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PREFACE

This report presents the results of the third task of a
five-task program dealing with the reduction of noise from
elevated structures in use in U.8. rail rapld transit systems.
This report was prepared by Bolt Beranek and Newman Ine. (BBN)
under contract DOT-TSC-1531, as part of the Urban Rail ﬁoise
Abatement Program sponsored by the Office of Technology Develop-
ment and Deployment, Office of Raill and Construction Technology
of the U.3. Department of Transportation's Urban Mass Trans-
portation Administration. Thilis Nolse Abatement Program, which
is being managed for UMTA at tﬁé Transportation Systems Centér,
has the objectives of assessing the noise produced by urban rail
transit operations and of appraising corresponding noise reduc-

tion methods and the associated costs.

Drs. Leonard G. Kurzweil and Robert P. Kehdig_of the Trans-
portation Systems Center served as technical coordinators for
the efforts leading to this report. An advisory board consti-
tuted by the American Public Transit Association and headed by
Mr. Theodore S. Gordon provided much of the background informa-
tion relating teo the transit systems surveyed. Amman & Whifney,
Consulting Engineers, assisted in the ccllection of physical
inventory data; Mr. Samuel Weissman directed the Amman & Whitney

tasks.

The author gratefully acknowledges the assistance of his
colleagues,'including Dr. Eric E. Ungar for cverall direction
and careful report review, Mr. Christopher W. Menge for his
assistance with regard tQ‘field measurement planning, and Messrs.
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EXECUTIVE SUMMARY

This repcort presents an inventory and impact assessment of
the noise radiated by U.S. urban rall rapid translt elevated
structures due tc trains passing on these structures, inscfar
as this noise 1s experienced by nearby community residents.

The report provides an overview of the nolse contributlions from‘
the various types of structures in existing or planned U.S.
transit. systems and thus can serve as a basis for selecting

structure types for which noise abatement would be most desirable.

This inventory includes approximately 253 km (157 miles) of
elevated structure, maintained by the following U.S. transit
properties:

« Metropolitan Atlanta Rapid Transit Authority (MARTA)

- Bay Area Rapld Transit Distriect (BART)

+ Chicago Transit Authority (CTA)

+ Metropolitan Dade County (Metrorail — under construction)
-+ Massachusetts Bay Transportation Authority (MBTA)

+ New York City Transit Authority (NYCTA)

+ Port Authority Transit Corpcration of Pennsylvania and
New Jersey (PATCO)

« Southeastern Pennsylvania Transportation Authority (SEPTA)

« Washington Metropolitan Area Transit Authority (WMATA)

In corder to classify the elevated structures 1in these systems
according to their potential noise emission, the following struc-

ture components were considered:

x1



+ Stringer (longitudinal girder)
* Structure Deck

* Track Support

* Rails

« Nolse Barrier.

Accordingly, 17 different structure categories were identified;
this number 1s reduced to 13 categeories if consideration of

nolse barriers is excluded from the classification scheme.

Noise levels, in terms of the A-weighted maximum level
(Lmax) and single event noise exposure level (SENEL) descriptors,
were estimated for each type of elevated structure on the basis
of field measurements and/or published data. These results,
together with train schedule information were used to estimate
" the day-night average sound levels (Ldn) in the wayside community
due to translt operatlion. The transit L n values were compared

d
with amblent L estimates in order to define the areas of

transit noise ggfluence. Population data were then applied so

as to estimate the number of pecple exposed to various levels

of transit noise and to evaluate the Sound Level Weighted Popula-
tion (LWP) — a measure of noise impact that takes into account

. the number of people exposed to transit noise, together with the

magnitude of the ncise exposure.

It was found that approximately 384,000 people at residential
locations in the U.S. are exposed to noise from rail transit opera-
tions on elevated structures. Filigure ES-1 shows the distribution
of wayside residential noise exposure, indicating that about MO'

percent of the total impacted populétion is exposed to transit

xii




nolse Ldn levels in the 80 to 85 dB range. The total LWP was
determined to be approximately 646,000, corresponding to an
average transit Ldn of 82.5 dB experienced by the impacted popula-
tion, and implying that the natlonwlde noise 1lmpact from elevated
transit structures is equivalent to about 646,000 people being

100 percent impacted. '

The inventory results 1ndicate that the structure types may
be aggregated into‘three general categories; these and their
rank-ordering in terms of Lmax and LWP are shown in Table ES-1.
The noisiest structures - open deck (wood tie) on steel girders
carrying Jjoinfted rall - are alsc the most numerous and account
for about 91 percent of the total nationwlde noise impact.
Structures with concrete or concrete/steel composite decks, bél-
lasted track and jolnted rall are somewhat less nolsy and account
for about 8 percent of the total noise impact. Structures where
welded rail is resiliently fastened to concrete decks tend to be
relatively quiet; althcocugh these structures make up about one
third of all U.8. elevated structures, they account for only about

1l percent of the total noise impact.
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1. INTRODUCTION

Urban rail rapilid transit operation on elevatéd structures
is a source of significant noise impact on large segments of the
populations of major cities of the Uﬁited States, as in other
parts of the werld. Wayside A-weighted sound levels for trains
running on elevated structures can bé higher by as much as 20 dB
than correspcnding levels for -at-grade operation [1], partially
due to sound radliation from the vibrating components of the
elevated structures. " In view of the large number of people who
live and work near major transit rcutes, and who thus are exposed
to these high noise levels, it 1s evident that elevated rail
transit structure noise 1s a significant envirocnmental problem.

In order for a gilven amcunt of elevated structure noise
control effort to result in the greatest benefift, such effort
should be directed.so as to achieve the greatest reduction in
the c¢verall ncise impact. For this purpose there exists a need
for an inventory of elevated transit structures, together with
development of a rank-ordering of the various structure types in
terms of their noise impact. This report provides such an inven-
tory for all U.S. urban rail rapld transit Systems.

It thus is the purpose of this report to (1) identify and
describe existing and planned elevated rapid transit structures
in the U.S., (2) classify the various types of Structures_in
terms of thelr noise-related characteristics, and (3) evaluate
and rank-crder the noise levels and nolse impact for sach struec-
ture type. Section 2 of this report discusses the approach and
methodelogy used here to assess the noise impact of elevated
structures. Section 3 describes the identification and classi-

fication of U.S. elevated rapid transit structures. Secticn 4



provides an overview of the nationwide inventory and noise impact.
Detailed inventory and noise impact results for individual U.S.
rapid transit systems are included in appendices; these appendices
are presented so that they may be read by themselves without
reference to the rest of the repdrt, and therefore include inten-
tional repetitions of some information. Supplementary informa-
tion on nolse models, measurements, and assessment data is also
included in appendices.




2. APPROACH AND METHODOLOGY

2.1 Definitions of Noise Descriptors

Sound‘(or Noise) Level: The terms "sound level" and "noise
level" are used interchangeably in this report to refer to the
overall A—weighted sound pressure level, given in terms of A-
welghted decibels (dBA). The decibel scale is a logarithmie
scale used to measure the relative noisiness of sounds; a 10 4B
increase in sound level corresponds to a subjective doubling of
loudness. A-welghting weights the various frequency components
of a sound level 1n accordance with the sensitivity of human
hearing. ’

Maximum A-Weighted Sound Level, L___: L as used in this

max max’
report, refers to the greatest sound level that iIs experienced
at a given location during the passby of a rail transit vehicle
on an elevated structure. Lmax is also expressed in dBA. The
top portion of Fig. 2-1 shows a typical time-history trace of
wayside noise level for a transit vehicle passby on elevated

structure and indicates the definition of Lmax'

Single Event Noise Exposure Level, SENEL: The SENEL, as
used in this report, 1s defined as the sound level of a signal
wlth a duration of one second that contains the same adoustic
energy as the time-integrated scund level of a single train
passby. SENEL, which 1s expressed in dBA, provides a measure
which accounts for both the duration and the level of a single
noise event. For example, the area under the time-history curve
in Fig. 2-1 represents the total amount of sound energy arriving
at a given receiver location due to a single train passby; the
SENEL for this event 13 the steady sound level cccurring over a
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one-second period which corresponds to this same total sound
energy. FPFor practical purposes, the level that is 10 dB below

the maximum level (L } 1s used to determine the sampling

threshold
interval for measurement of SENEL, since lower sound levels do
not contribute significantly to the total energy. The middle

part of Fig. 2-1 illustrates the fcregoing concepts.

An approximation to SENEL fhat is sometimes applied to urban
rall transit vehicle noise is LR’ which has been suggested by
Schultz [2] and is defined as¥

Lp =L +10 log T,, dBA ,

where Lmax is the maximum sound level during passby (in dBA) and

T, 1s the time interval (in seconds) between points at which the
sound level is 5 dB below Lmax'

Equivalent Sound-LeveZ, Leq: The Leq is‘defined as the
energy-average sound level, for a specified averaging time.
Leq is the level of a steady-state sound that has the same
amount of total energy as the actual fluctuating sound (see
bottom part of Fig. 2-1). A typical time period used for the

evaluation of Le is one hour; the hourly-equivalent sound level

is denoted by LEZ(hr), in dBA. The Leq descriptor may be used
in reference to noise from a particular source, such as transit
vehicle passbys or from'a multitude of sources (e.g., ambient
noise). '

Day-Night Equivalent Sound Level, Ldn: The Ldn 1s used to
characterize the energy average sound level in residential areas

over a 24-hr period. Ldn’ expressed in dB, is computed 1like

¥411 lcgarithms in this report are base 10.



.y

Leq’ except that 10 dB is added to the nighttime sound levels
(10 p.m. to 7 a.m.). As with Leq’ Ldn

noise from a particular source or from a combination of sources.

may be used to describe

The term transit Ldn 1s used in this report to describe the .
average day-night sound levels at a given wayside location due
enly to transit vehicle passbys on elevated structures. The

term ambient Ldn is used in this report to describe the Ldn at

a community location due to all sources ezeluding transit vehicle
passbys. k

Another term sometimes used to describe long-term community
sound levels is the daytime equivalent sound level, Ly- This
is defined as the Leq for the daytime period (7 a.m. to 10 p.m.),
and represents the daytime component of the Ldn'

2.2 Noise Emission Charactéristics of Rajl Transit Vehicles on
Elevated Structures
The primary sources of noise for most rail rapid transit
systems are wheel-rall interaction and the vehicle propulsion
system. Noise from other sources, such as vehicle auxiliaries

and power pickup; 1s generally of a lower order of magnitude.

Which noise source predominates generally depends on vehicle
speed. Auxiliary equipment noise predominates for vehicles at
rest or at very low speeds; wheel-rail interaction predominates
at mid-range speeds; usually up to 80 km/h (50 mph) or more;

and propulsion system noise tends to predominate at higher speeds.

In the U.S., most transit vehicle operations on elevated struc-
tures occur at mid-range speeds, so that wheel-rail interaction
is likely to be the dominant noise source for most of the ele-

vated rail systems surveyed in this report.




Wheel-rail interaction noise originates from wheel and rail
roughness during rollihg contact, as well as from impacts due to
wheel flats and rail discontinuities (e.g. rail joints and
switches). In addition, wheel "squeal" may be generated by
the sliding of wheels on the rail, which typically occurs around
curves, Whéel-rail noise 1s radiated from the wheels and rail
to the wayside community by direct airborne paths., Furthermore,
wheel-rail vibration may be transmitted to the car body and

elevated structures, and these may radiate additional noise.

Wayslde sound levels near elevated transit structures are a
function of train speed, tréin length, distqnce from the'track,
shielding, air and ground attenuation, structure type and vehicle
and track condition. The effects of these parameters are dis-

cussed below.

Train Speed. Measurements of A-weighted sound levels for a
variety of rail vehicles on both jointed and welded rail indicate
that L . varies as 30 log (speed) [3]. This typical speed
dependence implies an Lmax increase of 9 dB per doubling of speed.
The sound level integration of a transit vehicle passby over time
(see Appendix A) suggests that if Lmax varies as 30 log (speed),
then the SENEL varies as 20 log (speed). This implies that SENEL
increases by 6 dB per doubling oflspeed, 1f all other condi-
tions are tconstant. These typical 30 log (speed) and 20 log
(speed) relationships are used in this report for speed normali-
zation of Lmax and SENEIL data, respectively, unless specific

information is avalilable to indicate that other relations apply.

Train Length. The relationship between train length and
Lmax depends on the distance of the observer from the track.
Close to the track, the L
max

nearest car, and thus the effect of traln length is negligible.

is dominated by noise from the



The effect of train length becomes more pronounced at greater
distances. Since the data in this report is normalized to a
standard distance of‘7.5 m (25 ft), and since train lengths
typically vary between 2 and 1l car léngths, the corrections'
for train length are not significant (i.e., they‘amount to

1 dB or less). Thus, no train-length adjustment is applied to
Lmax data for the‘purposes of the noise impact analysis of this
report. However, the usual energy-related adjustment for 10 log

(number of cars) 1s applied for normalization of SENEL data.

Distance. Sound level attenuation with distance for rail
cars depends on the average wheel-truck spacing and total train
length. Rathe (4] suggests estimating sound level attenuation
corresponding to a line source with dipole directlivity, as shown
in Fig. 2-2, At distances that are less than about 2/3 of the
wheel-truck spacing or greater than about 2/3 of the train
length, the Lmax varies as 20 log (distance), as for a point
noise source. DBetween these two distances, Lmax varies as

10 log (distance), as for an ideal line source.

The Lmax data in this report are typlcally normalized to
7.5 m (25 ft) from distances ranging between 3.75 m (1l2.5 ft)
and 30 m (100 ft). In view of the above model and typical
train geomeftry, the normglization of Lmax data is here accom-
plished using the 20 log (distance) relation for data observed
at distances of less than 7.5 m (25 ft) and using an adjustment
of 10 log (distance) for data from 'distances between 7.5 m
(25 ft) and 30 m (100 ft). For total energy-tybe descriptors,
such as SENEL and Ldn’ acoustic line source attenuation varia-
tion as 10 log (distance) is used.




LEVEL

SLOPE @ 20 LOG {d) : ,
(6 dB REDUCTION/DISTANCE DOUBLING)

SLOPE « 10 LOG (d)
(3 dB REDUCTION/DISTANCE DOUBLING)

SLOPE & 20 LOG (d)
(6 dB REDUCTION /DISTANCE DOUBLING)

I

l

l

|
24 LOG (d)
w : m

d = DISTANCE FROM LINE SOURCE
b =DISTANCE BETWEEN INDIVIDUAL SOURCES
£=LENGTH OF LINE SOURCE

FIGURE 2-2. SOUND PRESSURE LEVEL ATTENUATION WITH DISTANCE FOR A FINITE
STRAIGHT-LINE SOURCE CONSISTING OF A ROW OF INDIVIDUAL
DIRECTIONAL (DIPOLE) SOURCES (AFTER RATHE [<])



~ Shielding. Attenuation of elevated transit noise may result
from shielding by intervening structures. For densely built-up
areas, with tall, continuous buildings on both sides of an ele-
vated structure, Schultz [5] points cut that noise impact may
be limited to the first row of buildings. The shielding effect
"of building rows, however, diminishes with decreasing building
density. Components of an elevated structure, such as beam webs,
may also act to provide nolse-shielding of some train components.
Such shielding effects are considered in this inventory on an

appropriate case-by-case basis.

Air and Ground Attenuation, Excess noise attenuation,
beyond that due to the spreading of sound with increasing
distance from the structure, may occur due to air and ground
effects. - However, these effects are not likely to be signifi-
cant within the practical limits of this analysis and therefore

are neglected here,

Structure Type. The physical characteristics cf elevated
structures control the transmission of vibration from the wheél—
rail interface to the various structural members, and the radia-
tion of noise from these components. The components that can
significantly affect elevated'structure ncise serve as a basis
for the classification of structures as described in Sec. 3 of
this report. '

Vehicle and Track Condition. The conditions of transit
vehicle trucks, propulsion systems, and wheels and the condition
of the track can affect noise levels along elevated transit routes.
However, detailed information on vehicle or track conditlon and
resultant noise effects 1s not generally available. Therefore,

the ncise estimation and impact analyses in this report are

10
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based on data from a varlety of typlcal vehicles 1In revenue
service at a varilety of track locations, where possible, and
otherwlse on whatever data are avallable.

2.3 Noise Estimation Methodology

The estimation of nolse from elevated transit structures
was accomplished on the basis of data Iin the general literafure,
where avallable. For those transit system analyses requiring
additional data, field measurements were conducted, as described

below.

2.,3.1 Noise measurement and data ana]yéis

Nolse measurements of %transit system operations on elevated
structures were conducted at threé translt systems, specifically
for this.project: the Chicago Transit Authority (CTA), Massa-
chusetts Bay Transportation Authority (MBTA), and New York Cilty
Transit Authority (NYCTA) systems. Although procedures variled
sllghtly depending on location, the general measurement
methodolcogy 1s described below.

Noise measurements were performed at locatlons representative
of each type of elevated structure and at communlty environments
Judged apprcpriate for the pafticular transit system belng
surveyed. Measurement sites were chosen between transit stations,
sc that train speeds were felatively high and constant. The
measurement  microphone was positioned at approximately rail height
and at 7.5 m (25 ft) from the centerline of the nearest track,
as suggested by Schultz [5]. The microphone was located a minimum
of 1.8 m (6 ft) from any major reflecting surface.

Approximately 12 traln passages were monitored at each
location, including 6 passbys on the near track and 6 on the far

11



‘track. Train speeds were clocked using a stopwatch, and the
number and type of cars were noted for each passage. Ambient
noise levels were monitored between train passbys. Photographs

were taken to document each measurement site.

A BBN Model 614 Portable Noise Monitor was used to sample
ambient noise levels and train passby noise levels. This unit
consists of an ANSI Type 1 sound level meter, combihed with a
system that autcmatlically samples theEA—weighted sound level
8 times per second and calculates and prints out statistical or
single event data. The monitor was used in the statistical
mode to measure the agmbient Leé between train passbys and was
used 1n the single event mode to sample traln passages.

Tape recordings were also made for selected train passbys
using a Kudelskl Nagra IV-SJ tape recorder operating at 7.5 ips.
These data were subsequently reduced in the laboratory, as
follows. An A-welghting filter and graphic level recorder
were used to generate time-history plots for each passby. From
these plots, sample intervals were selected that included a
dynamic range of at least 10 dB; a spectrum analyzer (General
Radio Type 1921) was then used to provide 1/3~occtave band sound

pressure level spectra for samples of each event.

Field calibration was performed before and after each set
of measurements at each locaticn by use of a General Radio Model
1567 Acoustic Calibrator, which provides a single frequency
(1000 Hz), single level (114 dB) signal. Figure 2-3 provides
a block dlagram of the typical noise measurement and analysis
instrumentation used in this project.

12
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2.3.2 Calculation of transit Ldn

The calculation of transit day-night equivalent sound level

(Ldn) is based on the SENEL of a "typical" train passby, obtained

by normalizing the available data to the average system speed

and train length by means of the adjustments described in

Section
energy o
(10 p.m.
result o

computed'fromf

Ldn
where

L

2.2,

f all
to 7

ver a

(d) =

dn(d)

SENEL(d)

N

Nday

night

The transit Lgn may be calculated by summing the sound
traln passbys, with 10 dB added to nighttime

a.m.) data, and by logarithmically averaging the

24-hr period. The transit Lans thus, can be

traln passby SENEL and schedule data as follows:

SENEL(d) + 10 log (Ng, +10N - 49.4 ,  (2:1)

night’

day-night average sound level, in 4B, at a
distance 4,

single event ncise exposure level, in dBA,
for a typilcal train passby at the same
distance d,

= number of train passbys between 7 a.m. and
10 p.m., '

= number of traln pasSbys between 10 p.m. and
7 a.m. - '

In the absence of measured SENEL data, SENEL can be esti-

mated from measured Lma

A):

SEN

EL(d)

x data using the relation (see Appendix

11.
= L, (d) + 10 log (——;19) , (2.2)

14




where

SENEL(d)

= slngle event nolse exposure level, in 4BA,
measured at distance 4,
Lmax(d) = maximum passby noise level, in dBA, measured

~at distance 4,

d = measurement distance from the track center-
line, in meters (= distance in ft x 0.3)

v = train speed, in km/h (= speed in mph x 1.6).

Ldn 1s adJusted for distance assuming attenuatlion variation

with 10 log (dilstance), as discussed previously.

2.4 Fractional Impact Assessment Methodology

The fractional 1mpact evaluatlion for elevated transit
structure noise 1s accomplished by the method outlined by
Schultz [5]., The Fractional Impact Method takes account of the
intensive (l.e., dependent on the nolse level) and extensive
(1.e., dependent on the size of the affected population) aspects
of the situatlon and ylelds a single number, the Sound Level
Weighted Population (LWP), whilch gquantifles the integrated
effect of the nolse on the total exposed populétioh. The
details of accomplishing thls analysls for the varlcus elevated
rall systems differ, depending on the particular circumstances
and data avallabllity, but the general steps proceed as described

below.

1. Ambient L, Estimation. TUnless actual measured data
are avallable, the estimation cof ambilent Ldn (with-
out train noise) near an elevated line is generally
accomplished using the relation [6]

15



Ldn = 10 1lcg (p) + 22 dB , (2.3)

where p = population density (people per square

mile).

This equation is an empirically determined rela-
tion developed on the basis of a U.S. Environmental
Protection Agency (EPA) study of nolse levels vs
population density 1in the United States.

Trangit Ldn Estimation. The transit Ldn component
is estimated for typical train operation by the
methods described in Section 2.3. Site-specific
conditions, such as wheel squeal, are neglected

for the purposes of thls broad assessment. A
"transit corridor" is determined that includes

all areas where the transit Ldn is above a value
that is 5 dB telow the ambient Ldn'
built-up areas (e.g., Chicago, New York, Phila-
delphia), the transit corridor is limited to the
first row of buildings alcng the elevated transit

In densely

structure. For less densely bullt-up areas,
distance and shieldlng attenuation are included
in consideration of the limits of the transit
corrider.

Population Inventory. The populatlon within the
transit corridor is estimated from actual physical
inventories, from populatlion density data, or from
a count of residences (assuming an average of three
people per residential unit). Where appropriate,
this population is reduced by one-half to account
for the assumption that only half of the people

16




(1.e., those 1in rooms that face the tracks) are
significantly impacted.* The resultant number of
people within the transit corridor is defined as

the ”imbactéd population;” For areas with heavy
commercial activity near the elevated structures,
the impacted population is broken down into
"commercial plus residential" and "residential only"
categories. Impacted population is then tabulated

with respect to transit L expesure for each

dn
station-to-staticn segment alcong ecach elevated line.

4, LWP Calculation. The Sound Level Weighted Population
(LWP) for each segmeﬁt between elevated line sta-
tions is calculated by multiplying the impacted
population by the noise welghting function (W)
corresponding to the transit Ldn at each residential/
commercial location. The weighting functions
W(Ldn) are listed in Table 2-1.* The total LWP is
then calculated for each elevated line, system,
and structural type by summing the LWP values for

the appropriate line segments.

A flow chart summarizing the noise impact assessment
methodology for elevated rapid transit structures is provided

in Fig. 2-4.

¥*The suggested halving of the affected population and the
weighting function are based on the documented reaction of popu-
lations living in noise-impacted environments. The welghting
funetion values are derived from social survey data relating

the fraction of the sample population expressing a high degree
of annﬁyance to values of day-night average sound level (see
Ref. §5).

