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ABSTRACT

Data on truck nolse 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 intermedlate surface conditions. The results, averaged
for all operating conditions, indicate a difference between hard
and soft sites that increases with both the percentage of site
hardnes2 and with mlcrophone dlstance. The generally accepted
difference of + 2 dB{A) between hard-site and soft-site data
specirfied in the BMCS regulatieons is seen to be approximately
correct for IMI tests, hut about 1 dB(A) low for passby tests at
50 fv. These results confirm those reported by other investigators.
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1. INTRODUCTION

The Department of Transportation Bureau of Metor Carrier
Safety Regulatlons for Enforcement of Motor Carrler Noise Emission
Standards (49 CFR 325) specify in some detall the requirements
for sites at which motor carriler noise is to be measured for en-
forcement purposes. Included in these requirements are the pro=
visions that measurements must be made between 35 and 83 ft
{10.7 m and 25.3 m) away from the center line of the traffic lane
traveled by the vehicle and that the results are to be interpreted
differently for "hard" and "soft" sites.

The regulations define a "hard" site as "any test site having
the ground surface covered with congrete, asphalt, packed dirt,
gravel, or simllar reflective materlal for more than 1/2 the dls-
tance between the [travaled lane] and the mierophone lacation
peint." A "soft" site 1s "any test site having the ground surface
covered with grass, other ground cover, or similar abscrptive
material for 1/2 or more of the distance between the [traveled
lane] and the microphone location point."

The regulations indlcate that the difference between noilse
levels observed at hard sites and at soft sites will be + 2 dB(A),
regardless of the dlstance between the measurement microphone and
the traveled lane. The purpose of the work described here was to
cbtain limited additional experimental data on the difference in
noise levels between hard and soft sites, partleularly for micro=-
phone spacings of less than 50 £t (15.2 m). In addition, infor-
mation was obtained pertihent to the pessibility of enforeing
truck nolse limits with measurements made at distances 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 conelusions, based upon measurements of two
trucks, can be summarized in four major points.

First, the difference between maximum truck noise levels ob-
served at "hard" sites and corresponding levels observed at "soft"
sites is a strong function of the percentage of surface hardness,
and this difference increases with the percentage of hardness.®
For example (see Pig. 6.1), at a measurement distance of 50 ft
(15,2 m), the difference ranges from about 1 dB(A) for a 25% hard
site to 3 to 4 dB(A) for a 100% hard site.

Second, the hard-site-~to-soft-site difference is a funetion
of microphone distance: The greater the microphone distance, the
greater the difference. For example (see Fig. 6.2), going from a
100% hard site to & typical soft site ylelds a difference of 1.5
dB(A) at 25 £t (7.6 m), and about 2.5 4AB(4A) at 50 £t (15.2 m).

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

Pinally, these data indicate that the 2 dB(A) difference be-
tween hard- and soft-site truck noise levels specified in BMCS
regulations 1s slightly low, but approximately correct. However,
it can vary by *+ 1 dB for the range of conditlons that. could ocecur
in fleld enforcement practices. .

k'Parcentage of surface hardness" 1s defined here as the percentage
of pavement along the chortest path from the vehicle track to the

mierophone. See Table 5.1.
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3. BACKGROUND

3.1 Analysis

Although a considerable body of experimental data has been
accumulated on the subject, the effect of the ground surface on
the propagation of sound from a source to a recelver is still
imperfectly understood. {Appendlx C contalns the bibliography of
literature reviewed for this report.) As stated by Piercy et al.
[2], this 1s "an intricate and rambling subject both mathemati~
cally and conceptually." Some of the reasons why thls is so are
that the propagation losses are intimately dependent upon the
geometry of the conflguration, the acoustic impedance (complex)
of the grbund, and local atmospherle inhomogeneities. Some of
these parameters cannot he controlled, or even defined, for any
given test conflguration.

f.Consider the geometry of Fig. 3.1. Two sound ray paths are

1f'pqasib1e:between the source, 5, and the receiver, R: The direct
‘path has a length, ri, and a longer reflected path has a total
' leﬁgth, rs. If we assume plane waves (l.e., no spherlecal diver-

gence) and a locally reacting ground surface, the ratlo, C, of
the acoustic pressure of the reflected wave at R to that of the

direct wave 1s:

Preflected %, sinb-pe

Pairect lg 8ing+pc

. (3.2)

C =

This 1s called the reflection coefficient of the ground, where pe
13 the characteristic impedance of the alr.

