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OF FREELY FLOWING TRAFFIC NOISE
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The evaluation of the “acoustic climate” mear transport routes, using
the numerical method is possible only when we know the values of the para-
meters deseribing single noise sources and those of the parameters connected
with the attenuating properties of the area adjacent to the route. The paper
presents a method for determining these parameters. Direct measurements
of the equivalent level were also made. Good agreement between measurement
results with values calculated according to the present analytical and theore-
tical method shows its correctness and thus its usefulness for the problem of
shaping the acoustic environment near roads with freely flowing traffic.

1. Introduction

Noise is the cause of degradation of the environment. The measure of the
degradation are the values of the noise indexes. One of these that is most
often used, is the equivalent level — L,. The results from investi-
gations, including those of LANGDON [12], SADOWSKI and SzZUDROWICZ [23],
show that means of transport are the most essential cause of noise pollution.
They are the most annoying noise sources. The value of the equivalent level,
L., near transport routes depends, among other things, on:

— the parameters characterizing single vehicles as sources of acoustic field,

— numbers and velocities of vehicles passing the observation point in
a time unit,

— the parameters determining the location of the transport route (e.g.
distance from the observation point),

— the parameters characterizing the attenuating propertles of the grotind
and of the air.

On the basis of the results from measurements of L, taken at different
distances from a transport route, for various intensities and velocities of the
traffic, using the regression method (see e.g. [4] or [6]), the relation
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Ly, = f(m;), where m; is a set of the above-mentioned parameters determining
the value of the equivalent level L, is obtained. It is rather labourious, since
it requires a great many measurements of the value of L, for time intervals
of several minutes duration.

The investigations performed a.imed at developing a new method for deter-
mination of the relation L, = f(m;) (sections 2 and 3) and, subsequently, at
its experimental verification (sectlon 4).

Knowledge of the function f(m;) permits the quantity L,, to be determined
for different values of m,, i.e. to evaluate the “acoustic climate” near a road
with known traffic intensities and velocities of light and heavy wvehicles, ete.
(A full set of parameters m; will be given later in the paper). This problem is
particularly important for planners working on the transport network, i.e.
when direct measurements of the equivalent level, L,,, and a correct location
of objects requiring particular noise protection, are impossible.

2. Theory

If the source is omnidirectional, then in open space filled with the ideal
medium, the intensity I of the wave is a function of a distance » of the form

P
I =- 3
42

where P is the source power.

If the source moves near the plane, a direct wave and a reflected wave
reach the observation point. In paper [16] an expression defining the intensity
of the resultant wave was derived. It is a monotonically decreasing function
of the distance r. The form of the function is very complicated, therefore it
is convenient (similarly to Firoras [6] and LJUNGGREN [13], for example)
to assume that

W

e 4’ (1)
where W and p are quantities depending on the acoustic parameters of the source
and the reflecting plane, the attenuating properties of the medinm (air) and
the area separating the source from the observation point (e.g. tall trees or
_shrubs). Let us now consider the problem of the intensity of the field generated

by a system of moving sources.
If the incoherent sources move on the plane (x,y) along linear paths,
which are parallel to each other (Fig. 1), then the mean intensity of the resultant

field [14, 15] at the observation point O is

%Qﬂc s, ij 1
I = +10 (2)
4m 2 ‘%QJk ij Ty — -1 4
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Fig. 1. Location of the observation point O with respeet to the road
(r, — distance from traffic lanes, R — distance from the middle of the road)

where ny, is the mean intensity of the traffic of the sources of the jth type
along the kth path, V, is the mean velocity of the traffic of the sources of the
jth type along the kth path, W;,, oy — the parameters related to the source
of the jth type moving along the kth path, I'(x) is the Gamma function r,, is the
distance of the observation point O from the kth path, I is the mean intensity
of the background.

The problem of the determination of the mean intensity ({I) of the
field generated by a system of moving sources was also investigated by AN-
DERSON [1], BLUMENFELD and WEIsS [3], GORDON [7], JOHNSON and SAUN-
DERS [8], KuNo and IkEGAYA [9], Kurze [10], KUTTRUFF [11], LIUNGGREN
[13], Marcus [18], OnrA et al. [19], RATHE [22], SCHREIBER [24], TAKOGI
et al. [25], ULLricH [26], YEOW et al. [27], WEIss [28].

