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The information contained in this report was compiled exclusively for the use
of the Michigan Department of Transportation. Recommendations contained
herein are based upon the research data obtained and the expertise of the re-
searchers, and are not necessarily to be construed as Department policy. No
material contained herein is to be reproduced—wholly or in part-—without the
expressed permission of the Engineer of Testing and Research.




Introduction

The Michigan Department of Transportation uses a Federal Highway
Administration (FHWA) Highway Traffic Noise Prediction Model, STAMINA
2,0 computer program, to predict highway generated noise. The FHWA's
prediction model arrives at a predicted noise level through a series of ad-
justments to a reference sound level. The reference level is the energy
mean emission level. Actual values of these adjustments depend on input
data concerning traffic characteristics, topography, and roadway charac-
teristics.

To determine a reference energy mean emission level to be used in
their prediction model, the FHWA conducted a nationwide study on vehicle
sound emission levels (1). Based on this study, vehicles were placed into
three acoustically similar classes. These three groups are: automobiles
{(A), medium trucks (MT), and heavy trucks (HT). The study also indicated
that there are regional differences in vehicle types and emission levels.
Since Michigan permits heavier loads and more axles per vehicle than most
states, the noise emission levels used in the FHWA prediction model may
not be representative of Michigan's vehicle emissions.

Following procedures recommended by the FHWA, the Research La~
boratory has conducted a research project to determine noise emission
levels emitted by various vehicle types on Michigan's highways (2), With
this information, it is possible to convert emission levels to energy mean
emissgion levels for use in the FHWA Highway Traffic Noise Prediction
Model. This would provide a more accurate model for determining the
amount of noise being generated on Michigan highways.

 Data Collection Procedure

Test sites were chosen so that each location consisted of a level, open
space free of large reflecting surfaces within 100 ff of both the vehicle's
path and the pick-up microphone. A clear lineof sight to the roadway from
the microphone, located 50 ff from the roadway, was required. The fest
roadways selected were smooth, level, dry concrete or asphalt, Geometry
of the roadway was such that vehicles are at constant speed and not accel-
erating or decelerating. Several test sites were chosen for higher speeds
and some for lower speeds. All locations were selected to obtain low
volumes of traffic so individual vehicle samples could be obtained. The
procedures used to measure vehicle noise emission levels were based on
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-up for gathering vehicle

Figure 2. Typical test location and equipment set
noise emission levels.




those recommended by the FHWA (1). The selected test sites are given
below.

1. I 96 east of Okemos rest area

2. M 50 in Eaton Rapids

3. M 66 in the northern part of Baitle Creck
4, M 60 in Spring Arbor

5. I 94 east of Jackson

6. 194 at the M 99 interchange

7. High St in Jackson

8. M 78 in Bellevue

9, M 78 east of Bellevue.

Figure 1 shows a typical test location on I 96 east of the Okemos rest
area. Figure 2 shows a typical test site and equipment set-up used in the
vehicle noise emission level data gathering procedure. Classes and defin-
itions for the three acoustically similar groups, into which the FHWA re-
port divides vehicles, are as follows.

1) Automobiles (A) — All vehicles with two axles and four wheels de-
signed primarily for transportation of nine or fewer passengers, ortrans-
portation of cargo. Generally gross vehicle weight is less than 10,000 1b.

2) Medium Trucks (MT) — All vehicleshaving two axles and six wheels

designed for transporting cargo. Gross vehicle weight is greater than
10,000 1b but lesgs than 26,000 lb,

3) Heavy Trucks (HT) — All vehicles having three or more axles and
 designed for transporting cargo, The gross vehicle weight is greater than
26,000 1b.

Since Michigan permits heavier loads and more axles per vehicle than
most states, additional data were taken with vehiclesdivided into 11 class-~
es. Automobiles, including pick-ups and motorcycles, comprised the two-
axle class., Medium trucks, including recreational vehicles, comprised
the two-axle with dual wheel class, and heavy trucks with three to 11 axles
comprised nine heavy truck classes. Vehicle speeds were grouped in in-
crements of 5 mph, from 30 mph to 65 mph. Table 1 shows the sample
size, speed, and average vehicle emission level for the 11 classes of vehi-
cles obtained. Data were taken until most of the speed groups had at least
40 samples for each type of vehicle.. Time and money limited continuance
of the project to obtain more data. Heavy truck data were particularly dif-
ficult to obtain in the 30 mph speed group.
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Results

Noise emission levels must be converted into energy mean emission
levels in order to be used in the FHWA Traffic Noise Prediction Model.
The field data were combined into three classes: the standard three classes
of automobiles, medium truck, and heavy truck. The heavy truck class
was further divided into two additional subclasses—one with three to five
axles and one with six to 11 axles. Statistical analysis consisted of a linear
regression of noise emission level versus speed using the equation:

S A = Co 7 €1 Togyp (V)

where: dbA =the A-weighted energy mean emission level
Cp = intercept constant
C1 = slope constant
V = vehicle speed in miles per hour.

