madium trucks/buses refer to gasoline-powered two-axle, six wheel
vehiclea, Medium trucks and buses are grouped as one category because of
their similar nolse emission levels., One distinction between this group and
heavy trucks, other than just physical size, is that medium trucks/buses do not
have a vertical exhaust stack. Like automobiles, medium truck/bus noise 1s
primarily engine-exhaust and tire noise, which again are concentrated near the
pavement surfaeca. Although the exhaust outlet may be slightly higher for
medium trucks/buses than for automobiles, the effective source location is still
assumed te be at the pavement surface, In general, the sound levels generated
by medium trucks/buses are similar, but are higher than automobiles for the
game operating conditions.

Approximately 80 percent of heavy trucks are diesel-powered vehicles
with three or more axles. Long-haul tractor-trailer vehicles constitute the
majority of this group, which alse includes dump trucks, cement mixers, etc.
Heavy truck noise is a combination of engine, fan, intake, exhaust, and'tire
noises. However, extensive measurements of actual traffic conditions have
ghown that heavy truck nolse can be adequately simulated by using the exhaust
noise source only and neglecting other sources. Based on this, the effective
source location is assumed to be 2.5 m (8 ft) above the pavement surface. Thus,
the major differences between the sound generated by avtomoblles and medium
trucks/buses and the sound generated by heavy trucks are the magnitude and
spatial location of the sound source.

The method agsumes that the real roadway configuratlon can be approxi-
mated by a single "equivalent" lane that 1s straight and infinitely long. It
also assumes that this equivalent lane lies at-grade on a level terrain, which

means that there is no shielding. The model further assumes that the noise
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generated by each of the vehicle groups can be characterized by the traffic
volume flow {vehicles/hour) and the average speed (miles/hour) for that group.
Analyais of this idealized model shows that the noise of automobiles and

medium trucks/buses inereases with traffic volume and average speed; and that the
noise of heavy trucks under the same conditilons increases with traffie volume, but
decreases slightly with an increase in average speed,

The equivalent level of the noise propagated from the roadway decreases
by an A-weighted sound level of 4.5 dB for every doubling of distance from the
roadway (Kugler, 1974). This value of attenuation has been determined
empirically, and includes losses due to alr absorption and excess ground
attenuation.

The predicted sound levels are conservatively high except when the
ground plane 1s very reflective and no shielding is present. A highly sound
reflective ground plane is typical for most urban pedestrian plazas which
tends to maximize the accuracy of this method.

The steps necessary to estimate plaza noise levels are outlined in
Figure 18, A sample problem is included in Section IIL - 7.0, All step reaults

should be recorded on the Roadway Worksheet shown in Figure 19,
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Pedestrian Plaza
Noise Prediction

~

Traffic Data

& Average Speed: SA,SM,SH
¢ Vehiele Volume:VA,VM,VH
for peak hour period

STEPS 2.1 and 2.2

Roadway Data

& Roadway-Plaza
Site Distance: DC
STEP 1.1

Ihq
& Autos

STEP 3

Roadway Nolse Nomogram

e Medium Trucks/Buses
& Heavy Trucks

Roadway Shielding Data

e Barrier: DB,HB, a
8 Depressed

Plaza: DE, HE, &
e Elevated Plaza:DD,HD;a
o Bullding Barriers: nr
® Vegetation: dw

STEPS 1.2 and 1.3

’

Shielding Corrections

# Autes and Medium
Trucks/Buses:CSA/M
e Heavy Trucks: CSH

STEP 4.1 to 4.5

Figure 18.

("]
Roadway Noise Level
STEP 5

Total Plaza Site
Noise Due to Several
Readways

STEP &

Effect of Plaza
Yoise Level on
Speech Communication
Step 7

PLAZA NOISE PREDICTION FLOW DIAGRAM
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Roadway Worksheet

Plaza Preject

Roadway

Location

Site point within plaza for which

Owmer

Designer

noise levels ave bedng estimated

Date

Revised

Roadway-Plaza $ite Distance: DC meters (feet)

Autos Medium Trucks/ Heavy Trucks
Buses
Average Vehicle Speed, mph SA SM SH
VM VMB
Average Vehicle Volume VA VH
(veli/hr)
Predicted Noise Levels
No Shielding (Leq)
Autos and A / B / c / L /
Path Medium am arm a/m a/m
Length Trucks
Difference
Heavy Ah Bh C Lh
Trucks
Auto Medium Trucks/Bus Heavy Truck
Correction For
"Infinite" Shielding C5A/M CSA/M CEH
Element

Included Angle

Ratio, RA
Correction For Auto Medium Truck Heavy Truck
"Finlte" Shielding
Element CSA/M CS5A/M CSH
Bullding Barrier nt cSB
Vegetation dw | Cav

Auto Medium Truck Heavy Truck
Total -
Shielding CSA/M + CSA/M + CsH +
Correction €SB + CsV CSB + CS5V C5B + CSV

Plaza Site Noise Due to Roadway

Plaza 5ite Noilse Due To Several Roadways

FIGURE 19.

ROADWAY WORKSHEET
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Plaza Noise Prediction Method

STEP 1. Phyaical Site Data

The roadway geometry and the plaza site location should be determined

for each roadway adjoining the plaza. The required data are:

1.]. Nearest perpendicular distance between the center of the roadway
and the selected location on the plaza site (DC) in meters (feet).

1.2. Location and geometry of cobstructions (if any) that visgually
shield the roadway from the plaza in meters (feet}. Determine 1If any barriers
are present and if the plaza is depressed or elevated, and then obtain the
appropriate distances as shown in Figures 20, 21, and 22 and listed below:

Barrier: nc, DB, HB, a
Depressed Plaza; DC, DE, HE, a
Elevated Plaza: bc, pD, HD, a

1.3. Presence of any rows of buildings or belts of vegetation that
shield the plaza from the roadway.

a) Buildings as Barriers: nr=pumber of rows of buildings
k) Vegetation: dw=depth of vegetation

Record the value on the Roadway Worksheet.

STEP 2. Roadway Traffic Data

The information that is required on roadway vehicle traffic should
be the total for all lanes of the roadway and should be based on typical
operating conditions. Calculations are based upon existing traffic volumes;
but, if available, use future traffic volumes, If truck volume data does not
differentiate medium and heavy trucks, conslder these volumes as heavy trucks (VH,:
bus volumes, if available, are considered medium trucks (VM).
The required data to be recorded on the Roadway Worksheet are:

2.1. Average vehicle speed in miles per hour: SA-anto; SM-medium
truck/bus; SH-heavy truck. '

2.2, Average vehicle traffic volume in vehicles per hour: vA~auto;
VM-medium truck/bus; VH-heavy truck. Determins the total number of vehicles
in each group that pass by during the one selected hour of critical plaza use.

The necessary input data for the prediction of roadway noise is now

completed.
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SOURCE BARRIER RECEIVER

{A) BARRIER LINEAR DIMENSIONS
NOTE : SQURCE HEIGHT FOR AUTO, MEDIUM TRUCK/BUS 1S 0 METERS, HEAVY

TRUCK 1S 2.5m (8 1t)
RECEIVER HEIGHT FOR AN ADULT SITING 1S | m{31ft1)

ROADWAY

c - — BARRIER

BARRIER INCLUDED
ANGLE
a

RECEIVER

{8) DARRIER INCLUDED ANGLE

FIGURE 20 ROADWAY BARRIER DIMENSIONS
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STEPR 3. Nomopram Procedure

The nomogram procedurc described below muat be repeated [or each of the
classes of vehicles, To account for the difference in noise level between autos
and medium trucks/buses, a corrected medium truck/bus value is used. This

corrected volume (VMC) 18 cqual to the actual volume (VM) multiplied by ten

(VvMC = 10VM).

