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PREFACE

Different kinds of inforration are preaented in this report.
Since 1t is not likely that all rceaders will f4ind all the materlal
equally Anteresting, thils preface offers guldance to the structure
of the report.

The part that corrcsponds directly to the title 1s Appendlx
B, where the detalls of building code noise control enforcement
are given. However, since gsoms readers will be intercated in the
actual content and the specific noise control requirements in the
various codes, this informatien is presented in Appendin A} 1t
preceded Appendix B because code content and criterla loglcally
precede enforcement, Because Appendlx A 13 concerncd with distin-
gulnhing seometinmes minor differences between the codes, it 12
highly detalled and repetitious; with the possible cxzception of
the two summary sections (A.3, comparing evaluatlon criterla in
the codes, p. A-TL; and A.4, comparing the acoustical requirements
p. A-B3), most readers will find it tedious. TItas function here
is that of a specialized refersnce source, rather like that of a
dietlonary.

The remalning eppendices present ancillary informatlon on
aeveral topica; the reader 13 gulded to these appendlces from the
relevant places in the text.

The maln text intreduces the problem of effective enforcement
of nolse control requlrements in bullding codes, examines in some
detall two approaches of speclal Antereat, and proposes a noy
approach to the enforcement of bullding code nelse requirements.
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1. IRTRODUCTION

It 4s generally conceded that, sl:thgugh nolse contrel
requirements are inecluded in the bullding codes of a number
of countries, these requirements ore nat very succesdful in
preventing complaints of inadezuete privacy from the tenants

of the bulldings to which the ceodes apply.

In part, this failure can be attributed to the fact
that the masking effect of hackground noise is not taken
into account in the codes, and thus, a construction that
vould be entirely satisfactory in a noisy urban neighbor-

hood would glve rise to serlous complaint in a qulet suburb.

In additien, 1t i3 not feasible in a code requirement
to account for all the different 1ife styles in a community.
A famlly with many nolsy chlldren (or other nolsy activities)
may not even notice the nolse cecnlng from next door; but 1f
the tenants happen to be an elderly couple of qulet habits,
they may henr and complain bitterly of the neighbora' noiae.
The same bullding conastruction cannot make everyone equally

satiafied with his privacy.

Nevertheless, the fact 1is that in many cases the
architect has chosen appropriate bullding conatructions
which should aatisfly the tenants at least meat ol the time,
and stiil there arce complaints., The question 1s why?

The answer 13 not hard to find. Hardly anyone dis-
putes that Al a reasonably good structure was selected An
deslgnlng the bullding and, nevertheless, shere are serious
nolae problems, then somesthing muat have gone wrong in the
process of conatructing the building... something that the
bullding code, ans written, and the nornmal practices of the
enforcement agency were powerlasi to prevent. Edther the
code apecified the wrong acoustical propertles for the
bullding, or 1t was ineffectively enforced.
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In erder to come to a better understanding of some of
these problems, the suthor has visited a2 number of European
countriesg where noise requirements in the bullding codes B
have been accepted as a matter of course for many years.
In Interviews with the people actively concerned with the )
codes and thelr enforcement, the variocus approaches talken i
by different countries were explored by means of a question-
naire, reproduced here as Appendix C. !

The reaults of those interviews, supplemented by sub-
sequent correspondence and dlacussion, and by the contempo-~
rary literature, are presented in this peport,

It will become evident that the countries represented
fall inte two rathor sharply defined groups: those that i
have heon active in enforecing the nolse control require-
ments in opne way or ancther, and those in which support (
for adequate enforcement has not been found., HNaturally, i
the responses to the 1nterview/duentionnnirc from the latter
group were few and rather gueneral., FPFor our preasent pur- !
posea, we have more to learn from the "active enforcement”
group. For this reason, the detailled responses on code
enforcement {rom these two groups of countrlea are presented
aaparataly, in Appendix B, beginning (in alphabetical order)
’ with the more active countries: Denmark, France, The

Netherlands, Sweden, The United Kingdom, and Veat dernany. :
The second group includea Austria, Belglum, East Germany, l
] ‘Switzerland, and the United Statcs, No information ia 1
| avalleble for countries not mentioned here. \ )

Appendlx A presentsa, for the countriea npamed altove and
also for certaln countriesa of Eastern Europe, descriptions
of the contenga of the codes; that 1a, the kind of aaseas-
ment crilteria used for sound insulation in the various
countries, and also the requirements for sound lnsulation
apecified in the codes.
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Many of the codes have resuirements on the maximum
acceptable indoor noilse levels (some focus on the nolse gen-
erated by equipment in the dwelling or in the bullding; a
few are also concernced with nolse from outdoors).  All the
codes hoave requirements on alrborne ssund insulatian {or
isolntion) and impact sound insulation.

These quantities are alweys specified for dwellings,
but, in many of the codes, requirements are also given for
other kinds of buildings: hotels, offlces, schools, ete.

Because this report is not nrimerily concerned with the
contents of the codes themselves but with the means of cn-
forcing them, Appendix A makes no attempt to cover all of
the nolse contrel requirements in the codes, instead, it pre-
sents only the typilcal airborne and impact sound insulation
requirements for dwellings. Even 80, where o code goes 1nto
great detall concerning different kinds of space within
the dwelling, it did not scem uselul to present the entire
array of requirements. Thus, attention 13 confined to the
principal living spaces, such ad living roomns, bedrooms,
kitchena, &nd baths.

Appendicea A and B, dealing with code content and codc
enforcement, respectively, present the collected Information
in conaldegrable detaildl. Tha main body of this report ate-
tampts to form certain generallzations from those detalls;
it focuses upon two eapeclally interesting enflforcement
approaches, and draws tentative conclusions intended to
provide guldance in the {raming of nolse control require~
menta for & new model bullding code for the Unlted States.

For this purpose 1t wlll ezplore thsa nature of the
requirements An the various codes, compare thelr similarities
and diflerences, examine the means of enforclng the require-
ments, and attempt to evaluate thelr efflectlveneas.
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The key word here ia "effecbiveness," because we wish
to discover, if possible, what {t takes to male ouch nolse
control requirements worle,

An obvious approach for Judging the effectivencss of
o given code would be to conduct a program or {ield tesots
of acoustical performance in bulldings BEFORE the code
requirenments are adepted; and then to repeat the tests
later, on bulldings erected after the code is in forece, 1in
order to nee what, if any, improvement has been nchteved.

So far, no country hag yebt carried out such an or-
ganized atudy te completion., In fact, unfortunntely, the
available fileld data on the acouatical perflormance of bulld-
Ings are scarce, scattered, and not well organizad; but i
oertaln conclusions can be drawn from the rather aparse

information at hand.
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2. EXISTING BUILDING CODE HOISE REQUIREMENTS

The assessment of airborne and impzcet noise performance,
in all the cedes with the exeeption of France, 1s made by
comparing a measured curve of transnission loss (or nolse
reduction®or impact noise) against a refercence curve, which
13 regarded as representing more or less adequate acoustical
performance. In one way or another, the differences between
the refercnce curve and the measured curve are used to cal-
culate a single-number rating. The codes then state their
acoustical performance requirements in terms of the aingle-
nunber ratings. (Sec Appendix A for a more detailed dAls-~
cussion.)

In North America, we use the familiar Sound Trana-
miasion Class and Impact Insulation Cless (STC and IIC), as
shotn in Flg. 1. The reference cupve for STC {(for example)
in translated up or down untll it matches the curve of new-
sured data, according to certain prescribed rules, at which
point the STC for the wall 18 read off as the value of the
shifted reference curve at 500 liz.

Similar rules are used for calculating the acoustical
ratings in moat other countrles, though some countries,
such as Belgium, the United Kingdom, and Humanla, asalgn
"eategordes" prather than numericel ratings. Figure 2 shows
& comparison of the reference curves af several countries.
They are similar in sheape for the most part bubt they differ
significantly In absolute level. Iloreover, the curve-
fittdng rules permit different allowed deviations. It ia
difficult, therefore, to compare directly the code requlre-
menta agalnst one another,

#The tarm "nolse reduction”, used in lNorth America to mean
Meval Aifference” s abbreviated R, and ahould not be
confused with the neolae rating curves, also abbreviated NR,
currently used in Europs for assessing nolae leveln [79),
See also the introductlon to Appendix A.
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FI6. 2. COMPARISON OF AIRGBOMNE AWD IPACT WOISE REFERENCE CURVES FROM
YARIOUS COUNTRIES. THEY ARE SIMILAR 70 ONE ANOTHER [N SHAPE,
EXCEPT FOR THE IMPACT NOISE CURVE FOR THE HETHERLANDS.
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For comparison of the mlrborne nolse requlrements, the
following procedure was used. Plnkt nolse was assumed in the
source room, at 80 dB in each octave band, and the cor-
rosponding A-welghted sound level was caleulated. Then the
NR values represented by the reference curve vere subtracted
from the scurce room sound levels, band by band, to get the
recelving room sound levels, from which wag calculated the
corresponding A-welghted level. The difference in A-
vwelghted levels in the source and recelving rooms is the
measure of protectlon against airborne noise requilred by
the code. For impact nolse, the A-woelghted level correspond-
ing tc the reference curve wan calculated.

The results are shown in Fig. 3, for the various
countries studied.

Many codes have different requirements according to
the types of rooms involved. We reatriaet our attention
here to the requirements for bedrdom—living room combina-
tiona. Column 2 indicates the quantity meagured: elther
the transmiaaion losa (R) or the normalized noise reduction
(D). Column 3 gives the symbol of the aingle-number raving
used in each case. (For more detalls sees Appenddx A.)
There 18 a tendency for Western EBuropean countries to fols
low the lead of the Internatiocnal Standards Organization
(150), with ailrborne and impact indices I, and I,, whereas
in Bastern Europe moat countries follow the Council for
Mutual Economlc Ald (CHMEA)}, with indices EL and ET."
Columns 4 and 5 give the minimum end meximum nolse control
requirements as actually stated Iin the codes for airborne
sound, whereaa columna 6 and 7 give the corresponding
equivalent requiremnents in terms of A-welghted sound levels,
calculated for this peport for the purpese of readlly com-
pering the code requirements. (See Sec. A.3.0 of Appendix
A.) HNoise control requirements [op impact noise, as stated

e P et

*The subsc¢ripts L and T atand for the Germen words Luft {atr
and Tritt (footasep).
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in the codes, are given in columns 8 and 9, and the A~
veighted sound level equivalents in columna 10 and 11.

For airborne sound, the range of minimum requirements
is #8 to 50 dBA; for maximum requirements ic i3 52 to 57

aBA.

For impact nolse, the range of minimum requirements is
17 down to 59 dBA; the range of maximum requirements 1s TH
to 57 dbA.  (The requirements shovn for the United States
are those contalned in the Minimum Property Standards of
the Federal Housing Administration.)

Figure  shows the distribution of these code require-
ments. The minimum airberne nolpe requirements for the
U.S.A are near the low end of the range, but are typical.
The U.8.A minimum impact nolse requirement 1a seen to be
rather strict In comparison with the othera., The United
Jtaten maxlmum requirements, both airborne and impact, are
quite ntrict compared to the others.

10




]
]
]
i
i
)
!
b
!

AIRBORNE "IMPACT
T T | [T T
0 e, P — _
o . MINIMUNM REQUIREMENTS
a ol- ) ~| aep- -~
M ¢ 8 o
0, af- o = Ualo Q -
g o e e S 0
2|- [ t - 92~ ° ° -
[} Ha e L] it o ¢ & T @ 2
P SR R SR T o N WO IO [N W WU OV N
4B %0 52 04 5 S0 56 50 60 62 G1 G660 t0 72 74 76 70
ALalpinn) ' LA{tapping)
AIRDORNE IMPACT
Ll T ] “‘ ] T ' I T ) T T
@ of- [ MAXIMUM REQUIREMENTS | -
R ° o~ Bal- pe
0 ® » :J
» I
Q2 . o~ Oz~ ° -
*» & B 8 & X 2 L ] [ ] [ ] AR ]
bbb ] [T N W T S T |
48 30 32 54 56 %0 b6 osn GO 62 64 66 60 10 712 74
AL, (plnk) L, Wapping)

FIG. 4. DISTRIBUTION OF ACOUSTICAL INSULATION REQUIREMENTS BETWEEN LIVING ROOMS AND BEDROOMS

IN APARTMENTS (* » U.S5.A.)




i A VST HFILT 4D

S

Cp ot X0 N LY PR

Ry & o

A,

e

3. ENFORCEMENT METHODS

W2 have seen in the previous szetian varlous noise con-
trol requirements in bullding codes. 3But a code requirement
is no better than its means of onforecement. Let us look,
therefore, at gsome of the methods adopied for enfereing the
varicus noise codes, as shoun 1in Fig. 5. (Note the key at

" lovier left.)

(Row 1) -

{Row 2) -

(Rowsg 3 -
and 4)

(Row 5) -

{(Row 6) -«

{(Row T7) -

Almost all countries rely on regulred in-
speetion of the building drawings, before
issuing the permlt to build.

Most also suggest, or regulre, approved
types of constructions, that are lknown from
expericence (or previous rneasurcments) to
provide reasonable performance.,

Tvwo countries (France and The HNetherlonds)
have tried to improve the acoustlec per=
formance in their buildinga by providing
some kind of financial bonus for lmproved
perfonnance, or by providing a framework
for explolting the market advantage af
hetter sound isolatlion. (We shall return
to the Trench program later.)

In two countries (W, Germany and Denmark),
there have been 1solated examples vhere
the rent was ordered reduced, hecaune of
peor sound isolation,

In many countriea, at least some acoustlical
testing An done in the finished bullding.

Remedlal measures to correct faulty sound
insulation are undertaxen only 1f the fail-
ure to meet code requirementn 1s quite
aerious; ﬁnd. again, only in Government-
financed projects, as & rule.

12
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(Row 8) + There may also bz pllst tests of novel con-
gtruction to demoncztrate complliance with
the code requirements. But this i3 true
only in bulldings financed by the Govern-
ment (10 to 255 of the total number of
bulldings built per yeer).

In most countries, even those in which noluse require-
ments have exlsted for many years, it is only in the last
5 to 8 years that people have bggun to talke the enforcement
of these regulations seriously.
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4. THO ENFORCEMENT APPROACHES OF SPECTAL INTEREST

The approaches to code enflorcz2ment in various countries
are detailed in Appendix B, lere, we concentrate on two
countrliesa that have adopted Interestlang approcches to en-
forcement: VWest Germany and France. One aims at success
by means of very vigorous enforcemant,® the other by meanc
of monetary premiuns and morket advantage. These approaches
are not mutually exclusive; in fact, they have common as-
pects in practice. DBoth rely on test measurements in the
finlshed building.

4,1 Hest Germany

There 1a no natilonwide building code noise requirement
that appllies over all of Germany. Instead, there 13 a
National Standard (DIN #4109} that contains quantitative
requirements for nolse control In buildings, and specifieu
both mindmum accepteble levels of performance, as wWell as a
higher quallvy of performance. This DIN standerd 1s not Law.

But each German 3State has & building code that, instead
of speclfylng numerical requiremsnts of acoustleal per
formance, uses phrases 1like "aufficlent noiase isolation”
or "must be atate-~of-the-art." Concurrently, however,
enother [inisterial Order defines the Hational DIN Standard
a3 “"atate~of~the~art,” and it thus eflfectively becomes strict
law, even Af by way of the bhack door.

(Incidentally, there is & great deal of practical ad-
vantage to this approach, since it 13 not neeceasary to
change the lawsin all the German States, in ordsr to intro-
duce improvementa in the measuring msthods, or in the
numerical code requirementa, It 4s much easler to change
the Natlional Standard, for this makes the change auto-
matdcally eflfective in all the Statea.)

MJweden has alse had good sucecss with thelr enforcement
program, as shown in Fig. 17 and discusaned in Sec. B4 of
Appendix B.

15
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The mininum German requirements are for: LSM and
TSM = 0. ‘Phe compliance tests are made by about W0 offi-
clally designated testing organizations throughout Gernmany.
Eanch such organization must send 1ts test team to the German
Natlonal Bureau ¢f Standardas every two years, to have 1tso
test procedures cevaluated and approved.

Fligure 6 shows fleld teat results on walls in Bavaria,
from 1960 to 1963, There were very few extremely bad re-
sults (LSM < ~10), and not many very good results (LSM > +10),
Moat of the buildings, throughout this perlod, just passed
the requirements of LSM = 0,

It 12 tempting to speculate wiicther the sudden inecrease
in very good walla in 1963 occurred because the Matiopal
noise standard on which the Bavariaon bullding code 15 based
was revised and improved in that year.

Meure 7 ashowe comparable rssulta for impact sound
isolation., Because floating fleor slaba are almost uni-
versally used in Jermany, the impact nolse laolation 1is
usually very gocd. Even so, a trend is evident: decreasing
numbers of test results 4in the mediocre categories (-5 to 0)
and {0 to 5), and a ateady increase An the number of testa
in the very good category {» +10).

A similar atory emerges An Horth Germany, as shown in
the impact insulation test results 4in Table I: a steadily
diminishing number of failures of the minimum requirement,
and an increasing pumber of bulldings complying with the
"higher quality" standarda, Table II ahows comparable re-
sults for airborne sound ilnsulation.

The moat dramatis comparison ia betwean the poor afous-
tical quality in the housing bullt immediately after the wap
and the housing of some 18 years later, as shown in Fig. 8.
FLEW = Tuftachall Schutz Mass (= Airborne sound insulation

. rating)
TSM = Trirtachell Schutz Mass { Imnpet =ound insulation
rating) .
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TABLE I. GERMAN FIELD TESTS OF SOQUND INSULATION

Impact Sound [nsulation™

Evaluated According to DIN A109E (January 1959):

Fatled Minfmum  Passed Minimum

Housing Requirement Requirement
Buflt 1n: {(TSM < 0) {TSM > 0)
19%3-1955 203 123
1959-1961 18 064

Evalunted According to DIN 4109 {September 1962):

Failed Hinimum Passed Mintmum Passed Higher Grade

Requirement Requirement fiequirement
(151 < 3) {3 < TSH < 13) {TSH > 13}
1966~-1967 TR h1.5% 51.1%

*Source: R. Kraege, 1968, about 2000 messurementa by FTB,
Braunschweig. {Ref. 80)

TABLE 1. GERMAN FIELD TESTS OF SOUHD INSULATION

Arborne Sound Insulation (1968)*:

Failed Hindmum  Passed Ninimum  Passed Higher Grade

Hous{ng Requirement Requirement Requirement
Bullt in: (TSM < 3) _ (3 < TSH < 13) (TSM » 13)
Walla 267 Lg% ash
1966-1967
Floora 4% KX} 625

%Bource: K, Gaele, 1973, Stuttgert (Fef., 69),

a0
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It must be remembered, here, that compliance testa in
Germany have been routinely made only on Government-{inanced
bulldings so the data we have Seen apply to only some 10 to
25% of the buildings.® Mozt important, hovwever, in these
projJects the disbursement of the final 1/3 of the construc-

tion fundas is held up untlil measurements in the finished
building have demonstrated compliance with the code require-

ments., ‘This approach hkas "tceeth" and 1t works, at lcast
for the buildings to which it applies.

The success of this program in the Government-financed
proJects, however, has been 8o great that 1t has begun to
influence the private sector.

For one thing, the bullding trades who work on the
Government-inanced projects must learn how to de the Job
correctly and avold acoustical mistakes; once the habit 1s
formed, it carries over inteo non-Geovernment projects.
Apparently, 1t 13 uncommon for the same man to do the same
Job well 1n one case and poorly in another.

Moreover, the contractors and bulldsrs themaelves have

become consclentious asbout complying with the recommenda-~

tions, and ¢ven seel out acountical advice, themselves,
rather than risk being caught and penalined at the end of
the proJect., They tend to feel that the Hational DIN
Standard deoes represent "state-of-the-art,” and that i1t
should be followed. In fact, when the Standard wan first
lssued, it was the mininum requirement of the Standard that
was almed for; today, most buildera shoot for the Admproved
level of performance. Moreover, in view of the current
inflation, people expeet high performance when rental or
purchase costa are so high.

Finally, large private bullding companles, such as lNeue
Helmat, belonglng to the labor unions, have begun, as a

Mlo rellable statistlea are avallable for nan-State-financed

buildinga.
21
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motter of course, to have spot checks of the acoustle por-
formance made, to be sure that thelr bullders' work is up
to standards.

It appeara, from thils example, that vigorous code en-
forcement, particularly with the threat of funds withheld in
the event of fallure, can lead to wide-spread code cope

- pllance. This 18, in my terma, "effective nolse econtrol"l

4.2 france

It 15 probably aafe to generallee that the Prench are
not so naturally inclined to follow regulations as the
Germans, and that may be the renson that a different ap-
proach was used in I'rance. :

The earlier French efforta were based on the usual
style of bullding code enfarcament. Figure 9 shows the
Freneh REGULATIONS, that date from 1969; 1t also ahows the
more atrict reqgulrements for the recently adopted special
Acoustle Comfort Label, which we shall return to later.
For the time being, the REQULATION requirements (Column 3)
may be regarded as minimum code requivements and the LAREL
requirement {Column §) as a "higher quality" reauiremenst.
Both are based on measurements in the completed bullding,
and both allow a tolerance of 3 dB for passing the require-
menta, :

Figure 10 shows the cumulative Aailstribution of tests of
airborne sound isclation in huildings bullt between 1960
and 1967, before the Regulation. Only 307 meat the 1969
Regulation (51 dBA), and enly 75 meet the Label Pequirements;
(57 dBA), without invoking the permitted 3 dB tolerance, :
Wtth the 3 dB tolerance, 543 meet the Regulation (48 dpa),
but only 15% the Labael (54 dBA).

Figure 11 shows the results of alrborne nolae teata in
bulldings built AFTER 1969 under the Regulation. In this
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FIG, 9.

FRENCH NOISE CONTROL REQUIREMENTS. [37])




AIRBORNE SOUND ISOLATIOM BETWEEN DWZLLINGS
Humber of Tests: 570

Comment: 30% of the teats meet the 1969 Nolse Control Regu-
lation without invoking the permitted 3 dB toler-
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ance, but only 737 would meect the Label requirement.
547 of the tests pass the Regulation with the
tolerance, but only 15% would pass the Label

requirement.
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ATRBORNE SOUND ISOLATIOMN BETVZZ!! DWELLINGS [Article R1 (Lh))

lumber of Tests: 4lp
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i5g of the tests met the Regulation without invoking
the permitted 3 dB tolorance, but only 105 met the

Label requirement.

70% of the tests passod the Regulztion with the
tolerance, but only 257 passed the Label requirement.
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cade, 70% of the duellings meet the minimum requirements,
though only 257% pass the hipgher quality Label requirements.

Figure 12 shows the results of impact nolse tests in
buildings bullt before 1967. U452 meet the Regulation (70
dBA}, but only 28% would pass the Label requirement (67 aBA).

Mgure 13 indicates that the impaect test peaults for
the post-=-1969 dwellings show no improvement over the earlier
results: U6% and 26%, rceupectively.

All 4in all, this was not regarded as a satlsfactory
record. [44]

In 1972, a new approach was adopted in France, in terms
of the so-¢alled Acoustle Comfort Label. An owner whode
building 1s awarded this Label benefits 4in two ways, TPirst,
he mey advertise that his bullding has superior acoustical
performancs, ceptlifilsd with onc,'two, or three stara, in
increesing order of quallity. And, second, the amount of
his loan from the Oovernment, for the purpose of bullding
the project, 1a increased mccording to the demonsatrated
quality ol the aound lsolation.?

Figure 14 summarizmes the evaluation procedure [as,34].

Points are awerded according to whether the bullding
ma=eta the Acouatic Comfort Label requirements in [ive cate-
gorlies, aa shown in the left column. The alrborne sound
isolation rating, for example 43 satated in terms of the ;
A-welighted sound level in the receiving room (29 dbA for LR
or BR) (Column 2) when there 1s a apecified SPL in each
occtave band in the source room (80 dB/OB for LR or BR)

(Column 3). Up to 3 points can be awarded for the alrborne
sound 1aclation between dwWellings.

*Speaking of economic incentives, Francs 13 also the origin of
8 proposal to encourage effective traffic nolse abatement by
taxing motor vahicle operateors or manufacturers according to
the emount ol noises produced by their vehicles [82,484].
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INPACT HOISE IMSULATION [Article R2 (L5)]
Number of Testo: 296

Comment: 26% of the tests met the Regulation without invol-
ing the permitted 3 dB tolerance, btut only W4 met
the Label requirement.,
WG% of the tests passed the Regulation wlth the
tolerance, but only 26% passed the Label require-
ment.,
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The maximum number ol points that an apartment buillding
esh Win is 20. The requirements of the 1969 REGULATION muast
be met; the points are avarded op the basis of whether or not
the higher quality requirements of the label are also met.

Ho label iz given If the building scores less than 8
polnta. The Label with one stur 13 awarded if 1t gets § to
14 points, two stors 1f 15 to 10 pointa, and threc stara 1if
it wins all 20 points. l

In addition, the bullding lozn 15 inecreascd by 0.3255%
for each point won, for a posaible total increase of 6.5%
of the baslec bullding cost.

For camparison, Fig. 15 shows the approximate coat of 1
acoustical treatment to meet the 1869 Regulation in France :
in the year 1970. (37]

Figure 16 shows the approximate cost of acoustleal
treatment in attempting to achisve the Acoustlc Comfort b
Label 4in a pilot project used in developing the Label pro-
gram. [40]. It 1s not known what actual percentage of the
bullding cost this representa, But AL one assumes & bulld-
ing cost of ¥15 per sq t, the acoustical treatment would
ha about 5% of the total cost, a figure that 1a not far !
from comparable estimates in the U.S.A.

As far the cost of monitoring noise control require-
ments, examination of the drawings costs 1200 F or $340.00;
and acoustical tests, in & project of 200 units (80 tests),
coat 13000 F or $2600.00 in 1972. [41,42]) !

The Acoustlic Comfart Label is apparently having a bhene-
ficlal effact on the sound isolatlion of French dwellings,
but there are no statiaticel date yet to econfimm thla. It
i3 expected that the combination of lnereased money and
favorable publicaty would provide an effective incentlve
for hetter bulldings. [43)]
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If planned from the beginning:

2% of total building cost

If introduced to correct mictakes
or cmisslons during constructlion: 6 to 75

After building ip finished:

15 to 25%, and with no
gunarantee of succeus

Reference:

FIG. 15.

Centre Scientifique et Technique du Datiment, Cahier 943
(708}, April 1970; p. 25.

COST OF ACOUSTICAL INSULATION IN FRANCE (1970). [37)
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Percent of Total

Cost {including taxes)
Noise Abatement

per sq ft of ifabitable

. toise Abatement leasure Space Cost
' Flonting Floor Slab 54 cents TL.2W%
i Rubbian Chute Treatment 1.h 1.03
; Isolation of Flumbing 2.06 2.72
i Treatment of Heating and
! Yentilating System 2.9 3.70
" Spacial Clazming ‘ 10.7 1h.10
| Encloning the Holling ,
. Shuttara 5.8 6.33
TOTAL 76 centa 1003

Referanse: Revie d'Acowatique, No. 24 ~ 1973; p. W7,

FIG. 16, COSTS OF NOISE ABATEMENT IN "OPERATION CREIL" (FRANCE):
{1971~73; 86 UNITS). [40])
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5. WHAT WOULD IT FTAKE TO MAKE BUILDING CODE HOISE REQUIRE-
MERTS EFFECTIVE?

For the nolse control provisions in building codes to
be effective in assuring adequate sound 1solation in bulld-
inga, two conditions muat be met: the nolse contrel require-
ments in the codes must actually be relevant to the attalin-
ment of adequate sound isclation, and the codes must be
effectively onforced.

5,1 Relevance of the Current Code Requirements

5.1.1 Adrborne sound requirements: HNot to the point and
needlessly complicated
The nolse requirements in most codes attempt to control
the tranamlssion of airborne sound by specifying the minilmum
acceptable acoustic insulation of the party wall or floor/
celling construction,

Dut sound travels from one room to ancther in a building
in a complicated way. It follows not only the primary path,
through the partition that ascparates the two rooms, but also
(usually) a number of other patha, some of which may be Just
as Amportant as the primary path, or more 3o.

The design of a bullding structure to provide privacy !
for the occupants of neilghboring rooms requires adequate at-
tenuation in all the possible paths by which sound from one
room may reach the other, It 18 not epough for an architect
to ahuflfle through & catalog of tranamiaslon loss data to
choose a suitable party wall; he muat conalder all the other
posmible abund pathas as well.

For the same reasons, it 1s not enough for a bullding
code to apecify the Sound Tranamission Clasa {STC} of the

party wall or floor atructure, whether measured in the ,
33 j
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laboratory or in the complected building; other sound paths
may be of equal importance in assuring privacy for the
tenants.

And yet, unfortunately, most exlsting codes go this far
and no further: when it is time for the building permit to
be signed, the architect's drawlngs are cxamined to see that
he has chosen constructions known from cxperlence to provide
reasonably good sound insulation;* and, 1f szo, the permit 1s
lssued, the building 1s bullt and that 13 the end of the
matter,

Thus, 1in practice, building after bullding falls to pro-
vide privacy because the crucial bullding code requirements
are applied at the wrong place. They speclfy good {nauiation
but not good tfaclation, It 13 no use to argue that the basic
conatructlion was sultable, as approved in the drawings, Lif,
in fact, one can easlly hear through the walls of the fin-
dahed bhullding.

The "relevance" of asuch party wall insulatlon require-
ments 13 that they provide suidancé for the designer of the
bullding and alao ease the process of building draving in-
apection and approval; theoe requipementa are halpful and
must not be abandoned.

AIn dAilscuasning methoda to provide acoustlcnl privacy in
buildings, 4t 1s essential to distingulsh aharply between
the insulation properties "of a partitlon" and the Zeolation
aohieved "between roona", [or example, Tranamission Loaa
and Sound Tranamission Class (STC) refer to the inasulation
property of a speciflc partition; Holse Reduction (MR) and
Normalized Level Difference, D, refer to isolation between
rooms, This diatinction 1s carefully made in the ASTI's
"Stendard Definition of Terms Relating to Acountical Tests
of Bullding Consatructions and Materlala" [46] but 13 often
ovarlooked in discusaions, even anmong acountlclans whe
ahould know bettear,
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But they are not directly relevant to the acoustical
nezd of the tenant, whleh is for adequate iselatlon between
hilc dwelling and his nelghbors, 2 matter that involvea all
the possible gound paths.

Morecver, the bullding code requirements for alrborne
sound insulation are needlessly cemplicated. Most of them
requlre sixteen measurenents of level difference and sixteen
measurements of sound absorption (or reverberation time) in
the recelving room, followed by & curve-fitting procedure to
derive n single-number rating, such as the Sound Transmlssion
Class (STC). Such ratings, based on o complicated measure-
nent procedure, do not correlate any better with subjective
Judgements of sound isolatlon than the results of much simpler
testa. [7f6)

5.1.2 Impact nolse requirements: Almost totally irrelevant

Some building codes do not contaln requirements dealing
with impact noise at all. Those that do include impact nolse
gpecifly the acouatical behavier of floor/celling structures
in terms of the current national {and international) teat
method involving e atandardized tapping machine, Theae tests
are ailmest entirely irrelevant to the tepants'® needs, because
the same valus of dmpact nolse rating can be assigned to
floors for which the asubjective judgments span & range of as
much as 20 decihela. [24] Alternatively, 1f cne apecifles
a given degree of protecetlon from the nolse of footateps,
floors gspanning a range aof 15 to 20 dB in Impact Nolse Rating

can he found to meet this requirement., Cleaply, such require-.

menta in bullding codes are not relevant to the proviasion of
adequate impocet isolatlon for the tenants.

35
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5.2 Enforcement of the Noise Requirements

Ag for the enforcement of the code requircments, until
the laot few ycars no scrious cffoft has been made anyvhere,
and ecven then, only in o few countries. It can be secen, from
the accounta in Appendix B, that offuective enforcement hes
occurred in even fewer cases. Flgure 17 18 a discouraging
reminder of the record of fallure that can be expected when
no speclial incentives are offered to cncourage the effective
enforcement of bullding nolse control.

Line 3 shows the typlcal fallure rates. As of the time
for which these data apply, only the Oerman and Swedish en-
forcement procedures are very effective. {(The French data
oited here pre-date the Acoustic Comfort Label.) In most
countrlea, the code requirements have been found too diffi-
cult to enforce in relation to the avallable resources, both
of funds and technlecally trulned personnel,

It 41s apparent that effective noise control in our
bullding codes will be achileved cnly when we require measure-
ments An the finished Luilding, to demonatrate compllance
With the code, and either offer a premium for superior acous-
tical performance or impose a penalty for falling to meet the
nolae requirementa.

5.7 HNeed for Simple Acoustical Test Methods

But routline enforcement of the codc requirements 1s net
feasible with the duprrent astandard test procedures, What 1s
needed, and needed bhadly, 43 the adapticn of simple atandar:
teat measurementn for both ailrborne and impact sound that
correlate closely with people's Judgments of the sound lsola-
tion they enjoy in thelr dwellings.

It has recently been shoun that & simple measurement of
airborne aocund 1soclation based on A-~velghted sound levels

36
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correlates as well with subJective Judgments as the campli-
cated standard test procedurein 1/3-actave bands of frequeney

(?76). And a modified teat method Tor impact notlse insulation

has recently been proposed, and 18 currently being studied

in o number of accustical laboratorles, that promises conslder-

ably 4mproved correlation with the pubjective osaegsment of

impact sound insulation of floors [?7]. This test, too, con

be done with A-welpghted sound levels, Both methods

#w1ll be published goon by the Amerizan Soclety for Testing

and Materiols (ASTM). 5

Thus, simple and relliable test methods for both airborne
and 1mpact sound insulation will soon be avallable to offi-~
clals charged with the enforcement of nolse control require-
ments in building codes., These methods will be within their
technical capability ond the required test equipment will be
within thelr budgets.

5.4 A Possfble Hew Approach to Bu{ilding Code MHofse

Requirements

The tlme 11 ripe, then, to expand the inadequate nolse
control requirements in the existing building codes, that
call aut only the aound insulation of apecific bullding ele-
ments, and supplement them with requirementa for the sound
isoletion hetween dwellings, with mandatory compliance to be
demonstrated in the flanished bullding by means of asimple
teat measurementsa,

I have, 1in the past, suggested an analogy that haa
caught the imagination of & number of people: "It doen no
good to argue that the basic {building] coanstruction was
suitable, as approved in the (building] drawings, 1f, in
fact, one c¢an easlly hear through the walls of the finished
bullading. This is as foollsh an trying to excuse a had
soullld on the grounds that the eggs were of top quality!"

L&,
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tiithout doubt {as many of my European friends have
polnted out) it 1s necessary to assure that the eggs are of
gand quality {(thls means that the bullding dravings must
show that wall and floor constructions have been chosen that
are known from experlence to be of adequate quality). But
the quality of the other ingredients and the skill of the
coolt cannot be judged untll the end.

What would be the polnt of a Cordon Bleu School of
Cuisine in which 21l the finished dishes were dilscarded with-
out being taated? UWhat professor would adminiater a final
exam to his students with the promise that he would not read
and grade 1t?

The functlon of the specifilcation compliance tests In
the finished bullding 1o to force the responsible persons to
apply the already exlsating technology lnstead of 1gnoring 1t.

Ona poasible approach to the formulatien and enforce-
ment of noise requirements in building codes 1s az follows.
It tekes advantage of the procedures currently uaed in most
Codes, hut goes a step further in requirlng an assessment of
the final result {3],

At the time of application for a bullding permit,
the architect's drawings for the building will bLe ex-
amined to sce that he has chosen sultable conatructlons
for the walls and {loors. If he has selected atruc-
tures known from experlence to provide adequatc nolne
isolation, the building permit will be iasued. [How-~
ever, the permisalon to bulld confera only tentative
approval of the nolse isolaticen of the bullding;
accepting or correcting the architect's cholce of con-
struction at this stage amounts only to guldance
bhased on past experlence., Detalled guldance will also
ba offered At thils time on ways to avold mistakes dur-
ing conatructlon.

The erucial test comes when the bullding 13 com-

pleted; a fleld test of the bullding must demonatrate
that the specified isolatien has in fact been achleved,
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Here we come to an optlon. Either the sound isclation
itself can be specified in terms of the normalized level dif-
ference, DnT; or a measure of acoustical privacy, the Privacy
Index, can be specified that involves not only the level dif-
ference, but alsoe the expected or achleved background noise
{see below).

In the first case, because the background noise may vary
aver a wide range and 1t is not explicltly taken into account,
the correlation between the test results and the subsequent
tenant satisfaction may be only about G44. If the hackground
nolse level 15 taken into account, as in the suggested Pri-
vacy Index, the correlatlon improves to (8%,

Privacy, in the proposed code, 1s determined by
the aum of two numbers: the level difference, D,
ketyeen the source and recelving rooma, and the A-
weighted level, MNj, aof the background noisc in the
receiving room. Thias sum 13 called the Privacy Index,
In". Measurements in the completed building must de-
monatrate a valua for I, of at leaat 75 as o minimum
requirement., One or two better gradea of privacy
(Ip » 80 and 05} could be defined, but not required,
for buillding owners who want to take ecredit for pro-
viding privacy better than the minimum.

The code will formally specify values of sound
itneulation (STC) for the walls and floors, to provide
guidance in the design of the bullding, and to make
it simpler when the drawlngs are to be approved for
a bullding permit., Howover, i1f the level difference
measured in the finlshed bullding complies with the
code's additionally specified value of inolation,
then the complicated transmission loaoa teats [§],
including the anti-{lanking demonstration, to prove
compliance of the individual bullding companents with
the aspecified values of 5TC, would be wnlved.

To establish the principle of compliance with &
performance specification with the least diaruption
of current practice, we propose o stepwise approach.

*The Privacy Index haa the advantage that no normalizatilan
in needed to account for differences 4in recelving roaom
abasoprptlon; the effects on D and ”A re equal and opposite.
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Ve firat decide how ruch isolation is ultimately desired
for housing, and express this in terms of a certaln
value of say, ¥. For the first year cr 50 after the new
code is in effect, only thosc construsztions would be
approved, ot the bullding draving examinatlion, that
usually yield somewhat better performance than the
ultimate goanl, 3ay, X + 5. Also, at firet, when tosts
are made in the finished building, the bullding would
be approved for occupancy even 1f 1t fails to meet the
desired goal by, soy, 5 d3. (The value of 5 dB ins
discussable in both cases.) Thus, at first there would
be a 10 4B margin for error durlng construction...
approximntely what 1s being achieved at present; no
audden difficultles are imposcd on the architect or
bullder immediately after the code goes into effect.

Oradunlly (at two or three ycar intervals), as
conatructlon workers learn how to improve thelr assem-
bly teechnigues to avold leaks and flanking, the per-
mitted margin will be narrovwed in steps, partly by
permitting more "speculative” constructions at the
building permit stage, and partly by applying the iso-
lation requirements more strictly in the test in the
finlshed butlding. After five to asuven years 2 sig-
nificant improvement in achieved privacy should be
realized, in all kinds of dwellings.

L R e ke e n

An objection has been ralsed that 4t 1s not fair to
| leginlate that a building may not be occupied until 1t meets
preacribed acoustical performance, when even skilled acous-
r ticel conaultants cannot predict {lanking transmlasion
f accuratoly.

=y S

That argument 1s beside the point. In the firat place,
1t 13 evident that until such strong memsurcs are adopted,
nothing eflective will be done about achleving adequate
sound isolation 4in dwellings. (Recall Fig. 17!). And in the
[' aecond place, since adequate aound 1solation 1s well within
- the present state of the art, 1t will not take long lor
buildera to learn conatruction methods that lead to compli-
ance. A few mistakes in the interim i3 & small price to pay
for a signiflcant advance in noise isolation: tenanta have
puflfered long enough!
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5,6 Conclusion

This report concludes with a story abeut a man who
bought a mule from an old farmer. UWhen he got it home,
he could not make the mule do any work. He would whip 1%,
puain 1t, puil it, persuade 1t, curse 1t, shout at 1t...all
to no availl. The mule would not pull the wagon.

S0 the man toek the mule back to the farmer, explalned
the situation and asked for his money back. The old farmer
simply pleked up o very henvy aticlk, and, ac hard as he could,
slammed the rnule in the fuce with 1t, The mule immediately T
moved off with the wagon, A

"First," explained the old farmer, "you have to get his
attention."

It 1s suggented here that we don't stand much chance of
getting the attention of architects, contractors, bullders,
and trades, without aome form of prize or penalty that de-
pendsa upon preoof that they have done their nolae control
worle well.

ha
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A1, THTRODUCTIQH

Quite a number of countries have noise control require-
ments 1n thelr building codes, specifying the required acous-
tical performance of eilther the individual structural ecle-
ments or the completed building ([71,2,3]. In most of theac
codes, the ncoustical performance 1s assested by comparing a
measured curve of transmlasion loss {(or nolac reduction, or
impact noiue) agrinst a reference curve which L3 regarded as
representling adequate sound insulation. The differences
betveen the measured curve and the reference curve are used
te formulate a single-number rating. The bullding codes
state thelr acoustlcal performance requirementys in terms of
thess slngle-number ratings, usually one for airborne sound
insulation and ancther for impact noise insulation.

A.1.1 Basfc Acoustical Measurements

The basice acouatical measurements underlying the code
ratings and requirements are, for airborne sound, either
transmission loss (to measure the sound inailation of a spec-
1fic building element) or noiase reduction (to measure the
gound tsolation between rooms); and, for impagct sound, the
impact nolae level in the receliving room above whiceh a stan-~
dard tapping machine is being operated.

Usually these quantitiea are normalized to atandard
acoustical conditiona In the receiving room; that 1s, the
valuea measured in & speciflc teat situntlon are adjusted to
the values that would have hecn observed with a recoiving
room having a atandard amount of sound abaorptlon or a atan-
dard reverberation time.

Tha measursments are uswally nade in 1/3-octave bands
of frequency, though octave bands are nlso permitted in sonme
atandarda, in the frequency range hatusen (approxinately)
100 to #4000 fim. {The range differs alightly fromn one coun-
try to another,)
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f.1.1.1 Sound insulation of a partition {Z]

Somc codes specify the sound dnsulatlon of speclfic
building elenments, usually the party wall or floor/eceiling
between dwellingo {(but see Sec. A.1.1.3, below) The sound
Insulation of a structure is the capabllity of that poartlcu-
lar structure for attenuating sound that is following the
path through that structure. It 1g cxpressed in decibels in
terms of the ratlo of the sound energy striking the parsition
on the gide ecxposed to the sound source to the sound energy
posaing through the structure and radiated awvay from the
partition on the oppoaite slde., Specinl effort should be
made to eliminate (or to leave out of account) any sound
{the so-called flanking trancnmission) following paths other
than the one directly through the structure.

In Korth America, the sound insulatlion of o partition
43 called transmission loss [4,5], with the symbol TL, when
the measuremants are made in an acousticnl laboratory vhere
the flanking transmission has been elimdnated by coreful
construction. In Europe, thls quantity 13 called the sound
reduction index, with the symbol R [8,91.

If the sound insulation of a partition i3 measurced in
the field, where f{lanking transmission may axist, the prace~
tice in North Amerien [§] 1s to conduct the measurement in
such a way as to eliminate the effects of llanking trans-
mlsaion; the intention 1a to insure that the resulting dota
truly refer only to the sound path through the partition
that 1s nominally under test. This quantity is called Fleld
Tranamisslon Loas, with the aymbel FTL.

In most of Burope, however, no attempt is made to ¢lim-
inate flanking transmplssion in fileld testa. Instead, the
field teat: la conducted with the asame procedure as in labor-
atory tests. The resulting data (vwhiech may involve aound
passing to the recedving room by patha other than the party
wall) are treated as representing the sound reductlon index

A3
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of the partition "AS IF" all of the sound ecnergy had indeced
pasgsed through the party wall., This field sound reduction
indexthas the symbol R' (an unfortunate cholee, since the
prime frequently gets lost in poor printing or reproduction
ol' text with the result that R' 1n often confused with R).

A.1.1.2 Sound isolation between rooms

Some codes apecify, instend of the sound insulation of
specifilc Individual bullding elements, the sound isolation
between dwelllngs in the finished bullding. This quantity
takes into account all of the sound arriving in the receliving
room by whatever paths, and 1a a measure both of the acous-
tleal performance of the entire atructure and of the degree
of acoustical privacy that will be experlenced by tenants of
the dwellinga [3].

In Morth America, the sound isolatien between rooms ia
called nolse reduction {5], with the symbol HR"#, it 13 simply
the difference in the sound pressure lavels in the source
and recelving rooms, meagured in bands of {requency, when a
noise source 13 operating In the source room. In Eurape,
this quantity 1s called level difference, with the symbol

D [s8,9].

If the values of acund isolation are normalized {as
discussed in A.l.1l above), the North American term 1s nor-
malized nolse reductlon with the aymbol HNR; normalization
ia to standard reverberation time [5]. The European term is
normalized level differsnce with the aymbol Dn; in aome casges,
an additional subscript is used to algnifly whether Che nor-
malization 1a to a standard amount of receiving room absorp-
t4ion or to standard reverberation time: DnA or DnT [g,2].

¥In the previalon ol IS0 RLNQ currently under consideration,
this quantity 1a called the "apparant sound reductlon index."

MkSea note, p. 5.
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A.1.1.3 Sound insulation of a partiticn vs sound isolation
between rooms
Unfortunately, these two concepts have become somevhat

confused over the years [3]. Codes that specify sound insul-
atien, in terms of TL or R, do not always ciplicitly identifly
vhich bullding element 1o under consideration; 1t iz usually
ugsumed that the party wall is intended, and that, 1f the
party wall meets the code requircments, there willl be adequete
privacy for the tenants of the bullding. This, of course,

willl not be true 1 there is significant flanking transmission.

This confusion iz regrettably encouraged by the European
use of the "AS IW" measure of asound 1lnsulaticn, R', which
mensures all of the sound reaching the recelving room but
fattrivutes 1t all to the party wall path, thus mixing the two
concepts in cone rating.

The intended procedure in enlightened North American
practice [3]* 15 first to asaess the gsound isolation (privacy)
achieved in the finished bullding by measuring the noliase re-

‘ductlon between rooms in adjacens dwellings. I that quantity

for any resson falls to meet the requirements, then the rather
complicated fleld transmission loss tent procedure for mea-
suring the sound insulation of the various specific bullding
alements 1a used, as a Adlagnostic tool, to detemnine which
structure is at fault and needs correction.

In Europe, there is no standardized test procedure for
flald measurementa of sound inaulation that confines atten-~
tion to a apecific bullding element. If a measurement of
lavel Aifference, D, should indicate lnadequate sound 1sola-
tion An the finished bullding, it does no good to measure
the fleld sound reductlon index R', because that quantity
attributea all of the sound tranamisslon to the party wall.
It 4z astoniahing that the European partition manulacturers

It must be admitted that "enlightement" in thls sense 1z not
yet widespresad.
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tolerate thls manifestly unfair practice, which often blames
their own preducts with the faults ol other trades.

Al 1.4 Impact sound transmissian

All countries asaess the capabllity of a lloor-ceiling
structure to insuluste agalnat impact nolse by measuring in
specified frequency bands the transmlsslon of nolse into a
receiving rooin when o standard mechandical tapping ﬁnchine isg
operating on the floor overhead [24,25]: the greater the
amount of impact noise tranamitted, the poorer the impact in-
sulation of the floor-celling astructure, The values of impact
noelise so measured are usuwally normalized, cither to a standard
amount of sound abaprption or & standard reverperation time
in the recelving roonm.

Impact noise measurements are made in 1/3-octave bands
in some countries and in octave bands in others. Great care
must be uwaed in interpreting impact noise data, howaver; this
i3 because some, but not atl, ceountries in which the basie
data are measured in 1/3-octave bandas require these data to
be adfusted (by the addition of 5 declbels) to values corres-
ponding to octave-band data [25]. Thus, even with a standard
teat method and a standard tapping machine, the impact nolae
data for the same (loor structure might aiffer by 5 dO de-~
pending on the country where 1t was measured. This osame un-
ceptainty, of course, propagates into the single~number impact
noise ratings of the different countries, discussed in the
next section. (See Appendix D for more detail.)

A.l.2 Single-flumber Ratings and the Criterton Curves

Any cone of the basic acoustical measurements diascussed
ahove, Af 1t 15 made in 1/3-octave dands, will yleld test re-
sulta In the form of ailxteen neparate values of sound pressure
levael, one for each of the sixteen frequency bands in the
rangs of interest: 135 ©o H00Q Hz in North America, and 100
to 3150 Hz in Europe., With such an array of data for cach

A-6
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test result, 1t is very diffilcult to conmpare the acoustical
performancs of one structure ggainst another: structure A

may be better than structure B in some frequency bands but

worse in others: which is better overall?

