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Designation: E 492 – 04

Standard Test Method for
Laboratory Measurement of Impact Sound Transmission
Through Floor-Ceiling Assemblies Using the Tapping
Machine 1

This standard is issued under the fixed designation E 492; 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 (e) indicates an editorial change since the last revision or reapproval.

e1 NOTE—Keywords were added editorially in April 1996.

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, and the laboratory and
field methods of measuring airborne sound transmission loss of building partitions such as walls,
floor-ceiling assemblies, doors, and other space-dividing elements.

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 diffuse sound field exists in this room.

1.2 Measurements may be conducted on floor-ceiling assemblies of all kinds, including those with floating-floor or suspended
ceiling elements, or both, and floor-ceiling assemblies 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 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

C 423 Test Method for Sound Absorption and Sound Absorption Coefficients by the Reverberation Room Method
C 634 Terminology 634 Terminology Relating to Environmental Acoustics
E 90 Test Method for Laboratory Measurement of Airborne Sound Transmission Loss of Building Partitions and Elements
E 548 Guide for General Criteria Used for Evaluating Laboratory Competence3

E 717 Guide for the Preparation of the Accreditation Annex of Acoustical Test Standards
E 989 Classification for Determination of Impact Insulation Class (IIC)
E 2235 Test Method for the Determination of Decay Rates for Use in Sound Insulation Test Methods
2.2 ANSI Standards:

1 This test method is under the jurisdiction of ASTM Committee E-33 on Environmental Acoustics and is the direct responsibility of Subcommittee E33.03on Sound
Transmission.

Current edition approved Apr. 27, 1990. April 1, 2004. Published June 1990. May 2004. Originally published as E 492 – 73 T. approved 1973. Last previousedition
approved 1996 as E 492 – 890 (1996)e1.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM Standards,
Vol 04.06. volume information, refer to the standard’s Document Summary page on the ASTM website.
Annual Book of ASTM Standards, Vol 14.02.
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S1.11 Specification for Octave-Band and Fractional-Octave-Band Analog and Digital Filters4

S1.26 Method for the Calculation of the Absorption of Sound by the Atmosphere4

2.3 ISO Standard:
ISO 140/6 Acoustics—Measurement of Sound Insulation in Buildings and of Building Elements Part 6: Laboratory

Measurements of Impact Sound Insulation of Floors4

3. Terminology

3.1 The acoustical terminology used in this method is consistent with Terminology C 634 except for the following special
usages.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 receiving room—a reverberant room below the floor specimen under test in which the sound pressure levels due to the

tapping machine are measured.
3.2.2 source room—the room containing the tapping machine.

4. Summary of Test Method

4.1 A standard tapping machine is placed in operation on a test-floor specimen that forms a horizontal separation between two
rooms, one directly above the other. (See Section 6.) The transmitted impact sound characterized by the spectrum of the space-time
average one-third octave band sound pressure levels produced by the tapping machine is measured in the receiving room below.

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 obtained in different receiving rooms that differ in absorption.

5. Significance and Use

5.1 The evaluation of the impact sound-insulating performance of a floor-ceiling assembly begins with the measurement of the
sound pressure levels in the room below the test specimen. The spectrum of the noise in the room below 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, and
5.1.3 Inevitably, the characteristics and placement of the object or device producing the impacts and the nature or degree 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 8.1.1 and 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 sufficiently high to make accurate and reproducible measurements possible.
The tapping machine itself, however, is not designed to simulate any one type of impact, such as produced by male or female
footsteps.

NOTE 1—Caution: Because of its portable design, the tapping machine does not simulate the weight of a human walker. Therefore, the creak or boom
of a limber floor assembly caused by such footstep excitation may not be 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 overall field performance of floors
under typical conditions of domestic impact excitation may be subject to some variation, depending on both the type of floor construction and the nature
of the impact excitation.

6. Test Rooms

6.1 Flanking Transmission:
6.1.1 The test rooms shall be so constructed and arranged that the test specimen constitutes the only important transmission path

between them. The impact sound pressure level transmitted through the test structure shall be at least 10 dB greater than that
transmitted into the receiving room by all other paths.

6.1.2 The limit of impact sound levels that can be measured in the receiving room without being biased by flanking transmission
must be determined for each test facility. A suggested method is to build and install in the usual manner a test specimen and to
measure the vibration acceleration levels of the test specimen in the receiving room and the receiving room walls. If the former
exceeds the latter by 10 dB, one may consider the flanking transmission due to vibrating room surfaces as negligible. The amount
of energy radiated from a structure depends upon its radiating efficiency as well as its amplitude of vibrations.