If the ground surface is acoustically very hard and the re-
flections are specular (i.e., as from a mirrer), then ZS >> pe
and:

C = 1. , (3.2}
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In this perfect-reflection case, the two waves will add together
at the receiver when r; - r; is an integral number of wavelengths,
and they will interfere or cancel when r; - r,; 1s an odd number
of half wavelengths, Obviously this summatlon or cancellation
effect will be a function of sound frequency and geometry.

On the other hénd, 1f the ground is acoustically very soft
(t.e., 2_ << pe), then C approaches -~ 1, and there 1s a 1809 phase
reversal of the wave upon reflection. Then the interference pat-
tern reverses, and the direct and reflected waves cancel for
r; - r; equal to an integral number of wavelengths, and they add
for r; - r; equal to an odd number of halfl wavelengths.

Finally, for any finlte value of Zg, a 180° phase reversal

‘(C a .1} cccurs for grazing incidence as 6 approaches zero. Be-

cause r essentially equals r, at grazing incidence, the two

‘waves cancel .and plane-wave propagation cannot occur.¥

The impedance of the.grOund, Zs, ls a complex function of
frequency and angle of inecldence. It changes with the type of
ground cover; water content, and other climate~dependent variables.
In the same way, the effective 1engths'of the direct and reflected
sound paths r; and r; change because of local atmospherle inhomo-
genitles and differences in the heights of the many separate noise
sources of a truclk. Filnally, the ground 1s seldom perfectly flat,
and the surface irregularities that are comparable to or larger
than the sound wavelength can preduce sound scattering rather than
specular reflection. It 1s because of these complexlities that
the predlction of sound propagation near the ground 1s far more

#This 15 not true for the more general case of spherical waves,
however. For spherical waves, & ground-wave term analagous to
that existing in electromagnetic propagation takes over to pro-
vide some signal under grazing-lncldence conditlons.
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coﬁplicated than the simple description that we have given here.
In general, any real configuration, such as that used for motor
carrier noise emission regulation, cannot be handled analytleally
and must be treated emplrically, with some guidance provided from
the simplifiled analytical picture.

3.2 Prior Experimental WHerk

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-

. wvealed by comparing the first three rows - data for trucks accel~

erating at low speed - with the second three rows - data for
trucks passing by under power. The former indicate a hard-site-
to~80ft-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 cautlons that 1t 1s 1n need of further
verification. Of course, the generally accepted difference 1s

2 dB(A) for all test conditions, as specifiled in the regulation

‘and other literature {4].
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4, MEASUREMENTS

4.1 General

Fleld measurements were performed July 27, 28, 31, and
August 1, 1978, at Westfleld-Barnes Alrport in Westfield, Mass-
achusetts. An abandoned runway, currently unused but maintained,
was used a8 the "road." Thils runway 1s about 3300 ft long and
150 £t wide. It has an aspnalt surface, with both shoulders

grassy and level.

Westfleld-Barnes Alrport was chosen because of the excellent
conditlon of the unused runway and its relative proximity to Bolt
Beranek and Newman's Cambridge offices. A runway, rather than a
highway, was selected as the 1deal test site because its width
allowed a large working area for microphone layout and because
there were no paved shoulders. (See Fig. 4.l1.) HReceiver locations
could then be varied lnerementally, from soft to hard. That is,
the locations could be all on the grass beside the runway (soft);
there could be varlous combinations of partially hard, partially
sof't locations; or all the locations could be on asphalt (hard).

