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Foreword

ISO (the International Organization for Standardization) {s a worldwide
federation of national standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through ISO
technical committees. Each member body_linterested in| a subject for
which a technical committee has been established has the right to be
represented on that committee. International organizaftions, govern-
mental and non-governmental, in liaison with ISO, also take part in the
work. I1ISO collaborates closely with the International E|ectrotechnical
Commission (IEC) on all matters of electrgtechnical standardization.

Draft International Standards adopted by the technical cbmmittees are
circulated to the memberibodies for voting. Publicatiop as an Inter-
national Standard requires approval by at least 75 % gf the member
bodies casting a votel

Internationa! Standard ISO 140-2 was prepared by Technical Committee
ISO/TC 43, Acoustics.

This second edition cancels and replaces the | first edition
(ISO 140-271978), of which it constitutes a technical revisipn.

IS@ 140 consists of the following parts, under the| general title
Acotstics — Measurement of sound insulation in buildings and of build-
ing elements:

— Part 1: Requirements for laboratories

— Part 2: Determination, verification and application ol precision data

— Part 3: Laboratory measurements of airborne sounfd insulation of
building elements

— Part 4: Field measurements of airborne sound insufation between
rooms

— Part 5: Field measurements of airborne sound insulbtion of facade

elements and facades

-— Part 6: Laboratory measurements of impact sound insulation of
floors

— Part 7: Field measurements of impact sound insulation of floors

— Part 8. Laboratory measurements of the reduction of transmitted
impact noise by floor coverings on a standard floor

— Part 9: Laboratory measurement of room-to-room airborne sound
insulation of a suspended ceiling with a plenum above it
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— Part 10: Laboratory measurement of airborne sound insulation of
small building elements

Annex A forms an integral part of this part of ISO 140. Annexes B and
C are for information only.
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ISO 1

introduction

It is not possible to specify completely the construction of |
facilities or the sound field conditions obtained. Fherefore
of the test facilities and procedures in ISO 140-3.16 1SO 14
the choice of the operator. This, together with-the statist
of sound fields within rooms, leads to uncertainties in the
non-systematic (random) and systematic.influences.

Random influences can be detetmined by repeated
measurements under essentially, similar conditions.

Systematic influences (for example, size and shape of
mounting conditions of the test specimen, calibration
equipment) cannot be determined by a simple procedu
comparison measurements in different test facilities and
the random uncertaintie’s under these conditions are nece

to assess the systematic influences.

b

In agreement with modern statistical methods, the conce
ability and reproducibility obtained from complete test res
in this part\of ISO 140, rather than variances of the individ
that make up the test result. Repeatability values and 1
values.offer a simple means of stating the precision of a teq
of measurements carried out according to the test method,

The repeatability and reproducibility are two extrem
measuring the minimum and the second the maximum var
results. Other intermediate measures of variability betwe
extremes are conceivable, such as repetition of tests withi
over longer time intervals, or by different operators, or ing
fects of recalibration, but these are not considered in
1ISO 140.

If, in a particular situation, some intermediate measuf
needed, it must be clearly defined, together with the circu
der which it applies and the method by which it should be
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Acoustics — Measurement of sound insulation in buildings

and of building elements —

Part

Deterimination, verification and application of precision ‘data

scribed in 1ISO 140-3 to ISO 140-9 due to

random hand systematic influences.

It gives guidelines for

ination of the repeatability value r andithe
ucibility value R;

— deter

— verification of repeatability values- r and
repraducibility values R for diffefent measure-
ment| arrangements in one lgboratory and for
comparisons between differeqt Jaboratories;

— appligation of repeatabjlity values r» and
reprdducibility values®.in practice.

Tentativ
values

repeatabilify—-values and reproducibility
the test_methods according to ISO 140-3,
and 1S©,140-6 to I1SO 140-8 are given in

1ISO 140-3:4978, Acoustics — Measurement of sound
insulation™in buildings and of building elements —
Part 3:Laboratory measurements of girborne sound
insulation of building elements.

ISO 140-4:1978, Acoustics — Measurement of sound
insulation in buildings and of buildinng elements —
Part 4. Field measurements of airborpe sound insu-
lation between rooins.

1ISO 140-5:1978, Acoustics — Measurement of sound
insulation in buildings and of building elements —
Part 5: Field measurements of airborfe sound insu-
lation of facade elements and facades

ISO 140-6:1978, Acoustics — Measurement of sound
insulation in buildings and of building elements —
Part 6: Laboratory measurements ofl impact sound
insulation of floors.