17



TABLE 2-1. WEIGHTING FUNCTICN N(Ldn)

I'dn “(Ldn) l Ldn W(Ldn) Ldn w(Lc:ln)
35.0  .006 57.0 0.162 79.6 1.38L
35.5  0.006 37.5 0.173 9.5 1.380
3.0  0.00T7 58.0 0.184 3.0 1,628
36,5 0.007 58.5 0.196 80.5 1.L76
37.0  0.008 £9.0 0.208 81.0 1.526
37.5 0.00¢ £3.5 0.221 81.5 1.577
38.0 0.009 £0.0 0.235 82.¢ 1.628
3B.5 C.010 £6.5 9.250 32.5 1.682
9.0 0.011 61.0 0.265 33.0 1.736
3%.5  0.012 BL.5 0.281 83.5 1.791
40.0  0.013 €2.0 0.297 8L.0 1.8L8
40.5  0.CLl4 42.5 0.314 3L.s 1.9C7
k1.0  ©.0l5 63.0 0.332 85.0 1.966
Li.5 0.017 63.5 0.351 35.5 2.027
Lz,.0 0.018 gk.0 0.371 86.0 2.090
42.5  0.31% gk.5 0.391 86.5 2.154
43,0  o.c2i 65.0 0.k12 87.0 2.219
3.5 0.022 65.5 0.433 7.5 2.286
Lki.o o0.025 66.C 0.456 88.0 2.1353
Lh.s  0.027 £6.5 0.L7% ag.s 2.425
45.0 0.029 67.0 0.503 89.0 2.497
L5.5  0.0%1 67.5 0.528 89.5 2.571
L6.0  0.03L . 68.0 0.554 90.0 2.647
L6.5  0.036 68.5 0.580 90,5 .72k
k7.0 -0.039 £3.0 0.607 91.0 2.80L
47.5  35.042 6%.5 0.636 1.5 2.885
4L8.0 0.0uE 79.0 0.86k4 92.0 2.568
L8.5 ©0.0bLg 70.5 0.69L 92.5 2,05k
9.0 2.053 71.0 0.725 $3.0 3.14
Lbo.s  9.057 71.5 0.756 93.5 3.231
50.0  0.061 72.0 0.748 gl.o 3.323
50.5  0.066 72.5 3.3z22 94.5 3,418
51.0 ©2.071 73.0 3.855 95,2 3.51h
1.5 G.076 73.5 ¢.890 95.5  3.51k
52.0 0.082 T4.0 0.926 96.0 3.715
s2.5 0.088 Th.5 0.963 9€.5 3.820
53.0 0.09L 75.0 1.000 $7.0 3.527
53.5 0.101 75.5 1.039 97.5 4,026
5h.0  0.108 76.0 1.078 $8.0 L, 1ks
sh.S  0.166 76.5 1.118 98.5 b, 26k
5.0 .12 77.0 1.15% $9.0 L.388
55.5  $.133 17.5 1.202 93.5 L.50L
56.0 0.1k2 78.0 1.245 100.9 L.éz2s
$6.5  0.152 78.5 - 1.289 100.5 4.757
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3. IDENTIFICATION AND CLASSIFICATION OF ELEVATED STRUCTURES

The general term elevated structure includes both rail-
transit elevated guldeways and rallrcad bridges. Rallroad
bridges typically consist of relatiﬁely long segments spanning
rivers or of relatively short segments spanning roadways. In
either case, the number of pecple affected by nolse from such
bridges 1s small compared with the number of people living
adjacent to rail transit elevated guideways. Therefore, the
Inventory provided in this report is limited to rail-transit
elevated guldeways. Also, embankments are not considered as
elevated transit structures'for the present purpose.

This report includes inventories of elevated structures in
.nine U.S, urban rail translt systems, listed below and alpha-
betlzed according to the area name: |

* Metropolitan Atlanta Rapld Transit Authority System (MARTA)

+ Bay Area Rapid Transit System (BART)

*+ Chicago Transit Authority Rail Rapid Transit System (CTA)

+ - Metropolitan Dade County Rabid Transit System (Metforail)

. Massachusétts Bay Transportation Authority System (MBTA)

« New York City Transit Authority System (NYCTA)

+ Port Authority Transit Corporation of Pennsylvania and
New Jersey (PATCC)

*+ Southeastern Pennsylvania Transportatien Authority Raill
Transit System (SEPTA)

+ Washington Metropolitan Area Transit Authority System
(WMATA).
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A1l of the above systems, with the exception of the Dade
County Metrorail, are currently in operation. Metrorail is
included here because its design 1s far enough advanced to permit
one to derive meaningful impact estimates. The Greater Cleveland
Regional Transit Authority System (RTA), the Port Authority
Trans-Hudson Cofporation System (PATH), and the Staten Island
Rapid Transit Operating Authority System (SIRT) are not included
in this assessment inventory, because in these systems there

are no elevated guideways as defined in this report.

The system developed for the classifilcation of elevated
structures is based on consideration of those structural com-
ponents that are likely to be significant in terms of nolse
and vibration transmission and radiation. These components are:
the gtringer (longitudinal support girder), the deck, the rail
supports, and the track (rail) itself. The presence or absence
of a noise barrier for shielding the wheel/rail area 1s an
additional consideration (although such shielding components
affect the noilse significantly only if noise due to structural
vibrations is not greatly predominant). The structure support
columns, lateral girders, and bents are not considered
acoustically sighificant, and therefore sre not considered in

the classification scheme.

The classification categories used to describe U.S. urban
rall transit system elevated structures are as fecllows:
l. Stringer (Longitudinal Girder) Type
a. steel solid web girder
b. steel lattice web girder

¢. steel box girder
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d. concrete beam girder
€. concrete box girder

f. composite steel/concrete girder.

2. Structure Deck Type
a. open deck (wood ties)
b. concrete slab

¢, composite concrete and steel.

3. Track Support Type
a. direct fixation
b. ballast and wood ties

¢. resilient rall fasteners.

4. Track Type
a. Jointed rail

b. welded rail.

5. UNoise Barrier
a. yes
b. no.
Table 3-1 identifles the wvarious types of elevated struc-

tures present 1n each U.S. raill transit system, along wilth
approximate route distances for each.
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TABLE 3-1. U.S. URBAN RAIL TRANSIT SYSTEM ELEVATED STRUCTURES
Elevated Structure Classification Route
Transit Track Naoise Distance
System Stringer Type Deck Type Track Support Type Type Barrier km(mi )
MARTA Steel box girder Conerete slab Resilient fasteners Welded Yes 1.3(0.8)
Steel box girder Cohzrete slab Resilient fasteners | Welded to 0.9(0.6)
Councrete box girder | Conerete slab Resilient festeners | welded Yes 0.6(0.4)
BART Conerete box girder | Concrete slab Resilient fasteners Welded No 32(29)
CTA Steel solid web Open (woecd ties) Direct fixetion Jointed Ve
girder ‘ LafaT)
Steel lattice webd Open (wood ties) | Direct fixation Jointed Yo
girder 7.2(4.5)
Steel solld web Conerete slab Ballast and wood Jointed Yes
girder ties 1.6(1.0)
Dade Concrete beam Concrete slab Resilient fasteners Welded Yes )
County girder 3421}
Metrorail Concrete beam Concrete slab’ Regilient fasteners Welded No
girder .
META Steel solid web Cenerete slab Ballast and wood Jointed Ne 1.6(1.0)
girder ties )
Steel solid web Concrete slab Direct fixaticm Welded No 0.3(0.2)
girder
Steel solid web Open (waod ties) | Direct fixation Jointed Yo 3.7(2.3)
girder .
Steel lattice web Open (wood ties) | Direct fixatiocn Jointed o 3.4(2.1)
girder :
YCTA Steel solid web Open (wood ties) | Direct fixation ~Jointed No 8L.5(52.5)
girder
Steel lattice web Open (wood ties) | Direct fixation Jointed No 0.8(0.5)
girder
Concrete beam Concrete slab 3allast and wood Jointed Yo 8.9(5.5)
airder ties
Steel and concrete Steel/concrete Ballast and wood Jointed Yes 1.6(1.0)
girder composite ties
2ATCO Concrete beam Concrete slab Resilient fasteners | Welded o 1.4(0.9)
girder )
SEPTA Steel lattice wab | Steel/concrete Ballast and wood Jointed o 3.9(2.4)
girder . composite ties
Steel lattice webd Concrete slab Ballast and wood Jointad o 3.5(5.3)
girder ties
Steel lattice web Open (wood ties) | Direct fixation Jointed Yo 0.k{0.3)
zirder
Concrete bean Concrete slab Resilient fastenmers | Welded No 0.8(0.5)
WMATA Steel solid web Conerete slab Resiiient fasteners | Welded No .6{1.0)
girder
Steel box girder Concrete slad Resilient fasteners | Welded Na 8.0(5.0)
Concrete box girder | Concrete slab Bellast end wood Welded No 2.0(1.2)
ties
Copncrete box girder | Concrete slab Resilient festeners | Welded No 0.68(0.4)
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4. SUMMARY AND CONCLUSIONS

A comprehensive summary of the U.S. elevated rail transit
structure noise impact inventory is provided in Table 4-1. This
table lists 17 different types of elevated structures found in
nine U.S. transit systems, with a total route distance of approxi-
mately 253 km (157 miles). Noise level and noise impact data
are provilided for each structure classification; these resdlts
are obtained from nolse impact studies of the individual transit
systems (see Appendices B through J), supplemented by data from
references as noted. Table 4-2 provides the distribution of
transit nolse exposure for the wayside residential population

near each transit system surveyed in this report.

4.1 Noise Levels

The noise level estimates provided in Table 4.1 are based
on field measurements and data in the literature. Lmax data are
estimated for a train passby at 60 km/h (37 mph) measured at
rail height, 7.5 m (25 ft) from the track centerline, using the
normalization methodology discussed in Seetion 2-2. Nonstructure
nolse levels are included where available; these levels are
normglized estimates for ftrain passbys at grade, on ballasted

track.

A review of the noise estimates suggests'three general
categories of elevated structures, rank-ordered according to

Lmax as follows:

1. Steel girders, open deck (wood tie), jointed rail:

Lmax = 100 to 107 dBA,

2. Steel and/or concrete girders, concrete or concrete/
steel deck, ballast and wood tie, jolnted rail: Lmax = §5 to
99 dBA (without barrier),
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TABLE 4-1. U.S. ELEVATED RAIL TRANSIT STRUCTURE NOISE
IMPACT INVENTORY SUMMARY

Elevated Rapid Tramsit Structure {Tassificalion
Track Support [Track
Stringer Type Deck Type Type Type
o Estimated
Residential
v o .
- |= . fe - talse Level Nolse Impact
C858s |oFleglet| Zla |w - ler|¥|2 L st 75w 25 )
ST|3F|8 |SEl83°|3&] (S (2 Slee|858|o|™| Hatse max i M Sound Level
PO ol -5 BT[] l® | P8 S| 8T | SS| 2| T Rarrier Route &0 km/h {37 mph), dBA Impac ted Weighted
2o bl 8T EE|Ex{EE(ES|ER|ER|IE2|Z0 '&‘J‘» = Transit Distance Pepulation | Poputation
SEI5E|E5 |88 |S8|RE|8E (8|S H|ER 82 |FT(8[Z] Yes| to System «m {m§) | Structure |Nomstructura P {LwP)
e 4;5-1:-— s T ey e e - - B ot
X B * [ X b X |uTA k3 {27} | 100 91 [?] - 71,852 119,786
MDTA .7 (2.3} 10 08 [&] 1,302 855
NYCTA 84.5(92.5) | 1n6 90 [#] 225,568 45h 245
TOTAL STRUCTIIE 131.2(B1.8) 98,722 57h,886
X x x x|’ X |vwTa To.3o.2) | a7 88 [a) én ©
¥ % X X % o 3.601) 90 91073 {36k Zhl
T
X X x X X [MBTA 1.6(1) a9 98 81 a6 125
X X X X X |WMATA 1.601) 7 - ’ 0 0
X X X X | ox jera 7.2 (h.5}| 103 91 (7] . 5,672 9,50k
MITA 3.k (2.1} 107 98 [8] Lig 310
RYCTA 0.8 {0.5)| 101 90 (9] 711 943
SFPTA 9. (0.3)] — - 1] g
TOTAT, STRUCTIRR 11,8 {1.1) 6,795 10,757
X X X X X |SEPTA 8.5 (5.3} @8 (10} — 164,757 az,122
X X X X X JSRITA 3.9 f2.h)| 96 101 _— 10,018 10,087
X X % X X MARTA 1.3 (0.8}] 716 - 14 1
X X £ k4 % |MARTA 0.9 (0.6)] #s --- 33 h
AT 8.9 (5) 17 - 0 0
ITAL STRIGTIRE 8.0 (s5.8) . 13 u
X X X ¥ % |wrera 5.9 (5.5 o5 90 (9] 23,229 . | 18,697
I8
X X b3 X X Dade 17 (10.5) KB 75 2,891 525
Hetrorail
J
X X X X % |pade
Metrorail | 17 (10.9) Bo 75 7,891 525
DATCN 1.9 (a9} 9o (11) Ry (111 397 1t
SEPTA - 9.8 (0.5 o1 [10] - 980 931
TOPAL STRUCIURE 12.2(11.9} - h 262 1,603
1 X X b4 ¥ |wTa 2.0 (1.2} 717 - R 0 o
X ¢ ¥ x b MARTA 0.6 (0.h)] 16 - 30 3
X X b X | % |MART .3 {29} . B85 (12] 6o - 17,717 603
{72,131
WHATA 6.6 (6% 17 - _5 R
TOTAl, RTRUCTURE w.6(20.5) ' 17,712 U603
\. L Lx_ X X ¥ J ¥ —‘NV(‘TA 1.6 ¢1.a}| g0 90 (9] 1,110 2,340
P Y T Sy S S R e S e . ]
TOLAL U5, ELEVATED STMEITURE . . ‘?E‘_} 3Pk 593 &h6,016
i
*|inleaa otherwisa rarercnced, the L values Are estimated from data precented on the appropriate report appendix, using the ndjustment techniques

pressnted in See, 2.7. Bracketed B8%ues refer to refrrences fnr measurcd debe not discussed in the Appendires.

Reproduced from

best available copy. A
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3. Steel or concrete girders, concrete deck, resilient
track fasteners, welded rail: L . = 76 to 91 dBA (without
parrier).

The noisiest struétures are seen toc be the open deck (wood
tie) steel varilety; girder design (i.e., sclid vs lattice web)
does not seem to be a significant factor relating to noise from
these structures according to the above results. Structures
with concrete or concrete/steel composite decks, ballasted track
and jointed rail are seen to be less ncisy than the open deck
steel structures; this may be due to the combined effects of
ballast absorption and the reduction of structural radiation.
Structures with concrete deck, resilient fasteners and welded
rail make up the least noisy group of structures., These
structures show a wide variation in noise levels, suggesting
that factors other than structural characteristics may be
strongly influencing nolise emission. For example, results for
the PATCO and SEPTA structures in this category reveal Lmax
values of 90 to 91 dBA, significantly above the 76 to 85 dBA
range encountered for similar structures in newer transit
systems. This may result from the predominance of noise gen-
erated by vehicle components (e.g., propulksion system, wheels, .
etc.) for the transit cars used on the PATCO and SEPTA systems.
Note that structures with noise barriers are not included in

the present discussion, since barrier effects are site-specific.

The nonstructure data indicate that train operations on
elevated structures are 1 to 16 dB noisier than operations at
grade on ballasted track for similar vehicle and razil conditions.
This increase may be due to a combination of factors such as
reduction of ground absorption, loss of undercar ballast absorp-

tien, and noise radiation from siructure components.
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4.2 Noise Impact

Table 4.2 provides residential noise impact information for
each elevated structure type in terms of impacted population (P)
and Sound Level Welghted Population (LWP). The results estimate
that approximately 384,300 people in the U.S. are exposed to
noise from rall transit operations on elevated structures. The
total LWP is estimated to be about 646,060, which implies that
the impacted population of 384,300 1s exposed to an average Ldn
of 82.5 dB. In fact, Table 4,2 indicates that about 40% of the
total impacﬁed population is exposed to transit noise within the |

80 to 85 dB Ldn range. Another interpretation of the LWP is

that the nationwide nolse impact from elevated structures is
approximately equivalent to 646,000 people being 100 pPercent impacted. ]

The results shoWn in Table 4.2 lead to a rank—ordering of
structure types according to noise impact. The following five
structures account for 99 percent of all U.S. elevated structure
noise impact:

1. Steel solid web girder, open deck (wood tie), jointed
rail: LWP = 574,886,

2. Steel lattice web girder, concrete deck, ballast and
wood tle, Jointed rail: LWP = 22,122,

3. Concrete beam girder, concrete deck, ballast and wood
tie, jointed rail: LWP = 18,697,

4. BSteel lattice web girder, open deck (wood tie}, jointed
rail: LWP = 10,757,

5. Steel lattice web girder, concrete and steel deck,
ballast and wood tie, jointed rail: LWP = 10,087.
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These results indicate that steel structures with solid web
girders, open deck (wood tie) and jointed rail are responsible for
the greatest noise impact by far, accounting for 89 percent of the
total nationwide LWP. The approximately 131 km (82 miles) of
this structure, which are located primarily in New York and
Chlcago, make up more than half of all U.S. elevated structures.

The five structures listed above are included among the two
noisilest structure categories described in Section 4-1. The least
noisy structures, which use welded raill mounted on concrete deck
with resilient fasteners, account for approximately 70 km (50
miles), or almost one third of all U.S. elevated structures.

These structures, however, are found primarily in newer transit
systems and account for only 1 percent of the total nolse impact

from U.S. elevated rail transit structures.
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APPENDIX A: CALCULATION OF SINGLE EVENT NOISE EXPOSURE LEVEL

(SENEL) FROM MAXIMUM PASSBY NOISE LEVEL (Lmax)*

The single event nolse exposure level, SENEL, for the perlod
from -T/2 to +T/2 is defined as:

SENEL = 10 log | =

+1/2  L,(£)/10
7 |

10 dt s (A.1)
-T/2 ‘

where LA(t) 1s the instantaneous A-weighted sound level, and T,
1s the reference time interval of one second.

The sound level at a distance d from a track during the
passage of a single rall car can be expressed as:

LA(t) = Lmax

+ 10 log (a)* . , (A.2)
d? + (vt)? _

where the time t 1s taken to be zero when the vehicle 1s at its
closest position (i.e., distance d4), Lmax 1s the sound level of
a single car at distance d, and v 1s the velocity of the vehicle.

(Note that v, d, and t here must be in consistent units.)

The single event noise exposure level, SENEL, due to the
passage of a single vehicle in the period T then may be found
by substituting Eq. (A.2) into Egq. (A.1) above. If T is much
greater than the passage time of the vehicle, thls then reduces to:

- Td
SENEL = Lmax + 10 log [Tlv]

#Adapted from Ref. A.1l.



In metric units, this equation is expressed as:

. Il.3d
SENEL = L., *+ 10 log [ = } ,

where d 1s the distance to track in meters, and v i1s the train
speed in km/h. ' '

The corresponding equation expressed in English units is:

SENEL = L + 10 1 2.14d
" “max OB v ’

where d is the distance to track in feet, and v 1s the train
speed in mph.

REFERENCES — APPENDIX A

A.1 U.S. Department of Transportation, "Final Environmental Impact
Statement — Orange Line Relocation and Arterial Street Con-

struction (Southwest Corridor Project),”" UMTA Project No.

MA-23-9007, FHWA Project No. U-393(1), Appendix H (March 1978).



- APPENDIX B: MARTA INVENTORY

B.1l Elevated Structure Description

The Metropolitan Atlanta Rapid Transit Authbrity (MARTA)
system includes approximately 2.8 km (1.7 miles) of concrete
elevated structure. The typlcal structure consists of a pre-
cast or cast-in-place concrete slab deck supporting both east-
bound and westbound tracks (see Fig. B-1), with the slab carried
by either a steel or a concrete box beam. All sectioﬁs with con-
crete box beams have separate structures for each track. Some \
sectlons with steel box beams are provided with a nolse-control
damping treatment. Other sections include a (nonabsorptilve)
sound barrier, with a height of 1.5 m (5 ft) above the deck and
1.2 m (4 ft) above the top of the rail with an offset distance of
0.6 m (2 ft). The rails are continuously welded and weigh 57
kg/m (115 1lb/yd). Hixson raill fasteners with an advertised static
stiffness of 175,000 N/cm (100,000 1b/in.), are used throughout,
spaced 76 cm (30 in.) on center.

A list of the lengths of the different'types of elevated

structures currently in use is provided below:

1. Precast Deck, Steel Box Girder

a. with noise barrier only 0.45 km (0.28 miles)
b. with sound damping only 0.02 km (0.01 miles)
¢. with barrier and damping 0.77 km (0.48 miles)
d. without barrier or damping 0.84L kxm (0.52 miles)

Total 2.08 km (1.29 miles)
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2. C(Cast-In-Place Deck, Steel Box Girder

a. with nolse barrier 0.09 km (0.05 miles)
b. without noise barrier 0.08 km (0.05 miles)
Total 0.17 km (0.10 miles)

3. Cqﬁcreﬁé Deek; Concrete Boz Girder
with noise barrier . - ~0.57 km (0.35 miles)

Total Structure 2.82 km (1.74 miles).

A photograph of a steel box girder MARTA structure (with
noise barrier) 1is provided in Fig. B-2. Figure B-3 is a photo-
graph of a typical section of concrete box girder MARTA struc-

ture.

B.2 Noise Estimation

The estimation of Ldn for MARTA elevated structures 1s based
on measurements conducted by BBN in April 1979. These measure-
ments were performed using a two-car test train and are described
in detail in a memorandum [B.1]. The‘meaguremenﬁs‘were made
near precast,deck“COncrete’stfucture.segméhté With both damped
and undamped steel box béamé, with and without noise barriers.
The measurement results (see Fig, B-4) indicate that the noise
reduction due to the barrier is aboutq9 dB for a train on the
track near the barrier at 64 to 97 km/h (40 tc 60 mph).

Damping seems to reduce noise levels by 1.5 dB or less, depend-
ing on'speed‘and test éonfiguration; however, the data are not
conclusive. Therefore, the barrier and no barfier results for
‘precast concrete deck structure with undamped steel bhox beam
will be used here for estimation of the noise impact for all



FIGURE B-2. MARTA ELEVATED STRUCTURE WITH STEEL BOX
BEAM AND NOISE BARRIER

FIGURE B-3. MARTA ELEVATED STRUCTURE WITH CONCRETE BOX GIRDER

B-4
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MARTA elevated structures; since this new system is expected to
have minimal noise impact, an in-depth invéstigation of the
nolse effects of the varicus structural types is not warranted
at present.

Noise measurement results are listed in Table B-1 in terms
of the single event noise exposure level (SENEL) for two-car
train passbys on both near and far tracks. Microphones were
positioned at deck height, at 7.5 m (25 ft) from the near track
centerline, at 12 m (40 ft) from the far track centerline, and
at 10 m (32.5 ft) from the structure centerline (see Fig. B-4).
Near and far track data were logarithmically averaged and
corrected for distance assuming a 10 log (1/distance) variation
in order to obtain an average SENEL for two-car train passbys
at 30 m (100 ft). An additional 3 dB were added to convert the
result to typlcal four-car trains, assuming that SENEL varies
as 10 log (no. of cars). The results are shown in Fig. B.b5,
which indicates how SENEL varies with speed for structures with
and without noise barriers.

The day-nighﬁ average sound level, L. , may be calculated

dn
by summing the sound energy of all trailn passbys, with a 10 4B

perialty added to nighttime (10 p.m. to 7'a.m.) operations, and

averaging the result over a 24-hr periocd. The Ldn’ (d) at a
distance d, in 4dBA, may be calculated from:
Ldn(d) = SENEL(d) + 10 log(N 10N ) - 49,4 (B.1)

day 9 nignt

where SENEL(d) 1§ the single event noise exposure level at a
distance d, in dEBEA. Nday
7 a.m. and 10 p.m., and N

is the number of train passbys between
| night is the number of train passbys
between 10 p.m. and 7 a.m.

