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ABSTRACT

Data on trueck noise measurements have been gathered for two
trucks, operating in accordance with the Bureau of Motor Carrier
Safety Noise Regulations, over "hard" and "soft" sites, and for
various Intermediate surface conditions. The results, averaged
for all operating condltions, indicate a difference between hard
and soft sites that increases with both the percentage of site
hardness and with microphone distance. The generzlly accepted
difference of + 2 dB{A) between hard-site and seoft-site data
speclified in the BMCS regulations 1s seen to be approximately
correct for IMI tests, but about 1 4R{A) low for passby tests at

50 ft. These results confirm those reported hy other investilgators.

i1

[PV —

T e T L AR o bie g

A R et 1 AL 3T e L



o Report No, 3962 Bolt Beranek and Newman Inc,

; |

(o] TABLE OF CONTENTS

I

,.5 ~ page

| ABSTRACT + vt etvenneseessnsonoensnoneennnesnsensernrneeneee, 114
- LIST OF FIGURES v v svesnrrneensoneuensonsnseueroneiroseeans v
LIST OF TABLES « v vt vuonsnonnsnseneeeeensnuenesnranseneses. Vil
'T SECTION 1. INTRODUCTION +ovvevurnvensonoornerannonansones 1
2. RESULTS AND CONCLUSIONS «rvvvrvreenvnrreneenes

g T A T Y L s o RS

2
{

E 3. BACKGROUND . vivvavnentnotovasesasonsavorsasses 3

3.1 ANELYSAS vt et e 3

3.2 Prior Experimental WOPK ...ivviennrnonens 6

8

8

™ B, MEASUBEMENTS i visteesvannsstonnanrssorosasssas
i Ij B,l GENErEY «tesvsrenroeertssarssssrosssessas

4.2 Instrumentation «.ivieaii et arios 10
4.3 The TrUCKS s uievsrntsaratnesatoorssisensss 1
B4 The PeSEE v vveevrirvtvanetnssonsnsssossas 14

TE T AL AN 1

SIS ST

b e ok
B oy ;‘

5. DATA ANALYSIS PROCEDURE ... viivennnninnnrnans 16

.

&, DISCUSSION OF RESULTS .vievvvnvenvniresrianons 35

ity g i
B ot L

1
L’ REFERENCES + + e s v vt ot s snsessssnesnsensosanesasesrsnasrsnsee 30
[E . APPENDIX A:

PR A R S B R R R R R R B R R R S R N R -A-l

AR
.

v B=l

.
BollOoIt'l'lcotoulIco'oO|vl-l'll.l"l'¢ll¢0'l..'

A

ia

.
C-ollnonnlonnca-lnn-nsooo.a.o-onun.cuo-u-u-lo-u

R
=38

Et_'.

AT T VAT T = e R

™
-

—

L

iv

-

U

PRt e i Arrm e et L E
—t

¥
3

A s e e




AT e £ A B e e,

WS TR e

Tt

T

RACrits i

veme e by

)

T I

TS g T e

R marr——— b P T i

i

i

aa

E

——
T
-

e

= & A

.

SR PO S

L5

Report No.

Figure 3.1

b1

4,2

k.3
boy

b.5

5.2

5.3

5.4

5.5

5|6'

3962

LIST OF FIGURES

Two sound paths from a nolse source (8), to z
recelver (R), near the ground ....vvurvvner.n

View across 150 ft wide runway used for
vehlele nolse tests vt it it ee e nrnnsas

Schematlc dlagram of fest site — Westfleld-
Barnes Alrport, Westfleld, MA ... vivirennes

Instrumentation used to record nolse data ...

Gasoline-powered "stralght truck" used as
NOLSE SOUPCE i it rs ittt s sistsssstonsovnnnns

Diesel~povwered tractor semitrailer truck used
85 INOISBEe BOUNCE ..ivveitietarriarnssrinssnsssas

Hard slte/soft site nolse level differences as
a funection of microphone distance: IMI -
diesel — right slde ...viviiiiiinereannnrrass

Hard slte/soft site nolse level differences as
a function of microphone distance: IMI -
diesel = 1eft 81de vt ie tiarnnsrnnoneranans

Hard site/soft site nolse level dirfferences as
& function of microphone distance:; IMI -
gas —right side ...ttt ittt ettt onaes

Hard site/soft site noise level differences as
a function of microphone distance: IMI —
gas — lelft side s iviniienenrnrinanissoainnas

Hard site/soft site nclse level differences as
a functicn of mierophone distance: Diesel
passbys — 35 mph — rlght slde . v iias e

Hard site/soft site noise level differences as
a function of microphone distance: Diesel
passbys — 30 te 35 mph — left side .v.vu v,

Bolt Beranek and Newman Inc.

page

11
12

13

13

20

2l

22

23

24

25




i
X
-l
o
i
2]

e T R Ty A e TR

et e g o a2

P

-

.

a -1

.

|

#

A
&

.
i ]

&s

gz

T

——

———

| S

1

Report No. 3862

5.7

5.8

5.9

5.10

5-11

5.12

5.23

5.14

5.15

6.1

6.2

LIST OF FIGURES f(Cont.)

Hard site/soft site nolse level differences as
a function of microphone distance: Diesel
passhys — 45 to 55 mph — right side ..........

Hard site/soft site nolse level differences as
a function of microphone distance: Diesel
passbys — 45 to 50 mph — 1left side ..ivirereoss

Hard slte/soft site noise level differences as
& function of microphone distance: Gas
passbys = 35 mph — right si1de ... cvvivvininns

Hard site/soft site nolse level dlifferences &as
a funetien of microphone distance: (as
passbys — 35 mph — left side ....vivisiiienen

Hard site/soft site noise level differences as
& function of microphone distance: Gas
passbys — U5 mph — right s1de v v orrnaness

Hard site/soft site noise level differences as
a funection of microphone distance: Gas
passbys — 40 mph — 1left side v vsvrineiiiin

Hard site/soft site noize level differences as
a function of mlerophone distance: Total IMI .

