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1, INTRODUCTION

It 1s generally conceded that, although noise econtrol
requirements are included in the bullding codes of a number
of countries, these requirements are not very successful in
preventing complaints of inadequate privacy from the tenants
of the buildings to which the codes apply.

In part, this failure can be attributed te the fact
that the masking effect of background nolse is not taken
into account 1In the codes, and thus, a construction that
would be entlrely satisfactory in a nolsy urban neighbor-
hood would glve rise to serious complaint in a quiet suburb,

In additlon, 1t 1s not feasible in a code requirement
to account for all the different life styles 1n a community.
A family with many noisy children (or othér nolsy activitiles)
may not even notice the nolse coming from next door; but 1f
the tenants happen to be an elderly couple of quiet habits,
they may hear anﬁ complaln bitterly of the neighbors' noise.
The same bullding construction cannot make everyone equally
satisfied wilth his privacy.

Nevertheless, the fact is that in many cases the
architect has chosen appropriate building construastions
which should satisfy the tenants at least most of the time,
and still there are complaints, The guestlon is why?

The answer is not hard to find. Hardly anyone dis-
putes that if a reasonably good structure was selected in
designing the building and, nevertheless, there are serilous
nolse problems, then something musﬁ have gone wrong in the
process of constructing the bullding... something that the
building code, as written, and the normal practices of the
enforcement agency were powerless to prevent. Either the
code specified the wrong acoustlcal properties for the
building, or 1t was Ineffectively enforced.
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In order to come to a bettév understanding of some of
these problems, the author has wvisited a number of European
countries where noise requirements in the bullding codes
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 various approaches taken

by different countries were explored by means of a question-
nalre, reproduced here as Appendix C.

The results of these interviews, supplemented by sub-
sequent correspondence and dAlscussion, and by the contempo-
rary literature, are presented in this report.

It will become evident that the countries represented
fall inte twe rather sharply defined groups: those that
have been active in'enforcing the noise cbntrol require-
ments In one Wway or another, and those 1in whilch supbort
for adequate enforcement has not been found. Naturally,
the responses to the Interview/questionnaire from the latter
group were few and rather general. For our present pur-
poses, we have more to learn from the
group. For this reason, the detalled responses on code -
enforcement from these two groups of countrles are presented
separately, in Appendix B, beginning (in alphabetical order)
with the more active countries: Denmark, France, The
Netherlands, Sweden, The Unlted Xingdom, and West Germany.

The second group includes'Austria, Belgium, East Germany,
Japan, U.S.85.R., Spailn, Switzerland, and The United States.
No information 1s avallable for countries not mentioned here.

"agtive enforcement"

Appendlx A presents, for the countrles named above and
also for certain countries of Eastern Europe, descriptions
of the eontents of the codes; that is, the kind of assess-
ment eriterla used for sound insﬁlation in the various
countrles, and also the regquirements for sound insulation

specified in the codes.
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Many of the codes have requirements on the maximum
acceptable indoor nolse levels (some focus on the nolse gen-
erated by equipment 1n the dwelling or in the building; a
few are also concerned with noise from outdoors). All the
codes have reguirements on airborne sound insulation (or
isolation) and impact sound insulation.

These quantlities are always specified for dwellings,
put in many of the codes requirements are also gilven for
other kinds of bulldings: hotels, offlces, schools, ete.

Because this report is not primarily concerned with the
contents of the codes themselves hut with the means of en-
foreing them, Appendlx A makes no attempt to cover all of
the noilse control requlrements In the codes, instead, it
presents only the typilecal alrborne and impact insulatlon
requifements‘for dwellings. Even so, where a code goes 1nto
great detall concerning different kinds of space within
the dwelling, it did not seem useful to present the entire
array of requirements. Thus, attention i1s confined to the
prineipal living spaces, such as living rooms, bedrooms,

kltehens, and baths.

Appendlices A and B, dealing wlth code content and code
enforcement, respectively, present the collected infeormation
in considerable detail. The main body of thls report at-
tempts to form certaln generalizations from those detalls;
1t focuses upon two especlially intereéting enforcement
approaches, and draws tentative conclusions intended to
provide guidance in the framing of nolse control require-
ments for a new model building code for the United States.

For this purpose it will explore the nature of the
requirements in the various codes, compare thelr similarities
and differences, examine the means of enforecing the require-
ments, and attempt to evaluate their effectiveness.
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The key word here is "effectlveness,'" because we wish
to discover, if possible, what 1t takes to make such nolse
control requirements work.

An obvious approach for Judging the effectiveness of
8 glven code would be to conduct a program or field tests
of acoustical performance in bulldings BEFORE the code
regulrements are adoptedj and then to repeat the tests
later, on bulldings erected after the code 1s 1n forece, In
order to see what, 1f any, improvement has been achileved.

So far, no country has yet carrled out such an or-
ganized study to completien. In fact, unfortunately, the

avallable field data on the acoustical performance of build-

ings are scarce, scattered, and not well organilzed; but
certain conclusions can be drawn from the rather sparse
information at hand.
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2, EXISTING BUILDING CODE NOISE REQUIREMENTS

The assessment of alrborne and impact nolse performance,
in all the codes with the excepﬁion of France, 1s made by
comparing a measured curve of transmission loss (or ﬁoise
reduction or impact noise) against a reference curve, which
1s regarded as representing more or less adegquate accustical
performance. In one way or another, the differences between
the reference curve and the measured curve are used to cal-

culate a single-number rating. The codes then state thelr

acoustical performance requirements in terms of the single-

number ratings, (See Appendix A for a more detailed dis-

cussion.}

In North Amerlca, we use the familiar Sound Trans-

mission Class and Impact Insulation Class. (8TC and IIC), as
shown in Fig. 1. The reference curve For STC (for example)
is translated up or down until 1t matéhes the curve of mea-
sured data, according to certaln prescribed rules, at which
point the STC for the wall 1s read off as the value of the

shifted reference curve at 500 Hz.

Simllar rules are used for calculating the acoustlcal
ratings in most other countries, though some coﬁntries,
such as Belglum, the United Kingdom, and Rumanla, assign
"eategories" rather than numerical ratings. Figure 2 shows
a comparlson of the reference curves of several countries.
They are simllar in shape for the most part but they differ
significantly in absolute level. Moreover, the curve-
fitting rules permit different allowed devlations. It 1s
difficult, therefore, to compare directly the code require~

nents against one another.

For comparison of the airborne noise requirements, the

following procedure was used. Pink nolse was assumed 1n the

source room, at 80 dB in each octave band, and the cor-
responding A-welghted sound level was calculated., Then the
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Note: Value of I1C
inepeason as wpact
noise leve] de-
creases.
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FIG. 1. REFERENCE CURVES FOR AIRBORNE (STC) AND IMPACT
(II1C) NOISE USED IN NORTH AMERICA.
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NR values repreasented by the reference curve were subtracted
from the source room sound levels, band by band, to get the
receiving room sound levels, from which were caleulated the
corresponding A-wéighted levels. The difference In A-
welghted levels in the source and receiving rooms 13 the
measure of protection against alrborne nolse required by

the code, TFor i1mpact noise, the A-welghted level correspond-
ing to the reference curve was calculated.

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

Many codes have different requirements according to
the types of rooms involved. We restrict our attention
here to the requirements for bedroom-living room combina-
tions. Column 2 indicates the quantity measured: elther
the transmission less (R) or the normalized noise reduction
(DN). Column 3 gilves the symbol of the single-number rating
used Iin each case. (For more detalls see Appendix A.)
There 1s a tendency for Western European countries to fol-
low the lead of the Internatlonal Standards Organilzation
(I80), with alrborne and impaet indices I, and I,, whereas
In Eastern Europe most countrles follow the Councll for
Mutual Economic Ald (CMEA), with indices E; and ET.*
Columns 4 and 5 glve the minimum and maximum nolse control
requlrements as actually stated ln the codes for alrborne
sound, whereas columns 6 and 7 glve the corresponding
equlvalent requirements in terms of A-welghted sound levels,
calculated for this report for the purpose of readily com-
paring the code requirements, (See Sec. A.3.8 of Appendix
A.) Nolse control requirements for impact nolse, as stated

#The subscripts L' and T stand for the German words luft (air)
and tritt (footstep).
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Lountey gi‘ Rating #in. Max, Hin. Hax, Rating Hin, Max, Min, | Max,
[] Categories | JI-5 4B I - 52 51 Catagorien
Dedglus | p | Trlry {3123 4 of i |raraar | T I AL
13 ] 52 — - 52 -
Deamary By !.{Du 50, 5o tl 57 . <59 -
Francw | Dy | oy 51 i1 oy N - L1 <70 dba |67 4BA || <70 | <GF
pare| N ° 4 e n s 5K | e <68 | <t
Juiter-] ) o1y, o’ s of n 5 o o . a3 |t
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Sdtars n | s, ) 3 of % s |y & 53 <61 | et
fugtana| n | EHH [ on : 2 w n | frrew un 1 q |
e, n | o 50 51 1] = T e 53 60 <y | <1
I 1% h Ta - - - an P, . x‘ - - — -
;| eseen 1 5 -l “2 e » ! £ ¢ ne il | <61
! v X
N W B I I “a 2 of % 5 rr W | wr | ot
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' i ' ] = by ]
! oHEA k! B, =1 92 e 56 5 Ep [ +10 <1 | 6L

o = Different yaquirements depend on the mcoustic quality demired.
# o Different requirements depend on the type of rocts involved, .
+ = DIfferant requirenmenta depend en the noiminesa aof the neighborhood,

2 = Bifferent raquirenenta depend only on the sizs of the recelving roca,.

Fig. 3.
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in the codes, are given in columns § and 9, and the A~
welghted sound level equivalents in columns 10 and 11.

For airborne sound, the range of minimum requirements
45 48 to 54 dBA; for maximum requirements it 1s 52 to 57

‘dBA.

For impact noise, the range of minimum requirements is
77 down to 59 dBA; the range of maximum reguirements is T4
to 57 dBA. (The requirements shown for the United States
are those contalned in the Minimum Property Standards of
the Federal Housing Administration.) :

Figure 4 shows the distribution of these code require-
ments. The minimum airborne nolse requirements for the
U.S8.A are near the low end of the range, but are typilecal.
The U.S8.A minimum impact nolse requiremenf ls seen to be
rather strict in comparlson with the others. The United
States maximum requirements, both alrborne and impact, are
quite striet compared to the others.
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FIG, 4. DISTRIBUTION OF ACOUSTICAL INSULATION REQUIREMENTS

?ETNEENSLII\BIING ROOMS AND BEDROOMS IN APARTMENTS
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3. ENFORCEMENT WETHODS

We have seen 1n the previous section various nolse con-
trol requirements in bullding codes. But a code requirement
i3 no better than its means of enforcement. Let us look,

* therefore, at some of the metheds adopted for enforelng the

varlous nolse codes, as shown in Fig. 5. (Note the key at
lower left.)

(Row 1) » Almost all countries rely on required in-
spection of' the building drawings, before
issuing the permit to bulld.

(Row 2) « Most also suggest, or require, approved __ ___  Jww

' types of constructions, that are known from
experience (or previous measurements) to
provide reasonable performance.

(Rows 3 * Two countries (France and The Netherlands)

and 4) have tried to improve the acoustic per-
formance in thelr buildings by providing

' some kind of financial bonus for improved
performance, or by providing a framework
for explolting the market advantage of
better sound i1solation. {We shall return
to the Freneh program later.)

(Row 5) « In two countries (W. Germany and Denmark),
there have been lsolated examples where
the rent was ordered reduced, hecause of
poor sound isoclation. ’

{Row 6) * In many countries, at least some acoustical
testing 1s done in the finished bullding.

(Row 7) . Remedial measures to correct faulty sound
insulation are undertaken only if the fail-
ure to meet code requirements is quite
serlous; and, again, only in Government-
financed projects, as a rule.
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(Row B) *+ There may also be pllot tests of novel con=
structlion to demonstrate complliance with
the code requireﬁents. But this'is true
only in bulldings financed by the Govern-
ment (10 to 25% of the total number of
bulldings bullt per year).

In most countries, even those in which nolse require-~
ments have exlsted for many years, it 15 only in the last
5 to B years that people have begun to take the enforcement
of these regulations seriously.
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4. THWO ENFORCEMENT APPROACHES OF SPECIAL INTEREST

The approaches to code enforcement in various eountries
are detailed in Appendix B. Here, we concentrate on two
countrlies that have adopted Interesting approaches to en-

‘forcement: West Germany and France. One aims at success

by means pf very vigorous enforcement, the other by means

of meonetary premiums and market advantage. These approaches
are not mutually exclusive} in faet, they have common asg-
pects in practice. Both rely on test measurements in the
finished building.

4.1 West Germany

There 1s no nationwlde building code nolse requirement
that applies over all of Germany. Instead, there is a
National Standard (DIN 4109) that contains gquantitative
requirements for nolse control in bulldings, and specifies
both minimum acceptable levels of performance, as well as a
higher quality of performance., Thls DIN standard 1s not Law.

But each German State has a bullding code that, instead
of specifying numerlical requirements of acoustical pers
formance, uses phrases like "sufficilent noilse isolation"
or "must be state-of-the-art." Concurrently, however,
another Ministerlal Order defines the National DIN Standard
as "state-of-the-art," and it thus effectively becomes law,
even 1f by way of the back-door.

{Incidentally, there is a great deal of practical ad-
vantage to this approach, slnce 1t is not necessary to
change the law in all the Oerman States, 1ln order te intro-
duce improvements in the measurling methods, or in the
numerical code requirements, It 1s much easler to change

the Natilonal Standard, for this makes the change auto~ &“y#ﬂ(

matically effective in all the States.) g;>

DRAF T




P |

1

[N

| I

:

1

EoL

i.Z

-

- I

L m o

1

The minimum German requirements are for: LSM and
TSM = 0. The compliance tests are made by about 40 offi~
cially deslgnated testing organizatlons throughout Germany.
Each such organizatlon must send its test team to the German

‘National Bureau of Standards every two years, to have 1ts

test procedures evaluated and approved.

Figure 6 shows rield test 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).
Most of the buildings, throughout this period, just passed
the requirements of LSM = 0.

It 1s tempting to speculate whether the sudden increase
in very good walls in 1963 cccurred because the National
noise standard on which the Bavarian bullding code is based
was révised and improved In that year.

‘ Figure T shows comparable results for lmpact sound
isolation. Because Tloating floor slabs are almost uni-
versaliy used in Germany, the 1mpact nolse iselatlon i1s
ususlly very good. Even so, a trend 1s evident: decreasing
numbers of test results in the medlocre categories (-5 to 0)
and (0 to 5), and a steady increase in the number of ftests

in the very good category (> +10),

A similar story emerges in North Germany, as shown in
the impact insulatilon test results in Table I: a steadily
diminishing number of fallures of the minimum requirement,
end an increasing number of bulldings complying with the
"higher quality" standards. Table II shows comparable re-
sults for airborne sound insulation,

The most dramatic comparisocon is between the poor acous-
tlcal quallty 4in the housing bullt immediately after the war
and the housing of some 1B years later, as shown in Flg. 8.
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~TABLE I.

GERMAN FIELD TESTS OF SOUND INSULATIOM

* Impact Sound Insulation*

Failed Minimum Passed Minimum

Evaluated According to DIN 4109E (January 1959): /4‘{/1//

Housing Reguirement Requirament
Built in: {TSM < 0) (TSH > 0)

1953-1955 288 T2%

1959-1561 - k% 864

Evaluated According to DIN 4109 (September 1962):
Fatled Minimum Passed Minimum Passed Higher Grade

Requirement Requirement Requirement
(TSM < 3) {3 < TSM < 13) (TSM »13)
1966-1967 . T.u8 h1.5% 51,1%
*Source: HR. Kraege, 1968, about 2000 measurements by PTB,
Braunschvelg.

TABLE 11. GERMAN FIELD TESTS OF SOUND INSULATION

Airborne Sound Insulation (1968)*:

Fajled Minimum Passed Minimum Passed Higher Grade

Housing Requirement Requirement Requirement
Built in: (TSM < 3) (3 < T5M < 13) {TSM > 13)
Walls  26% Lg% ' 258
1966-1967
Floors 5% 33% 624

*Source: K, Gdsele, 1973, Stuttgart (Ref, 69).

It must be remembered, here, that compllance tests in
Germany have been routinely made only on Government-financed
bulldings so the data we have seen apply to only some 10 to
254 of the buildings. More important, however, in these
proJects, the disbursement of the final 1/3 of the econstruc-
tion funds is held up after measurements in the finished
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-projects, however, has been so great that 1t has begun to

bullding have demonstrated compliance with the code require-~ qu15
ments. This approach has "teeth" and it works, at least 4}£
for the bulldings to which it applies. ﬁ,“

The success of thils program in the Government-financed ;&?ﬂﬂﬂo

fa

influence the private sector.

For one thing, the bullding trades who work on the
Government-{inanced projJects must learn how to do the Job
correctly and avoid acoustical mistakes; once the hablt 1s
formed, 1t carrdes over into non-Giavernment projects.
Apparently, 1t is difficult for the same man to do the same .

Job once well and once poorly.

Moreover, the contractors and bullders themselves have
become consclentlous about complying with the recommenda-
tlons, and even seek out acoustical advice, themselves,
rather than risk belng caught and penalized at the end of
the pqoject. They tend to feel that the National DIN
Standard does represent "state-of-the-art," and that it
should be feollowed. In faect, when the Standard was flrst
lssued, 1t was the minimum requlrement of the Standard that
was almed forj goday, most bullders shoot for the improved
level of performance. Moreover, in view of the current
inflation, people expect high performance when rental or
purchase costs are so high.

Finally, large private bullding companies, such as Neue
Helmat, belonging to the labor unions, have begun, as a
matter of course, to have spot checks of the acoustic per-
formance made, to be sure that thelr builders' work is up

to standards,
It appears, from this example, that vigorous code en- T*ﬂe w;#ﬂxy

the event of fallure, can lead to wide-spread code com-
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forcement, particularly with the threat of funds withheld in 2'

pliance. This 1s, in my terms, "effective noise control™!
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4.2 France

i

It is'probably safe to generalize that the French are
not so naturally inclined teo follow repulallons as the
Germans, and thaet may be the reason that a different ap-

proach was used in France. h{LJZJA
The earlier French efforts were based on the usual é?// #”/,/’/

style of bullding code enforcement.” Figure 9 shows the
French REGULATIONS, that date from 1969; it also shows the
more strict requirements for the recently adopted speclal
Aeoustin Comfort Lahel, whieh we shall return to later.
For the time being, the REGULATION requirements {Column 3)
may be regarded as minimum code requirements and the LABEL
requirement (Column 5) as a "higher quality" requirement.
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.ﬁ Both are based on measurements 1n the completed building,
:M and both allow a tolerance of 3 dB for passling the require-
r ments. ’
i
% Figure 10 shows the cumulatlve dlstribution of tests of
:Lg alrborne sound isolation in buildings bullt between 1960
1 and 1967, before the Regulation. Only 30% meet the 1969
j.f} Regulation (51 dBA), and only 7% meet the Label requirements
i (57 dBA), without 1nvoking the permitted 3 dB tolerance.
‘:m‘ With the 3 dB tolerance, 549 meet the Regulation (48 dBA),
el but only 15% the Label (54 dBA).
-.ﬁ Figure 1l shows the results of alrborne ncise tests in
. buildings bullt AFTER 1969 under the Regulation. In this
_;1 case, T0% of the dwellings meet the minimum requirements,
- though only 25% pass the higher quality Label requirements.
E‘ Figure 12 shows the results of impact noise tests in
: buildings bullt before 1967. U5% meet the Regulation (70
..E: dBA), but only 28% would pass the Label requirement (67
| dBA).
Lf}
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Basie Requlation
(1969}

Acoustic fonfort Label
{t972)

Ventilating dystem, Pumpas,
Tranaformers, eta, s

Type of Requirement Artfele | Requirement® Article | Requirement®
Airborne Sound Imolation R Dy 2 51 dBA Lh by 2 54 to
Bstween Dwellings . 59 dpAt
Adrborne Bound lsolation ‘e
Betwaen Bedroom and Other - - L8 By 2 b to

.| Parta of, Same [welling 49 dBat
Airbarne Scund Isolation - —~ i D” * 33 to
of Dwelling Focade 452 dBAs4
Impact Noime Innulation R2 L, £ 70 dBA L5 Iy £ 67 dBA
Holae of Equipment in
Oeneral, Inside or ni-1 Ly £ 35 dBA - -
QOutaide the Dwelling
Hoise of Equipment in
deneral, Located Outside - - L10=-1 L, £ 32 dBA
the Dwelling
Hoise of Equipment in )
Genaral Located Inside - ~—ar L9 I‘A < 30 dBA
the Dwelling
Nolde of Collestive

. Bullding Equipment
(Elevators, Heating and R3w-2 L, % 30 dpA L10-2 L, £ 25 dBA

®Doth the Regulation and the Label allow a tolerance of 3 dB fop

passing the requirements.

*Dependins cn the rooms involved.

I"Depundlng on the outdoor noise levels.

FRENCH NOISE CONTROL REQUIREMENTS.
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AIRBORNE SOQUND ISCLATICN BETWEEN DWELLINOS

Nuttber of Teata: 5§70

Comment: 30X of the tests meet tho 1960 Nolae Contrel Regulation
withaut inveking the permitted 3 dB tolerance, but only
74 would meet the Label requirement. '
54f of the tests pass the Regulation with the tolerance,
but only 15% would pass the Label requirement.
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FIG. 10, DISTRIBUTION OF TESTS RESULTS IN FRENCH FIELD
TESTS (1960-67) OF NOISE ISOLATION.
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AIRBORNE SOUND ISOLATION BETWEEN DWELLINGS [Article RL {L4}]

Kumber of Tests: 480

US% of the tests met the Regulation without invoking
the permitted 3 2b telerance, but only 10X met the
label requirement.,

70% of the tests passed the Regulation with the
tolerance, but only 25% pansed the Label requirement.
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FIG. 11. DISTRIBUTION OF TEST RESULTS IN FRENCH FIELD
TESTS {1969-72) OF NOISE ISOLATION.
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Figure 13 indilcates that the Impact test results for
the post-1969 dwellings show ne improvement over the earliler
results: 46% and 26%, respectively.

All 1n all, this was not regarded as a satisfactory

record.

In 1972, a new approach was adopted in France, in terms
of the so-~called Acocustic Comfort Label. An owner whose
bullding is awarded this lLabel beneflts 1ln two ways, PFirst,
he may advertise that his bullding has superlor acoustilcal
performance, certified with one, two, or three stars, in
incereasing order of quality. And, second, the amount of
his loan from the Government, for the purpose of bullding
the project, 1s increased according to the demonstrated
quallty of the sound isolatilon.

Flgure 14 summarizes the evaluatlon procedure.

Points are awarded according to whether the bullding
meets the Acoustlic Comfort Label reguirements in five cate-
gories, as shown in the left column. The airborne sound
isolation rating, for example 1ls stated In terms of the
A-welghted sound level in the recelving room (29 dBA for LR
or BR) (Column 2) when there is a specified SPL in each '
octave band in the source room (80 dB/OB for LR or BR)
(Column 3). Up to 3 points .can be awarded for the airborne

sound isolation between dwellings.

The maximum number of points that an apartment building
can win 1s 20. The requirements of the 1969 REGULATION
must be met; the points are awarded on the basis of whether
or not the higher quality reaquirements of the label are also

met,

No label is given in the bullding scores less than B8
polnts. The Label wlth one star ls awarded if 1t get 8
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" IMPACT NOISE INSULATION [Article R2 (L5)]
Humbepr of Testa: 2396

COMMENT: 265 of the testa met the Regulation without invoking
the permitted 3 dB tolerance, but only 142 met the
Label requirement.

463 of the teats passed the Regulation with the
tolerance, but only 26§ passed the Label requipremont.
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FIG. 13. DISTRIBUTICON OF TEST RESULTS IN FRENCH FIELD
TESTS (1969-72) OF NOISE ISOLATION.
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to 14 points, two stars 1f 1§ to 19 points, and three stars
1f it wins all 20 polnts.

In addition, the building leoan is increased by 0.325%
for each polnt won, for a possible total increase of 6.5%
of the basic bhullding cost.

For comparlson, Flg. 15 shows the approximate cost of
acoustical treatment to meet the 1969 Regulation in France
in the year 1970.

Figure 16 shows the approximate cost of acoustical
treatment in attempting to achieve the Acoustic Comfort
Label in a pilot project used in developing the Label pro-
gram. It 1s not known what actual percentageé of theil:
bullding cost this represents. But 1f one assumes a bulld-
ing cost of $15 per sq ft, the acoustical treatment would
be about 5% of the total’cost, a figure that is not far
from comparable estimates in the U.S.A.

As for the cost of monitoring noise contrel require-
ments, examinatlon of the drawlngs costs 1200 F or $240.00;
and acoustical tests, in a project of 200 units (80 tests),
cost 13000 F or $2600.00 in 1972,

The Acoustic Comfort Label 1is apparently having a bene-
ficlal effect on the sound 1solation of French dwellings,
but there are no statistical data yet to confirm this. It
1s expected that the combiﬁation of Inecreased money and
favorable publiclty would provide an effective incentive
for better bulldings.
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If planned from the beginning: 2% of total building cost

If introduced to correct nistakes
or omiasions during construction: 6 to 7%

After bullding is finiahed: 15 to 25%, and with mo

guarantee of succesas

e — .

Reference: Centre Seientifique et Technique du Batiment, Cahier 943
(#108), Aprid 1970; p. 25.

.

15. COST OF ACOUSTICAL INSULATION IN FRANCE (1970).
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Cost (1nc1ud129 {:axes) per . Percent of Total Noise

Noise Abatement Measure - 5q ft of Habitable Space .~ Abatement Cost
Floating Floor Slab 54 eents 71.2h%
Rubbish Chute Treatment 1.4 ednts 1.83
D Isolation of Plumbing 2.06 cents 2.72

Treatment of Heating and

[ , Ventilating System ‘ 2.9 cents* 3.78
Speclal Glazing ) ‘ 10.7 cents 14.10
Enclosing the Rolling ‘
Shuttera 4,8 cents 6.33

] . ——— C ——

I ’ TOTAL . 76 gentn 100%

’ Reference: Revue d'Acoustique, No. 24 - 1973; p. A7, ’

OF NOISE ABATEMENT IN "OPERATION CREIL" (FRANCE): "
~73; 86 UNITS).

FIG. 16. COSTS
{1971
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5, CONCLUDING REMARKS

For the noilse control provisions in bullding codes to
be effective ln assuring adequate sound isolation in buillad-
ings, two conditions must be met: the noise control require-
ments in the codes must actually be relevant to the attain-
ment of adequate sound isolation, and the codes must be

effectively enforced.

As for the relevance of the noise control requirements
in existing codeg, the ones dealing with alrborne sound
lnsulation are nesdlessly-over-compllicated (sixtesn measure-
ments of level difference and sixteen measurements of sound
absorptlon or reverberant time, calculated down inteo a
slngle=number rating); and the ones dealing with impact
sound ingulation are quite wrong (the same value of impact

sound rating can be asslgned to floors for which subjectdve
L24]1).

Uy S AL g g, T e T —

Judgments span a range of 20 declbels!

ey et B

As for the enforeement of the requirements, 1t can be
seen from the &ccounts in Appendix B that until the last
few years no serious effort has heen made anywhere, and

even then, only in a rfew countries.

R VP

Paradoxically, although the rating method for impact
sound insulation 1s almoat totally irrelevant to the sub-
Jective Judgments of people with respect to the acoustical
quality of the floors, the attaihment of adequate lnsula-

tion agailnst impact noise for floors has been better than
This has

e v s

for the airborne sound insulation of walls.
occurred for reasons having to do wilth structural integrity,

rather than the nolse control provisions in the building
codes.

What are needed, and needed badly, are simple test
measuremnents for both airborne and impact sound that cor-
relate closely with people's Judgments of the sound isolation

33
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they enjJoy in thelr dwellings. It has recently been shown
that a simple measurement of alrborne sound lsolation based
on A-welghted sound levels correlates as well wlth sub-
Jeetlve Judgments as the complicated standard test procedure

.in 1/3-0ctave bands of frequency [76]. And a modified test

method for impact nolse insulation has recently been pro-
posed, and is currently being studied in a number of
national laboratories, that promises considerably improved
correlation with the subjectlve assessment of impact scund
insulation of floors [?7?]. This test, too, can prebably
be done with A-welghted sound levels. Both methods will be
published soon by Lhe Amerlcan Society for Testing ana
Materials (ASTM).

Thus, 1t 1s expected that, before long, simple and
reliable test metheds for both airborne and Impact sound
insulation will be in the hands of offielals charged with
the enforcement of noise control requirements in building
codes; and these methods will be well wilthin their technlcal
capabllity and the required test equipment will be within

thelr budgets.

The problem then will be to revise the outmoded noise
control requirements in the existing building codes, that
call out the sound insulatlon of specific bullding elements,
and replace them with requlrements for the sound isoclation
between dwellings, with mahdatory compliance .to be demon-
strated in the finlshed bullding by means of simple test
measurementa, ’

I have, in the past, suggested an analogy that has
caught the imagination of a number of people: "It does no
good to argue that the basie [bullding)] construction was
sultable, as approved in the [bullding] drawlngs, if, in
fact, one can easlily hear through the walls of the finished
bullding. This 1s as foolish as trying to excuse a bad

goufflé on the grounds that the eggs were of top quality!" [2].
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Without doubt (as many of my European friends have
pointed out) 1t is important to assure that the eggs are,
in faet, of good quallty; this implles that the bullding
drawings must show that wall and floor censtructions have
been chosen that are known from experience or from previous
tests, in the laboratory or the field, to be of adequate
gquality. But the guallty of the other ingredients and the
skil) of the cook cannot he judged until the end.

What would be the point of a Cordon Bleu School of
Cuisine in which all the finished dishes were discarded
without being tasted? What professor would administer a
final exam to hils students with the promise that he would
not read and grade 1t?

The funetion of the specification compliance tests in
the finished bullding 1s to force the responsible persons
to apply the alreading existing technology instead of ig-
noring it.

The objection has been railsed that it 1s not fair to
legislate that a bullding may not be oceupiled 1f 1t falls
to meet prescribed acoustical performance, when even skilled
acoustical consultants cannot prediet flanking transmission
accurately.

In my vlew, this is beside the point.‘ In the filrst
place, it 1s abundantly evident that until such strong mea-
sures are adopted, nothing effective will be done about
attaining adequate sound isclation 1n dwelllngs. And in
the second place, since adequate sound lseolatlon 1s well
wlthin the present state of the art, it will not take long
for bullders to catch up with construetlion methods that lead
to compliance. If there are a few expensive mistakes in the
interim, that is just too bad: tenants have suffered long
enough!
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One posslble approach to the formulatioﬁ and enforce-~
ment of nolse requirements in building codes is as follows.
It takes advantage of the procedures currently used in
most Codes, but goes & step further in requiring assessment
of the final result [3].

At the time of appliecation for a bulilding permit, the
architect's drawlngs for the bullding will be examined to
see that he has chosen sultable constructions for the walls
and floors. If he has selected structures known from ex-
perience to provide adeguate nolse i1sclation, the building
permit will be lssued. However, the permlssion to bulld
confers only tentative approval of the nolse isolation of
the buillding; accepling or corvecting the architect's cholce
of construction at thls stage amounts only to guldance
based on past experlence. Detailed guldance will alsc be
offered at this time on ways to avold mistakes during con-
struction.

The cruclal test comes when the building i1s completed;
a fleld test of the bullding must demgnstrate that the
specified isolation has in fact been achleved.

Here wa&s come to an optlon. Either the sound isolation
itself can be specified in terms of the normalized noilse
reduction, Dnt; or a measure of acoustical privacy, the
Privacy Index, can be specified that involves not eonly the
nolse reduction, but alsc the expected or achleved back-
ground noise (see below).

In the first case, because the background nolse may
vary over a wlde range and 1t is not explieltly taken into
account, the correlation bhetween the test result and the
subsequent tenant satisfaction may be only about 64%. If
the background ncise level 1s taken into account, as in the
Privacy Index, the correlation lmproves to 88%.

Privacy, in the proposed code, 1s determined by the sum
of two numbers: the A=level dif'ference, ALp, between the
source and receiving rooms, and the A-welghted level, Np, of
the background nolse l1ln the receiving room. This sum is
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called the Privacy Index, Ip¥. Measurements in the com-
pleted bullding must demonstrate a value for Ip of at least
75 a3 a minimum requirement. One or two better grades of
privacy (Ip = 80 and 85) could be defined, but not required,
for building owners who want to take credit for providing
privacy better than the minimum.

The code will formally specilfy values of gound tnsuia-

tion (STC) for the walls and [loors, to provide guidance in

‘the design of the building, and to make it simpler when the

drawings are to be approved for a bullding permit. However,

if the A-level difference measured in the finished bullding

complies with the code's additionally speclfied value of

igolation, then the complicated tranamission loss tests [§5],

including the anti-flanking demonstration, to prove com~

pliance of the imdividual building components with the :
specdficd valuos of STC, would be walved. 1

To establish the prineiple of compliance wlth a per=- ;
formance specification wilth the least disruption of current f
practice, we propose a stepwise approach. We first declde

how much isolation is ultimately desired for housing, and ‘
express thls 1n terms of a certain value of AL,, say X. ¢
For the first year or so after the new code in 1n effect, =
only those constructions would be approved, at the building o i
drawing examination, that usually yield somewhat better . §
performance than the ultimate goal, say X + 5. Also, at ;
first, when tests are made in the finished bullding, the
budlding would be approved for occupancy even 1f it falls
to meet the desired goal by, say, 5 dB. (The value of 5 dB
i3 discussable in both cases.) Thus, at first there would
be a 10 dB margin for error during construction... approxi-
mately what 1s being achleved at present; no sudden diffi- :
cultlies are impesed on the architect or bullder immedlately :
after the code goes into effect.

Gradually (at two or three year intervals), as con-
structlon workers learn how teo lmprove thelr assembly
technlques to avold leaks and flanking, the permlitted :
margin will be narrowed in steps, partly by permlttlng more 5
"speculative" constructions at the huilding permit stage,
and partly by applylng the isclatlion requirements more ;
gtrictly in the test 1n the finlshed bullding. After five ’
to seven years s slgnificant improvement in achleved privacy i
should be realized, 1in all kinds of dwelllngs.

#The Privacy Index has the advantage that no neormalizatlon 1s
needed to account for differences in recelving room absorp-
tlon; the effects on ALy and Nj are equal and opposite. -
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When it comes to the actual framing of the Code, Ref.
78 1g required reading.

This report concludes with Fig. 17: a discouraging
reminder of the record of failure that can be expected when
no special incentives are offered, to encourage the effect-
lve enfercement of buillding nolse control.

Line 3 shows the typical faillure rates. As of the
tlme for which these data apply, only the German and Swedlsh
enflorcement are very effective. (The French data cited
here pre-date the Acoustic Comfort Label.)

It 1s apparent that effective noilse control in our
bullding codes will be achieved only when we require mea-~
surements in the finished bullding, to demonstrate com-
pliance wlth the code, and either offer a premium for
superior acoustical performance or impose a penalty for
failing to meet the nolse requirements.

Phis report concludes with a story about a man who
bought a mule from an oid farmer. When he go the mule home,
he found 1t Impossible to make the mule do any work. He
would whip 1t, push 1t,.pull it, persuade it, curse it,
shout at 1t... a2ll to no avail. The mule would not pull the

wagon.

8o the man took the mule back to the farmer, explained
the altuation and asked for hils money back. The old farmer
simply reached down, plcked up a very heavy stick, and, as
hard as he could, slammed the mule in the face with it.

“The mule immediately moved off with the wagon. "First,"
sald the old farmer, "you got to get hils attention.”

It is suggested here that we don't stand mueh chance of

getting the attentlon of architects, contractors, builders,
co and trades, without some form of prize or penalty that de-
- pends upon proof that they have done their nolse control work
' well,
L 38
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ASSESSMENT CRITERIA AND REQUIREMENTS '
FOR SOUND INSULATION IN VARIOQUS COUNTRIES
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A.1. INTRODUCTION

Qulte a number of countrlies have nolse control require-
ments in thelr bullding codes, specifying the required acous-
tical performance of elther the Ilndividual structural ele-
ments or the completed building [7,2,3]. In most of these
codes, the acoustlecal performance 1s assessed by comparing a
measured curve of transmission loss (or nolse reductlon, or
impact noilse} égainst a reference curve which 1s regarded as
representing adequate sound insulation. The dilifferences
between the measured curve and Lhe reflcrence cul've are used
to Formulate a single-number rating. The building codes
state thelr acoustliecal performance requirements 1in terms of
these single-number ratings, usually one for alrborne sound
insulation and another for impact nolse insulation.

A.1.1 Basic Acoustical Measurements ;

The bhasic acoustilcal measurements underlying the code
ratings and requirements are, for airborne sound, elther
transmission loss (to measure the sound insnlation of a spec-
1fic bullding element) or nolse reduction (to measure the
sound Zfsolationibetween rooms); and, for lmpact sound, the
impact nolse level 1ln the recelving room above which a stan-
dard tapping machine 1s being operated.

Usually these gquantities are normalilized to standard
acoustical conditions 1in the receiving room; that is, the
values measured 1n a specific test sltuation are adjusted to
the values that would have been observed with a recelving
room having a standard amount of sound absorptlon or a stan-

dard reverberation time.

The measurements are usually made in l/3-octave bands
of frequeney, though octave bands are also permitted in some
standards, in the frequency range bebween (approximately)
100 to 4000 Hz. {The range differs slightly from one coun-
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A.1.1.1 Sound insulation of a partition [&]

Some codes specify the sound insulation of specifile
bullding elements, usually the party wall or fleoor/celling
between dwellings (but see See. A.1.1.3, below) The sound
insulation of a structure is the capabllity of that particu-
lar structure for attenuating sound that ls following the
path through that structure. It 1s expressed in declbels in
terms of the ratio of the sound energy striking the partition
on the slde exposed to the sound source to the sound energy
passing through the structure and radiated away from the
partition on the opposite slde. Speclal effort should be
made to eliminate (or to leave out of account) any sound
(the so-called flanking transmission) following paths other
than the one directly through the structure.

In North America, the sound insulation of a partilition
15 called transmisslon loss [4,5], wlth the symbol 7L, when
the measurements are made in an acoustilcal laboratory where
the flanklng transmlsslon has been eliminated by caréful
construction. In Europe, this quantity is called the sound
reductlon index, with the symbol R [&,9].

If the sound insulation of a partition i1s measured in
the fleld, where flanking transmission may exist, the prac-
tice in North America [§] is to conduct the measurement in
such a way as to elimlnate the effects of flanking trans-
mission; the intention is to insure that the resulting data
truly refer only to the sound path through the partition
thaet is nominally under test. This quantity ls called Tleld
Transmission Loss, wlth the symbol FTL.

In most of Europe, however, no attempt is made to elim-
inate flanking transmisslon in fleld tests. Instead, the
fleld test is conducted with the same procedure as 1ln labor-
atory tests. ‘The resulting data {(which may involve sound
passing to the recelving room by paths other than the party
wall) are treated as representing the sound reduction index
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of the partition "AS IPF" all of the sound energy had indeed
passed through the party wall. This fleld sound reductlon
Index*has the symbel R!' (an unfortunate cholce, since the
prime frequently gets lost in poor printing or reproduction
of text with the result that R' is often confused wlth R).

A.1.1.2 Sound isolation between roonms

Some codes speecilfy, instead of the sound insulation of
specifie Iindividual building elementsa, the sound lsolation
between dwellings in the finlshed building. This gquantity
takes into account all of the sound arriving in the recelving
room by whatever paths, and is a measure both of the acous-
tical performance of the entire structure and of the degree
of acoustical privacy that wlll be experlenced by tenants of
the dwellings [3].

In North America, the sound isolatlon between rooms l1s
called noise reduction [5], with the aymbol NR, 1t is simply
the difference in the sound pressure levels in the source
and receiving rooms, measured in bands of frequency, when a
noilse source ls operating in the source room. In Europe,
thls quantity 1s called level difference, wlth the symbol

D [8,9].

If the values of sound isolatlon are normalilzed (as
discussed in A.1l.1 above}, the North Amerlcan term is nor-
mallzed noldse reduction with the symbol NNR; normallzation
1s to standard reverheration time [5]. The Buropean term is
normalized level dlfference wilth the symbol Dn; in some cases,
an additlonal subscrlpt 1s used tp slgnify whether the nor-
malizatlon is to a standard amount of recelving room absorp-

tion or to standard reverberation time: Dna or D . [#,8].

¥In the revision of IS0 R140 currently under consideration,

thils quantity is called the "apparent sound reduction index."
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A.1.1.3 Sound insulation of a partition vs sound isaolatian
between rooms

Unfortunately, these two concepts have become somewhat
confused over the years [3]. Ceodes that specify sound insul-
atlon, in terms of TL or R, do not always explicitly ldentlfy
which building element is under consideratlon; it is often
assumed that the party wall ls intended, and that, if the
barty wall meets the code requirements, there wlll be adequate
privacy for the tenants of the building. Thils, of course,
will not be true if there is significant flanking transmlssion.

This confusion i1s regrettably encouraged by the European
use of the "AS IF" measure of sound insulation, R', which
measures all of the sound reaching the receiving room but
attributes it all to the party wall path, thus mixing the two

‘concepts in one rating.

The intended procedure In enlightened North Amerilcan
practlce [3]% ls first to assess sound 1solation (privacy)
achleved in the finlshed building by measuring the ndise re-
ductlon between rooms in adjJacent dwellings. If that quantilty
for any reason falls to meet the requirements, then the rather
compllcated field transmission loss test procedure for mea-
suring the sound Insulatilon of the varilous gpecifiec bullding
elements is used, as a dlagnostlec tool, to determlne which
structure 1s at fault and needs correction.

In Eurcpe, there 1s no standardized test procedure for
field measurements of sound lnzulation that confines atten-
Blon to a specific bullding element. If a measurement of
level difference, D, should indicate inadequate sound lsola-
tion in the finldshed bullding, it does no good to measure
the fleld sound reduction index R', because that quantity
attributes all of the sound tranamission to the party wall.
It 18 astonishing that the European partition manufacturers

#Tt must be admltted that "enllghtened" in this sense is not

yet wilidespread.
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tolerate thls manifestly unfair practice, which often blames
thelr own products with the faults of other trades.

A.l1.1.4 Impact sound transmission

All countries assess the capabllity of a floor-~ceiling
atructure to Insulate agalinst lmpact noilse by measuring in
specified frequency bands the transmission of nolse into a
receiving room when a standard mechanical tapping machine is
operating on the rloor overhead [24,25]: the greater the
amount of impact nolse transmitted, the poorer the impact in-
sulation of the floor-celling structure. The values of impact
noise so measured are usually normalized, either to a standard
amount of sound absorption or a standard reverberation time
dn the receiving room.

Impact nolse measurements are made in 1/3-octave bands
in some countrles and in octave bands In others. Great care
must be used 1n interpreting impact noise data, hoewever; this
is because some, but not all, countries in which the basic
data are measured in l/3-o¢tave bands require these data to
be adjusted (by the additlon of 5 decibels) to values corres-
ponding to octave-band data [25]. Thus, even wlth a standard
test method and a standard tapping machlne, the impact nolse
data for the same floor structure might differ by 5 dB de-
pending on the country where 1t was measured. This same un-
certalnty, of course, propagates into the single-number impact
noise ratings of the different countries, dilscussed in the
next sectilon. (See Appendix D for more detail.)

A.1.2 Single-Number Ratings and the Criterion Curves

Any one of the basic acoustlcal measurements discussed
above, 1f it is made in 1/3-octave bands, will yield test re-
sults in the form of sixteen separate values of sound pressure
level, one for each of the sixteen frequency bands in the
range of interest: 125 to 4000 Hz in North America, and 100
to 3150 Hz in Eurcpe. Wlth such an array of data for each
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test result, It 1s very difficult to compare the acoustlcal
performance of one structure apainst another: structure A

may be better than structure B ln some frequency bands but

worse in others: whlch 1s better overall?