B-6




TABLE B-1. MARTA ELEVATED STRUCTURE NOISE MEASUREMENTS* [B.1]

SENEL for a Two-Car Test Train {dBA) ASENEL ({dBA}
Without Barrier With Barrier Without Barrier —With Barrier
Near Track | Far Track | Near Track | Far Track Near Track Far Track
at 7.5m at 12 m at 7.5 m at 12 m at 7.5 m at 1z m
Train Speed (25 ft) (40 ft) (25 ft) {40 ft) (25 ft) (40 ft)
32 km/h (20 mph) &5 - - - - -
48 Km/h (30 mph) 88 - — 77 - ‘ -
72 km/h (45 mph) s1 - 83 8o . 8 6
$7 km/h (60 mph) 93 - _— 81 - -

*Precast concrete deck structure with undampe& steel box beamn.
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The MARTA system currently operates Y4-car trains at
15-min intervals in each direction between the hours of 5:30 a.n.
and 8:00 p.m., with an average speed of 72 km/h (45 mph) on
elevated structures [B.2]. The SENEL at 30 m (100 ft) for a 4-
car train operating at 72 km/h (45 mph), as found from Fig. B-5 is
87 dBA without a noise barrier and 8C dBA with a noise barrier.
The schedule data suggest that Nigy = 104 and Njgop0 = 12 ,
(5:30 a.m. to 7:00 a.m.). One thus finds from Eq. (B.l) that
the Ldn at 30 m (100 ft) is 61 4B without noise barriers and
54 dB with noise barriers. The Lan
(100 ft) is calculated assuming that L, varies as 10 log

(1/distance).

for distances beyond 30 m

B.3 Fractional Impact Analysis

The fractional impact analysis for the MARTA system elevated
structures is accomplished by the method outlined by Schultz

[B.3], which consists of the steps described below:
1. Ambient noise levels (without MARTA) are estimated
using the relation [B.47:

Ldn = 10 log (p) + 22 4B ,

where p denotes the peopulation density (people per square mile).
Based on the 1975 population density of 3,315 people per square
mile for the City of Atlanta [B.5], the ambient Ly here is
estimated to be 57 dB.

2. The transit Ldn component is estimated as outlined in
the previous sectlion for distances corresponding to residential
locations shown on MARTA plan drawings [B.8]. Resldences at
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which the trqnsit Ldn 1s mofe than 5 dB below the ambient Ldn
(i.e., less than 52 dB) are not included in the fractional impact

analysis.

3. The exposed population is estimated by assuming that
there are an average of three people per residential unit. This
estimate is reduced by one-half, as suggested by Schultz [B.3],
| because it 1is expected that only that half of the population that

are in rooms facing the tracks are significantly impacted.

4. The Sound Level Weighted Population (LWP) is calculated
by multiplying the exposed population by the noise weighting
funetion (W) for the associated transit Ldn’

The fractional impact analysis for the MARTA system elevated
structures indicates that the noise impact is minimal; the results

are summarized below:

Impacted Population LWP

Steel box girder structure without
noise barrier 33 Y

Steel box girder. structure with
noise barrier 14 _ 1

Concrete box girder structure with
ncise barrier - ‘ 30

Total 77

o | W
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APPENDIX C: BART INVENTORY

C.1 Elevated Structure Description

The BART system contains approximately 32 km (20 miles) of
elevated structure, lccated askshown on Fig. C-1. The predominant
structural design consists of reinforced concrete deck with each
trackway supported by a separate trapezoidal concrete girder (see
Fig. C-2). About 0.8 km (0.5 miles) of the system consists of a
composite steel/concrete structure, where the girder is of steel
instead of concrete. The basic track design consists of con-
tinuous welded rail, mounted on the concrete deck with resilient
rail fasteners. Some short bridge sections have ballasted track;
these segments are not included in this impact analysis, because
they make no significant contribution.

C.2 Noise Estimation

Noise measurements conducted by Wilson, Ihrig & Associates
(¢.1] indicate an averagé maximum trailn passby ncise level of
91 dBA at 15 m (50 ft) from BART concrete aerial structures, for
trains.at speeds of 129 km/h (80 mph), and with an average of
4.5 cars per train. Noise levels observed at a composite steel/
concrete structure (Walnut Creek Bridge) were 1 to 4 dB lower
than thoée observed adjacent to all-concrete aerial structures.
Since the composite structure accounts for only 10 spans of the
system, ranging in length between 30 and 183 m {100 and 600 ft),
the noise impact estimate for all BART elevated structures is

based on the concrete structure measurements.

For the purposes of the present analysis, train speeds are
assumed to average 64 km/h (4C mph) within 610 m (2000 ft) of
the stations and 129 km/h (80 mph) elsewhere [(¢.2]. Previous
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studies [¢.2, C.3] have demonstrated that BART wayside noise
levels vary as 28 times the common logarithm of train speed.
Thus, a maximum passby noise level of 83 dBA at 15 m (50 ft)
is taken as typlcal for 64 km/h (40 mph) operation within
610 m (2000 ft) of BART aerial stations.

The approximate conversion from maximum (peak) sound level,
Lmax’ to single event nolse exposure level, SENEL, 1s accomplished
by use of the relation [C.4]:

SENEL (d).— L ax (d) + 10 log v R (C.1)

m
where SENEL (d) 1s the single event nolse exposure level in d4BA,

at a distance d. Lmax (d) i1s the maximum (peak) passby noise

level 1n dBA, at a distance d; @ 1s the distance toc track. center-
line, in m; and v 1s the train speed, in km/h.

Application of equation (C.1l) to BART ylelds the following
results for trains with 4.5 cars:

SENEL (15 m) = 92 dBA at 129 km/h (80 mph),

and

' SENEL (15 m) = 87 dBA at 64 km/h (40 mph).

The day-night average sound level, Ldn’ is found by summing
the scund energy of all train passbys, wlth a 10 dB penalty
added to nighttime (10 p.m. to 7 a.m.) operations, and averaging
the fesult over a 2l-hr period. Since the baselline SENEL values
are for a M.S—éar train, an adjustment must be made to account
for the total number of cars per day. The Ldn,‘thus, may be

computed from:
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Ldn (15 m) = SENEL (15 m) +

CdayNday

+ 10 cnighthight - L9,y

5 N (C.2)

10 log

where Ldn (15 m) is the day-night average sound level, in dB,
at 15 m from the track centerline. SENEL (15 m) is the single
event nolise exposure level, in dBA, at 15 m from the track

centerline; c is the average number of cars per train during

day

day (7 a.m. to 10 p.m.); ¢ is the average number of cars

night
per train during night (10 p.m. to 7 a.m.). Nday

of train passbys during day, and Nnight is the number of train

ls the number

passbys during night.

Based on BART schedule data for the three major routes

[C.5], one may obtain the results shown below:

a. Fremont-Daly City Line:

Nygy = 1165 Npyopg = 20
Cday " 5.48, Cright © 7.20
Ly (15 m) = 69 dB at 129 km/h (80 mph)

64 dB at 64 km/h (40 mph).

b. Concord-Daly City Line:

Naay = 1405 Npygne = 30
0day = 6.97, Cnight = 7.80
Ly, (15 m) = 71 dB at 129 km/h (80 mph)

66 dB at 64 km/h (40 mph).
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c. Fremont-Richmond Line:

Ngay = 1365 Npignt = 30
cday = 3.66, cnight = 3.33
Ly, (15 m) = 68 dB at 129 km/h (80 mph)

63 dB at 64 km/h (40 mph).

In order to determine the total Ldn for the various segments of
the transit system, the above results are combined for co-linear

route segments, with the following results:

d. Daly City-MacArthur:

Ldn (15 m) 73 dB at 129 km/h (80 mph)

£8 dB at 64 km/h (40 mph).

e. Richmond-MacArthur:

Ldn (15 m) = 68 dB at 129 km/h (80 mph)

= 63 dB at 64 kxm/h (40 mph).

f. Ccncord-MacArthur:

L (15 m)

dn 71 dB at 129 km/h (80 mph)

66 dB at (40 mph).

2. 'Fremont-Oakland Junction:

Lan (15 m)

72 dB at 129 km/h (80 mph)

67 AR at 64 km/h (40 mph).
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Ldn beyond 15 m (50 ft) 1s calculated assuming a decrease pro-

portional to 10 log (distance).

C.3 Fractional Impact Analysis

The fractional impact analysis here is accomplished by the
method outlined by Schultz [¢.€], which consists of the steps
described below:

1. Ambient noise levels without BART are estimated based
on data for average daytime levels Ly [c.3]. Ambient Ly, values
are estimated by adding 2.5 dB to the Ld’ since Ldn ls typically
2 to 3 dB higher than the Ld fc.3]. Thus, for example, for
areas along the transit corridor with an L, of 60 to 65.dB, the

d
average L is estimated to be 65 dB.

dn
2. Ldn contour distances are determlined in intervals of

5 dB (or less) extending between 30 m (100 ft) from the aerial

structure, up to the distance at which the BART Ldn is 5 dB

below the average ambient L Since only about 25 residential

dn*
buildings are located within 30 m (100 ft) of the transit struc-
ture [C.7], their omission does not significantly affect the

7analysis results.

3. Utilizing BART route maps [C.2], along with data on
land use and population [€.5], the elevated structure portions
of the system are divided into segments of constant characteris-
population density, land use).

tics (ambient L., , transit L

dn dn?
4. PFor each system segment, the number of impacted people

i1s estimated by multiplying the population density by the resi-

dential land area within each transit Ldn range. This result

is then reduced by one-half, as suggested by Schultz [¢.6], to

account for the assumption that only that half of the people that

face the tracks are significantly impacted.
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5. The Sound Level Weilghted Population (LWP) for each route
segment 1s then calculated by multiplylng the populatidn values
by the associated noise weighting function (W) for the average
dn in each range. The total LWP for the BART system
elevated structures 1s then calculated by summing these results
over the entlre length of elevated structure.

transit L

The results of the fractional impact analysis for the BART ele-
vated structures are summarized in Table C.1l. The estimated
number of pecple exposed to variocus levels of BART elevated
structure transit nolse is glven below.

Trangit Eay, (dB) Exposed Population
70 €to 75 25
65 to 70 , 1,510
60 to 65 ' _ 7,320
55 to 60 8,850.
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TABLE C-1.

BART ELEVATED TRANSIT STRUCTURE NOISE IMPACT SUMMARY

Impacted Sound Level
Elevated Residential Residential Weighted
~Structure Frontage, Area, in sq km | Impacted |Population
Location in km (miles) {sq miles) Population (LWP)
Daly City-MacArthur 4.3 (2.7) 1.06 (0.41) 3,24k 1,180
Richmond-MacArthur 8.9 (5.5) 2.12 (0.82) 6,802 1,41k
Concord-MacArthur 5.1 (3.2) 1.29 (0.50) 1,313 289
Fremont-0Oakland
Junction 12.2 (7.6) 3.19 (1.23) 6,327 1,720
Total 30.6 (19.0) 7.67 {(2.96) 17,686 4,603
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APPENDIX D: CTA INVENTORY

D.1 Elevated Structure Description

The Chicago Transit Authority (CTA) system contains approxi-
mately 52.3 km (32.5 miles) of elevated structure at locations
shown in Fig. D.1l. These structures can be grouped into three

general categories, as described below.

1. Open Deck (Wood Tie) Structure with Steel Solid Web
Girders. This is the predominant type, comprising about 43.5 km
(27 miles) of elevated structure. This type of structure is
typlcally supported by steel bents wlth plate or webbed girder
columns; however, concrete piers support the structure along
short segments of the Milwaukee Service and Englewood Service.
The predominant stringer depth is 122 em (48 in.), although
stringer depths of 61 and 91 cm (24 and 36 in.) are also encoun-
tered on some short segments. The smaller 61 and 91 cm (24 and
36 in.) stringers consist of wide-flange beams, whereas the
122 cm (48 in.) stringers consist of plate girders. The struc-
ture deck is open, with wood tles fastened directly to the
stringers. The rails are Jolnted and are aligned directly over
the stringers, except for the Lake Service line, where the rails
are offset 15 cm (6 in.) inside of the stringers (see Fig. D-2).
Resilient rail fasteners have been installed in a few limited
locations; however, these are not considered in the present

impact evaluation.

2. Open Deck (Wood Tie) Structure with Steel Lattice Web
Girders. This type of structure comprises about 2.2 km (4.5
miles) of the system, primarily near the Loop and along the Jackson
Park Service. Steel bents support the stringers, which in turn
support the open deck (wood tie) and jointed rails.
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3. Conerete Deck Structure with Wood Tie and Ballast Track.
This type of structure comprises only about 1.6 km (1 mile) of
the CTA system, along the Dan Ryan Service in the Chinatown area
of Chicago. Steel columns support lateral steel girders and
142 em (56 in.)-deep steel plate stringers with lateral steel
webbed bracing. The deck 1s concrete and carries jointed rail
on ties and ballast. Short concrete barriers, located approxi-
mately 1.8 m (6 ft) from the nearest track centerline and extend-
ing to about 0.3 m (1 ft) above the top of the rall, are situated
along the two edges of the concrete.deck. Figure D-3 provides

ftypical cross-section details feor this type of structure.

A structure consisting of an open deck {(wood tie), supported
by 46 cm (18 in.) transverse channels and steel bents, comprises
only a short section of the North Side Mainline near the Loop,
crossing the Chicago River. Since only one block of the com-
mercially used area 1s affected by noilse from this structure,
it is not considered separately in the present noise impact

analysis.

D.2 Noise Estimation

The estimation -of Ldn for the CTA elevated structures is
based on noise measurements made by BBN specifically for this
project, during the week of 10 September 1979. Data were acquired
at six locations representative of the various types of elevated
structures. Photographs of the measurement sites are provided
in Figs. D=4 through D-9. The measurement microphone was posi-
tioned at distances of 7.5 or 15 m (25 or 50 ft) from the center-
line of the near track of the structure, at approximately rail

height. At each location, approximately 12 traln passages were
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Note: Refer to Table D-1 for site location and structure description

FIGURE D-4. MEASUREMENT SITE 1 - JACKSON PARK SERVICE
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Note:

Refer to Table D-1 for site location and structure description

'FIGURE D-5. MEASUREMENT SITE 2 - SOUTH MAINLINE
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Note: Refer to Table D-1 for site location and structure description

FIGURE D-6. MEASUREMENT SITE 3 - DAN RYAN SERVICE
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Note: Refer to Table D-1 for site location and structure description

FIGURE D-7. MEASUREMENT SITE 4 - LAKE ST. SERVICE
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Note:

Refer to Table D-1 for site location and structure description

FIGURE D-8. MEASUREMENT SITE 5 - MILWAUKEE SFRVICE



Note: Refer to Table D-1 for site Jocation and structure description

FIGURE D-9. MEASUREMENT SITE 6 - DOUGLAS PARK SERVICE



monitored; about half were on the near track and half on the far
track. Speeds were measured, and the number and type of cars

were noted for each passage. Noise was measured using a BBN

Model 614 Portable Noilse Monitor to obtain the A-weighted maxi- -
mum level (Lmax) and the single event noise exposure level (SENEL).
Tape recordings were also made for selected train passbys using

a Kudelski Nagra IV-SJ tape recorder; these data were subsequently

reduced in the laboratory in order to obtain spectra.

The measured Lma and SENEL data were normalized to "average"

X
operating conditions, i.e., to a Y-car train at 56 km/h
(35 mph), measured at a distance of 7.5 m (25 ft), using the
followlng corrections:

a. Speed: Lmax « 30 log (speed)

SENEL = 20 log (speed)

b. Train Length: (No Lmax correction)

SENEL =« 10 log (no. of cars)

¢. Distance: Lmax « 10 log (1l/distance)

SENEL « 10 log (1/distance)

The normalized data were averaged logarithmically for each mea-
surement site, The results are summarized in Table D.1. Typlcal
nolse spectra for train passbys on CTA elevated structures are
presented in Fig. D.10.

The A-weighted noise level data for sites 2, 4, 5, and 6 are
clustered within a 2-3 dB range; the structures at these sites are
all open deck (wood tie) types. The structure at site 2 represents
the predominant steel structure type, with 122 cm (48 in.) plate




TABLE D-1. CTA TRANSIT SYSTEM ELEVATED STRUCTURE NOISE MEASUREMENT SUMMARY

Average Hormalized
Noise Level* (dBA)
Site | Elevated Line Location Description Structure Type Lmax SENEL
1 | Jackson Park |63rd 8t., 23 m {75 ft) 122 cm (LB in.) steel 102 107
Service vest of Kimbark Ave. lattice web girders,
(outbound side) open deck (wood tie),
Jointed rail
2 | south Side Stata St. and 29th St. 122 cm {48 in.) steel 58 105
Mainline (outbound side) plate aolid web gir-
ders, open deck (wood
tle), jointed rail
3 | Dan Ryan South Federal St. 142 co (56 in.) steel " 89 95
Service 30 m (100 ft) south plate solid web girders,
of 23rd St. {inbound concrete deck, wood tie
side) and ballast, jointed
rall, short barrier
L | Lake Street Lake 5t., 76 m (250 ft) 122 em {8 in.} steel 100 106
west of Conservatory Dr. plate solid web girders, -
(outbound side) open deck {wood tie),
\ Jointed rall offset
1.5 e¢m (6 in.) inside
stringers
5 | Milwaukee Linden Place 122 cm (48 1in.) steel 98 103
Service (inbound side) girders, open deck
{wood tie), jointed
rail (concrete pier
support }
6 | Douglas Park |1lkth PL. and Pauline 91 em (36 in.) vide 100 103
Service Ave. (outbound side) flange steel solid web
girders, open deck (wood
tie), Jointed rail
*Lmax or SENEL at 7.5 m (25 ft) for four-cer train passby at 56 km/h (35 mph).
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ONE-THIRD OCTAVE BAND SINGLE EVENT NOISE EXPOSURE LEVEL (dB)

120l[IIl]I[[[I[lllll[ltTtl]ll]'T*TIlr
TYPICAL RANGE FOR VARIOUS TYPES OF
OPEN DECK (WOOD TIE) STEEL STRUCTURES
110}~ WITH JOINTED RAIL (106 dBA) —
100} -
20— —_
8o} -
CONCRETE DECK, WOOD TIE & BALLAST, )
70} " JOINTED RAIL (96 dBA) _ -
NOTE:
SPECTRA ARE NORMALIZED ACCORDING TO
A-WEIGHTED SENEL FOR 4-CAR TRAIN PASSBYS
60— AT 56 km/h {35 mph), MEASURED AT 7.5 m (25 ft) -
5 1 1l l 1 J_l [ l | I i ] l 1 l { | I L1 l | | l 1 1 l 1
16 315 63 125 250 500 1000 2000 4000 8000 16,000 31,500

ONE-THIRD OCTAVE BAND CENTER FREQUENCY (Hz)

FIGURE D-10. CTA ELEVATED TRANSIT STRUCTURE RELATIVE NOISE SPECTRA




girder stringers supporting the track directly above., The struc-
ture at site 4 differs in that the rails are offset 15 cm

(6 in.) inside the stringers. The structure at site 5 differs

in that the substructure consists of concrete plers rather than
steel bents. The structure at site 6 contains 91 em (36 in.)
wide-flange beam type stringers, rather4than_tﬁe typical 122 cm
(U8 in.) plate type. The measurement results for the above sites
suggest that stringer spacing, substructure type, and stringer
depth do not significantly affect the A-weighted noise levels

due toc CTA elevated structures, although these parameters may

affect the spectrum shape at low frequencies.

The A-weighted nolse level results for site 1, which is
near a structure that has an open deck (wood tie) supported on
steel lattice web girders, are seen to be 2 to 4 dB higher than
results for similar structures with plate girders. Since one
would expect lattice web girdefs tc radiate noise less effi-
ciently than solid web girders, this result may be due to
differences 1in other parameters, such as rall or structural

condition.

For the purpose of the present analysls, the normalized data
from sites 1, 2, 4, 5, and 6 were averaged logarithmically to
obtain basic levels for train passbys on all CTA open deck (wcod

of 100 dBA and
max :

SENEL of 105 dBA for a l4d-car train passby at 56 km/h (35 mph),
measured at 7.5 m (25 ft), serve as a basis for the estimation

tle) elevated structures. The resulting L

of Ldn for these structures.

The normalized data for site 3 were used for estimating
noise emission associated with trains on concrete deck (wood

tie and ballast) type structures. The corresponding Lmax of



of 89 dBA and SENEL of 95 dBA for a U4-car train passby at
56 km/h (35 mph), measured at 7.5 m (25 ft), serve as a basis
for the estimation of Ldn near this structure type.

A comparison of normalized noise level data for the near
and far tracks indlcates that far track nolse levels are 2 to
6 dB less than the near track levels at sites 1, 2, 4, and 5,
perhaps due to shielding effects. However, at site 6, the
average far track levels were found to be 1 to 3 dB higher than
the near track levels. This suggests that site-specific
conditions affect the noise radiated from elevated structures.
At site 3, normalized far track noise levels are 2 to 3 dB above
the near track levels, possibly because the low barrier there
has a greater effect on near track noise from wheel/rail inter-
action than on similar far track noise. In view of these con-
. siderations and the approximate nature of an impact analysis,
near and far track normalized data were averaged for the purpose
of obtaining basic noise levels for train operations on the CTA
elevated structures.

As a check on the validity of the speed normalization, mea-
sured data for ali open deck CTA elevated structures (normalized
only for distance and train length) were plotted against speed.
The results shown in Fig. D.1ll suggest that Lmax varies as
28 log (speed), which is close to the typical 30 log (speed)
relationship. Figure D.12 indicates that SENEL varies as
23 log (speed), comparable to the typical 20 log (speed) rela-
tlonship. In view of the data scatter, the typical 30 log
(speed) and 20 log (speed) relationships were justifiably used
in this apalysis for normalization of Lm and SENEL data,

, ax
respectively.
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SENEL FOR A 4-CAR TRAIN AT 7.5 m (25 ft) (dBA)
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The day-night average sound level, Ldn’ is calculated by
summing the sound energy of all train passbys, with a 10 dB
penalty added to nighttime (10 p.m. to 7 a.m.) operations, and
aVeraging the result over a 24-hr period. Thus: o

10N ] - 49,4, (D.1)

Ldn(7.5 m) = SENEL(norm.) + 10 log [Nday+ night

where Ldn(7.5 m) is the day-night average sound level, in dB,

at-a distance of 7.5 m (25 ft) from track centerline; SENEL{norm.)
is the single event nolse exposure level,‘in dBA, for a typical
train passby at 7.5 m (25 ft); N. _ 1s the number of train

day

passbys in daytime (7 a.m. to 10 p.m.); and Nnight 1s the number

of train passbys at nighttime (10 p.m. to 7 a.m.).

Information supplled by the CTA [D.Z], along with the BBN
field observations, indicates that a typlcal train consists of
4 cars and operates at an average speed of 56 km/h (35 mph).
Train ffequency, calculated from weekdéy average system headways
[D.2], indicates 134 daytime and 27 nighttime train passbys in
each direction on each transit line. Based on these numbers,

the single-track (one-direction) L. calculated from Eq. D.1

dn
turns out to be 82 dB for open deck (wood tle) structures and
72 dB for concrete deck structures, corresponding tc an observa-

tion distance of 7.5 m (25 ft).

The aetual Ldn
mic addition of the near and far track Ly, contributions at the

at a given location i1s calculated by logarith-

appropriate distances, assuming that noise levels vary as 10 log
(1/distance). An average track separation of 7.5 m (25 ft) is
assumed, on the basis of an on-site inspection [D.2] and field
observations. The L estimation medel for CTA elevated struc-

dn
tures is illustrated in Fig. D-13.
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D.3 Fractional Impact Analysis

The fractional impact analysis for the CTA elevated struc-
tures is accomplished by the method outlined by Schultz [D.3].

The steps in this procedure are described as follows:

1. The transit Ld
outlined previously, for dlistances corresponding to the first
row of residential and commercial buildings. These distances

n component is estimated by the methed

are obtained from a physical inventory [D.2].

2. The populatibn for each block along the elevated lines
is obtained from the inventory [p.2], which determined an average
of 0.2 people per ft of frontage per story.

3. The Sound Level Weighted Population (LWP) for each seg-
ment between elevated line stations is calculated by multiplying
the population bordering the segment by the nolse weighting
function (W) corresponding to the transit Ldn for the appro-
priate structure type at each residential/commercial location.

4. The total LWP is calculated for each elevated line, for
each structural type, and for the entire system by summing the
LWPs for the approprlate statlon-to-station segments. Results
are obtained for the following two cases: (a) residential and
commercial land uses impacted and (b) only residential land uses

impacted.