Relation (2) can be used for determining the equivalent level near roads
with freely flowing traffic. According to PEARSON and BENNETT [20] we have
— 10 log <II> A (3)

0

L

eq

where I, is the reference intensity, and
ey
Iy = [ Lwar,
0

with T being the averaging time of arbitrary duration related to day, night
or the whole 24 hours.

3. Experimental investigations of noise from single sources
To determine the value of L, according to formulae (2) and (3) it is neces-

sary to know distances of the observation point from the paths, i.e. the lanes
of traffic, r,, the parameters of the traffic, n;, Vj, and also the quantities
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Wy and o, deseribing the properties of single noise sources, i.e. vehicles, and
the phenomena accompanying propagation from the source to the observation
point. Our measurements aimed at determining the numerical values W,
and gjp,.

On the basis of the results in paper [17], we considered two types of vehicles
{(j=1, 2): light vehicles (i.e. passenger and delivery vehicles) and heavy vehicles
{trucks, lorries and buses). The vehicles moved in two traffic lanes (k = 1, 2),
distant by 14 m from each other (Fig. 2).

Using the definition of the sound intensity level L = 10logI/I,, relation
(1) ean be rewritten in the form

Ly, = ay. —10g;.2;, (4)

where

W,
@, = logry, @y =10 Iogw‘}""u (5)

are the parameters related to the vehicle of the jth type, which moves along
the kth path, with L; dB(A) being the acoustic pressure level (in this case
the intensity level equals the pressure level [2]). In order to find the values
of W;. and g, on the basis of relation (4), the measurements of L, were taken
at distances 7.(k = 1, 2; Fig. 2) from the two traffic lanes, for light and heavy
vehieles (j =1, 2).

The values of L;, were read when single vehicles “passed” the measurement
point. The measurements were taken when the traffic intensity was low, so
that the values of L; were the levels of intensity of signal actually emitted
from the single wvehicles.

The measurements of the levels L;, corresponding to single light and heavy
vehicles which moved on the nearest lane, L,; and L,,, were taken at distances
r, =10, 20, ..., 60 m. The readings were N,, = 65 and N,, = 35, respectively.

The measurements of levels L, for light and heavy vehicles moving
on the second lane, L,, and L,,, were taken at distances », = 24, 34, ..., 74 m,
with the numbers of vehicles being N,, = 58 and N,, = 22, respectively.

Having four sets at disposal {L;,r} for {jk} = {11,21,12,22} and
using the least squares analysis, the following numerical values a; and gy
(Table 1) were obtained from relation (4).

Table 1 also shows the mean traffic velocities V; and the correlation
coefficients ». Then, using the same method for two sets {L;, R} with {j} = {1,2},
the values of a; and g; for light and heavy vehicles moving along the first or
the second lane were determined (where the numbers of vehicles passing were
respectively N, = N,;,+N;, =123, N, = Ny + Ny, = 57, and R =17, 27, ...
..., 67 m (Fig. 2) were distances of the observation point O from the middle
of the road). The results of the calculations of a; and g;, the correlation coeffi-
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Fig. 2. Cross-section of the road near which the measurements of the equivalent level Lf}fl
and of parameters a, were taken

cients and traffic velocities V; for individual types of vehicles are shown in
Table 2.

On the basis of the relations given above, and using Tables 1 and 2 the
value of the equivalent level can be determined.

4. Measurements of the equivalent level of freely flowing traffic noise

When Em is the equivalent level of the background, from relations (2),
(3), and (5) we obtain an expression which permits to determine the value of
the equivalent level, L., near a road with m lanes, on which vehicles move
with a constant velocity:

2 "

O Pep—1) 1099
Ay =10 lugl % \ T (2Qi’~ L el R +100.150q1. (6)
]j—wl = I'(304) Vie. Tx0 J

All the quantities on the right-hand side of the equation are measurable
(the method for the measurement of parameters a; and g; was discussed in
section 3).

Taking into consideration the fact that a more precise division of vehicles
(into types) than the one we spoke about before (licht and heavy vehicles)
is unnecessary [17], we assume that j = 1, 2. In the case considered here the
road had two traffic lanes, i.e. m = 2.