Aireraft activity at the airport was light. When an occa=-
slonal alreraft produced nolse that might have interfered with the
truck nolse measurements, the truck noise measurements were repeated.

The weather during the measurement perled varied somewhét,
but conditlions were generally fair, clear, and cool. Temperatures
averaged 60°F; wind speed ranged from 0 mph to 10 mph. No measure=-
ments were taken during cccasional wind gusts of up to 15 mph.
The coolness assured that the pavement did not get hot and soft,
and 1ts characteristics are belleved to have remained constant.
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VIEW ACROSS 150 FT WIDE RUNWAY USED FOR VEHICLE NOISE TESTS.
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Five 10-ft {3-m) wide lanes were marked out with trarfie
cones and spray paint. Lane 1 was nearest the edge of the runway
and Lane 5 farthest from 1t. (See Fig. 4.2.) Tests were run
wlth the nolse source vehicle 1in each of the five lanes. The
mlicrophones were moved wlth each lane change to maintaln a con-
Stant distance from the source. In thils way, the percentage of
hard surface between the source and the mierophones was variled.

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 belng used for the tests. A reference microphone was placed
50 £t (15.2 m) from the lane centerline on the opposite side. All
micerophones were at a height of U £t (1.2 m). Each microphone
was connected through a cable to a GenRad 1982 Sound Level Meter,
which provided a digital read-out of the maximum sound level ob-
tained on the "fast" pesponse scale. See Fig. 4.3. These meters
heold this maximum reading untill they are manually cleared. An
anemometer was used to¢ record wind speeds. Detalls of the sound
measurement equipment are listed in Appendix A.

4.3 The Trucks

Two trucks were used! &a gasoline-fueled and a diesel-powered
trueck. The gas, or stralght truck, 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 S633TP6092C.)

The diesel truck was a tractor semitrailer. This truck 1is
a 1975 Brockway, Model KL-360. See Pig. 4.5. The engine is rated
at 425 horsepower; 1t 1s manufactured by Caterplllar and has six

10
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REFERENCE MICROPHONE
(FROM CENTER LINE OF
TEST LANE}

LANE 5
LANE 4
LANKE 3
LANE 2
LANE )

- |} 10
™
|
SOURCE LOCUS ASSUMED
L~ (EXAMPLE SHOWN FOR LANE 1)

‘ [ .l . L) . ]

25 313" 50
MICROPHONE POSITIONS
(FROM CENTER LINE OF TEST LANE)

GRASS ~———nr|

} ASPHALT RUNWAY }

F1G. 4.2. SCHEMATIC DIAGRAM QF TEST SITE
WESTFIELD-BARNES AIRPORT, WESTFIELD,

11

MA.
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F16. 4.3. INSTRUMENTATION USED TO RECORD NOISE DATA.

12
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; WHAUL UHaUL..

- L—-n..."‘ - Y

FIG. 4.4.

GASOLINE-PCWERED "STRAIGHT TRUCK" USED AS NOISE SOURCE.

FI1G, 4.5.

DIESEL~POWERED TRACTOR SEMITRAILER TRUCK USED AS NOISE SOURCE.

13



L T it s

A s A R T T

P+~ e ¥

Report No. 3962 BoTt Beranek and Newman Inc.

ceylinders. The exhaust system ls manufactured by Rlker. The
exhaust i1s from a hlgh stack on the right side of the cab. The
traller is 24 ft long.

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

4.4 The Tests

Two types of tests were performed with each truck in each
lane. One was a stationary 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. Thils test 1s referred to as an Idle-Max-Idle (IMI) test,
and noise measurements were made on both the right and left side
by turning the truck around. This was repeated five times in

eéch_lane; on each side.