In order to permit casy comparison of the performance
of different structures, all countries have adopted single-
number ratlnga, both for alrborne and impact sound, which
condense the information embodied in the sixteen band levels
into o single number or grade with which to ranl-order differ-~
ent structures according to their capabllity to lnsulate
againat airborne or impact sound.

Execept in France, the single-number roating 1s determined
by comparing the measured curve of acoustlecal perlormance
apainat B reference criterion curve in sccordance with a pre-
scribed procedure that delimits the amount of unfavorable
deviations. Both the criterlon curves and the fitting proce-
dures differ slightly from country to country.

In Yestern Europe and North Amerlca, most countries
Tollow the lend of the acountical ratings standards set by
the International Standards Organization (IS0), Geneva, with
only amgll warlatilons. This includen UWest Germany, Sweden,
Denmark, Morway, The Hetherlands, Switzerland, The United
Kingdom, The United Statea, and Canada. Belglum and France
use somewhat different approaches: different f(rom I30 and
from each other. The single-number indices for alrborne
and impact sound used in Western Europe ere, recapectively,
Ia and Iig the values vary continuocusly along a numerical
scale. As the value of the alrborne sound insulation index
inereascen, thia signifles better sound insulation; as the im-
pact nolse Andex increases, 1t slgnifles poorer insulation
agalinat impact nolse.

In North Amerlea, the slingle-pumber rating for tranomnls-
sion loas 13 Scund Tranasmission Clasa (STC) [6); for lmpact

A-7
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nolse, it is the Impact Insulation Clasas {IIC) [#]. Both
ratings inerease in value with increasing quallty of sound

insulation.

In Belgium and The United Kingdom, disecrete grades arc
asasigned, rather than o continuously variable index. In
France, the data in 1/3-cctave banda are converted, by calcu-
latilon, into A-weighted sound levels, and the single-number
ratings are stated as differences in A-levels Por airborne
sound and A-levels for impact sound,

In Eastern Europe, most countries follow the standards
of the Standing Bullding Committee of the Council for Mutual
Economic Add (CMEA). This includes Poland, Cuechoslovalkia,
Rumanie, Finland, East dermany,and the USSH.

In most of Eastern Europe, the indices for airborne and
impact aound insulation are the alrborne sound insulation
index, EL’ and the impact sound index, ET. These are contlin-
uousaly variahle indices, but they are not the same aa the ISO
indices, Ia and Ii; rather, they rescmble more closely certain
forms of sound inaulation Andilces used untid recently in West
Qermany: the Luftschallachutzmass (LSM) and Trittachall-
schutamaas (PSM). Rumanla, however, differs from the others
by asaigning dlacrete grades; as in Belgium and The United
Kingdom, the acouatical performance ratings incercane stepwise,
rather than continuoualy.

One can, with some difficulty, get informatlon about the
ratings and requirements for acouatical performance in the
building cedes of Eaatern European countries, but 1t 13 prac-
tically lmposaible to leufn the offectiveness of these re-
quirements in prowiding aatisfactory sound lgolation in the
finished bulldings. Typically, the buildlings are designed,
butlt, owned and teated (4if at all) by the State; little
puhlished information on the test results reaches the United

States.

A-8
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A.2 ACOUSTIC PARAMETERS, ASSESSMENT CRITERTA AND REQUIREMENTS
FOR ACOUSTICAL PERFORMANCE IN BUILDING CODBES IN VARIQUS
COUKRTRIES

A.2.1 International Organization for Standardizattion {8,9].
A.2.1.1 Acoustic parameters of partitions to be evaluated [8]

A.2.2,1,1 Intornal wailo

The Sound Reduction Index (transmission 1oss) in the fre=-
quency range 100-3150 He, in 1/3-octave and octave bands, 1s
defined ns followa:

s
Re L, -~ L, +10 10 7 . (1)
The Normalized Level Diffcrence, Dn’ 1s defined as folleows:?
D, = Li = Lz +10 logie (A,/h) (2)

where:

L1 = gpace~averasge sound pressure level in the source

room, di
L, = space-~average sound przasure level in the recelving
room, di

S = area of the test apecimen (m?)
A = absorption in the recelving reoom (m?)

A, » reference absorption of 10 m?,

A.2.1.1.2 PFloor-oeiling assamblica

{an) Sound Reduction Index (transmisasion lesa) in the
frequency range 100-3150 Hz, in 1/3-octave and octave banda,
1a defined ma for walls, by Eq. {1).

#The new ravislon of R 140 (see comment at Ref., 8) defines the
level dAifference normalized to standard reverberation time, T,
in the recelving room, as follows:

Dy m br o~ la #1210 logge (T/Ty} (2v)

where Ty La the reference reverberation time of 0.5 oee. Some-~
times Djyp and Dop are used vo diatinguish between the two linda
of normalization.

A-9
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{p) Normalized Impact Sound Level 4in the frequency range
100-3150 Hz, in cctave bands {or in 1/3-oatave bands corrected
to occtave band levels by the addition of 5 dB) 1a defined an
follows:

A
L, = L ~ 10 log 7; , (3)

A
where
L = space~overage sound pressure level produced by the
IS0 standard sapping machine in the recelving room,
A~ measured abvsorption in the recelving room (m?)

A, = reference absorption = 10 m?.

AR, 2.1.3 EBxtarnal walls

The current IS0 recommendation does not deal with the
evaluation of the external walls; the revision of the standard,
currently being halloted, doea,

A2.1.2 Assessmant criterfia for acoustical performance of
partitfons (9]

A.2.1.2.1 Airborng sound “naulation

The tranamisafon loss, presented in the form of a curve
as a function of frequency, according to EBEq. (1), 1s evaluated
by comparison with the reference curve ahown 1n Flg. A.la, in
order to determine the alrborne acund insulation index, Ia'
The method for comparing the transmisslon losa curve of the
partition with the referance curve is ws follows: the re-
ference curve 13 ahifted vertlcally in stepn of 1 dB towards
the measuring curve until the most severs of the following
conditions is satlafled:

a) the mean unfavorable deviation, computed by dividing
the sum of the unfavorable deviations by the total number of
meaauring frequenciea, 4s greater than 1 dB but not more than

A=10
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2 d3. This condition?® for the curve can be expressed aa

follows:
Lé

1 dB <« TN} < 2 dB (1/3-octave bands) {la)
) Edi
or 1 dB < 5= < 2 dB (for octave bands) (4p)

b) the mean unfavorable davigtion 1s less than 2 dB and
the maxlimum unfavorable deviation at any frequency does not
exceed 8 dB for measurcements in 1/3-octave bands, or § 4B for
measurements in octave bands. This condition (which will be
dropped in the next revisilon of the standards) can be expressed

as follows:

$pax S & aB (for 1/3-occtave band) (5a)
Srax £ 5 4B (for octave band) . (5b)

The mlrborne sound insulation index, I,, of the partition
15 defined to be the value of the shifted refercnce curve at

500 Hz.

A.8.21.8.2 Inmpact sound inoulagtion

The nermalized impact sound level, calculated according
to formula (3) and expressed in a curve as a function of fre-
quency in octave bands (or 1/3-octave bands corrected to
octave band level by nodding 5 ¢8) is evaluated by comparison
with the refercnce curve shown in Flg. A.lb, in order to
determine the Impact scund indea, Ij.

The methed of comparing the curve of the normalized im-
pact aound level with the reference curve 1s a3imilar to the
methed deacribed above for alrborne sound insulatilon.

"It should be noted that this ruls does not legpd to unambiguous
ratings for TL curvea that show unfavorable deviatilons at

only a flew frequencies, Sevepral positiens for the shifted
curve can lead to values of (Ed4/16) between 1 and 2 dB. The
uncertalinty in the value of the rating may be as much as 8 dB.

A-11
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The normalized impact sound index, Ii’ 15 defined to be
the value of the shifted refercnce curve at 500 Hz.

A.2,1.2.3 Sound inosulation margin

Another determination of the rank order of partitions
vith reapect to alrborne and impact sound moy be made by
taltlng the values of airborne sound transmisgion loass glven
in Fig. A.l.e, and the values of impact sound insulation 1in
Fig., A.1.b, an referenae values and evaluating the quantitics
oI, and ATy, These are the amounts 1in decibels by which the
reference curves must be ghifted in order to barely satisfy
the deviation pules used in determnining I, and Iy, a5 de-
acrived 1in Seecs. A.2,1.2.1 and A,2.1.2.2. The values of
AIa and ATy are positive when the reference curves have to
be shifted in the favorable directiona. The quantity al,
is called the airborna insulation margin, denoted by My and

glven by:
My = 08I ~ I, -~ 52 4B, (6)
The quantity - Al4 45 called the impact protection
margin, denoted by M1 and given hy:

fy » ~aI4 ™ - (I, ~ 65) B . m

A~12
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A2.1.3 Recommended acoustical propertics of partitions .

180 recommendation R-717-1968 describes only a method of
evaluating the transmission 1oss and normalized lmpact sound
level with single-number ratings. Tt does not specify re-
quirements Cor acoustical performance of partitiony in dwell-

ings.

A.2.2 United States

There are no USA Standards which preseribe, for the
whole country, cither assegsment criteria or uniform require-
ments for the acouatical properties of partitions.

For evaluation of the acoustical properties, the teat
methoda of A.S5.T.M. are uged [4,5,6,7], and required acousn-
tical properticn of partitions are given in reeommendations
and regulatilons i1saued by certain Federal and State Adminls-
trationa for certain limited applications (such as Federaslly-

inaured housing).

A.2.2.1 Acqustical parameters of building partitions to be
evaluated [4,5]

A.2.2.1.1 Intaprior walla

The acountical properties of interlor walla are detepr-~
mined 4in the laboratory according to flel. 4 by measurement
of the transmisslon loss TL, defined by a formula similar to
Eq. (1), An the range 125-4#000 Hz 4in L1/3-0ctave handa. In
the field, transmisslon loss 1n mersuraed according to Refl. §,
which includes a mandatory test to demonstrate the absence
of aignificant flanking transmlaalon.

A.2.2,2.%8 Floor-oeiling assamblies batwsen dwcllings

a) The transmisslon loss 1s determined as fopr walls,
according to Ref. 4 in the laboratory and to Bef. 5§ in
buildings.

A=TH
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b) The normalized impact sound level underncath the
floor 1s determined according to Ref. 7; it 15 designated
with the symbol L., and is calculated according to EZg, (3).

The normaliced impact sound level Ln i3 determined in
the range 125-4000 Hz in 1/3-octave bands, and 1o not corrected
to correspond to octave-band levels, as in the IS0 atandard
R=-717.

A2.2.2 Assessment criteria for acoustical performance of
partitions

C2.8.1 Airborne pound tnoulaction

a3

A,

Assessment criteria for the transmission loas of n par-
tition are given in Refl. 6, On the basis of the measured
transmiasalon loss (TL) of o partition, presented 4in the form
of o graph as a functlon of frequency, the scund transmission
class, STC, 18 defined by comparison of the measured TL curve
with a set of tabulated reference curves of the shape shown
in ig. A.2a. The set containa curves vhich differ one from
another by 1 4dB. Prem the set of reference curves, the high-
eat curve 1s selected that corresponds to the TL of the parti-
tion according to the following rules:

a} the aum of the unfavorable deviatlons of partition
TL values from the reference curve does not exceed 32 dB.

b) the maximum unlavorable deviation does not excead
8 dB. The BTC for the test partition is deflned to be the
500 Hz value of the selected reference curve.

The method for determination of the STC 1a similar %o
that given in 150 Recommendatilon R-717 for determining the
index Ia' The main dlflerence 13 in the range of freguencles
considered, which in ISO/R-T17 comprises 100-~3150 Hz, and in
ASTI compriases 125-4000 He., Other slight differances appear
in the method for comparison of the meagsured tranamission
loss curve with the reference curve; e.g., the ASTH method

A-15
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does not risk the amblguity in the value of the rating en-
teiled by the use of Eq. {4), as in the IS0 method.

A, 2,.2.2.2 Impact cound insulation

The impact insulation class IIC is based on comparison
of the measured normalized impact scund level Lh’ presented
in the form of a graph as & funcilon of frequency, with a
get of curves as shoun in Flg. £.2Db.

The act contains curves which differ by 1 dB. The method
for comparison of the mecasured curve of %1 with the reference
curves 18 similar to the method used by ASTH for airborne
sound. The Impact insulation class IIC 13 numordcally equal
to 110 43 minus the ordinate of the selected reference curve
at 500 H=.

A.2.2.3 Required sound insulating properties of partitions

Requirements for the sound insulating properties of
bullding partitions are given in the Recommendations and
Regulations of smeveral City, State and Federal authorities,

Recommended acoustical parameters, glven below as 11lus-
trative examples, are taken from the followling documents:

A} Minimum Property Standards for [lultifamily Houwslng.
U.S. Dept. of Housing and Urban Development, FHA, Waahington,
pb.c. [£a].

b) A Oulde to Adrborne, Impact, and Structure Borne
llolse Contrel in Multifamily Dnvellingn - Report Ho. IMD/TS 24,
January 1968, U.S. Department of Housing and Urban Development,
Washington, D.C. [27].

¢) Uniform Bullding Code - UDC [n8].

The majordty of theme recomnendations apecifly requirements
for the sound Insulating properties of internpnl partitlona
that depend on the noialneas of the nelghborhood. The

A-1T
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requirements for sound inaulating properties of paprtitions
separating dwellings also differ according to the types of
roomg adjoining the partition (bedroons, kitchens, bathrooms,

ete.).

A.2.2.3.1 FHA Minimum Proporty Standarda

The requirements for acoustlical performance of bhuildings
in PFHA's Minimum Property Standards comprise airborne and ime
pact sound insulation: the alrbeorne insulation requirementa
are mandatory, the impact insulation performance is still
only recommended at the present time. The acoustical minimum
property astandards take into account the zmount of background
noise likely to exist at the bullding site, because the
effeet of asuch background nolse 1s to mask intrusive sounds
from the neighbors. Thus, minimum property standards are
prescribed in two categories, ane for high, the other for low,
background noise levels.

The actunl levels of background nolse intended by the
terma "high" and "low" are not atated. Inatead, the atandards
adopt the concept of land-use intensity, establlshed for site
planning at FHA, a= an index of potential background nolase.
This deteprmination 1a made by the local FHA field office for
each specific housing project. (The determination of land-
use intenaity ia complicated and not susceptible to eaay
summapization; no attempt 12 made to explain 1t further here).
A land-use intenaity of 6.0 or higher 1s aasumed to have
tralfic and density charaateristics that lead to high back-
ground noise levels. (Unofficially, the high and low back-
ground noiss levels have been said to correspond to 35 dDA
and 25 di, reapamctively, indoors at night).

The rating for alrborne sound insulation 1s the Sound
Transnission Class (S5TC) [¢]; Lfor impact nolse insulation,
it 1s the Impact Noise Rating (INR) [28]. (See the commenta
following Ref. 25 and Ref. 27 in the llat of relerences.)

A-18
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It 195 intended that a catalog will be provided (in
Appendix B of the MPS) statling the alrborne and impact sound
insulation, in terms of STC and INR, for various typical par-
tition and floor-celling constructions; but this hes not yet
been done. The requirements for airborne sound insulation
are glven 1ln Tavle Al and those for impact insulation in
Table A.2.

A few practical suggestlons are given for avolding ser-
ious acoustlical problems, such as avoldlng baek-~to-bnek elec-
trical outlets, heating grilles, or mnedlelne cablneta, acpar-
ating nolsy areas from nolae sensitive areas, cte.

TABLE A.1 . PARTITIONS: ATRBORNE SOQUND TRAGSMISSION LIMITATIONS.

Sound Transmission Class (STC)

Location Low Dackground Noise tigh Background Hoise
Part?&on Bedroom Other Rooms | Dedrooms | Other Rooms
Adjacent Adjacent Adjacent Adjacent

to to to to
Partition(4) | Partition [ Partition Partition

Living Unit to
Living Unit 50 L5 W5 ho

Living Unit to
Corridor ] ho ho s}

Living Unit to
Public Space 50 50 s L5
{average noise)

Living Unit to
Public Space and

Service Areas 55 55 50 50
(high nolse)
Bedraoms to
other rooms within s HA ho A
samg Living Unit
A-19
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TABLE A.2 FLOORS AND CEILTHGS: SOUND TRANSHISSIDN LIMITATIONS.

Mrborne Sound Impact Hoise
Transmission Class {STC) Rating (1NR)
Lacation
of Low High Low ligh
Floor Background | Background | Background | Background
Noise toise Hofse Hoise
Floors Separating
Living Units 50 s 0 -2
Corridor Floars
above Living Units 50 50 +5 +2

Living Unit Floors
atove Public Space 50(6) i5(6) -5 -0
or Service Areas

Public Space or
Service Arcas above|  55(6) 50(6) +5 +5
Living Units

Servica Areas on
same Floor as A HA
Living Units

A.2.2.3.2 CGuida to Airborne, Impuact, and Structureborna
Notae Control in Multifamily Dwallingas [27]

Thia guidebook was prepared for the Federal Housing
Adminiatration (FHA) of the U.§. Department of iHousing and
Urban Development (HUD) by ataff members of the U.S. Hatlonal
Bureau of Standarda. It 1s a very complete and useful text-
book for the proviaion of mound 1solatlon in dwellings, and
han hod wide circulation. (It has just recently been re-
printed, with a minor c¢change in title). Tt As intended as a
gulde for FHAZHUD field ataff in Judging the adequacy of
building sound inaulation (for cxample, in the lnapection of
bullding drawings). It containa a largs collectlon of typi-
¢al wall and f{loor constructions, with corresponding acous-
tical performance, as well na a catalog of do'n and don't's
to serve aa guldance for dealgning and executing details of
the building caonatructian.
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The airborne and impact sound insulation recormendations
given 1n Chapter 10 of Ref. 27, and described below, do not
represent of ficlol poliey of FHA/SUD. It will be noted thuat
they are considerably more strict than the FHA Minimum Pro-
perty Standards for sound insulation.

The requirements for acousticel lnsulating properties
of internal partitiens are, in a general way, divided into
three grades, according to the nolsiness of housing area.

Orade T 1a ugsed for suburban areas which can be conci-
dercd as "quiet", with outdoor A-welghted noise levels during
the night of 35 to 40 dB or lower. Indoor nolse 1s about
NC 20-25.

(rede IT 1s the most important, and 1s used for urban
residentlal areas and suburban greas with "average" noise
level. The outdeor A-velghted noloe level during the nlght
can be 40 to 45 dB; acceptable indoor nolse is HC 25-30,

rade IIT corresponds to minimum requirementsa, and is
uaed for urban resldential areas and other "nolay" locaticona.
The outdoor A-welghted nolae during the night ia about 55 4B
or higher,and the indoor nolse is up to NC 35.

KEY CRITERIA FOR AIRBOANE AND IMPACT SOUND INSULATION BETHEEM DHELLIRG
URITS

Grade 1 Grade 11 Grade 111

Halla BTC 5% gre 52 ST Wi
Floor~Ceiling 5TC 55 STC 52 57¢ ho
Asacmblica IIC 55 1IC 52 IIC k8 .

Specific recommendations for sound insulatlon are given
in unhelievable detnil, depending on the kinds of spacen
separated by the partition in queation, though the [fact that
the atated requirenents pertaln to individual structural
elementa 1s not made clear. HNo requirements are placed on
gsound lsoclation between dwellings.

A-21
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CRITERIA FOR AIRBORNE SOUND INSULATION OF SALLS BETHMEEN DWELLING UNITS

Partition Functfon Between Dwallings

Grade I Grade I1 Grade 111

Apt. A Apt. B STC STC STC
Dedraom to Bedroom 55 52 |
Living room to Bedroon 57 5h 50
Kitchen to Dedroon 58 55 52
J Bathroom to Dedrocn 59 56 62
i Corridor  to Dedroom 55 52 he
: Living room to Living room 55 52 La
{ Kitchen to Living room 55 52 L&
. Bathroom  to Living room 5T 5h 50
l Corridor to Living room 55 52 ha
Kitchen to Kitchen 52 50 hé
Bathroom to Kitchen 55 52 he
Corridor to Kitchen 55 52 L8
Bathroom to Bashroon 52 50 hé
Corridar to Bathroon 50 h8 )
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CRITERIA FOR ATREORNE AND H4PACT SOUND 11SULATION OF FLOOR-CEILIKG

ASSEMBLIES BETWEER DWELLING UNITS

Partition Function Between Dwellings

Grade [ Grade 11 Grade III

STC 1iC STC 11C STC IIC

Bedroon above Bedroom 55 5% 52 52 8 B

Living room nbove Dedrocm 57 €0 58 57 50 53

, Kitchen above Dedroon 58 65 55 62 52 50
;[ Family room above Dedroem 60 65 56 62 52 58
: . Corridor  above Bedroom 55 65 52 62 W8 58
fl Bedroon avove Living room 57 5% sh 52 50 W8
i. Living room ahove Living room 55 5% 52 52 W8 L8
§;' Kitchen sbove Living room 55 60 52 57 W8 53
i Family room above Living room 58 62 B 60 52 56
b Corridor above Living reem 55 60 52 57 L0 53
K Bedroon above Kitchen 58 52 5% 50 52 Lé
Living room above Kitchen 55 55 se L2 hé hé

Kitch=n above Kitchen 52 55 50 52 L6 h8

. Bathroom above Kitchen 55 85 52 52 ) L8

i Family room above Kitchen 55 60 52 58 hg 5h
Corridor above Kitchen 50 55 e 52 hé hb

|‘ Bedroom sbove Family room 60 50 56 W8 52 k6
; Living room ahove Family room 50 52 sl 50 50 48

. Kitchen above Family room 55 55 50 82 hd 50

[ Bathroom above Bathroom 52 &2 50 50 L8 )
Corrider ahove Corridor 50 54 8 k8 he hé

l Partition Function Between Rooms

CRITERIA FOR AIRBORNE SCUND INSULATION WITHIN A DWELLING UNIT

" Grade | Grade 11 Grade [11
STC STC STC
{‘ Bedroom to Bedraon L8 W hQ
Living room to Living room 50 W6 h2
l Bathrcom to Bedroom 5Q Lg hs5
, - Kitchen ta Pedrooa 52 Wb hs
; ’ Bathroom to Living room 52 48 W5
i
i‘ A-23
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A.2.2.3.2 Sound insulatton reqguirenants for fnternal parti-
tiong ac givan in the Uniform Building Coda-UBC

The recommended airborne sound insulation of wall parti-
tlons between dwellings shoulld provide STC 45 to 50 (derived
from ficld measurements),

The recommended airborne sound insulation of floor-
celling assemblies between dwellings should provide STC U5
to 50 and lmpaet insulation claass IIC 50,

The entrance doors leanding from the inner corridors to
dwellings should provide STC 30.

A.2.3 WYest Germany (German Federal Repubiie)
A.2.3,1 Acoustical parameters of partition to be evaluated

According to the West German Standard [10], the follov-
ing acouatical parameters should be evaluated:

A, 2.3.1,1 Internal wallz

The tranamlsaion loas determined by laboratory measurs-
ment® R {or by fleld measurement, R') as expressed by Eq. (1),
in the range 100 to 3150 Hz and 1l/3~octave bands.

A.28.3.1.2 Floors

2} The transmisalon loss 13 determined by laboratory mea-
surement® R (or by field measurement, R!') expreased by Eq. (1}
and

b) Tha normalized impact sound level 15 determined by lab-
oratory meaauprementh Ln (or Ly fleld measurement, Lﬁ) in the
range 100 to 3150 Hz in 1/3~cctave banda, and is corrected to
octave hand levels by the addition of 5 dB.

PEven in the laboratory, however, the transmiasilon loas 1s pre-

ferably measurcd in & facility with flanking transmission simu-
lating field conditicna; such data are designated with R'.

This is alsce almost exclusilvely done for lmpact sound level
tests (L), in which case the data are read directly in octave
bands at 1l/2-octave-band-frequency intervals (1245, 100, 250...
2000, 2800 H=z).

A-2H
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A.2.3.2 Assessment criteria for acoustical performance of
partitions

A 2.3.2,1 Aivborne sound insulation

The tranomission loss R (or R'), shown in the form of o
curve as & functlon of frequency, 1s evaluated by compariaon
with the reference curves shown in Flg.A.3a in order to deter-
mine the alrborne sound 1nsulation inderx, LSM (Luftschall-
schutzmass). This index LSM is different from the index I,
defined by ISO0/BR-T17% and the U.S, Index, STC. Approximately,
I, = STC = LSM + 52. (Sce Note, Fig. A.3.)

Reference curve I of Fig.A.3a serves for evaluatien of
the sound insulation of a partitlon, RJ determined by mea-
surements in the building or in measurement laboratories with
flanking transmisslon. Tt 13 identical with the ISO refler-
ence curve for alrborne sound insulation.

Heference curve II of Fig.A. 3a serves for evaluation of
sound insulation B" of partitions, determined by laboratory
measurements wilthout flanking transmission.

Curvea I and II differ by 2 dB. The sound insulation
indiceas, LSM, measured in a laboratory and in a building,
are equal when the effect of flanking transmlssion doesa not
exceed 2 dB.

The method for comparison of the tranamission loas cupve
of the partition wlith the reference curve 1s as follows: the
reference ¢urve 1s ahifted in ateps of 1 dB towarda the mea-~
gured curve R unti) the most asevere of the following condi~
tions is satiafied:

a) the mean unfavorable deviation of the partition in-
sulation curve from the ashifted preference curve, computed an

WISH corresponds to the IS0 airborne insulation margin, My
{See p. A-12.)
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the sum of the unfavorable deviatlons 1n the bands from 125
to 2500 Hz, inereased by 1/2 of the sum of the unfavorable
deviations at 100 and 3200 Hz and divided by 15, will be as
large as poasible, but £ 2 dB. This conditlon can be ex-

preased a3 follows:

1=2500
0.5(8,, + Sazead D g (6)
1dB < dmcan = 121235 <2db
15
The sound insulation indez of a partition, whose trans-
mission losy, mccording to the above conditien, corrcsponds
to the reference curve of Fig. A.3a, 43 LSH = 2 db.

The sound inszulation indlces of a partition wheae trans-
R

missclon loaa corresponds to the reference curve shifted by =
a db 1a:

LS =» 2 2 o dB

A poailtive shift (1nd1catéd with plus sign} means shift-
ing towarda an i{nerecse in partition insulation, i.e., up~
wards in the dlagram.

In current practice, there is a preference for using the
welghted sound raduction index, R,,*which can take only poai-
tive values, inatead of LSM, which 13 negative for construce~
tilones with poor Ansulation. The negative ratings confuse
architects and do not appeal to the commercial interests.

A.2,3.8.2 Impaot sound tnsulation

The noermalined impact sound level, defined as the impact
level in 1/3-actave banda (corrected to cctave bands by the
addition of § dB)P*4a evaluatad by comparisan with the reler-
ence curve of Flg. A.3b, in order to determine the index, TSH
(Trittschallschutzmass ),

"R, ~ LSM + 52,
"nSes footnote on p. A-24,
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. Ep, LSM
- 1-_' ]
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A
50 Lt i N I
/V lote: Value of L (or
4 LSH) 5 O when T, Just
dew/ meets the requirément,
A0 e
1‘/ .
s0 ¢ :
a. f,H:‘n
30 5w e} o) Q o o
88 8% 8 8 8
r( N
Impact
(Ep or TSM)
Ly «dB
1/1 octa
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Hote: Value of Ey (or
r‘\\‘J , TSM) 15 0 when I%pact
\Level just meets the
60 < _requirement.
N Cyps TSM \
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0w [»] [w] [ ]
b g8 2 § 8§ & 8

Ll N

-t
FIG. A.3, REFERENCE CURVES FOR AIRBORNE {E,) AuD IMPACT (Er) SOUND
INSULATION USED IN THE RATINGS 0¥ CHMEA, PGLAND, EZECHOSLOVAKIA.
AND EAST AND WEST GERMANY (LSM AND TSh},

NOTE: In Yest Germany, as elsewhere, the situation 1s In flux. DIN 4109
{5 under revision and the reference curves will no longer appear there

in Part 2, as at present. Instead, DIN 52210, Part 4, will becone
obl1gatory; 1t contaips only the reference curve I, above, In addition,
the quantity corresponding to 150's I, 15 designated "welghted sound
reduction {ndex" (bewertetes Schallddmm-Mass), with the symbol Ry

{or Ry, for data with flanking transmission).
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The methed of comparing the curve Ln’ normalized impact
sound level, with the reference curve 18 similar to the above
described methed for the insulatlon of a partitlon with re-

spect to alrbeorne sound.

The impuct sound index, TSM, computed for a floor con-
ptruction with a curve Ln corresponding to the refercnce

curve of Fig. A.3b, 1c TSHM = 2 4D,

The index computed for a curve Ln correaponding to the
measured curve shifted in relation to the reference curve of

Flg. A.3b by % o dB is:
TS = 2 t a dB .

A poaitive shift (indicated with plus sign) means shifting
towards & decreace of impact sound level (4.e,, downwards in
the diagram} which signifies an improvement of the impact

insulation.

Again, the index TSHM 13 not the same as the IS0 index?,
Ii' nor the U.S. index, IIC. Approximately, I1 » 115 -~ IIC

= 68 -~ T5M.

A.2.3.,3 Required acoustical properties of partitions

The West German Standard speclfien the following re-
quirements for the acoustical propertles of interior partia-

tiens in residentinl buildings,

Mindmum
Requircement
walla separating apartments LS s 0 to
floora separating apartments LIS = 0 to
or separating apartments
from auxiliavy rooms TS = +3 to

fetter

+3 4B
+3 dB

+13 dB

Note:

The indax TSM lor floors of kitehenus, bathrooms and
W.C. compartments refers to horizontal or "diagonal"
impact sound penetrating into living-rooms and

hedroona.,

———

St corresponds to ISO sound insulation marglin, MJ (nece p. A=-12).
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Note: In the following case, the rejuired TSM inder concerns
impaet scund penetration from one apartuent to another
adjoining apartment.

floors in duplexes LSM - not defined
TS = +3 dB

Note: All specified values of TSM indleces conecern newly
built floor-ceiling asscmblies. The required TSH
indices are 3 dB lower after o two-year periocd of
use of the lloors,

The current DIN 4109 standard does not speclfy any re-
quirement for the acoustical properties of partitions within
a dwellling, but this will be changed 1n a revision vwhich
ahould appear soon. A recent (Sept. 1975) revision of DIN
4109 gives requirements for external walla and windows in
regsidential bpulldings.

A.2.4 Sweden [12-16]

A.2.4.1 ?coust}ca] parameters of partition to be evaluated
11-23

Aciid.2.2 Interior walls

The transmisalon loas determined by laboratory measure-
ment, R, as expreassed in Eq. (1), in 1/3-cctave bands 4n the
range from 100 to 3150 Mz, according to the IS0 Recommenda-
tion, R 1l40.

A2.4.2.2 Floors

a) The laboratory tranamission losa, R, as for walls;
and

b) The normalized (A, = 10 m?) impact sound level, L '
determined by laboratory measurement in 1/3-cctave bands in
the range from 100 to 3150 Hz, according to IS0 Recommenda-
tion R 140, except that there 13 no correction to octave
band levels, by the addition ol § decibels.

A.2.4,2 Assessment criteria for acoustfcal performance of
partitions

A-29
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AJB.4.2.1 Airborne vound insulation

The measurcd laboratory curve of tranomisslon loag 1s
campared with the ISC ailrborne sound criterion curve to
deternine the ailrborne sound insulation index, In' by a method
similar to the ISO procedure. The fitting rules, however,
are those of ASTH, rather than IS0, that 15 the sum of the
unfavorable deviations must not exceed 32 4B and the maximum
unfavorable deviation must not exceed § dBb,

A.2.4.2.2 Impact gound inoxlation

The mewnsured curve of normalized impact nolse {1/3-octave
band) levels i1p fitted, according to the ASTM rules, to a
eriterion curve that lies § decibels lowepr than the IS0 cri-
tarion curve {or impact noise. When the proper fitting haos
been achieved, the lmpact nolse is taken a3 the value of the
shifted criterion curve at 500 Hz, with § dB added. Thun,
the Swedish impact nolse index is the same as that of I50,
epart from the slight differencen that may arlise hecause of
the slightly different fitting rules.

A.2.4.3 Requirements for acoustical properties of partitions

The Swedlsh code specifiles the following acoustical

properties for partitions in apartment houses:
Ia Min.# Il Max.®*

Horlz, Vert.

Between & dwelling room outside
the apartment and a room inside
the apartment: 52 53 63

Betwesn A storaroom outsalde the
apartment and a room inslde the
apartnent: hi h9 68

Between a atalircase or coprrildeor
and & dwelling room inaside the
apartment: 5o 534n &0

The " dB maximum deviation” rule 1s not applied in the 100

and 125 Hz bands for airborne sound, or the 2500 and 3150 H=

*Efn s for impact Aou

t 1a taken for granied that the sound transmitted through
the doors will govern these valuna; such dooras ashould have
an alrborne sound inaulation index of at least 30 dB.

A-30
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Requirements are also glven for row-houses, hotels,
hospitals, sthools and office buildings.

No quantitative requirements are given for exterlor
walls, but it 1ia recommendsd thet special windows and doors
be wed in nelghbornoods with heavy trafflc noise.

A.2.5 Switreriand [27-18])
A.2.5.1 Acoustical parameters of partition to be evaluated

A 2.8.1.1 Interior walla

The transmisslon loas deternined by laboratory measure-
ment, R, as expressed in Eq. (1), in 1/3~octave bands from
100 to 3150 H=, according to ISO R-140.

A.2.6.1.2 Floors

The transmission lossa, a3 for walls, and the normalized
(Ao n 10 m*) impact sound level, Ly, in 1/3-cctave bands 1in
the range from 100 to 3150 Hz, corrected {(by the additlon of
5 dB) to octave band levels. '

A.2.5.2 Assessment criterfa for acoustical performance of
partitions

A.2.5,2.1 Atrborna acund <naunlacion

The TS0 airborne sound insulatilon index, Iﬂ, 13 uned.

A.2.5.2.2 Inmpact asound insulation

The IS0 impact sound insulation lndex, Ii' 18 uaed.

A.2.5.3 Requirements for acoustical properties of
partitions [17]

The 5Swiss code apeclifies the following acoustlcul pro-
perties for partitions in apartment houses:

A-31
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Party walls between apoart-
ments, stailrcasc walls next
to living and sleeping
rooms and floer-ceilings in
multi~story bulldings

Other staircase walls
Corrldors

Walls and floors between
apartments and shopy,
restaurants and officesn

Apartment entry doors:
To atalrecase
To exterior

Viindows and Trench doors

Row houses, terrace houses and condominiuma
sgatiafy the recommended insulation values:

Iﬂ I1
filn. Recomm. Min. Recomm.

50 55 65 55
g 50

- - &5 55
60 65 50 5
20 25 - -
- 25 - -
20 30 - -

ahould

in o

current code

ravialon 18], the minimum requirements are permitted in con~
dominium reconastruction couating leas than 275 Fr/md.

may change by 1 to 3 dB in the first two years.

The acoustical properties specified above refer to hori-~
zontal, vertical and diagonal directions of propagation.
bullding must satisfy the atated requirements even two years
after completion; 1t is recognized that the aound insulatilon

Requirements are alao given for maximum, permisaible
nolase levels due to equipmant in the dwelling and penstrating
from outdoora,

A.Z2.6 QOepmark (19-21]

A.Z2.6.1

A.2.6.1.1 TInterior walla

The

Acoustical parameters of partitions to be evaluated

The primary requirement 23 glven in terma of normalizacd
lavel difference, D”r, measured in the finished building

A-32
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according to IS0, bubt with 21l tand levels normalized to 0.5
sec reverberation time.#  Measuvensnits are made in 1/3-ostave
bapds 1n the range from 100 to .20 Hz,

In nadition, for planning and design purposes, require-
ments are glven for the laboratory measured transmission losg
of apecific bullding elementy, azcording to the IS0 procedure,
in 1/3-o0ctave bands from 100 tec 3150 Hz.

A2.6.1.2 Floore

Normaliczed level difference in the finlshed bullding 1s
the primary measure for alrborne sound, but laboratory trans-
mission losa As used for planning, Just mna for walls.

Impact noise level, normalized to 0.5 reverberation
time " 13 used, measured in accordance with the ISO procedure.

A.2.6.2 Assessment criteria for acoustfcal performance of
partitions

A.2.6.2.1 Afpborne sound inaulacsion

No index of sound insulatlon is explicitly used. In-
stead, the performance is rated in terma of hoth the arith-
metlcal average of the alxteen 1/3-occtave band values of DnT
(or R) and also sixteen tabulated values of minimum acceptable
DnT {or R). These tabulated vealuea, however, corraspond in
aach cage to the l1/3-~octave~band levels that deflne an IS0
airhorne sound insulation index, Ia.' Deviationa toward
lower values are allowed, provided these deviatlions do not
axceed 1 4B, aversged over the whole (requency range (IS0
permits 2 dB average anfavorable deviation). In effect,
therefore, the alrborne sound insulatlon requiremcnts are ns

*In each 1/3-octave band.
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though they were cipreaesaed in terms of Ia’ but with 1 dB
acrlcter tolerance in asslgning the rating.

A.2.6.2.2 Impact seund tnsulation

No index of impact sound insulation is used. Instead,
tabulated valuea of maximum acceptable lmpaet noisne are given
for the sixteen frequency bands between 100 and 3150 Hz. The
average unfavorable deviation may not exceed 1 dbB.

A.2.6.3 Requirements for acoustical properties of
partitions [f0]

Although the Panilsh code specifies the requirements for
noricallized level difference ocnd transmission losa by tabu-
lating the minimum acceptable values for each L1/3-octave
band, 3ince these tabulated values correspond in each c¢asc
to one of the indices, Ia’ it 4s convenlent to present the
code requirements here in terms of Iﬂ, shifted by 1 dB in
order to account for the stricter tolerance in fitting the
measured data to the required valussa. (In other words, Af
the tabulated valuss of transmission loss in the Danis=h code
carrespond to the curve for In » Hg, we report the require~

ment &a In w 50,)

Por impact nolae insulation, the tabulated velues of
maximum allowable impact nolae level are quite unliice the
IS0 eriterieon curve for impact noise, fAlling off much more
steeply at high frequencies, Nevertheless, At 1 convenient
to report the Danish impact nelae requirement in terms of
the value of Ii that would be assigned by IS0 rules to an
impact noiase curve one declibel higher than the impact nolse
levela tabulated in the Danish code. In addition, the tahu-~
lated values themsslvas are glven herc.
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A.0.6,3.1 Airborne pound insulation

Required minlmum acceptable velues are given for both
the average vplue of normalized noise reductilen, Dnm‘ aver
the sixteen measurements bands, as well as for the value of

DnT in each band, as follows:

Average DnT Equivalont Ia

(see §6.3)

Apartment bulldings 49 dB 51 dB
Terrace and semi~detached
houses 52 54

In addition, required values of transmission loss for
party wells are also given as follows:

Average Tl  Equivalent Iﬂ

Apartmants 50 4B 53 dB
Terrace and seml~-detached
housea 53 56

For apariment floor-~celling structures, the average
transmission loss must be 52 dB and the equilvalent Ia must
ba 55 dB; the impact noise levels in 1/3-cctave bands may
not excead the following tabulated values by more than 1 dB,
averaged over &1l the bands, a requiremznt equivalent to an
impact nolac Ansulaticon index, Ii’ of 63 48 (asee Fig.A. N ana
A.2,6.3 above):

?re?uency {Hz) 100 125 160 200 250 315 W00 500

Ha

Impact Nolse 65 65 65 65 63 61 59 57
Level (4B}

Frequency (Hz) 630 800 21000 1250 1600 2000 2500 3150
Impact Moluse 55 53 51 48 W5 b2 39 36
Level (dB)

MNote: These criterion values for impact nolse are the same a3
thoae used in Norway, and are quite different from the
IS0 criterion curve, Sweden and Finland have adopted
the 150 curve, already.
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The Danish Housing Department intends to change the form
of noigse control regulations soon, te conform more nearly
with the current Swedish apprecach. The new requlrements are
expected to be issued at the end of 1977 [21].

A.2.7 The Hetherlands [22,2313F

A.2.7.1 Acoustical parameters to be evaluated [22a]
A.2.7.1.1 Interier walln

The normalized level differcnce, DnT' 1s measured in
octave bands 1n the range from 125 to 2000 Hz, ond normalized
to a recciving room reverberation time of 0.5 sec.#*

A.2.?2,1.2 Floers

The normallzed level difference, DnT’ 13 used for air-
horne sound, a3 for Anterior walls; in additlon, the nor-
malized impact noige level 1a measured in octave bands In
the range from 125 to 2000 Hz, and normallzed to a recelving
room reverberation time of 0.5 sec.™

A.2.7.2 Assessment criteria for acoustical performance [22a]

A.2.7.2.1 Airborne aound 1eolation

Although the requirements for baslc measured data are
less demAanding in the Dutch code than in other countriles
(only five octave banda are considered), the criterion

fThe Netherlands is only months away from adopting a new

standard for nolse control in dwellings [22a); the informa-
tion glven here pertains moatly to the new veralon, but re-
quirements for the old code [22] are nlso glven in paren-
thegen,

MIn the old atandard {22], the frequency range was from 250
to 2000 Hz, and the measured levels were normalined to S/A
for airborne sound and to 10 m® aound absorptiocn in the
recelving room for impact sound.

T R SRR ST

PRC PPN S L



NARPY o LY URILY APJT

t

ratings based on these data seem rather complicated, beth for
airborne and 1impact sound insulatilon.

For airborne sound, the alrborne nolse isclatlon index,
Ilu(not at all like the ISO airborne sound insulation index,

Ia)’ 1s formed as follows:

For cach of the five octave bands of interest, criterion
valuee of normalized nolse level difference are defined by

the code: it

Frequeney (Hz) 125 250 500 1000 2000
Criterion DnT(dB) 3h(~)  B3(43) 50(50) 53(53) 54(54)

These eriterion values are to be asubtracted from the {ield-
megaured values of DnT in the correaponding boands to yield
a not of f{ive valuca of "airborne nolae lszclation discrep-
aney", which may be elther positive or negative. From theao
values ol Jisolatien discrepancy, three quantities are to be
calculated!

a) The algebralc average, rounded to the nearest
integer;

b} The algebraic average ol the tuo (algebraically)
amallest of the five discrepancies, increascd by 2 and
rounded to the neareat integer,

¢} The algebralcally smallest of the discrepancles,

increased by 4 and rounded to the nearest integer. (I the
number enda in 0.5, it 15 rounded to the nearest evan in-

tegar.) The airborne nolse isclation index, Iy s is the
emalleat of these three results.

An exarple 13 given below for the calculation of Ilu'

AThe values in parsntheses are the requirementsa of the old
coda {22]; they ar: tranamission loss valuea, not (as 4n
the new code) nolse level differences.
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EXANPLE:

Frequency: 125 250 500 1000 2000 (dz}
1. Oetave-band level 5.4 99,8 101.1 '99.9 99.3

in gsource raom, dB
2. Octave-band level 67.2 60.7 51.3 h3.2 h0.0

in receiving room, dB

3. Reverberation time in 1.0 1.1 1.0 0.9 0.7
recelving room, sec.

h, 10 log (T/0.5) +3.0 +3.4 +3.0 +4+2.6 11.5

5. Normalized level 35.2 42.5 52.8 59.3 60.8

difference, D T dB
(# 1 -2+ )0

6. Criterion values of 3y 43 50 53 54
7. Isolation discrepancy, +0.2 -~1.5 +1.8 +5.3 +5,8
af

Prom the five values of iaolation discrepancy {(line 7)),
calculate the required three quantities:

a) 1/5 (+0.2 = 1.5 + 1.0 + 5.3 + 5.8) = 3.32, rounded
to +3
b} 1/2 (0.2 - 1.5) + 2 = +2.,35, rounded to +2

¢} ~1.5+ 4 = + 3.5, rounded to + 4

The airborne nolae 1sclation index Ilu i3 the smalleat of
these three numbers, that is, + 2 dB.

AR.7.2.2 Impaat sound feolation i

For impact sound, a similar index i formed, hased on
eriterion values of impact nolse leval defined in the code,
aa followa:®

Frequency (Hz) 125 250 500 1000 2000

Criterion value of T0(=) 66(72) 66(70) 66(6T) 7T0(58)
Ampact nolse level (dB)

#lote that the shape of the curve defilned by these require~
ments 1s quite different from thet of ISO or the other
countries astudiled here. The values in parentheses are the

requirements of the old code [22].
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The field measurcd values of normalized impact nolae
levels in octave bands are to be gubtracted from the criterion
volues to yileld five values of impact nolse isolation discrep-
ancy, which may be elther positive or negative.

Agaln, three quantities are to be calculated from the
Tive values of 1solation discrepancy:

4) The algebraic average of the five values, rounded
to the nearest integer

b) The algebraic average of the two (algebraleally)
amallest values, increased by 2 and rounded to the nearest
integer

©¢) The algebralcally amalleat value, increased by 4 and
rounded to the neareat integer.
The impact nolse laolation index, Ico’ is the smallest of
these three reaults.

An example 13 given below to illustrate the calculation

. of Icoo
; EXARPLE:
F Frequency: 125 250 500 1000 2000 (Hz)
{ 1. Impact nolse level, L §5.1 67.6 71.0 72.5 69.9  (dB)
i ?. Reverberation time, 1.0 1.1 0.9 0.7
| sec,

3. 10 leg (T/0.5) +3,0 +3.% +3.0 +2.6 +1.5

b, Nermallzed impact
noise Jevel (» 1 - 3) 62,1 64.2 68,0 63.9 68.4 {(db)

5., Criterlion valuea of 70 66 66 66 70 (aRB)
impact nolae level

6. Impact 1solation +7.9 +1.8 -2.0 2.9 +1.56
Alncrepancy

From the five values of laclation disereponcy (line 6),
s : caleulate the three required quantities:
a) 1/5 (+ 7.9 + 1.8 - 2.0 ~ 3.9 + 1,6) =~ + 2,08,

‘rounded to + 1
A~ho
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by 1/2 (- 2.0 - 3.9) + 2 = - (.95, rounded to - 1
¢} ~ 2.5+ 4 = 4 0,1, rounded to ¢

The impact nolse isclation indewn, I 15 the smallest of

co’
these three numbers, that 1is - 1,

A2.7.3 Requirements for acoustical properties of
partitions [23]*

A2 7.3.1 Afrborne sound insulation

The Dutch code specifies required values for the air-
berne nolse inclation index, Ilu' as follows:
SITUATION Ilu

Dwellings, cxcept single-family houses:
Party walls between dwellings, and corridor
walls: 20
If no bedroom or kitchen abuts the party
waLLS: { wall: 2~ 3

Slingle~famlly houses:

¥alls with vedroom or kitchen abutting: >0

'If no bedroom or kitchen abuts the wall: > - 3

\,

-
' bwellinga, 1ncluding single-famlly houses:

Floor of private room (bedroom, kitchen
or bath) above n non-private room (carrldor
opf underpasa): >0
Floor of bhedroom, kitchen or bath above

FPLOCRS <common apace {(garage, storerocm, eate.): >0
Floors aeparating dwellings: >0
FMloora separating common storage rooms .
from bedrooms underneath: >0
Logria or terrace [loors with bedroom,
|kitchen or bath underneath: >0

*The requirements for alrborpe and impacet sound insulation in-
Aices glven hers are thoae of the current Dutch uniform Build-
ing Code. In the new veralon of the nelse control Standard
(Ref. 22a), the minimum requirement for the indlces will be 0,
but builders will be advised to use +5. The Uniform Building
Code may or may not pick up this change. The new Standard
requires I, of -15 between living~ and bedrooma within the
same dwelling; the model bullding code haa picked up thias
natien in principle, but requires only ~20.

A-NL

T v e




AR 3 18Y HYAY LO3H

A,2.7.,5.2 Impaect noise igolation

The lollowing values! are required for the impact neilse

isolation index, Ico:

Situation Ieo
Dwellings except single-family houses:
Floora between dwellings: >0

‘Floors of comman apaces {except for atorage

rooms}, such as corridora, hall, landing,
veranda, ramp, etc. above bedrooms: > 0

Floors of non-private spaces (loggla,

terrace or passage) above bedroom,

kltchen or bath not entirely belenging

o the same dwelling: >0

A.2.8 Great Britain (28]
A.2.8.1 Acoustical parameters of partition to be evaluated

A.3,8.1.1 HWallas
Normalized Level Difference (DnT) 13 used, determined
according to Eq. (21).

A2,8.1.8 Flooms

Hormalized Level Difference (DnT) i3 used, determnined
according to Eq. (21); and normalized impact sound level, L.,
determined according to LnT = [ - 10 log T/0.5.

