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I.0 INTRODUCTION

The proposed NJSDOT alignment for the extension of Route 18 Frée-

way through New Brunswick, N.J. préposes that the four laﬁe divided ﬁighway
pass the George Street dormitories of Rutgers University. The propoéed
alignment at this point follows the bed of the existing Delaware and Raritan
~Canal as shown in Figure 1-1. The NJSDOT has estimated the average 4ai1y
~traffic on the extended Route 18 Freewayvbehind the dormitories. Th£s
traffic projecfion indicates that the peak hourly wvolume behind the éormi-
tories in 1975 will be 2700 vehicles per hour and will be 4300 vehicies per
hour in 1995. This report is part of an environmental impact study éo
evaluate the noiée impact of the proposed Route 18 Extension.

1.1  STUDY OBJECTIVES

The noise impact study conducted was structured to achieve two |
specific objectives. These were

a. To estimate the noise level that the Frelinghuysen dormito%y

would be subjected to as a result of vehicular traffic along th;

Route 18 Extension as proposed by the NJSDOT alignment.

b. To determine the attenuating effect, on the estimated traffic

noise, if a deck were to be added over the roadway near the dor&i-

tory.

1.2 STUDY IMPLEMENTATION

The study objectives were achieved by a combination of noise level

measurements and simulations and analytical evaluation of noise 1?ve11
recofdings. The first objective was acéomplished by tape recording t%affic
. génerated noise at an existing section of New Jersey Route 18 and theﬁ
playing back this noise thru acoustic horns placed on the tow path at:the

dormitory site. Noise level readings were made both inside !

1-1
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and outside the Frelinghuysen dormitory to determine the received noise
during the siﬁulated traffic periods. (Psychological reaction to the simulated
traffic was sampled by others to supplement the noise level readings.)

The second objective was reached by determining the noise level
attenuation of the existing deck over the Franklin D, Roosevelt Drive
in New York City and applying the attenuation factors to the proposed
Route 18 Freeway Extension behind the dormitories.

1.3 STUDY PARTICIPANTS

The field work and data analysis for this study were performed by
the General Electric Company under a subcontract to King and Gavaris,
Cbnsulting Engineers. Traffic data was collected by the City of New Ydfk
Department of Traffic and the New Jersey State Department of Transportationm.

1.4  STUDY REPORT

This report describes the study, summarizes its results and presents
noise level projections and conclusions baséd upon the results. Section
2.0 consists of the Summary and Conclusions. The Study Program, and the
results are described in Section 3.0. Instrumentation and calibration
techniques used are included in Sectioﬁ 4.0, Appendices. Photographs

pertinent to this study are grouped in Section 5.0.
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. . 2.0 STUDY FINDINGS

.The study of,tﬁe_noise impact of‘the proposéd Roﬁte 18 exfension behind
the Rutgers Geprge:Street:dormitorieé shows that the noise 1eve1'iﬁ the
“area will be inflﬁenced by the highwﬁy. Numéréusnfactofs will détermine
the change in qéise level oﬁtside and‘inside the dormitbries. The speci-
fic impaét.dn the'noise level at bothylocationsuis dependent upon ther
;-resolutidn of these fac;ors. - The study findings:assoéiated with these
factors are summarized below, The conclusions drawn are presented in
sectibnAZ.Z following this Summafy;f‘:

2,1 SUMMARY

2.1.1 Egistiné Noise Ievei‘at Frelinghuvsén’Dormitory.
| The exiStihg "A” weighted‘noise»Ievel at tﬁe Freiinghuysen dormitory
ﬁresulting from campus actiVity and ;raffic”fldwing on Georgé Street varied
from 49.0 dBQA) to 68.0 dB(A) én the"Geofge.Stréet side.- Thé minimum
noise 1eve1»oc¢u£fed between 3_& 4- AM on 24vApr11; the‘pgak ﬁas recorded
én‘Saturday, 22vApri1, befﬁeen 4 &5 PMEasbshowh on.FigUre 2;1-1.»

The average néise level in front of the @drmitory for the 72 hour
‘period was 61.6 dB(A). As expected the thrée day average diurnal pattern
indicétesbfhe'early mbrhing hours are the quieteéf and daytime hours are
the noisigétff—The périods‘of low and high noiée'ieVels shift fromkday,to
day,‘depending‘upon the day ofrﬁhe’week.
| The average noise léVel in the parking lot, on'thé canal side of :
the Frelinghuysen dormitory was cbhsiderably lowef than on‘the George
Street éide. Actual measurements ranged bétween747 and 64 dB(A). Hdwever

the equipment within the G.E, Go. van (used during the air pollution
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study for monitbring carbon monoxide) biased all of these readings between

7 and 8 dB.F;A compressor Within the dormitory produced noise peaks of

.2 to 3 minute dﬁration which raised the average noisevlével near its
exhauétkport. ’Eliminating>these tWO‘SOurées; the parking_iot average
noise level ranged from 47.O.t6751.0 &B‘(48.5 dB averége); Short duration
noise peaks‘of 70 dB QA)vreSulting.froﬁ‘motorcycles and trainlwhiétles

were frequently:heard., The noise output frombthe compressor raised the
average'noiée level:to 56-60 dB.

-Undér;nOrmal conditions (nb ndise from carBon'ﬁonoxide measuring
.équipment) the traffic and other campus activity raiSes thevnoise lével
in the front of the dofmitqu from é low of 49 dB(A) to a high 6f:68~

) dB(A). The nbise generated by Georée Street traffic and other campus‘
:aétivity has far less effect on the ﬁoise level on the canal side ofv
the building, The minimum‘parking lot‘noiSe,level of 47 dB(A) isvfaised

- only to 51 &B CA). The building,comp;essbr increases the parking lot

noisévleVel to 58 dB approximately four times each hour.

2.1.2'Anticibated Noise ILevel at4FreiinghuySen‘Dormiﬁofy
‘The anticipated hoisé level‘on'the;parking lot (canal) side of the
'v,Ffelinghuysen dormiﬁory due to tfaffic,dn the gxtension of Route 18 along
. the Delaw#re Raritan Canal will be significantly higher than thé egisfing'
inoise‘level. It is esti@ated thatkﬁhe'average'daytime noiéé ieVeilwill
- be increased from the éufrgnt level of 51 dB(A) to approximatéiy 75 dB |
(A in 1975 and to 77 dB(A) in 1995. L
The 1975 and 1995 noise 1évels on the outside of the éanai side
of the dormitory were determinéd by using’noiée‘levelltraffic data obtained

on an existing section of Route 18 and modifying this noise level on the



basis of forecasts of traff{C'expected on the extended section. This is
discussed in detailrin Secfion'4.4. Briefly the anticipated noise level
is derived from the following equatiqn;
Noise level dorm = noise level RTE1S - Axl +Zl 2_+ZX3
Where: Noise;levelvdorm = Antieipated noise level at Freiiﬁghuysen
Noise 1eve1 RTE18 = measured noise level at Sanitation Bulldlng (F1g. 3.2-1)
7131 = dB representatlve of difference in 11nerof 51ght ‘

distance between medlan Strlp and the dormitory

and median strip and the Sanitation Building

D

2 dB representative ofetraffic velocity

differential at»the-two sites

>

dB representative of traffic volume differential

(1972 vs. 1975; 1972 vs. 1995)

For 1975 this equatlon is as follows

74. 0 - 1 7 + 4,0 1 1

Noise 1eve1 dorm

74.0 + 1.2

75.2 dB(A)

Similarly, for 1995

Noise level dorm 74 0 - 1 7 + 4 0 + 0 9

74 0 + 3. 2

77.2 dB(A)
It should be pointed out that:teStS'br;analyses'were>hot performed to
evaluate the noise impact of the extended highway during the evening and

ﬁight hours. The change in noise level in the front of the dormitory, along

, 2ot



Gebrge Streef, which might'result,freﬁ ﬁhe Reﬁte'18 extension elso was not
determined. It is reasonable.to.assume that either directly transﬁitted or
reflected noise from the highwdy»will be‘heafd in front»of,phe dormitories,x
increasing both the daytime and nightime noise ievels. Fufther date‘oh.the
anticipated‘diurnal traffic variations would be required to permit an eeti-
mation of the impact of nightime fraffic on the ﬁeise level on both ei&es of
the dormitory. o
The noiée level at the George Street dormitory eite will be impacted

vby the adjacene access famés;-_The etructure Carrying‘Ramp-U acrose thei
 :highway will block some of the highway noise; However, traffic using the 
access ramps will contribdte’ed‘the ereé noise 1evei, both at the end of

the Freiinghuyéen,dermitofy,aﬁa'by increased traffic on George Street. Due
to the'complex neeere of the proposedrfamb coﬁfiguretions in the vicinity of
of»tﬁe>dormitories,‘the net'effecf of the remps on the area noise level

could not be determined for this report.

2,1.3 Attenuation of Treffichenerated'Noisebv

Traffic generated noiée from the extensibn of Route 18 bast the George
| Sereet dormitories weuld be ettenuated by the ddrmiforybstruc;ures themselves.‘
The magniﬁude'of attenuation woﬁld_depend upon the area of Windaws and doors
on the canal side.which‘remain open. The atteneation which eccurs when the
windowe, etc. are closed is baeicelly the same.for the two levels of noise
anticipated'iﬁ 1975 and 1995;eapproximate1y 25'dBQA),

The noise level‘inside_ﬁhe dormitofy is attenuated,te a lesser degreer
when wiﬁddws are open. From the measurements made in ene room. on the 6th
f£loor and a classroom'oﬁ the "A" level, see figﬁre 1.1-1, tﬁe inside noise

level change, windows closed to windows open, ranges from 7 dB when the
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outside noise 1é§e1 waé appfoximately 77dB tdv14dB witﬁ 80dB éutside. This
apparent response to outside~noise level is not‘a function splelyzof window
attenuation. A éonsﬁant chéngebshould~have‘been recorded. Eitﬁer the out-~
’side level chaﬁged (measurements were nbﬁ madeVSimuitaneously) or different
¢onditions occurred, i.e.,rateé of,openrwindowé, locétion of méasufement, etc.
Data obtained inéide'and outside the groﬁnd floor lounge Whén the windows
were open, show an 11dB reduction ;n ﬁoise 1evei from outside to inside.
Thé 25 dB atﬁeﬁdation previously identified for the building’structufe in
réality is made up‘of 11dB for‘fhe brick and mortar and 14dB for the windows
and doors; | |

Traffic generated noise from‘thé proposed extension wogld be attenuated
~ at least 21dB if the highway'aé seen in back 6f fhé‘dormitories was covered
’with:a cantilevéfed deck. If there afe éither‘direct or;rgflectgd "line
of sight" paths from thé highway,to the dormitory ffdm "undecked" Sections»
of the highway, the attenuation resulting frdmffhe,deck’ﬁoﬁld be reduced.
The loss in atténpatiqﬁ would ﬁe‘a'funétion of the éngle subtended by the
deck asrseen froﬁ the doémitory cbmpafed to the total angle»subteﬁded by
the“highway.‘ | | |

Noise generatéd‘bn the eXténsion of.Routév18 wduld be aftenuated
»Somewhaf by the‘existingvslopé;betweeﬁ thé canal and the,reér of the parking
lot, éee Figﬁre 1.1-1. This.éffect would fe&ﬁée'thernoise'leVel tranSmitted
_ tothe botfom floors of thé‘ao;mitory. - Little or no‘éttenuation unld occur

- for the upper floors howévef. -

2.1.4 Projected Noise Level at Frelinghuysen
The averagé daytime noise 1evé1'6utside.the canal side of Frelinghuysen.

would be 75 dB in 1975 and 77 dB(A) in 1995 if Route 18 were extended as proposed.



The noise level inside this face of the dormitory will be 66dB and 69 dB(A)
for those years respectively if thevdoors and windows are left open. If
the doors and windows are kept closed, the inside noise will be approximately
52dB and 55dB for 1975 and 1995.