Hard site/soft site nolse level differences as
& function of miecrophone dlstance: Total
<22 1= o 1 =

Hard site/soft site noise level differences as
a function of microphone distance: All data .

Comparison of results from present experi-
ments with those of previous studies 2t 50
ft. Hard site minus soft site nolse level
difference vs percentage of site hardness ....

Sound level difference between a 100% hard
site and a typical "soft" (l.e., 322 hard)
site, as a function of mierophone distance ...

vi

Bolt Beranek and Newman Inc,

page

26

a7

28

29

30

31

32

33

34

36

38



s

e

R et S P

RIS It e L ir v

¥

e

L

1

v
-———

R |

S

B

L

L3

Report No.

Table 3.1.

3962 Bolt Beranek and Newman Inc.

LIST OF TABLES

page
Results of measurements of truck noilse at soft
vs hard sites, as reported by other investlga-
7o o Y 7

Percentage of surfece hardness used in subse~
quent computations t.veeerir e riiiiaenaaas 16

Serizl numbers of instruments used for hard
slte/soft fleld measurements ....vivenerroieaes A=2

Measured sound levels. Each value is the
average of five measurements .....iiivissessens B2

vii

e TP IS e




T e

58 ety e A e

R T

I
i

L P

P

CRCRE Sl S e

f

N e o2 o B

TR

T DB ST

e

|

is

-

P

—

Report No. 3962 Bolt Beranek and Newman Inc.

1. INTRODUCTION

The Department of Transportation Bureau of Motor Carrier
Safety Regulations for Enforcement of Motor Carrler Nolse Emlssion
Standards (49 CFR 325) specify in some detzil the reguirements
for sites at which motor carrier nolse 1s fo be measured for en-
forcement purpcses., Included In these requirements are the pro-
visions that measurements must be made between 35 and 83 rt
(10.7 m and 25.3 m) away from the center line of the traffiec lane
traveled by the vehicle and that the results zare to be interpreted
differently for "hard" and "soft" sites.

The regulations deline a "hard" site as "any test site having
the ground surface coversd with concrete, asphalt, packed dirt,
gravel, or similar reflective material for more than 1/2 the dis-
tance between the [traveled lane] and the mierophone locatlon
point." A "soft" site 1s "any test silte having the ground surface
covered wlth grass, other ground cover, or similar absorptive
material for 1/2 or more of the distance between the [traveled
lanel and the microphone location point."

The regulations indicate that the difference between noise
levels observed at hard sites and at soft sites will be + 2 dB(4A),
regardless of the distance between the measurement miecrophone and
the traveled lane, The purpose of the work described here was to
obtain limited additional experimental data on the difference in
nolse levels between hard and soft sltes, particularly for micro-
phone spaclngs of less than 50 £t (15.2 m). In addition, infor-
mation was obtalned pertinent to the possibllity of enforeling
truck noise limits wilth measurements made at dlstances less than
the 35 ft (10.7 m) minimum distance allowed by the regulations.
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2. RESULTS AND CONCLUSIONS

The results and conclusions, based upon measurements of two
trucks, can be summarized 1in four major points.

First, the difference between maximum truck noise levels ob-
served at "hard" sites and corresponding levels observed at "soft"
sites 1s a strong function of the percentage of surface hardness,
and this difference increases with the percentage of hardness.*¥
For example (see Fig. 6.1), at a measurement distance of 50 't
{15.2 m), the difference ranges from about 1 dB{A) for & 25% hard
site to 3 to 4 gR(A) for & 100% hard site.

Second, the hard-slte~to-soft-site difference 1s & functlion
of microphone dlstance: The greater the mlerophone dilstance, the
greater the difference. For example (see Fig. 6.2), golng from a
100% hard site to a typical soft site ylelds a difference of 1.5
dB(A) at 25 £t (7.6 m), and about 2.5 dB(A) at 50 ft (15.2 m).

Third, the results of this study generally confirm the re-
sults of previous investigators for IMI/low-speed-acceleration
truck operatlons. However, lor truck passby operations, the pres-
ent results indlcate a hard-site~to-soft-site difference about
0.5 dB({A) less than reported by others.

Finally, these data indicate that the 2 dB{4) dirfference bhe-
tween hard- and soft-slte truck noise levels specified in BMCS
régulations 1s slightly low, but approximately correct. However,
it can vary by + 1 dB for the range of conditions that could occur
in rleld enforcement practilces.

#lpercentage of surface hardness" 1s defined here as the percentage
of pavement along the shortest path from the vehicle track teo the
microphone. See Table 5.1.
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3. BACKGROUND

3.1 Anaiysis

Although a conslderable body of experlmental data has been
accumulated on the subject, the effect of the ground surface on
the propagation of sound from a source to a recelver 1s 'still
imperfeetly understood. (Appendix C contains the biblilography of
literature reviewed for this report.) As stated by Pierecy gt al.
[z], this 1s "an intricate and rambling subject both mathemati-
cally and conceptually." Some of the reasons why this is so are
that the propagation losses are lntimately dependent upon the
geometry of the configuration, the acoustle impedance (complex)
of the ground, and local atmospheric inhomogenelties. Some of
these parameters cannot be controlled, or even defined, for any
glven test confilguration.

Consider the geometry of Fig., 3.1. Two sound ray paths are
possible between the source, S, and the receiver, R: The dlrect
path has a length, ri, and a longer refllected path has a total
length, r.. If we assume plane waves (l.e., no spherical diver-
gence) and a locally reacting ground surface, the ratie, C, of
the acoustic pressure of the reflected wave at R to that of the
direct wave 1is:

D Z2_ sinbBepe
. “reflected _ “g (3.1)

0 = =
pdil"ECt Zg sin9+pc

Thlis 1s called the reflection coefficlent of the ground, where pc
1s the characteristic lmpedance of the air.