3.1. Draw a straight line from the left plvot point through the
point corresponding to the vehicle speed {the bottom scale for autos and
medium trucks/buses and the upper scale for heavy trucks)., Extend this
line until it intersects with line A,

3.2, Draw another straight line from this point of intersection on
line A to the point on the far right scale corresponding to the vehicle traffic
volume, This linpe intersects line B,

3.3, Draw a third straight line from the intersection on line B to
the point on the LC scale correrponding to the distance from the seleected location
on the bullding site to the center of the roadway. This line intersects the i
scale marked RNL. The value of RNL at this point of intersection 1s the pre-
dicted nolse level. Record this value on the Roadway Worksheet and continue
the prediction procedures.

STEP 4. Shielding Corrections

No cbstruction or shielding between the roadway and the plaza site was
assumed in STEPS 1-3. If there is any shiclding due to a barriler, elevated or
depreased plaza, rows of buildings or a belt of vegetation, it should be taken
into account. This is done 1in STEPS 4.1 to 4.5,

The corrections for shielding due to barriers and elevated or depressed
plazas are related to the effective sound source heights for the three vehicle
groups. The effective mources are assumed to be near the roadway surface for
autes and medium trucks/buses (0.0 m) and 2.5 m {8 ft) above the roadway surface
for heavy trucke. Therefora, there are twe corrections: one for autos and
medium trucks/buses (CSA/M), aund one for heavy trucks (CSH). These corrections
are determined by calculating the path length differences from the equations

listed in STEP 4.1 for the type of shielding that is present. Using these values
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of L, CSA/M and CSU are determined in STEPS 4.2 and 4.3 for an "infinite" and
"finice" shielding elements.

The shielding corrections for rows of bulldings which act as barriers
and for vegetation are related te the physical layout of the roadway, the site,
and plaza., The correction for the shielding due to rows of buildings which
act as barriers (CS5B) is computed in STEP 4.4. The corrcction for the shielding
due to vegetation, (C5V), is computed in STEP 4.5, Note that the attenuation
due to rows of builldings which aet as barriers, and to vegetatlon, 1s added to
any attenuation due to barriers and elevated or depressed plazas. For example,
1f the A-welghted sound level attenuation of a barrier, two rows of buildings,
and a depressed plaza are 5 dB, 6 dB, and 5 dB, respectively, the total A~
weighted sound level attenuation is 16 dB.

After shielding corrections are applied (if any), the individual
component sound levels are calculated., These are then combined to get the

total roadway noise in STEP 5.

4.1. Path Length Difference - Compute the path length difference for
autos and medium trucks/buses (La/m) and for heavy trucks (Lh) for the type of
shielding present. Be sure the obstruction blecks the line-of-sight between the
source and recelver, in particular for heavy trucks which have the source lo-
cated 2.5 m (8 ft) above the road surface. If the line-of-sight is not blocked,
the correction 1s zero,

1.  Barrler: 2, Depressed Plaza:
Aafa= YuB® + (DC-DB)? Aa/m=  (DC~DE)
A= 4(1{3-2.5)2 + (DC -DB)2 Ah= Jé.zs + (bC - DE)2

Ba/m= Eh= J(}m + 3)% + DB® Ba/ms Bhe WHE® + DC°
Ca/M= Jl + 1302 Ca/m= HE:2 + Dc2

Ch= {(1 + 2.5)° + pc’ Ch= J(uu + 2.5)% 4nC

2
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3. Elevated Plazas:

Aa/m**{ilDz + (DC - DD)2

Ah= J(HD - 2.5)% 4 (DC - DDB)*

Ba/m= Bh = DD

Ca/m= J(lm +1)% + pc?
3

Ch= J(HD - 1.5)% + ng

From these values the path length differences are calculated from the
following equations.

La/m= Aa/m 4 Ba/m - Ca/m
Lh = Ah + Bh - Ch

Record these values on the Roadway Worksheet and proceed to the

next step.

4.2, "Infinitely" Long Barrier - Compute the shielding corrections
CSA/M and CSH. These values are determined from the path length differences
calculated in the previous step, If the path length difference .is less than
C.03m (0.1 fr), or is negative, there is no significant shielding and the
correction is zero. If the path length difference 1is .positive and greater than
0.03 m (0.1 ft), the shielding correction is determined by locating the value
of the path length difference on the horizontal axis of Pigure 23. Read up
until intersecting the curve. The value ¢f the shielding correction can be read
off the vertical axis directly left of the intersection, This procedure is
followed using La/m to determine CSA/M and Lh to determine CSH, Record these
values on the Roadway Worksheet. If the included angle, a, is less than 170°
the shielding element is of "finite" length, agd you must proceed to STEP 4.3,
If this included angle {(a) is greater than 170, no adjustment to the shielding
corrections is needed. Omit STEP 4.3 and continue the design gulde analysis.

4.3, "Finite" Barrier - Compute the adjusted values of CSA/M and
CSH to account for shielding elements of "finite" length, These adjusted
shielding corrections are determined from the factor RA, which is calculated
from the included angle, a (in degrees), using the following equation:

RA= a

180°

Now go to Table 5 and enter the first eolumn at the value of CSA/M
and read across that row to the column corresponding to the value of RA., This is
the adjusted value of C5A/M. Repeat this procedure using the value of CSH to

get the finite shielding correction for heavy trucks. Record these adjusted
ghielding correetions on the Roadway Worksheet and continue the design guide

analysis.
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Table 5. Shielding Corrections for a Finite Barrier

"Infinite" Barrier RA = a/180°

Shielding Correction

CSA/M or CSH o .1 .2 .3 .4 .5 .6 .7 .8 .9 .lo
L oo o o o 0 1 1 1 1 1
2 ¢ 0 0 1 11 i 1 2 2 2
3 00 0 1 1 1 2 2 2 3 1
4 oo 1 1 1 2 2 2 3 3 4%
5 o0 1 1 1 2 2 3 3 4 5
) 60 1 1 2 2 3 3 4 5 &
7 oo 1 1 2 2 3 4 4 8 7
8 00 1 1 2 2 1 4 5 6 &
g o0 1l 1 2 3 3 4 5 7 9
10 oo 1 1 2 3 3 & 5 71 9
11 c o & 1 2 3 3 4 6 B 1
12 0 o 1 ¥ 2 3 4 5 6 8 12

Source: National Bureau of Standards, 1978.
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A-welghted Shielding Correction, CSA/m or CSH -- 4B

L S 2 B D B N M B L T T T TTTT] T T7T7T
20
15r -
- / PR R
10
5 -
[ L1l Lo it Ll irntl T
.003 .03 .3 3.0 30.0
(.01) (.1) (1.0) (10.0) (100.0)

Path Length Difference (L} - meters (feet)

Source: National Bureau of Standards, 1978.

