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INTRODUCTION

This test method is designed to measure the sound attenuation provided by a suspended ceiling in
the presence of a continuous plenum space under prescribed laboratory test conditions. The test
method is an adaptation of AMA-1-11-1967 Method of Test. This modified test method may give
results differing from the AMA-1-II procedure.

1. Scope 1.6 The facility may also be used to study the performance

1.1 This test method utilizes a laboratory space so arrangedf an integrated system comprising plenum, ceiling, and
that it simulates a pair of horizontally adjacent small offices orPartition, tested as a single assembly.
rooms separated by a partition and sharing a common plenum 1.7 This standard does not purport to address all of the
space. The partition either extends to the underside of §aféty concems, if any, associated with its use. It is the
common plenum space or penetrates through it. In the pré'e$p0nS|blllty of the user of thls standard to e_stabllsh appro-
scribed configuration, special design features of the facilityPriate safety and health practices and determine the applica-
ensure that the only significant sound transmission path is byility of regulatory limitations prior to use.
way of the ceiling and the plenum space

1.2 Within the limitations outlined in the significance state-

ment, the primary quantity measured by this test method is the 2:1 ASTM Standards: ,
ceiling attenuation of a suspended ceiling installed in a C 423 Test Method for Sound Absorption and Sound Ab-

sorption Coefficients by the Reverberation Room Method
C 634 Terminology Relating to Environmental Acoustics

2. Referenced Documents

laboratory environment. By accounting for receiving room
sound absorption, the normalized ceiling attenuation may be ! ; ' >
determined. C 636 Practice for Installation of Metal Ceiling Suspension

1.3 The test method may also be used to evaluate the SyStems for Acoustical Tile and Lay-in Parfels _
attenuation of composite ceiling systems comprised of the E 90 Test Method for Laboratory Measurement of Airborne

ceiling material and other components such as luminaires and _Sound Transmission Loss of Building Partitiéns

ventilating systems. E 336 T'est'Meth'od' for Measurement of Airborne Sound
1.4 The field performance of a ceiling system may differ _Insulation in Buildings

significantly from the results obtained by this test method (see E 413 Classification for Rating Sound Insulation _

Significance and Use). E 548 Guide for General Criteria Used for Evaluating
1.5 The procedures may also be used to study the additional _Laboratory Competfanée

sound insulation that may be achieved by other attenuation 22 ANSI Standards: ,

measures. This would include materials used either as plenum S1-11-1986 Specification for Octave-Band and Fractional-

barriers or as backing for all or part of the ceiling. Octave Band Analog and Digital Filtérs
2.3 Other Standards:

1 This test method is under the jurisdiction of ASTM Committee E-33 on ————
Environmental Acoustics and is the direct responsibility of Subcommittee E33.03 on 2 Annual Book of ASTM Standardgol 04.06.

Sound Transmission. 3 Annual Book of ASTM Standardgol 14.02.
Current edition approved Oct. 10, 2000. Published January 2001. Originally “# Available from American National Standards Institute, 11 W. 42nd St., 13th
published as E 1414 — 91. Last previous edition E 1414 — 00. Floor, New York, NY 10036.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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AMA 1-11-1967 Method of Test, Standard Specification for method, the room containing the sound source is designated the
Ceiling Sound Transmission Test by Two Room Method source roomand the other, thesceiving room
4.2 The measurement of a normalized ceiling attenuation

3. Terminology requires that the value of a normalization term dependent upon
3.1 Definitions—For definitions of terms used in this test the amount of sound absorption present in the receiving room

method see Terminology C 634. be known. Two alternate methods are used for the determina-
3.2 Definitions of Terms Specific to This Standard: tion of this normalization term.

