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Standard Test Method for
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Through Floor-Ceiling Assemblies Using the Tapping
Machine1

This standard is issued under the fixed designation E492; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

ε1 NOTE—Editorially corrected 14.1 in April 2016.

INTRODUCTION

This test method is one of several for evaluating the sound insulating properties of building
elements. It is designed to measure the impact sound transmission performance of an isolated
floor-ceiling assembly, in a controlled laboratory environment. Others in the set deal with field
measurement of impact sound transmission through floor-ceiling assemblies (Test Method E1007),
measurement of sound isolation in buildings (Test Method E336), the measurement of sound
transmission through a common plenum between two rooms (Test Method E1414), and the laboratory
measurement of airborne sound transmission loss of building partitions such as walls, floor-ceiling
assemblies, doors, and other space-dividing elements (Test Method E90).

1. Scope

1.1 This test method covers the laboratory measurement of
impact sound transmission of floor-ceiling assemblies using a
standardized tapping machine. It is assumed that the test
specimen constitutes the primary sound transmission path into
a receiving room located directly below and that a good
approximation to a diffuse sound field exists in this room.

1.2 Measurements may be conducted on floor-ceiling as-
semblies of all kinds, including those with floating-floor or
suspended ceiling elements, or both, and floor-ceiling assem-
blies surfaced with any type of floor-surfacing or floor-
covering materials.

1.3 This test method prescribes a uniform procedure for
reporting laboratory test data, that is, the normalized one-third
octave band sound pressure levels transmitted by the floor-
ceiling assembly due to the tapping machine.

1.4 Laboratory Accreditation—The requirements for ac-
crediting a laboratory for performing this test method are given
in Annex A2.

1.5 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.6 This standard does not purport to address the safety
concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and
health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:2

C423 Test Method for Sound Absorption and Sound Absorp-
tion Coefficients by the Reverberation Room Method

C634 Terminology Relating to Building and Environmental
Acoustics

E90 Test Method for Laboratory Measurement of Airborne
Sound Transmission Loss of Building Partitions and
Elements

E336 Test Method for Measurement of Airborne Sound
Attenuation between Rooms in Buildings

E989 Classification for Determination of Impact Insulation
Class (IIC)

E1007 Test Method for Field Measurement of Tapping

1 This test method is under the jurisdiction of ASTM Committee E33 on Building
and Environmental Acoustics and is the direct responsibility of Subcommittee
E33.03 on Sound Transmission.
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2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States

1

 

http://dx.doi.org/10.1520/C0423
http://dx.doi.org/10.1520/C0423
http://dx.doi.org/10.1520/C0634
http://dx.doi.org/10.1520/C0634
http://dx.doi.org/10.1520/E0090
http://dx.doi.org/10.1520/E0090
http://dx.doi.org/10.1520/E0090
http://dx.doi.org/10.1520/E0336
http://dx.doi.org/10.1520/E0336
http://dx.doi.org/10.1520/E0989
http://dx.doi.org/10.1520/E0989
http://dx.doi.org/10.1520/E1007
http://www.astm.org/COMMIT/COMMITTEE/E33.htm
http://www.astm.org/COMMIT/SUBCOMMIT/E3303.htm


Machine Impact Sound Transmission Through Floor-
Ceiling Assemblies and Associated Support Structures

E1414 Test Method for Airborne Sound Attenuation Be-
tween Rooms Sharing a Common Ceiling Plenum

E2235 Test Method for Determination of Decay Rates for
Use in Sound Insulation Test Methods

2.2 ANSI Standards:3

S1.10 Pressure Calibration of Laboratory Standard Pressure
Microphones

S1.11 Specification for Octave-Band and Fractional-Octave-
Band Analog and Digital Filters

S1.43 Specification for Integrating-Averaging Sound-Level
Meters

S12.51 Acoustics—Determination of Sound Power Levels
of Noise Sources Using Sound Pressure—Precision Meth-
ods for Reverberation Rooms

2.3 ISO Standards:3

ISO 140/6 Acoustics—Measurement of Sound Insulation in
Buildings and of Building Elements Part 6: Laboratory
Measurements of Impact Sound Insulation of Floors

ISO 3741 Determination of Sound Power Levels of Noise
Sources Using Sound Pressure—Precision Methods for
Reverberation Rooms

2.4 IEC Standards:4

IEC 60942 Electroacoustics—Sound Calibrators
IEC 61672 Electroacoustics—Sound Level Meters—Part 1:

Specifications

3. Terminology

3.1 The following terms used in this test method have
specific meanings that are defined in Terminology C634:

airborne sound
average sound pressure level
background noise
decay rate
decibel
diffuse sound field
impact insulation class
one-third octave band
receiving room
reverberant sound field
reverberation room
sound absorption
sound pressure level

3.2 Definitions of Terms Specific to This Standard:
3.2.1 receiving room—a reverberation room below the floor

specimen under test in which the sound pressure levels due to
the tapping machine are measured.