In order to permit easy comparison of the performance
of different structures, all countries have adopted slngle-
number ratings, hoth for airborne and impact sound, which
condense the information embodied in the sixteen band levels
into a single number or grade with which to rank-order differ-
ent structures according to their capabiliity to insulate
against alrborne or impact sound.

Except Iin France, the slngle-number rating 1s determined
by comparing the measured curve of acoustical performance
against a reference criterlion curve in accordance with a pre-
scribed procedure that delimlits the amount of unfavorable
deviations. Both the ecriterion curves and the Fltting proce-
dures differ slightly from country to country.

In Western Europe and Nerth America, most countries
follow the lead of the acoustilcal ratings standards set by
the International Standards Organlzation (IS0), Geneva, with
only small varlatlons. This lncludes West QGermany, Sweden,
Denmark, Norway, The Netherlands, 8witzerland, The United
Kingdom, The Unlted States, and Canada. Belglum and France
use somewhat different approaches: different from IS0 and
from each other. The single-number indlces for ailrborne
and lmpact sound used Iln Western Europe are, respectively,
Ia and Ii; the values vary contlnuously along a numerlcal
scale. As the value of the alrborne sound insulation index
Inereases, this signifies better sound insulatlon; as the im-
pact nolse index lncreases, 1t signifles poorer insulatlon

against impact noise.

In North America, the single-number rating for transmis-
sion loss 18 Sound Transmission Class (8TC) [6]; for impact
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noilse, it is the Impact Insulation Class (IIC) [?]. Both
ratings increase in value with lnereasing quality of sound

insulation.

In Belglum and The Unlted Kingdom, discrete grades are
assigned, rather than a continuously variable index. In
France, the data in 1/3-cctave bands are converted, by calcu-
lation, into A-welghted sound levels, and the slngle-number
ratings are stated as differences in A-levels for alirhorne
sound and A-levels for impact sound.

In Eastern Europe, most countries follow the standards
of the Standing Bullding Committee of the Councll for Mutual
Economic Ald (CMEA}. This ineludes Poland, Czechoslovakia,
Rumania, IMilnland, East Germany.and the USSR,

In most of Eastern Europe, the indices for alrborne and
impact sound insulation are the alrborne sound insulation
index, E;, and the impact sound index, Ep- These are contin-
uously varlable indices, but they are not the same as the 180
Iindlces, Ia and Ii; rather, they resemble more closely certaln
forms of sound insulation indices used until recently in West
Germany: the Luftschall Schutz Mass (LSM) and Trittschall
Schutz Mass (TSM). Rumania, however, differs from the others
by assigning discrete grades; as in Belgium and The United
Kingdom, the acoustlcal performance ratlngs lncrease stepwlse,

rather than continuously.

One can, with some diffleculty, get information about the
ratings and requilrements for acoustiecal performance 1ln the

bullding codes of Eastern European countries, but 1t 1s prac-

tically impossible to learn the effectlveness of these re-
quirements in providing satisfactory sound lsclation in the
finished bulldings., Typlcally, the bulldings are deslgned,
built, owned and tested (1f at all) by the States little
published information on the test results reaches the United
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A.2 ACOUSTIC PARAMETERS, ASSESSMENT CRITERIA AND REQUIREMENTS
FOR ACOUSTICAL PERFORMANCE IN BUILDING CODES IN VARIGQUS

COUNTRIES
The International Standards Organization (I80) end the

Western Countriles

A.2.1 International Organizatioen for Standardization [s,9].

A.2.1.1 Acoustic parameters of partitions to be evaluated
[a]

A.2.1.1.1 Internal walls

The Sound Reduction Index (transmission loss) in the
frequency range 100-3150 Hz, in 1/3-octave and octave bands,

" 1s defined as follows:

: . S .
R=1L =1L, + 10 log,, T (1)
where:!
L1 = gpace-—-average sound pressure level in the source
room, dB ‘
L, = space-average sound pressure level In the recelv-

ing room, dB
S = area of the test specimen (m?)
A = absorption in the receilving room (m*).

A.2.1.1.2 Floor-ceiling assemblies

a) Sound Reductlon Index (transmission less} In the
frequency range 100-3150 Hz, In 1/3-octave and octave bands,
is defined as for walls, by Eq. (1).

b) Normallzed Impact Sound Level in the frequency range
100-3150 Hz, 1n octave bands (or in 1/3~octave bands corrected
to ocectave band levels by the addition of 5 dB) is defined as

follows:
A

L. = 1L - 10 log KQ (2)

DRAFT

Rl T LR e

e




where:

space-average sound pressure level produced by the
I80 standard tapping machine 1ln the recelving room,
measured absorption in the reecelving room (m?)

i
ol
u

e

e A =
Ly
] el A, = reference absorptlon = 10 m?.
| -
J LE A.2.1.1.83 External wallas
' . The current IS0 recommendation does not deal wilth the
- evaluation of the exernal walls; the revision of the standard,

currently being balloted, does.

' B

A.2.1.2 Assessment criteria for acoustical performance of
partitions [9]

e

| i : Ac2.1,2.1 Aivborne Sound Insulation

u The transmission loss, presented In the form of a curve
" as a function of frequency, according to Eq. (1), ls evalu-

! é .ated by comparison with the reference curve shouwn 1n Fig. A.la,

in order to determine the alrborne sound insulatlon index, Ia.

. The methed for comparing the transmission loss curve of the
- partition wilth the reference curve is as follows: the o
H: reference curve 1s shifted vertically in steps of 1 dB to-
A wards the measuring curve until the most severe of the fol-
P lowlng condltlons is satisfied:
; a) the mean unfavorable deviatlon, computed by dividing
Iﬂ the sum of the unfavorahle deviatlons by the total number of
[ measuring frequencles, 1s greater than 1 dB but not more than

2 dB, Thils condition#® for the curve can be expressed as

-3
b follows:
3 1aB < 2L < 2 ap ( 1/3 octave bands) (32)
; e s
#It should be noted that this rule does not lead to unambig~
i! uous ratings for TL curves that show unfavorable deviations
w at only a few frequencles. S8everal positions for the shifted
| curve can lead to values of (L81/16) between 1 and 2 4B.
3{‘ : The uncertalnty in the value of the rating may be as much as
o . .
il

s
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or 1a < 5L < 2 a8 (for octave bands) (3b)

b) the mean unfavorable deviation is less than 2 dB
and the maximum unfavorable deviatlon at any frequency does
not exceed § 4B for measurements in 1/3 octave bhanda, or 5 dB
for measurements in octave bands. This conditlon (whieh will
be dropped in the next revision of the standards) can be ex-

pressed as follows:

5 .. <8as (for 1/3-0B) (4a)
Spax S 5 dB (for oB) (i)

The airborne sound insulation index, Ia, of the partition
1s deflned to be the value of the shifted reference curve at

500 Hz.

A.8.1.2.82 Impact sound insulation

The nermalized Impact sound level, calculated according
to formula {2} and expressed in a curve as a functlon of fre-
quency 1n occtave bands {(or 1l/3-octave bands corrected to
octave band level by addlng 5 dB) 1s evaluated by comparilson
with the reference curve shown in Fig. A.lb, in order to
determine the impact‘sound index, Ii'

The method of comparing the curve of the normalized im-
pact sound level wlith the reference curve is similar to the
method deseribed above for airborne scund insulatlon.

The normalized impact sound index, Ii’ 1s defined to he
the value of the shifted reference curve at 500 Hsz.
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A.2.1.3 Recommended acoustical properties of partitions

130 recommendation R-717-1968 describes only a method of:
evaluating the tfansmission loss and normallzed impact sound
level with single-number ratings. It does not specify re-
quirements for acoustical performance of partitions in dwell-

ings.

A.2.2 United States

There are no USA Standards which preserilbe, for the
whole country, elther assessment crlterla or uniform require-
ments for the acoustical properties of partitilons.

For evaluation of the acoustical properties, the test
methods of A.S.T.M. are used [4,5,6,7], and required acous-
tlcal properties of partitions are given in recommendations
and regulations lssued by certain Federal and State Adminis-
trations for certain limited applications (such as Federally-

Insured housing).

A.2.2.1 Acoustical parameters of building partitions to be
evaluated [¢,5]

A.2.2,1,1 Interior walls

The acoustlcal properties of interior walls are deter-
mined 1in the laboratory according to Ref. I} by measurement
of the transmission loss TL, defined by a formula simillar to -
Eq. (1), in the range 125-%000 Hz in 1/3-cctave bands. In
the rleld, transmisslon loss 1s measured according to Ref. 5,
whilch Includes a mandatory test to demonstrate the absence
of slgnificant flanking transmission.

A.8.2.31,2 Floor-ceiling assemblies between dwellinga

a) ‘The trénsmission loss 1s determined as for walls,
according to Ref. I 1n the laboratory and to Ref, 5 in
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b} The normalized impact sound level underneath the
floor 1is determined according to Ref. 7; 1t 1s designated
wlth the symbol LN’ and l1s calculated according to Eq. (2).

The normaliged ilmpact sound level LN is determined in
the range 125-4000 Hz in 1/3-octave bands, and 1s not corrected
to correspond to octave-band levels, as in the IS0 standard

R-717.

A.2.2.2 Assessment criteria for acoustical performance of
partitions

A.2,.2.2.1 Airborne sound itnsulation

Assessment criteria for the transmission loss of a par-
titlion are given in Ref. 6. On the basls of the measured
transmilssion loss (TL) of a partition, presented in the form
of a graph as a functlon of frequency, the sound transmission
class, STC, is defined by comparison of the measured TL curve
with a set of tabulated reference curves of the shape shown
in Flg. A.éé. Thé'set contains curves which differ one from l
another by 1 dB. From the set of reference curves the curve
1s selected that correspoends to the TL of the partition ac- .
cording to the following rules:

a) the sum of the unfavorable deviatlons of partition
TL walues from the reference curve does not exceed 32 dB.

b} the maximum unfavorable deviation does not exceed
8 dB. The S8TC for the test partition 1s defined to be the
500 Hz value of the selected reference curve.

The method for determination of the STC ls similar to
that given in IS0 Recommendatlon ﬁ—?l? for determining the
index Ia‘ The main difference 1s In the range of frequencies
consldered, which in ISO/R-717 comprises 100-3150 Hz, and in
ASTM comprises 125-4000 Hz, Other slight differences appear
in the method for comparison of the measured transmissicon
loss curve with the reference curve; e.g., the ASTM method
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does not risk the ambigulty in the value of the rating en-
talled by the use of Eq. (3), as in the ISO method.

A.2.2.5,2 Impact sound insulation

The impact insulatlion class IIC is based on comparlson
of the measured normalized lmpact sound level LN’ presented
in the form of a graph as a function of frequency, with a
set of curves as shown in Flg. A.2b.

The set contains curves which differ by 1 dB. The method
for comparison of the measured curve of LN with the reference
curves is simllar to the method used by ASTM for airborne ‘
sound. The impact insulation class IIC is numerically equal
to 110 dB minus the ordinate of the selected reference curve

at 500 iz.

A.2.2.3 Required sound insulating properties of partitions

Requirements for the sound insuiating properties of
bullding partitions are given in the Recommendatlons and
Regulations of several Clty, State and Pederal authorities.

Recommended acoustlcal parameters, glven below as 1llus-
trative examples, are taken from the followlng documents:

a) Minimum Property Standards for Multifamily Houslng.
U.S. Dept. of Housing and Urban Develaopment, FHA, Washington,
D.C. [286].

b) A Guide to Alrborne, Impact, and Structure Borne

Noise Control in Multifamlly Dwellings - Report No. FT/TS 24,
January 1968, U.S. Department of Housing and Urban Development,

'Washington, n.c. [27].

¢) Uniform Bullding Code - UBC [28].

‘The majority of these recommendations specify requirements
for the sound insulating properties of internal parpitiqns

that depend on the noisiness of the nelghborhood. The\

-16
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requirements for sound insulating propertiles of partltions
separating dwellings also differ according to the types of
rooms adjoining the partition (bedrooms, kitchens, bathrooms,

ete. ).

A.2.2,8.1 FHA Minimum Propervty Standards

The requirements for acoustlecal performance of bulldings
In FHA's Minimum Property Standards comprilse alrborne and im-
pact sound insulation: the alrborne insulation requirements
are mandatory, bhe impact insulation performance 1s still
only recommended at the present time. The acoustical minimum
property standards take into account the amount of background
nolse likely to exlst at the building site, because the
effect of such background noise 1s to mask Intrusive sounds
from the nelghbors. Thus, minimum property standards are
prescribed In two categoriles, one for high, the other Tfor low,
background nolse levels.

The actual levels of background noise intended hy the
terms "high" and "low" are not stated, Instead, the standards
adopt the concept of land-use intenslity, established for site
planning at PHA, as an 1lndex of potential background noilse.
This determination 1s made by the local FHA field office for
each specific housing project. (The determination of land-
uge intenslty 1s complicated and not susceptlble to easy
summarization; no attempt 1s made to explain it further here).
A land-use intensity of 6.0 or higher is assumed to have
traffic and density characteristics that lead to high back-
ground nolse levels. (Unoffideially, the high and low back-
ground nolse levels have been sald to correspond to 35 dBA
and 25 dB, respectively, indoors at night).

The rating for alrborne sound insulation 1s the Sound
Transmission Claas (STC) [8]; for impact noise insulation,
it is the Impact Noise Rating (INR) [25]. (See the comments
following Ref. 25 and Ref. 27 in the llst of references.)

A- 17
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TABLE A,2 FLOORS AND CEILINGS: SOUND TRANSMISSIPN LIMITATIONS.

Airborne Spund Impact Noise
. Transmission Class (STC} Rating {INR)
Location
of Low High Low High
Floor Background | Background | Background | Background
Noise Noise Noise Noise
Floors Separating
Living Units 50 : k5 0 -3
Corridor Floors
above Living Units 50 50 5 +2

Living Unit Floors
above Public Space 50(6) h5(8) -5 -8
or Service Areas

Pubiic Space or
Service Areas abovel ' - 55(6) 50(6) +5 +5
Living Units

Service Areas on
same Floor as NA HA
Living Units

A.8.2.8.2 Guide to Airborne, impact, and structuvehorne
noise econtrol in multifamily dwellinge [27]

Tﬁis guldebook was prepared for the Federal Housing
Adminigtration (FHA) of the U.3. Department of Housing and
Urban Development (HUD) by staff members of the U.3. National
Bureau of Standards. It 1s a very complete and useful text-
book for the provision of sound isoclation In dwelllngs, and
has had wlde cireculatlon. (It has Just racently been re-
printed, with a minor change in title}. It is intended as a
guide for FHA/HUD field staff in judging the adequacy of
building sound insulatlion (for example, in the inspection of
building drawings). It contalns a large collection of typi-
cal wall and floor constructions, with corresponding acous-
tical performance, as well as a catalog of do's and don't's
to serve as guldance for designing and executing detalls of

the hullding construction.
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TABLE A,2 FLOORS AND CEILINGS: SOUND TRANSMISSIDN LIMITATIONS.

Airborne Sound Impact Moise
Transmission Class {STC) Rating (INR}
Lecation
of Low High Low High
Floor Background | Background [ Background | Backaround
Noise Noise Noise Noise
Floors Separating
Living Units 50 ks 0 -2
Corridor Floars
above Living Units 50 50 +5 +2

Living Unit Floors
above Public Space 50(6) h5(6) -5 -8
or Service Areas

Public Space or
Service Areas above] - 55(6) 50{6)
Living Units

+5 +5

Service Areas on
same Floor as NA NA
Living Units

A.2.2.3.2 CGuide to Airborne, impact, and structureborne
notae control in multifamily dwellinge [27]

This guidebook was prepared for the Federal Houslng
Administration (FHA) of the U.S. Department of Housing and
Urban Development (HUD) by staff members of the U.S. National
Bureau of Standards. It ls a very complete and useful text-
book for the provigion of sound isolatlon in dwellings, and
has had wlde circulation. (It has Jusf recently been re-
printed, with a minor change in title). It 1s Intended as a
gulde for FHA/HUD field staff 1in judging the adequacy of
building sound insulatlon (for example, in the inspection of
bullding drawings). It contains a large collection of typl-
cal wall and floor constructions, wilth corresponding acous-
tical performance, as well as a catalog of do's and den't's
to serve as guldance for designing and executing detalls of

the building constructlon.
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The airhbrne and impact sound insulation recommendations
glven in Chapter 10 of Ref. 27, and described below, do not
represent officlal policy of FHA/HUD. It will be noted that
they are considerably more strict than the FHA Minlmum Pro-
perty Standards for sound insulation.

The requlrements for acoustical insulating properties
of internal partitions are, in a general way, divided into
three grades, according to the nolsiness of housing area.

Grade T is used for suburban areas which can bhe consi-
dered as "quiet", with outdeor A-weighted noilse levels during
the night of 35 to 40 dB or lower weighting network. Indoor
noise 1s about NC 20-25.

Grade IT is the most improtant, and is used for urban
residential areas and suburban areas with "average' noilse
level. The outdoor A-welghted nolse level during the night
can be 40 to 45 dB; acceptable indcor noise is NC 25-30.

Grade IIT corresponds to minimum requirements, and 1s
used for urban resildentlal areas and other "nolsy" locations.
The outdoor A-welghted nolse during the night ls about %55 dB
or higher,and the lndoor nolse 1s up to NC 35.

KEY CRITERIA FOR AIRBORNE AND IMPACT SOUND INSULATION BETWEEN DWELLING
UNITS ' , ;

Grade [ Grade I] Grade III

Walls 87C 55 STC 52 STC k8
Floor-Ceiling 8TC 55 STC 52 s1c 48 .
Assemblies 1IC 55 IIC 52 TIC 48 ‘

Specific recommendations for sound insulatlion are given
in unbelievable detail, depending on the kinds of spaces
separated by the partition in questlon, though the faet that
the stated requlrements pertaln to individual structural
elements 1s not made clear. No requirements are placed on
sound 1solation between dwellings.

DRAT T

= MR S b B -

P e o e L T2 Lt £ A g E T Sy i

S LA




.

i1

. |

i

e

ki I}

|

I-=

sy

NEEI

.

ey

These suﬁer—detailed requirements are unmatched in the
technical literature for unwarranted pretentlons to signifi-
cance and sclentifically unfounded fine dlstinectlons of

acoustical quality.

EEPLNE R

CRITERIA FOR AIRBORNE SOUND INSULATION OF WALLS BETWEEN DWELLING UNITS

Partition Function Between Dwellings

LR EE.

Grade I  Grade II  Grade III

;
Apt. A Apt. B STC 5TC STC
Bedrdom . to Bedroom 55 52 L8 ' E
Living room to Bedroom 57 5k 50 ¢
Kitehen ~ to Bedroom 58 55 52
Bathroom to Bedroom 59 56 58
Corridor to Bedroom 55 52 48 :
Living room to Living room 55 52 48
Kitchen to Living room 55 50 k8
Buthroom to Living room 5T 5h 50 ' i
Corridor to Living room 55 52 48
Kitechen to Kitchen 52 50 hé
Bathroom to Kitchen 55 52 48
Corridor to Kitchen a5 52 48
Bathroom to Bathroom 52 50 hé
Corridor to Bathroom 50 48 he

"
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CRITERIA FOR AIRBORNE AND IMPACT SOUND INSULATION OF FLOOR-CEILING it
ASSEMBLIES BETWEEN DWELLING UNITS

Partition Function Between Dwellings

Grade I Grade 11 Grade III
STC IIC STC 1IC STC IIC

Bedroom above Bedroom 55 55 52 52 L8 L8
Living room sbove Bedroonm 57 60 54 57 50 53
Kitchen above Bedroom 58 65 55 62 52 58
Family room above Badroonm 60 65 56 62 52 58
Corridor above Bedroom 55 65 52 62 48 58
Bedroon above Living room 57 55 gy g2 50 L8
Living room above Living room 55 55 52 52 b8 b8 '

Kitehen above Living room 55 60 52 57 48 53
Fomily room above Living room 58 62 54 60 52 56

e ettt 8. 3 e i o R i b e s Y s 1L £

Corxidor above Living room 55 60 52 57 48 53 )
Bedroom  above Kitchen 58 52 55 50 52 k6 :
Living room above Kitchen 55 55 - 52 52 48 L8

Kitchen ahove Kitehen 582 55 50 52 he L8

Bathroom  above Kitchen 55 55 52 52 48 48

Family room ebove Xitchen 55 60 52 58 L8 sh

Corridor above Kitchen 50 55 48 52 ha L8

Bedroon above Family room 60 50 56 L8 52 L6 i
Living room above Family room 58 52 54 50 52 48

Kitchen above Family room 5% 55 52 52 48 50

Bathroom above Bathroom 52 52 50 50 48 48 1
Corridor sbove Corridor 50 50 L8 48 ke 46 E
CRITERIA FOR AIRBORNE SOUND INSULATION WITHIN. A DWELLING UNIT

Partition Function Between Rooms ' b
Grade I - Grade II Grade III ;

STC STC STC :
Bedroon to Bedroom 48 Ly Lo g
Living room to Living room 50 N3 4a
Bathroom  to Bedroom 52 L8 s
Kitehen to Bedroom 52 18 hs
Bathroom  to Living room 52 L8 ks
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A4.2.2,3.8 Sound insulation requivementa for internal par-
titiona as given in the Uniform Building Code -

UvBQ
The recommended alrborne sound insulation of wall parti-
tlons between dwelllngs should provide STC 45 to 50 (derilved
from field measurements).

The recommended alrborne sound insulatlon of floor-
celling assemblies between dwellings should provide 8TC 45
to 50 and impact insulation class IIC 50.

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

A.2.3 West Germany (German Federal Republic)

A.2.3.1 Acoustical parameters of partition to be evaluated

According to the West Germen Standard [10], the follow-
Ing acoustlcal parameters should be evaluated:

A.8.3.1.1 Internal walls

The transmission loss determined by laboratory meagure-
ment R (or by fleld measurement, R') as expressed by Eq. (1),
in the range 100 to 3150 Hz and 1/3 octave bands..

A.2.3.1.8 Floors

a) The transmission loss is determined by laboratory mea-
surement R (or by fleld measurement, R') expressed by Eg. (1);
and :

b) The normalized impact aocund level is determined by lab-
oratory measurement LN (oxr by fleld measurement, L&) in the
range 100 to 3150 Hz in 1/3 oetave bands, and is corrected to
octave band levels by the addition of 5 dB.
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A.2.3.2 Assessment criteria for acoustical performance of
partitions
A.8.3.2.1 Airborne sound insulation

The transmission loss R (or R'), shown in the form of a
curve as a function of frequency, 1s evaluated by comparlson

with the reference curves shown in Fig.A.2ain order to deter-’

mine the airborne sound insulation index, LSM (Luftsechall
Schutz Mass). This index LSM 1s different from the lndex Ia
defined by ISO/R-717 and the U.S. Index, STC. Approxlimately,

Ia = OTC = LSM 52,

Reference curve I of Filpg.A.2aserves for evaluation of
the sound 1lnsulation of a partition, R& determined by mea-
surements <n the building or in measurement laboratories wlth

flanking transmisslon. It is ddentlcal with the IS0 refer-

ence curve for airborne sound lnsulation.

Reference curve II of Iig.A.Z2aserves for evaluatlon of
sound lnsulation Rw of partitlions, determined by 1abdratory
measurements without flanking transmission.

Curves T and II differ by 2 dB., The sound 1nsulation
indices, LSM, measured in a laboratory and 1n a building,
are equal when the effect of flanking transmisslon does not

exceed 2 dB.

The method for comparison of the transmission less curve
of the partition with the reference curve is as follows: the
reference curve 1ls shifted in steps of 1 4B towards the mea-
sured curve R untll the most severe of the following condl- ’
tions 1s satisfied: '

a) the mean unfavorable deviation of the partition 1in-
sulation curve from the shlifted reference curve, computed as
the sum of the unfavorable deviatilons in the bahds from 125
to 2500 Hz, increased by 1/2 of the sum of the unfavorable
deviations at 100 and 3200 Hz and divided by 15, willl be

wlithin these limlts:
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1 dB < Gmean < 2 dB

This condition can be expressed as follows:
' 1=2500
0.5(6 + & + é
5( 10t 3200) 1.

1l dB < amEHn = i=125 f 2 dB (5)
15

[N

2.1

b) the mean unfavorable deviatilon 1n any 1/3 octave

LE band deoes not exceed 8 dB., Both conditions must be satisfiled
—~ at the same gime.
o
T'J The sound insulatlon index of a partition, whose trans-
iy mlission loss, according to the above conditlons, corresponds
i to the reference curve of [lg.A.3a,1s L3M = 0.
e
J The sound insulation indices of a partlition whose trans-
mlssion loss corresponds to the reference curve shifted by =
.lﬂ a dB is:
‘ £
| ﬁ I8M = * a dB
i i
i A posiltive shift (indilcated with plus sign) means shift-
m Ing towards an <nereaqse in partition insulation, 1.e., up-
ot wards in the diagram.
i I
A, 2,3.8.2 JImpact sound inaulation
- H The normalized lmpact sound level, defined as the lmpact
b level in 1/3 octave bands (corrected to octave bands by the
' addition of § dB) is evaluated by comparison with the refer-.
ot ence curve of Flg.A.3b,in order to determine the index, TSM
(3 {(Trittschall Schutz Mass).
_H The method of comparing the curve Ly, normalized impact
k| sound level with the reference curve is similar to the above
' described method for the lnsulation of a partition with re-

i

apect tqua;r_borne sound.

[ B

O
0
Iz
- TH
n




i R

+
EL’ LSH

Hote: Value of E; (or
LSM) 1s O when TL just
meets the reguirement.

£,z

Mate: Value of Ey {or TSM)
is D when Impact Lew:] Just
meets the requircment.

€, TSH

+ £,z

R', do —
€0 z
’f
Afrborne :::-’
50 Fatia N
(€, or LSM) ,J./’ 1
/f
40 /;/
a, 80
an T ]
Ly, +98
11 oct.
Impact 70 b
Pt
(E; or T5M)
&0
N
b. .
5O
ol [ ] (=)
8% 8 § & &8 &
w o ~
FIG. A.3. REFERENCE CURVES FOR AIRBORNE (E_L) AND IMPACT

(ET) SOUND INSULATION USED IN THE RATINGS OF
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The impact sound index, TS8M, computed for a floor con-
struction with a curve LN corresponding to the reflerence
curve of Fig.A.3b,1s TSM = 0.

The index computed for a curve LN corresponding to the
measured curve shilfted in relation to the reference of curve

Fig.A.3bby * a dB is:
TSM = * a dB

A positive shift (indicated with plus sign) means shifting
towards a deerease of impact sound level (l.e., downwards in
the diagram) which signifies an improvement of the impact
insulation.

Again, the index TS8M is not the same as the I30 index,
Ii’ nor the U.S. Index, IIC. Approximately, Ii = 115 - IIC
= 68 - TSM.

A.2.3.3 Required acoustical properties of partitions

The West German Standard specifies the followlng re-
quirements for the acoustlecal properties of interlor parti-
tions in residential bulldings.

“r. Minimum RBetter
Requirement
walls separating apartments LMS = to +3 dB
floors separating apartments LMS = to +3 dB

or separating apartments
from auxiliary rooms TS

+3 to +13 dB

Note: The index TSM for floors of kitchens, bathrooms and
W.C. compartments refers to "dlagonal" impact sound
penetrating into living-rooms and bedrooms.

Note: In the following case, the requlred TSM index concerns
impact sound penetration from one apartment to another
apartment sltuated on the same level: ’
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: floors in duplexes ISM ~ not defined :
: [ ] TSM = +3 dB H

' Note. All speclfied values of T3SM indices concern newly f
built floor-ceiling assemblies. The required TSM in-
dices are 3 dB lower after a two-year perlod of use of

|
i-il‘“ the floors.
|
!
1

D The DIN 4109 standard does not speclfy any requirement f
for the acoustical properties of partitions within a dwellilng, g
f ;] nor for external walls and windows in residential bulldings. %
- ;
3 A.2.4 Sweden :
. ’ o
A.2.4.1 Acoustical parameters of partition to be evaluated §
n
i A, 2.4.1.1 Interior walls [12,13]
.[E The transmission loss determined by laborabory measure- a
ment, R, as expressed in Eq. (1), in 1/3~occtave bands in the i
N range from 100 to 3150 Hz, according to the I50 Recommenda~
* tion, R 140,
=y
& 4.2.4.1.2 Floors [12,13] !
f! a) The laboratory transmission loss, R, as for walls; i
d and j
“,'1 b) The normallzed (Ao = 10 m?) impact sound level, Ly !
: L determined by laboratory measurement in 1/3-octave bands in i
.Ll? the range from 100 to 3150 Hz, according to ISO Recommenda- j
tion R 140, except that there is no correctlon to octave
- band levels, by the addltion of 5 declbels. . , E
A.2.4,.2 Assessment criteria for acoustical performance of.
13 partitions -
;.
» A.2.4.8.1 hirborne sound ineulation [12,13]
:fi The measured laboratory curve of transmisslon loss 1s
Tt compared with the IS0 airborne sound criterlon curve to
-

-

i
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determine the alrborne sound insulation index, Ia’ by a method
similar to the IS0 procedure. The fitting rules, however,

are those of ASTM, rather than I80, that is the sum of the
unfavorable deviatlons must not exceed 32 dB and the maximum
unfavorable devlatlon must not exceed 8 daB.

A.2.4.2,2 Impaet sound imnsulation

The measured curve of normalized impact nolse (1/3-occtave
band) levels is fltted, according to the ASTM rules, to a
criterion curve that lles 5 decibels lower than the IS0 cril-
terion curve for impact nolse., VWhen the proper fitting has
been achleved, the Impact nolse 1s taken as the value of the
shifted crlterion curve at 500 Hz, with 5 d8 added. Thus,
the Swedish impact noise index is the same as that of IS0,
apart from the slight dlfferences that may arlse because of
the slightly different fltting rules.

A.2.4.3 Requirements for acoustical properties of partitions
[12,22]

The Swedlsh code speclfies the folleowlng acoustical
propertles for partitions in apartment houses:

% #
I, Min. I Max..

Herlz. Vert.

Between a dwelling room outside
the apartment and a room inside
the apartment: 52 53 63
Between a storeroom outside the
apartment and a room inside the
apartment: - 48 4g 68
Between a stairease or corridor
and a dwelling room lnslde the
apartment: %% 53## 68
¥The "8 dB maximum deviation'" rule is not applied in the 100
and 125 Hz bands. .
41t 13 taken for granted that the sound tranamltted through

the doors will govern these values; such doors should have
an airborne sound insulation index of at least 30 dB.
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Requlrements are also gilven for row-houses, hotels,
hospltals, schools and office bulldings.

‘ e

pF —

No quantitatlve requirements are given for exterilor
walls, but it 1s recommended that speecial wlndows and doors
be used in neighborhoods with heavy traffilc noise.

L

| A.2.5 Switzerland

A.2.5.1 Acoustical parameters of partition to be evaluated

5

A.2.5,1,1 Interior walls

=l

o The transmisslon loss determined by laboratory measure-
| ment, R, as expressed Iin Eg. (1), in 1/3-octave bhands from

U 100 to 3150 Hz, according to IS0 R-140.
-t
[ 4 A.2.5.1.2 Floors
i
The transmlssion loss, as for walls, and the normalized
aF (A, = 10 m?) impact sound level, Lys in 1/3-octave bands in

the range from 100 to 3150 Hz, corrected (by the addition of
5 dB) to octave band levels.

A.2.5.2 Assessment criteria for acoustical performance of
partitions

P § ATR

A.2.5.2.1 Airborne sound insulation

oy 4

The IS0 airborne sound insulation index, Ia’ Ls used.

o

E

A.2.56.2.2 Impact sound insulation

ekt

The IS0 impact sound insulation index, Ii’ 1s used.

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

The Swlss code speclfles the following acoustical pro-
pertlies for partitions in apartment houses:
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Min. Recemm. Min. Recomm.

Party walls between apart-
ments, stalrcase walls next
to llving and sleeping

rooms and floor-celllings in

multi~story bulldings 50 55 65 55
Other staircase walls 45 50
Corridors - - 65 55

Walls and floors hetween
apartments and shops,

resteurants and offleces 60 65 50 45
Apartment entry doors:
To staircase 20 25 - -
To exterior - 25 - -
Windows and French doors 20 30 - -

Row houses, terrace houses and condominiums should

satisfy the recommended 1lnsulatlon values: in a current code

revision [18], the minimum requlrements are permitted in con-
dominium reconstructlon costing less than 275 Fr/ma.l

The acoustlical propertiles specified above refer to hori-
zontal, vertical and diagonal directions of propagation. The
bullding must satlsfy the stated requirements even two years
after completion; 1t 1s recognized that the sound insulatlon
may change by 1 toc 3 dB in the first two years.

Requirements are also given for maxiumu permissible
noise levels due to equipment in the dwelllng and penetrating

from outdoors.
A.2.6 Denmark [19-21]
A.2.6.1 Acoustical parameters of partitions to be evaluated

A.2.6.1.1 Interior walls

Thé primary fequirement is given 1n terms of normalized
level difference, Dnt’ measured in the finished bullding
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according to IS0, but with all band levels normalized to 0.5
sec reverberation time at 500 Hz.*¥ Measurements are made in
1/3-o0ctave bands in the range from 100 toe 3150 Hz.

In addition, for planning and design purposes, require-
ments are glven for the laboratory measured transmlssion loss
of specific bullding elements, according te the IS0 procedure,
in 1/3-cctave bands from 100 to 3150 Hz.

2.2,6.1.2 Floors

Normalized level difference in the finilshed building 1is
the primary measure for alrborne sound, but laboratory trans-
mission loss 1s used for planning, just as for walls,.

Impact nolse level, normalized to 0.5 reverberation
time at 500 Hz,* is used, measured in accordance with the

IS0 procedure.

A.2.6.2 Assaessment criteria for acoustical performance of
partitions

A.8.6.2.1 Airborne cound insulation

Ne index of sound lnsulation Is explicitly used. In-
stead, the performance 1s rated in terms of both the arith-
metieal averapge of the slxteen 1/3~cctave band values of Dnt
(or R) and also sixteen tabulated values of mlnimum acceptable
Dnt {or R), These tabulated values, however, correspond in
each case to the 1/3-octave-band levels that define an IS0
airborne sound insulation index, Ia. Deviations toward
lower values are allowed, provided fthese deviatilons do not
exceed 1 dB, averaged over the whole freguency range (IS0
permits 2 dB average unfavorable deviation). In effect,
therefore, the airborne sound lnsulation regquirements are as

#T.e., all measured levels are corrected by 10 log 0.5/Tsp,
where Tgy, 1s the recelving room reverberation time at
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though they were expressed 1in terms of Ia’ bhut wlth 1 dB
strilcter tolerance in assigning the rating.

Ac2.6.2.2 Impaect sound insulation

No index of impact sound insulation is used. Instead,
tabulated values of maximum acceptable impact nolse are given
for the sixteen frequency bands between 100 and 3150 Hz. The
average unfavorable deviatlon may not exceed 1 dB.

A.2.6.3 Requirements for acoustical properties of
partitions [2n]

Although the Danish code specifies the requirements for
normalized level difference and transmissiocn loss by tabu-
lating the minimum acceptable values for each 1/3-cctave
band, since these tabulated values correspond in each case
to one of the indices, Ia’ 1t 1s convenient to present the
code requlrements here in terms of Ia, shifted by 1 4B in
order to account for the stricter tolerance in fitting the
measured data to the required values. (In other words, if
the tabulated values of transmlssion loss in the Danish code
correspond to the curve for Ia = 49, we report the require-

ment as Ia = 50.)

For lmpact nolse insulatlon, the tabulated values of
maximum allowable impact nolse level are quite unlike the
I30 criterion curve for impact nolse, falling off much more
steeply at hilgh frequencles. Nevertheless, 1t is convenilent
to report the Danish impact nolse requirement In terms of
the value of I1 that would be assigned by IS0 rules to an
impact noise curve one deecibel higher than the impact noise
levels tabulated in the Danlsh code. In additlon, the tabu-
lated values themselves are glven here.
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A.2.6.8.1 Airborne sound insulation

Required minimum acceptable values are glven for both
the average value of normalized nolse reduction, Dnt’ over
the sixteen measurements bands, as well as for the value of

Dnt in each band, as follows:

d

|

T
e

Average D £ Equivalent I

LIy |

bl (see §6.3)
- Apartment buildings 49 gm 51 dB
o ‘ﬂ Terrace and seml-detached
i e e houses : 52 54

£

In addltion, required values of transmission loss for
party walls are also given as follows:

J;

3

Average TL  Equlvalent Ia

i-i

Apartments 50 dB 53 adB
1 Terrace and seml-detached
L houses 53 56

For apartment floor-celling structureé, the average
transmission loss must be 52 dB and the equivalent Ia must
be 55 dB; the 1lmpact noise levels in 1/3-occtave bands may
not exceed the followlng tabulated values hy more than 1 4B,
averaged over all the bands, a requirement equivalent to an
impact noise insulation index, Ii’ of 58 dB (see Fig.A.H4 and
£.2.6.3rabove):

EE

ELE

EL

-

Frequency (Hz) 100 125 160 200 250 315 HOQ 500

) (Hz)
b Impact Nolse 65 65 65 .65 63 62 59 57
Level (dB)

Frequency (Hz) 630 800 1000 1250 .1600 2000 2500 3150

e
roilfe

= Impact Noise .55 53 51 48 45 42 39 36
- Level (dB) r

C Note:
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FIG. A.4. DANISH IMPACT NOISE REQUIREMENT, IN COMPARISON
WITH THE IS0 REFERENCE CURVE.
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The Danish Houslng Department intends to change the form
of noise control regulations soon, to conform more nearly
with the current Swedish approach. The new requlrements are
expected to be issued at the end of 1976 [21].

A.2.7 The Netherlands [22,23]%

A.2.7.1 Acoustical parameters of partitions to be
evaluated [2Za]

A.2.7,1.1 TInterior walls

The normalized level difference, Dnt’ 1s 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.2.7.1.2 Floors

The normalized level difference, Dnt’ is used for air-l
borne sound, as for floors; in addition, the normalized
impact nolse level is measured In octave bands in the range
from 125 to 2000 Hz, and normalized to a receiving room re-
verheration time of 0.5 sec.i#

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

A.2.7.8.1 Airborne sound iasclation

Although the requirements for basilec measured data are
less demandling in the Dutch code than in other countries
(only fiyg octave bands_are considered), the eriterion °

¥The Netherlands 1s only months away from adopting a new

standard for nolse control in dwellings [22aq]; the informa-
tion gilven here pertains mostly to the new version, but re-
requlrements for the old code [22] are also glven 1n paren-

" theses. ,

##Tn the old standard [22], the frequency range was from 250
to 2000 Hz, and the measured levels were normalized to 10m?

sound absorption in the recelving room.
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ratings based on these data are rather complicated, both for
alrborne and lmpact sound insulation.

For airborne sound, the alrhorne noise isolation index,
Ilu(not at all like the IS0 alrborne sound insulation index,
Ia), is formed as follows:

For each of the five octave bands of interest, criterlon
values of normalized nolse level difference are defined by

the code:#

Frequeney (He) 125 250 500 1000 2000
Criterion Dnt(dB) 35(-) 44{43) 51(50) 54(53) 55(54)

These criterion values are to be subtracted from the field-
measured values of Dnt in the corresponding bands to yield
a set of five values of "alrborne nolse isclation discrep-
ancy", which may be either positive or negative. From these
values of isolation diserepancy, three quantltles are to be

calculated:

a) The algebraic average, rounded to the nearest

Integer;
b) The algebrale average of the two {algebralcally)

smallest of the five dlscrepancies, increased by 2 and

rounded to the nearest integer.
¢) The algebralcally smallest of the discrepanciles,
increased by 4 and rounded to the nearest integer,

The alrborne nolse lsolatlion lndex, Ilu’ ls the smallest of
thege three results.

An example 1s glven below for the caleculation of Ilu‘

¥The values in parentheses are the requlrements of the old
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EXAMPLE:

Frequency: 125 250 500 1000 2000 (H=z)

1. Octave-hand level 99.4% 99,8 101.1.7.99./9. '99.3
‘" in source room, dB

2. QOctave-band level
in recelving room, dB

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

67.2 60.7 5B1.3 43.2 0.0

5. 10 log (T/0.5) +3.0 +3.4  +3.0 +2.6 +1.5
5. Normallzed level 35.2 42.5 52.8 59.3 60.8
difference, D £ dB
(=1 -2+ )8
6. Criterion values of 35 wy 51 54 55

7. Isolation discrepancy, +0.2 1.5 +1.8 +5.3 +5.8
dB

From the five values of ilsolation discrepancy (line 7),
calculate the required three quantities:

a) 1/5 (+0.2 = 1.5 + 1,8 + 5.3 + 5.8) = 2.32, rounded
to +2

b)Y 1/2 (0.2 - 1.5) + 2 = +1.39, rounded to +1

e} =1.5+ 4 = 4+ 2.5, rounded to + 2

The alrborne noise ;solation index Ilu 1s the smallest of
these three numbers, that 1s, + 1 d4B.

A.2.7.2,2 Impact sound isolation

Tor impact sound, a simlilar index 1s formed, based on
eriterion values of impact nolse level defined in the code,
as follows:¥

Freguency {(Hz) 125 250 500 1000 2000

. Criterion value of 70(~-) 66(72) 66{70) 66(67) T0(58)

Impact nolse level (dB)

¥Note that the shape of the curve deflned by these require-
ments is gulte different from that of IS0 or the cother
countrles studied here. The values 1n parentheses are the

[ SR FE Y S e

requirements of the[fi; Fféf [22]¢ .

ST

e ke 31




il

-

K |

P

i1

]

iF L

o

i

8.2 BEZ EZZ

|

F: Y

L

[ -~

i-;.;,
i

5

The fleld measured values of normalized lmpact noise
levels 1n octave bands are to be subtracted from the criterion
values to yleld flve values of Impact noise isolation discrep-
ancy, whilch may be elther positive or negative.

Agaln, three gquantities are to be calculated from the
flve values of isclatlon discrepancy:

a) 'The algebraic average of the flve values, rounded
to the nearest integer

b) The algebraic average of the two {algebraleally)

smallest values, lncreased by 2 and rounded to the nearest

integer
c) The algebraically smallest value, lncreased by ! and
rounded to the nearest integer.

The impact nolse isolatlon index, Ico’ is the smallest of
these three results.

An example 1s glven below to illustrate the calculation

of Ico‘
EXAMPLE:;
Frequency: 125 250 500 1000 2000 {Hz)

1. Impact noise level, L 65.1 67.6 71.0 72.5 69.9 (dB)

2. Reverberation time, 1.0 1,1 1.0 0.9 0.7
Bec.
3. 10 log (7/0.5) +3.0 +3.4 +3.0 +2.6 +1.5

I, Normalized lmpact
noise level (= 1 - 3) 62.1 64.2 6B.0 69.9 68.4 (dR)

5, Criterion values of 70 66 66& 66 70 (ap)
impact noise level :

6. Impact lsolation +7.9 +1.8 -2.0 =3.9 +1.6
discrepancy

From the five values of isolation discrepancy (line 6),

caleulate the three required quantities:

+ 1108,

a) 1/5 {+ 7.9 + 1.8 - 2,0 - 3.9 + 1.6)
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b) 1/2 (- 2.0 - 3.9) 4+ 2 = — 0.95, rounded to - 1
e} - 3.9+ 4 =+ 3,1, rounded to 0O
The impact nolse lsolation index, Ico’ is the smallest of
these three numbers, that 1s - 1.

A.2.7.3 Requirements for acoustical properties of
partitions [23]#

A.2.7.3.2 Adirborne sound insulation

The Dutch code speclfies required values for the alr-
borne nolse iseolation 1ndex, Ilu’ as follows:
SITUATION -Ilu
rbwellings, except single-~family houses: o
Party walls between dwellings, and corridor

walls: =0 i
If no bedroom or kitchen abuts the party {
WALLS: ( wall: -3 |
\ Single-family houses: )
Walls with bedroom or kitchen abutting: >0 r
'{ If no bedroom or kitchen abuts the wall: > -3
. z !