3.2.1 ceiling attenuation (Q)—the noise reduction between
the source and receiving rooms where flanking transmission by. Significance and Use
a." pathS are at |eaS'[ 10 deCibe|S |0Wer than the pa’[h through the 51 Modern Ofﬁces and Other multipurpose bu||d|ngs com-
ceiling and plenum. monly have suspended acoustical ceilings installed over room

D=L, — L, dividing partitions. The test facility prescribed in this test
(1)  method is useful for providing ceiling attenuation data on the
d’elevant ceiling/partition elements and systems, to ensure that
the transmission of sound through the ceiling and plenum
space, or through the combination of ceiling, plenum space,
and partition systems, provides a suitable degree of acoustical
isolation.

5.2 This test method is useful for rating and specifying,

@ under standardized conditions, the sound attenuation perfor-
mance of ceiling materials when mounted in a specified
whereN; is the normalization term defined in 3.2.3. suspension system.

3.2.3 normalization term (N—the adjustment term deter- 53 This test method may be useful for selecting a wall-
mined in 9.3 which normalizes the Ceiling attenuation tOCei”ng System for probab|e Comp”ance with a performance
account for receiving room absorption. specification for overall sound isolation between rooms. How-

3.2.4 ceiling attenuation class (CAG-a single figure rating  ever, the actual field performance may differ significantly,
derived from the normalized ceiling attenuation values inparticularly if the field plenum depth is not within the limits
accordance with Classification E 413, except that the resunﬁa@peciﬁed in this test method or if the p|enum space contains
rating shall be designatezkiling attenuation class large ducts, beams, etc., or both.

3.2.5 plenum space-the whole of the void above the 54 The flexibility inherent in the test facility enables
suspended ceilings in both rooms. Its dimensions are to bgyaluation of the effects of penetrations, induced leakage paths,
measured, discounting the thickness of any sound absorbingminaire, and air diffuser installations and discontinuities in
material either adhered to walls or laid on the back of the testhe ceiling suspension system at the partition line, including

where L, is the average one-third octave band soun
pressure level in the source rooiy; is the average one-third
octave band sound pressure level in the receiving room.

3.2.2 normalized ceiling attenuation (R)—the ceiling at-
tenuation adjusted to account for receiving room absorption.

Dnec= D¢+ N

ceiling. . penetration of the partition into the ceiling plenum. The effect
3.2.6 direct sound field-the sound that results from an of installing plenum barriers at the partition line may also be
acoustical source without reflection from boundaries. investigated.

3.2.7 reverberant sound fiete-the sound in an enclosed or 5.5 With the concentration of sound absorbent area offered
partially enclosed space that has been reflected repeatedly frag) a suspended sound absorbent ceiling installed in a room, it
the enclosure boundaries. is not possible to obtain a good approximation to a diffuse
sound field in that room. The plenum dimensions prevent the
4. Summary of Test Method maintenance of a diffuse sound field above the test specimen.

4.1 The laboratory test facility consists of an outer shellThese factors affect the values of the measured ceiling sound
divided into two rooms by a partition and a suspended ceilingittenuation and thus the measurements are not a fundamental
(the test specimen). The partition between the two rooms magroperty of the ceiling. The test method measures the acousti-
extend up to, or through, the suspended ceiling, dependingal properties attainable under the prescribed test conditions,
upon whether the specific test specimen is designed to bghich have been arbitrarily selected. The conditions must be
continuous or interrupted at the partition line. The rooms areadhered to in every test facility so that the measured results will
built so that the only significant sound transmission pathbe consistent. Two methods for obtainiAgthe receiving room
between them is that provided by the test specimen and thgbsorption, are given without preference. One method, known
ceiling plenum. All other sound transmission paths must bexs the steady state method, has been used to obtain an estimate
negligible. The ceiling attenuation is determined in each of thdor A in the AMA 1-11-1967 standard. The other method
test frequency bands, by placing a sound source in one roofallows the procedures used in Test Methods E 90 and C 423;
and then calculating the difference of the average sounglistification for the use of this method may be found in
pressure levels in both rooms. For the purposes of this teseference (1)°. Persons wishing to further investigate the

