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" • PREFACE

Wayside and in-car noise and vibration characteristics of a

late-model mass-transit car, making up four-car and two-car trains,

arc t_bulated and snal),zed in this report. The HBTA Type ], So. Shore

Rapid Transit Car designed and built by Pullman Standard, Chicago,

Illinois and currently in operation on the Red llne of the Massachu-

setts Bay Transportation Authority (MBTA) was measured.

Wayside measurements were made by the tracks of the So. Shore

Extension of the Red line 58 days after the official September I, 1971

opening of this extension. These noise and vibration measurements

were repeated six months later. The average peak value of the way-

side noise and vibration levels measured for 2-car and 4-car trains

u_ _ ; Avg Poak Sois_ Level AVs P_ak Vibration Level

dBA re 20_N/m 2 * dB re I0"6_

Date Avg Speed at 25 fZ at 3B ft

Trains Heasurod mph at 25 ft _t 50 ft at _OO _1 Z'aXIS X-axis t-axis z-sxis _-axls p-axls

Oct 28, 1971 $0.4 g5,1 90.4 85.7 - 93.B 85.9

4-Car Trains •

April ZS, 1972 $0,1 95,Z g8,4 B3,5 79,4 187.4 91.0 73.1 _0,$ 83.7

4-Car Trains
i

April 29, 1072 49.9 89,5 86_5 79,8 79.3 _S.O 90,3 72.2 79.4 SO,5

: Z-Car Trains

.dSk - "A" weighted Souod pressure ]¢vels
- no data

In-car noise measurements were made at three locations in a

selected 2-ear train on a typical run over various se6tions of the

Red Line In addition throe-axis vibration measurements were made

at a point on the floor tiles over the rear wheel truck on the lead

car, Typical coincident noise and vibration levels are tabulated

in this report for the many varied conditions of the Red Line.

Yore: Three-axis vibration measurements: z-axis vertical, x-axis
longitudinal, y-axis lateral, respectively.
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i, INTRODUCTION

The U.S. Department of Transportation, Transportation Sys-

tems Center (TSC), Cambridge, MA undertook a project to measure

and document the noise and vibration levels produced by rapid-

transit cars operating on the Rod Line of the _lassachusetts Bay

Transportation Authority (_BTA) Rapid Transit System.

The Rod Line proper and the Ashmont Extension of the Red Line

which run between Harvard Square in Cambridge, MA to Ashmont

Station in Dorchester, _tA is a relatively old line with wooden ties

and a non-welded rail system, The So. Shore Extension of the Rod

Line which runs between Quincy Canter in Quincy, _ and joins the

Red Line at a point between Columbia and Andrew Stations in

Dorchester, _JA is a new line and was put into operation on

September lp 1971. This extension was constructed with a high-

quality road bed with concrete ties and a welded rall system.

New transit cars, designed and built by Pullman Standard, Chicago,

1111nols, to MBTA developed specifications, were purchased by the

MBTA for use on this new extension and on the Red Line from

Harvard to Andrew Station. These cars have been designated No. 1

So. Shore Rapid Transit Cars by the _IBTA.

Nayslde noise and vibration measurements were made next to

the So. Shore Extension tracks in Dorchester, MA on October 28, 1971

and repeated again on April 27, 1972 to obtain u comparison of

measurement levels after the first six-months operational period.

In addition on April 29, 1972, the lead car of a two-car train

was instrumented for the measurement of noise at two locations in-

side the ear and at one location on the outside platform between

cats. It was also instrumented for the measurement of floor

vibrations in three axes. at a point inside the car centered over

the tear wheel trucks.

The above in-car measurements were made during typical runs

over the Red Line proper, and on the Asmont, and So. Shore

Extensions of the Red Line.

1
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2, DISCUSSIOD!

Noise-and-vibration level measurements were made on the Red

Line and on the Ashmont and So. Shore Extensions of tile Red Line

af tile Massachusetts Bay Transportation Authority (_IBTA) Rapid

Transit System. ! '

Wayside measurements were made on OcLub_r 2_. I_,_ next *_ !

the tracks of the So. Shore Extension. This was 58 days after the ;L:

official Septetnbar i, 1971 opening of this extension. These same '_

measurements were repeated six months later on April 27) 1971 to ,_

obtain a measure of the condition of the track and/or equipment ' _

during tbe first six months of operation. In addition in-oat

noise and vibration measurements were made in the lead car of

a two-car train on a typical run on April 29, 1972.

This report documents the noise and vibration measurements

made. Appendixes A through D contain the analyses of the wayside '

noise and ground vibration data. Appendixes E and P contain the

analyses of the in-car noise and floor vibration data. i,

Hicrophono and vibration transducer locations snd procedures _'
i-

used in obtaining and reducing measuremmnt data arm detailed.

(See appendixes G and H.) ' "

Appendixes I through L contain: the description of the

transit car in use on the So. Shore _xtension; the tunnel con-

figuration at various points on the Red Line; definition of terms

and calculation; and environmental data, respectively.

As an aid in reducing and analyzing the recorded data, time-

history chart recordings were prepared for each microphone out-

put (Nolso level in dgA re 20_N/m 2 vs Time) and for the throe

vibration axes (root mean square Acceleration dB re lO'6g vs Time).

Specific occurrences identified from the time histories were

selected for one-third-octave frequency spectral analyses for both "

noise at the three microphone locations and vibration in three

axes.



i

. Statistical analysis of noise data obtained have boon pre-

pared showing noise levels (dBA] vs. frequency of occurrence to-gether with calculated noise indexes to form a basis for comparison.

. Note that during the in-car measurements, the air conditioning

. _ equipment in the test train was turned off.

i
i +
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3, WAYSIDE NOISE MEASUREMENTS-MBTA RED LINE (SO, SHORE EXTENSION) .',

OCTOBER 28, 1971 (1500 Tn 1650 HOURS)

i

Appendix A contains time-histories, statistical analyses, and :7'

i/3-oetave frequency spectra of wayside noise-level measurements

made at the three wayside locations in an MBTA storage yard on Tenean

Street, Dorchesterj MA, next to the tracks of the MBTA South Shore _

Extensionof theRedLine. ,.i

These measurements were made on October 28, 1971, 58 days after i._

tile official opening of the So. Shore Extension of tile Red Line.

Figure A-I contains a short representative coincident time i

history of wayside noise level measurements. Microphones were ;-;'
5

set up at perpendicular distances of 25, 50, and i00 ft. respectively ,_

from tile centerline of the northbound track. The centerline of

tile southbound track was effectively 38_ 63, and i15 ft., _,

from these microphones. Noise levels are plotted in dBA re

20uN/m 2 vs Time with the events of interest identified.
¢ .

Table S-I shows the coincident wayside noise and ground ,

vibration levels measured. The peak RMS noise level measured at i:

the three microphones is tabulated for both north and southbound

trains As shown, measurements were made on individual 4-car

trains each time they passed the measurement location in both
r,

the north-and southbound directions. Noise data obtained from

trains traveling southbound were converted to equivalent levels at

25, S0 and I00 ft. for this tabulation by simple addition of S.O,

1.8, and 0.9 dB, respectivly. (See appendix K for conversion

calculation.)

A comparison of the data on individual trains indicates that

northbound trains generated noise approximately 3 dBA greeter than

southbound trains. The reason was not apparent at this point, but

the larger noise levels measured on the northbound track are
i

4
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TABLE 5-1
COINCIDENT WAYSIDE NOISO AND GROUNDVIDRATION LEVEL5

_]BTA RED LI_E (SOOTll 580R_ _XTENSION)
PULLmaN STANDARDt tlBTA TYPE 1 $OUTFIslieR8 .RAPID TRANSIT CARS

4-C_r Trains . October _8= 1072

Peak RMS, Peak RHSAcceleration LoveNoise Level

Car rime of $pood 81rec- dRA _ _O._/_Z dO re 10"6_¥-oAI_ y-=Al_
Serial Nos. )ay tion at 25 fr at S0 £t at 100 ft at 25 ft at 38 £t

160981638,16$1_1650 15 0_ 51.5 N 81 a7 01 901639_1838j1651pI850 15 47 51,E S 89 54 80 83
1839.1838.1651.1650 16 0_ 51.0 H 02 87 8_ _
1522118151104511844 15 08 44,$ $ 85 5|
1522,1515,164S,1044 15 2' 50,8 H 88 54 8_

i 1582_1589,1OO7e1888 18 1l 49,0 100 9Z

N 85
1502,1000p1007,1880 15 54 50.5 $ 97 02 80 B?

• 1502.1500.1607.1686 16 12 80.2 N 180 05 8_ _
lb33,183Zj1648=1048 15 14 5k.8 S 58 95 88
1003_2002j1648_1649 18 29 51.8 N 101 _$ 09
1033_103Z,1648j1549 16 11 51.0 S 98 94 88 87
16331188211648a1040 16 88 51.0 N 102 97 03 _
150511510_1018=1019 15 18 50,5 8 82 87 85
1505,1510,1618,1019 15 37 19,5 _ 85 90 87 95
1505,1510 1618_1519 10 24 50,5 S 92 57 81 85
18OS. 5 0.1628.1810 16 43 49.5 N 96 91 85 _
1020_1022_101_,15Z3 15 29 50,5 S 9Z 55 84
1623,1022,1510_1523 15 43 50.5 N 90 91 $6 95

1623,1022,1810_15_3 16 30 _O85 S _ 5_ _ _41_Z6_1027_1610_1512 15 35 _1.0 S 91 87 88
18Z8,1827_1613 1012 15 47 49,5 N 94 55 84 51
1686, 6_7,1613,1012 16 38 51,_ S g2 88 82 0_
1800_1508,1641_1040 15.40 50,4 S 99 84 _7 88
1803.1508.1641.1640 15 56 51.0 N 102 _? 02 _
1504,1500,1507_1514 18 O9 49,7 5 99 95 88 90
150411500_]50701514 18 22 51.0 N 102 95 g_ _9
1037_1538_1017_1518 18 15 Sl_O $ 93 95 83 80
1037e183081517_1519 10 38 51.0 N 06 91 86 84

Average (All Tratn_ 50.4 N-N 85,1 00,4 05.7
Averase (Northbound 50.4 N 98.8 91,0 80.9 98,8
Averaoe (Southbound 50.3 S 83.5 89,0 84.1 85,8

Noise data _rom southbound trains converted _o equlvnlon8 levels at 25_ 50 and 100 _t £rom
88_ 0_ _nd 115 £t.

_0 data _@asurod

t

]

0



consistent with the larger vibration levels also measured on the

A northbound track. Ground vibration data from section 4 is also
included in table 3-i.

i

To describe the overall temporal characteristic of the wayside

melee at the measurement site, statistical analyses Csee appendix K) :.'

were performed for the data from the three wayside microphones for

a consecutive one-hour period between IS46 and 1646. During

.::.:::.... : _hi_ one-hour --_ ' _4-ear) trains passed the measurement site, L*

six northbound and six southbound. These analyses are shown in '._

figures A-10, A-If, and A-12. _["

At the three locations, the dynamic range of the noise

measured was 39, 35, 31 dBA; the median noise levels were 69.4, !

68.1. 68.5, dBA; and the noise-pollution levels were 89.8, 87.0 '_

and 8S.3 dBA for the 2S, SO, and i00 ft. microphone locations, re- i

spectlvely. Other pertinent noise indexes are also included.
,5

Figures A-2 and A-9 contain expanded coincident time histories i_

• and the associated i/3-oetave noise spectra of a representative .

selective few of the events measured at the three wayside locations.

The integration period chosen for the spectral analysis is located :':

on the time history at the proper point in time.

' [

i'

11

6 ,"



4, WAYSIDE GROUND VIBRATION NEASUREMENTS-MBTA RED LINE (SO, SHORE

EXTENSION) - OCTOBER 28, 1971 (15 00 TO 16 51 HOURS)

Appendix B contains time histories and i/3-octave frequency

spectra of wayside ground vibration level measurements made on

October 28, 1971, simultaneously with the noise measurements dis-

cussed in section 3.

A brass rod 2 ft. long and 7/8 inch in diameter was

driven into the ground and located as shown in _igure G-I in an

MBTA storage yard on Tonean Street, Dorchester, NA next to the

tracks of the _IBTA So. Shore Extension of the Red Line.

An insulated vibration transducer was mounted on the rod and

the y-axls acceleration levels (lateral motion relative to track)

measured and recorded on an P-N magnetic-tape recorder.

Figure B-I contains a short representative time history of

the wayside ground-vibration levels in the y-axis (lateral) at

s point 25 ft. from the cemterline of the northbound track. The

centerline of the southbound track was effectively 38 ft. from

the measurement point. The graphic history, plotted in dB re

10 -6 g vs. Time, is in time coincidence with the wayside noise-

levml time history plotted in figure A-I.

Table 3-1 is a tabulation of the coincident wayside noise and

ground vibration levels. The peak RMS acceleration levels measured

in the y-axis (lateral) are tabulated for both north-and southbound

trains. As shown, measurements were made on individual 4-oar trains

each time they passed the measurement location.

It is noted that the y-axis vibration levels measured for

northbound trains were on the averuge 8 dB _reuter than those

measured for southbound trains. Approximately 4 dB can be at-

tributed to the relative distance that the two tracks are from the

J measurement point (by the inverse distance law, converting from

38 to 2S ft.). The remaining 4 dB could have been caused by

the configuration of the northbound track and/or rail bed at



the measurement location. It was noted in discussion (section 3)

that northbound trains also generated excess noise when compared : ,,

with converted equivalent levels measured from southbound trains. : -
-" ::2

Figures B-2 through B-5 contain expanded time histories of ,.

the ground-vlbration levels and the associated I/3-octave vibra-

tion spectra of a representative selected few of the events r

measured. Forths purpose of comparison) the same events selected "<i

in section 3 are presented. The integration periods chosen for _,_

the spectral analyses are located on the time histories at the !_'_)

proper point in time and are in time coincidence with the Integra- , '

tion periods chosen for the noise spectral analyses of section 3. ¢:,:
i .

!

L _
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5, WAYSIDE NOISE MEASUREMENTS-MBTA RED LINE (SO, SHORE EXTENSION)

APRIL 27, 1972 (13 15 TO 16 05 HOURS)

Appendix C contains time-histories, statistical analysis, and

i/3-octave frequency spectra of wayside noise level measurements

made at the same throe locations (figure G-l). _leasurements were

-- made on April 27, 1972, six months after similar measurements were

made at ibis location. Those measurements, made on October 28,1971,

are discussed in section 3. The wayside microphones were set up

in the exact location for both tests. The April measurements were

begun earlier in the afternoon than the October measurements to

include measurements on 2-car trains as well as 4-car trains.

Figure C-I contains a short representative coincident time

history of the wayside noise-level measurements. Microphones

were set up at a perpendicular distance of 25, gO and 100 ft.

from the centerline of the northbound track. The centerline of

the southbound track was effectively 5g. 63, and 115 ft. from the

three microphones. Noise levels are plotted in dBA re 20uN/m 2 vs

Time with events of interest identified.

Tables 5-1 and 5-2 are tabulations of the coincident wayside

noise and ground vibration levels measured for 2-car and 4-car

trains, respectively. The peak PJ_ISnoise level measured at

the three microphone locations is tabulated for both north-and

southbound trains. As shown, measurements were made on individual

trains each time they passed the measurement location in both the

north and southbound directions. Noise data obtained for sooth-

bound trains were converted to equivalent levels at 25, $0 and

I00 ft. for the purpose of these tabulations.

