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' ?1; Introduct1on v”_“ \

1. 1 Proaect ObJect1ves ,E . - ) ; S .‘v oY
! - ) o

. : This is the final report for a,six year traff1c no1se/study hav1ng

- :
s
N ) . . | /

two d1st1nct obJect1ves gﬂi'

7

1) The estab]1shment of base11ne 1eme]s of noise adJacent ‘to. typ1ca1 \

-roads 1n order to detect subsequent changes in noise 1evels No1se

measurement surveys were conducted a]onq a) roadways pr1or ‘to. construct1on
or reconstruction or beforeuopen1"0 to traff1c and b) the same roadways
“after construct1on or recon%truct1on and opennng to traff1c.

2) Tbe comparison of actual noise levels at jocatfons‘hauing variations

in traffic roadway-, and topographical paqameters with theoretical predictionsl'

ut111z1nq the Transportat1on Systems Center Traffic Noise Pred1ct1on Program

|

(Tsc. program) and the Mlch1gan Traffic Noise Pred1ct1on Program (M1ch1gan

‘program), o 3 1 , . .
s

- | i . ' ) -

1.2 Project Execution

y
The overall project wasiundertaken under three major worr proorams
P after each of which a report\was produced. During the work program for Fisca]l
Years*(FY) 1972 and 1973, the before construction existind noise measurements'
‘were taken at twelve sites, corresponding to objectiveia)'above. During the
work program for FY 1974 and | 1975 traffic L10 noise levels were measured and
compared to. pred1cted noise 1eve1s at six other sites, correspondlng to ‘

. objective 2) above. Dur1ng the work program for FY 1976 and 1977, the after

construction existing noise measurements were retaken at six before s1tes,
. S R N _ ‘ o ‘
corresponding to objective 1bland compared to the before construction levels,

.

completing objective 1). In addition, supplemental traffic Leq“noise Tevels,

. ; ‘ : bt
h predicted.and.measured, were compared for the sites of work program FY 1974



/

and/1975, further developing objective 2). The prbject may be surmarized in

/

terms of work progran tasks accomplished during each phase. | g

1.3 Before Measuremehts :

| The First Intefim Report documents work accomplished during Fiscal:
Years 1972 and ]973 to acquire before construction noise measurements. The
following tasks were accomplished.. | |

1) New equipment, including microphones, tape recorders, sound 1eve1‘v
meters, grapbic level recorder, and statistical distribution analyzer, |
required to conduct-ﬁoise sUrveys was ordered and received.
| 2) A’method01dgy For‘determinihg duration and frequency df:samplingw
times for a 24-hour period was developed.

3) The above methodo]ogy was field tested at each of:the thrée sites
having varied traffic volumes for three conéeéutive 24-hour periods at éacﬁ
site. | \ o

4) A computer program was developed té analyze the noise data co]]eﬁtéd
at three sites ?or the burpose of déterminihg sampling times. | |

5) The COmputer analysis of the data yielded probdbi1ities for\estimatingf
’noﬁsé Tevels within given tolerances for various sample durations and
' freqﬁencies‘fbr the différeht traffic Vo1ume Situatidns.

6) A list of poéSib]e sites for measurement of noise before constructib%
or recgnstruction'Pf a highway facility wa§ compiled, | |

7) A cohputek progranm for analyzing noise éamp]e cumu]ative h : ,
distribution data for ihe}purpose of 6btaining‘appkopria£q noise \levels
w&s'deQeiopedg - | )

8) Field measurements of noise were made before construction at
i . . .

¢

g

I
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”tweTVe sites and.the data analyzed as Follows:

. a) HNew construction - rural - 2 sites '

; b)"New’ConstructiOn suburban - 2 sites

c) New Construct1on

urban - 3 sites

~d) New Construct1on

interchanges - 3 sites
. ; ) . L J .
e) Peconstruct1on - 2 sites” \

' The measurement procedure involved taking 30 to. 55‘m1nute samples ot |
, e*ist1ng no1se per hour of tne twenty-four hour measurement day at a11
positions 1n each s1te The}no1se samples were reduced by the stat1st1ca1
d1str1but1on ana]yzer to obta1n no1se level d1str1but1ons from which des1red

noise 1eve1s couid be computed us1nq the techn1que of sp11ne f1tt1ng

& ' }

1 4 Measurement and Predict1on Comparlson
- The Second Interim Repont documents work accomp]1shed dur1nq F1sca1

\ Years 1974 and 1975 to compare measured and pred1cted traff1c noise levels
adJacent to exqst1ngvroadway%.» The fo]]ou1ng tasks were accomp]1shed.
11) Six nbfse measurememt sites were selected
-2y 401se levels were tape recorded and analyzed at various positions
’at each s1te Traffic data was s1mu1taneous]y recorded
. 3)‘ The. sates were surveyed us1ng standard survey1nq techanues to
determine distances and e1evat1ons of m1crophone positions and barrTers_
re]at1ve to the roadway, for 1nput into the pred1ct1on programs.
4) Noise level pred1ct1ons were made for each site using the
chhigan programand the TSC mrogram(MOD 02) .
5) The measured and pred1cted L]O noise 1evels were statistically
‘compared to determ1ne the~accuracy‘of the programs. To accomplish th1s,‘

\ )

the Annandaie and Netcong s1tes below were d1v1ded into subsites wh1ch are

_‘ 3.



. h B ) J . ! . i
» consideréd as sites for a computerized statistical ana]ysis Thus

comparisons of no1se levels were made for the fo]]ow1nq nine analysis s1tes

~a). Route 29, Section 13A (Res1dent1a1) - Urban res1dent1a1 area
along at-grade four ]ane divided roadway. '

b) Route 29,-Sect1on 13A (Stacy Park) - Metropolitan park along
o athgrade four lane divided roadway. ‘ ‘

c) Route I-78, Section 26 (Clinton) - Rolling qrass'aloho transition
hetween depressed and at ~grade s1x lane divided roadway.
\
d) Route-I- 78 Section 2M & 3E (Annandale) m1crophone p051t10ns 1y
3 and 4 - Ro]ling grass along depressed six lane divided roadway.v

e) Route I-78, Section 2M & 3E (Annandale) microphone positions 5,76,
7 and 8 - nght woods and rolling grass along transition between -
depressed and elevated s1x lane divided roadway.

f) Route I-78, Section 21 % 3E (Annandale) microphone positions 9, .
10, 11 and 12 - Open grass along elevated six lane divided roadway.

g) Route I1-287, Section 1E, 4B and 5B (Bridgewater) - Open grass between
< high school parking Tot and dense woods along at-grade four lane
- divided roadway with partially raised median. '

-~ 'h) Route I-80, Section 1B & 2L (Netconq) microphone positions 1, 2
and 4 - Hooded area along elevated six lane d1v1ded roadway w1th
up to grade at interchange with Route 206.

\

i) Route I~80, Section 1B & 2L (Netcong) microphone positions 5 and 8
- = looded area around highway maintenance yard along Route 206, an
at -grade four lane divided roadway with variable med1an and up. to
grade, at 1nterchange with Route I-80.- :
6) A method to produce corrections to predicted levels was developed
and appliEd to the above sites. The method uses multiple regression equations
which reqress differences between measured and pred1cted levels aga1nst
s1gn1f1cant traffic and: geometry var1ab1es The s1gn1fwcantvvar1ab1es‘are

determined\by,step—wise regression;

&
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"] 5 After\Measurements V ~§

The Final Report documents work performed dur1ng F1sca1 Year 1976 :
“to acqu1re after construction noise measurements and compare them to

~ before construction measurements, which were documented in the First
) - L L ‘ \
. Inter1m Report It details hork performed to supplement the noise

pred1ct1on and measurement compar1son of the Second Interim Report
\

The Final Report also summarwzes and 1ntegrates the prev1ous reports

in terms of the overall prOJFCt ob3ect1ves The fo11owing‘tasks were

'accomp11shed . B | A

1) The f0110w1ng Six s1tes were selected for after construct1on

measurements, because they were the only ones of the original twelve

open_to traffic at the time'of the after surveys: / 1 .

a) Route 1-195, Sect1on 1B (Haijton Township) - new constrUCtion,

urban.

b)-Route 440, Section 10 & 3A (Perth Amboy) - new constroction, urban.

-~ .c) Route 33F, Section 1A & 2N (Freehold Township) - new construction,
1nterchanqe s . .

< d) Poute 9, SeCtion;12C & 22D (nowell‘Township- reconstruction.
e) Route 1I- 295, Sect1on 8B & 9A (Lawrence. Townsh1p) new construct1on,
rural. ‘ ‘

: f) Route 174, Sect10n 1A (Lawrence Townsh1p) - new constructlon,
) : surburban.

2) Noise levels were‘tape recorded and the data analyzed at various

\poeitions at each site, Traff1c data was s1mu1taneous1y recorded

\

3) A stat1st1ca] method‘based on analysis of variance and t- tests was
computerazed to compare before and after 1evels at each site.

. 4)  The before and after‘noise levels at each site were grouped with

respect to peak daytime off-peak and nighttime hours (determ1ned by traffic

[
R
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\

volume) and microphone position then compared using the statistics program.
Another work requirement for the Final Report\was édded aftervthe'
review of the Second(Interim Reporf. Thg Leq's:(equivalent noise ]eye1s)
pred{cted only the TSC program, were to be\compared tdﬁthose observed in’
the field. | | o
During the time since the Second Interim Report predictions, the TSC
- program (MOD-02) had been updated at the NJDOT féci?ity. This circdmstance |
necessifated reyisién of the origina]-hoise 1eve1'predictions to reflect
the ubdate. Thus these additional major wbrk,tasks were.undertakenJ
| 5) MNoise level predictions were made for Second ihterim Report sites-
with the updated TSC program (110D=-03).
6)  The measured- and predicted equivalent noise levels were comparea

to determine the accuracy of the updated TSC progfam. The findings of the

Second Interim Report were revised to reflect the updated TSC program results.

2. Qonc1usion$

2.1 Before'and After Comparisog :
| Aé expected, existing nofsé levels rise when_a new’highWay is_builﬁ.

Tﬁere'were‘very significant fncreases in aftershighway construction 'existing

noise levels from before construction existing noise levels for thfee of

the six sﬁtes located adjacent to Routes 174, I1-195, 1-295. These three sites

were all new constructioqrwith no previous highway tfaffic. Signifiéant

increases in measured noise levels ranged from 3 to 12 dBA at these sites

during daytime, peak and off-peak hours. Only houte 174, registered

signifiéant nighttime increases. Such rises in éverage existing noise 1eve1s_‘

may be controllable by noise abatement measures.

7
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Ex1st1ng no1se 1evels may not a]uays rise, if noise abatenent is
Ibu1]t 1n| There was no s1gn1f1cant difference in before and after ex1st1no
. noise levels at Route 440. rThis was due_to the depressed_roadway configura-
tion and ‘the o%gher urban noise levels at the ‘site. There was a significant
. decrease in existfng noise 1eve1S»within a 400 foot,distaoee.after highway
reconstruction of Route 9. Thie was orobably duevto less traffic, traffic
' redistr{bution, a center barrier, and a smoother road surface afterward.

The site adjacent to Roote 33F interchange was an anomaly because
Route 33F wa; not complete»ai the time of the after survéy and ddd\not
carry;tréffic past the microphones., As'd consequence;‘aithough there was
'a significant differenceibetWeen before and after construction existing
noise levels, the difference was due to a decrease in after construction
 noise Teve]s at half the microphone posifions This oocurred because the
ramps constructed at the 1nterchange acted as a noise barrier between these
“v n1crophone pos1t1ons and ex1st1ng Poute 79 a two lane road. .

A summary of yhe beforeiand after h1ghway_construct1on data for all
sites is presented in Table i, The tdb]eigives mean levels at measured
distanees from the'major noiee generator at_each site for each of the

three major groups of hours'ddring the day.

2. 2 Measurement and Predictlon Compar1son

For the TSC program, L]o noise levels were pred1cted by the original
version (MOD-02) of the program and Leq 1evels were pred1cted by the updated
version (MOD-03). Only Lyg Tevels were predicted by the Michigan program, as
it does not comoute Led 1evels | Conclusionsabout'fhevTSC program were
drawn from the updated Leq compar1son measured and pred1cted noise 1evels,

those about the M1chlgan program from the Lyg comparison.



Before and After lean Lig Levels For

TABLE 1

A1l Sites

Distance to

Mean Lyg (dBA)

. Peak Hours

Mean Lyg (dBA)

Off-Peak Hours

Mean L10’(dBA)
Nighttime Hours

lew Construction, Rural -
(Six Lanes with median)

Site Hear Lane Before After Before After Before After
Route 174 .. . 100" 52.8 65.2. 51.2 | 63.2°] 51.1 | 61.4
' New Construction, Suburban . :
(Four Lane, with center 200! 49.8 58.4 51.4 56.7 47.7 54.4
| barrier) ' : \ N : .
e 400" '50.9 57.4 49.6 55.2 49,8 55.5
Q . -
= | Poute I-195 - 95! 67.9* | 70.4 55.3 66.6 50.8 55.7
» | Hew Construction, Urban ’ : . .
S | (Four Lanes with median) 72° 50.8 65.2 54,0 62.7 49.5. | 55.5
(8] o - .
£ | Route 1-295 200" : 51.9 - 60.1 50.8 57.5 52,0 53.4
= - .

* Only one sample (8 min.) stopped because

of construction noise.




