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1. SUMMARY

The presented theory for diffraction by an absorbing barrier combines

the known solutions for propagation of sound from a point source over

A) a fidite impedance ground [1], B) an acoustically hard, wedge-shaped

harrier.[2]. The impedances of both sides of the wedge may or may not

-be similar. An impedance transition is dealt with by taking one side of

s wgdge as hard and the other as absorbing and setting the top angle to

180 . Results of 1:100 scale model measurements (absorbing wedge) and

outdoor measurements [3,4] (impedance transition) are found to agree

very well with our calculations.

2. EXISTING THEORY

The sound field ‘1’ of a point source over a locally reacting ground is

described by Attenborough, Hsyek and Lawthet [l] as:

 

mm" W- = exp(ile)/Rl + Q exp(ikRz)/R2 (1)

Q = RP +(1-RP)F(z) (2)

RP= (coswo-fl)/(CDS zoo-HS) (3)

, F(z) =1+ 171%: an) (1.)
a IMIIG —

“LMUM 3(2) = emu-3:) erfc(-iz) (5)

r15. 1: Definition of symbols. ‘ = (“*2”) (“5 We”) (6)

The symbols R . R and w are defined'in fig. 1, k is the wavenumber

and fi is the hormglised,°specific acoustic admittance of the ground.

The value of p is calculated according to the empirical theory of

Delany and Bszley [5), which relates fl to a specific flow resistance.

Note that Q is a function of R2, k, fi and %.
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Hadden and Pierce [21 derived an expression for the sound field I? ,
that has been diffracted by an acoustically hard wedge. Under far field
conditions (kr1r3/L >>l) their solution can be written as:
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5m = exp(-b=) erfC(-ib) (5)
ikr r lg 21- r _

b=( 2: 3) IzcosIAltn=+(—{=3+%)cos‘IAI1 "I;
°= arg(b) = rr/la (9)

  

 

mum '1 L =[(rl+r3)1 + (11-2921" (10)
_ _ l _ - _A — Aw“) - (2)( vex n+0“) +nH(n w") (11)

H(x) = 1(x20), = 0 (x<Cl) (12)(my. down my: - mew-r

(13)Dun/o . uex ex=2"-'pt

Fig. 2: Definition of $1 = “pa—w”; $2 = u3+qzl;
used symbols.

I») = wax—(gm): $4 = zve‘x-IUJ-oll (14)

The geometrical symbols are shown in fig. 2. when the receiver in fig.
2 is moved to one of the lines of sight (4': =n) the contribution of the
additional ray, that can be constructed in the sense of geometrical
acoustics, is added to the total field. Because the sign-function o

alters at a line of sightl the total field is continuous. For «pi-180
the diffracted field Wd vanishes, as it should do. ‘ v

3 . EXTENSION OF THE THEORY-

The four terms appearing in equation (7) can physically be interpreted
as the contributions of the sound fields travelling from source to '
receiver (n=1). from image source to receiver (n=2), from source to
image receiver (n=3) and from image source to i eiver {fl-4').

Equation (7) can thus be rewritten as:

Wdu (ns_r+ Dis“; by“; Dirk) exp(ikL)/L (15)

For both the ground and the wedge an image point is used to describe
the reflection of a sound field against a surface. We can account for
the absorbing property of such a surface by multiplying the contribut-
ion of an_image point with a reflection coefficient Q. For extension of
the theory we use thisconsideration. Just for brevity, all ray paths

are assumed to be perpendicular to the barrier edge. Hence, we propose
the diffracted sound field of an absorbing barrier to be given by: 
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Wd= (Ds_r+ osoisflf QrD5_1r+ oSQrDis_h) exp(ikL)/L (16)

Qs= Qs(fls. k. fis. "/Z'Ul): Qr= Qr(pr. k. fir. "/2-u5) (17)

This approximation is in accordance with Kirchhoff diffraction theory.
The diffracted field of an impedance transition is calculated by taking
it as a wedge with a top angle of 180° and different impedances on each
side. A minor disadvantags of this approximation is. that W does not
totally vanish for a: =180 and ii =13 so. However, for such a situat-
ion of a homogeneous absorbing 3%0uhd, the theory of ref. 1 is taken
and this probem is not met at all. The distance parameters p and n
of Q and Q give rise to another problem. Continuity on theslines 5f
sigh? requifes p =fl =r +r , and calculations for the impedance
transition are pgrfSrmed accordingly. However, for a receiver position
far into the shadow zone of a wedge, the top of the wegde is considered
as a "receiver" for the calculation of Q (p =r ) and then radiates
as a secondary source to the actual rece ver (calculation of Q with

p =r ). Further investigations on this point will be carried '05: in
the near future. The significant advantage of the model is that it
meets the reciprocity condition. The model is also analogous to that of
Jonasson for a screen on absorbing ground [6], the finite impedances of
each side of the wedge can be accounted for separately and it is
applicable for top angles of the wedge upto 1800 (if not fl ufl ‘0).
Furthermore it can be incorporated easily into complete soandrpropsgst-

ion models (e.g. the advanced model described by De Jong, Moerkerken
and Van der Toorn [7], which itself has nonreciprocsl expressions for
sound diffraction by absorbing barriers and impedance transitions).

A. COMPARISON OF CALCULATIONS WITH MEASUREMENTS

Calculations were carried out for 1/3 octave band center ffequencies.

Our 1:100 scale model measurements with a spark sgurce gave 1/3 octave
band results. A flow resistance of 300 * 10 Nsm resulted from curve
fitting of the effect of a homogeneous surface. The diffraction effects
of four wedge-types were investigated: acoustically hard surfaces at

the source side and the receiver side (HR-wedge)l absorbing surface at
the source side and the other side acoustically hard (AH-wedge) and the

two other combinations (HA-wedge and M-wedge). The calculations and
measurements shown in figs. 3a and 3b agree very well with each other,
even when the source is very close to a wedge surface. Note that in
fig. Be the curves for a HA—wedge and a AH—wedge overlap,as the reci-

procity principle requires. Outdoor measurements at transitions between
road surfaces and grass land were performed by Van der Toorn [3} and
Rssmusseg [A]. They reported values for the specific flow resistance of
100 * 10 and 225 * 10 Nsm respectively. To emphasize the clear
diffraction effect of the transitions, theoretical results for homoge—
neous grass surface and hard surface are included for comparison in
figs. ha and db. Except for a small shift of the interference dip in

fig. is (probably caused by the use of a loudspeaker as an'approximate
point source), calculations and measurements agree very well again.
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Fig. 3: Calculations (A) and 1:100 scale model measurements (- - -)

for diffraction by a wedge. Parameters are given for scale 121.
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Fig. 4: Calculations (~—) and outdoor messurements by Van der Toorn

[3] (. . . , fig. ha) and by Rasmussen [A] (.v. .nnd can, fig. fib) of the

effect of an impedance transition. Theoretical curves for a homogeneous

absorbing ( - ) and hard (- ) surface are included for comparison.
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