5 Method of the American Board Products Assoc., (formerly Acoustical Materials
Assoc.) available from Ceiling and Interior Systems Contracting Assoc., 1800 °© The boldface numbers in parentheses refer to the list of references at the end of
Pickwick Ave., Glenview, IL 60025. this standard.
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limitations imposed by this test method are advised to reaghall be tapered at its upper extremity so that its overall
referenceq?), (3), (4) and(5). thickness at the top, with the cap installed, is7&.5 mm (3

5.6 Notwithstanding the above limitations, this type of test* 0.1 in.). The taper angle shall be not less than 45° from the
method has been used successfully for a number of years teiling plane. The height of the wall shall be such that the top
rank order commercial ceiling systems and the test results aexactly meets the lower surface of the ceiling specimen. In the

commonly used for this purpose. case of interrupted ceiling systems ab5®.5 mm by 75+ 2.5
) mm (2= 0.1 in. by 3% 0.1 in.) wooden adaptor cap shall be
6. Test Signal installed. The length of the adaptor cap shall be identical to the

6.1 Signal Spectrum The sound signal used for this test width of the wall. The capping should be designed to simulate
shall constitute a band or bands of random noise with @ practical header condition typical of the type used for the
continuous distribution of frequencies over each test band. ceiling being tested. The wall shall be installed near the

6.2 Bandwidth—The measurement bandwidth shall be one-mid-point of the test room so that two rooms are formed. The
third octave. Specifically the overall frequency response of théwo rooms shall not differ in length by more than 15 %.
filter or filters, in the source and microphone amplifiers, shall
conform to ANSI Specification S 1.11-1986 for Order 3, Type
1, ¥soctave band filters.

6.3 Standard Test FrequenciesThe minimum frequency
range shall be a series of contiguous one-third octave ban
with geometric center frequencies from 125 to 4000 Hz.

Note 1—One wall design which has been found to be effective is
shown in Fig. 2.

7.1.3 Plenum Depth- The plenum depth shall be 76025

m (30* 1 in.) at the separating wall. At other places within
the room, the plenum depth tolerance may be relaxeti64
mm (£2.5 in.).
7. Test Arrangement 7.1.4 Plenum Width— The plenum width shall be 4.3
v\;_).oz m (14.1+ 0.1 ft) at the separating wall (Fig. 3). At other
points in the room, the plenum width should be the same as the

in shape and cross-section. The walls, floor, doors, and rocfﬁ” room Wiqth (see 3.2.5). The re'striction in plenum Widt.h at
should provide sufficient acoustical isolation to reduce external '€ Separating Wal.l may be achieved by means of suitable
noise levels to at least 10 dB below the lowest test signal IeveP'laSte_r_S installed _e|ther from floor to roof or from the level of
The sound absorption in each of the rooms should be made Q%e ceiling underslqe to the roof.

low as possible in order to achieve the best possible diffuse 7.1.5 P'e”“”! Lining . .
field condition. The average sound absorption coefficients of .7'1'5'1 All side Wal]s of the _pIenum shall be lined W'th
the floor and all vertical surfaces below the test ceiling should‘:‘u,Itable §ound apsorblng material notlless than 76 mm (3in.)
not exceed 0.1 at any of the octave band center frequenci%wk' This mater'al’ shall when te_sted n accordance. W'.th Test
given in 7.1.5.1. It is recommended that a structural discontiethod C 423 in a Type A mounting, have random incidence

nuity be provided close to the mid-point between the rooms tc§ound absorption coefficients not less than those shown below:

7.1 The essential features of the test facility are given belo
7.1.1 Room Construction-The rooms shall be rectangular

minimize flanking sound transmission, allowing high values of °°é?§§u§i2d Conter 125 250 500 1000 2000 4000
ceiling attenuation to be measured. The total length of eachysorption oo 065 080 080 080 080  0.80

side wall, including the vibration break (if any), shall be %5 cient

1.5 m (25= 5 ft) and the width of the room shall be 4.65 Note 2—A suitable plenum lining has been found to be a 6-in. thick