The above procedure assumes that train noise 1s never more
than 5 dB below the ambient Ldn
of buildings. The lowest train Ldn component encountered in the
calculations is 68,5 dB, with most levels in the 80 to 85 dB
range. Population data indicate that the population density

in Chicago in 13975 was 13,911 people per square mile [D.4].

(without trains) at the first row
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Ambient levels, estimated from the relation [D.5]

Ldn = 10 log (p) + 22 4B ,
where p denotes population density (people per square mile),
were found to be on the order of 63 dB; short-term (17 to 35 min)
noise samples, taken during the field measurements between train
passbys, indicated Leis ranging between 60 and 67 dBA. Therefore, 
the fractional impact analysis should include all locaticns
exposed to a translt Ldn of 58 dB or greater. Since the lowest
train noise encountered was 68.5 dB, the assumption of train noise
dominance 1is justifilable. '

The results of the fractilional 1mpact analysis for the CTA
system elevated structures are summarized in Tables D-2, D-3,
and D-4. Table D-5 provides nolse 1impact calculation details
for each transit line andAstructure type on a station-to-station
basis.

REFERENCES — APPENDIX D

D.1. Keevil, W.R., Chicago Transit Authorlty, letter to E.E.
Ungar, Bolt Beranek and Newman Inc. (26 December 1978).

D.2. Amman & Whitney Consulting Engineers, "Noise Control Design
of Elevated Structures — Draft Inventory Report — Chicago ;
Transit System" (28 September 1979).

D.3. Schultz, T.J., "Noise Rating Criterila for Elevated Rapid
Transit Structures,"” BBN Rept. No. 3905 (April 1979).

D.4. U.S. Department of Commerce, Bureau of the Census, "County
and Cilty Data Book 1977 — A Statistical Abstract Supplement,"
(1977).

D.5. U.S. Environmental Protection Agency, "Population Distribu-

tion of the United States as a Function of Qutdoor Nolse
Level," Rept. No. EPA-550/9-74-009A (June 1974).

22

)
]




TABLE D-2. CTA SYSTEM ELEVATED STRUCTURE FRACTIONAL IMPACT ANALYSIS SUMMARY

Sound Level
Impacted Weighted
Population {P) Population (LWP)
Residential Residential
and Residential and Residential
Elevated Line Structure Type Commercial Only Commercial Only
Dan Ryan Service |Oren deek {wood tie}, solid web girders 1,020 W13y 1,83 613
Npen deck {wood tie), latiice wch pgirders 972 1,580
Conerete deck, wood tie & ballast track 36k 36 Seh 2hk
Total Line 2,356 ERA %,660 857
Lake Street Open deck (wood tie), solid web girders 11,902 8,810 17,170 12,900
Service Open deck {wood tie), lattice web girders 659 : 1.1k
' Total Line 12,561 8,810 18,260 12,902
Milvankee Open Adeck {wood tie), solid veb mirders 5,090 b 7t 9,633 8,105
Service
Douglas Park Npen deck (vood tie), solid web girders 11,8:8 11,383 21,230 20,316
Serviee
Jackson Park Open deck {wood tie), solid web girders 1,188 1,188 1,672 1.672
Servine Open deck {wood tie), lattice veb girders 3,161 930 5,866 1,520
Total Line L, 349 2,118 7,538 3,292
Englewand Open deck (wood tie), solid web girders 7,301 5 828 13,177 10,279
Bervice . ;
Ravenswoad Open deck (wood tie), so0lid web girders 11,674 10,512 20,911 16,580
Service .
Loop Service Open deck (wood tie), lattice web girders h7,779 W 3tk 80,020 7,105
lorth 8ide Open deck {wood tie), solid web girders 70,533 17,733 35,701 29,560
Mainline COpen deck {wood tie), lattice web girders L, 758 hn8 8,5h0 T79
Total Line 75,097 S 17,661 ke 2h 30,339
South Side fpen deck (wood tie), solid veb girders 12,753 12,008 184,780 17,h59
Mainline
Miscellaneons Open Adack {wood tie), solid web girders a3, hos 17,852 1ho,067 119,786
Miscellansous Open deck {wond tie), lattice web girders 57,329 5,672 27,152 9,50k
Dan Ryan Service ]Concrste deck, wood tie and ballast track 364 36h 2kl 2Lh
ALL LINES ALL TYFES 11,008 77.838 237,463 172,53k
f - = S
Reproduced from V2
{ best available copy. S
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TABLE D-3.

COMMERCIAL AND RESIDENTIAL POPULATION VS NOISE EXPOSURE

FOR CTA SYSTEM ELEVATED STRUCTURES

Number of People Exposed to Elevated Transit
Structure Noise Within Various Ranges of
Ld , in dB
n
Elevated Line Structure Type 65-70 | 70-75 | 75-80 80-85 | 85-90 Total

Dan Rya.n Service Open deck, solid web girders 30h 716 1,020
Opan deck, lattice web girders 972 972

Conerete deck, tie & bhallast 182 182 364

Total Line 182 182 30h 972 716 2,356

lake Street Service Open deck, solid web girders 1,483 | 2,100 8,310 11,902
Open deck, lattice veb pirders 659 659

Total Line 1,483 2,109 8,969 12,561

Milwvaukee Service Open deck, solid web girders 167 2,675 ] 2,218 5,090
Dougles Park Service| Open deck, solid web girders 143 8,332 | 3,373 | 11,88
Jackson Park Service| Open deck, so0lid web girders S9h 594 1,188
Open deck, lattice web girders 2138 2,923 3,161

Total Line 832 3,517 L, 3h9

Englevood Service Open deck, solld web girders 235 598 3,832 | 2,726 T.391
Ravenswood Service Open deck, solid web girders 321 7,017 | 4.236 | 11,674
[oop Service Open deck, lattice web girders 3.096 | hi,683 L7,779
North Side Mainline Open deck, solid web girders 7,998 | 11,991 | 5,550 | 20,539
Open deck, lattice web girders h,758 L,758

Total Line 2,996 | 16,7u9 | 5,550 | 25,297

South Side Mainline Open deck, solid web girders 74763 b,907 83 | 12,753
Miscelleneous Open deck,, solid web girders 1,718 | 14,997 | b7,758 | 18,932 | 83,k05
Miscellzneaus Open deck, lattice web girders 3,33 | 53,995 57,329
Den Ryan Service Concrete deck, tie & ballast 182 182 364
ALL LINES ALL TYPES 182 | 1,900 j18,331 [101,753 | 18,932 |ik1,098




TABLE

D-4.

RESIDENTIAL POPULATION VS NOISE EXPOSURE
FOR CTA SYSTEM ELEVATED STRUCTURES -

Nymber of People Exposed to Elevated Transit
Structure Noise Within Yarious Ranges of

Ldn’ in 48
Elevated Line Structure Type 65-70) 70-75 | 75-80 | 80-85 |[B85-90 | Total
Dan Ayan Service Oren deck, solid web girders 30k 109 ui3
Oven deck, lattice web zirders 3
Concrete deck, %tie % ballast 132 192 364
Tatal Line 142 182 30k 209 T
Lake Strest Service Open deck, solid web zirders 1,483 | 2,109 5,218 3,810
Open deck, lattice web girders J
Total Line 1,483 ] 2,109 | 5,218 8,810
Milwaukee Service Open deck, solid web girders 167 2,364 1,918 5,477
Douglas Park Service] Open deck, solid veb girders s3] 8,200 | 3,040 [11,383
Jackson Park Service| Open deck, solid web girders 594 5G4 1,183
Open deck, lattice web girders 238 692 230
Totel Line . 432 1,286 2,118
Znglewvocd Service Open deck, solid web zirders 235 8L 3,473 1,736 | 9.828
Ravenswood 3ervice Open deck, seolid web girders 321 7,026 3,165 |1c,512
Loop Servize Open deck, lattice web zirders 4,314 4,314
forth Side tlainline Open deck, solld web girders 2,348 10,109 4,276 (17,233
Oven deck, lattice web girders 428 L2g
Total Line . 2,348] 10,537 | 4,276 17,861
South Side Mainline Open deck, solid veb girders 7,574 & L3k 12,008
Miscellaneaus Open deck, solild web girders 1,719 { 14,404 ] L1,u%8 (15,242 {71,852
Miscellaneaus Qpen deck, lattice web girders 2381 5,43k 3,672
Dan Ryan Service Concrete deck, tie & ballast 182 182 36k
ALL LINES ALL TYPES 182 | 1,900 14,682 46,582 14,282 |77,388
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TABLE D-5.

CTA NOISE IMPACT CALCULATIONS

Approx Sound Level Weighted
. : 5 :
Segment | Distance Impacted Population (?) Population (LwP)
Elevated Structure Location | Length |to Bldgs. | Tranmsit Residential & |Residential |Residential & |Residential
and Description {ft) (Ft) Ldr (dB) { W (Ldn) | Commercial Only Commercial Only
Demt Ryan Sarvice
Open Deck. Lattice Web .
Girders
lLoop - Cermak 1,320 Lo 82.0 o 1.628 972 — 1,582 -—
Cpen Deck, Solid Web
Girders
Loop - Cermak 5,280 15 85.5 2.027 716 109 1,551 221
100 T8.5 1.28¢ 308 304 392 392
Total Structure 5,280 1,020 k13 1,843 613
Conorete ¥Wab, Solid Web
Girders
Loop - Cermak 5,280 50 T1.5 0.756 182 182 - 139 138
100 68.5 0.580 182 182 106 106
Total Structure 5,280 364 36h 2bL 2L4
TOTAL LINE 11,880 2,356 17 3,669 857
Lake St. Service
Open Deck, Lattice Web
Girders
Loop = Clinton , 530 30 83.0 1.736 655 -— 1,144 —
Open Deck, Solid Web
Girders
Loeop - Clinten 1,120 30 a3.0 1.736 1,101 —_— 1,911 -—
¢linton - Asnland 6,270 30 83.0 1.736 359 90 A23 156
50 B1.0 1.52¢ 269 269 510 410
Subtotal 628 359 1,033 566
Ashland - Californis 6,785 30 83.0 1.736 2,109 2,028 3,661 3,524
ko 82.0 1.628 318 318 518 518
75 79.5 1.380 1,11k 1,114 1,537 1,337
100 78.5 1.289 955 695 1,283 1,283
150 72.0 0.788 1,483 1,483 1,169 1,169
Subtotal £,019 5,938 8,168 8,028
California - Xedzie 2,15 30 §3.0 1.736 k29 33 745 595
Kedzie - Homan 1,155 30 83.0 1.736 231 115 Lol 200
Homan - Pulaski 3,630 30 83.¢ 1.736 932 517 1,618 898
Puleski - Cicero 4,290 30 83.0 1.736 L5 537 1,120 932
35 §2.5 1.682 25 o7 362 180
Subtotal 860 [N 1,482 1,112
Cicero - Laramie 2,980 30 83.0 1.736 kL7 298 776 517
35 82.5 1.682 298 298 501 501
Lo 82.0 1.628 298 298 485 485
Subtotal 1,083 8ok 1,762 1,503
Laramie ~ Grade 250 - — ——— -_— — _— —
Total Structure 28,605 11,502 8,810 17,120 12,902
TOTAL LINE 29,135 12,561 8,810 18,284 12,%02




TABLE D-5. CTA NOISE IMPACT CALCULATIONS (CONT.)

Sound Level VWeighted
Approx. n :
Segment | Distance Impacted Population (P} Populaticn {LWP)
Elevated Structure Location | Length [to Bldgs. | Transit Residential & |Residential {Residential & | Residential
and Jescription (ft) {ft) Ldn (dB) | W {Ldn} | Commercial Only Commercial anly
Milwaukee Service
Opew Deck, Selid Web
Girders
Grade - Czlifornia 2,500 19 87.0 2.219 500 334 1,110 Thi
15 85.5 2.027 166 ——— 336 -—
20 B4.5 1.907 a3 -— 153 -
50 BL.0 1.526 167 167 255 255
200 75.5 1.03% 167 167 174 174
Subtotal 1,083 668 2,033 . 1,170
californiaz - Western 2,370 10 g7r.0 2.219 396 396 879 79
15 85.5 2.027 396 06 303 803
20 84,5 1.907 297 138 5€6 278
25 83.5 1.791 396 297 709 532
32 §3.0 1.736 297 257 516 514
Suttotal 1,782 1,58k 3,473 3,188
Western - Damen 2,570 16 87.0 2.21k 169 163 375 375
) 15 85.5 2.027 423 bz ST as1
25 83.5 1.791 L23 k23 758 758
35 82.3 1.682 254 254 b2t Lz7
Subbotal 1,259 1,269 2,437 2,7
Dawer - Srade 250 15 85.5 2.027 198 158 ' 401 £01
‘ 25 ah.s 1.907 138 139 78 378
25 83.5 1,791 132 132 238 236
20 83.0 1.736 158 198 kL 2Ly
50 A.2 1.526 230 232 351 352
Subtotal 256 358 1,718 1,710
TOTAL  LINE 9,430 5,990 4,477 3,633 8,b35
Jouglas Park Servize
Cpen Deck, Sotid Web
Girders
Lake fervice - Palk 4,290 10 87.0 z.719 i3 L3 ny 217
' ' 15 35.5 2.027 T2 - 146 _—
25 83.% 1.731 215 Z15 335 335
35 82.5 1.682 b3 163 2ty 241
Lo 82.9 1.682 142 43 ks 1lg
130 78.5 1.28% 143 1k3 184 18
Suctotal 55¢ Ta7 1,413 1,272
Selk - L8tn Gt 4,290 10 &r.2 2.219 26k 254 584 53¢
15 85.5 2.027 860 531 1,332 1,37€
25 83.5 1.751 26L 284 LT3 173
35 82.5 1.68:2 264 2£h ikl Lis
Subtotal 1,b52 1,323 2,31 Z,379
18th St. - Hoyme 3,300 10 2.0 2.219 282 283 d28 528
15 85.5 2.027 Fhi Q4L 1,713 1,512
25 §3.5 1.781 w72 \72 Bus 3k
50 81.0 1.526 189 189 288 252
Sibtstel 1,388 1,838 3,478 3,47k
Hoyne - Westera 1,850 15 85.5 2.027 k13 413 £37 37
50 1.2 1.526 330 354 1,521 1,51
Suctotal 1,k03 1,403 2,343 2,743
Heszern - California 1,380 13 8s.5 2.027 132 -— 268 ——
0 5L.3 1.307 132 132 252 252
Lo 52.9 1.228 26k =t 430 3g
Suototsl 5z8 326 250 582
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TABLE D-5.

CTA NOISE IMPACT CALCULATIONS (CONT.)

Sound Level Weighted

Approx. . . i i
Segment | Distance Impacted Population (P) Population (LWP)
Elevated Structure Location | Length |to Bldgs. | Transit Residential & |Residential |Residential & | Residential
and Description (ft) (ft) Ldrn (dB) | W {Lgn} | Commercial Only Commercial Only
Douglas Park Service {Comt.)
Califernia - Kedzie 2,310 20 8k.5, 1.907 .92k 92l 1,752 1,762
25 83.5 1.791 185 v 183 331 33
35 82.5 1.682 L6z Lep 717 77
Subtotal ) 1,371 1,571 2,870 2,870
Kedzie - Central Park 2,310 20 8h.s: 1.907 154 154 294 294
25 82.5 1.791 308 308 552 552
30 83.0 1.736 539 © 939 936 936
50 81.0 1.526 770 710 1,175 1,175
Subtotal 1,771 1,771 2,357 2,957
Central Park - Pulaski 2,310 15 85.5 2.027 u62 Lgz 936 936
20 8L.5 - | 1.307 26L -1 1] 503 503
25 83.5 1.791 264 132 73 236
30 83.0 1.736 132 132 229 229
35 gz.5 1.682 132 132 222 222
50 81.0 1.526 198 198 32 302
Subtotal 1,k52 1,320 2,666 2,428
Pulasgki - Grade 1,155 35 82.5 1.682 €16 €16 1,036 1,036
S0 81.0 1.526 308 308 Y70 uTo
Subtotal g2b 92k 1,506 1,506
TOTAL LIME 23,595 11,348 11,333 21,230 20,316
vackgon Park Service
Open Deek, Solid wWeb
Girders ,
Englewood Service ~ 6lst St. 990 50 81.¢ 1.52% 554 sk 306 906
100 78.5 1.289 Sok 564 766 TER
Total Structure 990 1,188 1,188 1,872 1,672
Open Deck, Lattice
_ Web Girders
6lst St. - Cobtage Grove 3,960 20 8l.5 1.907 1,265 288 2,412 549
25 83.5 1.791 317 238 568 kos
75 79.5 1.380 238 238 328 328
Subtotal 1,820 TEL 3,308 1,303
Cottage Grove - University 1,930 20 8.5 1.907 397 12¢ 1,711 246
University - Jackson Park 1,475 20 ak.s 1.907 Ll a7 847 71
Total Strusture 7,365 3,161 930 5,866 1,620
TOTAL LINE 8,355 b ,3kg 2,118 7,538 3,292
Englewood Service
Open Daok, Solid Web
Girdera
S. Hermitage - S, Ashland 825 15 8s5.5 2.027 kkis 2u8 671 503
30 83.0 1.736 243 165 L 286
Subtotal 579 L13 1,102 799
S. Ashland - Racine 2,130 20 3h.5 1.907 107 197 20k 20k
25 83.5 1.791 960 g6C 1,719 1,719
30 83.0 1.736 216 160 3715 278
%] 82.0 1.6268 21k 21lh 348 348
Subtotal 1,97 1,541 2,6L6 2,543
Racine - $. Halsted 1,980 15 B5.5 2.027 968 352 T 1,962 Tk
25 83.5 1.792 LaL 308 869 552
ko 82.0 1.628 88 8g 1L3 143
50 81.9 1.526 264 230 ko3 336
60 80.5 1.L76 88 88 139 130
100 78.5 1.289 132 132 170 170
Subtotal 2,024 1,188 3,677 2,0ks
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TABLE D-5. CTA NQISE IMPACT CALCULATIONS (CONT.)
AnDrox. . Sound Level Weighted
Szgmzzt Distance Impacted Population (P) Population (LWP)
Elevated Structuyre Location | Length {to Bldgs. | Transit Residential & |Residential |Residential & | Residential
and Description (ft) (ft) Ldr (dB)} | W {Lgn) [ Commercia? Only Commercial Only
Englewood Service (Comt.)
S, Halsted - S. Hervard 2,640 15 35,5 2.027 818 527 1,058 1,068
25 83.5 1.791 176 176 315 315
50 81.0 1.526 117 117 179 179
1400 78.5 1.28% LEs 252 601 325
150 72.9 0.788 235 235 185 135
Subtotal 1,612 1,307 2,938 2,072
S. Harvard - Wentworth 3,320 15 85.5 2.027 609 609 1,234 1,234
20 8L.5 1.907 ce2 s22 595 995
30 83.0 1.736 174 174 ©o302 302
4o 82.0 1.628 174 1Tk 283 283
Subtotel 1,479 1,79 2,614 2,814
TOTAL LINE 11,493 7,391 5,828 13,177 10,279
Ravenauood Service
Open Deck, Solid Web
Girdera
Mein Line = Southport 2,L75 12 86.5 2.154 bgs 396 1,066 353
15 85.5 2.027 Los 495 1,003 1,003
25 83.5 1.791 198 158 355 355
30 83.0 1.736 158 158 I 3hi
35 8a.5 1.682 Los Lgs 833 833
50 8.0 1.526 297 297 L53 453
5 79.5 1.380 198 198 273 273
Subtotal 2,376 2,277 L,327 4,11l
Southport - Paulina 1,550 15 85.5 2.027 1,265 325 2,56L 1,672
20 §4.5 1.507 110 110 210 210
30 83.0 1.736 220 220 382 382
Subtotal 1,595 1,155 3,156 2,264
Paulina - Addisen 2,145 15 85.5 2.027 Lss 36L 922 338
20 84,5 1.907 182 142 34T LT
30 83.0 1.736 364 36L 632 632
Lo 82.0 1.628 9l -—- 1.8 _—
50 81.0 1.526 182 182 278 278
Subtotal 1,274 1,092 2,327 1,995
Addison - Irving Park 2,145 15 83.5 2.027 34k 3k 697 6971
25 83.5 1.731 172 172 308 308
30 83.0 1.736 3LL 3uk 597 597
50 8L.0 1.526 245 aus 374 3Tk
75 75.5 1.380 123 123 170 110
Subtotal 1,228 1,228 2,146 2,146
Irving Park - Montrose 2,145 15 85.5 | =2.027 3t 3ud 97 597
25 83.5 1.79L 172 172 308 308
30 83.0 1.736 3hL 3kl 597 591
50 81.0 1.526 3Lk b4 525 525
Subtotal 1,204 1,20k 2,127 2,127
Montrose - Damen 2,475 15 85.5 2.927 =13 397 1,00% 805
20 8L.5 1.907 199 199 379 379
30 83.0 1.736 139 199 345 3Ls
50 81.0 1.526 793 793 1,210 1,210
Subtotal 1,687 1,588 2,939 2,739
Demea - Wegtera 2,145 15 85.5 2.027 342 -— €93 -
20 BL.s 1.907 17l 171 326 326
3¢ 63.0 1.736 342 342 594 594
50 81.0 1.526 855 855 1,305 1,305
Subtotal 1,710 1,368 2,518 2,225
Vestern - Grade 750 25 83.5 1.791 150 150 269 269
40 82.0 1.628 150 156 2Ly 2Ly
50 81.0 1.526 200 300 Ls8 Ls3
Subtotal 600 600 971 371
TOTAL LINE 15,600 11,674
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TABLE D-5. CTA NOISE IMPACT CALCULATIONS (CONT.)