ISO 140-7:1978, Acoustics — Measurement of sound
insulation in buildings and of building elements —
Part 7: Field measurements of impa¢t sound insu-

annex lation of floors.
NOTE 1 | At)present no data are available for 1SO 140-5 1ISO 140-8:1978. Acoustics — Measurement of sound
and 1SO -9 :

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 140. At the time of publication, the
editions indicated were valid. All standards are
subject to revision, and parties to agreements based
on this part of ISO 140 are encouraged to investigate
the possibility of applying the most recent editions
of the standards indicated below. Members of IEC
and 1SO maintain registers of currently valid Inter-
national Standards.

insulation in buildings and of building elements —
Part 8: Laboratory measurements of the reduction
of transmitted impact noise by floor coverings on a
standard floor.

1ISO 140-9:1985, Acoustics — Measurements of sound
insulation in buildings and of building elements —
Part 9: Laboratory measurement of room-to-room
airborne sound insulation of a suspended ceiling
with a plenum above it.

ISO 717-1:1982, Acoustics — Rating of sound insu-
lation in buildings and of building elements —
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Part 1: Airborne sound insulation in buildings and
of interior building elements.

ISO 717-2:1982, Acoustics — Rating of sound insu-
lation in buildings and of building elements —
Part 2: Impact sound insulation.

ISO 717-3:1982, Acoustics — Rating of sound insu-
lation in buildings and of building elements —
Part 3: Airborne sound insulation of facade elements
and facades.

1ISO 5725:1986, Precision of test methods — Determi-
nation of repeatability and reproducibility for a stan-
dard test methdd by inter-laboratory tests.

7]

3 Definition

For the purposes of this part of ISO 140, the follow-
ing definitions Ipply. Whenever applicable, they are

equivalent to those given in 1SO 3534, ISO 5725 and
in the Internatipnal vocabulary of basic and general
terms in metrology.

3.1 test result| y: The final value obtained in a sin-
gle frequency hand by following the complete set of
instructions givien in a test method.

NOTE 2 A set [of test results is obtained since a deter-
mination is carri¢d out in several frequency bands.

3.2 true value| u: The value characterizing a quan=
tity perfectly defined under the conditions existing
when that quantity is considered. For practical pur-
poses, it is thg arithmetic mean of test results ob-
tained by a| large number of {aboratories.
Consequently, such a practical true (value is associ-
ated with the pprticular test method:

3.3 accuracy pf the mean: The’closeness of agree-
ment between|the true value and the mean result
obtained by applying the)test method a very large
number of timgs.

The smaller thp @ystematic part of the experimental

3.5 arithmetic mean, j: The arithmetic mean of test
results, given by the equation

n

5= ) ()

=1
where n is the number of test results y;.

3.6 sample variance, 5% The sum of squares of the
deviations from the arithmetic mean of test results,
divided by the number of degrees of freedom. In the

test re-
sults, the sample variance is given by the lequation
1 n
2 _ ey
=== 07 ..(2)

i=1

3.7 standard deviation, s:_The square roo{ of the
sample variance.

3.8 number of degrees of freedom, v: The phumber
of independent tefms contained in the expression
for the sample.fvariance. In the simple case of n
consecutive (ungrouped) test results

y=n .3

3.9 repeatability: The closeness of agreement be-
tweeh mutually independent test results gbtained
under repeatability conditions.

NOTE 5 Repeatability can depend on the type of con-
struction (homogeneity, resonance, etc.).

3.10 repeatability conditions: Conditions| where
mutually independent test results are obtained with
the same method on identical test materigl in the
same laboratory with the same equipmen{ by the
same operator within short intervals of time

3.11 repeatability standard deviation, s.: The stan-
dard deviation of test results obtained under re-
peatability conditions. It is a parameter of digpersion
of the distribution of test results under repejatability
conditions.

NOTE 6 Similarly, the repeatability variance| and re-
peatability coefficient of variation could be defjned and

errors affecting-te—results—the-more-accurate-isthe

test method.

3.4 precision: The closeness of agreement be-
tween mutually independent test results obtained
under prescribed conditions.

NOTES

3 Precision depends only on the distribution of random
errors and does not relate to the true value or the speci-
fied value.