If the ground surface is acoustlcally very hard and the re-
fleetlions are specular (i.e., as f'rom a mirror), then ZE »> pe
and:

(3.2)

Q
n
[}
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In thils perfect-reflection case, the two waves will add together
at the recelver when r; - r; is an integral number of wavelengths,
and they wlll interfere or cancel when r: - r: 1s an odd number

of half wavelengths. Obvliously thils summatlion or cancellation
effect will be & funection of sound frequency and geometry.

On the other hand, if the ground 1s acoustleally very soft
{t.e., Z_ << pec), then C approaches -~ 1, and there is & 180° phase
reversal of the wave upon reflection. Then the interference pat-
tern reverses, and the direct and reflected waves cancel for
rs - ry egual te an integral number of wavelengths, and they add
for r; - r; equal to an odd number of hall wavelengths.

Finally, for any finite value of Zg, a 180° phase reversal
(C = ~1) occurs for grazing incldence as 6 approaches zero. Be-
cause r; essentially equals r. at grazing lncildence, the two
waves cancel and plane-wave propagatlon cannot occur.¥®

The impedance of the ground, Zg, is a complex function of
frequency and angle of incildence. It chahges with the type of
ground cover, water content, and other climate-dependent variables.
In the same way, the effectlive lengths of the direct and reflected
sound paths r; and r; change because of local atmospheric inhomo~-
genities and differences in the helghts of the many separate nolse
sources of a truck. PFinally, the ground is seldom perfectly flat,
and the surface irregularities that are comparable to or larger
than the sound wavelength can produce sound scattering rather than
specular reflectlion. It is because of these complexities that
the prediction of sound propagation near the ground is far more

#Thls 1s not true for the more general case of spherlcal waves,
however. For spherical waves, a ground-wave term analagous to
that existing in electromagnetic propagation takes over to pro-
vide some slgnal under grazing-incildence conditions.
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coﬁplicated than the simple description that we have glven here.
In general, any real configuratilon, such as that used lor motor
carrier noise emission regulation, cannct be handled analytically
and must be treated empirically, wilith some guldance provided from

the simplifled analytical picture.

3.2 Prior Experimental MWork

Other investigators have published data on the effects of
soft vs hard sites on truck noise measurements. Several of these
studies are summarized in Table 3.,1. An interesting trend is re-
vealed by comparing the first three rows — data for trucks accel-
erating at lew speed — with the second three rows — data for
trueks passing by under power. The former indlcate a hard-zlte-
to-soft-site difference of 2 dB(A); the latter indlcate a corres-~
ponding difference of about 3 dB{A). This trend is also noted
in Ref. 3, where the author cautions that it 1s in need of further
verification, Of course, the generally accepted difference 1is
2 AB(A) rfor all test conditions, as specifled In the regulation
and other literature [4].

Fataateen .,




]
=
=
L)
W “S331TS 1J05 IJA0 @m\mﬁ. m.: 01 S811s pamy OTYJeay,
[ [ 4240 pp/dp £ wWoif aBuwys S31BOTDUT BIED paINSTaW OF 41} Teotaiduy fgqssud zamog JuTMoT
e ==X g
- g
= (ufun{ L6 o1 2L)
€2 | 89 19 % gcz 2t a9l oor (= 2-6T) ydiw gg 03 Gy onag,
- 11 0% ‘fgssed zamog | qustsuesg
s (/e 16 0% 2L)
by £°2 | ey -z 9ee 8t 62 w1 (w251} ydw g9 0% G syonIy
o« 15 0% ‘fqssed asmog | jusysumrgp :
= (u/mt gg) :
a gtz |66 | 1€ 05 2 £2 6 (u 2°41) ydu ¢¢ gnoge s}onIy
1J Q% ¢ fgssed Ja3mog EERitnA
3 (4/my £5) ~ m
£ 89 2 {23101} i {=2xeT) 3 {u 2-47) udu 6 > s}onag,
1J 0% 1B UCIIRIaTa Dy JUaTSUBIY, ;
(a/uq gy) :
. € 29 g1 90N kA 904 00T (m 2-67) ydo o » sianiy, :
1J 06 18 UOTJeIsTaa0y FUSTSUR.LT, H
(tdw Qg 01 02)
£'2 | 6% 02 44 2€ gL 16 (u 2-5T) a99e [-avs sjonay,
1F 04 Jad unoTjEIATIIOY Iaayy,
o “s19y | wg | (v)ap SYINA] paey ¥ SYInUuL paey ¥ | asueasiq apoy 3anog
=i v v 30 aaquny 30 saquny fulieaadg astoy
o 311 1408 alts paey
S *SHOLYITLSIANE i
o 43H10 A9 (310434 SY “SILIS GHYH SA 1405 1Y ISION XJA¥L 40 SINIWIWASYIH 40 SLMS3Y  "T°E JTave
o
Cooo U0D bR RTorT? opmr ogr? o gtmo oemw gos mem mewm rTroThg oThe oY OTTY OiThoT )

%
T T b T R AT I R ) i 2 e P ST LA L L KNS C LAY 1y 1 i RN e e AT R wm L T I e R L et




A LD T o 4 b et s e e 1, -

AT IR e g e

et S )

L L AL P e

L i

LT A i

aan et

SN SO B |

-———

[*Jyst

&
S

i.

(A

e

—

{

{3

L

Report No. 3962 Bolt Beranek and Newman Inc.

4, MEASUREMENTS

4,1 General

Field measurements were performed July 27, 28, 31, and
August 1, 1978, at Westfleld-Barnes Alrport in Westfield, Mass-
achusetts. An abandened runway, currently unused but meintained,
was used as the "road." This runway is about 3300 £t long and
150 ft wide. It has an asphalt surface, with both shoulders

grassy and level.