]

Table 2 shows the results of this analysis compared to values used in
the FHWA Highway Noise Prediction Model. The standard ervor of esti-
mate (Sp), and the coefficient of determination (32) were also calculated
from the data for each class of vehicle.

TABLE 2
EQUATION CONSTANTS, STANDARD ERROR, AND
COEFFICIENT OF DETERMINATION

Michigan Data FHWA Data

Auto- |Medium! 3 to 11 Axles | 3 to 5 Axles | 6 to 11 Axies | Auto- |Mediumj 3 to 5 Axles
mobile | Trucks |Heavy Trucks |Heavy Trucks |Heavy Trucks| mobile| Frucks [Heavy Trucks

Intercept (CO) -5.89 20.53 38.26 33.19 45,61 4,80 22.06 42,63
Slope (Cl) 46.70 34.35 27.12 29,67 23.93 38.056 33.91 24, 56
Standar«f 2.88 3.26 2.92 2.55 2.95 2.60 3.37 2. 84
Error (53)

Coefficient of

Determination (Rz) 0.76 0.57 0,46 0.55 0.44 Ned. 0.26 0.15

n.a. = not available

Utilizing the established coefficients, Cy and Cy from Table 2, the
A-weighted energy mean emission levels are plotted in Figures 3 and 4

illustrating the difference between the FHWA's levels and those calculated
for Michigan.

Conclusions

Comparison of automobiles in Table 2 shows that this vehicle class has
a higher energy emissionlevel and standard error of estimate (Sq)in Michi-
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gan than values used in the FHWA Prediction Model. There are many
factors that could contribute to this increase in energy emission levels.
Michigan's winter weather causes many vehicles to have tires with all-
weather tread that would be noisier than conventional highway tires. There
are more four-wheel drive vehicleswith mud grip tires in Michigan than in
other states. Also, since the FHWA performed their study, the number of
four-cylinder and diesel engines have increased significantly. These fac-
tors could be the reason Michigan's data have a larger error of estimate
(Sp) and higher emission levels than that shown for FHWA data.

Medium truck comparisons in Table 2 show that Michigan data have a
smaller standard error of estimate (Sg) than the FHIWA's data. However,
ag shown in Figure 3, the noise level of medium trucks is slightly lower
than that from the FHWA study. It was noted during field data collection
that a large number of medium trucks were recreational vehicles with dual
rear axles. These vehicles were considerably quieter than more conven-
tional commercial type medium trucks. This factor may contribute to the
finding that Michigan's medium truck energy emission levelsare less than
shown for the FHWA's study.

Comparison of the heavy truck class, vehicles with three or more
axles, shows that there is very little difference in emission levels between
Michigan's study and that of the FHWA, as shown in Figure 3. Note that
the FHWA's study includes heavy trucks having three to five axies; where-
as, Michigan's study shows heavy trucks with up to 11 axles. As shown in
Table 2, the standard error of estimate (Sy) of the Michigan heavy truck
class, three to 11 axles, is slightly higher than the FHWA's estimate for
heavy trucks with three to five axles. This is due to the Michigan heavy
tmck class havmg a wider range of ax’tes.

Figure 4 shows the comparisonof Michigan's heavy trucks, with three
to five axles, with the FHWA's three to five-axle heavy trucks. It shows
that at speeds up to 45 mph the noise level is considerably less for Michi-
gan's heavy trucks., However, at speeds of 50 mph to 65 mph, noise levels
are the same. As shown in Table 2, the standard error of estimate (Sg)
for heavy trucks with three to five axles is smaller for Michigan data than
for FHWA data.

Figure 5 shows the comparison of Michigan's three to five-axle heavy I
trucks with Michigan's six to 11-axle heavy trucks. As expected, the noise
levels for six to 1l-axle trucks are considerably higher than for three to
five-axle trucks.

The coefficient of determination (Rz) computed for all classes of vehi-
cles in the Michigan study isa great deal higher than the R? for the FHWA



study as shown in Table 2, This indicatesa significantly higher correlation
between speed and energy emission for Michigan data.

In summary, the energy mean emission levels used in the current
FHWA. Prediction Model for automobiles are not representative of the emis-
sion levels that are emanating from Michigan's highways. The study has
shown that Michigan's automobiles have higher emission levels than those
used in the FHWA's Highway Noise Prediction Model. Michigan's medium
classtrucks havea slightly lower emission level than the FHWA value, and
Michigan's heavy truck class with three to 11 axleshave a similar emission
level to the FHWA's heavy truck class with three to five axles.

Recommendations

Upon request and withapproval from the FHWA, the calculated energy
mean emission levels from this study should replace the national levels
used in the FHWA's Highway Noise Prediction Model, STAMINA 2.0 com-
puter program used by the State of Michigan. This would give the Michigan
Department of Transportationa more accurate means of analyzing and pre-
dicting the noise emission levels expected from Michigan's highways.
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