A.2,8.2 Assessment criteria and requirements

The curvea that represent the asseassment criteria for the
acouatical properties of partitions in dreat Aritaln are shown
in Fig. A.5. Theay also, in effect, state the acouatical re-
quiraments of the code,

The curves differ 4in shape from the assesament curves
used by the majority of countries discussed in this Appendix.

#Thene name numbers appear 1in the new Standard although the
reference curve has changed appreciably. The new Standard
requirea I,q of ~15 %o protect living- and bedrooms agalnat
impact nolie originating anywhere in the snme dwelling; the
model bullding code now requires only -20.
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Orode IT 1s not actualliy referved to in an Regulations and 1s
primarily of historical interest. UWhere Regulations pro-
vide for comparison with & performance standard, the HPY
{House Party Wall) grade applies to party walls in all dwell-
ings in England and Wales and in all houses in Scotland,
vihare {rode I 13 used for apartments. PFor party floors,
Grade I 45 uscd for airborne and impact sound throughout the

U.K.

A.2.9 Belgium [30,30a]

A.2.9.1 Acoustical parameters of partition to be evaluated

A.2.9.1,1 Walle

&) The transmisasion leas R, determined by laboratory
meagurement according to Eq. (1) (indice d”affaiblisaement
acoustique d”une paroil);

b) HNormalized level difference, D - {(isolement acous=-
tique brut normaliad), determined according to Eq. (2), with

Ay = 10 mé.

A.2.9.1. %2 Floors
a) The transmission loas R and normalized level differ-
ence, Dy, 43 for walls,

A-U4

I ¥ A | N B A T



- EEFAT Al ud

VT BRI

b) Nermellzed impact sound level L, (niveau du bruit de
choe normalisé), determined according tc Eq. {3), with
f\D w 10 m?,

A.2.9.2 Assessment criteria and acoustical requirements

The curves that represent the assessment criterda as
well &s the acoustlcal requlirements for partitions are shown
in Fig. A.6. These criteria and acoustical requirements con-
eern both the transmissaion loss, R, us measured in the labor-
atory, and the normalized level difference, Dn, measured in
the building, as well as the 1mpact sound level, Ln (whercver
measured).

The Belglan standard covers five grades of requiremznts
for alrborne sound insulation, R, and five for sound IZsola-
tion, D, For each grade, the corresponding reference curves
R, and Dn are defined by the code (Fig. A.6m). It should bLe
noted that the difference between the required values of R
and Dn 13 not constant, but lncreases from 0 fer the lowest
requirements to +3 dB for the highest requirements.

There are three grades for impact acund insulation.
The acouatical {neulation rating category ia assaigned accord-
ing to the following rule: The mean unfavorable deviation
of the measured partition curve from the reference curve must
not exceed 2 dB calculated over gn arbiltrarily choacn group
of six auccessive 1/3-octave bands in the frequency range
between 100 and 3150 H=z,

The reguired alrborne sound insulation of partitiona (R)
and isolation between rooma (Dn) 18 as follows:

A=15
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Insulation Isolation
Category (R) Category(Dp)

pertitions separating two apart- 11 11
ments

. partitions separating stalrcase or
; elevators from the apartment,
' eecording to the type of room:

" bedrecom I I
: living roonm 11 II
X nursery IiI 111
f; : kitchen 111 IIT
K bathroom, W.C. II1 ITI

! : partitions separating roems in the
apartment

g

bedroom - bedroom ITT IIz
) bedroom -~ livingroon IT II
1 bedroom - children's game room III 11X
%; bedroom ~ kitchen IT IT
b livingroom -~ childrents goms III III
rooin
| livipgroom - kitchen II1 IIT
.
livingroom - bathroom 11 IT
QL_ kitchen - sanitary compartment IV v
i Accaptable normalized impact sound levels Hf for flcoors are
ﬂ“ given according to the type of rooms situated in the vertical
| direction, as follows;
¥
4.

L

A=h7
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Upper Roois
Bed- | Living | Kitchen | Bath- | Chilldren's
roam | room, room, | Jame-room
For Apartments Dining w.C.
roam
Bedroom IT I I I I
Living room,| III II II I I
dining room
Lowsr |Xitchen IIT I1x IIT III 1I
Hooma
Dathroom, III III 11T III III
Vi.C.
Children's III ITI 111 III Iz
Game~-roon

A.2.10 France

Informatlon on assossnent criterln and requiremsnts used
in France for the acousatical prdpertien of partitions 1in resi-
dential building was taken {rom publications of Cantre Scien-
tifique es Technique du Bftiment, from & number of officinl
decrees, and published technical discussions. [63)

A.2.10.1 Acoustical parameters of partition to be evaluated

Acouastical araaeaament covera the followlng acoustical
paraneters of partitiona:

A.2.10.1.2 Halle

a) The tranamisalon loms, R (indice d” alfaiblissemant
acoustique d”une parol), expressed by Eq. (1), and determinad
in the freguency range 100~5000 Hz 4in 1/3-octave banda 4in the
lahoratory and in octave bands in the field.*

b} The normalized level differsnce, Dnm determined by
field measurements 1n octave bands in the ranges 125 to 4000
Hz, according to the following formula:

"3ee faotnote, next poage.
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D aw L. ~ L, + 10 log

N 1 2 (10)

I
H
I‘o
where:

T = peverberation time of the recedving room in seconds,

TO.- the reference reverberation time, taken ag To n 0,5

second

The remaining symbols are as in Eq. (2).

Ad.2.10.1.8 Floors

a) The transmissien loas, R, and the normalized level
difference, DnT’ as for wallao.

b) The normalized impact sound level, L, {nivecu du
bruit de choc normalisé)

for laboratory measjurements - according to Eg., (3) 4n
1/3 cetave bands, at 100 to 5000 iz, ?

for fleld measurements, according to the followlng
rormula:

L = L - 10 log %‘-ﬂ- (11)
where:!
T and T  are as given in Eg. {10) and the remaining
aymbols are aa given in Eq. (3), in octave bands at 12% to
Q00 Ha.

A.2.10.2 Asscssment criterfa for acoustical properties of
partitions
Airborne and Ampact sound insulatlon are determined in ;
terma of calculated A-welghted sound levels, on the basis of
the measured acoustical paremeters of the partlition as a
funetion of Lrequency, according to A.2.10.1.

"In the lahoratory, R and Lp are customarily used, but it soma-

times heppens that the surface area of the specimen undap test

is pot clearly defined (e.g., & commen ventilation duct), in

ghéch cass D 18 used, with normalization to 10 m® Ainstead of
. ﬂec-
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A.2,10.2.1 fPransmicsion losa (Laboratory Teastal’

The transmissilon loss 15 determined according to the
following formula, uwaing 1/3-octave bands:

[+
~ - - 4
R Lay (LAz 10 log A) (12)
whoerpe:
LAl n calculated A-weighted sound level in the scurce
room (dB)
(LAE - 10 log %) » caleulnted A-welghted sound level in i

the receiving room, based on measured
values of tranamiassion lous, and
taking account of the partition area
and the absorption in the recelving
room,

Note: In determining the transmlssion less for internal
valls in & bullding, the level, LAl' in the aource
room 1s taken as constant at all Crequenciles (75 dB in
each 1/3~0ctave band)., In determining the tranamiasaion
losa for-extarnal walls in & hullding, the lavel L
in the "source room” 13 calcoulated frem 1/3-octave band
values af Lq alt vaprlous frequenclea, as followa:

100|129 1160|200 250 14| 400|300 | 830] €00 | 10CO|1 250 1 GCO|2000|23C0O| 315G [4C30) 3060 | H:

RSN R, I e ] L] En] L] Et e ————

aajooten|oeaasjadfeaqutar] 8l & 10 V] "0 40 94 £ %0 a8

A.3.210.2.2 Normalimad lavel difference, Pra (Fiald Teatsg) it
The (A-~waighted) normalizad level difference i3 detep-~
mined according to the following formula, using octave bands:

m - T,
DnA LM - (LM 10 log T ) (13)

*There ars no formal French code regulations concarning trani-
misslon loss; the dAata are simply a practical means of gulding
architects to achieve a satisfactory result in the {inlshed
building, based on laboratory measurements,.

« ®RThe levael difference tests are required by the Raguletions,
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where:

Lnl 1s as in Eq. (12), but using octave banda; and
(LAE - 10 log %—) = cihlculated A~vwelghted sound level in }

o the receiving room, normalized to the
reference reverberation time,

To = 0,5 second, also in octave bhands,

e The quantity, Pp, determined according to fornula (13), 1a
i ealled 4in the technical French literaturce "isolement acous~
tique".

A.2.10,2.3 fHormalisced impact sound levul, le

] The A-welghted normalized impaet sound level 1s calcul-

b

ated from the sound pressure level as a functlon of frequency
i according to formula {2) or (11).
i- A.2.10.3 Required acoustical properties of buildings
Requirements for the acoustlical properties of bulildings
! are astated 1n terms of:
) a) nermalized level dlfferenca, Dnn’ according to:
[. Dpam™ Ry~ b (14)
i vhere :
Rﬂ » "A-welghted" transmisalon loas glven in formula
l {12};
a = a pealtive number accounting for "A-welghted”
l flanking transmisasion; and
h = "A-welghted" normalization for reverberation time
] (T, = 0.5 sec), as follows:
A-51
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b w10 log L6l Y
4]

The volue of b may be found from the following table:

m) 1,2 1,6 2,0 2,6 3,2 4,0 50 6,3 860

b -4 -3 -2 ~1 0 +1 +2 +3 +1

b) A-weighted normalized impact sound level, Lﬁh »
in & bduilding: ‘

na " LnA tat+b ‘ (15)
where:

[hn m A-welghted Ampact sound level, determined accord-
ing to §A.2.10.2.3;

a = poaltive number accounting for "A-welighted”
flanking tranamisaion; and

b » "A-weighted" normalization for raverberation
time (T, = 0.5 sec), as follaows:

- 0,161 v
b 10 log '—ibo T"';'-'

The value of b may be found from the following table:
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Oyregt? e f L = T

T

v(m’) 16 20 25 32 ko 50 63 80
b +3 42 41 0 -1 -2 =3 =l

A.2.210.3.1 Raogulctions of June 1868 (Field Teats)

The French Regulations, compulsory since 14 June 1669
[31,32], include the following requirements for the acoustl-~
cal properties of partitions in residential bulldings.

A-welghted Sound Level or
Sound Level Differecnce

Airborne socund 1isolatlon Ehn = 51 4B
between apartments
Impact seound lsclation Ihn = 70 dB
betwecen apartments
Airborne sound isoclation Ihﬁ =~ 56 dB

hetween epartments and shops

A, 2.10.3.% TMhoconatic Comfort Label® of Febpuary 1072 (Fleld Taaots)

The nmore striet acoustical requirements for the attaln-
ment of the recently introduced "Acoustile Comfort Label"
[33,34] are much more complicated and are deacribed 1n the
main text {(3.4.2) of this report [3#,43].

A 8.10.3.3 "Acotherme" windows [46]

The moat recent change in France has been the introduc-
tion of the "Acotherme" Label for windows that fulflll special
thermal and acoustical propertics (improved insulation, up to
45 dB(A)). Various permutations of improvements in thermal
and acoustical I1nsulation 1in apecially built windows are
identified by differently colored lahels. The Acotherme Label
15 based on laboratory teats.

The [irat part of this Appendix has dealt ulth the Inter-
natlional Standards Organization (IS0) and the countrles of
Wastern Europe. The remaining part dealsa with the Council for
Mutual Economic Ald (CMEA) and aome countriea of Eastern Europe,
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A.2.11 Standing fuilding Committee of Council far Mutual
Economic Aid (CMEA) [47,40,53)]

A.2.11.1 Acoustical parameters of partitions to be evaluated

A.2.12.1.1 TIntevnal wallae

The tranamlasion losuy, Rw, defined in the range f{rom 100
to 3150 Hz 4in 1/3 octove bands i3 given by Eg. (1). If the
source room is not adjacent to the recelving room (in a
bullding), determination of the normalised level diflerence,

Dn‘ is recommended, accordlng to the following formula:
: A
5 Dy~ Ll - L2 + 10 log e {2
|
i whare:

Ll’ LE' A are Aas In Eq. (1), and

Ao = refoapence abserption area, taken as 10 m?.

A2.11.1.2 Floovr-oeiling gasembliea

&) The tranamission loas {or normalized level differ-
ence) 1a defined as for walls, with the use of Egs. (1) and

(a).

b) The normalized impact acund level, determined for
the range 100 to 3200 Hz in octave bands (or in 1/3 octave
bands corrected to octave bands by the addition of 5 aB) s

given by Eq. (3).

A.2.712.2.3 Extarnal walls

CMEA Recommendatlon RS 263-65 doas not deal with exter-
pal walla. Draft Recammendation RS 263-67 specifies acous-
tical propertiea for external walls with windowa, but the
formulatlon of this recommendation 1s prather general and no
method fox numerleal evaluation is preacribed,

A=5H
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A.2.11.2 Assessment criteria for acoustical parameters of
partitions

Ac2011.2.1 Airberne sound ingulation

The transmisslon loss R (or R') or the normallzed level
difference, Dy presented in the form of a curve as a function
of frequency, is cvoluated by the method given in A.2.3.2.1,
by comparison with reference curve I or II shown in Filg. 3a.
Curve II 13 used for asseasament of the laboratory tranamisslon
less R, (or Dn) and Curve I for nsseasment of field trans-
micsion loss R'.

The condition to be met for comparison of the curve R
{or R') is expressed by Egq. (6). After comparison of the
curve R (or It') with the correaponding reference curve, the
sound insulatlon index, EL’ 18 determined lilke the determin-
Aatlon of the index LSM described in paragraph A.2.3.2.1.

A.2.11.2.2 Impaat sound inaulation

The normalized impact sound level Ly, presented in the
form of & curve as & function of frequency, is evaluated by
the method given in A.2.3.2.2, by comparlng the measuraed
data with the reference curve of Fig. A,3b.

After comparing the measured curve of L, with the refer-~
ence curve, so as to mect the conditlons of Eq. (6), the
index ET 13 determined like the index TSM.

A.2.11.3 Recommended acoustical properties aof part{tions

Recommendation RS 263-65 and Draft Recommendation RS
263-~67 specifly recommendations for the acoustlecal properties
of internal partitions in residential huildings in terma of
the indicea EL and ET' Recommanded aéoustical propertiea
for maln partitions in resldentfal buildings are as lollowa:

A~55
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RS_263-55 RS_253-67

vinlls betvween duell- EL =~ dB EL ® - ] to + 2 dB

inga
floors between dwell- B, = -1dii E -1 to+ 20 dB
ings

ET = 0 ET ™ 0 to 4+ L0 dB
floors between dwell-
ings and auxiliary EL » .1 db EL = -1 to+ 20 dB
rooms situated above
the dwellinga 4in the Ep = O ET -0 to + 10 dB
building

floors of two-utory EL - not specified
bulldings
ET = 0

walla hetueen rooms EL s -G dB EL “ -~ 20 to - 9 ab
within one dwelling

llote: Recommendatilons for the index ET of floors hetween
kitchens and bathrooma concern impact sound penetrat-
ing into rocma of the adjacent dwelling. Recommenda~
tions given in Deaft RS 263-67 include both minimum
valuen (lovwer indicesn) and preferred valucs (highep
indices).

A.2.12 Poland (40,537

A.2.12.1 Acoustical parameters of partition to be evaluated

A.2.18.1.2 Intarnal walls

The transmisalon loas, ﬁw’ concerns the acoustical pro-
perties of a partition determined without flanking trani-
miaslon; the "approximate transmission loaas", RQ, concerns
the acousticel propeprties of a partition in a bulldlng with
Manking transmiassion. Values of transmissilon loas, ﬂw nnd
R', are determined in the frequency range 100 to 3150 Hz in

W
pctave hands according to Eq. (1).
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A.2.12.1.2 Floor-ceiling asacmblice

a) The transmission loss, R, (or approximate transmls-
8ion losas, H&) 15 determined in a manner similar to that for

internal walls.

! b) The normalized impact sound level under the floor
{characterizing the tranamission of impact sound), determined
in 1/3 octave bands correccted to octave bands is defined as
follows:
A

Liyp =L - 10 log z— + 10 log n {16}
il‘ where: .
g n = a number dependent on the band width of the
13[- filters used; for octave band filtera, n = 1,
) for 1/3 octave band filters, n = 3; the other
aymbols are as given in Eq. (3).

A 2.12.1.3 External walle and windowa

The transmission loas, Rw’ 13 defined as in the casc of
Internal partitions in o dAffuse fileld, according to Eq. (1),
An the range 100 to 3150 Hz in 1/3 octave bands.

"é
|
|

A.2.12.2.4 FEntpanga doors of flata

The transmission loas, R, 1a defined as in the case of |
internal partitions 4in a diffuse fleld, according to Eq. (1),
An the range 100 to 3150 Hz in 1/3 octave banda.

A.2.12,2 Assessment criteria for acoustical parameters of
partitions

A 2,18, 2.1 Airborne aound inoulation of Internal partitione

The Polish Standard specifie3 critepia for evaluation of
the transmisalon loass ﬁH and n& similar to those of CMEA Re-
commendation RS 263-65. The insulation of an internal parti-
tion 18 defined by the index EL, computed a3 Iin the CMEA
Recommendatlon (nee A.2,11.2.1 above).
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Av2o12.2.2 Impact sound itnsulation

The Polish Standard specifiles an assesoment criterion
for the normalized impact sound level, L p» 08 in the CHEA
Recommendation RS 263-65 and the Draft R3 263-67. The impact
gound insulation of n floor 1s 4Aharacterized by the index ET’
computed as in the CMEA Recommendation {see A.2.11.2.2 nbove},

4.2.12.2.3 Airborne sound insulation of external walle and
windouwa
Assessment criteria for the transmisosion loas of eztarnal
wills and windows in resildentlial bulldinga were developed by
the Research Inatitute, Department of Acoustics, in Warsaw.
These criteria were the firat in the world to be uzsed in a
nntional standard.

The transamission logs, presented in the form of a curve
an a function of frequency, is evaluated by comparison with
the reference curve of Fig. A.7a in order to doline the indox
ZEL. The raference curve was developed by gongidering tha
sepeotrum of traffio noise and the sound absorption of typical
furntahed apartmants, As & functlen of frequency.

The method for comparlison of the transmission loss curve
of an external wall or window with the reference curve 1is
like the case of internal partitions, 1.e., the method given
in paragraph A,2,11.2.2.

The airborne aound insulation index for an externcl wall
whoae curve Hw axactly corresponda to the reflercnce curve of
Flg. A.Ta 1a:

ZEL " 0 dB

The index determined on the basia of & mapsursd curve nw,

*

shifted 4n relation to the curve of Fig. A.Ta by ¢+ a dB, 1is3:

ZEI = 2 a dB
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A positive (indleated by a plus sign) means shilting towards
an increase of the transmlusion loss of Lhe partition, i.e.,
upwards in the diagram.

The Polish Standard specifies an approximate relation
between the index ZEI of the window and the trafflc nolae
level penetrating through the window, as follous:

S
Lyp = Loy = 20 # ZE; - 10 log % dB (17)

where:

Lln * A~weighted sound level in 4B outslde the bullding
at the window,
» A-weiphted sound level in dB of traffic noluoe
penetrating through the window into the room,

§ = area of the window, in m?%,

A = acoustic absorption of the room, m?, averaged over
the range of frequencies.

That 4ia, if LlA increases 5 d3, then elther ZEL or
10 log A must alao incresse 5 dB to maintain the same indoor

traflflic noine level, LEA

A.2,12.2.4 Afpborne gound inaulatfon of sntranae door of
apartmanta

The transmisaion loas, presented 4n the form of a curve
as a funetion of frequency, 1a evaluated by comparison with
the referance curve of Fig. A.Th in ardar to deline the indez
DEL. The reference curve was daeveloped by conaidering thue
spactrum of typiaal nodfasea ococurring the atatreaae and the
pround abaorption of furnishad apartments 83 a function of
frequency. The method for comparing the transplasicn loas
curve of the door and defining tha index DEL for the door 43
sinilar to the ahove descrihed methed concerning ths trana-
misslon loss of external walls, windows and the index, ZEL.
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An approximate relation between the required index, DE,
and the stalrcasce nolas level penctrating through the door 1is
ng follows:

S
Lln - LEA = 22 + DEL - 10 log n (18)
vhere:
Llh 2 A-yeighted sound level in dB outslde the door,

LEA o fA-yeighted sound level in dB of nolae penc-
trating through the door,

3 = area of the door,

A, as in Eq. (17).

A.2.12.3 Reguired acoustical propertics for partitions

A 2.22.3.1 Airborne sound inoulation: Internal partitions

The Poliash Standard is based on the assumption that the
agund insulation of the partition is less important to the
resldents than the sound isolatlon bhetween rooma, witich de~
penda on the transnission loss of the partition, as well an
its area, and on the absorptlion in the receiving room.

Requirements for the transmisslon loss Rw of partitions
are differentiated according to the partition aren, 5, in
order to obtain approximately constant sound laolatlion be-
tvween rooms. Requirements for partitions with areas moat
commenly used in typical buildinga were used to el the haslic
requlreinenta, Requirements for the acoustical propertlies of
partitions are stated in terms of : the airborne sound in~
sulation index, EL' for walls; both the airborne sound insul-
rtion index, EL. and the impuact sound index, ET’ for f{loors.
The requirements for partitions in & realdential bullding are
aa follows:

»  walla separating two roomas (regardleas of the types of
adjoining rooms)

A-L1




PV o ST HEIVY MMM

Note:

Nate:

Fer S =65 - 12%m , E, = -1dB
For § » 12 - 16%m , E, = +1dB
For § » 18 - 20%m , E, = + 243

floors separating two rooms (regardless of types of
adjolining roomsa):

For § = 8 - 18 m?, E = - 14dB and Ep = 0
For & = 18 ~ 23 m?, Ep =+ 1d3 and By » 0
For § = 23 - 30 m?%, E, = +2dD and By » 0

walls asparating an apariment from auxliiary rooms con-
taining mechanical equiprnent for the bulldling, or f{rom
atores located in the bullding:

For 8 = § - 12 m?, E, =+ 1to + 3 dB
For 8 = 12 = 16 m%, E, » +3ta +5dB
For § = 16 ~ 20 m?, E; ~ + Hto +5an

Yalues of the Andex should he selected within the
above limits eRccording to the nolsiness of the roonm.

floora separating an apartment from auxiliary rooms con-
taining mechenlical equipment for the bullding, or {rom
atores lacated in the bullding:

For 8 -~ 18 m , By mt2¢to ¢ § ap
For § » 18 ~ 23 m , EL =~ + i to + G 4D
For 3 » 23 « 30 m , EL m + 5 to + 7 A8

Yalues of the index EL should be selected wlithin the
above limita according to the noisiness of the room;
reguirenents for the impact sound index ET shiould be
selacted individually according to the sources of
nolse and the location of nolsy roama.

A-§2




+ walls gepoarating apartments [from stairs or cerridors

Ej = - lds

The Polish Standard deoes not specifly requirements for
wialls within a dwelling, except for the wall separating a
bedroom or living room from a bathroom or ¥.C. compartment;
for thils case, the required index EL = . 10 4B.

. Av2.15.3.8 Airborne sound inaulation: FEaxternal walls and
1 windowa

Requirements for the acoustlcal properties of external
o walla and windows are glven nccording to the nolsineas of the

i neighborhood. The standard specifies, aa the meagure of

%i nelghborheod nolsiness, the average A-welghted nolse level,

i Lﬂq. during maximum traffic nolise, divided into the follewlng
] classes:

. ~ up to 60 dB
i 61 to 70 dm
71 to B0 a8

i The raquirementa are atated in torms of the airborne nound
insulation index ZEL and apply to the external walls of the
. bullding and to windows, wlth the exceptlon of stalrcase

', windous:

i a) For neighborhood with average nolse level up to

] 60 dB
' +  aextaernnl wall ZE; = + 5 4B
+ windows of pooms ZEI = 0
. « windows of Kitchens, bathrooms and
W.C. compartments ZEL » 0
I
i b) For nelghborhoed with nelse level from 61 to 70 dB
" & +  external wall ity = + 10 dB
L. »  Windows of rooms ZEL = + 5 dB
: » windows of Kitchens, hathrooms and
§ #.C. compartmenta R, ~ 0
A-63
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¢) For neighborhood with noilse level from 71 to 80 ¢B
*  external wall ZEL 2 + 15 4B

¢ windows of rooms (4ir percentage ..
of glazing does not cxceed U0F) ZEy, =+ 19 dB

« windows of kitchen, bathroams
and W.C. compartments ZEL = + 5 4B

4, 2.22.3.3 Airborne sound inoulation for entrance deors

Requirements for Lthe acoustical properties of entrance
doors of apartments are stated in terms of the index, DEL’
and are:

DE, ~ + 5 dB

L
The requircments for acoustleal parameters of doors inside
! the apartment are not aspecifiled.

A.2,11 Czechosiovakia (50,53]

A.2.13.1 Acoustical parameters af partition to be avaluated

The folloulng acouatical parameters should be evaluated,

AcR.13.2.1 Intarnal walls
» tranamlasien loss deternined by the laboratory moasurc-
ment, R?
+ nermallzed level difference, D"A.

A.2.13.1.2 Flaors
tranamisasion loas (or normalized level difference), as
for walls
normalized impact sound le&vel, Qetermined by lahoratony
measurement Lo (or by field measurement, Hk)

Required ranges of frequencles - aimller to that given
in CHEA.
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A.2.13.2 Assessment criteria for acouscical parameters

The Caechoslovakian Standard recommends the epplication
of asacasment methods for the acousticel parameters of parti-
tions aimilar to the methods glven in CMEA. The indices EL
and ET are determined by laboratory meassurements, while indices
from field measurements are marked Ei and E&.

The atandard specifics, 1n nddition to the indicesn EL
and ET, the Indices IL and IT’ whose numerical values are
equal to the ordinate of the corresponding refercnce curve

at 500 Hez (see ISO R-717). The fellowing fermulos glve the

-relations among these indices:

IL " EL + 54

1
Ipn 68 - E

n B+ 52

T

It should be noted that IL r Ia and IT K Ii’ becaude the
methoda for comparison of the measured curves with the refer-
enee curves are somewhat different.

A.2.13.3 Required acoustical properties of partitions

The requirementa given in the Czech code are stated in
terns of the inddces EL and ET' he Czechoalovaldlan Standard
is almost fully compatible with the CMEA Draft Hecommendation
RS 263~6T 4n the scope of required acoustical properties of
residential buildings partitions. A slight difference ap-
pears in the requirement for the acoustical propertiea of
vwalla inside the apartment; according to the Czechoalovakian
Standard, the required E;, = =~ 10 dB, and in tho CHEA RS 263-67,

EL ~ ~ 9 dB.

A-65
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A.2.14 Rumania [51,53)
A.2.18,1 Acoustical parameters of partition to be evaluated

A.2,14.1,1 HWalla

The tranamisaion loss R {or R')} i3 determined in octave
banda or in 1/3-occtave bands accordlng to Eq. (1).

A.2,14,1.2 Floorn

a} The transmisslon losy, as glven above for walls.

) The normalized impact sound level beneath the floor, L

in octave bands (or in 1/3 octave bands correccted to octave
bands) determined according to Eq. {16).

A.2,14.2 Assessment criteria for acoustical performance of
partitions

.3.14,2.2 Atrborne gound inaulation

The transmisalon losa, R, prescnted in the form ol a
curve a3 a functlon of frequency, is evaluated by comparison
with the referance curves shown in Fig. A.8a. The shap2 of
the reference curves shown in Fig. A.8a is similar to that of
the curves in the IS0 and the CMEA Recommendaticna. However,
the Rumanian 3tandard does not aspecify numerlcal indices as
in the T30 and CHMEA Recommendations, or in the natlonal stan-~
dards of moat other countries. Evaluation of the acousticul
properties l1a based on comparison of the measured partitien
curve with the five "category curves™ shown Ain Flg. A.Ba, ea-
tablishing which of the curves beat corresponda with the mea-

surad curve. Because of this approach, the curves Rl - n5

n?

shown in Flg. A.B8a have the chﬁrncter of assessment criteria as

well as requirsments.

Methoda for comparisen of the raferenze curves Rl - ﬂﬁ
with the measured partitlion curve are similar to the methods

alrendy discussed, as followa:

A-G6
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* The aum of the unfavoraile deviatlons, divided by 15 for
transmission locs values In 1/3 octave band (or by 5 lor
tranasmlasion less values in oectave bands), should be
leas than 2 dB,

*  the maximum unfovorable deviatien in 1/3 octave bands
should not exceed 8 daB, or in octave bands, S dB.

A 2,14, 2.8 Impact sound insulation

The princlple of evaluation for the normalized impact
sound level 13 aimilar to that for evaluation of the trans-
mission loas of the partition. The standard prescnts five
reference curves of impact sound level, Ll - LS' which have
the nature of required curves of acceptable impact aound
level. The curvea L - L5 shown in Fig. A,3h refer to the im-
pact aound level in octave banda. Curve I.2 is identical to
the reference curve shown in ISO R-717.

Methoda for compnrisén of the curves of impact sound
level with the reference curves are ildentical to the methods

for alrborne sound level.

A.2.14.3 Required acoustical properties of partitions

The required acoustical properties for internal parti-
tiona in a residential building depend on the deslred cate-
gory of agcustical comfort (two categorlas of acoustical

camfort are dafined): Category
IT
« wuwella separating apartments —"ﬁa TRy
« [loopr sepanating apartments n3L3 RlLl
+ Anternal f{loora in apartments L3 Ll

having two atorles

+ [loora separating apartments R L3 RlLl
from (quiet) auxiliary prooms 3
in bullding

+ floors separating apartments R“L“ R2L°
from (noilsy) mechanlcal com-
partrnenta of building, e.g.,
water-supply syatem.

A-66
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The standard dees not cover requirements for ezternal
walls, nor for internal walls inslide the apartment.

A2.15 East Germany (German Democratic Republic)[53,53)

£.2.15.1 Acoustical parameters of partition to be evaluated

The acoustical parameters of the partition gsubjfect to
evoluation are similor to those of CHEA Druft Recommendation
RS 263-67, 1.e.:

a) the tranamisaion loss of partition, R (measured in
the laboratory), or R' (measured in the field), according to
Eq. (1) (Luftschalldlimrmass).

b) normanlized sound level difference, Dn (for non-
adjacent source room and recelvipng room), according to Eq.
{(?) {Normschalldriickpegeldifferenz).

c) normelized impact sound level, determineéd in 1/3
octave bands and corrected to octave bands (Normtrittachall~
pegel).

A,2.15.2 Assessment criterfa for acoustical performance of
partitions
Asseasment criterla for the acoustical propertles ol
partitiona, determined in apecified ranges of frequency, are
similar to those in the CMEA Draft RS 263-67. The measured
values of It (or R') and L, serve for determination of the
indicen EL or Ep. The following terminoclogy 1a used;

EL » Luftachallachilt zmass,

ET » Tpdttachallachltzmaas,

A.2,15,3 Required acoustical properties of partitions

The requirements for acoustical propertles of partitions
are stated in terms of the indices EL and ET' The required
acoustical parameters of partitions in residential bulldings

A-69
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given in the East German Standard are in principle similar
t0 those specified in the CMES Dralft Recommendation AS 263-67.

The only differences are as follows:

a) the required impact sound indices ET are incregsed
by I 4B, compared to the values given in the CMEA Draft fe-
commendation. Such a requirement talkes secount of the ponp-
ible ageling of the insulatlon material used for floors,

b) the required index, EL, for walls separating beds
rooms within an apartment conslsting of three or more rooms
haa a minimum value EL a ~20 dB, and a recomncnded value
EL = ~ § dBb,

¢} the acoustical requirements for [loors of apartnmenta
having two atories are the same as [or floors separating two

apartments.
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A.3 SUMMARY COMPARISON OF THE EVALUATION CRITERIA FOR ACOUS-
TICAL PROPERTIES OF PARTITIONS IN RESIDENTIAL BUILDINGS
1) The Regulations, Internatlonal Recommendations and
Natlonal Standards specify the following parameters for deter-
mining acoustlical properties of partitlons.

a) walls

- The tranamlssion loss R, expressed in dB, mea-
sured in the laboratory without flanking tranamission accord-
ing to Eq. (1). The transmission loss 1s determined in 1/3-
octeve bands in the range of frequencles from 100 to 3150 Hz
i1n all standards except the American Regulations, where the
range 1a 125-4000 Hz. Determinution of R in cctave bands is
allowable.

~ The transmlssion loss Ré, czpresged in dB, de-
termined by riald measurements (or laboratory measurements
with flanking trensmisaion) according to Eq., (1). The fre-
quency runge is as given above. The Pollah Standard PH-T70Q/
B~-02151 calls the value ﬁé "approximete transmiasion loas™.
The American Standards do net allow for messurement of
"approximate (ield transmisslon loss" in this way.

- Normalized level difference of acoustic preas-
sure, Dp, in a8, according to Eq. (2) or (2'}, with reference
abaorptlon AO » 10 m?, or reference reverberation time To "
0.5 sec.

The values of D, are determined by fleld measurements.

Some reculations prescribe determination of the value Dn

by laboratory end ficld memaurements: reaults of laboratory
measurements are calculated {rom formula (2) and results of
the field measurements from formula (2').

b) [lloors

~ The transmission losa R {or n&) and nermal-
ized level difference Dn are handled similarly as for walls.

A-T1
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- The normulized impact sound level L,, normalized
to the reference absorption Aj = 10 m? or to the refsrence
reverberation time To = 0.5 sec. In the malority of standards,
the level Ly 13 determined in the range 100-3150 Hz in octave
bands (or 1/3 octave bands corrccted to sctave bands by addi-
tion of & dB).

The Finnish Standard {54], and the Ameriecan and French Regula-
tiona do not preseribe correction to octave bands of the im-
pact sound levels measured in 1/3 occteve banda, It should be
noted that the band width of m=asurement is not precisely
specified in some of the standards and regulations,

2) All atandards gnd recommendatlons, except the French
Regulations, prescribe the assessment of the airborne sound
insulation and impact socund insulation of o partition by com-
parison of the measured curves with reference curves. The
French Regulations prescribe the assessment of the acoustlcal
properties of a partition in terms of A-weighted sound levels
calculated from the values of sound insulation at all the mea-
auring frequenciea.

3) The majority of countries use in thelr atandards
reference curves of shapes aimillar to the shape of the refler-
ence curves of IS0 Recommendation R-717. The curves given
in the Britlah, Dutch and Belglan standards differ somewhat
frem thia shape (mea Fig. A.9).

k) Methods of comparison of the measured curves of alr-
borne sound Ainsulation (also isolation) and impaet sound
level with the reference curves in the different atandards
are similar. However, some differences occur: theae differ-
encea in aasessment of sound insulation amount to only about
1-2 A8 for the namea raference curves. The methods of compar-
iscn are as followa:

A-T2

Sk g v oy L e

DT T e 0y T AT e



COMPARISON OF RATING CURVES

AIRBORNE:

1. 150, USA, W.Germany,
C Denmark, Sweden,
: Switzerland, CMEA,
o Poland, Rumania,
i Lzechoslovakie, R' dp
E.Germany: ao
v Minimum Requirement

i 2. CMEA, Poland, Rumania,
) Czechoslovakia, 60
l E.Germany:

Petter Quality

) 3. Belgium
L'f A. England
5. Netherlands
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- FIG, A.9. COMPARISON OF AIRBORNE AND IMPACT HOISE REFERENCE CURVES FROM
" VARIOUS COUNTRIES. THEY ARE SIMILAR TO ONE ANOTHER It SHAPE,
' EXCEPT FOR THE IMPACT NOISE CURVE FOR THE NETHERLANDS.
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Method A

To compare the measured values, the appropriate refer-
ence curve Aa shifted 4in steps of 1 dB towards the measured
curve until the most severe of the following conditlons 15

satls fled:

L

11)

Mathod A 18 used 1in the IS0 Recommendation.

for curves determined in l/3-octave bands, 100-3150
Hz,
261
148 ¢« —7 < 24dD (a)
or for curves determined in octave banda, 125-2000

Hz,

£6,
14 < - < 2dp (v)

for curves determined in 1/3.octave bands, 100-31%0
Hz,

18,
—TE : 2 db

and (e)
8y S B 4B

or for curves determined in octave hands, 125-2000

H=z,
-z-g—i—-_:aan

and (q)
Gmax < 5 dn '

Only the condi-

tions (¢) are used An the American Regulations.

A=TH
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lethod B

To compare the measured values, the appropriate refer-
ence curve is shifted in soteps of 1 dB towards the measured
curve until both of the folloving conditicns are satisfied:

1 = 2500

8 + 4

130 3150

—y Z y
i = 125
1 a8 < < 2 aB (6)
15
and

by S 848

This method 18 used in the Draft Recommendation R.S.263-67,

in the Poldsh Standard, the Czechoslovaklon Standard, the
USSR Standard, the Rumanian Standard, the German Federal
Republie Standard and the Jerman Democeratic Republic Standard.

Hethod C

A mean unfavorable deviation of the measured curve from
the epproprilate reference curve less than 1 db 1s required
in each one of the following ranges of frequencles:

100 - 315 H=
koo -~ 21250 H=
1600 ~ 3150 Hz.

HMethod C 1a uped Ain the B=lgian Standard.

An analysis of the methods [5§3) has shown that 1f the
unfavorable deviations of the measured value of a partition
from the reflerence curve d¢ not occur at the extreme fre-~
quencles, the conditions given in Method B are sometimea more
seveare than in Method A (the same sum of the unfavorable devi-
ations ia divided by 15 in Method B, by 16 4in Nethod A},

If the unfavorable deviations do occur at the extreme
frequencies, and Aif the aum of theae deviations exceedn 4 4B,
then MNethoed A prescribes more severe conditions.

A~T6
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5) There are two tendencies inp using the reference
cupves :

- to derive single-number assessment criteria of insulatlon
(or impact sound level) measured as a function of frequency,

- a3 requirements for appropriate acoustical performance
ef o partition.

In the firct casc, the comparison of acoustical insulation of
o partition (or impact sound Level) with the reference curve
defines an index, i1.e., & single flgure in terms of which the
acoustical property of partition 1s evaluated., Acoudtical
requirements in such cases arc stated in terms of the required
minimum individual indices.

In the aecond case, the reference curves determine, for
individual bands in the relevant frequency range, the required
minimum insulatlon values (or the acceptable impact sound
level) with unfavorable deviatlons allowable in certain ranges,
In such cnses, a serles of the curves is glven, determining
the required acouatical parameters according to the proposed
application of a partitien.

6} The typical method for calculation of the indices i3
bazed on a comparison of the measured airborne sound Ilnsula-
tion curves (or impact asound lavel curves) with the approprl-
ate reference curve; the numerical value of the index 1s re-
lated directly or indirectly to the reference cupve.

7) If one leaves cut of accouni the alight differences
in the calculation methods for the various lndicea, that s,
the allovable deviatlions of the measured partition curve from
the reference curve, 1t ls possible to establlah the follaowing

relationships among the indices:
a) aidrborne acund insulation
By n LS {19}
I, = 57C (20)
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n 52 EL » 52 4+ LS = STC Tor {leld

I
* Mmeasurerents {21)

; I = 5k + E = 50+ LSK = STC  for lahora-
i
. & L tory measurements (22)
}- bB) impact sound insulation
§ ¥ Ep = T5H
5 | I, ~ 68 - Ep = 68 - TSH (23)
R IIC = 110 ~ I, + 5= 115 ~ I, I, = 115 - IIC (24)

-‘l IIC = 47 + ET = iT + TSH = IIC - 7. (25)

Eq
Qo Note. In Eqse. (24} and (25), the IIC 1s calculated from the
. impact sound level determined in 1/3~octave bands; ET
3, and TS5M from the impact sound level corrected to octave
ﬁ : bands,

Discrepancies, resulting from different calculation methods,
between the indices, aa given 4n the above equations, amount
to 1-2 dB.

B} A precilse comparison of the assezsment eriteria for
the acoustical propertles of partitions is posalble only by
converasion of theae criterlia into airborne sound/insulation
values (or into impact sound leval values} expresaed in A~
weighted aound levels. Such a ealculation can alao demon-
strate whether the eriterin prescribed in the various stan-
dards are mutually consistent,

In order to carry out such calculations, a series of
tranamiasaion loss curves and impact sound level Ln curves
vere gelected, corresaponding to the reference curvaesd shown
in Mg, A.7 in such 8 way that the unfavoerable deviatlona
(within the allowable limits) occurred in different bands or
frequencles. The following formulae were used for the cal~
culations:

a) the "A-uwelghted alrborne asound inaulation, nEA:
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5 10021 (Lpy + Kyy)

Rep = 10 log|% 5 ;
}:1 10091 (Lpy = Rey + 10 dog + 5+ Kp,) | (26)

-

where

1 » index identifying the frequency band
sound pressure level in the source room. A constant
value, I_.I.1 = 100 dB,wauy assumed for all frequencles.

Rfi w transmisasion loas of partition as o functlon of fre-

Lpg ™

quency, 4B,
1 S = area of the partition, assumed to be 10 m?
! A = sbaorption in the receiving room, assumed equal to
the reference apaorption, A_ = 10 m?
Kﬂi = correctilon for each frequency according to the
A~welghtling curve, dB.

! It should be noted that the results of calculations according
: to formula (26) do not depend on the abaolute values of the
asauned leval Li' but only an the shape of the nolse spectrum
in the aource poom. Previcus analysis has shoun that a "flat"
spectrun (Lf =~ const.) gives results analogous to the speech
spectrum, In fact, & "flat" spectrum ia prescribed in the
French Regulations o calculation of their "A-welghted”

tranamission loss.

b) the A-welghted impact seund insulation, Lyt
T

Lpq ™ 10 1052? 10001 (Bng * Kpq) (21)
| where

Ln1 = pormallzed impact sound leavel as a functlon of
. frequency 1in 1/3 octave bands, normalized to
! Ay, = 20 m?

Kﬂi n as in formula (26).

A=78
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9) The results of caleulations of the airborne sound
.- insulation by the method deserdibed in item 0 are as follows:

; a} Reference curve given In the IS0 Recommendation

- {Fig. A.9a, curve 1): A transmission loss curve identical to
the roeference curve leads to REA » 52 4B. For transmiuasion
loss cupves with unfaverable deviations from the reference
curve within allowable limits (lethod A, condlitions a and b),

n = g to 52 dB .

EA

] b} Reference curve for field measurements glven in
[ CMEA Recommendation {Fig. A.9a, curve 1}: A transmission losa

curve identical to the reference curve leads to‘REA = 52 4B.
For transmission loss curves with unfavorable deviations from
the reference curve within allowable limits {lMethod B)

£

R., = Wf to 52 dB .

EA

l. ¢) Reference curve for laboratory meusuroments as given
in the CMEA Recommendation (Fig. A.9%a, curve 2): A transnis-

i‘ slon loasa curve 1dentical to the reference curve leads to REA"
5h dB. For transmission loss curves chowlng unfavorable devi-

- atlona {rom the reference curve within allowable limits

I (Method B)

L ]

a 50 to 54 4B .

l ' HEA

Agp-gma vy

d) Reference curve given Ain the Belglan Standard (Flg.
, A.%a, curve 3): A transmission loss curve identical to the
reference curve leadsa to REA ~ 52 dB. Ffor tranamiasion loas
l eurves showing unfavorable deviations [from the reference curve
i wilthin allowable limlts (Method €)

ia R A" 51 to 52 ap .

E

e} Reference curve as given in the British Standard
{(Fig. A.9a, curve 4): For an insulation curve in full econfor-
mity with the reference curve, Rt A" 52 dB. Dritish Standard

E
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CP3: Chapter III (1960) does not specdfy allouable unlevorable
deviations from the reference curve but requires them gener-
ally to be "little". Allowing unfavorable deviations accord-
ing to the I50 Reecommendations, the values of REA are similar
for the reference curves given in the ISO Recommendation and

in the British Standard.

10) The results of calculations af impact sound level
according to the method deascrided in item 8 are as follows:
a) Reference curve glven in IS0 Recommendation

An Ampact sound level ecurve in full con-

(Fig. A.9b, cuprve 1}
For

formity with the refersnce curve leads to LAn « 66 AB.
impact sound level curves showlng unfavorable deviations from

the reference curve within allowable limits (Method A),

Ly, ™ 66 to 68 B .

NHote: Thene calculations are based on the assumption that
the refeorence curve refera to octave bands or to 1/3-

octave bhands corrected to octave handa.

b) Helerence cur've glvan in CHMEA Recommendation
An dmpact sound level curve in full con~

{(Fig. A.9b, curwve 2):
For

formity with the reference curve leads to L, . = 69 aB.
impact sound level curves showing unfavorable deviatilons from

the reference curve within allowable limits (Method B),
Lﬂn » (G to 73 dB .

Hote: These calculatlicona are based on the aapumptlon that
the reference curve refera to octave bands, or to 1/3-

ectave banda carrected to octave hands.

c) Referance curve given in the Belglan Standard
(Fig. A.9b, curve 3): An impact acund leval curve in full

confaormity with the reference curve leands to Iﬂn a T2 4R,
For impact sound level curves ahowlng unfavorable deviations

A-80
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from the referencs curve within z2llowable limits (lMethod C),

d) Reference cupve glven in the British Standard
(Fig. A.9b, curve H): An impoct sound level curve in full cone-
formity with the reference curve 4 leads to Ly, = 67 dB. An
impact sound level curve in full conformity with the refercnce
curve U {(far soft floor coverings) leads to Lap » 65 dB. The
standard does not speclfy allowable unfavorable deviations.
Allouing unfavorable deviations according to the IS0 Recom-
mendation, the values Lppn are lower (than those mentloned

above), by 1 to H dB, according to the frequency range in
whiech the unfavorable deviations ocecur,

11) It is eclear, from the results of the calculations
presented in 1tems 9 and 10, above, that the determination
of airborne &and lmpact sound insulegtion propertles of parti-
tdona in the form of indices, in the current assortment of
atandards, 1% not sufficiently precise., Differcnccs of the
A~velghted rating values that result from unfavorable devia-
tlons within the allowcble limita, Are as much asa 1 to 4 4B,

12} Consldering the results of the calculations pre-
sented An items 9 and 10, the relation between the Andlces
and the A-~weighted insulation valuea of partitions (vhen S =
20 m* and A, 10 m') can be cxpressed in the following ap-
proximate formulao:

Rep ™ I, - (0 to 3), dp {28)

HFA - EL-b {8 to BK2), dB ~ for lield meazurements(29) !
Bn, = B, + (50 to 5h), dB -~ for laboratory mea-

kA L ’ suramenta (30)

Rgp ™ 97¢ ~ (10 to 3), 4B (31)

Rpa ™ L3l + (W8 to 52}, 48 ~ for fleld measurcments{32)
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R., = LSM + (50 to 54), dB =~ for laboratory mea-
EA ’ surements (33)
LAn = I1 + (10 to N), dB {34)
Lnn = (69 to 73) - E, = (69 to 73) ~ TSN dB (35)
Ly, = (115 to 119) - IIC, dB (36)

llote: ‘The formulae {34) and (35) relate to the indices, Iyo
Ep and TSH caleulated from the levels in octave bands
or in l/3-octave bands corrected to octave banda,
The formula (36} relates to the index IIC calculated
from the levels 1n 1/3-cctave banda.

13) The Aindices I1 and STC, and the related A-weighted
values determine the acoustical propertles of partition in
the conditlons in which they were measured (as concerns
flanking transmisalon). The indices EL and LSM, and the re-
lated A-weighted values, determine the ncoustical properties
of partition with [lanking transmission. Calculation of the
alove indices based on fleld meanurements includes the actu-~
ally occurring flanking tranamission; calculation based on
laboratory mezsurementa includes flanking transmisslon of

2 da.
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A4 SUMMARY COMPARISON OF THE REQUIREMENTS FOR
ACOUSTICAL PROPERTIES OF PARTITIOMS IN RESIDENTIAL

BUILDIHGS

All the standards considered in this Appendlx recomnend
acousntical parameters for walls and fleoors batween dwellings.
Acoustical parameters for partitions within orie dwelling
unlt are not given in every stendard. Some standards aspeclfy
minimum acoustical propertica of partitione separating
dwellinga from other nolsy rooms situated in the building.

The Pollsh Standard and the Fronch Negulations speeifly
' requirements for sound insulation of external walls. The
Polish Standard pregcribes requirements for windows and
externnl walls, while the French Regulations concern only
wRlls without windows.

L

AGL Comparison of Approaches for Acoustical Properties
of Internal Partitions

1. Standards and Regulations used in varlous countriesn
apeclfy differently the requirements for acoustlcal proper-
tlea of Anternal partitions of resldentisl bdbulldings. The
different acouatical parameters ol partitions depend upon
such factors as:

} . noinsineass of the housing aren
. size of partition

. assumed acoustical comfort

. typesa of adjoining rcoma.