© . TABLE 1 (cont.)
» - J - R Z

- Before and- After Mean L10'Levels’For A1l Sites

,

‘Mean Ly (dBA) | Mean Ly (dBA) | Mean Ly, (dBA)

‘ Peak Hours - Off-Peak Hours Nighttime Hours
. N — Distance to : , - - e
-Site : Near Lane _ | Before | After Before | After Before After
Route 440 2000 ; N
New Construction, Urban 1 (135" to cut) 62.2 A4 .1 64.1 62.9 55.6 54.7
1§ (5ix lanes with center o : . \ | T
| ‘baveder fn25"cut) - | 300 ¢ - L} — b |
| (235" to cut) | 63.3 | 63.4 62.4 61.9 54.6 | 53.1
5| Route 9 | not 67.5 | 65.9 66.4 | 4.1 61.5 58,2
o| Reconstruction S | > | 1
ol (Two lanes to four 200! 65.4 an.4 62.7 58.0 58.3 - 52.3
=] lanes with center barrier) ' ~ 1 - . |
o 400" - 1 58.3 | 55.4 | 56.8 -53.2 51.9 49.7
Route 33F 650" 5.1 | s1.2 | s3.8 | s1.5 | 493 | 443
Interchange ) ' o : ‘ ’ ~
(Two 1ane county road, 380 59.6 55.5 59.3 .54.9 54.7 53.3
- major geRerator) - . _ , »
LT : 640" 58.1. 53.4 - 56.7 54.4 52.6 -49.8
| a50' | s54.2 | s56.2 53.2 54.2 18.8 | 52.0
2200 | 57.3 | 60.6 | 56.8 58.8 50.8 55.1
580' | 55.1 | 56.3 | 54.3 | 56.5 | 48.9 | 49.0




~ There were significant differences between observed and TSC program \
predicted noise levels at five,out of\nine'analySis‘sites At these
‘five'sités; the updated'TSt (MOD-OB) program pred1cted approx1mate1y 5 dB

‘above observed levels. There were s1gn1f1cant d1fferences between observed

and M%chigan“program pred1cted noise 1evels at e1ght of nine ana1ys1s sites.

The M1ch1gan program, based on NCHRP Reports 117 and 144, pred1cted
’approxwmate1y from 5 dB below to 4 dB- above observed 1eve1s at these elght
sites. | | -
The TSC program shows a general tendency to overpredict observed noi;e

levels. Step-wise regression on differences versus inf]uencing'factorS“

~ shows that the 0verprediction is correlated with distance. Thus the program

does not adequate1y consider the attenuat1on of 1nterven1ng terrain.. *The v

L updated TSC (MOD-03) program approximates ﬁhe attenuation of earth. mound
type barriers better than}the earlier version (MoD- 02)\however | |

v«(he stat1st1ca1 ana?ys1s shows the overpred1ct1on is also correlated
- to truck voiume It is probab1yrdue to the .one high average truck no1se
emvss1on Tevel app11ed by the MOD- 03 version of the program to. all trucPs -
equally. Furthermore, the data from Route I- 78 (Annanda]e) swtes can be ‘
‘ interpreted to 1nd1cate that the.ectual truck noise attenuat1on rate
irrespeotive of .ground attenuation may be different from that aSsumed;by
the program. | | S

The' following paragrabh concerns a‘side.issue. " The Leq predictions of

'the updated TSC MOD-03 program Were siqnifiCant1y\imprOVed over-L]o

predirtwon of the or1q1na1 TSC MOD-02 (described in the, Second Inter1m erort)

for two analysis sites hav1ng e1evated and depressed roadways at Poute I 78

(Annandale). By inspection of-average‘d1fferences between‘observed and updated<

T

-
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- TSC predicted Lqq a”d,Leq~1ﬁvcls, impﬁo&ement in prediction appeared to be ‘
‘f updated version o% thékTSC progranm rathér than the
use of Leq levels instead ofiL1o 1eyels.7‘Average differeﬁccs between observed
\éhd prédicted Leg ]eQé]s dsual]y changed within tHo,decibels ré]ative to the,
L]O\differehées. Thé'variancq in differences between observed an& predicted

'1arge1y~due to the use of th

Leq noise levels from the L]b‘differehCes uéing the updated TSC.program vias
“redUEed, but not'énough to e*p1a1n gross variations in predicted from observed
]eVé}s - in particular, for %wo sites. At one site, Route I1-287 (BfidgeWater),
a high séhoo1°a1ong an at—gré&e divided highway, the noise levels observed |
‘ faffhest from thé roadway wefe much lower than could be accounted for by
“noise attenuatfon in the propagation path from the closest position. At the
‘othef sfte,'RoutefI-ZS (C]%n#On), in a ro]]ing'fie1d along gltransition’from

' o . . . . ,
depressed to at-grade roadway, there were suspiciously higher noise levels for -
” : _ | \ v * \

“certain hours. This. could héve,been due ‘to 'idling trucks in the vicinity of -

the site. o ,g

\ The Michigah program,‘wfthin the Sfated range,‘shbws a general tendency to
‘uﬁderpredict observed noise’ﬂevéls from roadways. Statisticairahalysis on
differencés shows that thevun@erpredittion is correlated with t%UCk,961ume énd
distaﬁce from the road. This| characteristic is probably due to thé.brogram's
éssumption of iower”aVerage tkuck noise gmission Tevels than is apprqpriate for

all truck traffic mixes generally encountered on the highway and: greate

] o ,
attenuation with distance than is applicable to all types of intervening terrain.
, | ' . '

A counter tendency in the'Michigan\program is to overpredict noise levels -
'affected by extended earthHMQnd‘barriers: This is due to the approximgtion‘

‘_of-alﬁﬂbarriers by a knife-edge - the séme»approximatioh the TSC program useS.:J;,

BRI |



~ However, the greater assumed attenuat1on w1th d1stance for the M1ch1gan

program seems. to compensate somewhat for the overpred1ct1on The h1chtgan

proqram also shows a counter tendency to overpred1ct for 10w truck |

’ vo]umes above a certa1n cutoff wh1ch varies w1th d1stance from the roadway.x

However, the~program fo}]ows the genera] ttend'of underpredlct1on at’pos1t1ons‘

c1ose'bydthe‘roddway for gteater'trdck volumes, onaffectedvby barriers§ \
Investigations were a1sovhade by Tinear fegression petweeﬁ nredicted

~and observed levels. The ideal straight iine relationship of unit slope

and zero fntercept with‘high correlation and the»]itt1e'scdtter was- sought.
Comparing predicted toiobServed Tevels for both programs, the ideal )

re]atiooship was oot found at all. Even an overall coEstant offset of |

predicted from observed levels vas notjfoond from linear regression at any

of the sites for either program except at Route 1-287 (Bridgewater) for \

the TSCrprograh. ”The regressiohs of predicted versUs'observed‘1eveTs

qenerallj shows a fair amount of scatter w1th JUSt fair corre]at1on,

espec1a11y when’ depress1ons, e]evat1ons, barr1ers and terra1n 1n the sound

propaqat1on path 1nf1uenced the pred1ct1on v , . o
The two programs (TSC hOD 02 and P1ch1qan) ‘when comnared to one

\o another us1nq Lo Tevels in. the Second Interim Report, were found to produce

L1o noise Tevels highly consistent thh each other for the same roedway.1nput.

Thatjis, the regressions between the two\programs Ieve1s genera]]y‘had very ;\

| Tittle scatter and high correlation. The actual differences between absolute

levels of the two programs were found to be significantly different nonethe]ess.
~ Neither did the regressions demonstrate the ideal relationship nor a constant’

~ offset between levels. 'f- o |

124
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3. xecommendat1ons - Heasurement and Pred1ct1on Conparison

v
‘\

Two factors were found to ‘influence the dev1at1on of proqram pred1ct1onsv

\

" from obser erved traff1c noise 1eve1s. They were d1stancc from the observer
\ftO'the‘roadway and truek.voTome. The d{stance factor relates to the

' , L ' | .
terrain and barriers in the propagation path. The truck volume factor

relates to the distribution'of types of trucks and their noise emission
Tevels.. \ 1

N ' | . ’ ‘

Based on the conclusions it is recormended that the prediction methods

“be modified: L ‘ | o - /

1) A distinction shoqu’be established between heavy tractor-trailers

and medium trucks with different noise emission levels in the
~inputs of the programs.
Distance attenuation\shou1d be a function of terrain in the program

[
~

and chosen by eitherithe oroqram or the user.
3) Earth mound barr1ers1shou1d be approanated by more conp]ex o
structures than }n1fe edges. barr1er thickness svou]d oe consideredr
The resu]ts of the pred1ct1on methods can be corrected” by means of
{ﬁhe 1nput varwab]es. Th1s uas the approach of the AentucLy Department of
Transportation in Reference 6; which used regression to determ1ne;s1gn1f1cant
\

~variables. In this report,jS@ep-wise regression is a method which separates

i
|

the efféct.of’many variab1és and generates a mu]tiplerregression oquation on
di fferoncef betweon observed and predicted levels.
The multiple regress1on Jquatﬂons can be applied to obtain the =

dwfferences between measured and predicted levels hy means of s1on1f1cant
~ L \

-13-



‘input variébles Then the d1fferences can be added to the pred1cted
levels to obtain corrected ]eve]s

It is further recommended that:

1) lew Jersey appTy'the prediction methods and,correétjod equations
\whfch are ind1¢a¢ed for the sites bé]od,to§§imi1ar sites whére predictions
are requ1red / | |

a) Route 29, Sect1on ]3A (Residential) - TSC program without
correction. i '

b) Route 29, Section 130 (Stacy Park) - TSC proqram with correction..
,¢) Route I-78, Section 2G (Clinton) - No reconmendat1on »

d) Route I-78, Section 2M & 3E (Annanda]e) microphone pos1tions
-1, 2, 3 and 4 - TSC progran without correction.

e} Route I-78, Section 2M & 3C (Ahnanda]é) microphone positions
5, 6, 7 and 8 - Michigan program with correction

f) Route I I-78, Section 2M & 3E (Annaridale) n 11crophone pos1t1on9
9, 10, 11 and 12 - TSC program with correction. ,

g) Route I- 28/ Section 1E, 4B and 5B (Br1dgewater) - lMichigan
program w1th correctlon : :

h) Route I-80, Section 1B & 2L (Netcong) microphone positions 1,
2 and 4 -~ TSC program without correqtion.

i) Route I-80, Section 1B & 2L (Netcong) microphone Dos1t1ons 5
‘and 8 - TSC program without correction.

/ 2) New Jersey and other states which have the means of 1mp1ementat1on
used the method of obtaining correct1on equations for sites which are not
“similar to the sites in this report. The pred1ct1pn matrix Qf s1te -
tharac&erigtics‘in Section 7 can be used as a guide in applying p;ediction

methods to sites with different mixes of characteristics.

-14-
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4. Before and After ComggriSon'

4.1 General ' | , ‘ | : )
The before anq aftér n?iée'measuremént surveys were c0ndqctea to
determine thezéhange, due tq newly constructedahighways,fin the existjng
acoustic environment of thelarea traversed by the highway. The change 1is
| defined by the difference bétween‘diufna1 hourly noise ievéis measured on
representative days\before éﬂd after constructidh or opening to trgffic.
| Twelve sites were o;\g1ﬁa11y sclected for before measurements.
Of these after measurements vere nossible at six sites which weée open
to traff1c The remalnder of the original sites were either not constructed
or’ open to traffic at the t1me of the. after éurveys Thus, the coﬁparisbn
between before and after n01sp Tevels will be made for the following six’
sates iny. At least one of;the sites fall into each of the f1ve_types
of sites set forth in the First Interim Rehort. The 1ist-of‘sites by type /
is: | ‘ | | /
é) New Constrqction(- Rural
v Route 1-295, Sec#ion 88 & 9A (Lawrence Township) g ~
b) Hew Constrqction~~ Suburhan
Route 174, Se;tidn/1A (Lawrence Township)
c) New Cdnstructioni~ Urban | \
Route I-95, Sectfon 1B (ﬂami1ton Township)
Route 4405‘S§¢tidn710 & 37 (Perth Amboy)/
d) New Cénstruttion}» Interchange
Route 33F,‘Secti&n M & 27 (Freehold Towhship)
e) Reconstruction | |

Route 9, Section 21C & 22D (Howell Township)



The sites will be treated in the chronological order of the after-

measdreheﬁp gurveys'fon thé'fest of the ?epdrt.’ The order will be Routes

»I-19§, 440, 33F, 9,'1-295, and 174. General descriptions of each site during
" before and after meésuréments appear in Section 4.4. ‘tore specific descripF
tions, diagfams and'photographs of the sites appear {n Appendix A, along with
‘ measured‘data for thé sites. / /
- 4,2 Data Acquisition

The noise measurements were obtained during twenty-four hour noise

surveys conducted at the sites before and after construction or opening to
traffic. The equipment used in fhe survcys, the noise data recording methods =
and data anaiysis are described in detail in the First Interim'neport; Noise
samples -of less than one hour were taken to represent each hour. A detajled
study of probabilities for various sampling schemes in estimatina the full

f .
hourly Tevels is also described in the First Interim Report. During the before

surveys, sample times ranged from 30 to 55 minutes per hour. In the after

~surveys, most samples were 50 minutes per hour. The data produced from the

surveys are théinoise Tevels by hour over the entire twehtyAfour time period.
These levels are taken to be indiéative of the acogstic‘environment at the

site. The specific noise levels output from a data analysis computer progran

‘baré: |

L1g (dBA) = The sound pressure level in decibels, A-weighted, exceeded 107

- of the sampie time. This. represents the average peak level of the noise sawmple.

Ly

5o (dBA) = The sound pressure level in decibels, M-weighted, exceeded 507

of the sample tine. This represents the averace noise level of the noise sample.

