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Prediction of the Specific flow resistivity

of the Ground Surface by Acoustical Method

Cheol-Ho Hwang, Sung-Soo Jung, Hee-Jun Eun

ABSTRACT

Most outdoor sounds go from sources relatively near the ground to receivers near
the ground. When either source or receiver are near the ground, interference can occur
between the direct sound and that reflected at the ground which travels a slightly
longer path. The sound pressure at the receiver is very different depending on the state
of ground surface ie. ground impedance. Ground impedances could be characterized by
the value of a single parameter, namely the flow resistivity of the ground surface. This
study suggests the measurement method of the flow resistivity using two microphones
and predicts the flow resistivities of various ground surfaces.
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Fig. 1 Diagram showing location of source S

and receiver M to measure excess

attenuation.
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Fig. 2 Diagram showing location of source S
and receiver M; and M: to measure
pressure level difference.
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Fig. 3 Experimental setup.

Pressure Level difference (dB)

10000
Frequency (Hz)

Fig. 4 Comparison of three theoretical sound
spectra with results measured over
asphalt for one configuration of source
and receiver heights(h=h=0.3 m, hz=
003 m) and distance apart(d=2.5 m).
Best fit is for ¢ =5,000 cgs rayls.
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Fig. 5 Comparison of predicted sound spectrum(
thick line; 0=5000 cgs rayl/m) with
results(thin line) measured over asphalt
for source height 0.3 m, receiver heights
0.065 and 0.04 m respectively. A loud
speaker and the two microphones are
positioned on the same vertical line.
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Fig. 6 Comparison of predicted sound spectrum(
thick line; 0=8000 cgs rayl/m) with
results(thin line) measured over clay soil
for the configuration of source and
receiver heights(hs=h1=04 m, h2=0.04 m)
and distance apart(d=2.5 m).
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Fig. 7 Comparison of predicted sound spectrum(
thick line; 0=2,000 cgs rayl/m) with
results(thin line) measured over gravel
ground for the configuration of source
and receiver heights(hs=h=047 m, he=
0.05 m) and distance apart(d=2.5 m).
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Fig. 8 Comparison of predicted sound spectrum(
thick line; 0=200 cgs rayl/m) with
results(thin line) measured over cabbage
ground for the configuration of source
and receiver heights(hs=h~=1 m, hz= 0.7
m) and distance apart(d=3 m).
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Table 1 Estimated values of flow resistivity for
various ground state.

Description of surface Flo‘(’zg‘zers;b;]tli)vity
"Clean” Asphalt 5,000
Cement road 30,000
Clay soil 8,000
Earth 3,000
Sand 300
Gravel 2,000
Grass 400
Cabbage field 20

FREH

(1) Chessell, C. 1, 1977, “Propagation of Noise
Along a Finite Impedance Boundary,” J.
Acoust. Soc. Am. Vol. 62, pp. 825-834.

(2) Hess, H. M., Attenbough, K., and Heap, N.
W, 1990, “Ground Characterization by
Short-Range Propagation Measurements,” J.
Acoust, Soc, Am. Vol. 87, pp. 1975-1986.

(3) Attenborough, K, 1985, “Acoustical
Impedance models for outdoor ground
surface,” J. Acoust. Soc. Am. Vol. 99, pp.
521-544.

(4) Delany, M. E. and Bazley, E. N, 1970,
“Acoustical Properties of Fibrous Absorbent
Materials,” Appl. Acoust. Vol. 3, pp. 105-116.

(56) Van Wyk, K. D, Bolton, J. S, Mem., INCE,
and Sherman, P. J, 1992, “The Use of a
Single-Parameter Model to Characterize the
Condition of Asphalt Surfaces,” Noise Control

- 242 -



Engineering Journal Vol. 38, pp. 39-50.

(6) Embleton, T. F. W,, Piercy, J. E., and Daigle,
G. A, 1983, “Effective Flow Resistivity of
Ground Surfaces Determined by Acoustical
Measurements,” J. Acoust. Soc. Am. Vol. 74,
pp. 1239-1244,

(7) Attenborough, K., 1994, “A Note on
Short-Range Ground Characterization,” J.
Acoust. Soc. Am. Vol. 95, pp. 3103-3108.

(8) B33, Mg, 1997, “NEHA o 29 =
I A B A7) ¥ZA2SVFTEIA A
78 A 3%, pp. 401-409.

9 U, ZHE A357, A48, “AEY Ay
Ao ot A8 AP gk Q3" 3
2383 A A 13W A 53, pp. 5-14.

- 243 -