The American Regulationa specifly acoustical require-
ments for partitions in a building according to outdoor
nolainesa of the housing neighborhood.

Tt

. Britiash, Rumanian, Czechosalovaklan, USSR, and German
o : Standards and the CHEA Recommendation npeclfly requirements
| according to the desired acoustical comfort, independent
of hovw nolay the nelghborhood 1a.
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The CHMEA Recommendation end Sritish, Rumanian, Czecho-
slovalkilan, USSR, German Standards ¢o not use the categories
"e¢lasn of ncoustizal comfort” but specify "minimum" and
"recommended” requircmenta. Differentiation of the require-
menta for the airborne sound insulation of the partitilon
appears in the Polish Standard and indirectly in the Belglan
Standard and French Regulations. This problem 48 further
dlacusaed in concluaions 2 and 3, below.

The American Regulations and West German and Belglan
dtandards cover requirements for acoustical parametera of
partitions (also floor-celling aasemblies) separating dwell-
ings according to the types of room adfoining the partition.

AAL2. Comparison of Required Acgoustical Parameters of
Building Partitions

A direct comparison of required acoustical parameters
of partitions used in residential bulldings, which appear in
the varicus standards, 1s very difficult, because of the
different assesament criteria for sound insulatlon of par-~
titions used 1n these standarda,

Compazison of these requirements 15 poasible only in an
indirect way, by comparing the sound insulation in A-wedighted
nound levels batwaen rooma when the acoustical parameters of
partitions juat comply with the requirements given in the
individual standarda.

A.4.2.7 Halls separating dwellings

The group of European atandanrds prescribe requiremants
far the acocuatical properties of party walla that guerantee
the following range of sound igolation hetween adlolning

dwellinga:
. minimum requirements {excapt Britigsh) g-52 dB

. recommended requirenents (higher quality) 51-64 dB

A-3H
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The 3ritish Standard preseribes a minlmum requirement for
sound insulation between duwellings of U7-48 d3A. The
choige betveen minimum and recommended requirements depends
exclusively upon the desired acoustleal comfort. The
Polish Standard gives only one requirement - a ninimum of
50-51 dBA, the French oand Belglan Standards 51-52 dBA.

The recommendations used in the United States differ con-
siderably from the Europcan requirements. The difference
results from the presecription of different requirenents
according to nolsiness of the housing area. This approach
13 based on the assumption that outdoor nolse penetrating
into the dwellings helps to mask nolses penetrating from
adJoining dwellings. This approach might lead to further
deterloration of the acoustical climate of dwellings which
already have unsatisfactory acoustical conditions.

Average requircments given in the European standards
are in the nature of minimum requirements for an avarage
noiotnase of housing urban and auburban arcas.

The average required acoustical properties of par-
tiziona separatipg dwallings in U.S5. for bulldings situated
in "poisy" areas are 2 dB lowar than the minimum require-
ments in the majority of European standarda. They are
simllar £o the British minimum requirements.

U.5. requirements for the average sound insulation of
partitions in the quietest neighburhoods are 2 dB highar
than mazimum Eurcpean requirements.

The Ameriecsan Regulations, unlike many European codes,
prescribe different requirements for sound insulating
properties of walls according to types of rooms adjoining
tha walls. The differences in roacommended values of
sound insulatlion according te types of adjoining rooms are
conalderable, up to 7 dBb.
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The differentiation of requirements for walls separat-
ing dwellings in the U.S. according to types of adjoining
rooms seems from the acoustical polnt of view undoubtedly
correct. However, the use of sueh requirements for multi-
family housing development, with application of industrial~
ized technology, seems vepry difficult to most Europeans.

A.4.2,2 Floor-cefling assemblies

The requirements given in European standards for the
sound insulating properties of flocor-cellings are almost
equal to the insulation requirements for walls {for air-
borne sound penctrating the floor):

« . minimum requirements h8-51 dB
. recommended requirements 51-53 dB

The DBritish Standard prescridbes somewhat lower require-
ments (HN6-47 dAB) Just as for walls.

The American Regulations preaseribe requirements for air-
borne sound inaulation also, just as for wallsa,

European standards specify requirementa for ilmpact
sound penetrnating floors which may be expresaed in terma of
A-welghted impact sound level underneath the f[loor:

. for mininum requiremants 70-73 dB

. for recommended requirenents 61~67 dB
These requlrements, as for alrborne aound insulation, are
not diffsrentlated according to types of rooma except 1n the
Belglan and Yeat German Standarda which differentiate the
requirements according te types of rooms by 410 dB with
average (A-weighted) requirements of 62 dB.

The Amerlcan Regulations prescribe differentiation of
requlirenents for Impact sound ilnsulatlon according to the
noisineas of the housing area. Assuming housing areas in
3 grades (see item 2), the following values of averaged

"A-vielghted 1mpact sound level can be clted,

A~86
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. highest nequirements 60 d=
- mean requirenents 65 dz
. lowest requirements 70 42

The given values can differ by +10 dD and -5 dB according
to the types of wdjolning rooms.

A.A.2.3. Interpal walls within a dwelling

European standerds specify relatively uniform require-
ments for acoustical properties of partitions aseparating
different dwellings, but requirements for the acocustlical
parameters of internal partitiona within the same dwelling
show considerable differentiation.

Many satandards specifly requirements only for walln
peparating living rooms from sanitary rooms. The required
sound inaulation varies from 30 to 5 dB; only the Belglan
Standard increases to the gound insulation between living
room and bathroom up to H5-52 4B. Similar requirements
are given in the Amerlcan Regulations, but the require-
ments are differentiated according to the noisiness of the
housing area.

A relatively amall number of European Standards specifly

minimum sound insulation between rooms withln a dwelllng.
The Belglian dtandard specifies the hlghest requirements 1in
that the required sound insulation between rooma (except
adjoining two bedroomsa) is the aame as for walla aegparating
different dwellinga. The Czechoslovakian and Eaat OQerman

! Demoeratle Republle Standards apecily lower requirements:
3040 dB (minimum valuecs) and 40-45 db (recommended valuen),

J The requirements given in the East (erman Damocratle Republic

. Standard concern only the walla geparating bhedrooms from the

ASEAZ T FIV FNT 1359
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living room in a dwelling conalsting of moye than 3 rooma.
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The American Hepulations give requirements which vary
from %0 to 50 dB aceording to the nolsiness of the housing
area and to types of adjoining rocms.

A.4.2.4. External walls and windows

Requirements for externdl walls are given only in the
Belglan and Polish Standards and the French Regulations. The
Pollsh Standard specifles requirements for walla and windowo,
and the Prench Regulationy only for walls without windows. :

The Polish Standard speciflen the required socund in-
sulation of external walls and windowa according to the
nolsiness of the housing area, in terms of attcnuation of
outdoor A-walghted noise levels penetrating into rooms (for
differentiated requirements) as follouwa:

20-25 4B

25-30 db

30-35 4B .
The French Regulations prescribe A-welghted sound insulation
of externnl walla without windows not leas than U1 4B,

The standardc diacusased here pertaln to the required
acoustical parameters of partitions in bulldinga. Specinld
conalderation of flanking transmission in the conatructlon
of o partition 13 then necessapy to meet the requirements.
Tha problem 18 solved in the standards that atate the
required acoustlcal parameters of partitions in terma of
indicesn EL or LSM, aince in the method for calculation of
the indices, an allowance for flaniting tranamiasalon of 2

dil 13 included.

The Belgdian Standard specifies separately both the
requirement Cor tranamiasstion leas of partitions (determined
by laboratary measurements) and normaltaad lavel diffarance

af paptitilons (determined by fleld measurementa) taking
into account the difference of 2 4B for requirements used in
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housdng develcenments, The ovhar standards do net consider

this cuestlo...

Present experience Iln varlous institutions shows that:
[53,565]

A~welghted sound insulation between dwelllngs
below 49-50 dB causes serious complaints; this in-
dicates that the minimum requirement siven in many
stanaards is about correct. The question of
racommendad higher valued reaulres more preclse
anulysla, based upon results of surveys or in-
quiriea. Any increase of sound Insulation, cven
if slight, above NW9-50 dBR requires {especially

for concrote constructliona) considerable expen~
diture of materials, causing an increase in welght
and cost of the building. Still, the need for
impreovement of the acoustical performance over the
minlmum requirementa cannot be overlooked.

Hequirementa for acoustical parameters of fntaernal
walls in dwellings should be more precisely analyz-
ed, It scems Ampossidle and lnexpedient to maln-
taln the requirements for internal walla in a
dwelling at the same level as for walls scparating
dwellings, as in the Belglan Stendard. On the
ether hand, the use of very 1ight constructions

for the internal walls, leading to very low
acoustliecal 4dnsulation, causcs an obvious deterio-
ration of the dwelling climate.
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APPENDIX B

RESPONSES TO INTERVIEW/QUESTIONNALIRE OK ENFORCEMENT
OF BUILDING CODE MOISE REQUIREMENTS IH EUROPEAN COUNTRIES

The Introduction of this report desceribes a serles of
Interviews with Eurcopean aclentists who are concerned wilth
noise requirements In building codes. This Appendlx pro-
gents the results of those interviews, supplemented by sub-
sequent correspondence, the recent technical literature, and
further discussions,

Responses from the countries most actively concerned
with enforcement of the code bcquirements are presented
fiprst, because presumably they have more to teach us, based
on their wider experience,even i1f they cannot all ciaim g
high rate of sucecess. In addition, 41t 1s also useful for us
to know the directions currently being taken by countries
that are not yet fap advanced 1n this field; thelr responass
are presented in the second part of this Appendix. [§5]

The countries that have relatively active programs for
enforeing thair bullding code nolse requirements are Denmark,
France, The Netherlanda, Sweden, The United Kingdom, and
West Germany. (The order 1a alphabhetical; 1t does not sig-
nify intensity or effectiveness of the enforcement effort.)[sr]

The format of presentation, for each country, followa
the order of toplcs in the interview questionneire, which 13
presented as Appendix C of this report.
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B DENMARK

Informotion Sources:

Jdrgen ¥rlstensen, Danilsh Buliding Besearch Institute
Director, Bullding fAcousticy leasurement
Station (BAI)
Copenhagen

Fritz Ingerslev Danish Technlcal University
Director, Department of Acoustlcs
Lyngby

References 19-21

B.1.1 Official Documents

The nolse requirements of the bullding code appear as
Chapter 9, entitled, "Lydforhold," (Noise Conditions), of
the Danish Byggningsreglement (Building Regulations), dated
1 June 1972. These regulations replace &n earlier version,
dated 1 August 1965, which replaced the original version
of 1961.

lMeasurement prectice follows the IS0 procedures for
the most part, ex¢ept that normalization is to a reverbera-
tlon time of 0.5 pec. As for the ratings, the fitting
rules for the criterion curves are different (only 1 in-
stead of 2 dB average unfavorable deviation, and an add-
itlonal requirement for the average value over sixteen
1/3~octave banda rmaat be met in addition); also, the shape
of the impact criterlon curve is quite different.

B.1.2 Status Of Document

The building code has the force of law and npplles
officially to all of Denmark except Copenhagen, which
haas ita own code. (The reason that Copenhagen does not
follow the national code 1g 1ts restriction on floor arsa
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in a single building.) In practice, however, Copenhagen
follows the Danish national cede in matters of acoustlcs

and noise control.

A further revision of the code, planned for 1976, is
expected to apply to all of Scandinavia, and will include
Copenhagen, as well.

The noise control requirements apply to reaidential
bulldings (apartments and row houses, not asingle houses),
hetels, hotel-penaiona, homes for the aged, college dormi-
torien, schools, and office bulldings.

B8.1.3 Summary of the Acoustical Requirements

For residential buildings, there are requirements for
minimum acceptable nolae reductlon {level difference}
betwesn dwellinga (normalized to T =~ 0.5 8.), both 4in
terms of an avarage value over the sixteen 1/3~octave
banda of interest, and a table of required values in 1/3-
catave bapda. The requirements for terrace or rod houaes
are 3 dB more strict than for apartments. In addition, to
previde asalstance in planning the building, requirements
are given for the {laboratory-measured) transmission loss of
individual party walla and floors, (These "requirementa”
on transmisalon loas are for guldance only; the primary
cade requirement must be satiasfled by field measurement
of normalized noise reduction in the finilshed bullding.)
Both an avarage value anpd a set of tabulated transmission
loaa values must be compllied with; agaln the requirements
on party wallas for row houses are 3 db mors striet than
for apartments, (There 13 no floor requirement for row
houses,, unless the floor 1s a party-{loor.)

In addition to the gquantitative requiremants men-
tioned abhove, axamples are glven of constructlons that are
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deemed to meect the alirborne sound insulation requlrements.

Requirements are also glven Tor the transmission loas
of entrance doors, The code specliflics average tranamission
lcas of 30 ¢B as measured in the bullding, stating that this
can be achieved 1 the door measures 34 dB in a laboratory
test. In pruactice, the door 1s often spolled by mail slots
and leasls around the Jamb, which are limited only by the
rigerous fire law stuating that slits from 5 to 15 mm wide
must be stuflfed with mineral wool.

The impact noise insulation requirements (applying only
to [leors over dwelling rooms, not toiletsa, baths, basements,
laundry, etc.) are stated in terms of a tabulated set of
maximum acceptable impact noise levels in 1/3-octave bands,
the same for all types of residential bulldings. Examples
are also gilven of floor structures that are deemed to meet
the reguirements.

There are requilrements Cor maximum acceptable values of
reverberation time in staircases and corridors, and
examples are suggested for celling treatment that will
lead to compliance,

Finally, there are limits on the nolse levelst from
technlcal installations, like water pipes, central
heating or Aair-conditioning, elevators, refrigeratora,
washing machines, ete., from apaces outeide the dwelling,
{Plumbing or an individual lurnace within the dwelling need
not comply).

For mixed land use (1.e,, bulldings contalning both
dwellings and ahopa) the local authorities may set up
more stringent requirements on gound insulation for walls
end floora than are specified in the code, but this 1o
seldom done in practice.

#Normalized to 10 lop 0'5/T500.
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For bulldings other than dwellings, the same sound
insulation, reverberaticn, and noluse level requirements
apply as [or spartments, but instead of offering examples
of constructions and treatments deemed to comply, the code
apparently gives the architect free option to choose con-
ptructiona that will meet the speeifications. In non-
residentinal bulidings, the insulation requirement appllies
only from room to room, not reom to corridor. The room-
to~coriridor ficld nolse reduction test tends to show only
the door performance, so the main cmphasis 13 on the
tranamission logs of the «corridor wall structure, as
meaaured in the laboratory.

For scheolsa, there arc special requirements for the
noise reductlon between auditoriums or musdle rooms and
other rooms.

B.1.4 Enforcement

The local city or county authorities are charged with
enforcement of the code.

If a builder feels that the local muthority 1s too
atrlct 4in Judging the fleld tests (1.e¢., Lf the test result
is unfavorable), he can appesal to & higher level of
government, particularly if the test results are not too

bad.

Ir, 4n apite of loeal authority approval of finiushed
row houses, the tenants find the sound inaulation in-
adequate and go to court with test data (for example,
measurements made by an acoustical consultant recommended
by &n asscclation of civil engineers), the bullder otill
haa the rasponalbility to take remedial nmeasurss. In
fact, thils poliey applies in all casea whare the bullder
has aold the dwelling; 1t 4is harder to contrvel 1f the
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cccoupants are only renting.

Approval for a building permit depends on a favorabdble
review of the building dravings by the local authority.
However, since their stafl englneers usually have no
acoustical training, there 1o considerable vardation in
effectivenosns from town to town. The local bulilding
suthority may require measurements in the finished bullding
bafore the tenants may move in. In practice, some commun-
ities approve the droavings of residential buildings, Lefore
beginning conatruction, but only contingent upon succesalul
acoustical tests in the fininhed building beflore occupancy.
Sueh tests would be made by the Danish Bullding Research
Institute {(under Kristensen) or by the stafl of the
Technical Univeraity (under Ingeralev).

For new construction types (wnlls and floors), the
buillding authority may require laboratory transmission loss
tests, or alternatively, a nolse reductiocn test in a aingle
house, to which the code nolse requirements do not apply
{and therefore a relatively poor result would not be
regarded as serioua). Alternately, the tests might be
requested hy the architect'rs consultant.

A3 for the number of finished buildinga actually
teated for compliance with the noise requirements, 1t 1ia
hard to aay. The government would Iike to have all bulld~
ings tested that involve more than fifty apartments; but
this 1a, so far, not a strict law.

The Danish Bullding Research Inatitute teats about 50
to 60 huildings per yaar, usually in response to a request
from the architect or engineer.....or sometimes hecausne
the local bullding authority has insisted that the arch-
itect request the tests.
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In the buildings that are tested, il the {irst few sound

insulaticn tests are satisfactory, only about three pairs of
rooms would be tested. But if the results look bad or
queationable, up to twenty room pairs would be teated. Tor
the reverberation time Ain satalrcases, only onc measure-

ment 18 typlcally made; for impact nolse tranamission from
the gtaircase to the living quarters, only one or two

tests. Two or three doora would be checked for noise reduc-
tion. One or two impact nelse tests from a balcony to the
diagonally subjacent room would be made.

In cases where the sound dsolation in the finished
bullding falls to meet the code requirements, i{f the non-
compliance 18 not very serious nothing might be done. But,
technically, the local authorlty con insist upon correction
of aven slight failures, particularly if the tenant or the
bullding owner complaina. (It 13 by no means certain thot
buildings meeting the code requirements will provide
adequate privacy; sSee the Introduction to this report.)

In practice, however, Al the code requlrement rlor
transmission losa of the party walls and lloora 1a complied
with in the drawing inspection stage, then the primary code
requirenent for the normalizned nolse reductlon in the
finished buzlding 15 usually met, unless the rooms are
very large, or thers 1s quite bad flanking trapnsmiassion,

If the sound fsclation turns out to be really bad, the
building owner may sue the acousticel consultant for the
coat of remedinl worl on the building, in which case the
coat would he borne by the conaultant's insurance cerpany.
(But some consultants don't wish to carry thls kind of
insuranc¢e, because they feel 1t would bespeak a lack of
confidence in their own compatence.)
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Denmaric has no tradition for lowering the rentals in
bulldings to compensate for faulty sound insulation, as is
sometimes supgested. Only isolated cases are kKnowun,

Ag fer the costc af the acountical testing in the
finish=d bulldinz, the bullding owner pays for these, jusat
as e pays for other kinds of tests (seil strength, termites,
etc, }; he includes these costs with the other building costs
and bascs the rent structure on the total amount.,

B.1.5 Success of Code Enforcement

The Danish b&ilding code nolae requircnenta have been
in effect since 1961; ten years later only about 55% of the
row houses and 50% cof the apartments were meeting the code
specdflcations. It 48, in foact, only aince the recent
contern over pollution of all kinds that the authorities
are beginning to talke the nolse control provisions of the
bullding code aseriously.

A atudy was undertuken by the Danish Bullding Research
Institute In 1969 to discover the extent to which measured
sound Insulation in duellings complied with the alrborne
and impact sound insulation requirements of the 1966
veralon of the cede (scarcely different from the current
code, for residentlal bulldings). The survey covered
tuenty~tvwo hullding esatates with terrace houses, row housesn
and the like, & total of 180 units measured. Of these,
only 43 unita (=»24%) met the 19686 code requirement for nolse
reduetion. In only five of the twenty~two estates did more
than half the unitse meet the requircment. Further tests
indlcated the presence of conalderable {lanking trana-
mission; for many of the walls the average transmission
lean was conslderably amaller than the laboratory value
for similar walla: less than 504 complied with the trans-
missdon loas requirements of the code.

B~9
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Further field tests over the periad 1957 to 1970 in-
dicate a similar failure rate fCor airborne sound insulation
in apartment houses, and also a significant number of
fajlures in impact gsound insulation. For detalla, sce
pages 10 and 11 of the reprint of Ref. 2, 1included as
Appendix F of this report.

B.2 FRANCE

Information Socurcen:

Robert Jogse, Director, Acoustics Division, Centre
decientifique et Technlque du Batiment
Grenoble

Referencea 31-l6.

B.2 OFFICIAL DOCUMENTS

8.2.1 The Regulations of 1969

llolae control requirements, to be observed in the
design end construction of dwellings in France, are not
collected together in a bhullding code, as asuch, but are
contained in a aeries of four briel orders or dacreen,
published from time to time in the Journal Officiel de la
Republique PFrancalse, under the authority of the State
Counsel, on bzhalfl of the llinisters of Housing and Recon~
struction, of the Interdor and of Publie Health and

Population.

In Décret No. 69~596 of 14 June 1969 [31], setting gen-
eral rules for the construction of all bulldings to be usded
as dielldngs, the Prime Minister atates in Avticle 4:
"Dpking account of normal modes of occupancy, the isola-
tlon of dwellings ought to be such that the sound presaurns
lavel of polse transmitted inte the interior of each
dwelling does not aexceed limits Cixed by Joint order of

B~10
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the Minister of Bsuipment and Feusing and the State Minister
of Seeial Affairs. HNoise generated by any equlpment whatever
in the building outside the dwelling should not erxeeced

limite fixed in the same form."

This enabling decree 1toelfl deoes nobt set any nolse

1irmits or requirements for sound insulation. The quantita-
N tive requirements are introduced in a separate order, the
' Aref8té of June 1963, relative to acoustical 1solaticon in
buildings for habitetlon [32]. In Article 1, it 13 stated
that the A-weighted sound pressure level trangnitted into
the main rooms, kitchen and bath of a dwelling must not
exceed 35 dBA when nolse in the other locations of the
builaing, taken separately, deocs not exceed, in each octave
band, 80 4B i1f the other location 13 a dwelling, 85 dbA
' if 1t 1s commercial, artisanal or industrial, or 70 dBA if
) it 13 a common staircase or hallway. Such nolse 1s
‘ supposed to have a continuous spectrum covéring the octaves
' centered on 125, 250, 500, 1000, 2000, and 4000 !z,

R e

LR LA

Thie requirement, stated in terms of A-welghted sound
! levelsn, represents a legally aimpler way of atating the
reguirements of the previous law, valld since November
[ 1658: 4n that law, the requirements were stated in terms
of the averege values of the nolse reduction, measured in
1/3-octave bands, and normalized to 0.5 sec reverberatlon
time, in three rengea of frequency [34]:
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2 Low {requency (100-320 Hz) D, " 36 db
Middle frequency (400-1250 Hz) he
“High frequency (1600~3150) " 54

With 80 4B 1n each oetave band in the source room,
this leads to approxsimately 38 dBA ip the roceiving room,
which (taking into account the 3 dB tolerance [l'or measure-~
ment uncertainty, see Article h, below) corresponds Lo the
35 dB requirement of this Arrétd.
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Although this requirement is framed in terms of an A-
welghted sound level, at present the A-level is not directly
measured., Inateacd, the nolge reducticn is measured 1n octave
bands and normzlized, and then the A-welghted sound level in
the recelving room 15 caleulated, assuming noise with 80 b
in epnch octave band in the sourece room.

This conventlon leads to a simply ostated law but it en-
talls & slightly complicated measurement procedure.® It 1is
expected that in the near future, the practice will be
changed o that A-welghted levels will be measured directly,

Article 2 states that the impact insulation of the
floors, including the floor coverings, should be such that
the {A-weighted) impact nolse 4in the maln rooms of the
dwelling does not exceed 70 dBA when striking, dropping, or
moving of ohjects or people excites impacts on the floor
above aimilar in intensity, tread and cadence tc thosa
generated by the standard IS0 tapping machine. In practice,
of course, the test i3 conducted with the standard tapping
machine impacting the floor.

Article 3 ntatea that the A-weighted sound level goen-
erated in a dwelling by any equipment whatever in the
building should not exceed 35 dABA in general, and 30 4BA 1f
1t concerns collectlve equipment such as elevators or
heating.

Article H states that for the purposcs of the present
o~der, the aound pressure level should be measured in the

center of the rooms, normally furnished, with doors and

windowa cloaed, the data belng normalized tc a reverberp~
tion time of 0.% sec. To account for measur=nent uncer-
tailntien, a tolerance of 3 dBA 4a alloved.

¥Though perhaps no more se than fitting the measured data
to specified criterion curvea, as in the IS0, DIN and 57¢C
proceduras,
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Artlels § charpes the CDirscter ¢f Construction and the Directer
of Land Use ard Urbanism with the enlorcement of thils Arrdtéd, each

vith respect o the matters that concern him,

Tha Arrdtd of June 1969 15 amenied by ancther dated 22 December
1975, Article 1 of the 1959 Arrété 19 modified to allovw 38 dAA, rather
than 35 d24, 4in kitchans and batha under the preseribed conditions.
Article 3 is ehanged 0o that the list of collective cquipment in the
building to which the 30 dDA noiase 1imit opplies is extend«d to in-
cludz hegting substaticns, transformers, vater purps, rubbish chutes,
arnd mechanical ventilation systems {(including outlets). In addition,
nolse generated in ldtchens by any equipment in the building must be
limited to 30 dBA, except that the nolse of the mechanical ventilation
system, with a1l outlets in the dwelling at minimum flow, should not
excsed 35 dBA, (45]

The four brief articles of the Arrété of Juns 1969, amended by
the Arp@téd of Dacember 1975, cowprise the current natlonal Regulations
on rinfee control in French buildings.

B.2.1.2 The Acoustic Comfort Label

A fourth law, the Arrdté of 10 February 1972, which preacribes
the attribution of an "Acoustic Comfort Label” to dwellipgs fulfilling
certaln irproved acoustical conddtions, is considerably more complicated,
corprdoling 22 ertlcles, ns follous.

Ceneralitien -~ Dafinitions

Article 1

Tha supplementary loan, over and above ths basle conatruction
lean from the loans Division of the Subsidized Rentala QOrganization,
vhich 1s awarded when the quality of construction satisfles certaln
corditions of scoustlc comfort, 1s determined according to the terms
of the present otlinance n2 a functlon of the demonstrated quality
of acoustic isolation in the dwellings,

B~13
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Artizle 2

When the quality of acoustic 1solation in the duellings 1s
effectively determined, an "Acoustlic Comfort Label" will bz acsipned
to buildings for which the project mungper has applied for the
privilege at the time of flling the flnoneinl dessier. ‘The Lavel
comes in three degrees, corresponding to increxsing levels of accustic
quality; the emount of the supplementary loon menticned in Article 1
deperds op the degree of quality.

Article 3

The levels of acoustical isclation characteristic of the
Acoustic Comfort Label are determined according to Artilcles i to 11
below, The assessrent of these requirements for the asalgnment of the
label 1s carried out according to the conditions glven in Article 10

to 17 belew.

Multi-Fomily Dwellinga

Article H

The sound level af nolse transmitted between rocms of different
dwellings in the same apartment house, when the noise level in the
other spaces of the bullding, taken separately, 1s that defined in
Artiele 1 of the Avrfté of 14 June 1869, must not cxceed the levels
given in the table balow,

Alrborme nolse emitted in a leocale cutsids the dwelling,

Hotae Ievel in Faximm Permitted Sound
Source Room Source Room Level in Recelving Room

T Bedroan Living Pocm
Bedroom 80 ap/08 32 ¢Ba 29 dBA
Living Rocm 80 29 12
Kitchen, Bath, etc. - B0 27 29
Carrider 70 29 3e
Camercial, industrial
garage, public areas 8s 32 32

B-11
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Articie 5

The isslation of {loors avalnst Lmpact nols2 pust ho such that
the soun? level perceived under the conditions of Arbticle 2 of the
Arrésd of 10 June 1969 (excitation with standard tapping machine)} doos
not exceed 67 48A.

Individial Duellings

Article 6

In the case of terrace or row houses, the noise level trensinitted
under the conditions of Article 4 should not exceed 27 dBA between
adjacent dwellings, For the purpose of this Arrdté, buildings that do
not Ainclude superpesed dwellings are regarded as individual dwellings.

Article 7

The insulaticon of floors against impact nelse should be such that
the Lmpact nolae level perceived under the conditions of Article 2 of
the Arpfté of ill June 1969 dows not exceed &0 dPA.

Generally Applicable Conditiona
Article 8

The maximum noise level recelved in the part of the dwelling
reserved for sleep should not exceed 35 dBA, when the nolse level in
tha ather parts of the dwelling 1s 70 dB in each octave. Such nolae
1n supposed to have a spectrum identical to that deflned in Artlele 1
of the Arrfité of 1 Juns 1969,

Article 9

The nolse level gensrated by individual pleces of heating
equiprent, water heators, or mechanical ventilation outlets in the
dwelling should not exceed 30 dBA in the min rowms of ths dwelling,

11=15
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Article 10
The noise level generated in the main roans of o dwelling by any
equiptient whatever in the bullding cutside the dvelling should not
exceed:
. 32 dBA in general
« 25 dBA, 1f 1t concerns collective equipment, such ns elevators,
heating, exchangers, heating substations, water purps, tranc-
formers and ventilators,

Article 11

The accustical isolatlon of rooms exnoscd to outdcor nolse
should be at least as great as the values in the following table
Tha different facades, or parts of facades, are to be classified in
three zones, I, I and III, depending on the nolse level exlating

thera:

Facade Zone: T 1X III
Mindmum Acceptable Acoustie Isolation: 42 dbA 33 dBA ~—m

The clasaification of the facade zone ia determined by the Departmental
Director of Fquipment. :

Monitoring and MNegsurcemants

Article 12

Examination of the drawings and other work necsssary for the
pasigrmant of the Acoustic Comfort [abel i3 the respensibility of the
Mindatar of Equipment and Bousling or by control organizations anproved
by the Minister of Fguipment and Housing, by ruaszon of their conpetence
and objectivity. These control organtcationy intervane by delegation

of the Ministap,

The Hinlatry of Equipment and Housing dealgnates a pilot con-
trol organization chargzed with coondinating tha intercction of the

B=16
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various different control erganizaticons called upon by the bullding
firm, the preject manager, or the services of the tinistry of HEguipment

and Heousing,

The Services of the tinistry of Equipment and Housing reserves
the right to have the pilot control crganizaticn male a certain
number of measurements to verlfy the results obtained by the other
contrel organizations. The number of these measures, in cdditlon to
those reluting to sppeals, should be ot least ecual to 100 of the total
number of measurements mode by the control organiczaticns, in order
to assure good coerdination of the latter.

Article 13

The measaremsant methods to be usad are thoss agplicable to the
Arrgte of 14 June 1969, The 3 decibel tolerance allowed by Artlele
4 aof that Arrfété alao applics to all of the measursmnta envisionsd
in the present Arrété,

Article 14

The number of points attributed for premis=a vhoue acoustical
isolation complies with the requirerents of Article i to 11, ebove,
is Qetermined in cccordanse with ths follaowing table:

Camlience with the requirementa Hunber of polnta
cdefired in the following articles: attributed

Multi~Femily Dwellings

Article 4
Article 8
Article 5
Avticle 10; Collectlve equlpment, 25 dBA
General case, 32 dBj
Article 9: Individual equipment, 30 dDA
Article 11: Zone I, U7 d4RA
11, 33 dBA
IIT, -—
Individual Dwellinzs
Article 6
Articla 8
Article 7
Article 9
Article 11; Zona I, H2 dBA
II, 33 J4BA
IIT, -~-

I I W) oLty
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irticle 15

The control organization chosen by the praject manager initially
examines the preliminary plans for the buildings that will make up
the project, in order to detemmine whether or not the constructicn is
likely to be able to comply with the requirenents for the Acoustlc
Comfort Label. Irom the reoults of this exemination, the project
manager can éither withdraw hia application for the Acoustlc Comtblert
Label or preceed with the neceasary improverento.

This examination 1s compulacry unless the project has been
designed with the help of a techrndeal research department or an

acousticnl consultant.

Article 16

When the bullding 13 completed, the control corganizaticn undar-
takea a series of accustical measurements ¢n a number of the dwellinga
selected in such a manner as to glve a characteristie representation

of the entire project.

These measurements form the basis of a'report which statea the
nurher of pointa assisned to the project, in accordange with the
table of Article 14,

Article 17

The "Acoustic Comfort Labal' 13 awarded in thres degrees, corpes-
pording to inmreasing levels of acoustical quality: Cne Star, Two
Stars, or Three Stara, according to whather the project ukler con-
aideration has obtained a number of points:

s Greater then 407 but less than 707% of the maximen number of
rednts that the project could posaibly win (H#);
= Qreater then 708 but less than 100% of the possible pumbur of

points (M),
» Equal to 1005 of tha posaible number of polnts (41},

2-18
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For a nunber ¢f polnts less than W05 of the mazinun pacoible number,
no Label is assigmed, and no emplerantary loan maney is awarded,

Article 18

The dezision to ansign the Accustie Comfort Label 1s made by
the Prefect, based on the report mentioned in Article 16, or he may
delegate this declaion to the Departmental Director of Equlpment.

This deciclon can be revolted at any time, 1f he discovers that
any of the Label requirements are not complied with.

Article 19

Ho ona, whatever hiz offleial title, muy.take odvantage of the
fecustic Comfort Label until the decisicn mentioned in Article 18 has
heen communicated to the preject manager. In case this provision
1s not cbaerved, the Label can be refused for this reason alone, in
whizh ense the proj=ct raezer will knew how to avold a refusal to
cansider any nubsequent petition.

Article 20

The inerease in the amount of tie construction loan mentioned
in Article 1 1s deterined in accordance with the number of points
awards=d ea in Artleles 14 and 16, bubt never exceeds 6.50% of* the
principal loan. Each point of the Accustlc Comfort Label 1a worth
0.3255 of the amamnt of the principal loen for projects under
Ho In M. and P. L, R., and 0.26% for projects under I. L. M. and
I. L. N.

Article 21

The provisicns of the present Arrfté are applicable from the
time of its publication, even to projects in conatruction but not
finished,

n-19
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Article 22

The Directeor of Constructien, the DMrectory of the Treasury,
and the Dircctor of the Budget are charged, each with respect to what
concesms him, with the enforcement of this Arrété, wilch Ls to be
published 4in the Journal Officiel de 1o Republique Francalse.

Tha Aredtd of 10 February 1972 was published in the Oficial
Journal on 17 February, and has been the sublect of much debate and
diocusaion (see, for exanple, references 34, 38, 39, 40, 41, 42 and
43).

Although tlhe Acoustic Comf'ort Label program in France has no
legal force to raqedre that all dwellingy meet cortadn noise control
specifications (as do the Regulatilona of 1969), its effect 1s to
offer a prize to project managers whose bulldings meet accustical
requirements, which, in fact, are rathsr severe,

B.2,2 Summary of the acoustical requirements

The Regulaticns of 1969 set requirements for the noise reduction
between dwellinga, depending con the use of ths adjacent rocms, on the
impact noise inaulaticn, end ot the noise generated by equipment in
the bullding cutaide the dwelling. Neasurementa arg actually made in
octave bands, but A-welghted levels are calculzted to determine compli-
ance with the Regulations.

Similap, but more stringent, requirements are given in the law
establishing the Accustic Comfort Label, and, in addition, a procedurs
1a given for calculabing the amcunt of supplementary bullding loan
to which the easlgnment of the Label entitles tha hullding ownsr.

B.2.3 Enforcement

Since the Label requiremsnta avs not mendatory, this discuasicn
covers only the enforcem+=nt of tha nolse control Regulaticns of 1969,
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The Repulations are national law, so the Federnl government has
the regponsibilivy for enforcement, through the offices of the
Director of Construction for M. L. 4. (Habitatlcns 4 Loyer Fodfrs =

torm- and stase~financed subsidized-rental housing).

In France, the bullder and the architect are co-responsible
(50-50) for ochieving compliance with the Tegulations in the f4nished
butldinz.

The &ravings for H. L. M. housing are inspected to sce that
the constructicon s of an approved kind; there 1s, in fact, no
routine mecustlenl testing in the fipished bulldings . ®

The Inspeation of the bullding drawings 1s dong locally in each
of the (approximately) elghty Dopartments into which France is
divided (ona prefesture in each Depertment) by & local representative
of the Dirsctor of Censtruectlon, in Paris. For very large projects,
however, the drawinss would be sent to Pords for inapection, usually
by the ataffl of the Centre Sclentifique et Technique du Batigent
(CSTo}, on behalfl of the Director of Construction.

For housing other than H, L. M., there 13 no control of the
soun2 1solation, and, as & rule, it is not very good.

If & finished huilding falls to meet the requirements of the
Regulations, 1t 43 not customary to require corrective measures unleas
the gsourxd isolation is very poor, in which ¢ase the H. L. M. may
finance remsdial work.

The buyer of an cpartment which turma cut to have poor sound
isclation can sueg vhe bullder in court, but he muat present acoustical
measurements, provided by himself, aa evidence. If he 1a judzed to
bave & valid complaint, the bullder must pay the cost of the measure-

Rrrance hazs been Included here in the group of "active enforcement®
cauntries h2cause of the originality ol the Acouatic Comfort Label
program, for which, of course, acoustical testing is required.
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mnts and the court Judmes whethar or nat correetive m=asures musht be
taften by the builder.

Although reutine acoustical testing 1s not the rule for code
enforeemont, CSTB has done a certaln amount of testing in speeial
research studies, so that the statistics of compliones of dwelling
bulldings with the Regulations can be assessed, as shovm 1in Flgs. 10
to 13 of the main text of this report, (The Acoustic Cemfort Label
13 also discussed in som2 detedl in the main body of the report.)

B.2.4 Success In Code Enforcement

Flgure B.1 shows the results of airborne ard irpact scund insula-
tion measurements made around Pards in 1962 (Ref. 35); a ascora ol 0
1s regarded as satiafectory.

It 13 evident that the majority of the test reaults are un-
satlslactory. e poor rasults were attributed to the fact that,
despite the existence of the earlier neise contrel regulationa,
Imited constructlon budzets forced higher priority to be glven to
mattern other than acoustics in bulldings. This altuation waa das-
erlbed as serious, even eritical, since designing and eonstructing
housing In such a manner as to provide adequate sound isclation is
not a luxury but a neceasity, whose importanie has besn aflflrmed by
soclologleal studdes [35].

Secticn .2 and Figs. 10 to 13 of the main text of this report
preaent statiatical data on the distributlicn of teat results for alr-
borne and impact sound insulation in French apartment houses for two
periods, 1960 ta 2967 and 1969 to 1972, A compariscn of the test
results for these perivds show the effect of adeopting the French
Regulations In 1949,

Two further sets of statlstlical data are showm In Flgs. B.2 and
B.3, dealing mspectively with airborne sound insulation batween
bedroons and other parts of the dwelling, and batuson the dielling
prd public corrldors.
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I" FIG., #,1. SOUND INSULATION MEASURED IN 25 DWELLINGS IN
REGIQN AROUNHD PARIS (1962). [35]
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ATRBORNE SOUND ISOLATION BETYWEEN BEDROQIHS AND OTHER PARTS OF
THE SAME DWELLING [Article LB)

Number of Tests: 99
Comment: 45% of the teats met the Label requirement withoud

invoking the permitted 3 dB tolerance.
605 of the teats pagsed with the tolerance.
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AIRBORUE SOUND ISQLATION BETWEENL PUSLIC CCRRIDORS AND DUWELLINGS
[Artiele R1 (L4)]

Number of Tests: 961

Commant: 765 of the tests met the Repulation without invoking
the permitted 3 dB tolerance, but only 355 met the
Labol requircement,
B95 of the tests prased the Regulation with the
tolerance, but only 55% passed the Label requirement.
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Yhether, in buildings that de cabtisfy the require-
ments of the Begulations, the tenants Teel that they enjoy
adeguate privacy is altogether another question., CSTB lLias
ctudied this matter (§5], by combining measuretents 6f alr-
borne and impact sound isolation in dwellings in & number
of towns 4in France (six for alrborne sound, nine for impnct
sound) with the results of interviews with the oceupants.

It was found in bulldings that Just meet the sirborne
sound isolation réquirements, that about 60% of the
eceupants were unable to hear the radio or television of
thelr neighbora; in bulldings with about 5 dP better
1solation, virtually none of the tepants wag awvare of the
sounds. The correlation between the measured acousticeal
l1solation and the subjective Judgments of the occupants
was very high.

With reepect to overheard converaationa from the
neighbors, the acatter in the results was greater, but
compliance with the Regulations led to greater asatlafnetlon
among the tenanta: 90% instead of 60% wWere unable to hear
the nelghhora' conversations, not asurprising in view of
the fact that radlo and TV are often played louder than
ordinary conversational levols.

Despite the dispersion in the results, cauged by
differences in life~atyle, 4n sensitivity to nolse, in
hemogeneitles of constructlon, in background noise, ete.,
1% was concluded that the index of acoustic isolation 15 a
useful measure of acoustical protection. Moreover, 1t
appearesd that a bullding which Just meets the requirements
of the Regulationa yields, on avarage, good 1solation {rom
the conversatlons of the neighbors; but 1t reguires about
5 d8 better iaclation to glve adequate protectlon against
the nolse of radlo and television. It should be noted,
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however, that all of the dwelliings Involvezd In these tests
vere located in low background neise lewels; thus, the
depree of satisfoction expressed by the occupants probably
represented minimal sotisfactlion. (lreater satisfactlon with
privacy would be cexpected in nolsier neighborhonods, & lact
that haa been confirmed by sinilar measurenents made ulong
exterior boulevurds in Paris,

In tne astudies of impact nodse insulaticon, the oppor-
tunlity was ttken to compare the subjective judgments of the
oceupanta, concerning the freedom from intrusion of impact
nolae from the upstaira neighbor, not only with the then-
current French impact nolse index, but also with a number
of other ratings of impact nelse as well.

It was concluded that the French index of impact nolae
uas not very reliable in predicting the tenants' judgment
of impact nolse intruslon., (Of course, this wan due in
part to the now well-documented inadequacies of the standard
tapping machine, on vhich all the measurements were based [24].)

It was found that better correlation with the subjec-
tive responses could be obtained with either B~ or C-
welghted sound levels, or with a rating slmilar to that of
ISO but with a flat criterlen cuprve, or Wwith a rating
aimilar to the French rating but lgnoring the high-
freguency range. With the rating then in use, 1t was found
that the seme value of the impact neise index might corres-
pond to percentagess of annoyed occupants anywhere from 10
to 60X, and that impact nolscs ipndices differing by 17 dB
might correspond to the same degree of annoyance. (Similar
findings have, of courae, been reperted from other
countriea [241].)
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Thus, even perfectly effective enforcement of the
currcnlt impact nofse requirements of a buillding code based
on the IS0 tapping machine test, gives no assurance that most
tenants will be satisfied with the protection against ilmpact
noise intrusions from thelr overhead neiphbors,

B.3 THE METHERLANDS
Information Sources:

Jan van den Eijk, I3-TNO, General Staff Hember, Research
Institute for Environmental Hygicene,
Hational Duteh Research Institute, Delfls.

. J. Kleinhoonte van Os, TNO-TPD, Assistant Director,
Institute of Applied Physica, Hatlonal

Putch Research Institute, Delft.

J. H. M. van Rooljen, Bouwcentrum, Rotterdon.
References 22-23, 60-63.

8.3.1 The 0fficial Oocuments

Since 1962, there have been recommendations for nolsc
contrel 4An bulldings set out in a Code of Fractice (22], but

thess are without legal forcee and ara, in practice, un-
enforceable,

This Code of Practice 1a deslgnated NEW 107G; the
currently valid edition is that of December 1962 (22]. It is
part of a merles of documents under the general title,
Phyaical Foundationa for Building Regulations,” that uere
developed to provide technilcal background in the framing
of huilding codes. fThere 1a, however, a Jdraft revialon
dating Crom November 1973 [22] which 13 to be afflelally
edopted in & month or sc; the descriptilon of the Code
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provisions given in Appendix A of this report deals mostly
with thoge of the new version, though some of the require-
ments in the still current version are also given. Only the
earlier verslon provides for two cluases of acoustical 1sola-
tion, "moderate" eond "good"; the new version gives only a
mininum requirenent, but recommends using 5 dB better quality.

In addition, there is o Duich Uniform Building Code [23].
A new law on nolse abatement is under consideration in the
Duteh Parliament which will result, if adopted, in better
enforeement of the requirements.

B.3.2 Status of Documents

The Dutch Uniform Building Code has plcked up some of
the provisions of the NEN 1070 Code of Practice; it applies
to all new dwellings (not offlces or achoola}, but specifies
only the "moderate" class of requirements in the Code, and
even omity part of those. These requirements are offlceial
and have legal force. They could be enforced by measurs-
meﬁtu in the finished builldings but in practice are not.

The Mindstry of Subsidized Housing has its own require-
ments and recommendations, which are better than the Dulld-
ing Code requirements, but they, too, are based on the
"moderate" requirements. These are =2nforceable in prineciple,
but this 1s not often done,

In prretice, even when the bullding dasign 15 almed at
the "moderate" criterion, the measured results too often do
not com& up to this level of performance, in part becauae
the buildera Ydon't know and don't care® about how the
construction should be done in order to achleve the
recommanded results.

B.3.3 Summary of the Acoustical Requirements

The Dutch alrborne and impact noiase insulatlon ratings
Ldiffer in format fram those in the ISC family, helng bhsed on
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five oetave-band levels, with fitting rules for comparing
measured and eriterion curves quite different from the ISO
rules, and & eriterion curve shape for impaclt noise very dif-
ferent from that of IS0." The Netherlands Code of Practice
in its original, currently-valid, edition of Decamber 1952,
and ulso in the draft revision of iovemder 1973 identificn
two classes of acouptical quality, “"moderate" and "good",

In the original Code (1962), there wasa a 3 dB difference
between the two classes, only four actave bands (250-2000
Hz) were considered, and normalization was to 10 m2
absorption. In the 1973 revision, the difference betuween
classes 15 increased to 5 db (3 dB was felt to be o mean-
ingless distinction), the octave band at 125 Hz is added,
and normallzation 13 to 0.5 sec reverberation time.

Even aa the draft revision 13 on the way to officlal
acceptance, however, changes are still being made; and it
1s expectea [60) that, when the revision of ths Code i
accented, there will no longer be the two quality classes,
but only minimum requirements {(corresponding to the old
"moderate" claana) and the advice to use % db atronger
requirementa,

Reguirements are given, In teéerma of the Dutch insula-
tion indicea, for airborne and impact socund Insulaticn
between rooms not belonging to the same dwelling, in both
quality classes. For impact insulation, the current (1962)
requirsment applies only to the vertical direction in the
"moderate" class, 3o there could ke aserdous problems uvith im-
pact nolas tranamiasion along & "bath-diaconal-to~bedraon"

f path. The impact requirément in the "good" clasas appliea in

Wan den E1fli nas painted out that this does not necessapilv
mean that the rating results differ so much from the ISO
ratings. In fact, in his view, the Duteh zalculation rules
represent a “translation” of the IS0 curve-shifsing prodedure
that 1s both a very good approximation and more practical.
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all dircetions, a3 do all the airborne nolse insulation re-
ulrement s, In the new versien, no restrictions are nade as
to where intruding impact nolse cones from.

Recommendations are given for means to prevent banging
of the entry door, and rattling of metal bannisters, for
caullking and resilient treatment of plumbing and heating
pencetrations, for cound absorptive treetment in the stair-
vwells, for fleor-covering for common corridors, airborne
sound insulation of entry doors, and for insulation
between sensitive rooms within a dwelling, The new version
of HEMN1070 zives maximum levels for plumbing noise (35 dBA)
and egulpment nelae (30 dBA).

In acddition, specific wall and fleor constructions are
glven as exanmples that are deemed to comply with the Code
rejguirenents, Although the basic guentity governing accep-
tunce 13 based on nermalized nolse reductlon in the finished
building.

A apecial feature of the current Dutch Code [61,62] is
lts realistle approach te the variation ancountered in any
serdiens of acousticel measurements. The sound insulation
values for a large number of identical apecimens would not
2ll be ddentical, but would show a certaln scatter. There-
fore, the decislon to use a new type of wall or [loor con-
structlon between dwellings should not be based on the
reaults of a aingle measurement, because this particular
neasurement mnight happen to deviate conslderably from the
mean rfor the group, A3 more measurements are made, the
mean and standard deviation can he more closely defined.

In the meanwhile, 1if only one airborne scund insulatlon
measuranent for the new construction 1a avallable, for
exemple, the results should be decreascd 1 dB for labora-
tory measurements and 3 d8 for fleld measurenents to
account for the acatter, and the laboratory results must
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be further reduced by 2 dB to acenunt for flanklnm transnls-
slon in the ficld, before calculating the insulation index.
As the number of avallable test results increzses, the scat-
ter correction diminigshes.

Ho such correction 1s made for the results of impact

noise tests.

This "realistie approach" does not appear in the new
vorsion of the Standard, which 1s intended to give only the
hasic requirements; those can be supplemented in other docu-

ments.