Note from tables 5-1 and 5-2 that tile eight individual 2-car

trains measured and tabulated were later paired into four dif-

ferent 4-car trains and each of these trains was also measured

" as the car passed by the measurement location.
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TABLE 5-I, COINCIDENT WAYSIDE NOISS AND GROUND VIBRATION LEVELS HSTA RED LINE [SO. S]IORS
EXTENSION} PULLIdANSTANDARD, HBTA TYPE I SO. SBOEE RAPID TRANSIT ,CARS

Z-Car Trains - April 27, 1972

Peak R_IS Peak _S Accelerntion Level
Noise Level*
dBA re 2ONNIm2 dB re 10-6 g

Time of Speed at at let at SS ft at 38 ft
Serial Nos Day hour mph Direction 25 ft 50 El I00 St z-axis x-axis y-axle z-axis x-axis y-axis

1628,1629 1318 51.3 N D7 91 S5 SO 90

1628j1629 1400 SO.3 S 83 87 S0 7Z 81 B3
1514_1515 1323 51.5 S 74 78 73 71 7Z 75

1611_1619 1527 50.6 N 1O0 96 90 82 95

1611_1610 1413 50,3 S 99 g4 88 75 84 88

1519,1502 1329 47.4 S 90 8S 7B 72 78 Bl

1503.1506 1334 49.5 N D0 85 80 76 85 86
1SOSpIS06 1419 47.9 S 89 84 77 72 79 @O

1618j1619 1341 49.9 S B7 83 78 71 78 80

1637p1635 1354 SO.S S 90 8S 78 72 79 81

16O4jlSOS 1407 50.4 S SS 81 76 72 74 76

Average[All Trains} 4g.9 89.5 86.5 79,8 79,S Be.0 90,3 72,2 79,4 SO.S

*Noise data from southbound trains converted to equivalent levels at 25, 50, and
lOO ft, from 3B, 63 and I13 St, respectively,

- No data m_asured

/.f
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i TABLE 5-2, COINCIDENT $_AYBISE-NOISE AND GROUND-VIBRATION LEVHI,B NETA RED LINK (SOUTI[SHORELINE) BULL_N STANDARDp HBTA TYPS I SOU N SEIORE RAPID TRANSIT CARS

4-Car Trains - April 27. 1972

Peal SHE Noise Love _ peak J_lS Acceleration Level
dBA re 20_N/m_ d5 re 10"5g

]I Car Time of Speed at at at at 25 ft at 58 f_
iii Serial Nos. Day Direction 25 ft 50 £t I00 ft _ " x- - z- x- "

h_urs mph a_i_ ,x]_ _xls ,xls axis _xis

_i,i I_ 151fi,1517,1654,1635 1542 45.3 N 98 94 88 81 951615,1517,1634,1635 1429 50,7 S 95 90 82 74 53 85

iill 1616,1617,1B54,1635 1447 49,5 N I00 95 88 8I 92 951615_1617,1634,1655 1529 50,7 S 94 90 75 85 86

;" l 1616tIBlTi1634i15BS 1551 50.0 N gg 94 - 82 9] 95

j 1502,1515,1515,1514 1349 49,5 N 94 88 55 77 55 881E02,lSlg_lE15,is14 1435 S0,2 S 91 86 BO 75 79 80
:_ 'I 1302j3519,1515,1514 i 1456 50.2 N 94 88 53 78 56 85

11555 s0,_ N g] 08 "_ 7B 55 59
1515,1523,L500.1518 1359 F 48.8 N 98 05 _5 75 90
1$13,15 5p1500_1518 1442 49.5 S 05 go 85 75 50 82
151311523,1500,1518 1504 35.5_ N 94 85 81 78 55 S0
1513,152B.1500.I518 1544 50.2 S 94 89 - 73 70 82
1604,1605_1619j1518 1405 49.9 N .05 57 80 78 55 87
1604,1605,1619,1618 1449 48,9 S 57 52 77 72 75 79
1604,1605,1619,1615 1506 50.7 N 95 88 5I 78 85 87
1604,1505,1619t1618 1553 48.6 S 88 83 • 72 77 80
1659,1658t1556.1557 1417 51.0 N 100 94 88 81 90 95

1529,1E28,1636,1657 1505 49,5 S 95 88 81 74 79 85

|629.1628,1636.1637 1527 50,5 N 9, 91 - 79 85 00 ..,

1625,1622.1505,1507 1425 40.9 N 97 91 84 U0 88 90
1523,162211505.1507 I455 50.5 S 97 92 55 74 83 86
1623,1522,1505,1507 1517 49,4 N 99 05 81 59 94
1_23.1522.1505.1507 ]600 40.8 S g6 9] - 73 53 86_,

'Li 1615,1613.1602,1505 143I 50.7 N 98 92 85 80 91 931612,1515,1602,1003 1514 49.5 S 93 89 73 84 84
i',i 1612,_655,1602.1605 I532 57.1 N 97 01 - 80 90 93

J_3.1506.1611.1510 1441 49.7 N 10I 96 00 82 90 93

1516 1520t1509.150B 1527 56,4 S 102 97 74 _3 85'r 1643, 545.1505.1507 1557 48,0 N 92 86 7_ 85 A_

I Averoge (All Trains) 50,i N-S 95,2 58,4 83.6

] Average (Northbound} 50,0 N 95.5 91.1 84,2 79,4 87,,I 91.0Average [Southbound) 50.3 S !95.5 8B,6 81.3 73.1 80,5 83.7

mNolse data from southbound trains converted to equivalent levels at 25. 50 and I00 ft fro_ 58. 65 and 115 ft,
tNot included In average speed calculation

:i1



A comparison of the noise levels for north- and southbound trains

indicates (as in section 3 of this report) that northbound trains

generate noise, approximately 3 dbA greater than southbound trains,

which again suggests a configuration condition of the northbound track

and/or rail bed. Ground vibration data from section 6 are included in

tables 5-1 and 5-2

To describe the overall temporal characteristics of the noise

at the measurom_nz site, statistical analyses (see appendix K)

wore performed for data from the three waysida microphones for a

one hour period from 15 46 to 14 46. During the one hour period

seventeen trains passed the measurement site; 5(2-car) trains

southbound; 8(4-car) trains northbound; and 4(4-car) trains

southbound. These analyses are shown in figures C-20, C-21 and

C-22.

Table 5-3 is a summary of the statistical noise indexes

aalculated for both the October 28, 1971 and the April 27, 1972

L measurements at the 50 ft. microphone station. A comparison shows

dacr_ases in each of the calculated noise indexes from October 1971 ?

to April 1972 measurements even though more trains passed the

measurement location during the April period (17 vs. 12 trains).

These decreases noted cannot be accounted for by proximity of the

measurement site to the heavily traveled Southeast Expressway and

by the fact that the October analysis period was closer in time to

the rush ]%our trsfflc period. It is noted that the southbound lane

which would be the more heavily traveled at this period in time

was acouatlcally shielded from the microphones because of the

raised highway.

As will be shown in section 6 similar decreases were noted in

the y-axis wayside vibration data. As theorized in section 6 the do-

crease in noise and vibration is probably duo to the settling of j

the new tall bed during first six-month operation.

Figures C-2 through C-19 contain expanded coincident time
%

histories st the three wayside microphon_ locations together'with

the associated I/3-octavo noise spectra of a representative few

of the events measured for comparison with the October 28, 1971

12
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TABLH 5-3. STATISTICAL SUN_RY OF NAYSIDE N01SH LEVELS, MBTA RED
LINE (SO. SHORE EXTENSION)

Noise data 50 £t from cmnterline of near northbound track

October 28, 19711 April 27. 19722
1546 to 1546 hours 1346 to 1445 hours

Max Noise Level 97,0 dBA 95.0 dBA

1% Percentile 87.4 dBA 84.8 dBA

10% Decile 75.1 dgA 70.0 dgA

Median 68.1dgA 64.6dBA

90% Decile 65.5 dBA 61.3 dBA

99% Percentile 64.1 dBA 59.4 dBA

Noise Pollution Level 87.0 82.7

; ITwelve, _-car trains passed measurement site, 6-northbound, 6-south-
hound

2Seventeen trains passed measurement site; five, 2-car trains, south-
bound_ eight_ 4-car trains northbound; and four, 4-car trains south-
bound

data (figures A-2 through A-9). The integration period chosen

for the spectral analysis is located on the time history at the

proper point in time.

Figures C-2 through C-5 contain the data and analysis of two

[2-car) trains northbound Serial Nos 1611,1610 and Serial Nos

1503,1906. Figures C-6 and C-7 contain the analysis of those 2-car

trains paired up as a four car train northbound, with car Serial

Nos 1503,1505 as the lead pair. (Note: 2-car train serial nos

1503 and 1906 was selected for in-car measurements during a

typica] run on April 29, 1972, see sections 7 and 8.) It is
J

interesting to note that the noise generated by the 4-car train

was domin_ted by the more noisy 2-car train Serial Nos 1611 and

1610 Tbe expanded time histories _Pigure C-2, C-4, and C-6) of data



[ •

a_ the 25-£t. microphone location exemplified this since the : _

double peak in the noise-level history figure C-6a is caused by the ' :
.2

passing of 2-car trains (Serial Nos 1503 and 1506 followed by the

noisy pair Serial Nee 1611 and 1610. This is less obvious at the , _

other two microphone locations but nevertheless also true.

Figures C-8 through C-f1 contain the data and analysis of two _[

2-car trains southbound Serial Nee 1618 and 1619 and Serial u.,.

Nee 1604 and 1605. Figures C-12 through C-15 contain the analysis J_,

of these 2-car trains paired up as a 4-car train traveling both F_

north-and southbound. In this case the noise generated by the :_
t:

individual 2-car trains was essentially st the same level and

lower than the average, table 5-20. When paired as a 4-car train, _.,

the overall maximum level changed little if any; however, the noise

level was sxtended over a longer period of time. The double peak ,.!':

in the noise-level history of the passing of each 2-car pair is

again obvious in figures C-12a and C-14a where 2-car Serial Nos .?

_ 1618 and 1010 were the lead pair southbound and the trsillng pair _'-_
northbound.

Figures C-16 through C-19 contain data and analysis of u 4-

car train (Serial Nee 1616,1617,1634, and 1655). Although no

measurements were made on the individual 2-car pairs, it is obvious, /:.

from the double peak in the noise-level history, (figures C-18a and ",

C-19a_, that both pair were essentially at the same level and high-

er than the average level for 2-car trains (table 5-2).

r
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6, WAYSIDEGROUNDVIBRATIONMEASUREMENTS- MBTAREDLINE(SO,SHORE
EXTENSION)APRIL27,1872(1315TO 1505 HOURS),

Appendix D contains time-histories and 1/S-octave frequency

spectra 0£ wayside ground-vibration level measurements made

simultaneously with the noise measurements discussed in section 5.

%leasursments were muds on April 27, 1972, six months after

similar measurements were made at this locatiDn. These measure-

meats were made on October 28, 1971 and are discussed in section 4.

For the October 1971 ground-vibration measurements, a brass rod

2 ft. long and 7/8 inch in diameter was driven into the ground

and located as shown in figure fi-l. The brass rod was purposely

left in the ground at the conclusion of the October 1971 tests

for the purpose of repeat measurements at a later time. This rod

was used in the measurements to be discussed in this section,

Unlike the October 1971 measurements when only tile y-axis
v

(lateral) accelerations were measured, sn insulated triaxial ar-

rangement of vibrariun trunsducers were mounted on the above

driven rod and three axes of acceleration measured and recorded

on an P-M magnetic-tape recorder. Because the measurements were

started earlier in the day, both 2-car and 4-car trains were

available for measurement,

Figure D-I contains n abort representative history of tbe way-

side ground vibration levels in three axes (x-axis -longitudinal

motion; y-axis - lateral motion; z-axis - vertlcul motion; motion

relative to all tracks) at 25 ft. from tbe centerline of the north-

bound track. The centerline of the southbound track was effsctively

38 ft, from the measurement point. This graphic history, plotted

in dB re 10 -6 g vs. Timep is in time coincidence with the wayside

noise levels plotted in figure C-I.

Tables S-I and 5-2 in section S are tabulations of the

coincident wayside noise and ground vibration levels measured for

2-car and o-car trains, respectively. The peak rms acceleration

levels measured in _hree axes are tabulated for both north-and

15



southbound trains. As shown, measurements were made on individual

trains each time they passed the measurement location in both

the north-and southbound directions. :

As in the October 1971 measurements, the y-axis accelerations

measured for northbound trains was approximately 8 db greater than for

those measured for southbound trains. Considering the relative .

distance tile two tracks are from the measurement point, by the in- " 'L_
verse distance law, as in section 4, approximately 4 db difference ',',j,:

in level is not accounted for and suggests, together with noise { ,

measurement of sections 3 and S, that a configuration condition _ :

exists in tbe northbound track and/or tall bed, It is also noted _'

that the vibration levels for the x-and z-axes were also greater
for northbound trains in excess of that which could be accounted ""

for by the relative distance from the measurement point of tile , '

tWO tracks.

A comparison of the average maximum rms acceleration level in the _ ,

y-axis measured for both north and southbound trains on April 27_

1971.(91.4 and 83.3 dB re 1O "6 g in table 5-2) with the y-axis •

levels measured 3n October 19, 1971 [93.7 and 88.9 dB re 1O "6 g in

Table 3-i] shows a decrease of 2.5 dB in tbe vibration level for

both north-and southbouud trains. As shown in table g-3, the ';_

statistical-noise indexes tabulated also decreased between the [ '

: October 1971 and April 1972 measurements. It is theorized that

these decreases are due to the initial settling of the tall

bed during the first six-month's operational period.

Figures D-2 through D-19 contain expanded coincident time

histories of the ground-vlbration levels in three axes and the '

associated I/3-octave vibration spectra of m representative few

of the events measured, For the purpose of comparison, the same

events selected in section 8 are presented (figures C-2 through

C-19). The integration periods chosen for the spectral analyses

are located on the time histories at the proper point in time and

are in time coincidence wlth the integration periods chosen for "°

the noise spectral analysis of section 5.



Figures D-2 through D-5 contain data and analysis of t_¢s,

2-car trains northbound Serial Nee 1611 and 1610 and Serial Nee

1503 and 1506. Figures D-6 and D-7 contain the analyses of these

• two-car trains paired up as a four-car train northbound with

Serial Nos 1503 and 1506 as the lead pair {Note: 2-car train

Serial Nee 1503, IS06 was selected for in-car measurements during

a typical run on April 29) 1972 {sections 7 and 8). A close analysis

o£ Lhe expanded time histories of the vibration data, figures D-2,

D-4, and D-6 reveals 3 and 5 peaks on the time history during the

passing of a 2-car and a 4-car train, respectively, These

peaks are a result of the "point source" vibrations from the sets

of wheel trucks as they pass the measurement point, Because of

the close proximity of the trucks of adjacent cars, a single broader

peak is obtained from this pairing. The y-axis data in figure D-2

for Serial Nee 1611 and 1010 show three peaks of varying amplitudes,

with the first peak resulting from the passby of the front truck

on the lead car, This caused the lowest vibration level, The

second broader peak is the combination of the rear truck of the

lead car with the front truck of the second oar. Finally, the

third peak is the rear wheel truck of the second car passing the

measurement point, The same thing is true of the peaks shown in

the y-ax_s dAt, iT figure D-6 showing the 4-car train made up of

the 2-car trains. The five peaks can be easily seen. The first

two peaks are identical with the first two shown in figure D-4;

the last two peaks are identical with the last two shown in figure

D-2| the middle of third peak is a combination of the last peak

shown in figure D-4 and the first peak of figure D-2 since the

train was joined at this point, Plgure D-6 shows a definite dif-

ference exists in the vibration levels from the sets of wheel

trucks as they passed the measurement point. It appears the con-

dition o{ the wheels is the main factor causing the differences,

It is noted that car Serial Nos 1611 and 1610 generated more noise

that car Serial Nos 1505, 1506 {figures C-2 and C-4], Figures

D-2 and D-4 show Serial Nos 1611 and 1610 also generated a higher

ground-vibratlon level than Serial Nee 1503 and 1500. !
p
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I

It is sore difficult to distinguish the peaks on the vibra- : i

tion time history for the two 2-car trains shown _n figures D-0 . _ •
L • .

and D-10 [Serial Nos 1618 and 1619 and Serial Nss 1604 and 1605, ,.-

respectively) since the levels are lower and tbe train is farther

from the measurement point when traveling on the southbound truck; ' .

floweret, when these trains are combined into a 4-mar train

traveling on the northbound track, the levels are higher and the

peaks more distinguishable [figure D-14). It is obvious that the I,
vibration level of the'peaks are lower and more uniform in figure [

i h'

D-14 than those in figure D-6 suggesting all wheels sn these i'c.

4-car trains were more uniform and in good condition. The i-/

noise level measured for these 2-car trains and their combination '._

as a four-car train, [figures C-8, C-10, C-12 and C-14) confirms

the uniformity between trains amd the less-than-average noise I _

generated.

Figures D-16 through D-19 contain data and analysis of m ! ;

4-mar train with car SerlaR Nee 1616, 1617, 1654 and 163S

I traveling north-and southbound No measurements were made on these q

indlvidua] 2-car trains: however, the vibration-level peaks

.. '' suggest a mix of wheels both in good and questionable condition. .i.

It appears that the front-wheel trucks on the lead car, and perhaps, ! 'i

the rear wheels on the third car were all in good condition with

the remaining trucks containing wheels in questionable condition.

.!
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7, IN-CAR NOISE-LEVEL MEASUREMENTS - MBTA RED LINE APRIL 29,1972
(01 00 TO 04 00 HOURS)

Appendix H contains time-histories, statistical on,Iysis and

i/3-octave frequency spectra of noise-level measurements mode on

and in, a 2-car train made up of _IBTA type 1 So, Shore Rapid Transit

Oar_ desigued and built by Pullman Standard, Chicago, Illinois

for the _IBTA.

A 2-c_r train with car Serial Nos 1503 and 1506 was selected

for this test since wayside noiae-and-vibrotion measurements were

made on this poir during revenue service on April 27, 1972 (sections

5 and 6), Tile lead car of this 2-car train, Serial No. 1505, was

instrumented fcr noise and vibration measurements. Figure G-2 shows

microphone and vibration transducer locations; figure G-8 shows the

car's inte?ior , _leasurements were made in the subways and on the

surface lines of the _IBTA Rod Line proper and the Ashmont and So,

Shore Extension of the Red Line during a typical run in the early

morning hours of April 29, 1972 when no revenue service was pro-

vided on these lines.