4 Repeatability and reproducibility are concepts of pre-
cision. See ISO 5725.

used as parameters of dispersion of test results under
repeatability conditions.

3.12 repeatability value, r: The value below which
the absolute difference between two single test re-
sults obtained under repeatability conditions may
be expected to lie with a probability of 95 %.

3.13 reproducibility: The closeness of agreement
between test results obtained under reproducibility
conditions.

NOTE 7  Reproducibility can depend on the type of con-
struction (homogeneity, resonance, etc.).
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3.14 reproducibility conditions: Conditions where
test results are obtained with the same method on
identical test material in different laboratories with
different operators using different equipment.

3.15 reproducibility standard deviation, s;: The
standard deviation of test results obtained under
reproducibility conditions. It is a parameter of dis-
persion of the distribution of test results under
reproducibility conditions.

NOTE 8 Similarly, the reproducibility variance and

ISO 140-2:1991(E)

-(4)

r=28s2 =28/ + s . (5)

where

2

° is the mean of the within-laboratory vari-

ances taken over all participating laborato-
ries (weighted according to the number of
valid results returned by the participating
laboratories; see 1SO 5725:1986, 11.6.1);

S,

s_ is the between-laboratory variance taken
over all participating laboratories;

reproducipility coefficient of variation could be defined
and used fas parameters of dispersion of test results under
reproducipility conditions.

3,16 reproducibility value, R: Value below which
the absdlute difference between two single test re-
sults obflained under reproducibility conditions may
be expedgted to lie with a probability of 95 %.

3.17 copfidence interval (two-sided): An interval
between|two estimated limits within which a statis-
tical parameter is expected to be found with a prob-
ability of| 95 %.

3.18 critical difference, CrDgs: In statistical termi-
nology, | the repeatability values and the
reprodudibility values are critical differences at the
95 % prpbability level valid for two single test re-
sults ob:lained under repeatability or reproducibility.
conditions.

NOTE 9 | When verifying the repeatability value r.and the
reproducipility value R, it is mostly the practice\te carry
out more| than two tests and a critical difference corre-
sponding|to the average of such tests will,be needed.
Critical d|fferences valid under such medified conditions
can be derived from the repeatability jvalue r and the
reproducipility value R and are diven in 4.6, 47 and
clause 5.

4 Determination of-the repeatability value
r and the reproducibility value R by
inter-laboratory tests

The repleatability value » and the reproducibility

value R pfa test method shall be determmed by an
inter-labbratory i
erations given in thls clause and usmg various kinds
of test specimens. These determinations should be
repeated from time to time, especially whenever
changes are made in the test method.

4.1 General

The general concept and the procedure for deter-
mining the repeatability value r and reproducibility
value R are given in ISO 5725. The repeatability
value r and the reproducibility value R are given by

r= 2,8\/.;?

sg is the reproducibility varigne

The factor 2,8 comes from the fact th
ability value r and the reproducibility
to differences between \two single
ISO 5725:1986, 5.5).

NOTE 10 The estimators s’ and sf are
values ¢, and crf are.not known. The repe
and reproducibility* value R as determined
(4) and (5) are’therefore estimates of theq

The repe€atability value r and reprod
R areNdetermined from the test re
laboratory tests. As many operators
ries as possible should particip

W

at the repeat-
value R apply
results (see

used since true
atability value r
from equations
e quantities.

ucibility value
sults of inter-
and laborato-
ate in such

inter-laboratory tests in order to obtajn reliable test

results. The proper organization and
inter-laboratory tests are complicatg

evaluation of
d and require

They are dealt with in 1ISO 5725. In v

ew of the con-

special knowledge of the statisticT background.

siderable expense involved, the ins
in 1ISO 5725 shall pe followed in every
to avoid failure of the test. Addition
observed for use in the field of buil
are given below.

The organization of an inter-laborato
statistical problems which should be
statistical expert. The task of this exp

— to assist in designing the inter-lab

— to analyse the data and to elimin
various statistical tests;

ructions given
detail in order
al rules to be
ding acoustics

y test involves
entrusted to a
ert is

oratory test;

ate outliers by

values r» and

reproducublhty va!ues R of the test method from

the valid data.
When the final

repeatability values r and the

reproducibility values R have been established by
the means of an inter-laboratory test, it is possible
to verify that they correspond to a probability of
95 %, as required by the definitions, by means of the
data from which they have been computed. While
not strictly necessary, this verification may serve as
a check for the correctness of the calculations and
the quality of the data. The procedures for this are
described in 4.6 and 4.7.
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Since the repeatability values r and the
reproducibility values R are calculated from the es-
timators sf and sf, they will themselves be esti-
mates, subject to errors. The probability levels
associated with the repeatability values » and the
reproducibility values R will therefore not be exactly
95 % but only of the order of 95 %. Nevertheless,
differences larger than the repeatability values r or
the reproducibility values R shall be considered
suspect.