Dwellings, except single-famlly houses:

‘| Fleor of prilvate rcom (bedroom, kitchen
or bath) above a non-private room (corridor

or underpass): >0
Floor of bedroom, kltehen or bath above

FLOORS.< common space (garapge, storeroom, etc.): >0
/| Floors separating dwellings: >0
f Floors separating common storage rooms

/| from bedrooms underneath: >0
Loggla or terrace floors with bedroom, . !
klcitchen or bath underneath: >0
Single~family houses: i

Floor of bedroom, kitchen or bath above non-
private space (corridor or passage): >0

.*The requlirements for airborne and impact sound insulation

indices glven here are thogse of the current Dutch Uniform
Building Code. In the new verslon of the noise control
standard {(Ref. 22a), the minimum requirement for the in-
indlces will be 0, but builders will be advised to use +5.

The Uniform Bullding Code may or may not pick up this change.
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A.2.7.3.2 Impact noise isolation

The following values are required for the lmpact noise

isolation iIndex, Ico:

Situatilon Ico

Dwellings except single-family houses:
Floors between dwellings:

Floors of common spaces (except for storage
rooms), such as corridors, hall, landing,
veranda, ramp, etec. above bedrooms:

Floors of non-private spaces (loggia,

terrace or passage) above bedroom,

kitehen or bath not entirely belonging

to the same dwelling: =0

v
[=]

1v
o

A.2.8 Great Britain

A.2.8.1 Acoustical parameters of partition to be evaluated

A.2.8,1,1 VWalls
Transmisslon loss, R {or R”) is used, determined accord-
ilng to Eq. (1),

A.2.8.1.2 Floors

Transmisaion loss R (or R™) is used, determined accord-
ing to Eq. (1); and normalized impact sound level, LN, deter—

.mined according to Eq. (2}.

A.2.8.2 Assessment criteria and requirements

The curves that represent the assessment criteria for
the acoustical properties of partitions in Great Britaln are
shown in Fig.A.5. They also, in effect, state the acoustical

requirements of the code.

The curves differ in shape from the assessment curves
uged by the majority of countries dlscussed 1n this Appendix.
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A.2.8.2,1 Airborne sound insulation {tranamission loss)

The airborne sound insulation crlterion curves are shown
in Pig. A.52.

Curve IT defines the minimum acceptable insulation for

house party walls.

Curves I and II, together with the dlvision into grades
I and II, define the minimum acceptable insulation between
dwellings in the same multi-family bullding.

A.2.8.2.2 Impaet sound level

Curve I of Fig.A.5bshows the acceptable Impact sound
level for floeors in bullding of grade I.

Curve IT shows the acceptable impact sound level for
floors i1n bulldings of grade II.

Curves Ta and IIa refer to floors wlth carpet.

A.2.9 Belgium

A.2.9.1 Acoustical parameters of partition to be evaluated

A.2.9.1.1 Walls

&) 'The transmission loss R, determined by laboratory
measurenent according to Eq. (1) (indice d”affailblissement
acoustique d"une parol);

b) HNormalized level difference, DN ~ (izolement acous-
tique normallsé&), determined according to Eq. (R/), with
A, = 10 m. '

A.2.9.1.2 PFlooras

a) fThe transmission loss R {or normalized level differ—

ence, D ), as for walls,
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b} Normallzed lmpaet sound level LN {(niveau du bruit de
choc normalisé), determined according to Eq. (2), with
Ay = 10 m?.

A.2.9.2 Assessment ¢riteria and acoustical requirements

The curves that represent the assessment erlterla as
well as the acousbtical requirements for partlitlons are shown
in Fig. 6. These criteria and acoustical requirements con-
cern both the transmission loss, R, as measured in the labor-
atory, and the normalized level difference, DN’ measured 1n
the bullding, as well as the lmpact sound level, LN {wherever
measured}.

The Belgian standard covers five grades of requirements
for airborne sound insulatlon, R, and five for sound isocla~
tlon, D. For each grade, the correspondling reference curves
R, and DN are defined by the code (Flg. A.6a). It should be
noted that the dlfference between the requirad values of R
and DN is not constant, but increases from ¢ for the lowest
requirements to +3 dB for the hilghest requirements. It also
should be noted that in the Belgian Standard the shape of
the curve giving the required insulation for external parti-
tions 1s not based on the spectrum of traffic nolse; rather,
it is the same as for the case of internal walls.

There are three grades for lmpact sound insulation.

The acoustical insulation rating category ls assigned accord-
ing to the following rule: The mean unfavorable deviation
of the measured partition curve from the reference curve must
not exceed 1 dB in eaeh one of the following ranges of fre-
quencles:

100 - 315 Hz

400 -~ 1250 H=z

1000 - 3150 Hz

The required airborne sound lnsulation of~paftitions
(R) and isclatlion between rooms (DN) 1s as follows:
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FI1G. A.6. REFERENCE CURVES USED IN ESTABLISHING QUALITY
CATEGORIES FOR AIRBORNE AND IMPACT SOUND INSU-
LATION IN BELGIUM. THERE IS NO SINGLE-NUMBER
RATING SYSTEM.
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Insulation Isclation
Category Category

! r} partiltions separating twe apart- R2 DNE

y ments

|

‘ -rf‘ partitions separating stailrcase or
=| m! elevators from the apartment,

, according to the type of room:
i
“f bedroom Rl DNl
— living room R D

i 2 N2

.o nursery R3 DN3
ﬁ kitchen R3 DN3

bathroom, W.C. R3 DN3

=

‘EJ partitlons separating rooms in the

apartment
=a
i bedroom - bedroom Rq Dyg
- bedrcom - livingroom R2 DN2
| § .
rol bedroom - nursery R, Dy2
fﬂ bedroom - kitehen R, Dyo
311
llvingroom - nursery R2 DN2
¥
L2 livingroom - kltchen R3 DN3
v livingroom - bathroom 32 DN2
14 kitehen - sanitary compartment Rﬂb DNHb
ﬁ Acceptable normalized impact sound levels LN for floors are
glven according to the type of rooms situated in the vertilcal

9 direction, as follows: ’
s
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Upper Rooms
Bed- | ILiving | Kitchen | Bath- [ Chlldren's
room | room, room, | Game-room
For Apartments ‘ Dining W.C.
room
Bedroom IT IT I I T
Living room,| IIXI ir II I I
dining room
Lower |Kitechen ITX III IIT ITT IT
Rooma
Bathroom, ITT ITT III JII III
W.C.
Children's IIT IIT III IIT ITT
Game~room

A.2.10 France

Information on assessment criterla and requirements used
in ¥France for the acoustical propertles of partltions 1n resi-
dential building was taken from publlcations of Centre Sclen-
tifique et Technlgque du BAtiment, from a number of official
decrees, and published technical dlscussions.

A.2.10.1 Acoustical parameters of partition to be evaluated

Acoustlcal assessment covers the folleowing acoustical

parameters of partitlons:

A.2.10.2.1 KNalls

a2} The transmission loss, R {(lndice d”’affaiblissement
acoustlque d”une parol}, expressed by Eq. (1), and determlned
in the frequency range 100-3150 Hz in 1/3 octave bands.

b) The normalized level difference, DN’ determlined hy

laboratory measurements accoring to Egq. {5) in 1/3 octave
bands from 100 to 3150 Hz: or by field measurements in octave
bands in the range 125 to 4000 Hz, according to the following

DRAE T
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il

= - T
it Dy = Ly - L, + 10 log T (10)
o
Db where:
él T = reverberatlion time of the receiving room Iln seconds,
[ T,.= the reference reverberation time, taken as T, = 0,5
| ? second
! - The remaining symbols are as in Eq. (5).

4.2,20,1.2 Floors

: 3 a) The transmisslon loss, R, and the normallzed level

difference, DN, as for walls.

b) 'T"he normalized impact sound level, LN (niveau du
bruit de choec normalisé)

i

for laboratory measurements - according to Eq. (2) in
1/3 octave bands, at 100 to 3150 Hz,

i

iZ

for field measurements, according to the followlhg

ri formula:
™M _ T .
Ly = L =10 log 5 (11)

1 o}
i
ol

where:
i
d T and 'I‘o are as given in Eg. (10) and the remaining

symbols are as given in Eq. (2), 1n octave bands at 125 to
4ooo0 Hez.

B.Z

;# A.2.10,2 Assessment criteria for acoustical propefties of
vl partitions :
fq Airbofne and impact sound insulation are determined in
{ - terms of calculated A-welghted sound levels, on the basis of
Lt the measured acoustical parameters of the partition as a
,b- function of frequency, according to A.2.10.1.
.|
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A.2,10.2.1 Transmicsion losa :
i

The transmlssion losgss 1s determined according to the

Ffollowing formula:

Rop = Lap = (In, ~ 10 log % (12) i
}
where: 5
LAl = palculated A-welpghted saund level in the source 2
room (dB) %
(LAE - 10 log %) = calculated A-welghted sound level in

the recelving room, based on octave
band values of transmlssion losa, and
taking account of the partition area
and the absorption in the recelving
Toom.

Note: In determining the transmission loss lor internal
walls in a building, the level, Lnl’ in the source
room is taken as constant at all frequencles (80 dB
in each octave band). In determining the transmission

} loss for external walls ;n a building, the lgvel Lnl
" in the source room is calculated from octave-band
valueg of Ll at various freguencles, as follows:

£ (M) | 125 250 500 1000 2000 4000
L, (aB) | 71 72 66 65 63 u7

A4.2.10,2.2 VNormalized level differenca, by

The (A~-weighted) normalized 1evel difference l1ls deter-
mined according to the followilng formula: !

= T
Dya = Lpy ~ (Lyp - 10 log T ) (13)

-n'c; *
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where:
Ly, is as in Eq. (12); and

- 10 log %—) = calculated A-welghted sound level in

(L
Az = R

reference reverberatlon time,

'I'o = 0,5 second.

The quantity, Dy, determined aceording to formula (13}, is
called in:the technical French literature "isclement acous-

tique™.

A.2.10.2.3 WNormalized impact sound level, L,

The A-weighted normalized impact sound level l1s calcul-
ated from the sound pressure level as a functlon of frequency

according to formula (2) or (11).

A.2.10.3 Required accustical properties of partitions

Requirements for the acoustical propertles of partitions
are stated in terms of:

a) normalized level difference, DNA’ according to:

= - l
DNA RA a-+b (149)
where:

R, = "A-welghted" transmission loss given in formula
(12);

a = a positive number accounting for "A-welghted"
flanking transmission; and

b = "p~-wedghted" normalization for reverberation time

(TO = 0.5 sec), as follows:
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0,161 V

b =10 log 5%
o]

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

Im)y 1,2 1,6 2,0 2,6 3,2 4,0 50 6,3 8,0
b -3 ~2 -1 0 +1 12 +3 +h
b) A-weighted normalized impact sound level, L'NA’
in a2 bullding:
1 =
Ljy = Ly ta+b (15)

where:

T_INA

positive number accounting for "A-welghted"
flanlting transmission; and

"pA~welghted" normalization for reverberation

time ('I'0 = 0.5 sec), as follows:

0,161 V
= —_—te Y
b = 10 log 15 To

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

DRAFT

= Aw-welphted impact sound level, determined accord-
ing to 8A.2.10.2.3;
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V{m?) 16 20 25 32 4o 50 63 80
b +3 +2 +1 0 -1 -2 -3 =4

A.2,10.3.1 Regulations of June 1989

The French Regulatlons, compulsery since 14 June 1969
[31,32], include the feollowlng requirements for the acousti-
cal properties of partitions in residential buildings.

A-welghted Sound Level or
Sound Level Dif'ference

walls separating apartments DNA = 51 dB
floors separating apartments DNA = 51 dB

LNA = 70 dB
walls and floors separating DNA = 56 dB

apartments from shops

A4.2.10.8.2 ‘PAcoustice Comfort Label" of February 1872

The more strict acoustical requlrements for the éttain—
ment of the recently introduced "Acoustlc Comfort Label"
[53,34] are much more complicated and are described in the
maln text (3.4.2) of thils report [38,4¢3].

A.2,10.8.3 "decotherme" windows [46)

The most recent change in France has been the introduc-
tlon of the "Acotherme" Label for wlndows that fulfill special
thermal and acoustical properties (Improved lnsulatlon, up to
45 dB(A)). Various permutatlons of improvements in thermal
and acoustlcal insulatlon 1n speclally bullt windows are
ldentified by dilifferently colored‘labels.

The Council for Mutual Economic Ald (CMEA) and the

Eastern Countries.

DRAF T

e L A e o R R e AL ey s A e L e




[ poos

1.5 &=

Ed

i-F EF ELR

&=

B.E HE.E

- Y

[

_r
-

RORIPHCIIRERIE S

A.2,11 Standing Building Committee of Council for Mutual
Economic Aid (CMEA) [47,48]

A.2.11.1 Acoustical parameters of partitions to be evaluated

A.2.11.31.1 Internal walls

The tranamlssiocn loss, Rw’ defined in the range from 100
to 3150 Hz in 1/3 octave bands is given by Eq. (1). If the
source room is not adjacent to the recelving room (in a
building), determination of the normallzed level difference,
DN’ ls reecommended, according toe the fnllowing formula:

A

Dy = Iy = L, + 10 10[;A—° (5) '

where:
Ll’ L2, A are as in Eq. (1), and

AO = reference ahsorption area, taken as 10 mZ.

4.2.11.1.2 Floor-ceitling assemblies
a) The transmission loss (or normalized level differ-
ence) 1s delined as for walls, with the use of Eqs. (1) and
(5).
_ b) The normalized impact sound level, determined for
the range 100 to 32b0 Hz in cetave bands (er in 1/3 octave
bands corrected to octave bands by the addition of 5 dB) i1s

glven by Eg. (2).

A.8.11.1.3 Eaxternal walls

CMEA Recommendation RS 263-6S does not deal with exter-
nal walls. Draft Recommendatlion RS 263-67 specifies acous-
tical propertles for external walls with windows, but the
formulation of this recommendatlon is rather general and no
method for numerical evaluation 1s prescribed.
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1o A.2.11.2 Assessment criteria for acoustical parameters of
partitions
0 .
wh A.2.71.8.1 Airborne sound insulation
| r The transmission loss R (or R') or the normallzed level
1.4 difference, Dys presented in the form of a curve as a funection :
Ly -
[‘_ of frequency, ls evaluated by the methed gilven 1In §IIA.3.2.1 i
-;EJ by comparison with reference curve I or II shown In Tlg. 3a. f
[ 5'_ Curve II 1s used for assessment of the laboratory transmission %
éj loss R, (or DN) and Curve I for assessment of field trans- E
TR misslon loss R'. !
B
J The conditlon to be met for comparison of the curve R '

{or R') 1s expressed by Ea. (5). After comparison of the
curve R (or R') wilth the corresponding reference curve, the
' sound insulation indéx, E;, 1s determined like the determin-

-}

]
‘ i atlon of the index 1LSM descrlbed in paragraph IIA.3.2.1. Q
§
r A.2.11,2.2 Impact sound insulation
[ | )
The normallzed impact scund level LN’ presented in the ;
ﬁ:, form of a curve as a funection of frequency, is evaluated by :
] :
* the method glven in 8IIA.3.2.2, by comparing the measured
rﬂ data with the reference curve of Fig. A.3b. i
iy
]
After comparing the measured curve of LN wlth the refer-
[E ence curve, so as to meet the conditions of Eq. (5), the !
Index ET 1s determlined like the 1ndex TSM. i
A.2.11.3 Recommended acoustical properties of partitions
E Recommendation RS 263-65 and Draft Recommendation RS ‘
263-67 speclify recommendatlons for the acoustical propertles
E of internal partitions in resldential buildings iIn terms of ;
1 = the indices E; and E;. Recommended acoustical properties ;
Elg ° for main partitions in residentilal bulldings are as follows:
L .
"ﬂ
] .
b

: DRAFT
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RS 263-65 RS 263-67
walls between dwell- EL = -1 dB EL = -~ 1 to + 2 dB
ings
floors bhetween dwell- E_. = =1 dB E. = - 1 to.+ 20 dB
1 L L

ngs )
ET = { ET =0 to + 10 dB

flooks between dwell-
ings.and auxiliary

EL=—'1dB E, = -1 to+20dB
rooms "sltuated ahove

the dwellings in the ET =0 ET - 0 to + 10 4B
building
floors of two-story EL - not speclfied
buildings
ET =
walls between rooms EL = -9 dB EL = - 20 to -~ 9 dB

wlthin one dwelling

Note: Recommendatilons for the index ET of floors between
kitchens and bathrooms concern impact sound penetrat-
ilng into rooms of the adjacent dwelling. BRecommenda-
tions given in Draft RS 263-67 include both minimum
values (lower indices) and preferred values (higher
indices).

A.2.12 Poland

A.2.12.1 Acoustical parameters of partition to be evaluated

A.2.12.1.1 Internal walla

The tranamission loss, Hw, concerns the acoustilical pro-
pertles of a partitilon determined -without flanking trans-
mlssion; the "approximate transmission loss", Rﬁ, concerns
the acoustlical propertles of a partltion 1In a bullding with
flanking transmission. Values of transmission loss, Rw and
R&,'are determined in the frequency range 100 to 3150 Hz in
octave bands according to Eq. (1). ’
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o A4.2.12,1.2 Floor-ceiling aosemblics
gi? a) The transmission loss, Rw (or approximate transmis-
i slon loss, R&) is determined in a manner similar to that for
~ Internal walls.
) The normalized impact sound level under the floor

E] (characterizing the transmission of impact sound), determined
in 1/3 octave bands corrected to octave bands is defined as

! follows:

A
_ 0
Lur = Lu + 10 log i + 10 log n (7)

| S R S

where:
n = a number dependent on the band width ol the

Tilters used; for octave band fllters, n = 1,
for 1/3 octave band filters, n = 3; the obher
symbels are as gilven in Eq. (2).

I -

U W R

A.2.12,1,3 EBaternal walle and windows

The transmisslon loss, R is defined as in the case of
internal partitions in a diffuse field, acecording to Eq. (1),
in the range 100 to 3150 Hz 1n 1/3 octave bands.

£ B3

A.2.12.1.4 Entrance doorpg of filata

‘[2 The transmission loss, Rw’ 18 defined as in the case of
e internal partltlions in a diffuse field, according to Eg. (1),
{4 in the range 100 to 3150 Hz 1n 1/3 octave bands.

R A.2.12.2 Assessment criteria for acoustical parameters of
K partitions

A.2.12,2.1 Airborne sound insulation of internal partitions

[ §

e

The Pollsh Standard specifies criterila for evaluation of
the transmission loss Rw and Ré similar to those of CMEA Re-
: commendation RS 263-65. The insulation of an internal parti-
' tlon is def'ined by the index EL, cemputed as in the CMEA
Recommendation (see § II.B.l.2 above).
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A.2.12.2.2 Impact aound insulation

The Polish Standard specif;es an assessment criterlon
for the normalized impact sound level, Lur’ as in the CMEA
Reccmmendation RS 263-65 and the Draft RS 263-67. The impact
sound insulation of a floor is déharacterized hy the index ET,
computed as:.in the CMEA Recommendation (see § IIL.B.l1l.2 above).

A.2.12.8.8 Airborne sound insulation of external walls and
windowa
Assessment criteria for the transmission loss of amternal
walls and windows in residential builldings were developed by
the Research Institute, Department of Acoustics, in Warsaw.
These criteria were the first in the world to be used in a
national standard. '

The transmlssion loss, presented in the form of a curve
as a function of frequency, is evaluated by comparlson with
the reference curve of Flg. 7a 1n order to define the index
ZEL. The reference curve was developed by considering the
spectrum of traffie noise and the sound absorption of typieal

furnighed apaviments, as a functlon of frequency.

The method for comparison of the transmission loss curve
of an external wall or window with the refeéerence curve Is
like the case of internal partitions, l.e., the method given
in paragraph IT.A.3.2,1.

The airborne sound insulation index for an external wall
whose curve Rw exactly corresponds to the reference curve of
Plg. 7a 1ls:

ZE. = (¢ dB

L

The index determined on the basils of a measured curve Rw’
shifted 1in relatlion to the curve of Fig. 7a by * a dB, 1ls:

ZE. = + a dB
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FIG. A.7. REFERENCE CURVES FOR AILRBORNE SOUND INSULATION
RATING FOR FACADE WALLS AND WINDOWS {ZEp) AND
ENTRANCE DOORS (DEL) IM POLAND.
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A positive {indicated by a plus aign) means shifting towards
an dncrease of the transmission loss of the partltion, i.e.,
upwards in the diagram.

The Polish Standard specif'ied an approximate relaticn
between the lndex ZEL of the wlndow and the trafflc noise
level penetrating through the window, as follows:

- — S
Lip = Ly = 20 + ZE; ~ 10 log 7 dB (8)

whapea!

LlA = A-welghted sound level in dB outside the bullding
at the window,

L2A = p-weighted sound level in dB of traffilec nolse
penetrating through the window Ilnto the room,

8 = area of the window, in m?,

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

That 1ls, 1f LlA inereases 5 dB, then elther ZEL ar
10 log A must also Increase 5 dB to malntain the same indoor

traffic nolse level, L2A

4.2.12.2.4 Airborne sound insulation of entrance door of
apartments

The transmission loss, presented in the form of a curve
as a funetion of frequency, 1s evaluated by comparison with
the reference curve of Filg. Tbhb 1n order to define the index
DEL' The reference curve was developed by considering the
spectrum of typieal noises oeeurring the stairecase and the
sound absorpiion of furnished apartments as a funetlon of
frequency. The method for comparing the transmlssion loss
curve of the door and defining the index DEL for the door 1s
similar to the above described method concerning the trans—
mission loss of external walls, windows and the index, ZEL.
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An approximate relation between the required index, DEL
and the stalrcase nolse level penetrating through the door l1s

as follows:

Lyp = Loy = 22 + DE; - 10 log 5 (9)
where:

LlA = A-welghted sound level in dB outslde the door,

Lo = A-weighted sound level in dB of noise pene-

trating through the door,
S = area of the door,

A, as In eQ. (8).

A.2.12,3 Required acoustical properties for partitions

A.2.12,3.1 Airborne sound insulation: Internal partitions

The Pollsh Standard is based on the assumption that the
sound Insulation of the partition is less important to the
residents than the sound lsolatlon between rooms, which de-
pends on the transmission loss of the partition, as well as
1ts area, and on the ahgorptlon in the receiving room.

Requlrements for the transmisslion loss Rw of partitions
are differentiated according to the partition area, 8, in
order to obtain approximately constant sound lsolatilon be-
tween rooms. Requlrements for partitions with areas most
commonly used in typleal bulldings were used to set the hasic
requirements. Requirements for the acoustlcal properties of
partlitions are stated 1n terms of': the alrborne sound in-
sulation index, EL’ for walls; both the alrborne sound insul-
ation index, EL’ and the impact sound index, ET’ for floors.
The requirements for partitions in a residential building are
as follows:

* walls separating two rooms (regardless of the types of

adjoining rooms) . .
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Note:

Note:

For
For

For

§ =5~ 12%n , E,=-1 dB
§ =12 - 16%m , Ep =+ 1 dB
5= 18 - 20%m , E, =+ 2 dB

floors‘separating two rooms (regardless of types of

adjoining rooms):

For S = 8 - 18 m?, ' E; = - 1dBand Ey =0
For § = 18 - 23 m?, E, =+ 1dB and By = 0
For 8 = 23 - 30 m?, E[, =+ 2 dB and E; = 0

walls separating an apartment from auxillary rooms con-

talning mechanical equipment for the building, or from
stores located in the building:

For
Por

For

Values

S =5~ 12 m?2, EL =+ 1 to + 3 dB
8 =22 - 16 m?, E. =+ 3 to+ 5dB
S = 16 - 20 m?, Ep =+ 4 to+5dB
of the Index should be selected within the

above limits according to the noisiness of the room.

floors separating an aparcment from auxiliary rocoms con-

taining mechanical equipment for the bullding, or from

stores 1

For § —

For 8

For 8

Values
above

ocated In the bullding:

18 m , EL =+ 2 to + 4 4B
18 -~ 23 m , EL =+ 4§ to + 6 dB
23 - 30m , ) E =+5 to + 7 dB

of the index E, should be selected within the
limits according to the nolsiness of the room;

requirements for the impact sound index ET should he

select
nolse

ed Individually according tc the sources of
and the locatilon of noisy rooms.

DRAE T

e

PP

e L Tane e

ety pae




2l

!

&%

ﬁ'\‘ i

-3

B-E

| W—

a— s

= walls separating apartments from stairs or corrldors

E, =-14dB

L

The Pollsh Standard deoes not speclfy requirements for
walls within a dwelling, except for the wall separating a
bedroom or living room from a bathroom or W.C. compartment;
for this case, the required index EL = -~ 10 dB.

A.2.18.3.2 Airborne sound insulation: External walls and
windows
Requirements for the acoustical propertles of external
walls and windows are given according to the noisiness of the
nelghborhood. The standard specilfies, as the measure of
nelghborhood noisiness, the average A-welghted nolse level,
Leq’ during maximum traffic nolse, divided into the following

classes:

- up to 60 dB
61 to 70 dB
71 to 80 dB

The requirements are stated in terms of the alrborne socund
insulation Index ZEL and apply to the external walls of the
building and to windows, with the exceptlon of stalrcase

wlndows:

a) PFor nelghborhoed wilth average noise level up to
60 dB

»  axternal wall . ZEL = 4+ §5 dR
»  windows of rooms ZEL =0
+ windows of kiltchens, bathrooms and

“W.C. compartments ‘ ZEI = 0

b) For nelghborhood with noise level from 61 to 70 dB

+ external wall ZEL = + 10 dB
*» windows of rooms ZEL = + 5 dB
» wlndows of kltchens, bathrooms and

W.C. compartments ZEL = 0
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¢) For nelghborhood with noise level from 71 to 80 dB

* external wall ZEL = 4 15 dB
» windows of rooms (if percentage gE. = + 10 4B
of glazing does not exceed 10%) L
*»  windows of kitchen, bathrooms
and W.C. compartments ZEL =+ 5 dB

A.2.12,3.3 Airborne sound inaulation for entrance doors

Requirements f'or the acoustical properties of entrance
doors of apartments are stated in terms of the lndex, DEL’

and are:

DEL = + 5 dB

The requirements for acoustleal parameters of doors inside
the apartment are not specifiled.

A.2.13 Czechoslovakia

.A.2.13.1 Acoustical parameters of partition to be evaluated

The following acoustiical parameters should be evaluated,

A.2,183.1.1 Internal walls
« transmission loss determined by the laboratory measure-
ment, R!

« normalized level difference, DN'

A.2,18.1.2 Floors

transmliasion loss {or normalized level difference), as
for walls

normalized impact sound level, determined by lahoratory
measurement LN {(or by field measurement, L&)

Required ranges of frequencies - simllar to that given
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A.2.13.2 Assessment criteria for acoustical parameters

|

The Czechoslovaklan Standard recommends the application ;
of asseasment methods for the acoustical parameters of partl-

i~

| LE tions similar to the methods given in CMEA. The indices EL

{ and ET are determined by laboratory measurements, whlle indices

| ri from field measurements are marked E} and Ej.

|l ,

| .

- The standard specifies, in addition to the indices Ef §
;I and ET’ the dndices IL and IT’ whose numerical values are {

equal to the ordinate of the corresponding reference curve
at 500 Hz (see IS0 R-T1l7). The following formulas give the

relations among these indices:

1 11

= B} + 54
Ep + 52
I, = 68 - Eq

- |
H H
&
B

i

It should be noted that IL # Ia.and IT # Ii’ because the
metheds for comparison of the measured curves wlth the refer-

a8

ence curves are somewhat different.

vomdad

A.2.13.3 Required acoustical properties of partitions

The requirements glven In the Czech code are stated in

terms of the Indlces EL and ET' The Czechoslovaklan Standard

i - 1s almost fully compatlible wlth the CMEA Dralt Recommendation

2.5

{ﬂ RS 263-67 in the scope of required acoustical propertles of
]
reasidential buildings partitiens. A slight difference ap-
[g pears in the regquirement for the acoustical properties of
i wells Inside the apartment; according to the Czechoslovakian
‘I! Standard, the required E, = =10 dB, and in the CMEA RS 263-67,
n EL = - § dB.
I ¥
18
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A.2.14 Rumania [&1]

A.2.14.1 Acoustical parameters of partition to be evaluated

A.2,14.1.1 Walls

The transmission loss R (or R') 1s determined in octave
bands in 1/3 octave bands according to REg. (1).

A.2.14.1.2 Floors
a) The transmission loss, as pglven above for walls.

b) The normalized impact sound level beneath the [loor,
in octave bands (or in 1/3 cctave bands corrected to octave
bands) determined according to Eq. (12).

A.2.14.2 Assessment criteria for acoustical performance of
partitions

A.2,14.2.1 Airborne sound insulation

The transmission loss, R, presented in the form of a

curve as a funetlon of frequency, is evaluated by comparison -

with the reference curves shown in Fig. 8a. The shape of
the reference curves shown in Fig. Ba 1s simllar to that of
the curves In the IS0 and the CMEA Recommendations. However,
the Rumanlan Standard does not gpecify numerical indlces as
in the IS0 and CMEA Recommendations, or in the national stan-
dards of most other countries. Evaluatlon of the acoustical
properties ls bhased on comparison of the measured partition
curve with the five "category curves" shown in Fig. 8a, es-
tabllishing which of the curves best corresponds with the mea-
sured curve. Because of thls approach, the curves R1 - R5
shown in Flg. 8a have the character of assessment criteria as

well as requirements.

Methods for comparlson of the reference curves Rl - HS
with the measured partition curve are similar to the methods

already discussed, as follows:
A-65
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FIG., A.8, REFERENCE CURVES FOR ESTABLISHING CATEGORIES OF
s ACOUSTICAL QUALITY FOR AIRBORNE AND IMPACT SOUND
l INSULATION IN RUMANIA. .THERE IS NO SINGLE-
MUMBER RATING SYSTEM.
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* The sum of the unfavorable deviations, divided by 15 for
transmlsslon loss values in 1/3 cetave band (or by 5 for
transmission loss values in octave bands), should be
less than 2 dB,

*«  the maximum unfavorable deviation in 1/3 octave bands
should not exceed B dB, or In octave banda, 5 dB.

A.2.14.2.2 Impaet sound insulation

The principle of evaluation for the normallzed impact
sound level is similar to that for evaluaztlon of the trans-
misslon loss of the partition. The standard presents five
reference curves of Impact scund level, Ll - L5’ whlch have
the nature of required curves of acceptable ilmpact sound
level. The curves Ll - L5 shown in Fig. 8b refer to the im-
pact sound level in octave bands. Curve L2 is identical to
the reference curve shown in ISO R-717.

Methods for comparilson of the curves of Impact sound
level with the reference curves are ldentlical to the methods
for alrborne sound level.

A.2.14.3 Required acoustical properties of partitions

The required acoustilcal propertles for internal partl-
tlong 1n a residential bullding depend on the desired cate-
gory of acoustical comfort (two categories of acoustleal

comfort are defined): Category
T IT
« walls separating apartments R3 Rl
+ floor separnating apartments R_L R. L
373 171
¢« Internal floors in apartments L Ll
having two stories 3
* floors separating apartments R3L3 R1L1

From (quiet) auxlliary rooms
in building

+ floors separating apartments RMLH R2L2
from (noisy) mechanlcal com- '
partments of bullding, e.g.,
water-supply system.
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The standard does not cover requlrements for external
walls, nor for internal walls inside the apartment.

A.2.15 East Germany (German Democratic Republic)

A.2,15.1 Acoustical parameters of partition to be evaluated

The acoustlcal parameters of the partition subJect to
evaluation are similar to those of CMEA Draft Recommendatlon
RS 263-67, i.e.:

a) the transmicsilon loas of partition, R (mecasured in
the laboratory), or R' (measured in the field), according to
Ega. (10 (LuftsechalldédmmMass).

b) normalized sound level difference, DN (for non-
adjacent source room and recelving room), according to Eq.

- {5). (NormSchalldriickpegeldifferenz).

c) normalized impact sound level, determined in 1/3
cctave bands and corrected to octave bands {(Normlrittschall-

pegel).

A.2.15.2 Assessment criteria for acoustical performance of
partitions
Assessment criteria for the acoustlcal propertiles of
partitions, determined in specified ranges of frequency, are
gimilar to those in the CMEA Draft RS 263-67. The measured
valueg of R {or R') and LN gerve for determinatlon of the
indices EL or ET‘ The followling terminology 1s used:

]

F LuftschallschiitsMass,

L

ET TrittschallschiitzMass.

n

A.2.15.3 Required acoustical properties of partitions

The requiréments for acoustical properties of partitions
are stated in terms of the indices EL and ET. The required
acoustlcal parameters of partitions in residential buildings
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given in the Rast German Standard are in prineiple simllar
to those specified in the CMEA Draft Recommendatlon RS 263-67.
The only differences are as follows:

a) the required impaet sound indices Ep are increased
by 4 dB, compared to the values given In the CMEA Draft Re-
commendation. Such a requlrement takes account of the poss-
ible agelng of the Insulation material used for floors,

b) the required index, EL’ for walls separating bed-
reoms within an apartment consisting of three or more rooms
has a minimum value EL = -20 dB, and a recommended value
E. = - 5 4B,

¢) the acoustical requirements for floors of apartments
having two storles are the same as for floors separating two

L

apartments.

T e U ke E L3

L e s

T



o

w

i1

=
[P

i1

£33

i

B

R
&

B i-& xadd E-=

is &

-2 k3

iy

A.3  SUMMARY COMPARISON OF THE EVALUATION CRITERIA FOR ACOUS~
TICAL PROPERTIES OF PARTITIONS IN RESIDENTIAL BUTLDINGS

1) The Regulations, Internaticonal Recommendatlions and

National Standards specify the following parameters for deter-

mining acoustical propertles of partitions.
a) walls

- The transmlssion loss R, expressed in dB, mea-
sured in the laboratory wlthout flénking transmlssion accord-~
ing to Egq. (1l). 'The transmission loss 1s determined in 1/3-
octave bands in the range of [regquencles from 100 teo 3150 H=
in all standards except the Amerlecan Regulations, where the
range 1s 125-4000 Hz. Determination of R in octave bands ls
allowable.

-~ The transmissilon loss Ré expressed Ln dB, de-~
termined by fleld measurements (or lahoratory measurements
with flanking transmission) according to Eq. (l). The fre-
quency range ls as glven above. The Pollsh Standard PN-70/
B-02151 ealls the value R& "approximate transmission loss".
The American Standards do not allow for measurement of
"approximate fleld transmisslon loas" in this way.

~ Normallzed level difference of acousflc pres-—

sure, DN, in dB according to Eq. (5) or (10), wlth reference
absorption Ao = 10 m“, or reference reverberation time To =

0.5 sec.

* The values of DN are determined by flield measurements. The

French Regulations prescribe determinatilon of the value DN
by laboratory and field measurements: results of laboratory
measurements are calculated from formula (5) and results of
the fleld measurements from formula (10).

b) floors

- The transmission loss R, (or R!) and normal-
ized level dilfference DN are handled similarly as for walls.
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- The normallzed impact sound level LN normallzed
to the reference absorption AO = 10 m?, or to the reference

reverberatlion time To = 0,5 sec. In the maJority of standards,

the level LN 1s determined in the range 100-3150 Hz in octave
bands (or 1/3 octave bands corrected to octave bands by addi-

tioen of 5 dB).

The Finnlsh Standard [54], and the American and French Regula-
tions do not prescribe correction to octave bands of the im-
pact sound levels measured In 1/3 octave bands. It should be
noted Ehat the band wildéh ol weasuremnenl is nob precisely
specified In some of the standards and regulatlons.

2) All standards and recommendations, except the French
Regulat ions, prescribe the assessment of the alrborne sound
insulatien and impact sound insulation of a partition by com-
parison of the measured curves with reference curves. The
French Regulatlons prescribe the assessment of the acoustlcal
preopertles of a partitlon in terms of A-weighted sound levels
caluclated from the values of sound insulatlon at all  the mea-
suring frequencles,

3) The majority of countries use in thelr standards
reference curves of shapes similar to the shape of the refer-
ence curves of IS0 Recommendation R-717. The curves glven
in the Briltish, Dutch and Belglan standards differ somewhat
from thils shape (see Fig. 9).

4) Methods of comparison of the measured curves of air-
borne sound insulation (also isolatilon) and ilmpact sound
level with the reference curves in the different standards
are similar. However, some differences occur: these dlffer-
ences 1n assessment of sound insulation amount to only about
1-2 dB for the same reference curves. The methods of compar-

lson are as follows:
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1. 180, USA, W. Gerwmany, Denmark, ' » 98 ; l
Sweden, Switzeriand, CMEA, &0 =111
Poland, Rumania, Czechoslovakia, : S er—r=
E. Germany: Minimum Requirement i = ""‘J_ =~
2. CMEA, Poland, Rumania, & /,'/;.q
Czechoslovakia, E, Germany: ﬁ‘/:,{_.._
Better Quality /,f -
£0 -7)’// -
3. Belgium / .
4. Enoland |
20 oW o R fo iz
s&8 8 & § § 8§
- 2
IMPACT Ly
1. 150, USA, Switzerland, Sweden o T
2. CMEA, Poland, Rumania, RSN
Czechoslovakia, E. Germany, - e
W. Germany, Denmark o FLI ST
3. Belgium . '\?S;:,\_\_‘__
4, England -m l " NN .
' t, nz

FI1G. A.9. COMPARISON OF AIRBORNE AND IMPACT NOISE REFERENCE
CURYES FROM VARIOUS COUNTRIES. THEY ARE SIMILAR
TO ONE ANOTHER IN 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 is shifted in steps of 1 4B towards the measured
curve untll the most severe of the following conditlons is
satisfled:

1) for curves determined in 1/3-octave bands, 100-3150

Hz,
251 )

or for curves determined in octave bands, 125-2000

Hz,
261
1dB < -5- < 24dB (b)
i1) for curves determilned in 1/3-cctave hands, 100--3150
Hz,
851
—i's- f 2 dB
and (e)
Gmax < 8 dB

Hez,

(d)

and

Spax S 5 9B .

Methed A is used in the IS0 Recommendation. ©Only the condi-=
tilons {c) are used in the American Regulations.

DRAFT

e N A S A gt L L " T e ety

I o LR PR

- e AT



i

i

inwe.

i

g

2

-8 §L&

|- .y

-z

[

e

emar

Method B

To compare the measured values, the appropriate refer-
ence curve 1s shifted in steps of 1 dB towards the measured :
curve untll both of the following conditlons are satisfled:

1 = 2500
8100 * S3150 . :E: 5
5 : 1
i =125
1 dB < < 2 dB
15

atd

5max < 8aB .

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

in the Polish Standard, the Czechoslovaklan Standard, the
USSR Standard, the Rumanlan Standard, the German TFederal
Republic Standard and the German Democratic Republlec Standard.

Method C

A mean unfavorable deviatlon of the measured curve from
the approprlate reference curve less than 1 dB is required
in eaeh one of the following ranges of frequenciles:

100 - 315 Hz

oo - 1250 Hz
1600 -~ 3150 Hz,

Methed C 1s used in the Belglan Standard.

An analysis of the methods [63] has shown that if the
unfavorable deviations of the measured value of a partition
from the reference curve do not¢ occur at the extreme fre-
quencles, the conditions glven in Method B are sometimes more
severe than Iin Method A (the same sum of the unfavorable devi-
ations 1s divided by 15 in Method B, by 16 in Method A).

If the unfavorable deviatlons do occur at the extreme
frequencles, and 1if the sum of these deviatlons exceeds 4 dB,

then Method A prescribes more severe conditions. N
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5) There are two tendencles in using the reference

curves: ‘

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

- as requirements for appropriate acoustical performance
off a partition.
In the first case, the comparison of acoustical lnsulation of
a partition (or impact socund level) with the reference curve
defines an 1ndex, i.e., a single figure in terms of which the

acoustical property of partition is evaluated. Acoustical
requlrements in such cases are stated in terms of the:requilred

-mindimum dindividusl indices.

In the second 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 cases, a serles of the curves 1s given, determining
the required acoustical parameters accordlng to the proposed

applicatlon of a partition.

6) The typleal method for calculatilon of the indices is
based on a comparison of the measured airborne sound insula-
tion curves (or impact sound level curves) with the appropri-
ate reference curve; the numerlcal value of the index is re-
lated directly or indirectly to the reference curve.

7} If one leaves out of account the slight dlfferences
in the calculation metheds for the various indices, that is,
the allowable devlations of the measured partition curve from
the reference curve, it is possible to establish the following

relationships among the indices:
a) alrborne sound insulation
E, = LSM C o (16)

L
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52 + EL = 52 «+ LSM = STC -~ for fleld (18)
measurements

54 + E. = 54 + L8M -~ STC - for labora-
a L tory measurements (19)

1~
1

b} impact sound insulation

ET = TSM

I, = 68 - Eqp = 68 - T8M (20)
IIC = 110 - I, + 5 = 115 = I, I, =115 ~ IIC (21)
IIC = 47 + Eq = 47 4+ TSM Ep = TIC - hr . (22)

Note. In Egs. (21) and (22), the IIC is calculated from the
impact sound level determined in 1/3-occtave bands; ET

and TSM from the impact sound level corrected to octave

bandg.

Discrepancles, resulting from different calculation methods,
between the indlces, as given in the above equatlons, amount
to 1-2 aB.

8) A preclse comparison of the assessment criterla for
the acoustical propertles of partitions Is possible only by
converslon of these criteria lnto alrborne sound/Insulation
values (or Into impact sound level values) expressed In A-
welghted sound levels. Such a calculation can also demon-
strate whether the criterla prescribed 1n the varlous stan-
dards are mutually consistent.

In order to carry out such caleulations, a serles of
transmlssion loss curves and Impact sound level LN curves
were selected, correspeonding to the reference curves shown
in Pig. 7 In such a way that the ﬁnfavorable devlations
{(within the allowable limits) occurred In different bands of
frequenciea. The following formulae were used for the cal-

culations:

a) the "A-weighted airborne sound insulabion, REA:
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> 1001 (Lpy + Kpy)

REA = 10 log}—= %
231 100,1 (Lfi - Rfi + 10 log + n + KAi) (23)

where
i = index identifying the frequency band

Lfi = gsound pressure level in tpe source room. A constant
value, Lfi = 100 dB,was assumed for all freguencies.
Rfi = transmisslon loss of partition as a function of fre-
quency, dB,
3 = area of the partition, assumed to be 10 m?

A = absorption In the recelving room, assumed equal to
the reference absorptilen, A = 10 m?
KAi = correction for each frequency according to the
A-welpghting curve, dB.

It should be noted that the results of caleulations according
to formula (23) do not depend on the absolute values of the
assumed level Li’ but only on the shape of the noiselépectrum
in the source room. Prevlious analysls has shown that a "flat"
spectrum (Lf = const.) glves results analogous to the speech
spectrum. In fact, a "flat'" spectrum 1s prescribed in the
French Regulations for calculation of their "A-welghted"

transmlsslion loss.

b) thé A-welghted impact sound insulation, LNA:

L . = 10 log & 1001 (Iny ¥ Kp4) (24)
NA 1
where
Lni = normallzed impact sound level as a function of
frequency in 1/3 octave bands, normalized to
= 2

, AO 10 m

Kﬂi = as in formula (23).
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9) The results of calculations of the airborne sound
insulation by the method described in item 8 are as follows:

a) Reference curve glven 1ln the IS0 Recommendation
(Fig. A.9a, curve 1): A transmissilon loss curve ldentlcal to
the reference curve leads to REA = 52 dB. For transmlssion
loss curves wilth unfavorable deviatlons from the reference
curve within allowable limits {Method A, condltions a and b},

R., = 49 to- 52 d8 .

EA
b) Reference curve for field measurements given in
CMEA Recommendation (Fig. A.9a, curve 1): A transmisslion loss
curve identical to the reference curve leads to REA = 52 dB.
For transmisslon loss curves with unfavorable deviatlons from
the reference curve within allowable limits (Method B)
= ! 2
REA 18 to 52 daB .
¢) Reference curve for laboratery measurements as gilven
in the CMEA Recommendatlion (Flg. A.9a, curve 2): A transmis-
slon loss curve identical to the reference curve leads to REA=

'54 dB. For transmiasioh loss curves showlng unfavorable devl-

atlons from the reference curve within allowable limits
(Method B)

R AT 50 to 54 aB .