Lag (dBA) = The sound pressure Tevel in decibels, A-weighted, exceeded 907
. . | .

of the sample tine. This represents the background noisc level of the sample.

-16-
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Lyp (dBA) = Tue noise po]]ut1on 1on] in dec1uels, n—we1gn.eu. This equals

the equivalent sound»1eve1‘Le(, p]us 2.56 times the standard deviation around
the sample mean. The Leq,;1s the equivalent steady state’ sound pressure level,
| g

in decibe]s A-we1ghted ‘111ch vould contain the same acous+1c energy as tiae

time varying sound level dur1nc the sarple time. S

. Std. Dev. (dBA) = The'$tatistica1 standard deviation of the noise sauple

Tevel distribution. This represents the variation in noise levels of the

amp]em o C
TraFr1c and veather Jata were collected concurrent]v with the hourly
noise recordings. !knd spe?d, wind direction, and anbient tenperature
: : N K . ' I : r ’

meésuréménts Were rédorded‘%or each hour,'andrnotes kept on precipitation. R
!
C]assified,trqffic,counts c?nsistina of cars ana trucks (over 10,QOQ pounds
qross vehicle veignt) werevﬁade during cach hodr using autonatic traffic
; 0 o .
\co¢nters and nand counters.! No sneed data was obtained.

doise Ievel, traff1c anu Wtatner raba apuear in Qcct1on ¢ of thn F1rst

Interim ”epor; for the L forc surveys.’ The data. appear in Appendix A of

s

_this report for the after urveys. o C : ’

‘ R , a\
4.3 Comparison )

¢
| R \

\

4,3,7 Before and Aftervﬁoisé Level Comnarison
The data gﬁtﬁered‘from}each'of the six sites for the compafison;consisfed>‘
of noise !évé?s Qbservedffdé cach hour at a particular poéition over a period
of twemtyéfour hours,  Of tﬁe different noise }éve1s ohtaineﬂ‘from\the noise
data analysis, the Lyp was dhoéen for couparison. IUTPOSLS. |
j The Ly, (dBA) noise deé@riptor for each hour noisc reasureneiit repre ’nts

: \
. . | . .
the 'average neak noise generated on tha 41q1way uur1ng the n“aaurement period.

i
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This is aiso one qf the‘two de%ign noise 1evéls fn thé Federal Highway
Administratioﬁ.nbisé standards. When fe?erring\to "noise. levels" in
this section, the LTO\(dBA) is implied. 'The after L]O lTevels vere comﬁuted,
using the technique of spline fitting, explained in the First Interim Report,
to‘fhé héargst tentn decjbe]. The‘be‘fore'L'-l0 levels were recompgtéd to the
nearest tenth décibe] for the comparison. |
- The primakykébjective of comparison was to determine the effect of the

; highWay on’noise‘1eve1s at each site keeping site parameters fixed and taking‘
into acéount thé effect of time during thebday and‘dfstance from the‘highway;
To achieve fixed site parameters, the aftef measurements were taken during]
the_séﬁe seasOn‘as the before measUremenﬁs, where deciduous trees. affeCteJ‘
sound attenuation. Before and after measurements were‘taken“during mid-week
days oniy,‘when traffi; patterns are most consistent. To account for time
and distance variation, the before and aftér‘levels were stratiffed by time

~

period and mi crophone poéitioﬁ.

R Tinme Period - The after levels can be grouped into three major ;ihe'vA/
per{ods of the déy represented by a) peak hours, b) daytime off~peak hoﬁrs;
and'e) night-time nours. The determfnation of which hours to place in each of
the three%catagorieg was done on the basis of total hourly traffic volume. f
The'totaT‘VOIUMQ was computed fkom the‘passenger car equivalent wgightedvsum of )
auto and truck ‘w61ume. The truck volume wasyin all cases wéighted double

the auto volume. ‘The total nourly volume was plotted égaiﬁst hour of théu\/ ’

day for each site. From this plot sets of peak hours could be'determined.

Appﬁoxﬁmate?y‘three hours for each group of peak hours cbu]d be selected. At

the six sites surveyed, there were morning and afternoon peak periods. There

were no peak nours during the night hours. The nighttine period was in all cases

N
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" considered to extend from 10:00 P. M. (2200) through 5:00 A. M. according to
- ( . ' P T o ‘ -~
the suggestion in NCHPP RepOrt No. 117, Reference5, page 31. The remaining

\hours were considered the off peaP The‘particu]ar hourS‘wfthin the peak and
\
- off- peak groups d1ffered from s1te to site, depend1nq on the traff1c condwtxons

after construct1on At a g1ven s1fe, however, the before constructwon noise
,1eve1s were placed in the same qroups as the after 1eve1s

7 2) M1cvophone Pos1t1on - The groun1nq of nowse 1eve1s bv mwcrophone was »
fixed for each’ site. The positwons had been systemat1ca11v chosen to detect | P
any change in the acoustic env1ronment about the roadway after construct1on
They may be cons1dered to be the 1mportant noise tevels as, a function of dwstance

fran the roadway and to actua]]y define the s1te Standard mwcrophone he1ght _

s

above qround was changed from four feet before construc*won to five feet after

1

construqt1on. The height var1at1on was due to modwfication of noise measure-

ment'procedures S1nce the War1ation is w1thin allowable 1im1ts for existing

noise measurement, 1t does nbt constitute a 51qn1f1cant chanqe in thws s1te

,Davameter IR ¥' : ' - ;o e C
The beforé and after,hohr1v_L1n noise levels are presented‘by site and

grouping in Appendix B.1.
4.3.2 Analysis of Variance ( References 6, 7, 8)

The 1nference of' whether the after noise 1eve1s are squ1f1cant1v ,

different from before noise levels at a site is made from ana]ysws of varlance
[

The'“nul? hypothesis," tested by ana]ys1s of var1ance, is that no s1qn1f1cant N
|

d?fference in existwng nowse levels at a g1ven site exists due to the hwqhway

constructvon ~ The a]ternat1ve hypothesis is that there is a d1fference - an.

‘effect on ex1st1nq noise 1evels due to h1ghway construct1on

\

| 7
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The analysis of variance is also used to check differences in existing
noise 1§Ve1s dufiﬁg»diffqrentftime p@fiods ahd at different micropiione
positions sepérafe]y. Signifjcant giffereﬁces can be determined from the .
effecté of time peridd ahé microphohc position factpks.'=A signifﬁcaﬁt |
'microﬁhdne position effect implies a dépendehce of noise level on positfon
with respeét tb roadway distance. A signifiéant tine peribd effectﬂihdicates
thg%,the qrouping jof noise Tevels follows the]rise and fall of‘the traffic
'hattern.‘ flo effects onTd indicate;a homogeneity in noise levels.

~The particular method employed is.analysis of variance for a three

factor classification, fixed effects model, with replication (unequal
sample sizes), discussed in Reference 8 , The technique essential]y

- compares the neans of samples of noise levels taken under various freatmen§§_-

combinations of different levels of factors inf]uencing tne noise 1evels.’\1n
this caée there‘are,thrée factors: 1) hjghway»édnstruction; 2) time’perioq, anu )
3) microphdne,pds{tions ’Each of the,factors has levels. The highway construction
factor has tuo Tevels, before construction and after construction.  The tine
‘period factnf has three 1eve]s;_peak 0urs, offepegk“hOurs,'and nighttine
nours. The miprophoné positibn‘factor has as many levels as there are mi;ro-

phone positions at a site. In all there are 2 X 3 X m treatuents, possible

combinations of factors for a site, where m is the number of wmicrophone positions. -

Dy fixed effects is meant that the experimental wodel includes all important
Tevels of the factors. By replication is meant that cach treatment has more
than one noise level in its sample. llowever, due to .the grouping of noise

: ' - . + ) . s .
Tevels by time period, unequal sample sizes occur and nust he permitted by this

wmothad, C : N
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The\overa11 effect of the h1ghway construction factor is determ1ned >
by comparison with before h1ghway noise levels cons1der1ng the separate
effects of t1me period and m1cr0phone position factors Furthermore,
replication makes it poss1b]e to estimate the effect of the interaction i
between combinations of factqrs. In the present context, there are four
possible interactions, a);highway-time period, b) highway—microbhone position,
c) time periedamicrophene position, and d) highway—time perjod-microphone
position. Interaction effects can be signiticant’if the separate effects
of the factors are not strict]y additive; that is, a given factor does
knot chanqe'the noise measured by the same amount between given Teve1s of‘the
other factors at all 1evels of the given factor.

The analysis of var1ance requires computat1on of the variance in noise
Jevels (est1mated by the mean:square deviation about the overall mean
no1se 1eve1) associated with each of the effects. The null hypothesis of no
effects is tested by comparing these variances to the variance, due to chance
only, about the overall mean noise level. The chance variance is est%mated by
the average mean square deviation of noise 1eve1s within each treatmentAabout
sthe treatment% mean noiseﬁlete1, described as the “thhin'treatments" variance.

The comparison of variances is done by forming the ratio of the mean
squareedeviation of each eftect to the "within treatments" mean square deviation. 
The tatio is distributed'as.the F-statistic. When the F-statistic is greater
than the critical value of the F distribution at a given 1eve1tot |
significance, the null hybothesis:is rejected.. The"minimum level of significance
“used was Sﬁ. |

4.3.3 t-Tests
Mhen»the\ana1ysis of variance précedure detects a significant difference

1n;no1se before and after h1ghway construct1on, the assumpt1on is that this \
difference is add1t1ve, that 1s, the same at all mwcropnone pos1t1ons and at all

]
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time periods“ In the presence of 1nteract1on effects, th]S 1nterpretat1on !.
of the effect of the h1ghway construct1on factor cannot be made. Therefore,
‘the d1fferences in noise before and after construct1on was further stud1ed
us1ng t-tests on d1fferences between mean before and mean after noise =
1evels for all m1crophone pos1t1ons at all t1me per1ods Thls aux1111ary _

\

test procedure was used to p1npo1nt vhere s1gn1f1cant d1fferences occured
- at the‘s1tes and where they did not at a m1njmum level of significance of
sy | | | |
4:3,4 §tatistica]Ana]ys15 Prograﬁ
4.3.4.1 ProgramtDescription

A computer program was developed to process the site noise.level data.

The program incorporated a statistica]‘a]gorithm to compute the required

mean square deviations and F- stat1st1cs for the analysis of Varlance and the
t-statistics. The program was wr1tten in FORTRAN IV and was run on the
1nteract1ve terminal fac1]1ty of the NJDOT IBM 370/145 computer
4.3.4.2 Input ' S . ,
The input for the program was a card deck for each site containingﬁ
the Lqg noise 1eveis. One card'was keypunched for each noise level along
| wfth fields to identify it as before or after highway construction, the »‘
.tfme period containﬁng it;bthe corresponding microphone number, and the re-
'pficatfon number. | ‘ |
4.3.4.3 Output
The output from the program was a 11st1nq of :
g 1)‘ the mean square dev1at1ons for each factor, their 1nteract10ns,
and w1th1n treatments. - |
:) The F-stat1st1c and degrees of freedom for each factor and their

1nteract10n
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3) vThe't~statistics aﬁd pertinent data on diffefences in neans between

the before and after noise level samp]es for each comb1nat10n of tlme

2
} -

. period and m1cropnone pos1t1on

ppend1x B VA conta1ns ﬁab]es taLa]at1nq this OJtDUL for a]] sites. The

”max1mum level of s1gn1f1cance for each conputeu stat1st1c compared to .

y

the cr1t1ca] va]ues 1 1nu1cated in the tables.  The range is 5% m1n1mqm to

0.05% max1mum for the F- test anu 5¢ ninimun to 0.1% maxiuw for the two-

tailed t-test Stat1st1cs 1ess Lnan 5% are not significant and those at

5“ are marg1na11J J1gn1f1cant Stat]stics at higher levels are very
significant.

4.4 Results
RS | ,
The fo]1ow1ng sect1on d1 cusses the results for cach site separately.

4.4.1 Format

The fOH]&t for each site w11ﬂ be: - o S !
| A. ‘Site Des;riptiOn»— % desckiption before‘and‘after'cénstructibn or
openiné to‘traffic.g Site maps ahd.photographs appear in Appendix A.
- B Timé Pérjods AIThe'%artiCular grouping of thg hours.of the day.i
‘ | _ S

accordingvto'tetéifﬁraffig1after consiruction.
C. ’C6mpar130n - Interp%etétion of ana]ysfs of variance'andftftests.
4 4.2 Route I-195, Sccn1on lB (Ham11ton Townsn1p) ‘
Site Jnscr1ution ‘ |
The site was in an urban residential location. .Two micfophénes wére
located ;bproximate]y;lzoo feet apart above a cut a]onglproposedeouip If135:

Existing noise was influenced by local traffic in the area. = .

\/

—~



~ have been eignt.

o éither position. -

\

Route I1-195 was constructed in the cut as a four Tane, bituminous
concrete surface, divided highway with median. The roadway was completely

visible from the microphone\positiéns'in‘the-afteh construction survey. The

~

posftionsi 1 and\2, wéré‘gs feet and 72 feet from the roadway edge,

I

| respect1ve1y

A mobile noise survey, described in the First Inter1m Report, was
conducted at th1s site due to w1de1v spaced m1crophone pos1t1ons The
procedure essent1a]]y 1nvo1ved taklng ‘a 30 minute noise sample during the

hour at one position, then moving to the next position for a 30 minute

/' noise sgmp]e‘ddring the next hour, .and so on. This procedure provides

only half as many noise samples_fok‘a day than the statibnary noise Survey'\
for‘fwd c]ose1y spaced posftidns. ‘As a result the treatment samp1e§
size averaged less than'four samp]es, whereas for a stationary survey it woﬁ]d
. Time Pefiods | |

The'traffjc pqttérn»dfter construction of ﬁéute I-195 had peak
hours consisting of éix hours total: 700, 800, 900, 1500, 16001and 1700.
The'nighttjme hours coﬁsisted of all hours from 2200 through 500¢‘_The |
rest of the hours were daytime off-peak.