0.23 m (15.25+ 0.75 ft). The overall height shall be 3.65
0.15 m (12 = 0.5 ft). All dimensions shall be measured
internally. Fig. 1 shows the major dimensions of the test rooms. et SN
7.1.2 Separating Wal— The separating wall shall be of TL‘\ o
such design that the sound power transmitted through it is at nexsimomy Ui“ U @xsinnom)
least 10 dB less than the total sound power transmitted through St } i
the ceiling specimen. This requirement may be checked by O
measuring theD, with the calibration ceiling referenced in i e
Al.2, in an interrupted configuration, and an effective gypsum @xsinnom)
board plenum closure above the partition. All of the separating
wall exterior surfaces shall be acoustically reflective. The wall

i
45 dag.
min,/

Mineral Flbar
Packing ™

14.6 kg/m? (3 Ib/tt?)
Laaded Curtaln

Mineral Flser
Packing

- 75m *+ 15m [ ] 485m t+ 023m ——— 38 x 140 mm ; :
5% + 51t 15251 T 075ft (2x61In.nom.)
T - I\ [ - ! - Serons
""""""""""""" }r‘\ ‘ ‘ 40 x 90 mm S :”';j
‘ ] “ ‘ (2 x4 In.nom.) =
y sesm + 0i5m | Toat Room Y S ISR
i " Break
‘ Separating Wall ‘ ‘
L \ _ - - Note 1—Except for the adaptor cap, all english units are standard
- A - 8 - lumber dimensions.
A=B +10% FIG. 2 Vertical Section Through a Partition Found to Satisfy the
FIG. 1 General Dimensions of the Test Room Requirements of 7.2
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%///ﬂ///ﬂ///]////ﬂ_ R system parallel to the partition. Along the end walls of the test rooms it
é may not be possible to avoid small custom fitted pieces. In this case it may

A\

be appropriate to use a filler such as gypsum board to fill these small

é % sections of the ceiling.
Z Ledge for %

N\
N\

Plenum Lining

8.2 The area of the ceiling system under test shall equal the

N\

area formed by the room’s length and width, less the following

Width = 150 mm maximum ﬁ
é 43m }t 002m
% areas:
%

N

é 8.2.1 The area of the supporting ledge around the perimeter,
8.2.2 The area of the adapter cap when the ceiling is
interrupted, and

N\

Pilaster

7 g 8.2.3 the area of any fillers as described in 8.1.
TV I T AT T 4 0 T
FIG. 3 Horizontal Section Through the Test Rooms at the Ceiling 9. Procedure
Level

9.1 Test Signat The test signal shall satisfy the require-
ments of Section 6.

glass fiber batt with a thin impervious membrane at a depth¥efiri 9.1.1 The sound pressure level of the test signal shall be
below the exposed face. sufficient so that the resultant averaged sound pressure level in

7.1.5.2 Aledge or shelf, as wide as the plenum lining but nothe receiving room is at least 10 dB above the background
extending beyond the pilaster, may be constructed at ceilingoise in any test frequency band.
height around the perimeter of both test rooms to support the 9.1.2 If more than one sound source is used, each source
plenum lining. For the upper surface of the plenum, the sounghall be powered by a separate random noise generator.
absorption coefficients measured in accordance with Ted¥ultiple drivers in a single loudspeaker enclosure are permit-
Method C 423 shall be less than 0.10 at all the abovéded, provided the drivers are in phase. The maximum volume of
frequencies. each loudspeaker enclosure shall not exceed 1 % of the source