4. Summary of Test Method

4.1 A standard tapping machine is placed in operation on a
floor specimen that is intended to represent a horizontal
separation between two rooms, one directly above the other.
The average spectrum of the sound pressure levels produced by

the tapping machine is measured in the receiving room below
in one-third octave bands.

4.2 Since the spectrum depends on the absorption of the
receiving room, the sound pressure levels are normalized to a
reference absorption for purposes of comparing results ob-
tained in different receiving rooms that differ in absorption.

5. Significance and Use

5.1 The spectrum of the noise in the room below the test
specimen is determined by the following:

5.1.1 The size and the mechanical properties of the floor-
ceiling assembly, such as its construction, surface, mounting or
edge restraints, stiffness, or internal damping,

5.1.2 The acoustical response of the room below,
5.1.3 The placement of the object or device producing the

impacts, and
5.1.4 The nature of the actual impact itself.

5.2 This test method is based on the use of a standardized
tapping machine of the type specified in 8.1 placed in specific
positions on the floor. This machine produces a continuous
series of uniform impacts at a uniform rate on a test floor and
generates in the receiving room broadband sound pressure
levels that are sufficiently high to make measurements possible
beneath most floor types even in the presence of background
noise. The tapping machine itself, however, is not designed to
simulate any one type of impact, such as produced by male or
female footsteps.

5.3 Because of its portable design, the tapping machine does
not simulate the weight of a human walker. Therefore, the
structural sounds, i.e., creaks or booms of a floor assembly
caused by such footstep excitation is not reflected in the single
number impact rating derived from test results obtained by this
test method. The degree of correlation between the results of
tapping machine tests in the laboratory and the subjective
acceptance of floors under typical conditions of domestic
impact excitation is uncertain. The correlation will depend on
both the type of floor construction and the nature of the impact
excitation in the building.

5.4 In laboratories designed to satisfy the requirements of
this test method, the intent is that only significant path for
sound transmission between the rooms is through the test
specimen. This is not generally the case in buildings where
there are often many other paths for sounds— flanking sound
transmission. Consequently sound ratings obtained using this
test method do not relate directly to sound isolation in
buildings; they represent an upper limit to what would be
measured in a field test.

5.5 This test method is not intended for field tests. Field
tests are performed according to Test Method E1007.

6. Test Rooms

6.1 The test facility shall be so constructed and arranged
that the test specimen constitutes the only important transmis-
sion path for the tapping machine sound.

NOTE 1—Common methods for ensuring that this requirement is
satisfied include mounting the specimen resiliently in the test opening,

3 Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036, http://www.ansi.org.

4 Available from International Electrotechnical Commission (IEC), 3 rue de
Varembé, Case postale 131, CH-1211, Geneva 20, Switzerland, http://www.iec.ch.
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mounting the specimen in a resiliently supported test frame, and support-
ing rooms resiliently. In general, all rigid connections between the
specimen and the test rooms should be avoided.

6.2 The spatial variations of sound pressure level measured
in the receiving room shall be such that the precision require-
ments in Annex A1 are satisfied at all frequencies.

6.3 Volume of Receiving Room—The recommended mini-
mum volume of the receiving room is 125 m3.

NOTE 2—See Test Method E90 for recommendations for new construc-
tion.

6.4 Room Absorption—The sound absorption in the receiv-
ing room should be low to achieve the best possible simulation
of the ideal diffuse field condition, and to minimize the region
dominated by the direct field of the test specimen. In the
frequency range that extends from f = 2000/V1/3 to 2000 Hz,
the absorption in the receiving room (as furnished with
diffusers) should be no greater than:

A 5 V2/3/3 (1)

where:
V = the room volume, m3, and
A = the sound absorption of the room, m2.

6.4.1 For frequencies below f = 2000/V1/3, somewhat higher
absorption may be desirable to accommodate requirements of
other test methods (for example, ISO 3741); in any case, the
absorption should be no greater than three times the value
given by Eq 1.

