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AMERICAN NATIONAL STANDARD

Method for Determining the Acoustic Impedance of
Ground Surfaces

Secretariat:

Acoustical Society of America

Approved May 28, 2010 by:

American National Standards Institute, Inc.

Abstract

This Standard describes procedures for obtaining the real and imaginary parts of normalized
acoustic impedance ratio of ground surfaces from in-situ measurements of the sound pressure
levels at two vertically separated microphones using specified geometries and the averaged values
of the difference between the simultaneous instantaneous sound-pressure signals at the two
microphones. It extends and revises the template method given in the 1999 edition to enable the
user to obtain values of the normalized specific acoustic impedance ratio of the ground entirely
from measurements and independently of any model for the acoustic impedance of the ground
surface except as a check on the validity of the resulting values.

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ASA/919952598/ASA-S1.18?src=spdf

AMERICAN NATIONAL STANDARDS ON ACOUSTICS

The Acoustical Society of America (ASA) provides the Secretariat for Accredited Standards
Committees S1 on Acoustics, S2 on Mechanical Vibration and Shock, S3 on Bioacoustics, S3/SC 1
on Animal Bioacoustics, and S12 on Noise. These committees have wide representation from the
technical community (manufacturers, consumers, trade associations, organizations with a general
interest, and government representatives). The standards are published by the Acoustical Society
of America as American National Standards after approval by their respective Standards
Committees and the American National Standards Institute (ANSI).

These standards are developed and published as a public service to provide standards useful to
the public, industry, and consumers, and to Federal, State, and local governments.

Each of the Accredited Standards Committees (operating in accordance with procedures approved
by ANSI) is responsible for developing, voting upon, and maintaining or revising its own Standards.
The ASA Standards Secretariat administers Committee organization and activity and provides
liaison between the Accredited Standards Committees and ANSI. After the Standards have been
produced and adopted by the Accredited Standards Committees, and approved as American
National Standards by ANSI, the ASA Standards Secretariat arranges for their publication and
distribution.

An American National Standard implies a consensus of those substantially concerned with its
scope and provisions. Consensus is established when, in the judgment of the ANSI Board of
Standards Review, substantial agreement has been reached by directly and materially affected
interests. Substantial agreement means much more than a simple majority, but not necessarily
unanimity. Consensus requires that all views and objections be considered and that a concerted
effort be made towards their resolution.

The use of an American National Standard is completely voluntary. Their existence does not in any
respect preclude anyone, whether he or she has approved the Standards or not, from
manufacturing, marketing, purchasing, or using products, processes, or procedures not conforming
to the Standards.

NOTICE: This American National Standard may be revised or withdrawn at any time. The
procedures of the American National Standards Institute require that action be taken periodically to
reaffirm, revise, or withdraw this Standard.

Acoustical Society of America
ASA Secretariat

35 Pinelawn Road, Suite 114E
Melville, New York 11747-3177
Telephone: 1 (631) 390-0215
Fax: 1 (631) 390-0217

E-mail: asastds@aip.org

© 2010 by Acoustical Society of America. This Standard may not be reproduced in whole or in part in any form
for sale, promotion, or any commercial purpose, or any purpose not falling within the provisions of the U.S.
Copyright Act of 1976, without prior written permission of the publisher. For permission, address a request to
the Standards Secretariat of the Acoustical Society of America.

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ASA/919952598/ASA-S1.18?src=spdf