Figure 23

A-WEIGHTED SHIELDING CORRECTIONS FOR BARRIERS
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4.4. Shielding Correction ~ for Bulldings Acting as Barrlers -
falculate the correction, CSB, for rows of buildings which shield the roadway
from your plaza site. This correction depends on the number of rows of inter-
vening bulldings, nr, and is determined from Table 6. Record this correction
on The Roadway Worksheat and continue the desipn guide analysis.

4.5. Shielding Carrection - for Vegeration - The shielding correction,
C5V, for a belt of vegetation of depth dw, which shields the roadway from the
plaza. This correction is aimply an A-weighted sound level attenuation of 5
dB for 30 m (100 ft) of vegetation. Interpolation for depths less than 30 m
(100 ft) can be approximated at 1 dB per 6 m (20 ft) of vegetation. Record the
correction on the Roadway Worksheet and continue the design guide anaLysis.

STEP 5 Total Roadway lNolse

Compute the total nolse at the plaza site due to the roadway. First,
sum the shielding corrections on the Roadway Worksheet for each vehiele group.
Subtract these total shielding corrections from the unshielded noise levels to
get the individual components at the plaza site.

Since these levels are logarithmic in nature, they cannot be simply added to-
gether or averaged to get the total nolse level. Instead, they are combined,

two values at a time, with the use of Table 7. Starting with the auto and
medium truck/bus noise levels, subtract one from the other to pet the difference.
With this value go to Table 7 and determine the level admustment which 1s added
to the larger of the two original noise levels.

; Now repeat this procedure with this adjusted level and the noise level for heavy
i trucks. The result of this combination is the total noise at the plaza site due
: to this (one) roadway. For example, if the A-weighted sound levels for autos,

J medium trucks/buses and heavy trucks are 55, 55, and 60 dB respectively, the
total noise due to this highway ia:

; 55
T diffe::n:;:en o 58
a
55 difference= 0 62 4B

add 2

60

Record the total nolse level on the Roadway Worksheet,
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Table 6. Shielding Corrections for Buildings

Acting as Barriers

Number of Rows Shielding Correction, CSB
1 4.5
2 6.0
3 7.5
4 9.0
5 or more 10.0

Source: National Bureau of Standards, 1978,

Table 7. Level Adjustment for Summing Noise Levels.

Difference Berween Two Leval Adjustment (To Be Added To
Noise Levels, dB The Larger of the Twe Values)

10 or more (¥]

4-9 1

2-3 2

0-1 3

Source: National Bureau of Standards, 1978.
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This completes the prediction of roadway nolse. These procedures should
be repeated for each roadway that adjoins the plaza, The total noise at the
plaza site due to all roadways is the logarithmic summation of the nolse con-
tributions from each roadway. This computation is performed in STEP 6.

STEP 6. Total Noisc Level at Plaza

The total nolse level at the plaza is determined by summing the
components from all roadways afferting the site. Summing is done two valucs dt
8 time by the same method as used in STEP 5, Record this value on the Roadway

HWorksheet.

STEP 7. Effect of Plaza Noilse on Speech Communication

The maximum distances outdoors over which conversation is considered
to be satisfactorily intelligible (Figure 24) can be used to develop criteria
for plaza design or as a criteria for specific areas within a plaza,

For example, 1if the plaza designer would like relaxed normal voice

satisfactory conversation with 95 percent sentence intelligibility poasible at
four feet, then the plaza equivalent noilse level should not exceed 64 dBA.

For this step the minimum communicating distance is determined by
Figure 24 with the volee effort selected to be satisfactory (raised, normal or
relaxed).
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Equivalent A-weighted Sound Level- dBA—Leq
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Source: USEPA,1974

Figure 24 MAXIMUM DISTANCE QUTDGORS OVER WHICH CONVERSATION IS

CONSIDERED TO BE SATISFACTORILY INTELLIGIBLE
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6.1 Example of How.to.Estipate .Plaza.Site Noige

The example shown in Figure 25 is a plaza that is affected by two
roadways, The plaza is depresaed 6 m (19 ft) below street level as shown in
Figure 26. The location within the plaza at which the noise level will be

caleculated is demignated as the receiver.

STEP 1  Roadways to Plaza Distances

1.1. The roadway plaza site distances for evaluating a depressed
plaza are 40 m (135 ft) for Roadway #1 and 20 m (70 ft) for Roadway #2. These
dimensions are recorded on separate copies of the Roadway Worksheet (Figures
27 and 28).

1.2. The distances associated with a depressed plaza are as follows:

floadway #1 Roadway #2
HE = 5 m (15 £t) HE = 5 m (15 £t)
DE = 30 m (100 ft) DE = 10 m (35 ft)
DC = 40 m (135 fr) DC = 20 m (70 f£t)
a = 180° a = 180°

1.3, There are no intervening rows of buildings and no vegetation
which would shield the plaza from the roadways. Therefore, for this example
these types of shielding are neglected.

STEP 2 Traffic Data

2.1, For both Roadway #1 and #2 the average vehicle speed is 30 mph
during the expected peak hours of plaza use,

2.2. The projected hourly traffic volumes for both roadways, for the

year when the plaza will be completaed are as follows:
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BUILDING

ROADWAY ® |

FIGURE 25 PLAN OF PLAZA

BUILDING

HE = Sm(I5f{)

CENTER OF
ROADWAY

-

5

ROADWAY ™2

DC = 40m (135611)
RECEIVER

pet-—— DE = 30m (100 }) ~—————p

FIGURE 26 CROSS-SECTION OF PLAZA SHOWING ROADWAY *1
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Roadway Worksheet #1

Plaza Project Carter Center

Locatlon rrnpham, 1154

... Roadway

fi1.

Site polnt within plaza for which

Owner_p, Nutz Inc Designer K. Shew

Sltting Area

noise levels are heing estimated

bate 2/79

Revised 3/79

Roadway-Plaza S$ite Distance: DCrmeters (feet)

40 m (L35 ft)

Autos Medlum Trucks/ Heavy Trucks
Buses
Average Vehicle Speed, mph SA 10 SM 10 SH 30
Vit VMR
Average Vehilcle Volume "VA VH 30
{veh/hr) 1500
20 30
Predicted Nolse Levels
Bn Shielding (L) 58 dB 53 dB 64dR
Autus and A B C / L /
Path Medium afm a/m arm arm
th ki
Leag Trucks 10 m 10,41 1 40311 0,10 1
Difference 2 2
Heavy Ah h h Lh
Trucks 10,31 m 30.41 40.71 m 0.01 n
Auto Medium Trucks/Bus Heavy Truck
Correction For
“Infinite" Shielding CSh/H CSA/M Csh
Element 4 dB 4 dB 0 dB
Included Angle _—
Ratio, RA
Correction For Auto Medium Truck Heavy Truck
"Finite" Shielding
Element Ccsa/M csa/M CSH
Building Barrier nr __ CSB  __ .
Vegetation dw == csv - -
Auto Madlum Truck Heavy Truck
Total
Shielding C:A/H + CSA/M + CSH +
Corrcction CS58 + CsV CS8 + CSV CSB + CsV
4 dB 4 dB 0 dB
Plaza fite Noise Dme.To Roadway 65 JE
Plaza Site Noilse Due To Several Roadways 67 dB

FIGURE 27.