E

Hd)_ Reference curve given in the Belpgian Standard (Pig.
Aléé, curve 3}: A transmission loss curve identlecal to the f
reference curve leads to REA = 52 dB. For transmission loss
curves showlng unfavorable deviations from the reference curve
within allowable limits (Method C)

R AT 51 to 52 4B .

E

ell Reference curve as glven in the British Standard
(Fig., A.9a, curve !}: For an insulatlon curve in full confor-
mity wlth the reference curve, REA = 52 dB. Briltish Standard
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CP3: Chapter III (1960) does not specify allowable unfavorable
deviations from the reference curve but requires them gener-
ally to be "little". Allowlng unfavorable deviations accord-
Ing te the IS0 Recommendatlons, the values of REA are similar
for the reference curves given in the IS0 Recommendation and

in the British Standard.

10} The results of calculations of impact sound level
accarding to the method described in ltem 8 are as follows:

a) Befereonce zurve gilven in IS0 Recommendatlon
(Fig. A.9b, curve l): An impact sound level curve in full con-
fofmity with the reference curve leads to LﬁA = 66 dB. Tor :
Impaet sound level curves showing unfavorable deviations from
the reference curve within allowable limits {(Method A},

LNA = 66 to 68 dB .

Note: These calculations are based on the assumptlon that
the reference curve refers to octave bands or to 1/3~
catave bands corrected to octave bands. '

b) Reference curve given in CMEA Recommendation
(Fig. A.9b, curve 2): An impact sound level curve in full con-
formity with the reference curve leads to LNA = 69 dB. TFor
impact sound level curves showing unfavorable devlatlons from
the reference curve within allowable limlts (Method B),
LNA = 69 to 73 4B .
Note: These calculations are based on the assumption that
the reference curve refers to octave bands, or to 1/3-
octave hands corrected to octave bands.

¢) Reference curve given in the Belglan Standard
(Flg. A.9b, curve 3)}: An impact sound level curve in full

conformity wilth the reference curve leads to LNA.= 72 aB.
For lmpact socund level curves showlng unfavorable deviations
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from the reference curve wlthin allowable limlts (Method C),

L A° 72 to 73 dB

N
d) Reference curve given in the Britlsh Standard
(Fig. A.9b,. curve %#): An impact sound level curve in full con-
formity with the reference curve Y4 leads to LNA = 67 dB. An
lmpact sound level curve In full conformity with the reference
curve 4 (for soft floor coverings) leads to LNA = §5 dB. The
standard does not specilfy allowable unfavorable deviations.
Allowlng unfavorable deviations according to the IS0 Recom-
mendation, the values LNA are lower (than those mentioneg

above), by 1 to § dB, according to the frequency range in
whiech the unfavorable deviatlons occur.

11) It is elear, from the results of the calculations
presented in items 9 and 10, above, that the determination
of ‘airborne and impact sound insulation properties of parti-
tlons in the form of indices, In the current assortment of
standards, 1s not sufficilently preclse. Differences of the
A-welghted rating values that result from unfavorable devia-
tions within the allowable limits, are as much as 1 to 4 dB.

12) Considering the results of the calculations pre-
sented in items 9 and 10, the relatlon hetween the indlces
and the A-welghted insulation values of partilitions (when § =
10 m? and Ao = 10 m*) can be expressed in the followlng ap-

proximate formulae:

REA = Ia - (0 to 3), dB (25)
REA = E + (48 to B2), dB - for field measurements(26)
R,, = B, + {50 to 54), dB -~ for laboratory mea-

EA L ’ surements (27)
REA = 8TC ~ (10 to 3}, 4B | (28)
REA = LSM + (48 to 52), dB - for fileld measurements(29)
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R., = LSM + (50 te 54}, dB - for laboratory mea-

EA ’ surements (30)
Lyga = Iy * {10 to 4), dam (31)
LNA = (69 to 73) - ET = {69 to 73) - TSM dB {(32)
Ly = (115 to 119) - IIC, dB (33)

Note: The formulae (31) and (32) relate to the indleces, Ii’
ET and TSM calculated from the levels in octave bands
or In 1/3~octave bands corrected to cctave hands.

The formula (33) relates to the index IIC calculated
from the levels 1n 1l/3-octave bands.

13) The indices Ii and 8TC, and the related A-welghted
values determine the acoustical propertles of partition in
the conditions in which they were measured (as concerns
flanking transmission). The indlces EL and LSM, and the re-
lated A-weipghted values, determine the acoustlcal properties
of partition with flanking transmission. Calculation of the
above 1ndices based on fileld measurements Iincludes the actu-
ally occurring flanking transmisslon; calculation based on
laboratory measurements includes flanking transmission of

2 dB.
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A4 SUMMARY COMPARISON OF THE REQUIREMENTS FOR
ACOUSTICAL PROPERTIES OF PARTITIONS IN RESIDENTIAL

BUILDINGS

A1l the standards considered ln this Appendlxz recommend
acoustical parameters for walls and floors between dwellings.
Acoustical parameters for partitilons within one dwelling
unit are not glven in every standard. Some standards specify
minimum acoustleal properties of partiltions separating
dwelllngs from other nolsy rooms situated in the bullding.

The Polish Standard and the French Regulatlons speeify
requirements for sound insulation of external walls. The
Polish Standard prescribes requirements for windows and
external walls, while the French Regulatlons concern only

walls without windows.

A4 Comparison of Approaches for Acoustical Properties
of Internal Partitions

1. Standards and Regulatlons used lpn various countries
specify dlfferently the requirements for acoustleal proper-
ties of internal partitions of residentlal bulldings. The
different acoustical parameters of partitions depend upon
such factors as:

. noisiness of the housing area
' slze of-paftition

. assumed acoustlcal comfort

. types of adjolning rcoms.

The American Regulations specify acoustlcal requilre-
ments for partitions in a building according to ocutdoor
nolsiness of the housing nelghborhood.

Brltish, Rumanlan, Czechoslovaklan, USSR, and CGerman
Standards and the CMEA Recommendation speclfy requirements
according to the deslred acoustleal comfort, independent

of how nolsy the neighborhood is.
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The CMEA Recommendatlon and Briltish, Rumanlan, Czecho-
8lovakian, USSR, German Standards do not use the categories
"elass of acoustlcal comfort" but speelfy "minimum" and
"recommended” requlrements. Differentiation of the require-
ments for the airborne sound insulation of the partitlon
appears 1In the Polish Standard and indirectly in the Belglan
Standard and French Regulations. Thils problem ls further
dlscussed in conclusions 2 and 3, below.

The Amerilcan Regulations and West German and Belglan
Standards cover requirements for acoustical parameters of
partitions (alsoc floor-ceilling assemblies) separating dwell-
ings according to the types of room adjoining the partition.

A.4.2. Comparison of Required Acoustical Parameters of
Building Partitions
A direct comparlson of requlred acoustlcal parameters
of partitlons used in residential buildings, whilch appear in
the veriocus standards, is very difficult, because of the
different assessment erlteria for sound insulation of par-
titions used in these standards.

Comparlison of these requirements 1s possible only in an
indirect way, by comparing the sound insulation in A-weighted
sound levels between rooms when the acoustical parameters of
partitions just comply with the requirements given in the
Individual standards.

A.4.2,1 Walls separating dwellings

The group of European standards prescribe requilrements
for the acoustileal properties of party walls that guarantee
the followlng range of sound isclation between adjoining
dwellings:

»  minimum requirements {(except British) 49-52 dB

. recommended requirements (higher quality) 51-54 4B
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The British Standard prescribes a mlnimum requlrement for
sound lnsulation between dwellilngs of 47-~48 ABA. The
choice between minimum and recommended requirements depends
exclusively upon the desired acoustical comfort. The
Polish Standard glves only ohe requirement - a minlmum of
50-51 dBA, the French and Belglian Standards 51-52 dBA.

The recommendations used in the United States differ con-
siderably from the Luropean requirements. The difference
results from the prescriptlion of different requirements
according to nolsiness of the housing area. Thls approach
1s based on the assumption that ouidoor noilse penetrating
into the dwellings helps to mask noises penetrating from
adjoining dwellings. This approach might lead to further
deterloration of the acoustilcal climate of dwellings which
already have unsatisfactory acoustical econditions.

Average requirements gilven In the European standards
are 1ln the nature of minimum requirements for an average
noteinesa of housing urban and suburban areas,

The average required acoustical propertles of par-

tltlons separating dwellings in U.S. for bulldings situated
in "noisy" areas are 2 dB IZower than the minimum regquire-

ments In the majority of European standards. They are
simlilar to the British minimum requirements.

U,S. requirements for the average sound insulation of
partitlons in the quletest neilghborhoods are 2 dB higher

than maximum European requirements.

The Amerlcan Regulations, unlike many European codes,
prescribe different requirements for sound insulating
properties of walls according to types of rooms adjolning
the walls. The differences In recommended values of
sound insulation according to types of adjolning rooms are

éonsiderable, up to 7 dB,
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The differentlation of requirements Por walls separat-
ing dwellings in the U.S. according to types of adjoining
rooms seems from the acoustlical point of view undoubtedly
correct. However, the use of such requirements for multi-
family housing development, wlth applicatlon of industrial-
1zed technology, seems very dilfficult to most Europeans.

A.4.2.2 Floor-ceiling assemblies

The requilrements glven in Eurbpean standards for the
sound insulating properties of floor-cellings are almost
egual Lo Ghe lnsulatlon reguirements for walls {for alr-
borne séund penetrating the floor):

. minimum requirements 48-51 dB

. recommended requlrements 51-53 dB

The Britlsh Standard prescrlbes somewhat lower require-
ments (46-47 @B} just as for walls.

The Amerlcan Regulatlons prescribe requirements for .aiv-
borne sound insulation also, just as for walls. '

European standards speclfy requirements for impact
sound penetrating floors which may be expressed in terms of
A-welghted impact sound level underneath the floor:

. for minimum requirements 70-73 dB

’ for recommended requirements 61~67 dB
These requirements, as flor alrborne sound insulatlon, are
not differentiated according to types of rcoms except in the
Belgian and West German Standards which differentiate the
requirements according to types of rooms by ilo dB with
average (A-weighted) requirements . .of 62 dB,

The American Regulations presecribe differentiatlion of
reguirements for lmpact sound insulatlon according to the
noisiness of the housing area. Assuming houslng areas 1n
3 prades (see item 2), the following values df averaged
A-welghted impaet sound level can be clted,
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fi; »  highest requirements 60 dB
i ' mean requirements 65 dB
H . lowest requirements 70 4B

The given values can differ by +10 4B and -5 dB accordlng
to the types of adjolning rooms.

aud

1

A.4.2.3. Internal walls within a dwelling

European standards specify relatively uniform requilre-
‘ments for aroustical properties of partitions separating
different dwellings, but requirements for the acoustleal
parameters of internal partitions wilthin the same dwelling
show consliderable dilferentlation.

I
-

-

-y
'
| Many standards speclfy requirements only for walls
;@ separating living rooms from sanitary rooms. The required
et sound insulatlion varies from 30 to 45 dB; only the Belglan
[ ™ Standard increases to the sound insulation between living
[l room and bathroom up to 45-52 4B, Similar requirements
are given in the American Regulatlons, but the requlre-
j‘ ments are differentiated according to the nolsiness of the

housing area.

E-E

A relatively small number of European Standards speclfy
minimum sound insulation between rooms within a dwelling.

ol
ﬁ< The Belglan Standard specifles the hlghest requirements in
that the required sound insulation bhetween rooms (except
E adjoining two bedrooms) 1s the same as for walls separating
different dwellings. 7The Czecheslovaklan and East German
fﬂ Demoeratlic Republic Standards specify lower requlrements:
- 30-40 AB (minimum values) and 40-845 dB (recommended values),
rg The requlrements glven in the East German Demoecratlc Republilc
bt Standard concern only the walls separating bedrooms from the
.r; living room in a dwelling conslsting of more than 3 rooms.
gk |
.

| T
—m
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The American Regulatlons glve requirements whieh vary
from 40 to 50 dB according to the nolsiness of the housing
area and to types of adjJeolning rooms.

A.4.2.4, External walls and windows

Requirements for external walls are glven only in the
Follsh Standard and the TFrench Regulations., The Polish
Standard specifies requirements for walls and windows, and
the French Regulations only for walls without windows.

The Polish Standard specifles the reguired sound in-
sulation of external walls and windows according to the
noisiness of the housing area, In terms of attenuatlon of
outdoor A-welghted nolse levels penetrating into rooms (for
differentiated requlrements) as follows:

20-25 dB

25-30 4B

30-35 dB .
The Prench Regulatlions prescribe A-weighted sound insulation
of external walls wilithout windows neot less than 41 dB.

The standards discussed here pertaln to the requilred
acoustlcal parameters of partitions in bulldings. Special
conslderation of flanking transmission in the construction
of a partition 1s then necessary to meet the requirements.
The problem 1s solved in the standards that state the
requlred acoustlcal parameters of partitions 1n terms of
indices EL or LSM, since in the method for calculation of

the indlces, an allowance for flanking transmisslon of 2
dB is inecluded,

The Belglan Standard specifles separately both the
requirement for tranamission loss of partitions (determined
by laboratory measuvements) and normalized level difference
of partitions (determined by field measurements) taking
into account the difference of 2 4B for requirements used in
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housing developments. The other standards do not considén
thls question.

Present experience in wvarious Institutions sheows that:

A-welghted sound Iinsulation between dwelllings
below )9-~50 dB causes serlous complaints: thls in-
dicates that the minimum requirement gilven in many
standards is about correct. The question of
recommended hlgher values requires more precise
analysls, based upon results of surveys or In-
gulrles. Any increase of sound insulation, even
if slight, above 49-50 dB requires (especially

for conerete constructions) considerable expen-
dlture of materials, causing an increase in welght
and cost of the bullding. Still, the need for
improvement of the acoustical performance over the
minimum requirements cannot be overlooked.

Requirements for acoustical parameters of Znternal
walls in dwellings should be more preclsely analysz
ed. It seems impossible and inexpedient to main-
tain the requirements for internal walls in a
dﬁelling at the same level as for walls separating
dwellings, as in the Belgilan Standard. On the
other hand, the use of very light constructions
for the Internal walls, leading to very low
acoustical insulation, causes an obvlious deterio-
ration of the dwelling climate.
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APPENDIX B

RESPONSES TO INTERVIEW/QUESTIONNAIRE ON ENFORCEMENT
OF BUILDING CODE NOISE REQUIREMENTS IN EUROPEAN COUNTRIES

The Introduction of thls report describes a serles of
interviews with European sclentists who are concerned with
neilse requirements in building codes. This Appendix pre-
sents the results of those interviews, supplemented by sub-
sequent correspondence, the recent technical literature, and

further discussions.

Responses from the countries most actlvely concerned
with enforcement of the code requirements are presented
first, because presumably they have more to teach us, based
on thelr wider experlence even 1f they cannot all claim a
high rate of success. In additlon, 1t 1s also useful for us
to know the directlons currently being taken by countrles
that are not yet far advanced in thils fleld; thelr responses
are presented in the second part of this Appendix.

The countries that have relatively active programs for
enforeing thelr building code noise requirements are Denmark,
France, The Netherlands, Sweden, The United Kingdom, and
West Germany. (The order 1s alphabetical} it does not slg-
nify intensity or effectiveness of the enforcement effort.)

The format of presentation, for each country, follows
the order of topies in the interview questlonnaire, which is
presented'as Appendix C of this report.
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B.1 DENMARK

Informatlion Sources:

Jérgen Kristensen, Danish Bullding Research Institute
Director, Building Acoustlcs Measurement

Station (BAM)
Copenhagen

Fritz Ingerslev Danish Techniecal University
Director, Department of Acoustics

Lyngby
References 19--21

B.1.1 Official Documents

The nolse requirements of the bullding code appear as
Chapter 9, entitled, ."Lydforhold," (Nolse Conditions), of

‘the Danish Byggningsreglement (Bullding Regulations), dated

1 June 1972. These regulatlions replace an earlier version,
dated 1 August 1966, which replaced the original versilon

of 1961,

Measurement practlce follows the ISO procedures for
the moat part, except that normaligation 1s to a reverbera~
tion time of 0.5 sec. As for the ratings, the fitting
rules for the criterilon curves are diffferent (only 1 in-
stead of 2 dB average unfavorable deviation, and én add~"-"
itional requlrement for the average value.over sixteenh.
1/3-octave bands must be met in additlon); also, the shape
of the impact eriterion curve is gqulte different.

B.1.2 Status Of Document:

The bullding code has the force of law and applies
offielally to all of Denmark except Copenhagen, which
has 1ts own code. (The reason that Copenhagen does not
follow the national code 13 its restriction on floor area
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in a single building.) In practice, however, Copenhagen
follows the Danish natlonal code In matters of acoustics

and noise control.

A further revision of the code, planned for 1976, is
expected to apply to all of Scandinavla, and wlll include

Copenhagen, as well.

The nolse control requlrements apply to residential
bulldings (apartments and row houses, not single houses),
hotels, hotel-penslons, homes for the aged, college dorml-
tories, schoola, and office builédings.

B.1.3 Summary of the Acoustical Requirements

For residential buildings, there are requlrements for
minimum acceptable nolse reduction (level difference)
between dwellings {normalized to T = 0.5 s.), both in
terms of an average value over the sixteen 1/3-octave
bands of interest, and a table of required values in 1/3-
octave bands. The requirements for terrace or row houses
are 3 dB more striect than for apartments. In addition, to
provide asslstance in plannlng the bullding, requirements

are glven for the {laboratory-measured) transmlssion loss.of

individual party walls and floors. (These "requirements"
on transmlssion loss are for guldance only; the primary
code requirement must be satisfied by field measurement
of normalized noise reduction in the finished building.)
Both an average value and a set of tabulated transmission
loss values must be complled with; again the requiréments
on party walls for row houses are.3 dB more striet than
for apartments., (There 1z no floor reguirement for row

houses).

In additlon to the guantitative requirements men-
tioned above, examples are glven of constructlons that are
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deemed to meet the alirborne socund insulation requlrements.

Requirements are also glven for the transmission loss
of entrance doors. The code specilfles average transmisslon
loss of 30 dB as measured In the bullding, stating that this
can be achleved if the door measures 34 dB 1n a laboratory
test, In practice, the door 1s often speiled by mall slots
and leaks around the jamb, which are limited only by the
rigorous fire law stating that slits wider than 1.2 cm
must be fixed.

The dmpzet nolse insulation requirements (applying only
to Tloors over dwelling rooms, not tollets, baths, basements,
laundry, etc.) are stated in terms of a'tabulated set of
maximum acceptable Impact nolse levels in 1/3~occtave bands,
the same for all types of resldentlal bulldings. Examples
are also given of floor structures that are deeméd’ to meet

the requlrements.

There are requlrements for maximum acceptable values of
reverberation time in stelrcases and corridors, and
examples are suggested for celling treatment that will
lead to compllance.

Finally, there are limits on the nolse levels from
technical installations, like water pipes, central
heating or air-conditioning, elevators, refrigerators,
washing machines, etc., from spaces osutside the dwelling.
{Plumbing or an individual furnace within the dwelling need

not comply).

For mixed land use (i,e,, buildings containing both
dwellings and shops), the local authorlties may set up
more stringent requlrements on sound insulatlon for walls
and floors than are specified Iin the code, but this is
seldom done in practice.
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For bulldings other than dwellings, the same sound
insulation, reverberatlon, and nolse level requirements
apply as for apartments, but lnstead of offering examples
of constructions and treatments deeded to comply, the code
apparently glves the architect free cptlon to choose con-
structions that wlll meet the specifications.  In non-
resldentlal buildings, the insulation requirement applies
only from room to room, not room to corridor. The room-
to-corridor fleld nolse reduction test tends to show only
the door performance, so the main emphasls is on the
transmission loss of the corrldor wall structure, as
measured in the laboratory.

For schools, there are special requirements for the
noise reduction between auditoriums or music rooms and

other rooms.

B.1.4 Enforcement

The local ecity or county authoritles are charged with
enforcement of the code. )

If a builder feels that the local authority is too
strict in Judging the fleld tests (i.e., if the test result

48 unfavorable), he can appeal to a higher level of
government, partlecularly if the test results are not too

bad.

If, in splte of local authorlty approval of finished
row houses, the tenants find the sound insulation in-
adequate and go to court with test data (for example,
measurements made by an acoustleal consultant recommended
by an assoclatlion of civil engineers), the builder still
has the responsibility to take remedlal measures. In
fact, this policy applies in aill cases where the bullder
has gold the dwelling; 1t 1s harder to control if the
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occupants are only renting.

Approval for a bullding permit depends on a favorable
review of the bulldlng drawings by the local authority.
However, since thelr staff englneers usually have no
acoustical training, there 1s considerable varliatlon in
effectilveness from town to town. The local bullding
authority may requlre measurements in the finished building
before the tenants may move in. In practice, some commun-
1ties approve the drawlngs of residential bulldings, before
beginning construction, but only contingent upon successful
acoustlical tests In the finlshed bullding before occupancy.
Such tests would be made by the Danish Building Research
Institute (under Kristensen) or by the staff of the
Techniceal University (under Ingerslev).

For new construction types (walls and floors), the
building authority may require laberatory transmlssion loss
tests, or alternatively, a noise reduction test in a single
house, to which the code nolse requirements do not apply
{(and therefore a relatively poor result would not be
regarded as serious). Alternately, the tests might be
requested by the architect's consultant.

As for the number of finished bulldings actually
tested for compllance wlth the noilse reduirements, it is
hard to say. The government would llke to have all build-
ings tested that Involve more than {ifty apartments; but
this is, so far, not a strict law.

The Danilsh Buillding Research. Institute tests about 50'
to 60 bulldings per year, usually in response to a request
from the architect or engineer.....or sometimes because
the local building authority has insisted that the arch-~
itect request the tests.
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In the bulldings that are tested, If the first few sound
Insulation tests are satisfactory, only about three palrs of
rooms would be tested. But if the results look bad or
questionable, up to twenty room palrs would be tested. TFor
the reverberation time in stalrcases, only one measure-
ment is typleally made; for Ilmpact noise transmission from
the staircase to the living quariters, only one or two
tests. Two or three doors would be checked for nolse reduc-
tion. One or two impact nolse tests from a balcony to the
diagonally subjacent room would be made.

In cases where the sound iscolatlon in the finished
building falls to meet the code requirements, if the non-
compliance 1s not very serious nothing might be done. But,
technically, the local authority can lnsist upon correction
of even slight failures, particularly 1f the tenant or the
building owner complains. (It 1s by no means certain that
buildings meeting the code requirements will provide

‘adequate privacy; see the Introduction to this report.)

In practice, however, 1f the code requirement for

transmisslon loss of the party walls and floors ls complied .-

with 1n the drawlng inspection stage, then the primary code
requlrement for the normalized nolse reduction in the
finlshed building is usually met, unless the rooms are
very large, or there 1ls quite bad flanking transmission.

If the sound iseclation turns out to be really had, the
bullding owner may sue the acoustical consultani: for the
cost of remedlal work on the bullding, in which case the
cost would he borne by the consultant's insurance company.
{But some consultants don't wish to carry this kind of
insurance, hecause they feel it would bespeak a lack of
confidence in thelr own competence.)

DRAF T



P

. |

E

B

ek

| B

g

Y

s i

Denmark has no tradition for lowering the rentals in
bulldings to compensate for faulty sound insulatlion, as is
sometimes suggested. Only isolated cases are knoun.

As for the costs of the acoustical testing ln the
finlshed bullding, the bullding owner pays for these, Just
as he pays for other kinds of tests (soll strength, termites,
ete,); he includes these costs with the other building costs
and bases the rent structure on the total amoung.

B.7.5 Success of Code Enforcement

The Danlsh bullding code noise requirements have been

in effect since 1961; ten years later only about 55% of the

row houses and 50} of the apartments were meetlng the code
specificatlions. It is, in fact, only slnce the recent
concern over pollution of all kinds that the authorltles
are beginning to take the nolse control provisions of the

building code seriously.

A study was undertaken by the Danish Bullding Research
Institute in 1969 to discover the extent to which measured
sound insulaotion in dwellings complled with the alrborne
and Impact sound insulatlon requirements of the 1966
version of the code (scarcely different from the current
code, for residential buildings). The survey covered .
twenty-two bullding estates with terrace houses, row houses
and the like, a total of 1BO units measured. Of these,
only U3 units (=24%) met the 1966 code requlrement for noise
reduction. In only five of the twentj—two estates  did more
than half the unlts meet the requirement. IFurther tests
indicated the presence of considerable flanking trans-
mission; for many of the walls the average transmission
loss was conslderably smaller than the laboratory value
for similar walls: less than 50% complied with the trans-
misslon loss requlrements of the code.
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FPurther field tests over the perled 1957 to 1970 in-
dicate a similar fallure rate for alrborne sound insulatilon
in apartment houses, and also a significant number of
failures in impact sound insulatlon. TFor details, see
pages 10 and 11 of the reprint of Ref. 2, included as
Appendix F of this report.

B.2 FRANCE

Information Sources:

Robert Josse, Dlrector, Acoustics Division, Centre
Scientifique et Technique du Batiment
Grenoble

References 3-li6.

B.2 OFFICIAL DOCUMENTS

B.2.1 The Regulations of 1969

Noise control requirements, to be observed in the
design and construction of dwellings in France, are not
collected together in a bullding code, as such, but are
contained in a series of four brlef orders or decrees,
published from time to time Iin the Journal Offielel de la
Republique Francalse, under the authority of the State
Counsel, on behalf of the Ministers of Houslhg and Recon-
struction, of the Interior and of Publle Health and

Populatlon.

In Déecret No. 69-596 of 14 June 1969 [31], setting'genm“f

eral rules for the constructlon of all bulldlngs to be used
as dwellings, the Prime Minister states in Article 4:
"Taking hdéount of nofmal modes of cccupancy, the isolé-
tion of dwellings ought to be such that the sound pressure
level of noise transmitted into the interior of each
dwelling does not exceed limits fixed by joint order of
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the Minister of Equlpment and Housling and the State Minister

of Socilal Affalrs., Nolse generated by any equipment whatever

in the bullding outside the dwelllng should not exceed
limits fixed in the same form."

This enabling decree itself does not set any noise ’
limits or requirements for sound insulation. The quantita-
tlve requilrements are introduced in a separate order, the
Arrété of June 1969, relative to acoustileal isolation in
buildings for habiltation [32]. In Artlele 1, it is stated
that the A-weighted sound pressure level transmltted into
the main rooms, kitchen and bath of a dwelling must not
exceed 35 4dBA when nolse in the other locations of the
bullding, taken separately, does not exceed, in each octave
band, 80 dB, 1f the other location is a dwelling, B85 d4BA
if 1t 1s commercial, artisanal or industrial, or 70 4dBA 1f
it 18 a common staircase or hallway. Such nolse 1s
supposed to have a contlnuous spectrum coverlng the octaves
centered on 125, 250, 500, 1000, 2000, and 4000 Hg.

This requirement, stated in terms of A-weighted sound
levels, represents a legally simpler way of stating the
requirements of the previous law, valid since November
1958: 1in that law, the requirements were stated in terms
of the average values of the nolse reductlion, measured in
1/3-cctave bands, and normallzed to 0.5 sec reverberation
time, in three ranges of frequency:

Low frequency (100-320 Hz) ‘Dn = 36 dB
Mlddle freaquency (H00-1250 Hz) " ha
High frequency (1600-3150) - " 51

With 80 dB 1n each octave band in the source room,
thls leads to approximately 38 dB in the receilving room,
which (taking into account the 3 dB tolerance for measure-
ment uncertainty, see Article !I, below) corresponds to the
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35 dB reaulrement of this Arrété.

Although thls requlrement is framed in terms of an A-
welghted sound level, at present the A-level 1s not directly
measured. Instead, the nolse reduction is measured in
octave bands and then the Azweighted sound level In the
recelving room 1is calculated, assuming nolse wilth B0 dB
in each octave hand in the source room.

This convention leads to a simply stated law but it
entails a rather complicated measurement procedure. It is
expected that in the near future, the practice will be
changed so that A-welghted levels will be measured directly.

Article 2 states that the impact Insulation of the
floors, inecluding the floor coverings, should be such that
the (A-weighted) impact noise in the mailn rooms of the

dwelllng does not exceed 70 dBA when striking, dropping, or

moving of objects or people excites 1lmpacts on the floor
above similar in intensity, tread and cadence to those
generated by the standard IS0 tapping machine. In practice,
of’ eourse, the test 1s conducted wlth the standard tapping

machine impacting the floor.

Artlecle 3 states that the A-welghted sound level gen-
erated In a dwelling by any equlpment whatever in the

bullding should not exceed 35 dBA in general, and 30 dBA if

1f conecerns collective equipment such as elevators or

heating.

Article 4§ states that Ffor the purposes of the present
order, the sound pressure level should be measured in the
center of the rooms, normally furnished, wlth doors and
windows closed, the data belng normalized to a reverbera-
tlon time of 0.5 sec. To account for measurement uncer-
tainties, a tolerance of 3 dBA is allowed.
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Article 5 charges the Director of Construction and the Dlrector
of Land Use and Urbanism with the enforcement of this Arr&té, each
with respect to the matters that concern him,

The Arrété of June 1969 is amended by another dated 22 December
1975, Article 1 of the 1969 Arrété 1s modified to allow 38 dBA, rather
than 35 dBA, 1In kitchens and baths under the prescribed conditlons.
Artilcle 3 1s changed so that the list of collective equipment in the
bullding to which the 30 dBA nolse limit applies is extended to in-
clude heatlng substatlons, transformers, water punps, rubblsh chutes,
and mechanical ventllation systems (including outlets). In addition,
noise gererated in kdtchens by arny equipment in the bullding rust be
limited to 38 dBA, except that the nolse of the mechanieal ventilation
system, with all outlets in the dwelllng at minimum flow, -should not

exceed 35 dBA.

The four brdel articles of the Arrété of Junz 1969, amended by
the Arrété of Decenber 1979, conprise the current national Regulations
cn nolse control In French bulldings,

B.2.1.2 The Acoustic Comfort Label

A fourth law, the frré&té of 10 February 1972, which prescribes
the attribution of an "Acoustic Comfort Label" to dwellings fulfilling
certain lmproved acoust‘ical conditions, 1a conslderably more complicated,
comprising 22 articles, as follows.

Ceneralities -~ Definitiona

Artlcle 1

The supplementary loan, over ard above the basle construction
lvan from the Leans Divislon of the Subsidized Rentals Organlzation,
which is awarded when the quality of construction satisfles certaln
condltions of acoustic comfort, 1s determined according to the terms

~of the present ordinance as a function of the demonstrated quality

of acoustic lsolation in the dwellings.
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Articele 2

When the quality of acoustic isolation in the dwellings is
effectively determined, an "Acoustic Comfort Label” willl be assigned
to hulldings for which the project manager has applied for the
privilege at the time of fillng the financial dossler. The Label
comes in three degrees, corresponding to lncreasing levels of acoustic
quality; the amount of the supplementary lean mentlened in Article 1

depends cn the degree of quality.

Article 3

The levels of acoustical isclation characteristic of the
Acoustic Comfort Label are determined according to Articles ¥ to 1L
below. The assessment of these requirements for the assignment of the

Label is carrled out according to the conditions glven in Article 14
to 17 below.

Multi-Family Dwellings

Article 4

The sound level of nolse transmitted between rooms of different
dwellings in the same apartment house, when the nolse level in the
other spaces of the building, taken separately, 1s that defined In
Article 1 of the Arr8té of 14 June 1969, must not exceed the levels
glven In the table below.

e T e Derm ke s P

Alrborne nolse emltted in a locale outside the dwelllng.
Noilse Ievel in Maximum Permitted Sound

Source Room Source Room Level In Receiving Room
Bedroom Living Room
Bedroom 80 ap/oB 32 dBA - 29 dBA
Living Room 80 . 29 32
Kiltchen, Bath, ete, 80 27 29
Corridor 70 29 32
Cemmerclal, industrlal
garage, public areas 85 32 32
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Article §

The 1solatlon of floors against impact noise must bhe such that
the scund level percelved under the conditlons of Article 2 of the
Arrté of 1Y June 1969 (exeltation with standard tapping machine) does

not exceed 67 dBA.

Individual Dwellinga

Article 6

In the case of terrace or row houses, the nolse level transmitted
under the conditions of Artiele I should not exceed 27 dBA between
adjacent dwellings. For the purpose of this Arrété, buildings that do
net inelude superposed dwellings are regarded as individual dwellings.

Article 7

The insulation of floors agalnst impact nolse should be such that
the impact nolse level perceived under the conditions of Article 2 of
the Arrété of 1l June 1969 does not exceed bl dBA.

Generally Applicable Conditiona

Article B

The maxlmum nolse level recelved in the part of the dwelling
reserved for sleep should not exceed 35 dBA, when the nolse level In

" the other parts of the dwelling is 70 dB in each octave, Such nolse

1s supposed to have a spectrum identical to that defined in Article 1
of the Arr@té of 14 June 18969.

Article 9

The noise level generated by individual pieces of heating
equipment, water heaters, or mechanleal ventilation outlets in the

dwelling should not exceed 30 dBA in the maln rooms of the dwelling.
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Artiele 10

The nolse level generated In the main rocms of a dwelling by any
equipment whatever 1n the bullding outside the dwelling should not
exceed:

+ 32 dBA In general
+ 25 dBA, if it concerms collective equipment, such as elevators,

heating, exchangers, heating substations, water pumps, trans-
formers and ventilators.

Article 11

The acoustical 1solation of rooms exposed to ocutdoor nolse
should be at least as great as the values in the followlng table
The different facades, or parts of facades, are to be classlfied in
three zones, I, IT and III, depending on the noise level exlsting
there:

Facade Zone: I IT IIT
Mintmum Acceptable Acoustlc Isolation: 42 dBA 33 dBA  ~—-

The classification of the facade zone 1s determined by the Departmental
Director of Equipment.

Mowitoring and Measurements

Article 12

Examination of the drawings and other worlk necessar-y“for the'_ o
asslgnment of the Acoustlce Comfort Label i1s the responsibility of the
Minister of Equipment and Housing or by 'control organizations approved
by the Minlster of Eguipment and Housing, by reason of their competence
and obfectivity. These control organizations intervene by delegation

of the Minister.

The Minlstry of Equipment and Housing designates a pllot con-
trol organization charged with coordinating the interaction of the
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varlous different control organizations called upon by the building
firm, the project manager, or the services of the Minlstry of Equipment
and Housing.

The Services of the Minlstry of Equipment and Houslng reserves
the right to have the pilot control orgenization make a certain
rnumber of measurements to verify the results obtained hy the other
control organizations. The number of these measures, in additien to
those relating to appeals, should be at least equal to 10% of the tobtal
number of measurements made by the control organlzatlons, In order
to assure good coordlnation of* the latter,

Artlcle 13

The measurement methods to be used are those applicable to the
Arrété of 14 June 1969. The 3 decibel tolerance allowed by Article
4 of that Arrété also applles to all of the measurements envisioned
in the present Arrgté.

Article 14

The number of' points attributed for premises whose acoustical
isolatlion complies with the requirements of Article & to 11, above,
1s determined In accordance with the followins‘table:

Compliance with the requirements Number of polnts

defined in the followling articles: attributed
Multi~-Family Dwellings

Article 4

Article B

Article 5

Artlele 10: Collective eguipment, 25 dBA

General case, 32 dBA
Article 9: Individual equipment:, 30 dBA
Article 11: Zone I, 42 dBA

IT, 33 dBA
IIL, ~~=

L0 o Individual Dwellings

Article 6

Article 8

Artlele T

Artlcle 9

Article 11: Zone I, 42 dbA
IX, 33 4BA
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© ponding to increasing levels of acoustleal quality:
~ Btars, or Three Stars, according to whether the project under con-

Article 15

The control organization chosen by the project manager initially
examines the preliminary plans for the buildings that will make up
the project, in order to determine whether or not the constructlon is
likely to be able to comply wlth the requirements for the Acoustic
Confort Label. From the results of this examination, the project
manager can elther withdraw his application for the Acoustle Com.f‘orjt
Label or proceed wlth the necessary lmprovements.

This examinaticn is compulsory unless the project has been
designed wlth the help of a technical research department or an

acoustlcal econsultant.

Article 16

When the bullding is completed, the control organization under-
takes a serles of acoustical measurements on a number of the dwellings
selected in such a manner as to glve a characterlstic representation

of the entire project.

These measurements form the basls of a report which statés the
nunber of points assigned to the project, In accordance with the
table of Artlcle 14,

Article 17

The "Acoustic Comfort Label" is awarded in three degrees, corres-
One Star, Two

sideration has cbtalned a number of points:
+ Greater than /0% but less than 70% of the maximum number of
points that the project could possibly win (*);
« Greater than 70% but less than 100% of the possible number of
points (¥¥);
* Equal to 100% of the possible number of polnts (#E¥),
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For a rumber of points less than 40% of the maximum possible number,
no Label 1s assigned, and no complementery loan money is awarded.

Article 18

The declision to assign the Acoustlc Comfort Label 1s made by
the Prefect, based on the report mentioned in Article 16, or he may
delegate this decislon to the Departmental Director of Equipment.

This decislon can be revoked at any time, if he discovera that
any of the Label requirements are not ccomplied with.

Article 19
No one, whatever hls offlcial title, may take advantapge of the
Acoustic Comfert Label until the decision mentioned in Article 1B has

~been commniecated to the project manager, In case this provision

1s not obgerved, the Label can be refused for this reason alone, in
which case the project maneger will know how to aveld a refusal to
consider any subsequent petition.

Article 20

The increase in the amount of the eonstructlon loan mentloned
in Article 1 is determined In accordance with the number of polnts
awarded as in Articles 14 and 16, but never exceeds 6.50% of the
principal loan, Each polnt of the Acoustle Comfort Label 1s worth

- 0,325% of the amount of the principal loan for projects under
H. L. M. and P, L. R., and 0.26% for projects under I. L. M, and

I. L. N,

Articie 21

The provisions of the present Arr8té are applicable from the
time of 1ts publiecation, even to projects in construction but not
finished.
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Arblele 22

The Director of Construction, the Directory of the Treasury,
and the Director of the Budget are charged, each wlth respect to what
concerns him, with the enforcenent of this Arr8té, which is to be
publlshed in the Jourmal Officiel de la Republique Francalse.

The Arrétg of 10 February 1972 was published in the Offiecial
Journal on 17 February, and has been the subject of much debate and
discussion {see, for example, references 34, 38, 39, 40, 41, 42 and

43).

Although the Acoustie Comfort Label program Il France has no
legal force to requirve that all dwellings meet certaln nolse control
speclfications (as do the Regulations of 1969), 1ts effect 1s to
offer a prize to project managers whose bulldings meet acoustical
requirements, which, in fact, are rather severe.

B.2.2 Summary of the acoustical requirements

The Regulations of 1969 set regulrements for the nolse reduction
between dwellings, depending on _the use of the adjacent rooms, on the
Impact nolse insulatlon, and on the nolse generated by equipment 1n
the building outside the dwelling. Measurements are actually made in
octave bands, but A-welghted levels are ca}culated to determine compli-

ance with the Regulatlons.

Similar, but more stringent, requirements are given In the law
esteblishing the Acoustie Comfort Label, and, in addition, a proecedure
is glven for calculating the amount of supplementary bullding loan
to which the asslgnment of the Label entltles the bullding owner.

8.2.3 Enforcement

. Since the Label requirements are not mandatory, this discussion
covers only the enfarcement of the nolse control Regulations of 1969,
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The Regulations are natlenal law, so the Federal government has
the responsibility for enforcement, through the offices of the
Director of Ceonstruetlon for H. L, M. (Habitatlons & Loyer Modéré =
towm- and state-financed subsidized-rental hcusing).

In France, the bullder and the archltect are co-responsible
(50-50) for achieving compliance with the Regulations in the finished
bullding.

The drawings for H. L. M. housing are inspected to see that
the construction is of an approved kind; there 1s, in fact, no
routine acoustleal testing in the finished bulldings,¥

The inspection of the bullding dravings is done locally in each
of the {(approximately) elghty Departments into which France is
divided (one prefecture in each Department) by a local representative
of the Director of Construction, in Paris. For very large projfects,
however, the drawlngs would be sent to Parls for inspectlon, usually
by the stall of the Centre Scientifilque et Technique du Batiment
(CSTB), on behalf of the Director of Comstructieon.

For housing eother than H. L. M., there is no control of the
sound isolation, and, as a rule, i1t is very good.

If a inished bullding falls to meet the requirements of the
Regulations, 1t is not customary to require corrective measures unless
the sound isolatlen is very poor, in which case the H. L. M. may
finance remedial work.

The buyer of an apartment which turns out to have poor sound
1solation can sue the bullder in court, but he must present acoustical
measurements, provided by himself, as evidence, If he 1s judged to
have a valid complaint, the buillder must pay the cost of the measure-

¥France has been included here in the group of Mactlve enforcement"
countries because of the orlpginality of the Acoustle Comfort Label
program, for which, of course, acoustlcal testing is required.
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ments and the court Judges whether or not corrective measures must be
taken by the bullder.

Although routine acoustleal testing is not the rule for code
enforcement, C3TB has done a certaln amount of testing in special
research studies, so that the statistles of compliance of dwelllng
bulldings with the Repulations can be assessed, as shown in Figs. 10
to 13 of the main text of this report. (The Acoustic Comfort Labsl
15 also discussed in some detall in the main body of the report.)

B.2.4 Success In Code Enforcement

Flgure B.1 shows the results of alrbome and impact sound Insula-
tion measurements made around Parls in 1962 (Ref. 35); a score of O
1s regarded as satisfactory.

It 1s evident that the majority of the test results are un-
satlsfactory. The poor results were attributed to the fact that,
despite the existence of the earlier nolse control remulations,
limited construction budgets force higher priority to be glven ‘1;0
matters other than acoustles in buildings. This situation was des-
eribed as serlous, even critical, sinee desipning and constructing
housing in such a manner as to provide adequate sound isclation is
not a luxury but a neceasity, whose dmportance has been affirmed by

soclologleal studies. [35].

. Section 4.2 and Flgs. 10 to 13 of the main text of this report
present statistical data on the distribution of test results for alr-
borne and impact sound insulatlon In French apartment houses for two
perleds, 1960 to 1967 and 1969 to 1972.. A comparison of the test
results for these perdeds show the effept of adopting the French

Regulations in 1969.

Two further sets of statistlcal data are shown in Figs. B.2 and
B.3, deallng respectively wlth ailrborme sound insulation between
bedrooms and other parts of the dwelling, and between the dwelling
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ATIRDORNE S0IND ISOLATION BRIWEEN BEDROOMS AND OTHER PARTS OPF
THE SAME DYELLING [Article 18]

Number of Testa: 499
Comment: 45% of the Lests met the Label requirement without

invoking the permitted 3 40 toleranpce,
609 of the tests passed with the tolerance.
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TESTS (1969-72) OF NOISE ISGLATION.
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Comment: 76% af the tests met the Regulation without invoking
the permitted 3 @b tolerance, but only 35% met the
Label regulrement.
Bg% of the tests passed the Regulatlon with the
tolerance, but only 5% passed the Label requlrement.
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Whether, in bulldings that do satisfy the require-
ments of the Regulatlons, the tenants feel that they enjoy
adequate privacy 1ls altogether another question. CSTB has
studied this matter [59], by combining measurementsodf alr-
borne and impaet sound lsolation in dwellings In a number
of towns in France (slx for airborne sound, nine for impact
sound) with the results of interviews with the occupants.

Jt was found 1n buildings that Just meet the airborne
sound lsolatlon requirements, that about 60% of the
occecupants were unable to hear the radio or television of
thelr neighbors; in buildings with about 5 dB better
isclation, virtually none of the tenants was aware of the
Sounds, The correlation between the measured acocustical
lsolation and the subJective judgments of the occupants

was very high.