4.2 Test conditi

the number of laboratories should, from a statistical
point of view, be at least p = 8, but it is preferable to
exceed this number in order to reduce the number
of replicate tests required. The number n of test re-
sults in each laboratory should be so chosen that
p(n— 1)>35. In addition, at least five test results are
needed for each laboratory. The test results ob-
tained shall not be preselected in any way by the
participating laboratories before they are reported.

The acoustical |test conditions for determining the
repeatability value » and reproducibility value R
shall correspond to the conditions given in the rele-
vant parts of I$0 140. The test specimen shall not
be remounted hetween repeated measurements.

4.21 Each labpratory shall use its normal test pro-
cedure when p4articipating in an inter-laboratory test.

The criteria which affect the repeatability of the

measurement

see the relevant parts of ISO 140)

shall be carefully observed. No deviations from the

test procedure
out the test by
times, the para
shall be repre
ticular, the set
positions over

laid down shall occur but, carrying
repeating the measurements several
meters left open in the test procedure
sented as well as possible. In par-
of microphone positions and source
which averaging is carried out in one

measurement ghall be selected anew, more or less
randomly, for each repeated measurement.

NOTE 11

Very|strictly defined test procedures tend\to

improve the repgatability of a specific laboratory but in-
crease the possipility of a bias on all test results of that

laboratory.

Before the intef-laboratory test is started) each par-
ticipating laborfgtory shall report the(eXxact details of
its test proceddre.

4.2,2 Addition

bl  requirements’ for carrying out

inter-laboratory tests for thé.test specimen chosen
shall be laid doewn in detajl. This refers in particular
to the following itemss

a) quantities tg be,measured and reported, rules for

rounding n

4.4 Requirements for stating the test,results
of inter-laboratory tests

In order to simplify the evaluation of test regults re-
ported, it is strongly desirablexto supply form-
sheet(s) to be filled in by the participants. |For the
statistical analysis it is important to report|special
observations and/or any\.tregularities observed
during the tests.

4.5 Choice of test specimen

The kind-of test specimen to be used for gn inter-
laboratory test depends not only on the quantity to
be tested (i.e. airborne sound reduction indgex, nor-
malized impact sound pressure level, etc.) but spe-
cifically on the mounting and testing conditjons for
which  the repeatability values anfl the
reproducibility values are to be obtained (e.g. walls,
floors, windows). The effect of ageing on the test
specimen shall be also be considered.

The choice of test specimen also depends ¢n prac-
tical considerations and influences the cqurse of
action to be taken in case of failure of the inter-
laboratory test. Generally speaking, three different
plans depending on the type of test method and/or
on the type of specimen may be approprigte (see
45110 4.5.3).

4.5.1 Use of a single test specimen (same material
circulated among participants)

Borva:
TOerss

b) number of replicate tests required;

c) calibration of test equipment;

d) mounting and sealing conditions of the test
specimen, and curing time where appropriate.

4.3 Number

of participating laboratories

Considering the frequency dependence of the quan-
“tities measured in building acoustics (comparable to
the “level of the test property” of ISO 5725:1986, 5.2),

For checking the test procedure and the test facili-
ties in different laboratories, ideally, the same test
specimen should be used by all participants in the
inter-laboratory test and checked again by the first
laboratory at the end of the inter-laboratory test.

In building acoustics, this procedure will often not
be feasible due to the long period of time required,
the risk of damage or change of the test specimen,
and different sizes of test openings. However, the
variability resulting from the use of more than one
test specimen is avoided and the reproducibility
values R thus obtained are characteristic for the test
facility and test procedure alone.
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4.5.2 Use of several test specimens taken from a
production lot (nominally identical material
exchangeable among participants)

In contrast to the procedure described in 45.1, all
participants of the inter-laboratory test receive
nominally identical test specimens, i.e. coming from
the same production lot or of identical design and
constructed by one manufacturer. This enables
testing in parallel and reduces the risk of damage
or of change due to the lnf!uence of time. However
the variab 3 . .
heterogereity is then |nseparable from the error
variability| of the test procedure, and forms an in-
herent payt of the reproducibility. For this reason it
may be advantageous to check all test specimens
for homogeneity with more precision at one labora-
tory befofe the inter-laboratory test and possibly
also after|its completion.