Construction of a cantilevered deck over the highway to block all direct
© or reflected traffic generated noise will control the noise level outside
the dormitory resulting from the highway to less than 56dB(A) in 1975 and
to less than 59dB(A) in 1995. The noise level inside the dormitory for
these conditions will be essentially the same as it is at the present time.
The noise inside the dormitory will be primarily due to George Street traffic

and other noise sources above the cantilevered deck.
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. 2,2 CONCLUSIONS"

| ’Threerprimar§ conc1usio#S are derivéd frém thé'nqise impact study
performed with rgsbeét to the pfopééed>ﬁouté,18\extension;adjacent to
the George Street dormiﬁoriés Sf Rﬁtgéfé'UniV¢fsity. ThESe-are:

a. The noise level on the face of fhe d§rmitories'dverldoking
the extension of,RouEé 18'as"§gb§bsed Will be,iﬁcreased to
'apprbximaﬁely 75&BGA)vweighted in’1975 and ﬁo'aBOut.77dB(A)
Weighted in 1995 dufing peak ftaffié'periodé on thé.ﬁighwaj.

b. A éantilevered deck cbnSfrﬁétéd?over the proposed highway to
block all direct of reflected’tféffic genéraﬁed noise will
controi the noiée 1éve1 outsidé thé dqrmitory,‘resulting from

‘thé'highway, to less than 56dBCA),iﬁ 1975‘and to less than
59dB(A);iﬁ 1995. The noisé level insidebthe dormitory for these
conditions Wili be»éssentia11§ the saméfas it is at the present

' time. | | |

c. The traffic generaﬁéd noisebngél»inside the ddrmitories will -
bé attenﬁated as much orlmofe'By keeping;doors and windowsf
closéd‘as‘iﬁ would be by'constrgctipn:of a cantilévered deék.

-As'indicaﬁea, the quantitative effectvOf:avdeck over thevproposed

'extension is subject to sevefal faétqfs which werg;not covered in'the impact
Thesé»are: | N
"a. The lemgth of the deck

b.'vThe "look angie", if‘any,'from Ehe ﬁncovefed sections.of the

highwayrﬁo the dormitories.

e Thé configuration bf access ramps:tb and from the highway.
The above includes the volqméiaﬁd velocity ofrtraffic usingx
the'ramps as well as the‘attenuatign of highwqy noise pfoducéd

- by the ramp structure.
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On the assumption that the déck is configured so that all direct line of
sight from the highway to the dormitoriés is eliminated, the noise level
at the dormitories resﬁlting from théjegtensidn of Route 18 wogld be at
least 21d3 less fhan'the'75:anﬂ 77d3 level stated above. |

The access’rémps in the vinciﬁityvbflthe dormitories would alter the
rnoisé level at‘thérends and the Geofge Street side of the dbrmitéries. ‘AS,
previously stated, due to the complex'na;urevof the ramp configurat{on in
the vicinity of the‘dormitories, thérﬁet'effect of the ramp traffic on the
area noise 1éve1‘cou1d not be determined for this report.

Iﬁ is to Be egpeéted that George>Street traffic will be’greéter in
1975 and 1995 than during 1972 regardlesé of the location or éonfiguration
of Route 18.‘ This incréaéed tfaffic will.raise the'nbise level ét”fhe
dormitories; A two or three fqld'inc?ease in George Street traffic will
not:adverSeiy effect the nbise‘leﬁel iﬁside the dprmitbries. A threefold
increase will raise the midday noise level outside the dorﬁitory from
66.0dB to 70;5d1§. This 70.5dB noise level will be attenuated by 11d]§(A)
by the,Euilding when the windows.énd doors are open and by 25dB(A) when ]‘
they are‘closed. Thé inside noise level due to George Street traffic

therefore will range between 45 and 59dB(A).
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3.0 STUDY PROGRAM

The impact study of the proposed Route 18 Extension on the noise level
at the George Street dormitories of Rutgers University was conducted to achieve
two objectives. These were:

a. To estimate the noise level that would be received inside and
outside the Frelinghuysen dormitory as a result of vehicular
traffic along the Route 18 extension if éhe highway is cdnstructed
as proposed and to compare that noise level with the existing noise
level at the dormitory.

b. To determine the attenuating effect on the estimated traffic
noise level if a deck were to be added over the roadway near
the dormitory.

The first objective Was achieved by noise recordings, simulations, measure-

- ments and analytical steps as described below:

a. Tape recording traffic generated noise near the New Street Overpass

_of Route 18 between 7:00 AM and 5 PM on 29 March 1972.

b. Measuring the vehicular traffic on Route 18 during the daylight
hours of 29 March.

c. Preparing a 15 minute magnetic tape loop recording repre-
sentative of the noise level due to high traffic density conditions on
Route 18. /

d. Playing back the tape recorded noise thru acoustic horns placed on
the tow path at the Frelinghu&sen dormitory site.- The noise
was played back at two different noise levels representative of

1975 and 1995 traffic conditions. Each level was continuously

3-1



broadcast for two days.

Measuring the received noise level at different locationé inside

and outside the Frelinghuysen dormitory during the playback periods.
Measuring the noise level at the Frelinghuysen dormitory generated
by traffi; along George Street.

Comparing the George Street and simulated Route 18 traffic generated

noise levels.

The second objective was achieved by the following noise measurement and

analytical steps.

a,

Measuring the traffic generated noise at different locations above
and below the cantilevered deck over the Franklin D. Roosevelt
Drive at the site of the)United Nations Headquarters in New York
City on 22 and 23 March 1972.

Measuring the wvehicular traffic on the Franklin D. Roosevelt Drive
ddring the noise measurement periods.

Determining the noise attenuation of the cantilevered deck for the
measured traffic conditions.

Extfapolating the deck attenuation for the anticipated traffic
conditions on the proposed Route 18 Extension.‘

Estimating the received noise level at the Frelinghuysen
dormitory that would result from the Route 18 Extension with a

deck over the highway adjacent to the George Street dormitories.

The noise recording and simulation steps outlined above were performed

in four groups broadly categorized as follows:



1[.*béck Attenuation
2, Existing Routé 18 ﬁoisé ;
3. Noise Simulation at Fre1inéhuysenvbormitofy
4, Géorge Street Traffic.Geﬁeratéd,Noise at Frélinghuysen DOrmitofy
The detailed description of each,site‘aﬁd the data obtéinedrduriﬁg‘the field

~work are presented and discussed in sections 3.1 thru 3.4,



3.1 DECK ATTENUATION

3.1.1 Site Description and Data

NoiSe levei‘measurements were taken of traffic generated noise at
warious different locations 1nside and outside the United Nations Headquarters
:Conference Bullding in New York City The U N. Conference Building 1s situated
: on‘a cantiievered~deck as shown on. Figure 3.1-1, over'the Franklin D. Roosevelt
_‘Drive. The deck is 9. 5 1nches thick and is supported by 18 by 36 1nch steel
beams resting on a concrete wall on the west and concrete p111ars along the
median strip. It is:open to the East River‘on the east and extends from
42nd toi48th‘Streets, approximate1y11460 feet.. The Conference Building’is
iocated7200 feet from the’south edge of the”deck and 23 feet from the fascia
on therEaSt River side. ;Thesbuilding'face, paralleldto the FDRiDrive, is
39 feet iong. | “ | o - |

The noise 1eve1 measurements were obtained with both portable and
fixed mounted equipment using "A" weighting, on 22 and 23 March 1972. The
measurement‘locations are shown on Figure;3.1-1.

Continuous noise level“measurementsjwere made fromv8:00 AM on 22 March
to 8:00 AM'on 23 March of the trafficegenerated noise under the decktv This
data was acquiredﬁfrom a microphone‘mOUnted»ahove the median‘strip (location
M) and‘recorded on a paper chart recorder. Short duration measurements were
‘made on'the 22nd at eight'other 1ocations (i:thru 8) These measurements
~were made with a second microphone (obtaining paper chart recordings) and
a portable sound level metert Table 3 1-1 presents the n01se level data |
.obtained together With the'time of.measurement.at each 1ocation and identifies
‘ those measurements made with the portable equipment. 'Continuous noise ievel
data was obtained at the edge of the northbound traffic 1anes south of the

end of the deck, (location 7) and on the deck north of the Conference Building
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TABLE 3.1-1

'NOISE LEVEL
UNITED NATIONS SITE

0800

92.0

DAY HOUR MEDIAN MIKE 2
. 1 2 3 _4 5 6 7 8
3/22/72 0800 ‘0900_' 91.6 51.0% 66.0%
0900 = 1000  90.5
1000 - 1100  90.0 79.5
1100 - 1200 90.0 67.5  73.0
1200 - 1300 90.5 67.5
1300 - 1400  90.5 |
1400 - 1454 90.5 79.0 - 65.5
1454 - 1536 90.0 0.0 70.0%.
1536 - 1618 ~ 89.5 | 70.0% 79.5
1618 - 1630 90.0 :
1630 - 1700 90.5 79.0%
1?00- 11800 90.0
1800 - 1900  89.0
1900 - 2000 90.0
2000 - 2100  89.5
2100 - 2200 88.5
2200 - 2300 88.5
2300 - 2400  88.5
3/23/72 2400 7»6100 85.5
', 0100 - 0200  82.5
0200 - 0300 ~ 78.0
0300 - 0400 75.0
0400 - 0500  77.0
0500 - 0600  83.0
0600 - 0700  91.5
0700 J

S st % Potable Bquipment Resdings: -



(location 9) between 10:00 AM and 2 PM on 23 March. Both chart recorders :
andrtwoamicrobhonesiwere used for thesebmeasurements. Short &uration‘
measurementsAwere also made on the upper;deck‘of‘the Conference Building
u31ng a. portable SOund level meter at seven other locatlons between 1 30
"and 2:00 PM (locatlons 10 thru 16). Slmultaneously with these seven
readings,'the noise levels at road edge-and on the:lower deck were readt
_ These data are shovn on Table 3.1-2. The inStrumentation and calibration
: technlques used are descrlbed in Sectlon 4 0
Vehlcular.traffrc flow,(volume‘andYSpeed), on both the North anc Southv

bound lanes ofvthe FranklinrD. Roosevelt Drive, Opposite East 48th Street,

- was recoraed in:hourlybincrements by the City of New York, Department of
‘Traffic from i PMvon'ZO‘Marchlto 10 AM on 24 March. VThe‘totai°traffic data
obtained isglisted;in‘Table:3;1-3. Fignre‘3.1-2 shoWs the diurnal pattern,

F;of the tvo-way‘traffic on the FDR Drive»aé‘averagedffor the four days:of
traffic flow_measurements. | | |

" Examination of the traffic &ata‘for the honrs between 8 AM’and 5 PM .
for 22 and 23 March shows that, in general trafflc on 22 March was about
12.5% hlgher than the average and, on 23 March about 17% lower than |
average. Trafflc on the 23rd during the 9 AM to 2 PM perlod of n01se 1eve1
measurements was approx1mate1y 25% lower ‘than that measured for the comparable
.hours on the 22nd. Accordlngly,.the no;se levelgin close prox1n1ty to. the
roadwav on the 23rd is expected to be between.0.7 and 1,0adB 1ower_than
measured on the 22nd. o | |

3 1.2 N01se/Traffic Relationships

Figure 3.1-3 depicts the "A" weighted n01se/traff1c relationship for

. this segment of the FDR Drive for the 24 hour period starting 8 AM on
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 TABLE 3.1-2

NOISE LEVEL
UNITED NATIONS SITE

3-8

3/23/72
_HOUR:V 1 7 9 10 11 12 13 14 15 16
0924 - 1000 181.5f'
1000 - 1106- 81.0 60.5
1100 - 1200 - 81.0° 60.0
1200 - 1300 81.5  60.5
1300 - 1330 815  60.0
1330 Ce2.0 ]
1338 a0 | s9.0 62
1340 86.0 | 59.0 59
1343 83.0 f€’59.0 57
1347 | 78.0 {50 60
1348 ? 83.0 | 59.0 © 55
1350 %‘.83.0 ;‘59;5 o LT ‘»,, 58
1354 %;85.0 _E 62.0 57
1400 60,0
1412 82.0 |
1418 - 1436 45
1448 - 1506 48