The aim of direct measurements of L., near the same road (section 3)
(for time intervals of five minutes for different distances ;) was to answer
the following three questions: :

whether the method of prediction of L., based on relation (6) is correct,
i.e. whether the error committed in the calculation of L., is not too great,

whether for distance of the observation point from the road, that is much
greater than the width of the road, it is necessary to account for single lanes
of traffic,
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whether one parameter ¢ = 1(p,+ 0,) may be considered in the calcula-
tions in place of g, and g,.

A positive answer to the second and third questions permits the method
to be considerably simplified.

During each measurement leading to the determination of L), the back-
ground level, L,, was measured, and also the numbers of passing light (j = 1)
and heavy (j = 2) vehicles on both traffic lanes were recorded. (The traffie
intensity n; was caleulated). Having also the numerical values of parameters
@y 05 and Vi, from Table 1, the valnes of L, corresponding to the measured
values of L{), were calculated from formula (6). The results are shown in Fig. 3.

Table 1. Coefficients ajz, o5 (j = 1, 2; k = 1, 2) ealculated by the linear
regression analysis (formula (4))

Vehicle type Lirge 1 he o | | Correlation
g . lane | velocity ajp 0% | ooctficient
) . (k) | Vie[km/h] | * Bliaaiiciisn
I | | | {
light j = 1 % =% 65 95.33 | 2.10 0.941
heavy i=2 | k=1, 55 103.04 | 212 0925
light j = 1 k=2 | 65 107.91 | 2,68  0.885
heavy j =2 | k=2 | 55 117.67 | 2.89| 0.908

Table 2. Coefficients a;, g; (j = 1, 2) caleulated by the linear
regression analysis formula 4

T Mean | ,
- i 3 [ e | Correlation
Vehicle type | veloeity | a; & | soefficiont
sl D) wers NN < nen R R
light j — 1 | 65 103.09 i 2.48 | 0.910
heavy j=2 | 55 112.48 | 2.63 | 0.907
L
s 7o}
76
T2¢

72

68 68
o=0994
7 64 :
Y 1 1 1 1
L (2)

60 b 68 75 7% L‘:L 60 64 68 72 76 Ll.q
Fig. 3. Measured (Lff,{) and ealeulated Fig. 4. Measured Lﬁ{ and caleulated (Lgg)
(Leq) values of the equivalent level for values of the equivalent level for the same
the same ftraffic intensities (caleulated traffic intensities (caleulated according

according to formula (6)) to formula (7))
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If we assume that all the vehicles move along one path at a distance K
from the observation point, then formula (6) takes the form
[I %o, b 10™'%9,  I'(3e,—3) 10™'%n,
| T(de) ViR ' * T(le) V.EB* T

Lo = 10 logVx +10%Leal  (7)

eq

where n, and n, are the intensity of the traffic of light and heavy vehicles on
all traffic lanes, V,, V, — traffic velocities of light and heavy wvehicles, a, a,,
01, 0, — parameters describing light and heavy vehicles as noise sources and the
process of the propagation of acoustic wave (section 3), R — a distance from
the observation point to the middle of the road (Fig. 2), L., — the equivalent
level of the background ['(#) — the 'amma function, respectively.

Inserting into relation (7) the values from Table 2 of ay, as, 0,, 0» V, and
V,, as determined from the measurements of L{), the traffic intensities n,
= Ny + My ADA Ny = Nyy + Mgy, and distances of measurement points from the
middle of the road R(R = »,+7 m or R = r,—7 m), the values of L, , shown
in Fig. 4, were obtained.

From comparison of the results shown in Figs. 3 and 4, where the values.
of standard deviations were plotted,

1/2
Il SW Ll,(l i _Lgi: 1‘)21 )

~n & ed

it may be seen that using the method based on relation (7), where the traffic
lanes are not considered, involves the error of about 1 dB.

The calculations of L, were performed (on the basis of relation (7)), under
the assumption that the equivalent background level L., = 0.

For traffic intensities of the order of several hundred vehicles per hour,
this assumption is permissible, since the error involved is smaller than 0.1 dB.

With a view to a maximum simplification of the method of prediction
it was assumed for further calculations that

o = 3o+ 03), V =3V.1+V,),

hence expression (7) ean be rewritten in the following form:

of L

eq

I'(3o—3) (n,10%'% 4 ny10%1%2)) (8)
I'(0) VR’ |

L,q-= 10 l0g {l/r:

The results of the calculations of L., according to this formula are shown
in Fig. 5.