Contents

S T o o = SO 1
2 NOMMALIVE FEFEIEINCES ...t e e e e e e e e e e e e e e e e e e e e e e e e e e e enanan 1
3 Terms and defiNItiONS .........uueiiiiiiiii e ennnnnnan 2
4 Measurement method...........coooooii 2
4.1  Recommended gEOMELIIES .....ooiii i e e e e e e e e 2
4.2  TiMe CONVENLION ... 3
4.3  MeasuremMeNt PrOCEAUIE ........ccciiiiiieiieiee e e e e ettt e e e e e e st e e e e e e e e s et e aeeeaeeesesnnraseeeaeesaeannns 4
4.4  Ground and environmental CONAItIONS ..........ccoiiiiiiiii i 4
4.5 Determination of the normalized specific acoustic impedance ratio.............cccccceeeeeieinnns 5
4.6 Procedure to determine best fitin Step 1. ... 7
4.7  Minimization procedure fOr StEP 2 .......cueiii i 8
5 Required instruments for measuring ground impedance outdoors ...........ccccveveveeeeeicciiiieeneeenn. 9
TR B S To U g o BT 10 | oY 9
S I0Z2 /o7 o] o] Vo] 1= T SR 10
TR I 07 11 ] £-1 i o] o ISUUR 10
5.4  Sound level MEter/analyZEr . .........c.uuiiiiciiiei it e e 10
R T 1Y/ [E=Tot=Y 1 =T g =Y o U 11
5.6  Configuration of Measuring SYStEM.............ueiiiiiiiiiiiie e 11
oI AT o = o 1Yo SRR 11
LS 1 == LT =Y 4 T=T o SR 11
6.1 Area OF GrOUNG.... ..ottt e e e e e e e e bt e e e e anbe e e e e neas 11
LCTVZ DT = o7 ]| (= o7 1 o] o R 11
VA O - e Y (= To LU (o i [o] o SR 12
% B ©7o ¢ (=T [0 o 1= S 12
A = d o 1=y 0 0= o = =Y 1 o 12
I =T o o] {1 o o PP PP TSP OTPPRRN 13
8.1 Introductory infOrmMation ...........coociiiiiiiie e e 13
8.2 Documentation of the instrumentation .................ccooio e, 13
8.3  MeteorologiCal data......... .o e 13
8.4  IMPEAANCE VAIUES ...ttt e e e e e e e e e e s e e e e e e e e e santareeeaaeeeaaanns 13
8.5  Other ODSErVAtiONS ........coiiiiiiie e e 13
9 Templates for obtaining normalized surface impedance model parameters ..............c.cccec..... 14
9.1  Templates for the one-parameter impedance model...........cccooveiciiiiiiiei e 14
9.2 Templates for the two-parameter normalized surface impedance model........................ 16
Annex A (informative) Worked examples of procedure...........c.coooiieiiiiini i 22
A.1  Example 1: Cricket field at the Open University, UK............cccoiiriiiii e, 22
A.2 Example 2: Institutional grass at the National Research Council, Canada ..................... 27
A.3 Example 3: University lawn in Germany .............ooooiiioiiiiiiiiee e 33

© 2010 Acoustical Society of America — All rights reserved

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ASA/919952598/ASA-S1.18?src=spdf

A.4 Example 4: Granite gravel road on U.S. Army Research Laboratory testing facility......... 37

Annex B (informative) Example impedance parameters ..........cooccvvveeeieeeiiciciiiieiee e 40
B.1  One-parameter MO ...........ooiiiiiiiii e 40
B.2  Two-parameter MO ...........ooiiiiiiiii e e e 40

Annex C (informative) Formulae for the complex sound pressure ratio ............ccccoeceeeiiieeennen. 41

Annex D (informative) Mathematical funCtions ............cooociiiiiiii e 43

Annex E (informative) Software for deduction of surface impedance according to ANSI/ASA

R30I 0 O O PR 46
2] o] [ToTo | r=T o] VNPT 47
Tables

Table 1 — Template 1A—Pre-calculated level differences (dB) for geometry A using the one-
parameter MOAEl ..o 14

Table 2 — Template 1B—Pre-calculated level differences (dB) for geometry B using the one-
parameter MOAEl ..o 15

Table 3 — Template 2A—Pre-calculated level differences (dB) for geometry A using the two-
parameter MOAEL ..o 16

Table 4 — Template 2B—Pre-calculated level differences (dB) for geometry B using the two-
0221 = 1 0 =Y (=Y o o o =Y RSO PURRPR 19

Table A.1 — Cumulative error, E, for the one-parameter templates, computed using Equation (8)

] T SO 23
Table A.2 — Cumulative error, E, for the two-parameter templates, computed using Equation (8)

T 5 TSSOSO PR 25
Table A.3 — Cumulative error, E, for the one-parameter templates, computed using Equation (8)

T < TSSO 28
Table A.4 — Cumulative error, E, for the two-parameter templates, computed using Equation (8)

T < TSRS 28
Table A.5 — Cumulative error, E, for EXample 2 ............ooeiiiiiiiiiiieeee e 34
Table B.1 — Parameter values obtained using one-parameter model .............ccccccoiiiiiiinnes 40
Table B.2 — Parameter values obtained using two-parameter model.............ccccccoiiiiiiinnnns 40
ii © 2010 Acoustical Society of America — All rights reserved

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ASA/919952598/ASA-S1.18?src=spdf

Figures

Figure 1 — Geometrical definitions: hs = source height, h; = top microphone height, h, = bottom
microphone height, d = source/receiver horizontal separation ............cccccoiiiiiiii e 3

Figure 2 — Point source and vertically separated microphones at the Open University, UK............. 10

Figure 3b — Template curves for geometry B and eight values of effective flow resistivity, ces,
between 10 and 3200 KPa S/M7 ..........cc.ccuruieeeeeeeeeeeeeeeese e eee s 15

Figure 4a — Template curves for geometry A with . = 3/m and four values of effective flow
resistivity, c. (10, 32, 100, and 1000 kPa s/mz) ......................................................................... 17

Figure 4b — Template curves for geometry A with o, = 50/m and three values of effective flow
LTS5 111 RPN 17