Figures H-l, E-15, end H-19 contain coincident time histories

of noise measurement levels at three locations on the test car

over various sections of the MBTA Red Line. Noise levels are

plotted in dBA re 20pN/m 2 vs. Time with points of interest identi-

fied, Coincldent volues of train speed ]*ave been superimposed on

the time history charts,

Figure H-I contains noise data obtained northbound from the

Quincy Center Station, Quincy, MA on the So, Shore Hxtensio|l of

the Red Line to the end 0£ the Red Line at Harvard Station,

Cambridge, MR. This is tile normal route for the Type 1 cars and

includes muny varied rail-and-road bed conditions including travel

on surface lines, in subways of various cross sections, on elevated

structures end travel on both welded and non-welded rails, The

Tenean St. Wayside measurement site is |dentil|e(| on the time

history between No. Quincy and Andrew Stations.
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Figure E-15 contains noise data obtained from Ashmont to : _ :

Columhi_ Stations Dorchester, MA, on the Ashmont Extension of the , ,

Rod Line, Although:the measurements were made on the Type 1

Transit _ar; these cars are not normally used on this extension
r

which is relatively old and contains both surface n,d subway travel

on an old rail bed, with non-welded rails and wooden ties, Measure- ; i

meats were made on this extension to compare the effects caused by

new and old road beds, and welded and non-welded rails on surfaces .._

lines, _;

Figure E-19 contains data obtained southbound on the So, Shore

Extension of the Red Line, between the Columbia Station Area and i
J

Quincy Cen_er stations. During this run the instrumented car

(Serial No. 1503] was the rear car of the 2-car train. The '
i'

Tenoan St. wayside measurement site }]as been located on the _:_

history. !

TO describe the overall temporal characteristics of the noise _

levels measured, statistical analyses (Appendix K) were performed _
E.

for the three microphone locations for the following three sections _

of the Red Line: _;';

a, So, Shore Extension (figure E-l) - Quincy Center Station : :

to Columbia: New rail bed, welded rail construction, con-

crete tlos with neoprene pads under rails, surface line

(figuresE-22,E-2Sand E-24). _.

b, Red Line proper (figure E-l) - Columbia to Harvard

Stations: Old rail bed, non-welded rails, wood ties on

on hal]eat, 90% subway travel (figures E-25, E-26 and

E-g7),

c. Ashmont Extension (figure E-15) - Ashmont to Columbia

Stations: Old rall bed, non-welded rails, wood ties

ballast, 25 percent subway travel (figures E-28, E-29 and

E-30%.

Table 7-i is a summary tabulation of several of the calculated "o

statistical noise indexes at the three microphone locations in the

2-car trains for the three sections of the Red Line. The results

show in general that operation on the So. Shore extension is

20
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:i TABLE 7-1 STATISTICAL SU_ARY IN-CAR NOISE-LEVEL MEASUReMeNTS - MBTA RED LINE
PULL_tAN STANDARD, MBTA TYPE 1 SO, SHORF! RAPID TRANSIT CAR.t;

i_i 2-Car Train Serial Nos 1805, 1506 - April 29. i972

i'. Noise Range Median Noise,_ax Noise Le, 10% Docile Noise Pollution
'. Line dBA Level dBA dBA dBA Level ,

w

] Traversed at Location* at Location _ at Location: at Location* at Location

1 2 3 k _z 3 i 2 3 i_ ! 3 i z_ 3
So. Shore Ex- 20 28 41 70.3 72.2 82.3 82 85 98 73.9 77,4 87. 78.4 86.1 I05.7
tension-Red
Line Quincy
Canter to
Columbia Sta.

AshmonL Ex- 25 36 38 70.2 72.7 79.7 85 90 09 77.9 81,3 92.6 85.4 95.6 118

i I _ _ension-Red

Line Ashmon£
' to Columbia

StY.
i

'i_'I Red Line 25 31 42 71.9 72.3 82.7 86 88 102 80.8 82.9 85.: 91.0 99.7 121

• 'I (Proper)
t Columbia to

- Harvard Sta.

2 "I

*Location 1 - _ticrophone located mid-car inside
Location 2 - Microphone located over rear wheel truck inside
Location 3 - Microphone located on outside platform bet_oen cars

i



quieter than operation on the Rod Line proper or the Ashmont

Extension. The main reason for this being that operation on the So. [

Shore Extension included travel on high quality rail bed, welded i

rail construction and 100% surface line travel. The highest noise :.

levels were measured when the train negotiated the Neponset River

Bridge and the gavin Hill Flyover both elevated concrete structures. !

Table 7-2 is _ tabulation of typical coincident noise and ._

vibration levels r_cord_d oJ* th_ IqBTA R_d Lint, to con_par_ the many _:_-

varied llne conditions. Points selected were chosen where the i':
i:

speed of the train was essentially constant to obtain a representa-

tive level unaffected by acceleration and deceleration. _-

TABLE 7-2 TYPICAL COINCIDENT IN-CAR NOISE AND FLOOR VIBRA- [.
TION LEVELS-MBTA RED LINE, PULLblAN STANDARD, NBTA
TYPE 1 SO. SHORERAPID TRANSITCARS I:

2-Car Train Serial Nos 1503,1506 - April 29, 1972 :.

Operating Track Speed Peak rms Noise Peak rms Accelera-
Situation Condition + mph Level dBA at tion Level** i'

Location* dB re 10 -6 g !

1 2 3 z-axis x-axis y-axls I,

Cruising A,G 51 69 72 90 83 74 72 1

Cruising A,G,F 46 75 78 10O 80 70 69

Cruising B,G,E 44 78 81 105 89 80 79
Cruising C,S 52 74 80 i00 86 76 76

Cruising C,G,E 36 74 78 i00 86 76 74

Cruising C,D 48 81 86 108 86 78 78

Cruising C,D,H 30 79 84 108 89 79 77

*Location - Microphone located mid-car inside
Location - Microphone located over rear wheel trucks inside
Locatio: 3 - Microphone located on outside platform between cars

*_Trlaxial accelerometer mounted on floor tiles over rear wheel
tracks.

A) Welded rail, new rall bed, concrete ties
B) Welded rail fastened to concrete bridge deck
C] Non-welded rail, old tall bed, wood ties ".
D) Subway
E) Elevated Structure
F) Under 8 Lane Highway
G) Surfaco Line
H) Sharp Curve "_¢heel Squeal" i
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Figures E-2 througb E-5 contain the expanded coincident time

.* histories at the three in-car microphone locations along with tile

associated i/S-octave frequency spectra o£ events on the north-

: bound track of the So. Shore Extension of the Red Line which was

selected for analysis. Figures E-16 througb £-18 contain analyses

of selected events northbound on the Ashmont Extension of the Red

Line. Figures E-20 and E-21 contain analyses of selected events

southbound on the So. ShoI'a Ext_,*siou of the Red Line. (See time

histories, figures E-I) E-15 and E-19,to locate events on each

line with relation to one another.) Where applicable, the integra-

tion periods chosen for spectral analysis have' been located on the

expanded history at the proper point in time,

Figures E-2 and E-3 contain data analysis northbound at the

Tenean St. wayside measurement site. Shown on tile expanded history

also are the increases in noise level due to tunnel effects as tile

train went under the Redfield St. Bridge and under the 8-1ane South-

east Expressway. Figures C-4 and C-5 show wayside measurements made

on April 27, 1972 as the test train Serial Nee 1503 and 1506 passed

this measurement point on a revenue run northbound.

Figures R-4 and E-5 contain analyses and data as the test train

negotiated the Neponset River Bridge northbound. The 12 dB in,:rease

In noise level is due to the drastic change in the rail bed from

high-quality ballast (which tends to absorb sound and vibration) to

a highly resonant bridge deck constructed of concrete over rolled

stool girders, with rails fastened into the concrete on i/2-inch

neoprene pads, The gavin Hill Flyover (figure E-l) is of a similar

construction and shows a similar increase in noise level.

Figures R-6 and E-7 contain data and analysis as the test train
!

entered the subway just before Andrew Station on the Red Lin_ and

negotiated a sharp right hand curve. Figure E-7 is the spectral

amalysis of the "wheel squeal".

.- No expanded time histories are included for figures E-8 through

£-14; figure R-1 shows complete noise history.
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Figure E-8 is the spectral analysis at the crest of tile Long-

fellow Bridge. Figure E-9 is the spectral analysis at the Cambridge

end of the bridge at a point whore tiletracks are below grade

level, essentially a two-track tunnel with no roof.

Tile MBTA Red Line subway system is made up of various

tunnels with different cross-sections. Figures E-10

through _-14 are the noise spectral analyses at points in the

subway system with different tumnol configurations. The cross-

sectional data for these locutions are included in appendix J;

figures J-2 through J-7, respectively. A comparison of

the frequency spectra of the noise data recorded at the

microphone on the outside platform between curs ul each of the

six locutions shows resonant peaks doe to tunnel acoustics

associated with the configuration of the tunnel, Note that the

analysis of the two-section tunnel (figure E-ll) with tile smallest

dimensions has a oeak at 400 Hz) while the larger two-track tunnels

peak at higher frequencies.

Figure E-16 is the noise-frequency spectra in the subway tun-

nel between Ashmont add Shawmut Stations on the Ashmont Extension

of the Red Line (figure J-8 shows tunnel cross section).

Figure E-17 is the noise-frequency spectra on a straight [i

secticn of surface truck between Fields Corner and Savin Hill ,:

stations Note that noise levels of 74,80, and 1go dbA were

generated by the test train at a speed o£ 52 mph at the three .

microphone locutions on this section of non-welded track with

wood ties.

Figure E-18 is the noise spectra recorded ut the Savin Hill i

Station with the train stopped and the train door open. Levels

o£ 68) 64, and 73 dbA were measured. Each cur in the test train [,

was equipped with a motor generator. The major noise source is

the operation of the motor generator at a mid-cur location under

the cars.
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F_gures E-20 and E-Z1 contain expanded time histories and noise

spectra az the three in-car mxcrophone locations southhoui1d on the

straight sect_3n of surface track by the Tenean St. wayside measure-

ment site area. A comparison of levels measured at a train speed

of S0 mph, 69, 77 and 90 dBA on this track, with levels measured

of 71-, 75-, and 92-dBA at 51 mph measured on the northbound ti'ach

a_ Tonean St. moasur_:rien_ sits (£igure E-3) again confirms a con-

figuration condition with the northbouad track and/or rail bed,

{See discussion in sections 3 4, 5, and 6.) In addition, n com-

parison of the shove data measured on welded track with the data

measured on a non-welded section of track shows the marked effect

that track condition has on the noise level generated.
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8 IN-CAR FLOOR-VIBRATION LEVEL MEASUREMENT-MBTA RED LINE

APRIL 29, 1972 (0100 TO 0400 HOURS)

Appendix F contains time-histories, and 1/S-octave frequency

spectra of the in-car floor-vibration level measurements in a _.

2-car train made up of MBTA Type 1 So. Shore Rapid Transit Cars. r
i.

Those vibration measurements made on Apr_l 2R, 1972 were re- i.

corded simultaneously witb the noise measurements recorded at '_-'
i'

three locations in the cars and discussed in section 7.

A 2-car train with Serial Non 1503 and 1506 was selected for '_

this test since wayside noise and ground vibration data were re-

cordocI on this pair during l'evenue service on April 27, 1072.,

(sections S and 6). The lead car of this 2-car train (Serial No. ;_'

1503} was instrumented for noise and vibration measurements C

(figure G-2 shows microphone and vibration transducer locations). ','

A trlaxial scceleromoter was mounted on the floor t_les centered

over the rt,ar whoa] trucks with a thin layer of bee's wax. Measure-

manta were made in the subways and on the surface lines of the MBTA

Red Line Proper and the Ashmont and So. Shore Extension of the

Red Line on a typical run during the early morning hours of ._

April 29, I972 when no revenue service was being provided on ._

these lines

Figures P-l, F-IS and P-lg contain coincident time histories

of the rms acceleration levels in thnse three axes (x-axis longi-

tudinal motion_ y-axisj lateral motio_; z-axis, vertical motion)

of floor vibrations at a point centered eyrir the rear wheel trucks

of the test car ell various sections of tIJe Red Line. These

graphic histories plotted in dB re 10 -6 g vs Time, is in time

coincidence with the noase level histories plotted in figures

E-l, E-15 cud E-19 respectivL_ly. Coincident values of speed

data _ave been superimposed only on the noise time-history charts

(figures B-l, E-15, and E-19.] ". .."

Figure F-I contains vibration data obtained northbound from

the Quincy Ct_.nter Station, Quincy, MA, on the So. Shore Extension

of the Rod Line to tile end of the Red Line at Harvard Station,
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Cambridge, 5_. This is the normal route for the Type 1 transit

cars and includes many varied rail and road bed conditions in-

cluding travel on surface lines, in subways of various cross

sections, on elevated structures, and on both welded and non-

welded rails. The Tenoan St. wayside measurement site is identi-

fied on history between the No. Quincy and Andrew Stations.

Figure P-15 contains vibration date obtained between Ashmont

and Columbia Stations, Dorchester, MA on the Asbmont Extension of

the Red Line. The Type 1 transit cars are not normally run on

this extension of the Rod Line which contains both surface and

subway travel on an old rail bed, wood ti_s, and non-welded rails.

Figure F-19 contains vibration data obtained southbound on the

So. Shore Extension of tbe Red Line between Columbia and the Quincy

Center station. Only during this run was the instrumented cal'

(Serial No. IS03) the! rear car 0£ the 2-car train. The Tenean St.

wayslde-measurement site has been located on the time history.

Table 7-i is a tabulation of typical coincident noise and

vibration leve3s r(,corded on the Red Lin_) to compare tile many

varied line conditions. Points selected from figures F-l, F-IS,

and P-19 were chosen where the speed of the train was essentially

constant to obtain a represer_tative level unaffected by accelera.

ties and deceleratio|l. The three sections of tbe Red Line can be

physically described on the whole as follows:

a So. Shore Extension (figures P-i and P-19) - Quincy Center

Station to Columbia Area, Dorchester, MA (now rail Bed;

welded rail construction) concrete ties with neoprene pads

under rails, surface lingO.

b. Red Line {figure E-I) - Columbia Stalion Dorchester, HA to

Harvard Station, Cambridge, MA (old rail bed, non-welded

rails, wood ties on ballast, 95 percent subway travel).

c. Ashmont Extension {figure F-IS3 - Ashmont to Columbia

" Stations, Dorchester, MA (old rail bed, non-welded rails,

[" wood ties on ballast, 25 percent subway travel).

Figures P-2 through F-S contain tile expanded coincident time

histories of the rms acceleration love1 in three axes along with

i the assoclated i/3-octave vibration spectrn of events selected1
I 27
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for analysis on the northbound _rac_ for the So. Shore Extension
I

Of the Red Line• Figures F-6 through F-14 contain analysis of

selected events northbound on the Ashmont Extension of the Red :J"

Line Figures F-20 and P-21 contain analysis of selected events _,

southbound on the SO. Shore Extension Of tileRed Line. See time- ;/

histories figures P-l, F-IS and F-19 to locate events on each •
llne with relation to one another. _

r :

For the purpose of comparison the same events selected for

analysis in section 7 are presented (figures P-l, P-lg and P-l_). i

|Wlere applicable the integration period chosen for vibration

spectral analysis has been located on the expanded t_mo history .:.-
at the proper point in time and are in time coincidence with tile ,.!

inre,gration period chosen for the noise spectral analysis of _i

section 7. i"

Figures P-2 and P-3 contain data and analyses northbound at

..... the Tonean St, wayside measurement site. Also shown on the ex- _'_

panded time history are points corresponding to where the test
train crossed the Nalnut and Taylor St, Bridges and where the

tra£n went under Redfield St. and tile 8 lane Southeast Express- ,_'_
way. Note the aDs'once of a vibration peak (figure F-2) cox- _7

responding to the point at which the train went under the SE

Expressway and Redfleld St.. This confirms the increase in noise -,

levels noted in figure E-2 at these points is a result of tunnel

effects. Note also approximately a 2 db increase in the vibra-

tion level in the vicinity of the wayside measurement site. This

increase is not noted on the data recorded on the southbound

track (figure P-20). Figures E-2 and E-3 show the in-car noise _i L
level measurements at this point. Figures C-4, C-S and D-4,

D-S show wayside noise-and-ground-vlbratlon level measurements

which were made on April 27, 1972 as the test train (Serial Nee

IS03 and 150fi]passed the measurement point on a northbound

revenuerun,

Figures F-4 and F-5 contain vibration data and analyses as

the test train negotiated the Neponset River Bridge northbound.

Note the increase in vibration level due to the drastic change
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in rail bed from high-quality concrete ties in ballast to a bridge

deck constructed of concrete over rolled steel girders with the

rails on i/g-inch neoprene pads fastened directly into the con-

crete. The gavin Hill Flyover (figure P-l) is of a similar con-

struction and shows a similar increase in vibration levels.

Figures E-4 and E-5 show the coincident noise-level measurements.

Figures F-6 and P-7 contain vibration data and analyses as

the train entered the subway and negotiated a sharp rlght-hand curve

just before Andrew Station on the Red Line. Corresponding noise

data are included in figures E-6 and E-7.

Figures F-8 through F-14 contain analyses at points at the

crest and end of the Longfellow Bridge and at various points of

different tunnel configuration. These points are in time coin-

cidence with noise data present in figures E-8 through E-14. It

is interesting to note that little difference is seen in the three-

axes vibration spectra between points although the noise spectra

show differences as a result of tunnel acoustics.