'» Comparison |

“The analysis of Variance indicated‘a very significant difference in

before and after construction’levéls The t-test on mean before versu§ after

Teve]; for each tine per1od and m1crophone pos1t1on showed a s1gn1f1cant

increase after construction at Pos1t1on 1 for peak and off-peak per1ods and at

Position 2 for off-peak. Fhere'were no s1gn1f1cant d1fferences at night at

/

-



o

The mean 1ncrea9e 1n n01$e Tevels, rang1ng from 2.5 dB to 14 4 dB, is
' Vdef1n1te1y due to ‘traffic vﬂs1b1e in the cut However, traff1c vo]ume»was
'drast1ca11y reduced at n1ght, account1ng for the lack of significant d1fference
~in n1ghtt1me before and after 1eve]s . » 1 | o ' f'L
: There were s1gn1f1cant't1me per1od and m1crophone pos1t1on effects
ﬁhd1cated for th1s site. Toe effect of time per1od would be expected because
| levels were d1fferent between dayt1me and n1ghtt1ne hours The effect of
: m1crophone pos1t1on was due %o the d1fference in d1stance from the roadway
‘/There were also s1gn1f1cant unteract1on effects between time perlod and the
two other factors, but no‘1n¢eract1on effect when time per1od was not _
ihvoTved This is/pfobeb1y due to‘the nature of’the'mobile survey; the
m1cr0phone p031t1ons are not'neasurod s1mu1taneous]y for the same traff1c
cond1t1ons, but on a]ternatelhours

4,4.3 Route 440, Sect1on ID & 3A (Perth Amboy)

S}te_Desqrmptjon |

This site was 1oca£ed"io en‘urban area. The mwcrophones were ]ocated
on a street between a church and a schoo] Loca] traffic and act1v1t1es
were the source of ambient no1se R '( ! o _ \:v},
, Route 440 Was constructed as a six 1ane Portland Cement Concrete d1v1deo
,°h1ghway wwth center barrler.‘ The road is in a 25 foot cut, which intercepts

the Tine of s1ght to the microphone p051t1ons The positions were'locaced\zooﬁfeetl

| and 300 feet from the roadway edge in the after n01se survey |

Time Perxods SR @' |

The traffic patterh forERoUte 440 had peek hours consisfing‘of‘four hours'.
total - 700, 800, 1600 and 1700.. The nighttime hoursi,co'nsis’ted'of all hours

from 2200 through 500. The rest of the hours were the daytime off-peak. -



Comparison N RN - ,
‘The ana]ySis of variance indicated no significant difference in before -,

‘and after noise 1evels The t-test on mean‘befére versus after‘]evé]s

‘ ,for each ‘time period and microphone pos1t1on also showed no significant

[
d1fferences The fact that the highway. has;no effect on existing levels at

this site may be attr1buted to the depressed roadway configuration and

urban environment. The\depress1on»acts as an effective noise bariter and

the existing levels are inherently higher in the uprban noise setting. N

" The effect of t%me period was significant from thé\analysis of variance -
indicating a difference between daytfme'éhd nighttime 1évé15 A11 other

' effects from microphone pos1t1on and 1nteractions were not s1qnificant.

4 4 4 Route 33F Section 1A & 2A (Freeho1d Township)
The site is located in a suburban area adJacent to existing Route 79 B
The area is fiat with high grass. Route 79 is the major contr1butor to the
existing noise 1evg1{ It is an at-qrade, two lane, bituminous concrete surfaced
_yoad. SeVen'mftPophones werevpositfoned throughout the'area)td detecf beﬂdre )
,existing soisefaﬁound fhe proposed interchange with Route 33F.
| The interchange was constructed at tﬁe time of the after construction
" noise survey. However, Route 33F was not construéted‘beyohd Route 79 and did
\ﬁot carry traffiC'past the michphone- The two ramps (SW and EN in, the site x
diagram) affect1ng the site were constructed connect1nq the northbound lane
iiof Reute 79 to the westbound lane of Route 33F. Ramp SW was'not heavily uSed
and’ EN was not used at all. o
Time periods o o - > o L .

The traffic pattern for Route 79 determinpd;the time period division.

N .

2.
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It had peak hours cons1st1ng of six hours total - 700 600, QOJ, 1500,
1630, and 1700. Tne n1ghtt1me hours consisted of a11 hours from 2200
bthrougn 500. The rest of tﬁe hours were the daytime off-peak.
Comparison - ) -
The ana]ysié of varianée was done for six‘pééitions at the sife,
: exc]usiVe ofFPosition 3. PAsition 3 was eliminated because gaps in

before and after neasurements were such that the hourly samp]es co1nc1ded

only aL one nour. ilo re11ab1e conclus1ons could be drawn from such data.

Tne ana1y91s of var1ance 1nd1cateu a s1gn1f1cant difference in before

and after constructionnnoisé levels. The t-test' on differences«in’Sample
means before and after construction showed different changes for different
- groups of microphone‘positiéns'at the site. Postibn 6 was re]étively cjbse
to and in fu1] view of ROutJ‘79. This position exhibited a Sighificant
“increase (2 to 4.3 dB) in levela after construction during off-peak and
n1qhtt1me hours due to the 1 pcrease in traff1c on Noute 79 plus the ramp
traffic. Positions 1,‘2 and14 had views obstructed to Route 79. The ramP%l
'apparent1y acteﬂ as a noﬁsgm$arrier causing’gignificant1y lower noise levelé -
(-2.3 to =4.7 dB):for this g#oup of positions.‘ Find]ly, Postions 5 and
7 were mdre exposed to Routei?é, the ramp traffic, and noise from.a”nearby
highway maintenance yard supp]ying power to the noise survey. This group
ethhited overall nOnfsigniffcant, Lbut positive increases in mean beforé and
aTtEP no1se levels, o |
The anaigsxs of variance ShONOu s1gn1f1cant effects from time period,

mlcropnene position and all 1nteract10ns. A\] interaction effects vare probanly

due to the extensiveness and complexity of the s1te.



4.4, 5 Route 9 Sect1on 21C £°“ (Homa]1 Township)
~ Site Descr1pt1on

The s1te is 1n a rura] locat1on w1th f]at sandy terrain and scrub woods

! Y =
-

The magorvno1sevsource was Route Q'prxor'to reconstruction. This was an
at-grade »Pdrtland‘Ceﬁent Cohcrete‘two-lane;roadway with'a'bumpy surface.
Three m1crophone pos1t10ns viere p]aced in a Tine perpend1cu1ar to the roadway
at approx1mate1y 145 245 and 445 feet from the old roadway edge

Route 9 was reconstructed as an at—grade,»four 1ane, bituminous concrete -
~surfaced, divided highway with'center'barriek : The microphone bositions
- were at 100 200 and 400 feet from the new roadway edge 1n the after re- ‘:ﬁh
..construct1on noise survey

T1me Perlods ; ‘ _ S g S

The traff1c pattern after reconstruct1on of Route 9 had peaL hours -
cons1st1ng of s1x hours total - - 700, 800, 1400, 1500, 1600-and 1700. " The
' }n1ghtt1me hours 1nc1uded a]] the hours from 2200 through 500 ‘The rest of
'.the hours were dayt1me off- peak Route 9 before reconstructlon noise |
measuremen}s-were made on two separate days. Pos1t10n 1 was recorded»on~»
both days'and PositionS 2 and 3 on separate days.‘ It is noteworthy that
the noise~1evé15 at Position 1 were'consietent for corresponding hours of -
~the two days and effect1ve1y doub]ed the number of noise ]evel/eamples for - ,. e
_th1s pos1t1on \ |

‘:Comnarisoa

 The aha?ysis Of‘variance fhdicated a very significant difference in ~
'befofe‘aﬁd after reconstkuctiOn naiee\leve1s.} The t-test on mean’befere j " .
vefsus aftef‘]evels for each time perfod.and'microphone position showed that
" the noise levels actua]]y decreased after reconstruct1on Tne uecrease was-

—

voarely s1gn1f1canu at the 5% 1EVL] for Position l, closest to tne roadway .



The decrease was significant only for dff-peak hours at Position 3,

/ o / - :
400 feet from the nev roadway. | '

The rean decrease in noiSe‘lévels, ranging from -1.€ dB to -5 dB, nav be

\

attributed to a uecrease in braff1c afterwaru, revealed uy cursory comvar1son
with before reconstruction trafflc vo]umes. A second reason for noise reduct1on

is tne dispersion of the trafflc from a two lane undivided highway to a four—
\
lane c1v1ded n1ghway'with centeq barrier. A\ third reason may be that the old

roadway was noticeably bumpy asiindicated in the site description. The

elimination of bumps in the new:roadwav may nave significantly quieted rattling
’ K R |

of passing trucks. I

An 1ncrease in noise 1eve1s aftervard might be CXPeCtLd since the northbound

\

1dﬂea of the new roadway are 4J feet c]oser to tHL m1cro;none positions than the
old raadway. However, this 1ncnease is evidently rore than offset by the

" . J ,
" noise reduction. In this 1nstance, reconStruct1on d1q not worsen ‘the

existing acoustic envirenment. | f /

The effect of microphone pdsition was significant at the site; indicating

a drovoff of noise level with increasing distance from the road. The effect
of time period was significant as well, as the mean noise level decreased from

peak to off-peak to nighttime howrs. There vas significant interaction effect

between the highway construction factor and the microphone position.factor. This

may be due to the non-linear effect of reconstruction - the traffic is

distributed différent]y before and after recbnstructionvwith respecﬁ to the’

microphones. o !
4.4.6 Route, I~ 295, Section &B % 9A (Lawrence Tovnshin)
S!tb Descr1ptuon

{ Tne qwte was in a rura1 area vhich wvas flat and orassv wwtn voods, Fqur



microphone positions were laid out, but befbre'data from only Position 2,
N \ ) 2 I .
1ocated in the wooded area, were valid. Fx1st1nq no1se hefore construct1on

7

pr1mar11y due to 1oca1 activities w1tn aul1b]e traff1c noise from Route 1 -

J N
about ZOOO\feet away . | Y ,

Route I-&)o vas constructéd‘as an at-grade, sfx lane, biﬁumidodﬁ Concrete
surface, djvided highWay W1th median. The microphone was located 200 feet |
from the roadway edge. |

Time Periods
7 The traff1c pattern after construct1on of Route I-295 had peak hours.

7édh$1st1ng of Five hours total - 700, 800, 11600, 1760 and 1800. The n1qhtt1mp»
- hours cdns1 ted of all nours from 2200 through 500. The rest of the hours
- were dayt1me off-peak. /

Compar1son'

The ana]ys1s of variance 1nu1cateu a very s1qn1f1cant dlfferencc in no1sg“ .
1eve]s before and after construct1on of Route I- 29J.‘ The t-test on mean,
before versus after levels for each time period of the %inq]é microphone positi0n

‘showed a s1gn1f1cant 1ncr9ase in peaL and off-peak periods, but no 1ncrcase an }
_n1gntt1me ]eve]s. )

The mean increase in noise 1eve1, ranq1nq fron 6.7 dB.to 5.2 db, is’
due to the traff1c vo1ume during the ua/ However, the traffig"vo1ume vas
Tow'at n1ght, accounting for the lack of a significant‘difference:in nighttime
before and'aftér levels. 4 /
The»analyéis showed a significant effect of~timé\period. vThis result

is due to the variétions in tréffic vo]ume., Tnure vas also a significant B

\ N\

o

"1rteract1on between H191V&J consnruct10r anu t1me per1od, because the existing

noisc was fa1r]y constant at all,t1mes-bef0re construct1on, T .