B.3.4 Enforcement

The Dutc¢h Unlform Building Code covers only the building
draving lnspection stage, to assure that approved construc-
tions have been aselected. It usually does not enviaslon tests
in the finished bullding to demonatrate adequate sound 1ao-
lation, though in a few towns (e.g., Utrecht and Rotterdam)
teat measurements are carrled out, often with not very good

resulta.

In reviewing the drawings, local city officlals have
some guiddence from the Code of Practice, HNEN 1070, with a
1ist of constructlions that would yleld adequate 1scolatlon
with normal flanking conditiona. But alnce only three
examples of wall constructlion and four for floor construd.-
tion are offered, the officials frequently find themselves
on unfamiliar ground. The new verailon of the Standard will
he accomprnled by & separate document contalning more examn-
plas and mors datalls.

Sometimes, a slip-up occura even in 30 routine a tnal
as inapectlon of the drawings. The main difficulty 15 that
there are not enough people for drawing inspzetion to keep
up with the number of bufldings being built, and certainly
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not enough steffl to conduct routing acoustleal measurements
in the finished builldings. Furthermore, the responsibility
in case of ratlure to comply with the Code 1s unclear (as
opposed to Sweden, for example, where the responsibllicy is
arbitrarily lald on the bullder).

Technically and sclentifically, the problems are not
greps. But there are not enough technical prople avalilable
to reallzs the possible gains. Moreover, it ip impooaible
to inslst on apecial acoustical treatment in & buyer's
houaing market. There 1s atlll a long way to go to re-
educate the bullders.

A particular problem has been the so-called "Valliswon-
ingbouw™, whieh 13 dovernment subsidized housing with barely
adequate funding. In principle, 1t 185 possible to meet or
even exceed the code reguirements with the available funds,
1f the exlsting acoustical technelogy vere fully used. In
practice, this has often not been the caae, The new law is
expected o improve the application of current technology in
housing. Already there 15 inereasing interest in one-~family
houses with cavity-uwalls (without connection) as party walla.

In The Netherlanda, as elsewhere, although in principle
All the sound inaulatien problema are aolved with the
approval of sultable construetions at the drawing inspec-
tion atage, in fact Aifficultien invariably occur during
conatruction, with the ipstallation of continuous heating
runs, television lemds, ete., where the sound leaks are
hldden once the finish trim 1s applied.

A negligible percentege (less than 13) of finlshed
bulldings are tested for sound inaulation. The Institute
of' Applied Physica (TPD)} in Delft measurss only 70 to 80
dwellings per year; the Research Instizute for Environmental
Hyglene measuves sbout 150, and Rotterdam mokes about 150

n-33

e ettt = ey W TR AGTG

¥



5 -

Al 3 LET UTAY Lazd

measurements compared with 30,000 new dwellings per year.
About 5 to 109 of the rooms in a dwelling ore tested.

Of the buildings tested, abeout 40 to 503 fall to comply
with the Building Code. In cases of fallure, ordinarily no
corrective measures are takken unless the fallure 1s
extreme; and po tradition e:xiats for medifying the rontal
in compenaatlon for poor sound insulation.

TPD has developed & quick "spot check" for sound
insulation, by looklng only at the results for the 500 Hz
octave band., From the 70 to 80 complete tests that are
performed each year, the 500 He data are taken oas a basis
for spot checks in other bulldings. (For impact insulation,
the 2000 Hz octave band 4o used.) The cost of apot testing
13 only about 10 to 20 Duteh florina ($3 to 6) per wall or
floor. In one night, TPD has tested as many as 130 to 140

walla!

In the laat analysls, the primary resistance to effec-
tive nolse control in The Hetherlends i3 econcmie. Tor
government funded houaing, thoe bullder may have to spend
up to 400 Duteh florins ($150) per apartment for acoustlcal
measures, such s sound abaorptive treatment in the stair-
wells, [leated floors, plugging the holes in the central
heating runs, ete., in order Lo meet the "moderate"
quality requirements. Ap additienal 400 florina per apart-
ment would be required to meet the "good" quality.

Stated in terms of iniltial cost in this manner, these
estimates often discourage buildera from attempting to
comply wilth the nolse requirements. llowever, 1f 1t 1s
pointed out that the "good" quality class can be achleved
at no greater cost to the tenant than an dincrease in hia
rent equal to the price of a package of cigaretta2s per
week, the project seems more reasonable (537,
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Although, as desceribed here, the noise control enforce-
ment pleture in The Hetherlands losus dlssouraglng at present,
the same i3 true 1n some other countries that have nominal
enforcement programs. It in only 4in the last few years thot
apy serious attention has been paid to the question: although
the laws and the Code of Practice have been on the books for
many years, there has been no push, during post-war recon-
struction, for striet {or even haphazard!) nolse control
enforcenent.

For example, although there exist many records of indiv-
1dunl sound insulation tests, there has been no effort to
pull these results together for a public evaluation of the
current status of privacy 1n homes. Preparing such a report
is one of the current tasks of the Netherlands Foundation
hgainst Nolse Annoyance, & non-profit organization that acts
as a center for the public for all matters of nolse annoy- '
ance., This foundatilon was founded followlng censultation
with many groups having environmental interest, and i3 re-
ported to have very good connectlons with the government.

The exiatence of such anti-nolse groups and of highly
competent technlcal staflfs at TPD-THD/TH and IG-THO will form
the backbone of an effective Dutch noise controel program in
bullding code enforcement as the demand appeara.

B.4. SHEDEN

Information Sources:

Bertil Sundbern, Head of Building Physical Section, National
Board of Urban Planning, Technlcal Depart-
ment, Stockholm.

Sten Wahlstrom, Royal Inatitute of Technolegy, Divislon of
Architectural Acoustica, Stockhelm, Sweden.
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Sven Lindblad, Professor and Director of Building
Acousties Institute, Lund Technical
University, Lund, Sweden.

Bjorn Lundgvist, Svensk Altustikplanering AD, (Acoustieal
Consulting), Gothenberg; also member of
faculty of Chalmers Technical University,
Acoustlcs Department, Gothenberg, Sweden.

Relfercnces 11 to 16.

B.4.1 The O0fficial Documents

The current regulations for sound insulation came into
force An Sweden on 1 January 1976; they are included in the

Swedlah Building Code SDN 1975, Chapter 34, entitled, "Ljud-

klimat" (Neise Qlimate {11,12]). Thease regulatlons replace
&n earllier vavralon given in the Svenak_Dygsnorm 67 (SBN

67 [151).

The main regulations for all bullding activity in
Jweden are included in the Building Act of 1947 and the
Bullding Ordipance of 1959. Detalls concerning design and
constructlion are given in epegial regulatione which are
revised and supplemented as required. The task of i1asuling
such regulatlions has been, since 1 July 1967, the duty
of Statena Planverk (the MNatlonal Doard of Urban Planning)

which 4s the central authority for planning and building
in Sweden,
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The publication "Svenslk Byggnorm 67" (the detailed
regulations menticned eBbove) consists partly of regulatilons
which ars ccmpulsory, both for the bullders and the
autherities, partly of recommendatlons and directions which
are cptional. The regulations are typographically dis-
tinguished from the recommendations and directions by
thelr larger typeflace and column width.

Svensk Bygegnorm 67 was written by the Teehnical
Deparsment of the MNational Board of Urban Flanning, with the
assistance of the Technical Council of the Board, speclally
appointed technical committeesa and other experts. (on-
sultation has also talken place with bullding trade organ-
izations and with central and local bullding authoritiles.

An attempt was made to give the regulations the form of
functional requirements, connected to general and objective
teat or caleculation methods, and to co-ordinate all rulen
in the field of building design and construction.

Supplementa and alterations to Svensk Dygenorm 67 are
published from time to time in the serles Svensk Hyggnorm,
together with comn=nis end other information (e.g., Ref. 16).
In thils series 1s also published informatien concerning
centrally approved buildings, building components, fire-
classified products, ete.

The Building Act of 19ﬁ7 and the Building Ordinance of
1957 are still effective, but (until the recent SNB change of
1/1/76), the detalls concerning deslgn &nd constructlion of
acoustically satiafactory dwellings were glven in Svensk
Byggnorm 67 and Supplement SBN~534:6. The Building Act, the
Bullding Ordinance and SBN 67 (now SBN 1275)are all valid at
the national level. Thus, they apply uniformly throughout
Sweden.,
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B.4,2 Status of Documaents

The Building Act and the Bullding Ordinance are low; in
SBIf 67 and its recent revislon are partly requirements and
partly recommendations.

lany houses are finonced by government funding oand in
order to qualify, these must comply with all of the SBN require-
ments, according to government rules. However, cven if the
building 1s not Federally funded, the local authoritles can
enforce compliance with the SDBN nolse control requirencnts
in rwltci-~fanily dwellings.

B.4.2.1 Summary of the Acoustical Requirements

SBH 67 and the recently adopted revision SBM 1975 zive
requirenents for maximum acceptable nolse levels, and required
velue for alrborne sound insulation index, Ig, and for impact
Iinsulation index, Ii; these apply to row hounes, apartment
houaas, hotcls, hospitals, achools and effice bulldings. SBDN
1975 alao specifles maximum acceptable revarberation time in
the common atalrcases. Supplement SBN-S 34:6 gives a caom-
prehenaive catalog of examples of wall and flecor consatructions
{(#ith conatruction details) that are likely to satiafly the ,
nolse requirements. !
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8.4,3 Enforcement

In Sweden, the builder is ultimately responsible for
compliance with the building regulatlons, but the srchitect
and the various contractors have part in the responsibility.

The finoncing and the building permit are contingent
upon satisfactory reviey of the bullding plans and drewlnga.

Before & bullding 43 built, all dravings must be sent
to the loecal buillding office, to check for compliance with
the requirements. The local official refers to SBN Supple-
ment 1 (2461 to se¢e if the proposed constructlon agrues with

the recommendations.

Hew constructions must be first tested in the labora-
tory, then in an experimental house, before bLeing approved,
and subsequently the sound isolation must be checked in the
finished bulilding. It has been found, however, that the
laboratory test is often the least important, because
flankzing transmisslon so often governs the {ield results.
If only a amall change from familiar constructions is
invelved, the builder may g0 atralght to tests in a small-
acale actual house, and then to the project proper.

An ansverable organizer of the construction work must
accept responalbility for the wvorkmanship; his competence
1n judged and approved by the local conatructlon beoard.
Later on, the Board would normally not have time to keep
up with all the detaila of conatruction...,.though some
large projects are controlled more closely.

Compliance tests of alrborne and impact sound insula-
tlon are made in about 5% of the finished bulldings, on
average, throughout Sweden; about 155 of the rooms are
teated Ain the bulldings that come under test. In Stock-~
holm, the average percentages apre 157 and 15%. More than
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1000 tests per year are conducted in Stoekholm.

In practice, the percentage of rooms tested depends on
the early test results; i all of the unita comply, they
atop testing, usunlly at leas than 107,

In evaluating the results of field tests of afirborne
and impnaet sound insulation, the following rulea are
gbserved (taking account of measurement inaccuracivs):

B. A construction ia approved even if the normal
requirement concerning 8 4B maximum unfavorable
deviatlon 4is not met at 100 and 125 Hz, for air-
borne insulatioen, or at 2500 and 3150 Hz for
lmpact insulation.

b, Oenerally, o conatruction is accepted 1f the
maximum unfavoerable deviation 1is 9, rather than
8 dB. (It 4s generally conceded nowadays that
thia "8 dB maximum unfavorable deviation" rule
i actually a miatake for alrborne pound insula-
tion ratlings; it is beinp dropped from the next
revision of IS0 R 7T17. For impact sound insula-
tion, however, the § 4B rule should be kept,
because for wooden floors 1t exercises acme uwaeful
control on the impact nolse levels at frequencles
bulow the normal range of teat Crequencies,)

¢, In certain cases, aven & 10 4B maximum daviation
15 accepted, 1L it occurs in the 160, 200 or 250
Hz band. If greater deviations occur, howaver,
the feult must Le corrected and A repeat test made
te demonnstrate compliance,

B0
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Theoreticeally, if the finished building falls the sound
insulation tests more seriously than thes alleowances above,
the bullder "must rebuild the house.™ If the preliminary
dravings vere approved as showing sultatle basic construc-
tiona, then any serlous discrepancy in the finlshed bullding
must be a "elumsy goof' and rather simple to corrcct. At
any rate 1t must be done.

No attempt i3 made to adjust the rental in such cages;
there is & strong feeling that there should be free exerclse
to allow the market to govern the rentals.

I{ the Public Building Authorlity requests cercification
of a bullding construction, generally the bullder muat pay
for the certificate of compliance, including any teating
that may be required. In Stockholm, the Publlic Housling
Authority provides accustic testing services themaelves,

As for the cost of improved szound isolatiocn requlred
undep the code, this must be borne by the bulldep; but since
the same requirements are impossd on everyone, he suffers
no competitive disadvantage.

In many cltles, the cost of tests to demonstrate
compliance 1a covered by the charge for The building permit.
Alao, the architect and the anawerable organizer for the
project have Ansurance that covera nome of the coats.

R.4.4 Success of Code Enforcement

Existipg figures on the number of bulldings that fall
to comply with the nolse control requirements always tend
to he blaned, becawse the measurements are not made at
random, but rather in situestiona where trouble 1is expected.
Thus, the following percentages, dating from 1970, probably
oversatimate the typical fallure rate, by &n unknown amount.
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Stoeltholn

Papcentage of room paira
failling to combly

Alrborne insulatien: verticnl 5%
horizontal

wnoun

Impact Ipsulation

Other gltiesn

Alrborne insulation: vertical 20%
' horizontal 15
Impact insulatilon 15

The MNational Board of Urban Planning systematlcally
maintainas a collection of fleld acoustical measurement
results, made by the bullding authoritles, cooperative
bullding societies, builders and consultants. The measurcg-
ments have become the basis for such publications as
Supplement 1 to SVB 67 [16], cataloging the building con-
atructions deemed likely to yield satisfactory isclation.

B.4.5 General Comments

At preaent there 1s active collaboration hetween
Sweden and the liordic Building Regulations Committee (N¥B),
an association of natlconal building authorities from
Denmark, Finland, Tceland, Norway and Sweden. The objlect
13 to coordinate and unify the technical building regula-~
tiona in the five Scandipnavian countries.

Sweden acgepted the IS0 asound insulation procedure
(R 717) 4in 1968; Denmark and Horway have not yebt accepted
it, though Denmark is currently moving in that direction [21].

Within Sweden, 1t 1s c¢lear that the rate of auccess
wilth noiae control in buildinga 1s aignificantly greater
in Stockholm and other large cltlea than elsewhere. Par-
tilcularly, there may be some large dlscrepancies in the

north of Sweden; but 2n auch places the materiels and the
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constructlon nmethods tend to be Juilte conservative, nct
erxperimental, so the number of serious fallures ic prebably

not large.

As for antielpated c¢hanges 1n the formulation or
enforeement of the nolse control requirements for buildings,
it 1s felt that, although the rezecord of success i3 not per-
fect iIn Sweden, it is sti1ll pretty good, and there ia not
mueh incentive Lo change the current procedures,

One rinal note of interest: there is a general
arrangement whereby a certaip percentoge of the buillding
cost 1in Sweden 18 levied to puy for new reaearch in build-
ings, including acoustlcs. Earlier, the levy wan 0.05,
thert 0.47% and now 0.5%. The money 15 distributed through
the Swedish Institute for Bullding Research to various
consultants and institutes to pay ateflf salarics and
resenrch costa for the atudy of speciflc problems.

B.5 THE UNITED KINGDOM (England and Scotland, lnner London)

Information Sources:

George Vulcan and Peter Brennan, Greater London Counell, London
E.C. 3ewell, Building Research Stetion; Garston, Watford, Herts.

B.5.1 The Official Documents {(Enqland and Scotland)

A Code of Practice [29] has existed in the United
Kingdom since 1960; At apecified criterion curves for air-
borne and impact scund insulation for three grades of con-
struction: one (the meont severe) for lHouse Purty Walls
(HPW); and two for apartmenta, the better grade (I)
correaponding to the expectancy that the tenants will not
find nolse any vworse than the other inconveniences of
apartment living, the lesaer grade (I1) auch that the
tenants will likely £ind nodse the most annoying aspect of
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apartrent living {in cther words, a truly mininal require-
ment ), These zriterlon curves are illustrated in Flg, 5

of the main texs.

The only statutory instruments of interest, however, arc
"The Building Regulations,"™ dassued zeparately for England
foutaside Inner Londen)* and Wales [65), and for Scotland [66].
(The exceptlional provisions for Inner London are presently

being elininated.)

B.5.2 Status of Documents

The Code of Practice has no legal lorece and 13 of
chlefly historical interest nowadays. The London DBuilding
Act and the varlous Conatructional By-laws made under them
exarclsed no control at all over sound inaulation. [4§7]

Thua, it was not until the Building Negulations of
1965, revised in 1972 (65], that British sound inaulation
requirementa gained the force of law. The Building Regu-~
lations adopted the Code's HPW eriterion curve to apply in
all dwellings that share common wall with another dwelling.
Requirements affect non-dwellings only Af adjacent to
dwalling (offlce, shop or pub).

The Building Regulatipna aim at HPW Qrade only, for party
walla; Qrade T La used for party floors and alsoe, 1n Scotland,
for party walls in apartments. It 1a desipable, even vhere
it 48 not mandatory, that forma of cenatructlon complying
with the HPW drade should be used.

The perflormance af a glven censtruction muat be based on
the average performance in fileld teats of at least four

#5ee 4D.5.6, balow,

Bl

- T v G AL T



v W YW RS s B

Ay ey =L m e

different srecimens of the censtruetlon In question. The
test nrocedure is that fer noilse reducticn in 1L/3-octave
bands, normalized to 0.5 sec reverberation time in the re-
celving room, DnT’ according to Britilsh Standard 2750: 1956,
with Amendment PD 5065, October 1963, Sections 2 A and 3 A
and Clauge 3e{i1).

The Regulations aim to achleve adequate sound isolation
in dwellings by specifying "deemed to comply" bullding ele-
ments, selected on the basis of field tests, rather than
relying on fleld tests to demonstrate compliance. Actually,
the "deemed-to-comply" list is pt present restricted to a
small number of traditional constructions that were lfound to
give satisfactory performance.

8.5.4 Enforcement

EZnforcement of the Bullding Regulaticons amounts to &
"deensd to satisfly" Judgment of the various construction
elements beflore the building permit 18 1ssued. The local
bulding inapector 1s responslible for enforecement; he 1z bound
to follow the Bullding Regulations but must refer to the
Bullding Authoritles before taking any infraction to court,
Since the system depends on approval prior te construction,
haovever, At 18 not clear in what circumstances an 'infraction!'
1a envisaged.

Referring to Part G of the Regulations, the mandatory re-
quiremsnt for sound insulatlon is shat 1t shall be "adequate"
{(G1,G3). The Building Control Officer of the Local Authority
Judges the likelihood that proposed forms of constructions
wlll provide adequate Ansulation. Teo aid him in his asscos-
ment, there are apeciflc forms of constructlon that are deemed
to satisfly the Regulutlons, and alse a measurenent type of
deemed to satialy condlition (G2, 4d, G5), Although the recent
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survey may eventyually la2ad to an up~to-date aet of publica-
tions, there has bzen no comprehensive publication since
National Building Studies Research Paper 33 (1960).

Where o building inspector requires test evidence, the
applicant can submit his own evidence (possibly supplicd by
materials manufacturers) of 'simllar or identical' construc-
tions reaching the grade. Or for novel constructlions, partl-
cularly on & large project, the inspector might give special
approval for buildings, say, four units lor field test before
giving final permissfon for the entire project. Approval for
the bullding permit depends upon the favorable review of the
inspector. .

The local authority has no power to make tests once a
building 13 in commisslon. Conplaints would be dealt with
through Common Law procedures. If the approved design can be
ahown t6 be totally inadequate then presumably the Local
Authority can be taken to court.

If a bullding should happen to fail to meet the NRegula~
tion requirements nothing is ordinarily done., In prineiple,
1 the complalning tenant could prove that the bullder
falled to comply with the approved design, then the bullder
could he required to cerrect the faulty ceonstruction. In
practice, this 13 so daifficult as to be unflfeaalble.

D.5.% Success of Code Enforcement

A merles of measurements by the Bullding Research
Station waa carrled out in 1972-73, following the adoption
of the new Regulations, to gather sound insulation data
for new huildings for comparison With earlier pre-
Regulations data. It wan found that the percentage of

Balif
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party walls that did not achieve the parflformancs standard of

the Regulations was about 507,

Bullding Research Estacllshment measurements have been
continued at a high, though somevhat lower, rate up Lo the
present (1976).

At present, there appears to be no plan te modify the
‘ British noise control enforcement procedure.

l There has been talk of the need for a new soclal survey
to try to correlate people's Jjudgments of the adequacy of

Lo their sound lsolation with phyalcal measurements in the bullad-
ings; but such surveys are very expensive, and the economy

=

i3 not thriving.

8.5.6 Inner London

A apecilal case has existed for Inner Lond2n, which has
hed different rules from the rest of England under the (reater
Londen Councll (formerly London County Council).

The Inner London system of bullding conirol 13 governed
- by the provisions of the London Bullding Acts 1930-1939 and
[, the London Bullding (Constructlonal) By-lews 1972 and 1976 made
thereunder. These apre applicable within the area of the
l thirteen Inner London Boroughs. The syatem relles upeon the
statutory service of notlce upon the Dlstriet Surveyor (of
,l' whom there are &t present 28, each exercising Jurisdletion over
an araa broadly simllar to the former Metropolitan Boroughs)
far all bullding work controlled under the Acta. HNo formal
L approval of the Council for bullding work ias requilred, except
where expreaa consents may be necessary, and the Councll has
L. power to walve or modify any of the By-laws., The District
Surveyor normally receiwves notice from the builder before any
, bullding work covered by the Acts and By~laws 1s commenced,
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and at or heofere this glves an important advisory service to
would-be developers in advising them on the interpretatlon
of the statutes end by-laws and on whether an application lor

consent or valver 1s neceussary. During buillding operationa

the District Surveyor supervisaes the work to sce that the Acts
and By-laws are complled with and takes appropriate action

through the Council's Solicitor 1f, 1in spite of his notice of
irregularity, works arc executed contravening the Acts op By-

lawa.

Sound insulation requirements are smuggled in as part of
the fire by-laws, which affect all bulldings. Party walls
(dividing two semi-detached houses) are required to meet the
required {ire realstance, in this case four houra. This 1is
typically achieved with 9" brick.

In the abaence of formal regulations on sound insulatlon,
there are some inconsistencies in reparts of what 13 actually
required. One infarmant atated that, for separating walls
that divide two apartrents within the asame bullding, the
Counzil has adopted a Bullding Hesearch Station construction
meatling Grade II, though there is as yet no formal written
requirenment. A more recent report is that the Council sesks

to achieve HPY Orade in all dwellings.

All Council flata in London are said to be bullt to very
high standards, and generally, for party wallas and floors, the
fire reslatance requirements lead ta good acoustlcal 1solatlon:
noncombustidle construction pluz 1 hour minimum {ire test"
(which pay g0 a8 high as 2 or 4 hours, depending on height).

B~
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ileasurements of sound inculation are net usually made
to show compliasnce wilth the by~law, because the iaw 1is not
. framed in terms of acoustical progerties. FHowever, teats
are mede in response to complaints from tenants. Such
inveatigntions are rather rare.... {ewer than five per year,
_ But euszh one might involve & large number of tests in dif-
ot ferent dwellinga, living rooms and bedrooms separately.
o In the tested buildings about 10% of the rooms would be
r meaaured.

A project 1s under way at preacnt to deternine the

[' degree of sound insulation provided by different forms of
conatruction in dwellings built under the London Bullding
Acts, It 1s also hoped, resources permitting, to extend
the secope of the project to determine whether or not there
) 13 & need to dnclude In regulations requirements for the
building facade, reof insulaticn, noise from services, etc.

A T P T LR g L TR AT T ST ST T

The informaticr in this section with respect to Inper

Lopdon will scon begoms past history, because Part G and F
(thermal insulation) of the current 1972 Bullding Reguls-

l tions are to ba Antroduced to Inner London and to be éen-
forced alongside the Constructional By-~Laws in 1977. Thiz
1s looked on a3 one atep towards the introduetion of the
whole of the liational Bullding Regulations, sultably amended
as may be agreed betvween the GLC and central government,
in Inner London in place of the Constructional By-Laws.
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B.6 MHEST GERMANY
Informaticn Sourcea:

Horst Diestel, Dircctor, Acoustics Division, Physikaliach-
Technische Bundesanstalt (PTB), (German
Matlonal Burcau of Standards), Braunschweig,

Rudol? Murtin, Director, Hearing Acoustics Department,
PTB, DBraunschwelg.

Peter Dlimmig, Chief, Lahoratory for Measuring Techniques in
Roem and Building Accustics, PTB, Braunschwelg.

H. Schulze, Inatitut fldr Dauwatoffiunde und Stahlbetonbau
der Teehniache Universltat Braunschwelg,
Braunschwelg.

Ludwig Sehreiber, Miller~DBM, Acoustical Consulting, Munich.

B.6.1 Qfficial Documents

"here 1s no Hatlonal building code in YWest Oermany, with
noise control requiremsnts applying throughout the country.
Inatead, there %4 a National Standard document (DIR 4209,
Parta 1-5) in which quantitative standard acoustical measure-~
ment srocedures are prescribed, and quantitative requirements
for noise control, in terma of minimum acceptable levels of
acousti¢al performnance, are atated., The meaaurement proce-
duraz closely follow IS0, though until last year the rating
methoda differed (ace Appendix A).

DI 4109 1s not an orficial building code, itsell.
But there 43 a committes, & part of the National German
Stapdards Qrganization, called ETB (Auaschuas {ir Einheit-
liches Technische Baubestimmung) which glves recommendations
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(inctuding acoustical reguirsments), in tha ferm of a recom-
mended standard bullding code (Muster-bausrdnung), to the
higher bullding authoritlies of the different fJerman States.
The dif'ferent States have adopted thelr own buliding codes
{"Bauordnung™ ), all based strengly on the ETB Standard Code

but with omall dilfferencea.

These codes, themselves, do not contaln apecifiic nurmers
ical requirements for nolse control, but use wording like
"sufficlent nolse insulatilon®., VWhenever "sufliclent nolase
insulation™ 1s specified, 1t 1z explieitly stated in the
State codes that the construction parts of assemblies must
conferm to the minimum requirements of DIN %109.% Thus, the
DIN 4109 "unolflcial" recommendations become atrict require-
menss of a&ll the State buillding codes, including the DIR
nunmerical requirements for neise contrcl.

B.6.2 Status

The State laws to date apply only to multifamily dwell-
ingas {including duplexes and row houses) but not to single
heouses, DIN 4109, however, contalns requirements applylng to
hospisals, schools, reataurants, offices, workahops, and
storas and even (for the "higher grade®™ requirementas) to
single houegea.

RIN K109 48 formally not a law but only a reccommendation,
In practice, however, 1t is atronger then & recommendation,
because the requirements of DIN 4109 are forcefully applied
by several offiecial groups. Judges use those standarcds
to base theldr ruling in auilts or complaintsa by tenenta
concerning nodsy bulldings. The Fedepal finance minlstrles
may indirectly requirc a contractor to comply with DIN #109

HFar example, the Bavarian building code says "the state of
the art must be applled.™ Concurrently, a Davarian Hipnis-
terial Off1cial Paper (MiAnisteriaslamtablatt, of 7 Deeember
1963) defines DIN 4109, Parts 2, 3 and 4 as constltuting
the "state of the arg',
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recomaendatisns, as follows: in order to gei a bullding
periiit the contractor must have a check of the sound
Insulation. The insnector does not usually examine the
drawings, but instead stamps them “Heed DIN #109", 'This
puts the responsibllity on the bullder if anything goes
wreng, so he generally "heeds DIN hl09".

In facs, buillders have become very consclentious
about complylng with the DIN recommendations and,
come to the test institutes and poy for acoustical consult-
ing advice, rather than be caught and pepalized at the
end of the project, They tend to feel that DIN 1109
regpresents "atote of the art" and that 1t can and should

be followed.

DIN 4109 includes two standards of acceptabllity,
a minimum requirsment and & recommended (impreved)
requlrenent,  “hen the DIN standard firat came out, the
minimun requirement wis usually almed for; but today moat
builders sheoot for the "improved" level of performance.

8.6.3 Summary of the Acoustical Requirements

The Jerman Standaprd DIN H109 gives recoemmendatlons
for airborpe and impact sound lnaulation for party walls
.and floors besween dwellings, There are no requirements
on the trantsmisslon loas of exterlor walls nor of interlor
non-party walls, (o explicit limits on outdoor noise are
givan in DIN 4109 (theses are dealt with by another German

ordinance, TA-LErm). The DIN standard racommends that "quiet

roona” he located on the side of the bullding facing away
from the strest, otherwlse, double windous muat be provided.
Numerical requirements are glven in a recent reviailon of DIH
4109, Quantitative limits are placed on the permissible
levalas of nolase generated by equipment in the bullding:
plumbing, elevators, pumps, burnera for central heating,

etc.

B~57
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B.6.4 Enforcement

+

Loeal authoritles enferza the nolss

[

aontrs?) regulations
via building permits: one can hnrdly bulld anything in
Goernany without m permit, Irn order to pget a bullding per-
mit, 1t is necessary to have <he drawings of the bhuilding
epproved, as well as (for example) & structural engineer's
approval of the constructlon for strength, o construcvlon
enginesr's statement of compliance with DIy 4109, (aczcord-
ing to approved conatruction examples given In DIN hlQ9,
Part 3} and adequate thermal irsulatlon. The suthority
glvea the building permit only 1if everything 15 in order.
Iy If the plans do not fulfull the code regulremenis on nols
! consrol {(and in every German State this practically nmeans
DI 4109), approval ia withheld.

If the proposed construction i3 not clted in DIN 4109,
then a preliminary test nust be made to qurlify the con-
strustion, usuelly 4in a standard test laboratory. In
special cases a test bullding may be authorlized for fleld
tests cf transmission loss or impeet insulatlon.

s By XN
. .

- NORZ: In QOermany, there are about forty officilally approved
testing institutiona. OCne group of six (Croup I) are author-
R ized to perform qualificatlon teats as well as fleld tests;
for qualificatlion testa, laboratory facilities are essential,
The remailning inatitutiona (Group II) are approved for fleld
teatZng only, theugh quite a few have thelr own laboratoury

; facilitien., The testing teams of both groups areé subJect to
supervision by the German letional Dureau of Standards {(PTR).
thenever an inatitution wants to apply for approval, this 1a
dealt with by the supreme building authority (one of the lin-
3., istrles) of the State, The central coordinating authority

- for all such approvals 13 the Inatitut fiir Bautechnlk Derlin

Sk

2 _ (IfBt). A successful demonstration at the PTB of the cap-

3 { abildty of the Inatitution to perform tests according to the
”»

=

& :
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Standards 43 only part of the qualiflication procedure. (It
mugt be repeaned every two years.) In addltion, the Insti-
tution's director must gualify with respect to previous
trainlng and experience, which 1s rigorously checked by an
appropriate advigory pancl, according to fixed regulations.
Only when these requlrements are met 1s approval given by the
suprene bullding authority and the institution is included on
the llst of approved testing inatitutlons ilssued officlally
by I8¢, Though this procedure may appear laborlous, 15
years of experience {some of it dilscouraging!) have shown 1ts
necegsity. Even so, the procedure does not always work per-
fectly, because of "human frailty".

The "money source" 1s often a logal office of the
finance ministry, which nakes two steps mandatory:

1. A preliminary {theoretical) check of the drawings

to 3ce that ths basic construction is conslstent with

approved constructlons, according to DIM #4109, This

sreliminary check might be done, [ar example, by one

2f thn testing inatitutes (or, exceptlonally, by PTB).

il the report submitted by the institute to the

Mnpance miniatry 1s satisfactory, the bullder geto

tha fire: one-thind of his noney for the project.

2. After completicon of the bullding, a compliance
test 13 made, usually of about 10% of the apartmants
for large projects, or a greater percentage for small
proJecta. TFor thuse tests, "quick~chack" proceduren?h
“are used to save time, involving fewerT measurements

®Thase mathoda are subject of further reaearch (lneluding
vibration measurements on the celling) inatead of impact
nolaa level measurenents in the recelving room).

w
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bands, fuewer nlcrorhone positions, and fewer impacet maghine
posltions thnan 1n the complete standard teztd) sound absorp-
tion 18 measured by a steady-state methcd, The sound Insula-
tion indices obtained with the quick test generally lle withln
t2 dB of the results cobtained with standarce taest procoedures,
If the results of the qulck teat are within 2 d3 of the re-
quired performance, the test must be re-run with the full test
progedurée; otherwise, the qulck~test datia are regarded oz
cloarly "go" or "no go". II not built with a goverament

loan, the bulldings uare not tested at all. The architect

may, however, ask for tests, particularly for floated

floors.

For all buildings that get loans from %he States, test
measurenenta in the completed building are usually required
by the authoritles. The last one-~thipd of the money is
wizhheld until rfleld tests show compliance with DIN 4109.
Evepy oroJect bull: with government funds gets tested,
but not every tulliding in the preject. The percentage of
bulldings tested depends upon the local State authority,
prcbably about 57 altogether. For cexample, in each 20 to
30 apartments, one trensmlsslon loss teat of A wall or
floor might be made., Often a "short test" with the tapping
machine 1s cheaper, and perhaps 10 measurements would be
made An a bullding. Evidently, there is consilderable
latitude 4n the gnount of testing required.

One "sheort test" for impact nolse consists of generat-
ing & standard neiae of fixed level with & loudapealer in
the recetving room., This loudapeaker and the electronic
generating device togetiher comprise & constvant-powér source
whose noise spectrum has the shape of the DIN atandard
reference curve for impact sound inaulation rating (TSH).
This standard DIN noise 1a measupred, and then the nolne
generated An the recelving room by the standard tapping
machine in the room above is measured, both with A-welghting

f1m55
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The difference in A-levels so measurcd is o pood approxima-
tion to the Trittschallschubamass (7SY), the single-number
inpaet noilse rating of DI 4109. Uith typical German fioors,
the alacrepancy between the results of the shert test and
the standard test is less than 2 dB. Other short tests are

In practical use,

About 8570 or more of the apartment bulldings have
floated floor slabs for purely acoustical peasons {thus,
radizgnt heating 13 almost never practieal)., Earlier caon-
tructiens used glass {iber blanket or mineral wool layer
for the resilient element of the floated floor. Mowadays
the trend {3 to use soft PVC expanded granules, such os
are used for packing fragile items for shipment.

dore and more ppartments are scld rather than rented
in Germany. The buyersa may request acoustleal tests
belfors they payr the final emount, or they may require o

guerantee of adequnate nolse insulation in the purchase

contract.

What 1 the building fails to pass the teats? I the

bullding was bullt with a government loan, the S3tate

authorities may require corrective neasures i the devip-

tiona are large. I¢ simall, then the final noney {8 given

ta the builder, but with the stipulation that, 4f the
tenents complaln, corrective measures will be required.
Ir the inspector from the Building Miniatry, in the [inal
tulldaing 4inspection, finds something obviously wrong, he
nay requlre an immediate iz, or may force the hullder to
get acoustical tests and/or recommendations from a con-

sultant,

It has bLeen proposed that, in bulldings that fall
the acoustical tests by significant amounts, the owner
would have to lower the pent proporticnately. Practically

B-56
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opeal:ing, however, adlustment 7 the rents would nobt worl
in Germany, in general, boesuse Sf the great denmund for
aparsments., {(If & private court suit succeeds, the judenont
could award reductien of the tenants' rent in poorly con-
structed buildings; it depends on the judge in ecach case).
There is a dilemma, In 197%&, people are becoming much

j more critical, demending good sound insulation 1in view of

' the high prices and rents that have ccme with inflation,

But 1f the cost of good insulation raises the rent too

much, there 13 trouble in renting or aelling the apartment.

If only a few of the units fall the t=at, the bulldep
muat take remedial steps to meet the DIN requirerensts, in
. order to collect the last one~third of his money from the

authoritiea. If rmany of the units fall, it creates o seri-
ous problem, Several years ago, the enforcement was very
strict and the lest thlrd of the construction money was,
indeed, withheld. As a result, a number of bullders went
bankrupt. More recently, strict enforcement 18 made only
{ the tenants conrlein, in which case the bullder would

i have tpo fix the unics causing complaint. Moat complalnts
ccme from buyers of duplex or rovw housea, NOT because the .
{ sound isolation 18 worae, but because the backaground

noiae 13 usually lower and because buyers are usuglly more
oritleal than tenants.

The comparison of teat results on the immediately
pastwar bulldings of 1960 with later tests in 1968, shown
in Fig. B. 4, 1s drematic: about 10 dB improvement, on
average for the airboprne sound insulation and about 20 4b
for impact insulatlon. [64]

No special fundas are provided to ceover the addued
T : coat of nolse control in the bhullding; 1c ia almply a
o ‘ requirement that muat be met, Juat like sefety standards,
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The bullding must come up to "state of the ars" (meanlng
DIN 5109} end the cost of achieving this is included in the
Luildep's reguest for bullding furnds. An exception to this
rile may be made In the case of a special researeh project
or an ¢experimental constructieon program: the architect
might be glven an extra reward for on inpovative, ingenious
or cheap solutlon.

B.6.5 Success of the Enforcement
It 13 said that very few of the bulldings tested now-
adays fall to comply with the neise requirements of DIN 4109,
Althogen ther? has besn no systematic study ef this questlon
at the natlonal levei, the Judgment that compliance 1s very
good A3 bnosed on informil comparison of the test results
from the various testing inatitutes, indicating that com-
pliance 43 high and increasing.

This was not the cuase in the early 156C's as indicated
by field vest results in Southern Gernminy, shown in Figsa.
.2 and B.6, (See also Figs. €~8 of the main report).
evertheless, steady Anmprovenent in rate of complianhce
8 evident. Today, only about 105 of the dwellings fall
he teata,

=

[ =3

Failures are blamed on several prodlems: 1light-
velght bricka used in party walls; leaks in the exterlor
wRlls; pass-through doorvways used during conatruectlion
not propaply closed after the bullding is finished; short-
clrculted lleating Cloors, particulacly at doorvays open-
ing off of corridora,

The faults are not in the dravings (vhich have
already been checked for aultable cholce of construction
in the earlier phase), but mey usually be found in short-
circuited floating alaba, or in plumbing inatallations
whosae nolse uxceeda 30 dBA.
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These comments above refer only to multi-family dwell-
ings flnanced by the German Federal Government (and admin-
latered by the Building Section of the Filnance Miniatry)
for certaln grouny of peopie who are eligible Tor such
funding, Thio means, in practlee, that only 10 to 25% of all
new bulldings are known to exhibit the high rate of compli-
ance with nolse regulations discussed above. Reliable ata-
tisties for non-State-financed bulldings are not avallable.®

Large private bullding companics, e.g., "Meue Heimat"
belonging to the labor unions would, as o matter of course,
have spot-checks made to be yure that their builldersa! work
13 up to standarda.

Ho continuing record of teat complliance and fallures Lz
compiled for presentation elther to the government or the
public. Some of the testing inatitutes publish astatistica of
the results of their nolse testsa, but not on & regular bhasis.

B.6.6 General Camments

Tt 18 expected that DIMN K109 will be completely re-
written, but 4% 413 not sure when, certainly not thila year,
Therefore, the most fnportant changes, particularly in
the tablea of required acoustical perfeormance {(Part 2) will
b= put {nto operation &s needed, by governmental decree, as
haa elready besn done for schools (sea footncte, page D-62),

Nolse of plumbing 1a one of the weakeat areas these
days, meat 1in need of better control. Until now, DIN 4109
has not heen atrletly enforced with respect to plumbing

"People 1iving in non-State-~financed bulldings are protected
in tha aenae¢ that the bullding autheritles require correc-~
tive measuras A complaints show that the requirements have
nat been complled with., However, this may entail paying to
talke the sult te court and to conduct acouitlical testa 1

they are wanted.
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nolge, vwileh has baen very anncring for the tenants, par-
ticulurly because ol the monolithic masonry construction

typlizal In aparstments,

In some cases, a "quiet hours" reauirement 18 written
into the apartnent rental contract form, that forbids certaln
activities between 10 pm and 7 am, such as using the shouwer,
vwearing shoes, or using radic or television. More often,
"mutunl consideration”" i3 relied upon.

The problem of nighttime noisge 45 a very Qifficult one,
X As an oxample, DIN 5109 15 dated September 1962; 1t was

,{ adopted by the Bavarian State in 1963, with the night-

tine nelse level Iimited to less <han 30 dBA; this could

¥ naver he vell econtrolled, however, Subaasquantly, the

) perriasinle level wags rodsed to 40 dBA, but now it 18

bac': 2 35 dBA maxinmun nolae level,

Currently, the bullding authoritles (not DIN #109) apec-
ify on a natlon~wide basla & marxinum nolse level of 35 ABA
for aszliances end equilpment in water supply systems. For
811 other equipment in bulldings (elevators, pumps, heating
syatens, eote.) the maximum value 13 30 dBA, in accordance
with DI £309,

In the working groups for the revialon of DIN 4109,
there 13 a tendency to have two ¢lassed of quality: the min-
imum guality requirement would be 35 dBA, with an "improved
quality" requirement of 25 dBA.  Then, Just as for walls
and fleors, in a few yeara everyone will shoot for the
impraved quality.

In fact, it is expected that in the re-write of DIN
4109, the minimum and improved requircmenta for walla and
floors wAll Dbecome more atrict; 5 to 8 4D reduction for
impact nolse, Aand 5 to 8 dB inerease for the tranamlasion

5~63




sremww B bp¥ UIITE Hvalld

loss betwesh row houses and also for apartments.® ‘The limits
on the neise of gpnliances may be decreaged by about 5 dB,

In further standardization work, the emphasis will be
placed on the development of aimpler, but still reliable,
tast procedures for wider and more effective enforcement
of noiase control 1n bulldings. There are a number of such
quick tests in practical use aglready, both for alrbornpe
and Impact sound, During the next two years, PTB will in-
vestigate on a statistical basis the deviations to be
expected between the 5tﬂndarﬁ and the simplifled procedurcs,
for difrferant shapes of the curves of tranamiassion loss and
the nolae reductlion 4in the fleld, 30 that preecision require-
menty for simplified procedures can be established,

At 08meleta Institute in Stuttgart, a procedure for
messuring impact sound 13 under invesatigation that completely
abandons the measurepent of the impact sound levaels in the
recelving room, but pathepr 1s based on measurementa of
atrucsureborng vibration in the fleoor slab, Last year,
Lothar Cremer proposed (at a Congresa on acoustica in
Czecheslovakir; to be published in Aoustica, December
1576) that DIM #4109 requirements on impact sound insulation
he replaced by atructure-borne vibration measursmenta.
[This may be all right for the concrete slahba (with or
without floating (loora) that are common in Jermany; 1t
would certainly not be suitable, for example, for wood
Joist and timber construetions. ]

®For schools, tha minimum requirementa for airhorne asound
inaulatian have been daoreaaod.

N=64
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APPENDIX B «- PART 11

The first part of Appendix B deelt with the enforce-
ment practices of giy European countries that have relatively
active programs of enforcement of the nolse control pro-
vioions in their bullding codes.

There are other countries that have adopted nolse
control recommendations or requircements relating to dwell-
Inga, but that do not necessarily enforce them very
vigorously, as yet. (In some cases, the apparent lack of
enforcement effort may sinmply reflect the fact that the
results are not widely published). Nevertheleas, it is of
interest, for the present purpose, to sec what dlrections
their efforts have taken, as reported in this second part
of Appendix B, because they have given some consideration

to the problem.

B.7 AUSTRIA [356]

The moat recent document 18 a draft, dated April 1976,
of Austrian Standard B 8115, "Schallschutz und Raumaltustik
im Hochbau" (Sound Insulatlon and Room Acoustics in Bulld-
ing Constructlon). Its predecessora were B 2115 of
December 1936, B 8115 of Qctober 1949, and B 0115 of April
1959, so At has a long history.

The 1976 draft As a comprehensive document of 35 pages,
whilch 4ncludes not only requirements for maxinum acceptable
nolae levels and for airborne and Lmpact sound insulatlon
An buildinga, but Also guldance of bullding layout and
planning lor protection agalnst outdoor nolse.

It covers dwellings, hotela, achools, hoapitals, rest
homss, and offices, and propoaeci two degreea of acouatlcnl
quality, one 5 AdB better than the otheap.
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The acoustleal parameters to bte evaluated and the
ratings of alrhorne and ilmpact sound insulation are vir-
tually identical to those of West Germany, though recommen-
dations are alzo made in terms of the ISO ratings, I‘_L and
Ii' In addition, anpalogeus ratings are formulated from
measurenents of the nornalised level differcnce, DnA’ for
adjacent rooms, the "diagonal level difference” Dn1.3
between nonadjacent rooms and the level dilference Dﬂ,

through ventilating shafts.

Examples are given of constructions that are deemed
to comply with the requirements, olong with thelr insula~
tion ratings.

Recommendations are given for reverberation time, not
only 1n stalrcases, A5 in a number of other European
building codes, but alsc in varlous kinds of rooma. HMore-
over, advice 13 glven on desirable features of room
eacoustics (room geometry and absorption surfacea) to assure
goed hearing conditions in conference rooms, council
chambers, assembly rooms, c¢lasarooms, ete.

o information 13 avallable as to the intensity or
effactiveness of enforcement of the Austrian code.

B.8 BELGIUN

A current Helgian Standard [3¢], entitled "Criterin of
Acoustical Isolation," dates from December 1966; 1t was
the original edition. A dpaft revision dated 20 March
1975 1s under conalderation [30al, and the revised Standard
w1ll be fasued at the end of 1976.

There are, howaver, no Helglan prescriptiona having
the force of law i the [leld of acouatles. For the pro-
vislon of adequate aound lselation In bulldings, there-~
fore, one nust rely on the recommendationa of the Delgian

B-66
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Standard mentioned above, on the desires and reccmmendations
cf thz Superior Counsel for Hygiene, and on the IS0 recom-

mendetions [71].

The Counsel for Hyglene 18 concerned only with occupa~
tional hearing and environmental nolse problems, not with
nolse control in buildings.

The Belgian Standard givea recommencations for both
the transmission loas, R, of partitions, measured 1in the
laboratory, and the normalized level difference, Dnn’ between
roons measured 1n the field, and for the normalized impact
sound level, LnA' for floors, all measured in 1/3-occtave pands.

The recommendations are stated in terma of categories
of azoustical quality, deflined by a seriea of five reference
curves for alrborne sound insulatlion end isolation, and
three for impact sound insulation. The ahape of thesc
curves i3 complicated and quite unlike the IS0 curven.

(See Figure A-~6).

The quality category 13 assigned to B conatruction
according to whether the measured curve i1a on the favorahble
slde of & reference curve with no more than 2 dB average un-~
favorable devintlon calculated over an arbitrarlly chosen
grour of six successive 1/3-octave banda in the frequency
range between 100 and 3150 Hz,

Quality categories of acoustical performance are
recomnended for partitions and {loors in dwellings, accord-
ing to the linds of rooma they separate: living rooms,
bedrooms, kitchens, playrooms, bathrooms, ataircases,
elevatora, and cven facadea. For schools, distinetlion is
made between lecture rooms, atudy halls, rending roomn,
muslc rocma, gymnaslums, and feacede walle. Tor offlces,
reconmendations are made for manegerial atafl offlices,

557
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boardroams, typinz (and ether mechanical) rooms, and densely

populated offices.

In the recent drart revision (30al, this already com-
plicated sct of categories is further refined, such that
each category now exists in two aegrees of quality, one ("a")
recommended for “good” acoustical quality in the situations
where 1t 1s appropriate (see above), and another {(”b")that
13 regarded a5 o minimum requirement, whiech the Housing
Mintatry intends to incorperate in the Building Code (707.
Just when this will occur is another question. Meanwhile,
the draft document 1u being used by architects as a useful

gulde.

Howaver, 1t 4s réeoanlzcd that the mere lasuance of
recommendatlons for adequate sound isolation doas not sulfilce
to achieve the deaired goal. It 13 necessary to know how,
in practice, to realize and malntain the propoued acoustlcal
quality. Tor example, choosing & partition with ¢tranemission
losa of a certaln quality category by no means assures the
attainment of the same quality of nolse level difference
between the rooms 1t separates in the finished building.