NOTE 2—The amount of flanking transmission may also be determined by using sound intensity techniques to measure the contribution of the radiating
surfaces and any possible airborne leaks.

6.2 Size and Shape of Receiving Room—To produce an acceptable approximation to the assumed diffuse sound fields, especially
in the lowest test frequency band, the receiving room should meet the following requirements.

4 Available from American National Standards Institute (ANSI), 11 25 W. 42nd 43rd St., 13th 4th Floor, New York, NY 10036.
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6.2.1 Volume of Receiving Room—The recommended minimum volume of the receiving room is 125 m3 (4415 ft3). Laboratories
that use a volume smaller than 125 m3 must report the room volume in their test report (1, 2).5

6.2.2 Room Shape—It is recommended that no two dimensions of the receiving room be the same or in the ratio of small whole
numbers. The ratio of largest to smallest dimension of the room should be less than two.

NOTE 3—Theoretical studies of rectangular rooms (2, 3, 4) suggest that the proportions 1:21/3:22/3 provide an optimum distribution of modes in the
lowest bands. Minor deviations in construction, or the presence of diffusers, will alter the actual distribution.

6.3 Sound Diffusion— Even in receiving rooms meeting the requirements of 6.2, measurements in the lower test bands are likely
to depend critically on microphone locations. Space/time variations in measured sound pressure levels can be minimized by using
a diffusing panel system that incorporates stationary or moving diffusing panels, or both. For this reason it is suggested that the
receiving room should be fitted with diffusing panels. It has been found that diffusing panels meeting the following requirements
have been effective in diffusing sound fields. This is not to say that other diffusing panels are more or less effective. Each laboratory
should select and install diffusing elements such that they meet the precision requirements of 11.3.

6.3.1 The recommended minimum dimension of any diffusing panel is 1 m excluding thickness and recommended minimum
surface mass of the panels is 5 kg/m2 (1 lb/ft2).

6.3.2 Fixed diffusing panels should be suspended in random orientations throughout the room space. The distribution of the
panels should be determined experimentally in order to provide an acceptably uniform sound which satisfies the precision
requirements of 11.3.

6.3.3 Moving diffusers usually comprise a set of rotating or oscillating panels set at oblique angles relative to the room surfaces.
These devices are known to be particularly effective in producing a uniform sound field.

6.3.4 The recommended total single-sided area of fixed plus moving panels should be greater than 10 to 15 % of the total surface
of the receiving room.

6.4 Room Absorption:
6.4.1 The sound absorption in the receiving room should be low in order to achieve the best possible simulation of the ideal

diffuse field condition, and in order to minimize the region dominated by the direct field of the test specimen. It is recommended
that in the frequency range that extends fromf = 2000/ V1/3 to 2000 Hz that the Sabin absorption in the receiving room (as
furnished with diffusers) and corrected for air absorption be no greater than the following:

A 5 V 2/3/3 (1)

where:
V = the room volume, m3, and
A = the room absorption in metric sabins.

For frequencies belowf = 2000/V 1/3, (where the number 2000 is an empirical constant with the units (metres/seconds)
somewhat higher absorption may be desirable to accommodate other test requirements (for example, ANSI S1.32, ISO 3741); in
any case, the absorption should be no greater than three times the value given by Eq 1.

NOTE 4—To minimize errors related to atmospheric absorption, the temperature and humidity in the receiving room should be kept constant during
both the transmission and absorption measurements; for monitoring purposes, temperature and humidity should be measured and recorded during each
day’s testing. (See ANSI S1.26 on air absorption correction.)

6.5 The information and recommendations of 6.2-6.4 are provided so that the closest possible approximation to a diffuse sound
field will exist in the receiving room. The spatial variations measured in the receiving room shall be such that the precision
requirements in 11.3 are satisfied at all frequencies.

7. Test Specimens

7.1 Size and Mounting—The test specimen shall include all of the essential constructional elements and surfacing materials
normally found in an actual installation. Some elements may have to be reduced in size in order to fit each laboratory’s test
opening. In the case of precast or preformed solid concrete slabs or hollow-masonry panel structures, it is recommended that the
test specimen include two or more complete slabs or panel units. It is recommended that the area of the test specimen be at least
10 m2 and have a minimum dimension of 2.4 m. The test specimen shall be sealed and structurally isolated from the receiving room
to avoid significant flanking transmission.