< WORKSHEET FDR RCADWAY #1
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Roadway Worksheet {2

Plaza Project _carter Conter

Roadway _ #2

Location_ gorham 1SA

Site point within plaza for which

nolse levels are belng estimated

Sitging Aren
Owner p. Nuyez Ine, . Designer K, Shew Diate 2/60 Revised 1/79
L
Roadway-Plrza Site Distance: DC-meters (fent)
20 m (70 fe)
Autos Maedium Trucks/ Heavy Trucks
Buses
Average Vehicle Specd, mph SAl 4y M 44 SH 10
VM VMB
Average Vehlcle Volume VA| 350 Vii 20
{veh/hr) 10 20
Predicted Nolse Levels
No Shielding (l.eq) 56 4B 55 dB 66 db
Cc
el P n | Tarm
Length Trucks 10 m 11.18 m 20.61l m 0.57 m
Niflference 3 7 T
Heavy Ah h h h
Trucks 103 m 11,18 m 21.35 m | 0.13m
Auto Med{um Trucks/Rus Heavy Truck
Correction For
"Infinite" Shielding Csa/ CsA/M csi
Element 9 dB g dn 5 df
Included Angle
Ratia, RA -
Corraction For Auto Medlum Truck Heavy Truck
"Finite" Shielding
Rlement CSAMM CSA/M CSH
Building Barrier ne =" [+ I -
Vegetatlon dw .- CsV .- -_—
Auto Medtum Truck Heavy Truck
Total SATH
Shielding g:"'/ M +-sv gsﬁ Esv csH +
Correction B+ 4 CSB + C5vV
9 4B 9 4B 4 B
Plazn Site Noilse Dwe.To Roadany 62
Plaza Slte Noise Due To Several Roadways 67 dB
PIGURE 28, WORKSHEET FOR ROADWAY #2
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Roadway il Roadway {2

automobiles VA = 1500 vehicles VA = 350 vehicles
medium trucks/

buses VM = 50 vehicles VM = 30 vehicles
heavy trucks VH = 30 vehicles VH = 20 vehicles

Step 3 Nomopram Procedure -~ Roadway #1

Predict the noise generated by each of the three vehlele
classifiecations as follows:

3.1. Automobile Noise - Using the values SA = 30 mph, VA = 1500
veh/hr and DC = 40 m (135 ft) the nomogram procedures are performed to predict
the noise level of automobiles (Figure 29)., The value of RNL is determined

to be an A~weighted equivalent sound level aof 58 dB.
3.2, Medium Truck/Bus Noise - The general nomogram procedure is re-
peated for medium trucks/buses using a corrected vehicle volume (VMC)
calculated as:

VMC = 10 VM = 10 x 50 = 500 Veh/hr

Using the valuea SM = 30 mph and DC = 40 m (135 ft) the RNL is 53 dB.

3.3. Heavy Truck Noise - For heavy trucks, the nomogram procedure
: 18 apain repeated (using the top scale of vehicle speeds) with the values SH =
:'i- 30 mph, VH = 30 veh/hr and DC = 40 m (135 ft). The predicted value of RNL is
' 64 dB.
These steps are repeated for Roadway #2 and are recorded on Roadway
i Worksheet #2 (Figure 28 ),
STEP 4 Shielding Corrections

4.1, Path Length Difference - The path length difference for automobiles

p) and medium trucks/buses is:

L 1T1-67




Pivot

Point

Key:

Hadavy
Trucks

SPEED: MPH

4+
+ 50
Automonbil !

Meadium Truchks

Automobiles RNL = 58 dB

Medium Trucks/Buses RNL = 53 dB

Heavy Trucks RNL = 64 dB

Metyric Conversion:

Figure 29 TRAFFIC

1 foot equals 0,3048 meters

NOISE PREDICTION NOMOGRAM FOR RDADWAY {f1

ac \
FT VEH/HR
30 M — 15000

ANL
4B 10000

-—

T000
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Aa/m = (DC - DE)

{40 - 30) = 10 m (35 fc)

Ba/m = YuHE® + DE

5% 4 30° = 30,41 m (101 ft)

i)
Vi + pe?
V% + 402 = 40,31 m (136 1)

La/m = Aa/m = Ba/m - Ca/m = 0,10 m (0.33 ft)

Ca/m

The path length difference for heavy trucks is:

Ah = V6.25 + (DC - DE)*

V6.25 + (40 - 30)% = 10.31 m (36 £t)

Bh = VHEZ + DE2
Vs + 20 = 30.41 m (101 ft)

z

Ch = VE + 2.5)% + D

NG +2.5)7 + 40° = 40.70 m (137 f£t)

Lh =  Ah + Bh - Ch = 0.01 m (0.03 £t}

4.4, "Infinite Barrier" - The A-weighted shielding correction (CSA/M)
i1s determined from Figure 23 to be approximately 4 dB for automobiles and medium
trucks/buses and 0.0 dB for heavy trucks. This value 1s recorded on HKoadway
Worksheet #1 (Figure 27). Since the included angle of the depressed plane is
180° the shielding mffect can be considered infinite and no further adjustment

is renuired.

STEP 5 Total Noise Level for Roadway #1

The total noise level for Roadway #l is computed by logarithm addition
of the levels of the three types of vehicles after rhe shielding corrections
have been subtracted (STEP 4) from the unshielded. 2evels (STEP 3). The levels
(automobiles - 54 dB; medium trucks/buses - 49 dB; and héavy trucks -~ 64 dB)

are added as follows:




49 add 1 difference = 9
add 1

65 dp

64

Similar results are obtained for Roadway #2 by using these same
caleculations. The noise levels are 45 dB, 44 dB and 62 4B for automobiles,
medium trucks/buses and heavy trucks respectively. The total nolse level due

to Roadway 2 at the plaza is 62 dB.
STEP 6 Total Plaza Nolse Level From Roadways fi1 and #2

The levels from the two roadways are combined to obtain the teotal

noise level at the plaza. This combination ylelds a total A~weighted equivalent

gound level of 67 dB.

STEP 7 RBffect of Plaza Nolse level on Speech Communication

The affect of the caleulated noise level on speech communication
within the plaza can he determined from Figure 24. The volee effort (railsed,
normal, or relaxed) is selected as the criteria for communlcarion, and a
comuunicating distance is determined based on the plaza noise level. Assuming
a normal voice level for satisfactory conversation (95 percent sentence in-

tellipibllity) a minimum communicative distance of Q.8 m (2.6 ft) is re-

quired for this plaza.
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WITH RESPONSE FREQUENCIES
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Attitudinal Survey: Daytime Aggregate

‘Response

1. How often do you visit the plaza weather permitting?

36% a. 3-5 times per week

30% b. 1-2 times per week

9% c. every other week

5% d. once 8 month

16% e. less than once a month

2. What time do you usually visit the plaza?

8% a. morning
1% b. during work breaks
70% ¢. lunch
5% d. after work
4% e. evening
2% f. other
3. What influences what time of day you visit the plaza?
8% a. crowds at the plaza
58% b. eclimate/sunshine
ax c. speclal scheduled events
25% d. other

4. What do you mainly do when you visit the plaza?

21% a. eat

22% ‘b.  talk with friends
0% c., read

33% d. people watch

15% e, other

5. How long do you stay?

11% a. less than 15 minutes
46% b, 15-30 minutes

23% e, 30-45 minutes

15% d, 45 ming. = 1 hour

5% e. over 1 hour

6. What conditions would you like to see changed to make your visits
more pleasant?

25% a. more geating

18% b. shielding from sun, rain, wind

4% ¢.  better maintenance

28% d., aesthetic improvements, such as trees, waterfalls, plaza furniture
20% e. program events

5% f. other

A-1
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Response

14%
19%
21%
20%
202

547
46%

90%
2%
6%
1%
1%
0%

10%
217
44X
21%

4%

33%
30%
23%
9%
5%

34%
4%
23%
192
13%
%

ot e LT ) e e 8

8a,

9a.