Figure F-16 is the frequency analyses of vibration data in

the subway tunnel between Ashmont and Shawmut stations on the

Ashmont Extension 6£ the Red Line. As above in the main tunnel

of the Red Line, little difference is noted in the vibration

spectra.

Figure F-17 is the frequency spectra of vibration levels

measured on a straight section of surface track between Fields

Corner and gavin llill stations. Note that 86-, 76-, end 76-dg

levels worm generated in the n-, x-p and y-axes, respectively, at

a speed of 52 mph on this section of non-melded track with wood

ties.

Figure F-18 is the vibration spectra recorded at the Savln Hill

station with the train stopped and the doors open (55-, 55-, and

53-db re i0 "5 g levels were measured,respectively). The major con-

tributor to the acceleration levels recorded was the operation of

the motor generator at a mid-car location under the cars.
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Figures P-20 and F-21 contai_ expanded time histories and

floor-vibration spectra in the z-, x-, and y-axes southbound on _ '_

the straight section of surface track by the Tenean St, wayside

measurement site. A comparison of levels, measured at train :;

speeds o_: 50 mph, 82-, 73-, and 72-dB in the z-, x-_ and g-axes_ ii!
respnctively, on this section of welded track {concrete ties), with

those at $2 mph, 87-, 78-, and 75-dB on non-welded track (wood ties) _o

(Figur_ F-17) j illustr.tes the efffectof track condition on the floor !'_F,

accelerat£ons generated. ,,_

; i}'
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9, OBSERVATIONSAND COMMENTS

A review and comparison of in-car noise and vibration meaaure-

i meats made over various sections of the Red Line indicate that the

South Shore Extension represents a significant improvement over the

older sections of the Red Line with Tespect to the generation of

noise and vibration. This improvement stems from the high-quallty

track bed with concrete ties and welded rail construction (table 7-2).

Wayside measurements made at six-month intervals indicate an

improvement of the noise and vibration characteristics of the South

Shore Extension resulting from track bed settling by normal line

operations.

In-car measurements were made with no passengers in the cars

and all air-condltlonlng equipment off.

Wayside measurements were made during revenue service. Trains

traveling southbound by the Tenean Street measurement site were

more heavily laden with passengers than were the northbound trains.
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APPENDIXA

WAYSIDENOISEMEASURE/VENTS-MBTA REDLINE

=. (SO.SHOREEXTENSION)- OCTOBER28,1971
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Figure A-2. Coincident Time Histories - _aysido Noise Levels at
25, 50, and 100 ft from centerlino at northbound
track. MBTA gedlino (So Shore Extension) Oct, 28,
1971. Four-Car Train northbound Ser. Nos 1503, 1508,
1641, 1640 ot SI.0 mph. See figure A-I.
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Figure A-3. Wayside Noise Spectra at 25, 50, and 100 ft from
center line of northbound track. HBTA Red Line

[So Shore Extension) Oct 28, 1971. Four-Car Train
northbound Set. Nos 1503) 1508, 1641) 1640 at 5].0
mph, See figure A-2.
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Figure A-5. Waysido Noise Spectra at 38, 63, and 113 ft from
centerlino of southbound track. HBTA ]_edLino
(So Shore Extension) Oct 28, 1971. Four Ear Train
southbound, Sot. Nos 1503, 1508, 1641, 1640 at
50.4 mph. See figure A-4.
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Eiluro A-6 Coincident Time Histories - Wayside Noise Levels at '
25, 50, and 100 _t from centerline of northbound
track. MBTA Red Line [So Shore Extension) Oct 28,
1971. Four Car Trai_ northbound Set. Nos 1639, I
1638. 1660, 1651 st si.0 mph. See figure A-I.
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Figure A-9, l_ay'side Noise Spoct:ra at 38, 63, and 113 £t .from
1:he centerline o_ southbound track. _fBTA Red L£ne
(So Shore Extension_ Oct: 28, 1971. Four-car train
southbound, Set. Nos 1539, 1538, 16S0, 15Sl aZ
Sl.g mph. See figure A-8.
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US nFPARTMENT OF TRANSPORTATION TUE 07/25/72
TRANSPORTAT!ON SYSTEMS CENTER 15| 16 " '

NGISE ABATEMENT 6}tOUP ....

..... MOISF DATA FROM RUN NO, RT-20-T2-GA OF THE MORILE NOISE LAPORATORY ON _
OCT. P,_ 1971 FROM 15148 TO 16¢46 ON TFMEAN ST. DORCHESTEER, MASS. _ '"

"- (ZONI_ 19 UNIVERSAL GRID LOCATION 331.61 4683*68 *) i

".." MICROPHONE LOCATED 25FT. FROM CENTERLINE NEAR TRACK (NORTHROUND) i
c.. (1/8 SECOND INTFGRATIOMSJ 8 PER SECOND) i,"

!i"
DI STR! B =,,
UTION DBR* , - .

2 103 " SAMPLES= 2_800 r_
L

1:'4 IO2 "_ AVERAGE= 70.2 DRA_ _'::
_-r:-'_'-"...... 9 lOl * STANDARD DEVIATION= 4.6 DRA_ _'_

9 100 " ENERGY MEAN= 78 D_** _ i'
14 99 + NOISE.POLLUTION LEVEL= 89.8 {,'

8 98 + I¢ PERCENTILE= 90.5 DBA*
19 97 • I0¢ DECILE= 75.8 DBA*
25 96 -,+ MEDIAN= 69.4 DBA* : :
27 95 90Z DECILE= 67.3 D_A* ¢'_

G4 94 99Z PERCENTILE= 66- I D2A" ' -
G3 93 + WALSH HEALEY EXP.= 2.9 Z
32 92 RANGE= 39 DR
43 9 ':

39 90'.L..... = s_ 59
[_': 9+ _8 :!"

" 70 87 '
99, /]A

30 84 + . = "
26 83 o _ "

1RE 82 '<.

203 80 ' "
27A 79 + _ '
_95 78 ' ,'

309 77 +373 76
518 75 +
62/J TA : :"
G02 73
1314 72 ÷ ;
1911 7]

3045 ?0 :
530I 69 + :
AIA3 68 + '

4807 67 ÷
1_55 _,_ +
101 65 _"

2 64 e !
0 63 + ". : :

O 20 _0 60 80 I00
LEVEL{DRA*) VS CUMULATIVE DISTRIBUTION (PERCENT) :

Figure A-IO. Statistical Analysis - Wayside Noise Data - MBTA Red Line-25 ft. " r "_

/.So. Shore Extension), October 2B_ 1971 . _
:7
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I03 0
13 102 0
9 101 0
9 I00 0
14 99 0

98 0
19 97 0
25 96 0
_'1 95 0
34 9_ 0
33 93 0
3_ 92 0
Zl3 91 0
30 9O 0

I 5_ 89 07? 85 O0
I ?0 87 0
I 90 85 00
] lOB S5 O0

130 Sa O0

"1 126 83 O0
J 1_5 82 00

_ _ _ 17_ 81 00

• _ _• _ I 203 B0 00
I _74 79 000

_! 293 78 000

';i : i 309 "/7 OOO_. 373 76 000518 75 0000
' " I 6R4 74 0000

i 802 T3 00000
1314 T2 00000000
19It 71 00000000000
3045 70 00000000000000000

" _ - 5301 69 00000000000000000000000000000

' 6163 A8 OOO000000000000000000000000000000
I 480? AT O000000000000000OO000000 O0

• ! 1455 66 000000000
101 65 O0

[ _ 64 0
I DIST. DBA* 0 tO 20 30

. . LEUELCDBA*) US DISTRIBUTION (PERCENT)

i *-A WEIGHTED DECIBEl.S-RE, 20 MICRONEWTONS PER SQUARE METER**-DBA RE* 20 MICRONEWTONS PER SOUARE METER FROM AN AVERAGE OF
THE SQUARES OF TRE SOUND PRESSURES,

Figure A-19 CCont'd). Statistical Analysis - Wayside Noise Data' HBTA Red

Line 25 ft. (So. Shore Extension), October 28, 1971 I_
25 ft. !(
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US DFPARTHFNT OF TRANSPORTATION TUE 07/25/72
TRANSPORTATION SYSTEMS CENTER 15102 t :+_-

NOISE ABATEMENT GROUP ,..

NOISE DATA FROM RUN NO,, RT-20-72-2._ OF THE MOBILE NOISE LABORATOhY ON

_-':: OCT. 28 1971 FROM 15146 TO 16146 ON TENEAN ST* DORCMESTIIER, MASS*
(ZONE 19 _JNIVERSAL GRID LOCATION 331o61 4683,68 o)

MICROPHONF LOCATED 5OFT*, FROM CBNTERLINE NEAR TRACK (NORTHIlOUND) _"
(1/8 SECOND [NTE_RATIONS, 8 PER SECOND) .i{

DI STill I?
"--:':- -+++...... ITrI ON DilA* r

IR 97 SAMPLES = 28800 _L"
19 gA AVERAGE = 6_*9 DBA* _,
IO 95 STANDARD DEVIATION= 4. 7 DBA@ _'_'
IP. 94 ENERGY MEAN= 75 Dil** ;:'

: ' 19 93 NOISE POLLUTION LEVEL= 87 '.!
30 92 ° I_ PERCENTILE = 87,4 DIlA* '
G6 91 lO_ DECILE = 75. I DBA* /:'

3E 90 + MEDIAN = 68* I DBA* }:;"
40 89 + 90_ DECILE= 65*5 IlilA* i>
41 88 + 99_ PERCENTILE = 64o 1 DIlA* r
57 87 '*" _IALSH HIlALEY ERP+= 1"2 % i'!
94 0_ _ RANGE= 35 DB

IR9 85 4+ _
I52 84 *" !.'
141 83 :>.

"-_ IRR 8G 4" A
187 81 +
184 80 + ,!
_7i 79 !i
968 78

298 77 + _+
344 76 _ '_
397 75 r'
50 ° 74
718 73 <,
97G 72 i
1305 71
1625 70 + '.
2791 69 _'
4167 68 ÷ ,_
4552 67 +
A803 66 '+" ,:
3203 65 + •
1053 64 +

II A2 * ',
0 61 + '_

0 20 40 60 BO I00
LEVELtDBA_) US CUNULATIVE DISTRIF_UTION fPERCENT)

Figure A-11. Statistical Analysis - Wayside Noise Data - MBTA Red Line-S0 ft. ,.
(So, Shore Extension}, October 28, 1971
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t2 97 0
19 96 0
10 95 0
1_ 94 0
19 93 0
30 92 0
2B 91 0
3_ 90 O

57 87 0
_m 9/J 86 O0

129 85 O0
122 84 O0
141 83 O0
1_5 82 O0
[87 BI OC

271 '79 000
P.68 7B 00
298 77 O0 r]
344 76 000
397 75 00_
50P. 7a 0000
"/18 73 00000
972 7P. 000000
1305 71 00000000
1_25 70 00_0000000
9,791 _9 O_O000000900000Q
/_167 68 000(100000(]0000000000000
z_552 67 O0(3000QO 00000000000000000
a_03 66 000000000Q0000000000000000
3203 65 000000000000000000
1053 6_ 0000000
186 63 O0
11 _2 0

DIST. DBA= 0 10 20 30
LFVELCDBA_) US DISTRII_UTION (PERCENT)

*°A _gI_,HTFD DECIPELS°RE, 20 MICRONEWTONS PER S_UARE METER
=_-DRA RF° P.O MICRO_WTQ_S PER SQUARE METER FROM AN AVERAGE OF
THK S_UARg.$ 0_" THF: SOUND PRESSURES,

Figure A-f1 (Continued). statistical Analysis - Wayside Noise Data - HBTA
Red Line (So. Shoro Extension) j October 28j 1971
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-! NS DEPARTMENT OF TRANSPORTATION TUE 07/25/72 '_TRANSPORTATION SYSTEMS CENTER 14tO5 :'

_OISE ABATEMF-NT GROUP 'i:
m

NOISE DATA FROM RUN NO. RT-20-70-IA OF THE MOBILE NOISE LABOHATORY ON
OCT. 08 197I FROM IStaA TO 16_& ON TENEAN ST. DORCHESTEER* MASS.

(ZONE 19 UNIVERSAL GnID LOCATION 331.61 - 4683._R .) _% .
MICROPHONE LOCAT_D IODFT. FROM CENTEPJ_INE NEAR TRACK (NORTHBOUND) q;

(128 SECOND INTEGRATIONS, _ PER SECOND)

_ DI STRIB :_
IITI ON DRA*

0 93 SAMPLES= _8800
10 92 ÷ AVERAGE= 69, 1 DOA* ,_
_5 9J + STANDARD DEVIATION= 4°6 DBA'_ ,,"

:. 24 90 ÷ ENERGY MEAN-- 73, 5 DO_ L:
25 89 NOISE POLLUTION LEVEL= 85*3 '
34 88 ÷ t_ PERCENTIL.E= 85.7 BBA=
58 87 * IO_ DECILE= 75.7 DRA*
79 8_ ÷ MEDIAN= 65.3 DOA*
t15 85 90¢ DECILE= 65.5 DBA_
ISA 8/_ * 99t PERCENTILE-- 63°9 DBA* _!
1_3 83 * WALSH HEALEY EXPo = .3 t '*
19_ 80 RANGE= 31 DB '_
R59 81
048 80

3Ra 78 L
340 7T
A36 7_ ","
A52 75 +
608 7/_
771 73 _ _
I076 72
ILTS 7!
I859 70
0732 69
3S 50 68
4316 67 +
4091 66 ÷ I
30_1 65 +
I 127 _a +
_.R6 63 ÷
34 60 +
O &l + .

0 00 AO 60 SO lO0
LEVFL(DPA_) VS CUMULATIVE DISTRIBUTION (PERCENT)

Figure A-12. Statistical An,lysis - Wayside Noise Data - MBTA Red Line-100 ft.
[So. Shore Extension), October 28, 1971
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k

2 g3 0
12 9_ C
25 gI C
2a 90 0
25 89 0
34 8B 0
58 87 0
79 B_ O0
115 85 O0

19_ 82 00
259 81 O0

' 24_ 80 O0

324 ?B 000

, 340 77 000

i ¸'¸ . _ _52a3_ 757_ 000_00• 606 74 0000
' • " 771 73 DO000
I - 107_ 7_ 0000000

IS?B 7! OODO00000

" ' • 1859 70 O0000000DO0
273_ 69 000000000000000

• 3850 6B 000000000000000000000
' 43|6 _7 000000000000000000000000

, . 4_91 _6 O0000000DO0000000000000
3061 _5 O0000DO0000000000 J
1127 _4 0000000

34 62 0

_ : DIST. DBA* 0 I0 20 30

: LEV_LCDBA*) VS DISTRIBUTION (PERCENT)

• *°A WFI_HTED DF_IEELS-EF, 2D MICRONEWTONS PE_ $QUA_E METER
• t-D_A RF, 20 MICRONEWTONS P_R SQUARE METER FROM AN AVERAGE OF

• TN_ SQUARES OF THE SOUND P_ESSU_E$,
J

Figure A-12 (Continued}. Statistical Analysts - Wayside Noise Data - MBTA I
• Red Line (So, She.e- Extension), October Z8, 1971
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APPENDIX B

WAYSIDE VIBRATIOnMEASUREMENTS- MBTA RED LINE

(SO, SHOREEXTENSION)- OCTOBER28, 1971

i

w



!i)!:i:q Fi_u_oB-1.TimeHi_tery- W_ysido_rounaVibr._ienLo.ol.LotorolCy__i_ _t opointi. which is 25 ft. from the center line of the northbound truck and 38 feet

i:ilZ _I from the centerline of the southbound track, HBTA Red Line (So. ShoreExtension) Oct. 28, 1971. See Figure _i for accelerometer location and
: _ounting.

r



THEPREVIOUSDOCUMENT(S)
MAYHAVEBEENFILMED

INCORRECTLY,.,

RESNOOTFOLLOWS!
B&BInformation&ImaF Management, ;.,*

300P_ceGeorge'sBoulevard
UpperMarlboro,M_land207]2

(_ol)249.ollo



I

I

53







60

o=

:_'bl FREQUENCY SPECTFM,4-SECOND INTEGRATION _:_ ----23?_-_3 •

V_

TIIIIll).OCTA_E,[IANOC£HT_nF_EO_II_tCYI/Ilit

Figure B-4. Ground Vibration - Lateral (y) Axis Z5 feet from the
center line of the northbound track, MBTA Red Line
[So. Shore Extension) Oct, _8, 1971, Four-Car Train
Set. Nos 163.q,1658, 1651, 1650 at 51,0 mph See
FigureP_I.
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APPENDIX C

WAYSIDENOISENEASURENENTS- MBTAREDLINE

(SO, SHOREEXTENSIONI-APRIL27, 1972
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i _ i_f '_' _ _• _ __'_ :

t_ _"°-_- 7::: -_F. _ :_: _•_: "-:- -'-" _ _

'°.... _-I-:-i!-V Ti_ ,__..L......,..................J.,.-_.._ _[,........ E.... , ..