-30-



44,7 :R0u§o 174, Section 1A (Lawrence Township):
~ Site Description i
The site is located directly behind a suburban area in woods. The new

’roadway was'partia11y constrﬁcted at the time of the before construction noise

‘tsurvey Existinq noise 1eve1s were inf]uenced by local activities and audib]e -

traff1c on Route 1, about 2, OOO feet u1stant
| ' Route 174 was constructed as an at-grade, four 1ane bituminous concrete
surface, divided h1ghway w1th center barr1er. The microphone positions
were ]OO, 200 and -400 feef f}om the roadway edge in the after constnuction,
| no1se survey. J | / |
| Time Per1ods - L I .
_ ~The traffic pattern for Route 174 had‘peak hours’consisting‘of five . . -
"noursxtotaT - 700; 800, 900,%1600 and i700; The nignttime hours consisted of
\ 611 hours from 2300 through BOO; The rést of‘the/hours were the ‘daytime
;“offfpeak, | o N i L B : -
?Comnnrison‘ r | 3  .
 The ana]ysic ofvvarianco“indicated a‘ve?y'signﬁficénttdiffenence in before
and‘éfter construction noise%]evels. fThé t-test on‘befone.véFSUS after levels.
Showed significant incfeaseciin mean noise levels at all combinétions of
time per1od and m1crophone pos1t1on, rang1ng from 5.3 dB to 12.3.dB.
The analys1s showed a 51qn1f1cant effpct of time period, probably due to
high daytime and ]ow n1ghtt1me traff1c vo]umcs. There was a s1gn1f1cant‘effect
.of,mjcrophone position due,to the attenuation of sound Tevel with«distancec
from the road‘/ Interaction:éffecté were significant for»alllcombinations‘
of factors This was due to fa1r1y constant ambient n01se levels at a]] times

{

and pOSTtlonS before construct1on.
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5, LTO Heaeuremeht_and Prediction Comparison | ' )

5.1 Zeneral !

N

The objective of teié part ofzthe’study‘wes to cdmparefnoise 1eve]$ ‘ -
measured augacent to ex1st1ng roadways to noise levels pred1cted from the
observed. traff1c data by the TSC and ‘the d1ch1gan no1se preu1ct1on prograns.‘

A byproduct of this obJectJye\was a metnod.tq correct pred1cted levels
based ?n\multipﬂe regression with traffiélvarfables and site parameters.
This effort is documented in detail ie the Second Interim RepOrtl ‘The
| report described data dcquisitian, noise leveI'predictton, andrcomparisons.
‘\An analysis was performed to 1dent1fy sources of d1screpanc1es between AN
measured and pred1cted levels. The procedure to oeve]op correction
\eQUetiens to‘tpe predicted levels was an outcome of this ana]ysis}) AnOtﬁer J\
‘espect'pf the analysis was coMpariSon of the two prediction programe to |
each other directiy for the same traffic data. '

Six sites were selected for noise5measurement surveys. For comparisqn.f
perposes, tWo of the six sites, Annandale and Hetcong ,were Subdivided'by N
grouping m1crophone pos1t1ons into three and two suhs1tes, respect1ve1y In
a]], n1ne ana]ys1s sites were stat1st1ca11y ana]yzed v - ; ;
5.2 Data Acquisition S ’ :, ' | ; _ | \

Field noise surveys were conducted at the six survey. sites to acquire‘,/ /
hourly noise ieve1s over the entire twenty-four hour perfod‘at various
microphene positions. Classified traffic volume data were co]]ectédtduring
themsurveys;f Traffic radar-speed data were fu]fy eolleéted at the last two
of the six survey sites. Posted speed 1imits were assumed to represent speeds

Cat Drev10us s1tes. Jetero]og1ca] data was s1mu1taneoue1y mon1tored dur1ng the - ; : If

v.surveys.' Description of the 1nstrumentat1on and. procecures for the data .

collection and reductwon.appear'1n the Second Interim Progress_neport, Section 5.



5.3 Pred1ct1on
Tvio separate computer1‘ed traff1c noise pred1ct1on methods were used to
pred1ct the observed no1se 1eve1s from. correspond1nq traff1c, qeometry, and

receiver data. They 'were the Transportation Systems Center (TSC) Traffic

s

Noise Prediction Model MODZ‘Computer Program and the M1ch1qan~Department of
State Hiqhways Traffic lo1se Leve] Predictor Computer Proqram Vers1on 0. 6.
Both programs were wr1tten 1n Fortran IV and adapted for use on the New Jersey

Departnent of Transportat1on 18M 370/145 computer

The,versxon of the TSC;program used in the Second Interim Report was

‘the or1g1naﬂ program supp11ed to the Department in 1973. Since then, the TSC

i

“prograr was updateo by the authors The updated version was 1nsta]1ed at
the’Department in July, 1976) Thws updated version was used to predict

'rev1sed n01se 1eve1s in ‘the studv reported 1n Section 6 compar1ng measured

~and pred1cted levels. ,} <

Requ1red 1nput for the programs, in add1t1on to the hour]y traff1c

\data gathered durlng the no1ge surveys, was the road\ay, s1te,vane rece1ver

\geonetry ‘These data were obta1ned from h1gnway plans and f1e1d surveys

i ; S S

: w1th tape, rod, and trans1t‘

| \ ' -
The output of the programs were the no1se levels by hour for each

‘ microphoneupOSItlon at a s1te. The TSC proqgram produceu a number of 1evels

Tnc]udinguL]os L50 Lgoy'andyLéq (equ1va1cnt sound 1evel), and all computed using

full octave band truck and auto spectra.’ The ¥1ch1qan program produced on]y'
/‘:L10 and Lfo no1se Tevels The L]O level, common to both programs was initially

7chosen to represent notse 1eve1s for this study After -the Second Interim

‘Report was f1n1sned the Le ‘1eve1 generated only by the TSCsProgramvwas used

9
in ‘the later study reportee 1n Section 6.



1 i
{

- In order to utilize the programs for this study, other proqrams had to.
be deve]oped ins nouse to hand]e the programs'input and in the vo]ume required
for statistical ana1y515' Fu11 dESLP1Pt10nS of a]] the prediction and input .

programs appear 1n the Second Interim Report, Section 6 Tabies of neasured

or observed Lyo's 1abe1]ed "o"' TSC predicted L]O s Tabelled ey

| and’ Micnigan;predicted ngia labelled "M", appear in Appendix_B of.the
Secono’Interim Report. ] : ,‘ o : \

5.4 Comparison | | | | 7 \} |

\ The comparisons between observed and preoicted noise levels were done for
L]o 1evels and is described in the Second Interim Report Section 7 1 -These

5 comparisons were possible: ° | - N )

1) Observed and TSC (0T) |
2) Observed and Michigan (OM)
3) TSC an& Michigan (TM)

~The comparisons were done for two arrangements of data at an analysis'

. site - a) a]] hours at a particular position and b) all hours at‘ail.positions

“taken togetner at/the analysis - site (whole site). The differenees between
paired 1evels were compared against the ideai zero differenee\using the Student's
t-test. The absolute 1eve15 were also linearly regressed and tested against the, -
\1dea1 straight 11ne re]ationship with unit slope and zero 1nterceptv [Then;
. the correlation and scatter of compared levels can be seen in the regre531on by
the correlation coefficient and standard error_of'estimate;.respectively.
Enamp]e plots of whole sitefobservéd and predicted Tevels with 1inear‘regressi0n
" lines are given;in Figures 1 through 4. These piotS'uere requested{to%f |

' sdppiement-the Second Interim Report{
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In orcer to oeterm1ne wh1ch variables, aniong traff1c and aeometry-daéa | =
1nput to the preo1ct1on programs, 1nf1uenced u1screpanc1es in compared levels,
step-w1se regress1on was app11 d to the who]e site data. The var{ables : /
for each s1te were se]ectea 1n order of 1mportance and entered in a nultiple

11near regress1on aga1nst the d1fferences 1n comnared 1eve1s. ~ ;

The ent1re s»at1st1ca] ana1ys1s vias 1mplementeu using STATPACK, an inter-

{

. act1Ve tern1na1, aoftware fac111tv on the Jepartment‘ computer, (Reference 9).

The 1np1enentat1on of the programs required development of in- aouse programs to
pana]e the data 1nput for and the execut1on of STATPACK. A couplete descr1pt1on
of tn1s work is found in tne Second Interlm Report, Ject1on 7.2. The statistical
\tab]es appear in Appenu1x b of the Second Interim 2eport. ) |
. Correctlons \ f? . » o \

_The multiple'rejressioniequations derived from step—wise regression %h the
comparfson section can be uéed to correct predictions made by the programs for
a Specific sfte, if va]fd. ﬁhe precedure for determining this is‘presented .
1n the Qecond Interinm Report Sect1on 7.1.4, The va]idity of tpe md]tip]e o
reqress1on equation as a correct1on is bas1ca11y detern1neu b/ a nu1t1p1e
A'correlat1on greater tnan 0.6 anu a standard error of est1mate less: tnan 3 db. /
ane correct1on 1s supD11ed by subst1tut1nq the e1gn1f1cant var1aL1es for a

/

c1ven site into the mu1t1p1e regression equation, compat1nq the d1fference, and

\

‘then adu1ng the d1ffcrence to the correspond1ng preu1cted 1eve1
'5.5 RequtS'for-L]Q Comparispn | . _ . o i - | ,
5. o.1 Genera] | | |
&\s1ae descr1pt10n aﬂd sunmarv of resu]ts for each ana1js1 site“\
is g1ven in oLCt1OH 5. b.e tnrouqn 5.6.15 for Lnebcompar1sons betueen

: TSC predicted and w1cnlgan pred1cteu levels versus ohserVed»]eye}s. The,

full discusSion appears in Section 7.3 of the Second Interin Report.

!

0. -
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o Site maps and photographs to supp]enent the Second Interim Report are found
1n Append1x D.1 of this report ‘N ‘ ‘ . | o | |

The comparison briefly revier,the resﬁ]ts of the whoie siie t-test on
differences between observed and predicted 1eve]$, and Qimplerlinégr re-
gress%on between obServéd ahd predicted 1éve1s.b Tables of thése statistics

may be found'in Appendix C .of this report. The summary a]so‘includes the
) l
nu1t1p1e reqress1on equat1ons, which can be used as correct1on equat1ons,

from step \ise regression of u1fferences (d 0T for the TSC program, dq P
~ for the Michigan) between observed and pred1cted levels versus 1nf]uenc1ng
factors at the site.- Tme factors cons1dered viere tota] auto vo]ume, total
truck Vo]ume, observer-near lane d1stance, observer neignt, average auto apeed,
avekage truck spéed, total volumé,:truqk pércantages, autb/truék'ratiqs and
‘truck/auto ratios. Thé nine'ahalysis sites are takeh in chronological ofder
~and referehced by a Qnique 1e£ter nuhber code. i : L
The resuTts of d1rect conparison of TSC predicted L1o 1evL1s to ! 1ch1gan/

predicted L]g levels is given in §ect10n 6.6.11. The results are g1ven for all
‘sites taken together. v . o | B

It mﬁst be emphasized that the TSC regression equations are for'thé“ \
original program and not the present updated version. lowever, the resu]ts
fOF L]o levels c]d not differ much between the two versions except at s1tes
A1234 and Aﬂlolllz, the depressec and elevated roadways s1gn1f1canu1/
affected by’the barrier approximatiph; The\TSC prqgram_L]O Tevels were not

reworked for this report with the updated program, because the same general

results would be obtained.

=40~
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5.6.2 Poute 29, aect1on 13A‘(Eesfdentia1)-_R12

Descr1pt1on

g N

Th1s 1s a s1te wwth1n a res1dent1a1 commun1ty ad1acent to metropo]1tan

}Trenton. Route 29 is the maJor noise generator for the site. Its traffic

no1se 1s attenuated a]ong the path to the m1crophones by two rows of two and
three story resxdent1a1 dweﬂimgsT Microphone positions 1 and 2 were 1ocated
430 feet from the roadway edée at‘five and twetve teet above ground: 'Light~

'ilocal traff1c contr1buted to'the overa11 noise level.

i : >

Comgar1son ) t : o

Both programs were: successfu] in pred1ct1nq the observed 1eve15, on’ the
| \

average for this s1te Both programs predicted noise 1evels were adausted
w1th a. constant attenuat1on for ‘the houses in the propagat1on path The

M1ch1gan program overpred1cted 1ow truck volumes above a cutoff volume. The

|
mu1t1p1e regre551on equatlons were:

A

~

TSC dOT = 2.83687 - 0.05603 (Truck Volume) - O. 00073 (Total Vo]ume)
--h‘chiga'n' don = 2. 03501 - 0.00156 (Total Vo]ume)
, 5 6 3 Route oq Sectlon 13A (Stacy Park)‘- 5123

1 : Y

: Descr1gtvon R "g

o/

Th1s site is a typ1ca1 metrono]1tan park an open area with occas1ona1

trees " The terra1n s]opes ohn from Qoute 29 the maJor no1se qenerator,

: toward tle DeTaware R1ver w1th ahout 4% qrade Three n1crophones pos1t1ons vere
© used. P051t10ns 1 and 2 were 7J feet from the roadway edge at, ne1ghts of
f five and‘tweive feet. Pos1t1on 3 was 1oO feet d1stant at five foot height,
Comgar1son o
Both programs. s1gn1f1cant]y overpred1cted the observed levels, as 1nd1cated
by - the t test : The M1ch1gan proqram 0verpred1cted for 1ov trucl vo]umes above
‘ia cutoff ‘There: Was. no constant offset of nred1cted from observed levels, as:
- 1nd1cated by svnp]e 11near régress10n The mu]tlp]e reqres ion equat1ons
uereb" | | |

\
.P
‘|



-TSC o dOT / 04399 - 0. 10427 “(Truck Vo]ume) - 9. 11222 (Distance)
o | + 0.00222 (Auto/Truck Ratio)
Hichigan dO"—-Z 02038 - 0.12266 (Truck Volume) + 0.28421 (Hu1ght)
) ! + 0. 8642u (Truck Percentage)
5.6.4 Route 1-75, Section 26 (Clinton) - 1234
This site ié:west 6f CTinton on Route I-fS in a”fu}a1‘area. The major
hoige generétbr,_l478; is paﬁtially depressed at this site, The terrain -
‘ is grassland with r011ing hi!]s Wicrophbne positiohs 1, z 3 and 4 were
p]aced at 100 200 400 and &OO feet from the roadvay edge
ComEar1sons . h ' '; | | , )
' The observed nqisé levels were inéonsistent with the traffiﬁ Vngme aétua]]y\/
/passing.\‘ﬁecausejOf this, conclusions dréwn‘from thefdaté afe not valid. ﬂeweVer;
the daté was analyéed and it shbwed ihat the TSC program overpfedicted and the
Michigan progran underprodicted observed levels on the average, 1nd1cated by |

the t-test. There was a ponstant offset of pred1cted from observe 1eve]s in

the TSC but not Michigan program. The multiple regression equat1on§ were:

’0.01623

TSC doT = 3.89126 Truck Volume) - 0.00469 (Distance)

0.02]21

 Michigan  dgy, = 5.166]1

(

4 0.52396 (Truck/ﬁuto Ratio)
(Truck VoTume) +°0. 00764 (Distance)
7 o \

+ 0.5 Truck/Auto Rat1o)

6 5 Route I- 70, Section 2M & 3C (Annandale) - A1234

Descr1}t1on - R o o

N

The s1te is 1ocated easb of Annanda1e on Route I 78 in a rura] area.
.i The roadway is uepressed at th1s po1nt A large eartx mound ‘barrier 10pes'_

gradually away from the depression. The terrain is open r0111ng grass. .