NOTE 3—For frequencies above 2000 Hz, atmospheric absorption may
make it impossible to avoid a slightly higher value than that given in Eq
1.

6.5 During the sound pressure level and sound absorption
measurements in the receiving room the average temperature
shall be in the range 22 6 5°C and the average relative
humidity shall be at least 30 %.

6.6 During the sound pressure level and the corresponding
sound absorption measurements, variations in temperature and
humidity in the receiving room shall not exceed 3°C and 3 %
relative humidity respectively. Temperature and humidity shall
be measured and recorded as often as necessary to ensure
compliance.

6.6.1 If a relative humidity of at least 30 % can not be
maintained in the receiving room, users of the test method shall
verify by calculation that changes in the 10 log A1 term (see
12.4) due to changes in temperature and humidity do not
exceed 0.5 dB.

NOTE 4—Procedures for calculating air absorption are described in Test
Method C423.

7. Test Specimens

7.1 The test specimen shall be prepared and described in the
test report in accordance with Annex A1 of Test Method E90.

7.2 Size and Mounting—The test specimen shall have a
minimum lateral dimension of 2.4 m. An area of at least 10 m2

is recommended. The test specimen shall include all of the
essential constructional elements and surfacing materials nor-
mally found in an actual installation. Some elements may have
to be reduced in size to fit each laboratory’s test opening. The

test specimen shall be sealed to prevent tapping machine
operational sounds from entering the room below. The speci-
men shall be structurally isolated from the receiving room to
avoid significant transmission of vibration from the specimen
through the supporting structure to the room below.

7.3 Floor-surfacing materials, such as vinyl, carpets and
pads, especially when installed with adhesive, significantly
affect the response of the test specimen to impacts, both during
test and in normal use. Consequently, such materials shall be
deemed parts of the test specimen. The materials and the
manner of installing them shall be fully described in the test
report. The floor-surfacing material shall cover the whole test
specimen, not merely the portion under the impact machine.

8. Tapping Machine

8.1 This test method is based on the use of a standardized
tapping machine that conforms to the following specifications:

8.1.1 The tapping machine shall be motor-driven.
8.1.2 The tapping machine shall have five hammers equally

spaced in a line. The distance between centerlines of neigh-
boring hammers shall be 100 6 3 mm.

8.1.3 Each hammer shall have an effective mass of 500 6 6
g and shall fall freely from a height of 40 6 3 mm.

8.1.4 The falling direction of the hammers shall be perpen-
dicular to the test surface to within 6 0.5°.

8.1.5 The part of the hammer carrying the impact surface
shall be cylindrical with a diameter of 30 6 0.2 mm.

8.1.6 The impact surface shall be of hardened steel and shall
be approximately spherical with a curvature radius of 500 6

100 mm.

NOTE 5—The mean curvature radius for each hammer face may be
determined using a spherometer or other means.

8.1.7 The time between successive impacts shall be 100 6

20 ms.
8.1.8 Since friction in the hammer guidance system can

reduce the velocity of the hammer at impact, the tapping
machine shall be checked for friction between the hammers
and the guidance system. Any friction found should be elimi-
nated or reduced as much as possible.

8.1.9 Following adjustment of the hammer drop in accor-
dance with the specifications, the tapping machine is ready for
use on any floor structure, including those surfaced with soft or
resilient materials.

NOTE 6—The above requirements are a subset of the ISO 140/6
requirements.

8.2 Tapping Machine Positions—The tapping machine po-
sitions and orientations described in the following must be
used. Fig. 1 illustrates one case.

8.2.1 Position 1—The middle hammer of the tapping ma-
chine shall be coincident with the midpoint of the floor area,
that is, the point of intersection of floor diagonals. In framed
construction, adjust this point to the centerline of the closest
structural member or other support member, and arrange the
tapping machine so that all hammers fall on the joist.

8.2.2 Position 2—Same as position 1, except rotate the
tapping machine 90° about the axis of the middle hammer.
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8.2.3 Position 3—Displace the tapping machine laterally
from position 1, such that the long dimension of the machine is
centered midway between and parallel to the central structural
member. In the case of homogeneous concrete slab floors or
solid deck construction without joists, the lateral displacement
of the tapping machine shall be 0.6 m from that of position 1.

8.2.4 Position 4—Position the tapping machine so that all
hammers fall on a 45° radial line extending from the middle
hammer point of position 1. Locate the middle hammer 0.6 m
from the midpoint of position 1.