7.1.6 Diffusers—A sufficiently diffuse sound field, to meet room volume. -~
the precision requirements of 11.3, shall be established. This 9.2 Measurement of Average Sound Pressure Levgéntd
may be achieved by installing obliquely oriented stationaryl,:
sound reflecting diffusers, or by the introduction of rotating 9.2.1 One of the two measurement procedures implied by
vane diffusers. It is recommended that three stationary diffuserigqg 1 is the determination of the average sound pressure levels
with a total single side area of at least & 185 ft°), each L, andL, produced in the two rooms by the sound source in the
diffuser having a minimum width of 0.7 m (2.3 ft), be installed source room. Various systems of data collection and data
in each room half. Alternately, one rotating vane diffuserprocessing are possible. These include a single microphone
having a minimum single side area of 4°m¥3 ft®) and placed in sequence at several measurement positions or several
minimum width of 1.5 m (5 ft) may be substituted for each setmicrophones switched by a multiplexer. Summing the electri-
of three stationary diffusers. Care should be taken to ensureal signal output of several microphones is not permitted. The
that placement of the diffusers does not shield the ceilingsystem adopted shall meet the precision requirements of
specimen or the sound source. Background noise from rotatin§ection 11. To achieve this end, the points discussed in
vane apparatus together with other noise sources shall be @12.2-9.2.6 should be considered.
least 10 dB below the test signal when each are measured in the9.2.2 Location of Microphone Positiors Microphone po-

receiving half of the room. sitions shall be located so as to sample adequately the sound
_ field in each room space, with the following restrictions:
8. Test Specimen 9.2.2.1 The perpendicular distance from any microphone

8.1 Installation of the ceiling specimen should conform withposition to any major extended surface shall be no less than
recommended practice for the product. The test ceiling suspei-75 m (2.5 ft). This restriction applies to any fixed diffuser, or
sion system should be installed in accordance with the proviany possible position of a rotating diffuser.
sions of Practice C 636. In cases where the normal practice 9.2.2.2 No microphone shall be closer than 1.5 m (5.0 ft) to
would result in custom fit pieces of ceiling panels smaller tharthe sound source, to minimize any effect from the direct sound
10 cm (4 in.) in length installed between the supporting ledgdield.
on a wall opposite the partition and the adjacent parallel grid 9.2.2.3 If a microphone on a continuously rotating boom is
member, a filler material that has a higher TL than theused to measure the space average sound pressure level, the
specimen may be substituted. Filler materials may only be useahinimum boom radius shall be 0.75 m (2.5 ft). If fixed
at the laboratory end walls farthest from the common partitionmicrophone positions are used, they shall be spaced at least
No filler materials may be used in grid areas adjacent to th€.75 m (2.5 ft) apart.
side walls or the common patrtition. 9.2.3 Averaging Time— For each sampling position, the

Note 3—Small custom fitted pieces of ceiling panels around theaveraging tim? shall be sufficient to yield a.n acc_urate ?Stimate
perimeter of the test room may not load the grid properly, allowing exces®f the space-time average level. If a rotating diffuser is used,
leakage of sound between the plenum and the test room. Such situatiof3€¢ averaging interval shall be equal in time to at least one
can be avoided along the side walls of the test rooms by shifting the gridotation of the diffuser.
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9.2.4 Background Noise- Background noise levels shall  9.3.1.2 The normalization term of Eq 2 may alternately be
routinely be evaluated to ensure that the test signal is imbtained from estimating the receiving room absorption by a
compliance with 9.1.1. Extraneous sound such as flankingteady-state method. An auxiliary sound source, consisting of a
transmission, electrical noise in the measurement system, single small loudspeaker in an enclosure, is introduced into a
electrical cross-talk between source and receiving systems istahedral corner of the receiving room. The auxiliary source is
component of the background noise. Electrical cross-tallexcited with a stable test signal and measurements of the
should be evaluated by replacing the microphone with arone-third octave band sound pressure levels are measured close
equivalent passive impedance. to the auxiliary sound source and at distances where the

9.2.5 Microphone Calibratior—Each microphone shall be reverberant sound field predominates. The normalization term
calibrated at regular intervals and a record shall be kept of this then computed from the formula:
dat_es of such calib_r_at_i(_)n. If multiple micropho_ne_s are use_d, N, = AL, —AL + 10 log(AJA,)
their adjusted sensitivities shall be matched within 0.5 dB in (5)
any of the specified frequency bands. Calibration over the
whole range of test frequencies shall be done annually, andvhere:
calibration checks for at least one frequency shall be madé
prior to each test. AL