TABLE 3.1-3
VEHICULAR VOLUME

FRANKLIN D, ROOSEVELT DRIVE
@ E.' 48TH STREET '

Date 3/21/72 3722772 o 3/23/72 3/24/72

Hour NB SB TOT NB SB TOT NB SB  TOT NB SB TOT
12-1 AM 990 628 1618 1081 1021 2102 1080 892 1972 1116 482 1598
-2 484 306 7% 551 453 1004 607 435 1042 633 252 885
2-3 320 206 526 309 317 626 349 289 638 375 144 519
34 " 1951} 118 313 211 204 415 224 189 413 219 86 305
45 244 155 399 234 . 206 440 236 239 475 25 125 3%
5-6 - 385 | 345 730 - 421 399 820 410 533 943 401 331 732
6-7 | 1276 1186 2462 1284 1268 2552 1296 1703 2999 1281 1277 2558
7-8 2473 2415 4888 2715 1631 4346 2569 2513 5082 2431 1928 4359
'849 2526 1895 4421 2588 3405 5993 2656 2189 4845 2673 1876 4549
9-10 1912 1746 3658 2122 3040 5162 2044 1948 3992 2123 1842 3965
10-11. 1885 1533 3418 -1953 2974 4877 1999 2252 4251 - - -
11-12 2093 1464 3557 2054 2471 4525 2074 1826 3900 - - ,
o , ; , o - 3/20/72
12-1 PM 2144 2474 4618 2183 2439 4622 2263 1639 3902 . - - -
1-2 2401 2568 4969 2166 2390 4556, 2282 1575 3857 2423 2522 4945
2-3 2708 2643 5351 2552 2520 5072 . 2087 1524 3611 2592 3589 6181
3-4 3509 2828 6337 3089 2667 5756 1671 1564 3235 2778 3178 5956
45 3893 3118 7011 3079 r2657, 5736 1537 1782 3319 2201 2976 5177
5-6 3748 2827 6575 2352 2731 5083 2397 2066 4463 4 2741 2886 5627
6-7 3358 2355 5713 2999 ’2696-_5095 3069 1783 4852 3326 . 2194 5520
7-8 2652 2227' 4879 2611 1766 - 4377 - 2654 1337 3991 . 2603 1818 4421
8-9 2200 1635 3835 2119 1231, 3350 2101 1084 3185 2067"13d6 3373
9-10 1874 1361 3235 1789 916 2705 2042 876 2918 1813 908 2721
10-11 1677 1295 2072 1663 1059 2722 1673 944 2617 1483 1044 2527
11-12. 1391 1470 2861 1362 1017 2379 1505 928 2433 1292 893 2185
.  Total 46338 38798 85136 43437 40878'84315> 40825 32110 729357 . R -
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22 March, as recorded under the deck at the median strip. It shows that

"A" weighted noise under the deck increases approximately 3.0dB for each
doubling of traffic volume.

Figures 3.1-4 and 3.1-5, for 22 and 23 March respectively, show the

pertinent data obtained during the noise measurement periods. The numbers
.on the figures denote the location of the reading. Median strip noise
measurements were not made after 8:00 AM on 23 March. The median étrip
noise shown on Figure 3.1-5 was determined by use of the traffic data for
23 March and the noise/traffic relationship shown on Figure 3.1-3. It can
be seen from Figure 3.1-5 that the "A" weighted noise 1e§e1 on the median
strip, under the deck, is approximately 8dB highef than that measured at

the road edge of the northbound lanes. The differential between the same
measurement points on 22 March under higher traffic conditions was IQdB

(see Figure 3.1-4, median strip and location 7). Since the road edge

noise and traffic flow rates for the 23 March measurement period are essen-
tially flat, the diffefence in noise level between the two points (locations
M&7) cannot be related to traffic flow rate. Therefore, for traffic flow
rates between 3500 and 6000 cars per hour, the cantilevered deek increases
the traffic generated noise level close to the highway by approximately 10 dB.

3.1.3 Deck Attenuation

Noise level measurements on the aeck above the median strip (location 9)
approximately 830 feet from the south end of the deck are essentially constant
at 60.0DB "A" weighted. As shown on Figure 3.1-4, other ﬁoise level measure-
ments taken on 22 March on the deck and clbser to its south end (locations

5,6&3) are progressively higher as the measurement location nears the south

3-12



TAAdT HSION

‘OO H3ISs3 ? 134d4N3AN

W5 0 Ny 3Avs

£CEL 9V

SIHDONI Ot
HDONI 24 OL Ol X

X 4
S

i
= >

22 MARCH

DRIVE

F.D.R.

J

TRAFFIC/NOISE RELATIONSiI_I{’3 -

-4

FIGURE 3.1



an

L ‘
23 MARCH

DRIVE

F

NOISE

-

o

ATED NEDTA

el

—INOISE ON LOWER DEG

TRAFFIC/NOISE RELATiONSHIP

FIGURE 3.1-5

H

"OD ¥3SSI B 1344N3IN

SIAHING Ol X &
2Ni Z4 OL Ol X Ol

D.R.

3-14



end. This phenomenon suggests that the noise 1evellabove the deck is
directly received noise rather than ﬁoise transmitted thru the deck.
Additionalbmeaéurements made off the deck (location -8) éhow that the biowers
in the ventilation building for‘the Queens Midtown Tunnei south of the deck
- contribute to the noiée level above the deck over the‘FDR Drive. Therefore
it is coﬁcluded thét’on-deck noise is made‘up of noise trahsmitted from
“traffic generated nbise on highway sou?h of the deck, from blower ﬁoiée
west of the highway and other noise sources in ;he vicinity. Direct cor-
relation was observed during the testbperiod of short duration noise peaks
with the nearby presence of helicopters and tugboats. Noise attenuation
thru the deck therefore is in excess of the 29.5 dB differénce‘between the
calculated median strip noise level and the aboﬁe deck noise level readingsf
This 29,5+dB difference is indicative only of the sound suppression
characteristics of the deck #nd not a measure of the impact of a deck on
the off roadwé& noise level. The impaét of the deck is better seen by
comparing the road edge noise wiﬁh the above deck noise shown on figure
3.1-5. The average differential between these readings is approximately
21dB. Neither of these readings, however, are exact definitions of the
desifed measurements. The 60.0dB noise level on the deck includes some
non highway related noise. The 81.0dB is road edge rather than median
strip noise level. Aécofdingly the true noise level abdve the deck due
solely to the highway is lower than 60.0dB and the median étripvnoise level
for the "undecked" portion of the.highwéy is slightly higher than 81.0dB.

The noise attenuation of the deck therefore is somewhat more than 21dB.
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3.1.4 Distance Attenuation

Examinatipn‘ofrthe‘averagé "A" weighted noise levels recorded thru
' micrOPhOﬁé 2vat»1o§ations*3,‘6‘&’5 on 22 Maréh and at location 9 on
23»March'(see'Figﬁre 3.1;1) showsva:réaspnably linear attenuatibn with
distance from the south eﬁd of the deck considering the site”gebmetry, as

shown below:

Location B 3 6 5 9
Distance (ft.) 0 100 436 829
dB . 79.0 70.0 67.5 60.0

The noise leveis fdr locations 3, 6 & 5 were taken at approximately
the same aistance ffom the,railing along the eastbside of the deck.
Location 9 is twice the distance‘back‘frbm the»railingFSuch that the
Conference Buildiﬁg shields it from'néisevfrom the south end of the dgdk}
The microphdne at 1oca£iqn 3 was directiy over the ﬁﬁrthbdund traffic lanes.
The decréése»in'noiSe level with distancé parailel to the eaSt‘edge of the
deck indicates ﬁhatbthé §n-deck noige dufing the daytime is‘hot a function
of traffic ggnerated noise comihg over the east side of the deck. This is
further substantiétéd by ﬁoting that there is no difference.in noigerlevel
at lécations 2 énd 5, (see Tablé‘3;1-1) even though location 2 is twicelas

far from the east fascia of the lower deck.

- 3-16



Simultaneous readings of the noise level on the upéer deck of the
Conference Building and on both the surface of the loﬁer deck and thé
road edge location were obtained beﬁween 1:30 and 2:00 PM on March 23.
The upper deck noise levellreadings were takenvat sevenllocations (10 
thru 16), as shown‘on Figure 3.1-1. These readings are shown on Table 3.1-2
and are repeéted in matrix form below. The matrix ié structured as a function
of distance wéstward from the upper,deck railing aﬁd norfhward from the 42nd

Street (south) edge of the 10wer’deck.

~ Distance L -

Rail - Edge Road - Upper - Diff. Lower Diff.
‘ _ Edge Deck _ RE-UD  Deck RE-1D
0 4% 810 62.0  19.0 59.0 . 22.0
o sl 78.0 60.0 18.0 58.0 20.0
5 436 86.0 ‘59{0 2o 59.0 27.0
s osel 83.0 550 28.0 - 59.0 2%.0
10 436 83.0 57.0 26,0 59.0_ 24,0
10 sel 83.0 8.0 250  59.0 23.5
30 599 85.0 570 28.0 62.0 23,0

It should be noted that the 1ocation'30 feet from ﬁhe rail and 599 feet from
the lower deck edge (location 16) is 6 feet from the upper deck railing on
the north face of the buiiding;

The matrix shows that neifher theiuppef deckvnor the lower déck noise
levels responds to the road edge variatiohs}‘ fhe ubper'deck’noise is influenced
more by distance back from the edge of the upper deck than distance from either

the east or south edges of the lower deck. This is more evident when the

- 3-17
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differential level between the upper and lower deck measurements is examined
as a function of north south distance between measurement locations as well

as distance back from the upper deck rail.

NOISE LEVEL DIFFERENCE -dB

DISTANCE FROM

'UPPER DECK RAIL (FT.) j -  NORTH SOUTH DISTANCE (FT.)
» | 393 268 230
‘o, | | ﬁf - | 300 2.0 B -
5-6 ! | . o 0 <40 -5.0
0 o o o S -2.0 -5 .

Thus it is seen that a deck edge sharply attenuates the noise level below
it in the first few feet, explaining‘why little or no effect was recorded
in the lower deck readings as a function of distance from its east fascia

at distances in excess of 10 feet.

3.1.5 BuildiﬁgiAttenuation

Noise level measurements_were méde inside‘ahd outsidg Room C1l04C during
the two day festing period. .These réédings at 16éations i'and 2‘are'repeated
‘}bélow: | o | |

. , Inside (1) B
Window Closed Window Open v - Outside (2)

d8 45.0 . 48,0 o e1.5
The attenuation of the building (19;5 or 22.5 dB) is very comparable to the

21+dB attenuatidn of the deck.
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‘ 3.2 NOISE LEVEL ON EXISTING ROUTE 18

3.2.1 Site Description and Data

Noise levgl recordings and measurements were takeq of Route 18 traffic
generated noise on an existing section of the highway, south of the New
Street overpass. The highway, at this point, is an "'open" type four lane
divided highway. West and East bound traffic lanes are separated by a
wide grass covered median strip. At the test site, a Westbound exit
lane channels part of the traffic to the overpass. Aﬁ Eastbound entrance
lane provides access to the highway from Albany Street.