With respect to overheard conversatlions from the
nelghbors, the scatter 1n the results was greater, but
compllance wilth the Regulations led to greater satisfaction
among the tenants: 90% instead of 60% were unable to hear
the neighbors' conversatilons,; nol surprising in view of
the fact that radlec and TV are often played louder than
ordinary conversatlonal levels.

Desplte the disperslon in the results, caused by
differences 1n life-style, ln sensitivity to nolse, in
homogenelties of construction, in background nolse, etec.,
1t wes concluded that the Index of acoustic isolation 1s a
useful measure of acoustilcal protection. Moreovef, it
appeared that a bullding which Just meets the requirements
of the Regulatlions ylelds, on average, good lsolatlon from

- the conversatlons of the nelghbors; but it requires about

5 dB better isclation to glve adequate protection againat
the noise of radlioc and television. It should be noted,
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however, that all of the dwellings involved In these tests
were located in low background noise levels; thus, the
degree of satlsfactlon expressed by the occupants probably
represented minimal satisfaction. Greater satisfaction with
privacy would be expected in noisier neighborhoods, a fact
that has been confirmed by similar measurements made along

exterior boulevards in Paris.

In the studies of Impact noise insulation, the oppor-
tunity was taken to compare the subjJective judgments of the
occupants, concernlng the freedom from intruslion of impact
nolse from the upstalrs nelghbor, not only wilth the then-
current French lmpact nolse index, but also with a number
of other ratings of iﬁpact nolse s well.

0t was concluded that the French Index of impact noise
was not very reliable in predleting the tenants' Judgment
of impact noise intruslon. (Of course, this was due in
part to the now well-documented inadequacies of the standard
tapping machine, on which all the measurements were based [24].

It was found that better correlation wilth the subjec~ -
tive responses could be obtalned with elther B- or C-
welghted sound levels, or with a rating similar te that of
IS0 but with a flat criterlon curve, or with a rating
glmilar to the French rating but lgnoring the high-
frequency range. With the rating then in use, 1{ was found
that the same value of the lmpact nolse index might corres-~
pond to percentapes of annoyed occupants anywhere from 10
to 60%, and that impact nolses indices differing by 17 dB
might correspond to the same degree of annoyance. (Simllar
findings have, of course, been reported from other
countries [24].
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Thus, even perfectly effective enforcement of the
current impact nolse requirements of a building code baged

'on the IS0 tapplng machine test, glves no assurance that the

tenants will be satisfied with the protection agalnast lmpact
nolse Intruslons from thelr overhead nelghbors,

B.3 THE NETHERLANDS

Information Scurces:

Jan van den Eijk, IG-TNO, Assistant Director, Research
Institute for Environmental Hygiene,
Natlonal Dutch Research Institute, Delft.

G. J. Kleinhoonte van 0Os, TNO-TPD, Asslstant Dlrector,
Instltute of Applled Physics, Natilonal
Duteh Research Institute, Delft.

J. N, M. van Rocl]en, Bouwcentrum, Rotbterdam.

References 22-23.

B.3.1 The Official Documents

Since 1962, there have been recommendations for nolse
control in bulldings set out In a Code of Practiece [22], but
these are without legal force and are, in practice, un-

enforceable.

This Code of Practice 1is deslgnated NEN 10703 the
currently valid edition 1s that of December 1962 [22]. It is
part of a serles of documents under the general title,
"Physical Foundatlons for Buillding Regulations," that were
developed to provlde technleal background in the framing
of bullding codes. There is, however, a drafi revision
dating from November 1973 [£22] which 1s to be officially
adopted in a month or so0j the description of the Code
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provisions given in Appendlx A of this report deals mostly
with those of the new version, though some of the require-
ments in the still current version are also glven. Both
verslons provide for two classes of acoustical isolatlon,

"moderate” and "good".

In addition, there is a Dutch Uniform Bullding Code [23].

B.3.2 Status of Documents

The Dutch Uniform Building Code has picked up some of
the provislons of the NEN 1070 Code of Practice; it zpplles
to all new dwellings (not offlces or schools), but specifies
only the "moderate" class of requirements in the Code, and
even omlts part of those. These requilrements are offielal

‘and have legal force. They could be enforced by measure-

ments in the finished bulldings but in practlce are not.

The Ministry of Subsidized Housing has its own require-
ments and recommendations, which are hetter than the Build-
ing Code requirements, but they, too, are based on the
"moderate" requirements. These are enforceable In princlple,

but this iz not often done.

In practlice, even when the bullding deslign is almed at
the "moderate" criterion, the measured results usually do
not come up to this level of performance, 1n part because
the bullders "don't know and don't care" about how the
construction should be done in order to achleve the
recommended resulgs.

B.3.3 Summary of the Acoustical Requirements

With airborne and impact noise insulation ratings that
differ considerably from those in the IS0 famlly (based on
five octave band levels, with fitting rules for measured
and criterion curves guite different from the IS0 rules,
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and a eriterion curve shape for impact noise very different
from that of IS0), the Netherlands Code of Practice in its
orlginal, currently-valid edition of December 1962, and
alsc in the draft provislon of November 1973 identifles two
classes of acoustical quality, "moderate" and "good".

In the original Code (1962), there was a 3 dB difference
between the two classes, only four octave bands (250~-2000
Hz) were considered, and normalizatlon was to 10 m®
absorption. In the 1973 revision, the difference between
classes 1s increased to 5 dB {3 dB was felt to be a mean-
ingless distinction), the octave band at 125 Hz is added,
and normalizaticn 1s to 0.5 sec reverberation time.

Even as the draft revision is on the way to offilclal

acceptance, however, changes are stlll being made; and 1t

is expectea [60] that, when the revision of the Code is
accepted, there will no longer be the two gquality elasses,
but enly minimum requirements (corresponding to the old
"moderate" class) and the advice to use 5 dB stronger

requirements,

Requirements are given, in terms of the Dutéh insula-
tlon indices, for airborne and impact sound insulatien
between rooms not belonging to the same dwelling, in both
quality classes. For impact insulation, the requlrement
applies only to the vertical directien in the "moderate"
class, so there could be serious praoblems with impact
noise transmission along a '"bath-diagonal-to-bedroom"
path. The impact requirement In the "good" class appliles
In 21l directlons, as do all the airberne nolse insulation

requirements,

DRAF T




L |

3 |

£

1

L

i1

-}

iy |

- W

ek

| 4

2

—a WBE

123

H
dm

IO

Recommendations are given for means to prevent banging
of the entry door, and rattling of metal bannisters, for
caulking and resilient treatment of plumbing and heating
penetrations, for sound absorptilve treatment Iin the stair-
wells, for floor-covering for common corridors, alrborne
sound insulation of entry doors, and for insulation
between sensitive rooms within a dwelling.

In addition, specific wall and floor constructlons are
recommended that are deemed to comply wlith the Code require-
ments, although the basic quantity governing acceptance is
based on normallzed noise reduection in the finlshed building.

A speclal feature of the Dutch Code [61,62) is its
realistlc approach to the variatlon encountered in any
serles of acoustlcal measurements. The sound Insulation
values for a large number of identical specimens weould not
all be 1dentical, but would show a certaln scatter. There-
fore, the declslon to use & new type of wall or floor con-
structlion between dwelllngs should not Le based on the
results of a single measurement, because thils particular
measurement might happen to deviate consilderably from the
mean for the group. As more measurements are made, the
mean and standard devilation can be more closely defined,
In the meanwhile, If only one airborne sound insulatlon
measurement for the new construction 1s availlable, for
example, the results should be decreased 1 dB for labora-
tory measurements and 3 dB for field measurements to
account for the scatter, and the laberatory results must
be further reduced by 2 dB to account for flanklng trans-
mission in the fleld, before calculating the insulation
index. As the number of avallable test results increases,

the scatter correction diminishes.
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No such correction 1s made for the results of Ilmpact

noise tests.

B.3.4 Enforcement

The Duteh Unlform Bullding Code covers only the builid-
Ing drawlng inspection stage, to assure that approved con-~
structions have been selected., It usually dees not
envision tests in the finished hullding to demonstrate
adequate sound isolation, though in a few towns (e.g.,
Utrecht and Rotterdam) test measurements are carried out,

‘ugually with not very gnod results.

In reviewing the drawings, loecal clty officlals have
same guldance from the Code of Practice, NEN 1070, with a
list of constructions that would yield adequate isolation
with normal flanking conditions. But since only three
examples of wall constructlon and four for floor construc-
tion are offered, the officlals frequently find themselves

on unfamlliar ground.

For new constructlons, preliminary tests would be
required by the local offieclal at the TPD-TNO laboratories.

‘For a radically new construction, the bullding elements

would be tested first, then a few pilot rooms in bulldings,
and finally a whole apartment house.

Sometimes, a slip-up occurs even in so routine a task
as inspectlion of the drawings. The main difficulty is that
there are not encugh people for drawing inspectlon to keep
up wlth the number of bulldings being bullt, and certainly
not enough staff to conduct routine acoustical measurements
in the finished builldings. Furthermore, the responsibility
in case of failure to comply with the Code is unclear (as
opposed to Sweden, for example, where the responsibility 1s

arbltrarily laid on the builder}.
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Technlcally and sclentifically, the nroblems are not
great. But there are not enough technlcal people avallable
to realize the possible pains. Moreover, 1t 1s Impossible
to inslst on special acoustical treatment in a buyer's
housing market. There 1s stlill a long way to go to re-
educate the bullders.

A particular problem has been the so-called "Volks-
wagenbouw", which ls Government subsidized housing wilth
barely adequate funding. 1If any expenditure at all were
made for improved acoustical 1scolation, the housing simply

could not be bullt.

In The Netherlands, as elsewhere, although in principle
all the sound insulation problems are sclved with the
approval of sultable constructlions at the drawing inspec-
tlon stage, in fact difficulties invariably occur durlng
constructlon, with the installation of continuous heating
runs, television leads, etc., where the sound leaks are
hidden once the finish trim 1s applied,

A negligible percentage (less than 1%) of finished
bulldings are tested for sound insulation. The Instltute
of Applied Physics (TPD) in Delft measures only 70 to 80
dwellings per year; the Research Institute for Environmental
Hygiene measures about 150, and Rotterdam makes about 150
measurements compared with 30,000 new dwellings per year.

“About 5 to 10% of the rooms in a dwelling are tested.

Of the buildings tested, about 40 to 509 fall to comply

.with the Bullding Code., 1In cases of fallure, cordinarily no

corrective measures are'taken unless the fatlure is
extreme; and no tradition exlsts for medifying the rental
in compensation for poor sound insulation.
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TPD has developed a quick "spot check" for sound
insulation, by looking only at the results for the 500 Hz
octave band. From the 70 to BO complete tests that are
rerformed each year, the 500 Hz data arec taken as z basis
for spot checks in other buildings., (For impaet insulation,
the 2000 Hz octave band is used.) The cost of spot testing
is only about 10 to 20 Duteh florins (%3 to 6) per wall or

floor. 1In one night, TPD has tested as many as 130 to 140

walls!

In the last analysis, the primary resistance to effec-
tive noise contrel in The Netherlands is economic. For
government funded housing, the bullder may have to spend
up to 400 Dutech florins ($150) per apartment for acoustical
measures, such as sound absorptive treatment in the stalr-
wells, floated floors, plugging the holes In the central
heating runs, ete., in order to meet the "moderate"
quality requirements. An additional 400 florins per apart-
ment would be required to meet the "good" quallty.

Stated in terms of initlal cost In thls manner, these
estimates often dlscourage builders from attempting to

“ecomply with the noise requirements. However, 1f 1t is

polnted out that the "good" quallty class can be achleved
at no greater cost to the tenant than an Increase in his

‘rent equal to the price of a package of cigarettes per

week, the project seems more reasonable [53].

Although, as described here, the noise control

enforcement plcture in The Netherlands looks discouraging

at present, the same is true Iln some other countrles that
have nominal enforcement programs. It is only in the
last few years that any sericus atftention has been paid
to the question: although the laws and the Code of
Practice have been on the bocks for many years, there
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has been no push, durlng post-war reconstruction, for strict

(or even haphazard!} nolse control enforcement.

For example, although there exlst many records of in-
divldual sound insulation tests, there has been no effort
to pull these results together for a publle evaluation of
the current status of privacy in homes. Preparing Just
such a report is one of the current tasks of the Duteh
Soclety Against Noise (founded in April 1970, a group made
up of the Dutch Society of Engineers, the Dutch Acoustical
Soclety, and ofhers, followlns a Congress on nolse annoy-

ance):

The exlistence of such antl-noise groups and of highly
competent technical staffs at TNO-TPD and IG-THNO wilill form
the backbone of an effective Dutch noise c¢ontrol program

in buillding code enforecement if and when the demand appears.

B.4. SWEDEN

Information Sources:

Bertil Sundberg, Head of Building Physleal Section, Natlonal

Board of Urban Planning, Technical Depart-
ment, Stockholm.

Stén Wahlstrom, Royal Instltute of Technology, Divislon of

Architectural Acousties, Stoekholm, Sweden.

Sven Lindblad, Professor and Director of Bullding
Acoustices Institute, Lund Technlcal
University, Lund, Sweden.

Bjorn Lundgvist, Svensk Akustikplanering AB, (Acoustlcal
Consulting), Gothenberg; also member of
faculty of Chalmers Technical Universlty,
Acoustics Department, Gothenberg, Sweden.

References 11 to 16.
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B.4.1 The Official Documents

The current regulations for scund insulatlon came into
force in Sweden on 1 January 1976; they are included in the
Swedith Bullding Code SBN 1975, Chapter 34, entitled, "Ljud-
klimat" (Nolse Climate [17,72]). These regulations replace
an earlier verslon glven in the Svensk Byggnorm 67 (SBN

67 [15D).

The maln regulations for all bullding activity in
Sweden are included in the Bullding Act of 1947 and the
Bullding Ordinance of 1959, Details concerning design and
construction are given-in special regulations which are
revised and supblemented as required. The task of ilssuing
such regulations has been, since 1 July 1967, the duty
of Statens Planverk (the National Board of Urban Planning)
which 1s the central authority for planning and bullding

in Sweden,

The publication "Svensk Byggnorm 67" (the detailled
regulatlons mentloned above) consists partly of regulations
which are compulsory, both for the builders and the
authorities, partly of recommendations and directlons which
are optional. The regulations are typographically dlaz-

‘tinguished from the recommendations and directions by
theilr larger typeface and column width.

Svensk Byggnorm 67 was written by the Technical
Department of the National Beoard of Urban Planning, wlth the
assistance of the Technical Council of the Board, speclally
appointed technical committees and other experts. Con-
sultation has also taken place with building trade organ-

fiéations and with central and loecal building authorities.
An attempt was made to glve the regulations the form of

funetlonal requirements, connected to general and ebjective
test or calculatlon methods, and to co-ordinate all rules
in the field of building design and construction.
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Supplements and alterations to Svensk Byggnorm 67 are
published from time to time 1n the series Svensk Byggnorm,
: together with comments and other information {(e.g., Ref. 16).
3 In this serles 1s also publighed information concerning
centrally approved bulldings, bullding components, fire-
q classified products, ete.

The Building Aet of 1947 and the Building Ordinance of
1957 are still effective, but (until the recent SNB change of
1/1/%96), the details concerning design and construction of
acoustically satisfactory dwellings were given In Svensk
Byggnorm 67 and Supplement SBN-534:6. The Bullding Aect, the
Bullding Ordinance and SBN 67 (now SBN 1975 are all valid at
the national level. Thus, they apply uniformly throughout

e

I

i1

ey Sweden.

i .
B.4,2 Status of Documents

-

ii The Bullding Act and the Building Ordinance are law;
SBN 67 and 1its recent. revision are partly reguirements and

'qﬁ . partly recommendations. B
: Many houses are financed by government funding and in

l} ; order to quallfy, these must comply with all of the SBN require-
ments, according to government rules. However, even 1f the

ﬁ; hullding 1s not PFederally funded, the local authorities can

b enforce compliance with the SBN nolse control requirements

in multi-family dwellings.

B.4.3 Summary of the Acoustical Requirements

£
F)

SBN'GT and the recently adopted revision SBN'1975-éive

ot {
requirements for maximum acceptable noilse levels, and required

E value for alrborne sound insulation index, I,, and for lmpact
insulation index, Ii; these apply to row houses, apartment

[1 houses, hotels, hospitals, schools and office buildings. SBEN

- 1975 also specifies maximum acceeptable reverberation time in

T? the common stalrcases. Supplement SBN-S 34:6 glves a com-

— prehensive catalog of examples of wall and floor constructions

(with construction details) that are likely to satisfy the

nolse requirements.

i 7
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B.4.3 Enforcement

In Sweden, the bullder 1s ultimately responsible for
compliance with the building regulations, but the archltect
and the various contractors have part in the responsibllity.

The financing and the building permlt are contingent

' upon satisfactory revlew of the bullding plans and drawings.

Before a bullding is bullt, 21l drawings must be sent
to the loecal bullding office, to check for cempliance with
the requirements. The local officilal refers teo 3BN Supple-
ment 1>[16] to see Lf the proposed constructlon agrees with
the recommendations.

New constructions must be first tested In the labora-
tory, then in an experimental house, before belng approved,
and subsequently the sound lsolation must be checked In the
finished building. It has been found, however, that the
laboratory test 1s often the least lmportant, because
flanking transmission so often governs the fileld results.
If only a small change from familiar constructlons is
involved, the bullder may go straight to tests Iin a small-
scale actual house, and then to the project praoper.

An answerable organlzer of the constructlon work must
accept responsibillty for the workmanship; his competence
is Judged and approved by the local constructlon board.
Later on, the Board would normally not have time to keep
up with all the detalls of ceconstructlon.....though some
large projects are contreolled more closely.

Compliance tests of alrborne and impact sound insula-
tion are made in about 5% of the finished bulldings, on
average, throughout Sweden; about 15% of the rooms are
tested in the buildings that come under test. In Stock-
holm, the average percentages are 15% and 15%. More than
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1000 tests per year are conducted in Stockholm.

In practice, the percentage of rcoms tested depends on
the early test results; 1f all of the unlfts comply, they
stop testling, usually at less than 10%.

In evaluating the results of fleld tests of ailrborne
and impact sound insulation, the following rules are
observed (taking account of measurement lnaccuracles}:

.

A construction i1z approved even 1 the normal
requirement concerning 8 dB maximum unfavorable
deviation is not met at 100 and 125 Hz, for alr-
borne insulatlon, or at 2500 and 3150 Hz for
impact insulation.

Generally, a construction is accepted i1f the
maximum unfavorable deviation is 2, rather than

8 aB, (It is generally conceded novadays that
this "8 4B maximum unfavorable deviation" rule

1s actually a mistake for airborne sound insula-
tlon ratings; 1t 1s being dropped from the next
revision of ISO R 717. 7For impaect sound insula-
tion, however, the 8 dR rule should be kept,
because for wooden floors it‘exercises some useful
contrel on the impact nolse levels at frequenciles
below the normal range of test frequencles,)

In certain cases, even a 10 dB maxdimum deviation
1s accepted, 1f it oceurs in the 160, 200 or 250
He band. If greater deviations occur, however,
the fault must be correcﬁed and a repeat test made
to demonstrate compliance.
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Theoretically, if the finlshed huilding fails the sound
insulatlon tests more serlously than the allowances above,
the builder "must rebuild the house." If the preliminary
drawings were approved as showing sultable baslc construc-
tions, then any serious discrepancy in the finlished bullding
mest be a "olumsy goof! and rather simple to correct. At

any rate 1t must be done.

No attempt is made to adjust the rental in such cases;
there 1s a strong feeling that there should be free exercise

‘to allow the market to govern the rentals.

If the Public Building Authority requests certification

"of a bullding construction, generally the bullder must pay

for the certificate of compliance, including any testing
that may be required. In Stockholm, the Public Housing
Authority provides acoustle testing services themselves.

As for the cost of improved sound 1sclation required
unider the code, this must be horne by the bullder; but since

"the same requlrements are lmposed on everyone, he suffers
no competltive disadvantage.

In many cities, the cost of tests to demonstrate
compliance is covered by the charge for the bullding permit.

"Also, the architect and the answerable organizer for the

project have lnsurance that covers some of the costs.

B.4.4 Success of Code Enforcement

Existing flpgures on the number of bulldings that fail

‘to comply with the noise control requirements always tend

to be blased, because the measurements are not made at

random, but rather in situations where trouble 1s expected.
Thus, the following percentages, dating from 1970, probably
overestimate the typlecal fallure rate, by an unknown amount.
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..ments have become the basis for such publlcations as L

structlons deemed likely to yleld satlsfactory lsolation.

Stockholm Percentage of room palrs

failing to comply

Alrborne insulation: vertical 54
horizontal 5

Impact Insulation 5

Other ciltiles

Airborne lnsulation: vertical 20%
horizontal 15

Impact insulation 15

The Natlonal Board of Urban Planning systematically
maintains a collectlon of field acoustical measurement
results, made by the bullding authorities, cooperative
bullding societlies, bullders aﬁd consultants. The measure-

Supplement 1 to SVB 67 [16], ecataloging the bullding con—

B.4.5 General Comments

At present there l1s éctive collaboration between
Sweden and the Nordle Building Regulations Committee (NKB),
an assoclation of natlonal building authoritlies from
Denmark, Finland, Ieceland, Norway and Sweden. The object
is to coordinate and unify the technical building regula-~
tions In the five Scandinavian countries.

Sweden accepted the IS0 sound insulation procedure
(R 717) in 1968; Denmark and Norway have not yet accepted
it, though Denmark 1s currently meving in that direction [21],

Within Sweden, 1t 1is elear that the rate of success
with noise control in bulldings is significantly greater
in Stockholm and other large ecities than elsewhere. Par-
ticularly, there may be some large discrepancies in the
north of Sweden; but in such places the materials and the
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construetion methods tend to be gulte conservative, not

experimental, so the number of serious failures 1is probably

not large.

As for antilcelpated changes in the formulation or
enforcement of the noise control requirements for builldings,
it is felt that, although the record of success is not per-
fect in Sweden, 1t ls stlll pretty good, and there is not
much Incentive to change the current procedures.

One final note of lnterest: there 1s a general
arrangement whereby a certain percentage of the building
cost in Sweden is levlied to pay for new research in bulld-
ings, including acoustiecs. Earlier, the levy was 0.6%,

.then 0.4% and now 0.5%. The money is distributed through

the Swedish Instiltute for Bullding Research to various
consultants and institutes to pay staff salardles and
research costs for the study of specific problems.

B.5 THE UNITED KINGDOM {England and Scotland, Inncr London)

Informatlion Sources:

George Vulcan, Greater London Council, London.

B.5.1 The Official Documents (England and Scotland)

A Code of Practlce [28] has been in effect in the United i
Kingdom since 1960; it speclfies eriterion curves for air- |
borne and impact sound insulatlion for three grades of con-

“structlon: one (the most severe) for house party walls
(HPW); and two for apartments, the better grade (I)
-eorresponding to the expectancy that the tenants wlll not

find noise any worse than the other lnconveniences of

“apartment living, the lesser grade (IT) such that the

tenants will 1ikely find nolse the most annoying aspect of
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apartment llving (in other words, a truly minimal require-
ment)., ‘These criterlon curves are illustrated in Fig. 5

of the mailn text.

The Statutory Instruments of interest are "The Bulld-
ing Regulations," issued separately for Fngland (outside
of inner London [651}) and for Scotland [£6].

B.5.2 Status of Documents

The Code of Practlce has no legal force. And the
Londen Building Acts and the varlous Constructlonal By-~laws
made under them exercised no control at all over sound

insulation.

Thus, it was not until the Bullding Repgulations of
1965, revised in 1972 [£5], that Brltish sound insulatlon
requirements gained the force of law. The Building Regu-
lations adopted the Codet's HPW criterion curve to apply in
all dwelllings that share common wall wlth another dwelling.
Requirements affect non-dwellings only if gdjacent to
dwelling (office, shop or pub).

8.5.3 Summary of the Acoustical Requirements

The British Code of Practice sets up several eriterion

_eurves, both for airborne and impact sound insulatilon, of
~varylng degrees of strictness. The shapes of these curves
-and the manner of fitting curves of measured data to them

are different from the ISO family of ratings. In fact, 1t
is not the purpose of the curves of the British Code to
establish a single-number rating scheme at all, but

‘rather to identify minimum acceptable acoustical perfor-

mance in several Grades. A wall or floor must conform,

"according to certaln rules, to one of the fGrade eurves in

order to be deemed acceptable.
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Reference te a footnote in Appendix C of the Code nf
Practice: Chapter IIT shows that a small amount of tolerance
1s permltted on the grading requirements, hut the amount of
the tolerance ls not stated. However, z definitlon in-
cluded in Ref. 64 shows that a maximum tetal adverse
deviation of 23 dB 1s permitted.

The Grade for a partitlon is assigned by superimposing
a curve of measured transmission loss (or impact nolse level)
upon the Grade curve in question; 1f the sum of the unfavor-
able deviations is no more than 23 dB, the partltion meets

that grade.

As far as the Building Regulations are concerned, only
one Grade 1ls signlficant; where they apply, they alm at the
HPW Grade, irrespective of the type of dwelling, It is
desirable, even where it is not mandatory, that forms of
construction complylng with the HPW Grade should be used.

The performance of a gilven constructlon must be‘based
on the average performance In fleld tests of at least four

different specimens of the constructlon in guestion. The

test procedure is that for noise reductlon in 1/3-octave
bands, nermalized to 0.5 sec reverberation time in the
receiving room, Dnt’ according teo Briltish Standard 2750:
1956, with Amendment PD 5065, October 1963, Sections 2 A
and 3 A and Clause 3e(ill). There 18 some ambiguity about
thls, however; sometimes it 1ls implied that transmission
loss, rather than the normalized nolse reduction, is

involved.

It 15 clear, however, that the Regulations a2im to
achleve adequate sound lsclatlon in dwellings by specify-

-~ ing "deemed to comply" bullding elements, selected on the

basls of field tests, rather than relying on fleld tests

to demonstrate compliance.
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B.5.4 Enforcement

Enforcement of the Bulilding Regulations amounts to a
"deemed to satisfy" Judgment of the varlous construction
elements before the bullding permit 1s issued. The local
bullding inspector is responsible for enforcement; he 1s
bound to follow the Building Regulatlons but must refer to

the Bullding Authorities before taking any infraction to court.

His Jjudgment would ordinarilly be based on the field data
published from time to time in the Building Research Station
Digest, for vardous common constructions. But for novel
constructions, particularly on a large project, the in-
spector might gilve speclal approval (based on agreement by
the Bullding Research Statlon) for buildings, say, four
unilts for fleld test before glving final permlssion for the
entlire project. Approval for the bullding permlt depends
upon the favorable review of the inspector.

There are normally no measurements in the flnlshed
bullding to test or demonstrate complliance with the Regula-
tions, Only if bitter complaints arise would tests be

made,

If a bullding should happen to fall to meet the Regula-~
tlon requirements nothing is ordinarily done. In principle,
1f the complaining tenant could prove that the bullder
falled to comply with the approved design, then the builder

eould be reguired to correct the faulty construction. In

practice, this dis so difficult as to be unfeasible.

8.5.5 Success of Code Enforcement

A serles of measurements by the Building Research
Station was carriled out Iln 1972-73, fellowlng the adoption
of the new Regulations, to gather sound lnsulation data
for new bulldings for comparison with earller pre-
Regulations data. It was found that the percentage of
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units failling the requirements of the Regulatlons was about
50% and increasing.

One reason for the rising rate of failure has to do
with the misuse of & special type of brick used in Britilsh
walls, This brick has a hollow indentation called a "frog"
on one of the large faces. It 1s intended that the frog
should face upward, as the wall 1s built, to cateh mortar
and improve the keying. The recent tendency has been to
lay the brick upslde down (to save mortar presumably) so
that the Trog remalns hollow and the welght of the wall
drops from the required 85 1b/sq ft to 70 or less, with
no means of measuring the as-built welght of the construc-
tien.

At present, there appears to be no plan to medify the
British nolse control enforcement procedure.

There has been talk of the need for a new soclal sur-
vey to try to correlate people's judgments of the adequacy

~of their sound lsolation with physical measurements in the

buildings; but such surveys are very expensive, and the
economy 1s not thriving.

B.5.6 Inner London

A speclal case exlsts for inner London, which has
different rules from the rest of England under the Greater
London Councll {(formerly London County Cdunell}.

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
be constructed with 9" brieck, to achleve the required fire
resistance. TFor separating walls, that divide two apart-
ments within the same bullding, the Council has adopted
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& Building Research Statlon construction meeting lrade II,
though there ls as yet no formal written requirement.

It 1s stated that all Counecll flats in London are bullt
toe very hipgh standards, and thet menerally, for separating
and party walls and floors, the fire resistance requlre-
ments lead to good acoustical isolation: "noncombustible
construction plus 1 hour minimum fire test" (which may
go as high as 2 or 4 hours, depending on height).

As Tor enforcement, there are 28 districts under a
single distrlcet surveyor, responsible for compliance with
the fire laws. This distriet surveyor has statutory power
in his own right and can take court actlon wilthout relference

to any other authority.

In case of fallure to comply with the by-laws (during
or after construction), he may glve notice that compliance
must be achleved within a fixed time or he willl take the
matter to court. (At thils point there is still no reference
to the Greater London Council, although the GLC sclicitor
is avallable to him for assistance.}

During the review of drawings, 1f the constructlon
does not comply with the by-laws (e.gz., & new type of

-construetion), the applicant can appeal to the GLC for

relaxation of the reguirements.

Measurements of sound insulatlon are not usually
made to show compliance with the by-law, because the
law is not framed In terms of acoustical properties.
ever, tests are made in response to complaints from
tenants. Such investigations are rather rare.....fewer
than five per year. But each one might involve a large

number of tests in different dwellings, living rooms and
In the tested bulldings about 10%

How-

bedrooms separately.
of the rooms would be measured.
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The Councll usually suggests remedles in case of serious
lack ol sound isolatlon.

The Council 1s consldering trying to include noise
control requirements in the by-laws, Including requlrements
for the building facade. That status of these plans 1is

unknown at present.

B.6 WEST GERMANY

Information Sources:

Horst Diestel, Director, Acoustics Division, Physikalisch-
Technische Bundesanstalt (PTB), {(German
National Bureau of Standards}, Braunschwelpg.

Rudolf Martin, Director, Hearing Acoustics Department,
PTR (German National Bureau of Standards),

Braunschwelg.

Paul DAmmig, Director, Room Acousties Department, PTB,
Braunschwelg.

H. Sechultege, Institut fur Baustoffkunde und Stahlbetonbau
der Technische Unlversitidt Braunschwelg,
Braunschwelg.

Ludwlg Sechrelber, Miller-BBM, Acoustical Consulting, Munich.

B.6.1 Official Documents

There ls no National bullding code in West Germany,
with noise control regulrements abplying throughout the
country. Instead, there 1s a National Standard document
(DIN 4109, Parts 1-5) in which quantitative standard
acoustical measurement procedures are prescribed, and
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quantitative regulrements for nolse control, in terms of
minimum accepatble levels of acoustical performance, are
atated. The measurement procedures closely follow ISO,
though until last year the rating methods differed (see

Appendix A).

DIN 4109 is not an offlcial bullding code, itself.
But there 1s a committee, a part of the National German
Standards Organization, called ETB (Ausschuss fiir Einhelt-
liches Technische Baubestimmung) which gives recommendations
{including acoustical requirements), in the form of a
recommended standard bullding code (Muster-bauordnung),
to the higher bullding authoritles of the dlfferent
German States. The different States have adopted thelr own
bullding codes ("Bauordnung"), all based strongly on the
ETB 3tandard Code but wlth small differences.

These codes, themselves, do not contailn specific
numerlcal requirements for nolse control, but use wording
like "sufficlent noilse insulatlon™. For example, the
Bavarian building code says "the state of the art must be
applied." Concurrently, a Bavarlan Minlsterlal Offilcial
Paper (Ministerialamtsblatt, of 7 December 1963) defines
DIN 4109, Parts 2, 3 and 4 as constitutlng the "state of
the art". Thus, those "uncofficlal" recommendations be-
come requirements of the officlal bullding code including
the DIN numerical requlrements on noise control.

B.6.2 Status

The State laws to date apply only to multifamily
dwellings (including duplexes and row houses) but not to
single houses. DIN 4109, however, contains requlrements
applying to hospltals, schools, restaurants, offlces, work-
shops, and stores and even (for the "higher grade"
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requirements) to single houses.

DIN 4109 is formally not a law but only a recommendation.

In practice, however, it is stronger than a recommendation,
because the requlrements of DIN %109 are forcefully applied
by several officlal groups. Judges use those standards

to base thelr ruling in suits or complaints by tenants
concerning nolsy bulldings. The Federal finance ministries
may indirectly require a contractor to comply with DIN 4109
recommendations, as follows: in order to get a bullding
permit the contractor must have a check of the sound
insulatlion. The Inspector does not usually examine the
drawings, but instead stamps them "Heed DIN 4109". This
puts the responsibility on the bullder if anything goes
wrong, so he generally "heeds DIN 4109%.

In faect, builders have become very conscientious
about complylng with the DIN recommendatlons and, in fact,
come to the test institutes and pay for acoustical consult-
ing advice, rather than be caught and penalized at the
end of the project. They tend to feel that DIN 4109
represents "state of the art" and that 1t can and should

be followed.

DIN 4109 includes two standards of aceeptability,
a minimum requirement and a recommended (Improved)
requirement. When the DIN standard first came out, the
minimum requlrement was usually aimed forj but today most
bullders shoot for the "improved" level of performance.

B.6.3 Summary of the Acoustical Requirements

The German Standard DIN 4109 glves recommendatlons
for alrborne and impact sound insulation for party walls
and floors between dwellings. There are no requlrements
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on the transmlssion loss of exterlor walls nor of interior
non-party walls. No expliclt limlts on outdoor nolse are
given in DIN 4109 (these are dealt with by another German
law, TA-Lirm). The DIN standard does require that "quiet
rooms" be located on the slde of the building facing away
from the street, otherwise, double windows must be pro-
vided; no numerical requirements are given, however. Quan-
titative limits are placed on the permissible levels of
nolse generated by equipment in the bullding: plumbing,
elevators, pumps, burners for central heating, ete.

B.6.4 Enforcement

Loeal authorlities enforce the noise control regulations
via building permits: one can hardly builld anything in
Germany wlthout a permit. In order to get a bullding per-
mlt, it is necessary to have the drawlngs of the buillding
approved, as well as (for example) a2 structural englineer's
approval of the construction for strength, a construction
englneer's statement of compliance with DIN 4109, (accord-
ing to approved construction examples given in DIN 4109,
Part 3) and adequate thermal insulation. The authorlty
glves the bullding permit only 1if everything is in order.
If the plans do not fulfull the code requirements oﬁ nolse
control (and in every German State this practilically means

DIN 4109), approvel is withheld.

If the proposed construction is not cited in DINM 4109,
then a preliminary test must be made to quallfy the con-
struction, usually in a standard test lahoratory. 1In
speclal cases a test bullding may be authorized for field
tests of ftransmlission loss or impact insulation.

DRAF T

-«

Y oA R arr e

———— e e tn e




T

R

e

Arm ARt I

T et

-~

U R |

W

T
fa e,

2K

-k

!

T

id BER

E-&

=

i

.

PN

B

In Germany, there are about forfy offlecially approved
testing institutlons for fleld testing, although only six
have thelr own laboratory facilities. These fleld testing
teams must go every two years to PTB ln Braunschwelpg to
demonstrate thelr capability. The PTB gives to ETB a list
of the institutes that have qualified in these demonstra-
tions, and ETB forwards the list to the various States, who
in turn publish the 1list in a Ministerlal Official Paper.

Tt was planned from time to time to publish updated
lists of apbrcved constructicns from the varicus Jerman
States, to supplement DIN 4109, but this has not been done
very effectively, so far. A new Institute in Berlin has
been in existence since 1969, but not muech was fortheoming,

as of 1971.

The '"'money source! is often a local office of the
finance ministry, which makes two steps mandatory:
1, A preliminary (theoretical) check of the drawings
to see that the basic construction 1s consistént with
approved constructions, according te DIN 4109, Thls
preliminary check might be done, for example, by one
of the testing instlitutes (or, exceptlonally, by PTB).
If the report submitted by the institute to the
finance ministry 1s satlsfactory, the bullder gets
tha firaet one-third of his money for the project,

2. After completion of the bullding, a compllance
test 1s made, usually of about 10% of the apartments
for large projects, or a greater percentage for small
projects. For these tests, "gulck-check" proceduresk
- are used to save time, involving fewer measurements

¥These methods are subject of further research {(including
vibration measurements on the celling) instead of impact
noise level measurements in the receiving room,
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bands, fewer microphone posltions, and fewer lmpact machine
positions than in the complete standard tests; sound absorp-
tion is measured by a steady-state methed. The estimated
accuracy of the quick test 1s about + 1 dB, and if the
results of the quick test are wilthin 2 dB of the required
performance, the test must be re-run with the full test
procedure; otherwlse, the quleck-test data are regarded as
clearly "go" or "no go". If not bullt with a government
loan, the bulldings are not tested at all.. The architect
may, however, ask for tests, particularly for floated
floors,

For all bulldings that get loans from the States, test
measurements in the completed building are usually required
by the authorities., The last one-third of the money is
withheld until field tests show compliance with DIN 4109.
Every project built with government funds gets tested,
but not every building in the project. The percentage of
buildings tested depends upon the local State authority,
probably abeut 5% altogether. For example, in each 20 to
30 apartments, one transmlsslon loss test of a wall or
floor might be made.,  QOften a "short test" wlth the tappling
machine 1s cheaper, and perhaps 10 measurements would be
made in a buillding. DEvidently, there ls conslderable
latitude in the amount of testing required.

The "short test" for ilmpact noise consists of generat-
ing a standard noise of fixed level with a loudspeaker in
the reeceiving room. This loudspeaker and the electronile
generating device together comprise a constant-power source
whose nolse spectrum has the shape of the DIN standard
reference curve for impaet sound insulation rating (TSM).
This standard DIN noise l1s measured, and then the nolse
generated In the recelving room by the standard tapping
machine in the room asbove is measured, both with A—wéight-
ing. The difference in A-levels so measured 1s a good
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approximation to the Trittschallschutzmass (TSM), the
single-number impact noise rating of DIN 4109. With typlecal
German floors, the dlscrepancy between the results of the
short test and the standard test is less than 2 4dB.

About 95% or more of the apartment bulldings have
floated floor slabs for purely acoustical reasons (thus,
radiant heating 1s almost never practical). Earlier con-
structions used glass filber blanket or mineral wool layer
for the resilient element of the floated floor. Nowadays
the trend 1s to use soft PVC expanded granules, such as
are used for packlng fraglle ltems for shipment. Coconut
flber 1s also used; 1t 1s very expensive but very good.

More and more apartments are sold rather than rented
in Germany. The buyers may request acoustical tests
before they pay the final amount, or they may reguire a
guarantee of adequate noise insulatlion in the purchase

contract.

What 1f the bullding fails to pass the tests? If the
bullding was bullt with a government loan, the State
authorities may require corrective measures if the devia-~
tions are large. If small, then the final money is gilven
to the bullder, but with the stlpulation that, if the
tenants complain, corrective measures will be required.

If the inspector from the Bullding Ministry, in the final
bullding inspection, finds something obvicusly wrong, he
may require an immedlate flx, or may force the bulilder to
pet acoustleal tests and/or recommendatlons from a con-

sultant.

It has been proposed that, Iin buildings that fail
the acoustlcal tests by significant amounts, the owner
would have to lower the rent proportionately. Practilcally
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apeaklng, however, adjustment of the rents would not work

in Germany, in general, because of the great demand for
apartments. (If a private court sult succeeds, the judgment
could award reduction of the tenants'! rent in poorly con-
structed bulldings; it depends on the Jjudge in each case).

There is a dilemma. In 1976, people are becoming much
more critical, demanding good sound insulation in view of
the high prilces end rents that have come Gith inflation.
But if the cost of good insulation ralses the rent too
much, there is trouble in renting or selling the apartment.
If only a few of the units fall the test, the bullder must
take remedial steps to meet the DIN requirements, in order
to colleet the last one~third of his money from the author~
itles. If many of the units fall, 1t creates a serlous
problem. Several years apo, the enforcement was very
strict and the last third of the constructlon money was,
indeed, withheld. As a result, a mimber of builders went
bankrupt. More recently, strict'enforcement is made only
if the tenants complain, in which case the bullder would
have to fix the units causing complalnt. Most complaints
come from-buyers of duplex or row houses, NOT because. the
sound 1solation 1s worse, but because the background
nolse 1s usually lower and because buyers are usually more
critical than tenants.

The comparison of test results on the immediately
postwar bulldings of 1950 with later tests in 1968, shown
in Plg. B. 4, is dramatic: about 10 dB improvement, on
average for the alrborne sound insulatlon and about 20 dB
for lmpaet insulation. :

No special funds are provided to cover the added
cost of nolse control in the buildling; it is simply a
requirement that must be met, just like safety standards.
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The bullding must come up to "state of the art" (meaning
DIN 4109) and the cost of achleving thls 1s included in the
bullder's request for bullding funds. An exceptlon to thils
rule may be made in the case of a special research project
or an experimental construction program: the architect
might be gilven an extra reward for an innovative, ingenlous

or cheap solution,

B.6.5 Success of the Enforcement

It 1s sald that very few of the bulldings tested now-
adays fail to comply wilth the noise requlrements of DIN 4109.
Although there has been no systematie study of this questlon
at the natlonal level, the judgment that compliance 1s very’
good is based on informal comparison of the test results
from the varjious testing institutes, indicating that com-

pllance 1s high and increasing.

This was not the case in the early 1960's as indicated
by field test results in Southern Germany, shown in Figs.
B.5 and B.6. (See also Fipgs. 6-8 of the main report).
Nevertheless, steady improvement in rate of compliance
is evident. Today, only about 10% of the dwellings fail

the tests.

Failures are blamed on several problems: light-
weight bricks used in party walls; leaks in the exterior
walls; pass-through deorways used during construction
not properly closed after the bullding is finished; short-
clreulted floating‘floors, particularly at doorways open-
ing off of corridors. '

The Faults are not in the drawings (which have
already been checked for suitable choice of construction
in the earlier phase), but may usuvally be found in short-
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clrculted floatlng slabs, or in plumbing installations
whose nolse exceeds 30 4BA.

These comments above vrefer only to multi-family dwell-
ings financed by the German Pederal Government (and admin-~
lstered by the Bullding Sectilon of the Finance Minlstry)
for certaln groups of peoble who are eliglhle for such
funding. This means, In practice, only 10 to 25% of all
new bulldings regularly exhibit the high rafe of compliance
wlth noise regulations discussed above.

Other people have no such protection, and if there are
acoustical problems, they must pay to take the suit to
court and to conduct acoustical tests if they want them,

Large private building companies, e.g. "Neue Heilmat" be-
longing to the labor uniors would, as a matter of course, have
spot-checks made to be sure that thelr bullders' work 1s up
to standards. _

No continuing record of test compliance and failures 1s
complled for presentatlon either to the government or the
public. Some of the testing instltutes publish statistics
of the results of thelr nolse tests, but not on a regular

bases.

B.6.6 General Comments

It is expected that DIN 4109 will be completely re-
wrltten, but it 1s not sure when, certalnly not this year,
Therefore, the most important changes, particularly in
the tables of required acoustilcal performance (Part 2) will
be put into operation as needed, by governmental decree, 2s
has already been done for schools (see footnote, page ).

Noise of plumbing is one of the weakest areas these
days, most In need of better control. Until now, DIN 4109
has not been strictly enforced with respeect to plumbing
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nolse, which has been very annoying for the tenants, par-
ticularly because of the monolithic masonry construction

typleal in apartments,

In fact, a Mgqulet hours" requirement 1s often written
into the standard apartment rental contract form, that for-
bilds certaln activities between 10 pm and 7 am, such as
using the shower, wearing shoes, or using radlo or tele-

vislon.

