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INTRODUCTICH

Parriers are commonly constructed beside highways to screen residen—
tial areas from traffic noise. These barriers are constructed from
natural or man-made matecrials which reduce the dircctly transmitted
sound appreciably. However, some of the acoustic encryy is diffracted
over the barrier or scattered by corners, so that part of the acoustic
energy is deflected to nomes behind the barrier. The effectiveness

of tie barrier depends on its shape and height, the material with
which it is constructed and its distance from the source of noise.

In this paper, the T-matrix method [1,2] and the finite element
approach [2] in conjunction with the method of images are employed to
solve the scattecring problem and the numerical results cbtained are
compared with scale model experimental results.

FORMULATICN

The ground and the highway barrier are modelled by rigid boundary
conditions which for acoustic wavcé scattering translates to Neumann
boundary conditions. The highway barrier is modelled as an
infinitely long cylinder of arbitrary cross-section oriented parallel
to the z-axis. If a harmonic line source parallel to the z-axis or a
plane harmonic wave propagating in the x-y planc is incident on the
barrier, both the exciting and scattered sound field are independent
of the z-coordinate and the problem is truly two dimensional.

The scattering problem in the x-y plane is done by the method of
images. It is well known that the Green's function in a half space
with Neumann boundary conditions in the 2z=0 plane is giwven by

gif. 1) = g +g_ix (L (x[T-T'|} + H_(x|E<E")} (1)
' o o =] o

- . .
where ; is the field point, r' is the logation of the line source in
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+ : . . -+ . .
the x-y plane and r' is the mirror image of r' about the n-axis which
is parallel to the ground (see Fig. 1 below).. In Eg. (1) g, is the
free space Green's function for the line source.

Let ; be the scalar petential in region 2 which is the sum of tie w
incident ewucitaticon ;o and the scattered field #5. All time factors

of the form exn(-ist) where w is the frequancy of the excitation are

suppressed for notaticnal convenience.

The Helmholtz integral representation for the problen on hang gan be
written as
X

Pl (Fate7'q(T, 1) - glF, e A T3 (£'}] ds(z'}
aT T+ ! ' T4

suT
+
£ G

red

We reguire that
n-7:(F) =0; T e Sur {3
and we kxnow from Eg. (1} that
ﬁ-?g{;,;') =0; refl (4)
and hence Eg. (2} reduces ta

1 O Pl ds ('
=1, s lrfatitg (ror')dsic”)
5US -+ - 5 -+ ~
_ :-(ﬁo{r] + @otr]); r g VsV
B * -+ - -~ ’
¢5(r): r g V+v (5)

where § is the reflection of thé prismatic barrier about the n-axis
and V+v is the region enclosed within. ¢ and. ¢g are the incident
excitation and its mirror image respectively.

Thus the equivalent scattering problems is as shown in Fig. 2. HNow

the probklem can be handled by any of the standard techniques for

infinitely long rigid cylinders of arbitrary cross section. We have

chosen to solve the problem using the T-matrix and finite element

approaches as detailed in Ref. [1-3]. In this appreach both the

incident and scattered fields are expanded in cylindrical wave-

functions and the T-matrix calculated using the two fqrms of the

integral representation given in Eg. (5} relates the unknown scattered p
field coefficients to those of the incident field. For both plane

waves as well as a line source cocfficients of expansion of 9o in

cylindrical wavefunctions are well known.
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NUMERICAL AND EXPERIMENTAL RESULTS

The diffracted field is computed for plane wave incidence with a
correction to compare with experimental results for a point source,
Computations were alsc performed for a line source excitation. The
model we had assumed is a rectangular barrier., We had considered
two different noise source heights, h=3.5", 19.2", to represent-the
noise from cars and trucks, respectively. To get an informative
picture of the effectiveness of the barriers, we had performed
calculations over a field of receiver peints as shown in Fig. 1. The
results are presented in Tables I and II in the form of 20 log pr/pys
for both cars and trucks, where pr is the diffracted pressure and pg
is the incident pressure. The agreement between our present theory
and scale model experiments performed at Pennsylvania State University
(4] is goed and very encouraging for further study in this area
assuming impedance boundary conditions. The T-matrix theory employed
here is so general that a variety of barrier shapes can also be
considered without much difficulty.
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Fig. 1. Rectangular highway barrier and source and receiver positions.
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Equivalent scattering problem by using method of images.

Fig, 2.

Table I. Comparison of theory and experiment for a source located
at a height, h=3,5" above the ground at two different frequencies.
20 log pr/Po
Frequency| Experiment (Theoxy w/ plane wave assumpticn} |Height of recelver
500 HZ - 6.0{-5.4} |-11.0(-7.3} -11.8(-7.25}
630 Hz - B.3{-7.92)]-15.7(-9.84) | -15.5{-11.32}

500 Hz = 7.5{(-8.1) |-11.0(-10.1) |-8.8(-7.128}
630 Hz -10.5¢(-9.2} |-11:5{(-10.91)|=-12.0(-12.01}

500 Hz - 4.8(-4.0) |-10.3(-9.4} -15.0(=7.2) l 12m
630 - 8.3(-7.92)|-12.8(-11.18)| =13.B(~12.18)

48"

24"

500 He - 5.5(-5.1) |-2.3(-8.92) =14.5{(-7.2) 3m
630 Hz - 6.8(=8.25)]-10.0(=-11.26)]-17.0{-12.23)
29! 48" 60!’ Hor. Loc. of Rec.

Table II. Numerical results for line source excitation located at
neights h=3.5" and 19.2" above the ground at two different
frequencies.

20 log Py/Pg Height of
Frequency [ h=3.5" | h=19.2"] h=3.5" [ h=12.2" [ h=3.5" |h=19.2"|receiver
500 Hz -6.78 -7.81 -6.95 |- 8.%0 } -7.58 |- 9.83 YL
630 Hz -9.04 -9.56 -7.73 | -10.48 | -8.19 }-11.20

500 Hz -4.00 -5.88 -6.27 - 8.42 -T7.15 -9.32 24"
630 -4.77 -6.69 ~10.00 -7.53 ~1l0.88

500 Hz -3.26 |-5.40 | -&.10 |- 8.29 |-7.06 |- 9.24 -
630 Hz -3.68 |-6.96 -6.44 |- 9.84 |-7.36 |-l0.80
500 Hz -3.04 |-5.25 6.04 |-B.25 |-7.0 |-9.22 -
530 -3.35 |-6.80 -6.35 |- 9.80 |-7.3 |-10.76

60"