9. Instrumentation Requirements

9.1 The measurement process must account for level fluc-
tuations caused by spatial and temporal variations. Various
systems of data collection and processing are possible, ranging
from a single microphone moving continuously, a single
microphone placed in sequence at several measurement
positions, to several microphones making simultaneous mea-
surements.

9.2 Microphone Electrical Requirements—Use micro-
phones that are stable and substantially omnidirectional in the
frequency range of measurement, with a known frequency
response for a random incidence sound field. (A 13-mm
random-incidence condenser microphone is recommended.)
Specifically, microphones, amplifiers and electronic circuitry to
process microphone signals must satisfy the requirements of
ANSI S1.43 or IEC 61672 for class 1 sound level meters,
except that A, B and C weighting networks are not required
since one-third octave filters are used. Where multiple micro-
phones are used, they shall be of the same model.

9.3 Calibration—Calibrate each microphone over the whole
range of test frequencies as often as necessary to ensure the
required accuracy (see ANSI S1.10). A record shall be kept of
the calibration data and the dates of calibration (see A2.4.1).

9.4 The calibration of the entire measurement system shall
be checked before each set of measurements using an acous-
tical calibrator that generates a known sound pressure level at
the microphone diaphragm and at a known frequency. The
Class of Calibrator shall be class 1 or better per ANSI S1.40
and/or IEC 60942. Data resulting from calibration shall be
analyzed by the control chart method described in Part 3 of
ASTM STP 15D. The analysis shall be according to the
subsection entitled “Control—No Standard Given”. If changes
are made to the microphones or measurement system that result
in changes in calibration values, a new control chart should be
started.

9.5 Standard Test Frequencies—Measurements shall be
made in all one-third-octave bands with mid-band frequencies
specified in ANSI S1.11 from 100 to 3150 Hz. Additional
one-third octave band measurements should be made at 50, 63,
and 80 Hz to accumulate research data.

9.6 Bandwidth—The overall frequency response of the fil-
ters used to analyze the microphone signals shall, for each test
band, conform to the specifications in ANSI S1.11 for a
one-third octave band filter set, class 1 or better.

10. Measurement of Sound Pressure Levels

10.1 Measurements of the average sound pressure levels
shall be made in the receiving room directly below the floor

FIG. 1 Tapping Machine Positions on a Floor with Structural Members 610 mm o.c.
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specimen using a procedure that satisfies the requirements in
Annex A1. The measurements shall be in a series of frequency
bands specified in 9.4 for each of the tapping machine positions
designated in 8.2.

10.2 Background Noise Level—Measurements of the back-
ground noise levels shall be made during each test to ensure
that measurements of sound pressure level are not affected by
extraneous airborne noise or electrical noise in the receiving
system. These measurements shall be made at the same
microphone positions using the same analyzer gain settings
used to measure sound pressure levels generated by the tapping
machine.

10.2.1 If the background noise level is more than 10 dB
below the combined level of signal plus background, then no
correction is to be made.

10.2.2 If the background noise level is between 10 and 5 dB
below the combined level, then adjustments must be made for
the background noise level as follows. If Lsb is the level of the
signal and background combined, and Lb is the level due to
background noise only, then the adjusted signal level, Ls, in the
absence of background noise is the following:

Ls 5 10log~10Lsb/10 2 10Lb/10! (2)

10.2.3 At those frequencies where the background noise
level is less than 5 dB below the combined level, subtract 2 dB
from the combined level. In this case, the measurements can be
used only to provide an estimate of the upper limit of the
impact sound transmission. Identify such measurements in the
test report.

11. Determination of Receiving Room Sound Absorption

11.1 Measure the mean value of the receiving room absorp-
tion at each frequency in accordance with Test Method E2235.
The determination of room absorption shall be made with the
receiving room and the specimen in the same condition as for
the measurement of the average sound pressure levels.

12. Calculations

12.1 Averaging Sound Pressure Levels—For each tapping
machine position, a set of sound pressure levels corresponding
to each microphone position in the receiving room will be
obtained. The space-time average sound pressure level (L̄p) for
one tapping machine position is given by:

L̄p 5 10logS 1
n (

i51

n

10Li/10D (3)

where:
n = number of microphone positions, and
Li = sound pressure level measured at a microphone position

for one location of the tapping machine, dB re 20 µPa.