1

, . _"_ ...... ,,. '.-_ ..... ,_, I ....
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_l-/Frl_ ....... ,,,_c i- 1 111il[. ti b;:l;:t.: ;:1 il_| _:_l:: i
Z_-fG5_:[-5!:'5:_., . . _ t: _,--..- .... ,_ _.

Figure C-I. Coincident Time lllsterles - Wayside Noise Levels. MBTA Red Line (So, Shore
Extentlon) April 27, 1972. Microphones placed 6.i ft above level grade and
3 £t above rail tops, See C-I for microphone locations.
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_o ._ ... ;--"-'T'l: .......
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Figure C-_ Coincident Time Histories - Wayside Noise Levels at
25,S0 and i00 ft, from the cnnterline of the north-
bound tr_ck. MBTA Red Line (So. Shore Extension)

April 27, 1972. 2-Car Train northbound Ser. NO s
1611 1610 at 50.6 mph.
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Figure C-_ Coincident Time Histories - Wayside Noise Levels at
38,63, and i13 ft. from centerline of southbound
track, HBTA Red Lime (So. Shore Extension) April 27,
1972, 2-Car Train southbound - Set, Nos 1618, 1619
at 4g.g mph.
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Figure 1-_2 Coincident Time Histories - Nayside Noise Levels
at 38.63. und 113 ft. from centerline of south-
bound track. HBTA Red Line (So. Shore gxtenslon).
April 27, 1972. 4-Car Trsin southbound - Set.
Nos 1604, 1605. 16181 1619 st 48.9 mph.
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,°tI-ts+t-t_N_H-I¢I-H_I¢I¢I:_I_H=H;-I_I_-t_itt-[_

_0t[-DI_H_I-=-I-¢I-t-WI-I=¢N---t_t-ItN--=,i_I_I-I==t_I_[i_
tt_¢_i_N_t-L=-I_I-i-I-H_-I-I-Iztt_iCN-_=I---i_L_tL---

IXtl_,_ff M[O(111l!Illl_ll_ IIra

Figure C-13 Wayside Noise Spectra 38,63 and 113 ft. £roln
centerline of southbound track. MBTA Red Line (So.
Shore Extension) April 27, 1972. 4-Car Train south-
bound - Ser. Nos 1604, 1605, 1619, 1618 at 48.9
mph.
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Figure C-14, Coincident Time Histories - Wayside Noise Levels at
25,50, and i00 ft. £ronl center llne of northbound
track. MBTA Rod Line (So. Shore Extension). April
27, 1972. 4-Car Train northbound - Set. Nos 1604,
1605. 1619, 1618 a_ 49.9 mph
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Figure C-17 IVay_ide Noise Spectra at 38,63,,and 113 ft. £rom !
centerlino of southbound track, blBTA Red Line i
_So. Shoro Extension) April 27, 1972. 4-Car Train !
southbound - Ser. Nos 1616, 1617, ]634, 1635 at
50.7 mph. See Figure G_6.
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Figure C-Z8 Coincident Time Histories - 1_ayside Noise Levels
at 25,50 and I00 ft. from centerline of northbound *
trsck. HBTA Rod Line (So, Shore Extension], April
27. 1972. 4-Car Train northbound - Set. Nos 1616,
1617, 1634, 1635 at .19.3 mph,
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US DEPARTMENT OF TRANSPORTATION WED 07/26/72
TRANSPORTATION SYSTEMS CENTER 13125

NOISE ARATEMk-'4T GROUP

N3I SE DATA FROM RU_ NO. RT-/46-72-1A OF THE MOBILE NOISE LABORATOR( ON
APRIL 27 I972 VRqy 13t46 TC 1/41/4_ ON TENEAN ST, DORCHESTER, MASS*

{ZONE 19 UNIVFRSAL GRID LOCATION 33t.61 - 4683.68 *) !
MICROPHONE LOCATED 25FT* PROM CENTERLINE NEAR TEACKINORTHB3UND)

(t/8 SECOND INTEGRATIONS* 8 PER SECOND) , :'

"'l !'• : " DI STRI R ;:
. . I/3'I fOR nPA_, , :

I tOO * SA_PLFS= 28800 ,,
": 0 102 + AVERAGE= 67.3 DDA* '_

I:
5 tOt + STANDARD DEUIATION= /4*3 DBA_' :
8 tO0 _ ENERGY MEAN= 75*/4 DRY=
7 99 " NOISE POLLUTION LEVEL = 86°/4 '=,,

I0 98 * I_ PERCENTILE = _8.2 DBA= =-.

12 97 ÷ IO_ DECILE= ?Io9 DEA= _
7 96 ÷ MEDIAN= 66.8 DBA_ f,
IR 95 + 90_ DECILE = 6/4.2 DBA= i_2/4 9/4 ÷ 99_ PERCENTILE= 63 DBA_ '
e9 93 * WALSH HEALEY EXP,= I.9 Z
/43 92 ÷ RANGE= 42 DR
/40 91 +
30 90

29 89 ', '_
32 88

33 8735 8A
43 85 ::
/4'1 8/4 " .
43 83
'_0 R2 : "

r:_

/49 80 _'_
73 79 ;
91 78 * ',:_
156 77

. 179 76

290 75 , "
-: "" 360 7_ _,;

42A 73 +÷_05 72
821 71
11/42 72
RO?A _9
R?O8 68 *
3_87 _7 *

_729 66 +
aAP. I AS +
3995 _/_ *
1952 _3 +

tO 61 + ;
0 60 ,*

0 20 /40 60 80 100
LEUEL{DRA$) US CUMULATIVE DISTRIBUTION {PERCENT)

Figure C-20. Statlstie_l Analysis - Wayside Noise Data - HBTA Red Lino-2S ft
(So. Shore Extension), April 27, 1972
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b I I03 C
0 1OR 0
_, 101 0

_ 8 100C
7 99 0
10 9B 0
I_. 97 0
7 9_ 0
l_ 95 0

P.9 93 0

a_ 92 0 _I
_0 9! 0 J
30 90 0
_9 _9 0
3_ A_ 0
33 _7
3_ 86 0
_3 _5 0

a._ B3 0
50 82 0
_ 81 0
a9 _C 0
73 79 0
9L 7_ O0
|_ 77 O0
17_ 7_ O0
_90 75 000
_0 7_ 000
_ 73 000
_0_ 7_ 0000
_ 7_ 00000
!_ 70 0000000

_.07_ _ 000000000000
_0_ _ 000000000000000
_7 _7 00000000000000000000
Z_7_ _S_ 0000000000000000000000(%000
a_! _ 0000000000000000000000000
"_99S _ 0000000000000000000000
_9_ 63 00000000000
_ _ O0
10 6_ 0

D_, D_ 0 _0 _0 _0

Figure C.ZO [Continued]. Statistical Analysis - Wayside Noise Data - MBTA
Red Line [So. Shore Extension), April 27, 1972
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'iS DEPARTMFNT OF TRANGPORTATION WED 07/86/7R I ;
TRANSPORTATION SYSTEMS CENTER 14104 ].

NOISE ARATFMENT GROUP '

NOISE DATA FROM RUN NO* RT-46-7G-3A OF THE MOBILE NOISE LABORATORY ON i.:
APRIL G7 1972 FROM 13146 TO 14:46 ON TFNEAN ST. DORCHEETERp MASS* I

I:(ZONE 19 UNIVERSAL GRID LOCATION 331.61 4683.68 o)
MICROPHONE LOCATED 50FTo FROM CENTERhINE NEAR TRACK(NORTHBOUND) ::

(I/8 SECOND INTEGRATIONS, 8 PER SECOND) :',

DI STRI P- : _
UTI ON DRA* '

q5 96 ÷ SAMPLES-- 28800 ,
5 95 AVERAGE= 6,q,9 DRA* , L . .
3 -3,4 '_ blANDARD DEVIATION= 4,4 DBA_' I:_

13 93 ENERGY MEAN= 71,/4 DB_'* i_i_,
13 9G _. NOISE POLLUTION LEVEL= 82.7 }
18 91 IZ PERCENTILE= 84.8 DBA* Ii
21 90 IOZ OECILE= 70 DBA* I i
G3 89 MEDIAN= 64°6 DBA*
38 85 90_ DECILE = 61.3 DBA_ 755 87 99% PERCENTILE= 59.4 DGAI'
41 86 WALSH HEALEY EXP,= ,5 _ 1'_

85 ÷ RANGE= 39 DB [_45

34 80 ," i_',

r

38 83 ", t •
49 8G ; '

Z 48 81 * ![,
...... " 53 so *- '<:_

65 79 _"

_: > 87 78Xr,- { ,
87 77 j_

128 75 i>_
193 74 +

_96 73 + ,.
403 72 +
489 7I ii
E30 70 ;:
_46 59 e+ _,
1431 68
1878 67 +
G61S 66 +
3404 65
3512 6h ÷
3895 63 + ': J
3508 62 ÷ ;
EA99 61 +
1504 60 +
GSG 59 +
5_ 58 +
2 57 +

0 56 + !
0 20 40 60 80 lO0 ;'

LEVEL(DBA*I US CUMULATIVE DISTRIBUTION (PERCENT) ,:_

Figure C-21. S_atlstiaal Analysis - Wayside Noise Data - MBTA Red Line..50 £t
CSo. Shore Extension), April 27, 1972
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5 96 9
5 95 0
3 9/4
13 93
!3 92 0
18 91 0
21 90 0
23 89 0
38 88 0
55 87 0
41 86 O
45 85 0
34 8t_ 0
38 83 0
a9 82 0
48 8I O
53 80 0
65 79 0
87 7B O0
_7 77 00
100 76 O0
128 75 O0
193 7_ O0
296 73 000
403 72 020
489 71 0000
530 70 0000
846 69 O0000O
1/431 68 000000000
1678 67 O0000000000
2618 66 OOO00OO00000000
3404 65 0000000000000000000
3512 64 0000000000000000000
3895 63 000000000000000000000
3508 62 0000000000000000000
2699 61 O00000000000000
1504 60 000000000
562 59 0000
52 58 0
2 57 0

DIST. DBA* 0 I0 20 30
LEUEL¢OBA*} V2 DISTRIBUTION (PERCENT)

*-_ WEIGHTED DECIBELS-RE. 20 MICRO_EWTONS PER SQUARE METER
**-DBA RE. 20 MICRONEWTONS PER SQUARE METER FROM AN AVERAGE OF
THE SOUARES OF THE SOUND PRESSURES.

Figure C-Zl [Continued). Statistical Anulysis - Wayside Noise Data - MBTA

Red Line (So. Shore Extension), April 27, 197250 £t
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US DKPARTMENT OF TRANSPORTATION _E_ 07126/?2 • '_
TRANSPORTATION SYSTEMS CENTER 14:_6

• " NOISE A_ATFt,IF_IT GROUP

NOISE DATA PROH RUN NO. RT-46-?Q-_A OF THE HOBILE NOISE LABORATORY ON
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APPENDIX D
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Figure D-2 Coincident Time Histories - Ground Vibration Levels in
throe axes 25 f_. £rola track centerline, blBTA Rod Line

(So. Shore Extension) April 27, 1972. 2-Car Trn_n
northbound Ser. Nos 1611_ 1610 at 50.6 _ph.
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Figure D-3 Coincident Ground Vibration Spectra in three axes 25
ft. erom track aenterline. HBTA Red Line (So. Shore
Extensien) April 27, 1972. 2-Car Train northbound
Set. Nos 1615, 1610 at 50.5 mph.
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. Figure D-5 Coincident Ground V_bration Spectra in three axes 25
- ft. from track centerline. _IBTA Red Line (So. Shore

Extension) April 27, 1972, 2-Car Train northbound,
Set. Nos 1503, 1506 at 49.5 mph. See Figure D4.
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Figure D-7 Coincident Ground Vibration Spectra in three axes 25
ft. from track centerline. HBTA Red Line _So. Shore
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Set. Nos 1503, 1506, 1611, 1010 at 49.7 mph.
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Figure D=9 Coincident Ground Vibration Spectra in three axes 38
f_t from track centerline. MBTA Red Line (So. Shore
Extension_ April 27, 1972, 2-Car Train southbound) Set.
Nos 1618, 1619 at 49.9 mph. See Figure D-8.
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Figure D-13 Coincident _round Vibration Spectra in _hre¢ nxes
38 feet from track ¢enterline. MBTA Red Line [So.
Shore Extension) April 27, 1972. 4-Csr Train south-
bound, Set. Nos 1604, 1605, 1619, 1618 _t 49.9 mph.
See Figure I_12.
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Figure D.14 Coincident Time Histories - Ground Vibration Levels
in three axes 25 ft. from track centerllne, MBTA
Red Line (So. Shore Extension) April 27, 1972. 4-Car
Train northbound, Set. Nes 1604, 1605, 1619, 1618 at
49.9 mph.
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Figuro D-is Coincident Ground Vibration Spectra in three axes 25
£t_ from track centerlins, MBTA Red Line (So. Shore
Extension) April 27, 1972. 4-Car Train northbound
Ser. Nos 1604, 1605, 1619, 1618 at 49.9 mph. See
Figure D44.
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Figure D-I? Coincident Ground Vibration Spectra in three axes
38 ft, frolntrack centerline. HBTA Red Line {So,
Shore Extension) April 27, 1972. 4-Car Train south-
bound Set. Nos 1616, 1617, 1634, 1635 at 50,7 mp_.
See Figure 1_16.
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MBTA Red Line (So, Shore Extension) April 27, 1972.
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ft, from track centerline. HBTA Red Line (So. Shore
Extnnsion) April 27, 1972. 4-Car Train northbound
Ser. Nos r 1616, 1617, 1634, 1635 at 49.S mph. See
Figure _18.
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Figure E-3 Coincident Nois0 Spectra at three in-car locations.
Ten,an St. Wayside Measurement Site Area. HBTA Red
Line (So. Shore Extension) April 29, 1972. _See Figure
_).
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Figure E-4 Coincident Time llistories l Noise Levels at three
locations. Neponset River Bridge, MBTA Red Line
CSo. Shore Extension_. (See Figure F_l.)
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Figure E-5. Coincident Time Histories - Noise Levels at three
locations, Sharp Yightlha_d corve after entering
tunnel before Andrew Station, _IRTARed Line
April 29. 1972. See figure E.-I. I
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Figure E-IO Coincident Noise Spectra at three locations.
Dorchester Tunnel between Andrew and Broadway
Stations. HBTA Red Line. April 29, 1972. See
Figure E-I. See Figure J._ for tunnel cross section.
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Figure E-12 Coincident Noise Spectra at three locations.
Circular Tunnel between Broadway and So. Station.
MBTA Red Line. April 29, 1972. See Figure _i.
See Figure J4 for tunnel cross section.
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Figure E-14 Coincident Noise Spectra at three locations.
Hnin St. 'runnel between gendal] and Central Sta-
tions. MBTA Red Line, April 29, 1972, See
Figure Frl. (See Figure J_6 for tunnel cross section)
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60" OUTSIDE PLATFORM 1BETWEENCAN!-

Figure E-15 Coincident Time Histories - Noise Levels measured at
throe locations on HBTA Type i So. Shore Rapid Transit
Cars Set. Nos 1503, 1506 on the HBTA Red Line (Ashmont
Extension northbound). April 29, 1972. See Figure i
02 for microphone locations. !
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Figure E-16 Coincident Noise Spectra at three locations.
Ashmont Tunnel between Ashmont and Shawmu_
Stations. HBTA Red Line (Ashmont Extension).
April 29, 1972. See Figure B_5. See Figure
._ for tunnol cross section.
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Figure E-17 Coincident Noise Spectra at three locations.
Crusing on straight-run surfaceline between
Fields Corner and Savin Hill Stations. HBTA

Rod Line (Ashmont Extension). April 29, 1972
See Figure F.I_.

127



.-V__cpNp_TE_TION., , . J. [__-]xx:____FzFZ[--I._-'_I----_tr_tFIZ

............ t-I_.: : _ .:: ==l=t---t--=---=--

_o 1_=1=_-I::I=t_:I=1-_t:=t:-I:=t-_::_::_=:=I::N= == =

 ltl-I l I  tIl
'°b_l Hilt t l tlttllttl:t-_t_t-tiH_:t

_ .li:-I_t_:M_f_:[_-_l_l_l_t_l-:_t_lq-:.t--I_-:1i:t::1_I_7_t-t_----
40 3, 50 0 125 200 35 50{) SO_ t25K 2Gl( 3.1_K 50K IOK t25K 20K FA

1)il_O'k_tA_,OAHD_/_IIAF_tO_(_CflitH¢

,o!t:it_#:--I::l!H:fl:'/. t 1/-t - " --_f_¢t_I_

_0 . ....

Figure E-18 Coincident Noise Spectra at three locations,
Stopped with doors open at Savin ]tillStation.
qBTA Red Line (Ashmont Extension). Apr_l 29,
1972. See Figure EoI5.
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Figure E-ZO Coincident Time Histories - Noise Level at tbree
locations. Southbound Tenean St. Wayside Megsurement
Site. MBTA Red Line (So. Shore Extension) April 29,
1972. See Figure _19.