9.2.6 Determination of Space-Time Average Lewvels
Following the procedures of 9.2.2 and 9.2.3, at least two sets of
sound pressure data shall be obtained. The space-time average

= 12 metric sabins (129 sabins),

= difference in dB between the direct-field sound
pressure level of the auxiliary sound source and the
average reverberant field sound pressure level
within the receiving room with the test ceiling in
place,

level corresponding to each set is given by AL, = calibration difference (dB) obtained using the pro-
- 13, o cedure of Annex Al and a calibration ceiling, and
L =10 Iog( nigl 10 ) ®) A, = sound absorption of the receiving room obtained
where L, is one set of time-average levels taken rat using the procedure of Annex Al.

9.3.2 The normalized ceiling attenuationD(, ) shall be
computed for each one-third octave band according to Eq 2.
Note 4—If the range of valuek ; is no more than 4 dB, an arithmetic 9.4 Determination of the Ceiling Attenuation Class
mean value may be used. (CAC)—The CAC shall be determined using Classification

9.2.6.1 Number and Precision of Measuremen{§he num- E 413 using values of normalized ceiling attenuation.
ber of measurements af; andL, shall be sufficient to satisfy
the precision requirements of Section 11. 10. Report
9.2.7 A single microphone continuously moving along a 10.1 Report the following information:
defined traverse may be used instead of stationary microphone10.1.1 A statement, if true in every respect, that the tests
positions, provided that the restrictions given in 9.2.2 are metwere conducted in accordance with the provisions of this test
To estimate the precision of measurements using a movinmethod.
microphone, divide the traverse path into segments 0.75 m (2.5 10.1.2 A full description of the test specimen. The descrip-
ft) apart. Then use the sound pressure measured by averagitign shall be sufficiently detailed to identify the specimen, at
over each segment to calculate mean values as in 9.2.6 andlaast in terms of the elements that may affect its acoustical
make the precision calculations as in Section 11. Additionaperformance. The description shall include, but not be limited
information on precision when using a moving microphoneto; tile or panel size, thickness and weight per unit area,
may be found in Ref@). whether the tile or panel perimeter is face rabbeted or other-
9.3 Normalization Term wise machined, description and designation of additional
9.3.1 The normalization term of Eq 2 may be obtained byelements such as luminaires, air handling, units, etc., the
using the direct method of measuring the receiving roonfuspension system, whether hold-down clips or any other
absorption by the sound decay methods described in Test€ans are used to clamp or seal the ceiling to the grid, whether
Methods E 90 and C 423, or from an estimate derived by théhe ceiling is continuous or interrupted at the partition cap, any

locations.

steady state method described in 9.3.1.2. overlay or other backing on the plenum side of the test
9.3.1.1 If the direct method is used, the normalization ternSP€cimen, any acoustical obstruction in the plenum space, such
is given by the formula: as a plenum barrier, ductwork, etc. A designation and descrip-

tion, including drawings, furnished by the sponsor of the test
may be included in the report provided they are attributed to
the sponsor.

N; = 10 log(A/A)
4

where: 10.1.3 Afull description of the partition, if the test specimen

A, = 12 metric sabins (129 sabins), and is a combined partition and ceiling installation. The description

A = sound absorption of the receiving room in metric shall be in equivalent detail to that required for the ceiling.
sabins (sabins) measured by the decay method. 10.1.4 Designate the type of suspension system using the

The requirements of 9.2.2 regarding the location of micro-following format:
phone positions shall have precedence over the microphone10.1.4.1First Letter— “C” or “I” for continuous or inter-
position requirements in Test Methods E 90 or C 423. rupted at the partition.