Westfleld-Barnes Alrport was chosen because of the excellent
condition of the unused runway and 1ts relatlve proximity to Bolt
Beranek and Newman's Cambridge offices. A runway, rather than a
highway, was selected as the ldeal test site because its width
allowed a large working area for microphone layout and because
there were no paved shoulders. (See Fig. U.1.) Recelver locatlons
could then be varied incrementally, from soft te¢ hard. That is,
the locatlons could be all on the grass heslide the runway (soft):
there could be various combinations of partially hard, partially
soft locatlons; or all the locations could be on asphalt (hard).

Airerarlt activity at the airport was light. When an occa-
sional ailrcraft produced noise that might have interfered with the
truck nolse measurements, the truck noise measurements were repeated.

The weather during the measurement period varied somewhét,
but condltions were generally fair, clear, and cool. Temperatures
averaged 60°F; wind speed ranged from O mph to 10 mph. No measure-
ments were taken during occasional wlnd gusts of up to 15 mpﬁ.
The coolness assured that the pavement dald not get hot and soft,
and 1ts characteristics are believed tc have remained ccnstant.
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FIG. 4.1. VIEW ACROSS 150 FT WIDE RUNWAY USED FOR VEHICLE NOISE TESTS,
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Five 10-rt (3-m) wide lanes were marked out with traffic
cones and spray palnt. Lane 1 was nearest the edge of the runway
and Lane § farthest from i1t. (See Fig. 4.2.) Tests werg run
with the noise source vehicle in each of the five lanes. The
mlcrophones were moved with each lane change to maintain a con-
stant distance from the source., In this way, the percentage of
hard surface between the source and the mierophones was varied.

4.2 Instrumentation

GenRad 9601 microphones were placed at distances 25, 31, 36,
and 50 £t (7.6, 9.4, 11, and 15.2 m) from the centerline of the
lane being used for the tests. A reference microphone was placed
50 £t (15.2 m) from the lane centerline on the opposite side. All
microphones were at a height of 4 rt (1.2 m). Each microphone
was connected through a cable to a GenRad 1982 Sound Level Meter,
which provided a digiltal read-out of the maximum sound level ob=
tained on the "fast" response scale, See Flg. U4.3. These meters
hold this maximum reading until they are manually ¢leared. An
anemometer was used to record wind speeds. Detalls of the sound
measurement eguipment are listed in Appendix A.

4.3 The Trucks

Two trucks were used: 2 gasoline~fueled and a2 diesel-powered
trueck. The gas, or stralght truek, was a rented U-Haul, as shown
in Fig. 4.4, This truck has a V-8 engine of 330 cu in. displace-
ment, and a manual four-speed transmission. It is 28 ft long.
(Its U~Haul equipment number is 3633TP60%2C,)

The dlesel truck was a tractor semltraller. This truck is
a 1975 Brockway, Model KL-360. See Flg. 4.5. The engine 1s rated
at 425 horsepower; 1t is manufactured by Caterpillar and has six

10
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FIG. 4.3.

INSTRUMENTATION USED TO RECORD NOISE DATA.
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FIG. 4,4,

GASOLINE-POWERED
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cylinders., The exhaust system is manulactured by Riker. The
exhaust 1s from a hlgh stack on the right slde ol the cab. The
trailer 1s 24 £t long,

The use of only two trucks limits the general applicability
of the data reported here.

4.4 The Tests

Two types cof tests were performed with each truck in sach
lane. One was a statlionary test, the other a passby; For the
stationary test, the truck first was run at idle, then was revved
up to full throttle, and the accelerator was then immediately re-
leased. This test 1s referred to as an Idle-Max-Idle (IMI) test,
and nolse measurements were made on both the right and left side
by turning the truck around. This was repeated five times in
each lane, on each slde.

Passbys were also dene in each lane, on each side. These
tests were done at two speeds: a low speed of 30 to 35 mph, and
a higher speed of 40 to 50 mph. Speeds for each passby were re-
corded. Because of a very slipht grade in the runway, the speeds
were slightly greater during the downgrade runs than during the

upgrade runs.

The test procedure was as folliows: After the instrumentation
was set up for Lane 1, five IMI tests for both the left side and
the right slde of the stralght truck were performed. Then, again
with the straight truck, 35~mph passbys and then 45-mph passbys
were run, also flve times per side. The maximum sound level at
each receiver location was recorded for every run, Since the
trueck ran both up and down the runway, both right- and left-side
passby results were qulckly acquired. The entire procedure was
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then repeated in the same lane with the dlesel truck. MNeasure-
ments of the diesel truck were taken with and without the traller,
and the presence of the trailler did not appear to affect the nolse
levels, but there were, then, more tests performed with the dlesel
truck than wlth the gasollne truck. After all ftests on both
trucks were completed, the entlre procedure was then repeated for
Lanes 2, 3, 4, and 5.*% By changing to lanes farther from the
shoulder while maintaining constant source-to-microphone spacings,
the sound path was changed from beling essentlally all over a soft
surface (Lane 1), to partially over soft and partially over hard,
until ultimately, in Lane 5, the path was essentlally all over

& hard surface. Each time the lane belng used was changed, zall
the microphones were moved to maintain the 25, 31, 36, and 50 ft
(7.6, 9.4, 11, and 15.2 m) distances from the lane centerline.

All the data, averaged over the five runs In each configuration,

are given in Appendlx B.

#No passhy data were acquired with the diesel truck in Lane 2,

15
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5. DATA ANALYSIS PROCEDURE

After calculating means
runs of each test case, filve

the relative change in noise

which the sound had traveled.

Step 1

The "percent of surface hardness' along the sound path
from the source to each miecrophone was determined for each
These values are tabulated belcw.

test lane configuration.

PERCENTAGE OF SURFACE HARDNESS USED IN SUBSEQUENT COMPUTATIONS.