Passbys were also done in each lane, on each side. These

" tests were done at two speeds: & low speed of 30 to 35 mph, and
~ @& higher speed of 40 to 50 mph. Speeds for each passby were re-

corded. Because of a very slight grade in the runway, the speeds
were slightly greater during the downgrade runs than durlng the

upgrade runs.

The test procedure was as follows: After the instrumentation

was set up for Lane 1, five IMI tests for both the left side and
the right side of the straight truck were performed. Then, agailn
with the straight truck, 35-mph passbys and then 45-mph passbys .
were run, also flve times per side. The maximum socund level at
each receiver locatlion was recorded for every run. Since the
truck ran both up and down the runway, both right- and left-slde
passby results were quickly acquired. The entlre procedure was

1h
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then repeated 1n the same lane with the dlesel trueck. Measure-
ments of the diesel truck were taken wlth and without the traller,
and the presence of the trailer did not appear to affect the noise
levels, but there were, then, more tests performed with the diesel
truck than with the gasoline truck. After all tests on both
truecks were completed, the entire procedure was then repeated for
Lanes 2, 3, 4, and 5.%¥ By changing tc lanes farther from the
shoulder while maintalning constant source-to-microphone spacings,
the sound path was changed from belng essentially zll over a soft
surface (Lane 1), to partlally over soft and partially over hard,
until ultimately, 1n Lane 5, the path was essentlally all over

a hard surface. Each time the lane being used was changed, zall
the mlerophones 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 filve runs in each configuration,

are given in Appendix B.

®No passby data were acquired with the diesel truck in Lane 2..

15




o EFA TN,

.

atht

Report No. 3962 Bolt Beranek and Newman Inc.

5. DATA ANALYSIS PROCEDURE

After caleulating means and standard deviatlons for the five
runs of each test case, five basic steps were used to determine
the relatlve change in noise level with response to the number of
feet of "hard" surface (asphalt) vs "soft" surface (grass) over
whieh the sound had traveled. All analyses were done with the
five~run gverages listed in Appendix B.

Step 1

The "percent of surface hardness" along the sound path
from the source to each microphone was determined for each
test lane configuration. These values are tabulated below.

TABLE 5.1, PERCENTAGE OF SURFACE HARDNESS USED IN SUBSEQUENT COMPUTATIONS.

Hard-Surface Distance from Nofse Source
Distance from to Microphone (ft)
Centerline to Edge
Lane of Pavement 25 31 38 50
b 5 20% 16% 4% 10%
- 15 : 60 48 L2 30
3 25 100 81 €9 50
b 35 100 100 97 TO
5 45 100 100 100 50
Step 2

For each truck and truck-operating conditlen, and for
eaceh miecrophone posltion applleable to that Sruck and oper-
ating condition, the data for the five lanes were grouped
together. Within each such group, the level observed at the
reference (far~-side) microphone during truck operation in
Lane 5 was arbltrarily selected as a standard. Each of the

16
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differences between thils reference level and the reference
levels observed during truck operations in the other lanes
was then applied to the corresponding measured data for the
other lanes, for that microphone spacing.

This procedure normalized the measured levels for each
mierophone spacing and corrected for any change in truck
nolse output from lane to lane.

Step &

For each of the groups of measurements normalized in
Step 2 {i.e., for the normalized data from five lanes of oper=-
ation corresponding to each microphene spacing, truck, and
cperating condition),'a linear regression of the form L =
a (#H). + b was computed for the five data points. The values
of percent hardness (%H) were taken from Table 5.1, Using
this equation, the nolse levels that would have been obseprved
at 0%, 25%,.50%, 75%, and 100% hardness were estimated.

- This procedure yields levels at each microphene spacing |
that are directly comparable, in terms of percentage of hard
surface under the sound paths.