10.

Which of the following affect you mest when you're in the plaza?

a. air quality

b. nolse

¢, uncleanliness

d, crowding

8, surrounding traffic

f. other
Were you aware of nolse in this plaza prior to this interview?

a. yes
b, no
Can you identify the source of this noise?

a., traffic

b, construction

¢, aireraft

d. dnternal activities
e, building equipment
f. other

Please estimate the noise level in the plaza when you generally visit
on a scale of one to five, five being extremely noisy.

not neisy at all

a. 1
h. 2
¢ 3
d. 4
e. 5

extremely noisy

Please indicate the extent to which you are bothered by this noise
again on a scale of one to five, five being extremely bothered.

not bothered at all

a, 1
b, 2
c, 3
d, 4
e, 5

extremely bothered

Which of the following do you feel could best alleviate noise
antoyance?

a, trees

b. plaza furniture
¢, waterfall

d, piped in music
e, barrier wall

f. other
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Response

13%
21%

9%
20%
37%

7%
7%
13%
32%
40%
1Z

9%
sz
31z
22%

_4Z
24%

%
39%
26%

16%
48%
13%

8%
15%

5%
15%
5%
25%
19%
1%

1.

6.

Attirudinal Survey: Evening Aggregate

How

a.
b.
c.
d.
e,

often do you visit the plaza weather permitting?

3-5 times per week
1-2 times per week
every other week

once a month

less than once a month

What time do you usually visit the plaza?

a,
b.
c.
d.
e.
f.

morning

during work breaks
lunch

after work

evening

other

What influences what time of day you visit the plaza?

a.
b.
c.
d.

crowds at the plaza
climate/sunshine

special scheduled events
other

What do you mainly do when you visit the plaza?

a.
b.
c.
d.
e.

How

a.
b.
c.
d.
e.

eat

talk with friends
read

people watch
other

long do you stay?

less than 15 minutes
15-30 minutea

30-45 minutes

45 mins. - 1 hour
over 1 hour

What conditions would you like to see changed to make your visits
more pleasant?

a.
b.
Ce
d.
e.
f.

e e M B s 3 e 44 SRR T

more seating

shielding from sun, rain, wind

better maintenance

aegthetic improvements, such as trees, waterfalls, plaza furniture

program events
other

A-3




Response

7. Wnich of the following affect you most when you're in the plaza?

13% a. alr quality

20% b. noise

20% ¢. uncleanliness

2% d.” crowding

204 e. surrounding traffic

8. Were you aware of noise in this plaza prior to thias interview?

452 a. vyes
55% b. no
8a, Can you identify the source of this noise?
88% a, traffic
1% b, construction
3z c. ailrerafe
b3 d. internal activities
42 e, building equipment
0% f. other

9. Please estimate the noise level in the plaza when you generally visit
on & scale of one to five, five being extremely nolsy.

not nolsy at all

20X a, 1
22% b, 2
41z c. 3
13% d. 4
A% e. §

extremely nolsy

9a. Please indicate the extent to which you are hothered by this noise
again on a scale of one to five, five being extremely bothered,

not bothered at all

402 a., 1
23% b, 2
23% c. 3
9% d, 4
52 e. 5

extremely bothered

10, Wwhich of the following do. you feel could best alleviate nolse

annoyance 7
447 &4, trees
4% b. plaza furnltuere
25% ¢. waterfall
16% d. piped in music
8% e, barrier wall
¥ 4 f. other
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Response

45%
26%
%

14%

22
2%
92%
2%
2%

16%
49%

23
33%

26%
27%

4%
26%
17%

2
447
27%
18%
4%

22%
17%

0z
28%

2%

9%

1.

3.

5,

Attitudinal Survey: Seagrams Plaza

How often do you visit the plaza weather permitting?

a. 3-5 rimes per week

b, 1-2 times per week

c, every other week

d. once a month

e, less than once a month

What time do you usually visit the plaza?

a. morning

b. during work breaks
c. lunch

d. after work

e. evening

What influences what time of day you visit the plaza?

a, crowds at the plaza
b. climate/sunshine
c. pgpeclal scheduled events

d, other

What do you mainly do when you visit the plaza?
a. eat

b. talk with friends

c. read

d. people watch

e. other

How long do you stay?

&. less than 15 minutes
b. 15~30 minutes

¢, 30-45 minutes

d, 45 ming, ~ 1 hour

e. over 1 hour

What conditions would you like to see changed- to make your visits
more pleasant?

a. more seating

b. shielding from sun, rain, wind

¢, better maintenance :

d. acsthetic improvements, such as trees, waterfalls, plaza furniture
e. program events

f. other

A-5
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Regponse

7. Which of the following affect you most when you're in the plaza?

7% a. air qualiry
23% b. noise
15% ¢. uncleanliness
16% d. ecrowding
38% e, surrounding traffic
1% f. other
8. Were you aware of noise in this plaza prier to this interview?
61% a. yes
39% b. no
8a. Can you identify the source of this noise?
100% a. traffic
0% b. construction
0% ¢, aircraft
0% d. dinternal activities
o e, building equipment
0% f. other

9. Please estimate the noise level in the plaza when you generally visic
on a scale of one to five, five being extremely noisy.

not nolgy at all

6% a. 1
10% B, 2
51% c. 3
27% d. &

6% e. 5

extremely noisy

9a. Please indicate the extent to which you are bothered by this noise
again on a acale of one to five, five being extremely bothered.

not bothered at all

1% a 1
26% b, 2
26% e. 3
8% d. 4
9% e. 5

extremely bothered

10. Which of the following do you feel could best alleviate noise

annoyance?
29% a. traes
6% b. plaza furniture
20% c. waterfall
21% d. piped in music
_ le% e. Dbarrier wall
3 8% f. other
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Response

31
36%
10%

6%
17%

15%
10%
68%

4%

2%

7%
54%
12%
27%

; 132
; 26%
; 7%
48%
! 6%

11z
0%
26%
12%

1%

29%
182
4%
28%
19%
2%

iy m—— e L
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1.

2.

3.

b,

3.

6.

Attitudingl Survey: Rockefeller Center (Day)

How often do you visit the plaza weather permitting?

a, 3-5 times per week

b. 1-2 times per week

c. every other weelk

d. once a month

e. less than once a month

What time do you usually visit the plaza?

a. morning

b. during work breaks

c. lunch

d. after work

e. evening

f, other

What influences what time of day you visit the plaza?

a. crowds at the plaza
b. climate/sunshine
c. s8peclal acheduled events

d. other

What do you mainly do when you visit the plaza?
, a. eat

b. talk with friends

c. read

d. people watch

e. other

How long do you stay?

a. less than 15 minutes
b. 15-30 minutes

¢. 30-45 minutes

d, 45 mins, - 1 hour

“e. aver 1 hour

What conditions would you like to sea changed to make your viaits
more pleasant?

a. more seating

b. shielding from sun, rain, wind

¢. better maintenance

d. aesthetic improvements, such as trees, waterfalls, plaza furniture

€. propram events
£. other

A-7
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Response

13%
16%
19%
427
10%

50%
45%

2%
2%
0%

26%
0%
074

TR
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27%
7%
24%
6%
6%

30%

25%
26%
17%

1%

8a.