7.2 Aging of Specimens:
7.2.1 Test specimens that incorporate materials for which there is a curing process (for example: adhesives, plasters, concrete,

mortar, damping compound) shall age for a sufficient interval before testing. Aging periods for certain common materials are
specified in Annex A1. Shorter aging periods may be used if test data indicate that additional aging does not affect acoustical
performance (see Note 5).

7.2.2 In the case of materials whose aging characteristics are not known, repeated tests over a reasonable time shall be made
on at least one specimen to determine an appropriate aging period.

5 The boldface numbers in parentheses refer to the list of references at the end of this standard.
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NOTE 5—A suggested procedure for determining if a specimen has aged sufficiently is to conduct a series of tests on the specimen after 2, 4, 7, 14 or
28 days of aging. If for two consecutive tests on different days the change in the one-third octave band sound pressure levels at each test frequency is
within the range of repeatability for laboratory tests on the same specimen using identical facilities and equipment, then the specimen can be considered
to have aged sufficiently.

7.3 Installation of Floor-Surfacing Materials:
7.3.1 Floor-surfacing materials of significant weight, such as carpets and pads, especially when installed with adhesive, may

significantly affect the response of the test specimen to impacter, both during test and in normal use. Consequently, such materials
should be deemed parts of the test specimen. The materials and the manner of installing them should be fully described (see also
7.3.2 and 7.3.3). The floor-surfacing material should cover the whole test specimen, not merely the portions under the impact
machine.

7.3.2 The installation or laying of floor-surfacing materials shall be in accordance with manufacturer’s instruction, especially
in regard to cleaning and priming of the subfloor. It is recommended that flooring materials, including underlayments and
adhesives, be stored in an environment similar to that of the source room for at least 72 h before installation, preferably with
bundles or cartons broken open. It is recommended that the environmental conditions be regulated to a temperature of 15 to 25°C
and a relative humidity of 30 to 60 %. The environmental conditions in both the source and receiving rooms should be controlled
and recorded.

7.3.3 The foregoing procedure is recommended for installation of any flooring material whether by nailing or adhesive
techniques. Although most floors are ready for immediate use after being installed, it is recommended that measurements on floors
with adhesive-applied surfacing materials be tested no sooner than 24 h after installation to allow the adhesive to cure. For
adhesives with undetermined aging periods see Note 3.

8. Tapping Machine

8.1 Specifications:
8.1.1 This test method is based on the use of a standardized tapping machine that conforms to the specifications given in ISO

140/6. It The tapping machine shall have five hammers equally spaced in a line, t. The distance between the two end centerlines
of neighboring hammers shall be 41006 3 mm. The machine Each hammer shall deliver 10 impacts/s at equal intervals, such that
the time between successive impacts shall be 100 ms6 5 ms. The have an effective mass of each hammer shall be 0.5 5006 0.012
kg. 6 g which falls freely from a height of 406 3mm. The falling directiopn of a hammer on a flat hard floor the hammers shall
be equivalent perpendicular to a free drop without friction of 40 the test surface to within6 1 mm. 0.5 º. The part of the hammer
that strikes carrying the floor impact surface shall be cylindrical with a cylinder diameter of steel, 306 0.2 mm. The impact surface
shall be of hardenedi steel amnd shall bet spherical with a spherical end having a curvature radius of 5006 100 mm. Check both
The tapping machine shall be self driven. The time between successive impacts shall be 1006 20 ms.

8.1.2 Since friction in the hammer drop and guidance system can reduce the radius velocity of curvature of the hammer at
impact, the tadpping machine s whall be checked for friction between the ha gmmers and the guidance system. Any friction found
should be eliminated or t reduced as much as possible. If the friction can not be eliminated, then the hammer weight or drop height
can be increased to compensate for conformance with this friction. In any event, the hammer weight and drop height shall not
exceed the limits given specifications.

8.1.2 In in 8.1.1.
8.1.3 In addition, cap the bottoms of the machine mountings or feet with soft sponge-rubber pads about 5 mm thick, and space

the feet at least 100 mm from the nearest hammer.

NOTE 6—Investigations involving light frame floating floors show that the resiliency of the tapping machine mountings as well as their spacing from
the hammers significantly affect the sound pressure levels in the frequency band below 400 Hz. (5). The machine may be effectively decoupled from the
floor by the use of the sponge rubber pads described in 8.1.23. To determine whether these pads are functioning adequately, place a strip of soft resilient
material under the impacting hammers. If, in each frequency band, there is at least a 10 dB reduction in the sound pressure level in the receiving room,
the spurious vibrational transmission is negligible. If the reduction is less than 10 dB, the supports must be redesigned and the hammer drop readjusted
to conform with the specifications in 8.1.