4.5.3 Useé of several test specimens constructed in
situ (nomially identical material not exchangeable
among pajticipants)

When the| test specimens cannot be prefabricated
and readily transported, they shall be constructed in
situ by edch participant according to close specifi-
cations. In this case the variability among the test
specimenp due to their heterogeneity is even larger
than for t¢st specimens according to 4.5.2.

4.6 Verf{fication of repeatability values r as
part of the inter-laboratory test

As stated| in 4.3, at least p =8 laboratories should
deliver at|least n =5 complete test results. Then, for
each freqliency band, n(n — 1)/2 absolute differences
between gingle results y; and y, obtained within the
laboratory can be calculated and)ycompared with the
critical d|fference CrDgs(]13,“S;1) =r of that fre-
quency band. For all p laboratories and ¢ frequen-
cies, a tptal of gpn(n+-1)/2 comparisons will be
obtained, |and it should\be expected that the corre-
sponding | critical differences are exceeded in not
more thah 5 %<of "the cases. For example, with
p=28, n=5 and"g= 16 there will be 1280 compar-
isons, of which not more than about 64 should ex-
ceed thé—eritical—differences:

onviarcali

ISO 140-2:1991(E)

results y, and y, of any two laboratories a and b
could be compared with the critical difference
CrDgs(1y. —yo1) = R in each frequency band. For
q=16 frequency bands there will be
gp(p — 1)]2 = 448 comparisons, and it should be ex-
pected that the corresponding critical differences
are exceeded in not more than 5 % of the cases, i.e.
not more than about 22 times. Again, the number of
times the critical differences are exceeded divided
by the total number of absolute differences will give
the observed probablllty in the mter—laboratory test,
A —level.

However, as stated in 4.3, at least 71=5 determi-
nations should be made by eagh”labgratory and a
critical difference corresponding to thie average of
the test results of each laboratory usecr

The critical difference forscomparing ayerages is
CrD95(|}7a — ol

22 1 1
\/R P (1 2n, 2nt,) -0

where

rand R have been determined |in the inter-
laboratory test;

J, and p, are the averages of n, pnd n, deter-
minations made in laboratories a and
b, respectively.

If n, = n, = n, which will usually be the [case, then
C"D95(|J7a—J7b|)=\/Rz"-r2<1—--,l—) .. (7

For n=1, this reduces to the reprodycibility value
R as expected.

The critical differences thus calculated for each fre-
quency band are compared with the jobserved dif-
ferences of the averages in that freqquency band.
Since for each laboratory there is one| average, the
number of possible comparisons is [the same as
above, namely gp(p — 1)/2.

4.8 Repeatability values r and reproducibility

C. thao
Conversely—the
number of times the critical differences are ex-
ceeded divided by the total number of absolute dif-
ferences will give the observed probability in the
inter-laboratory test which should be at (or near) the
95 % level.

4.7 Verification of reproducibility values R as
part of the inter-laboratory test

If p=8 laboratories having taken part in an inter-
laboratory test had made just one determination
each, then p(p — 1)/2 absolute differences between

values R

Repeatability values r and reproducibility values R
obtained from inter-laboratory tests according to 4.1
to 4.5 will be given in the appropriate parts of
ISO 140 when they are revised. For the time being,
tentative  repeatability values and tentative
reproducibility values are listed in tableAA1,
table A2 and table A.3.

NOTE 12 The repeatability values r and the
reproducibility values R for test results expressed in
single-number quantities are given in annex B .
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5 Verification procedure

A laboratory x which has not taken part in the inter-
laboratory test for determining the repeatability val-
ues r and the reproducibility values R can verify the
proper operation of its own test procedure using the
test results from the inter-laboratory test.

It is further recommended that a laboratory verify
the proper operation of its own test procedure from
time to time, especially whenever changes in the
test procedure itself, the test facility, or the instru-

where, for each frequency band,

¥ and R have been determined in the inter-

mentation are[made.

5.1 Verification of repeatability values r

By carrying oyit a series of tests under repeatability
conditions, a Jaboratory can verify its repeatability
values r using the following procedure.