Bolt Beranek and Newman Inc.

and standard deviations for the flve
baslc steps were used to determine
level with response to the number of
feet of "hard" surface (asphalt) vs "soft" surface (grass) over
All analyses were done with the
five-run averages listed In Appendix B,

TABLE 5.1.
Hard-Surface Distance from Noise Source
Distance from to Microphone {ft)
Centerline to Edge
Lane of Pavement 25 31 36 50
1 5 207 16% 149 10%
2 15 60 48 42 30
3 25 1Cc0 81 69 50
h 35 100 100 a7 70
5 Ls 100 100 100 90
Step 2

together.

the

For each truck and truck-operating condition, and for
each microphone position applicable to
ating condition, the data for the flve
Within each such group,
reference (far-side) microphone durlng

that truck and oper-
lanes were grouped
level observed &t the
truck operaticn in
Eaech of the

Lane 5 was arbitrarily selected as a standard.

16
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dirferences between this reference level and the reference
levels observed during truck operations in the other lanes
was then applied to the corresponding mecsured data for the
octher lanes, for that microphone spacing.

This procedure normalized the measured levels for each
microphone spaclng and corrected for any change ln truck
noise output from lane to lane.

Step &

For pach of the groups of measurements nermallzed in

Step 2 (i.e., for the normalized data from five lanes of oper-

ation corresponding to each microphone spaclng, truck, and
operating condition), a linear regression of the form L =
a (ZH) + b was computed for the five data poilnts., The values
of percent hardness (FH) were taken from Table §5.1. Using

this equation, the nolse levels that would have been observed

at 0%, 25%, 50%, 75%, and 100% hardness were estimated.

This procedure ylelds levels at each microphone spacing
that are directly comparable, in terms of percentage of hard
surface under the sound paths.

Step 4
The level at 50 ft (15.2 m) for 0% hardness from Step 3

was then selected as a reference and subtracted from all other

levels for varlous microphone spacings and hardness percen-
tages for each of the fellowlng truck operating conditions:

¢+ IMI - diesel -~ right side
* IMI -~ diesel - left side

17
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+ IMI - gas -~ right side
+ IMI - gas ~ leflt side

diesel right side ~ 35 mph

+ Passbys

dlesel left side - 30 to 35 mph

» Passbys

+ Passbys - dlesel - right side - 45 to 55 mph

« Passbys ~ diesel left side - 45 to 50 mph
» Passbys - gas - right side - 35 mph

+ Passbys - gas left side -~ 35 mph

+ Passbys - gas - right side ~ 45 mph

. Passbys - gas ~ left side - 40 mph.

This ylelded changes in level (AL) as a function of dis-

tance and % hardness that are plotted on Figs. 5.1 through 5.12.

Step &

Linear regression equations were computed of 4L as a
function of microphone spacing (distance, D) for each of the
data sets on Figs. 5.1 through 5.12, The equatlons are
shown on the figures.

The results of all IMI tests were then combined; they are
illustrated on Fig. 5.13. The comblned results of all passby
tests are shown on Fig. 5.14. Finally, the combined results of
all tests are illustrated on Fig. 5.15.

Note that each of the "data" points on Figs. 5.1 through
5,15 represents a difference (Step 4) between interpolated numbers
{Step 3), normalized (Step 2) from averages of raw data. Thus,
the actual number of raw data observations contributing to each

18
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of these points 1s obscured. In general, however, each point on
Figs., 5.1 through 5.4 and 5.9 through 5.12 is interpolated from
regressions fitted to 25 raw data points (averages of five runs
for each of flve lanes). Each point on Flgs. 5.5 through 5.8 is
interpolated from regressions fitted to 40 data points (averages
from five runs, for four lanes, with and without the trailer).
Each point on Fig. 5.13 is similarly based upon 100 raw data
values, and each point on Fig. 5.14 is derived from 260 raw values.
The points on Fig. 5.15 are derived from 360 raw observations.

19

M e L B spm - 2 rany e




P S AR b TS 8 e

PR TRUR T C e e Ly

R

i e

SR PE

SRVt il pr

e

et

repaeeTin

Eay

WRE e LTI M TR ey

P TENL IR

i

-..—
A

£

1

-

R |

% &3 o8 &% 8 &% 3%

2

Py ]

L
)

[ |

[ .

Report No. 3962 Bolt Beranek and Newman Inc,
12 T T T T T T T
8l— —

4_ iy
<
[4+]
2 0
-
<
-G -

—=— 100% HARD AL =22.41 -11.55109 D _
aghe]| ~~8-- 75% HARD AL =21.04 -11.12 log D -1
wokerrs 50% HARD AL = 19.7¢ ~10.75 1og D
«mD.— 25% HARD AL = 17.92 ~ 9.99 log D
—B— 0% HARD AL = 1855 -~ 9.57 log D

.12 l ! [ D N B
10 20 30 40 50 60 70 80 80100

DISTANCE D (ft)

FIG. 5.1. HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION
OF MICROPHONE DISTANCE: IMI ~ DIESEL — RIGHT SIDE.
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FIG. 5,2. HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION
OF MICROPHONE DISTANCE: IMI — DIESEL — LEFT SIDE,
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FIG. 5.3. HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION
OF MICROPHONE DISTANCE: IMI -- GAS — RIGHT SIDE.
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FIG. 5.4. HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION
OF MICROPHONE DISTANCE: IMI — GAS — LEFT SIDE.
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FIG, 5.6. HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION
OF MICROPHONE DISTANCE: DIESEL PASSBYS ~ 30 TO 35 MPH ~

LEFT SIDE.
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FIG. 5.7. HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION
OF MICROPHONE DISTANCE: DIESEL PASSBYS — 45 TO 55 MPH —

RIGHT SIDE.
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FIG. 5.9. HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION

OF MICROPHONE DISTANCE: GAS PASSBYS ~ 35 MPH — RIGHT SIDE.
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FIG. 5.13. HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION
OF MICROPHONE DISTANCE: TOTAL IMI.
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6. DISCUSSION OF RESULTS

The BMCS regulatilons define a "hard" site as one paved for
more than 50% of the sound path., A "soft" site has 50% or less
pavement (see Sec. 1 for exact definitions). 1In practice, a soft
slte is rarely less than 32% hard, bhecause 1t is underlaid by
haif the active vehlcle lane and a paved shoulder or breakdown
lane [3]. However, fully hard sites are common.