The noise level data consisted of magnetic tape and paper chart
recordings obtained on 29 March from four locations. The measurement
locations are shown on Figure 3.2-1. One microphone was mounted on the
median strip (location #1) throughout the day. The second microphone was
moved during thg day to obtain measurements at locations 2,3 and 4, Table
3.2-1 indicates the noise level data recorded on the paper charts,the

"weighting" scale used and the time of measurement at each location. Tape
recordings were made of the traffic noise, using flat weighted at locations
1,2 and 3, simultaneously with the Flat weighted chart recordings at those
locations. Instrumentation and calibration techniques used are described in
Section 4.0,

Vehicular traffic flow (volume and speed) on both the West and East
bound lanes of Route 18 south of the New Street overpass, was recorded in
hourly increments between 7 AM and 6 PM by the New Jersey Stéte Depértment of
Transportation. . This traffic was divided into cars and trucks by a classi-
fied traffic count. Table 3.2-2 shows the traffic volume by travel direction.
Figure 3.2-2 shows the total traffic pattern for the hours for which data

is available. Table 3.2-3 lists the average vehicular speed for both
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745-839
842-905

900-1000

944-1028
1000-1100
1030-1054
1100-1200
1054-1130
1200-1300
1150-1228
1230-1248
1300-1400
1250-1316
1318-1344
1400-1500
1355-1425
1430-1456
1500-1517
1517-1536
1456-1556
1536-1600
1600-1620
1556-1634
1636-1728
1620-1720
1720-1732
1728-1758

Table 3.2-1

Noise Level
Route 18 - South of New Street

3/29/72
"A" Weighted Flat Weighted
1 2 3 4 1 2 3
Med Roof 12° 45! Med Roof 12!
75.5
83.5
75
' 73
75
8l
75
73
75.5
71
80
75 '
71
' 65
75.5
74
80
75
_ 84.5
74
77
84.0
74.5
82
77
76.5 :
73
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Table 3.2-2

Vehicular Volume o
Route 18 - South of New Street

3/29/72
. Cars  Trucks ~Total = Cars ?rucks Total Cars  Trucks  Total
7oo-soo 172 ° 63t 1787f;. 1182 ;‘,101 1283 2906 166 3070
800-900 2364 93 2457 1156 104 1260 3520 197 3717
900-1000 1128 98 1226 1181 :' 126 1307 2309 224 2533
| 1000-1100 1074 115 1189 | 1047 114 161 2121 229 . 2350
1100-1200 1011 101 1112 1220 131 ~ 1351 2231 232 2463
1200-1300 1110 83 1193 130;»' 111 %12 2411 194 2605
1300-1400 1108 89 1197 ,_1327"4 112 :'1439 2435 201 2636
1400-1500 1087 o 1181 1437, BETY! 1548 2524. 205 2729
1500-1600 1252 105 1357 1820 77 1897 3072 132" 3254
 1600-1700 1262 71 1333 2207 86 2293 3469 . 157 3626
1700-1800 1104 = 56 f116d 2067 40 2107 3171 96 - 3267
TOTAL = 14224 968 15192 15945"j 1113>':.17058 30169 2081 32250
AVE. 1203 88 1381 1450 101 151 2743 189 2932
% TRucks . 64 6 ; o ©6s
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Hour

700- 800

725- 741

800- 900
812- 840
900- 1000
930- 957

1000-1100
1010-1033
1100- 1200
1045-1115
1200- 1300
1226- 1246

© 1300- 1400

1400- 1430
1432-1500"

- 1430-1500 -

1500-1535
1500- 1600
1552-1613
1600-1700 .
' 1622-1646
1647-1706
1700- 1800
1730-1753

Ave,

-Tdtal‘AVe.

 TABLE 3.2-3

~ VEHICULAR ) SPEED .

3729772

WB®

38.72
. 32;69
36,05

B 37,76

36.56

38,48 .

43,09
40,35
40,02

42,05
42,96

43.80

39937‘,'

- 3-24

38.35

"ROUTE 18 - South of New Street

40,66

39.43.

38,07

39.99

39,01

39.06

37.88

37,42

35,93
34.35

33.45

34,34

37.32



\,

directions ofitraffic,k ;

Examination of the.traffic data show3'thatvtruck‘traffic varied
between 3 and 107 of total trafflc dur1ng the 11 hour perlod Average
truck traffic was 6.5%02 Total traffic per hour varled between 2350 and 3717

vehicles per hour, Vehicular speed in both directions of traffic varied

: inverSely as a function of the traffic volune on that Side of the highway,

The average bi- d1rectlonal traffic speed was sllghtly over 38 mph

3 2,2 N01se/Traff1c Relatlonshrp_ .

| (l)Study of Noise Pollution Aspects of Varlous Roadway Conflguratlons -

Flgure 3.2- 3 deplcts the "A" weighted noise/traffic relatlonshlp

_ for the daylight hours on the median strip of Route 18 at the test site,

: Th1s limited data shows approxlmately a 3. 0 dB increase in the "A" welghted .

noise level for each doubllng of the trafflc flow for the ex1st1ng truck/total
traffic relationship. This rate of change closely duplicates the 3.3dB charac-
teristic previously determined for the Bruckner Expressway in New York‘Cityo(l)

The Route 18 median strip noise level is about 4.5 dB lower than the Bruckner

‘noise level, for 5-15%]truck-composition, for comparable traffic volume. Three

factors contribute to this noise level difference}
1, Route 18 median strip is‘wider and microphone is further from
»closest lane of traffic; |
2, Route 18 traffic velocity rs aboutrlo mph slower.

3. Average truck percentage of total traffic on Bruckner Express-

way is nearly»double that of Route 18, o

1

New York State Contract - DOT D42157
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3.2.3 Comparison of Noise Level Weightings

The noise level measurements were made using both "A" and Flat
weighted scales. A comparison of the sequential measurements taken shows
an average difference of plus 8,0 dB between "A" and Flat weighting at each
of the three locations for which Flat weighted measurements were made. This
characteristic also closely duplicates the plus 7.5 dB relationship from "A"
to Flat weighting determined for the Bruckner Exbresswayn ' ‘

3.2.4 Site Attenuation

Noise level measurements were made.at different times during the day
at four locations, The ”A“ weighted data obtained between‘lz and 2 PM, when
traffic volume, velocity and truck percentage are esseﬁtially constant, at
locations 1, 3 and 4 is tabulated below as a function of distance from the
center of the ﬁedian strip.
Dist. (Ft.) Y 62 95
dB 75 71 65
This apparent non-linearity of sound propagation is to be expected.
The noise level recorded at each location is the sum of the trgffic generated
noise from the two directions of traffic. The noise level resulting from each
source will be attenuated equally with distance from each line source. At the
median strip, the microphone is halfway between the two noise sources. Location
3 and 4, however, are at different distances from the two line sources of noise.
During conditions of equal traffic on both sides of the highway and equal number
of vehicles per lane, the noise level will be flat from the center line of the
south bound lane to the center line of the northbound lane. The noise level will
then decrease with distance from the center line of the highway. Under light

traffic conditions the peak noise level per highway side will move to the
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right of’it;.cehter 1ine._vThis frend is furthefed'byrghe exit ramp on the
westbound side. Accordingly, attenuation with distance ét the Route 18

Site is determined by the noise level éhange betﬁéen locatith»B and 4,

‘i.e., a b dB‘decfease for each 33 féeﬁ‘from a poiﬁt 12 feet off the curb line.
This atteﬁﬁatién élope indicates tha£ the centerline of the westbound traffic
noise source Wasbab0qt 38 feet to the right of theimedian strip microphone”
location, or ép§roximate1y at the edgé of the right 1éhé, westBoun&.

The noise 1¢vel recbrded on the foof of the‘Sanitation Building (see
Figure 3.2-1) was consistently only 2.5 dB lower tﬁan that meaSured,on the
meaian ;trip and 2.0 dB higher than thé ground levelvmeasureﬁeht 20 feet
closer to the highway. This suggests‘that the réof level locatibn is receiving
 npisé not réaching the off:highway groﬁnd level‘ﬁicrophones. _The similarity |
of the hOurIy'fluctuﬁtionsvindiéates that a noiSe‘sﬁurce or sburées which are
time phased with the Route 18 traffic sﬁrongly affects'thé roof top noiSe
1eve1.,'These'sourqés-could be either the\tréffi; usiﬁg fhe.New Street over-
pass 6rjthebtfaffic géneraﬁéd ﬁoisérreflected off the face of the apartment
buildihgs écroSs thé hiéhwéy, or both,' It is péssib1e that the microphonev
~ on the-Sanitatipn Building roof, becausé of its height, is actualiy reqeiVing
Route 18 noise which is bloéked from the ground;level miérophbnes By the

overpass and the crowned median strip.f‘

3.2.5 Tape Recordings of Route 18 Noise:

Magneticvtape recqrdiﬁgs wérgfﬁade of thg'tréffic generated noise oﬁ
Route -18 near the New Streét overpass atﬁselécted EimES’during”29 March.
Each recording was appfoXiﬁately 20 ﬁihutes‘long.x The sﬁart timerbf each

recording and the microphone location recorded is tabulated below.



Time S v Location -

842 -Medlan Strlp o
- 1030 Sanitation Bu11d1ng Roof .
. 1230 - 12" from curb- o
1430 - Sanitation Building Roof
1517 ‘Median Strip :
1600 Median Strip =
1636 = Sanitation Bu11d1ng Roof
1700 Sanitation Building Roof

As shown on Flgure 3.2- 2 the total trafflc on Route 18 was relatlvely

constant between 9:00 AM and 3: 00 PM rlslng to its afternoon peak between

" 4 and 6 PM, Slnce h1ghway generated noise is blended with dlstance i.e.

ilnstantaneous peaks measured at one spot due to a vehlcle pa531ng the spot
are smoothed out by’ dlstance off the hlghway as the vehlcle traverses along
the hlghway, the noise level recordlngs made on the roof of the Sanltatlon
Bu11d1ng were;deemed most‘de51rab1e for playback at the Frellnghuysen-"
,‘dornitory,',The iS,minute segment‘of.theenoise;recorded on  the roof'between
71636jand’1651 was .selected for'thisipurpose" |
: The flat welghted noise at thlS t1me was 82 dB It'occurred at a

)perlod of relat1ve1y high trafflc (approx1mate1y 3500 vehlcles) on Route 18.
The truck percentage of total trafflc was under 4, 5%, lower than average.
.. Traffic was significantly unbalanced on‘the two sides of thekhighway.x West-
-bound traffic Qas approximately 1300evehicies ner hour and travelling about
42 miies:per hour,-'EaStbound'traffic:was_heaviertand slouer.‘ The:2200

xvehicles Eastbound averaged 33 mi les per hour.
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- 3.3 SIMULATION AT FRELINGHUYSEN DORMITORY

3.3. 1 Site Descrlption and Data

’

-.The ‘noise level that would result - from trafflc travellng on the proposed
exten31on of Route 18 at the Frellnghuysen dormltory was s1mu1ated by repetltlve
playback of the prev1ously recorded Route 18 traffic generated noise. The
recorded noise was broadcast thru four loudspeakers mounted on the tow path
between the canal and the‘Raritaaniper; The’speakers were spaced'approximately
75 feet apart on a line parallel to the centerline of the proposed highway. They
were angled such that the centerllne of the1r cones 1ntersected at the mechanlcal
room of ‘the dormi tory. ,At this pOint, “the perpendicular,distance hetween the
‘line of speakers and the do:mitory”wasvlds feét."Thiswgonfiguration is shown in
Figure 3.3-1. A discussiod»of this simulation techniqde is.inciuded in.

Section 4;0;>'The'simulated‘tfaffic noiseveonsisted:of continuous reproduction
of a 15‘minute tape loop of the Flat weighted noiSe>recorded on 29 March . The
noise 1eve1fbroadeast was adjusted to eontrol the aﬁplitude received at the
window of thermeehahical room in,the Freiinghuyeen'dormitory. mThe,received noise
level was set at approaimately 80.dB'A weighted on 14 and 18 Aprilland at about
77 dB (A) on 17 and 19gApril.to simulate 1975 and 1995 traffic conditions’
respeotively. | ‘

TWo.diffetentbsets of speakere ﬁete‘used during the traffic simulation.
period. Twenty four iheh speakers wefe used‘for the first two'dayshof simu-
latioh. ‘Thesehwere replaced with thirty one inch speakers for the noise broad-
casting on‘18‘and719 April. The larger:épeakers were used to dmprove the

. -fidelity of the'lowerefrequency noise.
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Instantaneous noise level measurements were made each day inside and
outside the Frelinghuysen dormitory at various locations. The noise levels
recorded are listed by time and location on Table 3.3-1. Figures 3.3-2
and -3 present this &ata by location only for the high (80dB) and low
(77dB) transmission periods respectively. It should be recognized that the
transmitted traffic generated noiée was a 15 minute tape. Instantaneous
flat weighted recorded noise levels varied plus and minus 7 dB from the
average level during the recording period.