At least 5 complete tests (n,>5) comprising 16 fre-
quency bands shall be carried out on a test speci-
men similar t¢ that used in the inter-laboratory test.
Only if the sta{dard deviation s, for all 16 frequency

bands satisfigs equation (8), are the repeatability

values so obtained considered to be satisfactory.

s <mr RN (8)

r is the|repeatability value determined in.the
interlgboratory test,;

m is a fagctor given in table 1.

Table 1 — Factot.m

Number of testq, n 5 6. 7 8 9 10

Factor m 0,7274,0,68 | 0,65 | 0,63 | 0,61 | 0,60

NOTE — For n, K 15,.the"factor m = 1,07/%/ n, within an error of
2 %.

labaratar—taat:
TaDOTaToOTy ST,

y is the overall average of-thg pn test
results of the inter-laboratory fest;

Iy is the average of the ", test nesults of
laboratory x;

p is the number of laboratories having
participated/in the inter-laborgtory test;

n; is the nymber of test results pf the ith
labaratory (i=1,..., p);

7, is the number of test results ¢f the ad-
ditional laboratory x.

For the~16 frequency bands, 16 critical differences
are\ calculated according to equation (9), jand they
shiould not be exceeded in more than 5 6 of the
cases, i.e. not more than once.

NOTE 13 When the critical differences are |exceeded
once, this will correspond to a probability of 93,8 %, which
is quite compatible with the 95 % probability leyel.

If the critical differences are exceeded more than
once, the test results of laboratory x shall be con-
sidered suspect. Subsequent actions shoulf include

— a comparison of the probability level olftained in
this check with that of the inter-laboratdry test;

— an investigation of the lest facility and the test
procedure in laboratory x for possible ¢auses of
deviating results;

5.2 Verification of reproducibility values R

After having passed the verification of repeatability
according to 5.1, a laboratory may use the test re-
sults for a verification of reproducibility values R.

This is done by comparing its own average j, with
the total average y of the inter-laboratory test in
each of the ¢ frequency bands. The appropriate
critical difference for this case is

— a complete repetition of the verificatign proce-
E 9

thire—acecordingto-5-+ahd
When verifying the reproducibility values R, it is of
utmost importance that the test specimen used is
as similar as possible to the ones used in the inter-
laboratory test. Any difference in the properties of
the test specimen will directly affect the
reproducibility when laboratory x is included.

6 Application of repeatability values » and
reproducibility values R

NOTE 14 Once the repeatability values r and the
reproducibility values R have been established for a test
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method, these precision data, for given test specimens
+

arnd S Lo Al e o sabiomma
anGrof uuuuulg situations, will be p"bhsho

parts of ISO 140.

(J.

6.1 Interpretation of repeatability values r
and reproducibility values R

6.1.1 Repeatability value r

In a single frequency band, the difference between
two single results found on identical test material

hi; A~ ~rmavatar ioines anrma annaratia

+h
Uy ulice U'Jcldlul usiny lllc Laitic appalalua Vvlthlll

ISO 140-2:1991(E)

are no systemalic errors other than these to be ac-

counted for in the reproducibility, then

-~ e ~F

i a numoer On

confidence intervals applying to various situations

can be calculated from the repeatabili
the reproducibility value R.

ty value r and

The following cases are of special interest:

Y AATbe timealan lahAavatarms f\'\'ll Ana dAatavei
d} vviiern lll d blllglc avuiratuly Uity Ui ucilcinn-
nation, y, is made of the quantity being tested,

the confidence interval for the true value p (for
example, a requu'ement or a value specified in

cantract

the shortgdst feasible time interval should exceed the
repeatability value » on average not more than once
in 20 cas¢s in the normal and correct operation of
the methqd.

NOTE 15 | Between two sets of test results (comprising
results in [16 frequency bands) found on identical test
material by one operator or testing team using the same
apparatus |within the shortest time interval feasible, the
differenceqd between results throughout the whole fre-
quency rarjge will on average exceed not more than once
the repeatability values listed in annex A.

6.1.2 Reproducibility value R

In a single frequency band, the difference between
two singl¢ results on identical test material reported
by two laporatories should differ by more than the
reproducipility value R on average not more than
once in 2 cases in the normal and correct operation
of the method.