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

8.2 Airborne Noise— The airborne noise radiated by the tapping machine, (in the source room) including that due to the
impacting of hammers on the floor surface, shall not contribute to or influence the one-third octave band sound pressure levels
measured in the receiving room due to impact noise radiated by the floor/ceiling assembly. One method of dealing with this is to
distribute enough sound absorbing material about the source room so that the level of the reverberant sound field is sufficiently
reduced. Alternatively, the airborne noise transmission through the specimen under test can be measured to demonstrate that
airborne noise does not affect the measurements.

8.3 Tapping Machine Positions—For conformity, the tapping machine positions and orientations illustrated in Fig. 1 and
described below must be used.

8.3.1 Position 1—The middle hammer of the tapping machine shall be coincident with the midpoint of the floor area, that is,
the point of intersection of floor diagonals. In joist construction, adjust this point to the center line of the closest joist or other
support member, and arrange the tapping machine so that all hammers fall on the joist.
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8.3.2 Position 2—Same as position 1, except rotate the tapping machine 90° about the axis of the middle hammer.
8.3.3 Position 3—Similar to position 1, except displace the tapping machine laterally, such that the long dimension of the

machine is centered midway between and parallel to the central joists. 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.

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

9. Measurement of One-Third Octave Band Sound Pressure Levels

9.1 The procedure for this method of test is to measure the sound pressure levels in a receiving room located directly below
a floor specimen (see 5.1). Measurements of the sound pressure levels shall be made in a specified series of frequency bands for
each of the tapping machine positions as designated in 8.3.

9.2 Test Frequency Bands:
9.2.1 The sound pressure levels shall be measured in the 16 contiguous one-third octave bands with center frequencies as

follows: 100, 125, 160, 200, 250, 315, 400, 500, 630, 800, 1000, 1250, 1600, 2000, 2500, and 3150 Hz. It is suggested that
additional one-third octave band measurements be made at 50, 63, 80, 4000, and 5000 Hz to accumulate research data.

9.2.2 The overall frequency response of the filters used in the microphone system shall, for each test band, conform to the
specifications in ANSI S1.11 for a one-third octave band filter set, Order 3 or higher, Type 1 or better.

9.3 Averaging Time— For each tapping machine position and fixed microphone positions the impact sound pressure levels in
a receiving room shall be averaged over a time interval of at least 10 s at frequencies of 400 Hz and below and at least 5 s at
frequencies above. If a rotating vane is used, the time average sound pressure level shall be determined during a sufficient time
period to take account of variations with vane position.

9.4 Microphone Requirements—Since absolute rather than relative measurements of impact sound pressure levels are required,
the calibration and frequency response of the microphones are important. Microphones are preferred that have a flat frequency
response and are stable, omnidirectional, and small in size, such as random incidence response condenser microphones, are
preferred.

9.4.1 Calibration— All microphones and associated instrument systems used in the measurements must be calibrated. This
includes all amplifiers and other instrumentation up to the point at which the microphone signals are observed and recorded. It is
recommended that the calibration of the measurement system be checked before and after each set of measurements to safeguard
against small errors in system sensitivity. Such checks may be performed with an acoustic calibrator that generates a known sound
pressure level at the microphone diaphragm.

9.4.2 Orientation and Response—The orientation of the microphone in a diffuse sound field is not considered to be critical for
the frequency range specified above.

NOTE 1—2 ft = 0.6 m
FIG. 1 Tapping Machine Positions
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9.4.3 Location—The perpendicular distance from any microphone position to any major extended surface shall be no less than
1 m. The same limit applies relative to any fixed diffuser, if a perpendicular can be drawn to the diffuser surface (excluding edges)
and relative to any possible position of a rotating diffuser.

9.4.4 Number of Microphone Locations—The number and location of microphone positions required for a space average to a
given precision (see Section 11) should be determined initially by a detailed survey of the receiving room, especially at the lowest
test frequencies. A reduced number of locations that yield the same average result as the detailed survey and meet the precision
requirements of Section 11 may be selected for day-to-day measurements. No fewer than four (4) microphone positions, however,
shall be used for each tapping machine location.

9.4.5 If the estimates of precision of average sound pressure levels are to be reliable the observation points should be sufficiently
far apart to provide independent samples of the sound field. This requires, if fixed microphone positions are used, that they be
spaced at least half a wavelength apart. A single microphone continuously moving along a defined traverse may be used instead
of stationary microphones provided that the above restrictions are met.