The Centre Scientifique et Technique de la Conatruction,
in Druasels, has made fleld measurements in bullddngs to
evaluate the current atate of sound isolntion in Belglum
{72]. The results indicate that quality category I is
practically impoasible to achleve by &Ny eans; even
category II is very seldom achleved with simple walls in
finished buildings. Double walls, although in theory they
might achleve category II, and in fact sometimes do in
laboratory teats, aAre always spolled in the field by

flanking transmisaion and leaks.
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In a serles of twenty measurenents of alrborne souna
insulaticon, with eight different types of wall, only one
test satisfied the reguirements of the Standard for categoery
IT. (Presumably these measurerents were made in "soclal
housing” built with extreme emsphasls on econony. )

Faced with the necessity to conclude cither that the cur-
rent Belgian Standard 1s too strict or that the acoustleal
qualisy of Belgian housing i3 inadequate, 1t was deglded (by
comparison of the beiglan Standard with foreign Codes) that
the latter conclusilon was correct! Despite the use of tradi~-
tional masonry constructicn, the results obtained were medi--
ocre, or cven very bad [72], b=cause of errors in construction.

The €, 5. T, C. is currently engaged in research to
develop light-weight double walls that can achieve the
desira2d sound isolation in buildings. IMield measurements in
atudant houaling, however, indicate that masonry conatructlons
pive nmuch better results in practice than light-weight wall
pertizions. The maln reason i3 the tightnesa of the conatruc-
tion. By contrast, with light partiticna, the fleld data are
regularly 10 dB poorer than in the laboratory,

B.9 EAST GERMANY

The requirements for sound 4insulation in bulldings in
the OGerman Democratic Republic (DDR} are contained in the
DDR Standard TGL 10687, Part 3, in a draft of Harch 1969
which became effective 1 April 1972. Other parts of
this Standard deal with acousticsl definitions, permlasible
nolse levels {(4in all kinde of locationa), asound absorp-
tien, environmental noise, city planning, ete. A second
DER Standard, TGL 10688, dating from about the same time,
preacribes measurement methoda for a varlety of acouatical
teats, end specifications for test equipment, in ten parts.
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We are concerned here only with TSL 10687, Part 3, which has
the status of national law for the sound insulation requlre-
rents in bulldings,

The TOL Standards are enforced for new buildings by the
Ministry of Health from thelr date of lasue. Other laws
adopt the same acoustical requirements for exilasting bulld-
ings.

Sound insulation requirements are prescribed for walls
and fleors in nultifamily dwellings, apartments, hospiltals,
sanitariums, schoola, kindergartens, hostels, hotels and
guest houses, with differing requirements depending on the
kinda of room (bedroom, living room, kitchen, workroaom,
bath, ataircase, corridors, etc.). Special requirements
apply for such dwellings adjacent tc offices, bars, club-
rooms, theaters, restaurants, and other eapecially nolsy
places. Alao, special alirborne sound lnsulation require-
ments for the doors in these various establishmenta are
given. Suggestions are offered for wall and (loor con-
structions that are deemed to comply with the reguirements.
Thus, the acoustical requirements are intended to apply to
all places whepe people live, work, or play.

Hote that, inp Zast Germany, an individual can bulld
only a aingle homs for hia own family; only the Jovernment
can btuild large buildings, such as apartment housean.

In East Berlin there are only two large State-owned
construction companies: one concentrates on housing
development, the other on offices, industpial buildings,
department atores, and the like. The planning and siting
for these bulldingas all takes place within the construction
companies, and thus the whele Bullding Code enforcement
problem 1a aimplified.
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ial! constructlion companies, all belong-

a b 1
ing tc the State, that aspeclalize In power plants, chemical
t

Uithin the Bullding Ministry, there 15 o department,
Staatlizher Pauauf'sicht, ("Building Pollce") that reviews
all buliding drawings before construction, to assure com-
pliance with the atendarda (@il standards, including
econony, fire resistance, statie strength, and acoustlces....
last and least!) These bullding police personnel have
offlees within the construction companles, to simplify
Inapezstion of the drawings before constructilon and of the
bulldings when they are finished,

In the post-conatruction inspection, 1f the inspector
thinks there has boeen a mistake, he complains to his own
company, whilch then requests a fleld test to determine what
18 wrong.

Only & few institutes are authorinzed to make field
testa on acouatdea; therefore, not a great number of builld-
ings are actually teated. Many more [leld tests would be
reguired to get anything 1llike 1005 fulfillment of the
building code requirementas.

On the other hand, in East Geraany there are only about
ten typlcal kipds of buildlng construction. These wers
hullt and tested extensively in experimental buildingo,
yerrs ago, Complete peocustleal studies at that time
deternined virtually all of their acouatical properties
and likely hazards, before they uwere admitted for extenslve
conatructlon throughout the country. (In the experimental
buildings, 20 to 50% of the rooms would be tested.)

Accordingly, only & amall number of finished buildings
are teated nowadays as a matter of course.

B-71
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If a rinished butlding should fail the sound insula-
ticn requiremsats, there would be a diascussion between the
inapsctor and the construction company, and correctlong
wauld be made IF 1t is cconcmically possible, Otherwlse,
there would be an adjustment in the anount of rent, In
the following sensce. The rent 1a normally paid by the
tenant to the Oovernment; in case of a rent adjustment in
favor of the tenant for faulty sound isolation, the differ-
enee must be made up by the {Qovernment-ouwned) construction
company, in & computed lump sum. Even though the construc-
tion companies are State-owned, they do earn moncy, some of
which goes into beonuses for the workers, but some of which
must he resgerved for rentel make-up, in case of failure to
meat Code requirements.

The acoustical teats, which are usuwally made by the
Central Bullding Properties Inastitute ol the East Getman
Building Academy, in East Berlin, must be pald for by
the construction company. The cost of Acouatical treatment
neceasary to comply with the sound insulation standards
1s calculated as part of the normal cost of the bullding.

There has been & distinet trend toward improved sound
inaulation aince the war, as indicated in the results of
about fifty test measurements per year of impact sound
inaulation in the period from 1960 to 1966. The number
af buildings in whieh the {loora met the requirement
(ET m + 4§ AB) increased from about 30% in 1960 to 70-80%
1n 1965/66. In the same period, the average value of
impact insulation index inereased [rom -1 to +6 dB [73],

Ho systematic record of acoustical perflormance in
bulldings 13 kept, however, alther [for public or governnent
conaumption.
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Avout 30% of the bulldinzs tested nowadars fail to
meet Lhe acoustical requirements. This degree of complisnce
iz regarded ns relatively high; it comes gtout because the
Government-owned constructien company relies on the acous-~
ticel advice of the Baunkademie, and outomatlcally complies
with 1t. The main difficultics, as elsevhere, come f{rom
Tlanking transmiosslion due to errors 1n the conatruction.

B.10 SHITZERLAKD
The Swisa Standard SIA 1B1 of 15 May 197¢ (17], and a
draft revision dated 18 April 1972 (18] are deseribed in
Appendlx A, Flgure B.7 shows the compliance statistlces for
fleld measurements of 232 partitions and 170 floors around
Zurieh [43]. The percentage of complisnce 13 almost os high
as in Sweden and Weat Germany.
B.11 CANADA
The National Building Code of Canada, 1970 [74],
raguires that "walls and [loors separating dwelling units
shall be dealgned to reatrict sound transmission' in con-
formence with a simple requirement of STC 45 for all party
partitions.

A table of acoustical performance for various con-
atructions ian stated In terms of three guallity classes:
I, IT and 1IT. Ratang I correaponds to STC 90 and 1s
censidered good; rating II corresponds to STC 45 -~ 60 and
1s considered fair; rating IIT corresponds to STC leas than
h5 eud 4s not acceptable for Codc compliance.

No information 13 avallable as to enflorcement of the
Code.

B.12 UNRITED STATES

The only requilremnents on sound insulatlon that apply
acroas the entire United States are those of the Minimum

B-~73
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AINOKNE SQUND INSULATION: STATISTICS OF DWELLING PARTITIONS
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Propeury Standards of the Federal Housinz Administratlon,
desarivad in Appendix A.  Each of the regfonal FHA offlces

18 allowed to cxerclise 1ts own discreticn in the enforement
of these requlremsnts, however, and there 1s 1ittle unlflorm-
ity in enforcement ecraess the country. In generel, it can

be sald that the requirements are not actively enforeed. [55]

A number of other loeel jJjurlsdictions have noise con=-
trol requirenments in thelr building codes, as shoun in
b Table B.1 [sec separate sheet].

Enforcement is limited to inapectilon of the bullding
drawings and, according to Informal reports, barely
succeods in avelding acoustleal disasters, most of the
. time.

Fer example, New York City adopted nolse requirements in
dratuilding ceds in 1972, with conslderable congratulatonry
publicity. A8 of Jenunry 1976, however, 1t was reported by
o New York acoustical consultant (who would no doubt wish to
remadn anonymous) that (In cases where the bullding inspector
ia not 8imply "paid off" to gain his approval of the bullding
drawdngs and & bullding permilt), where the proposed construe-
tion has not aiready been approved on the basls of earller
laboratory tests, fleld teants of the sound insulation (isola- .
tion?} may be made in the finished bullding. However, the |
tgats ares moat often performed by a Profeasional Engineer,
who 123 usually poorly qualifled for acoustlcal teating.

:
|
E;
|
:

T

"Of all the complaints owners throughout the gountry
hear about peostwar cpartments, lack of asound proofing heads
the llat most frequently. There lan't even a close
second [75]."

For more detall sce Appendlx Q.
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TABLE B

DUILDING CODE NOISE REQUIREMENTS I[N USA:

Date

1963

1964

1960
1965

1568
1970

1972

1972

1972

THA Mindnum
Property Standurds

Areadia, Colif.

lamrovia, Calif.

Berkeley, Calif.

FHA FI/TS 2k

ilewarit, M.Jd.

[os Angeles, Calif.

Netr York Clty

Uniform Bullding
Code

1974 State of

California

STC 40 to 55 depending
on woutdoor nolse level

and type of rooms
MG, TL = 50 dB

VO, TL > 45 dB

5T¢C 35 to 45
deperding on roams

STC W5 to 60

STe 50 (law)
STC U5 (fleld)

STC 50 (lab)
STC 45 (field)

S1C 20 (corrider doors)

STC 50 (lab)
STC 43 (field)

5TC 50 (lab)
STC 45 (f1eld)

STC 30 (entrance doors)

STC 50 (lab)
STC H5 (rfield)

STC 30 (corridor doors)

B-74

PARTY WALLS AND FLOORS

MR -8 to +5
depending on out-
door noise level
and type of reomn

Tapping loss
(undolined)

None

Hone

IIC 46 to 65

IR » 0 (IIC 52){lab}

INR = -5(IIC 47)(f1lelq)

IIC 50 (l1ab)

IIC WS (Mleld)

DR = 0 (II€52) (lab)

INR = ~2 {TIC59)(fleld)

IIC 50 (lab)

“ITC W5 (fleld}

IIC 50 {1ab)
IIC 45 (field)

|
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APPENDIX C: Questionnaire Used In Interviews Concerning
European Building Codes And Hoise Ordinances

A, Officlal Doecuments (Texts)
1. Duilding Code (geot complote text)
4) Includen nolse levels indoors? outdoora?
Hoise Ordinnnce (get complete text)
3. Valid at national, stote or cilty level?
a} If more than cone, are they consistent? If
not, which takes precedence?

Ty

B, Status
i, Law or recommendation?
2. Affects dwellings only? HMulti-family or single
houses?
3. Offices or other bulldinga?

C. Enforcement

1., ‘Vho is resaponaible for enforcement? Oovernment
{local or national?) Builder? Other?

2. Does financing or approval for bullding permit
depend on review of drawings? On preliminapy
teats? On pllot testsa of new conatruction
typea? (Lab* or fleld tests?)

3., Teats of completed bulldings to demonstrate
compliance?

a) What % of bulldings are teated?
b) What % of rooma in tested bulldings are
teated?

Lk, What happena if bullding failz to comply with

requirement?

8) Corrective measures?

b)  Adjustment of rentala?

Ia there apecinl funding to meat the added coat of
neceasary Acouatical treatment to meet require-~
ment? to cover the cost of the teats to demon-

)

atrate compliance?

®l3 there a aingle offlcinl teatlpng laboratory?
C~1
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D. Results

1. YWhat &% of bulldings tested fail to comply?

2, Is there o continuing record presented to the
government or to the people to show that current
buildings arc complying or are otherwine shoun
to bo satisfactory?

3, Is there a perlodlc summary of current status

of "privacy in homes"?
Are there records with which to check progress, ov
' "ups and downs" in success of nolsc abatement

progroms?

E. Off the Record
1. What discrepancles between the "official position”
and the actual aituation?
i 2. What changes are being dlacuased or planned?

|

‘

#
e . .
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APPENDIX D

NORMALTZATIONR AND IMPACT
NOTSE LEVEL BANDWIDTH

This Appendlx presents a brdef discugsion of two
topiecs that nearly always cause confusaien:
1. Normalization of the acoustic test data
actually measured to a standard amount
of absorption (or a standard reverbera-
tion time) in the receiving room.
2. The arbitrary practice in some countries
of correcting lmpact nolse data measured
in 1/3-c0ctave .bands of Crequency to levels .
that correspond to octave-~band data.
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D.1. NORMALIZATION

The amount of nolse produced in the receiving roon
by sound generated in the source room depends not only on
the acoustical insulation of the partition under test, but
also on the amount of sound-absorbing material in the
recelving room. If there are many carpets, draperlcs, up=
holstered chairs and the like, the sound level there will
be leas than 1f the room were bare or only sparsely fur-
nlshed. 3ince {leld measurements of partitions may be
made in all sorte of furnished apartments, there 15 a
certaln amount of variatilon in measured valucs, due only
to differences in the amount of absorption present in each
¢ase. In order to make a fair comparison between the test
data and the criterion curve, this variation nust be
eliminated no that all measured data are comparable. This
ia accomplished by correcting the raw sound pressure levels
to the values that would huave been measured with some atan-
dard conditlon of absorption in the receiving room.
Different countries have chosen different ways in which
to make this normalizatlion: some of them, Buch as Sweden,
Suitzerland, Austria, Belgium, Germany (East and West), and
U.5.A, have mettled upon @ standard amount of sound
absorption (equal to 10 sq meters = 107.6 aq £t) in the
recelving room; others, such as Norway, Denmark, Great
Britain, France, The Hetherlands, and Finland, normalize to
a standard recelving room reverberation time of 0.5 uec.
Nornaldization to & standard reverberation time avolda the
necessity of calculating the volume of the receiving room.

It will row be shown that 1p rooms of ordinary size,
there 1s little difference between these two kinda of
normalization: Af we let the acouatical powsr level
radinted into the recelving room by the partition be prap-
resentad by the aymbol PHLQ, then the average sound
pressure level (SPL) in the receiving room 13 gilven by

D~2
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the formulat

}
SPL = PHL_ + 10 10;;,-,\l (1)

where A (in Sabins or aq ft)} ia the amcunt of absorption

in the room.

' This expression confirms the statement made above con-
eerning the neceasity to "normalirze" all measurcd results.
For constant PwLo, ans the aboorption in the recelving room
increases, the second term on the right decreases and the
measured sound pressure level diminlahes, and vice versa.

Equation {1) represents the average sound pressure
lavel found 1n any room having sound ahbsorpticn A, when the
partition radiates a given power level, PHLO. How, A1l we
denote by SPLA0 the "normalized"” sound pressure level that
would be found in a particular room with a standard amount
of absorption Ao! when the same power level PHLO is coming ~
through the partition, we have, annlogous to eaquation (1):

5w opy A A
SPLA = PWLyt 10 lcg x P‘..‘Lo + 10 log r + 10 log A
o o °
or, substituting from equation (1):
(2)

A
SPL, = SPL + 10 log & .
AO AO

The term (10 log % } is a correction term, which can he
applied to the neaSured SPL 4n any raoom to obtain the SPLA

"normalized to no".

]

Equation (1) can be rewritten to Allustrate normalizing

to a standard reverberation time To' The clasalcnl Sabhine

PAdapted (rom Beranek, L.L., "Acoustics', MHelGraw~Hill, New
York (1954}, p. 315, squation (10,6M).
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formula for the reverberation time of a room in terms of
its volume (in cu ft} and the sound absorption A (in
Sabins or aq ft) in the room is®

1
paf:00 Y (3)
If we substitute A from equation (3) into equation (1) we
got:

_ - 3T
SPL = PHL, + 10 log g = PuLg + 10 108 g—grgy -« ()

For a standard reverberation time TO, the normallized sound
pressure level (atill for the same amount of power radicted
into the room) i3

HTD I
SPLTQ = PHLO + 10 log IOV b P'.'ILO + 10 log LT

T
+ 10 log ‘o
=

or, subatitutlng from equation (H)

sPr,,I.o r SPL + 10 log 39 . (5)
T

tow (10 log Eg) 1s a correction term which can bs applled
to the meaau?ed SPL in any room to chtain the SPLT
"normalizad to To“. ©

We now establiah the ralatlon betveen BPLA and SPLT
by rewriting equation (%), then adding and subtfacting thd

quanfity 1¢ log % H
[w}

"The English syatem i3 used throughout; the standarad
abasorption of AD = 10 8q. m. 13 converted to sq [t for uaa
in formulas; wa uze the "10 sq.m." because of the conain-
tency of the litevature on this polnt.

D-4
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L

=

« SPL + 10 log To + 10 log & - 10 log
LT

EPL
To T "o )
A Th
s SPL + 10 log ]To - 10 leg T;-f\_;
S
SPL

A
[=]

But from equation (2), SPL + 10 log % n SPLA and from
equation (3), TA » 0.0l§ V, go: © ©

SPL, = SPL, =~ 10 leog 0.0h0 Vv {6)
T A . .
o 0 T, Ao

Substituting the standard values of TO and Ao used in the
European codes, T, = 0.5 sec and A = 10 sq.m. (=107 .6 &g
£t) and rearranging, we finally have the desired relation
betwean the sound pressure levelsa, normalized in both
viaya:

SPL, - SPLTo = 10 log V . (7)

o] 1100

From this equation, we c¢&n find the slze of room in
which the twe kinds of normalization are exactly equivalent,
by setting SPLA L SPI..T . This requires that 10 log V n
0, or ¥V n 1.9 e twB normalizations give the same

numerical result 1f the recelving room volume 1s V » 1100
cu ft. The mean dimenalon of such a room 1s 10,32 ft, and

thia ia an ordinary slze.

In a room of valume greater than this, the very same
measured sound pressure level, when normalized to Ao -
10 sq.m. {as in Sweden, USA &nd Germany}, will yleld a
higher pumber than 1£ normalized to To n 0,5 gec (e 1n
Denmark, Oreat Britain, Horway, Finland, France), by an

amount equal to (10 log V__ ) decibela.
1100
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Therefore, in comparing the codes of Sweden, Sultzer-
land, Austria, Belgium, and Germany with the Danish, Duteh,
Norwegian and Frensh codes, the former are seen to be
relatlvely more severe by this amount [or rooms largor than
1100 cu ft, and lezs severe for amaller rooms.

The amount of the difference 1s showvn in Fig. D.1, For
the typleal range of room volumes encountered in multi-
family dwellings, this difference ranges from -1.5 te +2.8
dB, a variation no greater than the uncertalnty of typlcal
field measurements. Therefore, for the purposes of this
report, we have made no attempt to convert all code require-
menta and measurements to one system of normalization
(which wauld be impoossible anyway, since the fleld-test
recelving-room volumesa were not always given in the pub-
1ished data) but have treated all data as equivalent and
comparable, whichever normalization was used,

D.2 CONFUSION OF IMPACT NOISE LEVELS VS BANDHIDTH

The reader nuat be warned that throughout the litep-
ature on impact noises there runs a confuslon which traces
back ta an unusual and illeglcal convention that, never-
theless, 1s firmly based in the history of the subject,.

In the early dayas, the electrical filters avallable
for analyrning the sound into different freoquency banda
wers octave~band filters; these f1lters separated the
audible apectrum into eight bands, each of them one octave
in width. "Octave-band sound preasurs levaela," correcpond-
ing to the nocuatlcal energy present in each band, were
reported and pletted at the center frequency of thase
ootave banda in order to display the frequency spectrum
of the sound as a curve of sound presdaure level va

fraquency.
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.1, COMPARISON OF THD KINDS OF NORMALIZATION.

In a room of volume V, the same measured value of
sound pressure level when normalized to a room
absorption, Ag, of 10 m® {as in the German and
Swedish codes? will exceed the value normal{zed
to a standard reverberation time, T, of 0.5 sec
{as in the British, Danish, Norwegian, and
Finntsh codes) by an amount shawn on the ordinate
scale. For a room volume of 1100 ft? the
normaiized sound pressure level 15 the same hy
both methods no matter how much absorption 1s in
the recelving room. For {larger) volumes, the

smaller)
Swedfth and German codes would be relatively E?oreg
es5s
sevare than the others,
D-1
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In later yecars, fllters were developed which broice the
frequency apectrum down Into 1/3-~octave bands, thus peormit-
ting a more refined analysis of the spectrun, It is lwmpliclt
in this process that only one=third as much energy is
passed through a 1/3-cctave band filter as through an octave
band filter centered on the same frequency. As a result,

a spectrum analyzed inte l/3-octave bands results in a lower
curve than one broken up into oetave bands.

This 42 illustrated in Flg., D.2. Meter #1 will read for
freguencies near Fo a sound energy three times greater than
Meter #2, because the octave-band filter passcs three times
a3 much energy at frequencles near fo as does the 1/3-octave
band fiiter., But note that the 1/3-octave band analysis pro-
cedure Will record in that same cctave band two more readings
(for frequencles near fl and fa). Therefore, three valuss
are determined within the band where the octave-band analysis
plots only one; the sum of the -energles in these three 1/3-
octave bands, of course, adds up to the same amount of encogy
a3 reglstered by the octave-band system, This thrce-~fold
difference of encrgy between the two aystema 198 equlvalent to
a difference of five decibels 1n sound pressure level. Typi-
cal resulta of octave band and 1/3-octave bend analyails are
shown for tha aama netea in Fig. D.3; note that the reading In
sach 1/3-cectave band 13 about 5 dB (a factor of 3) lower, hut
there are three times as muny bands,

So far, the discusalon i3 generally valld for all

kindas of broadband noise. There 13 no problem with
measurementa of alrborne sound inaulation, because the same
handwidth 1s always used for both source and ruecelving room
teat data, and the 5 4B discrepancy cancels out in fornming

the level diflference.

The difficulties arise with measurensnts of impact
noise inaulation. Mo matter how a gilven spocetroum of
impect noilse has been analyzed, ita level at each [requency

D-8
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i8 supposcd te be checked for compliance againast a criterion
curve which (as a matter of history 1n ms3st countries) ia
expresged in terms of actave band levela. The possibility
fer ccnfusicen in the literature arises f'rom differing
efforts to denl with this requirement. In order to make the
1/3=outave~band spectrum of impact noise of a test [loor
comparable wilth the earlier octave-~band spectra, 1t wazs
agreed conventlonally to correct all 1/3-octave-band
tnalyses by adding five decibels at each {requency, so that
(for example, in Fig. D.3) the two specirum curves would lie
roughly on top of each other; then both curves can be
directly compared with the octave band criterion curve.

This arbltrary convention results in a contradictory
situation where two spectra, one plotted at occtave~band
center frequencies with octave-band levela, and the other
plotted at l/3-octave~-band frequencies but corrected (by
adding 5 dB) to octave~band levels, even though they
reprensent exactly the same gsound, do not, when added up,
agree in the toterl amount of energy represented. The
1/3~0ztave band gpectrum pdds up to an overall level that
13 5 dB higher than the overall level derived from the
octeve~band spectrum of the same impact sound.

Moreover, the confusion 13 compounded becauss not all
of the countries have adopted the spme convention. Some
countriest plot impact spectra with octave-band levela
at octave-band frequencies; some®#? with octave~band laveln
at 1/3~octave~band Crequencies, according to the conventlon
Just described, of arbitrarlily adding 5 decibels to the

¥ e.g., the Dutch and sometimes the Hritiah,
it e, g, , the Germans (East and tlast), the British, the

Ausctrians, the Belgions, the Swisa, and the National
Bureau of Jtandards in the U.5.4.

D-11
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measured 1/3~octeve band levels; bug otharsttl plot 1/3-
oetave-band levels ot l/3-octave-band frequencles without
malkting the arbitrary correction.

One munat be very cautiouz in reading the literature
to be sure at all times exactly whiech convention 13 belng
followed in veporting (or specifying requirements for)
impact noise levels,

#kh a.z,, the Swediah, the Danlsh, the French, the Finnish,
and the Horweglans.
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Sound Insulation Requirements between Dwellings

by Ovi: Drarnr

I o nunber of countricn it hus, during mare than the past two decandey, breome neeessary
b intruduee aconstic imutation specitieations for faued daellings. The ecasens for his age
sereral. One i that moders Mals get pour insulution IFsuch direetives aro notenfarced v
way or another, 1o many countrics ihus are oo loager built ihe teaditionat way with thick
and heawy Davrs and watls but lostead they are erecied by modern prefuly irthods which
wsually Tmply reduced masy and thickness for the sound lnadating baesices botween the
flata, Even hen s goud Insuldon may e oltadied bt only by a sery carelul planning of
the buikbinga, However, muny Duilding designees hase Hide or no acousic trsinkong (0 seha
this prablem and J6is shply ignorod in irost cases iT no acousic requirements eall.

Uiy not necessiy to remind $he readers tat she mimtres and power uf acouste sonrees In
fhits hava grown trencnidmly atso ond dhies steeat ihe need foe insulition teineen naighs
bors,

AW o expeet this probkeny to be daken so serdmisly Inconnteies wihere muost preople v
in theie owa heuse, It o Eogtnd where only 575 of dugllings werg built asflats betnwen
the Dyvo great wars, aconstie recammemdations werg issed during the 1930-iex neventheho
wind they sevm to b desclopiog Into steict requitcneals In Scotland where a tradition for
living in Dot exhiy, Such is nlvo the case dnoidw colder clionates of Seandivasiin-~j iy netal
il supuishng tal Sweden whera 7355 of thaabwellings prosheced are s (1961} winaimong
the fiest cominteies vo mitosdie insubinien fequinements,

1T we du et wing onr Sitiey 1o grow cnonpouty we simply have o bulld s o place of
huraes, That people will nuot svinok to ccmaln de tieir fata 15w do oot solve she sounsd insals-
tion prabbem.

For sueh regons pod otbers aconstle speeifications ave now been introduved lnvat ey 1)
countries, Dabatbiry b revio the inteenativnal stiwaton sithio ithia flld,

Do the insulacion requdrements give us enoush protection?

Wi the finat propusahy for aconstic iepritements wees made In Germany in 1933 OHjule
wats hpomwn as 1o low much insultion is régpuined between twa s, Qur sheorerioal and
experhnetal knowledge was 1o a grens entent linlied 1a laboratory eondidens fer paggitions
wand Hpors, It ecame peceasary ta eatimite what was requled,

A Lo alrboesre ond e chiiee fell on the insufation equbvaleat o that provided iy n 25 am
plastered Leickwall.Thin, she Aratequirentents were expressad as minimumasrage lizures
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principally based on aboratory mcasurements on this Lrickwall, The frequepsy ranpe an w .
chosen was nearly the s ag we bove today: J00-J0K Fle, B Seidinnvin the sioe exie ~|~1- |-} |- - L == = = - = - -
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Howeser, the bolchonll was affen replaced by arder types of pariitions, very often ghi- . i
weight denble walls in lighier prefabricated buildings, ) was then casy 1o pet a very high ' LA iize - -
aserge flgure, expecily ifis was measired in a laboradory with good eraltmsshipamd ng NENRE J}a N
Nanking transnvissivn, Mt dhe resattin the fleld as enperieaced by the tenant wirs nu judped ‘ EREEN i RN NERR
to e equally goed, It was thoupht necessary 1o express the reuired fnsufatinn gol as an PR O I g A N L .
nverage fgure for the whols frequency mmge but a1 o curve, bised on oclive or ottine : £ al—f-f—}- |- A juiidrid
fntervats, a granting cierve, Thns consuntetions with a hiph averape insohition hased on the HE L r NV i A B . -
Insulistion urve of ihe donble wall as in dig, | would not be pernitied. Also the eealities of « =TT —t=
Hehd comMtiuns were faken care of In introducing regquirenrenta based on Gehd results aml T i el bl i “=1=1-1- ~1-
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In Germany, A new singie iguic, the Schallschintzman, was propinad lo replace ihe pyveripe - '_' 1 \J ol
arlihwtical igura S0, For alrboriv sonnd, the figure Lulischalischurmass (LA was bised | L |- O 1O Y § N A ,'2"-f,;,2’,‘;{",‘"&"""‘:‘:"{"":",{“}
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requireenent s eancily sntificd, has poslilve ansd rising Hgures for acceptedt lnsulatlon curves Fiequency, N
bul segaative for [nsulation below the priding curve, Siorlue figurey were preposed for the .
‘wpact sound inltlon, Tritkhallwhateniasy (THM). '
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Even with theae refinenwnts, the back growml was still the sanwe nasunption that the 25 e
brivhwall kb suflicient imadation, Ve griding cueve, Brat introduced in (iurru.mr'unur the
warr, wits hased on a number of Liboratory and field emeasuiencals on this Iyip\: of wall,
Huneser, with changing Insilding technicue towards prefals o seme comnide one might
ask why the dnaulatien providesd by this brickwall shouhl Bea dising anssver o the need for
nevintle pratection ay interpacted in the labaratory as well ag in the nenral buiblings In e
fornnas wverage Npure amd as mininuomenrve with the correet value ut wll fregrency bands,
W have hid oo similae development for the requirements on impact sonnsd isulaion,
Howewer, I this ense ditferent conmieies have apparently not hal a contmon coisteaction
to suppuse wis adeguate 1s with the tirlchwall for sirbores insulstion, TCacems that fi gich
countey a choice has been mide betwegn cusrent Noor constouctions nind e beier of them
b beconne ihe standard and this has kead 1o a ouch greater spread o requiceaxents fue
impract insutation compured with aiclsorne inanlanon, e, 2, 5o cven mure for impact insu-
Tation the question may be raised: *SWhilch by ihe Pight™ suswer for adequate protection

ATAITUH It nojsea?” ,
‘L%u!in‘ Unrethind ¢o dind aut an answer to thewe questions i sinmply to ask peeple living in
D3 e -they think abeut the aconstie insilation against the nobe in the other Nt and
b an objective imasirentent of the instlation in order w thal oul what the answer
mcm»Li: Ik repuiremrents, 1L sounds sery casy, but bn fact {Uis not the casiest wy to da ik
Y fur aconatic insukiion pay vieey och frem Ganily to Family, Sowe foilics
provtuce o bt al sowng with sindio, TV, chiblicn and pany more smurces and do not care
nnle -n{-,cml the nulse they may hear frem the peighboars b pames teteen (heir awn
mfut i they sy be honeady surpebed if they et owise complaints fram thele neiph:
o, Sonw families may be an the ather extrenie: proslucing veiy lintle soned themselves
amTIEEcrating no annkiog (o the ocghbonrs® noises which may upset them very innch
amd ghahppuadistieh restand steep aherehy kading so steonp complains atrout the insulation.
OF prean imiporianee fa aho the outside bachprownd poise level, with teattle s the nin
sunrew i hiph lewed leads w nushing of tha interior naisea and thusao Tmpression that the
somuu»{ui-nlun Is goand,

For thewl ambmany jnote reasmis {1z of to use 1o make such a suvey oo o litls scate if
oy thding sowlind atiall by concludead, "The survey amst comprise saveral Tndecls of s,
coreflully ackeied wo gl a typical pleture of e merierous vaciations in the huntan reaction
anck acifvity armd i abjective aouml inavlation, In practics ivis not really posible o gt
envugh muteriad 1o mawer all the questives one might hke to have poaeied,

Such sochd aunviya g been earcied oul o England, Holtand, Netway and Sweden 134,
B8, The ik snrvey 4 ahall be brivly reviened. i an sy the maberialwas ivisted
in 3 grovps of Bass wirh alilferenes dn Moo imubavion of soughly 3 di bevween each grow,
but having the same Jimulation fn she hordatal diccctlon, Iy i donlac suevey for g
bonses the ekl was dividedd Jn 2 groups, ona faving an aveeags sietworme inmlalon by
tween pelghbouring lunews of 3008l, the other with aninvolation of 33 L1 These dwellings
wers il chosen pmongat Joval aidhority hawses o fata wideh, ox nmlestand, means it
they are il In an ceonennie way i erder that people with a o income canaffurd to live
there, Tha results are theeglore, ivg pointed out by the Investizators, not necessarily valisd fur
other sorit eof dwellingy with higher seat and Mambagd,

———— —————

SOURND INSULATION HTQUIRLMENTY NLTWELN DAYLLLINGS

o the row hanses only Bhe airburne soed inseladon in the harlatat directlon wis i
sted. The b groups, comprising 250 pairs of howses, cach hud, as nentivied, 1 aser
insuliticn of 30 and 35 J1, for aaingl, plastersd 35 an bricksall ind for a double wal
two Teaves of 11 cow brick and an airspace of 3 e, respectively, The inautatien cur
reported fram feld measurernents on these two walls are given on fig. 3, Bowas foamd 1
there was no distinguishable dilTerence in the distarbance in tie wo groups of hoses.
the dillerenee in imulation is fownd primarily at high frequencies it was canchnded 1l
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etter high-frequency nsutation, obtabied with a double wall, gives oo apprecialle advar
tage Cor the tenants. Thin s explained by ahe Gk Wi 10is the fowe and medivm frogench
ik are heand ihrough wallyas soch frequency companenta domimuty in the soueed which
verlfied by other Bivestigations.

These tealts were rendy ntabowt tie same tive as the fhess grding curves, atill based on (h
Insulation of the 23 em brickwall, were proposed in Gernany, As il sima type of wir
witd corchaled o be sulficient for ruw houses In Englind, cven here a grading curve wa
used bied aleo o the brigkwall, Tha two grading curves do not agree vory well ns svey
from fig. oA,

The English social survcys In flars comprised 3 provps of abaut 1300 Nal3 arcanged necord
ing to diiferent flowr imalatdens far botl aktboraa and Impact sound, As meationcd befon
e average flosr insuhution differedd 5 ¢ betneen cach of the 3 geowps while te hotlronia
airborne imulidon was edquivatent 1 a 23 cm plastered brickwall, Lz, roughty 30 dB i
avecape, Growp I had an average aitboene lngdstion of 19 41, Group 1L 44 and Growp 11
32 db, Disnlatien curves fue the Growp L0 Neors are given in e 3, Tha ditierewe i
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twuey these Tnasfation Groupa [n a0 big that eme eapety a clear fndication ol annoyance,
berst i Gioup B The reauhs of (e survey did wiso verily shis expeetation fur the Groop L
aenh 115 o i Rest Greoup 227 sald they swere disorlxd By the nobse, in the secoml Groujs
ttre nrmber of distorbwed Tgeensed 10 20%,, Tn Geanp L this nusmbee sarprisingly decreasd
10219, '1“ unespevisit ishatlve satisfaction with acoustie intulition way eapladied by the

LacCITN: tenasus dn Grovp 1H previowly had hind veey tad e linga and stlllseemad o
compara tha present iproved conddltions with thelr preceding living conditiuns.

In Grovp | nolsa from the nelghbeuring Nars waa na moig annoytog thint so amuch che
atached to living bn a Mat—es mentloned before Lnglanl ia nota conntey where it s con.
shdorad n natural thing to live in a Mal dn place of a trndlifomal lowse, I Groop 1Ll nolse
wan one of 1he biggest tsturbances, Another measure for thes Group s that In Group [
only 7% did not complaln of anything, switile shia figure In Group 1L increased 10 1455, and
i the irmmune Qroup 11 there uncomplaining peephe werg no fesy than 42%. This Il
Graup was not wscd a1 a basls for recommendatisn arits tenants wera unchltleal iy general,
Is was concluded from this surscy 1hat she fnsulation obtatned with the flvars n Geoup 1
ftaa shoull ba used pa n minhmmy recommsndatbon far Matiesd dwellingy, as these teninty
apparcntly equilly complalngd about ael wa s much clac i the ats, The average -
lution curve wins sornew bat sirplified, fig. &, and was calksl Grado I,

A geada R was defined as a6 a3 lawer curve at all feequencics, [owas stated when employ-
ing this Cleade thnt (he tcnaniy must Be expeetcd 1o find their nlghbours avise the wonlt
thing (0 endure in the flada, ‘
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SOUND INSULATION RUGQUIREMLNTY ALTAWEEN DWELLINGS }

1 anust be reeadted when using Qrade [ Tor planning a bloek of Qats that paise then b re
aidesed u¢||1.11ly Lol g draupht, dampoeas, Gaults 4o the heatlng gystea ete. 10 we got eic
such shortcomings—awhich must be ruite easy In o modern Mat—one must expecy ik 1k
ceomsfifutnta against the sound imulation fnerease, Alo it should e remembered tiat th
Group of Dats was taken amungu tueal authodity Bats with, peclaps, redatively wneritiv
teaunts, 1emmst Gnally b renwembered that Migs are not the taditional tpe afduwellligs f,
win Popglishey and he sy ol complain so much beease he considers bit flagas only
proviziona! state before finding his defiaite dwelling in o house, Apparently, te Gradse
tecununembiation et be expeeled to give a vy good acoustie protection for the teaan-
A Tew results Tronn the Swedlsh survey comgrlale ths pictuce, TU was cirricd outin abou
500 g st about the sanse tine bubeprendantly of the Uritish sarveys, Asa eriterion fur the
airboroe Insulation the werage fyure T the cipe 100-200 iz was wseal, which §s possibhe
becaise very few of the walls or Neora showed apnmalies In the dnsubation curves as they
were beavy, single leal constructions, It war Fouod that amoengst people in Mats with an
average airborne insulation of nbout 43 ¢ 18 2155 weee disturbed by the eeighbours aivbor,
sounuds, Far laga with an insulation of 43-36 dil—roughly cquivileat 1o the 23 am brick
wall—16% eaprencd dissatiafuction with he alibosne insulation, AL the highest Insubiation,
50-55 dlb, puly 7% were disturbed by these sources,

rerm thee surveys we see thin g deeeat protection b pained npdmt aidharne noise witl ih
traditional boichwall, but we can hardly epect that thia samdard of proweetion is to by
cansichered anfTiclent when the penceal standacd of e is caisel, This s especially the can
{n eowntries where the tlatted dwelliogs teod 1o dombnate sl people do not comsider a
a3 a provisfonal phice (v live, Al the noise aaurees seens to inercise dn numler amt powe
and thia ingreasea the aced fur aliborne hinulatlon,

Mot speclifeations fur nefac pratection sre now eapreswed afagrading cune, As stk
before agrading curve based on e measural insulatlon for a 23 e pladered trickwathy
not aeeesaanily the eotrect anawer ab afl frequencies, oven 0 auch an asarmiption iy seey
u3 well for i prrovhlonat sandand, To Gwd out whint Iv ke correet gurve o, honeser, e
cisv, e Dirdly be done with the sanee 3oet of suclab 3urveysas e ones aremtioned, Iy
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ease wa Lhen eed o very big material and we shauld have o vk geaple abat fregueney
distribatton ete. i ternm that they are oot fmilixe with, Ouer methods must be o,

Orie et fas been used by v den Eijk i Llolland " Bl wies s Gt that gadio aid
TV-seta nee the most annoylog aise sources in s s i order 100 lisd owt how nuch
dnsulatinn by necded Be makes el yiudics ou the tine and Trequeney disiribstion ol radio
aouids in 1l sonree coam noduelings. Ble presents dhe results of such studies of 17 nogn-
togs nnd alternoons i fig. 7. Then be reguites the level in the seeeiving room to be o phan

Fig. B. Werpunts) alibutos svend uslagion baved un s dintur) ing
mighlmrs otdia horl gepavng O plroes dunnp, in it mean,

!klﬂ. o, }0."1:1 ot !:l |\-I .lum n{l{n ||.n-|.3—‘|-{ u:‘aumnnu e
A 1T H Ertnnan (3olbRerval and the Ilokt Geade | amd (1) rospelins
KT I.:E":ﬂ",:}J "’.‘:1 itenns tur deaHirgs are added gr. den Dikp

1. %, Requiiyd plibone rvnd imstation Lawd sn g ditteiidng
POt raibbg [yl avepasiing JY pium duiirg, i ibs tncan,
3,09, 20, 3, Wt W oprrgeny el (ba ddme, or gomtp 1 iwen shy
CGortnan el Ketvrd el Uiy dheting L(Irm!: 1ty [0} iropuicn-
mealy fee drdiingy sre wildeyd (v in Lin).
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SOUNHINILLATION REQUIEMER 1S LIS LY OWLLLINGS ¢
wsimg the Fleteher-Mugson 0-phon contuges for pare tones, Tnothis wivy e can get the s
af required level difference, Aa this sequiremsent Is very high he gets cueses that die ver
wch Blsher tham the present grsding eorses in Gty amd Grean Witain, fig. & b ind
wnnore reatistic ik foeapeduction to the 20 phoa-contours, This Jeads ta reguiced Lo
diblerences which by compacion sith the German prinding curve can be geachiod with th
wankitional belekwall, Gg 90 As ouenal imelation cunes are less stee)y belos 100 1z an
usteiliy ivercise ahuve this frequency he galses e queation if there iz ony sead W in
reqprenieits tiside the impurbind Treguency tage A00-500 1z, Fasold, Gersany, gt
sinilar jesulis, ™

Thecorreet s of the grading curves Tiave alo trevis stulied By Radeniieher and Yenrid
Gernany, 1 hey siowlane the fusulation curves of the walls with clectrie filters and a
range i eeceiving rom similar 1o a nonal daelling veom in solue asd acoustics, T
ufseerers enter tis toomn one by one and listen to diferent comples soumds from Josn
sprealers, Werad througt e “wall™ fifters, and compare the Toudigss shil third-ota
Livend of Finslon noise cenlered araund 1000 1z, The selected sonree soumds e nete an
femile sproceh, manic s candom noise of diffecent band wisdihe--atl winy dinke dynamby
to ke B canicr for the obaervers fo compare with e 1000 Nz random v,

Wallt this techasicpee they demonsteate b adifferent insslition ennves influence the foudne
of typicab sowmla in w icceiving roon. For vazh type of sound they a5k Uk ebs:oers o
compate e luidiesy of the sound Slteeed through diiferent walk Hices The resalis o
these subjectisy judzements ate then compated winh different ohjective Rygures seh as ot
avevape atithbnetival lulatlon ind ditferent Geomany Lulisehalbelmav/nrs biased oy

wnnber of prading eueves, inclwding the one in use and otbers proposed in Gesmany, The
(s thiat apuike dillerent grading cuirves ean b used aa i basis fur thie Seluteniny w i
apprecinkly changlng 1his abjective mewsuee compatasl with i gubjective one bised ¢
Jaudiess. Evens e aserage figure secim o follow e snbjective measure surprisingty wel
Tigg- 19,70y Gactis Qurther atficd and sceina o b explaired Ly she phenosmss that 4s
frequency rantes witly good amd bind Inulistien ean congremtate covivather, This b fart
atudlid with it wadHiliera aa esmplified (n Ag. 1L The higher insutation of K at arediu
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SOUHD INYULATION REQUIRLEMINTS BUTAWYECLN DA LLINGS - '

frequencica seens 1o be compendated by the bettes insulation ef I at freuencies nws
T Tz v that e two Rondnesses are alibe, This result By most interesting as the na
uljectivny agaimy the elissieal average fgure have been its wealisticly loph values €
ateep insudation curves, Houst be renembrered tint these eevdts Tave e obitained a
curding (o loudiess levels judped at 2030 60 higher tevels in tie receising room compoan
with wiat iy wsually experieneed inow dwelling room. When one i exposetd to ihe souml
a building some of the fieguency cange of 1w neighlours sound may be mashed by o
buchgroumd twise i we do not keow the distribution In tinwe and frequency of tb
mashing noise,

That the bachground noise must by very dmpmtant for the Judseicent of s et
imsulation is demomirated for instance in the Svedish soeinl suevey muntioned above, 1e
the Mats were putioto 3 proups acconding 10 (he expoaire 10 autdaor nolse—the nejse v
charireterieed i 13 high level, 2) nocmat iown bevel aml 3) ow or sery low aaise fevel, T
tenants swheo said 1hey were armmoyed by the outdoor poite were 1, 13 and 67, Tor il
Choups 1)-3) rovpectively, When they were asdoed alunat (e asnayance cased by o
fronyether s the percentnge disturbed were 26, 42 und 307 for b sae 3 proups 11-)
uw veey chear indicatiug of the influence of the ontduor neite en 1he subjective eaparlenge
induor lnsulalon,

As 1o dmpoct spued fuandarivn our Know ledge Is so Tar quite lEmied. From the Eiglish su
veyk in Nty we couhl diaw aome conchsfouy which kead w Grnle 1 aml 11 with simil,
remarky as for airbrorne sound Insnlatienr, 18 was also concluded that the light wosnl.
floors hadk non suiflcieon hinpact insulation, even it Group HE was not aware of nsulatio
eleets, As nmatier of Bt in England iwas recommended (o use Doning, conceete o
in arder 1o sathly Grantu 3, even I asually o ffowing Noer well sbene shouhl give more b
subation than il requireld cueve, From ihe Duteh survey we gan conchude that tlre Bt
fleors ambespecially the light wonden rors are net asuably sulficient for impact inswlatin
Finaly the Swedish suevey inlieates thint Tmpact sounds da it seem o be n big problem
we isu selid cenerele oars, For wnants with Noers whibout o sepacate serevillng goms
only 9% were distatbed by lmpact sonnds, ‘This percentage Gl w 20, for Moees with
Muatlng course ona tlneral wuel mat. Remrembering thit in s sk susy i pervnig
uf peupe whinwere imnoyed by airborns soumnds was 10—wiren altborne inslatjon requlrg
seans were it satbfed—ane must conclude thal hopavt sound ingulation is not a ki
prabrear 4F 1l Moars nre not expecially Hpht e e.g, woodan Doors, This is peehapa aho iy
eaplanation why girating coeves for impact losulation in dilferent counrics vary so mw
T thos seents b the prexcnt teguirenians give us a mberate proteetion agalinst ke wih
boura® nodse, i feast for alrbuene noixe: probably seme more insntation fy iegulred, cope
cially sl the ko amd nredinm frequencies, but i estigations masde on the froqueiny respons
v used lundiasamd not snnuyance as asnbjctive criterion for sonnd Jnsalation, Furihe
miksking tuid ot been comvidered. We have Nitle evidenca about how elusely 1 presen
grading curvez amnl be followed before the tenani ang awirs of such a change, Ganling
cuney can fardly be taken at moce thion a rough Endicatlon as 10 whag sore ol Insulatlo
curves we wan. ft s protiably too carly ta establish new alngle Haures Izl an sush gradhg
cueves as they may bive 1o be chaoged as new reacaceh pesults appear,
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How iy sonnd inswlation' defined ? .

vy entioned Lefute 1he fiest insubitinn sprecificatimg grew owt of studics o tstYional
tranamizsion laburatotics where only e diveet soupd teduction Tictor Tor o test paned is
rinesured, Cor such tests we lave o sery eelatile measuring metlund which we lise ageal
sjren b abe tnternational Stsdandisten Oepankraticon, Y2 We deienvine the aidbonie
wutiul redaction Facloe £ in measuriog the leved diiference 34 between two neiplihouring
rocis aividesd by abe test panel of ares S tie absarpiion A jn e receiving roonm il thus
uet B Trom the fuspwla; '
Ko AL —10 Mg 05 Al
Fhis formwba [ valish iF afl sound in the reeeiving room j1 transmitted throwh the test panc),
Also, Jillive felda s required in e rooms, Sueh conditions ang not ditlicult we satisdy ins
ativnaey fnbernory, Bt we wanl to make the specitieations in building vodes vahid abo
fur the fichd, I we condd unty test ar check dnchie laburmtorics sules wotthd be of Btle valoe
und ESTTRI not gain e reapext in practice, .
Hutban wedapeed (o have goough ditfie sound Nelds in nuroad daelling remms, fnnishiod
o unfurnmlicd 1o make senshise meawrenents ? Can we wae the same selationship between
{evel<ditFprenee mnd the rediction Gacter aaia wsed inthe laboratory accarding (o the fonnk
.|lu)\::'!('{Pr| 1w hive ptore practical relatfenships 1o ase gor requireiments un?
As atinetecol fner, duis easler to piake reliable reasureinenta i daveliing rooms than ang
might expeet, OF conrae we do hase some lroubkes stvery low legquertela when e toem
-uum‘me qre ol about the 2anw sive as tee waveknnih, Uaually nat nwee i furnished
foosn phartin i anabler laboratary ns we get soow diiusion frmn the Turitere. At higher
fregquencius we expect fo get diftieuttiva as the pucous danping of tie higher fregquencies e
" m'.TlnT, el douk Hhe o free ke in place of a dilose fichl, Gisele 23 Iy Gernray has,
howewr) ms\rl. that we dw reasure aim or ta o b keteer hevebs o el prcasuse el in the
reeciving comm, bt I wa correet B a camstind alnsriv we fen B s vishoes Jur ihe
atrorption deteemsinvd From O Sabhire formml and frons sty reverdwecation gime, wihich
vonipnats] fur phe ersar in i bovdd araaurcients, tle slwad it iy changing the
reverbetation tlme in the revelving room from ey than 0.3 svcomts to more than 3 sceonds
M corpectedt lmpact sownd fevel changed fess thin 2diVa the Indlvidual frequencies for the
K flour,
one sense ihere i3 great difference letween i aboratory amllivhd conditions: wo caa.
wr guariantee that the sound dndhe recedvleg reom hasardved only theowgh i pave ttion or
b ffoor in 1he: budlding, Rather it 3 50, (hist a gaod denl B transimitted shrongh Manking
kents, flonking fremanforion, Q courie, we can dill e the same foimnty above, but
e we st inclica the Danklog teanvnlted sound in the reducticn Tictar (which iz then
aminated R0 we sU take 5 ns tha arca of the commion aurface Jor source amd recelving
poms, This method §s wwed with suceessin o.g. 1he German revpuirenients amd its nidvantage
s In lis slimplicisy for tha bulling dealziees s we shall see,
vaome other buikiding codes the fevel ditferonce is used as a measitre For sound insulation
1o dwylling, but his maguiteds pront be pecmallred in ene way or another, I we ealy
wal the level ditference In p ecaquicement, svsd insulitlon sonld depeml on (the acousticy
“tha peectving room, ITwe licrense the newat of atrorpticn we get an appitcit increase

i
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of the soumb insubatlon observed in the ditloe Geld of the receiving reom, We then lise dee
possibitity 10 coreet w o certain thne of severberation or toan absorpiion of the dwellig
roant, What i to be prefetred?