3.3.2 Received Noise Level Outdoors

The vertical profile of received traffic generated noise was examined
by measuring the noise level at each balcony on the seven floors of Freling-
huysen. Examination of the data shows that the average daily variation in
received noise at the 7 elevations was 5dB(A) for all four days./ The variation
from floor to floor is réndom, indicating the variation is caused by the
fluctuations in transmitted noise. On the two days of "high" noiseblevel
transmission, the average received noise level for the 7 outdoor points was 80.1
and 81.4 dB, Similarly, the "low" noise level transmission days' average levels
were 77.7 and 78.1 dBA. The received noise for each day of the two noise level
periods is essentially identical.

3.3.3 Received Noise Level Indoors

Indoor noise level measurements were made at each of the same seven
elevations in conjunction with the balcony measurements., The indoor received
noise level pattern as a function of height showed the same randomness floor

to floor as noted outdovors, The indoor measurements in the lounges on floors
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- 6th

5th

4th
3rd
2nd
1st

Gnd

‘Balcony

Balcony
Lounge’

Lounge " -

 531chy -
. Lounge

’ Baicony .
- Lounge

Balcony
Lounge

: Bélcony 

Lounge

Balcony
Lounge

Room

615

Room A-3

Room B-é’

Room B-3

s

(1)

Closed (0).

Parking Lot Edge

‘Bldg.

'Time”
©) 1118
(1) 1119
(0) 1124
1126
(0) 1130
1128
(0) 1133
(1) 1132
(0) 1136
(1) 1135
(0) . 1140
(1) 1138
(0) 1115
(1) 1116
Open . 1120
Closed 1122
Open | -
Closed -
Opéh(I) L.
Closed(I) -
‘Open (0) -

S TABLE 3.3-1 ‘ :
Received Noise at Frelinghuysen
14 APR

dB

80
55
82
59
80
54
79
50
78
54
82
B

- 80

68

63
49
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Time

1601
1600

1604
1603

1606
1605

1608
1607

" 17 APR

dB

78

53

84
57

82
54

-

84
54

80
70

1134
- 51

Time

1136
1139

1142

1145

1147

dB

76

79
35

80
48

78

51

76

51

79

55

1150
1702
1700 -

1159
© 1200

1210
1205

1210

1205

1214

76

65

62
55

60
54

60
66

62
72

75

65

18 APR
dB -

81

52

69

- Time
1436
~ 55
1437 82
55
1439 81
59
1441 80
55
1444 85
57
1445 80
' 50
1447 81
69
1450 66
1451
1457 69
1456 55
1500
1501 65
1500 71
1501 72
1502 81
, 75

19 APR

Time- dB
1331 81
52

1339 . 77
s
1341 76
61

1343 77
: 52
1345 78
53

1346 - 81
. 53
1350 77
- 67
1337 56
1336 49
© 1408 62
11409 57
1410 65
1417 81
74
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6 thru 1 weré taken with‘therhindows glosed. The ground flqor measurements,
hqwever,_wefé‘takén with the’windbws oéen. For the top_six floors, the
.average déily variatioﬁ iﬁ ¥ecéi§e&”nbi§é 1eve1.was%c103evto'9dB. ;This
spread in measurements on 17 aﬁd'19 April is primérily dﬁe tovtheblarge
variation (48 andv61 dB) recorded in the fourth flbor'loungef Excluding
these réadings, the avérage da;ly variaﬁion qu’these‘éixifloors on 17 and
19 April isnoniy 5 dBA; the averaée indobr‘noise leQels are 54.6 and 55.2 dB

\

for ”high" level transmission and 52.6 and 53.4dB for "low'" level.

3.3.4 Differential Noise
Differential noise level, i.e., indoors to outdoofs, with the windows
closed for'the top six floors islresponsive to the level 6f the traffic
generated noise. On bothyof the '"high" level days, the average daily indoor
Anoise'levels were 26,3 ‘lower than oﬁtdoor:averages.' Thé indoor daily averages
on 17 and 19 April»("loW' lével days) we?e:25.4 and 24,9.dﬁA lower’tﬁan outdoors.,
The éffect of the windows;on‘thevindobr noise leyel can be seen from the
measurements made at thé grouﬁd floor 1évéLAénd iﬁside_fodms on tﬁe»éth, A and
- B levels, The indb§r/outdoor ﬁeasurements of5received noise at the groﬁnd floor
.were made with the louﬁge window open. The average of the indoor to outdobr
differential for the four dayS'waé only li dB. These différen;ials are
approximately 15'dB sma11ervthan those‘deﬁérmined for the‘uéper six floors
(lounge windows closéd). The hoisé.levelbreadings‘ih,rooms ; 6152 A-3 and
B-3 wefe made both withythe wiﬁdowsicloééduand opened. jThese ﬁeasurements éhow
that the window opeﬁ/closed differential fd;_tﬁésé rooms is responsive to the
level df‘the ﬁransmiﬁted noise. At the‘6£h floor levei; tﬁe,indoor noise level
with the Qindows closed wés 14dB lower than‘when they were open'on both days of
'”high" level transmission,ﬁ HoWever, on "léw" level days, the differentiallwas

only 7 dB. This characteristic also occured in Room A-3,
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The data taken for Room B-3 appears inconsistent with that obtained for the

other two rooms, The readings are shown below to simplify understanding.

Noise Level dB

Inside B-3 OQutside B-3

4/17 4/18 4/17 4/18
Windows Open 60 69 65 71
Windows Closed 66 65 72 72
Differential N -6 4 -7 -1

First, it is noticed thaﬁ the noise level on 17 April is higher inside
with the windows closed than the windows open. However, the simultaneous
readings taken outside this rodm show that the outside noise level was 7dB
lower at the time of the window open reading than for the window closed
measurement. (This is very possible due to the approximate 15dB range in
transmitted noise level). It is possible thereforé, that the window open/.
~ closed readings, taken 5 minutéé apart, are not a true indication of the
window attenuation,

The average window closea noise level in B-3 for the two days of data
is 65.5dB, The comparable window closed noise level average for rooms 615
and A-3 were approximately 51 and 55 dB respectively. The noise level
‘inside the dormitory therefore is 10 to 14 dB higher in room B-3 than the other
two rooms studied. This increased background noise level also contributes to
the apparent inconsistency.

As shown in the previous table, the difference in the differential noise
level in Rooﬁ B-3, windows open/closed, ;hows the same reaction to the level
of transmitted noise as noted in room 615 and A-3., The absolute differential
is not the same, primarily due to the increased background in B-3. It is
concluded that the Low level transmitted hoise (77dB) has little or no effect

inside Room B-3; the high noise level (80dB) is recognized within B-3.
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‘ 3.3.5 Attenuation Across Parking Lot

Ndise level readingS»were,ﬁaken on the last three days of simulation in
the parking lot to the rear of Frelinghuysen. One set of readings was taken
close to the dormitory. The other set was made at the canal edge of the lot.
The attenuaﬁion be tween these points was 10dB on 4/17 and 6 and 7dB on 4/18

and 19 as shown'below.

Noise level - dB

4/17 4/18 4/19
Canal Edge 75 81 81
Building 65 75 74
Attenuation 10 | 6 77

The similarity in data for the last two days suggests that the horns used

for broadcasting the recorded traffic geﬁerated noise influenced these readings.
The noise level at the edgerof the lot is the same on 4/18 and 4/19, even though
the "level" of’broadcast noise was different. The 4/17 measurements are
appreciably lower than comﬁarable data fo: the other "low" level transmission
day (4/19). The noise level attenuation across the parking lot was primarily

determined by the speakers used and not the transmitted noise.
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3.4 EXISTING NOISE LEVEL AT FRELINGHUYSEN

3. 4 1 Site Descrrptlon and Data

Noise 1eve1 measurements were - tahen of the George Street trafflc‘v
generated norse:andnother’background noise as seen at thebfrom of  the
Frelinghuysen dormitorf These measurements mere made contlnuously from 8 AM-on_
~. 21 April to 8 AM on 24 April. Paper chart recordlngs were made of the noise
‘ level recelved by a mlcrophonellocated on the third floor balcony outs1de of
the dormltory, as shown in Flgure 3. 4 1 7 Table 3.4- 1 1nd1cates the average
hourly noise level measured on the "A” scale for the 72- hour perlod

Additlonal nolse 1eve1 recordlngs'were-made ofvamblent‘n01se-as seen:
rn the‘parking iotratAthe:rearhof the'dormitory; These;measurements were
made outsideﬁthe_meehanioal equipment room during’the‘simulation and_baekgound'
noise level data coilection perrods;f'Representative data obtainedtat this |
location arelincluded on Figure:3.4—2; (The‘van’shown‘in this diagrm housed
thefcontractors‘carbonvmonoxide‘measurement'equipment‘used.in the airvpollution
impact study.) o

" 3.4.2 Noise/Traffic Relationship

The noise'level’on>the outSideiofathejfreiinghufsen dormitory; facingl”
7 George Street shows typrcal d1urna1 varlatlons for the three measurement days;
‘Thethree day average m1n1mum (52 OdB) occurred dur1ng the early mornlng hours
as seen in Flgure 3 4-3. The n01se level gradually 1ncreased durlng the day-'
fllght hours to a plateau of about 66 0dB in the early afternoon and then

slowly decreased durlng the evenlng and nlght hours to the m1n1mum 1eve1 As

expected, the hourly levels on the three days dlffer sllghtly from day to day,
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TABLE 3.4-1
Noise Level

_ Frelinghuysen Dormitory

-George Street -

‘ S Date -
W21]72 . 4/22]72 4723772 4J24772
(Fri.) (Sat.) (Sun.) (Mon. )
| 60.5 61.5 58.0
7_61,0 B 58.0 | 54.0
“55§01 55.5 52.0
53.5 53.5 49.0
54.0 525 52.0
'153.0' 51.0 55.0
55,0 51.5 60.0
©60.0 53.5 65.5
67.5 64,0 55.0 .
64.5 66.0 59.0
64.5 66.0 60.5
65.0 67.5 62.5
66.5 _ 67.oif k.5
65.5 66.0 64.0
166.0 67.0 64.0
66.0 67.5 64,5
6.5 680 63.5
67.0 660 640
66.0  65.5 64.0
'65.b ‘65.5 . 63,0
65.0 645 6L.5
64.0  , 65,0, 63.5
635 64,0 64.0
62,5 1 61.0
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reflecting the:variations in daily traffic and campus activity., The average
noise level for the 72fhour,period was 61.6 dB, The midnight to 81AM average
ﬂ’for the three days was-55.6<dB’while thefcomparable average from78 AM to mid-
night was:64.5dh. In general the 24~ hour perlod from 4 AM on Sunday to 4 AMv
- Monday was about 2dB 1ower than comparable periods on the other days.