The IMI test procedure used in this study is generally ac-~
cepted as beilng most comparable to results obtained with trucks
accelerating at low speed during roadway operatlions [¢]. Using
thls information and the "percentage site hardness" observation
mentioned in the previous paragraph, 1t is possible to compare
the results of the present study wilth those of previous inves-
tigators, as they are summarized in Table 3.1. This cemparison

is 1llustrated in Fig. 6.1. The locations of the data points from

prior studies on the abselssa of Flg. 6.1 are based upon the
differences 1n the percentage of surface hardness between "hard"
and "soft" sites as reported by the previous investigations.

See the next to last column of Table 3.1.

It 1s seen that the present results for IMI operations are
quite comparable to those from previous studlies. However, the
present results for passbys are about 0.5 dB(A) lower than
brevious results. The reasons for this difference are unknown,
but could be caused by the very small sample of trucks used in

this study.

In any case, there 1s a clear indication that the nolse
level difference increases with percentage site hardness, rather
than being constant as implied in the BMCS regulations. Fur-
thermore, the present results confirm the observation of
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6 T | 3 T

O PASSBYS, PRESENT STUDY, FROM FIG. 5,14
© PRIOR PASSBY TESTS, 2nd THREE ROWS
OF TABLE 3.1
S5~ | ® IMI, PRESENT STUDY FROM FIG. 5.13
® PRIOR ACCELERATION TESTS, FIRST THREE
ROWS OF TABLE 3.1

| e &

f
BMCS REGULATIONS
{23 = MOST LIKELY

SOUND LEVEL DIFFERENCE AT SO f1 {dBA)
[2)
I

H o,
SOFT-SITE RANGE )
0 I P ELLA SRR ! !
o] 20 Ll gy e 60 80 100
% HARD

FIG. 6.1. COMPARISON OF RESULTS FROM PRESENT EXPERIMENTS WITH THOSE
OF PREVIOUS STUDIES, AT 50 FT. HARD SITE MINUS SOFT SITE
NOISE LEVEL DIFFERENCE vs PERCENTAGE OF SITE HARDNESS.
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Ref. 3 —~ that a greater hard-site-to-soft-site noise level
difference occurs for passbys than for IMI tests.

The British data indicated in the last row of Table 3.1
are based upon Lla levels for free~flowing trafflc and can not
be directly compared with the present data for indlvidual trucks.
However, note (Fig. 5.15) that the slope of sound-level differ-
ence vs distance dees indeed decrease with increasing percentage
of site hardness, golng from about 5.2 dB/dd at 0% hardness to
3.9 dB/dd at 100% hardness, a difference of 1.3 dB/dd.

In general, the decrease in sound level with distance does
not approach the classie 6 dB/dd for the datz reported herein,
Thls suggests that the measurements at dilstances of less than
50 f't from the trucks are in the near fleld of the nolse source,
and/or in a reglon of prenounced ground-reflectlon effects.

FPinally, there 1s definltely a trend of inecreasing sound
level difference with increasing microphone distance, as 1llus-

trated in Fig. 6.2, In this figure, the difference in sound levels

for a 1005 hard site and for a "typical" (i.e., 32% hard) soft
slte 1s plotted as a function of microphone distance. The hard-
slte~to~s0ft~site difference 1s about 1 AB(A) less at 25 ft than

at 50 ft for typiecal site conditions.

Note that the results illustrated on Fig. 6.2 would shirft
up or down relative to the BMCS-speclfied correction, depending
upon the cholee of percentage of site hardness selected.
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SOURCE LEVEL DIFFERENCE {dBA)
L
I

! | B

—DO~— IMI TESTS, FROM FIG. 5.13
—C— PASSBY TESTS, FROM FIG. 8.14
-~@®-~ ALl TESTS, FROM FIG. 6.1

/CI P
Pl SPECIFIED
- CORRECTION

1 | | IS RSN A N

FIG. 6.2.

20 30 40 850 60 70 80 90100
DISTANCE D (ft)

SOUND LEVEL DIFFERENCE BETWEEN A 100% HARD SITE AND A TYPICAL
”SO{;T" (i.e., 32% HARD) SITE, AS A FUNCTION OF MICROPHONE
DISTANCE.

38

2L i L3 4 B2 kb iy 4R it S 4

T e e T A A e A i P i b R P A s P e A A



i
o
14
by
ki
£
X
ko

']

]

!

0
i 13
i
]

st e

I N R T T TR

SRR S oot n
—
T

S riaa

T

[aithes SIS 0%
E 5

T i e

| -

e ot O e T Ty ety S

PUVEERRRENP

Report No. 3962 Bolt Beranek and Newman Inc.

REFERENCES

J.E, Plerey and T.F.W. Embleton, "Review of Nolse Propaga-
tion in the Atmosphere," J. dcoust. Sece. Am. 61 (6), 1403~
1418 (1977).

E.J. Rickely and R.W. Quinn, "Neise Measurement Data for
Highway Site Qualification," U.S. Department of Transporta-
tion, Transportation Systems Center, final report draflt,
1976, Data as analyzed in Ref. 3.

Donald B, Ples, "Assessment of Ground Surface Corrections
for Motor Vehicle Noilse Measurements," Wyle Research Report
WCR 77~9, February 1977.