NOTE 16 | Between two sets of test results (comprising
results in [16 frequency bands) found on identical test
material by two operators or two testing teams working
in two labpratories using different apparatus, the differ-
ences between results throughout the whole frequency
range willlon average exceed not more than once the
reproducibjlity values listed in annex A.

6.2 Confidence intervals,derivable from the
repeatability value r and the reproducibility
value R

If it is knpwn that:yfor the laboratory or laboratories
involved | the \/repeatability value r and the
reproducilbility value R are not exceeded and there

o CcOTr cl\,l, S

y—i<u<y+—13—

J2 J2

- (10)

b) When in a single laboratory, n determinations are

made of the quantity\ being tested
value j,,, the confidence interval

with a mean
for the true

value u (for example, a requiremept or a value

specified in gkcontract) is

i ———\/R— -5

- 1 2 2
<;L<y,',,+'—-—-\/R —r
J2

iy

(1)

c) If each of p laboratories performs a single deter-

mination of the quantity being teste
value jpg, the confidence interval

i with a mean
for the true

value u (for example, a requirement or a value

specified in a contract) is

— -——‘&-.— < p<Ppnt R

Jop Jop

Equations (10) to (12) apply for a
95 %.

}7R,n

.(12)

brobability of

Confidence intervals for probjability levels

other than 95 % can be obtained by ultiplying by
the factors given in ISO 5725:1986, 19.1.1.

NOTE 17

There is a widespread opinion that repli-

cations under repeatability conditions ceJ)n improve no-

ticeably the reliability of a mean with res

ect to the true

value. It follows from formula (11), howgver, that such

replications will only slightly increase the

eliability, since

the repeatability value r is smaller than thg reproducibility

value R
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Annex A
(normative)

Precision of measurements of sound insulation in buildings and of building elements

A1

General

ratus within a short time interval will on average not

table A.1

Since the prd
values and

cedure for determining repeatability
reproducibility values outlined in

clause 4 has not yet been used in building acoustics

on a broad s
standard devi
values and rg
results do no
from a few te
in table A.1, t3
specimens a
values have

It is necess
reproducibility
insulation be

cale, precise numerical data of the
ptions and hence of the repeatability
producibility values of complete test
yet exist. Tentative values obtained
5ts only are available. They are given
ble A.2 and table A.3. The kind of test
d the test conditions for which the
en obtained are indicated.

ary that repeatability values and
values for airborne and impact sound
determined by inter-laboratory tests

on the ISO sc

le using various test specimens. Such

experiments ghall be based on ISO 5725 and should
be carried ou{ as soon as possible.

NOTE 18

reproducibility
plete measurer
reduction index
level, and not
contributing to
cations treated
only. The valug
test specimens

he repeatability values and the
values listed were determined from com:
hents, for example of the airborne sound
or the normalized impact sound préessure
from the individual terms or quantities
such test results. Hence, all of the appli-
in clause 6 also refer to complete tests
es were obtained without femounting the
when repeating the tests:

A.2 Repegqtability values» for laboratory

tests

The differencg¢ between two test results (i.e. for all

16 frequencie
one operator

5) found on identical test material by
or testing team using the same appa-

exceed the repeatabhility values r given in
more than once in the normal and correct ¢
of the test methods according A0/) I
1ISO 140-6 and ISO 140-8.

A.3 Reproducibility values R for
laboratory tests

The difference between iwo independent te
(i.e. for all 16 frequengy bands) found by tw
tors or two testing.teams in different laborg
identical test specimens will on average nqg
the reproducibility values R given in table
than once incthe normal and correct operat
test methed according to 1SO 140-3, ISO 1
ISO 140-8.

A4 Field tests

In field tests, the acoustical test condition
under the control of the operator and in m
they will have to be accepted as they are.
dures and equipment checked by tests in
ratory are used, the repeatability values
reproducibility values due to these influeng
can be considered to be essentially similar
of laboratory tests given in table A.1 and ta

The difference between two independent te
(i.e. for all 16 frequency bands) found by tw
tors or two testing teams on the same loc
on average not exceed the reproducibility
given in table A.3 in the normal and corre
tion of the test methods according to ISO

ISO 140-7.

bperation
5O 140-3,

5t results
O opera-
tories on
t exceed
A.2 more
on of the
40-6 and

5 are not
bst cases
If proce-
the labo-
and the
es alone
to those
ble A.2.