Ay E 1414

10.1.4.2 Second Lette~ “E” or “C” for exposed or con- Dhec=Dnc*8D
cealed suspension system. (6)

10.1.4.3Third Letter— For concealed suspension systems, where the confidence limitd2D,, ), is derived from confi-
“T” designates tee splines,” F” flat splines, and “N” no splines.dence limits forL,, L ,, andN; according to the relation:
For exposed systems “H” designates use of hold down clips.
“V” designates ventilating tile or lay-in units or ventilating @
light fixtures. The number and description of installed venti- ) )
lating items shall be described in the general description of the 11.3 A sufficient number of independent measurements of
ceiling. Any variations from the used letter designations shall1» L2 @hdN ¢ shall be made to ensure that 95 % confidence
be marked as a final letter “X” and the variations shall be notedMits on Dy . will be no greater thant3 dB for one-third
and described in the general description of the ceiling. octave bands centered from 125 to 250 Hz an@ dB for

10.1.5 The use and type of caulking, gaskets, tape, or oth&ands pentered from 315 to 4000 I—_|z. These limits should be
sealant on the test specimen or between the specimen and m%t_ermmed from statls_tlcal _analy5|s of the measurements.
partition cap shall be carefully described. The use of suctSing the procedures given in ASTM STP 15'_1176 standard
sealants is not allowed unless they are a normal part of th@éviation § of each quantityl,, L,, andN; is given by:

32D o = 8L, + 8%, + 8°N;

product installation. n Ll
10.1.6 Tabulation of th®, . values to the nearest decibel at 2, Xi=X)
the specified frequencies. S=|—p=17— (8)

10.1.7 The ceiling attenuation class, CAC.

10.1.8 A statement regarding aimy, . values affected by
failure of the standard separating wall or test room to meet the%
flanking transmission requirements of 7.3, or both. n

10.1.9 A statement as to which method (as described in
9.3.1.1 or 9.3.1.2) was used to obtain the normalization term of

where:

an individual measurement af, L,, or N;,
arithmetic mean of the measuremerXsand
number of measurements.

11.4 Calculate the 95 % uncertainties from:

Eq 2. X=aS

10.1.10 Astatement regarding the precision oflthe data, ®)
as determined from the procedures and recommendation of where the factora, which depends on the number of
Section 11. measurements, is given in Table 1.

10.1.11 A short statement regarding the significance and 11.5 Bias—The procedure defined in this test method has no
limitations of the test results based upon Section 5. bias, because the value of ceiling attenuation class is defined

only in terms of this test method.
11. Precision and Bias
11.1 With respect to this document, precision of measurel2. Keywords
ments is influenced by the ability to repeat successive sets of 12.1 airborne sound attenuation; common ceiling plenum;
normalized ceiling attenuation measurements on an installesuspended ceiling
test specimen, within stated percent confidence limits of
precision.

11.2 ThQ precision of thd)n,c term (Eq _2)_ should be 7 Manual on Presentation of Data and Control Chart Analysis, ASTM STP 15-D,
expressed in terms of the 95 % confidence limits as follows: AsT™ 1976.
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TABLE 1 Factors for 95 % Confidence Limits for Averages

Number of Confidence Limits,”
Measurements X+aS
n 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

A Limits that may be expected to include the true average, X, 95 times in 100 in
a series of observations, each involving a single sample of observations.

ANNEXES
(Mandatory Information)

Al. MEASUREMENT OF NORMALIZATION FACTOR BY THE STEADY STATE METHOD

Al1.1 The reverberant sound level in a room, from any Al.2.5 The distance between the near field microphone and
source, is proportional to the quantity of sound absorptiorthe source shall be such that the measured sound pressure
present within the room. The measured sound level will bdevels in each one-third octave band excedd) the reverber-
independent of the sound absorption in the room if it isant space average pressure level by at least 15 dB,2ardg
measured sufficiently close to the source (direct-field). Thesound pressure level at all reverberant field microphone posi-
direct and reverberant field properties are used to obtain thigons by at least 10 dB.
normalization term used in this test method. Al.2.6 The reverberant-field microphone positions shall be
ALl2 Measurement Procedure: located in accordance_ with the provisions of 9.2. _

' : Al.2.7 The level difference between the reverberant field

Al.2.1 Install a heavy sound reflectiwalibrationceiling;  space-average sound pressure level and the direct field sound
16 gage steel, 16 mn¥{in.) gypsum board or 19 mn¥{in.) ressure level is then observed for each test frequency and
plywood in a standard lay-in suspension system are acceptablgiven the designatiodlL,.