12.2 The average one-third octave band sound pressure
level (L̄0) of the four average sound pressure levels measured
for each tapping machine position is given by:

L̄0 5 10logS 0.25 (
p51

4

10L̄p/10D (4)

12.3 The standard deviation of the means for four tapping
machine positions is given by:

s0 5 F 1
3 (

p51

4

~ L̄p 2 L̄0!
2G 1/2

(5)

12.4 The normalized sound pressure level, Ln, in each of the
specified frequency bands shall be obtained from the following
relationship:

Ln 5 L̄0 2 10log~A0/A1! (6)

where:
A1 = sound absorption of the receiving room (m2) measured

in the same frequency band used for the measurement
of L̄0, and

A0 = reference absorption of 10 m2.

12.5 Variation in Sound Pressure Level Due to Tapping
Machine Position—Many floor/ceiling assemblies are not
homogeneous, thus there can be a variation in the average
sound pressure levels measured for each tapping machine
location. Since it is desirable to have some measure of the
variability, the 95 % uncertainty limits for the normalized
sound pressure levels shall be determined from:

∆Ln 5 1.6@s0
21s2~f!/n#1/2 (7)

where s(f) is determined according to Annex A3.
NOTE 7—Strictly, the uncertainty due to variation in room absorption

should be included in this equation. In practice, however, this can be
neglected.

13. Report

13.1 The report shall include the following information:
13.1.1 A statement, if true in every respect, that the tests

were conducted in accordance with the provisions of this
method.

13.1.2 In conformance with 7.1, a detailed description of the
test specimen. The specimen area, total thickness, and the
average weight per square meter shall be reported. A descrip-
tion furnished by the sponsor of the test may be included in the
report provided that it is attributed to the sponsor. The curing
period, if any, and the final condition of the sample (shrinkage,
cracks, etc.) shall be reported.

13.1.3 The dates of construction and testing.
13.1.4 The minimum and maximum temperature and rela-

tive humidity in the receiving room.
13.1.5 The volume of the receiving room.
13.1.6 The normalized impact sound pressure levels (Ln) to

the nearest 1 dB, for the one-third octave frequency bands
given in 9.5. Results may be presented in graphical form.

13.1.7 Identify data affected by flanking transmission or
background noise.

13.1.8 The calculated 95 % uncertainty limit (∆ Ln) of the
impact noise test data at each frequency (see Eq 7).

13.1.9 If a single number ratings are given, the impact
insulation class (IIC) described in Classification E989 shall be
included.

14. Precision and Bias

14.1 Precision—Measurements at one laboratory give some
information on repeatability standard deviation for the test
method. A wood joist floor was installed and re-tested seven
times over a period of ten days without disturbing the floor. The
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standard deviation of the sound pressure levels is given in
column A of Table 1. Using different materials, eight nominally
identical wood-joist floors were constructed and tested over a
period of one year. The repeatability standard deviation in this
case includes the effects of normal variations in materials but
there were no changes in construction techniques (Column B of
Table 1). A 150-mm concrete slab was installed in a test frame
and tested fifteen times over a period of 11 years. The
repeatability standard deviation for re-installation is given in
column C of Table 1. Reproducibility data for this test method
will become available when an inter-laboratory study is com-
pleted.

14.2 Bias—There is no bias in this method since the true
value is defined by the test method.

15. Keywords

15.1 floor ceiling assemblies; impact sound transmission;
tapping machine

ANNEXES

(Mandatory Information)

A1. QUALIFICATION OF ROOM SOUND FIELDS AND MICROPHONE SYSTEMS USED FOR SAMPLING

A1.1 Scope:

A1.1.1 This annex prescribes procedures for establishing a
standard measurement protocol for obtaining the average
sound pressure levels in the receiving room with confidence
intervals small enough for the purposes of this test method.

A1.1.2 One principle underlying this test method is that the
reverberant sound fields in the room show only small variations
with position in the room. In practice, variations in the level of
the reverberant sound field are still significant, especially in the
lower frequency bands, and measurements of sound pressure
level and sound decay rate must be made at several positions in
the room to sample adequately the sound field.

A1.1.3 Two methods are commonly used for sampling
sound fields in reverberation rooms: stationary microphones or
moving microphones (usually mounted on a rotating boom).
This annex deals with both types.

A1.2 Microphone Positions—For all microphone systems,
microphones must be located according to the following
restrictions:

A1.2.1 The shortest distance from any microphone position
to any major extended surface shall be greater than 1 m. The
same limit applies relative to any fixed diffuser surface
(excluding edges) and relative to any possible position of a
rotating or moving diffuser.

A1.2.2 Stationary microphone positions shall be at least 1.5
m apart.