Sound Level Weighted
Approx. . 9 ; 1
. Seqment | Distance. Impacted Population {?) Population (LWP)
Elevated Structure Location | Length |to Bldgs. | Transit Residential & [Residential |Residential & | Residential
and Description {ft) {ft) Ldn {dB) | W {Ldn) | Commercial Onty ° Commercial Only
Loop
Open Deck, lattice Wed
Girders
Y. Mainiine - Clark/Lare T 30 83.¢ 1.736 b, 748 -—- 8,237 -—-
190 76.5 1.289 1 — 1 —
Subtotal L, ThE -— 8,228 -
Ciark/Take — State/Lake 262 30 83.0 1.736 2,278 _— 5,887 —
State/lake — Randolf/Wabash 929 30 83.0 1.736 620 - 1,076 —
35 . 82.5 1.682 1,796 - 2,021 ———
40 82.0 1.623 681 -— 1,109 . ——
Subkotal . 3,097 — $,206 ——
Sendolf/Webash - Madison/
Webash 862 50 82.0 1.628 4,327 _— 7,333 —
MajiennflWiabash -
Adams/waoash 1,060 ug 82.0 1.628 5,936 2,120 9,86k 3,hk52
Adams/Webash -
tafella/VanBuren 2,43 25 33.5 1.791 4,343 . b1T 8,674 LT
30 £3.0 1.736 1,227 - 2,130 -_—
Lo 32.0 1.628 2,365 -— 4,713 -—
50 31.0 1.52% 1,043 1,0k3 1,592 L.592
3ubtotal 10,008 1,460 17,169 2,339
1ok 25 33.5 1.791 2,725 - 6,671 -
3G 23.0 1.736 1,337 -— 2,321 | —
35 2.5 | 1.682 55 — 1,606 i -
Suttotal 5,017 - 10,598 | _—
{
Suinay/ieils - | i
llaiisou/wells 1,22k S 33.5 § L.791 1,550 73k 2,740 1,315
<0 32.0 | 1.623 3,204 - 1,393 —
109 78.5 ; 1.289 379 -— 1,282 —
. 3,733 ! 734 5,355 1,315
! i
3,080 25 335 | 1.151 3,710 J— 5,545 -
H
faniolf/tells - . Maialine 583 235 83.5 L.s1 | 33 P 568 -
15] T7.5 1.152 2,716 _— 2,182 —
Subtotal 2,429 —— 3,320 _——
TATAL LINE 13,3485 LT, L3l 23,520 7.195
1,530 5 3s.5 ST 2le -— 555 -
25 23.5 1.7%L ks 32k 580 S35
Zubtotal SL0 32 1,135 ety
iilsen - Zherilan L, 785 20 2,5 1.307 56 768 i,4¢9 1,461
25 33.5 1,751 5TL 574 1,028 1,328
30 33,0 1.736 L,1k8 STk 1,993 706
- Lg 3z.0 1.528 353 k! A2k 3=
“5 31.5 1.577 5Ts STh 925 . s
50 1.2 1.528 374 - 376 f—
4,089 z,571 €,388 T ,00k
1,280 15 25,5 2.0z7 504 - 1,20k -—
20 8s.5 1.507 L35 L95 Fuk b
30 £3.0 1.736 297 297 018 516
La 2.9 1.€22 198 138 22 322
+ 33 310 1.526 37 207 453 Ls2
Sattetal 1,35 1,287 3,h3g
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TABLE D-5. CTA NOISE IMPACT CALCULATIONS (CONT.)
Approx Sound Level Weighted:
. f p P i P
Seqment | Distance Impacted Papulation (P) : opt‘xlatmn (Lb-i ) .
Elevated Structure Location | Lergth |to Bldgs. | Transit Residential & [Residential |Residential & Resfdential
and Description (ft) (ft) Ldr (dB) | W {Lgn) | Commercial only Cermercial Only
North Side Mainline (Comt.)
Addison - Belmont 2,155 15 8s5.5 2.027 1,599 1,285 3,281 2,605
20 84.5 1.907 172 172 328 328
25 33.5 1.791 343 343 614 £1h
S 31.0 1.526 257 257 382 392
Subtotal 2,37 2,057 4,575 3,939
Belmont - Wellington 1,155 15 85.5 2.027 16 116 235 235
20 84,5 1.907 173 173 330 330
25 83.5 1.791 232 232 416 416 |
30 83.0 1.736 116 116 201 201
50 81.0 1.526 173 173 264 26k
Subtotal 810 810 1,lb4e 1,bk48
wellington - Diversery 1,155 15 85.5 2.027 Lok Lok 813 819
2¢ 8u.5 1.907 173 173 330 330
25 83.5 1.791 116 116 208 208
50 81.0 1.526 73 173 26k 26L
75 79.5 1.380 173 173 239 239
Subtotal 1,039 1,038 1,860 1,860
Diversery - Fullerton 2,310 15 8s5.5 2.027 405 105 821 821
20 8k.s 1.907 38 116 Gol 221
23 83.5 1.791 17k —— iz —
50 81.0 1.526 232 232 354 354
Subtotal 1,159 753 2,151 1,396
Fullerton - Armitage 2,310 10 87.0 2.21% 694 BGL 1,540 1,5L0
20 8h.5 1.907 347 31 662 Ll
25 83.5 1.791 387 7 621 621
50 81.0 1.526 37 3uT 530 530
Subtotal 1,735 1,619 3,353 3,132
Armitege - Sedawick L,895 | 15 85.5 2.027 1,276 1,126 2,586 2,282
25 83.5 1.791 450 300 806 537
40 §2.0 1.628 300 300 488 L38
50 81.0 1.526 226 226 345 3k5
75 73.5 1.380 150 _— 207 ——_—
100 78.5 1.289 301 301 388 388
200 76.0 1.078 1,204 1,20k 1,298 1,298
Subtotal 3,907 3,b57 6,118 5,338
Sedgwick - Chicago L, 620 15 85.5 2.027 2k6 2k6 459 499
. 20 8L.5 1.907 554 492 1,056 938
25 £3.5 1.791 185 185 331 ksl
Lp 82.0 1.628 738 738 1,201 1,201
50 81.0 1.526 185 185 282 282
75 79.5 1.380 185 185 255 255
100 78.5 1.289 2u6 246 17 a7
200 76.0 1.078 739 739 197 97
Subtotal 3,078 3,016 4,738 4,620
Total Structure 26,435 20,539 17,233 35,701 29,560
Open Deck, Lattice Wb
Girders
Chicago - Merchandise Mart 2,b10 20 8k.5 1.907 - 160 107 305 204
25 Bi.5 1,751 378 321 570 575 ¢
Subtotal 534 423 375 It
Merchandise Mart - Loop 990 25 . 83.5 1.791 L,eay .—- 7,565 -—
Total Structure 3,ko0 4,758 L28 8,540 779
TOTAL LINE 29,835 25,297 17,381 k2l 20,339
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TABLE D-5. CTA NOISE IMPACT CALCULATIONS {(CONT.)

Approx. ) Sound Level Weighted
Segment | Distance Impacted Population (?) Population (LWP)
Elevated Structure Locatfon | Length [to 8ldgs. | Transit Residential & [Residential [Residential & | Residential
and Description (ft) (ft) Ldr (dB) [ W (Lgn} | Commercial Only Commercial Only
South Side Mzinline ’
Open Deck, Solid Web
Girdere
Dan Ryan - Tach 35 7,095 25 83.5 1.791 L73 —— 847 -—
75 79.5 1.380 189 — 261 L —
Subtotal : 662 -— 1,108 —
Tech 35 - I[ndiana 3,630 20 8k.s 1.907 ‘322 - 322 61k 61k
30 83.0 1.736 181 161 280 280
50 81.0 1.526 2u2 242 369 369
75 79.5 1.380 564 56k 178 778
100 78.5 1.289 2Lz 2u2 312 31z
Subtotal 1,53 1,531 2,353 2,353
Indiana - 43rd 3t. . 2,310 20 84,5 1.907 346 346 660 660
30 83.0 _1.736 231 231 Lol Lol
5 79.5 1.380 1,038 1.038 1,k32 1,432
100 78.5 1.289 57T ST7 TLh Thi
Subtotal 2,192 2,192 - 3,237 3,237
43rd 3%, - 3Tth St. 2,310 30 83.0 1.736 T o3uE kg 01 01
73 79.5 1.380 2,192 2,192 3,025 3,025
Subtotal : ‘ 2,538 2,538 3,626 3,626
LTt St. - Slst St. 2,1Ls 50 a1.0 1.526 1,284 1,284 1,959 1,959
75 79.5 1.360 321 321 L3 uh3
100 78.5 1.289 kil 121 L1k Lk
12% 7.5 1.202 321 321 388 366
Subtotal 2,247 2,247 3,202 3,202
5lst St. - 55th St. 2,145 50 8L.0 1.526 858 854 1,309 1,309
75 79.5 1.380 858 858 1,184 1,188
Subtotael o 1,716 1,716 2,493 2,L53
55th St. - S8th St. 1,650 5 89.5 2.5T1 33 - 213 —
50 81.0 1.526 248 2u8 378 378
100 - 79.5 1.289 . Log L9g 639 639
125 7.5 1.202 248 2.8 298 298
Subtotal 1,075 592 1,528 Co1,n5
58th St. - Engiewood
Service 660 30 33.0 1.736 396 296 687 687
75 19.5 1.380 396 308 546 shE
Subtotal 792 792 1,233 1,233
TOTAL LLME 21,945 12,753 12,008 18,780 17,459
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APPENDIX E: DADE COUNTY METRORAIL INVENTORY

E.1 Elevated Structure — Description

The Metropolitan Dade County Rapid Transit System (Metrorail)
1s currently in the design stage. When complete, 1t will consist
of 34 km (21 miles) of elevated concrete guideway serving the
Miami, Florida metropolitan area (see Fig. E-1). Although
designs for the elevated structure have not been finalized at
this writing, basic design features include a concrete deck
with or wilthout noise barriers, as an integral part of a double
tee or box section girder,.supportéd by single column concrete

plers (see Fig. E.2).

E.2 Noise Estimation.

The estimatlon of L, for the Dade transit system elevated
structures is based on a preliminary acoustical analysis of the
‘system [£.1). Maxlmum A-welghted noise levels for a two-car
train were taken from the vehicle specifications, which indicate
the noise level at 15 m (50 ft) from at-grade ballast-and-tie
track, as a function of speed as follows (see Fig. E-3):

Lpax (50 Tt) = 36 + 25 log (v), - (E.D)

where Lmax (15 m) is the maximum (peak) noise level, in dBA, at
50 't dlstance, and v is the vehlcle speed, in mph. If these
levels are decreased by 2 dB to correct them to a single car,
and 1f they are increased by 5 dB to account for operation on

elevated guideway one obtains:

Loy (50 ft) = 39 + 25 log (v) . (E.2)
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The conversion from maximum sound level, L to the hourly

max’
equlvalent noise level, Leq(hr), 1s accompllished by averaging

train passby energy over a l-hr pericd, according to the follow-

ing equation [F.2]:

Leq(hr) = 41 + 15 log(v) + 10 log(n) - 10 log(d) , (E.3)

where Leq(hr) is the hourly‘equivalent‘noise level, 1in dBA; v is
the vehlecle spéed, in mph; n is the number of transit car passbys'
per hr; and d is the distance from track centerline, in ft.

The number of train passbys, number of cars in each train,
and time of day of each train are obtained from the System
Specifications [£.3] (see Table E-1). Using this schedule data,
the Leq is calculated for each hour of the day. These results
_..are then averaged, with a 10 dB penalty added to nighttime
(10:00 p.m. to 7:00 a.m.) operations to obtain the L for

dn
single track operation:

Lgy = 71 + 15 log(v/70) - 10 log(d/s0) , (E. 1)
where Ldn is the day-night average sound level, in dB; v is the |
vehicle speed, in mph; and 4 is the distance to ftrack centerline,
in ft. Train speeds along the transit route are obtained from
system speed profiles [E.4], and northbound and southbound
results are logarithmically added to estimate the transit L

dn
at any given dlstance from the elevated structure.
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TABLE E-1. STAGE 1 SYSTEM — PRELIMINARY TRAIN OPERATIONS SCHEDULE (1985)

- STAGE | SYSTEM
PRELIMINARY TRAIN OPERATIONS SCHEDULE

(1985)
HEEKDAY
5:00 A.M. To 6:00 A.M. 9 FOUR-CAR TRAINS 9 MINUTE HEADWAY
6:00 A.H. 1o 7:00 A.M. FOUR-CAR TRAINS: 6 MINUTE HEADWAY
] SIX-CAR TRAINS
7:00 A.M, 1o 9:00 A.M. 19 six-car TRAINS 3 MINUTE HEADHAY '
FOUR-CAR TRAINS
9:00 A.M. To 4:00 P.M, 13 FOUR-CAR TRAINS 6 MINUTE HEADWAY
4:00 P.M. To 6:00 P.M. i SIX-CAR TRAINS 3 MINUTE HEADWAY™
FOUR-CAR TRAINS
6:00 P,M. vo 7:00 P.M, .FOUR-CAR TRAINS 6 MINUTE HEADWAY
. SIX-CAR TRAINS

7:00 P.M. 70,9:00 P.M. 9 FOUR-CAR TRAINS 9 MINUTE HEADWAY
9:00 P.M. 7o 1:00 ALM. 9 TWO-CAR TRAINS 9 MINUTE HEADWAY
‘ SATURDAY

5:00 A.M. To 7:00 A.M. 9 TWO-CAR TRAINS O MINUTE HEADWAY
7:00 A.M. vo 9:00 A.M. 9 FOUR-CAR TRAINS 9 MINUTE HEADWAY
9:00-A.M. 1o 7:00 P.M. 13 six-cAR TRAINS 6 MINUTE HEADWAY
7:00 P.M. To 9:00 P.M. 9 FOUR-CAR TRAINS " 9 MINUTE HEADWAY
9:00 P.M. 1o 1:00 A.M. 9 TWO-CAR TRAINS 9 MINUTE HEADWAY
5:00 A.M, To 8:00 A.M. 9 TNO-CAR TRAINS 9 MINUTE HEADWAY
8:00 A.M, 10 8:00 P.N. 13 FOUR-CAR TRAINS 6 MINUTE HEADWAY
8:00 P.M. 10 1:00 AN, 9 TWo-cAR TRAINS 9 MINUTE HEADWAY

* DapeLAND SouTH, NorYHsIDE, HIALEAH AND OKEECHOBEE WILL OPERATE AT 6 MIN,
TRAIN HEADWAY, ' ‘




E.3 Fractional Impact Analysis

The fractional impact analysis for the Dade transit’systém
elevated structures is accompllished by the method outlined by
Schultz [E.5], which involves the following steps:

l. Amblent nolse levels are estimated by use.of standard
noise prediction methods for highways, airports; and railroads,
supported by actual noise measurements [E.1]. Areas bordering
the transit system alignment are divided into ambient Ldn regions
in 5 dB intervals (e.g., 60-65, 65-70, 70-75, etc.).

2. Transit Ldn contour regions are determined in Intervals
of 5 dB (e.g., 55-60, 60-65, 65-70, etc.); the alignment is
divided into segments with constant characteristics of transit

nolse, ambient ncise, and land use.

3. The number of dwelling units is counted for each segment
-and tabulated according to transit noise level and the differ-
ential between transilt noise and ambient noise. Residences
located in regions where the transit noise is estimated to be
more than 5 dB below the amblent nolse are eliminated from the

analysis.

4. TFor each system segment, the number of impacted people is
estimated by assuming an average of three people per residential
unit. The result is then reduced by one-half, as suggested by
Schultz [E.§], to account for the assumption that only that half
of the population that face the tracks are significantly impacted.

5. The Sound Level Welghted Population (LWP) for each route
segment i1is then calculated by multiplying the population by the
associated noise weighting function (W) for the median transit
L in each range. The total LWP is then calculated by summing

dn
these results over the entire length of elevated structure.
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The results of the fractional impact analysis for the Dade

transit system elevated structures are summarized in Table E.2.

The estimated number of people expected to be exposed to various
levels of elevated structure transit noise 1s given below:

Transit Ldn (dB) : Impacted Population
70 to 75 504
65 to 70 5,175
60 to 65 - . 15,829
55 to 60 1,618

Note that the above analysis assumes no special ncise

controls. It 1s likely, however, that nolse barriers will be
incorporated on approximately half of the structures for the
Dade system 1in order to minimize nolse impact. It 1s estimated
that the use of barriers that provide a ncise reduction of 10 dB
would decrease the number of impacted people by a factor of

4 and would reduce the LWP by a factor of 8.
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TABLE E-2. METROPOLITAN DADE COUNTY RAPID TRANSIT SYSTEM ELEVATED
TRANSIT STRUCTURE NOISE IMPACT SUMMARY

Station

Number of
Impacted People

Sound Level
Weighted Population

Dadeland South
Dadeland North
South Miami
University
Douglas R4.
Coconut Grove
Vizcaya
Brickell

Govt. Center
Washington Hts.
Culmer

Civie Center
Santa Clara
Allapattah
Farlington Htsi
Brownsville
M.L. King, Jr. Plaza
Northside
Hialeah
Okeechobee

TOTAL (without noise
Barriers)

(estimated with
Barriers)

1,108
1,968
1,402
1,651
1,406
2,481
1,833
1,507
1,30k
837

0

0

998
1,221
690
°91
670
2,164
1,295

23,126

5,782

385
756
51k
579
L8g
930
581
488
365
338

0

0
401
468
260
227
270
888
Ls5

8,39k

11,050
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APPENDIX F: MBTA INVENTORY

F.1 Elevated Structure Design

The Massachusetts Bay Transportation Authority (MBTA) sys-
tem, lccated in the Boston area, currently contains approximatély
8.7 km (5.4 miles) of elevated structure on the Red, Green, and
Orange Line transit routes. Note that bridges here are not con-

sidered elevated transit structures.

The MBTA Red Liﬁe route includes about 0.5 km (0.3 miles)
of elevated structure (excluding the Longfellow Bridge). The
Longfellow Bridge appfoach over Charles St. Circle, in the
Beacon Hill section of Boston, comprises 0.2 km (0.1 miles) of
elevated structure (see Fig. F-1). The substructure of this
segment consists of one concrete abutment, one rectangular con-
crete pier, two twin-column steel plate girder bents, seven
plers of double transverse steel plate girders supported on
reinforced concrete stems, and a granite block abutment. The’
superstructure includes three spans conslisting of four built-up
steel plate stringers, 1.5 m (5 ft) deep, supporting a reinforced
conecrete deck. The remaining spans consist of three through-
rlate girders, 2.4 m (8 ft) deep, with concrete-encased 30.5 cm
(12 in.) floor beams and 25.4 em (10 1in.) stringers supporting
the reinforced cencrete deck. Tracks rest on tles on ballast.
Additional steelwork supports the Charles St. ‘Station structure.
The remaining 0.3 km (0.2 miles) of Red Line structure is
located on the Quiney Line in Dorchester. The Savin Hill Flyover,
shown in Fig. P-2, conslsts of a concrete deck supported on longi-
tudinal steel plate stringers, approximately 1.5 m (5 ft) in
depth, which in turn are supported on concrete piers. The track

is directly fastened to the concrete deck.



Note: Refer to text for structure location and description

FIGURE F-1. RED LINE ELEVATED STRUCTURE AT CHARLES ST. CIRCLE
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-Note: Refer to text for structure location and description

FIGURE F-2. RED LINE (QUINCY BRANCH) ELEVATED STRUCTURE AT
SAVIN HILL



The MBTA Green Line operates ¢n an elevated structure for
atout 1.1 km (0.7 miles) in the vicinity of the North Station,
Science Park, and Lechmere stations (excluding the viaduct over
the Charles River). The structure, shown in‘Fig. F-3, consists
primarily of two-column steel bents supporting four to eight
1ongitudinal steel plate stringers, 1.5 m (5 ft) deep for each
span, which in turn carry a concrete deck, stone ballast, ties,
and rails. A system of cross framlng stiffens the longitudinal
girders. A 0.2 km (0.1 mile) segment of the structure, between
fhe north portal and North Station 1s of open deck construction
" with wood ties mounted directly on 1.2 m (4 ft)-deep steel plate

stringers.

Note: Refer to text for structure location and description

FIGURE F-3. GREEN LINE ELEVATED STRUCTURE BETWEEN' NOR
| AND SCIENCE PARK ORTH STATION




The MBTA Orange Line operates on elevated steel structure
for approximately 7.1 km (L.L miles) between the Essex Street
and Forest Hills statlions. Steel bents support longitudinal
braced steel stringers; wood ties are mounted directly on these
stringers. About 3.4 km (2.1 miles) of the structure includes
lattice web girder stringers (see Flg. F-4), while about 3.7 km
(2.3 miles) of the structure‘includes sclid web girder stringers
(see Fig. F=-5). " Use of the Orange Line elevated structure 1s
likely to be discontinued Iin the near future, as a result of
the Boston Southwest Corridor relocation project.

F.2 Noise Estimation

The estimatlion of Ldn for the MBTA system elevated struc-
tures Is based on field noise measurements ccnducted specifically-
for this project during July 1979. These measurements were '
performed at representatlve locations alocng each transit line

for each type of elevated structure. The measurement microphone
was posiﬁioned at distances ranglng between 4.6 and 23 m (15 and
75 ff) from the centerline of the near track of the structure,

at approximately rall helght. At each location, approximately

12 train passbys were monitored, including passbys on the near
and the far track; speeds were measured, and the number and type
of cars were noted for each train. Train passbys were measured
using a BBN Model .614 Portable Nolse Monitor to obtain the A-
wéighted maximum level'(Lmax) and the single event noise exposure
level (SENEL). Tape recordings were also made for selected

train passbys by use of a Kudelskl Nagra IV-SJ tape reccrder; the
recorded data were subsequently reduced in the laboratory, in

order tc provide spectra.
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FIGURE F-4. ORANGE LINE ELEVATED STRUCTURE WITH LATTICE WEB GIRDERS

Note: For Figures F-4 and F-5, refer to text for structure
location and description

FIGURE F-5. ORANGE LINE ELEVATED STRUCTURE WITH SOLID WEB GIRDERS
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The data for both near and far track train passbys on the
various elevated structures were averaged logarithmically to
cbtaln average Lmax and SENEL results for each measurement site.
Attempts at data normalizatlon for traln speed and length
generally did not result 1In a reduction in data scattef; thus
raw data averages were used to represent typical noise levels.
The measurement results are summarized 1n Table F-1. Figures
F-6 through F-10 show the noise measurement locations.

The day-night average sound level, L was calculated by

dn
summing the sound energy of all train passbys, with a 10-dB
penalty added to nighttime (10 p.m. to 7 a.m.) operations, and

averaging the result over a 24-hr periocd. Thus:

Lgn(d) = SENEL(d, 1 car) + 10 log(n + 10 ) =4g.4, (F.1)

day nnight

where L is the day-night average sound level, in édB, at a

dn
distance d. SENEL(d, 1 car) is the single event noise exposure

level for a'single car passby at a distance d, in 4BA. nday is
the number of transit .cars in daytime (7 a.m. to 10 p.m.), and
nnight i1s the number of transit cars at nighttime (10 p.m. to 7
a.m.). ‘

The SENEL for one car is obtained from the measurement
results, assuming that SENEL varies as 10 log (no. of cars).
The number of car passbys was obtalned from MBTA schedule data
(F.1]. The Lqn for distances other than the measurement distance
is calculated assuming that L, varles as 10 log (1/distance).
Near and far track L compeonents are combined to obtain the
total Ldn'

elevated structure. Because the nolse levels for train passbys

dn
The results are given in Fig. F-11 for each type of

on the lattice web and solid web stringer type Orange Line

=7 .
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Note: For Figures F-6 and F-7, refer to text for structure
location and description

FIGURE F-7. MEASUREMENT SITE NO. 2
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. FIGURE F-8. MEASUREMENT SITE NO. 3

Note: For Figures F-8 and F-92, refer to text for structure
location and description

FIGURE F-9. MEASUREMENT SITE NO. 4




Note: Refer to text for structure location and description

FIGURE F-10. MEASUREMENT SITE NO. 5

structures are not significantly different (in view of the data

scatter),

these results are averaged for appllcatlon to fractional

impact analysis of the entlre Orange Line.

F.3 Fractional Impact Analysis

The fractional impact analysis was accomplished by the
method outlined by Schultz [F.Z2], using the following steps:

1.

Ambient noise levels (without MBTA) are estimated,
based on population density data [F.2], using the

relation

Lyp.= 9 los {p) + 30 dB, (F.2)

where p = pcpulation density (people per square mile).

F-11



ELEVATED STRUCTURE L 4, (dB)

, NOTES:
40 1. CURVES ARE FOR FREE -FIELD PROPAGATION, WITH NO SHIELDING —
' 2.SEE TEXT FOR FURTHER DETAILS
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Note: Refer to text for structure location and description

FIGURE F-11. MBTA ELEVATED STRUCTURE TRANSIT NOISE ESTIMATION




Equation (F.2) was developed on the basis of Boston
noise data taken from an EPA study [F-4], which
suggests that Boston tends to be noisier than the .

average U.S. city.

The transit Ldn
in the previous section, at distances corresponding

component is estimated, as outlined

to resldential locations.

For the Red and Green Line elevated structures, the
analysis includes all nonshielded residences within
about 30 m (100 ft) of the structure. A count of
these residences was obtained from a BBN inventory
survey. Other residential locatlions are not con-
sidered in the analysis since the transit noise is
estimated to be more than 5 dB below the ambient
nolse at these other locatlons. An average of three
people are assumed to occupy each residential unit,
and the 1lmpacted population 1s reduced by one-half,
as suggested by Schultz [F.2], to account for the
assumption that only that half of the people that
face the tracks are significantly impacted.

For the Orange Line eievated structures, where higher
transit noise levels exist and more "open".building
siting is found, noise Impact extends beyond the

first row of bulldings. Therefore, a different
analysis approach 1ls used here. Transit Ldn contour
distances are determined in 5-dB intervals, extending
between the average nearest resldential distance to
the distance at which the transit Ly 1is 5 dB below
the ambient Ldn' The nearest residences are generally
located at either 15 or 60 m (50 or 200 ft) from the

F=-13



structure, as foﬁnd from BBN observations and previous
studies [F.S]. Shielding adjustments for noise propa-
gation beyond the first row of buildings are made by
taking the first row to provide a nolse reduction of
4.5 dB, while every subsequent row provides an addi-
tidnal 1.5-dB reduction, up to a maximum of 10 dB.
This shielding estimate 1s typical for highway noise
[F.6]. A representative bullding row spacing of 30 m
(100 ft) is used for the propagation estimate. From
population and land use data [F.3], the number of
impacted people is estimated by multiplying the popu-
lation density by the residential land area within
each transit Ldn range. This result 1s then reduced
by one-half, as suggested by Schultz [F.2], to account
for the assumption that only that half of the pecple
that face the tracks are significantly impacted.