130



Figure E-21 Coincident Noise Spectra at three locations.
Southbound Tenoan St. l_ayslde Measurement
Site. MBTA Rod Lin_ (So. Shore Extension].
April 29, 1972. See Pigure B.20.
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US DEPARTMENT OF TRANSPORTATION FRI 06/23/72
TRANSPORTATION SYSTEMS CENTER IOI5S

NOISE ABATEMENT GROUP

NOISE DATA _ROM RUN NO. RT-47-72-IA OF THE PORTABLE NOISE STATION ON
APRIL G9 197B FROM 01125 TO Oil34, IN MBTA CAR SEB. NO* 1503 & 1506

{ZONE g9 UNIVERSAL GH!D LOCATION 999 - 9999 .}
{1/8 SECOND INTEGRATIONS, 8 PER SECOND)

DISTRXB
UTION DBA*

0 8U ÷ SAMPLES= 4200

1 81 + AVERAGE = 69.9 DBA*
2 80 * STANDARD DEVIATION= 2.9 DBA*
14 79 ENERGY MEAN = 71DB**
42 78 + NOISE POLLUTION LEVEL= 78.4
88 77 I¢ PERCENTILE = 78.4 DBA*
102 T6 _ IO_ DECILB = 73°9 DBA*
71 75 + MEDIAN= 70,3 DBA_
83 74 + 9OZ DECILE= 66,7 DBA*
142 73 * 99Z PERCENTILE= 63*4 BBAe
GTI 72 + WALSH HEALEY E_p.= O
691 ?l + RANGE= 20 DB
765 70 +
827 69 ÷
_B8 6_ +
190 67 *
149 66 +
148 65 +
S2 64 +
70 63 +
13 62 +
1 61 ÷
0 60 +

0 20 40 60 80 }OO
LEUEL(DBA*} VS CUMULATIVE DISTRIBUTION (PERCENT}

gure E-22. Statistical Analysis - In-Car Noise Data, META Type 1 So. Shore
Rapid Transit Cars Serial Nos 1503, 1506 on the MBTA Red Line
(So. Shore Extension) Northbound. Microphone located inside
mid-car, April 29, 1972
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! 61 o

80 0

!_8 ?? 00O0
I0_ 76 00000
• 1 75 0000
83 ?_ 0000
I_ ?3 000000
_91 7_ 00000000000

Figure E-22 (Continued). Statistical Analysis - In-Car Noise Datnt HBTA Type
i So, Shore Rapid Transit Cars Serial Non 1503j1506
on the HBTA Red Line (So. Shore Extension) North-
bound. Microphone located inside mld-car_ :i

Aprll 29, 1972
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US DEPARTH_NT OF TRANSPORTATION FRI 06/23172
TRANSPORTATION $¥STEHS CENTER lAsS7

NOI SE A_ATEMENT GROUP

NOISE DATA FROH GUN NO, RT-47-TS*3A OF THE PORTABLE NOISE 5TATION ON
APRIL SG 1972 FRON 011R5 TO OIlOAm IN HRTA CAR SER, NO* 1503 .& |506

(ZONE 99 UNIVERSAL GRID LOCATION 999 - 9999 ,)IIR SECOND INTEORATIG._IS; S PER _ECOND) ._

DI STRi R :;
UTI ON DGA* i

8 85 * SAHPLES= 4900 :;
8 84 + AVERAO_ 71.2 DBA_
18 83 + STANDARD DEViATIONs 4.9 DBA*
37 89 + ENERGY MEANs "/3.6 DRe_
38 81 + NOISE POLLUTION LEVEL, 86,1
36 80 IS PERCENTILE= 89*8 DRA*
81 79 + 1OS DECILEa 77.4 DBA_
IRG 79 ÷ MEDIAN" 7R*S DBA_
lJt_ 77 * 90_ DECILE" 84,2 DGA*
137 78 + 99S PERCENTILEm 59 REAe
168 75 + NALSH HEALEY _P.= O I
RO'o 7/4 + RAnG Ea S8 DR
493 79 +
8SR 7_ +
606 7! +
368 70 +
254 89 +
IG9 88 ÷
7! 87 +
69 86 +
5_ 65 +
50 84 +
47 63 +
69 69 +
85 61 +
86 80 ÷
98 59 +

42 59 , +
1 ST "
0 86 +

0 80 40 60 SO 100
LEV_CDBA_) VS CUNULATIVE DISTRIEUT|RN (PERCENT)

Figure R-23, Stattsl:tcal Analysls - In-C4r No_se Data_ MBTA Type 1 SO. Shore
Rapid Transit Car Sertel,Nos 1505,1506 on the MBTA Red Line
(So, Shore Extension) Northbound. Microphone located inside
over rear wheel trucks, Aprll 29, 1972
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B 85 0
8 8_ 0
18 83 O0
37 89 O0
3B 81 O0
36 80 O0
_! ?9 0000
128 78 000000
110 ?7 00000
137 16 000000
168 75 0000000 ]
980 74 O0000000000 '
a9_ 73 0000000000000000000
_50 70 000000000000000000000000
606 71 00000000000000000000000
368 TO 00000000000000
Q5_ 69 0000000000
100 6B 00000
71 67 RORO
_e 66 ROOD
54 65 000

_"-" " 50 6_ 000
47 63 OOO
69 60 ROOR
65 61 RO0
86 60 ODD0
90 59 OORO0
40 5B ORO
! 5? 0

DIST, DBAe 0 lO RO 30
LEVEL.tDBA*) US DISTRIBUTION (PERCENT)

*-A WE|_HTED DECI_ELE-R_. 00 MICRRNEWTONSPER $RUARE METER
**-DBA RE, 20 MICRONEWTONSP_R SQUARE METER FROM AN AVERAGE OF
THE S_UARES OF THE SOUNDPRESSURES,

Figure £-23 [Continued). Statistical Analysis - In-Car Noise Data, MBTA Type
1 So. Shore Rapid Transit Car Serial Has lS03,1S06
on the MBTA Red Line [So. Shore Extenalon) North-
bound. Microphone located inside over rear wheel
trucks, Aprll 29, IS72 !

135 !:



US DEPARTMENT OF TRANSPORTATION FRI 06#23#72
TRANSPORTATION SYSTEMS CENTER 14148

NOISE ABAT_T GROUP

NOISE DATA FROM RUN N0J RT'47"?G'4A OF THE PORTABLE NOISE STATION ON
APRIL G9 1972 _ROM 0It25 TO 0IIOAi IN MBTA CAR BEfit NO, 1503 & 1506

(ZONE 99 UNIVERSAL GRID LO_ATION 999 - 9999 *)
(118 SECOND INTEGRATIONS, 6 PER SECOND)

DI STR| B

UTIONDBA*
- " 2 98 + SAMPLES= 4200
. . 8 97 + AVERAGE= 79,7 DBA*

8 96 * STANDARD DEVIATION= 8,2 DGA*
80 95 + ENERGY MEAN= 84.7 DB**
53 94 * NOISE POLLUTION LEVEL= 105,7
66 93 + I_ PERCENTILE- 9_,9 DBA*
69 9G ÷ 16% DECILE= 87.T DBA*

.... ":.... SG 91 MEDIAN" 82o3 DBA*
36 90 + 96Z DEDtLE- 65.7 DBA*
35 89 + 99¢ PERCENTILE" 58,B DBA*
55 88 WALSH HEALEY EXP,- 14,5
54 8q + RANGE- 41 DB
IGI 86 *'
209 85
372 84 ÷
541 83 +
6/41 8G +
•̀05 81 +
2G5 60 +

+,.. lot "tO
108 78 +
97 77 ÷
9G 76 +
69 75 ÷
51 74 +
40 73 +
•'9 76 ÷
3/4 7I ÷
G3 70
•̀ 1 69 ÷

" G9 _8 +
36 67
35 66 ÷
38 65 +
30 6*` +
A8 63 +
87 62 ÷
57 61 +
7a 60 ÷
97 59 ÷
45 58 +
5 57 ÷
0 56 +

0 60 40 60 _G tO0
LEUELtDBA*) US CUMULATIVE DISTRIBUTION (PERCENT) f

Figure E-24. Statistical Analysis - In-Car Noise Data, MBTA Type 1 So. Shore
Rapid Transit Car Serial Nos 1503,1506 on the MBTA Red Line
(So. Shore Extension) Northbound• Microphone located on out-
side plat£orm between cars, April 29, 1972
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2 98 0
8 97 0
8 96 0
20 95 O0
53 94 000

- 66 93 020
• 69 92 0000

53 9 ! 000
36 90 O0
35 89 O0
56 88 000
54 87 000
lOl 86 OOO00
209 85 000000000
379 8_ 80000000000000
541 83 O00OO000000000000000

641 82 000000000000000000000002
405 8] 0000000000000000
205 80 00000000
131 79 000000
I08 78 00000

97 77 00000
92 76 0008
69 75 OOOO

i 51 7_ 000
aO 73 000
49 72 000
34 71 O0
23 70 O0
4! 69 000
99 88 O0
36 67 O0
35 66 00
38 65 O0
30 64 O0
48 63 000
37 62 O0
57 51 200
74 60 0000
97 59 00000
45 58 000
5 87 0

DIST, DBA_ 0 I0 90 30
LEVEL(DBA_ VS DISTRIBUTION (PERCENT_

_-A WEIGHTED DECIBELS-RE° 20 MICRONEWTONS PER SQUARE METER

• _-DBA RE* 90 MICRONENTONS PER SQUARE METER FROM AN. AVERAGE OF
THE SQUARES OF THE SOUND PRESSURESJ

Figure E-24 (Continued_. Statlstical Analysis - In-Car Noise Data, HBTA
Type I So, Shore Rapid Transit Car Serial Nos lSOSp
ISOO on the HSTA Red Line (So. Shore Extension)
Northbound. Microphone located on outside platform
between cars, April 29_ 1972
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US DEPARSHENT OF TRANSPORTATION TUE 07/11472
TRANEPORTATION SYSTSHS CENTER 10117

NOI SE ABATEHENT GROUP

NOISE DATA FROM RUN NO, RT-47-72-1A OF THE PORTABLE NOISE STATION ON .
APRIL 29 ,197R FRON 01:34 TO 01;49_ IN MBTA CAR SER. NO, 1503 & 1506

CZONE 99 UNIUERSAL GRID LOCATION 999 9999 °)
(I/8 SECOND INTEGRATIONSJ 8 PER SECOND)

DISTRIR
.... UTION DBA*

a 88 • SANPLESm 7362
G 85 • AVERAGEm 72,2 DRAt
49 84 ÷ STANDARD DE_IATION= 5.9 DBA*
133 83 + ENERGY MEAN= 75,9 DB**

G04 8e + NOISE POLLUTION LEVEL= 91
305 81 + 1¢ PERCENTILE= 83,9 DRA*
421 80 + 10Z DECILEs 80,9 DBA_
398 79 _ MEDIAN= 71.9 DDA*
336 78 +' 90_ DECILE= 85,6 DBA*
370 T7 + 99Z PERCENTILE s 63, t DRA*
311 76 ÷ WALSH HEN=EY EXP,= 0 2
_08 75 + RANGE= 25 DB
g8R 74 +
245 73 +
GGI 7R +
R77 .71 +
SOS 70 +
414 69 +
637 68 +
598 67 ÷
572 88 +
453 85 ÷
251 64 +
lAG 63 ÷
SE 6R ÷
14 61 ÷
0 60' ÷

0 90 40 60 80 IO0
LEUEL(DBA*) US CUHULATIVE DISTRIBUTION (PERCENT)

Figure E-25. Statistlc_l Analysis - In-Car Noise Data, NBTA Type 1 So. Shore
Rapid Transit Cars Serlnl Nos 1503,1506 on the HBTA Red Line
Northbound. Hicrophone located mld-car inside car Serial
No. IS03, Aprll 29, lg72
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66 0
8 85 0
49 84 O0
133 63 0000
204 82 00000
305 B; ODDDOOD
_g! 80 0000000000
396 79 000000000
336 78 00000000
_?0 77 000000000
31! 76 0000000
306 75 0000000
_82 7_ 0000000
2_5 73 000000

27_ 71 0000000
303 70 0000000
414 69 0000000000

r 637 68 OOGO0000000000
598 67 0000000000000
S72 66 0000000000000
_53 65 0000000000
25t 64 000000
t_O 63 0000
5_ 6_ O0
|_ 61 0

DIST° DB_ 0 10 20 30
LEUE.,tDBA_) V5 DiSTRIBuTION ¢P_RCEL',/T)

*'A _EI_HTED bECIBELS-RE° 20 MICRONEWTONS PER SQUARE METER
==-O_A RE, 20 MICRON£WTONS PER SgUARE METER VROM AN AVERAGE OF
7HE SQUARES O_ T_E SOUND PRESSURE56

Figure E-2S (Continued). Statistical Analysis - In-Car Noise Data, HBTA Type 1

So. Shore Rapid Transit Cars Serial Nos 1503,1506 onthe HBTA Red Line Northbound Microphone located mid-
car inside car Serial No. 1503, April 29, 1972
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US DEPARTMENT OF TRANSPORTATION TUE 07/11/72
TRANSPORTATION SYSTEMS CENTER 11|4I

NOISE ABATEMENT GROUP _

NOISE DATA FROM RUN NO. RT-47-72-3A OF THE PORTABLE NOISE STATION ON • ,_
APRIL 29 I972 FROH 01134 TO 01:49, IN MBTA CAR SER. NO. 1503 _ 1506

{ZONE 99 UNIVERSAL ORID LOCATION 999 - 9999 .)
¢1/8 SECOND INTEGRATIONS, 8 PER SECOND}

DISTRIB
UTION DBA*

? G6 o SAMPLES = 736_
27 87 AVERAGE= 71.4 DBA*
83 86 ÷÷ STANDARD DEVIATIONm 8.6 DBA*
[14 SS ENERGY MEAN= 77.7 DB_*

GO0 84 _ NOISE POLLUTION LEV la_m 99,7
270 83 * 12 PERCENTILE= SS. fi DBA*
326 82 + IOZ DECILE= 82t9 DEA*
394 81 + MEDIAN= 7B,O DBA*
409 80 ÷ 90_ DECILE= 60,8 DDA*
348 99 +. 99Z PERCENTILE* 5_°4 DRA*
GT? '18 + WALSH HEALEY EXP*= O g
286 77 + RANOEm 31 DB
255 76 ÷
229 75 +
199 74 +
140 73 +

156 71 +
162 ?O +
179 69 +

192 68 ++162 67
219 56 +
240 65 ÷
329 6_ +
365 63 +
419 62 +
398 61 +
332 60 +
321 59 *
144 58 +
17 57 +
0 56 + J

O 20 40 60 80 . lOO
LEVEL(DBA*I VS CUMULATIVE DISTRIBUTION tP_RCENT)

Figure E-26. Statistical Analysis - In-Car Noise Data, HBTA Type i So. Shore
Rapid Transit Cars Serial Nos 1503, lS06 on the HBTA Red Line
Northbound, Microphone iocated over the roar wheel truck in-
side car Serial No, 1503, April 27_ 1972
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I
US DEPARTMENT OF TRANSPORTATION rUE 0?IIX/72

TRANSPORTATION SYSTEMS CENTER 1R:03
NOISE ABATEMENT GROUP

.... 'L

NOISE DATA FROM RUN NO, _T-47-72-4A OF THE PORTABLE NOISE STATION ON
APRIL 29 tO72 FROM OllOA TO Ol149J IN MRTA CAR SER. N0* 1503 & 1506 _"

(ZONE g9 UNIVERSAL gRID LOCATION 999 9999 ,)
(1/8 SECOND INTEGRATIONS, 8 PER SECOND)

DISTRIB
tr_ION OBAV

2 lOG ÷ SAMPLES= 7362
13 lOt ÷ AVERAGE= B0,5 DBA*
R0 1DO + STANDARD DEVIATIONz 12,1 DBA$
36 99 * ENERGY N_ANR gO DB**
87 98 ÷ NOISE POLLUTION LEVEL= 121
1_5 97 + 12 PERCENTILE= 99 DBA*

..... _o q_ * 102 DECILE= 95.2 DBA*
282 95 + MEDIAN= 82.7 DBA*
404 94 ÷ 902 DEDILE= 63.8 DBAt
373 93 + 992 PERCENTILE- 62ol DRA*
375 99 ÷ WALSH HEALEY EXP.= 77*9 2
330 91 + RANGE= 42 DR
301 90 +
252 89 +
197 88 +
168 87 +
lfi_86 +
123 85
IO_ 84 ÷
IOl 83 ÷
108 89 + '
121 81 ÷
199 80 ÷
113 79 ÷
IG6 78 + ;
91 ?T ÷
114 76 +
124 75 +
115 74 ÷
176 73 ÷
RGO 79 +
189 71 +
189 70 ÷
154 69
114 68 ÷
106 67
173 66 ÷
939 65 ÷
_79 64 ÷
477 63 +
3GI 69 ÷
36 61 ÷
tO 60 ÷
O 59 *

O 90 _O 60 80 lOO
LEV_L(DRA*) VS CUMULATIVE.DISTRIBUTION (PERCENT)