4=



Four m1crophone pos1t1ons 1,.
u.rd1fferent traff1c, were 1ocat
Position 1 was on top of;tne
roadway,_thefother posittons
| Comparison‘d’ |

' The TSC progran. s1gn1f1c

t

‘ the average, 1nd1cated by the
dlcted them

2, 3, and 4, measured on different days w1th
ed at 1]2 212 415, and dlz feet from the road
depress1on with an unobstructed view of the

were behind the “earth mound barr1eri

\

ant1y overpred1cted observed noise levels on

t- test but the Michigan program underpre-

The TSC program s11ght1y underpred1cted no1se levels at the

f1rst p051t1on, where there was no barr1er effect and s1gn1f1cant tractor

. |

trailer truck volune. There4

was no constant offset of pred1cted from

observed 1eve]s for ewther progran as 1nd1cated by s1mp1e 11near regressxon

‘The multiple regress1on equat1ons were

TSC dgr = 3.94032 - 0. 01

183 (D1stance) -~ 0.01986 (Truck VoTume)

'M1ch1gan dOM =10. 421JO - O 00806 (Tota] Volume)

:5 6.6 Route 1= 78 Sect1on 2n'

DescrtgtJOn

_ The site is]ldcatedfeast~

The roadway undergoes a trans

A large earth mound barrier s

terrain is 1tghttwoods on the

m1cr0phone posatxons,o, 6, 7

99, 199 4Go, and 784 feet from the roadway |

I
‘ recorded on d1fferent days wr

!
ompa tson

The TSC program s1gn1f1c
.the average, wh1]e the M1ch1c

as 1nd1cated by the t- test

}observed }eVels‘by etther program.

Lk
R

& 2E (Annanda]e) - A5678

1
of Annandale on Route I-78 in a”rura] area.
1t1on from depressed to at grade at th1s po1nt
1opes gradua]]y away from the depress1on. 3Tbe

earth mound and open grass elsewhere.“ Four

and 8 were 1ocated at the base of the mound at

Data at the pos1t1ons were
th different traffxc. |

ant]y overpred1cted observed notse 1evels on

an program 51gn1f1cantly underpredlcted them, N

| There was no constant\offset of pred1cted from

AN

- The multiple regression equations were:,



~ : - (
)
T

-~

TSC - " dot -~4 59749 +0.00368 (u1stance) - 0.00309 (Tota1 Volume) -

Michigan dyy = 1.85296 + 0. 00864 (D1stance) - 0.00392 (Total vO1ume)
5.6.7 Route I-78, Section 2P & 3E (ﬂnnanda]e) - A9101112 |
"' Description '

The site is Tocated east of Annanda]e on Route 1;78 in a rural area.
HThe roadway isre]evateq et this point. The terrain is open grass and shorp];'
"s1opes down from the roadway.' Four microphone positions 9,~10 17, and‘12
. were Tocated at 98, 198, 413 "and 758 feet from the roadwéy The m1crophooe
posit1ons were recorded on d1fferent days with d1fferent traff1c.
'\Comgar1son
The TSC program s1gn1f1cant1y overpred1cted observed noise leve]s on the

average, while the Michigan program significantly underpredicted them,,as
indicated by the t-teét,_ The TSC‘orogram accurate]y predicted the nofse ieve]s
a;vohe two positions closest the roadwoy.‘ These positions were directly h-ir:-

;flueocedby the'edge barrier of tﬁe eTevated roadway. ;However, tne T7SC |
program»overpredicted the position far_from'the roadway, wﬁich was Unaﬁfectedh
beje%thérrthe e]evated\rOadWay or ground aftenuatjon.;'This may jndieate a‘k
('prob1eh in deScribing the attenuation of the hofse source mode];of'thevprogram.
 There was no constant offset of predicted from observed 1evels for e1tner

program, as 1nd1cated by simple 11near reqress1on The mu1t1p]e reqress10n

o equations were:

"ISC / dOT = 6,57787 - 0.01592 (Distence)\? 0”01404'(Truck‘Volume) '

, M1ch1qan dgy- = 5 79443 - 0.01821 (Truck Vo]ume) +0.00189 (Distance)/

5. 6 8 Route 1-287, Section 1E, 4b dnd 5B (Br1dgewater) - 8123 ;f o
Descr1gt1or

The site is located in the vicinity of the intersection of Routes 22, 205\



- and 400 feet fron Rout@ I 287 A dense growth of trees and brush were 1ocatea

'\‘~aqd I- 287 ThéﬁhiCropﬁoné'ﬁnsitions 1 ’2,.4 and 3 were 10¢ated'q&jacéntfv
to the park1ng lot of the Br1dgewater-&aritan digh Schoo1 Eaét at\100*4200
-east of:the.11newof m1crophoqes. Ambient noise wa§ 1nf]uenced by park1ng lot
traffic during the day. | L |
| CQmEariéqu | | »
On]y-thé.firStlywo ﬁosi&idns,were‘analyzed, because thé'ﬁqise ieyels for
“the farthest position were i%exp]icab1y Tou. - The TSC pfogram/;ignificantly
overpred1cted observed no1se\1eve]s on the average, as indicated by the t- test
,The M1ch1gan program underpredicted observed no1se 1eve]s by 1ess than one
.decibel on the average Thé;e was a constant offset between predlcted from
:‘observed levels for the M1ch1gan but not the TSC program, as indicated by

s1mp]e 11near regress1on The mu1t1p1e regression equat1ons were:

TSC gy —26-29389 ¢ 04517 (Distance) + 0.53210 (Truck Speed)

- 0. 00404‘(Twuck Voiume) g
\ N

131,75734 -0, 00913 (TrucP Vo]ume) + 0. 02117 (D1stance) E

‘;\:"‘ z

,1""‘
bncn1gan QOM‘ ’

| + ? 69697 (Truck Speed)
5.6.9 ‘Route 1-80, Section 18 & 2L (lletcong) - N124

: Déstf{ptipn‘ «
Theys?te is at the 1nterchange of Route\I 80 and 206 east of detcong
Traffic now&e from Route I 8l was the major noise source for m1crophone
noswtvonawl Z and 4 1ocated 202 377 and 772 feet from the roadway, in a
‘wqaded area. The roadway was e1evated wwtn up to z% grade 2 , »

1
i

Gom-arismn -

o The TSC program predicted observed 1evels on the average “and the Michigan
\
.proqram underpred1cted by a decibel on tne average, -as indicated by the t-test

- The att enuat10n for woods uag exp%1c1t1y addeu ‘to TSF provram Tevels in this c2s5:.

N

-85+
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There was no. constant offset of predlcted from observed leVe]s for _

e1ther program, as 1nd1cated by s1np1e 11near regress1on Tne mu1t1p1e

/regress1on equations were: o e

11.87212 + 0.00539 (Distance) - 0.34045 (Truck Speed)
-1.15973 - 0.00129 (Total Volume) + 0.00477. (Distance) |

Michigan dgy,
.5.6510'Route 1780; Section 1B & 2L (Netcong) NEC‘ ‘ ‘
Descrigtior A p ' - R
The site is at the 1nterchange of Route I- 80 and 206 east of Netcong
Traff1c no1se from- Route 206 was the major no1se generator for microphoene

pos1t1ons 5 and 8 located 249 and 504 feet from the roadway Position 8 was

1ocated at the edge of tne NJDOT ma1ntenance yard in the area and was

'1nf1uenced by_anbjent noise in the‘yahd. The roadway was at-grade with
l respeCt\to topography with up to 4% grade. The‘koadway configuration went _

_ from a single roadway to divided with variable median.br

, / s ‘ ) - ) ‘ - . . - . ,.)

Comparison . o
The. TSC program significantly overpredicted.observed levels oh the
average, while the‘Miehigan,program underpredicted‘them, as indicateﬂtby the

‘t-test. There‘Was no Constaut'offset of predictedkfrom observed leVe]s/for

~

) e1theh progran, as 1nd1cateo bj s1mp]e linear regress1on The multiple

regress1on euuat1ons were:
|

3 |
TSC dOT =-1.55901 - 0.12554 (Truck Vo]ume) 4 u ﬂn4z1(Auto/Truck Ratio)
W1ch1qan dOM 2. 54739 - 0. 10060 (Trucl Vo]umo) + 0, 017ah (Dlstancc)

-\,
=0, 0091d (Auto Vo]ume) : :

5 6 11 Compar1son Between Programs ,
A unique. aspect of’ th1s phase of the no1se study was the s1mu]taneous

pred1ct1on of no1se 1eve1s for the same site by two d1fferent metnods

)
: /
o

o
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| ‘r‘Th1s perm1ts the dirtct comnar1son of the TSC proqrams and the W1cn1gan

“program pred1ct1ons Th1s was done for all s1tes in the same manner as the
»,\

\observed to pred1cted level compar1sons

There was a s1gn1f1cant d1fference on the average between the programs
H‘at all sites except R]Zvand N124. The agreement at these two 51tes is'
iattributed to/the explicit eonsiderat1on of noise attenuat1on (IOUSES at R12
;and woods at N124) in the sound propagation path for the TSC program 'The

f]eve]s for ‘the two programs were genera]]y h1gh]/ corre1ated however, which

shows “that the programs were consistent in. their pred1ct1ons for the saue f ,

'1nput data, 1f not stattst1ca]1y equal. | \

The 1nf1uenc1ng factors on‘d1fferences between TSC pred1cted and M1ch1gan
"pred1cted no1se levels were‘genera11y distance and trucl volume 1n that order
: These resu]ts are to be expected s1nce the two programs bas1ca]1y ‘differ in the
assumpt1ons of attenuation thh d1stance and average truck no1se emiss1on 1eve]
_The TSC ‘progran assumes 3 dB attenuatwon of notse 1evc] w1th doub11ng of distance, the
»1h1chigan program assumes 4, 5 dB The TSC program assumes an _average truck\ /

nomse emission ]eve1 of 87 dBA the W1ch1gan program assumes 32 dBA.

G. Leq Measurement and Pred1ct1on Compar1s1on
I :
o
|
|

At the request of the rev1ew1nq agency, a follow- up study of the ,‘
\

measurement and pred1ction compar1son of the Second Inter1m Report was

6a] Introductlon

nerforne -and 1nc1udod in the Final Report. The equiva1ent sound level,

eq (dBA), was requested to~be stud1td for the same s1tes in. theaSecond

Intertm Report in hopes that greater clar1f1cat1on of the data m1qht be ohtained.



;N oy b

The study wbuld involve no newfdata'c011ection “but a. reapplication of

the Ly measurement and pred1ct1on compar1son to L levels. 'The‘L’q is ._\" -

the equ1va]ent steady state sound pressure level wh1c1 wou}d contaln
the same acoustic ‘energy as the t1me varylng sound 1eve1 dur1no the sample
. time.

- 'The Le eq compar1son could only be done with the TSC program since it | L

*alone PFOdUCEd Leq values. However during the time since the Second Inter1m Report,
L BN
‘ .‘changes were made to the TSC program, so the or1g1na1 site data was rerun to o

~obtain new Le eq 1eve1s The orlg1na1 noise measurement data was a]so rerun to-

' print out the observed Leg 1eve1s o -

' Tab]es of observed and TSC predicted Le eq 1eve]s}for each gité are
presented 1n Append1x D.1 a]ong w1th 51te maps and photograpns reduested to
supp1ement the Second Inter1m Report

" The observed and Tsc predicted L levels were run through the same ’ B

‘;stat1st1ca1 analysis. as the L10 1evels, end tab]es of stat1st1cs for who]e
site and 1nd1v1dua1 p051t1on data appear in Append1x D.2. The discussion of
\Sect1on 5 of thjs report concern1ng‘the,ana]ys1s of L]O levels app]jes'here
to the/ane1ysis;ofthe\Léq;]eve1s.; e |
6.2 Resu_'l"zts‘of the Léq Statistical Analysis | |
. 6.2.1 General’ ' | = K o :
There are nine,analysis sites referenced by the same site‘1etter and
position»number code in Section 5.5. They are discussed in regard to the '

;

Leq compar1son accord1ng to the fol]owvng format: \
Ana]ys1s Site .
A. Comparisons - Elementary:Stefistics>and Reoression
<AL uho1e S1te Statlstaes |

A. 1 1 t-test on d1fferences between ooserved and preelcted L & S, .
for TSC progra



\ PR <A, 1 2 L1near regress1on and corre]at1on between observed and
f ” pred1cted 1eve1s for TSC program
A.2 Individual Pos1t1on Stat1st1ca1 Data .
A 2. ] t-test on d1fferences for TSC program
A 2.2 L1near regress1on and corre1at10n for TSC. program
18;_.Inf1uenc1ng Factors\— Step -Wise Pegress1on R S ‘ “ ¥
l"jB 1 Mu1t1p1e regress1on equation
; B z Mu1t1p]e corre1at1on coefficients and standard errors of estimate
B 3 D1scuss1on of factors ‘
Two stat1st1cs are used to character1ze the s1mp]e 11near and mu1t1p1e
_ regress1ons - the corre]at1on coeff1c1ent and the standard error of
;gst1mate ~The corre]atﬂon coeff1c1ent and standard error of est1mate are
7describ¢d in terms of the fo]]ow1ng arb1trary tables. |

"Tab1e'2

Interpretation ‘of the Corre]at1on Coeff1c1ent (Reference 1J)

Corre]at1on Re]at1onsh1p
‘Coeff1c1ent ' Denonstrateg‘ -
1.0 | / . r Perfect '
0.9 % | : Very Good
0.8 %1 l o Good - \ B
n\ e 0.7;j : v-; Fair
| 0.6 é_ . Poor | |
O.S,nr less | ,}' . Very Poor o -
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Tabled [

N

Interpretation of the Standard Error of [stimate (Reference 4)

Standard Error

of Estimate P . "’Deﬁcrigtibh

S 0dB - 1.5 e -~ Small
1.5 dB - 3 &$ | y o . Reasonable
3 dD of more \ | - Large =

I

The standard error of estfmate is also compared to the standard

error of estimate obtained by simple linear regression bétween observed
uJand predicted Tevé]s. If the former estimate is sha]]er than the latter,

~ the mu]tipje regression.modei is considered to successfu]ly'reduée the

error fn predicted nqisé levels by using prediction program fnput variables.

| The regresgions will be assumed to he valid if the F-test on the.