NOTE A1.1—If estimates of the confidence interval of average sound
pressure level are to be reliable, microphone positions should be suffi-
ciently far apart to provide independent samples of the sound field. For
fixed microphones, this requires that they be spaced at least half a
wavelength apart.5

A1.2.3 In the receiving room, microphones shall be more
than 1.5 m from the test specimen.

A1.2.4 No two microphone positions shall have the same
height above the floor of the room. Heights shall be varied so
as to sample as much of the room volume as possible.

A1.3 Averaging Time—The following requirements for av-
eraging time always apply when measuring according to this
test method.

A1.3.1 Stationary Microphones—For each microphone
position, the averaging time shall be sufficient to yield an
estimate of the time-averaged level to within 60.5 dB at each
frequency. This requires longer averaging times at low frequen-
cies than at high. For 95 % confidence limits of 6e dB in a
one-third octave band with mid-band frequency, f, the integra-
tion time, T, is given by:

5 Lubman, D., “Precision of Reverberant Sound Power Measurements,” Journal
of the Acoustical Society of America, Vol 56, No. 2, 1974, pp. 523-533.

TABLE 1 Repeatability Standard Deviations

Frequency,
Hz

A B C

wood joist
re-test

wood joist
re-build

150
mm

concrete
re-

install

IIC 0.4 0.5 0.6
50 0.5 0.9 1.6
63 0.3 1.0 1.6
80 0.3 0.8 1.6

100 0.3 0.8 1.3
125 0.4 1.1 1.5
160 0.3 1.2 0.9
200 0.2 0.7 1.2
250 0.2 0.7 1.1
315 0.2 1.0 1.2
400 0.3 1.6 0.8
500 0.1 0.6 0.8
630 0.2 0.9 0.7
800 0.2 1.2 0.8

1000 0.3 1.4 0.6
1250 0.3 1.1 0.7
1600 0.3 0.9 0.8
2000 0.5 1.1 0.6
2500 0.5 1.2 0.6
3150 0.6 1.6 0.6
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A1.3.1.1 Thus at 100 Hz, the minimum averaging time for
confidence limits of 60.5 dB is 12.4 s. For more information,
see Noise and Vibration Control.6

A1.3.2 If a moving or rotating diffuser is used, determine
the average sound pressure level at each microphone position
during an integral number of diffuser cycles. Alternatively,
average over a time so long that contributions from fractions of
a diffuser cycle are negligible.

A1.3.3 The plane of a moving microphone shall not be
parallel to any room surface. The plane shall be tilted so as to
sample as much of the room volume as possible.

A1.3.4 Moving Microphones—Using a moving microphone
means that the time- and space-averaged sound pressure level
is obtained automatically from the analyzer. The averaging
time for a moving microphone shall be long enough that
differences between repeat measurements are negligibly small.
A typical averaging time around the traverse is 60 s but
operators shall determine acceptable times by experiment.

A1.4 Required Confidence Interval for Sound Pressure
Level Measurements—It is required that the 95 %

uncertainty interval for sound pressure level determined for
each tapping machine location be no greater than 3 dB for the
one-third octave bands in the range from 100 to 400 Hz and no
greater than 2.5 dB for the bands in the range from 500 to 3150
Hz.

A1.5 Measurement Procedures and Calculations:

A1.5.1 The following paragraphs describe the steps to be
taken to collect the data and calculate the confidence intervals
for the measurement of sound pressure level.

A1.5.2 Any specimen can be used for verifying that the
required confidence intervals can be attained. However, sound
pressure levels in the receiving room must be at least 10 dB
above background noise in the room at all frequencies.

A1.5.3 In the reverberation room below select at least six
microphone positions that satisfy the requirements of A1.2.

A1.5.4 For a single tapping machine position, measure the
average sound pressure levels at each microphone position in
the receiving room using a stationary microphone.

A1.5.5 For each frequency band, f, calculate the 95 %
confidence interval for the mean sound pressure level in the
room from the expression as(f) where:

s~f! 5Œ 1
n 2 1 (

i51

n

@Li~f! 2 LA~f!#2 (A1.2)

where:
Li(f) = the time-averaged level taken at location i,
n = the number of microphone positions,
s(f) = the standard deviation at frequency f,
LA(f) = the arithmetic mean of the set of sound pressure

levels.

The factor a, which depends on the number of
measurements, is given in Table A1.1.

A1.5.6 If the confidence intervals calculated do not meet the
criteria in A1.4, then the measurements must be repeated with
a larger number of microphone positions until the criteria are
met.