Step ¢
The level at 50 £t (15.2 m) for 0% hardness from Step 3
was then selected as a reference and subtracted from all other
levels for various mierophone spacings and hardness percen-
tages for each of the followlng truck operating conditions:
¢+ IMI - diesel -~ right sige

+ IMI - diesel -~ lerft side

17
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« IMI - gas - right side

+ IMI - gas - left silde

+ Passbys - dilesel -~ right side = 35 mph

+ Passbys = dlesel -~ left side - 30 to 35 mph
» Pasgbys ~ diesel - right side - 45 to 55 mph
+ Passbys - diesel ~ left side - 45 to Sb 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 yielded changes in level (AL) as a function of dis-

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

Step 5
Linear regression equations were computed of AL as a
function of mierophone spacing (distance, D) for each of the
data zets on Flgs. 5.1 through 5.12. The equations are
- shown on the {igures.

The results of all IMI tests were then comblned; they are
illustrated ¢n Flg. 5.123. The combined 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
5.18 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 five lanes). Each point on Pigs. 5.5 threough 5.8 is
interpelated 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 upeon 100 raw data
values, and each point on Fig. 5.14 1s derived from 260 raw values.
The points on Filg. 5.15 are derived from 360 raw observaticns.

15
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FIG. 5.1. HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION

OF MICROPHONE DISTANCE: IMI — DIESEL — RIGHT SIDE.
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F1G, 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 DISTAMCE: IMI — GAS — RIGHT SIDE.
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F16. 5.4. HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION
OF MICROPHONE DISTANCE: IMI ~ GAS — LEFT SIDE.
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FIG. 5.5. HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION
- QF MICROPHONE DISTANCE: DIESEL PASSBYS — 35 MPH — RIGHT 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. 5.8. HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION
EE%ﬂIgl;gEHONE DISTANCE: DIESEL PASSBYS — 45 T0 50 MPH —
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FIG. 5.9. HARD SITE/SQOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION

OF MICROPHONE DISTANCE: GAS PASSBYS -- 35 MPH — RIGHT SIDE.
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FIG. 5.10. HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION

OF MICROPHONE DISTANCE: GAS PASSBYS — 35 MPH — LEFT SIDE.
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HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION
OF MICROPHONE DISTANCE: GAS PASSBYS — 45 MPH — RIGHT SIDE.
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FIG. 5.12. HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION
OF MICROPHONE DISTANCE: GAS PASSBYS — 40 MPH — LEFT SIDE.

31




e A b e AP Ay okoab i .

Report No. 3962 Bolt Beranek and Newman Inc,

12 1 T T T T T 7T

-y
<
Q@
E 0
d
<
- fume e

—0~—100% HARD AL = 23.01 - 11.55 log.D
-8l=| ==A~- 75% HARD AL = 24.07 - 12.71 log D -
ervcheons 50% HARD AL = 24.12 = 13.20 log:D
.=0-=— 25% HARD AL = 24.69 - 14.02 iog D
—0-— 0% HARD AL = 24.91 - 14.60 log D

12 1 | | I R
10 20 30 40 50 60 70 ‘80 50100

DISTANCE D (ft)

F1G. 5.13. HARD SITE/SOFT SITE NOISE LEVEL DIFFERENCES AS A FUNCTION
' OF MICROPHONE DISTANCE: TOTAL IMI.
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5. DISCUSSION OF RESULTS

The BMCS regulations 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
site 13 rarely less than 32% hard, because it is underlald by
half the active vehicle lane and a paved shoulder or breakdown
lane [3]. However, fully hard sites are common.

The IMI test procedure used in this study 1s generally ac-
cepted as being mest comparable to results obtained with trucks
accelerating at low speed during roadway operations {¢4]. Using
this information and the "percentage site hardness" observation
mentioned in the previous paragraph, 1t is possible to compare
the results of the present study with these of previous inves=
tigators, as they are summarized in Table 3.1. This comparison :
is 1llustrated in Pig. 6.1. The locations of the data points from E
prior studles on the abseclssa of Fig. 6.1 are based upcn the ;
differences in 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 studies. However, the
present results for passbys are about 0.5 dB(A) lower than
previous results. The reasons for this difference are unknown,
but could be caused by the very small sample of trucks used in

thils study.