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

L̄p 5 10 log S 1
n (

i 5 1

n

10Lpi/10 D (2)

where:
n = number of microphone positions or readings, and
Lpi = sound pressure level measured at a microphone position for one location of the tapping machine, dB.

9.6 Background Noise Level—Measurements of the background noise levels shall be made during each test to ensure that the
observations are not affected by extraneous airborne or electrical noise in the receiving system.

9.6.1 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. 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.

9.6.2 Adjustment for Background Noise Level—If Lsb is the level of the signal and background combined, andL b is the level
due to background noise only, then the adjusted signal level,Ls, in the absence of background noise is the following:

L s 5 10 log~10Lsb/10 2 10Lb/10 ! (3)

9.6.3 At those frequencies where the background noise level is less than 5 dB below the combined level, subtract 2 dB from
the combined level and identify those data with an asterisk to indicate the background noise level was too high.

9.7 The average one-third octave band sound pressure level (L̄P4) for the four individual sound pressure levels measured for
each tapping machine position is given by the following:

L̄P4 5 10 log~ 0.25 (
j 5 1

4

10Lpj/10 ! (4)

where:
L̄ pj = The average one-third octave band sound pressure level, decibels re 20 Pa, for each tapping machine position.

9.8 The normalized sound pressure level,Lp, in each of the specified frequency bands may be obtained from the following
relationship:

Ln 5 L̄P4 2 10 log~A 0/A1! (5)

where:
L̄P4 = the average of the one-third octave band sound pressure levels, in decibels re 20 Pa, in the receiving room for the four

tapping machine positions,
A1 = sound absorption of the receiving room, expressed in units of metric sabins, and measured in the same frequency band

used for the measurement of L4̄p, and
A0 = reference absorption of 10 metric sabins.

9.9 Determination of Receiving Room Sound Absorption:
9.9.1 The required method of determining the sound absorption is to measure the decay rate,d, in the receiving room using a

sound source in the receiving room (see Test Method C 423). room. The determination of the sound absorption in the receiving
room is to be made with the room in the same condition and with microphones in the same positions as for the measurement of
sound pressure level,Lp. Specifically, the floor-ceiling specimen shall remain in place during the measurement ofd, so that its
effective absorption is included. Further, the band width of the microphone signal shall be the same as that used for measurement
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of the one-third octave band sound pressure levels produced by the tapping machine. (See Test Method E 2235.)

10. Report

10.1 The report shall include the following information:
10.1.1 A statement, if true in every respect, that the tests were conducted in accordance with the provisions of this method and

the uncertainty limits for each tapping machine position met the provision requirements of 11.3. Conformance with the relevant
sections of Annex A1 shall also be reported, if applicable.

10.1.2 A description of the test specimen that is sufficiently detailed to identify the specimen, at least in terms of the elements
that may affect its impact insulation performance. The specimen size, including thickness, and the average weight per square foot
shall always be reported. Wherever possible, the testing laboratory shall observe and report the materials, dimensions, weight, and
other relevant physical properties of the major components and the manner in which they are combined, including a description
of fastening elements. A description 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.

10.1.3 A detailed description of any floor-covering material or underlayment, or both, such as carpets, pads, and mats which
were placed on top of the finished floor specimen. In addition to the size, weight, and thickness, other properties of the floor
covering, such as type of material, pile height, loop density, backing, etc., shall be described.

10.1.4 The temperature and relative humidity in both the source and receiving rooms.
10.1.5 The method of installation of the specimen in the test opening, including the location of framing or joist members relative

to the edges, and the treatment of the junction with the test opening. The use of constraints, caulking, gaskets, tape, or other sealants
on perimeter or interior joints shall be described in detail.

10.1.6 The normalized impact sound pressure levels (Ln) to the nearest 1 dB, for the one-third octave frequency bands given
in 9.2. Results may be presented in graphical form. It is recommended that the ordinate be 2 mm/dB and the abscissa scale be 50
mm per 10:1 frequency ratio. If it is necessary to use a larger or smaller scale, the same aspect ratio as above should be used.

10.1.7 The calculated 95 % uncertainty limit (DLn) of the impact noise test data at each frequency.
10.1.8 If a single number rating is given, the preferred rating method is the Impact Insulation Class (IIC), as described in

Classification E 989.