B.H. Sharp, "A Study of Truck Noise Levels and the Effect
of Regulations," Wyle Laboratories Report WR 74-8, prepared
for U.S. Environmental Protection Agency, December 19TH.
Datz &s reported ln Ref. 3.

M.E. Delany, et al., "The Prediction of Noise Levels L% Due
to Road Traffic," J. Sound & Vib., 48(3), 305-325 (197 ?-

35

Atk g




I T S, SIS R A SN e e e

vt

Bolt Beranek and Newman Inc,

APPENDIX A
A-1

3962

Report No.

iplen vt A

; - —_ n.i.w. .].ll l):u.‘ - - N . . R .

D H.l.la ﬁt - — - N —r [ “. - mﬂf - m Lk o] o llieiid im. ’ﬂﬂ Iﬂr.m [ m n&.m nﬂvu mﬂwu ﬂmﬂh J.rinu

I T e T K e = 2§ B LR e T S A T R TR WA L P e ) o
ASTLIR R T T R R T S S A T Tt VT T TR LAV T B i S it




i
s
LI
i
:
=
I
b
i
5
gt
b -y
5o
2‘5

(I |
i

SR
I
i
e
5»‘. !

S P  rork EaX)

r .

B leacats:

ol

g

TSy

T

[+ g

ez

TETRT

=

I S

v
I
L
I
v
g

=

s EBE=

¥
~

=t

-

P Sttt

Report No. 3962

TABLE A.1, SERIAL NUMBERS OF INSTRUMENTS USED FOR HARD SITE/SOFT FIELD

Bolt Beranek and Newman Inc.

MEASUREMENTS . *

System 25 ft 31 ft 36 ft 50 ft Ref.
Microphone

SR1962-9601 6727 5121 2306 1012 5189
Preamplifier

9RP. h2 LgB 1797 1776 1534 1910
SLM: 9R;982 0850 0905 o702 0205 1130
Power Supply:

BEN No. 17 18 a3 28 29

*The same equipment wes used for each lane, therefore, the

25, 31, 36, 50, and reference equipment were the same in

every case.
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APPENDIX B
B-1

MEASURED TRACK-NOISE DATA, AVERAGED
FOR THE FIVE RUNS IN EACH TEST CONFIGURATION
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P TABLE B.1. MEASURED SOUND LEVELS. EACH VALUE IS THE AVERAGE OF FIVE

'y
P
: MEASUREMENTS.
Vope
v f H Average Sound Levels in ¢B{A) Observed
: ~A . Test Information at Specified Distances from the Truck
: Truck Test Lane Ref. 25 ft ] ft %6 ft 50 ft
B { X ol % 0 x 9 X a % g
o Plenel MEevsppt |1 [l 943 6| g36 .33 w2t 2. sl 1.0f 801 7
K N IHI = left 1 [l 91.6 6] 92,9 L3314 92k ,3]s82.4 2] gn,h .2
R Dieael, w/traller | 1Ml « pight 2 [ 2.9 .3 e%8 LU | 836 .2[927 WU s1,6
’ i " IM] = leftr 2 || 2.0 W) oou,r .2 | 438 Lo b0 L] g2 i
i " IN! ~ right 3 930 6]95.5 i |ok8 B {oky .8 gob .6
o " IHI = left 31921 7953 .2 [ 9%s 2| 938 5] 91,3 .6
; " M - right || s3.8 ks Wk fak2 .5 (933 .2 pof .6
* ] - left k L8 W5 )95 Wb oSl L2 [9%.2 L2 93T .6
" Ml -~ right 5 f| 93.6 696 b |95k W3 |9k LWL 92,5 .5
" I - lefe 5 92,0 .elofo .k oS .5 5.3 L8| 833 1.0
Gap truch, londed | M1 - ripht 1 )| 63.0 5] 865 .5 |8us 6 (&L 5] 9.9 .2
" IHl - lafe 1 || 8a.5 .2 866 .3 |83.6 .2 |83z .2)| 8.5 .5
" IM! = right 2 | 83.0 .3 B7.6 .2 | B6.2 W3 [ B2 | 81,2 .3
N M = left 2 (83,0 .3|BT.% .2 [85.6 .3]B8LAB 3,3 813 5
" 1 - right 3l 830 .1 87.9 .2 | B6L .6 |Bs,a L | B, b
n Ml - left 3 |fse.2 L 676 .3 |8&5.8 .2 (8u6 k]| B2 b
" IM] « pipht Lol &2.% LA | BY.T .2 86,5 .3 | 85.1 2| 826 .2
" M1 - loft L || ga.5 . [ B7.3 .2 | BS.2 .2 |82 3] B2 .2
" =] IMl « right 5 g2.3 +3 88,1 Ty 81.6 +3 86.% 1 83.1 -3
" N . lefe 5 || 82.5 L] BT,9 .1 B6.S .2 ) Bs.2 .3 8z .3
Gan truck i%aph pazsby
right 1 73,3 6] 166 & | 7h.S & [10.8 7| 7008 .2
" 15zph laft L1 (f75.% 5| T8 7 | 769 1.0 72,3 5| 2k L9
" 35mph right 2 [f73.6 .B] 7B 1.0 [T75.2 .6 [T3.5 .6 70.7 1.0
" I5aph et 2 J7s.7 .8 800 LT THhe 1.3 [ 763 L4 | 1.7 .8
" J5mph right 3 [ 75.8 3.3 [ Bo.3z .0 | 78.7 9 [T JB] Tha 1.0
" 35mph left 3 [75.% T84 Lo [77.8 .5 |76 . Thio 1.0
" 35mph right L 73.9 51 18 . 16,5 T ] 75,2 6 [ T3 -]
- " 35mph left | 15.5 & | T9.9 .6 |78, A 7176 6 155 L3
" 45sph right 5[5 T {796 L2 [ 783 8 IT.e 1| Tho .
" I5mph left 5 §75.5 .2 15.9 .6 |79.8 .6 J77.9 .T] 75.6 1.0
" kSoph right 1 |f79.3 & &23 .5 (8.6 .6 (769 .2| 168 .7
" Lomph deft 1 | 17.6 6 80k LT |7BL 5 [T L3 Th2 .
" umph right 2 ) 78.6 LB 832 12 60,9 22 |79.6 o] v66 1.2
h Lomph left 2 (| t.9 .B8]| B2,3 .5 | 794 A p8a 5 teT L2
" LSmph right 3| 1.9 .9 | B2, 54 ge.6 6 [ 79,3 .9 TEL &
" 4omph left A pT.s 2] 818 .3 |BOW .3 0T9.6 k)] 6.5 .5
i " Lsmph right LTI T < T - B > "N 19.7 6 (78,8 7| 7700 WK
| " Lomph left Lol 187 e | 824 1,0 0.6 .6 |19.5 .5 77.8 .6
: " Ymph Fght 5 |f78.2 . f3.2 .5 fey L% |87 5| 782 .3
B " Lpmph left 5 |[77.5 .7 | B81.B .3 | BT & |75, 3] 174 .5
By
¢ 12
il
1y
i L]E
I |
rt
Y
:
i
L L:
ol
e
[
]
Ba2
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Lous’ B