A1.5.7 If the confidence intervals calculated meet the crite-
ria in A1.4, then the rooms qualify for measurements according
to this test method with the set of microphone positions used.

A1.5.8 For routine testing, a microphone system can be
selected as follows:

A1.5.8.1 Fixed Microphone Positions—From the array of
microphone positions used to determine the confidence limits
above, select a subset of locations that yield the same average
result, within experimental error, and still meet the confidence
requirements of A1.4. The minimum number of fixed micro-
phone positions to be used for the measurement of sound
pressure level in the room shall be four.

A1.5.8.2 Moving Microphones—Using the standard devia-
tions calculated for the sound pressure levels in the receiving
rooms, find the hypothetical minimum number of fixed micro-
phone positions necessary for an acceptable confidence interval
in the lowest frequency band. (This requires repeating the
calculations for the confidence interval using the values of
standard deviation found for the large array of microphones
and trying different values of n and a from Table A1.1 until the
confidence limits are satisfied.) If nmin is the minimum number
of microphones required in the room and λ is the wavelength of
sound at the lowest frequency of interest, then the minimum
size of traverse for each room is calculated from the following:

Rotating Microphones:

rmin 5
nminλ
4π (A1.3)

where:
rmin = minimum radius of the circular path traversed by the

microphone.

Linear Traverses:

Lmin 5 ~nmin 2 1!λ/2 (A1.4)6 Noise and Vibration Control, Ed. by L. L. Beranek, McGraw-Hill, 1971, p. 115.

TABLE A1.1 Factors for 95 % Confidence Limits for Averages

Number of Measurements
n

Factor a for Confidence
LimitsA

X ± as

4 1.591
5 1.241
6 1.050
7 0.925
8 0.836
9 0.769

10 0.715
11 0.672
12 0.635
13 0.604
14 0.577
15 0.554

A Limits that may be expected to include the “true” average, X, 95 times in 100 in
a series of measurements, each involving a single sample of observations.
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where:
Lmin = minimum length of straight line traverse.

The minimum radius of the circular path for a rotating
microphone shall be 1.2 m.

A1.5.9 If the confidence intervals calculated do not meet the
criteria in A1.4, then the number of microphone positions must
be increased until the criteria are met.

A1.5.10 If the requirements of A1.2 do not allow enough
measurement positions to be used in the room and thus reduce
the confidence interval, then the rooms do not qualify for
measurements according to this standard.

NOTE A1.2—Changes to diffuser arrangements or the addition of sound
absorption may make the sound fields more uniform.

A1.5.11 The confidence intervals found by these procedures
shall be re-measured whenever significant changes are made to
measurement procedures, room geometry or diffusers. The data
from which the estimates of confidence intervals were made
must be kept on record as a detailed report.

NOTE A1.3—Laboratories are free to measure confidence intervals as
frequently as they wish.

A1.6 Repeatability Tests:

A1.6.1 The laboratory must determine the repeatability
limits for their test procedures as follows.

A1.6.2 Using any specimen, conduct at least six complete
sets of measurements according to this test method without
disturbing the specimen or the room.

A1.6.3 At each frequency, calculated the standard deviation
of the normalized sound pressure levels, SL 0

.

A1.6.4 At each frequency, calculate 2.8 SL0
. This is the 95 %

confidence limit for such repeat tests.
NOTE A1.4—This confidence limit does not relate to the values that

would be obtained if the specimen were destroyed and a nominally
identical specimen were constructed and tested. These limits do, however,
give an estimate of the range in the data that might be seen if the test were
repeated with no change to the specimen.

A1.6.5 The repeatability limits may be different for different
floor types. It is useful to repeat this process for each of the
floor types normally encountered by the laboratory.

A1.6.6 These repeatability tests need only be re-done when
significant changes are made to the measurement procedures.

A2. LABORATORY ACCREDITATION

A2.1 Scope:

A2.1.1 This annex describes the information that must be
supplied by a laboratory to an accrediting authority and the
procedures required to demonstrate compliance with all the
provisions of this standard method of test.

A2.1.2 Accrediting authorities are obviously free to add to
the set of requirements here. This set comprises a minimum
requirement in the opinion of ASTM committee E33.

A2.1.3 The information required from the laboratory needs
to be interpreted by a knowledgeable accreditor. It is the
responsibility of the accrediting agency to employ such indi-
viduals.