11. Precision and Bias

11.1 The precision of the space-time average sound pressure level (Lp) for a tapping machine position is derived from the
measurement precision of the individual sound pressure levels. The method described in ASTMSTP 15D(6) for determining the
95 % uncertainty is summarized in 11.2.

11.2 Ninety-Five Percent Uncertainty Calculation:
11.2.1 The standard deviation for a set of measurements is given by the general expression:

TABLE 1 Factors of 95 % Confidence Limits for Averages

Number of Measurements
n

Confidence LimitsA

a

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
16 0.533
17 0.514
18 0.497
19 0.482
20 0.468
21 0.455
22 0.443
23 0.432
24 0.422
25 0.413

n a 5
1.960

=n

A Limits may be expected to include the “true” average, X, 95 times in 100 in a
series of problems, each involving a single set of observation.
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s 5 S (
i 5 1

n ~Xi 2 X̄! 2

n 2 1 D1/2

(6)

where:
s = standard deviation,
Xi = the individual quantity being measured,
X̄ = the average value of the quantity being measured, and
n = number of readings or determinations of the quantity being measured.

11.2.2 The 95 % uncertainty limit for a measurement is given by the general expression:

DX 5 as (7)

where:
DX = uncertainty limit, dB, and
a = a factor which depends on the number of measurements or determinations and the desired confidence limits. See Table

1 for the values of “a” for 95 % confidence limits.
11.2.3 The 95 % uncertainty limit (D L̄p) for the average sound pressure level (L̄p) in the receiving room for a tapping machine

location is given by the expression:

D L̄p 5 ~a! S (
i 5 1

n ~Lpi 2 L̄p!
2

n 2 1 D 1/2

(8)

where:
a = factor taken from Table 1,
n = number of measurements of sound pressure level for one location of the tapping machine,
Lpi = sound pressure level measured at a microphone position for one location of the tapping machine, and
L̄p = average sound pressure level for one location of the tapping machine.

NOTE 7—Eq 8 is sufficiently accurate for this standard as long as the range of values forLp i is no more than 5 dB. If the range of values forLpi is
greater than 5 dB, then the following equation should be used to determineDL p:

D L̄ p 5 ~4.3429! ~a!

3 n
n 2 1 1n (

i 5 1

n

~10Lpi/10! 2

~ (
i 5 1

n

10Lpi/10 ! 2

2 124
1/2

(9)

11.3 Precision Requirement—It is required that the sound pressure level 95 % uncertainty level determined for each tapping
machine location be no greater than 3 dB for the one-third octave bands centered in the range from 100 to 400 Hz and 2.5 dB for
the bands centered in the range from 500 to 3150 Hz.

12. Characteristics or Variability of Floor/Ceiling Assemblies

12.1 Many floor/ceiling assemblies are not homogeneous, thus there can be a variation in the space-time average sound pressure
levels measured for each tapping machine location. That is why precision requirements are determined for each tapping machine
location and not for the normalized sound pressure level determined for all the tapping machine locations.

12.2 Since it is desirable to have some indication of the variability of the space-time average sound pressure levels for each
tapping machine location, the 95 % uncertainty limits for the normalized sound pressure levels must be determined.

12.2.1 The 95 % uncertainty limit (D Lp) for the normalized sound pressure level (Ln) is equal to the square root of the sum
of the square of the 95 % uncertainties for eachL p value and the uncertainty for 10 logA 1.

12.2.2 The 95 % uncertainty limit (D (10 log A1)) for 10 log A 1 is given by the expression:

D ~log A1! 5 as (10)

where:
s = standard deviation for the determination of 10 logA 1.

If the range of values forA1 is small, thenD (10 log A1) is equal approximately to 4.343DA1/ A1.
If reverberation times are used instead of absorption values, thenD (10 logA1) may be replaced byD (10 logT1) or 4.34DT1/T1.

12.2.3 The 95 % uncertainty limit (D Ln) for the determination of the normalized sound pressure level (Ln) is the combined
uncertainty limits of the measured quantities.Thus:
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DLn 5 SD 2L̄p1 1 D 2L̄p2 1 D 2L̄p3 1 D 2L̄p4

4 1 D 2~10 logA1!D1/2

(11)

or

DLn 5 SD 2L̄p1 1 D 2L̄ p2 1 D 2L̄p3 1 D 2L̄p4

4 1 18.86SDA1

A 1
D2D1/2

or

DL n 5 SD 2L̄p1 1 D 2L̄ p2 1 D 2L̄p3 1 D 2L̄p4

4 1 18.86SDT1

T 1
D2D1/2

where:
D2L̄p1+ ___ = the square of the 95 % uncertainty limits determined for each tapping machine location.