Al1.2.2 Install a partition with sound reflective SurfaceS, in Al1l.2.8 The sound absorption present in the receiving room
accordance with 7.1.2. with the calibration ceiling in place is measured at each test

A1.2.3 An auxiliary sound source consisting of a smallfrequency, by the method described in Test Method C 423. The
IOudSpeaker mounted in a baffle or box shall be placed in ONgheasured sound absorption is given the designd‘ion
corner of the receiving room. Al1.2.9 The ceiling test specimen is now substituted for the

Note AL.1—A public address horn driver unit, without the hor, Calibration ceiling (along with the partition, if part of the test
mounted in a triangular wood baffle sealed into a lower trihedral of thespecimen). The direct versus reverberant field sound pressure
room, has been found to be a useful sound source. level differences are found by repeating the procedures of A1.2.

A1.2.4 Install a fixed microphone in a stable mount so that! N€ difference data are given the designatidn
the microphone is within 300 mm (1 ft) of the extended on-axis A1.2.10 The normalization term is now determined for each
centerline of the sound source. Checks shall be made to ensufst frequency by substitution @fl , AL, , andA, in Eq 5.

that the microphone signal is not affected by mechanical or Nore A1.2—This method is not to be used in lieu of Test Method C 423
electromagnetic coupling with the source. to obtain the sound absorption coefficients of a ceiling specimen.
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A2. LABORATORY ACCREDITATION

A2.1 Scope Test Signal 9.1
A2.1.1 This annex describes procedures for accrediting an yasuiemen o Average Sound Pressure Levels P

acoustical testing laboratory to perform tests in conformance petermination of Ceiling Attenuation Class 9.4

with this test method. Measurement of Normalization Factor Annex Al

A2.2 Referenced Documents A2.4.3 Repeatability and ReproducibiliyResults of re-
A2.2.1 ASTM Standards peated tests made on a particular reference specimen shall be
E 548 Guide for General Criteria Used for Evaluating reported as a demonstration of the Io_ng—term_ repeat_ability of

Laboratory Competenée the test procedures. Each test should include installation of the

reference specimen. The record should include, for each test,
A2.3 General Requirements the normalized ceiling attenuation for all standard frequency

A2.3.1 The testing shall make available to the accreditingpands, together with the precision of each value following
authority the information required by Sections 4-7 of PracticeSection 11 of this test method.
E 548. A2.4.3.1 Reference Specimedrhe reference specimen
shall be fabricated from nominal 12.7mm (0.5 in.) type X vinyl
faced gypsum board with a weight per unit area between 9.0
and 9.5 kg/ri(1.9 and 2.0 Ib/sqft). The panels, (except perim-
eter panels), shall be nominally 600 x 600mm (24 x 24 in.), and
cut 6.3 mm (0.25 in.) smaller than the module size of the

A2.4 Requirements Specific to This Method

A2.4.1 Physical Facilities—The testing agency shall pro-
vide information demonstrating compliance with the following
provisions of this test method.

Test Signal Spectrum 6.1 suspension system. Gypsum board is often supplied with
Measurement Bandwidth 6.2 . .

Test Frequencies 6.3 tapered edges. The reference specimen shall not_ include any
Room Construction 7.1.1 tapered edges. The reference specimen shall be installed in a
ﬁi‘:ﬂ;“gim” [ type CE suspension system as described in 10.1.4 and the
Plenum Width 71.4 suspension system shall be sealed to the top of the partition.
Plenum Lining 715 A2.4.3.2 To provide evidence of reproducibility in compari-

A2.4.2 Procedures-The agency shall furnish a sample son with other testing laboratories it is preferable to use a
report of a complete test (including raw data), showingreference specimen for which test data are available from
compliance with the following provisions of this test method: several laboratories.
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