' variance éccounted for by regression is passed at the 5 percenf level of
significance. If a particular regreésioh fa??é tHe F-test, a coMnent "

'will be made in the disFussion, otherwvise, no mentfon of the results of
the.Futest will be made. In‘additioﬁ, those Tinear regression cpefficiénts

Which are statistically equal fo unity will be mentiongd in the discussion -

as showing a conétant offset of compared noise levels. The relative inportance
of the variables chosen by"step-wigg regresgiqn,iS‘determined by the‘"partial
correlation coefficients" of the vériab]es. The larger the maénitude of the
"paréiél correlation coefficient" of the variable, the more an inf]uence it was
 0n@thevdifferences between observed and\pﬁedicted levels.  These coe%ficients are
not true partial correlation coefficients (defihed in Refewence 7, page 176)

~ hut are_fea11y measures: of the absolute variance reduced in ‘the dependent

variable by individual independent variables.



l ) ’ -

- / .
6.2.2 Route 29, Section 13A éResidentia])-R!Z

Compariéons - Elementary Statistics and Regression .

For the whole site data, the t-test on differences between observed and

TSC predicted L Tevels, showed the progran predicted the observed levels.,

eq

- The correlation between observed and predicted levels vas very good and the

simpTe linear regression standard error of estimate was reasonable.

For indi?idUa] position'data, the t-test on dffferences and the linear

/ regrpssion between‘obsérved and predicted levels was comparable to the whole

\

site‘results‘

Inf?uenc1nq Faators - Step»d1se Rearession

to the small difference in ne1gnt (7 feet) between the two microphone

roadway.

The. multlple regression equat1on for dwfferences 1n observed and TSC
prédictec‘Leq levels aga1nst§1nput varwab]es ise .

d = 2.66428 - 0.06093 (%ruck Volume)

The mu?tip1e correlation coefficient was good; the standard}errorvofv'
estimate was reasonable and‘ﬁhe saime as that for simple Tinear regression
between levels. | : :

/ Truck volume wasta strohger/factor in the updated TSC program than in:
the or1g1na1 progran lMiCﬁ@bhone neight was inc]uded in the step-wisé

regre551on but fa1]ed to anpear as a significant variable. This was due

nositions relative to the large distance (430 feet) from the microphone to the

¢
(-

This was the only site whewe houses Tay in the pronaqat1on path of no1se
The TSC program requires that the attenuat10n fron tmese types of attenuators

he used to reduce Tevels_after they are Dredicted by the program. Since the
N

TSC program actually preu1cts observeo levels with this adjustrnent, the attenuat1on

used was apparently correct.‘/Fhe TSC progran: demonstrated a tendency to OVLT“YPU1C»A

at the other sites due to trucks. However, low truck{percentagcs,character1st1c of

-

S



. Route 29*probab1y minimﬁzed.fhe TSC program tendency to overpredjct, further

B _v~enhanc1ng its accuracy Thé obsefvations show'that if pcopagation pafh

-

attenuation and truck noise levels are more finely spec1fied the program /
could accurate]y predict complex roadway conf1guratxons,, )
6.2.3 Route 29, Section 13A (Stacv Park) - S123 '

‘VCompar1sons - Elementany Statistics and Regression

For the who1e s1te data9 the t-test on differences between the observed

. and TSC predicted L__ levels showed the program significantly overpredacted

e
the observed levels. ’ Simple linear regressionldid not show a constant offset .
of predicted from observed levels. The corre]ation coeff1cient was fair and B
the standard error of estimate large in the 11near reqression.

| For individual p051t10n data, the t-test on differences‘and the linear
. regressionsfproduced results in line with whole site results. /‘ J ;f :

Influencing Factors - StepQNise Regression

The multiple }egression'equation for differences in observed and TSC

predicted L ]eve]s versus input variables is: =~ "

eq
d = 6.91255 - 0.08536 (Truck Volume) - 0.08770 (D1stance)

\
The muitiple corre]at1on coefficient was very good, the standard error

)

of estxmate was reasonab]e and much smailer than that for 51mp1e 11near
regressvon between levels. , -
Truck volumes were Tow, but evenly split between heavy tractoc'tradlers
and medium trucks at this site. Thus the nigh truck emission levels assumed
by the TSC program, for all trucks were a maJor factor in overpredictlon.\
Distance appeaved as a factor 1n the overpred1ction probab]y because the s1op1ng

n

‘terrawn significantly attenuated observed levels more than the TSC program could

‘account for. Microphone heaght was included at this site but' it did not appear

as a significant factor in the differences.

7

3
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6.;.4vRoute~I 78‘ Section 2G

'(Clinton) - r1234

Compar1sons = E]ementary Stat1st1cs and Regress1on ' . S e

For the “whole s1te the

t test on d1fferences between observeu and TSC

pred1cted L levels showed the progran overpredlcted the ooserved leve]s.

S1mp1e 11near regress1on d1d

error'of’estimate was large in the linear regressiqn.

~The individual position

by - 11near rcgresswon and thc

[

not_show a constant offset of predicted from .

observed levels. Tne'correlation coefficient was fair, and the standard

/

t-tests showed significant‘overprediction at all

~

: positions. The 1inear regressions failed the F-test on Variance accounted for

!

\correiat1on were near]y zero at all 1os1t10ns.

’The re<ress10n coeff1caents were even negative for a]? but Position 2,

1nd1cat1nq neasured Tevels decreased as predicted levels 1ncreased

'

Inf]uenc1ng Factors - Step W*se Regress10n

,pred1cted Leq Tevels versus

The mu]t1p]e regress1on

d= 57900 -

- The mu1t1pie carre?attc

between leve]s.

" The significance of the5

‘nput varlables is

equat10n for differences in observed and TSC

0.01733 (Truck Vo]ume) + 0, 49311 (Truck/Auto Rat]o)

)n\coeff1c1ent was poor; the standard error of !

~_est1mate was reasonable. and sma11er tnan that from s1mp!e 11near reqre351on

truck volume and truck/auto ratio factors in

i,thn step-wise regression’ is probab1y related to high and fa1r1v constant
" volumes of tractor trailer trucks throuqhout the whole day, wh11e auto

© volumes dwindled during ear?y morning hours. However the’ extrene]y poor
! THa : y Mo .

linear regressions of.obsevvéd to predicted‘no1sc levels at atl,pos1t1ons is

not typical of sites inc]ude@ in the study.

R L

N

‘InspecttOﬂ of otServed noise levels
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T Tuclarify the results,

and truck vo1umes shows 1ncons1stenc1es over. the measurement day, as the

step-wise regrg551on 1nd1cates. These observat1ons were made w1th the L]0

data in the Secona Interim Report, as well. The Leq analysas famled to

The 1nconsistenc1es are unexp1a1nable in terms of the ava11able field:
'&ata./ They may have been due to trucks stopp1ng at n1ght with eng1nes 1d1ing
within the- measurement site. ‘

6. 2»5 Route I~78 Sect1on ZM & 3E (Annanda]e) - AT234

Compar1sons - Elementary Stat1st1cs and Regress1on

For the who]e site data, the t- test on differences between observed and
TSC predicted L levels showed the program predicted observed leveﬁs The
\rcorre1at1on between ,observed and the predicted leveﬁs was very good but the
,standard error of estimate was 1arge y '
For 1nd1v1dua]p051tion data, the t-test on d1fferences showed s]ight
' underpmediction at Position 1 where there was no barrier and significant
tractem tra1ﬁer.vo1umes. The. program predicted Positions 3 and 4 behind the

~ depressed roadway and oVerpredicted Position 2. The individual position 11near

'régvessicnsffailed the F-test for A11'but Position 1, where the 11n§qr regre551on

showed a constant offset of predicted frbm observed ]emels.

. Influencing Factors - Step-Wise Regression '

The mu1£iple regression equation‘fom differences in observed and TSC -

predicted Leq.Tevels»verSus input variables is:

*d = 2.92800 - 0.01582 (Truck Volume) |
The mu]tiple correlation coeff1cient was very poor and the standard error

~ of estimate was large.



The truck volume vias the onTy factor affect1ng the TSC program pred1ct1ons,
but was not suff1c1ent to exp]a1n the d1fferences \ The comb1nat1on of the
7earth mound barrler and truck source he1ght may further exp1a1n the d1fferences
The earth mound barrier seemed to be accounted for qu1te we]] at Pos1t1on 3.

The updated TSC programld1d much better in account1ng -for the presence
of the earth mound barr1er han in the previous version used in the Second
Inter1n Report ‘ i |

6.2.6 Route 1-78, Sect1on 2M 8 3 (Annanda]e) - A5678
Compar1sons - E]enentary Stat1st1cs and Pegress1on*

| B
- For the wh01e site data the t-test on d1fferences between observed and )

' TSC pred1cted LAq 1evels showed the program svgn1f1cant1y overpreo1cted
observed 1eve1s Simple 11near regression d1d not show a constant offset
of predicted from observed ]eve]s The correlation between observed and
pred1cted levels vas good and the standard error of estimate was. reasonah?e

Ind1v1dua1,p051t1on'resu1ts were in 11ne w1th the whole s1te results.

Inf1uencing>Factors - Step;wtse Regres sion

| The mu1t1p]e regress1on equat1on for differences 1n observcd and T¢C'
predicted Lgg levels versus 1nput variables is:
,.d =.6.87914 - O 00536 (D1stance)
The mu1t1p]e corre1at1on coeff1c1ent was very poor; the standard error
of estimate was reasonab]e and larger than that ‘for swmp]e Tinear regne531on '
/hetween levels. 3. ‘ _ \ e o \
~ The dmfferences between observed and pred1cted levels were affected
pr1mann1y by dlstance at th1s‘trans1t1on zone between a depressed and elevated'
sectjon, The d1fferences decveased stead11y with distance from the roadway
with the1least difference at the farthest pos1t1on Tne program predlcted
levels better farther fndn 1e roadwav and was probably affected by the edge

effect of t1e eartn mound baHr1er at c1oser oos1t1ons
‘ I : | | ‘



- between obsorved and predlcted 1EVL]S

!

6.2.7 Route 1-7¢, Section 2M & 3Ei"'(/\nnan'da1e') - Amonw

'Coqpar1son - E]ementarxAStat1st1cs and Regress1on

For the whole s1te data, the t test on the c1fferences bet\een observed
B and TSC pred1cted'L ‘levels showed'the program s1gn1f1cant1y\0verpred1cted
observed'levels', S1mp]e ‘Tinear regress1on o1d not snow a constant offset of
pred1cted from -observed 1eve1s The Tinear regress1on fa11ed tln F- test.

. Individual posit1on t-tests onud1fferences showed the TSC program
s]iohtly overpredicted Positioan,;the 'c1osestfposition and'overpredicted
' progressiveTy more at the farther‘pdsitions,v The ‘individual oOSttton
linear: regressions were in line with whole site data except at Position 10 »
,Which had very good correlation and exceptionally:Sma11’standard:error‘of
\estimate, althougn no constant offset of pred1cted from observed 1evels.

Inf]uenc1ng Factors - Step -lise Reqressvon

The multiple regress1on for d1fferences in observed and TSC predicted

: Le q ]eve]s versus 1nput variables is: “ o ff’ o | )
| d -‘] 93488 - O 00814 (ﬁ1stance) - 0.01435 (Truck Vo]ume)
The mu1t1p1e correlation coeff1c1ent vas good the standard error of

est1mate was reasonable and less than that from s1mp1e ]1near reqress1on

\

.- : 3 ) " ) ‘
The‘prwmary 1hf1uence on differcnces was distance with truck volume

secondary. Differenées dfd increase toward the rearward positions.' Pdsition 9,

c]osest to and affected most by the eievated roadway barr1er, was pred1cted
w1th1n two dec1be1s\by the program The other pos1t1ons were overpred1cted
more. The combination of distance and truck volume factors at th1c elevated
s1te may 1nd1cate that the TSC program/overpred1cts because of the 11ne source
node] for trucks at far pos1t1ons. The attenuat1on u1th d1stance due to terrain

s of 11tt1e effect at th1s s1te due to the- roadway e]evat1on

Rl



'Thévat;enuation wfth distance,then would be due to source characteri;tics
primar%]y Howeverk greeteriattenuafion with distance is méasﬁred than
preu1cted by the TSC program‘at the farthest pos1t1on, for wh1ch barr1er
attenuation is least s1gn1f1cant espec1a11y for tractor tra11ers at th1s
s1te Thus the trucks may be better represented by a ‘source mode1/w1th
greater attenuat1on w1th d1stance ) |
6.2.8 Route I-287, Section 1E, 48 and 56 (Bridgewater) - 0123 .