5t results
0 opera-
btion will
values R
ct opera-
40-4 and
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Tabie A.1 — Repeatability vaiues for iaboratory tests

ISO 140-2:1991(E)

Repeatability values » for Repeatability values r for Repeatability values r for
Third-octave band centre airborne sound reduction normalized impact sound the reduction of impact
frequency index according to pressure leve! according to sound pressure level
I1SO 140-3" 1SO 140-62) according to 1SO 140-83)

Hz dB dB dB

100 4,5 3 1,5

125 4 2,5 1,5

160 3,5 P 1,6

200 35 2 1,5

250 2,5 2 1,p

315 2,5 2 1

400 2 2 1

500 2 1.5 1

630 1,5 1,5 1

800 1,5 1,5 1,9
1000 1,5 1,5 1,p
1250 1.6 1,5 1.5
1600 1.5 1,5 2
2000 1.5 1,5 3
2500 1,6 1,5 3
3150 1,5 1,5 3

1) The

a) An infer-laboratory test conducted in 1976 involving eight laboratories in Germany, using as test spedimens a
woodkn construction resembling acoustically a double-glazed window. Six complete tests were taken [n every lab-

oratory.

b) An infer-laboratory test conducted in 1983 involving five;laboratories in Scandinavia using as test spgcimens a
glazing in a staggered test opening. Six complete tests'were taken in every laboratory.

c) An infer-laboratory test conducted in 1982 to 1985 involving seven laboratories in Belgium and in the|Netherlands
using| as test specimens a lightweight partitiofuand two brick walls with a mass per unit area of 225 kg/m? and

450 Kg/m?2. These results were averaged.

d) An inter-laboratory test conducted in.1985/1986 as a BCR-project involving eight laboratories using as test speci-
double-glazing (6/16/6). Six complete tests were taken in every laboratory.

men

2) The rlepeatability values r are-based on 34 tests conducted in periods in 1956/1957 involving one labgratory in

peatability values r are based on the weighted average of the‘following results from:

Germany|, using as test specimen.a 12 cm concrete slab with floating floor.

3) The repeatability values - are based on 21 tests conducted in 1983 involving four laboratories in Scandinavia, using
a loosely installed flexible RVC-floor covering of category | (small specimens) having a weighted impact gound im-

provement index AL, aflabout 14 dB.
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Table A.2 — Reproducibility values for laboratory tests

Reproducibility value R for | Reproducibility value R for | Reproducibility value R for
Third-octave band centre airborne sound reduction normalized impact sound the reduction of impact
frequency index according to pressure level according to sound pressure level
ISO 140-3") 1SO 140-62) according to 1SO 140-83)
Hz dB dB dB
100 9 5 2,5
125 8,5 4 2,5
160 6 3 2,5
200 55 3 2.5
2%0 55 3 2
315 4,5 3 1,6
400 4,5 3 5
500 4 2,5 1.5
630 3,5 2,5 1,5
800 3 2,5 2
1400 2,5 2,5 3
1450 3 2,5 6
1400 3.5 2,5 9
2400 35 2,5 1
2400 3,5 2,5 11,6
3150 3,6 2,5 8

1) The reprdducibility values R are based on the arithmetic mean of the following results from:

a) An inter-lpboratory test conducted in 1983 involving five laboratories\iy Scandinavia using as test specimgns a
glazing in| a staggered test opening. Six complete tests were takendn every laboratory.

b) An inter-lpboratory test conducted in 1982 to 1985 involving seven laboratories in Belgium and in the NetHerlands
using as fest specimens a lightweight partition and two brick/walls with a mass per unit area of 225 kg/m?|and
450 kg/mq. These results were averaged.

c) An inter-lhboratory test conducted in 1985/1986 as a-BCR-project involving eight laboratories using as tes{ speci-

mens double-glazing (6/16/6). Six complete tests were taken in every laboratory.

2) The reproducibility values R are based on comparison tests conducted between 1960 and 1980 involving 50 Hifferent
testing teamq using as test specimen a 14 cm\eoncrete slab with floating floors of varying construction, installed in a
test facility wjth flanking transmission, in Braunschweig (Germany). This is the best available estimate for the
reproducibility values R of this test method:

3) The reprgducibility values R are based on 21 tests conducted in 1983 involving four laboratories in Scandipavia,
using a loosely installed flexible PVC;floor covering of category | (small specimens) having a weighted impact|{sound
improvement|index AL, of about 14 dB.
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