9a.

10.

Which of the following affect you most when you're in the plaza?

a. air quality

b. noise

c. uncleanliness

d. crowding

e, surrounding traffie

Were you aware of nolse in this plaza prior to this interview?

4. yes
b. no
Can you identify the source of this noise?

a, traffic

b. construction

¢, aireraft

d. internal activities
e, bullding equipment
f. other

Please estimate the noise level in the plaza when you generally visit
on a scale of one to five, five being extremely nolsy.

not noidgy at all

a. 1
b, 2
c. 3
d. 4
e, 5

extremely nolsy

Please indicate the extent to which you are bothered by this noise
again on a scale of one to f£ive, five being extremely bothered.

not bothered at all

8., 1
b, 2
c. 3
d. 4
e. 5

extremely bothered

Which of the following do you feel could best alleviate nolse
annoyarnce?

a, trees

b. plaza furniture
c. waterfall

d. pilped in music
e. Dbarrier wall

f. other

TR S gy i 4L e e
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Attitudinal Survey: Rockefeller Center - Evening

Responae’
1., How often do you visit the plaza weather permitting?
17% a. 3-5 times per week
21% b, 1-2 timea per week
7% ¢. every other week
15% d. once a month
40% e, less than once a month
2, What time do you usually visit the plaza?
9% a. morning
9% b. during work breaks
177 e. lunch
30% d. after work
33z e. evening
2z £, other
3. What influences what time of day you visit the plaza?
15% a, crowds at the plaza
51% b. climate/sunshine
17% ¢. s8peclial scheduled events
17% d. other
4. What do you mainly do when you visit the plaza?
6% a. eat
20% b. talk with friends
9% c. read
462 d. opeople watch
19% e. other
5. How long do you stay?
12% a. less than 15 minutes
48% b. 15~30 minutes
15% ¢. 30~45 minutes
10% d. 45 mina, - 1 hour
15% e. over 1 hour
6. What conditions would you like to sea changed to make your visits
more pleasant?
29% a., more seating
22% b. shielding from sun, rain, wind
g4 c. better maintenance
16% d. eesthetic improvements, such as trees, waterfalls, plaza furniture
23% e. Pprogram events
% f. other
A-9
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Response

137
204
24%
327
12%

50%
50%

78%
2%
5%
8%
5%
2%

217
20%
41%
14%

4

42;4
20%
2%
8%
8%

40%
iz
26%
19X
7%
5%

Ba.

9a.

1a.

Which of the following affect you most when you've in the plaza?

a. ailr quality

b. noise

c. uncleanliness

d. crowding

e, surrounding traffic

Were you aware of noise in this plaza prior to this interview?

a. yes
b. no
Can you identify the source of this noise?

a. traffic

b. construction

c. ailrcraft

d. internal activities
e, buillding equipment
f. other

Please estimate the noise level in the plaza when you generally wvisit
on a scale of one to five, five being extremely noisy.

not noisy at all

a, 1
b, 2
c. 3
d. 4
e, §

extremely noisy

Please indicate the extent to which you are bothered by this noise
again on a scale of one to five, five being extremely bothered.

not bothered at all

a. 1
b, 2
c. 3
d. &
e. 5

extremely bothered

Which of the following do you feel could best alleviate nolse
annoyance?

a, trees

b, plaza furniture
e, waterfall

d. piped in mueic
e, barrier wall

f. other

A~10
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Response

347
26%
12%
17%
11%

24
21%
56%

10%
6%

2%
10%
13%
13%

20%
21%
20%
22%
174

9%
33%
25%
23%
10%

26%
20%
1z
24%
20%
9z

1.

3.

6.

Attitudinal Survey: Lincoln Center {(Day)

How often do you visit the plaza weather permitting?

a. 3-5 times per week

b. 1-2 times per week

¢, every other week

d. once a month

e. less than once a month

What time do you usually visit the plaza?

a. morning
b. during wark breaks
¢. lunch

d. after work

e, evening

f. other

What influences what time of dey you visit the plaza?

a. crowds at the plaza

b. climate/sunshine

¢, special scheduled events
d. other

What do you mainly do when you visit the plaza?

a. eat

b, talk with friends
¢, Tead

d. people watch

e. other

How long do you stay?

a. less than 15 minutes
b, 15~30 minutes

c. 30-45 minutes

d, 45 mins. - 1 hour

e, over 1 hour

What conditions would you like to see changed to make your visits
more pleasant?

a. more seating
b. shielding from sun, rain, wind

¢, better maintenance
d. aesthetic improvements, such as trees, waterfalls, plaza furnitur

e, Pprogram events
£. oather

A-1l




Response

e v o £ - e

16%
1a%
10%
20%
16%
21%

5%
65%

82%
4%
0%
74
7%
0%

264%
38%
4%
4%
0%

44%
31%
15%

A 4

262
b2
35%
15%
8%
122

1.

8.

Ba,

9.

Ga.

10.

Which of the following affect you most when you're in the plaza?

a.
b.
C.
d.
e,
f.

air quality
nolge
uncleanliness
crowding

surrownding traffic

other

Were you aware of neise in this plaza prior to this {interview?

a.
b.
Can

a!
b,
c.
d.
e,
f.

yes
no

you identify the source of this noige?

traffic
construction
aircraft

Internal activities
building equipment

other

Please estimate the noise level in the plaza when you generally visit

on a scale of one to five, five being e;;tremely nolsy.

not
a.
b.
.
d.
e.

noisy at all
1
2
3
4
5

extremely nolsy

Please indicate the extent to which you ave bothered by this noise
again on a scale of one to five, five being extremely bothered.

not bothered at all

a.
b.
c.
d.
e.

1
2
3
4
5

extremely bothered

Which of the following do you feel could best alleviate noise

annoyance?

a. trees

b. plaza furniture
€. waterfall

d. vpilped in music
e. barrfer wall

f. other

A-12
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Response

8%
22%
107%
26%
k1/¥4

5%
5%
11%
33%
46%

4%
25%
43%
28%

2%
27%
6%
3z
34z

19%
49%
12%

6%
14%

41%
6%
4%

34%

15%

1.

6.

Attitudinal Survey: Lincoln Center ~ Evening

How often do you visit the plaza weather permitting?

a. 3-5 times per week

b. 1-2 times per week

c. every other week

d. once a month

e. less than once a month

What time do you usually visit the plaza?

a. morning

b. during work breaks
c. lunch

d. after work

e. evening

What influences what time of day you visit the plaza?

a. crowds at the plaza

b. climate/sunshine

¢. apecial scheduled events
d. other

What do you mainly do when you wvisit the plaza?

a, eat

b. talk with friends
¢. read

d. people watch

e, other

How long do you stay?

a. less than 15 minutes
b. 15-30 minutes

¢. 30-45 minutes

d, 45 wing. - 1 hour

e, over 1 hour

What conditions would you like to see chlnnged to make your visits
more pleasant?

a. more geating

b, shielding from sun, rain, wind

c. batter maintenance ]

d. aesthetic i{mprovements, such as trees, waterfalls, plaza furniture

@, program events

PR RIIN



Response

7. Which of the following affect you most when you're in the plaza?

12% a., alr quality

21% b. noise

18% ¢. uncleanliness

22% d. crowding

27% e, surrounding traffic

B. Were you aware of noise in this plaza prior to this interview?

40% a. yes
607 b. no
8a. Can you identify the source of this nolse?