TABLE B.l. (Continued)

N

Average Sound Levels in dA[A) Observed
Test Information at Specified Distances from the Yruck
Truck Test Lane hef, 25 ft 31 ft I §0 ft
X o @ X o X o X a
Diceel, loadad A5mph ripnt 3 61,3 1,0 [ B9,3 .2 1.k 1,5 | 66.9 1.4 83,8 1.k
" 3emrh 1eft 1 Bg,g 1.5 {523 1.0 |499.8 1,3 fgo.2 1.5 AT, 1.k
Dieael & traijer
unloaded 35mph ripht 1 flért x.2§aabk o o1,2 [9o0 .2 (862 21| BEB a2
" 30mph left 3 ff 06,5 1.1 | 90 1.1 | Bg.e .6 | BS, 29[ 86,2 3.l
" 35mph richt 31 JIBs.8 2.3 90,5 1.4 | BAT 1.7 |BT. 1.5 | Bu.s 1.7
" 30mph lelt 3 [fok.e .5 | B3.0 .9 |BY.6 1. [8BC.6E B B3.b 1.6
Diesel = ¢ab only | 3%mph rifht 3 Bu,é 1.4 | B84 1.0 86,9 1.3 {855 1.4 B30 1
" A5aph left 3 J[ 643 1.3 | 889 21,7 [8ra 1.6 |B55 L.b]| B33 1.7
" 35nph right Lo By L5 | BBLE 1 | AT +5 | 88, gl BkLe |
* 35mph left L Bi.6 2,4 | BB.Z 2.k 86.9 2.1 |BS,0 2.2 | H3.6 1,8
Dirgel w/traller
unloaded 35m=ph right L 86,0 .6 | 90,0 1.1 | 89.0 9 | 87.6 7| 85.0 Pl
" 3S=ph left 4 a9 1.5 | 881 1.3 BT.4 1.k | 86,5 1.2 -
" 35mph righs 5 85,9 90,5 1.0 8g,% ¢ | 88.3 61 85.6 1.t
" 35nph left 5 |85, .5 90.2 "3,5 | BB.B 1.6 [B7.90 1.6 B%.3 1.6
biesel ~ env enly | 3seph right 5 (82 .k |Ba6 L {e38 LB lE.E 9| 850 L
" 35tph left 5 ]l 837 L |BeT .5 |a&8.9 L0 1876 LT o854 L2
Dissel = no Josd | SOmph right 1 ||ensy 5] 4.8 8 | 93.2 G088k 6] 89,7 1.0
* Udmoh left 1 )l 8ga 1.2 ] 92,2 1.2 | oo,8 1.1 | 86,7 91 81,1 1.1
Dissel = cadb Somph right 1 81,5 3.0 | 90,0 .0 88,5 1.2 | 8.6 L,k B5,&4 1.7
N Stmph left 1 fl Bu.T 1.5 B&.7 2.5 | 86,5 1.k | BEB 2,0] Bro 1.k
Diesel k& trailer LSmpn right 3 7.4 2.0 92.% 1.3 9.2 1.2 | 8,4 1.3 BG&L 1.2
ullonded LSmpn left 3 85,2 1.0 ] 3.9 1.4 92,5 1.3 [81.0 1.1] 88,1 1.2
Dicnel = cab only | Smph right 3 86,2 3.5 | 90.2 1.7 88,% 1.9 81,4 1,8 gu,2 2.2
n LSmpn left 3 (853 .8 | 90,k 1.6 | 885 2.0 |87.5 =20l B5.1 1.5
" 45mph right 4 |l 8.6 3.7 | 90.9 2,3 ] 88,9 1.5 |8T.8 1.k| 85r 1,3
" LEmph left 4 || B8.6 2.5 | 93,0 .6 | @16 .6 | 90,9 B | 88,2 .8
Dimsel w/trailer LSmph right L 88,6 1.2 | 93.3 1.1 20.7T 8 | 8.7 VT | B7.h .1
" u5mph lefs 4 86.9 9] 9.2 1. 22,5 1.3 )91 1.2 886 Ak
" L5mph ripht H 88,5 .6 | 92.3 ] sl.9 ’ 20,6 B { 8B.3 -]
" L5mph left s )'ge,s5 .6]93.k 11 Joas 2,1 )17 B[ 868 1.0
Dikzel ~ ¢ab only | 4Smph eight 5 )1 8.9 2a ) 3.2 1,8 | 90,3 1.4 )89.% 1.0] 864 B
" kSmph left 5 || 85,7 1.8 | 9%.6 .9 |56 .9 lia.s 2| 876 1S
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