Figure 4c — Template curves for geometry A with o, = 100/m and three values of effective flow
resistivity, o (10, 100, and 1000 KPa S/M?) .......cuivieeereeeeeeeeeeeeeeee e 18

Figure 4d — Template curves for geometry A with o, = 250/m and three values of effective flow
resistivity, o (10, 100, and 1000 KPa S/M) ......c.oviuiuieeieeeeeeeeeeeeeee e 18

Figure 5a — Template curves for geometry B with o, = 3/m and four values of effective flow
resistivity, o (10, 32, 100, and 1000 KPa S/M?) ......c.uivieeeieeeeeeeeeeeeee e 20

Figure 5b — Template curves for geometry B with o, = 50/m and three values of effective flow
LT Y1171 PSPPSR 20

Figure 5¢c — Template curves for geometry B with o, = 100/m and three values of effective flow

resistivity, o (10, 100, and 1000 kPa s/mz) ............................................................................... 21
Figure 5d — Template curves for geometry B with o, = 250/m and three values of effective flow

resistivity, ce (10, 100, and 1000 KPa S/M?) .......oiviveeeeeeeeeeeeeeeeeeeeeeeeeeeee e 21
Figure A.1 — Template plots for one-parameter impedance model............cccccoviiiiiiii e, 22
Figure A.2 — Comparisons of measured LD spectra with two-parameter model templates.............. 23

Figure A.3 — Normalized specific acoustic impedance ratio deduced from six sets of averaged
complex sound pressure ratios. Those deduced from geometry B are plotted as broken
lines. The mean values are plotted as dotted [INES. ..., 25

Figure A.4 — A comparison of normalized specific acoustic impedance ratio spectra deduced
from Steps 1 and 2 (Broken liNE) .........eiiiiiiiii e e e e s an 26

Figure A.5 — Template method (Step 1) using data obtained with a single microphone................... 27

© 2010 Acoustical Society of America — All rights reserved iii

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ASA/919952598/ASA-S1.18?src=spdf

Figure A.6 — Template for geometry A and the one-parameter model with superimposed NRC
L0 =1 - LSS 27

Figure A.7 — Template for geometry B and the one-parameter model with superimposed NRC
(o b= | - [PPSR 28

Figure A.8(a) — Template for geometry A and the two-parameter model with superimposed
N O =1 - TSP OUSPSPRR 29

Figure A.8(b) — Template for geometry A and the two-parameter model with superimposed
N O =1 - TSP OUSPRSPRRR 29

Figure A.9(a) — Template for geometry B and the two-parameter model with superimposed
N (O F= | - T TSRS 30

Figure A.9(b) — Template for geometry B and the two-parameter model with superimposed
NRC QAL ..ottt 30

Figure A.10 — Normalized specific acoustic impedance ratio deduced from the measured
complex sound pressure ratios using geometry A.......ooooiviiiiiiiiii e 31

Figure A.11 — Normalized surface impedance spectra deduced from Step 1 (one-parameter
model — solid line, two parameter model — dash and dotted line) and Step 2 (thicker
CONLINUOUS TINES) ..ttt ettt ettt e e s ettt e e s bt et e e sne e e e e snnee e s nneeeas 32

Figure A.12 — Normalized surface impedance spectra deduced from Step 1 (one-parameter
model — solid line, two parameter model — dashed lines and dotted line) and Step 2 (thicker

CONLINUOUS TINES) ..ttt ettt ettt e e et e e e s b et e e s snee e anneee s 32
Figure A.13 — Data and one-parameter model templates for geometries Aand B...............c........... 33
Figure A.14 — Data and 2-parameter model templates for geometries Aand B...........c.cccceeiee 34

Figure A.15 — Deduced normalized surface impedance ratio spectra using all ten
MEASUMEIMENES ...ttt ettt eb ettt e et et ra et e bt e s bt e s b et e sa b e e e abe e e esne e s neeenaneenereas 35

Figure A.16 — Smoothed normalized specific acoustic impedance ratio deduced using geometry
Figure A.17 — Normalized specific acoustic impedance ratio spectra deduced from both
geometries A and B and best-fit impedance model prediCtions ..........c.ccococviiiiiiiiiiiicciiieeee. 36

Figure A.18 — ARL data superimposed on one-parameter templates (a) geometry A and (b)
Lo T=T0] 0 4= = PSPPI 37

Figure A.19 (a) to (h) — ARL Gravel road data superimposed on two-parameter templates............ 38

Figure A19 a to h (continued) — ARL Gravel road data superimposed on two-parameter
10T 121 0] F=1 L= SO SU PPN 39

iv © 2010 Acoustical Society of America — All rights reserved

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/ASA/919952598/ASA-S1.18?src=spdf