Figure H-27. Statistlcal Analysis - In-Car Noise Data, MBTA Type I So. Shore
Rapid Transit Cars Serial Nos 1503,1506 on the MBTA Red Line
Northbound, Microphone located on the outside plat£orm cars
April 29, 1972
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US DEPAR'RqENT OF TRANSPORTATION FRI 06123/72
TRANSPORTATION SYSTEMS CENTER 16103

NOISE 4BATEHENT GROUP

NOISE DATP FROH RUN NO, RT-47-72-1A OF THE PORTABLE NOISE STATION ON
APRIL 29 i972 FRON 03148 TO 03156* IN HBTA CAR SER, NO, 1503 & 1506

(ZONE 99 UNIUERSAL GRID LOCATION 999 - 9999 .)
(1/8 SECO_ID INTEGRATIONS, 8 P_'R 5ECOND)

DI STR! B
• UTION DBA*

I 55 _" SAMPLES a 3840
6 84 + AVERAGEa 70.4 DGA*
19 83 • STANDARD DEVIATIONm 4,7 DB4*
55 82 _" ENERGY MEANa 73,4 DR**
69 81 + NOISE POLLUTION LEVELs 85,4
6/_ 80 + I% PERCENTILE" 82.8 DBA*
57 79 * IOZ DECILE'| 77*9 DBA*
89 78 + MEDIAN= 70*2 DBA*
80 77 * 90_ DECILE" 65,4 DBA*
fOR 76 99Z PERCENTXLEm 6Ro9 D_A*
165 75 + WALSH HEALEY EXP*- 0 Z
t83 7_ * RANSEa 25 DB

_49 73 ÷ _ .
9/13 72 +
312 71 ÷
273 70 +
335 69 ÷
36_ 58 +
_)9S 67 *
317 66 +
286 65 ÷
156 64 +
69 53 *
36 69 ÷
6 61 ÷
I 60 ÷
0 59 ÷

0 GO 40 60 B0 1O0
LEVEL(DgA*) VS CUNULATIVE DISTRIBUTION CPERCENT) r

Figure. E-28, Statistical Analysis - In-Car Noise Data, HBTA Type 1 So. Shore
Rapid Transit Cars Serial Nos 1503,1506 on the MBTA Red Line
(Ashmont Extension) Northbound. Microphone located inside mid-
car, April 29, 1972
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] 85 0
8 84 0
19 93 O0
58 BR 000
69 8 t 0000
64 80 0000
69 ?9 0000
89 78 00000
BO 77 0000
102 78 00000
163 T5 O00000O
183 T_ 00000000
_A9 93 O0000OOOOO0
_3 72 OOO00000000

312 71 0000000000000
R?S 70 O0000000000O
335 69 O000000000OO00
364 68 O0000OOOOOOOO00
R9_ 67 O000000000000
SIT 66 0000000000000
286 65 O000OOO00000
156 64 O000OO0
69 63 0000
36 62 OOO
S 61 0
1 60 0

DIET, DRA$ 0 10 20 30
LEVSn-(DBA$) US DISTRIBUTION (PERCENT)

• -A WEIGHTED DECIBELS-RE* SO RICRONEWTONE PER SQUARE NETER
m_-DBA RE. 20 MICRONEWTONS PER SQUARE NETER FROM AN AVERAGE OF
THE SQUARES OR THE SOUND PRESSURES,

Figure E-28 (Continued). Statistical Analysis - In-Car Noise Data= HBTA
Type 1 So, Shore Rapid Transit Cars Serial Nos
1SOS,lEO0 on the HBTA Red Line (Ashmont Extension)
Northbound. Hlcrophone located inside mid-car,
April 29, 1972
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US DEPARTHENT OF TRANSPORTATION FRI 061231?2 '
TRANSPORTATI ON SYSTEMS CENTER 16120 :_

NOISE ARATEMEMT 8ROUP

NOISE DATA FRON RUN N0* RT-47-72-OA OF THE PORTABLE NOISE STATION ON
APRIL 29 1972 FRRN 03148 TO 03156J IN NRTA CAR SER. NO+ t503 & 1505 _

(ZONE 99 UNIVERSAL GRID LSCATION 999 - 9999 ,,) !
?

(JIB SECOND INTEGRAT]ONS* 8 PER SECOND) :i

DI STRI B
UTX ON DBA*

I 90 SAMPLES= 36/40
O _9 AVERAGE-- 70 - 5 DBA*
| 88 _" STANDARD DEVIATION= O DSA*
4 87 + ENERGY MEAN= 76. I DB**
6 86 N0X SE POLLUTION LEVEL= 96,= 6
29 82 ++ 19 PERCENTILE= 85.1 DBA*
47 84 + IOZ OECILE= Bl.O DRA*
91 83 + MEDIAN= 72e7 DBA_'
ItS 52 90Z DECILE" 50.3 DBA*
|[9 8I + 99Z PERCENTILE= 58*3 DBA*
138 80 + WALS½ HEALEY EXP,=, 8 Z
145 '19 + RANGE= 36 DS
tSS 78 ÷
GGA 77 ÷
DR5 76 *
231 75 +
165 74 +
163 73 +
116 72 +

85 71 _'
63 70
75 69 +
98 68 ÷
98 67 +
83 66 +
106 65 +
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Figure £-29. Statistical Analysis - In-Car Noise Data, MBTA Type 1 So. Shore
Rapid Transit Cars Serial Nos 1503, 1506 o_L the MBTA Red Line
CAshmont Extension) Northbound. Microphone located inside over
rear _heel truck, April 29, 1972
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Fisure E-29 (Continued). Statistical Analysis - In-Car Noise D_ta, MBTA Type 1
So. Shore Rapid Transit Cars Serial Nos 1503,1506 on
the MBTA Red Line (Ashmont Extension) Northbound,
Microphone located inside over rear wheel truck
April 29, 1972.
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US DEPARTMENT OF TRANSPORTATION FR! 06/23/72
TRANSPORTATION SYSTEMS CENTER 16t34

NOISE ARATEMENT GROUP
J...

NOISE DATA FROM RUN NO. RT-47-72-AA OF THE PORTABLE NOISE STATION ON
APRIL G9 1972 FR0_ 03t48 TO 03153, IN MBTA CAR SER. NO. 1503 & 1506

(ZONR 99 UNIUERSAL GRID LOCATION 999 - 9999 °l

II/B SECGND INTEGRATIONS, B PER SECOND) i '_
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UTI ON DBA* _.
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160 68 + RANGE= 38 DB
I63 67 +
177 86 ÷
140 85 +
114 84 ÷
125 83 +
119 GG +
95 81 +
59 80 +
55 79 ÷

' " 46 78 +
35 77 +
_7 76 +
29 75 +
31 74 +
G7 73 +
G7 72 +
4_ 71 ÷
38 70 ÷
46 69 ._
42 68 +
55 67 ÷
104 66 +
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0 60 +

O 20 40 60 80 tO0
LEUEL(DBA*) US CUMULATIVE DISTRIBUTION (PERCENT)

Figure E-30. Statistical Analysis - In-Car Noise Data, MBTA Type 1 So. Shore
Rapid Transit Cars Serial Nos 1503, 1506 on the HBTA Red Line
(Ashmont Rxtenslon) Northbound. Microphone located on outside
platform between cars, April 29, 1972
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Figure E-30 CContinued]. Statistical Analysis - In-Car Noise Data, HBTA Type
] So. Shore Rapid Transit Cars Serial Nos 1503,
1506 on the MBTA Red Line (Ashmont _xtension] North-
bound. Microphone located on outside platform
between cars, April 29, 1972
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i Figure F-I. Coincident Time Histories - Floor-Vibration Levels Neasured in Three Axes on
"' i MBTA Type I So. Shore Rapid Transit Cars S/n 150S, 1505 on the HBTA Rod Line

! end So. Shore Sxtenslon, April Z7, 1972. Triaxial Accelerometer )lounted on FloorTiles Inside Car S/n 1503 Centered Overthe RearWheelTrucks. See figure

j G-2 for Accelerometer Location. See figure S-I for Speed Profile.
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_iguroF-2. Coincident Time Histories of Floor Vibration Levels in
three axes. Northbound Tenemn St Wayside Measurement
Site. MBTA Red Line CSo. Shore £xtension). April 29,
1972, (See Figure F4.).
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Figure F-3 Coinciden¢ Floor Vibration Spectra in three axes.
Tenean St. Wayside Measurement Site. bIBTA Rod Line
(So, Shore Extension) April 29, 1972. (See Figure _2)
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Figure F-5 Coincident Floor Vibration Spectra in three axes.
Neponset River Bridge. HBTA Red Line {So. Shore
Extension) April 29, 1972. (See Figure K4)
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Figure F-6. Coincident Time Histories of Floor-Vibration Levels in
three axes. Right-hand curve after entering tunnel be-
fore Andrew Station. MBTA Red Line, April 29, 1972.
See figure F-l.
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Figure F-8 Coincident Floor Vibration Spectra in three axes at
Crest of Longfellow Bridge. _IBTA Red Line, April 29,
1972. See Figure F.1.

160



i

g
•

4



II Ill Ill )11 IN NO till I_ II_ PLAT I
fill I1_ lill _111 Ill II

Figure F-IO Coincident Floor Vibration Spectra in throe axes.
Dorchester Tunnel between Andrew and Broadway Stations.
MBTA Red Line, April 29, 1972. See Figure I%1. See
Figure r_ for tunnel cross section,
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Figure F-12. Coincident Floor-Vibration Spectra in throe axes,
Circular Tunnel between Broadway and So stations
MBTA Red Line, April 29, 1972. See figure _i. See
figure J-4 for tunnel cross section.
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Figure F-13 Coincident Floor Vibration Spectra in three axes.
Beacon Hill Tunnel between Park St and Charles St.
Stations. MBTA Red Line, April 29, 1972. See Figure
F-I. See Figure JZ for tunnel cross section.
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Figure F.14 Coincident Floor Vibration Spectra in three axes in
Main St. Tunnel between Kendall and Central Stations.
MBTA Red Line, April 29, 1972. See Flgure _I. See
Figure J_ _or tunnel cross section.
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_t_ure F-16 Coincident Floor Vibration Spectra in three axes.
Ashmont Tunnel between Ashmont and Shawmut Stations.
HBTA Red Lin_ _Ashmont Extension), April 29, I_72.
See Figure _IS.
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_:i MEASUREMENTLOCATIONS

m

!_! Figure G 1 depicts the locution of the three wayside microphone
_ systems and triaxia] accelerometer systems set in an MBTA storage

yard on Tenean St. Dorchester, MA next to the MBTA Rapid Transit

tracks of the Red Line's So. Shore Extension. The microphones were

_, placed 25 ft., 50 ft. and 1O0 it, from the centerllne of the near..... eL

_" northbound track and six feet above level grade. The top of the

rails in this location was 3 ft. 1 inch above level grade. The
L..

=- triaxial arrangement 0£ accelerometers were mounted on n brass rod

_' (2 ft. long and 7/8 inch in diameter) which was driven into the

ground 25 ft. from the centerline o£ the northbound track at a

; point 2 ft. away from microphone system No, 1.
",3

_,_ For the October 2_, 1971 measurements, a robot camera was

placed 100 ft. from the northbound track and was programmed to take

_ sequential photographs of.the passing trains every 1/4 second.

i_ These photographs were used to calculate the speed of the train.

i:)
_ i illiJllH.,,,,,,,,If@flt_tttttHt_lflHtH@flfl__lzu,,,,,,HtHfl_.. """"" _S00TII

_ _3'01 i HHlllll I IHIHI_PrnT_IH i IIH IIH I1]Hi [H Hilll HIIH H[[IIIIIIIIIH HIIIIll [HH $H HHHHIIIIH IHI
_ HHH_HFHHHtH_H[_HHHHH_tIHHtHIHtflHflHtflF-_ ,oex.

l)i! z,o,,

T_{H{HflHiH_HflHfl;_;_;_;_fi;t_fl_ififfiffflfi_fififfiffiffi_;_;;_J_;

2115ft Doppler
" I I ,_d.r S,ste,

_;I Trilxial _ O#Hlcrophone No, i
I _c¢oloromotor HIcropho_o 6tO"above

50 f¢ Isyel gradl

_#HicrophoneNo I
Top of r_ils Itl" _bove

level grade

100 ft

Trllg_ll a¢¢elerometor m©unted
on _ ft _rll$ Rod ?/8 inch In

_'J diameter driven lg_O Nrotlnd

!;_ _'H'cr°ph°ne NO3
] Robe t C_mora a'lxll_ Ionlitudl_l

_i! g°ll_l* l|tOrll
_=aliS_ ¥er¢1¢1]

Figure G-I. Wayside Instrument Locations MBTA Red Llno- So. Shore
Exteneion_ Tenean Street, Dorchester# MA
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For the April 27, 1971 measurements an X-band Doppler radar

system was set up trackside for spend information°

Figures fl-2 through G-5 are photographs e£ thn Tonean Strnet
mnasurnmnnt site.

Figure 6-6 shows the location of thrne mlcrophonns set up in

the lnad ear efa 2-car train. Microphnne system Nn. 1 was

placed at nat levnl nf a seated passnngnr at a mid-car lonatlon

..... (3.5 ft. above the floor); microphone system No. 2 was placed at

ear level nf a seatnd passnngnr and located ovnr the rear wheel

trucks (3.5 ft above floor); microphonn systnm No. 3 was placnd

on the outside platform between cars at a height nf 5.5 ft,

(See photograph of car interior figure G-7,) A trdaxlal ac-

cnleromnter was attached with a thin layer nf ben_ wax tn thn
floor tilns instdn and was centernd over thn rnar wheel truck

(See photograph figure G-8.) Spnnd nf the train ovnr the Rnd

Line was obtained from the in-car digital spnedome_er in the car

nporatnr's compartment. _ technician stationed in the compart-

ment rnad the spend data from the speedomnter and position

statistics into a synchronized tape recnrdnr.
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a) North bound - SE Expressway in Background

b) South bound - Redfield Street Bridge in Background

Figure G-2. Two Views at Tenean Street I_ayside _leasurement Site

I79



a) Southbound

.° ,,,,. f

b) Northbound

Figure G-3. 4-Car Trains Approaching at Ten.an St. LV_lysJde MeaSUTO-
mont Site. Microphone No, 1 in Foreground
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a) From Tr_ckside, Tenoan St. in Background

b) From _licrophone No. 3

Figure G-4. Two Views of the Microphone at Tenean St, Wayside
_leasurement Site
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Figure G-S. Trinxial Vibration Transducer Mounted on 7/8" dia-
meter, 2 ft. brass rod driven in ground. Tenaan St.
Wayside Measurement Site

°°° Jl. .i<, 0o_<., Z,eoe,d.,_
OutsLde Serial NO, 1506 ., Serlel No. 1S03 Eq_Ipmcn¢
Plntform

• Drawing not dwm_ to scale

-l. Microphone located mid-elf it ear level to
e leered p&|senler (3.S feet above floor).

Z, Microphone locsted ovor reef wheel truck
at ear level to • seated pelsenBer {3,5 feet above floor).

_, Ml¢rophose located Off outride pletform betwee,
cite Rt ear level to • stafldln B pmssemEe_
(S,S feet above p]&tform).

4, Tr|exl|l A¢celerometer iounted oh floo_ tiles with bee_m wmx.

Figure G-6. Microphone and Vibration Transducer Locations, Pullman
Standard, MBTA Type I So. Shore Rapid Transit Cars
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Figure G-7. h'Lside VSew - MBTA Type 1 So. Shore Rapid Transit Car,
_icrophone mid-car in foreground; microphone over
rear wheel truck ill background,

/ "" , :'ii! "d

Figure G-8. Tr_axial Vibration Transducer mounted on floor tiles
with thin layer o_ bee's wax, MBTA Type 1 So. Shore
Rapid Transit Car,
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NOISE-MEASURING SYSTEM

Figure H-1 depicts the noise data gathering equipment used at

the three Wayside location and at the three in-car measurement

locations. Figures G-I and 0-2 show the exact locations for each

system at the wayside measurement site end in the transit car.

A magnetic tup_ recorder, capable of essentially flat re-

cordings from S0 Hz to IS kHz, was used. The recorder was oper-

ated in the direct mode at o tape speed of 3-3/4-inch per second.

The dynamic range of the recorder and measuring system was 50 dg.

Prior to each run, a short verbal annotation was recorded on

tape giving the following: date, time, location, tape number,

tape recorder channels used, and gain setting for each channel.

A calibration signal ef I000 Hz at a level of i14 dB re 20

micronewton per square meter was recorded on tape before and after

each run to provide a reference for the data-reduction instrumenta-

tion and detect any system instability. The calibrator used was o

General Radio Model #1562A. In this calibrator, the signal is gen-

erated by a solld-state oscillator driving a small magnetic loud-

speaker.

The calibrator is placed on the microphone and the resultant

signal at the specified sound pressure level is fed through the

system and recorded on tape. The calibration frequency selected,

10SO Hz, eliminated any necessity for "A" weighted frequency response

correction daring system calibration. In addition, a passive
microphone simulator was substituted £or the microphone to deter-

mine the minimum!dlscernible sound-pressure level (Noise Floor)

for tilesystem. This signal is also preserved on tapm.

The fourth channel on the recorder is for verbal annotation

and to record a time code signal (hours, minutes, and seconds) to

synchronize data between channels and between recorders.