5. The Sound Level Weighted Population (LWP) for each
route segment is calculated by multiplying the im-
pacted population by the noise weighting function (W) .

an® The total LWP is

then calculated for each elevated 1llne, for each

for the associated transit L

structure type, and for the entire system by summing
the LWPs for the appropriate route segments.

The results of the fractional impact analysis for the MBTA
system elevated structures are summarized in Table F-2. Note
that the short open-deck segment of the Green Line Structure is
not included in this ahalysis; the ncise impact from this struc-
ture is not significant because the amblent levels at this loca-
tion are high, as compared to the transit noise.

Figure F-12 illustrates typical noise spectra for train

passbys on the various types of elevated structure.
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APPENDIX G: NYCTA INVENTORY

G.1 Elevated Structure Description

The New York City Transit Authority (NYCTA) system contains
approximately 95.8 km (59.5 miles) of elevated structure (see
Fig. G-1). The system includes four general types of elevated

structures as described below.

1. Open Deck Steel Structure with Solid Web Girder Stringers:
This is the predominant structure type, comprising about 84,5 xm
(52.5 miles) of the system. Thils type of structure consists of
steel bents supporting longitudinal plate girders 1.2 or 1.5 m
(4 or 5 £t) in depth. Track support consists of wood tiles
fastened directly to the stringers. On approximately 300 m
(1000 ft) of the Broadway — 7th Avenue elevated line there are
resilient pads between the rail and the ties. This:small segment
is not consldered separately in the present'impact evaluation.

2. QOpen Deck Steel Structure with Lattice Web Girder
Stringers: This type of structure comprises only about 0.8 km
(0.5 miles) and 1s located between the Avenue X and Van Siclen
stations on the Coney Island elevated line. Track support

consists of wecod ties fastened directly to the stringers.

3. Reinforced Conerete Viaduet: This type of structure
comprises approximately 8.9 km (5.5 miles) of the Rockaway ang
Flushing elevated lines. Track support consists of wood ties

with stone ballast.

4. Conerete-Encased Steel: This type of structure comprises
about 1.6 km (1 mile) of the Coney Island elevated line in the
vicinity of the Smith and 9th Street station. The structure
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includes barrier walls along the edge of the deck, at 1 m

'(3 ft) above the top-~of=rail helght. Track support consists
primarily of wood tiles with stone ballast. A 183 to 244 m (600
to 800 ft) segment of the structure includes track support con-
sisting of resillient fasteners with concrete invert and bolted
rail. This small segment is not included as a speclal case for

the purposes of the lmpact elevatlon.

G.2 Noise Estimation

The estimation of Ldn for the NYCTA elevated structures is
based on fleld nolse measurements conducted by BBN during the
week of 18 June 1979. These measurements were collected by tape
recordlng train passbys at ten locatlons, including each type of
elevated structure. The measurement microphone was positioned
at distances ranging between 3.8 and 9.1 m (12.5 and 30 ft) from
the centerline of the near track of the structure, at approxi-
mately rail helght. Physlical constraints at the measurement
locations necessitated deviation from the usual 7.5 m (25 ft)
measurement distance in some cases. At each location, between
6 and 22 recordings were made, including both near and far track
train passbys; speeds were clocked using a stopwatch, and the
number and type of cars were noted. The recorded data were sub-
sequently reduced in the laboratory, using a BBN Model 614
Portable Nolse Ménitor to obtain the A-welghted maximum level
(Lmax
each train passby. These data were then normallzed to average
conditions, i.e., a 7-car train at 40 km/h (25 mph), measured at
7.5 m (25 ft), using the following relations:

) and the single event noise exposure level (SENEL) for

a. Speed Adjustment: Loax & 30 log {speed)

SENEL « 20 log {speed)

G-3



b. Train Length Adjustment: Lmax constant
SENEL =« 10 log (no. of cars)

¢. Distance Adjustment: Lmax =« 20 log (1/distance<7.5 m),

Inax « 10 log (1/distance, 7.5 to
30 m)

SENEL = 10 log (l1/distance).

The normalized data were then averaged logarithmically to obtain
average Lmax and SENEL results for each measurement site. These
results are summarized in Table G.1. (Note that average nor-
malized Lmax results are provided for near track traln passbys
only.) Photographs of the elevated structure noise measurement
sites are provided in Figs. G.2 through G.1l.

Tape recordings of selected train passbys were reduced 1in
the laboratory using a real-time analyzer to provide spectral
data. PFigure G.12 1llustrates typical noise spectra for train
passbys on the four basle types of NYCTA structures.

Out of the ten measurement sites, six were along elevated
structures with solid web girder stringers, the predominant
structure type. Three of these sites (1, 2, and 8) were in
areas with "open" surproundings, l1.e., wilth no reflecting surfaces
nearby. The other three sites (6, 9, and 10) were in so-called
"canyon" areas, 1.e., areas with tall bulldings located close
to the structure along both sides. '

The stringer depth for the structures measﬁred was 1.5 m
(5 ft), except for one of the "open" measurement sites that
included a structure with!a stringer depth of 1.2 m (4 ft).

Based on noise radiating érea, one might expect 1.2 m (4 ft)
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Note: See Table G-1 and text for site location and
structure description details

FIGURE G-2. MEASUREMENT SITE NO. 1



Note: See Table G-1 for site location and structure description details

FIGURE G-3. MEASUREMENT SITE NC. 2
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Note: See Table G-1 for site location and structure description details

FIGURE G-4. MEASUREMENT SITE NO. 3
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Note: See Table G-1 and text for site location and structure description
details

FIGURE G-5. MEASUREMENT SITE NO. 4
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Note:

See Table G-1 and text for site location and structure description
details

FIGURE G-6. MEASUREMENT SITE NO. 5
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Note: See Table G-1 and text for site location and structure description
details

FIGURE G-7. MEASUREMENT SITE NO. 6



| Note: See Table G-1 and text for site location and structure description
details

FIGURE G-8. MEASUREMENT SITE NO. 7




Note: See Table G-1 and text for site location and structure description
details

FIGURE G-9. MEASUREMENT SITE NO. 8



Note: See Table G-1 and text for site Jocation and structure description
details

. FIGURE G-10. MEASUREMENT SITE NO. 9




Note: See Table G-1 and text for site location and structure description
details

FIGURE G-11. MEASUREMENT SITE NO. 10
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stringers to radiate 1 dB less acoustlic energy than 1.5 m (5 ft)
stringers. However, average SENEL results for the structure with
1.2 m (4 ft) stringers (Site 8) are not significantly different
from the results for the structures with 1.5 m (5 ft) stringers
measured in an "open" environment. Considering the scatter of
the data, 1t does not seem justifiable to make a distinction

between these stringer constructions in terms of ncoise emission.

In terms of environmental factors, the "ecanyon" type mea-
surement site SENEL results are about 3 dB greater than those
for the '"open" type sites, on the average. However, note that
for Site 10, with a street width between builldings of 20 m
(65 ft), the average SENEL 1s on the same order as that for the
"open" sites. Note also that the average SENEL for Site &6, with
a 24 m (80 ft) street width, 1s higher than the average SENEL
measured at Sites 9 and 10, with street widths of 20 m (65 ft).
Theoretically, one would expect more reverberation and higher
SENEL values at the narrower canyon sites. These discrepancies
suggest that the results are highly dependent on the details of
the particular measurement site chosen. Thus, it 1s not con-
sidered justifiable to differentlate between "open!" and "canyon"
type sites, based on the scatter in the measurement data. It
is proposed that all six measurements be averaged to obtain a
normalized SENEL of 108 dBA for 7-car train passbys at 40 km/h
(25 mph) measured at 7.5 m (25 ft) from elevated steel structures

with solid web girder stringers.

Measurements for the three remaining structural types were
conducted in "open" acoustical environments since this environ-
ment was observed to be typical for these structures. Data
for Site 5 indilcate an average normalized SENEL of 104 dBA for



train passbys on the elevated steel structure segment with
lattice web girder stringers. Data for Sites 3 and I indicate
an average normalized SENEL of 96 dBA for train passbys on
reinferced concrete viaduct structures. Similarly, measurements
at Site 7 suggest an average normalized train passby SENEL of

91 &BA for the concrete-encased steel slevated structure.

In additicn to ﬁhe above ahalysis, near track and far track
SENEL data were normalized for speed and train length in order
to investigate propagation effects. Data at Sites 2, 3, 5, and
10 displayed the theoretical free-field 10 log (distance) depend-
ence for acoustic line sources. Data at Sites 1, 4, 6, 7, and
8 shéwed avérage excess attenuations ranging between 1 and 4 dB
for the far track cases, possibly due to shielding effects.
Data at Site 9 indicated less than free-fleld attenuation,
possibly due to reverberant effects. These results suggest
that the propagation effects are strongly dependent on location-
related details. Thus, deviation from the free-field line source
propagation assumption is not considered justifiable for the far
track data. In summary, the average normalized 3ENEL values
for New York City Transit train passbys on elevated structures

are as follows:

1. Steel with Solid Web-
Girder Stringers: 108 4BA }
. SENEL at 7.5 nm

(25 f£), 40 km/h
; (25 mph), .

7-car train

2. Steel with Latftice Web
Girder Stringers: 104 dBA

3. Reinforced Concrete
Viaduect: 96 dBA

4, Concrete-Encased Steel: g1 dBRA

G-18




Analysis of Lmax results for near track train passbys (i.e.,

without structural shielding effects) yields the following

results:

1. Steel with Solid Web

Girder Stringers: 101 dBA
2. Steel with Lattice Web Logyx 2t 7.5 m (25 ft),
Girder 3Stringers: 96 dBA \ 40 km/h (25 mph)

3. Reilnforced Concrete
Viaducet: 90 dBA

4, Concrete-Encased Steel: 85 dBA )

These results indicate that the Lmax for train passbys on NYCTA

elevated structures .is typically 6 to 8 dB below the SENEL.

The day-night average sound level, Ldn’ is calculated by
summing the sound energy of all traln passbys, with a 10-dB
penalty added to nighttime (10 p.m. to 7 a.m.) operations, and
averaging the result over a 24-hr pericd. The Ldn is computed

as follows:

= + -
‘Ldn(7'5 m) SENEL (nocrm. ) 10 log [Nday+lONnight] bo. 4, (G.1)
where L. (7.5 m) is the day-night average sound level, in dB,
at a distance of 7.5 m (25 ft); SENEL(norm.) is the single
event noise exposure level for a typical train passby at 7.5 m
(25 ft), in dbA; N is the number of train passbys between

day

7 a.m. and 10 p.m.; and Nnight is the number cf train passbys

between 10 p.m. and 7 a.m.

Information supplied by the New York City Transit Authority
(6.1] indicates that train length ranges from 4 to 10 cars, and
‘that the average speed is 40 km/h (25 mph); Ldn is therefore
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calculated assuming 7-car trains moving at 40 km/h (25 mph).
Train frequency data are based on information received from
NYCTA for the IRT No. 2 Line, which is assumed typical of all
lines [¢.2]. This schedule lists 96 daytime and 41 nighttime
train passbys 1n each direction. Based on these numbers, the

single~track (cne-direction) L is calculated for each structure

dn
type using Eq. G.1. The results are provided below:

1. Steel with Solid Web ,
Girder Stringers: 86 4B ) »
Ly 8E 7.5 m (25 £t),
n .
40 km/h (25 mph),
> 7-car trains (one

direction).

2. Steel with Lattice Web
Girder Stringers: g2 4B

3. Relnforced Concrete
Viaduct: 74 4B

4. Concrete-Encased Steel: 70 4B/

The actual Ldn at a given location is calculated by logarith-

mically summing the near and far track L components at the

appropriate distances, assuming a 10 logdgistance dependence.
An average structure column-to;near track distance of 1.5 m

(5 ft) and an average track separation of 7.5 m (25 ft) are
chosen, based on BBN field observations. The distance correc-
tion utilized for calculation of L, for the NYCTA elevated

dn
structures is illustrated in Fig. G-13.

G.3 Fractional Impact Analysis

The fractional impact analysis for the NYCTA elevated
structures 1s accomplished by -the method outlined by Schultez

[G.3]. The steps in this procedure are described below.
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1. The transit Ldn componeht is estimated, by the method
outlined in Sec. G.2, at distances corresponding to the first
row of residential and commercial buildings. These distances

are obtained from a physical inventory [¢.4].

2. The population for each block along the elevated lines
is obtained from the physical inventory [6.4], which determined

an average of 0.2 people per ft of block per story.

3. The Sound Level Weighted Population (LWP) for each
segment between elevated line statlons 1s calculated by multiply-
ing the population bordering the segment by the noise weighting

function (W) corresponding to the transit L for the appropriate

structure type at each residential/commercigg location.

4. The total LWP 1s calculated for each elevated line, for
each structural type and for the enfire system by summing the
LWPs for the appropriate station-to-station segments. Results
are obtained for the following two cases: (a) residential and
commercial land uses impacted and (b) only residential land

uses impacted.

The above procedure assumes that train nolse is never more
than 5 dB btelow the ambient Ldn
row of buildings. The lowest train L " component encountered

d
in the calculations is 67.5 dB, with most levels in the 80 to

{without trains) at the first

90 dB range. Population data indicate that population densities
in 1975 ranged between 18,182 people'per square mile for Queens
County and 62,132 people per square mile in New York County

(Manhattan) [¢.5]. Ambient noise levels can be estimated based

on population density using the following relation [7.6]:



Lyp = 10 log (p) + 22 dB,
where p is the population density (people per square mile).
This suggests that amblent noise levels (Ldn} in New York City
range between 65 dB and 70 dB. Therefore, the fractional impact
analysis should include all areas exposed to a transit Ldn com-
ponent of 65 dB or greater. Since the lowest traln noilse
encountered was 67.5 dB, the assumption of train noise dominance

is cconsidered justifiable.

The results of the fractional impact analysis for the New
York City transit system are summarized in Tables G.2, G.3, and
G.4. Table G.5 provides noise impact calculation details,
listing impact data for station-to-station segménts along each

elevated line.

The analysis results presented here indicate an estimated total
impacted residential population of about 253,000. This is roughly ..
half the number cited in a report prepared by the New York City
Bureau of Noise Abatement [G.7]. The difference is due to the
ffact that the present study considers only those residential
buildings nearest to the elevated structures (within 65 m or
200 ft) to be impacted, whereas the New York report considers as
impacted all people living within 137 m (450 ft) of the elevated
lines. It is coincidental that the total LWP of about 476,000
determined in the present study is of the same order as the

number of impacted pecople cited in the New York report.
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TABLE G-5. NYCTA NOISE IMPACT CALCULATIONS

Approx. Sound Level Weighted
Segment | Distance Impacted Popuiaticn (P) Population (LWP)
Elevated Structure Location | Length |to Bldgs. Transit Residentia) & |Residential [Residenttal & |Residential
and Description (ft) {ft) Ldr (4B} { W {Ldn) [ Commercial “Only Commercial Only
dstoria Ling
Open Deck, Solid ¥eb
Girders
Ditmars - Astorie 2,800 20 88.0 2.355 116 - 273 —_
25 aT.0 2.219 1,044 a28 2,317 1,837
30 86.5 2.154 812 B12 1,749 1,749
Sudbtotal 1,972 1,640 L,339 3,586
astoris - 30th Ave. 1,000 30 86.5 2.154 1,393 1,393 3,001 3,001
30th Ave. - Broadway 2,000 25 87.0 2.219 801 Bo1 1,717 1,777
30 86.5 2.154 83k ’ 83k 1,796 1,756
Subtotal 1,635 1,635 3,573 3,573
Eroadway - 36th Ave. 2,500 30 86.5 2.154 1,475 1,350 3,177 2,508
70 83.5 1.791 1,250 1,250 2,239 2,239
Subtotal 2,725 2,600 5,k16 5,147
36th Ave., - 39th Ave. 1,000 30 86.5 2.154 1,520 1,393 3,254 3,001
39th Ave. - Queens Plaza 1,750 20 88.0 2.355 S2é - 1,239 -
30 86.5 2.154 1,314 - 2,830 -
Subtotal 1,80 - 4,069 -
TOTAL LINE 10,150 11,985 8,661 23,672 18,308
Brighton Beach Line
Open Deck, Soltd wWeb
Girders
Ceney Island - W. Sth St. 1,300 50 85.0 1.966 2,340 2,340 4,800 4,600
200 78.5 1.380 2,340 2,30 3,229 3,229
Subtotel 4,680 L,680 7,830 7,830
W. 8th St. - Ocean Pkwy. 2,300 15 88.s 2,L2s5 153 7 371 187
20 88.9 2.355 843 535 1,985 1,260
50 85.0 1.966 3,297 3,297 €,482 6,482
8o 83.0 1.736 2u5 : 2ks 25 25
100 8z2.5 1.682 1,380 1,380 2,321 2,321
200 79.5 1.380 2,760 2,760 3,809 3,809
Subtotal 8,678 8,294 15,393 14,484
Ocean Pkwy. - S8righton Beh 1,700 20 86.0 2.355 1,360 680 3,203 © 1,601
Srighton B¢h - Sheepshead L, 000 10 89.5 2.971 Loo Loo 1,028 1,028
Bay 15 88.5 2.425 1,600 867 3,880 2,018
20 88.0 2.355 800 ; 800 1,884 1,884
Subtotal 2,800 2,067 6,792 5,C0LT
TOTAL LINE 3,300 17,518 19,721 33,213 28,932
Brocdway-Jamaica Line
Open Deck, Solid Web
Girdera
Marcy Ave. - Hewes St. 1,500 15 88.5 2.k2s 1,860 800 4,365 1,540
Hewes St. - Lorimer St. 1,500 15 28.5 2.h25 1,120 630 2,716 l,\SZB
200 79.5 1.380 8o 8Lo 1,159 1,139
Subtotal 1,960 1,470 3,875 2,687




TABLE G-5. NYCTA NOISE IMPACT CALCULATIONS (CONT.)
Sound Level Weighted
Approx. >
. Segment | Distance Impacted Population (P} Population [LWP}
flevated Structure Location | Length |to Bldgs. | Transit Residential & [Residential |Residential & |Residential
and Description {ft) {ft) Ldrn (dB) | W {Lgn} | Commerctal Only Commercial Only
Broaduay-Jamaioa Line
(Cont.) )
Lorimer St. - Plushing Ave 2,000 15 88.5 2.h25 1,4%0 720 3,492 1,746
30 86.5 2.154 70 - 151 -
%] 8s5.5 2.027 320 250 649 486
100 82.5 1.682 2,560 2,566 4,306 4,306
Subtotal k,350 3,520 . 8,598 6,538
Tlushing Ave. - Koscluske 2,100 3 92.0 2.968 z2lo - Ti2 -
st. 15 88.5 2.u25 2,2k0 - 5,b32 -
50 85.0 1.966 490 490 978 578
Subtotal 2,970 Lo 7,122 978
Xosciusko St. - Gates Ave 2,100 15 88.5 2.425 1,932 1,092 4,685 2,648
Gates Ave. - Hasley St. 2,300 15 88.5 2.L23 2,185 1,265 5,299 3,068
100 82.5 1.682 1,500 1,500 2,523 2,523
Subtotal 3,685 2,765 7,822 5,591
Hasley St. - Chauncey St. 1,790 15 88.5 2.425 1,504 BL6 3,647 1,567
Chaunsey St. - Eastern Pkwy | 1,400 15 88.5 2.425 504 280 1,222 679
30 86.3 2.154 1,120 1,120 2,h12 2,412
Lo 85.5 2.027 336 280 681 S63
100 82.5 1.682 672 €72 1,130 1,130
Subtotal 2,632 2,352 5,L4b 4,789
Eastern Pkwy - Alabama Ave. 2,000 - - -~ - - -- -
Alabama Ave. = Van Siclen 2,200 15 88.5 2.kes 1,76k 1,260 L,278 3,056
Ave. 50 85.0 1.966 63 -- 124 -
Subteteal 1,827 1,250 L,Loz 3,056
Yan Siclen Ave. = Cleveland | 1,700 12 3s.0 2.497 1,849 1,022 4,617 2,552
zt.
Claveland St. - Norwood Ave | 1,500 12 83.0 2.497 1,584 1,1L1 3,555 2,845
Horwood Ave. - Crescent St. 2,100 15 88.5 2.h25 1,960 1,160 4,753 2,813
Crescent 3t. = Cypress 2,800 135 88.5 2.425 1,969 1,989 u,823 L,823
Hills
Cypress Hills - Flderts 1,700 12 89.0 2.497 192 79 479 197
Lane 15 B5.5 2,425 1k6 Lg 35k 119
Subtotal 338 128 833 316
Elderts Lane - Forest Piwy. | 1,800 12 83.0 2.497 1,728 1,152 4,315 2,377
Lo 8s5.5 2.027 1LL 1Ly 292 292
Subtotal 1,872 1,296 4,607 3,169
Forest Pkwy. - Woodhaven 2,400 12 B9.0 2.497 2,188 1,227 5,463 3,064
Blvd.
Woodhaven 3lvd. - 102nd 2,000 12 8s5.0 2.4%97 700 Lsg 1,748 1,124
St. 15 g8.35 2.42% 950 350 2,304 8hg
Subtotal 1,650 800 L, o52 1,572
102nd St. - 11lst St. 2,000 12 89.0 2.h97 1,800 1,000 4,495 2,497
1list St. - 120tk St. 2,800 12 89.0 2.497 1,433 620 3,578 1,5L8
15 88.5 2.425 1,23 930 3,01k 2,255
Subtotal 1,576 1,550 6,592 3,803