The standard deviation o is in this case of the same order as in Fig. 4,
which leads to the conclusion that simplified formula (8) permits L., to be
determined with sufficient exactness. In the formula », and », is traffic inten-
sity of light and heavy vehicles, [veh./hour], V = }(V,+ V,) — the mean
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Fig. 5. Measured (ng) and calculated (Lgg) values
7|6 TR of the equivalent level for the same traffic inten-
Leq sities calculated according to formula (8)

traffic velocity of vehicles of both types [m/h], ¢ = }(o;+ ¢,) — the mean
value of parameters g, and o, determined for light and heavy vehicles by the
method discussed in section 3, a,, a, — the values of parameter a for light
and heavy vehicles, R — a distance from the observation point to the middle
of the road. ;

The investigations showed that a,, a, and ¢ depend on the weather. For
example, the investigations performed in winter, near the same road as in
section 3, showed that a, = 108.00, a, = 121.21, and ¢ = 2.73. The measure-
ments being performed at present aim at determination of the values of a,,
@y, and p for typical weather conditions.

At the same time, the experimental investigations performed near forest
roads yielded still other values of these parameters. Plans foresee the broadening
of the investigation of parameters a,, a,, and p, for differently used areas
{parking-lots, greens etc.)

The results obtained from these investigations will permit the present
method (formula (8)) to be used in planning on a broader scale.

5. Conclusions

The results from the experimental investigations (Figs. 3, 4, and 5) show
that the present methods for determination of the equivalent level near roads
with freely flowing traffic (formulae (6), (7) and (8)) are correct, since the stan-
dard deviations ¢ (errors committed when the methods are used) are about
1 dB. The simplest method is particularly correct (o for this case, Fig.5, is
nearly the same as for more complicated methods, Figs. 3 and 4), which re-
quires consideration of smallest number of parameters (formula (8)) is less
complicated, compared to formulae (6) and (7).

The method suggested (section 4) was verified for time periods of several
minutes. This, however, does not mean that this method cannot be used for
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time intervals of the order of hours, i.e. for arbitrary time of day or night.
In this case the mean values of intensities (n,, n,) and traffic velocities (V)
for these time intervals (e.g. the mean n,, %y, V for 8 hours) should be inserted
into the relations given above. In this case, however, we must take into consi-
deration the adequate equivalent level of the background, L., variable in
24 hours. :

- It follows from formula (8) that L,, in the area near the road (Fig. 6) de-
pends on the distance, R, on the parameters describing the traffic, n,, n,, V,
and the parameters depending on the properties (type of area) of the adjacent
area {a,, a,, ¢}.

////// //:'/7/// P
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Tig. 6. Location of the area where the equivalent level must not exceed the value L8y

The starting point for the establishing of the correctness eriteria in planning
is the establishment of the value L7, which must not be exceeded in the area
meant for specific purposes. :

It is possible to obtain the inequality L., < L;, in the area considered
(Fig. 6) by adequate location of the road with respect to the area (or the area
with respect to the road), R = ?, if the parameters {n;, n,, V} and {a,, a,, o}
are known. It follows from equation (8) that L., < qu if the border of the
area is a streight line distant from the middle of the road by

(9)

R l}/“?&%?__él ’E!wf’”fi}”‘“
I'(}o) V10012, :

Example. Llet us assume that LI, = 60 dB, n; = 800 veh./h, n,
— 100 veh. /h, and the values of parameters a,, a,, V = }(Vi+V,), ¢ = $(o1+
+ p,) are the same as in Table 2. After insertion into (9) we obtain R > 95 m,
which is the minimum distance from the road of the area where L., < 60 dB.

From the inequality L., < Lg, (where L, is determined by the right-hand
side of equation (8)) information can be obtained on the values of parameters
{ny, ny, V}, which define the class of the road planned (or the way in which
the traffic on the already existent road must be controlled). On the basis of
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calculated values {a,, a,, ¢} it also gives information how to utilize the area
adjacent to the road, to plant gross or trees etc.

In this case a “catalogue of parameters {a,, a,, 0o} (determined by the
method presented in section 3) for differently covered areas, for different wea-
ther conditions, and for different traffie velocities, is necessary.

The authors wish to thank Prof. Dr. hab. Halina RYFFERT, the head of
the Institute of Acoustics, for her helpful remarks.
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