187
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Noise Data Reduction

The configuration of the data reduction system is shown in

figure _-2. The noise data plus the calibration signal recorded

on magnetic tape at the test site were reproduced and fed to a

General Radlo (GR) 1921 Real Time Analyzing System made up of a

GR 1925 Multlfilter and a GR 1926 Multlchannel RMS Detector. The

necessary gain adjustments wore made in the multifilter and graphic

level recorder with the calibration signals.

The SR 1921 multifiltmr contains a set of 30 parallel 1/3-

octave band filter channels ranging from 29 Hz to 20 kHz, plus

additional channels with _tandard "A," "BI t' and "C" sound-level

meter weighting networks and an unfiltered channel with a flat

frequency response. The output of the "A" weighted channel was

selected and fed to the Graphic Level Recorder to produce a chart

of sound level vs. time (time history) of all recorded data. All

34 o_nputs from the multifiltor are fed into the multichannel

detector, The multichannel detector simultaneously computes the

rms (root mean square] level for each channel and converts this

level to a digital output. Single integration or measurement

periods are adjustable from i/8 to 32 seconds. A statistical an-

alysis of the measured noise was obtained by programming the de-

tector to int_gra_ for 1/8 second, compute the dB value of the "A"

weighted filter output, and provide a binary coded decimal sl_nal to

the Wang Computing Calculator eight times every second. This com-

puter counted and totaled the number of samples at each sound level

for a selected time period and a punched tape was produced. These

data were subsequently entered into a time-shared computer to pro-

duce statistical analysis printouts contained in appendixes A, C, and

E.

These statistical analyses contain a histogram presentation of

dBA value versus frequency of occurrence and a cumulative distribu-

tion curve of dBA value vs frequency of occurrences. Selected in-

dexes were also calculated and tabulated; e.g., average noise level

dba. standard deviation, energy mean, range of values measured,

median, selected percentiles and deciles, the noise-pollution
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,.I _[TIMECODEREADER
- ICOINCIDENCE CIRCUIT

i!'[ INSTRUMENTATIOM_-I_ MODEL 1925 1 START INTEGRATION

ItEWLETT PACKARD] I 34 GENERAL RADIO
MODEL 3960A I. I GENERAL RADIO CHANNE MODEL 1926 ICANG700

RECORDERTAPE11 I MULIIFILTERtl -t MULTICHANNELRMSDETECTOR COMPUTER

PLAT OR

"A" WEIGHTED IOUTPUT

GENERAL SERVICES
ADMINISTRATION

_' GE MODEL 440
o TIME SHARED

COMPUTER

GENERAL RADIO GENERAL RADIO I MODEL 33
MODEL 1522MODEL1521 TELETYPE

GRAPHIC LEVEL D.C. PRINT OUT

RECORDER RECORDER

Figure H-2. Noise and Vibration Data Reduction System
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level and Walsh-Hoaley Exposure index. A complete description of

these indexes is contained in Appendix K,

Special selected events are analyzed in detail for their i/3

octave band frequency spectra using the same equipment just cited

and the GR 1522 dc Recorder which in conjunction with the GR 1926

Multichannel P_IS Detector provides a hard copy bar graph of level

(dB) vs 1/3 octave frequency bands from 25 Hz to 20 kHz, including

the flat Cp) and "A" weighted outputs.

The Multichnnnel detector is programmed to Integrate over the

time interval of the selected event, compute the level in dB for

all 32 channels and provide adc output to the recorder. The re-

corder provides a hard copy of the level dB vs i/5 octave bands for

the event. The start of the integration period is controlled by a

coincidence circuit in the time code reader; thus insuring the

identical start of the integration period for events on multi-

channel recorders or between recorders which have been synchronized

with time code signals. The graphic recorder at s pen writing

speed of 5 inches par second simultaneously provides an expanded

"A" weighted time history of the special event. Time marks are

manually placed on the graphic recording to show the start and end

of the integration period,

Vibration Moasurln S System

Figure H-3 depicts the equipment used for data gathering of

ground vibrations in three axes nt the wayside measurement location

shown in figure G-I and for in-car measurements in three axes shown

in figure G-2. The frequency response of this system is 3 to

1250 Hz,

For wayside ground vibration measurements, a brass rod 2 ft

long and 7/8 inch wide was driven into the ground at the measure-

ment location and three nccelerometers mounted on the rod with a

apecial adapter in a triaxial arrangement, each accelerometer was

electrically insulated from one another and from the driven stake.

&
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!"I 2217 _ iO_ ft cable_ i x-axls Accelerometor Pro Amp Idea R771)

Longitudinal Endevc°_ ' GR
P-42

lO0 ft cable
{nolden R771

RAmp [ Tape Recorder

Portable Upprg MultlchannolAccelerometer 3960A (FM}
y-axls Endovco P-42 Voltage Amplifier DC - lZSO IIz
Lateral 2217 *

_u ft cable
(_elden 8771

_" II Tim! Code Synchronized

_ Pro Amp , to Noise Measurements

Accolerometer GR '
N z.axis Endevco P-42

Vertical 2217 A

Endovco Triaxiol Acceleroloeter
Vibration Model 2223

Calibrator Used in place of Rndevco
GR IS57-A Model 2217 for in-car

_oasurements,

F£gure H-3. Throe-Axis Vibration-Measuring System
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For in-car measurements a triaxial acceleromoter was used. It

was secured to the floor tiles at a location over the rear wheel

truck with a thin layer of 5ee_s wax

A magnetic tape recorder, capable of essentially flat recording

from dc to 12S0 Hz was used. The recorder was operated in the

FH mode at a speed of 3-3/4-incb per second. The dynamic range

of the recorder sad measuring system was 60 dB.

P_or to esch run, o short "'_*'""_,u_aauoLatlon was recorded on

tape giving the following: date, time, location, tape number, tape

recorder channels used and gain setting for each channel.

A dynamic calibration signal of 100 Hz at 1 g was recorded on

tape before and after each run to provide a reference for the data

reduction instrumentation and to detect any system instability.

The GR Type 1557A Vibration Calibrator WaS used to provide ibis

on-the-spot calibration of the vibration measuring system includ-

ing the accelerometer. ThoI557-A is a small battery-operated

unit consisting of a transistorized electromechanical oscillator

: and a cylindrlcal shaker. The accelerometer of known mass is at-

tached to the shaker and the level control adjusted to the proper

mass setting. The acceleromoter is then automatically subjected

to an acceleration of 1 g at i00 Hz. In addition, _ho accelerometer

is replaced by a short circuit to determine the minimum discern-

ible acceleration level (Noise Floor) for the measuring system.

This signal was also preserved on tape.

The fourtb channel on the recorder was used for verbal annota-

tion and to record a tlme code signal (hours, minutes end seconds).

This signal was simultaneously recorded on the multichannel re-

corder used to racers noise data. Thus the data between channels

and between recorders were synchronized.

Vibration Data Reduction

The configuration of the vibration data reduction system is as

shown in figure H-3. It is noted that this is the identical system

described above for Noise Data Reduction. To utilize this system,

which is equipped with 1/3 octave filters down to 25 Hz, for the

analysis of data with frequency components down to S Hz, the
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following frequency transformation procedure was necessary. The

vibration data which WaS originally recorded at a speed of 3-3/4-

inch pot second was played back at a tape speed of 15 inches

per second. The recorded signal is thus scaled up in frequency

by a factor of 4, and frequency components of the original signal

that were in the i/3-octave bands of 6.3 Hz, 8 Hz, i0 Hz, 12.5 Hz

appear as 25 Hz, ZI.5 Hz, 40 Hz, and SO Hz I/3 octave bands, re-

spectively. Thus, the data are shifted into the usable frequency

rai*suof _he 20 Hz to 20 kHz data reduction system shown in figure H-3.

The vibration data plus the I00 Hz, I g calibration signal re-

corded at 3-3/4-inch per second at the test site are reproduced

at IS inches per second and fed into the GR 1921 Real Time Analyz-

ing system. The necessary gain adjustments are made in the Multi-

filter and recorders with the calibration signal now at a fre-

quency of 400 Hz.

Special events (as in the Noise Data Reduction Soctlon) are

analyzed in detail for their 1/3 octavo frequency spectra and a

hard copy bargraph of level (dB) vs i/3 octavo frequency bands

from 6.5 Hz to S KHz plus an unfiltered flat (F) output are pro-

ducod with the 1522 dc recorder in conjunction with the 1926 Multi-

channel Detector.

The multlchannel detector is programmed to integrate over the

time interval of the selected event (now occuring in 1/4 the time),

compute the level in dB for all 21 channels end provide adc out-

put to the recorder which provides a hard copy of the level in dB

vs the i/3 octavo bands from 6.3 to 1250 Hz plus flat {F) output

Of the vibration spectra of the event. The start of the integration

period is controlled by a coincidence circuit in the tdme code

reader, thus insuring the identical start of the integration

periods for events on multichannel recorders or between recorders

which have been synchronized with time code signals. The graphic

recorder simultaneously provides an expanded time history of the

event analyzed and time marks are manually placed on the history

to show the start end end of the integration period.
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195

I
J



i

A

Figure I-i



The HBTA Type i So. Shore Transit Cars were designed and built

by Pullman Standards, Chicago, Illinois to NBTA developed speci-

fications, specifically for use on the new NBTA So, Shore Extension

of the Red Line which was officially opcndsd on September I, 1971.

Figure I-i contains basic specifications of the Type 1 cars

as published by Pullman Standard .

The single unit cars, identified [with Serial No,) series "1500"

&re co_pl_tcly aclf-=ont_ined care _nd ten be run _s single c_r_ on

the line, The MBTA currently runs 2-car trains and pairs up two

of the lS00 series cars. The test train Serial Nos' iSOS and iS00

were single unit cars.

The 1600 series cars are a mated pair and must be operated in

pairs since they share a common motor generator set, battery, air

compressor, and automatic train control equipment.
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M,B,_A.
RAPID TRANSIT SYSTEM

Figure J-1. _BTA Rapid Transit System
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Figure J-2. Red Line.Dorchester Tunnel

(See figure E-10 for Noise Spectra)
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/ Figure J-$. Red Line..T_vo..Seetion Tunnel
(See Figure E*ll for Noise Spectra)
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Figure ,7-6. Red Line - Cambridge blain St. Subway
: (See figure E-14 for Noise Spectra)
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r H_.Ground Level

"-.-_.,i _• ]

" i ["
!; i

i 6.58' 12.00 _ 5.58' :

I

Top of Rail II

._. .... ;J

Figure J-7 Red Line - Ashmont Extension

i it (See Figure E-I6 _or Noise Spectra)
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DEFINITION OF TERMS

TERM ABBREVIATION DEFINITION

A-Weighted dBA Sound level obtained by
Sound Level measuring the sound pressure

through a filter network
having a frequency response
(A-weight] conforming to
American National Standards
Institute (ANSI, SI.4, 1961).

Median Noise L 50 Sound level (dBA] exceeded by
Level 50% of total measurements.

lOt Docile L iO Sound level (dBA) exceeded by
i0% of total measurements.

got Docile L 90 Sound level (dBA) exceeded by
g0% of total measurements.

r

Noise L NP A composite index (see
Pollution Calculation B6].
Level

Walsh Healey Measure o£ noise in terms o£
Exposure a Federal regulation (Welsh-

Healey Ant} limiting the in-
dustrlal noise to which s
worker can be exposed.

&
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l
CALCULATIONS

,i

' To describe the temporal characteristics of the noise data

gathered, a statistical analysis of sound pressur_ level samples !:
• was performed. RSlS sound pressure level samples were taken using i!

an integration time of 1/8 second st a sample rate of eight samples
per second to obtain the information contained in appendixes A, C,

and E. 'file frequency response characteristics of the samples con-

formed to ANSI Standard for Type 1 Sound Level _letsrs, SI.4, 1971

for "A" weighted sound level.

The following terms and equations were used to compute the

statistical and single number indexes appearing in this report:

A. BASIC TERMS

i. Total samples obtained: N

2. Total number of Sound Pressure Levels Cfrom lowest level

containing samples to highest level containing samples,

" . inclusive): M

3. Sound Pressure Level Clowest to highest 9 SPLI,

SPL 2, ..., SPL M

4. Samples at each Sound Pressure Level: CI, C2, ..., CM

5. Relationships

M

a. _ Ci= N.

i=l

b SPL M - SPL I + 1 = _I.

ZI2



5. dB ('A" Weight) - Sound level obtained by measuring

through a filter network having a frequency response
r

CA weight) conforming to American National Standards

Institute (ANSI), SI.4, 1971. Reference sound

level - 20 micronewtons per square meter.

B. STATXSTICAL EOUATI0NS

I 1. Cumulative Dfstrtbutionj Percent (Dc)

Dc i - CM - CH-1N + "'' + Ci fl00)

2. Statistical Distribution, Percent (Ds}

Ds i • _ (I00) i " II 2, ..., N

S. Average (Arithemetic Mean, gP'L']

N

C_ SPLI9F_- i. N
i=l

4. Standard Deviation about Averages

.=,

I-1

L eq • 10 lOgl0 =1
N

,7

5. Noise-Pollution Love1 (LNp)

LNp - L eq + 2.55 _ .

21S



' 7. Percentile Noise Levels, dBA
i)

a. 19 Percentile (L1) = Level exceeded by 19 of % ii
total samples ,:

,4

b. 10% Decile (LIo) = Level exceeded by 10% of _ i

total samples l
c. Median (L50) = Level exceeded by 50_ of total

samples

d. 90% Decile [Lg0) = Level exceeded by 90% of
total samples

e. 99% Percentile (L99) = Level exceeded by 99%
of total samples

These percentile levels are obtained from linear interpolation of

the percentage cumulative distribution values.

8. Range: Highest sound level containing samples minus

the lowest sound level containing samples.

Range = SPLM - SPL I

9. Occupational Safety and Health Act of 1970 (0.S.H.A.)
h

a, The O.S,H.A, is a Federal Regulation setting stan- E

• dards to assure safe and healthful working conditions

for working men and women. One of the standards set by

• O.S.H.A. is concerned with the noise an employee may

be exposed to during an eight-hour work day. The

noise standards published by the Secretary of Labor

in the Federal Register, dated May 29, 1971, are

identical to those of thm Walsh-Healey Act of 1969.

The O.S.N.A. Exposure Percentage is a measure of the

noise levels in terms of Walsh-Healey Exposures

normalized to an 8-hour work day. When the percentage

reaches or exceeds 100_) it means that exposure of a
worker to that same noise climate for 8 hours would r

2

be in violation of the Act. Additionally, any one- i

time exposure over 115 dBA is exceeded during the " ;_

measurement period, the exposure percentage number

will be followed by a "Y" indicating a violation even

if the number is less than 100_.
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b. The equation used to calculate the the O.S.H.A.

.4 exposure percentage is as follows:

_9 1
* O.ZSJ X 800N

where

W1 • O.S.H.A Exposure in percent.

W2 = Number of samples in the 90 to 92 dBA band.

W5 = Number of samples in the 92 to 95 dBA band.

W_ = Number of samples in the 95 to 97 dBA bond.

WS = Number of samples in the 97 to ZOO dEA band.

' W6 = Number of samples in the I00 to 102 dBA band.

W7 - Number of samples in the 102 to lOS dEA band,

W_ - Number of samples in the lOS to 110 dBA band.

N9 - Number of samples in the Ii0 to 115 dEA band,

N = Total number of samples where one sample

represents 1/8 second.

I
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c.CONVERTING NOISE DATA TO STANDARD DISTANCES OF 25, 50jAND in0 FT,

- - Point Source

By the inverse square law the change in sound pressure

level with distance is

ASPL = 20 log _ where [_x ) is the change in distancerX
from the noise source

thus, if r = rx, the sound pressure drops by 6 dB.

Line Source

• 1/2

ASPL - 20 log (_.)
A

thus if r = 2r x the sound pressure drops by 3 dB.

By actual measurement the sound pressure level dropped by

approximately 5 dB between the 25 ft. and 50 ft. microphone lo-

cation and for the $0 and 100 ft. microphone locations. Thus,

for the transition region between 25 ft. and I00 ft. at the

measurement site the "best fit" for the inverse distance law is:

ASPL- 20 log <r_x>y = 5 dB

• y'= in the region between 2S and i00 ft.

Thus, the noise data shown in Tables 5-i, 5-1 and 5-2 for south-

bound trains can be converted to standard distances of 25, 50,

and I00 ft. with this relation

5/6

ASPL = 20 log [_x)

i
6
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Noise correction £rom 38 £t to 25 ft = +3.0 db,

e_ Noise correction £rom 63 £t to 50 £t - +l.0db, and
Noise correction £rom 113 ft to i00 £t - +0.9 db.
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ENVIRONb_NTAL DATA

Date Time Temperature Relative Barometric Nind Sky
Humidity Pressure Velocity

Direction

Hours °F Percent mm Hg mph

Oct. 28p 1971 1500-1650 70 70 751 S SW Sunny

Aprll 27, 1972 1315-1605 50 S0 764 2 E Partly Cloudy

Aprll 29, 1972 0100-0400 72 63 769 (Inslde Measurements)

r I