'3 4.3 Background N01se Ievel

The frontr(George Street) side of Frelinghuysen dormitory has a higher average
ambient noise‘level than the parhing lot'(canal) side. ‘The parking lot noise:h
. level measurements ranged from'a,low of 47.0dB to a high of 64.0dB. fhese neasure-
ments were biased by localized noise sources and do'not;accurately'describe the
‘ambient in the lot. During thevmeasurement period,bequinment Within the con- f
tractors van parked beneath the mechan1ca1 equipment room acted as a constant
n01se source. j The exhaust line ‘from a compressor w1th1n the dormitory produced
a cycllc noise which. also 1nfluenced the- recordlngs. The data presented in
Figure 3.4-2 represents the noise levelldurlng the\72Ahour'period at times
) when'therbuildingicomnressor was‘not contributing to the parking‘lot-noise
level. The~noisevlevel_jumped:to between:60 & 64dB each timekthe compressor
cameﬁon;f The "compressor'off" noise le&el;‘in general, smoothly varied between
54 and‘58dB,and reflected parking lotdactivity. |

The equipment within_the contractors van:nas shut'off intermittently for
calibration purpoSeS“between>7 & 9'AM‘onf23 April; .During this two hour
»period the compressor cycled both wh11e the van equlpment was operating aund

shut down. The noise level, for the four conditlons recorded is shown below

Noise Sources o - Noise Level. dB
Van, Compressor & background . - ' , 59
Compressor & background only . B ‘ 57
Van & background only . R o 55

Background only - o 47
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It will be noticed that the van equipment was contributing 8 dB to the ambient
noise level, The change in ambient due to the compressor is dependent upon
the ambient. Eliminating these two sources, the realistic parkihg lot ambient
varied between 47,0 and 51,0 dB. In general this averages 13.0 dB less than
the average ambient noise level in front of the dormitory. (It should be
noted that numerous short term noise disturbances are heard in the parking lot
throughout each day, such as student motorcycles and train whistles. These

noise sources produce instantaneous peaks of over 70dB).
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4.0

4,2

APPENDICES

4.1 Test Equipment Used

The félloWing test équipment was used to gather noise level data

at the four test sites.

2 - Precision Broadband Ceramic Microphones
(General Radio #1560-P5)
2 - Broadband Microphone Préamplifiersv(G;R. #1560-P40)

"~ 2 - Precision Sound Level Meters (G.R. #1561-R).

2 - Graphic Level Recorders (G.R. #1521-B)

1 - Sound Level Calibrator (G,R. #1562-A)
1- Magneti¢ Data Recroder (G.R. #1525-A)
1- Sound Le§e1 Méfer'(G.R.‘#1565—A)
1 - Sound Levél‘Meter (G.R. #1565—3)

Th¢4tréffic simulation at.the'Frelinghuysén dormitory was
accomplishéd‘by use of the following equipméht. |
1 - Magnetic Data Recorder (G.R. #15254A)‘
1 -nAmflifier | |
4 - 24" Speakers

4

31" Speakers

Data Cpllection Procedures

~ At each site, the procedures»foilowed for collecting ﬁoise level
data were fitted to the‘types of ﬁeasufements being made. The basic
data collectiéﬁ system cdnsistéd of one eaéh’of the microphone, pre-

amplifier, precision sound level meter'and’gréphic level recorder

‘interconnecting with two conductbr'shielde&'cables, Two data

collection systems were used at the sites as indicated below.
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U.N. B vRoute 18 Frelinghuysen = George Street

System #1 Median Strip Median Strip Transmitted Front
© . & Road Edge : . Noise :
System #2  Lower Deck Of f Roadway N.A. o ParkingbLot

‘Locations = Locations

The. portable sound 1e§ei.meters were used for data acquisition on the
upnerideck at the U.ﬁ;ksite and for all measurements at the Freliné—
huysen'site.l-In addition, at thevU.N. site, instantaneous readings
were takenafrom'the sound level‘meters of each data collection system
for the road edge'and,lower deck noise ievels from:1330 to 1400 hours
on 23 March. o

The continuous-noise ieveisdmonitored,by'the:twormicronhones
- were recorded on their Granhic'hevelvRecorders. ‘The paper charts were
carefully synchronized with each other’and the precise haurly times
marked on each chart.l | |

The overal; sensitivity ofsthejcombination of the‘microphone,
preamplifier, sound ievel neterdand'recorderbwas'carefully calibrated
using'the Sbund_Levethalibrator. At the beginning of each site's
' recordings, the>Calibrator tones‘were,appiied to the»microphone while
connected tovthe»coaxial cahie tofbelused; and the‘correct leveivwas
v-Verified on the Graphic-Level Recorder.b Simultaneously the reading
of the interconnected Sound Level Meter was checked. The accuracy of
the portable sound level meters was also checked using the Sound Level
’Calibrator. K N

The paper'chart recordings were digitized:andithe~data‘obtained
was adjusted as necessary to incorporate the callbratlon biases.

Portable sound 1eve1 readings were 81mllarly corrected during the data

reduction processes.



4.3

The tape recordings taken of;traffic generated noise at Route 18

were thaihed by interconnecting the magnetic recorder to the appro-

“priate ‘data collection system. The magnetic recorder was switched

from one data collection system to the other to obtain the desired

noise level recording.

Noise Simulation Procedure

Simulationvofftraffie’en the'proposed extepsion to Roﬁte 18 at
tﬁeiFrélingﬁeyseﬁ ddr@itory was aehieved>by playing eack a continuoue
lS-minute'tape leop ueing the'Megnétic.Deta Recordef.b The output ef
the eecordef{wee fed through tﬁe e@plifier tovfour séeekers located

on the tow peth opposite the dormitory. The location of the speakers

to properly simulate a line source:ef hqise (the'propq;ed highway) by

means of four poiht'sources (the set of speekers) was determined by a
math model, This meth‘model,,deeefibed in Section 4.5, was used to

analytically compare the line source versus point source noise as a

function of speaker location, Trial values of the speaker locations

were varied untilran'ecceptably small deviation fromimatch (£+0. 5db)

:waS'obtained.

Using the reSultsvdf the math model, the speakers.were located on

the tow path on a line parallel to and 37.5 feet behind the centerlihe

of the proposed highway. The center point of the line of speakers was
- 167 feet from the Frelinghuysen dormitory. The speakers were located
35 add 80 feet on either side of this cehterpoint. They were angled

inward so that the centerline of their cones intersected on the wall

of the dormitory on a vertical Iine‘thrufthe;center of the dormitoryov



A

The amplifier gain was adjusted to produce the desired noise level at
the dormitory as recorded hy the data collection system monitoring the

transmitted noise level, The microphone for this system was mounted

Outside,the’mechanical room = of the dormitory.

Noise Simulation Technigue

‘ The noiee'simulatioh performed at the Freiinghuysen dormitory was
based on' the following ground ruleeov
a ; For traffic volomee and_reiocities occurring‘eurihg the day¢
light hours, both the_existing section of Route 18 near the New Street
Overpass and the oropoeed‘extensioh at the dormitory site were con-
sidered  to be iine sourees of.noise-located at thehcehter of the median
etrip of the highweyol

b - The noise propagatlon character1st1cs of the two s1tes are,

~ for all practlcal purposes, 1dent1ca1. Therefore the traffic generated
- noise at the dormitory would be identical in composition to the noise
recorded at the roof of the Sanitation Building. The noise level re-

'ceived at the two sites ﬁould differ as a function of the difference in

their distance from the eenter of the roadway.
¢ - The truck/car mixture at the‘dormitory site would be the same
as that observed at the Sanitation Building.

d - The'average velocity. of traffieyat‘the,dormitory site would

be. approxlmatelv 50 miles. per hour.

e - The NJSDOT progectlons of peak hourly traffic volumes of

_2700 and 4300 vehlcles per hour for 1975 and 1995 respectlvely would

be rncreased, for the,purposes of thrs noise simulation, to 4000 and.

- 8000 vehicles per hour to cover other agency estimates of somewhat

higher traffic volume for the extended Route 18 Freeway.

Aceordingly, the noise level,at the outside oflthe‘Frelihghuysen



4ob4.1

4.4,.2

dormitory would be the same as that measured at the Sanitation Build-
ing modified by corrections for differential distance, traffic velocity

and traffic volume.

Correction Due to Distance

The noise level measurements made on the roof of the Sanitation
Building were accomplished with the microphone approximately 35 feet
above the road surface and 83 feet horizontally from the center of
the median strip. The diagonal, or "line of sight" distance there-
fore was 90 feet,

At the Frelinghuysen dormitory site, the microphone was located
approximafely 37 feet above the surface of the proposed highway and
127.5 feet horizontally from the center of the proposed median strip.
The '"line of sight"‘distance from the centerline of the highway to the
"control"vmicrophone was 132,5 feet.

The dormitory therefore is about 43 feet further from the center-
line of the roadway. The received traffic generated noise level will
be lower than at the Sanitation Building in the ratio of 133 to 90 or
1.48. The db reduction is determined by the equation

dB = 10 log _1_-_‘[@

10 log 1.48
10 x 1700
1.7 dB (A)

Correction Due to Change in Traffic Velocity

The noise level recorded at the Sanitation Building resulted
from traffic on both sides of the highway moving at an average velo-

city of 37.5 miles per hour., It is anticipated that the average



~of traffic on the proﬁosed seetion of‘unte 18 past the dormitory will
be 50 miles‘per heur,;.This increase in averege speed~is due fo the

- change from a hlghway thru res1dent1al areas w1th frequent trafflc

\llghts, to one w1th less 1mpeded trafflc flows. On the ba51s that
the truck car ratio remainsvrelatlvely unehanged:and«the roadwgy sur-
face is‘siﬁilar;_this increase inVaverage;yelocity corresponds to a

4dB (A) noise level iﬁcrease*}

4,4,3 Correction Due to Change in Traffic Volume

It was estimated;that the ereffie on the pfopesed section of
Route 18, when op;enedi in ‘1975,‘ will have a peak of 4,000 vehicles
per hour during the daytime houfS@’vAgain,vaesuming a constant treck
car ratio, ehis traffic volume represents a 157 incfease ever that
which occufred during:thevﬁoiSe level recording period at the Sanita-
tion Building. Usingfthe same equetion’shown in paragfaph 4.4.1, thie
‘increased traffievvolumebwili,inefeese therneise:leVel inv1975'byv0,6‘
dB (A). Similarly the'1995 treffic'pfojectien:of a peak of 8000
‘vehicles per hoﬁr‘correspendebtqreﬁ inereese eﬁ 356dB(A) ovef that

measured in 1972,

4.4.4 Estimated’Traffic'Generated Neise Levels

As indicated in paragraph 3 2, 5, the average flat weighted noise
tape recorded at the Sanltatlon Bu11d1ng was. 82 dB. The flat tovA
weighting relationship was 8,dBf Therefqre the recorded noise was
74>dB1(A),V-Applyiﬁg-the correction factefs for differential distance, -
traffic Veioeity and-traffic’VOlﬁme\described,abeve; the 1975 and 1995

*National Coqperative'Highway Research Program Report #78
National Academy of Services - Highway Research Board - 1969



‘noise at the dormitory is:

dB = 74-1.7 + 4.0 + 0,6
B K B
- =76.9
= 74-1,7 + 4,0 + 3.6

1995 -

79.9

Accordingly, the noise level,broadéast‘was adjusted so that the
noise receivéd at the control microphone was 77 dB. (A) for simu-

lated 1975 traffic and 80 dB (A) for the 1995 condition.



4.5 ROAD NOISE SIMULATION MODEL

1; introduction
A. Purposes of the Moaélb-

 .The méfhematical modél;that.is:described in thfs Appeﬁdix was developed fof
twa PufPOSES: onevis to deéign a_PhYSical'simulatidn of the traffic noi$e 
produéed’at a heavily-travelled foéd by means pf a,sét of loudspeakers that
b;oadcést tape recorded road hoise. The paraﬁeters of the design wdhld include 3
correct placément of the speakers and intensity level determination. Since’it
is generally undérétood thaE a:finite nﬁmber of lqudspeakérsvcan not exactly
simulafe a continuous roédway; it must befrealizethhat‘the“qptimum desigh is
that cdnfiguration brodﬁéiné‘an accéptably ﬁs@all amount 6f deviation from the
expected traffic noise fromé, real road;

The second purpose is a corollary of the first; to évaluate afsimulatiqn
by comﬁarihg the‘SAund inteﬁ§ity eXpected frqmba prdposed»road to the sound:
intensity expected from a‘givén éeﬁ of épeakers, at éeveral points at |
various disténces from the fespective éound soufées. This lat;er purpose differs
from the fifst one'in_that,cefpain constraints on the p1a¢ement;of speakers,
setting of intensities,'etc., may not allow én optimum design configuration
to be realiZéd;'thebfeSQlting‘compromise can still be evaluated forvits effective-
ness using the mathematical model.