In any case, there is a c¢lear indication that the nolse
level difference inereases 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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OF TABLE 3.1
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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 haprd-site-to~soft-site noise level
difrference occurs for passbys than for IMI tests.

The British data indicated in the last row of Table 3.1
are based upon an levels for frge-flowing traffiec and can not
be directly compared with the present data for individual trucks.
However, note (Fig. 5.15) that the slope of soundelevel differ-
ence vs distance dees indeed decrease wlth inereasing percentage
of site hardness, going from about 5.2 dB/dd at 0% hardness teo
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 d4B/dd for the data reported herein.
This suggests that the measurements at distances of less than
50 ft from the trucks are in the near fleld of the nolse source,
and/or in a region of pronounced ground-reflection effects.

Pinally, there 1s definitely a trend of increasing sound
level difference with increésing microphone distanece, as 1llus=-
trated in Fig. 6.2. In this figure, the difference in sound levels
for a 100% hard site and for a "typical" (i.e., 32% hard) soft
site is plotted as a functlon of microphone dlistance. The hard=-
site=to~zoft~site difference is about 1 dB(A) less at 25 £t than
at 50 ft for typical site conditions.

Note that the results illustrated on Fig. 6.2 would shift
up or down relative to the BMCS~specifled correction, depending
upon the choice of percentage of site hardness selected.
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SOURCE LEVEL DIFFERENCE (dBA)
Y
|

] | I

—-0-— IMIl TESTS, FROM FIG. 5.13

—-O— PASSBY TESTS, FROM FiC. 5.14

~-8--~ ALL TESTS, FROM FIG. 5.15
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~.a”
- SPECIFIED
_ ,® " CORRECTION
1= s’ -
o ! | I R A
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FIG. 6.2, SOQUND LEVEL DIFFERENCE BETWEEN A 100% HARD SITE AND A TYPICAL

DISTANCE D (1)

"SOFT™ ({.e., 32% HARD) SITE, AS A FUNCTION OF MICROPHONE
DISTANCE.
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TABLE A.1l. 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,
Mierophone .

9R1962-9601 é727 5123 2306 1012 5189
Preamplifler

9RD. 42 LoB 1ot 1776 193k 1910
SLM: 9R1982 0890 0905 oTO1 0205 1130
Power Supply:

BBN To. 17 18 23 28 29

*The same equipment was 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

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

MEASUREMENTS.
Average Sound Levels in dB(A) Observed
Test Information at Spacified Distances from the Truck
Truck Test Lane Rat, %t 3t ft Bfr | 50 11
v al ¥ a x o T a X ]
Dianel 1ML~ ripht 1 gk,3 6 93.6 .33 927 1.1 |92 1.0 89.7 -7
" IMI - deft 1 ei.6 6| 920 | g2l .3 | o2k .2 | 00,4 ,2
Diensl, w/erailer | IMI » right 2 92,9 3| 9k.B 4 9.6 2 | 92.7 | gl.6 W
" INI » left 2 [l 920 | ST L2 | 98 | ph0 75 S |
" IMI « rirht 3 93,0 .6 | 955 A 9k, 8 6 | plaa 8| 90.6 W6
. IMI - deft 3 g2 .7 953 .2 | 95 21039 5] 013 L
" IMI « right Lol 93.8 k| 95,2 Lk | Sb.2 81932 2] 90.8 N3
" M3 - laft ] 9.0 .5 ] 95.1 .U 95.1 .2 |52 11 9.7 .6
" IMI - right H L6 96,1 . 95.k ) ok.s b g .5
" 2 - deft H 92,0 .5 [ 96.0 .4 55,7 .5 | 95.3 B 93.3 1.0
Cap truck, Joaded | JHI « ripht 1 83,0 .5} BA9 .5 84,5 .6 | 3.4 WS T9.9 .2
" INI = laft 1 S5 W2 | 86,6 3 83.6 «2 | 8.2 2| 80.5 ]
® IMI - right 2 83,0 .3 816 .2 86.1 O | .2 Jl B %]
" IMT - left 2 (| 830 .afo0ne .2 |86 L3848 1.3]| &.5 5
" IMI = rignt 3 8.0 .1 | 81.9 o2 56. 4 +5 | 85,3 ol 81.8 o
" IMI « left 3 82,2 L] 816 . 85.8 .2 | Bu.6 A B2l ok
" ML - rignt L g2,k .3 | 8.7 2 85,5 <3 | B85 W21 B2.6 2
" IHL « laft Lol ga.s WM B3 2 | 85,2 L2 | 8k2 .3 .6 2
" IME - Tight 5 3.3 W3 2 | 816 +3 | 0.5 a1 B3 .2
- IHT « left 5 (| 42.5 . B7.0 .2 | BA.5 .2 | 85,2 3] 82,2 3
Oas trusk 35mph paasby
right i 733 .5 168 H The S o | 0.9 7] 70.8 2
* Moph left 1 [ T754& .97 189 V7 | 16.9 3.0 |72 W5 1.k .9
. A%uph right 2 (76 B 181 3.0 | 5.2 W6 lTME L1 .7 2.0
" 35opn left 2 (1.7 8800 1 | The 22763 4] N 8
» 3%mph rignt 3 (I75.8 2,3 80,1 10 [TT 9 TS A 2 1ep
" 5mph Jefs 3 75k T 19k L0 | TRE .9 | 76,9 L thed 1.0
" 35mph right L 7.9 .5 184 N1 T6.5 T | T8 . 3.7 8
" A%aph lare b 5.5 . 18.9 . 8.8 W3 | 7746 . 15.% .3
" 3%epn right s ) 7h.8 P36 1 |73 JBlTh2 a2 7k LB
" ASmph Jeft 5 | 75.5 2.2 | 19.9 6 | 1.0 . e 71 75.6 1.0
" 43mph right 1 )73 Wk 823 .5 |8 . 76,9 2] 76.8 T
n Lompn left 1 f[Thé 6| 804 .7 | TAM W5 | Th.B ] .
" USmpn right 2 J78.6 .8 832 1.2 |80 2.2 (196 1.0 .6 1.2
" LWOmph et 2 19 . 2.3 .5 |70, W8 WS T Y]
" himph right 3 7.6 .9 | 823 .7 | 8o, 6 | 79:3 9| 6.1 .
" Lomph eft 3 1795 .2 (89 .3 |8k LA TE . 76.5 .5
" 43mph right b 1.3 .6 ] 8L i3 9.7 .6 | 75,8 A T ok .
" Lomph left L 7871 .9 ] 824 2.0 [80.6 L6 ]79.5 5] M9 .6
" Lmph rignt H 18,1 € | B%.2 A Bl.¥ L) Be.t 2] 1e.z .3
" Lomph laft ‘5 ™s .7 | 8.8 .3 | 8n7 RN KEIEA 5

B=2
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TABLE B.1. (Contimued)