100% a. traffic

0% b. construction

0% ¢, alrecraft

0% d. internal activities

0% e. building equipment

0% f. other

9. Please estimate the noise level in the plaza when you generally visit
on a scale of one to five, five being extremely noisy.

not noisy at all

19% ae 1
24% b, 2
41% c. 3
12% d. &
4% e. 5

extremely nolsy

9a. Please indicate the extent to which you are bothered by this noise
again on a scale of one to five, five belng extremely bothered.

not bothered at all

arx a. 1
5% b, 2
24% e, 3
10% d. 4

4% e. 5

extremely bothered

10, Which of the following do you feel could best alleviate noise

annoyance?!
47% a. trees
5% b. plaza furniture
25% ¢, waterfall
13% d. piped in music
9% e. barrier wall
1z f. other

A-14
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Response.

344
25%
10%

22%

8z
10%
62%
14%
6%

17%
53%

9%
21%

15%
20%

8%
38%
19%

19%
49%
20%
8%
4%

29%
20%

3%
26%
22%

1.

el bl T 3L

Attitudinal Survey: General Motors Plaza

How often de you visit the plaza weather pert. 'tting?

a. 3-5 times per week

b, 1-2 times per week

c. every other week

d, once a month

e, less than once a month

What time do you usually visit the plaza?

4. morning

b. during work breaks
¢. lunch

d, after work

e. evening

What influences what time of day you visit the plaza?

a. c¢rowds at the plaza

b. climate/sunshine

c. agapecial scheduled events
d. other

What do you mainly do when you visit the plaza?

a. eat

b. talk with friends
¢. read

d. people watch

e, other

How long do you atay?

a, less than 15 minutes
b, 15-30 minutes

c. 30-45 minutes

d, 45 mins. - 1 hour

e. over 1 hour

What conditions would you like to see changed to make your visits
mote pleasant?

a. more seating
b. shielding from sun, rain, wind

c. - better maintenance
d. aesthetic improvements, such as treea, waterfalls, plaza furniture

e. program events

e e i Il A B S 1 T




Response

16%
30%
18%
15%
21%

62%
38z

96%

0%
0%
0%
2%

9%
19%
38%
29%

5%

. 52%

e b

15%
10%
15%

1174

8.

8a.

9a,

10!

Which of the following affect you most when you're iIn the plaza?

a., ailr quality

b. noise

¢, uncleanliness

d. crowding

e, surrounding traffic

Were you aware of noise in this plaza prior to this interview?

a. yes
b, no
Can you identify the source of this noise?

a, traffic

b, construction

c. alrcraft

d. dinternal activities
e, building equipment
f. other

Please estimate the nolse level in the plaza when you generally visit
on a scale of one to five, five being extremely noisy.

not nolsy at all

a, 1
b, 2
e. 3
d. &4
e. 5

extremely noiay

Please indicate the extent to which you are bothered by this nolse
again on a scale of one te five, filve being extremely bothered.

not bothered at all

a. 1
b, 2
c. 3
d. 4
e. 5

extremely bothered

Which of the following do you feel could beat alleviate noise
annoyance?

a, trees

b. plaza furniture
c. waterfall

d. piped in music
e. barrier wall

f. other

A~16

T ettt T w e aed

e



e s

Response

343
36%

6%
6%
18%

11%
14%
72%
2%
1%

4%
61%
4%
31%

292
147

6%
32%
18%

10%
51%
18%
18%

3z

21%
16%
14%
31%
14%

4

o e o e b -

1.

4,

5.

Attitudinal Survey: Grand Army Plaza

How often do you visit the plaza weather permitting?

a.
b.
c.
d.
e.

3-5 times per week

1-2 times per week
every other week

once a month

less than once a month

What time do you usually vigit the plaza?

a.
b.
c.
d.
e.

morning

during work breaks
lunch

after work
evening

What influences what time of day you visit the plaza?

a.
b.
c.
d.

crowds at the plaza
climate/sunshine
apecial scheduled events
other

What do you mainly do when you visit the plaza?

a.
b.
c.
d.
e,

How

a.
b.
c.
d.
(-1

eat

talk with friends
read

people watch
other

long do you stay?

less than 15 minutes
15-30 minutes

30~45 minutes

45 mins, = 1 hour
over 1 hour

What conditions would you like to see changed to make your visits
more pleasant?

a.
b.
¢,
d.
el
f.

more seating

shielding from sun, rain, wind !
better meintenance _

aeathetic improvements, such s&s trees, waterfalls, plaza furniture .
program events

other

A-17
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Response:

7. Which of the followlng affect you most when you're in the plaza?

14% a. air quality

13% b. noilse

42? c. uncleanliness

112 d, crowding

14% e, surrounding traffie
6% f. other

8. Were you aware of noise in this plaza prior to this interview?

567% a. yes
44% b. no
Ba. Can you identify the source of this noise?

95% a. traffic

5% b, construction

0% ¢. aircraft

0% d. internal activities

0% e. building equipment

0% f. other

9. Please estimate the noise level in the plaza when you generally visit
on a scale of one to five, five belng extremely noisy.

not noisy at all

3% a. 1
17% b. 2
49% c. 3
25% d. 4

6% e. 5

extremely noisy

%9a. Please indicate the extent to which you are bothered by this noise
again on a scale of one to flve, five being extremely bothered.

not bothered at all

29% a. 1
34% b, 2
23% c. 3
10% d. 4
4% e, 5
14% extremely bothered
10. Which of the following do you feel could best alleviate noise
annoyance?
3% a, trees
3z b. plaza furniture
21% c. waterfall
192 d. piped dn music
9% e. barrier wall
12% f. other

A-18
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NOISE NOMENCLATURE
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NOISE NOMENCLATURE

The decibel as used herein is defined as:

Sound pressure level in decibels (dB)} = 20 log,, (TP’:) where P

is the menssured sound pressure and P, is the reference sound pressure re-

quired for a minimum sensatlon of hearing. This reference sound pressure

is 0.002 nicrobar and ls equivalent to zero decibela. Essentially, decibel
notation iz used because it compresses the very large range of sound press-
ures that can be detected by humans to a workable range using logarithms.

Since the human ear pefceives sounds at different frequencies in
different manners, weiphting networks are used to simulate the human ear.
Sounds of equal intensity at low frequencies are not perceived as loud as
those most commonly used in sound analysis to simulate the human ear. A-
welghted values are used in Federal, State, and local noise. guldelines and
ordinances, Sound levels measured in decibels, on the A-weighting network
are expressed in dBA,

Statistical analysis is used to describe the time-varylng property of
sound. Single number descriptors are used to report sound levels. This
report contains the statistical A-weighted sound levels:

Lx— This is the sound level exceeded XX of the time. For example:
Lgg 18 the sound level exceeded 90 percent of the time during
the measurement period and is often used to represent the
“residual” sound level.