B. Bases of Model -

The mathehafiéal model is»builf ﬁéon;the four mainxconsiderations of
1) traffic flow deséripﬁion; é) physics!involved in:propégation, 3) geometry
of roads, speakers; and observati§ﬁ poiﬁté,-ahd 4)'intensity’calibration;

The mOdel'is applipable to those situations -where the traﬁfic‘is éontinuous,
and the road can properiy be deScribéd:as a iinear soprce‘ofvsound.
»vInstantaneods sound levels then éaﬁ;be‘déséribed in terms of the number 6f
vghiciesbpef unit length alongvthe road and in t¢rm$vof the avegage vehicle

.

Veloci;y. - : 4=8



The phySiéal pfincipies involved are the foildwing: ‘Souqd wavés originating
from a p&intvsourcerspread-éﬁt so that their intensity is inverse1y proportional
té the square ofvthevdistancekfrbmkthe sodrce;"Both loudspeakers and moving
véhiclés‘gan Se cops?dered as:ppinc s0ufces of sound at sufficient distaﬁces;l‘
Under the abbve assumétiOQS'of.tféffic'floﬁ, the éound{fﬁom the'vehiéular point
‘ séurces caﬁ be“intggféted ove# the whole roadwéy;‘it'ié‘found that the resultiﬁg
sound inténsity is invérély éroportional to the fifst poﬁer of the distance
“from the road. Sound wavesvpfopagating in any‘mediﬁm ar; éttenuaﬁed by absorption
:ahd by écattering‘pfééesses; #s'we11~asiby tﬁé.beam 5p£éading>effe§ts mentioned
above. These éttenuatibn’meéﬁahisﬁs fééult in ankexponential decay of the
sound'intensity'withﬁdistanqe; »These‘mécﬁahisms arérfréqgeﬂcy dependent; thqs'i‘
there is a diffe:ént attenuaéion coeffiéiénflforueach aéouéﬁic fféquenéy, and.
~higher frequéﬁcies are atténuéted'ﬁore éhan 16wer fréqﬁencieé; |

The foliowing geometricai asstbgibﬁs‘were uséd.%ﬁ-the déQelopment”of the
modelﬁ Alliroadways are‘straighf lines of long léngtﬁ; rihis applies to
the road‘wbéré thé traffic noise is regofdéd‘aé well aé té_thé road to‘beb
’ simulated. The médél ésSumes thaﬁ ghevrécording of the frafficﬁhﬁisé is
blayed;baék fhrough séveral loudspeakérs;’tﬁe 1océtionvof‘éééhbspeéke?‘is not

: restriéted with—respéct tovthé road ;obbé‘si@ulatéd. 'Anothef”important
- assumpfion is that tﬁé‘prppagatioh‘@f the‘éoﬁpd is notfinflueﬁced by ény
obstacies éﬁch as'réflectérs,‘abséfbers, otrdiffraéﬁiﬁgnedges. ~The pfeseﬁ;é
of the gréund,which is»é giaﬂtjfeflector;»acts only‘té increése the efféctive
intensity cominé from\eacﬁ sou%ce, and d§e$ n§t addv§ sét of Qiftua1’éourges
'ﬁelow tﬁe ground. Thié is’ﬁniy true Qhen_ground—leyef r¢adways afe consideréd,
and when ﬁhe 1oud5péakers:ére very near the ground.

The model_aSSUmes that the ratio ofrﬁﬁe'inteﬂsity of the sound from 511"
of the speakers‘asfmeasured at a definite‘point in Spacé;bto the intensity
of the Soundkfrom the réai réa& as mgasured.at the éoiﬁt'of tépé.fecording,

is set to a known value. ‘ 4=



thematical Model

1L, Development of the Ma

A, Basic Eqnationb#

Equation C-2 of Refer

enoefRPB is the starting point for our model. The

‘authors of Ref. RP3.have uééd"thiefequation’as,the'SFarting point for a computer

simulation of traffic noise; they did not construc¢t a model for a physical

simulation.

Their expression for the noise level contribution from a random

distribution of vehicles having a given mean flow is

dBA = 10 log

" in which

*
oo

= decibels as measured on A-scale of a sound level meter
= transfer function of the-A-scale welghtlng network

in the kth band

complex conjugate to Tk

10-12 watts per square meter :
number of vehicles at 1th 1nterva1 of the Jth vehicle
class - :
average sound 1nten51ty in watts per square meter 1n the
kth frequency band of a vehicle of the jth class located
at the ith interval, .traveling at a given mean speed at

\

‘a distance r.

= distance from the observer to a vehicle at the 1th interval

air abosrption in dec1bels per unit length in the kth

» frequency band..

In this work, we are

- ranges; therefore we will

level. For this case,rthe

Also for 31mp11f1cat1

The flat—welghted‘sou

dBF =10 iog{ g >
o e
i

intereEted,in evaluating a‘simulation10ver all freonency

modlfy equatlon (1) to find the flat welghted sound
product Tk Tk* =vl.

on . of notatlon, we defrne the- parameter

(2”“)-/.

nd level’ is then

2. E N, \,\/uk ,' | ("%?-)26‘2% | 




Keeping‘in‘mind that when we simulate a proposed road by means of a tape
recording made at an existing road, it is understood that we expect the traffic
mix to be about the same in both spots, we can make the following S1mp11f1cat10n

B \
w1th out loss of generallty

Let ; = | B B (3)
~ Wrokiﬁ 2N Wi N
bt W= (f) -
v WrOKi ro k df o
" where vau(fk ) is the spectral power deﬁsity of the total mix of
vehicles at frequency fk'énd. df is the width of the frequency band around
>fk. Then the summation over all frequency\bands>can be réplaced by an inte-

gration over alllfrequencieéz

dgp_ le logf g }jw(f Cf.zx’t() i : | , _ (4)

.~ where L Oﬂhk} j dk

| ! / 2a¢(f)r. |
dRF“IClO qr } ‘2 ( ] | I ,
© W 1]€ R S (5)
: > : o » - : '
is thus the form of therintensity equation fdrlarset'of point -sources.

Refer to Figure RP7‘for&the cddrdinates used in_thé degcription of the
ihﬁensit& frdm a linevséufcé, .Lét rkbé tﬁé #traight’liﬂe disténgé betwéeﬁ an
observer at P and1a line -source of soundg(roadway). |
Let | : |

W) = )

- rei
// ‘ . v . .
’ where ,’r(x f) is the spectral power density per unit roadway length.
o > , s .
One of our initial assumptions is that the traffic is uniform along the whole

 -Fﬁé’l;@;;ff?fff




road; therefore, this parameter is not a function of x:

Il
Wro _(xi’f) | —-— Wro( ) | ,fo? all x.

4

“ - » ‘i v | rc ( ) — VV ( ) | o ; ;

The summation over all intervals i becomes an integration over x:

Now r?:‘_ T 2"+ x,z L from Figure' RP7.
i 1 L
21.4dr = 2x. dx /.' RS o éince r is constant.
.dar, i . »
‘ “l’
dr.i - = dx.
R . T . !
Thus the integral over x becomes
< o[ )
e ,(___) Y g -
re
- &0 I
-~
r e . .
—/a( r "2&{ )l’
= | TA=dr. R vorngr
S = - J...._..__.._ T ' :E R S et v (7
s A = - oo L o e = » :
on T . Jrf_ re ‘ r yre — - '
~ r
.{/_ {l‘.:;/)..._:-a{." o : . - | ISR » . (8
- 2| Femtmeoro—ete—- '
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By substituting in the dummy variable & and setting r; = rsec® ,

e 2 (}rler_ = _/_ k e-— 2rct_(f) sece dg
= e T R N d , :
R e R ¢ )
Let us define theiﬁériaﬁigfi‘éO“tﬁaL
vl el = I —zaxf] seco (10
: \f'[aqci(f )] -7 - a%<{ ) d&

(11)

o Teadly 1

R s
| o : f_i o
Thus we arrive at the exﬁerSSion‘fof the intensity-of ajiinefsource at

a distance r from the source as

-— (12)
B. Exprassion for Intensity'from Proposed Road -
Let the drawing in Figuré RP7 represent the coﬂfiguration:at the site of
‘the proposed road, with r set equal to ry. The intensity'ofgSQQndvat,a_
distance r_ from the propqsedvroadLiS:(from Eq. 12)  >: 7
AT Y o TR S DR »
. Ny g<_~g rC’ I 7' ( rr ) Lif - ' { (13)
 where {f?is the instantaneous spectral power density per unit roadway
re i « ) ‘ al ]

distance.

. 4713?




C. Expression for Intensity from Speaker -
Since we are to simulate the proposed road traffic using the sound
" : )
‘ recorded at a real road, Iro(f) is also the spectral density per unit

length at the recording site. I .

‘Let us now consider specifically fi’g*nteqsity recdrded on'the>tape which
is to be played back during the simulation. Let the distance between the
median of the real road and the recording microphone be rg. Then the intensity

at the microphone (i.e., the intensity recorded on the tape at a given moment) is

co
o _ / -
Lzcefes 2 T Y[y, ] » o

;o
roi(

from a point source at point i. In the simulation, the sound from a loudspeaker

coming

In Equation (5), VV fk)' is the spectral density at f

k

(a point source) is derived from the intensityci, of equation (14). The

relationship between VV.. { and | f must be found. Recall that :[ f I=
roil'k K : ol k

—ro
VV:; kk) for the road being recorded, and is the spectral density per unit
roadlength. The spectral density of the sound from each sPeaker is a functioﬁ
not only of the spectral density of the roadway where the sound wa$ reco;ded but
'also of the frequency-dependent atfenuatioﬁ that occurred while the sound was"

getting from the road to the microphone. That is,

Wrci (f}\’) - is proportional to Im(fk) ‘Ylyrsf‘}'i(fk)]

LN

Let /\foi- be an amplitude function characteristic of the <™ speaker;
/\r{\ is defined in such a way that the intensity at a distance Te, : from
C’A_ A
the [l speaker is

- 4-14




co
dBFroQ =10 logq E”02 2Ar09 I/r/o(f) Y['s ,a‘(f” €~2C\’(f)’oy df [
that %s} so thak . ‘ i . B -

wo= eA 2T Y]k ofr)] s

rci

4

Thus, the intensity at any distance T, from the ,pyh\Speaker is (from

-

Eqs. 15 and 5)

o : 5 O
r " _
qurz =10 log{ 29 rgAroQ (_r:_ﬁ?) jIro(f) e Qa(f) f‘?_ Y[rS }a[f)]df (16
0 ,

\

The intensity from an array of N speakers is then

asr, = f =
(o o]

N
. N 2
10 leg 29'EZAK. (—rr‘o“') T// () e_2a(f)ri Y[ 2 ,a(f” df g
il :
i =l | | |

ro
0

where every speaker is playing back the same sound recorded at a distance

r_ from the real road. Each r, is the distance from the speaker at point i

S
to the place where the intensity is being measured.

D. Comparison of Intensities. -

At a point in space at a distance ry from the proposed roadway, and at

distances r, from N speakers, the difference between the intensity of the sound
from all the speckersand the intensity from the proposed road is

{ o _
A [N \'{* t -

'J'.——#":'J“;% |
ira AT : f (18?




The magnitude of thlS quantlty is a measure of how good the simulation

is. That is, in a perfect simulationdj? Of OJ the larger the absolute

' ' N I
value on ‘2f » the poorer the 51mulat10n There are several arbitrary
v N
variables in Eq. 18: for each speaker the product /\roi % can be
, - v l

- set at will.  Also, the dlstance from the observatlon point to each speaker

can be varied. Thus, there are 2N adJustable parameters to vary‘to optimize the

simulation.