The whole s1te ana1/51s and step-wise regression for observeq versus
pred1cted levels cons1§ted on1y of. Pos1t1on 1 and 2 P°51F1°"j3 was not

“included because jts obseryed11eve1s were'too Tow to be‘exélained by any

_obvious noise attenuator at tre site. Since clean data was obfeiﬁed‘at the
site; the low_]evels at Position 3 may\have been due to some peeu1iarity.of |
fhe,area. ‘This‘same observqt%on,was\made fhxthe L]O data of the Second'Interim
Report. .Use of Leq fei]ed toj clarify the results. ‘

Comparisons - E1ementary Statistics and Regression

For the who]e site data the t-test on differences between observed.and
TSC pred1cted L levels shode the program significantly overpred1cted the .
observed 1eve]s S1mp1e 11near regress1on did show a constant oﬁfset of
predicted from cbserved 1eve1s over the first two pos1t1ons The corre]ation,
coeff1c1ent was fair and the standard error of estimate was reasonable.

Ind1v1dua1 pos1t10n t- tests shoued the TSC program overpred1cted proqress1ve1y_ :
more for Pos1t1ons 1 througH 3 L1near regression showed no constant offset
of preu1cted from observed 1evels The corre1at1on coeff1c¢ents stead11y
decrease from fa!r to very poor and nearly zero at Poswtwon 3. | The plot of
observed against pred1cted 1eve}s for Position 3 shows an 1ncreasang trend of

~

observed levels with 1ncreas1ng oreﬁwc*ed levels, ;xen an abrunt drop of

~

»observeu 1eve15-w1th the hwghest predicted levels. A parabolic fit is more

-
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”,app1icab1e to the data toan straight 1ine regression.v This type of behavior

s °v1dent for Position 2 to a lesser degree. The higher predicted levels
J

g correspond to higher truck volumes at a part1cu1ar pos1t1on, so there- may be

Al prob]em in the treatment of trucks bj the TSC prograii.

Inf]uenc1nq Factors - Step-Hise Regress1on

1

' The multiple regression‘equation for differences in observed end\TSC

) predicted L_ . levels versus input variables 1is:

eq ,
'd =-21.50954 - 0.04758 (Distance)- 0.00713 (Truck Volume) 2
#0.47312 (Truck Speed) |
The moltip]e'correlation coefficient was vefy good; the standard error
of estimate was small and much less toon that from simple linear regression
of obsefved and predicted levels. : |
The distance variable explains most of the differences in/obsefved and
'oredicted_levefs from Positions 1-and‘2 and is probab]y due to e%cess
R ground attenuation._ Truck vofumeland truck speed both were ioportant“
, ‘variables. This was the first site where speed was abievto be measured, The ’
e'fact it appears as a signiftcant veriab]e at this site dndicateé‘thet_it might
~ have ekp]ained some of the variance in the data at preceeding sites.. for -
which exact-speed data was not obtained. Itifurther indicates that the truck
vnoiSe:SOUrce'mode] may not be“adQQuate for prediction by the TSC program.
t,,The emission 1evels may be too nigh and tne attenuation w1th distance too Tow.

6. 2 9 Poute 1-80, Section 1B & 2L (iletcong) - M1£4

Comparisons - Eiementry Stat1st1cs and Regression

For the whole site data, tne t-test on differences between observed and TSC
pred1cted L e ]eve]s showed the program predicted observed levels. S1mp1e A
. linear regression between observed and predicted levels did not show constant

‘offset_bgt it had good correlation and reasonable ‘standard error of estimate.

‘-

&



 between 1eve]s

. Comparisons ».E]ementary StatﬂstiCs and Regression

predicted L
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: Ind1v1dua1 pos1t1on t- tests on d1fferencec showeu tne program

overored1cted Pos1t1on 1, pre?1cted Poq1t1on 2, and underpred1cted -

"~ Position 3 S1mp1L ]1near regress10ns at all pos1t1ons showed a constant

\
offset of observed from pred1cted levels but tie correlations were poorf

Inf]uenc1ng Factors - Step H1se Regress1on

The mu]t1p1e regress1on equat1om for d1fferences in. observed from TSC

predicted Leq levels versus, 1nput_var1ab1es is:
"d.= 22.6072 + 0.00587 (Distance) - 0.49768 (Truck Speed)
- 0.01218 (Truck Volume) , )

The nultiple cbrre1atioq coefficient was fair' the standard error of

estimate was reasonab1e and 1ess than that for 51mp1L linear reuress1on

D1stance was the most s1qn1f1cant var1ab1e affect1ng d1fferences and

15 due to the rough and uooded terra1n at the site. Tne attenuat1on due to

woods was exp11c1ﬁ1y added to]the TSC predicted Tevels as spec1f1ed in’ Reference

- 3. This is a crude procedure but it did apprecwab]y reduce tne TSC program S

overpred1ct1on at the s1te :

hws was the second swte for wn1ch comp]ete radar speed ddta was obta1ned

The truak speed and truck vo1ume appeared as q1gn1f1cant var1au1es in

~

'exp1a1n1ng the d1ffarances The trucL source mode 1 em1sswon 1evels may be

too h?gh and the attenuat1on w1th distance too 1ow

i oo

6.2.10 Route 1-80, Section ]B L (Metcong) - A58

For whole site data, thé”thest on differences. bptweén obsékved and TSC

eq levels showed the program\pred1cted the observed 1eve]s The

‘standard dev1at10n of tne dxfferences was the 1argest of all swbes, however

o
—5’\!-.
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The. 11near regression between observed and predicted 1eveis nad very poor
{

¢

corre]ation and reasonab]e standard error of estimate.
For individual position data, the t-test on differences. and the simple,
Tinear regressions produced results in line with the whole site results.

~ Influencing Factors - Step-Wise Regression

—

~The multiple regression equation for differences between observed.and

-

- TSC predicted Le ]eve]s is:

eq ‘ : , A

.7

d = 6.81857 - 0.86484 (Truck Percentage) - 0. 011u2 (Auto Volume)
The multiple correiation coefficient was very good; the standard errOr
of estimate was reasonable but much greater than that from simpie linear
regression of observed versus predicted levels. \ K |
This was the only 51te where truck ;percentage and auto vo]ume appeared
as 51gn1ficant variabies These traffic noise source variabies probabiy were -

due. to the difference in roadway alignment pa551ng each p051tion at this 51te

The roadwa/ went from an und1v1ded highwav by Position 8 to a w1de1y d1v1ded

- h191W6Y by P051tion 5. The absence ofgdistance as an infiuenc1ng factor in

) tne TSC program may be due to the explicit consideration of the attendation by

woods : | | | u o
6.3 OVera]i.hesulfs

The updated TSCfprogram predicted observed Leq noise levels on thewaverage

vat four of the nine sifes. This perfdrmante is'TOO%vhetter than the previous
"version of the program'used for the L]d noise levels. Significant improvement
was noted in tne proqram S barrier approximation for earth mounds at A1234. A
51gn1ficant increase 1n predicted levels at microphone p051tions c]ose to
the eievated roadway barrier was noted at A9101112, wiile p051t10ns far from
the barrier experienced a decrease in 1evels. ht other 51tes, predicted 1eveis

1

| genera]iv improved, bnt changed only within a two decihel range,n

A -60-
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The overa11 s1te variance of d1fferences between observed and pred1cted L eq

noise ]eve]s was. qenera]ly sma]ler than tne d1fferences between the L]
‘noise levels. 3 | o
T ’ e ' . - ) .
The average differences' between measured and updated TSC predicted

L1g and L., noise 1evels vere compared for representat1ve microphone pos1t1ons

eq
at the sites. ThlS vas done to determ1ne if 1mprovement in pred1ct1on was

~ due to the use of Leq instead of Ly, noise levels or the updated TSC

~program instead of the‘qld-TSC program. The average dffferences for L]O' (
andtLeq<descriptorS were aboutithe same by inspection,' Thus, most of the o
improvement was due to the use of the updated TSC program rather than the

Led,noise descriptor. A small improvement in prediction was due to the

Co . \ ‘ C e
overall reduction in variance between observed and predicted levels by
2 N ‘ ) ; .

using L,, instead of Lyg. |

eq ,
However, the inconsistencies in the microphone position data at sites

C1234 and B123 were not reso]&ed by the use of the Loq Noise descriptor
instead of the Lyg. That 15;‘the fnconefstencies'noted in the Second Interim
Repert for the L]d noise ]eve}s carried over inﬁo the Leq ieve]s even with
the updated TSC program.

- 7. Prediction Matrix

Because of the use of the updated TSC program, the conclusions in the
Secdnd Interim Report,conéérning_the preferability of using a harticd]ar
prediction method at a particular site were reviewed. Since differences in
observed and predicted levels were noted to be comparable for the Lyg and Lggq
levels with the updated TSC pﬁogram, observations abeut TSC Leq Qifferences/.
‘apply to TSC Ly differences.? The results of the Michigan progrem L10 predictions
\,in the Second Interim Report‘ean then be compared directly to the reSu!te of the

updated TSC program Leq predictions presented\fn this report for this purpose.
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As it;turnqd out, the same conclusions reached in the Second Interim Repbrt '
. weré rgachéd‘jn the review,and the samé‘recommendat{ons apply. |
To provide more readily useable recommendations, the reviewers suggesteq\
a hatrix be de&e]oped to recbmmehd prediction methods to use based on sitej |
characteristics. Therefdfé, each 6f the nine analysis sites were described
'by a squét’of a general set of site characteristics. Each cilaracteristic
‘was*pol]ed to determine which method of prediction was most recommehded for

~ those sites sharing that characteristic:
,‘Tab]e,d summarizes these conclusions abo@t whicii prediction program
with or without correct16n$ provided the best results for the particular
Qombinatfons of characteristics found af the analysis sites ip the firstfrow. 
COrrecthns are“réduired if there is a\significént difference between the
obsérved and predicted levels and the correction equations arc at the same time
vé1id.  0ne of the four possib]é,methods are\rccommended for each site. fhey '
are coded in the table as follows:
T; TSC predicfioh program
M Michigan prédiction prbgram
T-C: TSC program with correction equation
H«Ci Michigan program with correction equation
‘In addition, site characteristics were identified for thé_sftes and are
dividéd into tﬁo major groups pertaining to 1) source and 2) propagation pafh.’ |
The source characteriStics dEScribe‘the roadway and traffic found at the site. |
The propégétion'path Characteristfcé refer to the»ground’cover and terrain

between source and receiver. The characteristics listed in Table 4 are self-

s
-

expléhétory."
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 \ Each chahacteristic’(rdw) and site (column) element in the table
is marked with the code for ﬂhe method of prediction‘appropriéte to it.

Each row was evaluated to determine which possibile method is most fkequent]y
used for the,characteristié in that row. The best method for that.rowf‘

}
i

is indicated in the last CO1umn.
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O mmes .
S e PREDICTION MATRIX
| Si tes (Recommendation)
11 S| pep-g
) — (o] | n 43
: (8] ~ e~ : (3] . & T
1. 1 | || = o~ T |~ lee
=l ElIEITIZT =] E |EIFgE
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— — -] - W ()] Nl Bl B2 B E K0
) o o wmwlo |l < < | | |=|=zloe]
- | Elevated Roadway | T-C T T-C
. | At-Grade Readway | T|T-C M-C 11-C.
© | Transition Roadway | NR| |M-C M-C
o —— —
£ % Depressed Roadway |7 T
<] ‘ - - _ ,
8| Low Truck Volume T|T1-C TIT
| <] Higher Truck Volume NR|T|M-C|T-C|M-C|T} |T
Profile Grade ' B T
8| Earth Mound Barrfer NR|T[M-C i 1T
o2 | Open, Gress T-C|NR| T-C| M-C | T-C
OO : e
S5 | Woods M-C T|T|T
s H‘ous‘es | T T
T = Transportation Systems Center Program
T-C = Corrected Transportati on System Center Proqram
‘M - = Michigan Program
M-C = Corrected Michigan Program
NR .= No Recommendation”
|
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APPENDIX A

AFTER CONSTRUCTION NOISE SURVEYS BY SITE



s

_Locatibn : _ o i ; |
Route and Section: -RoLte 1-195, Section 1B
Street: Spicer Street | |
" Municipality: Hamilton Township JCounty;‘ Méfcer  R

E _
o , _Facility: Mobile survey van

"Souhd Propagation Path charécteristics ,
- : . : -
Roadway : Depressed"bu& visib]e to microphone
Barriers: None

Terrain: Vertical concrete retaining wall

Road Description

Pavement‘Type: Bitumipous Concrete
‘Pavement Quality: . Nonﬁalj/
 Number ﬁf'Lanes: Near Vanes 2 ‘Far lanes 2
Lane Width: 12 feet ’
iGrade:,Near'laneSj 1% - Far lanes +1%

Center Barrier: . None ;

Median: Grass, 36'fee$ wide.



)

Microphone Location - %,: LT "
| | .\ Position 1.
Height of Microphone \ - ¢ 6
above ground .
Height of mucrophone w1th - B | 31!
., respect to near lane : : . )
Distance to near lane - o 95!
Trafflc Data Collection : ﬂv o

‘Hand Counters o X

Noise Contributions from Other<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>