This 18 obviously a severe restriction on the tenants,
but the problem of nighttime nolse ls a very difficult one.
As an example, DIN 4109 is dated September 1962; it was
adopted by the Bavarian State in 1963, with the night-
time noise level limited to less than 30 dBA; this could
never be well controlled, however. Subsequently, the
permisslble level was ralsed to 40 dBA, but now it 1s
back to 35 dBA maximum noise level.

The current tendency 1s to speecify the meané for
avolding excessive noilse rather than to specify maximum

noise levels.

The plumbing manufacturers want the DIN 4109 maximum
permlssible nolise limit for building equipmént raised from
30 to 35 dBA. PTB is willing to go aleng with this, but
it wants to have two classes of quality: the minimum
quality requirement would be 35 dBA, with an "lmproved
quality" requirement of 25 dBA. Then, Just as for walls
and floors, in a few years everyone will shoot for the

Improved quallty.
In fact, 1t .1s expected that 1In the re-write of DIN
4109, the minimum and lmproved requirements for walls and

floors will become more atriet; 5 to 8 dB reduction for
impact nolse, and 5 to 8 dB lncrease for the transmisaion
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loss#* between row houses (no changes for apariments). The
limlts on the nolse of applilances may be decreased by about

5 dB.

In further standardization work, the emphasls will he
placed on the development of simpler, but still reliable,
test procedures for wider and more effective enforcement

of noise control in buildings. There are & number of such

guick tests in practlcal use already, both for airborne

and impact sound. During the next two years, PTB will in-
vestigate on a statlstical basis the deviations to be
expected between the standard and the simplilled procedures,
for different shapes of the curves of transmission loss and
the nolse reduction in the field, so that preclsion require-
ments for simplifiled procedures can be established.

At Gdsele's Institute in 3tuttgart, a procedure for
measuring ilmpact sound 1s under investigation that completely
abandons the measurement of the impact sound levels in the
recelving room, but rather is based on measurements of
structureborne vlbration in the floor slab, Last year,
Lothar Cremer proposed (at a Congress on acoustics in
Czechoslovakia; to be published in Acustiea, December
1976) that DIN 4109 requirements on impact sound insulation
be replaced by structure-borne vibration measurements.
{'his may be all right for the concrete slabs (with or
without floating floors) that are common in Germany; 1t
would certainly not be sultable, for example, for wood
jolst and timber constructions. ]

#For schools, such a change has already been recommended
to the German States by the Institut fiir Bautechnik. -
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APPENDIX B -~ PART II
The first part of Appendilx B dealt wlth the enforce-

ment ﬁractices of six European countries that have relatilvely

active programs of enforcement of the nolse control pro-
visions in thelr bullding codes.

There are other countries that have adopted nolse
control recommendations or requlrements relating to dwell-
ings, but that do not necessarily enforce them very
vigorously, as yet. (In some cases, the apparent lack of
enforcement effort may simply reflect the fact that the
results are not widely pubiished). HNevertheless, it is of
interest, for the present purpose, to see what directlons
their efforts have taken, as reported In thls second part
of’ Appendix B, because they have given some consideration

to the problem.

B.7 AUSTRIA

The most recent document 1s a draft, dated April 1976,
of Austrian Standard B 8115, "Schallschutz und Raumakustik
im Hochbau" (Sound Insulation and Reom Acoustics in Bulld~
ing Construction). Its predecessors were B 2115 of
December 1936, B B1l1l5 of October 1949, and B 8115 of April
1959, so 1t has a long history.

The 1976 draft 1s a comprehensive document of 35 pages,
which includes noct only requirements for maximum acceptable

noise levels and for alrborne and impact sound inaulation
in builldings, but also guldance of building layout and
planning for protection against outdoor nolse.

It covers dwellings, hotels,'schools, hospitals, rest
homes, and offlces, and proposes two degrees of acocustlcal
quality, one 5 dB better than the other.
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The acoustical parameters to be evaluated and the
ratings of alrborne and impact sound insulation are vir-
tually ldentical to those of West Germany, though recommen-
dations are also made ILn terms of the IS0 ratlngs, Ia and
Ii' In addition, analogous ratings are formulated from
measurements of the normallsed level difference, Dna’ for
adjacent rooms, the "diagonal level difference" D 2,3
between nonadjacent rooms and the level difference D,
through ventilating shafts.

Examples are given of constructions that are deemed
to comply with the requirements, along with their insula-
tion ratings.

Recommendations are given for reverberation time, not
only in stalrcases, as in a number of other European
building codes, but also in various kinds of rooms. More-
over, advlce l1s given on desirable features of room
acoustics (room geometry and absorption surfaces) to assure
good hearing conditions in conference rooms, council
chambers, assembly rooms, classrooms, etc.

No information 1s avallable as to the lntenslty or
effectiveness of enforcement of the Austrian code.

B.8 BELGIUM

A current Belglan Standard [30], entitled "Criteria of
Acoustical Isclation," dates from December 1966; 1t was
the original edition. A draft revision dated 20 March
1975 is under consideration [30a].

There are, however, no Belgilan prescriptions having
the force of law in the field of acousties. Tor the pro-

‘wvleslon of adequate sound lsolation in buildings, there-

fore, one must rely on the recommendations of the Belgian
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Standard mentloned abhove, on the desired and recommendations
of the Superior Counsel for Hyglene, and on the ISO recom-
mendations [7Z].

The Counsel for Hygiene is coneerned only with occupa-
tional hearing and environmental noise problems.

The Belglan Standard gives recommendations for both
the transmlssion loss, R, of partltlons, measured in the
laboratory, and the normallzed level dilfference, Dna’
between rooms measured in the fleld, and for the impact
noise transmlssion, Lna’ for floors, all measured In 1/3-

octave bands.

The recommendations are stated 1n terms of categorles
of acoustical quality, defined by a series of [ive reference
curves for alrborne sound lnsulation and lsolation, and
three for impact sound insulation. The shape of these
curves 1s complicated and qulte unllke the IS0 curves.

(See Figure A-6). '

The quality categery 1s assigned to a construction
according to whether the measured curve is on the favorable
slde of a reference curve with no more than 1 dB average
unfavorable deviatlon in each of three Crequency ranges:
low (100 - 315 Hz), medium (400 - 1250 Hz), and high

(1600 ~ 3150 Hz).

Quality dategories of acoustical performance are
recommended for partitions and floors in dwellings, accord-
ing to the kinds of rooms they separate: living rooms,
bedrooms, kitchens, playrooms, bathrooms, stalrcases,
elevators, and even facades. For schools, distinetlon is
made between lecture rooms, study halls, reading rooms,
music rooms, gymnasliums, and facade walls. For offilces,
recommendations are made for managerial staff offices,
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boardrooms, typing (and other mechanical) rooms, and densely

populated offices.

In the recent draft revision [30a], this already com-
plicated set of categories 1s further refilned, such that
each category now exists in twe depgrees of quallty, one
recommended for "geod" acoustlcal guallty in the situations
where it 1s appropriate {see above), and another that is
regarded as a minlmum requirement, which the Housing
Ministry intends to incorporate in the Bullding Code [70].
Just when this will occur 1s another aquesfiion. Meanwhile,
the draft document 1s being used by architects as a useful

guide.

However, 1% 1s recognized that the mere lssuance of
recommendations for adequate sound isolation does not suffice
to achieve the desired goal., It 1is necessary to know how,
in practice, to reallze and maintain the proposed acoustilcal
quality. TFor example, choosing a partition with transmission
loss of a certaln quality category by no means assurés the
attainment of the same quality of noise level difference
between the rooms 1t separates in the finished building,

The Centre Scientlfique et Technique de la Constructlon,
in Brussels, has made fleld measurements in buildings to
evaluate the current state of sound lsolation in Belgilum
[72]. The results indlecate that quality category I is
practically impossible to achleve by an means; even
category II 1s very seldom achieved with simple walls in
finlshed bulldings. Double walls, although in theory they
might achieve category II, and Iln fact sometimes do 1n
laboratory tests, are always spoiled in the field by

Flanking transmission.
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In a series of twenty measurements of airborne scund

insuleation, wlth eight different types of wall, only one
test satisflied the requlrements of the Standard for category

1z,

Faced wlth the necegsity to conclude either that the
current Belglan Standard is too striect or that the acous-
tilcal quality of Belgian housing ls inadequate, 1t was
decided (by comparison of the Belglan Standard with
foreign Codes} that the latter concluslon was correct!
plte the use of traditlonal masonry construction, the
results cbtalned were mediocre, or even very bad [72],

Deg-

because of errors in construction.

The C. 5. T. C. 1is currently engapged in research to
develop light-welght double walls that can achieve the
desired sound isolation in buildings.

B.9 EAST GERMANY

'he reguirements for sound insulation in buildiﬁgﬂ in
the German Demoeratle Republle (DDR) are contalned in the
DDR Standard TQL 10687, Part 3, in a draft of March 1969
whleh became effectlve 1 Aprll 1971. Other parts of
thls Standard deal with acoustical definitions, permissible
noilse levels (in all kinds of locations), sound absorp-
tion, environmental‘noise, clity planning, etec., A second
DBR Standard, TGL 10688, dating from about the same time,
prescribes measurement metheds for a varlety of acoustleal
tests, and speclifleatlons for test equlpment, in ten
parts. We are concerned here only with TGL 10687, Part 3,
which has the status of national law for the sound insula-

tion requirements 1In bhulldings.

B-66
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The TGL Standards are enforced for new bﬁildings by the
Minlstry of Health from thelr date of i1ssue. Other laws
adopt the same acoustlcal requirements for exlsting bulld-

ings.

Sound insulation requlrements are prescribed for walls
and floors in meltifamily dwellings, apartments, hospitals,
sanitariums, schools, kindergartens, hostels, hotels and
guest houses, wilth differing requirements depending on the
kinds of room (bedroom, living room, kitchen, workroom,
bath, stalrecase, carridors, ete.). Speclal requirements
apply I'or such dwellings adjacent to offices, bars, club-
rooms, theaters, restaurants, and other especlally nolsy
places. Also, speclal airborne sound insulation regquire-
ments for the doors In these various establishments are
given. Suggestilions are offered for wall and floor con-
structlons that are deemed to comply with the reguirements.
Thus, the acoustical requirements are intended to apply to
all places where people live, work, or play.

Note that, in East Germany, an individual can build
only a single home for his own famlly; only the Government
can build large bulldings, such as spartment houses.

In East Berlin there are only twe large State—owned
construction companies: one concentrates on housing
development, the other on offlces, industrial builldings,
department stores, and the like. The plannlrg and siting
for these bulldings all takes place wilthin the construction
companies, and thus the whole Building Code enforcement

problem is simplified.

There are specilal construction companies, all belong-
ing to the State, that specilalize in power plants, chemlecal

industries, etec.
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Within the Bullding Minilstry, there is a department,
Staatlicher Bauaufslcht, ("Bullding Police") that reviews
all building drawings before constructlon, to assure com-
pliance wlth the standards (all standards, including
econamy, f'ire reslstance, static strength, and acousties....
last and leeast!) These bullding police personnel have
offices within the constructlon companies, to simplify
inspectlon of the drawlngs before construction and of the
bulldings when they are finished.

in the postéconstruction inspection, i1 the inspector
thinks there has been a mistake, he complains to his own
company, whieh then requests a field test to determine what

1s wrong.

Only a few Institutes are authorilzed to make field
tests on acoustles; therefore, not a great numbef of bulld-
ings are actually tested. Many more fleld tests would be
required to get anything like 100% fulfillment of the
building code requirements.

On the other hand, in East Germany there are only about
ten typiecal kinds of bullding constructlon. These were
bullt and tested extenslvely in experimental bulldings,
years ago. Complete acoustleal studies at that time
determined virtually all of thelr acoustical propertles
and likely hazards, before they were admitted for extensive
constructlon throughout the country. (In the experimental
bulldings, 20 to 50% of the poms would be tested.)

Accordingly, only a small number of finished bulldings
are tested nowadays as a matter of course.
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If a finlahed bullding should fail the sound insula-
tlion requirements, there would be a discussion between the
inspector and the construction company, and corrections
would be made IF 1t 1s economically possible. Otherwlse,
there would be an adjustment 1n the amount of rent, iIn
the following sense., The rent is normally pald by the
tenant to the Government; in case of a rent adjustment in
favor of the tenant for faulty sound isolatlon, the differ-
ence must be made up by the (Government-owned) construction
company, In a computed lump sum. Even though the construc~-
tlon companles are State-owned, they do earn money, some of
which goes intoe bonuses for the workers, but some of which
must he reserved for rental make-up, 1n case of fallure to

meet Code requirements.

The accustleal tests, whlech are usually made by the
Central Bullding Properties Institute of the East German
Bullding Academy, In EFast Berlin, must be paid for by
the construction company. The cost of acoustical treatment
necessary to comply wlibth the sound insulation standards
1s caleulated as part of the normal cost of the bullding.

There has been a distlnct trend toward improved scund
insulation since the war, as indicated in the results of
about fi1fty test measurements per year of impact sound
insulation in the period from 1960 to 1966. The number
of buildings in which the floors met the requlrement
{(E,, = + U dB) Iinecreased from about 30% in 1960 to 70-80%
in 1965/66. 1In the same period, the average value of
impact insulation index increased from -1 to +6 aB [73].

No systematle record of acoustical performance in

-bulldings is kept, however, elther for publie or government

consumption.
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About 30% of the bulldings tested nowadays fall to
meet the acoustieal requirements. This degree of compliance
is regarded as relatively high; it comes about because the
Government-owned constructlon company reliles on the acous-
tlcal advice of the Bauakademle, and automatically compliles
with it. The main difficultiles, as elsewhere, come from
flanking transmission due to errors in the constructilon,

B.10 SWITZERLAND
The Swiss Standard SIA 181 of 15 May 1970 [17], and a
draft revision dated 1B April 1972 [18] are described in
Appendlx A. Unfortunately, no information is available .
concerning the enforcement of these regulations or the

sucecess thereof.

B.1N CANADA

The Natlonal Building Code of Canada, 1970 [74],
requires that "walls and floors separating dwelling units
shall be designed to restrlect sound transmission" in con-
formance with a simple reqgulrement of STC 45 for all party
partitions.

A table of acoustical performance for various con-
structlons ls stated in terms of three quality classes:
I, IT and III. HRating I corresponds to STC 50 and is
considered good; rating IT corresponds to STC 45 ~ 50 and
is consldered falr; ratling IIT corresponds to STC less than
45 and 1s not acceptable for Code compliance.

Ne dnformatlon 1s avallable as to enforcement of the
Code. '

B.12 UNITED STATES

The only requlrements on sound insulation that apply
across the entire Unlted States are those of the Minimum
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Property Standards of the Federal Housing Adminitstratlon,
descrilbed in Appendlx A. Each of the regional FHA offices
1ls aliowed to exerclse 1ts own discretion in the enforement
of these requirements, however, and there i3 little unilform-
Ity in enforcement across the country. In general, it can
be said that the requirements are not actlvely enforced.

A number of other local jurisdictilons have nolse con-
trol requirements in their bullding cedes, as shown in
Table B.l [see separate sheet].

Enforcement is limited to inspection of the bullding

'drawings and, according to informal reports, barely

succeeds 1n avolding acoustlcal disasters, most of the
time.

"Oof all the complaints owners throughout the country
hear about postwar apartments, lack of sound proofing heads
the list most frequently. There isn't even a close
second [75]."

For more detail see Appendlx G.
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TABLE B.1
BUILDING CODE NOISE REQUIREMENTS IN USA:

FHA Minimum
Property Standards

Arcadia, Callf.

Monrovia, Calif.

Berkeley, Calif.

FHA FT/TS 24
Newark, N.dJ.

Los Angeles, Calif.

New Yorlc City

Unif'orm Bullding
Code

1974 State of

California

STC N0 to 55 depending
on outdoor nolse level
and type of rocma

AVG, TL = 50 dB

AVG. TL > U5 @B

STC 35 to U5
depending on rcoms

STC U6 to 60

STC 50 (1lah)
81C U5 (field)

STC 50 (lab)
STC 45 (field)
STC 26 (corridor doorg)

STC 50 (lab)
STC 48 (rield)

8TC 50 {lab)
8TC 45 (field)
STC 30 f{entrance doors)

8TC 50 (lab)
STC 45 (field)
STC 30 (corridor doors)

PARTY WALLS AND FLOORS

INR -8 to 45
depending on out~-
door nolse level
and type of rooms

Tapping loss
{undefined)

None

Norie
ITC 46 to 65

INR = 0 (IIC 52)(lab)
IRR = -S{IIC 47){field)

1IC 50 (lab)
Irc s (field)

INR = 0 (IIC52) (lab)
INR = -2 (IIC50)(fleld)

IIC 50 (lab)
IIC 45 (flexd)

IIC 50 (lab)
IIC 45 (fleld)

e
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APPENDIX c: Questionnaire Used In Interviews Loncerning
European Buflding Codes And Noise Ordinances

1

‘A, Official Documents {Texts)
1. Building Code (get complete text)
a) Includes noise levels indoors? outdoors?
2. MNoilse Ordinance (get complete text)
3. Valid at national, state or cilty level?
&) If more than one, are they consistent? If
not, which takes precedence? '

b |

+
-

W
-

I | :

e B, Status .
T e . " 1. Law or recommendation?
£ Lj 2. Affects dwellings only? Multi-family or single
; R house‘s‘i' ‘
gid 3. Qffices or other bulldings?
2?{3 c. En?orcehent . _ .
ﬁ : ‘ 1l. Who is responslble for enforcement? CGovernment
4 {n (local or national?) Builder? Other?
.t 2, Does filnancing or approval for bullding permilt

SR

SuE

depend on review of drawlngs? On prelimlnary
testa? On pllot tests of new construction
types? (Lab* or fleld tests?)

"Tests of completed bulldings to demonstrate

rineg
o -
[
w
»

compliance?

a) What ¥ of bulldings are tested?

b) What % of rooms in tested bulldings are
tested? ‘

What happens if bullding falls to comply with

requirement?

a) Corrective measures?

b) Adjustment of rentals?

is  Fx Ew
=

4

u 5. Is there special funding to meet the added cost of
' : necegsary acoustical treatment to meet require-
! [1 ment? to cover the cost of the tests to demon=-
b e

strate compliance?

#Is there a single offlecial testing laboratory?
. 1 '

—

R
I

7
1

P L P N
At ELn g . it

S L R T e 3 E e S




vy U

. |

e e g

i
o
b
4
¥

i
"

eger

R

PRSP TR T o 18

ALY

£

EN

Dl

Results

1.

2

off
1.

What % of bulldings tested fall to comply?

Is there a continuing record presented to the
government or to the people to show that current
bulldings are complying or are otherwise shown

to be satisfactory?
Is there a periodic summary of current status

of "privacy in homes"?
Are there records with which to check progress, or
"ups and downs" in success of nolse abatement

progfams?

the Record

What discrepancies between the "official position"’

and the actual situation?
What changes are being discussed or planned?

r
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APPENDIX D

NORMALIZATION AND IMPACT
NOISE LEVEL BANDWIDTH

IS S |

i1

- Thls Appendix presents a brief discussion of two

L '] toplcs that nearly always cause confusion:

L | 1. Normalization of the acoustlc test data
actually measured to a standard amount
of absorption (or a standard reverbera-~
tion time) in the receiving room.

2. The arbltrary practice 1in some countriles
of correcting Impact nolse data measured
in 1/3.cctavebands of frequency to levels
that correspond to cctave-band data.
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0.1, NORMALTZATION

The amount of noise produced in the receiving room
by sound generated 1n 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
receiving roem. If there are many carpets, draperies, up-~
holstered chairs and the like, the sound level there will
be less than if the room were bare or only sparsely fur~
nished. Since field measurements of partltions may be
made in all sorts of furnished apartments, there is a
certaln amount cf variatgon in mecasured walues, due only
to differences in the amount of absorption present in each

'case. In order to make a fair comparlson between the test

data and the criterion curve, thls variation must be
eliminated so that all measured data are comparable. This
1s accomplished by correcting the raw sound pressure levels
to the values that would have been measured with some stan-
dard condition of absorption in the recelving room.
Different countries have chosen different ways in which

to make this normalilzaticn: some of them, such as Sweden,
Switzerland, Austria, Belgium, Germany {(East and West), and
U.8.A, have settled upon a standard amount of sound
absorption (equal to 10 sg meters = 107.6 sa ft) in the
recelving room; others, such as Norway, Denmark, Great
Britain, France, The Netherlands, and Finland, normalize to
a standard receiving room reverberation time of 0.5 sec.
Nermalization to a standard reverberation time avolds the

- necesslty of calculating the volume of the receiving room.

It will now be shown that in rooms af ordlnary size,
there 1s 1little difference between these two kinds of
normalization: if we let the acoustical power level
radlated intoe the recelving room by the partition be rep-
resented by the symbol PWLO, then the average sound
preasure level {(SPL) in the recelving roomlis given by
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the formula?

_ !
SPL = PWL0 + 10 log 'y . (1)

where A (in Sabins or sg ft) is the amount of absorption
in the room. .

This expression confirms the statement made above con-
cerning the necessity to "normalize" all measured results.

. Por constant PWLO, as the absorption in the receiving room

increases, the second term on the right decreases and the
measured sound pressure level diminishes, and vice versa.

Equation (1) represents the average sound pressure
level found in any room having sound abserption A, when the
partition radiates a glven power level, PWL . Now, if we
denote by SPLA the "normalized" soungd pressure level that
would be found in a particular room with a standard amount
of absorption Ao, when the same power level PWLo is coming
through the partition, we have, analogous to equation (1):

SPL, = SPL + 10 log & = PWL_ + 10 log 2 + 10 1og &

A A, °© A Ag

or, substituting from eguation (1):
SPL, = SPL + 10 log & . (2)
Ay Ao

The term (10 log A } 18 & correction term, which can be
applied to the meaSured SPL in any room to obtaln the SPL

"mormalized to Ao"

0

Equatlon (1) can be rewrlitten to illustrate normalizing

to a standard reverberation time To The ¢lassical Sabine

*Adapted from Beranek, L.L., "Acoustics", Melraw~Hill, New

York {1954), p. 315, equation (10.64),
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formula for the reverberatlon time of a room in terms of
1ts volume  (in cu ft) and the sound absorption A (in
Sabins or sq f£t) in the room is*
_ 0.049 V
T = = (3)
If we substitute A from equation (3) into equation (1) we
get:

= 4 _ 4y m
SPL = PWL_ + 10 log 7 = PWL, + 10 log TNV .

For a standard reverberation time To, the nermaliced sound
pressure level (sti1ll for the same amount of power radlated
into the room) is

4o

a ) b
SPLTo PWL, *+ 10 log gon5v © PWL, + 10 log 55 TV
4+ 10 leg Eg
T

or, substituting from equation (4}

SPLy = SPL + 10 log T, . (5%
O —
T

Now (10 log Eg) 1s 2 correction term whlch can be applied
to the measu?ed SPL in any room to obtain the SPLT
"normalized to To". °

We now establish the relation between SPLA and SPLT
by rewriting equation (5), then adding and subt?acting the

quantity 10 log % :
o)

¥The English system 1s used throughout; the standard
absorption of A_ = 10 sq. m. 1s converted to sg {'t for use
in formulas; we use the "10 sq.m." because of the consis-
tency of the literature on this point.
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i SPL = 8PL 4+ 10 log "o + 10 log 5+ - 10 log = i
Voo T m A A [
| o ) T o o |
- , A TA §
. = 5PL'+ 10 log 5+ =~ 10 log .
- . . o le o Tofs
: SPL
i AO
!
i But from equation (2), SPL + 10 log § = SPL, and from
equation (3), TA = 0,049 V, so: A °
.
e R SPL,, = SPL, = 10 log 0.049 V (6)
' ! o ~o . T &_ :
Bl ° 0
- -Substituting the standard values of To and AD used in the :
ﬂ European codes, To = 0.5 sec and A, = 10 sq.m. (=107.6 sg . ;
imd ft) and rearranging, we finally have the desired relation '
i between the sound pressure levels, normalized in both v
G ways: k
f
RN SPL, = 8PL, = 10 log V . (73 :
} Aq To 3100 i
I;_ :
) ,
i by From this equation, we can find the size of reoom in :
E which the two klnds of normalization are exactly equivalent, 3
; Lg by setting SPL, = SPL, . This requires that 10 log V___ =
-0, or ¥V = 1,° The twd normalizations glve the samelloo 7
1100
: D numerlecal result if the recelving room volume 1s V = 1100

cu ft. The mean dimension of such a room is 10.32 ft, and
this is an ordinary size,

=

In a room of veolume greater than thls, the very same
measured sound pressure level, when normalized to A
10 sq.m. (as in Sweden, USA and Germany), will yleld a

i1

et
! higher number than if normalized to TO = 0.5 sec (as 1n 5
' Denmark, Great Britailn, Norway, Finland, France), by an }
T amount equal to {10 log V__ ) decibels. :
- 11060 : : :
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Therefore, in comparing the codes of Sweden, Swiltzer-
land, Austria, Belgium, and Germany with the Danish, Dutch,
Norwegian and French codes, the lformer are seen to be
relatively more severe by this amount for rooms larger than
1100 cu ft, and less severe for smaller rooms.

The amount ¢f the difference is shown in Flg. b.l. For
the typleal range of room volumes encountered in multl-
family dwellings, this difference ranges from -1.5 to +2.8
dB, a variation no greater than the uncertalnty of typlecal
fleld measurements. Therefore, Tor the purposes of this
report, we have made no attempt to convert all code require-
ments and measurements to one system of normalizatlon
(which would be impossible anyway, since the field-test
receiving~-room velumes were not always given in the pub-
lished data) but have treated all data as equivalent and
comparable, whichever normalizatlion was used.

D, CONFUSION OF IMPACT NOISE LEVELS VS BANDWIDTH

The reader must be warned that throughout the liter-
ature on impact nolse there runs a confuslon whiech traces
back to an unusual and illogical convention that, never-
theless, ls firmly based in the history of the subject.

In the early days, the electrical filters availlable
for analyzing the sound into different frequency bands
Wwere octave<=band fllters; these {llters separated the
audible spectrum into eight bands, each of them one octave
in width. 'Octave-band sound pressure levels," correspond-
ing to the acoustical energy present in each band, were
reported and plotted at the center frequency of these
octave bands in order to display the frequency spectrum
of the sound as a curve of sound pressure level vs

Trequency.
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In a room of volume V, the same measured value of
sound pressure level when normalized to a room
absorption, A,, of 10 m* {as in the German and
Swedish codes? will exceed the value normalized
to 2 standard reverberation time, T, of 0.5 sec
{as in the British, Danish, Norwegian, and
Finnish codes) by an amount shown on the ordinate
scale. For a room volume of 1100 ft? the
normalized sound pressure level 15 the same by
both methods no matter how much absorption is in
the receiving room. For {Targer) volumes, the
: \ smaller)
Swedith and German codes would be relatively gToreg
‘ 855

severe than the others.
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In later years, [llters were developed which broke the
frequency spectrum down into 1/3-octave bands, thus permit-
ting a more refined analysis of the spectrum. It is implicit
in this process that only one-~third as mueh energy is
passed through a 1/3-cctave band filter as through an octave
band fllter centered on the same frequency. As a result,

a spectrum analyzed Into 1/3-octave bands results in a lower

curve than one broken up into octave bands.

This 1=, illustrated in Flg. D.2. Meter #1 will read for
frequencies near fo a sound energy three times greater than
Meter #2, because the octave-band filter passes three times
as much energy at frequencies near fo as does the 1l/3-octave
band filter. But note that the 1/3-octave band analysis pro-

cedure will record in that same octave band two more readings

(for frequencles near rl and fz). Thgrefore, three values

are determined within the bhand where the octave-~band analysls
plots cnly one; the sum of the energles in these three 1/3-
getave bands, of course, adds up to the same amount of energy
as reglstered by the octave-band system., This three-fold
difference of energy between the two systems 1s equlvalent to
a difference of five declbels in sound pressure level., Typl~
cal results of octave band and 1/3-oectave band analysis are
shown for the eame notse in Fig., D.3; note that the reading in
each l/3-octave band is about 5 B (a factor of 3) lower, but
there are three times as many bands.

So far, the discusslon 1s generally valid for all

kinds of broadband noise. There 1s no problem with
measurements of alrborne sound lnsulation, because the same

bandwidth is always used for both source and receiving room
test data, and the 5 dB dlserepancy cancels out in forming

the level difference.

The difficulties arise with measurements of imbact
nolse insulatlon. No matter how a glven spectrum of
impact nolse has been analyzed, its level at each frequency

DRAFT



i
EJ .
| . ‘;,f//////////////////////A" o;:m\ée
% 4 st Sty SPECTRUM LEVEL OF
4 & Ly TAPPING S0UND IN
u 7 SENDING RooM 2 RECEIVING ROOM
. Z vz ND
7 2"
N ~ ? ; 55
. i 7 N[ TAPRINGY/, F o aobd
] é o LHACHINE [/ ; g
4 1
gl ://///,153;_\5 noﬂ'//’{j(/ :, % ;
Iy f
‘{"] / 7 {'0\\ ; . Do
L RECEIVING ROOM ¥ - ;
' SPL, 4
:] MIKENO.l  MIKE o2 [ FREQUENCY |
7 : |
D 7]
P [- W e g 4
. : ) d
:‘ j i I3 OCTAVE i
& , Py AMPLIFIER BAND ;
2 [ig [ FILTER 5
. kA | TUNED TO f, METER NO.2 i
i . L
] f ‘

' o
2| ‘L OCTAVE i
3 i AMPLIFIER BAND ;
FILTER i
‘ . i

TUNED TO#, METER NO,\

e T e TR R A T S T YT T T prap—

D FIG. D.2. COMPARISON OF IMPACT NOISE MEASUREMENTS IN OCTAVE
BANDS AND 1/3-0CTAVE BANDS.

|
!
! |
i
|
, !
. DRAFT |
i




|

-0V T A B

ECE

.-}

¥

W T T T T T T T 7 T T 1

60

70

/—DCTAVE BAND SPECTRUM

AL

/3 OCTAVE BAND SPECTR um—/
30 N

A QN
S

SOUND PRESSURE LEVEL DR RE 00002 DYNE/SCM?

Tm—1LF

NPT F N A | Lt Lt L
;5 ;:o 300 GO0 1200 2400
150 =] 600 1200 2400 4800
FREQUENCY BAND ~ CYCLES PER SECOND

l"'] FIG. D.3., COMPARISON OF THE SAME NOISE, AS MEASURED IN
- OCTAVE BANDS AND 1/3-0CTAVE BANDS.

:

i

7 -

. DRAF T

] -

L

AR b e




N LT LA T A 5h e b L VAL SO el AT e A ke T A e T TR

 EE

L ——

I

|

[N (R

Pl

I__!

]

_1

3 3 1

H

3

L}

[

|

15 supposcd to be checked for compllance against a criterlon
curve which {(as a matter of hilstory in most countries) 1s
expressed in terms of octave band levels, The possibility
for confusicon in the literature arises from differing
efforts to deal with thils requirement., In order to make the
1/3=-0ctave~band spectrum of impact noise of a test floor
comparable with the earller octave-band spectra, It was
agreed conventionally to correct all 1/3-~occtave-~band
analyses by adding five declbels at each frequency, so¢ that
(for example, in Fig. D.3) the two spectrum curves would lie
roughly on top ol each other; then both curves can be
directly compared with the octave band erlterlon curve.

This arbitrary conventlon results 1n a contradlctory
situation where two spectra, one plotted at occtave~band
center frequencles with octave-band levels, and the other
plotted at 1l/3-octave-band frequencies but corrected (by
adding 5 dB) to octave-band levels, even though they
represent exactly the same sound, do not, when added up,
agree in the total amount of energy represented. The
1/3~0ctave hand spectrum adds up to an overall level that
is 5 dB hilgher than the overall level derived from the
octave=band spectrum of the same Impact sound.

Moreover, the confusion 1s compounded because not all
of the countrles have adopted the same convention. Some
countries* plot lmpact spectra wlth occtave~band levels
at octave-band frequencles; some** with octave-band levels
at 1/3-occtave-band frequencies, according to the convention,
just described, of arbitrarily adding 5 decibels to'the

* e.g., the Dutch and sometimes the British.
% e.p,, the Germans (East and West), the British, the

Austrians, the Belglans, the Swilss, and the Natlonal
Bureau of Standards in the U.S.A.

DRAF

PR

oL

—— .

VAN S-SR <7 <mafepeti




i Y B ST T

L .

R

r

S I S N A

.21

—1

- Y - |

-

measured 1/3-octave band levels; but otheprsh*# plot 1/3~
octave~band levels at 1l/3-octave-band frequencies without

making the arbitrary correction.

One must be very cautlous in reading the literature
to be sure at all times exactly whleh convention 1s being
followed in reporting {or specifyilng requirements for)

impact noise levels.

##4 o, p,, the Swedish, the Danish, the Freneh, the Finnish,
and the Norweglans.
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Sound Insulation Requirements between Dwellings

- by Ove Buanot

LX]
i
J_ ‘
t In a number of countries it has. during more than the past twa decares, heenme necessary
to introduce acoustic insulation specifications for farted dwellings, The reasons for this are
' several, One is that modern flats get poor insulation if such directives are not enforced one
| way ot another, In many countries fluls are no langer built the teaditional way with thick
and heavy floors and walls but instead they are erected by modern prefab methads which

' usually imply reduced mass and thickness for the sound insulating barriers between the

flats, Even then o good insulation may be obtained but only by o very careful planning of

the buildings, However, many building designers have little o no acoustic training to solve

) this problem and it is simply ignored in most cases if no acoustic requirements exist.

b Tt is not necessary te remind the readers that the number and power of acoustic sources in

I flats have grown tremendously also and thus stress the need for insulation between neigh-

bours.

We do not expeet this problem to be taken se seriously in countries where most people live

. in their own house, But in England where only 5% of dwellings were built as fints between

: the two great ways, acoustic recommundations were Issued during the 1950-ivs nevertheless
and they seem to be developing into strict requirements in Scotlnd where a tradition for
living in Mats exists, Such is also the case in the colder ¢limates of Scandinavia—it is not at
all surprising shat Sweden where 739} of the dwellings produced arc flats {1961) was nmong
the first countries to introduce insulation requiremenis.

. If we do not want our cities to grow enormously we simply huve to build flats in place of
houses. But peaple will nat want to remain in their flats il we do not salve the sound insula-
tion problem,

For such reasons nnd others acoustic specifications have now been introduced in at least 13
countries, I shall try to review the international situation within this field.

1 4V dd

' Do the inswlation requivements give us enough protection?

When the fiest proposals for scoustic requirements were made in Germany in 1938 1 little
was kpown as to how much insulation is required between two flats, Qur theoretical and
! experimental knowledge was to a great extent limited to laboratory canditions for partitiens
} and Neors, It became necessary to estimate what was required.
! As to airborne souud the choice fell on the insulation equivalent to that provided by n 25 em
plastered brickwall, Thus, the first requirements were expressed ns minimum average figures

ll!:l v !,-.-!‘;-‘ ‘!’ﬁ’ L L 3 =N
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principally based on Iaboratory measurements on this brickwill, The Trequency range
chosen was nearly the same as we have today: 100-3000 Hz. In Scandinavia the szme esti-
mation was nlso made and the same expressions used when requirements were introduced
here shortly after the war, * '
Hewever, the brickwall was often replaced by ether types of partitions, very often light-
weight donble walls in lighter prefabricated buildings. Tt was then easy to get 4 very high
average figure, especially if' it was mensured in a laboratory with good erafimanship and no
flanking transmission, But, the result in the field as experienced by the tenant was not judged
to be equally goad, It was thought necessary 1o express the required insulation rol as an
average figure for the whole frequency range but as n curve, bused on octuve or ly-octive
intervals, a grading eurve, Thus constructions with a high nverage insulation based on the
insulation curve of the double wall as in fig. 1 would not be permitted, Also the realities of°
fleld conditions were taken care of in introducing requirements based on field results and
Intended for ficld control,
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Frequency, Hz

TIn Germany, a new single figure, the Schallschutzmass, was proposed 1o replace the average
arithmetical figure !, For airborne sound, the figure Luftschnllsehutzmnss (LSM) was bascd
on the proposed grading cutves; it is the number of dB's that o mensured eurve has to be
lifted or lowered in order to satisfy the required grading curve. LSM becomes 0 i’ the
requirenent is exnetly satisfied, has positive and rising figures for accepied insulation curves
but negative for insulation below the grading curve. Similar figures were proposed for the
impact sound insulation, Trittschallschutzmass (TSM).
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Even with these refinements, the background was still the same assumption that the 25 cm
brickwall had sufficient insulation. The grading curve, firsi introduced in Germany ufter the
war, was based on a number of luborntory and field measurements on this type of wall.
However, with changing building technique towards prefabs in some countries one might
ask why the insulation provided by this brickwall should be a divine answer to the need for
acoustic protection as interpreted in the laboratory as well as in the actunl buildings in the
form as average figure and as minimim curve with the correct value at all frequency bands.
We have had a similar development for the requirements on jmpact sound insulation,
However, in this cuse different countries have apparently not had a common copstruction
to suppose wus adequate as with the brickwall for airborne Insulation, 1t scems that in each
country a chojce has been made between current floor constructions and the better of them
have become the standurd and this has jead 1o o much greater spread in requirements for
impact insulation compared with airborne insulation, fig. 2, So even more for impact insu-
lation the question may be raised: *Which is the “right” answer for adequate protection

uE pact noises?" ,
mcthud to find cut an answer to these questions is simply to ask people living in
flalswhat they think about the acoustic insulation against the neise in the other fats and
then-pake an objective measurement of the insulation in order to find out what the answer
mdB-rcqulrcmcnrs. It sounds very easy, butin fact it is not the easiest woy to do it,
THE twed for ncoustic insulation may vary much from family to family. Some families
produce a lot al sound with radies, TV:s, children and many more sourees and do not care
mutteabout the noise they may hear from the neighbours in pauses between their own
nojsesrand they may be honestly surprised if they get noise complaints from their neigh-
tours, Some familics may be at the other extreme; producing very little sound themselves
a creating no masking to the aeighbours® noises which may upset them very muely
and perhpps disturb rest and sleep thereby leading tostrang compluints abeut the insulation,
Of preat impertance is also the outside background noise level, with traftic as the main
source: u;high level leads to masking of the interior nofses and thus an impression that the
mund_mi' ulation is good.

For thesd and many more reasons it is of no use to make such a survey on a little seale if
anything uscful shall be concluded, The survey must comprise several hundreds of flats,
carcfully scleeted Lo give a typical picture of the numerous variations in the hunan reaction
and activity and the abjective sound fnsulation, In practice it is not really possible to get
enough material to answer all the questions one might like ta have answered.

Such social surveys have been enrried out in England, Helland, Norway and Sweden P 4.
8,9, 7, The English surveys shall be bricfly reviewed. In a Ratsurvey the materinl was divided
in 3 proups of fMats with a difference in floor insulation of roughly 5 dB¥ between each group,
but having the same insulation in the horizontal direction. In o similar survey fer row
houses the materiul was divided in 2 groups, one having an average airborne insulation be-
tween neighbouring houses of 50 dB, the other with an insuiation of 55 dB, These'dwellings
were all ehosen amongst local authority houses or fats which, as [ understand, means that
they nre built in an economic way in order that people with 1 low income can afferd to live
there, The resulis are therefore, s pointed out by the investigatars, not necessarily valid for
other sorts of dwellings with higher rent and standard, o

SOUND INSULATION REQUIREMENTS BETWEEN DWELLINGS

In the row honses only the airborne sound insulation in the horizontal direction was v
ured, The two groups, comprising 250 pairs of houses, each had, us mentioned, nn ave
insulation of 50 and 55 dB, for n single, plastered 25 em brickwall and for o double wa
twa leaves of 11 cm brick and an airspace of 5 em, respectively. The insulation cu
reported from field measurements on these two walls arce given on fig. 3, It was found

there was no distinguishable difference in the disturbance in the two groups of houses
the difference in Insulation Is found primarily at high frequencies it wns concluded

dB 100

-
o

hirborne insulation {Dos)

40
30 iz ]
- [t brest
|,..._d —«__-'-‘-- Fig. 3. Afrbarme fnwalatlon (0
[T - —1% for 1he English party wally &n
| 1T 171 sochal suevey, Average af twe
ane 21 ¢ sclid brick walls
I 1
N dve 2T cm cavity hrick wall:

0' SEOm g U B THOIE ey o g N R gy BB 10 e gy 130 W e hoUBE.
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better high-frequency insulation, obtained with & double wall, gives no appreciuble advi
tage for the tenants, This is explained by the fact that it is the low and medium [requenc
that are heard through walls as such frequency companents dominate in the source which:
verified by other investigations,

These results were ready at about the same time as the first grading curves, still based an t
insulation of the 25 em brickwall, were proposed in Germany, As the same type of w.
wis conclided to be sufficient for row houses in England, even here o grading curve w
used based also on the brickwall, The two grading ctrves do not ngree very well as so
from fig, 4,

‘The English social surveys in flats comprised 3 groups of about 1500 flats arranged nccor
ing to differeat Moot insulations for both nirborne and impact sound, As mentioned befo
the average floar insulation differed 5 B between each of the 3 groups while the horizont
eirborne insulation was cquivalent to a 25 cm plistered brickwall, L.e. roughly 50 di3

average, Group [ had an average alrborne insulution of 49 dB, Group U 44 and Group [
39 dB. Insulation curves for the Group I-HT foors are given in fig. 5. The difference b
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twepn these insulation Groups is so big that one expeets o clear Indication of annoyance,

least in G .[)up 1. The results of the survey did also verify this expectation for the Groups [

and T1: In ke flest Geoup 2245 sald they were disturbed by the noise, in the second Group

the number of disturbed increased to 36%%. In Group 111 this number surprisingly decrensed

to 219, Tlifs unexpected relative satisfaction with acoustic insulition was explrined by the
f th-rrri“

(1953},

fac| » tenants in Group 111 previousty had had very bad dwellings and stili scemed to
compare the present improved conditions with their preceding living canditions.

In Grotip I nojse from the neighbouring flats was no more annoying than so much clse
attached to living in a fat—as mentioned before England is not n country where it is con-
sidered o paturaf thing to live in a Nat in place of a traditional house. In Group II Nats noise
was one of the bigpest disturbances, Another measure for these Groups is that in Group [
only 7% did not complain of anything, while this figure in Group It increased to 14%, and
in the immune Group 111 these uncomplaining people were no less than 42%. This last
Group was not used as o basis (or recommendation ug its tennnts were uncritical in gencral.
1t was concluded from this survey that the insulation obtained with the floors in Group 1
flats should be used as & minimum recommendation for flatted dwellings, as these fenants
apparently equally complained about noise as so much else In the Muts, The average Insu-
lation curve wns somewhat simplificd, fig. 6, and was called Grade L.