Average Sound Levels in dB(A) Ohserved
Test Information at Specified Distances from the Truck
Truck Test Lane faf, 25 ft i f k1 43 50 ft
X g x g 3 il x o x 3
Dlessi, tosaed | T5mpn sirnt T [ ET.3 2.0 ] 89.3 1.2 | 61.8 1,5 | 86.9 1L,k ] 83.8 1.k
* 30meh left 1 Jf89.% 1.5 [92.3 1.0 [98.8 1,2 }e0.2 1.5] 87.h 1.k
Diesel & irailer
unlosded A5apn rignt 1 87.1 1.2 {1k 1,2 900 2 [ 862 10| 868 12
" Aomph 1eft 1 [ B6.5 1 [ 95,9 1.1 | 88,9 .6 ]85 , 86.2 .k
" 1Smph rieht 3 |f8s.8 2,3 (90,5 1.4 { 88,7 1.7 /|BT.4 1.8 Bu.& 1.7
" i02hh eft 3 |l 8k.0 .5 [85.0 .3 1876 1.: |86 , 83.5 1.6
Diesed = cab enly | 35mph risht 3 8.8 1,4 | BB, W 1.0 B&,% 1.1 | 85.5 k| Bid 1.
" 35mpn left 3 Bu.3 1.3 | 8.9 1.7 87.1 1.6 | 85.% 1.k BAy 1.7
" 35mph right 4 8.7 .5 | e&.8 v 81,5 W5 | 85,8 W Bha 3
» 3525h left Lojf 83.6 1. | Bd.2 24 | 8G9 2,3 |B&O g2} BAE 1.8
Diensl w/traller
unloaded 1%zph right L o|[B5.0 6 |90.0 1.1 | B0 .9 )BT.6 | 850 .8
" 5mph left L BL.9 1,5 | 8E.7 1.3 By.%  1,% [ BB.5 1.2 BL.2 1.3
" 3%mpn right 5 85.9 . [ 90.5 1.0 | By, .9 | 88.3 b 85.6 1.
" 25uth defy 5 || 65,4 .8 [gp.2 '3,5 | BB.B 1.6 [871.9 16| 853 1.6
Dimnel = cud anly | 35oph right 5 | as.2 L& | Bs.6 L4 | 88,8 A |8T.E 9| 45.0 1]
" 1500k left 5 | 83.1 .k |&89.7 .5 | 88,9 9 | 87.6 T | B84 2
Diasel « po losd | 50TMph right 3 oo W51 gk.6 8 | o932 L) BB 6] B9, L
" k3obn lefy 1 1653 1.2 (92,2 3.5 | 008 3.3 (86T 9] 87T 1.
Dianel = cad S%mph right 1 | &7.5 3.0 | 52.0 1.0 88.5 1.2 | 8T.6 L.k BS.L 1.7
* S0mbl left 1 BL,T 1.5 | B6.7 2.5 B6.5 1.L | B6,8 2.0 B3.0 3.k
Diesgl & trailer Wmen Tight 3 | &7k 1.0 82.9 1.3 | 912 1.2 |89.6 13| 864 1.2
unlosded Lampn lefy 3 | B8.2 1,00 63,9 1.k | 92.5 1,3 ]6i,0 11| BA.Y 1.2
Diceel = cab oply | kSoph right a2 |l 86.2 1.5 | 90.2 1.7 88,5 1.9 | 874 1.8 B2 22
" LSmph laft 3 ] 85.3 1.6 ) 90.4 1.6 | B85 2.0 | BT.5 2.0 B5.1 .8
" Linph right L |l 876 2.7 9.9 1,3 | BB 1.5 8T7.8 L[ 851 1.2
" Lmpn defy L |l 8B.6 2,5 | 93.0 .6 | 91.6 € | 90,9 81 88.2 B
Diesel w/trailer | USmpn rignt Lo 88.6 2.2 922 1.1 | %0.7 8 | 89,7 71 87,k 7
" WSmpn lefs [ e8¢ .9 | ka2 1.1 | 92,5 1.3 | 921 1.2 8B.6 1.
" USepn right 5 fe8s .6lo92.9 .5 |99 .6]80, 8] 88,3 N
" Lomnh left 5 |t BB, .65] 93.% 1.1 63,5 1.1 ) 91.7 LB) S8.8 1,0
Diesel = cab ondy | u4Smph ripght 5 B86.9 2.1 83.2 1.B 90,3 1.k ) 89,4 1,0 86.4 7
" LSmph Laft s |f 85.7 2.8 ] 95.6 .9 [ 91,6 L9905 1) 876 1.8
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