A2.2 Referenced Documents:

A2.2.1 ASTM Standards: C634 Terminology Relating to
Building and Environmental Acoustics

ASTM STP 15D Manual for the Presentation of Data and
Control Chart Analysis

A2.3 Laboratory Information :

A2.3.1 The laboratory shall provide drawings showing the
test facilities in plan and elevation. All room linear dimensions
and volumes shall be given on these drawings.

A2.3.2 The laboratory shall provide drawings showing the
dimensions of the test specimen opening, the method for
supporting specimens and how the opening connects to the rest
of the test room.

A2.3.3 The laboratory shall provide the dimensions and
total area (one-side) of any diffusing panels in the receiving
room.

A2.3.4 The laboratory shall provide the number of
loudspeakers, their type and disposition in the receiving room.

A2.3.5 The laboratory shall provide a description of any
other procedures used to reduce spatial variations in the
receiving room.

A2.3.6 The laboratory shall provide a description of the
system used to ensure that the temperature and relative
humidity in the receiving room are maintained within the
specified limits.

A2.3.7 The laboratory shall provide a report of measure-
ments made on the tapping machine to verify that it meets the
requirements of this test method and any records of periodic
check measurements made to ensure that the tapping machine
remains within specification.

A2.3.8 The laboratory shall provide a copy of the report of
measurements made following Annex A1 to qualify the receiv-
ing room.

A2.4 Measurement and Calculation Procedures:

A2.4.1 The laboratory must identify the type of calibrator
used to calibrate the measurement system before each test, the
date it was last calibrated and a description of any procedures
used to verify that its calibration has remained valid.
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A2.4.2 The laboratory must describe the type of analyzer
used to measure the sound pressure levels in the room.
(Provide copies of the parts of the operator’s manual that
describe the filter response and the specifications.) Provide a
description of any procedures followed to verify that the
analyzer meets the specifications of the manufacturer and of
this test method. Provide the date of the last calibration or
check of the instrument.

A2.4.3 The laboratory shall provide the type of micro-
phone(s) used in the receiving room.

A2.4.4 The laboratory must describe the procedure for
determining the average sound pressure level in the receiving
room: averaging time, the number of microphone positions and
their locations or type of moving microphone (provide radius
of a circular path or length of a linear traverse.)

A2.4.5 The laboratory must describe the procedure for
determining the sound absorption in the receiving room.

A2.4.6 The laboratory must provide a detailed description
of how the calculations required by the test method are carried
out. If a customized program makes calculations during routine
testing, evidence must be presented that the calculations are
correct. This evidence might, for example, be a spreadsheet
making the same calculations and giving the same answers as
the customized software.

NOTE A2.1—To facilitate checking of calculations, it is useful to have
custom software save all measured data and calculated values to files.

A2.5 Test Specimens:

A2.5.1 The laboratory must provide descriptions of proce-
dures for aging test specimens.

A2.5.2 The laboratory must provide descriptions of proce-
dures for installing the types of specimens typically tested in
the laboratory: for example, joist floors, concrete slabs etc.

A2.6 Test Procedures—The laboratory must provide a copy
of the work instructions followed by the technician running the
test.

A2.6.1 Quality Control—The laboratory must describe the
responsibilities of those members of the staff involved in the
measurement and approval steps of routine testing.

A2.6.2 Test Reports—The accreditor will select several past
tests run by the laboratory and ask to see the records of all
physical measurements made on the test specimen and the
materials comprising it, and the final test reports for these tests.

A2.6.3 The laboratory must provide a copy of the data
obtained during repeatability testing (see A1.6).

A2.7 Reference Specimen:

A2.7.1 The laboratory shall choose a floor construction to
be used as a reference test specimen to check the repeatability
of the laboratory.

A2.7.2 The reference test specimen should be tested at least
annually. It must be removed and re-installed between tests. It
must have been installed and tested within the 12 months prior
to any test using this test method.

A2.7.3 When a new reference specimen is introduced in a
laboratory, a set of test records for that specimen needs to be
established quickly for use by accreditors as well as the
laboratory staff. Initially, the reference specimen should be
tested at intervals of about 6 months until 5 sets of data have
been obtained. Thereafter, annual testing will suffice. Labora-
tories are always free to check reference specimens more
frequently.

A2.7.4 Data resulting from repeated tests made on the
reference specimen shall be analyzed by the control chart
method described in Part 3 of ASTM STP 15D. The analysis
shall be according to the subsection entitled “Control—No
Standard Given”.

A2.7.5 All records of the tests and the statistical analysis of
the results for the reference test specimen shall be made
available to the accrediting authority.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/
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