13. Keywords

13.1 floor ceiling assemblies; sound transmission; tapping machine

ANNEXES

(Mandatory Information)

A1. PREPARATION AND DESCRIPTION OF TEST SPECIMENS

A1.1 Scope

A1.1.1 This annex supplements the main document since it constitutes an elaboration of the general requirements given in 7.1,
7.2, 7.3, 10.1.2, 10.1.3, and 10.1.5 for the construction of certain generic types of floor-ceiling assemblies. The various types of
assemblies are categorized and dealt with in separate sections in which special details are spelled out relating to the preparation,
installation and aging of test specimens and the reporting of such information.

A1.2 Types

A1.2.1 The following generic types of floor structures are considered:
A1.2.1.1 Concrete or masonry floors,
A1.2.1.2 Metal or wood joist floors,
A1.2.1.3 Floors with ceiling assemblies, and
A1.2.1.4 Floating floors.
A1.2.2 Composite Construction—If a structural floor includes components corresponding to more than one of the listed types,

the appropriate requirements of each type shall apply. For example, concrete floor slab to which a plaster ceiling is applied shall
meet the relevant requirements of A1.3 for the basic floor and A1.5 for the plaster layer.

A1.3 Concrete or Masonry Floors

A1.3.1 Materials—The dimensions and average weight of an individual masonry unit, and the thickness, and average area of
coverage of mortar shall be determined and recorded. The weight per square foot of the completed floor shall be determined by
weighing a representative portion of the floor after test. In the case of poured reinforced concrete floors, the dimensions and the
average weight of the floor slab shall be recorded. If reinforcing rods or wire mesh are used, the dimensions, spacing, gage and
mesh size of such materials shall be recorded.

A1.3.2 Construction— The floor shall be built in accordance with usual construction practice except that extra control
procedures may be desirable to ensure maintenance of the specified dimensions. The construction procedures should be reported
in detail (see also 10.1.2, 10.1.3, and 10.1.5).

A1.3.3 Aging—Following construction the specimen shall be allowed to age a minimum of 28 days before testing. A
temperature range of 10 to 30°C is recommended.

A1.4 Metal or Wood Joist Floors

A1.4.1 Materials:
A1.4.1.1 Joists—State material, species, and grade if wood; state composition, type and thickness of other materials, true

dimensions, spacing in test opening, end-fastening conditions, and weight per lineal foot,
A1.4.1.2 Fillers—Materials, weight per square foot, location, and method of fastening.
A1.4.1.3 Flooring—Composition of individual subfloor and finish floor sections and orientation in test specimen; weight per

square foot of material, number of layers and thickness of each, location and treatment of joints, number and type of fasteners. (See
7.3.)
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A1.4.1.4 Adhesives—Composition, method of application, and thickness.
A1.4.2 Construction— See 10.1.2 and 10.1.3.
A1.4.3 Aging—If adhesives are used to apply wood block or tile flooring materials or varnish is applied to the floor surface,

the specimen shall age for a minimum of 24 h. If no adhesives are used, but floor surfaces are finished with a quick drying sealer
and finishing compounds, the minimum aging period shall be 12 h.

A1.5 Floors with Ceiling Assemblies

A1.5.1 Materials:
A1.5.1.1 Ceiling Joists, Furring Strips, Nailing Channels—State materials, type true dimensions, spacing and orientation,

end-fastening conditions, and weight per square foot. Also state species and grade if material is wood.
A1.5.1.2 Fillers—Materials, weight per square foot of floor, location, and method of fastening;
A1.5.1.3 Lathing—Material, dimensions of individual sections, and orientation in test specimen, weight per square foot,

number, and location of fasteners and treatment of the edges of the specimen.
A1.5.1.4 Plaster—Composition and thickness of each layer and the method of application. The weight per square foot of the

completed floor (including joists, other framing members and filler materials) should be determined by weighing representative
sections after test.

A1.5.1.5 Wallboard—State material and orientation in test specimen, weight per square foot of material, number of layers and
thickness of each, location and treatment of joints, number and type of fasteners.

A1.5.2 Construction— The test specimen may either be built into a suitable frame, which is then inserted in the test opening,
or built into the opening itself. The type of installation and the steps in constructing the specimen (for example, plastering
techniques) should be reported in detail. The actual thickness of plaster layers should be determined, for example, by inspection
of representative sections after the test. (See also 10.1.2 and 10.1.5.)