Ioonder to st tlas question sone reverberation measiranents hang been nsube lie.s.
Eopland el Denmark, "W e might be cxpeeted tial the reverberation time incteanes with
e wowm vobie psy we how by thie case for classical concert roans, Thisis afvo tee cise for
wifuenished cowns ail Tor reemy wih ditthe furpitore, but net for Tursishied roums, 1 or
livingrems Larris found that tie reveeberation time variad ooly bziween 033 and 0.7
sceomds with an average vatue aroumd 0.5 seeconds when the coom velume saried from 19
0 118 @, lig. 12 Fog the same frsished eeama the atsorgtion computed from Sabine's
fotmuta vitdee feonm 6.5 w0 X8 m®, Thivis explained by tee Gl that te peincipal atsorion

[ ] " m Nt Fig A2 Nervibriniben (ng and abvrapibon in furnbbd lnsg
Avem adipmy, 00 Fewtn. Average vaiws bt J2)— A0 11y {Lp1ady),

-
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in diving-rovns such as stufled furnitone aid mae s connectad with the Oeor, Wihen he
Roor arca dnereases with the vetume ihe abaorption must nlao nceense mnd thus i is WYY (o
show for i ratfser comtant dasiny of fuaiare e reverburstiom time must be gl cops
stand, Thls is hess e in bed-roonas where tn: sotal furnitore is are consian, G, 1. The
feqarcncy depranbinee huy o peak o the mean fegueney ranpe, as the low fiequency
alsarption is procural by ranel absorbents aned the high fiequency absorption by poroys
abarlrents,

S

S SERFN N

Fro ik Hanedbwtaiba (e amd abrpihon in
Mgy vabens boy 110NN 8L L atibs),

i1 Fort i1l T s,

[
L T T

10 wa wiis it dwelling rowm has 2 eecberation s of 0.5 secands wa must bave ju
milpd (hat i as primarily so for living-coum, less for bedaromims-—which in o corntncs
teind o slisappead lnsnmalier Mats ~andd et the cose for foums like kitehens, atherooms,
hallvand simidar tooms with ik or 00 frmiwie wher we eapect e ceverberatlon Hawe o
increase with the vohnw,

The Lact that the yevertreration thae I w fusnlatied living-room i pealy constant {nde.
pendany of volenke livs Jeat some comntrics 1o e 1he level diffeenes nommalico) (o ihe
rererbupation tis of 0. % scconls 13 & i foc inantatlon specifeatlon, Tha this requlted
teweh differsiree g 4l durined as:

Dpg = AL 2 W Tag TR D

v dbvis wary the seyudred Kyl dilferenea aod i (he nrmued one i teue pietirs of the
wncried bevel diiferemee when haviieg o iving rocnn axa revelviteg coom, novery linpartant
wactical enve in fars,

“hia normatleed fevel sifference 15 then a rewli of the seducdon Tactae £ of the conmon

a g o n

LI g

JOUND INAULATION ULQUIREMUNTS DETAVLELH AWYELLINGS .
suilare 8 between two neighbouring rooms aisd the Maoking transmitted sond frenn oth
surfucex, This s guite ensy tu nnderstamd for uilling plaaiers without scontic ieinin
butitis in practice nutalwiya so casy 1o evaluate, noteven when Danking trnunbsion
be negleeted. The fact is dhag Dy, also depembs on the valune ¥ ol be receiving rom
whitl we see v expressing 3, ¢ a3 function of /*;

Y
By R 10 b (‘ETL) A

1¢ will be noticed that this measore {s not ceclproval it wsed tretween fwes reon with dellerer
volumes; dhe boibling deigier may suspect 1hat sound ingulation of o strectore is o
seciprocal. So the direction of the measwred Jevel difference must be staled jn the reporty
IT we choose w nermalire (o a constant abrsurption we do not get this deandack, ‘thi
scarure £y, which hax begn siandardiced by 150 for field measurements is then delinel i

Dyg s AL — 10 Top Af10 A0

ity normaliziog the level difference to a reference absoeption in the recebilngg soum ol
103, If we eapress thiz meaziee by A° and 1he comman surface of twa aciphbouring
fooiily we ﬁL‘l:

Dy~ A b 10 op 104y d

teaving to the uilding planiee (o make bis cafeudntions tased upaen the Inalasion £* with
or witheut flanking iansninion rnd (he size 3 of tne trammining clement,

O course aho shis deflvitivo hay it drawbackha, For instance, fue big roors sepacated by
big aurface aeca this cotrection ghes a falwe picture of the real insufatfon when the ramim
are napmatly furnished, We correct then toa mueh savaller absocprion and neglet i the
real alsurprion is bigger, Wiken we use the sanee vitlue of Ly, Tor all raom vreshivdwellings
—which we st fur the sahe of shaplivits — the equigensenia teml to be G edgownms for
bigg venrna and perbagne tow il for siall sovon. The devadd sliouhil of course tre in e
o sliregtion,

Noth B, 5 amd Dy are of conrsg a linde difllenlt w hiadle For (e arcliteet e buritder with
livhe aeoatle wanning. To simplify ahia planning T may be betee 10 specily: permitied
parttiony, Mvors etc, in tlie biikting cedus, compleiely emintdng acoustic spavitheationg, The
triwbaek of this meihenl ts that Uiy put a brake go (he deselopinnt of tuiting con.
Muctions aond i oy casey it s dimieult o givg informiclon e all the permitted combis
nitens of e.g. pattiiony nnd joining clementy, SYhat is aaually prefecned I dseh an preontie
teipuhicnent somehow in s wnd @ nunitse of examples demomirating bow ta aihfy the
ll."[l!lh.'ll'lt'llll.

Sonre counygies ave like Germany prefeerest to shinplily ihe speciibeasions and abo ihe
planming hy uaing the sune feducton factor na in the libwrtary, bere nomiasted by &%

The plinter dhen need pay saaneniion to varlatlons in wall sutface or roem voline, bui

can shurply refer 1o meisuedng ceports from the hentical commmntions, even combind

with e rghi joining consteugtions, Then the requitenients i be inhustend 10 gover even

big sutfices. Quse of the only drawlbacha of dlis principle i ihat iteammn by ired Tur casca

wheee o commuen surfaca § between v reonn nea sot definel, e.p, bepween a livingromm
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andd & atalrease, 16wy also te a bie disucbing Lo anotare all defedts of for fnstance o had
onler will 1o the commian sulace S, In Gamany Bilwiatories hisve been built to meiasre
K Tur rooms witl Haaking wills but still eeferting 1o comtmt et ol dae patitién, here
mvech belter insubated than the (kinking wonstiuctiog,
Thw thaee existing delinitions on irburnz soumd snalation, 84 2y aml £, ney lead o
tuite different results when the xame fignres ire dequited as seme cvamples will show,
I we reguire Oy, and B o b equitly g fod the same ease the wall sunftee must be 10 0,
10 we esenalemand O, wequalies 0, for hotizonual insulation e volie of the receiving
ooy st be U Vor aconm Deight of 2.5 mawe s pet o standacd seceiviptt foom
withe e dlmemsions 4 = 30 -0 28, which s gquilie o morasal room i mmlend b (fu
quate big devintions fron these dimeinions may oveur.
I we look at quite a big roam with the lour size of 30 2 3. m? amt staadard height of
2.5, we pet the fellowing dirfererees (sertical insolition):

Dy — R = Gl

Dy B o 24l .
Dyp =Dy g = 94l

0w e-tpeens fo small goum the dilferences e usually notgquite as big. A ondidimum stand:ed

fooe l{r aJSt‘:lmlinmiml besl-roam s abent 2.0 =0 3.3 0, With the reom height of 2.5 10

andeitival transmiynon we fet;
P O & U

I Dyy— Dy » 15 4

Fargayaiy aoud teamsifayfon we bivve lickiy only o altermatives far delinitions, One of
nlr

Dy = 025N

hese I8 tofreler tha measired fevel i the eesiving coom 1o 0.3 sceomda fur the same reason
wy for aleborna lnsulatian, This leads 10 it defloisien:

Lo = b 1010g 0.3 AN

Unlike D,I,. we have no such deanback ns lagk of reciprocity eeanse the dlietlon of

transmission ia ghen,
The other altcrnachva which 13 recommended by 150 for icld and kaboratory measicenwenty

15 10 correct 1o 10 in? of atsarption;
Lig = 1.} W0 tog 471040

Both these alierpatives hang the drawback that we geea higher figure for decrensing invafa.
Hon, but this disadvamage deea net scem {0 batler boilding planners aoanuch as they
apparemly quickly get il talt, )

Goviously, we gt civsen when these two definltiona give diffcrent Ngnees, oven il the diner.
ence i not 30 big ua for the measurea for aliboros saund, SHl we get tle sama figure iF ihe
room volume [v 31,3 m® which means a loor sire of 12,5 m® Tor the roam helght of 2.3 m,
A great majority of modeen Data have Tooe sirea af this ordder, 10 ke foor Incieases 10 23
the ¢ifference 13 3 Ik A small coom has the slee of atrwt 6 m? which 2l gises i difer-

ence of sbout 3 0,

L TR RS PSR R
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VUi casy to sl dut i correction to a eonstant absorption i e s thing as to i,
A vanatad posee Jron the ceiling fafepeadently of itz sice, Thus we should gt the sae,
vesults Tor dhe same flaor constrietion even iF we mcasire o ditferent faoe arei, 1 is
seens i be e cine Tor enr sies in the nange franm 6-25 m? acconding o Geonag M
(Guwted el Swedish measuscanenis, Thas Ly, would seeny i be g M sical inapni
tude, but sl curgeetions nut Hlwd Toe the nennsd avoustics o livineg-roems g for f)..,‘
W can also slow that te correctiom fo nconstant e of eeserlseratinn a for D, - e
sante s o amte a radinted poser Trom the ceiling grawing with its sut G, Fliis et
then T Wi advantags o fultow the varation incoom velame as is doog in Turnishe
Funnis bt las sy mentioned s physdcal disadvaninges.

Obviousty, the three clelinitivas for aieborie soumt hisnbions st the v for npsect sou
Bt its advutiages annd disdsantapes and i s nonaeter of Gaste shich Iy m be Juclonrest,
Hassener, i shoubd he astep farwand if we could agiee dnternativmally on thic subject iy
trder tey resbce contusion,

Tustbation requirenents or recommendations in differoent countiies

L the preceding cections we bave looked a Tillle at ghe preeaent bachprovnd aml ol
nology for inslition requirenient. Lel us now fook 1 some of the Prineiphey waed in difs
ferent comntries Tup acostic sprecifications, A detaibed repart s being prepared by 150,
T s coudries such speeification are proented as Fiagrtiemenit, In ollwes ws fecinmmen.
durony, There may e e diffacnce in practive, The recommmimlativng see have nnndy
heantger puner than stiict requitemnents which oay te only wiitting 1alile prdircts o
Pleredy ipiorad by tilding deslpoves, The ndvatape with recomoaridativn iy it the
teal aweoustic clim iy e esprened sithont o nih comprensize with other faviors
Ty e wveey slant, Anesample of this is the Hritish Grade Lieeomarendation fur inmpact
fore which is basad o Moating; Mors, o Aetein o 3 dB Wglwee Bilaehallscizais
(Batsedl om e Gerntan Sulfhursed Is ceenmmenbed, Gernviny gives ua i gusd exanple witly
cerpuirenenty which work well arf many statismary aod mabile lats are availible tconts ol
the results In prawiice, Dy such o cine e specificntions must e sonrewbat mildee and
ronghly I inkendded i cut ofF the extiearety i cases, The anger in this avstvem v that
the stambardy must e compromised amd congquently nee only panly sulfeient in thw
majority of cases, Duikding plannces iy casily gt the bnpression tiat all b well if they
build just w setisly sl requicements, 1o fae, it might be betier W hase a mininum roitge
ment cambinal wih i wocemprombsed recommenlation but this ks (o cmplivated
specificatlony withoun ihe stmplicity which mwst chacacterize rles for budding planiers
with Nithe acouste tradning,

Toduy at ket 13 countries five insulavion specifications for dwellings, In the great e
jurity prading curves are aned (o cpresy the mindmmm vatues, Far alibome soumd 10
coutkriva e o1 0f e enrves presented Infig, 14 nad 15,

To evatuate a nwasurad curve in retntfon 1o n pradding corve many coviries fullow 1he
German system of computing the averafe nepative deviationy o ahe whale frequeney
tange and aetting pesitlve devintions equal to 6. In Germany this aserage deviation most
nut eacead 2.8 418, tiosed on thind-ocing friequencies, whike eg. USSR, Matgaria sl

4 -
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30 HLAND T, (] , SQUND INSULATION NEQUIREMER IS DITWELN DAWLELINGY
Crechonlonahia base thisaverase devintion an actave freequencies and add the tube that ne The present grading curves for impact inseladion sre presente s e
" ! " | il ) fee ¢ e present grading curves farimpact inudaiion are presented in Ay, 16 2l the me
single nepatise |l;:\'l..1lltlll iy eseeed il l_u oot Britwing innd Seardinivia Ilmp'mn‘lllll»‘ . irnpact insobativn shoubd result in i vurve fieforr |l1c1;:.nllng; curve, W luse siilar ¢
ia somen bt sinplitied a5 onty the sum ol negative deviativns s eompual ot pere fur s borawe insulation 1o deciihe on eases where part of e measurcd cone lics e
ot o eswewd TH L, gronding curve, The sanwe 10 countrics thal hivve grading curves Tor albome sown
saeh cures fur et yoinnd teanantislan,
lanuriusatg T Cunindht whisch was one of the finsf countrics to Itroduce ingulation spoeificat
ltbwmrne s (he average mininann geee of 43 U s ees pecanimended L
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frespmeg-rfige ol 1238000 112 now agrading curve is treing prepared, In Frisiee, asgiape
pgw @ T addmre amd dmpaet sounds are given for ihe Toioqueney rinpes 10600300,
SO0 45Aamdd 16003200 Nle. This B3 A veey simple principfe wittioul troubleaome evidu-
A, | urvllu'\'\ B pestemd i more b kadpe dun e posses,

In somine eountries, o, Scambinm b ool Frsnce, e speciflemions comprine bl ihe
reduetion fugtir Tor e bonndurivs teiveen Baty os sreasared ina trntliooal Sdmiatory
and ﬂw.mufmlixcd kevel differcoee In the campleied tullding, This complivation is inade
becanse oncleauld reach a sufficlenly high tesel dilferense even 08 very small clement in
she partitkin bias i vy Jaw redduction factoe, Plamerer, 1 fur lnsanee s Lredd os placest el
1o such A Floment veey low Insulation b exprienced,

Sanw efMaet birg su Tar been madde to ger a quatiy Agure for Jusukation (o replace the tradi-
tonal aveengs insutatlon, A faw countrkes bivve followed 1l Qeemitn exampie to introduce
a Schaltsehuizmass for altborne (LSM) rud bmpact (TSH) sonnd, A et laned belose L
in based an the grading curves prd s definest as the pumber of di's it i neagured curye
fas 10 b hifted o fewerd in order that it ean be consldered weeeptable (average devbation
2.0 dN). The drawback for such a slngle figure is primasily that it 13 ted Lo p eertaln eurve,
IT this Is changed wa ket aow guatity figures swhich maint to very cenfusing for tnrlkling
westzuers, Thiv it the peimacy reason why some countrics like Scamlinavla and England
have hesitated 1o nreduge anather sinple igure for somul Inautation Ixfure we have potan
hmernationst agresiient on sl cegulrements, In the neantinie only the sum of devintinn
from \he prading curve is wiesd i pravidonal ity fiure but with e afran back that il
ghves the figuse ) Tor all eascs ihat wa get an losuladlon hipher fian terred.

A grading aitrva may be difficult 1o change when fnally it hin becone well established Iy

:
;
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i budiding code, B plice one e use o flike g, Great firitaind or maoe: grling
cunses ad peguice an appropiate eurve W e sakicdiod in e specific case ot i 1 alse
preveaable b B anly e cuese (hke v g Germany, Tor walls) and then require diflerent
Sulalehob sy Tor ditheremt sitwations which is e sone thing ws choasing iviaeen .
preat mumber ol pacalled prading corves,

i view of these Lacls o tniglt paise the question whether itis postible (o esallisk: s
suph o inted national standndization an sousd insulition 1egqaitcemeeis, o great advintage
in (e growing infeomtional eechange of kposledge seod provhicts, One anight well e a
linde pressimistic as o the suceess of such oo work consitdering thy ditfferent prading eigses
alicady established, Purther, we con hagdly as acouslicinns expeet Lo chanpe building tea-
dhitivn in some conntnes which happen to seeept fur inskinee Mooss with fow insakagon al
Jave i appareot lemants’ reactionr. Utiviousty, oilier cougtries sl building echiigue
whivh e to Bavour sound lnwliion—or uve strong pubsdic oplelon an tus subject -
suhd s e aeindy ooeeept aninternational stsndapd so compromised. Nevertheless |
bae sonie hope for such i attepapt b imernational cospentun o s problow,

This Teeling ol optimisng is suppuried by the suecess of a Seaodinuvian eollabueration on thiv
subjuct, We el the years apo 1o peree just on U areasusing arethuds, bt foemd it pussilile
Al 1o apree on requitennents. These were then shagsad s Hie prading cucves shuan in lig.
14 pd (6. As o aicborbe soumd our Giest proposal was o prading curse o linke differcin
from the Miitish Geade 1 aond the Geomnn Sollkurve, Hloweser, we Tuund it wrong 1o
intrntuce wother curse ned thiy increase the intcomational confusion. In place we aceepted
the Guernany Sullhinve for girhorne wwuml,
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As we kaow ihe existing priding curses fead o very Jinde chinge in tenunde® eeaction it
alenthd b punailide f0 apree onan ernaiomal goaling curve, al feast as o Giee step for
airbumre iwsubation, Alo the present Bench metbiod of Daviog o sambree ol averaps
Bpgmres fur pact Damda shoubd b discwssed beease af its simplivity and leadfig 1o my e
single figes, Also the approprinte defbuitions for sound dnsulation shoubld be discussed
amd el on,

Whike swe dizcust s preeluaps acoept sudh sn inernatinnal provialonsl recormealatian
we stutld organbie more rescitrel on i subjeet 1n see how well the dillfeeent systems
fumction sl also 0018 is poasible 1o singplify=—For instinee by lwitiog the freguency range
aaangoeatad by vo den Eijk aod otheos, Sugh an intenationad discanivn whinleahieady bas
staried within 150 may alsa be a great helpin countries where sucl specilicatong me not
yetconshered bus probably needed.
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“"How Maofise Creeps Past the Building Codes®
; Theodore J. Schultz
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I Each 1equuement alone rmy ‘seem "dbqllnt\. but wh /
a ; - dlo rooms turn out noisy when alas, g
}
|
f
i

thc buddmg is complete? Meabummunt of structural pzuts L
© " contends Theodore’ J. Seiltz, ignores the . @ V.- »‘,‘
| '-.'.bulldmg as a system. He proposes a measurement stmteny S

for predicting isolation between two spaces. o
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Nolanges il nosehy for o gity's
baililing code 10 contain yequire.
nehits or recomnie ndations for nojse
‘wetrol: nuiny citics in the United
States wd in Europa atrewdy have
wuch regulations. But the cily where
liese 1equirtements are consistently
euforced and also are effective in
. tchieving their poul of udeqale pri-
© riey between dwellings still is rare,
. mdeed. This almost uaiform faiture

o achieve acoustical privacy, even
. when considerable elfort has been
:spended. s sufficient evidence that
wise control presents formidable
practicn] difficullies.

‘Noise conrol requirements in
auvilding codes have [iitle chance of
success unless the primary objective

for privacy I3 stated in terms of a
" performance  speeifiention. Com-
 plianee must be demonstrated by

tests of adequate isolutionin the com-
. pleted building. A new approsch (o
noise coatrol In building codes will
be pruposcd here that is expected to
comblne the advantages of existing
codes and the (30 far untrizd) require-
ments in termy of performance
specifications.  But  frat et us
cxnmine the pitfuils of approaches
that presently are expected to do the
1nsk.

Complleated seund
transmissten.

Sound travels from one room to
another in n complicaled way, Mat
only does it follow the primary path
through the partitlon that scparntes
the two rooms, but usually travels
a aumber of ather paths, some of
“which mny be Just as important, or
moie 50, thaa the primary path (sce
Fig. 1).

A atruciure designed (o provide
privacy for the accupants of
neighboring rooms requires ndequuls
attenuation in all the possible puths
by which aound from onc reom may
reach the other, Therelore, it ix not
coough for an archirect simply to
senrch through a cotlection of triuns.

" nsslon losadata lo choosaa suitable
party wall withwhich ta separaie the
dweltings, He must conaider all the
other poszible sound paths ns well,

For the same rensons, it is not
cnough for a building code 1o specily
the Sound Tranimission Class (STC)
of the party wall or flnor structura

tthis i the .S, e adent 1o the
1SO's ©osaing: the SAnitions are
whinost identical, see Refs, 3 amd [t
whether mensied in the Tabaratory
o in the compleied building: the
other snund paths may be ol equaline-
partunce in assuring privacy for the
tenants.

Unfortunalely, the existing codes
in America po this far and no further;
when itis time for the building permit
10 b sipned, the architeet’s drawings
nre examined to see whether be has
choscn construclions known [from
experience to provide remsonubly
good sound attenuation. If so, Lthe
permit is issuecl, the building is built
and thut s the end of the matter. [n
same cases advice is affered an how
o avold Nanking traasmission, bul
there s no inspection of the com-
pleted building to see how it all
worked ont, The same js true in much
of Europe, excent that investigations
are usunlly made of noise intrusion
complaints. In cnse of venlly serious
faiture, however, people hurdly know
what toda. Once the building is com-
pleted, no one would suggest that it
be lorn down and rebuilt just because
it Tails o provide adequale privacy.

Yet, building after building setu-
nlly fuils to provide privacy because
the building code requirements are
applicd at the wrong time. 11 udoes
no good lo argue that the bosic con-
atruction wus suitable, a3 npproved
Lin the drwwings, if, in fact, one can
easily hear through the walls of the
finished building. This is a3 foolish
a3 trying (0 excuse a bad soulftd on
the grounds that the cpgs were of lop
quality! In the final analysis, what
actually matters is the overadl neous-
tenl privaey achieved between the
rooma in question when the building
is finisbed. A building code that fuils
ta face that [azt direetly is not likely
1o have much effcct.

Nuilding codea need to specify at
least the acoustical [solntion that
must be nchieved to affurd mlcquate
privacy for the tennnts. Fortunicely.
this I the casieat thing o measure
shaur acoustics in a building, despite
A poor slart in this respect.

Insulation vs, isolation
achivved

In discussing methods 10 provide
adequate ucaustical privaey in muli.
family dwellings, it is essentinl thut -
we distinguish shiuply between the
insilation properties of a partition
und the {rdation achieved belween
rooms, For exnmple, Transmission
Loss't (1L}, Sound Transmission
Class' (8TC}), Svund  Reduction
Indext (R), and Airborne Sound
Insubidion Index' (L) all refer 10
the insulation property of o single
partition. Noise [teduction't (NR)
and Norpulized Level Differencet
Da, refer toisolution between rooms,
This distinction s carefully made
in the ASTA Diefinitions®, but it is *
sometimes  overlooked in discus-
sions, ever mmong acousticinna who
should know betier.

A reeent technical papert recon-
mends a proccdure that measures
(with A-level diftercnces) the isolu.
tien between rooms. but recom.
mends the t2st result s an approsi.
mation to the Sound Trunsmission
Class (presumnbly of the party wall,
nithough this painl was never made
explicit). The dismaying fact is thin
the paper attracted favorable, even
enthusiastic, response  from  the
remders, who are appurcntly willing
to accept considerable coinpromise
in the name of simplicity,

ILis not suiprising that the ¢xisting
building code requirements exhibit a
atrunge assortment of errars. Somne
cudes hape that by requiring the
party wall to have a specified Sound
Transmisaion Cluas, as nieasared in
the laboralory, there will be ilequate
isolution between the rooma in the
finished huilding. Others specify ficld
parformunce in terms of o required
ficld STC for the party wall, an aps
pranch which, thowgh legitinie as
Far i i) goes, s6ill does not fnee up iy
the possibitity of Ounking paths not
invalving the pirty wall at all, Such a
test duesn'tevaluate the isolition be.
tween the tooms, but nicnsuscs onky
the insulation of one of the possible
sound paths,
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Lintitead = el i Do hive
developed D presental their tes
stiiidinds o arehiteets i the wrong
vrder. Lugically, instead of Jevelop-
ing tropsinission loas meisureinent
procedures fur use in laboratorices
und adaptable (0 fefd use, we firyt
should have developed, emphasized
nnd implemented the concept of pii-
viacy or isolaion belween rooms in
finished buildings. This is what
tenants really care about and what
building codes really should stip-
ulate, ‘The basic neousticsl test in a
building should relate to privicy,
because this is the true goal,

If o performance test of ndequule
privacy in the completed building
reveils that the measured isolation
between two dwellings fulls short of
what i3 desired (or specified), it then
beecomes o question of deciding
which of the possible paths alsound.
—Lthat i3, which part of the building
structure—~is at fault. At this paint
we must use the more complicated
proceduresof the ffield Transmission
Loss Standard Teat (ASTM-E316)t
to evalunte the attenuntion of cach
path uatit we find the villaing in cach
cnse, we would have Lo show by
means of ASTM's special “'anti-
flanking test™ that eur data actually
cortespond (o the sound path under
test, This pracedure, refiled to the
performance of 4pecific Individunl
bullding components, is obvicualy
o0 complicated to be carrded ot by
bullding code enforcement offlcers
or, a3 a routing test, by anybody.

The field transmission loss lest is
net celmted 1o the primary gonl of
privacy: it s a detective toul related
to the means of achicving privacy:
ndeguate  atienuntion o cach
Individual sound path. Tranamission

Figure | =Numerant Porhy fur Sonnd

Transmissian Beiween Dwellingy
G 2K CONTROL EUISRARING D

U tests b ree plage 18 building
wanlues, excer h delermining wiin
it Tt when the buitding his Gited
the coue’s test of proper isolation,
Today we alrendy have  our
taboratory® e fiek! transmission
less? measurement standards and we
are trying to develop a privtival and
effective standard test procedure for
cviluating isolation achicved  be-
tween rooms in completed dwellings,
as contristed with evaluating the per-
formunce of building components,

Compuring rating wnd
test procedures

A number of rating quantitica have
been proposed in the past for use in
building codes. in jeviewing these
now, keepinmind the two conllicting
needa for enforecment of building
code noise requirements: the test
procedure must be as simple as possi-
ble with a minimum of required
equipment. but the test results must
be reliable epough to face legal chal-
leage il necessary. once the bullding
inspector has retied on the testto cer-
tity the building for accupincy ar,
even more erucinl, if he hns denied
such ecrtificntion.

.o

Here, then are the quantities al
isstie:
Quantity!
Labharatoey  Transmission  Loss
(ASTM E90" or Seund Rediclion
tndes, ROISQ R0 of w parti-
Lisn: ,
Definition:
TLow Lo~ Gy 4+ 10 fog (S7A0)

Comnciis:

OB or 113 O
No flanking is possible hecause of
the faberatory facility construction

Quantity:

Field Transmission Loas, FTL

(ASTM EIIG") of a partition:
Pefinition:

FTL =Ly - Lt + 10 log (§/A1}
Comnronts:!

With special test in cach ease to

demonstridie absence of fMunking

trunsmission: OO or (/3 OB

{loth of the tranamission loss tests
{laburatory and field) focus on the
tupe af wall or fleer structure, be-
cause the size of the wall and the
propertivs of the receiving room are
agrnalized outin the " 10 tog (S/A)"
term, The transmiasion loss teMs
have no ineaning wnless there i3 o
complete party wall {or floor) com-
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son w both the sourge amd recciving
1O,

Fransmission Toss relites 1o the
propertios ol a single patition™ wnd
hiss o plisce ine haifding code unless
specifications are ziven forall the im-
portint sound paths: even sa, the
transmissivit loss congept rups into
trouble where the wiadl of one 1oom is
only partly commaon to the ather
room,

Lottty

Airhurne Sound  lasulation, R’

(I1SO K77 between rooms:
Definition:

SR e Dy =L 10 log (51 A)
Commoents;

Saurce and receiving roams adja-
cent, passibly with Jlanking s
mission, This is the transmission
fuss of the commuon partition **ns
i all the sound passed through
the partition,

I is the bastard mting: it purports to
denl with he fonsulalion between
ooms hut involves n correction for
the sutfuge aren of the partition, S.
Mareover, this rating has a srange
atutusin 1S0: I s not inentioned i
R-140%, the measurement standards
al 1S0; it jxintroduced a5 a new
raenaurementinthe rating decument,
R17.1¢

The Airborae Sound Insulation,
1’ enn be used anly il the two test
rouma have the entire partition in
common. R* has the disudvantage
that it intrinsically confuses the two
cotgepts belween rooms' and "of
A partdtion™, bat has the advantige
of atrendy being inctuded in un 150
standdard and {8 In use in nonumber
af European countries,

Cuantire:

Nodse Reductinn, NR (ASTM

E316)* or Level Difference, D

(ISO RI40)* hetween rooms:
Defintrion:

NRm= L~y
Crnmmaitents:

Sowee and reeciving rooms not

neeeasnrily ndjincent.

This fs precisely the quantity we want
to kaaw in order to evaluute the pri-

L

vacy exisling betweensvodwellings:
the rooins in questing need nat be
idjucent. Hds very  stmiple 1o
neasure.

The value of the Noise Redustion
nay be different. depending on the
divection in which the measurcient
is e, that iy, which is the seurce
nied which is the veceiving room. In
general, the value will be latge when
the toam used as the recgiving raqm
cantainsthegreateramountofabsarp-
tion. There i3 no use arpuing wilh
this [net—the privacy itsell will be
greater in this direction. Therelore,
from the building code point of view,
the test should be done in the least
Vavorable direction, niunch . with the
snealler (oF least alweiptive) room
used as woreceiving room.?

An alierontive possibiliny is tonor-
nulize to a standird recciving room
absorption as follows:

{uantity:

Area-Normalized  Level  Dif-

ference, IW(ISO K140}
Definition:

Dan = L4+ 10 1og (AWAY)

(normalized to standard amount of

absorption, 100 3q. [, for

example)

The meaning of normalization hare
is this: no matter whin the condition
of the building furnishings ut the lime
of measurement, we correct {or nor-
malize) the leat reauls to correspon!
with what would be measured il the

* recelving room contained a Mandard

amount of absorplion, Ao, instend of
its actuitl nbsorption, As, at the time
ofthe test, In specilying a norminlized
level difference, n building code
would call for o cordition that i
!houuht to typily most af the dwells
ings.

Mat Az may netually vary from 50
to 250 sq. {L in the eccupicd and lur-

Do Lo~ L1+ 10 log (SeiAs}

DRAFT

nished ronms. Even i the huitding
code regquirement were met in ey me
of v area-normastizcd  level il
fevence, there could be =3 10 <4 JB}
variation from the expectations of the
cade when the lenants move in.

Another alternalive appears betier
in this respect: normalizing to stan-
dard reverberation lime:

Quantity:

RT-Narmalized l.evel Diflerence,

Du (1ISO-R140)* between rooms;
Definition;

Dase Lo = Lo 10 tog (TID.5)

A constant 172-sce, RT assumes that
the (furpished) receiving room ab-
sorption is propartional o the vol-
ume of the toom; this is reasonable
for constant roon height beeause the
totsl moom absorption tends 1o be
proportional to the floor aren in
occupied apartments. The arcu of the
camman wall does not uppear in this
rating; thus. it is applicable whether
the two rooms in question have a
complete wall ar fuor in commoen,
or anly in part. or nene nt nll.

If we normalize to 172-xec., which
anly acknowledges what is nealy the
casc in most occupied (urnished
rooms nnyway, the feal should bLe
made with the smaller rooms as
receiving rooun. beeause it contuins
the lenst absorption und will give the
fower value for isolution.*

From the puint of view of enfurce.
ment of poise control fequirements
In building codes, however, ilisvery
inconvenient o have to mensure the
reverheration Lime of the recejving
room, for this requires considerably
mure cqulpment than dosa Lthe rest
af thetest proeciuie, There isnprae-
tical wlternntive, bused on stemdy-
sinte mensurements of the receiving
rosm mbsorplion and on the fuct,
mentioncd nbove, thil the winvunt of
abaorplion in a typleadly furnished
living-or bedreom is approsimutely
cnqual to the Neor area of the raom.
The receiving rovm ulmorplivn A,
ut the time of the est, i meusured
by using elther n calibrated sound
suuree or it neaeflekd™ stoady-stnte
mensurement. This test resultia used
in the following cquntion to yleld a
very good npproximmtion to the level-
difference normalized to  1f2.sec.
reverberation time in the receiving
foom; (see mivrgin) where Sa s the
ﬂomr" wren of the reeciving room in
sq. [t
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PDaw TL + 10)op/fd thin meters)
w TL ++ 10 log 4/10  h i fect)

van den Eijk has pointed out that
it would be o comsiderable help 10
the architect desipning the building
il he had seene guidtance in predicting
the isolativn in the finished building.
He praposcs the follawing cquation
for level difference normalized o 12
fee; (sec nungind where h s the
dimension of the receiving room per-
pendicular to the common wall, TL
is the transinission loss of that com-
mon wall (available from previous
measnrements on similar structures),
and it isassumed that careful supervi-
sion during construction will render
the sound transmitted by other paths
negligibte.

Single number ratings

All the quantities discusaed so far
are supposed Lo be mensured inbands
of frequency, eithier octave-band or
one-third octave-band, In 3ome cases
the assignment of a single-number
rating bms been stpndardized to sim-
plify the rank ordering of partitiona
or room paira a3 ahown in the accom-
panying table,

Singte Number Rutings

Corrcsponding to;

Of a
Partition  Transmission Loss, TL
Flel Transmiazien
Loss, ETL
Detween  Alrterne Sound Inaus
Rooms tatiwn, R’

Noise Reduction, NR

Rating Referenge

Sound Tranamission

Clasy 8TC ASTME4Y?
Ficld Sound Teans.

misalon Class, F5TC ASTMELS
Airburne Seund Tnau-

Iation Indey, L ISORTIT
Nuise 1sulation Clasa,

NIC (not nermalized) ASTMENS

B ron capy TRUL BAGINERNIAA

The NIC is nasignedl to nosct of MR
datn using the same precedure by
which the STC i3 nasigned 1o a sci
of tranamission losy data, Rapk
ordering is pacticularly important in
building codes becsuae the “go/no
go'* concept, according to which the
- building  will be approved for
ovecupaney, demunds ondering atong
w single scale, rather than trying to
cvalunte n set of oclave-bund or one-
third octnve-band datn.
Uanfortunntely, none of these sin-
gle number ratings i3 quite what we

DRAF T
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waid for building code upplications
becnuse they are not normalized.
If the Nuise [solation Cluss (NIC)
were normalized to 1/2-sec, RT, liow-
ever, this would be o good cheice:
MNIC, the Normalized Noise 1svla-
tion Class. This quantity was intro-
duccd by Weston'®; il is not'yet de-
fined in acousticnl standards, but it
should be. The NMIC based on one-
third  octave-band  mensurements
would be n omeaningful and reliable
rating for building code purposcs,
Usthappily, it is not a simple meas-
uwrement:  §t requires  one-third
octave band sound presaurc fevels to
be measured in both seurce and re-
ceivig  rooms, plus
actave band reverberation time data

in the recciving raom: 48 pleces of .

dutn altegether for cach room pair.

Letusthen seck asimpler scheme,
where the mensured data themsclves
are single nunmbers. The fieat pos-
sibility, which does not nssign o cat-
ing wt all, assesics true privacy (not
juat the isotation); It conalsts of
measuring the exiating background
noise (A-weighted) in the receiving
reom, then fuining on a stnndord
broadbind nolse source in the mlja-
cent reom (o sce whether the reseiv-
ing room level intcreases pereepltibly.
1€ it does not, then there is wdequate
peivacy by definition, irrespective of
any praperties of the struciure, OF
course {he spectrun and operating
tevel of the sourcs neat door must
be appropriately chosen to simulnats
houschald  sound  apectrin  renfis-
ticnily.

A practical objection has been
ritised to this procedure for a building
cade complinnce teat: on the duy of
the teat, a kaowing building owner
might rnfse the background nolse
higher than normal (pethaps by sta.
tiehing a compresser outside the
buildingl, 20 that faulty iselation
would net be deteeted in the teats.
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Other new possibililies would he
e Isolation Lndex, aod the Priviey
Factor:

Rating:

tsolutien Tnlex, 1, between roums

(proposed by the author February,

1971
Definition:

Lm (lan= Lo} = (Lo = Lat)

where Laoin the A-devel near the

sutree in the souiee iwom

L is the space-avernge A-levelin

the receiving room with source in

I0ULLC FO0ID

1 Leis the A-level near source witl)

suuree now in the receiving room
L is the spucc-nverage A-fevetin
the receiving room, with source in
1eceiving rooni
Comnicits;
{3 l.m, then [ » Lo — [.u: L'l}'
cantrasl the Noist Reduction
would be NR = La = L.
The Psatution Index is built an the
assumnption that privacy is usehilly
rated in terms of the sound level
reaulting in the receiving room from
nogiven nmoum af soad power
intruduced Into the source room;
raslisted sound power frem n Aource
is wore Lkely o bo conswnt than
room sound level, ag nssumed in all
giher isvlatiun measurement proce.
dures. But perhaps it is 100 inke to
introduce this coneept to our cun-
alderintions at this time.

Rating:

Privacy Rating, PR, between

rooms in the field {proposed by R,

Hunucy, Februnry, 1971)12
Definition;

PR~ L~ [ = 10 log As
Comimients:

vand [y ~ pre Aswelghted sound

Tevels wud 10 Jog Az is dietermined

by stepdy-3tate measurements of

A-levels,
Pelvacy Rutlng. like the tsolation
Index ean bz delerminad simply,
without decav-rite mensurcments,
andisindependentolthe roomabsorp-
ton. The Privacy Kuting doea nol
mensure ¢lther the Insulation of wwall
or the aolition between roomy;
instend, the privacy between rooms
ix deflned in terma of the eifcetive
asize of n hole in the party wall that

would necount forall the saund trans-

ferresd from one side o the other,
regardless of path, The recclving

raun absorption most be accounted
for in the formuli by & tarm similar
tothe L = Lo term inthe Isolation
Tmles.

The Privacy Rating would not
vield noisc reductlion or transmission
luss, but wauld give numbers stnaller

by 10 log (party wall area); thist is..

about 20 ¢ B less than customary wall
rating vidues. Huatley's concept can
be pdapted 10 make n single-aumner

A-level version®™ of any of the pre-
ceding  quintitics  cacept RT-
normatized level differences. an
cxample, see murgin.

R' = PR+ It log 5~PR + 20;

Dym PR+ 10 log Au=PR 4+ 10, i
Ansa 10 sq.m oand A is in som
{mnetric sabing)

or DA PR + 20,if A® = |00 5q. f1, and
Alisin sq. {t. (sabins)

Speclal requirements
on stund Source

Fer evalunting room-to-room pri-
viey In terms of weighted sound
levels along, the spectruin shape of
the eacitation signal in the source
room should be appreximately con-
stunt for ull tests, Tiis requires the
development of a standard noise
souree to be wed in field testy. It
must be powerful enough that the
recciving room sound fevel enn be
measured in the presence of typical
field 12vels of background noise. (The
“nonerating'’ eviluntion ol privacy
mentinned earlicr, would not require
such a powerful souice,) The spee-
trum shape may be selecled to give
goud corrclution between the aingle-
number rating and the complete Nor-
malized Noisc lsolation Cinss.

Recently, tests huve been carried
out'*inthe Uniled States to 3cc how
wellsuch a simple priviacy mting con
be made to correlnte with the mure
compllented Normalized Noise {50+
lntion Class euting. The first results,
based un teat examples ol “pink
nolsc'' inthe snuree room, fire shown
in Fig, 2. The difference between the

Figure 2esftenlty of Evaluations of o
Stinple tsohetlan Tesr Procedure

DRAFT
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A-weighted sound level in (e source
roam ad the A-weighed sound level
m the teceiving raom appears (o Le
sbout the same as the Normalized
Noise fsolation Class onthe pverage,
with o standard deviation of nboint
0.8 dB. : .

The impetus for lrying to cstablish
such o corielation s that the Noise
Isolation Ciass(closely relnted to the
Sound  Trunsmission  Class) s
atecady necepted by urchitects nnd
building code officials as 1 proper
measure  of  lransmission  loss,
Huwever, it has been shown re-
cently* that the A-level difference
between souree anmd regeiving sooms
has as sirong a clalm 1o validity ns
the Nuise Isolatlon Cluss in predict-
ing the ocgupant’s renclion with
respect to their priviey, and the pre-
diction is not very depzndent on the
source specinm shape. Henee, the
demonsirion  of corrclition  be-
tween the A-level rating nmd Noise
isolntion Class or Sound Tranamia.
sion Class turns out 1o be interesting
but it is unnecessary (0 support the
chuice of A-level difference for use
in building codes.

Because o standard  tapping
machine will be needed for tests of
the impaet isolation of Lthe floor atrug.
tares nnywuy, this same apparntus
might be used 1o generate o signal
far the nirboing sound jsolativon 1ost.
Fig. 3 shows octave-band spectra
noise in the 3purce coum gencrted
when the standdard  [SO tapping
machinc operates on & sheet of
plywood, sultably suspended 20
ubove the foor. The ¥8-in, plywood

{l.“- bapletic
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yieldsconsiternbly higherlevels than
the ¥l-in. plywowd, The tevelsin the
high frequency bands are mised iTthe
plywoosd is clad with a sheetof steel
on the tupping sorface. Even the
shape of the spectrum would be
neceptable.t

Allernntively, n Toudspenker may
be driven with ** pink™ noise to some-
what higher levels, which woukl te
an advantage in case of meuswre-
ments in high background levels.

Existlng codes and adegunte
privacy

Even ns we ry to develop noise
control requircinents in  building
cades that will realty work,'t it i3
important (o nsk how effective the
cxisting codes are when they ore vig-
aorously enforced, Perhinps one inay
necomplish as anch good with relu.
tively simple isolativn nieasurement
techniques ns with inore complicated
oncs.

Consider the record in Denmark,
where for aver ten years u consiatent
program of noise control has been
applied to dwellings and other types
of buildings. The Danish building
code! netunlly specifics only that the
building  nuthorities muy riquire
measurement of seund inulalion to

be carricd ont befure the building is
approved, Such messurement is not
mnilatory, .

The Danish code first fays down
regquitements  for  the  isolation
hetween rooms (in terms of the deust
villues thil ntust be nchieved in each
third-vctave bangd between 100 and
2150 Mz ansl an average value over
the 16 [frequencies, for  wvarious
ciategorics of building types—upart-
ment buildipgs, terrace and  semi-
detached houses, schinol clussrooms,
ete. Then it govs on to specily the ’
trunsmission toss of the porty wall
in each case thut con be eapecled to
meet the isolation requirements. The
code sugpests specific constructions
that would normally satisly these
coaditions, N eaplicil consideration
is given Lo sound paths ather than
the one Lheough the party wall or
fluor,

Inpractice, the requircimnentsal the
building code conie into pluy when
the mrchitect’s drawings are exant
incel ut the time the permit to build
is insued, The permit far occupaney
of the fnialed building is often given
without it test mensurement of the
fsolation achieved.

However, the Danish Ministry of
Hausing hny been runping a more-
or-lesa continous programn of noise
mensurements in buildings for years;
the results are used to evaluule

petindicully the cllectiveness of the
building coude anel ity enforecinent,”
Sore of the reselts are shownin g
4, which displuys the cumulitive
shatistienl disteibution of isvlation
field test results inapartment houses
From 1967-70, 6USL of the teste
apartments met the requivement of
Nlt= 49 di3. Some of the beuer
results reflect the architevt's clhvice
of “liuxury™ construction: e wits
sceking to do better than merely pass
the requirentent of the building code

Figure 5 compares these result
with meassrements made ten years
carlivr. Agnin, about 6072 of the tesis
complied with the requirement o
NR = 49 dl}; but note that in the
carlier perfod there wia n fud for very
lightweight concrele  constructior
that produced swine disastery: 4% o
the npartments had NR fess than 3.
dil. For aoise isolation in row
houses, the requirement (NI s 5

dByis 3D moye stringent; about 307 :

ol the tests met the requircinent (3ce

Fig. 6). The isolntion statistics for

school  clussroums {vee  Fig. 7
indicate that }1953-56 was the bea
period o clusarount consicuction
from the viewpoiat of adequate ooise
isolation,

Figure § gives the statistics o
tests of impacl isolution in apartment
howses, where 058 of the restliently
mounted wond floors passed the tesl
but only 155% of the hard flvors
passed. Simitarly, in row housas (aee
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A% wheie the aouree aml receiving
N m d roums were not mbjugent. 75 of the
E r\:xl‘ 8ok flvors passed the requiiement,

Even in o country like Denmark,
9§ \  which vigureualy enforces its build.
5 ing cunde at the time of inspection o
80 10 the building ;Irmvins\:md aveniniin

) o tuing a continuing program of irola.
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closer 1o IS5 complianee with the
reguirement,  Simitir resufts have
been obtained in Sweden umb West
Goermany,

I East Genny, where the pov-
ernment writes the building code
twive  control royuirements, cons
atnieets nrd awns the buildings, and
performs the tests o demonsirale
whether they pass the ewle require-
ments, ne more than about 7056 of
the units comply with the coue,

In addahe dwelings discussed here
(e xcept for the inispuidet] fua Jor light
canerete in {957-60) the busic con-
struction had potentiully adegiute
sound insulition; othzrwise, the per-
mit 10 hild would not have been
piven. The trouble come during con-
atruction where  poorly executed
detnits alf assembly altowed serinu-
lanking  transmission and  souwnd
leuks, Thereis sintply no wiy toeavsr-
¢ine conteod aver this pspect of nuise
isolition eacept by requiting Uit the
finished buitding pass specitiod isulis
tion teats befure the permil for accus
pancy can be sigered, This require.
ment, i it is elearly undersiood hy
everyone belmchand, ouy  sepply
the motivation for critical supervi-
sian and care In the construgtion wo
ax 1o availd spuiling an intrinsically
gomd noise solation design Lo the
building by cnreless construction,

The price of failure

Il even vigorvons efforts to enforee
noise requirements in building codes
lead fo compliance in oty about hall
the dwellings, Iv thia really serious?

To unswer, onc must aak how
mttch imay a building Tuil without
scrious campromise of privacy for
the tenunts, Flgure 10 shows n work.
shectuscdinawell-known procedure
for evalunting privocy against intrul-
ing speceh sounds, This Speceh Pri-
vacy Annlyaist fleat determines a
Speech Privacy Riting {SPR} e the
dwelling o guestion In terma of the
five ¢lentents that combine o give
speeeh privicy: 1) voead effort of the
speakersinthe satree reoni ) soumd
stbaorption in the sonrce roems 3) fso.
lation cxisting  between the (wo
dhwellings; 4} existing  backgrouind
noise level nthe receiving roons; nmd
) the smonnt of privaey destrad (for
exuimple, more privacy would he
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desired for a doctor’'s or u lawyer's
afiice than for a secrctirinl oflicel,

People in the United States are
rather uncomfarinble without uny
sound whitever coming from their
neighbors; that leads to a sense of
compleie social isotation nnd luek of
community, Far ageanl  privacy.
people arc sntisfted if they can under-
stund loss than 5% aftheir neighbors’
speech; for “confideptial®' privacy,
just less than 198 undlerstarsability
is sutisfactory, The Speech Priviwy
Anntysis is i simplified method Tor
calculating the percentuge of speech
intelligititity exialing between the
dwellings in question, and the Speech
Privacy Rating is the result af that
culeulution; the S PR lncrenses ax the
intelligibility deereases.