A grade [[ was defined as a 6 d13 lower curve at all frequencies. [t was stated when employ-
Ing this Grade that the tenants must be expecled to find their neighbours noise the worst
thing to endure in the fats, -'
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It must be recalled when using Grade I for planning a block of flats that noisc then is con-
sidered equally bad ns draught, dampness, faults in the henting system ete. Il we get rid of
such shortcomings—-which must be quite casy in a modern flat—one must expect that the
camplaints against the sound insulation increase. Also it should be remembered that this
Group of fAats was taken amongst local suthority flats with, perhaps, refatively uncritieal
tenants, Je must finally be remembered that flats are not the traditional type of dwellings for
un Englishman and he may not eantplain so much because he considers his Mat as only &
provisional state before finding his definite dwelling in a house. Apparently, the Grade |
recommendation cunnot be expected to glve a very good acoustic protection for the tenants,
A few results from the Swedish survey complete this picture, Tt was carried out in nbout
500 Mats at about the sitme time independantly of the British surveys. As a criterion for the
airborne insulation the average figure in the range 100-3200 Hz was used, which s possible
because very few of the walls or floors showed anomalics in the insulation curves as they
were heavy, single leaf constructions, It was found that amongst people In flats with an
averapge airbarne insulation of about 45 dB 219, were disturbed by the neighbours airborne
sounds, For flats with an insulation of 48-50 dU—roughly equivalent to the 25 em brick-
wall—169; expressed dissatisfaction with the airborne insulation, At the highest insulation,
50-55 dB, only 7% were disturbed by these sources, '

From these surveys we see that o decent protection is gained against nirborne noise with the
traditional brickwall, but we can hardly expect that this standard of protection is to be
considered sufticient when the general standard of flats s raised. This is especially the case
in countrics where the flatted dwellings tend to dominate and people do not consider o flat
as u provisionad place to live. Also the noise sources scem to increase in nmber and power
and this increases the need for airborne insuladion,

Most specifications for noise protection are now expressed as o prading curve, As stated
before a grading curve based on the measured insulition for a 25 cm plastered brickwall is
nat necessarily the correct answer at all frequencies, even if such an assumption may serve
us well for a provisional standurd. To find out what is the carrect curve is, however, not
casy. It can hardly be done with the same sort of social surveys as the ones mentioned, be-
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catsse we then need a very big material and we should have to ask people about frequency
distribution ete. in terms that they are not familiar with, Other methods must be found,

Onc method has been used by v, den Eijk in Holland. ' He uses the fuet that padio and
TY¥-sets are the most annoying noise sourees in flats and in order to find out how much
insulation is needed he makes field studies on the time and frequency distribution of radio
sounds in the source room in dwellings, He presents the results of such studics of 17 morn-
ings and afternoons in fig, 7. Then he requires the level in the receiving roem (o be 0 phon

Fig. 8, Required airbarne sound fnwlapion baed on o disturbing
neighbour's midicr feve) surpasaing 0 phons dwing, In the mean,
4,10, 20, 30,40 or 50 per ccnt ol the tme. For comparises he
German (Soll-Kugpved and the Beltajsh (Grade | and 113 cequire-
menis for dwellings wro ndded (v, den Gifk),

&0 1600 J200
Freguonty L

Fig. 9. Required airbarme snund Insularion awed on o disturbing
neiphhour's radia Jevel surpassing 20 phenss durlng, in the mean,
3, 10, 20, 30, 40 o 50 percent of the time, For compurison the
German (Soll-Kurve} and the Orirelsh ¢Grade | and 11} cequlten
menty for dwellings aro added {v. den EiJk),
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N
using the Fleteher-Munson 0-phon contures for pure tones, In this way he can get the shapr
of required level difference. As this requirement js very high he gels curves that lie very
much higher than the present grading curves in Germany and Great Britain, fig. 8, He finds
it more realistic to ask for a reduction ta the 20 phon-contours, This leads to required level
differences which by comparisen with the German grading curve can be reached with the
traditional brickwall, fig. 9. As nermal insulation curves are less steep below 400 Hz and
usually incrense above this frequency he raises the question if there is any nced 1o have
requirements cutside the important frequency range 460~-800 Mz, Fasold, Germany, pets
similar results, ¥

The correct shape of the prading curves have also been studied by Rademacher and Venzke,
Germany, "™ They simulate the insulation curves of the walls with electric filters and ar-
range a receiving room similar to a normal dwetling roomy In volume and acoustics, The
observers ender this room one by one and listen to different complex sounds from loud-
speakers, filtered through the “wall” filters, and compare the Joudness witls a thied-octave
bund of random noise centered around 1000 Haz, The selected source sounds are male and
female speech, music and random neise of different band widths—all with little dynamics
to make it easier for the observers to compare with the 1000 Hz random noise.

With this technique they demanstrate haw different insulation curves influence the loudness
of typieal sounds in a receiving room. For each type of sound they ask the observers to
compare the loudness of the sound filtered through different wall filiers. The results of
these subjective judgements are then compared with dilferent objective figures such as the
average arithmetical insulation #nd diflerent German Luftschulischutzmass based ob a
aumber of grading curves, Including the one in use and others proposed in Germany, They
find that quite dilferent grading curves can be used as a basis for the Schutzmass without
appreciably chinging this ehjective measure compared with the subjective one based on
loudness. Even the average figure scems to follow the subjective measure surprisingly well,
fig. 10, This fact is further studied and scems to be explained by the phenomena that two
frequency ranges with good and bad insulation can compensate each other, This is further
studied with the wallfilters as examplified in fig. 11, The higher Insulation of K at medium

] T T
& ¥ = Average ligyre
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;E ® a7 Fig. 10, Example from Rademacher and Ventse™s wask (1°), Far
"EI e taped musie, listeners have judged 1he equal Joudness (pheast) of
o ks souns) which ihey Hstened to ¥behind™ difeeeny walls, evilu
T 0 35 ared by the average figure B of the Lulischallichuizmass LSM.

All tesults are reduced to tha case of 25 cm brickwal) {0 40 and

w
Lovdnges, phamen, dighet than whea Batising thraegh
0 phone), .

2% 1w brighutann wa'}



db 20

]
o
P

Relotiv octove tevel

1
“30” 1M gp WP U qon (R NE M g (B B on 11 e g IV 1 oy diem e ey
"Aﬂq‘l:en:y. Hz

dB o

e

i
=

-
o

Airborne insulotion, R
w
=

-
o

»
=

frequency, Hz

S TAPIRICE R L

) WO nll lnmm (L T N L] .munumlnam-mm-m

Fla. t1, When the ubservers
listenad ta “coloured" noisw,
see A, through the wall fil-
ters wmiith the responses B
b dRoctavey and K, sea B,
it was judged to be cyually
Igml. The average figure
R and Lultschallichutzmars
LSM are far Fi 1L w 49 dH,
LMS w 0 dl, for K: 1T =
50 ¢ pad LATS = 2485,

~r

SOUND INSULATION REQUIREMENTS NETWEEN DWELLINGS o 4

frequencies seems to be compensaled by the better insulation of F at frequencies nboy
1600 Hz so that the two loudnesses are alike, This result is most interesting as the mail
objections against the classical average figure have been its unrealisticly high values fo
steep insulation curves, It must be remembered that these results have been obtuined ae
cording to toudness levels judged at 20-30 dB higher levels in the receiving room comparer
with what is usually experienced in a dwelling roam, When one is exposed 1o the sound il
4 building some of the frequency range of the neighbours sound may be mnsked by th
backgraund naise and we dn not knew the distribution in time and frequeney of thi
masking noise.

That the background noise must be very important for the judgement of the interio
insulation is demonsirated for instance in the Swedish social survey mentioned above, FHen
the flats were put into 3 groups according to the exposure (o outdoor noise—the noise wa.
characterized as 1) high level, 2} normal town level and 3) low ar very low noise level, Ty
tenants who said they were annoyed by the outdoor noise were 19, 13 and 6% for th
Groups [)-3) respectively, When they were nsked nbout the nnnoyance eaused by nois
from other Mats the percentage disturbed were 26, 42 and 509, for the same 3 groups 1)-3)
a very clear indicution of the influence of the outdaor noise on the subjective experience o
indoor insulation,

As 1o impact sound insnlation our knowledge is so far quite limited. From the English sur.
veys in flats we could draw some conclusions which Jead to Grado [ and Il with similat
remarks as for nicborne sound insulation, Tt was also concluded that the light wooden
flaars had not sufficient impact insulition, even if Group 11 was not aware of insulations
defects. As 1 malter of fact, in England it was recammended to use foating, concrete Noors
in order to sntisfy Gradte [, even if usually a Noating floor well done should give more in-
sulation than the required curve, From the Dutel survey we can conclude that the light
floass and especinlly the light wooden floors are not usually sufficient for impact insulation,
Finally the Swedish survey indicates that impact sounds do not seem ta be a big problem if
we use solid concrete floors, For tenants with floars without u separate screeding course
only 796 were disturbed by impact sounds. This percentage felt to 29 for iloors with a
fioating course ona mineral wool mat, Remembering thal in the same survay the percentage
of people who were annayed by airborne sounds was 16——when airborne insulation requires
ments were just satisficd—one must conclude that hupact sound insulation is not & big
problem if the floors are not expecially light as ¢.g, wooden oors, This is perhaps also the
explanntion why grading curves for impact insulation in different countries vary so much,
It thus scems that the present requirements give usa modernte protection against the neigh-
botrs' naise, at least for airborne noise; probibly some more insulation is required, espe-
cially at the low and medium frequencies, but investigations made on the frequency response
hive used loudness and not annoyance as & subjective ctiterfon for sound insulation, Further
masking has not been considered. We have litile evidence about how closely the present
pradling curves must be followed before the tenants are aware of such a change, Grading
curves can hardly be taken as more than a rough indicution as 1o what sort of insulation
curves we want, It is probably 100 early to establish new single figures based on such grading
curves as they may have to be changed as new research results appear.
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How is ,,sound insulation’ defined? o

As mentioned before the first insulation specifications geew out of studies in traditional
transmission laboratories where only the direct sound reduction factor for o test panel is
measured. For such tests we have a very reliable measuring method whicl we have agreed
upon In the International Standardization Crganization, 5! We determing the airborne
sound reduction faclor R in measuring the level difference AL between two neighbouring
rooms divided by the test panel of area S the absorption A in the receiving room and thus
get R from the formula: '

&= AL 1Dlog A!5 dB ' -

This formulu is vatid if all seund in the receiving room Is transmitted through the test pane.
Also, difTuse fields are required in the rooms, Such conditions urg not difficult 1o satisfy ina
stationary laboratary, But we want to make the specifications in building codes valid also
for the ficld. If we could only test ar check in the laboratorics rules would be of little value
and ' not gain much respect in practice, '’

But & apect 1o have enough diffuse scund fields in normul dwelling rooms, furnished
or unfirnished to muke sensitive measurements? Can we use the same relationship between
level-di e and the reduction factor as Is used in the laboratory according to the formula
nbov;’.’/‘r@) we have more practical relationships to base our requirements en?

A3 aThattet’of foct, it is easier to make relinble measurements in dwelling rooms thin one
might expect. OF course we do have some troubles at very low frequencies when the room
dime are of about the same size as the wavelength, Usually not mere in a furnished
raom in 2 smaller Taboratory as we get some diffusion from the furniture. At bigher
frequencies we expect to get dilficultivs us the porous damping of the higher frequencivs tend
to mIkeIRe field Jook like a free field in place of a diffuse field. Gésele ©'* in Germany has,
howcvcr.l shan, that we do measure one or two dB higher levels in the pressure ficld in the
receiving room, but il we correct to a constant absorption we get too fow values for the
absorption determined from the Snbine fortula and fram short reverberation limes, which
curnpnm%l’or the error in the level measurcments. He showed that by changing the
reverberatioh time in the receiving room from less than 0.5 seconds to more than 3 secands
the corrected impact sound level changed less thap 2 dB at the individual frequencies for the
same floor, .

In one sense there isn great difference between the labaratory and fichd conditions: we can-
fot guarantee that the sound in the receiving room has arrived only through the partition or
the floor in the building. Rather it is so, that a good deal s transmitted through Nanking
clements, flanking transmission, OF course, we can still use the same formula above, but
then we must Include the flanking transmitted sound in the reduction factor (which is then
nominated I*) if we still take S as the arca of the common surfuce for source and receiving
room, This method is used with success in e.g. the Germnn requirements and its advantage
les in its simplicity for the huilding designers ns we shall sce.

I'n some other building codes the level difference is used as a measure for sound insulation
In a dwelling, but this magnitude must be normalized in one way or another, IT we only
nsed the level difference in a requirement, sound insulution weuld depend on the acoustics
of the receiving room, Il we increase the amount of gbsorption we get an apparent increase
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of the sound insulution abserved in the diffuse field of the recciving room, We then have the
possibility to correct to a certain time of reverberation or to an absorption of the dwelling
rooms, What is to be preferred ?

In order to answer this question same reverberation measurements liave been made in e.g.
England and Denmark, (% It might be expecied that the reverberation time increases with
the room volume as we know is the case for classical concert rooms. This is also the ease fot
unfurnished raoms and for rooms with little furpiture, but not for furnished rooms, For
living~rooms Larris found that the reverberation time varied only between 0,35 and 0.7
seconds with an average value around 0.5 seconds when the room volume viried lrom 19
to 118 m¥ fig. 12, For the same furnishied rooms the absorption computed from Sabine's
formula virried from 6.5 to 38 m®, This is explained by the fact that the prineipal absorption
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in living-rooms such as stuffed furniture and mats is conrected with the flaor, When the
floor area increnses with the volume the absorption must also increase und thus il is casy to
show [or o rather constant density of furniture the reverberation time must be qilte con-
stant, This is less true in bed-rooms where the total furniture is more constant, fig, 13, The
frequency dependance hus o peak in the mean frequency range, as the low frequency
nl;snrglion is procured by panel absorbents and the high frequency absorption by poraus
absorbents. '
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If we stare Jlmr. a dwelling room has a reverberation time of 0.5 seconds we must have in
mind that this Is primarily so for living-rooms, less far bed-rooms—whic in some countries
tend to disappear in smaller flats—and it is not the case for rooms like kitehens, bath-roonss,
halts and similar rooms with little or no furniture where we expeet the reverberation time to
Increase with the volume,

The fact that the reverberation time in a furnished living-room is neatly constant inde-
pendent of volume has Jead some countrics to use the level difference normalized to the
reverberation lime of 0.5 seconds as a basis for insulation specifications, Thus this required
feve) dilference Dy 5 Is defined as:

Dys = AL 4 10log 7/0.5 d1}
In this way the required level difTerence and also the measured one is # true pleture of the
observed level difference when having a living-room as a receiving room, & very linpertant

practical case in fats,
This normalized level difference is then a result of the reduction fuctor R* of the common
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surfice 5 between two neighbouring reoms and the flanking transmitted sound from othe
surfuces, This is quite easy to understand for building planners without acoustic training
butitis in practice not always so casy to evalunte, not even when flanking transmission e
be neglected, The fact is that Dy 5 also depends on the velume ¥ of the receiving roon
which we see in expressing Dy 5 as a function of &% '

A2,V
DD.;’: = R + 1o ’Dg (O—S—j-) dB

It will be noticed that this measure is not reciprocal i used between two rooms with differen
volumes; the building designer may suspect that sound insulation of a structure is no
reciprocal, So the direction of the measured level difTerence imust be stated in the reports
If we choose to normalize 1o a constant absorption we do not get this drawback, Thi:
measure Dy, which has been standardized by IS0 for field measurements is then defined as

Dyy = AL — 10 log A/10 dB

thus normalizing the leve] difTerence to a reference absorption in the receiving room of
10 m® If we express this measure by R* and the common surface of two neighbouring
rooms wo get:

Dyg = R - 10 1op 10/5 dB

leaving to the building plinner to make his caleulations based upon the insulation R' with
or without flanking transmission and the size S of the teansmitting clement.

Of course also this definition has its drawbacks. For instance, for big rooms separated by
big surface areas this correetion pives a false picture of the real insulition when the rooms
are normally furnished, We correct then to a much smaller absorption and neglect that the
real absorption is bigger, When we use the same value of Dy, for all room sizes in dwellings
—which we must for the sake of simplicity—the requiremems tend to be too rigourous for
big rooms and perhaps too mild for smatl rooms, The trend should of course be in the
opposite direction, .

Both Dy 5 and £y, are of course a little difficult to handle for the architect or builder with
little ncoustic training. To simiplify this planning it may be beticr to specify permitted
partitions, floers eie. In the building codes, completely omitting acoustic specifications, The
drawback of this method is that it may put a brake on the development of building con-
structions and in many cases it is difficult to give informatian of all the permitied combi-
nations of e.g. partitions and joining elements, What is usually preferred is bodl an acoustic
tequirement somehiow in dB and o number of examples demonstrating how to satisly the
requirements,

Some countries have like Germiany preferred to simplify the specifications and also the
planning by using the same reduction factor as in the laberatory, here nominated by R,
The planner then need pay no attention to variations in wall surface or room volume, but
can simply refer to measuring reports from the identical constructions, cven combined
with the right joining constructions. Then the requirements must be adjusted to cover even
big surfaces, One of the only drawbacks of this principle is that it cunnot be uscd for cases
where 2 common surfnce 5 between two rooms are not defined, ¢.g. between a living-room
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and n staircase, Tt may also be o bit disturbing o attribute all defects of for instance a bad
ouler wall to the common surface S, In Germany laboratorics have been built to measure
R for rooms with flanking walls but stili referring to a constant areq of the partidn, here
mueh better insulated than the flarking construction.

The three existing definitions on airborne sound insulation, R, Dygand Dy, may lead to
quite different results when the same figures are required us some examples will show,
IT we require L2, and R* to be equally big for the same case the wall surface must be 10 n™,
If we even demand Dy, to equalize Dy 5 for horizontal insulation the volume af the receiving
room must be 31,3 m®, For a room height of 2.5 m we thus get a standared receivipg room

[

with the dimensions 4 x 3.1 % 2,5 m?, which is quitc n normal roam in a modern flat, But
quite big deviations from these dimensions may eccur. . .
1f we look at quite o big room with the Noor size of 8.0 % 3.1 m* and stundard height of
2.5 m, we get the following differences (vertical insulation):
Dys— R =6dB
U D, —R =3dB .
Py — Dyy=9dB '
IT wo-tytato small rooms the diiferences are usually not quite us big. A minimum standard
ﬂoScandinnviun bed-room is about 2.1 X 3,3 m® With the room: height of 2.5 m
and-Tehieal transmission we get: . )
bys;— R 0.25dR
]> Dy — R =28 dB
Du._l;-" DII‘I = 2% dB
de'm soune transmission we have Iuckil‘y only twa alternatives for definitions, One of
these if tofrefer the measured leved in the receiving room to 0.5 scconds fur the same reason

as for airborne insulation. This leads to the definition:
Lps= L - 10log 0.5/T dB

Unlike Bz we have no such drawback ns lack of recipracity beeause the direction of
transmission is given,
The other aliernative which is recommended by 10 lor field and Inboratory measurenients
is to carrect to 10 m* of absorption:

Ly = L - 101og /10 d3

Path these nlternatives have the drawback that we get a higher fgure for decrensing insuls-
tion, but this dissdvantage does not seem ta bother building planners so mucly as they
apparently quickly get used to it . o ) ’

Obviously, we get cases when these two definitions give different figures, even il the d‘lﬂ'ﬂr-
ence Is ot so big as for the measuras for airborne sound. Still we get the same figure if the
room volume is 31,3 m¥ which means a floor size of 12,5 m* for the room height of 2.5 m,
A preat mujority of modern flats have floar sizes of this order, If the floar increases to 25 m?
the difference is 3 dB3. A small roam has the size of abaut 6 m¥ which still gives usa difTer-

ence of about 3 dB,
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It is cusy to show that a correction to a constant absarptian is the same thing as to assume
a constant power from the ceiling independently of its size, Thus we should get the same
tesults for the same flaor construction even if we measure on dilferent floor urens, This
seems to be the case for floor sizes in the range from 6-25 m® according to German @9
{(Gosele) and Swedish measurements. Thus Lyy would seem to be a good pliysical magni-
tude, but with corrections not fitted for the normual ncoustics in Yivingsrooms as for Dy,
We ean also show shat the correction to a constant time of reverberation as for D 4 s the
same as to assume i radinted power from the ceiling prowing with its surface. This measure
then has the advantage to follow the variation in room volume ss is done in furnished
rooms but it has as mentioned i1s physical disadvantages,

Gbviousty, tie three definitions for aitbuese suund insuiiions ad e tvo Jor impaet sound
have its advantages and disadvantages and it is a matter of taste which is 1o be preferred,
However, it should be o step forward if we could agree internationally on this subject in
order to reduce confusion,

Insulation vequivements or recommendations in different countries

In the preceding sections we have Jooked o little at the present background and teemi-
nology for insubation requirement. Let us now loek at some of the principles used in dif-
ferent countrics for acoustic specifications, A detailed repart js being prepared by 150,
In seme countries such specifications are presented as regrirements, in others as reconmiet-
dations, There may be linle difference in practice, The recommendations way have much
stronger pawer than strict requirements which may be only writting table products com-
pletely ignored by building designers. The advantage with recommendations is that the
real acoustic claim may be expressed without too much compromize with other factors
front the very start, An example of this is the British Grade [ recommendation for impact
naise which is based on floating floors. In Austria o 5 dI higher Luftschallschutzninss
(based on the Germian Sollkurve) is recommended, Germany gives us a good example with
requirements which work well and many stationary and mobile labs are available to control
the results in practice. In such a case the specifieations must be somewhat milder and
roughly be intended to cut off the extremely bad eases, The danger in this system is that
the standards must be compromised and consequently are only partly sufficient in the
majority of cases, Building planners may casily pet the impression that atl is well if they
build just to satisfy the requirements. In fact, it might be better to have a minimum require-
ment combined with an uncompromised recommendation but this leads to complicated
specificntions without the simplicity which must characterize rules for building planners
with little acoustic training,

Today at least [3 countries have insulation speeifications for dwellings. In the great mi-
Jarity geading eurves arc used to cxpress the minimum values, For aitborne sound 10
countries use one of the curves presented in fig. 14 and 15,

To evaluate 4 measured curve in relation to a grading curve many countries follow the
German system of computing the average negative devintions in the whole frequency
range #nd selting positive deviations equal to 0. In Germany this average deviation must
not exceed 2,0 dB, based on third-oclave frequencies, while e.p. USSR, Bulgaria and

4 .
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Crzeckoslavakiy base this average deviation on ostave ftequencies and add the rule that no
single negative deviation may exceed 8 dB. In Great Britnin and Scandinuvia this p:'nccdurc
1s somewhat simplified as onty the sum of negative deviations is computed and ‘not per-
mitted to exceed 16 dB,
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The present grading curves for impact insulation are presented in fig, 16 and the measuren
impact insulation should result in & curve below the grading curve, We have similar rules as
for nirborne insulation to decide on cases where part of the measured curve lies above the
grading curve, The same 10 countries that have grading curves for alrborne sound have
such eurves for impact sound transmission,

In Canada which was one of the first countries to introduce insulation specifications fu.
nirborne sound the average minimum figere of 45 dB} has been recommended for the
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frequ gze of 1254000 Hz; now a grading curve is being prepared. Tn Franee, average
fipwTs fot airborne and impact sounds are given for the frequency ranges 100-320,
400-1-263—:«11:1 1600-3200 Hz. This is & very simple principle without troublesome evalu-
ations, Mor Hoes it pretend 1o more knowledge than we possess,

In some countrics, e Scandinavia and France, the specifications comprise boih the
reduction qunr for the bounderics between fats as measured in a traditionul laboratory

and alized tevel difference in the completed buitding. This complication is made
because onelcould reach a sulficiently bigh level difference even if o very smull element in
the partition has & very low reduction factor, However, if for instmee o bed is placed clase
ta such an element very Jow insulation is experienced,

Some ¢ffort has sa far been made to get a quality figure for Insulation ta replace the tradi-
tional average insulntion, A few countries have followed the Gerpan example to inroduce
n Schalischutzmass for airborne (LSM} and impact (TSM) seund. As mentioned before it
i8 based on the grading eurves and Is defined as the member of dB's that a measured curve
Das to be lifted or lowered in order that it can be considered aeceplable (average deviation
2,0 dB). The drawback for such a single figurc s primarily that itis tied ta a eertain curve,
IF this is changed we get new quality figures which must be very confusing for building
designers, This is the primary reason why some cauntries like Standinavia and Englane
Dave hesitated to inteoduce another single figure for sound insulation befors we have gotan
International agreement on such requirements. In the meantime only the sum of devintions
from the grading curve is used as o provisional quality figure but with the drawback that it
gives the figure O for all cases that we get an insulation ]l.lghl:l‘ than required, .
A grading curve may be difficult to chunge when fitlly it has becoine well estublished in

i . s e s rrecmeman s e e e e .
R AN H e amer Ve S 4.

SOUND INSULATION REQUIREMENTS DETWEEN DWELLINGS v 53

a aation building code, In place ane can vse two (like e,y Great Britain) or more grading
curves and require an appropriate curve 10 be satisficd in the specifie cuse. But it is nlso
passible Lo have only one curve (like e.g. Germany, for walls) and then require different
Schallschutzmasses for dilferent situations which is the same thing us choasing between
greae number of parallel grading curves,

In view of these facls one might raise the question whether it is possible to establish some
sort of international stapdardization on sound insulation requirements, a great advantage
in the growing international exchange of knowledge and products, One might well be a
little pessimistic as to the success of such a work considering the dilferent grading curves
already established, Further, we ean hardly ns acousticians expect to change building tra-
ditions in some countries which happen fo accept for instince floors with low insulation and
have no apparent tenants' reaction, Obviously, other eountries with building technique
which Tuppens to favour sound insulation—or have strong public opinion on this subject—
would rot be ready to accept an international standard so compromised, Nevertheless |
have some hape for such an attempt at international cooperation en this problem,

This feeling of optimism is supported by the success of a Seandinavian collaboration on this
subject, We met five years ago to agree just on the measuring metheds, but found it possible
also to agree on requirements. These were then shaped as the grading curves shawn in fig,
14 and [6. As to airborne sound our first proposal was a grading curve a little different
from the British Grade | and the German Sollkurve, However, we found it wrong ta
introduce another curve and thus increase the international confusion, In place we accepted
the German Sollkurve for nirbarne sound,
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As we know the existing grading curves lead lo very little change in tenants® reaction it
should be possible to ngree on an international grading curve, at least as a first step for
alrborne insulation, Also the present French method of having a nl:lnigsf of average
figures for part bands should be discussed because of its simplicity and leading to no new
single figures. Alse the appropriate definitions for sound insufation should be discussed
and declded on,-

While we discuss and perhaps accept such an international provisional recommendation
we should organize more research on this subject to see how well the different systems
[unciion and alze I it is possible to simplify—for instance in limiting the frequency range
a8 suppested by v, den Eijk and others, Such an international discussion wiiieh alrendy has
started within 130 may also be a great help in countries where such specificiitions are not
yet considered but probably needed,

ZFERENCES
DIN 4110, Techhische Destimmungen fir die Zulassunpg neuer Bauweisen, Abschnitt D 11,
(Schallschiltz) 1938,
2 DIN 52211 (Yornorm). Baunkustische Privfungen, Schialldimmzahl und Norm-Trittschalipegel,

. Einheilliche Mitteilung und Bewertung von Messergebnissen (Seplember 1933),

1, G, Gray, A, Cartwright and B, H, Parkin, Noise in three groups of fats with different foor
. Insulations, National Building Studics. Research Paper no 27, HMSO, Loendon, 1958,
; I 4, 1" 1. Parkin, H.J. Purkis and W. E. Scholes, Field Measurements of Saund Insulation be-
/

tween Dwellings, National Bullding Studies, Research Paper no 33, HMSO, Lendon, 1560,
. C. Bitter and P, Van Weeren, Geluidbinder ¢n Geluidisalatic in de Woninghouw 1. TNO,
Rapport no 24. September 1955,
7 Guninar O, Jasgen, Sidy [ Boliger (Nolse In dwellings), Nerges Dygafarskningsinstinat, Rape
port nr. 16, Oslo 1955,
7.70, Beandt and 1, Dalen, &r fjudisoleringen 1 vira bostadshus 1ilfredssilillande? (Is the sound
insulation in our dwellings sufficient 7). Byggmiiswren 36, 1952,
B.] J. van den Eifk, Mijn Buormans Radio (My neighbours® radio), TNO, De Ingenicur, no, 39,
1960, Gezondheidstechniek 5, see also: J. van den Eijk, My Neighbours' Rudio, Proceedings
of the Jrd lisernational Congress on Acoustics, p. 1041, Blsevier Publishing Company, 1961,
Iy ‘9. W, Fasald, Untersuchungen zum zweckmilssigsten Sollkurvenverlauf den Schallschutz im
‘ Wohnungsbau, Proceedings of the 3rd International Congress on Acoustics, p, 1038, Elsevier
!
f

Ay e

X

Publishing Company, 1961,
i 10. H. J. Rademacher and G. Venzke, Die subjektive und objektive Bewertung des Schallschuizes
f von Trennwlinden und -Decken, Acustica, vol, 9 (1959), p, 109,
; 11, L. Cremer, Der Sinn der Sollkurven, Schallsehuatz von Bauteilen. Yerlag von Willelm Ernst &
' Sohn, Rerlin, 1960, \
12, K. Qlisele, Zur Durchfithrung von Trintschallmessungen in bewohnten Banten, Gusundheits-
Ingenieur, 80 (19593, Heft 2.

| 13, F. Larris, Undersogelss over Eflerklangstiden i Bebeelsesrum (Reverberation time in dwellings), |
i Teknologisk Institwis Forsogsberetning 194648, Meddelse Nr. 3, Copenhagen 1948,

X 14. K. Gisele, Trittschall- Entstehung und Ditmmung, VDLBerichie Bd. B {1956), “Schall und
i Schwingunpen in Festkbepern™, p. 23,
. 15. 150 Recommendation R 140, Field and Loboratary Measurements of airborne and impact
i Sound Transmission. 1960 (E}

Eeed s g o i _ -




— = rer
B T IRR R e i L S T T L

Schultz

APPENDIX F

DR A&EF T

“How Noise Creeps Past the Building Codes”

-

S v S S v S o QU s SN e S v S v NN e N s N v S s NS s S s N s S o A e [ e

v POy T ~w——— vy

i

A — T

el oo

o T e e ez



ﬁ'{."ﬁ n" F'(r 'E’t,r i

i
r:, {

r,‘fa‘}\lw..-‘,%?.;:r‘a;d’ ki 1 _‘
o AL Ad e

NOISE:C *%‘““’
w&& w‘?“%w )

i
."-F My

]
?’ 3

i Y
..‘I‘E ’%’**'tf i

)

e

(codes
; a‘i"nlf"”f‘ “@%\ f‘”’ '- B i
TR T 'm‘fn CALTS
ey !vlh,',{{' '{}H' 1{{ wﬂ"\l’ﬂﬁ:rv& 1{ “. "l.\'l Wt '-._ FEARd _ '

;emen&alo J;glllha}’%ﬁ%ﬁm@ adeq .

i !‘ W .,.Q.;f A X l"lh}'

?g@;ﬂ? 0; rqgms,xturn ‘out{n ViV hen??
| : Pl S LR S U TR b5 1141“,4 dnti

EAA!‘ %21 he“ lll lﬂg.__]S:CQmp]_ete‘ t"(}‘

RS = ";;n-' NS

% '”J"?‘ AL j heqdore:j

¥

@A
g e

v nmﬂlﬂfﬁ.bﬂ'.
. AT F TR iy
mmmmw 5

"DRAFT

4

SOBE LIRS LROHL RGN RISG



Y

=

— e oo D

TR

P Tt TN

Soh o e a

—
i
ed

i

 p—

—
[

2

ST

r

Lo memera.. it s

o il i

i

. performance
pliance must be demonstrated by

.
.

No longer is it a navelty for a city’s

- bitilding code to contain requiie-

ments or recommendations for nojse
control; many citics in the United
States and in Europe already have

- such regulations, But the city where

these requirements are consistently
enforced and also are effective in
achieving their goual of wxleqate pri-
vacy between dwellings still is rare,
indeed, This almost uniform filure
to achieve ncousticnl privacy, even
when cansiderable effort has been
expended, is sufficient evidence that
noise control presents formidable
prpctical difficulties.

Noise control requirements in
building codes have little chance of

- success unless the primary objective

for privacy is stated in terms of a
specification,  Com-

tests of adequate isolation in the com-

_pleted building. A new approach to

noise control in building codes will

i be proposed here that is expected to

combine Lhe advaninges of existing
codes and the (so far untried) require-
ments o terms of performuance
specifications. But  first let us
examine the pitfalls of approaches
lhn}z presently are expectexd to do the
tosk.

Complicated seund
transmissiot.

Sound travels from one room to
another in n complicated way. Not
only does it follow the primary path
through the partition that separates
the two rooms, but usually travels
a number of other paths, some of
whiclt may be just as imporiant, or
more so, than the primary path (see
Fig. 1).

A structure designed to provide
privacy for the occupants of
nieighboring roomns requires adequate
attenuation i all the possible paths
by which sound from one room may
veach the other, Therefore, it is not
enough for an architect simply lo
search through a collection of trans-
mission loss data to choose n suitable
party wall with which to separate the
dwellings. He must consider all the

‘other possible sound paths as well, -

For the same reusons, it is not
enough for a buiiding code to specify
the Sound Transmission Class (STC)
of the party wall or floor structure

i

(this is the U.8, equivalent (o the
18Q's s riting; the definitions are
almost identical, see Refs, 3 and 10)
whether measured in the luboratory
ar in the completed building, the
other sound paths may be of¢qual im-
portance in assuring privacy for the
Lenants.

Unlartunately, the existing codes
in America go this fnr and no farther;
when it is time for the building permit
to be signed, the architect's drnwings
are examined to see whether he has
chosen constriiclions known from
experience to provide rensonably
good sound allenuation, Il so, the
permit is issued, the building is built
and that is the end of the matter, In
some cases advice is offered on how
to avoid Nanking transmission. hut
there is no inspection of the com-
pleted building 1o see how it all
worked out, The snme is true in much
ol Europe, except that investigations
are usually made of noise intrusion
complainls, in case of really serious
failure, however, peaple hardiy know
what to do. Once Lhe building is com-
pleted, no one would suggest that it
be torn down and rebuilt just because
it fails to provide adequate privacy,

Yet, building after building actu-
ally fails to provide privacy because
the building code requirements are
applied al the wrong time. It does
no geod ta argue that the basic con-
struction was suitable, as approved

.in the drawings, if, in fact, one can
easily hear through the walls of the
finished building. This is as foolish
as frying to excuse a bad soufflé on
the grounds that the epgs were of top
quality! In the final anabysis, whut
aclunlly matters is the overall acous.
tieul privacy nchieved between the
rovms in question when the building
is finished, A building code that fails
to face that fact directly is not likely
ta lave much effect,

Building codes need to specify at
least the acoustical isclution that
must be achieved to alford adequate
privacy for the tenants. Fortunately,
this is the casiest thing to measure
aboui peoustics in a building, despite
a poar start in this respect.

Insulation vs. isolation
ichicved

In discussing methads to provide
adequate acoustical privacy in multi-
family dwellings, it is essential that -
we distingnish sharply between the
insuhation properties of o partition
and the iselation achieved between
rooms, For example, Transmission
Laoss't (TL}, Sound Transmission
Cluss!! (STC}, Sound Reduetion
Index* (R), and Airborne Sound
Insuelution Index™ ([ all refer to
the insulation properly of a single
partition, Noise Reduction! (NR)
and Normalized Level Difference?
Du, referto isolation between ronms,
This distinction is carefully made
in the ASTM Definitions'!, but it is *
sometimes overlooked in discus-
sions, even among acousticinns who
should know better, .

A recent lechnical puper'® recam-
mends a procedure thit measures
(with A-level dilferences) the isofa-
tion between rooms, but recom-
mends the test result as an approxis
nxation to the Sound Transmission
Class (presumably of the party wall,
although this point was never made
explieit), The dismuying fact is that
the paper sttracted favorable, even
cnthusiastic, response  from  1he
readers, who are apparently willing
to accepl considerable compromise
in the name of simplicity.

It is not surprising that the existing
building code requirements exhibit a
strange assortment ol errors. Some
codes hope thit by requiring the
party wall to have a specified Sound
Transmission Cluss, as measured in
the laboratory, there will be adeguine
isolition between Lhe rooms in the
linished building, Others specify field
performance in lerms ol o required
field STC for the party wall, an ap-
proach which, though legitimale as
fiar s it goes, stll does nat fiecup to
the possibility of flanking paths not
involving the party wall at all, Sucha
testdoesn't evaluate the isolation be-
tween the rooms, but meastires only
the insulation of one of the possible
sound pauths.
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Itappe. - s s B Lhe
United W) amlin D atope have
develaped and presented their test
standards 1o aehitects in the wrong
wrder, Logically, instead of develop-
ing transmission loss measurement
procedures for use in laboratorics
and adaptable to field use, we first
should have developed, emphasized
and implemented 1the concept of pri-
vacy or isolation belween rooms in
finished buildings. This is whit
tenants really care about and what
building codes really should stip-
wlate, The basic acopsticnl test in o
building should relate ta privacy,
because this is the true goal.

If a performance test of adequite
privacy in the completed building
reveals that the measured isolation
between two dwellings falls short of
what is desired (or specificd), it then
becomes a question of deciding
which of the possible paths of sound-
—that is, which part of the building
structure--is at fault. At this point
we must use the more complicaled
procedures of the Field Transmission
LLoss Standard Test (ASTM-E336)?
to evaluate the altenuation of ench
path until we find the villain; in each
case we would have to show by
meuns of ASTM's special *‘anli-
Nanking test’ that our data actually
correspond to the sound path under
test, This procedure, related to the
performance of specific individual
building components, is obviously
too complicated to be carried oit by
building code enforcement officers
or, as a routine test, by anybody.

The field transmission loss test is
not related to the primary poal of
privacy; il is a delective toal related
lo the menns of achieving privacy:
udequate attenuation  in each
individual sound path. Transmission

Figure [ —=Numerons Paths for Sound
Transmission Between Dwellings

O NISE CONTHUL ENGINEERING

Lo tests i oo place in building
codes, excepl hine determining what
B at fuult when the building has failed
the code's test ol proper isolation,

Today we already have our
laborntory? and field trunsmission
loss" measurement standards and we
are trying to develop a practical and
effeclive standard test procedure lor
eviluating isolution achieved be-
tween roomsin completed dwellings,

as contrasted with evaluating the per- |

fermance of building components,

Comparing rating and
test procedures

A number of rating quantities have
been proposed in the past for use in
building codes. In reviewing these
now, keep inmind the Lwo contlicting
needs for enforcement of building
code noise requirements: the test
procedure must he as simple as possi-
ble with a minimum of required
equipment, but the test results must
be relinble enough to face Jegal chal-
lenge il necessury, once the building
inspectar has relied on the test to cer-
tify the building for occupancy or,
even more crucial, if he has denied
such certification,

Ilere, then are the quantities m
issue;
(rcmtiryy :

Laboratory  Transmission  Loss

(ASTM E90% or Sound Redction

Index, REISO RMOY) ol o parti-

tion: . ]
Dofinition;  _

TL = Lo = L+ 10 log (S/Az)
Comments: ’

OB or1/3 0B

No flanking is possible because of

the Inboratory lucility construction
Queantity:

Field Transmission Loss, FTL

(ASTM E336") of a partition;
Definition;

FTL =Ly - L2} {0 leg (8/A2)
Comments:

With special test in ench case to

demonstrate absence of Manking

transmission: OB or 1/3 OB

Both of the transmission loss tests
(laboratory and ficld} focus on the
tvpe of wall or Qoor structure, be-
ciuse the size of the wall and the
properties of the receiving room are
normalized out in the 10 log (8/A)"
term. The trunsmission loss tesls
have no meaning unless there is a
complete party wall (or foor) com-
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maon lo both the source and receiving

©rooms,

Transmission loss relates 1o the
properties **of a single partition’ and
~ has no place in a building code unless
. specificntions are given for all the im-
- portant sound paths; even so, the
triansmission loss concept runs into
- trouble where the wall of one room is
+ anly partly common o the other
room,

Quantity;

Airborne Sound Insulation, R’

(1SO R7I17M' between ropms:
Definition:

PR = 1Ly = Lo+ 10 log (S/A2)

d4 0 Commentys:

Seurce and receiving rooms adjn-
' cent, possibly with flanking trans-

mission. This is the transmission

loss of the common partition “as
il all the sound passed through
the partition, .
R’ is the bastard rating: it purporls lo
denl with the insulation between
rooms bit invelves u correction for
the surfice area of the partition, S.
Moreover, this rating has a stringe
status in 1S0; R' is not mentioned in
R-140", the measurement standards
of 180; it is introduced ns 5 new
meastirement in the rating document,
R717.00
The Airborne Sound Insulation,
R, can be used only il the two test
rooms huve the entire puartition in
common, R’ has the disadvantage
“that it intrinsieally confuses the two
concepts “*between rooms™ and **of
a partition™', but has the advantage
of already being included in an 1SO
standard ancd is in use in a number
ol European countries.
Queatintity;
Noise Reduction, NR (ASTM
E336)" or Level Difference, D
(1SO R140) between rooms:
© Definition: . _
NR= L[4 - Lz
Comments:
- Source and receiving rooms not
necessarily adjncent.
This is preciscly the quantity we want
to know in order to evaluate the pri-

vilcy existing between two dhwellings:
the rooms in guestion need not be
adjncent, It is very simple "o
measure.

The value of the Noise Reduction
may be different, depending on the
direction in which the measurament
is made, that is, which is the source
and which is the receiving room, In
generstl, the value will be large when
the room used as the receiving room
containsthegreateramountofubsorp-
tion. There is no use arguing with
this fuct—the privacy ilself will be
grenter in this direction, Therefore,
from the building code point of view,
the test should be done in the least
favoruble direction, namely, with the
smaller (or least absorptive) room
used as a receiving room,’

Analternative possibility is to nor-
malize to o standard receiving room
absorption as follows:
Quantity:

Area-Normalized  Level

ference, DW(1SO R140)
Definitienr: _

Do=1a= Lz 10 log (AWA2)

{nermalized to standard amount of

absorption, 100 sg. fl., for

example)

The meaning of normalization here
is this: no matter what the condition
of the building furnishings at the time
of measurement, we correct {or hor-
malize) the test rasults to correspond
with what would be measured if the

‘ receiving room contained a standard
umount of absorption, Aaq, instead of
its actual ahsorplion, A, at the time
of the test, In specifying o normalized
level difference, o building code
would call for o condition that is
thought to typify most of the dwell-
ings.

But Az may actually vary lrom 50
1o 250 sq. t. in the occupied and fur-

Dif-

D=L~ L2+ 10 log (Sn/Ai)

DRAF T

nished rooms, Even if the building
code requirement were met in terms
of an aren-normadized  level dif-
ference, there could be +3 to —4 dB3
varintion from the expectutions of the
code when the tenints move in.

Another ulternative appears better
in this respect: normalizing to stan”
dard reverberation time:

Quantity:

RT-Normalized Level Difference,

Dn (1S0-R140)' between rooms:
Definition:

Du=Li=Lt+ 10 log (T/H0.5)

A constant |/2-sec. RT assumes that
the (furnished) receiving room ab-
sorption is proportional to the vol-
ume of the room; this is reasonable
for constant room height beepuse the
total room nbsorption lends to be
proportional to the foor area in
occupied apartments. The area of the
common wall does not sppear in this
rating: thus, it is applicable whether
the two rooms in quiteslion have o
complete wall or floor in common,
ar only in parl, or none at all,

If we normalize to 1/2-s¢c., which
anly acknowledges what is nearly the
case in most occupied furnished
rooms anyway, the test should be
mixde with the smaller rooms os
receiving room, bhecause jt contiaing
the least absorption and will give the
lower value for isolation.®

From the point of view ol enforce-
ment of noise control requirements
in building codes, however, it is very
inconvenient to have to measure the
reverberation time of the receiving
room, for this requires considerably
more equipment than does the rest
of the test procedure, Thereisa pric-
tical alternative, based on steady-
state measurements of the receiving

Croom absorption and on the fact,

mentioned nbove, that the smount of
absorption in a typically furnished
living-or bedroom is approximately
cqual to the Aoor area of the room,
The receiving room absorption A,
at the time of the test, is measured
by using either & calibrated sound
source or i near-field steady-state
medasurement, This fest resolt is used
in the following equation to yield o
very good approximition tathe level-
difference normalized 1o 1/2-scc.
reverberation time in the receiving
room; {sg¢e margin) where Sy is the
floor aren of the receiving room in
sq. ft.
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van den Eijk has pointed out that
it would be u considerable help 1o
the architeet designing the building
il he had some guldance in predicting
the isolation in the finished building.
Hc proposes the following equation
for level difference normalized to 172
see; (see margin) where h is the
dimension of the receiving room per-
pendicular to the common wall, TL
is the transmission loss of that com-
mon wall (available Trom previous
measurements on similar structures),
anditis assomed that careful supervi-
sion during construction will render
the sound transmitied by other paths
ncgligible,

Single number ratings

All the quantities discussed so far
are supposed to be measured inbands
of frequency, either octave-band or
enc-third octive-band, Insomecases
the assignment of & single-number
riting has been standardized to sim-
plify the mnk ordering of partitions
or room pairs as shown in the accom-
mpanying table.