TABLE G-5. NYCTA NOISE IMPACT CALCULATIONS (CONT.)
Abprox . Sound Level Weighted
Segment | Distance Impacted Popu]atwq (P) Population (LWP)
Elevated Structure Location | Length |to Bldgs. | Transit Residential & {Residential |Residential & | Residential
and Description (ft) (ft) Ldr {dB) | W {Lgn) | Commercial Only Commercial Only
Eroa&aay-Jmuica Line
{Cont. )
120th St. - Metropolitan 1,600 12 89.0 2,497 1,786 1,112 L 460 2,777
Ave.
Metropolitan Ave. - Queens 1,700 12 89.0 2.497 © 685 320 1,710 799
Blvd. 4o 85.% 2.027 o9l 91 184 184
Subtotal e 411 1,895 983
Queens Rlvd. - Sutphin 1,700 12 89.0 2.597 849 510 2,120 1,273
Blvd. 15 88.5 2.k25 k53 227 1,099 550
] 8s.5 2.027 340 3h0 689 £89
Subtotal 1,642 1,077 3,908 2,513
TOTAL LINE 45,200 42,810 28,308 104,416 £3,925
Broaduway-7th Ave. Line
Open Deck, Solid Web
Girdar '
Portal - 125th St. 1,200 50 84.8 2.027 640 560 1,297 1,135
60 8.1 1.848 960 960 1,774 1,774
100 82.2 1.682 3,520 3,520 5,521 5,921
Subtotal 5,120 5,040 8,592 8,830
125th St. - 133rd St. 1,400 S0 85.8 2.027 896 504 1,818 1,022
Portel 60 84,1 1.8L8 336 336 621 621
80 83.2 1.736 2,20 2,240 3.889 3,889
Subtotal 3,472 3,080 6,326 5,532
Abutment & Dykeman - 2,000 20 87.8 2.355 660 600 1,554 1,513
207th St. 30 86.5 2.154 2,000 1,800 4,308 3,877
100 82.2 1.682 3,000 3,000 5,046 5,046
Subtotal 5,660 5,400 10,508 10,336
207th St. = 215th St. 1,759 30 86.5 2.154 -700 630 1,508 1,357
80 §3.2 1.736 L20 420 T2% 129
100 gz2.2 1.682 - -— - -
Subtotal 1,120 1,05¢ 2,237 2,086
215th St. - 225th St. 2,200 50 au.8 2.027 110 -- 223 -
8o 83.2 1.736 660 660 1,16 1,146
Subtotal 770 660 1,369 1,1ké
Z25th St. - 231st St. 2,000 20 ar.a 2.355 100 -— 236 --
30 86.5 2.154 200 - u31 -
60 8h.1 1.848 1,000 1,700 1,818 1,8L8
70 43.8 1.848 3,000 3,000 5,54 5,544
80 83.2 1.736 600 600 1,0k2 1,0L2
Subtosal 4,900 b, 600 9,101 8,L3k
231st 8t. - 238th 3t. 2,250 30 86.5 2,154 625 250 1,346 539
50 8k.8 2.027 125 — 253 -
70 83.8 - 1.848 750 750 1,386 1,386
100 82.2 1.682 750 625 1,262 1,951
Subtotal 2,250 1,625 k,2L7 2,976
236tn St. - Van Cortlaand 1,950 25 a7.2 2.219 L83 390 1,072 365
50 84.8 2.027 1,078 976 2,177 1,378
Subtotal 1,557 1,366 3,249 2,843
TOTAL LINE 14,756 24, 8k9 22,821 46,429 42,183
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TABLE G-5. NYCTA NOISE IMPACT CALCULATIONS (CONT. )
Saund Level Weighted
Approx. ; in
Segnent | Dstance Impacted Fopulation (P) : Population (LWP)
Elevated Structure Lacation | Length |to Bldgs. | Transit Residential & [Residential |Residential & } Residential
and Description (ft) (ft) Ldn (dB) | W {Lgn) | Commercial Oniy Commercial Only
Canarsie Line
Open Dack, Selid Web
Ginders 9,500 - - —_ 0 0 0 0
‘FConey Toland Culver Lire
Open Deck, Seclid Web
Girdars
Abutment = Ditmas Ave. 1,000 - -— - —_ -— -
Ditmas Ave. - 18th Ave. 1,600 30 86.5 2,154 1,120 720 2,u12 1,551
100 82.5 1.682 160 8o 269 135
Subtotal 1,280 8oo 2,682 1,685
18th Ave. - Ave I 1,600 20 88.0 2.355 481 267 1,133 629
30 86.5 2.154 160 107 345 230
Subtotal 6Ll 374 1,478 853
Ave. I - 22nd Ave. 1,800 20 88.0 2.355 T20 L20 1,666 989
22nd Ave. - Ave. N 2,200 - .- — - - - -
Ave. N - Ave, P 1,800 30 86.5 2.154 585 s 1,260 679
Ave. P - Kings Hwy. 1,500 30 86.5 2.154 600 450 1,292 969
Kings Hwy. - Ave. U 2,500 30 86.5 2.154 928 785 1,599 1,681
Ave. U - Ave. X 2,300 30 86.5 2.15k4 asa 523 1,835 1,127
Van Siclen - W. Bth 1,700 100 82.5 1.682 1,360 1,360 2,288 2,268
Total Strusture 18,000 6,966 5,027 14,530 10,276
Conay Island Line
Open Deck, lattice
Web Ginders
Ave. X - Van Siclen 3,100 Lo 81.5 1.577 51 91 b 1hb
100 78.5 1.289 620 620 799 99
Subtotal 711 T1l gh3 943
Total Structure 3,100 711 i1 ouL3 oh3
Tie and Ballaet Track
Concrete Encased
Steel Structure
Abutment - Smith - 9th 1,000 20 72.0 0.822 Loo uoo 329 129
50 £9.0 0.638 600 600 382 382
Subtotal 1,000 1,000 710 Ti0
Smith-9th - Lth Ave. 2,500 0 77.0 1.159 L35 435 504 50k
30 70.5 0.694 810 870 6oy gal
50 £8.0 0.554 L3s L35 237 237
Sub*otal 1,740 1,7k0 1,348 1,3hs
Uth Ave. - Abutment 1,600 20 72.0 0.822 481 267 395 219
30 70.5 0.60k 160 107 111 Th
Subtotal 6L1 ky (s 506 29h
Total Structure 5,560 3,381 3,11 2,561 2,343
TOTAL LINE 26,500 11,058 8,852 18,03L 13,568




TABLE G-5. NYCTA NOISE IMPACT CALCULATIONS (CONT.)
Scund Level Heighted
Approx.
Segment | Distance Impacted Population (P) Population {LWP)
Elevated Structure Locatfon | Length |to Bldgs. | Transit Residential & |Residential |Residential & [Residential
and Description {ft) {ft) Ldn (dB) [ W (L4n) | Commerciai Only Commercial Only
Fluhiné Ling
Open Deok, Solid Web
Cirdes
Queens Plaza - 33rd St. 2,400 10 89.3 2.571 240 -_— 617 -
51st St. - 61lst St. 2, koo a 50.0 2.6h7 696 Leh 1,842 1,228
10 89.5 2.571 338 116 869 298
12 8g9.0 2.497 348 232 269 S19
15 88.5 2,425 1,276 528 3,088 2,250
20 g8.0 2.355 232 . 232 5ué sL6
Subtotal ) 2,890 1,972 7,214 4,901
613t St. - £9th 8%, 1,750 10 89.5 2.571 - 117 - 301 -
. 15 88.5 2.u28 933 k66 2,263 1,130
Subtotal 1,050 Lg6 2,56L T1,130
£9th St. - Tuth St. 1,300 10 89.5 2,571 346 192 890 Lol
15 88.5 5.425 a7 - 21 -
20 88.0 2.355 87 - 205 -
60 B4.0 1.848 520 520 961 961
Subtotal 1,040 712 2,260 1,455
Thth St. - 82nd St. 2,500 10 89.5 2.571 1,056 192 2,715 Lol
32nd St. - 90th St. 2,200 10 89.5 2.571 1,584 528 4,072 1,357
60 8u.o 1.848 1,086 1,056 1,951 1,951
Subtotal 2,640 1,58L 6,024 3,308
90th St. - Junction Alvd. 2,000 10 89.5 2.571 1,200 650 3,085 1,571
4o 85.5 2.027 300 300 608 608
50 8k.0 1.868 500 500 92k =
Subtotal 2,000 1,450 &,617 3,203
Juncticn Elvd. = 103rd St. 2,200 10 89.5 2.571 660 550 1,697 1,414
20 88.0 2,355 330 330 77 777
30 B6.5 2.15L 660 660 1,422 1,422
Subtotal 1,650 1,540 3,896 3,813
103rd St. - 111tk St. 2,000 10 89.5 2.571 1,600 1,500 L,11h 3,857
15 88.5 2.k25 300 300 676 676
Subtotal 1,900 1,800 4,790 4,533
Lllth St. =~ Willets Ave. 2,500 10 89.5 2.5T1 300 200 771 51h
15 88.5 2.b29 300 - 728 -
Subtotal 600 290 1,499 ath
Willets Ave. - Abutment L,000 50 8s.0 1.560 2,000 2,000 3,93 3,932
Totel SEPiidture 25,150 17,066 11,916 L9,12% 27,143
Tie and Ballaai Track,
Conerete Viaduct
33rd St. - WOth St. 2,000 50 73.0 0.855 1,400 500 1,197 257
8o 71.0 0.725 500 500 b5 435
Subtotal 2,060 1,000 1,632 692
40th St. 1,750 30 . 73.0 0.855 1,160 300 992 257
80 71.0 0.725 696 600 505 L3S
Subtotal 1,956 500 1,497 €52
Total Structure 3,750 3,956 1,900 3,128 1,482
TOTAL LINE 28,900 21,022 13,816 47,411 30,625
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TABLE G-5. NYCTA NOISE IMPACT CALCULATIONS (CONT.)

Approx ] Sound Level Weighted
Segmen't Distance Impacted Population (P) Population {LWP)
Etavated Structure Location | Length [to Bldgs. | Transit Residential & |Residential [Residential & | Residential
and Description (ft) (ft) Ldr, (dB) | ¥ {Ldn} | Commercial Only Commercial Only
Jerome Avenue Ling
Open Deck, Solid Web
Girders
156th St. - 161st St. 1,500 15 88.3 2.425 1,000 500 2,u25 1,L55
161st St. - 16Tth St. 3,000 15 88.5 2.425 120 - 291 -—
100 82.5 1.682 1,630 1,680 2,326 2,826
Subtotal 1,600 1,680 3,117 2,826
167t St. - 170th St. 1,900 15 &8.5 2.k2s 229 - 555 -
30 85.0 1.966 30k - 598 --
100 82.5 1.682 532 -_— T -
150 81.0 1.526 532 - 812 -_
Subtotal 1,597 2,860
170th St. - Mt. Eden Ave. 1,500 - 15 88.5 2.4z2s 150 - 364 -
100 8z.5 1.682 1,575 1,575 2,649 2,6k9
Subtotal 1,725 1,575 3,013 2,649
Mt. Fden Ave. - 176th St. 1,600 15 88.5 2.h2s 512 N 1,242 1,086
100 82.5 1.682 1,3k 1,34k 2,261 2,2LL
Subtotal 1,856 1,792 3,502 3,330
176th St. - Burnside Ave. 2,200 15 88.5 2.425 792 - 1,921 -
150 81.0 1.526 616 616 940 gko
Subtotal 1,408 616 2,861 gho
Burnside Ave. = 132rd St. 1,700 30 86.5 2.154 1,020 L76 2,197 1,025
162rd St. - Fordham Rd. 1,600 30 86.5 2.154 8cc 580 1,723 1,249
Fordham Ad, - Eingsbridge 1,500 30 86.5 2.154 1,140 760 2,458 1,637
Rd. %] 85.5 2.027 456 - 924 -—
Subtotal 1,596 760 3,380 1,637
Yingsbridge Rd. - Sedford 3,000 30 §6.5 2.154 LL3 - ) 95k --
Pkwy. Lo 85.5 2.027 1,200 1,200 2,432 2,432
8o 83.0 1.736 1,200 1,200 2,083 2,083
Suptotal 2,643 2,400 5,470 L,516
Zedford Fkwy. - Mosholu 3,000 20 86.5 2.154 830 300 . 1,292 66
PRy, . L0 85.5 2.027 300 3C0 ‘ 608 508
Subtotal 900 630 1,901 1,254
Mosholu Pkwy. = Woodlawm 3,000 30 A6.5 2,154 1,320 360 2,843 775
TOTAL LINE 25,900 ‘ 17,565 11,439 39,292 21,657
Lefferts 3Blvd. Line
Oven Deck, Jolid Wed
Jirders
_e’ferts Blvd. - 1llth St. 2,000 10 89.5 2.571 1,520 1,147 4,336 2,349
113tn St. - 1G4th St. 1,700 10 89.5 2.571 1,LL6 766 3,718 1,969
10bth 3%. - Rockaway Blvd. 1,900 10 39.5 2.571 761 380 1,957 977
20 88.0 2.355 380 253 895 596
Subtctal 1,151 633 2,851 1,573




TABLE

¢

G-5. NYCTA'NOISE IMPACT CALCULATIONS (CONT.)

Sound Level Weighted

Approx. Poo. . X
. Segment | Distance Impacted Population {P) Population {LWP}
Elevated Structure Location | Length |to Bldgs. | Transit Residential & |Residential | Residential & |Residential
and Description (ft) (ft) Ldr: {dB) | W (Lgn) ! Commercial Only Commercial Only
Lefferts Blvd. Line ¢
{Cont. ) .
Rockaway Elvd. - 88th St. 2,000 10 | 8.5 2,571 900 Loo 2,31k 1,028
38th St. - 30th St. 2,000 10 89.5 2.571 1,100 1,000 2,828 2,571
50 85.0 1.966 200 200 393 333
Subtotal 1,300 1,200 3,221 2,964
30th St. - Abutment 1,300 16 89.35 2.571 130 - 33h -
15 a88.s 2.425 520 520 1,261 1,261
L0 88.5 2,027 260 260 527 527
Subtotal 910 780 2,122 1,788
TOTAL LINE 10,500 7,617 4,926 15,159 12,271
Myrtiz Avenus Line
COpen Deck, Solid Web
Girders
Presh Pond - Forest Ave. 1,500 - - -— - -— - -
Forest Ave. -~ Seneca Ave. 2,300 -- - - -— -— - -
Seneca Ave. - Wycoff Ave. 2,000 10 89.5 2.571 Loo - 1,028 —
20 88.0 2.355 100 — 2136 -
30 36.5 2.154 900 300 1,939 1,939
Subtotal 1,400 900 3,203 1,339
Wycoff Ave. - Knicker- 1.500 13 39.0 2.hg7 72 -— 180 -—
nocker 15 88.5 2.Lzs 1,080 L8 2,519 1,571
30 86.5 2.154 hR1 - 210 -
Subtotal 1,295 &h8 3,109 1,571
“niskerbocker - Central 2,000 1 38.5 2.425 L ,080 2,320 2,894 5,626
Ave. 50 35.0 1.96% 2Q 2kn L2 472
3ubtotal 4,320 2,560 13,366 £,09%
Central Awe. - Myrtle dve. 2,500 15 88.5 2,425 2,068 1,141 €,015 2,767
TOTAL LIHE 12,300 5,084 5,2k9 21,693 12,376
Hew Lots Ave. Lire
Open Deck, Solid Web
Finders
Abutment - lew Lots Ave. 300 10 399.5 2.571 1,120 260 2,280 2,L68
lew Lots Ave. - Yan 1,600 0 83.5 2.571 759 729 2,406 2,L6
Siclen Ave.
Van Siclen Ave. = renn. 1,600 - - - - - - -
ave.
Senn. Ave. - Junius 3t. Z,100 10 - 89.5 2.571 1,360 1,5k0 5.03% 2,359
Junius St. = Rockaway Ave. 2,000 ic 89.5 2,571 160 160 “11 <11l
25 37.0 2.219 R IYCts} L, uge 2,541 9,841
3 6.5 Z2.154 1,200 1,120 z,5385 2,412
120 A2.0 1.582 720 720 1,211 1,211
Zustotal 7,560 6,180 1h,1L8 13,97
Secnavay Ave. - Zaratoma 1,800 12 8¢.5 2.5T2 530 &30 1,820 1,620
Ave. 5 35.2 1.965 540 54C 1,062 1,062
130 82.% 1682 273 270 LSk L3k
Zuctotel 1,40 1 bk 3,136 3,120

-

eproduced from
est available copy.

AN

[
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NYCTA NOISE IMPACT CALCULATIONS (CONT.)

TABLE G-5.
Approx. . Sound Level Weighted
sgsmt Distance Impacted Papulation {P) Population (LWP)
Elevated Structure Location | Length |to Bldgs. ]| Transit Residential & {Residential [Residential & | Residential
and Description (ft) (ft) Ldn {dB) [ W (Ldn) | Commercial Only Commercial Only
Vew Lota Ave. Ling
(Cont, )
Saratoge Ave. - Sutter Ave.| 2,600 8 90.0 2.6LT 372 299 985 T91
. 10 89.5 2.571 372 149 956 383
30 87.0 2,154 ThY 670 1,503 1,LL3
Lo 8s5.5 2.027 596 596 1,208 1,208
100 82.5 1.682 1,040 1,040 1,749 1,749
Subtotal 3,124 2,758 6,501 5,575
Sutter Ave. - Abutment 1,100 10 85.5 2.571 330 330 B4E 8LB
TOTAL LINE 13,600 15,493 14,463 35,018 32,27
Palham Lire
Open Deck, Solid Web
Girders
Abutment - Whitlock 1,000 - - - - - - -
Whitlock - Elder 2,400 4o 85.5 2.027 800 800 1,622 1,622
100 82.5 1.682 2,880 2,880 L, EhY L Bub
Subtotal 3,680 3,680 6,u68 6,66
Elder-- Morrison 1.k00 0 5.5 2,027 L4ET LT oh7 9uT
100 B2.s 1.682 2,88¢ 2,880 b, 8Lk b 8Lk
Subtotal 3,347 3,347 5,791 5.791
Morriscn - St. Lawrence 2,100 30 86.5 2.154 315 315 679 679
e} 85.5 2.027 1,260 1,280 2,55 2,55
10C 82,5 1.682 2,100 2,100 3,532 3,532
Subtotal 3,675 3,675 §,765 6,765
St. Lawreace = 17Tth 5t. 1,900 Lo 85.5 2.027 950 380 1,926 770
60 84.0 1.848 285 285 527 527
100 gz.5 1.682 1,520 1,520 2,557 2,557
150 81.0 1.526 570 570 &70 870
Subtotal 3,325 2,755 5,87% L,723
17Tth 8t. - Castle Hill 2,700 L0 85.5 2.027 756 453 1,532 . .930
8o 83.0 1.736 810 810 1,b06 1,406
100 82.5 1.682 3,105 3,105 5,223 5,223
Subtotal 4,671 4,378 8,161 7,559
Csstle Hill - Zarega Ave. 1,800 20 88.0 2.355 270 270 636 636
30 8€.5 2.15L 540 540 1,136 1,136
Lo 85.5 2.027 u50 360 912 912
100 82.5 1.682 540 5L0. 308 . 308
Subtotal 1,800 1,710 3,592 3,592
Zarega Ave. - Westchester 1,500 Lo 8¢.5 2,027 200 - kos -
Sq. 50 85.0 1.966 200 200 393 393
80 83.0 1.736 500 - 368 -
100 82.5 1.682 600 £00 1,008 1,009
Subtotal 1,500 800 2,676 1,402
Westchester Sq. - Middle= 200 10 89.5 2.571 400 267 1,028 £86
town Rd. 4o 85.5 2.027 133 - 270 -
Subtotal 533 267 1,298 €86
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TABLE G-5.

NYCTA NOISE IMPACT CALCULATIONS (CONT.)

- Sound Level Weighted

Approx. o : .
i Segment | Distance Impacted Population (P) Population (LWP)
Elevated -Structure Location [ Length |[to Bldgs. | Transit Residential & |Residential |Residential & | Residential
and Description {ft) (ft) Ldn (dB} } W {Ldn) | Cemmercial Only Commercial Only
Palhan Line (Cont.)
| Middletown Rd. - Buhre Ave., | 1,700 Lo 85.5 2.027 2,040 2,0u0 4,135 k,135
100 82.5 1.682 2,040 2,0u40 3,431 3,431
Subtotal 4,080 4,080 7,566 7,566
Bubre Ave. - Pelham Bay 2,800 %0 85.5 2.027 1,232 1,232 2,L97 2,497
Park Pkwy 80 83.0 1.736 560 560 972 9712
100 82.5 1.682 2,L8L 2,464 L,1Lh b,1Lk
Subtotal L,256 L,256 7,61k T,61b
TOTAL LIKE 21,300 30,867 28,5L4 60,667 57,039
Roekaway Line
Tie and Ballagt Track,
Conerete Viaduct
Rockaway Pkwy. - Seaside 330 5 79.0 1.38L 330 330 kst L5y
150 €9.0 0.607 3,960 3.960 2,L04 2,kok
Subtotal 4,290 k. 290 2,860 2,860
Seaside - Playland 2,000 20 76.0 1.078 Loc 4o¢ L3 L3y
25 13.0 1.0 133 133 133 133
200 67.5 0.528 1,600 1,600 350 950
Subtotal 2,133 2,133 1,515 1,515
Playlend - Holland 2,000 15 76.5 1.110 267 267 299 . 259
30 4.5 0.963 267 267 257 257
40 73.5 0.890 1,067 1,067 250 350
Subtotal 1,601 1,601 1,505 1,505
Holland - Gaston 5,700 2 80.0 1.k28 568 568 811 811
30 4.5 0.953 712 712 682 682
Lo 73.5 0.890 712 712 63k 63k
50 73.0 0.855 568 568 186 LB&
60 72.0 0.788 1k2 1kz 112 112
70 T1.% 0.756 1,424 1,424 1,077 1,077
8o 71.0 0.725 8si a5k 619 £19
Subtotal 4,980 4,980 §,42k -
Gaston - Straiton 220 e 73.5 "0.890 51k 514 Lst us7
8o 71.0 9.725 3,010 3,010 2,182 2,182
Subtotal 3,524 3,52k 2,810 2,6h0
Straiton - Frank k,500 —_ - - - - - -
Frenk - Zdgemere 2,000 Lo 73.5 0.890 200 200 178 178
Sub L 16,728 16,728 13,120 13,120
Edgemare - Wavecrest 2,000 20 16.0 1.078 Loa 400 431 431
4o 73.5 0.890 Loo LoG 356 356
60 72.0 0.788 koo 400 315 315
70 T1.5 0.756 600 600 hsh sk
Subtotal 1,800 1,800 1,556 1,556
Wavecrest ~ Mott Ave. 2,800 20 76.0 1.078 280 280 302 302
30 Th.5 0.963 8ko 80 809 209
4e 73.5 0.890 8Lo 840 7L8 48
50 73.0 0.855 280 280 239 239
60 72.0 0.788 560 560 Lyl bl
Subtotal 2,800 2,800 2,539 2,539
TOTAL LINE 26,500 21,328 21,328 17,215 17,215
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TABLE G-5. NYCTA NOISE IMPACT CALCULATIONS (CONT.)

Approx Sound Level Weighted
. . o -
Segment | Distance Impacted Population (P} : Popt.ﬂatmn {LWP)
Elevated Structure Location | Length |to 8l1dgs. | Transit Residential & |Residentfal |Residential & |Residential
and Description {ft) (ft) Ldr {dB) | W {Ldn) | Commercial Only Commercial Only
West End Line
Open Deck, Solid Web
Girders
9th Ave. - Pt. Hamilton 1,800 15 "88.5 2.425 8ho £00 2,037 1,lss
Ft. Hamilton - S0th St. 1,700 15 68.5 2.425 1,785 1,063 L,329 2,578
50th 5t. - 55th St. 1,400 15 88.5 2.k235 1,512 952 3,667 2,309
55th St. - 62nd St. 2,000 15 88.5 2.L25 1,666 929 L,cLo 2,293
70 83.5 1.791 267 267 L78 478
Subtotal 1,933 1,196 4,518 2,731
f2nd St. - Tlgt St. 2,ko0 15 88.5 2.425 1,470 720 3,565 1,7k6
. 50 8s5.0 1.966 180 180 a5k 35k
Subtotal 1,65¢C $00 3,919 2,100
71st St. - 18th Ave. 2,200 15 88.5 2,425 1,029 637 2,495 1,548
50 8s5.0 " 1.966 98 kg 193 96
Subtotal 1,127 686 2,688 1,841
18th Ave. = 20th Ave. 1,500 19 88.5 2.425 150 100 36L 2L3
25 87.0 2.219 50 - 111 -
. 30 86.5 2,154 750 400 1,616 862
Subtotal 950 500 2,051 1,105
20th Ave. - Bay Pawy. 1,500 30 86.5 2,154 1,0L0 360 z,2k0 775
Bay kwy. -~ 25th Ave. 2,300 20 88.¢ 2,355 255 128 601 301
30 86.5 2.154 561 - 1,208 -
Lo 85.5 1.966 612 1902 1,203 201
100 82.5 1.682 102 102 172 172
Subtotal - 1,530 332 3,184 67k
25th Ave. = Bay 50th St. 3,100 15 §8.5 2.425 138 138 335 335
Lo 65.5 2.027 1,103 483 2,236 378
50 85.9 1.966 36L o6L 1,885 . 1,895
100 2.5 . 1.682 24y 183 L1o 308
Subtotal 2,lu9 1,768 4,876 3,517
Bay 50th St. - Abutment Loo 30 6.5 2.154% 1.000 600 2,158 1,292
80 83.0 1.736 €,000 .- 10,416 -
Subtotal 7,000 600 12,570 1,292
TOTAL LINE 23,800 ‘21,816 8,957 LE,100 20,176
‘Ahite Plains 3 waat
Farme Line
Open Deck, Solid Wed
Sirders
Abutment - Jackson Ave. 500 20 86.5 2.154 175 100 C 37T 215
100 82.5 1.632 1,125 1,125 1,392 1,892
fubtctal 1,300 1,228 2,243 2,107
Jackson Ave. - Prospect 1,900 30 36.5 2.15% 333 -- 7 -—
Ave. 40 8.5 2.027 3,801 3,658 7,705 7,b15
70 83.35 1.791 u7s u7 351 351
80 83.0 1.736 1,425 1,b25 2,474 2,47
Suctotal 6,03k 5,548 11,747 10,740
Trospect Ave. - Intervale 1,800 30 8&.5 2.15h L8o Lao 1,034 1,034
Ave. 50 85.5 2.027 480 - 373 -
100 82,5 1.682 800 600 1,009 1,009
Subtotal 1,5€0 1,080 3,018 2,043
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TABLE G-5.