A1.5.3 Aging:
A1.5.3.1 Plaster—Thick coats (greater than1⁄8 in.) of gypsum plaster shall age at least 28 days before testing; superficial coats

(1⁄8 in. thick or less) shall age at least 3 days.
A1.5.3.2 Wallboard—If joints and edges are finished with typical joint caulking and finishing compounds, the minimum aging

period shall be 12 h.

A1.6 Floating Floors

A1.6.1 Materials:
A1.6.1.1 Surface of Supporting Structural Floor—State materials, type, thickness true dimensions, weight per square foot of

material, number of layers and thickness of each, location and treatment of joints, number and type of fasteners.
A1.6.1.2 Resilient Underlayments—State material, type, thickness, true dimensions, spacing location, and weight per square

foot of material, and method of fastening.
A1.6.1.3 Floating Framing, Joists, Furring Strips, Sleepers and Nailing Channels—State materials, type, thickness, true

dimensions, spacing, end-fastening conditions, and edge or perimeter clearance.
A1.6.1.4 Floating Subfloor and Finish Floor—State material, type, thickness, true dimensions, weight per square foot of

material, number of layers and thickness of each, location and treatment of joints, number and type of fasteners, method of
fastening, and edge or perimeter clearance.

A1.6.1.5 Adhesives—Same as A1.4.1.1.
A1.6.2 Construction— The floating floor may be built on top of any basic structural floor, which has been installed in the test

opening. The type of installation and steps in constructing the floating floor should be reported in detail. The total thickness of the
floating floor (including supporting members and underlayment) should be stated. Total weight of the floating floor (including
supporting members and underlayment) may be determined by weighing composing elements before installation.

A1.6.3 Aging:
A1.6.3.1 Floating Floors of Wood Construction—Same as A1.4.2.
A1.6.3.2 Floating Floors of Concrete Slab Construction—Same as A1.3.3.

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 required
procedures, equipment, and facilities in order to demonstrate compliance with all the provisions of this standard method of test.

A2.2 Referenced Documents

A2.2.1 ASTM Standards2:
C 634 Terminology Relating to Environmental Acoustics
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E 548 Guide for General Criteria Used for Evaluating Laboratory Competence
E 717 Guide for the Preparation of the Accreditation Annex of Acoustical Test Standards

A2.3 Laboratory Information and General Criteria

A2.3.1 The laboratory shall satisfy all the provisions of Practice E 548.

A2.4 Specific Procedures and Performance

A2.4.1 The laboratory must show that:
A2.4.1.1 The impact sound pressure level transmitted through the test structure is at least 10 dB greater than that transmitted

into the receiving room by all other paths for each test frequency band (6.1.1).
A2.4.1.2 An assessment of the flanking impact sound transmission through the walls enclosing the receiving room has been

made.
A2.4.1.3 If the volume of a laboratory’s reverberation room is less than 125 m3 or two room dimensions are equal, then explicit

evidence must be furnished by the laboratory that they can meet the precision requirements of 11.3.
A2.4.1.4 That the sound absorption in the receiving room is appropriate to satisfy the measurement uncertainties of 11.3.
A2.4.1.5 The test specimens are large enough to include all the essential construction elements in their normal size and in

proportions typical of actual size (7.2).
A2.4.1.6 The test specimen is sealed and structurally isolated from the receiving room and installed using normal construction

practices (7.1).
A2.4.1.7 Test specimens are properly aged before testing (7.3.2).
A2.4.1.8 The tapping machine meets requirements of 8.1.
A2.4.1.9 The test frequency bands and the overall frequency response of the microphone filters meet the requirements of 9.4.
A2.4.1.10 The averaging time procedures meet the requirements of 9.5.
A2.4.1.11 Background noise levels are at least 5 dB below the total level (9.6).
A2.4.1.12 The method for averaging the impact sound pressure levels is adequate.
A2.4.1.13 The microphone(s) meet the requirements of 9.8 and are calibrated in accordance with 9.8.1.
A2.4.1.14 The microphone locations in the receiving room meet the requirements of 9.8.3.
A2.4.1.15 The test results are reported as specified in 12.1.
A2.4.2 The laboratory shall describe its procedure for determining the sound absorption in the receiving room.
A2.4.3 The laboratory shall establish a reference test specimen that must have been installed and tested within the prior 12

months of a test using this test method. The results of the tests on this reference test specimen shall be made available to the
accrediting authority. The reference test specimen may be any floor/ceiling assembly selected by the laboratory. The reference test
specimen is only to be used to check the repeatability of a particular laboratory.
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