1.50 is the sound level exceeded 50 percent of the time during
the measurement perdiod and is used to represent the "medlan"
gound level.

Ll[) 1s the sound level exceeded 10 percent of the time during

the measurement period and is often used to represent the

"intrusive" sound level.

T temernme e T e s e e e e e e 8 o e



eq

This is the equivalent steady sound level which provides an equal

amount of accoustic energy as the time varying sound.
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Measurement
Location

M1
sl

M2
§s2

M3
83

M4
S4

M5
55

M6
56

M7
s7

M8
58

71
15

76
77

74
79

4
76

81
79

79
77

13
T4

74
79

Table C-1

Moige Measurement:

Seaprams Plaza

A Weighted Sound Level - Declbels

10

69
72

71
73

72
73

73
71

72
72

72
70

71
71

72
74

33

68
69

70
71

70
71

70
69

71
69

71
67

71
69

71
72

50

68
69
69
70

70
70

66
69

69
68

69
68

69
68

69
71

90

66
68

68
67

68
68

64
68

68
66

68
66

67
66

68
70

99

64
67

66
65

67
67

62
67

67
€5

67
65

67
65

67
68

L
eq

68
69

71
70

70
71

69
69

71
69

70
69

69
68

69
72

Notes: In all of the following Tables the mobile nolse measurenent location
is designated as M followed by the location number; stationary

measurement location is designated as S.
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Tuble ¢-2

Noise Meagurements; Rockefeller Center Davtime

A Weighted Sound Level - Decibels

Measurement

Location Ll L10 L33 ‘L50 L90 ng Leq
ML 82 80 79 79 78 15 79
Sl 74 68 65 65 64 63 66
M2 B3 80 15 78 73 51 78
52 78 79 63 65 64 63 68
M3 81 80 9 79 78 75 78
53 72 67 65 65 64 63 66
M4 74 71 69 68 67 65 69
S84 75 67 65 65 64 62 66
M5 78 73 69 68 67 65 7
85 72 69 b7 67 65 63 67
M6 72 71 69 68 66 55 69
sé 73 69 67 66 64 63 67
M7 73 73 71 72 71 65 71
57 71 68 67 65 63 62 67
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Measurement
Location

M1
52

M2
52

M3
83

Mé
54

M5
83

Mb6
86

M7
87

Table C-3

Noise Measurements:

Rockefeller Canter Evening

79
72

78
70

75
78

76
72

75
72

77
74

77
73

A Weighted Sound Level - Decibels

10

73
69

76
67

73
69

75
70

72
68

73
67

75
70

33

7l
69

73
65

71
66

73
67

69
65

71
67

73
65

50

71
66

73
65

72
73
&7

69
64

71
67

72
64

c-3

Lo Ty
69 67
64 64
7 69
64 64
71 69
64 62
72 70
64 61
67 63
62 61
68 64
61 61
69 63
62 60

Ry [T i
Pt et S

eq

71
66

73
65

72
68

13
67

70
66

71
65

72
65
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Table C-4

Noilse Measurements: Lincoln Center Day Time

A Weighted Sound Level - Decibels

Meagurement

Location Ll Llﬂ ‘L33 LSU L‘JO
Ml 15 73 71 71 70
51 77 73 69 68 65
M2 80 75 71 70 66
52 .76 72 69 68 65
M3 75 70 67 67 65
s3 7 72 69 68 66
M4 74 71 79 69 67
54 77 73 69 69 67
M5 69 65 61 60 59
85 73 72 69 69 67
Mb 70 64 6l 60 58
s6 75 71 69 68 65
M7 67 65 6l 61 58
87 17 71 68 68 65
M8 1 67 63 63 60
S8 75 70 67 67 a4

68
62

63
63

64
64

65
65

57
65

43
63

57
63

57
63

71
69

72
69

68
70

69
70

62
69

6l
68

61

64
68




Measurement:
Lacatien

M1
Sl

M2
s2

M3
53

Mé
54

M5
85

M6
56

M?
57

M8
58

Table C=5

Noise Measurements:

Lincoln Center Evening .

79
73

83
75

77
73

80
19

71
18

70
5

68
73

66
n

A Weighted Sound Level - Decibels

10

77
70

79
71

74
71

77
72

65
71

65
1

62
70

63
69

Kk

15
68

75
68

73
69

15
69

61
69

62
65

60
67

61
67

c-5

50

75
68

74
68

72
68

76
69

61
68

62
68

59
68

60
66

90

74
66

70
66

!
67

75
67

59
66

60
66

58
66

58
64

949

72
65

68
63

70
65

74
65

37
64

39
65

57
65

56
63

b e M R e e S e b,

eq

75
68

75
6%

72
69

76
70

64
70

63
69

60
68

62
66

A A i i, o E



Tohle C-6

Noise Measurements; GM Plaza

A Weighted Sound Level - Decibels

Measurement

Locatlon Ll 1.10 L33 LSO L90 ng Leq
ML 73 70 67 66 65 63 67
51 78 72 67 67 65 63 69
M2 75 69 66 66 64 63 67

, 52 82 72 68 67 65 63 71
M3 70 67 65 65 63 61 65
53 78 73 69 68 66 63 70
Mé 71 67 65 64 63 61 65
54 79 73 69 68 65 41 70
M5 81 73 69 63 66 65 70
85 17 73 68 67 65 63 69
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Table €-7

Nolse Measurements: Grand Army Plaza

A Weighted Sound Level - Decibels

R L AT R T

Measurement

Location Ll L.IO L33 L50 L90 ng Leq
{
; M1 76 71 69 68 66 64 69
! 51 7 69 68. 63 61 61 71

M2 78 75 73 72 71 68 72

! 82 B4 72 68 67 62 60 73
: 13 79 75 72 72 70 67 72
: 53 77 70 67 67 65 63 68
M4 75 71 69 69 67 65 69
f S4 76 7t 67 67 65 63 &8
{
f
E
{
!
%
i
;
|
i
1
z x
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Meagurement
Location

ML
8l

M2
52

M3
83

M4
84

M5
85

Table C-8

Noise Measurment Location:

Plaza 400

83
80

76
79

82
81

81
81

80
83

A Weighted Sound Level - Decibels

10
77
75

72
74

18
76

78
16

76
76

3
73
70

68
70

74
71

75
71

75
71

Lsg

71
69

67
69

12
70

Th
70

T4
€9

Lgo

66
65

63
66

67
65

n
67

13
66

Lgg

62
63

60
63

63
63

68
65

72
65

4
71

70
7l

74
72

75
72

75
72



Measurement
Location

Ml
81

M2
S2

M3
83

M4
54

Table C-9

Noise Measurement:

KLM Plaza

A Weighted Sound Level - Decibels

10
78
78

81
78

78
77

75
77

Laz

77
77
75

75
73

72
73

c-9

Lso

77
74

76
74

74
72

72
73

30
76
72

73
72

71
70

69
68

99
73
69

69
69

68
67

67
65

SU.S. QGOVEANMENT FRINTING OFFICE: 1980

e

L
eq
77

77
75

75
74

73
T4
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Project Participants

Office of Noise Abatement and Control
United States Environmental Protection Agency
Washington, D.C.

Qffice of Transportation Management and Demonstrations

Urban Mass Transportation Administration
Washington, D.C.

The Administration and Management Research Association
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