The isolntlon between the two
dwellings and the Buckgriund ymise
in the receiving rovm are completely
complementiuy with reapeet to their
elbeet on the Speeeh Priviey Rating:
o deeraise of 5 J)in isolition cun
be exnctly compensnted, as fae as pri-
vy i cancerncd, by an inerense in
background noise, Speech intelligis
bility hinges an algnal-lo-poisg-rutio,
nat on the signul Jevel nlone, Thus,
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[‘!"T!.': The test of this pape, as palebiahed, ol some o Le parapgraphs
tranapesea so that ¢t "praposed approasch® cole oo wense, Tiia

teat 1w

there i o dunger in specilfving only
the achieved bolalivn in i huilding
cade. Even il the specilicd isabition
is achicved in the finisked budiding,
iU will Jeadd 1o the desinest privoey for
the tenunts wnly il the backaruund
noise his the proper value, ecaase
of this limitgtion, vae shunld ulsy
specify cansplementary backpround
noisc in a building code to guarantee
privacy,

Whit then, conatitutes i scrious
failure? The curve on the worksheet
of Fig. 10shows that Ui entire gamul
of tenunts’ reaclions necnrs in i range
of ubaut 15 dB, Il the SPIt iy Jess
thin nbout 80, o change of 5 dB} one
way or the other will huve no effecr;
the tenunts will prabubly resart to
Tegul action anyway. Oc, il the SPR
excectds about 110, ugain a 5 JB
change one way or the other will huve
noefleet: the tennnts will be unaware
of any problem. The critical transi-
tion range uflecting tenunt renction
requires p change of only 5 «B.

If, as secms reasonable. the build.
ing code requirement is aimed al a
condition where there is just birely

‘some awaremess of the people nest

daor fsay, SPR »~ 100), th2n a dwell
ing whare the Isolation fails to meet
the sequircment by 5 df) (achieving
SPR = 93)" will cause tenant com-
plalnts. A [ailure o 10-13 d1) would
ferd lo vigorows complaints and
threats of legal action, )
et us returm now o Figi. =9 to
a¢¢ how many of the tested Danish
dwellings show **serious failure’ in
the terms just discussed. According
1w Fig. 4, 10% of the apartments
tested in 1967-70 were acriowsly

" defleient (that is, exhibit wchieved

jsolation § dM ormore below the code
requirgment), From Fig. &, in the
peried 1957-60, only 57 of the apart.
ments were more than 5 d below
the requirenient, but those 55 were
very fur helow, From Fig. 6. for row
hauses (with & 3 dB higher re-
gulrement). 8% of the tesis feiled by
5dB armore, For school cliascoums,
shownin Fig. 7, 13 1o 35375 failed by
more than 5 B, Jepending on the
pariod;the mostrecentgonstructions
were the swarst!

nuu ia the correeel order, T

A propuscd appraacl ta hoise
control in codes

We are emrdnily working with a
lwrge American ity o establish noise
controbicguiicmentsintheir builling
code, We belicve that this sww code
will retain the virties of eaisting

eodes, bul will imtralice a signitieant

impravement, The wllinute ucecps
tance for occupney of all hwusing
will depend upon i specificd amount
of isalition between dwellings and o
specificd range of buchground noise
being achieved in the finished buihl-
ing. At the time af application for
4 buililing pennil, the architect’s
drawings for the building witl be
examined to sec thit he has chosen
auitilte Lisic cynstructivns for the
wills and fMlaor/ceiling ctements, 1f
he has selected constractivng kuowan
to provide noise isolslion consistent
with the desired values, the building
. permit will be fswed.

So far, the procedyre is the same
a1 i3 followed in many Eumpean
countrics. The difference is that here
the approval to Luill confers only
tentative approval of the noise isolu-
tion of the building; accepling or cor-
recting the architcet's choiec of basie
constructions at this stage  will
amaunt only W guidance baved on
past expericnce. Delailed guidunce
will also be offered at this time on
ways (0 avoid mistakes during con-
struction.

The crucial test will come when
the building is completed; a fictd st
of the building must demoastrale that
the speeificd privicy in fagt has been
nchicved, [tis proposcd that privacy,
in the new code, be determinad by
the sum of 1wo pumbers: the Adevel
difference, AL\, totween the sourge
and receiving reoms and the A-
welghted level, N, representing the
background noise in the recciving
roam. Thia st is called the Privicy
Index, Ie. (This indey has the advan.
tage that no normalization i3 necded
to account fur differences in receive
ing room absorption: the clfects on
AL snd N are equal and opposite.)
The measurements in the completcd

doos]

building must demonsteate o vidue fo
Iy of al teast 25 4 o minimum e quire
ment One or two berler pracdes of
privacy (le = S0 and §5) will be de-
fined, but notiequired, in case build
ing ownars want to be alble to uk
credil for having provided better
llnfn the  minimum  privacy  re
(wrenent,

The propused pracedure for cval-
wating the acomstic jsolation in the
completed building may require ¢
niny us three steps:

1} First, a simple seeeening test is
made by nstifl member of the city
building code depariment measurie
isolution in tering of the dilference’
in A-weighied sownd levels. as de-
scribed above and the A.weighie
hackground neise fevel. {Normalizi.
tion ALy to standird receiving roam
absarption. if desired, could be dor
by steidy-stute measuarcments or b
reference toa table of corrections for
different furnishings in the receivine
room.) Itis capecicd that this sereer
ing Lest will quickly show up ihe buij
dings tht are clearly aceeptuble as
well a8 these that clearly fail the
requirements, Many buikiings willb
approvedfor occupancy rased onth,
simple sereening 1est nlone.

23 Ifadeficiency in naise reductio
or bisckpround noise level 2ppears b
tha first test, it is repemed with more
cnre under the supervision of an
acousiical eagineer. Based on thi
result, the builling inspecior wi.,
decide an appronch for building
occupancy.

1) 10 the inspector disapproves th
building, the owner must acrange for

Figure td=Workshieer fur Specch Pr. .
vacy daalyses .

Mie Specel Priviey Rating neenanies fi
afl five importitnt aeveesife elentents s,
determee privaey: caech of theve fiee elve
atenty iy puecil it a sl nembier L
atepa Fothiroeeeht 8 an efee worbahic i e
thu st af there mpndiees Coomprives il
Speceh Privacy Rating (5048), Ta freaaffet
the pevipants” respueae, coder the fivor
at the top of the poer with the SPR oo th
hereTzoettid evds, snve wp b0 e eaer e ai
theat Ieft to the verticad ovir.
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the more complicated procedures ol
the fiehl tensmission  hosws test
CASTA 1E336) invrder Wy deteraine
which pat of the stucture {iv..
which soumt pathy is at Gl and
should be correcied. OF course, the
fault might be located withoul the
ey for detailed tests,

Quly the first twa steps are simple
cnough to bie enrried out by building
inspectors; the transntission [osy test
would be ¢onducted by professionul
acoustical technicians, :

Formally, it will make scnac for
the ¢ude 1o specify the Sound Trans-
mission Claas (STC) of the various
building components, ta provide pui-
danceinthe initial design ol the build-
ing und o make it simpler when the
druwings are to be approved for o
building permit. §f the A-evel differ-
ence inthe Gnished buikling complics
wilh values of isolation [privacy),
additionalty specified in the code,
then there would be n waiver of the
complicated  tranamiasion  foss
{ASTM E236) teals to demonsirale
compliance of the individual building
compunents,

There may be general opposition
to this new building code approach
at firsl; nat simply  beeause it
introduces chanpes in an estahlished
procedure, butbecouse thearchitect,
the owner and builder have no
guarantce, at the time the permit to
buitd is granied: that the Anlshed
tmilding  will be approved, for
occupangy,  Understandably, they
will regard this na n canabslerable risk,
requiring n strong gambling fnatinet
to go nhead with the project. On the
ather hand, when they o go ahend,
they wili undoubtedly provide goud
supervision 1o prevent “acgustica
accldenta™ during the construction,

Btisimporiant Lo estublish the prin-
alple of compliance with n perfor
mance specifleatian while making the
trangsition s palatabie as possible w
nll concerned, Accordingly. we pro-
pase A atepwwise approach luward
achleving the ultimate privacy goal.

First. we degide the meisure of
faolntion we will ultimately want to
nchieve in howaing everywhere, and
expresa thisin terms of certain value
of AL, sny N. For about the first
year after s code is in effect, only

I3 S0 CONTREL EN ISP ERINM,

Mose  consteustions  wouhd e
appraved lur huilding that con be
evpected o yicld somewhat better
perfarmance than the vitimate goul,
say N b 5.0 Whea teals are nwude in
the Ninished building yain, during
the Nirst year or so), the building
would be approved fur vegupancy
even il it failed (o meet the desised
goad, by say § dil.

Under these  conditions,  there
would be a 10 dB wargin for error
during construction . . . approx-
inely swhat is Leing achicved at
presenl. No sudden dilficulties are
imposed on the architeet or builder
immediately after the code goes inte
¢ffcets the 10 Jd8 margin should be
comfortable lor cveryane congerned,
ant should allos the pringiple of per-
formunce testing 10 be painleasly
estublished as the proper way (o
solve the problen.

Gradually, say. in two or three-
yenr intervils ns canstruclion work-
o3 tearn how to improve their assem-
bly techniques to avoid leaks and
Nanking, the permitted 10 <L wargin
will be narrowed in steps. In part,
more “speculptive” constructions
would he approved in the drawings
at the building permit stage. Partly,
also, the [solalion requirements
would be applied more strictly at the
teatof the finished building. Alter five
to seven yenra 4 significant improve-
ment in achieving privacy should he
realized in alb kinda of dwellings. The
main  object  of this  sep-wisc
approach is to meke the enforcement
of, and compliatce with, the new
code iImmedintely practicable, and ot
the siune time atleactive o all con.
cerned an the “right” way to sel
aboul improving the privacy in our
dwellings. R
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vatht vasily fovee wound apoplaying
in the gneert hall nstead of be-
CONNAR a0 scientish geusting with
phenomenvtogical eneniies ol e
concert hall. When he fir<t entered
e Laiversity of Rochester’s Fasts
min Schivul of Music, he harbored
intenae nmibitions v become a pro-
fessional musicinn, Aller o yenr or
so af abserving members of the fae

, mous orchestras and ather ensem-

bles returning wearily ulter o coneert
in their dirty white tica, Ted Schultz
decided tha the lifestyle wasn't for
him. even il music was. Bven today
vou'l! fiewd Ted playing music—on
harpsicord amd on angient instru-
ments that he has restored for the
Musenmn of Fine Arts and in n
chamber orchesira thin gives con-
certs there.

ot the steps toward becoming
I'rineipal Scientist—-Acuustics, wmd
Technicul Direztor of Aschitectural
Acuustics and  Naise Control wt
Bolt, Berimek and Newman, Cam-
brige, Mass, really Legan with
Schuhiz's atlempt o retaiy an ase
sociation with musle while purauing
an engincering carcer that seemed a
mare appealing way of life. That
route, via the Universitics of Mis.
sowrd,  Texns, the U8, Nawal
Acndemy nnd Harvird, resulted in g
I'h. O bn acousties. It also piled up
prefessiuml expericnce av nn ine
sfructor dn physicx, mathemutics und
clectrival enpdneering at the Naval
Academy. Rescarch Physicist it
Nuvnl Research  Luhorntory, Re.
scarch Fellow In Acousties at Har-
vird, Assfwtnt Chiel of the Acous-
tics Section at Daonglas Airerall,

ile hasbeen with BN wince 1960
where his more recent work haa
denlt with proble mis of mensarement
ool esign in wrchitectral pcoustics,
design snd evilautivn af sconsticpl
tesling  Inbortery  fucllitics, neise
and vibriatlon eviterda and contiol fur
high-speed tnins and for pirecaft,

Menmwhile, Dr. Schiulle has been
nelive In writing  and revigwing
neonstical  standardy  ul notionnl
(ASTM and ANST o Interia-
tonal (150} Ievels, He has prepared,
for the LS, Department of Housing
am! Urban Developnient, n sel of
puldelinea aubstasntinting thelr ree

] et paala ihihiehdeng
serpr o hoaesing prapased for o
caliona judped o be fwa poisy Tor
saitahle iving cnvitonmenls. Nol
jong uge he spet siv months in
Furope  visiing  nomerous  lubo-
valeties 10 awsess the state of on-
porng acousticil rescareh i 1o in-
vestipgate enforcement of noise ordi-
anves and naise conlrol require-
tents in building codes.

All of this has Jeft Ted Schultz
tliscontenied with the scientific es-
tublishment, He notes atendeney fur
scientists 1o 1nchle whit they think
they can measwy and that forecluses
n 1ol of problems of the real world.
Right now, says Schultz, we seem 1o
bz on the thresheld of finding out
whal annoyace really is, o critical
hey to noise control prebilems. He s
more concerned with the quality of

all
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e timas physical phenoisena thi
trn gt to be Tandy 1o goeantily,

Schultz’s own made  of living
wefleets thane concerns. His hand-
som o honse, ance w burned-out
rownstone he restored, is nm fur
fromm the justing mudern architecluie
of Buoston's Prodential Center. The
fosmnth Mot iy o verdont setreat from
the bustling cits —call it nn aclicves
ment in phnt parenthowd, "Ted main-
tains u huge greenhouse which ix the
home of cist-aut plants from ncarby
Harviard. His biologist fiiends at the
university  receive  plants  for
identification from all over the world
wnd, for lack of room, piass them i,
A local TV crew recentdy tried to
contriat this top-fieor terrarium with
the noisy city outside. Alas! Their
microphones could hardly pick up,a
sound.
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Owaner’s YViewpoint in Residential Acoustical Control

Fruennkier Py Rose

Fora Angetates, fues, 520 Ptk dsenue, New Vark, Ve §ued

Steean i Ladd on the Jack of aideuate acoustical trestment in thie derign and eantiruction of andtiple dwells

Ings I the Unleed States of Aragrica.

HE moit stastling fact [ can prosent to this

Symiprsium iy thae, it this year of grace, at »
ting of Lruad architectural achivvement n every
sphere of building activity, when steuctural syatems
not even dmagined a generatlon agu have become
cumnionplace, and mschanical deaign i3 available of
such sephistication, we can creaté any clitnate, lighting
mogad, ot tranpertation uk the touch of a switeh. When
all this is going on all over America in every e of
building—at this momentous period of building his-
tory—— there s absolutely nothing being done about
ncoustical treatnienl.

Of all the complainta owners throughout the conntey
hear about postwar apactments, lack of soundprooling
heads tie it niest frequently. There lan't even a close
sccond,

It I3 unfortunate that much of the gencral publie
equatea a nolay apastment with "shodidy conatruetion.’’
Nething could be further from the truth, T'or, although
K will ke the firat to ndmidt that adequate saundpeoofing
of vur srew buibdings is Iacking, Inho feel moat sirongly
that torays’ constructisn techalques ace far superior to
thoze of the past, But the ionte tenant, distuched hy his
nclghboes chibiren, televidion, or plumbing, s not
intereated In such detnifa. Ile wanes a poml night’s rese,
and the pulvacyof his heine feee from ditraslnn ur cone
cern thiat the nnise (hat he generates will e eiensive
ta his neighlsers,

The source of the problems Iy eften fowmd in architee-

7
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tural design, as soacing costs have reaulted in smaller
apastments with jncreased densiiy,

Older Luildingy stnply had more structuml gmass,
which is the most effeciive means uf reduciag the trans.
misafon of sound. Stowe concrete was moce frequently
used with deadening on top of tlour shabs, and § to
1 in. of plaster Lefow, and ceilings were higher, Parti-
tions were not ondy heavier, but Lad [l thickness of
plaster on both aidea, 13oors were thicker and usuabty
sollel. Intetior decorating styles ran more 13 over-
stulfed furniture, heavy dapecles, and rugs, all of
which served to aleocl sound. ANl thes facton helpred
rediece noise,

Today, lightweight concrete is more often specificd,
which has tess mass and tranaimits sound more reaclily.
Morcover, thete I3 waually enly a thin flooting of
resilient tile or {1 in. of woud pacquet applicd directly
over the slab, iastew) of the subrlvoring or slegper
syrieies foemerly waed. We now [avor thin, plaster
skim coata on ceilings to save maney and ac the same
time reduce thwor thickness, There tendencles, which
centribute e casy spemd deansmission, live boen
enconecazed by our moning regulations, which place
fimits on building heights, Ownees ingist that their
architect get the areateat number of toore in o given
Dieigtht nut unly by eutting toor thieknes, buc by using
the mdninwnm ceding heighis.

The dining rovm has all but dizappeared, aml vpen
platsmingg has droughie the kitchen Ingo the living rouim.
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POSOUNDAINSULATION KEQUIREMENTS roft MULTIDWELLING BUILDINGS T

1

,' The efliciency, ur nodiednmi spasinent, ioehinuines,  radiang heatisg. When woad flours are used, slecpers

i embeven the puatingenivasan hitcer sovleit imposilue are placed on the nose 6l and then underfooring ;

i Lo avd] plring e tenant’s Giwhen meat o andbee’s nathal thereto. On (ke undeeside of e coneicle slab, ;
bedrueen, or a bathroo noar o livie oo, To e thoe woshd saally be three coats of plaster. Plusmbe )

; vate the proldent evenn more, we have produenl 3 vt fng siacks are completely isolated, and noise of the
arey ol poiscanaking cuipmences lishwashers, g steam syatein ia no problen, as our e of central

' bage digposals, televisiun, steren, air comlitinaers, and  heating i gencrally not wsed. They will put ups with

i nny cther Joud gadgets and toses The wial efiver s medioval piumbing end open 1irea for heat, but privacy

I disastrous, is casentlal,

] Inpact solse veeurs when the Door or wall ds g Compare this (o aur SIND-pec-roons-per-month Park

vibratizg by direct or mechanizal vengact with the proe Avenne julis, which accoustically differ little fram our
ducer of the asund. The wrand 53 rwlisted fiom both  publiclousing renting for a tewh of this figure:
sides, amd I pobaliy the greatest single sonrce of  horlzontal divigion is by means of 204n. openi-truss
ainavance ooan apmeonent dweller, However, the  siecl steds 1o which are attached (in the better buildings
phyeicnd solution to the probla i te mystery, only) §-in. pencil rods hobling resilient clipy with 4
In oftice huildings, ve have made all the advances  or 4% in. of selid gypman boarid, covered on cach side
required by current struetueal anrl mwchanical condic  with two couats of plister, These pactitions are usually
tions because we are a businesseorivnted country, and  piveced bveto-back televisinn eutlers aml other elee-
in aur plicer of warl wo woulb not teferste the sceond. trical cutlets with no insulating barricr, and are as
fate standard that weaccept i ow e, Foresample,  efiective ax an winbrella with 3 hole. Where plumibing ;
nir conddivianing bedme coommon in atice buildings  stachs oceur in s party wall (inexcusalle deslgn), a
long Ltfure the public desanded it in resbilences. Weuse  wiredith partivon with three coas of plaster often
varintia vibration-¢!inination dovices when necessare,  auflices. Mare often than not, the wire lathers, who have
and, a3 an wnswer tu epecial recitireents for eleciric 1o more training or intereal in acoustieal control than
H senviee, alr coneitionbiy, el boad distibation of heavy  the Luildezs or construction superintendents, will tie
and entplieated computers and otlier huaineta ma. the channeds supparting the lath diceerly o the pambs
chines, we have developed “toating fdoors™ Highe  ing or heating stacks, thereby fesuring teansmifasion of )
velocity threepipe nit-conditioning syaremn are avails  noise, Waood frame and semifireproof 6-stoty bulldings
able, by means of which each tenunt o any day of te  are a8 bid or wurze,
yeae cian dertnd and et the esact wemperature and Ten seats ago, in & New York “luxury apartmient
huwsaidity that he wants, Luilding,” we condueted & serics of experiments, using
The liat coubl go on and an~=special heatpeaistans  all of the then-current acvusticnf-cantrol devices, and
LAneas specind snetallic alluae; new tking and new bones  with A sound meter ineasured die actoal decibel loss, To
] fn the funm of high-strengh steeds, In effeul, new everys  no ane's surprise, we found that the laboratory resulls,
thing but residential acouatieal treatinent, proudly repotted in the builling-matesial companley’
Last vear, T had the houor of sceving as a meber of - liverature, were completely at vardanee whih the results
the Ualted Stats Delegation tw the United Nations  nchicved fn the fiehl. Conacquently, oune office imtituted
Mouslng Conferencs in Geneva. Afrer the efficlal meet. 2 procedure of having acoustical consultints review all
ingy, about fifty detegates from ever thivty countrien  phaot, and follow up with regular gite inapections a3 the
were invited by the goverminenta of Great Britain and - work gots on. This represents considerable iniprove.
the Rtepublic of Trelund 1o study the liowsing Inventaries  Inent over general peactice, Lut stit 1s not comparalile
of cach cowntry, aned o oifer conenta, eritleismg, and 10 the minfmum standarda set by foceign countrica.
sugpesifons, Another methosd that we uze is to bala our manage-
Iwasamazed tndiscover that the minimm stapdards ment personac] Lo try Lo getile acoustical disputes be.
of tound conteal far thelr luwest leve! of pubilic ousing  bween tenants by convincing the noise producer to allow
(mnahl}- l.‘q'lli\'illclll 1o [ITOJCC!I of the New York us Lo oil his noln_\- dhh\\'mher, cushion an offcnsive
Gty Housing Muthoeliy), far purpazsedd the best that Hi=Fi st ete. We ean do nathing about his wife's spike
we do for our nuest evperaive npartments and hames,  heelsona kitclien tloor, or the erving Laby In n Ledroo
For example, n typleat Eiopean reinforced-eoneecte  hext 1o someone olse’s lving ronm, As a palliative, we
ighierdse builiding will control Jordeontal gound trans  requite M of the door arca b be carpered,

e R T T AT £ Rl S I et

H nifsden with concrere sheer walls or 8 dne of solid It was wlio empliagized by the ather builless, archi.
i matoney lastered both sfdes Vertieal iwise will be  tects, and housing officlals at the United Natjens Cone
, controfledd Ly the constraction of a 6- or Foin. concrete  ference that a requirement for acenstical cuntrol In an
! arch coverod with a 2in, Lwer of Filiergdies ae other intepral parg of the buililing codes of every ether coumntry
! frsulatbun Loapdy 2in,of Fevse mand, aned o Lo, eciem n the workd, and, while it worhl be unthinkalile fue
' serestl ot coverved by resilfent dte, Cfien, electtival  pue sanitiry or stroctural emles to be Jess thn perfeet,
' whies are Imbreddad In the screait cout for the jurposc of - the delegatea fromy Franee, Dulgaria, Portugal, ete,
!
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42 BRANDT, NORTHWOOD, SCHULTZ, AND ROSKE -

were astonithe] to find that in Anerica such sound-
deadening requirerients dild not esist,

I would hesitate w reeamnrend that gur afready over-
worked Duilding Vepattmenta be given this additional
reapansibllity, nned 1 doubt aeriously whether a 554 1o
824 increase in coxt, which would be the result of a
really elfective job, would be willingly boeng by tenants
{nn todny's Nighls competitive remal market,

Wauld Mrs. Smith whe pays §i50 a month for o
naisy apariment be willing to pay $160 for a guivt one,
any inore than Mrs, Asinchilt liviag in a S500 suite be
willing to pay 8540 fur peace and privacy?.

I do not elwim te kaow the answees, but one would
have to be deaf as well as stupld to be unasware that the
prablem exists.

All housing, produced at all rental fevels, 13 subject to
supervislen In deaign and construction by pactics with a
major fiduciney interest: the Federal Howing Adniinis-
teation, the Siate or Clty sgencles having jurisdiction,

or, in caeventinnally financed beildings, the insurine, -
company or dank supplving the moretgage, Possibh
sng requirenient shoull be demanded at this level,

In any event, the USA eannot contine to bring vy
the rear fn this vital ficld, and, with the help of acoustics)
engineers, puod buililers, anel aroused public oMcialy, 1.
know the problei can e solveil, Medival secicties war
of dangera to the public’s health, and the American -
Institute of Architects dicrics ughiness, Why docs not
the Acuustical Socicty of America spearhead the drive ™
for quict Luildingy?

Where du we go frem here? One powibility s the
setting up of the mininum standard, fn 2 manner sinilar
to the insurance ratings of the National Noacd of Fire |
Underwriters. Acosstical emgineers, arclitects, and
tilders, approaching the taskwith the proven Amerfean
ncthod of coaperation between indnstey, the professions - -

and government, can dlo the foh, !
Let's get started! o

[ e L T L e B T & o Iy -

B .. werinay



)

AQUR) S THY ITAY L339

R At

REFERENCES

Richard V. Waterhouse, "ilolse Control Requirgments in
Building Codes," Chap. LG 4in Fandbazk of Koirae Contrel,
Cyril M. Harpis {cd.), Medraw-Hill Book Comparny, Inc.,
Hew York, lew York, 1957.

Theedore J. Schultz, "How lNoise Creeps Past the Bullad-
ing Codes," loiaa Control Engincering 1(1), 4-135
{Sumner 1973): Note that a block of text on page 12
vas inadvertently transposed in the setting of tyne:
the two paragraphs in column ene, beginning, "So far..."
and ending, "...minipum privacy requlrements," belons
in the third eclumn, after the [irst paragraph, ending,
"eavthe buillding permit wi1ll be dissu=2d." This paper
(with the transposed text corrected) is included as
Appendix F.

Theodore J. Schultz, "Acousntical Privacy and loise
Control Regquirementa In Building Codea,” frecc. Inter-
lotaa '75, pp. 535-538, 27-20 August 1975, Sendai,
Japan.

"Standard Recommended Prectlee for Laboratory Measure-
nent of Airborne Sound Tranamissicn Loas of Bullding
Partitions," ASTM Designation E£90-70, 6 Hovember 1970,
American Soclety for Testing and Material, Philadelphin,
This standard 18 currently being revised; the new
document should be issued in late 1976, The basaic

teat procedure will not be significantly changed in the
revised veraion.

"Standard Recommended Practice for Measurement of Alr-
borne Scund Inaulation in Buildings," ASTH Deslgnation
£E336-71, 24 Ssptember 1971, American Soclety for
Testing and Material, Philadelphia. Thia atandard is
currently being revised; the new docunent should be
lasued 4dn late 1976. The basic test procedurs will
not be slgnificantly changed in the revislon.

"Standard Classificatlon for Determination of Sound
Tranaminalon Class," ASTY Designation EW13-73, 20
ilovermber 1973, Amerilcan Society for Testing and lMater-
1al, Philadelphia.

"Tentative Method of Laboratory Measurement of Impact
Jound Transmission through Floor Ceiling Aasemblies
Using the Tapping Machine," ASTHM Deslgnation E493-~73T,
13 July 1973, American Scetety for Testing and Material,
Philadelphla. Two alternative ASTM test methods for
measuring impact nolse transmission, using a modified
tappling machine, in one casc, and a live walker, 1n the
other, are currently in preparatlon; they ahould be
avallable in lute 1976.
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10.

1.

12,

13,

"Fleld and Laberatory Meacurements of Alrborne and
Impact Sound Transmission," ISO Recommendatlon R 1h0,
1st edltion, January 1960; International Standards
Organizatlon, Geneva. This standard is currently belng
revlised; the new version should appear in 1976. The
revision 13 substantial, the new document comprising
elpht separate parts, dealing with:

I. Requirements for laboratories
ITI. Statement of preclsion requirencnts

TII. Laboratory airborne sound insulation measure-
menta of bullding elements

IV, Tleld measurements of airborne sound Iinsulotion
betweesn rooms

V. TPleld measurements of airborne sound insulation
of facades and facade elementa

VI. Laboratory measuremetit of impact zound Llnsula-
tion of floora

VII. Pield measurements of impact sound insulation
of floors

VIIT. Laboratory measurement of the reduction of trans-
mitted impact noilae by floor coverings on &
atandard floor.

"Rating of Sound Insulation for Dwellings," ISO Re~
commendation R 717, lst edition, May 19683, Inter-
natlional Standards Organization, deneva. Work hao
Just begun on revislon of this standard; the revised
document will nat be ready for several years.

"Schallschutz im Mochbhau ~ Anforderung” (Molse Control
in Buildingas -~ Recommendations), DIN 4109, Part 2,
September 1962, Deutsche Normenausachuss, Berlin.

"Liudklimat,” Svensk Byggnorm SBN 1975 3k:1, pp. 107-
196 (1975},

Schwed, Baunorm 1975, Auszug: "Kap. 34 Schallisolle-
rung," 5 November 197H, revized 31 tlarch 1976, Das
Schywediaches Relchaamt fiir Raumordnung und Bauwesen.
(A partial tranalation into OGerman of Relerence L1.)

Persovnal communication from Bertil Sundbeprg, Statens
Planverk, Stockholm, 15 February 1972. .
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16.

17.

18,

19l

e L L

20,

sy

L

22a,

e

23.

“Iosvinndng av 1Jwd fsolering 1 btygenader:  Fiilt
matning" (Leasurement of Sound Insulation in Dwellings:
¥ield Fagsuremante}, SEN 59 01 22, Draflt Proposal for
Swedish Standard, 31 Farch 1970 (A translatlon into
Swedish ef Ref. £.)

"Liugisolering" (Molse Isolation), BABS 1967, Chap. 34,
comracted ms of June 1971.

"Ljudisolering 1: Exempel ph konstruxtloners ljudiso-
lering, viiggar och bjéiklag" (Swedish Bullding Code
Supplemant, MNolase Isolation 1: Examples ol nolse
iso0lating constructions, walls and {loors), Svensk
Byagnorm - Supplement: 834 - 5 34:6, Statens Planverk,
Publication nr. 10, 15 November 1968, Stockholm.

"Recommandation concernans l'isolatien acousticue dana
ley maisons d'habitation” (Recommendatliaons f'or Acoustl-
enl Isolation 4in Dwellings), SIA Recommendation 181,
Edition 1970, 15 May 197¢, Soclete suinse des ingeni-
eurs et des architectes (SIA), Ziiriech.

"Horm fiir Schallschutz in YWohnungusbau" (Standard for
Yiolse Control in Dwellings), SIA Drafe Revislon ot
Recommendation, 1§81, 18 Anril 1972 (SIA), Zlrich.

J. Kristensen, "Bygningsreglementets, Kapitel §:
Lydforhold" (The Danish Bullding Regulations, Chap. 9:
Nolae Conditions), Statens Byggforaliningsinstitut,

Copenhagen, 1373.

"Oygningsreglement: Kap. 9. Lydforhold" (Danish
Building Code, Chap. 9, Folae Contrel), 1 June 1972,

Suillding Ministry, Copenhzgen.

Peraonal dommunication fram J. Kristenzen, Danilsh
Buillding Research Institute, 22 March 1976,

"Geluldvering in woningen" (Holse Control and Sound
Inaulation in Duellings), NEN 1070, B December 1962,
Rederlands Normalisatle~inatituut,! 's~Jravenhage.

I

"Geluldvering in uoningen en tot bewoning bestende
gebouwen' (Noise Control and Sound Insulation in
Pwellingas and Bulldings Intended for [abitaticn),
November 1973, Nederlands Normalisatie-inatituut,

RiJeawiik.

Modelbouwverordening {Dutch Uniform Building Code),
date unknown.
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a5.

26.

2T,

28,

R9.

30.
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Theodore J. Schultz, "Impact Noise Testing and Batling,"
Report Ho. 2668, Bolt Beranek and Newman Inc., 13
January 1974; avallable from IFI'TS as Document COM-75-
10133.

Theodore J. Schulty, "Recommendations for Impact Molse
Isolation in Multifamily Dwellings," Report MNe. 950,
Bolt Beranck and MNewman Inc., 18 January 1963, Thia
report embodles the firast U.S. FHA recomuendations for
impact nolse isolation, published by the FHA as
"Impact Nolse Control in Multifamily Dwellings,™ FHA
No. 750, January 1963, These recommendations, in terns
of Impnct Nolae Rating (INR}, were carried over Into
the FUA Minimum Property Standards in November 1963,
and atill remain valid as official THA poliey at the
pregcnt time. (See Ref. 26.)

"Minimum Property Standards for Multifamily Housing,"
U.3. Department of Housing and Urban Development,
rederal Housing Administration, FHA lo. 2600,
February 1971.

Raymond D. Berendt, George E. Winzer, and Courtney 3.
Burroughs, "A Guilde to Airborne, Impact, and Structure-
Borne MNoise Contrel in Multifamily Dwellings," Report
No. FT/TS-2H, January 1968, U.S. Department ol Heusing
and Urban Development, Washingbon. D.C. 20410. This
report, which superseded FHA No. 750 (Sec Ref. 25),
introduced & new rating for impact nolse insulatiaon,
the Impact Insulation Class (IIC) as a replacement
for the ecarlier Impact Molse Rating (IMR}. The curve-
fitting procedure 43 alightly different and the cri-
terion curve has s aslightly different shape. As an
approximacion, IIC = INR + 51, (£3), and IIC = 115 -
(20). The official FHA bullding nolse control

recommendations, however, are still stated 1n terms of
INR.

U.S. Uniform Building Code, Chap. 35, "Sound Trans-
mliaalon Control," U.B.C, Appendix, pp. 591-608, July~-
August 1972.

British Standard Code of Practice CP 3: Code of Basic
Data for the Deslgn of Buildings: Chap. IIX (19560),
"Sound Insuletion and Noilse Reduction.”

"Agoustique ~ critéres de l'isolation acoustique,"
{Acoustics -~ Criteria [for Acoustical Isolatlon), NON
BT6.M0, 1st edition, December 1966, Institut Belge de
Normalisation, Brusaels.
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33.

34,
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35

"Acoustiqus - critéres de 1'isslation acoustique”
{(Acoustics - Criteria for Acousticat Isolation), NBN S
01-U00, drafs prorosal for asecond edition of NBY
576,40 {see Ref. 30}, 20 tiarch 1675, Institu: Belpe de
Mormalisztion, EBrussels.

"Conatruntion - R3pgles péndrales de construction des
batinents d'habitation," (Construction - General con-
structicn repulations for dwellings) Article 4, Décret
Mo, 62-£96, du 14 June 1969, Journel Officiel de 1la
Republigue Frangaise, No. 69-88, 15 June 1959, Paris.

"Igolatlion acounstique dans les bfitiments @'habitatlon,"
(Acoustical Isolation in Dwellings), Arrété du 14 Juin

1969, Jourpal Offilciel de 1z Republique Frangalse, pp.

4185-6, 24 June 1969, Parls.

"Attribution aux bftiments d'habitation dtun 'Lobel
Confort Acoustique',” (Assignment of an Acoustical
Comfort Label <o Dwellings), Arrété du 10 Fevrier 1972,
Journal ¢fficlel de la Republique Frangailse, pp. 1762~
4, 17 Pebruary 1972, Parils.

"Le Label 'Confort Acoustique' -~ La manidre de
ltobtenlr et les avantages qu'll comportera," {The
'Acoustic Comfart Label' - How to Obtaln It and the
Advantages That It Will Confer), Le Mopiteur, Paris,
12 Tebruary 1672.

Rebert Josse, "Enselgnement d'une campagne de mesures
phoniques dana des logements," (Lecture on a campalgn
af acoustical sqeasurements in dwellings), Supplement to
Annales de 1'Institut Technlque du Datiment et des

Travawz: Publlics," 16th year, lUo. 177, September 1962,Paris.

"Hotice Technlque pour 1'Application du Raglement de
Construction: Titre VI-Isolement Acoustique,"
Technical NHotes for the Application of Construction
Regulations: Title VI -~ Acoustical Isolation), new
edition, circular No. 63-66 of 17 December 1963; also
Annere No, H, "Definitions acoustique et methodes de
meaure," (Definitlons and Methods of Acoustical
Measurements), new edition, circulsr ilo. 63-66 of 17
December 1963; C.hizrs de Centre Sclentifique et
Technigue du Batimens, Hovember 1968, Paris,
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37.

38,

39.

ho.

b1,

ha,

b3,

"A propos de 1l'isslation phonligue et thermique,”
{Acoustical and Thermal Isolation), the proceedingy of
the 6th colloquium organized by the Actlon Commitites for
Insulation and Soundproofing (COMAPL) and £57B,
Toulouse, & March 1969, Two papers of special interest
are: Jean-MNarie Mappez: "La responsibilitd des construc~
teurs (Arehitectes, promateurs, entrepreneurs) en
matidre d'isolation phonique, face a la nouvelle 1&g~
1slation," [T'he Responsibilities of Bullding

Engineers {(Architects, Promoters, Contractors) far
Acoustical Matters in View of Recent Legislation]. G.
Heymans: "Controle et expertise acoustlgue"

{Acoustical Testing and Evaluation).

Jean Deamadryl, "Le label confort acoustique qu'est-ce
que c¢'eat?" (The Acoustic Comfort Label: What is It?),
Revue d'Acoustique No. 24, 7-9 (1973).

Bernard Marseille, "Le gros-ocuvre comment a'isoler
des bruits aeriens ct des brults d'impact," (The
Foundations: How to lsolate airborne and lmpact
noises), Revue d'acoustique, o, 24, 21-25 {1973).

Hubert Gerard, "Resultats de l'operatlon Creil,"
(Resulta from Operation Creil), Revue d'Acoustigue, Ho.
2h, h6-51 (1973).

Qeorges Heyman, "Les modalities du controle acoustique,"
{Modalitlesn of Acoustical Testing), Revue d'fcoustique,
No. 2h, 55~57 (1973).

Jean Deamadryl, "Le controle des performunces,” {Per-
formance Tasata), Revus d'Acoustique, Mo, 24, 5H-55

(1973).

Rohert Lion, "Conclusion" (of the proceedings of & con-
ference which dealt with several aspoects of the new
Acoustic Comfort Label, recently put forward by the
French lousing Ministry.), Revue d'Acoustique, Ha,

2k, 59-61 (1973).

Robert Joase, personal communication, 24 March 1978,

"perétd du 22 Decembre 1975 relatlf{ & 1'isolation
agoustique dans Lles batiments d'habitaticen,” Journal

0fficiel de la Republique Frangaise, 7 January 1976,Paris.

This arrfté modlfies the lat end Ird orticles of the
arrété of L4 June 1969 (Ref. 32), to modify alightly
the permitted noise levels In certain kinds of vooms.
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48,

49,

50.

51,

52,

"Propotion de ferotres a tonnes 1sslations acoustlgue
et theralque: Creatlon d'un label 'ACOTHERME',"
(Premotlion of hindaows with Good Acousticsl and Thermal
Iscletdion: Creation of the'ACOTHERME! Label), Cahier
des Presariptlons Technlgues {undated, but probabdbly
1978) ef the Ministiere cde 1'Equipment, Dirsction de ia
Constructlion, Service Technlque, Paris,

"Fodstawowe zasady fizykd budowli. Ochrena budynkow,
Izoloelda akustyezna,” {Principles of Buillding
Physics. Protection of Builldings. Acoustical Insula-
tlon), Recommendation RS 263-65 of the Standing
Committee of the Council for Mutual Economlce Aid
{CHMEA), 1965. (English summary in Ref. 53.)

(fitle Unknown), Draft Recommendation RS 263~67, &
propesed supplement/revision to RS 263-65 (sce Ref.
47), Council for Mutuel Economic Ald, (CHMEA)
Qetober, 1967. (English summary in Ref. 53).

"Akustylca budewlana. Ochrona prieciwdfvickowa
pomleszezefi," (Bullding Acoustics. lolse Control in
Bulldings), Polish Standard PH~70/B-02151, Warsaw,
1970, (English summary in Ref. 53).

"Ochrana proti hluku v pozemnich stavbach" (Protection
Agalnst Nolse Transmission in Bulldings), Czecho~
slovaklan Standard €3N 730531 (1971). (English
aummary in Ref. 53).

"Acouatica in zonstructlii. Protectiz impotriva
zgomotulud Ain constructil civile," (Bullding Acoustica.
Protectlon Agalnst Ilolse in HResidential Pulldlngs),
Rumanian Naticnel Standard STAS 6156-£8, (1968).
(English summary in Refl. 53).

"Bauphysikalische Schutzmassnabmen Schallschutsz:
~=Sghallachutz; Schalldémmung von Bauteilen”

{Means of Protmction by Phyaical Construction: Sound

Insulation of Bullding Elements), East Oerman
{German Democratic Republig) Standard T4l 10687,
Blatt 3, draft of March 1969, effective 1 April
1971, (BErief English summary in Refl. 53).
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53.

54.

55.

56.

59.

£a,
61.

6a.

"Me Influence of Materizls and Construetion on the
Acouatic Climate in Dwellings and Its Effect on
Resldenta' Health," Final Report of Project Ho. 05-202-
2, Phage 1, Appendlix 3; January 1675; Bullding Research
Institute of the Ministry of Bullding and Bullding
Materials Industry, Warsaw.

"Aanenervistysnormit," (Bullding Acoustics), Finanlsh
Standard RJL 55b (1967/1971), Helsinki.

Theodore J. Schultz, "Research on Evaluation of
Acoustie Qualities in Finished Buildings: A Survey
19780=-75." Working Paper for the Acoustical Commission
W 51, Conseil Internationale du Batiment (CIB), July
19765; Rotterdan. .

"Schallschuts und Raumakustile im Hocehbau," (Sound
Insulation and Architecturnl Acoustics in Building

Construction), OMORM B 8115, Draft standard, April

ﬁ976,ibstorreichiuches Hormungsinstitut, Vienna.
ustria.

G. Berry, "Sound Insulation in House and Flata:
Effect of New Scottish Bullding Standards," Insulation

{Lond.) 8 (1), 28-29,

John K. Hilliard, Gordon L. Bricken and Paul A,
Penardl, "Practical Consideration in the Evaluation
of Acouatically Effective Party Walls," internal
report, HMarch 11, 1976, Blo-Accuatical Enginecering
Corp., Tuatin, Califl,

Robert Joase, "Etude sociologique de la satisfaction
des occupants de locaux aux régles qul sent supposees
garantir, un confort Aacoustique suffimmant” (Sociological
Study of the Satiafaction of Ocoupants of Dwellings
Actually Confaomrming to the Regulatlons That are
Supposed to Guarantuee Sufflcilent Acoustical Comfort),
Final Report, 1 March 1969, Centre Scientiflque at
Technique du Batiment, Paris.

Jan van den EiJk, letter to author, dated 26 March 1975.

Jan van den Eijk, "The Hew Duteh Code on Holse Conircl
and Sound Insulation in Duellings and Ita Background,”
J. Sound ¥ib. 3(1), T-19 (1966).

M.L. Kastelelln, "The Statistlcal Spread of Measured

Alrborne and Impact Sound Insulation 1in the Field,"
Jo Sound vib. 3{1), 36-45 (1966).
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66.

68.

6g.

70.

71,

72,

Jan van den Etllh, peraonal communication, June 1576,
1dinz Research Station Digest o, B (lst serles,
1950, revised March 196L).

Statutory Instruments 1372, Ho. 317, "The Bullding
regulations — 1972," for England and Wales, except

Inner London; Part G, pp. 63-66, and Schedule 12, pp.
185-187, June 1972; Preparced by the Building Regulatlons
Advisory Committee {originally in the Rinistry of
Houalng, now pert of the Department of the Environment),
Londen.

Statutory Instruments 1671, No. 2052 (£.218), "The
Building Regulatlons — 1971," for Secetland; Part H, pp.
71-72; Schedule 9, Table 11, ». 183; and Schedule 10,
rp. 216-2190.

{ve Brandt, "Sound Insulation Requlirements Between
Jwellings," Congress Report 2, IVth International Con-
Eress on Acousticas, August 19€2, Copenhagen; pp. 31-5h.
{This important paper 18 reproduced herc as Appendix E.)

., G8sele, "Schallschutz von Wohnungen: Derzeitiger
Stend und Verbesserungsmbgiiehkeiten,” {Sound Isclation
in Dwellings: Present Status and Possibilitles for
Improvement), Kimpf dem Lirm, 21. Jahrgang, Heft &,
Octobepr 197H,

I, G8aele, "Schallschutz im Mauerwerisbau,”" (Sound
Insulation in Brick Bulldings), Kalksanatein — Neuao
and Wiaaenscihaft wund Praxie, September 1973, pp. 3-10.

H. Myncke, Director, Laboratsory for Acoustics and Thermal
Insulation, Catholic University o¢f Leuven, Belgium;
letter to author, dated 24 March 1976,

K. Myncke, "Réglementation concernant l'isclation
acoustique,” (Hegulationa for Acoustical Isolation), -
Hevue llo, 3, 20~21 October 1972, Centre Scientifique
et Technique de la Constructilon, Drusaels.

"L'iuolement acoustique dans les batiments," (Acoustical
Isolatfon 4in Bulldings), Technical Informatlon Hote

lo. 90, Qctober 1971, Centre Sclentlfique et Technique
de la Construction, Brussals,
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73.

.

75.

76,

7.

78.

19.

go.

81.

W. Fasold, "“um Stand der Erfillung der Schallschubz-
forderungen im industriellen Wohnungsbau," (The Currant
Status of Compllance with MNolse Control Regulrements

in Industrial Residential Buildings), Zeltschrift fir
die gesamte Hyglene und ihre Grenzageblete, 13 Jahrgang,
Heft 8, pp. 626-631, August 1967, East Herlin.

National Bullding Code of Cannda 1970, HRC No. 11216,
National Research Council of Canada, Ottawa, reprinted
October 1672; Paragraph 3.3.4.7 {p. 113), Section 9.11,
rSuu?? ?ontrol" (p. 346), and Tables I-A and I-C (pp.
133=-441).

Fredericlk P, Rose, "Ouner's Viewpoint in Residential
Acousticnl Control," J. Acoust. Soa, Am. 36 (4), Th0-
Th2 (April 1964). HReprinted as Appendix G of this
report.

Theodore J., Schultz, "A-Level Differences for Moelse
Control in Building Codan,"” Noise Control Engineering,
Autumn 1973, pp. 90-97; see also the letter to the
aditor, "Sound Tranazmission in Bulldings," p. 107 in
the name i1ssue,

Theodore J. Schultz, "A Proposed New Method for Imnpact
Nolae Tests," Proceedings of Inter-Noise '75, 27-29
Auguat 1975, Sendal, Japan, pp. 343~350.

Frank P. Grad, "Legal Remedies for Housing Code Viola-~
tions," Reseacch Report No. 1M, prepared for the
National Commlasion on Urban Preblems, Washington, D.C.,

1968.

"Aspessment of MNolse with Respect to Community Response,"
IS0 R1996-197L, Acoustics; Internatioral Standards Or-
ganization, Qeneva.

R. Kraege, "Ergebnisse und Erfolg von Schallschutg-
prifungen" (Teat Reaults and Effectiveness of Sound
Insulation Testing) Kimpf dem Lirm, 10 Jahrgang, Heft 4,
102-106, August 1969,

3. Auzou, Ph. OGilbert and P. de Tricaud, "Etude concer-
nant le Label Acoustique Confort," {Study Conceprring the
Acouatie Comfort Label), Final Report, December 1972,
second edition. Vol. I: Synthéac des procésverbaux de
mesure, Aspect Réglementaire (Synopsis of the Meaasursd
Data, Regulatory Aspect)}; Vol. II: Examen des résultata
et de leur disperaion (Examination of the Test Data and
Thelr Scatter); Vol. III Houvelle exploitation des rdésul-
tats d'une anclenne compagne da meaurss acoustiques
(Reannlysis of the Test Data from & Previous Campaign of
Acoustical Measurementa); Centre Sclentifique et Teche
nique du B&timent, Paris.
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2.
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gh,

Ariel Mlexzandre gnd Jeen=2nilinpe Barde, "otor Vehilcle

Noise Akrtement Through Economic Incentivze," Paper
Jo. 6, General Seasion, Section 1, Proccedings of

) » X
Symposime on Nolse in Trarnspertatlon, Elgnhzh Inter-

naticnal Congress on Acoustlea, 22 ang 2% July 197k,
University of Southampton, Southamption, Zngland.
Anselm Lpuber, "Sehallilsolation," (Sound Isolation),
Lecture notes, Winter 1973/74, Eldgendsaisches
Technivehe Hochschule Zirdch (ETHZ).

Ariel Alexandre, "Trafflec llolse Control in Eurcpe,"
Noiase Contreol Enginapring 2(2):69-73, Spring 1974.
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