Assume now that‘the speakér have aefixedrconfiguration; it is reasonable

to calibrate the speaker intensity at one point; this will, in essence, determine

the values of the N products A P2 . At a distance r_ = r,, from the’
. rei oi r T

proposed»road« let the dlfference in total 1nten51t1es be ZX Q ’

1= 4,-4)

I;‘)2f e, o))«
jI :['rtaa( )} " |

In pr1nc1p1e thlS expreSSLOn relatlng the /\

(from 18)

1

10 lé;

c the'rrl’ N
rof,‘/ r.. 3 ; an b
could be"Substituted into (18) to  'solve for o Cﬁf‘ o_/'

Equat1ons (18) “and (19) fully descrlbe the model in its most general case.

‘All further steps are Only to makefthe model more useful in practical cases.

Consider now the case where all of the speakers are on the same straight.

line, and where this line is pafallel to the proposed road, as in Figure RPS.

- Let r_ be the value of r at whichjthe,intensities are calibrated; i.e., when

t
ry = r..- Furthermore, let l;i\IZTq “for all i. This means that all of the
speaker amplitudes are to be compared at a etandard distance, &l -, from

each speaker. New parameters D, R; are defined in such a way that

- 4=16

(19)



’0|A h— R.sz for i#/

2 2
a nd rO'Arol = rT D

® i R
A This relates the amplitude of gll the speakers to‘thevamplitude‘of>the
“first" speakér, | |
Using the above notation, we obtain e

, ZXIQ —
- N R o _ - / |
D) w7 J;Iro(f) e 2Cs| LT Y [fs ,a(f)}df

10 fo3 ¢ —I= AR

y jOooIr’;(f) Y[rrf ,a(f)]df‘

As seen in Figure RP8,

2 2. ,2 \
re= 14 -—Zrdi ;os@

Also, let

Ig is the intensity from the speakers at r , Ir is the intensity from
A t :

the proposed road at L
power per unit area, not their decibel equivalents.

Thus, since r = r¢,

these quantities are actual intensities in acoustical

(20)

(21)

(22)

(23)



From Equation (18),

[ ofN’—oﬁ_'; 10 kg DZ (% W Ri oy

T v
) Pr—écos@‘
ft .

[I,,HG 2aly)’ \f/rw(d ) ws@ y{ ]f* |
o@‘ — ) (25)

From‘Figures RP8 and RP9Y, r (and r_ ) can be given in terms of r

(and ry) and p, the distance between the proposed roadﬁend the line of speakers;

\

f :"\[p2+rv"sin2§ "'2‘“5i”9'9}°5-¢‘. | »d : | . (26)

r . = the vglue of r. when-r = T

V Qb is the angle of elevatlon from the horlzontal plane contalnlng the

- line of speakers and the medlan of the proposed road to P, the point of

observation. When r .= t’ gf gﬁ

As before Equatlon (24) .can be used to find a relatlonshlp for D in terms
. 5
of the Ri's and this relation substltuted 1nto Equation 25 to solve forcjj-6{

as a function of distance;from'thetspeakers; However, if ]: ()‘J the

spectral power dehsit& per unit length,;is,not khown, the calculatlon can not

be performed. An analogous ealculatioh,ean be made over a narrow frequency

band:. |
’)

% bé the known 1nten51tv dlfference at T = re, f = fi' ~Again,

A A ,
[l,X = 10 log RI Equation (24) becomes

418



0= /0 log Dﬂz TNTRE a’.', cost |
.‘ , | | | { - i:/.+(d|/r1) —2[ !/1)' ". - |

B o . : \
f+Af S :
) -2 4 /s, |cos6 r f
ffuemmvtm fui) Y[mﬂ L
| f|+Af , 7
RI‘ Ilr; (fl) Y[r” ,(X(f‘)]df ’
o DMZ — l' ’, — X s
| i= /.+V(d'/'T) f-‘?(‘d'/rf)_(dv R
| | f+4f
| I:o(f]) ._20( \//4 /r ) - ( / )c 3 [r C(( )}I :
o — 2 ~ » | fﬁ—Af' ‘ 2
‘ RII;;{ff-_)'!Y[a,,a(n)] J
S R
(. L : | 2 ' s [ \1
| | Xﬂ—‘ R e%a{ﬂff\/:/:(ji ") "—C'Ij/} Y[rs ) b (29
TN T 2 e 2] Ry Y[ 2]




Since 0 = 10 log'l,Lthegcalibratibn condition becomes,

( r,)COSQ o RI .Y[fs JC((f”

(30

S L \//+( B =
D(f Z +{d /,)

Whep the inténsity caliﬁration is‘made, whatvis,done is‘to set the.
difference between the SOundileQei'atrwhich theftape'reéording was made.
at the feal‘roadrand the’souﬁd level from thg Speakegé ét:Ft,'to a known value.
That is, if Ir(fs) is the aétual intensity df'thé reéordéd.sound, and if
Is (rrt) is the:inteﬁsity frém thé épeakers, at rs.and Tre reSpeétiVely,

. then

AJ =10 1og ZL o | (31)
B | Is(r”)‘ o

is set to a. known value. If'r's and'rrt and not too different in magnitude,

we can set

—rlsl o~ _Tfl_ s ; 32
Ir(rﬁ) | >
since both roads arevapproximately straight line sources. If r ¢ and ry
: . rt

- were very dlfferent, a correctlon for exponent1al attenuation would have to

be made for equation (32): From (23 and (31) ,
| R ol
1 Ir‘\rS'
1,

|

‘I%{%T)‘, i
S ‘ FQ ~ j;_LLT./ Q/
‘I’ : _ R T - | rs ~

(33)
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v 1
. The best value for RI is unity; for this case,

A =10 Ioa‘—%sﬂ o (34)

and if 1T, =T, AQ:O , )

s

The computer code, ROAD, solves for D(fy) in equétion (30), given all
thek length and angle parameters, AQ , and the attenuation coefficients for
frequency f; (Ref. RP3). It solves this equation under the asumption that
there are four speakers, that all the speakers have the same amplitude, that
point O (Fig. RP8) is at the midpoint of the speakers, and that the
Speakers are symmetrically placed about O. vThat is, N = 4, Rl = R2 = Ry = Ry =1,
dg ﬁ-dl, d, = -d,.

’- Then. the code solves equation (25) forcﬁN-— Cﬁl)which is termed the
"deviation from match'. Thisb equation cduid be solved over the whole-
frequency band if I//fo(f) were known. However, ROAD solves it at a discrete
frequency £, for.which the formAis LN_ L, = deviation from match at a

frequency f for a system calibrated at frequency fl=

R 1

(34

¢

| 4 -2 f '/ ; _-”;—%%césg . )
/f o E}kJﬁ;ﬂﬂé? ﬁz() —\/t ) ( / ;=< ¥ | | ::[ . X ):

,-of

G

Of course, the same assumptions for dj, dy4 hold as above.
Figure RP10 is a sketch of a simulation site that could be evaluated by

use of the ROAD code.
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E. Factors not Included in the Mathematical model -
10 Spatial intensity distribution from loudspeakers:

Thé,mathematical modél assumes that the Speakers:are point sources of
sdund, or at least that at P (Figure RP9) the sound‘waves‘from each speaker
have spherical wave fronts.  The directionalityAQf the actual speakers used in
the simulatién ;est were not knownj; however,‘the speakérs were aimed haif&ay ﬁé
the wall of the Building whiéh_subtended,rat 0, an angle of about 27°.

This is significaﬁtly less than the opening éngles of the speaker used;

therefore, it is expected that the assumption of spherical waves is a very good

- approximation at the places where our measurements were made.

° Finite widtﬁ &f roadways -

The modeL assumes eéch road ié a geometficai line, and doés not consider
the fact that the recorded sound is f?om.traffic moving in both directions in
separéted traffic lane§,~norjthe fact that the ﬁew road has finite width.

The noise level dué to the near lane of the proposed road will be higher than
the noise actualiy played béék,'but’fhe’hbiSé from the far lane will be less;
the effect is to average out the differencé; A calculation made to estimate
the actﬁal-change in sound level indicates that tﬁé ma#imum'error?expected
for the dormitory site is -0.2 db. This erfor becomésbless as 1) the distance
between the réalﬂroad and the point where the playback tape was made incréases;
2) the distance bétween the proposéd roéd_aﬁd the caLibration point increases;
3) the distance between the proposed road and the observation point increases.
-9 Effect of Obstagles iﬁ the Sound Field -.

The contour of the laﬁd, thé presenée of buildings or other structures,
etc., will perturbkthé sound fieid.' In a co;rectiy_designed simulatibn, the
calibrafion point will be away from suéh obstac;es.“The presence of perturbing
features at observation points Lz’a necessary‘parﬁ of the simulation, and
the measurement of sound.levéls at such points is the purpose of doing the

simulation.
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Figure RP9

Elevation view -

‘ L is on line of speakers, P

D is on proposed road, ;
P is observation point, [

A is below P, on line LD.
-p is distance between line of speakers [
and median strip of proposed road. f
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| Figure RP10

Plan view of simulation site that can b«
eévaluated using ROAD code. See also
Figure RP9:line OP is r; point P is
directly above A.
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5.0 PHOTOGRAPHS
| Photographs were taken of the three test sites in New BrUHSWICk N J.‘
'y'1nvolved in. the Route 18 Freeuay Exten31on Study.: The photograph 1ndex map
| show1ng the relative location of these sites follows, along with a descriptlon :
of the photographs.e The photographs,pertinent,togthls N01se Impact_Study |
are 1nc1uded here. i l - | L B |
.1,;;Aerial view of New Street Area taken 2/24/72 vSite,of trafficf
‘i;n01se recording. :
‘a2;;iNew Street traffic noise recording site taken 3/29/72 From
.vroof of Sanltation Bu11d1ng lower left microphone set up on
tripod of Route 18 center ma11 (Figure 3 2 -1 Location 1)
_‘nght center microphone on roof of Sanltation Bu11d1ng (Figure 3.2~ 1.
Location 2), | | | v B
':3. New Street traffic noise recording 31te taken 3/29/72 looking
t south at Sanitation Building. Microphone set up at Location
3 (Figure 3 2 1) | ‘Li | | | 7
Photographs of the United Nations Site; ‘an index map of that 31te and :“

a description of the photographs is also included

51
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PHOTO 1

PHOTO 2

- 'PHOTO 3
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DESCRIPTION OF PHOTOGRAPHS AT U N, SITE

N, Y.C. Dept. of Trafflc truck placlng mlcrophone on center Mall

of FDR'Drlve below Unttedeatlon deck_lnvv;c1n1ty of Conference

Building Room C104-C. (Figure 3;1-1»Lbcation'M)

Graphic noise level fecorders in Room C104-C United Nations.

' iConfefencekﬁuilding. (Figure 3.1-1 Location 1)
,Vieﬁdof deck over'FDR'Drive:et United'Natione*Conference
Bulldlng. ‘ |
‘V1ew of Conference Bulldlng 3rd floor deck measurlng n01ee

"‘1eve1 w1th portable sound level meter at Location 10

(Flgure 3.1-1)

View of microphone on ﬁnited'Nations deck over FDR Drive
north of Conference Bu11d1ng at Locatlon 9 (Flgure 3.1-1)
North end of United Natlons deck over FDR' Drlve with radar

unit attached to vehlcle on center mall‘ln foreground.

‘View of United Nations .deck overfFDR'DriVeflooking’south ,

. from vicinity of Room ClO4éC,Conference Building.

South end of United Nationsvdeck over FDR Drive with

microphone'at Location 7 (Figure 3.1-1). - o



PHOTO A

PHOTO B

PHOTO C
PHOTO D
5-6



5-7

PHOTO E

PHOTO F

‘PHOTO G
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PHOTO H

PHOTO J

PHOTO K