NYCTA NOISE IMPACT CALCULATIONS (CONT.)

Sound Level Heighted

Approx. . o -
Segment | Distance Impacted Population (P) Population {LWP)
Elevated Structure Location | Length |to Bldgs. | Tranmsit Residential & |Residential |Residential & | Residential
and Description (ft) {ft) Ldr: {dB) | W (Lgn) | Commercial Only Commercial Only
White Plains & Wegt Farms
iine (Cont.)
Intervale Ave. - Simpson 1,L00 Lo . 85.5 2.927 1,21 934 2,481 1,893
70 83.5 1.791 heT LgT 836 836
Subtotal 1,761 1,b01 3,257 2,730
Simpson - Freeman 2,000 20 88.0 2.355 8ca 760 1,E8L 1,645
30 36.5 2.154 300 200 64g b3l
Lo g5.5 2.9027 750 550 1,526 1,115
100 82.5 1.682 500 500 8h1 8uL1
Subtotal 2,350 1,950 4,891 4,036
“reeman - 174th St. 3,700 Lo 85.5 2.027 5,62k 5,624 11,400 11,400
iThth St, - E. Tremont 2,500 Lo 8s.5 2.027 250 -- 507 -
80 83.0 1.736 2,250 2,250 3,906 3,906
Zubtgual 2,500 2,250 L,b13 3,506
Sub Z 21,145 15,078 41,033 36,962
%, Tremont - 180th 3t. 3,000 100 8z.5 1.682 3,600 3,600 6,055 6,055
180th St. - Abutment 500 - - - -— _— - _—
Atutment - Bronx Pkwy E. 500 10 89.5 2.571 600 600 1,543 1,543
3renx 2kwy I. - Pelham 2,100 T 10 29.5 2.571 L20 420 1,380 1,280
Ry . : 100 32.5 1.682 3,02k 3,02k 5,086 5,036
Subtote, 3,44k ERTN 6,260 6,180
Pelham Pkwy. - Allerten 3,000 100 82.5 1.882 11,100 11,100 18,670 18,670
150 81.0 1.526 2,400 2,500 3,662 3,662
Suntotal 13,500 13,3500 22,332 22,332
illerton - Eurke 1,%00 40 85.5 2.927 254 - 515 ' --
N 70 33.5 1.791 507 507 308 308
1G0 82.5 1.682 1,140 1,140 1,917 1,917
Subtotal 1,9C1 1,047 3,340 2,325
Surke Ave. - Jun Hill R4. 2,200 L0 85.5 2.027 Lag - 392 --
70 €3.5 1.791 3,300 3,300 5,910 5,310
100 32.5 1.682 6€Q =) 1,110 1,11C
15¢ 81.90 1.526 660 560 1,007 1,007
Iubtotal 5,360 1,620 3,919 3,027
Sun Eill Rd. - Z13un 3t 2,600 i 38.2 2.35% 312 212 T35 733
) 8€.5 2.154 ck 08 Led LbA
S0 35.5 2,027 232 332 1,586 1,586
10 83.5 1.791 312 312 555 559
8o 33.9 .72 208 203 361 361
100 52.5 1.632 416 L3g 700 7¢0
159 j1.0 1.526 312 2 L7686 L6
Subtotal 2,500 2,600 b,565 4,965
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TABLE G-5. NYCTA NOISE IMPACT CALCULATIONS (CONT.)

Elevated Structure Location
and Description

e gmrtzrza -4 mrews LecmmacET s

White Plainoc 4 West Farma
Line (Cont.)

219th St. - 225th &t.
Subtotal

225th Bt, - 233rd 3t.

Subtotal
233rd 5t. - Heraid Ave.

Subtotal
Neraid Ave. - 2hlst St.

Subtotal

TOTAL L.TUE

Approx.

Segnent

Length
(re)

2,390

1,600

1,800

2,000

37,300

Distiance
to Bldgs.

Lo
B0
100

Lo
80
100

15
3o
b

Impacted Population {P} Population (LWP)

Transit Residential & {Residential |Residentfal & | Residential
Ldr: (dB) } W (Lgp) | Commercial only Commercial Only
85.5 2.027 2,1h5 2,15 4,38 i, 348
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APPENDIX H: PATCO INVENTORY

H.1 Elevated Structure Description

The PATCO transit system includes two segments of elevated
structure, comprising a total length of 1.38 km (0.857 miles),
located in the viecinity of the Westmont and Collingswood, NJ
stations. The structure conslsts of concrete, with longitudinal
concrete beams supporting an 8-in.-thick concrete slab deck (see
Fig. H-1). The beams are supported by a single concrete girder
at each pier, which in turn 1s supported by one or two columns,
depending on track separatlon (see Figs. H-2 and H-3). The
track consists of continuous welded rail, mounted on the concrete
deck with resilient rall fasteners (see Flg. H-4),

Note that bridges (e.g., the Benjamin Franklin Bridge) are
not conslidered elevated transit structures for the present

purpose.

H.2 Noise Estimation

‘Noise measurements conducted by BBN [#.1] indicate an average
single event nolse exposure level (SENEL) of 95 dBA at 15 m
(50 ft) for 2-car train passbys at 97 km/h (60 mph). For the
purpose of this analysis, train speeds are assumed to average 32 km/h
(20 mph) within 300 m (1000 ft) of the stations, 56 km/h (35 mph)
between 300 and 460 m (1000 and 1500 ft) from the stations, and
97 km/h (60 mph) between 460 and 610 m (1500 and 2000 ft) from
the stations. OSENEL is assumed to vary as 20 log (speed) and
10 log (no. of cars). Thus, baseline passby noise levels for
single cars on the PATCO elevated structure are estimated to be:

92 dBA at 97 km/h (60 mph)
87 dBA at 56 km/h (35 mph)
82 dBA at 32 km/h (20 mph)

SENEL (15 m)

fl



FIGURE H-1. PATCO ELEVATED TRANSIT STRUCTURE
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FIGURE H-4. PATCO ELEVATED STRUCTURE TRACK SUPPORT



The day-night average sound level, Ldn’ can be calculated

by summing the sound energy of all train passbys, with a 10 dB
penalty added to nighttime (10:00 p.m. to\?:OO a.m.) operations,

and averaging the result ocver a 24-hr period. The Ldn may be

calculated from: '

Lgg(15 m, 1 car) = SENEL(15 m, 1 car)+10 log(nday+10nnight) - 49.4,
' (BE.1)

where Ldn(IS m) is the day-night average sound level, in dB,
at a distance of 15 m (50 ft). SENEL(15 m, 1 car) is the

single event noise exposure level, in dBA, for a single-car
passby at a distance of 15 m (50 ft).‘ nday
transit cars during daytime (7:00 a.m. to 10:00 p.m.), and

is the number of

nnight is the number of transit cars during nighttime (10:00 p.m.
to 7:00 a.m.). |

Based on PATCO schedule data [H.2, H.3], the Ldn is found
to be:

74 dB at 97 km/h (60 mph)
69 dB at 56 km/h (35 mph)
64 dB at 32 km/h (20 mph).

Ldn(IS m)

Ldn values for locations beyond 15 m (50 ft) are calculated

assuming a decrease corresponding to 10 log distance.

H.3 Fractional Impact Ana1ysis

The fractional impact analysis here is accomplished by the
method outlined by Schultz [H.4], described on page H-7:

H-6




1. The transit Ldrl
corresponding tc the first row of residential buildings. These
distances range between 7.6 and 137 m (25 and 450 ft), based

component is estimated at distances

on BBN observations. Train speeds for this estimate are chosen
based on the distance from the staticons along the transit
corridor, as described above. '

2. Ambient noise levels (without PATCO) are estimated
based on population density data [#.5] using the relation [H.6]:

Lgp = 10 log (p) + 22 dB, (H.2)

where p denotes population density (people per square mile).
Based on population densities of 7,500-17,500 people per sguare
mile [H.5], the ambient levels (Ldn) are estimated to be 60 to
€5 dB in the vicinity of the PATCO elevated structures.

3. Residential locations at which the transit noise is more
than 5 4B below the amblent nolse are eliminated from the impact
analysis. '

4. It is assumed that there are an average of three people
per residential uﬁit. A total of approximately 260 residential
units is impacted. The'impacted population 1s reduced by one-
half as suggested by Schultz [#.4], to account for the assump-
tion that conly that half of the people that face the tracks are
significantly impacted.

5. The total Sound Level Weighted Population (LWP) is cal-
culated by summing the products of the number of people times
the noise weighting function (W) corresponding to the transit

Ldn at each residential location.

H~7



The results of the fracticnal impact analysis for the PATCO
system indicate a total Scund Level Weighted Population (LWP)
of 147, for a total impacted population of 392.
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APPENDIX I: SEPTA INVENTORY

I.1 Elevated Structure Description

The Southeastern Pennsylvania Transportation Authority (SEPTA)
rail transit system contains approximately 12.4 km (7.7 miles)
of elevated structure, located along the Market-Frankford line
in Philadelphla (see Fig. I-1).

The Market St. section includes about 3.9 km (2.4 miles) of
elevated structure between Millbourne St. and 44th St. The
predominant structure design for this section consists of trans-
verse steel plate beams, supported by two longitudinal lattice
web girder stringers, 1.7 to 1.8 m (5.5 to 6 ft) in depth, which
span typically 15 m (50 ft) between steel bents (see Fig. I-2).
Jointed rail on wood ties and ballast is carried on a concrete
deck atop solid steel plate, which is supported by the transverse
beams (see Fig. I-3). A 366 to 427 m (1200 to 1400 ft) section
of the Market St. line, between 63rd St. and Millbourne St.,
consists of a structure with wood fles supported directly on
longitudinal lattice web girders. Since this segment is of
minimal length, and since there is no residential land use along
this portion of the line, the open deck section is not considered

as a separate case 1n the present impact analysis.

The Frankford section includes elevated structure between
the Spring Garden and Bridge-Pratt St. stations, a distance of
about 8.5 km (5.3 miles). The predominant structure for this
section consists of transverse steel lattice web girders, sup-
ported by three longitudinal lattice web girder stringers, 1.8 m
(6 ft) in depth, which span typically 15.8 m (52 ft) between
steel bents (see Fig. I-4). The bents are supported either by
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FIGURE T-2. SEPTA MARKET ST. LINE ELEVATED STEEL STRUCTURE
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two columns or a single center support. The track consists of
Jointed rail on wood ties and stone ballast, on top of a concrete
deck that is supported by the transverse béams (see Fig. I?S).
Rail pads of some type of rubber fabric have been installed
between the rails and ties 1in some sections, where upgrading has
been done. Such sections include at most 0.8 km (0.5 miles)

cf the Frankford line steel structure and are not considered as

a separate case for the present analysis.

A new 0.8 km (0.5 mile) section of the Frankford line con-
sists of a concrete viaduct (see Fig. I-6). Here, welded rail
is mounted to a concrete deck with resilient fasteners (see
Fig. I-7).

1.2 Noise Estimation

The estimation of Ldﬁ is based on nolse measurements pre-
viously conducted by BBN [7.1] and by the Boeing Vertol Company

[7.2].

Neise measurements were conducted by BBN along the Frankford
elevated section of the SEPTA system in December 1977, as part
cf an environmental noise assessment for reconstruction of ﬁhis
line [I.1]. The measurements were made at 30 m (100 ft) from
the structure centerline, 1.5 m (5 ft) above the ground, for
typical near and far track 6-car train passbys at 48 km/h
(30 mph). The resulting single event nolse exposure levels

(SENEL) are summarized as follows.

Frankford Elevated Steel Structure:

SENEL at 30 m (100 ft) 94 dBA (near track, average of
. 7 measurements)
89 dBA (far track, average of

7 measurements).

1-6
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FIGURE I-6. SEPTA FRANKFORD LINE CONCRETE VIADUCT
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Frankford Elevated Concrete Viaduct Structure:

90 dBA {near track, average of
3 measurements)

88 dBA (far track, average of
5 measurements).

SENEL at 30 m (100 ft)

The Boeing Vertol Company conductedlnoise measurements
adjacent to steel elevated structures on both the Frankford and
Market St. sections of the SEPTA system [Z.2]. A-weighted time
histories of both near and far track train passbys were used to
determine both the Average Maximum Level, LA(Max)3 and the dura-
“tion T, (in seconds) of each noise .event, taken as the time that
the noise level was within 5 4B of La(Max). The duration was

used to calculate the parameter Ly from:

LR = LA(Max) + 10 log T, , dBA s

where Lo 1is an approximation to SENEL suggested by Schultz [I.3].

The Boeing measurements were made at 15 m (50 ft) from the elevated

structure, 1.6 m (5.25 ft) above the ground, for typical six-
car train passbys. The resulting SENEL estimates are summarized
as follows, normalized to 30 m (100 ft).

Frankford Elevated Steel Structure:

1

93 dBA (near track, average of 4
measurements)

89 4BA (far track, average of 4
measurements).

SENEL at 30 m (100 ft)

K

Market St. Elevated Steel Structunre:

it

SENEL at 30 m (100 ft) 93 dBA (near track, average of 4
measurements )
89 dBA (far track, average of 4

measurements).



The preceding Boeing results indicate that train passbys
generate the same acoustic energy on both the Frankford and Market
St. elevated steel structures, despite the structural design
differences. ' Furthermore, the Boeing results for the Frankford
steel elevated structure are seen to agree closely with- the BBN
measurements. Therefore, the BBN SENEL results obtained for the
Frankford line elevated steel structure were used for noise
impact analysis for all SEPTA steel elevated structures. Addi-
ticnally, the BBN results for the Frankford line concrete viaduct
segment were used to characterize noise from this structure.

The day-night averééé&soumd lééé}, Ldn’ calculated by
summing the sound energy of all train passbys with a 10-dB
penalty added to nighttime (10 p.m. to 7 a.m.)noperafions, and
averaging the result over a éﬁ-hr period, may be computed from:

Ldn(30 m) = SENEL(30 m) + 10 log [Nday+lONnight] - 49,4,

(I.1)
where Ldn(30 m) is the day-night average sound level, in 4B, at
a distance of 30 m (100 ft); SENEL(30 m) 1s the single event
nolse exposure level for a typical train passby at 30 m (100 ft),
in dB4; Nday

10 p.m.; and Nnight

is the number of train passbys between 7 a.m. and
is the number of tralin passbys between 10 p.m.

and 7 a.m.

Information obtained during the Frankford Elevated noise
assessment [7.1] indicates 192 daytime and 32 nighttime train
passbys per day 1in each direction. Based on these numbers and
the measured BBEN SENEL data, the near track and far track Ldn
components for the two basic structure types were calculated
using Egq. I.1. Logarithmic addition of the near and far track
Ldn components ylelds the following results:



SEPTA Elevated Steel Structure:
Lyp @t 30 m (100 ft) = 73 dB [for six-car trains at
48 xm/hr (30 mph)]
SEPTA Elevated Concrete Viaduct:

Ldﬁ at 30 m (100 ft) = 70 dB [for six-car trains at
48 km/h (30 mph)].

Ly, 2t distances other than 30 m (100 £t) may be estimated

by assuming the Ldrl varies as 10 log (1/distance).

[.3 Fractional Impact Analysis

The fractional impact analysis for the SEPTA system elevated
structures 1s accomplished by the method outlined by Schultz
[7.4], using the following steps:

1. The transit Ldn component 1s estimated, as previously
outlined, for distances corresponding to the first
row of residential and ccmmercial buildings. These

distances are obtained from a physical inventory [I.5].

2. The pcpulation for each block aleong the elevated
lines is obtained from the physical inventory [I.58],
which determined an average of (0.2 people per ft
of frontage per story.

3. The Sound Level Weighted Population (LWP) for each
segment between elevated line stations is calculated
by multiplying the population bordering the segment
by the noise weighting function (W) corresponding to
the transit L for the appropriate étructure'type

dn
at each residential/commercial location.




4. The total LWP is calculated for each elevated line,
for each structural type, and for the entire system,
by summing the LWPs for the appropriate station-to-
station segments. Results are obtained for the
following two cases: (a) residentialvand commercial
land uses impacted and (b) only residential land

uses impacted.

The above procedure assumes that frain ncise is never more
than 5 dB below the ambient Ldn (without trains) at the first
row of builidings. The lowest train Ldn component encountered
in the calculations is 72.5 dB. Population data indicate that
population densities along the Market-Frankford elevated line
range between 550 and 37,500 pebple per square mile [7.6].
Ambient noise levels, estimated from the relation [I.7], Lan =
10 log(p) + 22 dB [where p denotes the pepulation density (people
per square mile)], turn out to range between 49 and 68 dB.
Therefore, the fractional impact analysis should include all

areas exposed to a train L component of 63 dB or greater.

dn
Since the lowest train noise encountered was 72.5 dB, the assump-

tion of train noise dominance 1s considered justifiable.

The results of the fractional impact analysis for the SEPTA
system elevated structures are summarized in Tables I-1 and I-Z2.
Calculation details, including station-tc-station noise impact

data, are provided in Table I-3.
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TABLE I-3. SEPTA NOISE IMPACT CALCULATIONS
ggs:nl::t Dfstance Impacted Population (P) SDEEEu’I'::?.:nH?E%)m

Elevated Structure Location | Length |to Bldgs. | Tramsit Residential & {Residential | Residential & | Residential
and Description (ft) (ft) Ldr (dB) | % (Lgn) | Commercial Only Commercial Only
Market St. Seaticm
Steel Structure
Abutment - L6th St. 1,150 ha 76.5 1.118 920 920 1,029 1,029
L6th 8t. - S52nd St. 3,300 30 77.5 1.202 188 - 226 -
' Lo 76.5 1.118 1,692 1,50k 1,892 1,681
60 75.0 1.000 470 - 4te —
100 72.5 0.822 3,763 3,783 3,093 3,093
Subtotal 6,113 5,267 5,681 L, 775
52nd St. - 56th St. 2,200 Lo 76.5 1.118 1,760 1,056 1,568 1,181
5éth St. - 60th 3t. 2,200 %] 16.5 1.118 2,200 1,650 2,560 1,845
60th St. - 63rd St. 1,800 Lo 76.5 1.118 1,710 1,125 1,912 1,258
63rd 8t. - Abutment 2,100 30 17-5 1.202 €30 -- 157 -
TOTAL SECTION 12,750 13,333 10,018 13,807 16,087
Frankford Section
Steel Structure
Bridge St. - Orthodex 3,300 10 §1.0 1.526 132 -- 201 —
15 80.9 1.L28 132 - 189 -
23 78.5 1.20% 1,980 1,320 2,552 1,701
Subtotal 2,24h 1,320 2,02 1,701
orthedox = Church 2,300 15 60.0 1.h426 368 - 523 -
23 78.5 1.289 1,196 552 1,5h2 712
25 78.0 1.265 823 363 1,025 45z
Subtotal 2,387 gls 3,090 1,164
Chureh - Tioge €,550 23 78.5 1.289 2,620 2,245 3,317 2,894
Tioga - Allegheny 2,500 23 78.5 1.2689 2,800 1,800 3,609 2,320
Allegheny - Somerset 3,300 23 78.5 1.285 3,7L0 2,k20 L,821 3,119
Somerset - York/Deuphin 3,700 12 80.5 1.47 634 422 236 623
15 80.0 1.k28 634 528 905 758
23 78.5 1.289 2,708 1,754 3,491 2,261
Subtotal 3,976 2,70k 3,332 3,638
York/Dauphin = Girard 3,700 18 79.0 1.384 1,816 1,211 2,913 1,876
20 75.0 1.384 2,270 1,867 3,142 2,584
23 78.5 1.289 - 2,770 2,270 2,928 2,926
Subtotel 6,856 5,348 8,581 7,286
Total Steel Structure 25,350 24,623 16,752 31,752 22,122
Conorgte Structure
Girard - Spring Gardeo 2,450 20 76.0 1.078 Lgp 450 528 528
50 T2.5 0.822 k9o L3 Lo3 o3
Totel Concrete Strusture 2,450 980 980 931 931
TOTAL SECTION 27,800 25,603 17,732 32,683 23,052
TOTAL LINE LQ,550 38,936 27,750 L&, L0 33,1k0
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APPENDIX J: WMATA INVENTORY

J.1l Elevated Structure Description

The Washington Metropolitan Area Transit Authority (WMATA)

system currently operates on approximately 7 km (4.5 miles)
of elevated structure, with an additional 5 km (3 miles) of such
structure planned for future use. The WMATA system includes a

variety of elevated structure types as follows:
1. Steel plate girder, concrete slab deck,
welded rail with resilient fasteners; 1.6 km

2. Steel box girder, ccncrete slab deck,
welded rail with resilient fasteners; 8.0 km

3. Concrete box girder, concrete slab deck,
wood tie and ballast, welded rail; 2.0 km

L, ' Concrete box glrder, concrete slab deck,
welded rail with resilient fasteners; 0.6 km

(1.0 miles)

(5.0 miles)

(1.2 miles)

(0.4 miles)

TOTAL: 12.2 km

(7.6 miles)

The WMATA system 1is new, relatively quiet, and generally

net near residential areas.

J.Z2 Noise Estimatfon

Noise data provided by WMATA [J.1] suggest that the maximum
noise level for a typical 6 to 8 car train passby at 120
km/h (75 mph) is 80 dBA at 30 m (100 ft).

The approximate conversion from maximum (peak) sound level,

Lmax’ to single event nolse exposure level, SENEL, is accomplished

by use of the following equation [J.2]:



_ . 11.3d :
SENEL(4) = Lmax(d) + 10 log [——;——], (J.1)

where SENEL(d) is the single event nolse exposure level, in dBA,
at distance d; Lmax(d) is the maximum (peak) passby noise level,
in dBA, at distance d; d is the distance to track centerline,

in m; and v is the train speed, in km/h.
Application of this equaticn to WMATA ylelds:
SENEL(30 m) = 85 dBA (120 km/h, six to elght cars).

The day-night average sound level, L., , may be calculated

dn
from:

- 49.14,

Ldn(30 m) = SENEL(30 m) + 10 1log [Nday + 10N
' (J.2)

night]

where_Ldn(BO m) 1is the day-night average sound level, in dB, at
30 m {100 ft); SENEL (30 m) is the single event noilse exposure
level, in dBA, at 30 m (100 ft); N is the number of train passbys
in daytime (7 a.m. to 10 p.m.); and Nnight

is the number of train
passbys in nighttime (10 p.m. to 7 a.m.).

Based on WMATA schedule data [J.1], one finds an Ldn of 64
dB at 30 m (100 ft) from the elevated structure. L beyond 30 m

dn
is calculated assuming attenuation as 10 log (distance).

J.3 Fractional Impact Analysis

Information provided by WMATA [J.1] suggests that the ambient
nolse between train passages is 60 dBA or more; thus, the ambient

Ldn is at least 60 dAB. WMATA data [J.1] indicate that residential




zones are 300 m (1000 ft) or more from the elevated structures.
The translit system Ldn at 300 m (1000 ft) is estimated to be
54 dB and, thus, 1s more than 5 dB below the ambilent noise level.

Therefore there essentially is no ncise impact from the WMATA

elevated structures [J.3].
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APPENDIX K: REPORT OF NEW TECHNOLOGY

The work performed under this contract has led
to an lnnovative analysis technique, called the
"Fractional Import Method", and applied to assess
the environmental nolse impact of rapid rail
elevated structures.
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