Single Number Ruavings

Dn = T+ 10loghf3  (fr in meters)

= TL -+ 10 log #/10 (1 in feet)

Corresponding to!
Ofn
Partition  Transmission Loss, TL
Fiefd Trunsmisﬁion
Loss, FTL,

Between  Airborne Sound Insu-
Rooms lntion, R’

Noise Reduction, NR

Naoise [solation Class,

Roting Reference
Sound Transmission
Cluss STC ASTM 4137
Field Sottnd Trans-
mission Class, FSTC ASTM E336*

Airborne Sound Insu-

lation Index, I ISO R 7T\

NIC (not normalized) ASTM E336'.'

The NIC is assigned o noset of NR
data using the same procedure by
which the STC is assigned to a set
of trunsmission loss datn,  Rank
ardering is particularly important in
building codes beenuse the *‘po/no
go"' concept, according to which the
building will be approved for
occupancy, demands ordering along
a single scale, rather than trying to
evaluate a set of octave-band or one-
third octave-band data.
Unfortunately, none of these sin-
gle number ratings is quite what we

B NOISE CONTROL ENGINLERING D , i A l

want for building code applications
becattse they are ot normalized.
Il the Nolse Isolation Class (NIC)
were normalized to 1/2-5e¢, RT, how-
cver, this would be a good choice:
NNIC, the Normalized Noise 1sola-
tion Class, This quantity was intro-
duced by Weston!?; it is not'yet de-
fined in acoustical standards, but it
should be, The NNIC based on one-
third cctuve-band  measurements

. would be a meaningful and reliable

rating for building code purposes,
Unhappily, it is not a simple meas-
urement: it requires one-third
octuve band sound pressure levels to
be mensured in both source and re-
ceiving  rooms, plus  one-third
octave band reverberation time data
in the receiving room: 48 picces of
dati altogether for each room pair,

Let us then seek o simpler scheme,
where the measured ditn themselves
are single numbers, The first pos-
sihility, which does not assign a rat-
ing at all, nssesses true privacy (not
just the isolation); it consists of
measuring the existing background
noise (A-weighted)} in the receiving
ream, then turning on o standard
broudband noise source in the adja-
cent room to see whether the receiv-
ing room level increnses perceplibly,
If it dloes not, then there is adequate
privacy by definition, irrespective of
any propertics ol the structure, Of
cowrse the spectrum and operating
level of the source next door must
be appropriately chosen to simulate
household  sound specirn  realis-
tically.

A practical objection has been
raised to this procedure fora buikling
code campliance test; on the day of
the test, a knowing building owner
might raise the background noise
higher than normal (perhaps by sta-
lioning a compressor outside the
building), so that faully isolation
would not be detected in the lests,
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Other new possibilities would be
the Isolation Index, and the Privacy
Facior;

Rating:

lsolation Index, I, between rooms

(proposed by the author February,

1971
Definition:

| = (Lm - Lar) - (I_m - er)

where L is the A-level near the

sourece in the source room

L {8 the spuce-avernge A-level in

the receiving room with source in

source room '

t Leweis the A-level nenr source with

source now in the receiving room
L is the space-avernge A-level in
the receiving room, with source in
receiving room

Commenis:
If Low = Lo, then | = Lie = L lly
“ copteast the Noise  Reduction

would be NR = Lu — Lu,
The Isolation Index is built on the
assumplion Lhat privacy is usefully
rated in terms of the sound level
resulting in the receiving room from
u given amount of sound power
introduced into the  source room;
rudinted sound power from i source
is more likely to be constant than
room sound level, as assumed in all
other isolation measuremept proce-
dures, But perhaps it is too late to
introduce this concept Inte our con-
siderntions at this time, '
Rating:

Privacy Rating, PR, between

roams in the field (proposed by R,

Huntley, February, 1971)'?
Definition;  _

PR=L; - La- 10 log Az
Conunents:

Liand La — are A-weighted sound

levels and 10 log Az is determined

by steady-state measurements ol

A-levels,
Privacy Rating, like the Isolation
Index can be determined simply,
without decay-rate measurements,
andisindependentoftheroomabsorp-
tion. The Privacy Rating does not
mueasure either the insulation of nwall
or the isolation belween rooms;
instead, the privacy between rooms
is defined in terms of the effeclive
size of a hole in the party wall that
would account forafl the sound trans-
ferred rom one side lo the other,
regardless of path, The receiving

room absorption must be accounted
for in the formuli by o term similir
to the L = Lir term in the [solation
Index, ) :

The Privacy Rating would ol
vicld noise reduction or transmission
loss, butwould give numbers smaller
by 10 log (party wall arca); that is,-
about 20dB less thun customary wall
rating values. Fluntley's concept can
be adapled to make o single-number
**A-level version' of nny of the pre-
ceding  quantities  except  RT-
normalized level dilferences, an
example, see margin,

R' = PR + |0 top S~PR + 20;
Dy=PR+ 10 log A=PR+ 10, il
A= 10 sqm and A? is in sq.m
(metric sabins)

or D PR+ 20, if A% = |00 sqg. it und
A* is in sq, fi. (sabins)

Special requirements
on sound source

For evalunting room-to-room pri-
vacy in lerms of weighted sound
levels alone, the spectrum shape of
the excitation signal in the source
room should be approximutely con-
stant for all tests, This requires the
development of a standard noise
source to he used in field tests, It
must be powerful enough that the
receiving room sound level can be
measured in the presence of typical
field levels of background noise, {The
“non-riting” evaluation of privacy
mentioned earlier, would nol require
such a powerful source.) The spee-
trum shape may be selected 1o give

. good correlation between the singte-

nutmber tating and the complete Nor-
malized Noise Isolation Class,
Recently, tests have been carried
out™ in the United States to see how
well such asimple privagy rating can
be made to correlate with the more
complicmted Normalized Moise 150~
lation Class rating. The first results,
based on lest examples of **pink
noise’’ inthe sotree room, fire shown
in Fig. 2. The difference between the

Figure 2=Results of Evaluations of a
Simple Isolation Test Procedure
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A-weighted sound level in the source
roor and the A-weighted sound level
in the receiving room appears o be
about the same as the Normalized
Noaise lsolistion Class onthe nverage,
with a standard deviation of about
0.8 dB, .
The impetus for trying to establish
such o correlation is that the Noise
Isolation Class (closely related to the
Sound Transmission  Class)  is
wlready accepted by architects and
building code officinls as a proper
measure  of transmission  loss,
However, il has been shown re-
cently® that the A-level difference
between souree and receiving rooms
has as strong o claim to validity as
the Noise Isolation Class in predict-
ing the occupant’s reaction with
respect to their privacy, and the pre-
diction is not very dependent on the
source specirum shape, Hence, the
demonstralion ol correlation be-
tween the A-leve] rating and Noise
Isolution Class ot Sound Transmis-
sion Class turns out o be interesting
hut it is unnecessary to support the

choice ol A-level difference for use

in building codes.

Because a  standard  tapping
machine will be needed Tor tests of
the impact iselition of the foor siruc-
tures anywiy, this same apparatus
might be used to generate o signal
for the airborne sound isolation test,
Fig, 3 shows octave-band specira
noise in the source room generated
when the standard [SO  tapping
machine operates on o sheel of
plywoad, suitably suspended 207
above the floor, The 3/8-in. plywood

T T
A-LEVEL DIFFERENCE MINUS NIC BASED
ON 1/3 OCTAVE BAND NOISE REDUCTION
FOR 9 ROOM -PAIRS BOTH SOURCE AND
" RECEIVER ROOMS WERE UNFURNISHED;

THE MOST LIKELY CONDITION FOR
TESTING; THE SCATTER INCREASES
WHEN EITHER ROOM 1S FURNISHED.
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yieldsconsiderably higher levels than
the 3/4-in, plywoad, The levelsin the
high frequency bands ure raised if the
plywaood is clad with a sheet of steel
on the tapping surfuce. Even the
shape of the spectrum would be
acceptable.

Alternatively, a loudspeaker may
be driven with **pink'” noisc to some-
what higher levels, which would be
an advantage in ciase of measures
ments in high background levels.

Existing codes and adequate
privacy

Even us we try 1o develap noise
enntral  requirements in o building
codes that will really work,'* jt is
important to ask how cficctive the
existing codes are when they are vig-
orously enforeed. Perhaps one may
accomplish as much good with rela-
tively simple isolation measurement
techniques as with more complicated
anes,

Consider the record in I)cnm.uk
where for over len years i consistent
program of noise contro] has been
appiicd to dwellings and other lypes
of buildings. The Danish building
code! setually specifies only that the
building authoritics may require
measurement of sound insulation to

be carried out before the huilding is
approved, Such mensurcment is not
mandatory,

The Danish code first fays down
requirements  for the isolation
between rooms (in terms of the Teast
vilues that must be achieved in each
third-octave band belween 100 and
3150 Mz and an average value over
the 16 frequencies, for wvarious
categories of building types—apart-
ment buildings, terrace and semi--
detached houses, school clissrooms,

cte. Then it pocs on to specify the *

transmission loss of the party wall
in each case that cuan be expecied to
meet the isolation requirements. The
code suggests specific constructions
that would normally satisfy these
conditivns. Noexplicit consideration
is given lo sound paths other than
the one through the party wall or
floor.

In practice, the requirements of the
building code come into play when
the architect’s drawings are exam-
ined at the time the permit to build
is issved, The permit for occupancy
of the finished building is ofien given
without 0 test measurement of the
isolation achieved,

However, the Danish Ministry of
Housing has been running & more-
or-less continous program of noise
measurements in buildings for years:
the resulls are used to evaluale
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“periodically the effectiveness of the

building code and its enforcement, '
Some of the resuits are shown in Fig,
4, which displays the cumulative
statistical distribution of isolation
fieldt test results in apartmeat houses.
From 1967=70, .60% of the tested
apiitments mel the requirement of
NR=4% dB. Some of the better
results reflect the architect's choice
of “luxury” construction: he was
secking to do better than merely puss
the requirement of the building code.

Figure 5 compares these results
with measurements made ten yeirs
carlier, Again, nbout 6025 of the tests
complied with the requirement of
NHR =49 dB; but note l!l.u in the
carlier period there wasa fud {or very
lightweight concrete  construction
that produced some disasiers: 4% of
lhe apartments had NR less than 34
dB, For noise isolation in_ row
houses, the requircment (NR = §2
dB)is 3dB more stringent; about 50%
of the tests met the requirement {see
Fig. ). The isolation stalistics for
schoul classrooms (see Fig. 7)
indicate that 1953-56 was the best
period lor clussroom construclion
fram the viewpoint of adequate noise
isalation,

Figure ¥ gives the statistics for
lests of impact isokation in apartment
houses, where 70% of the resiliently-
maounted wood floors passed the test,
but only 15% of the hard floors
passed. Similarly, in row houses (sce
Fig. 9 resilieatly-mounted wood
floors passed the test in 92% of the
cnses, but hard Roors passed in only
1284 of those cases where the source
and recelving rooms were ndjacent,
In measurements of hard Nowrs
where the source and receiving
rooms were not adjacent, 75% ol the
floors passed the requirement.

Even in a country like Denmark,
which vigorously enforces its build-
ing code ot the time of inspection of
the Building drawings and even main-
tains o continuing program of isola-
tion measurements in the finished
brildings, one cannot hope fur 100%
success, A Lypical nehievement is

Figure I=8pectrumt of Soimd Gener-
eteed by Standued  Tapping  Maehing
Cperating on a Resiliendly Suspeaded
Sheer of Piyvwod, 26" Albove Floar
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c]mcr to 50% complinnce with the
~ requirement, Similar results have
-heen ohtained i Sweden and West
“ Germany.

In Enst Germany, where the gov-
ernment writes the building code

... noise control requirements, con-

structs and owns the buildings, nnd

—performs the tests to demonstrate

"-Jmcnls. no more than about 70% of

iwhether they pass the code require-

the units comply with the code,
In all the dwellings discussed here

'._i {except for the misguided fad for light

concrete in 1957-60) the basic con-
stjuction had potentinlly adequate

‘ wounquul.ttwn otherwise, the per-
.. mit 1o build wauld nat have been

glvt.n. The ireubie cume during con-
- stiruction  where poorly  executed
"details of assembly allowed serious
flanking transmission and sound
leaks. Thereis simply noway tocxer-
cm: control over this aspect ol noise
- isolation except by requiring that the
finished building pass specified isola-
tion tests before the permit for occu-

: r' pancy can be signed, This require-

s ment, if it is clearly understood by

everyone beforehand, may supply

m the motivation for critical supervi-

sion and care in the construclion so

k! as to avoid spoiling an intrinsically

good noise isolation design for the

j building by careless construction,

The price of failure

D 1f even vigorous efforts to enforce

i

[

I 3 1

-1
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noise requirements in building codes
lead to compliance in only about half
the dwellings, is this really serious?

To answer, one must ask how
muich may n bujiding fail without &
scrious compromise of privacy for
the tenants. Figure [0 shows a work-
sheet used ina well-known procedure
for evaluating privacy against intrud-
ing speech sounds, This Speech Pri-
vacy Analysis? first determines a
Speech Privacy Rating (SPR) lor the
dwelling in question ip terms of the
five elements that combine 1o give

speakers in the source room; 2} sound

— abgorption in the source room; 3) iso-
- lation existing between the two
- dwellings; 4) exisling background

noise level in the receiving room;and

", 5} the amount of privacy desired (for

example, more privacy would be

speech privacy: 1) vocal elfort of the -
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Figtire Y-=Danish Field Test Reselts!
Impaet Lsedation in Row Howses

desired Tor a doctor's or o lawyer's
office than for a secretarinl office),

People in the United States are
rather uncomlortable withoul any
sound whalever coming from their
neighbors; that leads (o o sense of
complete social isolation and lnck of
community, For normal privacy,
people are satisficd if they can under-
stand less than 5% of their neighbors'
speech: for “‘conlidential’' privacy,
Just less than 1% understandability
is satisfuctory, The Speech Privacy
Analysis is a simplificd method for
cidculiting the percentage of speech
intelligihility exisling between the
dwellings in question, and the Speech
Privicy Rating is the result of that
cilculation; the SPR increnses as the
intelligibility decreases.

The isolation belween the two
dwellings and the background noise
in the receiving room are completely
complementary with respect ta their
cffect on the Speech Privacy Raling:
o deerense of 5 dB in isolmion can
be exactly compensated, as far as pri-
vacy is concerned, by an increase in
background noise. Speech intelligi-
hility hinges on signal-lo-noise-ratio,
nat on the signal level alane. Thus,
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there is a danger in specifying only
the achicved jsolation in a building
cotle. Bvenilthe specified isvltion
is achicved inthe finished building,
it will fead (o (he desived privaey for
the-tenants oply i the: ckground
noisc has the proper vilue, Because
of this limitition, onc should also
specify complementary biackpround
noise in a building code to guaranie
privacy. :

What then, constitutes a serious
failure? The curve on the worksheet
of Fig. [0 shows that the entire gamul
of tenants resglions occurs in o range
of ubout 15 dlh If the SPR s ess
than about 80, a change of 5 dB one
wiiy oF the ol will iave no clteet;
the tepants will probably resort to
legal action anyway. Or, I the SPR
cxcecds about 11O, again o 5 dB
change one way or the other will hive
no effect; the lepants will be snaware
ol any problem, The eritical transi-
tion range usffecting tennnt reaction
requires & change of only 5 B3,

If, as secms reasonable, the build-
ing code requirement is aimed at &
condition where there is just barely

" some awaremess of the people next

door (say, SPR = 100}, then a dwell.
ing where the isolation Tails to meet
the requirement by 5 dB (achieving
SPR =95) will cause tenant com-
plaints. A failureof 10-15 d3 would
lead to vigorous compiaints and
threats of legal uetion. T
let us relum now to Figs, 49 10
see how many of the tested Danish
dwellings show “'serious failure’ in
the terms just discussed. According
to Fig. 4, 10% of the apariments
tesied in 1967-10 were serfously

* deficient {that is, exhibil achieved

isolation 5 dB ormore belowthe code
requirement), From Fig. 5, in the
periad 1957-60, only 56% of the apart-

ments were more than 5 d3 below

the requirement, but those 5% were
very far below, From Fig. 6, for raw
houses (with 2 3 dB higher re-
quirement}), 8% of the tests fajled by
S48 oy move, Forschool classraoms,
shown in Fig, 7, 12 to 35% {ailed by
more than 5 ¢, depending on 1he
petiod; the most recent constructions
were the worst!

12 NOISE CONTRINL IMGISERRING

in the eorrect order, Te

A proposcd approach to nolse
control in codes

We are corrently warking with a
large American eity to establish noise
control requirements in their bailding
code. We believe that this new code
will retain the virtues ol existing
codes, but will introduce o significant
improvement, The ulMimate aceep-
tunce for occupancy of atl housing
will deperd upon o specified amount
of jsolation between dwellings ind o
specified range of background noise
being achieved in the finished huild-
ing, At the time of application for
a building permit, the architect’s
drawings for the building will be
examined to sce thut he hus chosen
suitnble basic constructions for the
walls and floar/ceiling elements, |

he hus selected constructians kinewn |

to provide noise isolation consisient
with the desired values, the building

- permit will ke issued,

So far, the procedyre is the sume
as is followed in many Buropean
cauntries, The difference is that here
the approval to build confers only
tentative approval of the noise isol-
tion of the building; accepting or cor-
recting e architect's choice of busic
constructions al this stage  will
amount onfy to guidance based on
past experience. Detailed guidance
will also be offered at this 1ime on
ways 1o avoid mistakes during con-
struction,

The crucial test will come when
the building is completedy a field (est
of the building must demonstrate that
the specified privacy in fact has been
achieved, It is proposed thut privacy,
in the new code, be delermined by
the sum of two numbers: the A-level
difference, ALa, between tha source
and recciving rooms and the A-
weighted level, N, representing the
backarowml noise in the receiving
raom, This sum is called the Privacy
Index, Ir, (This index has the advan-
tage that no normialization is needed
fo account for differences in recejy-
ing room absorption; the effects on
ALxand Na are equal and opposite,)
The measurements in the compleled
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building must demonstrate a value for
Ivofatlenst 73 as a mininun require-
“ment, One or two belter prades of
privacy (1n = 80 and 85) will be do-
fined, but not required, in cose build-
Ing owners want to be able 1o take
credit for having provided betier
!h:gn the minimum privacy re-
quirement, :

The proposed procedure for eval-
uating the acoustic isolation in the
completed building may require as
many is three steps:

1} First, a simple screenjng test is
made by o staff member of the city's
building code department measuring
isolation in lerms of the difference
in A-weighted sound levels, as de-
seribed above and the A-weiphted
background noise level, (Normaliza-
tion ALato standard receiving -room
absarplion, il desired. could be done
by steady-state measurements or be
reference to a table of carrections for
different furnishings in the receiving
room.) ftis expecied that this screen-
ing 1est will quickly show up the buil-
dings that ave clearly acceptable as
well as those that clearly fail the
requirements, Many buildings will be
approved for oceupancy based onthe
simple sereening test alone, _

2) Ifa deficiency in poise reduction
or bickground noise fevel appears in
the first test, il is repeated with more
carc under ihe supervision of an
acoustical engineer. Based on this
result, the building inspector will
decide an approach lor building
occupaney,

3) Il the inspector disapproves the
builting, the owner must arrange for

Figure -Worksheet for Speceh Pri-
racy Analysis :

The Speech Privaey Raring wceounts for
afl five important aeonstiv clements thit
defermine privaeyy each of these five vle-
mpents I8 rated with o sinede sumber (in
steps §throwght 5 on the workshoen) wied
the swm of these mnthers eomprises the
Speceh Privaey Rating t5PR), Topredice
the veenpants’ response, cier the fivwre
at the wpofthe page with.the SP8 an the
Berrizonttrd wvis, mave wpto the eirve and
then Ieft ta the vertiead axiy,
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the more compligated procedures of
the fiekd transmission loss  test
{ASTM E336) in order to determine
which part of the structire {i.e.,
which sound path) is at fwlt and
should be corrected, Of course, the
fault might be located without the
need for detailed tests,

Only the first two steps are simple
enotgh 1o be carried out by building
inspectors; the transmission loss test
would be conducted by professiona)
acoustical technicians,

Formally, it will make sense for
the code to specify the Sound Trans-
mission Class (8TC) of the various
building compaonents, (o provide pui-
dance inthe initial design of the build-
ing and to make it simpler when the
drawings are to be approved for a
building permit. ifthe A-level difTer-
ence in the finished huilding complies
with values of isolition (privacy),
udditionally specificd in the code,
then there would be & waiver of the
complicated  transmission  loss
(ASTM E336) tests 1o demonstrale
complinnee of the individual building
components,

There may, be genernl opposition
to this new building code approach
at first; not simply heeanse il
introduces changes in an estahlished
procedure, but becanse the architect,
the owner and builder have no
gaarantee, at the time the permit to
build is granted; that the finished
building  will be approved, flor
occupancy.  Understandably, they
will regard this usa considerable visk,
requiring n strong gambling instingt
1o go ahead with the project, On the
other hand, when they ¢fo go ahend,
they will undoubtedly provide good
supervision to prevent *‘acousticpl
accidents’ during the construction.

[tis importanttoestablish the prin-
ciple of compliance with o perfor-
mance specification while making the
transition as palatable as possible to
all concerned. Accordingly, we pro-
pose u step-wise approach loward
uchieving the ultimale privacy goal,

First, we decide the measure of
isolation we will ultimately wanl to
achieve.in housing everywhere, and
exprass this in terms of certain value
of ALa, say X. For about the first
year after the code Is in effect, only

those comstructions  would  be
approved for building that can be
expected to yiell somewhit hetter
perfornunce than the ultimate goal,
siay X 4+ 5 When tests are minde in
the finished building (aghin, during
the first year or so), the Duilding

would be approved for occupincy .

even if it Mailed 1o meet the desired
goal, by say § dB.

Under (hese conditions, there
would be o 10 dB margin for error
during construction . . . approx-

_ imately what is being achieved at

present. No sudden difficulties are
imposed on the architect or huilder
immediately after the code goes inlo
effect; the 10 di3 margin should be
comfortable for everyone concerned,
wd shwuld adlow the principle of per-
formance testing to be painlessly
established as the proper way to
solve the prablem.

Gradually, say, in lwo or three-
year intervals us construction work-
ers learn how to improve thelrassem-
bly techniques 1o avoid leaks and
fanking, the permitted 10 dB nurgin
will be narrowed in steps. In parl,
more ‘*speculative’  canstruciions
would be approved in the drawings
al the building permit stage. Partly,
also, the isolation requirements
would be applied more strietly at the

test of the finished building, After live,

to seven years u significant improve-
ment in achieving privacy should be
realized in all kinds of dwellings. The
main  object of this step-wise
upproachis to make the enforcement
of, and complinnce with, the new
code immediately practicable, and at
the same time attractive to all con-
cerned as the *‘right™ way 1o set
about improving the privacy in our
dwellings, N
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THEODORE .

SCHUILTZ

could easily have wouml up playing -

in the concert hall instemd of be-
coming o scientist jousting  with
phenomenological enemies of the
concert hall. When he first entered
the University of Rochester's Easi-
man School of Music, he harbored
intense ambitions to become o pro-
fessional musieian, After a year or
50 of observing members of the fi-
mous archestras and other ensems-
bles returning wearily after o concert
in their dirty white ties, Ted Schultz
decided that the lifestyle wasn't for
him, even il music was, Even today
you'll find Ted playing music—on a
harpsicord and on ancient instru-
ments that he has restored for the
Museum of Fine Arts and in a
chamber orchestra that gives con-
certs there,

But the sieps toward becoming
Principal Scicntist—Acoustics, and
Technical Director of Architectural
Acoustics and Noise Control at
Bolt, Beranek and Newmin, Cam-
bridge, Mass, really began  with
Schultz's attempt fo retain an as-
sociution with music while pursuing
an engineering career that seemed a
more appealing way of life. That
route, vin the Universities of Mis-
souri, Texas, the US. Naval
Academy and Harvard, resulted in i
Ph.D in acoustics, ! also piled up
professional experience us an in-
structor in physics, mathematics and
electrical engineering at the Navad
Academy, Research Physicist at
Naval Research Laboratory, Re-
search Fellow in Acoustics at Har-
vard, Assistant Chiel of the Acous-
tics Section at Douglas Aircraft.

He has been with BBN since 1960
where his more recent work has
dealt with problems of measurement
and design in architectural acoustics,
design and evaluation of acoustical
testing Inboratory Tacifities.  noise
and vibration eriteria and control for
high-speed trains and for aiveraft,

Meanwhile, Dr, Schuliz has been
active in writing and reviewing
ucoustical  standards  at  national
(ASTM and ANSD and interni-
tional (180) levels. He has prepared,
for the U.S. Department of Housing
and Urban Development, & set of
guidelines substantiating their re-

cently snlopted polic ol withholding
suppart o howsing proposed for lo-
cations judped to he oo noisy lor
suititble Hving environments, Not
long agoe he spent six months in
Burope  visiting  numerous  lnbo-
ratories to assess the state of on-
going acoustical research and 1o in-
vestigate enforcement of noise ordi-
nances and noise control require-
ments in buitding codes,

All of this has left Ted Schaliz
discontented with the scientific es-
tablishment. He notes a tendency for
scientists to tackle what they think
they can measure iand that forecloses
a lot of problems of the real world.
Right now, says Schultz, we seem to
be on the threshold ol linding out
what annoyance really is, a critical
key to noise control problems. He is
more concerned with the quality of

lite than physical phenomena thit
turn ont to e hindy to guantily,

Sehltz's own made ol iving
refleets thuse concerns, His hind-
some townhouse, once a burned-oul
brownstone he restored, is not far
from 1he jutting modern architecture
of Boston’s Prudential Center, The
fourth Noor is o verdant retreat from
the bustling city—call it an achieve-
ment in plant parenthomd. Ted main-
tains o huge greenhouse which is the
home of cast-out plants from nearhy
Hurvird, His biologisi friends at the
university  receive  plams  for
identification from all over the workl
and, for lack of room, pass them on,
A doca]l TV crew recently tried to
contrast this top=tloor terraritm with
the noisy city outside. Alas! Their
micraphones could hardly pick wp i
sound,
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Ownet's Viewpoint in Residential Acoustical Control

Frimsrick F. Rose - '

Roge dssozlales, Iue,, 320 Pifth Avenne, New Vork, New Vork

Stress is lafd on the Inck of adequate acoustical {reatment in the design and eanstruction of multiple dwell-

ings in the United States of Anerica,

FIT most startling fact 1 can present to this

Symposium is that, in this year of grace, nt a
line of broad architecturnt achievement in every
sphere of builiding activity, when siruciural systems
not even imagined & generation ago have become
commonplace, and mechinical design (s available of
such sophisticution, we can create any climate, lighting
meod, or transportition at the touch of a switch, When
all this is going on all over Ameriea in every type of
building—at this momentous periad of building his-
tory— there is absolutely nothing being done about
ncoustical trentment.

Of all the complainds awners throughout the country
hear about postwar apariments, Jack of soundproofing
heads the list most frequently. There fsn't even o close
second.

1t is unfortunate that much of the general public
cepnles a nedsy apartinent with “shoddy construction,”
Nething could be further fram the truth. For, although
T will be the first 1o admit that adequate soundproofing
of our new buildings is lacking, 1 also feed most strongly
that todays' construction technicues are far superior to
those of the past. But the ivate tenant, disturbed by his
neighbor's children, television, or plubing, is not
interested in sucle details, TTe wants a gomd night's rest,
and the privacy of his home free fvom intrision o con-

cern that the noise that he generates will be offensive
to his neiglibors,

tural design, a8 soaring costs have resulted In smaller
apartments with increased density.

Older buildings simply had more structural mass,
which is the most. effective means of reducing the trans-
mission of smmd, Stone concrete wis more frequently
used with deadening on top of floor slabs, and § to
1 in, of plaster below, and ecilings were higher. Parti-
tiuns were not only heavier, but had full thickness of
plaster on botl sides. Doors were thicker and usvally
solid, Interior decorating styles ran more to over-
stulfed furniture, heavy dreperies, and rugs, all of
which served to abserb sound. All these factors helped
reduce noise,

Today, lightweight concrete is more ofien specified,
which has less mass snd transmits sound more readily,
Moreover, there is usually only a thin flnoring of
vesilient tile or }3 in, of wood parquet applied divectly
over the sl instewd of the subiluoring or sleeper
systems formerly useds We now favor thin, plaster
skibu couts on ceilings 10 save maney and at the sine
time reduce floor thickness, These tendencies, which
contribute to easy sound transmission, have been
encouraged by our zoning regulitions, which phiee

linits on Dbuilding heights, Owners insist that their
archilect gel the greatest number of floors in o given
height not only by cutting foor thickness, but by using
the mininum ceiling heights,

The dining rem Das all but disappeared, rnd open

The source of the problem is often found in architee- aaningterbrought the kitchen into the living roum,
f 574( '
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SOUND=-INSULATION REQUIREMENTS
“Fhe efliciency, or no-bedroom apurtment, is ubicuitous,
and even the mnst ingenious arehitect finds it impossihie
to avoid placing one enant's kitchien nest to another’s
bedroom, or 1 bathroom near a living room, To agara-
vate the problem even more, we have produeed a vast
artuy of neisc-tnaking cquipment—dishwashers, gar-
boge disposals, television, steren, ir conditioners, nid
many other lowd gadgets and toys. The totel effect s
disastrous,

Impict noise occurs when the foor ar wull js set
vibrating by divect or mechanical contact with the pro-
ducer of the sound. The sound is radinted from Loth
sides, and is probably the greatest single source of
abnoyance lo an apaetment dweller, Hlowever, the
physical solution te the problem is no mystery,

In oflice buildings, we lave made all the advances
required Ty current structural and mechanical condi-
tions becnuse we are a business-oriented country, and
in our plces of work we wauld not folerate the second-
rate standard that we aceept in eur homes, For exumple,
air conditioning Deeame commin in oflice Luildings
long hefote the public demaneded it in resicdences, We wse
vattous vibration-elimination devices when necessary,
and, as an answer Lo special requirements for eleciric
service, air conditioniog, nael load distribution of heavy
and complicated computers and other business ma-
chines, we have developed “fhoting floors.”  High-
velocity threepipe air-conditioning systems are avail-
able, by means of which exch tenunt on any day of the
year can demand and get the exact temperature and
humidity that he wants,

The list could go on and en—specinl heat-resistant
glass; specinl metaldlic alloys; new skins and new Lones
in the form of high-strength steels, in eiTect, new everys
thing but residential acoustical treatment,

Last year, T had the honor of serving ns a member of
the United States Delegation to the United Nations
Hausing Conference in Genewvit, After the oflicial meet-
ings, about fifty delegates from over thirty countries
were invited by the gevernments of Great Britain and
the Republic of Treland 1o stucly the housing inventories
of each country, and to affer conunents, eritieisms, and
suggestions,’

Twas amnzed 1o discover that the minimum standards
of sound control for their kowest level of public housing
(raughly cquivalent to projects of e New York
City 1lousing Authority), far surpassed e best that
we do for our most expengive apartments and homes,
For example, o typieal European reinforeed-concrete
high-rise building will controd heiaonial sound truns-
mission with concrete sheer walls or 8§ i, of solid
masoney piasiered bath sides. Vertieal noise will he
condrolled by the construction of u G- or 7-in. concrete
arch covered with a 2-in Tayer of Fiberglass or other
insulation board, 2 in. of louse sand, amnd o 2-in, coment
sereed cont covered by resilient ile. Often, clectrical
wires ave imbudded in the sereed cout for the purpose of

I"Qf{ MULTIDWELLING BUILDINGS 741

radiant heating. When wood floors are used, sleepers
are placed on the lonse fill and then underflooring”
nailed thereto, On the underside of the concrete slab,
there would tsually be three conts of plaster. Plumb-
ing stacks are completely isolated, nul noise of the
sleam system is no problem, as our (ype of central
heating s generally not used., They will put up with
medicval plumbing and open fires for heat, but privacy
is cssentinl,

Compare this to our $100-per-roomeper-month Park
Avenue jobs, which accoustically ditfer little from our
public-housing  reating for a tenth of this figore:
horizontal division is hy means of 2§-in. open-truss
steel studs Lo which are attached (in the better buildings
only) L-in. pencil rods holding resilient clips with %
or 4% in, of sulid gypsum hoard, covered on each side
with twn coats of plaster, These partitions iwre ysually
pierecd hy-ta-back television outlets and other elec-
trical outlets with no Insuliting barrier, and are as
efective as an umbrella with a hole. Where plumbing
stacks oceur in a party wall {incxeusable design!), a
wire-lath partiien with three conts of plaster often
sullices. More often than not, the wire lathers, whe have
no mare training or interest in ncoustical contro] than
the builders or construction superintendents, will tie
the ehannels supporting the Inth directly to the plumb-
ing or heating stacks, therehy: fuswring transmission of
noise. Wootl frame and semifireproof 6-story buildings
are as had ar warse,

Ten years ago, in a Now York “lusury apartment
building,” we conducted a series of experiments, using
all of the then-current acoustical-control devices, and
with o sound meter measured the acinal decibet loss. To
ne one's surprise, we found that the laboratory results,
peoudly reported in the bullding-material companies’
literature, were completely at varfance with the results
achieved in the field. Conseruently, our office instituted
a procedure of having acoustical consultants review all
plang, and follow up with regular site inspeciions as the
work goes on, This represents considerable jmprove-
ment over general practice, hut 511l §s not comparable
to the minimum standards sct by foreign countries.

Auother method that we use is to train our mannge-
ment persannel to try 1o seitle acoustical disputes be-
tween tenants by convincing the noise producet to allow
us 1o ail his noisy dishwasher, cushion an offensive

© Hi=Vi set, ete. We can do nothing ahout his wife’s spike
heels en o Litchen floor, or the erying Laby in u hedmont
next (o snmeone else's living room. As a palifative, we
require 0095 of the floar area o he carpeted,’

It was alsn emphasized by tie other builders, archi-
tects, and housing allicials ul the United Nations Con-
ference that n reruirernent for acousticsl control is an
integrak part of the huilding endes of every other country
in the world, snd, while it would he unthinkable for
our sanitary or structural codes 1o be less than perfect,
the delegates from Franee, Bulgaeia, Dortugal, ete,
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were astonished to find that in America such sound-
deadening requirements did nat exist,

1 would hesitate ta recommend that our already over-
worked Building Departments he given this additionnl
responsibility, and T doulit seriously whether o 59 to
8% increase In cost, which would be the result of a
really effcctive joly, woulil he willingly borne by tenants
in taday’s highly competitive rental market,

Would Mrs, Smith who pays $130 a month for a
naisy apariment he willing 1o pay 8160 for o quiet ane,
any mere than Mrs. Astorbilt living in o 8300 suite be
willlnge 1o pay 8310 for peace and privacy?,

T do not ¢laim to know the answers, but nne would
have to be deal as well as stupid 1o be unaware that the
preblent exists.

Al housing, produced at all rental levels, is sulsject to
supervision in design and construction by parties witha
major fiduciary interest: the Federnl Housing Adminis-
tration, the State or City agencies having jurisdiction,

ar, in copventinnally financed buiklings, the insurance
cempany or bank supplyving the morigage. Possibly
some requirement should be demanded at this level,

In any event, the USA cannat continue to bring up
the rear in this vital field, and, with the help of acoustical
engineers, good builders, and aroused public oflicials, T
knnw the problem can be solved, Medical sacieties warn
aof dangers (o the public’s health, and the American
Institute of Architeets decries ugliness, Why does not
the Acoustical Society of America spearhead the drive
for quict baildings?

Where do we go from here? One possibility is Lhe
selting up of the minimum standard, ina manner similar
to the insurance ratings of the National Board of Fire
Underwriters, Acoustical enginecrs, architects, and
builders, approaching the task with the proven American
method of couperation between industry, the professions
and government, can do the job,

Let's get staried !
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PP

"Geluldwering-in woningen .en-tot bewoningibestemde
gebouwen™ (Noise Control and Scund Insulation in
Dwellings and Buildings Intended for Habltation),
November 1973, Nederlands Normallisatie-instituut,

RiJswijk.

Modelbouwverordening (Dutch Uniform Buillding Code),
date unknowvn.
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23

_h,

250

26.

27,

28.

29.

30&1

Theodore J, Schultz, "Impact Noise Testing and Rating,"
Report Mo. 2668, Bolt Beranek and Newman Inc., 18
January 1974; available from NTIS as Document COM-75-~

10133.

Theodeore J. Schultz, "Recommendations for Impact Nolse
Isclation in Multifamily Dwellings," Report Na. 950,
Bolt Beranelk and Newman Inc., 18 January 1963. This
report embodles the first U.S. FHA recommendatians for
lmpact noise isolation, published by the FHA as
"Impact Noise Control in Multifamily Dwellings," FHA
Ko, 750, January 19633 these recommendations, in terms
of Impact Nolse Rating (INR) were carried over into
the FHA Minimum Property Standards in November 1963,
and still remain valid nc offieial FHA policy at the

present time. (See Ref. 26.)

"Minimum Property Standards for Multifamily Housing,"
U.8. Department of Housling and Urban Development,
Federal Housing Administration, FHA No, 2600,
Fehruary 1971.

Raymond D. Berendt, George E. Winzer, and Courtney B.
Burroughs, "A Guide to Airborne, Impact, and Structure-
Borne Holse Control in Multifamlly Dwellings," Report
No. FT/T8-24, January 1968, U.S. Department of Housing
and Urban Development, Washington, D.C. 20410, This
report, which superseded FHA Ho. 750 (See Ref. 25),
introduced a new rating for lmpact nolse insulation,
the Impact Insulation Class (IIC) as a replacement

for the earlier Impact Noise Rating {INR)}. The curve-
fitting procedure 1s slightly different and the cri-
terlon curve has a slightly different shape. As an
approximation, IXC = INR + 51, (%2), and IIC = 115 -
Ii (*0). The offilcial FHA bullding noise control

recommendations, however, are still stated in terms of
INR.

U.5. Uniform Bullding Code, Chap. 35, "Sound Trans-
mission Control," U.B.C. Appendix, pp. 591-608, July-

August 1972,

British Standard Code of Practlice CP 3: Code of Basle
Data for the Design of Bulldings: Chap. III (1960),
"Sound Insulation and Noise Reduction."

"Acoustlique - criteres de l'isolation acoustique®
(Acousties ~ {riterla for Acoustical Isolatlion), NBN 8
01~400, draft proposal for second edition of NBN
576.40 (see Ref. 30), 20 March 1975, Institut Belge de

Normalisation, Brussels.
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30.

31.

32.

33.

34.

35.

36.

"pAcoustique - eritéres de l'isolatien acoustique,"
(Acoustics -~ Criterila for Acoustlcal Isolation}, NBN
576,40, 1st edition, December 1966, Institut Belge de
Normalisation, Brussels.

"Construction ~ Réples générales de construction des
bitiments d'habitatlon," (Constructlion - General con-
struction regulations for dwelllngs) Article N, Décret
No. 69-596, de 14 June 1969, Journal Officiel de la
Republique Frangalse, No. 69~88, 15 June 1959.

"Isplation acoustigue dans les bAtiments d'habltation,”
(Acoustical Isolation in Dwellings), Arrete de 14 Juin

1969, Journal Officiel de la Republique Frangalse, pp.

4185-6, 24 June 1969.

"Attributlon aux b&timents d'habltation d'un 'Label
Confort Acoustilique'," (Assignment of an Acoustical
Comfort Label to Dwellings), Arrete du 10 Fevrier 1972,
Journal O0fflciel de la Republique Frangaise, pp, 1762-
i, 17 February 1972.

"Le Label 'Confort Acoustique' - La manigre de
ltobtenir et les avantapges qu'll comportera," (The
'Acoustle Comfort Label' - How to Obtain Tt and the
Advantages That It Will Confer), Le Monlteur, Paris,

12 Pebruary 1972.

Robert Josse, "Enseilpnement d'une campagne de mesures
phonigques dans des logements,” (Lecture on a campalgn
of acoustical measurements in dwellings), Supplement to
Annales de l'Instiltut Technlgue du Batiment et des
Travaux Publics," 15th year, No. 177, September 1962.

"Notice Technique pour 1'Applicatlion du Reéplement de
Conatruction: Tltre VI-Isolement Acoustigue,”
(Technical Notes for the Application of Construction
Regulatlons: Title VI - Acoustilcal Isolatlion), new
edition, circular No. 63-66 of 17 December 19633 also
Annexe No. 4, "Deflnitions acoustique et methodes de
mesure," (Definltions and Methods of Acoustical
Measurements), new editlon, cirecular No. 63-66 of 17
December 19633 Cahlers de Centre Scientiflque et
Technique du Batiment, November 1968,
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37.

38.
kER
NQ.
41.
ha.

)“3-

uh,

s,

"p propos de 1l'lisclatlon phonlque et thermlque,
{Acoustlcal and Thermal Isolation), the proceedings of
the 6th eollogqulum organlzed by the Actlon Committee for
Insulation and Soundproofing (COMAPI) and CSTB,
Toulouse, 4§ March 1969. Two papers of speclal interest
are: Jean-Marie Nappez: "La responsibilité des construc-
teurs (Archltectes, promoteurs, entrepreneurs} en
matldre d'isolation phonlque, face a la nouvelle lég-
islation," [The Responsibllities of Building ‘ _
Engineers (Architects, Promoters, Contractors) for :
Acoustilcal Matters 1n View of Recent Leglslation]. G. !
Heymans: "Controle et expertise acoustique"
{Acoustical Testing and Evaluation}.

Jean Desmadryl, "Le label annfort acoustique qutest-ce
que c'est?" (The Acoustic Comfort Label: What is It?),
Revue d'Acoustigue No. 24, 7-9 (1973).

Bernard Marsellle, "Le gros-~oeuvre comment s'isoler
des brults aeriens et des brults d'impact," (The
Foundations: How to i1solate alrborne and lmpact
noises), Revue d'acoustique, No. 24, 21-25 (1973).

Hubert Gerard, "Resultats de l'operation Creil," !
(Results from Operation Crell), Revue d'Acoustique, No. h
24, 46-51 (1973).

Georges Heyman, "Les modalitilies du controle acoustique,™ i
(Modalitles of Acoustical Testing), Revue d'Acoustique,
Na, 24, 55-87 (1973).

Jean Desmadryl, "Le eontrole des performances," {(Per-
formance Tests), Revue d'Acoustlque, MNo. 24, 54-55

(19733,

Robert Lion, "Conelusion!" {of the proceedings of a con-
ference which dealt wlth several aspects of the new
Acoustic Comfort Label, recently put forward by the
French Housing Minlstry.), Revue d'Acoustigue, No.

2, 59-61 (1973). '

Robert Josse, personal communication, 24 March 1976.

PR T S

"Arrete du 22 Decembre 1975 relatif a ltisolation
acoustique dans les batiments d'habitation," Journal
Officlel de la Republique Francalse, 7 January 1976.
This arrete modlfies the lst and 3rd articles of the
arrete of 14 June 1969 (Ref. 32), to medify slightily
the permitted noise levels in certaln kinds of rooms.
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46.
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50.

51.

52.

"Promotion de fenetres a bonnes lsolatlons acoustlque
et thermigue: Creation d'un label tACOTHERME',"
(Promotlon of Windows with Good Acoustical and Thermal
Isolation: Creation of the'ACOTHERME! Label), Cahiler
des Prescriptions Technlques {(undated, but probably
1976) of the Minilstiere de 1'Equipment, Direction de la
Constructlon, Service Technique, Paris.

"Podstawowe zasady flzykl budewli. Ochrona budynkow.
Izolacja akustyczna," (Prineiple Theorems of Bullding
Physics! Protectlon of Bulldings. Acoustical Insula-
tion), Recommendation RS 263-68 of the Standing
Committee of the Counell for Mutual Economle Ald
(CMEA)Y, 1965. (English summary in Ref. 53.)

{T1tle Unknown), Draft Recommendation RS 263-67, a
proposed supplement/revision to HS 263~55 (see Rafl,
473y, Council for Mutual Economlc Aid, (CMEA)
October, 1967. (English summary in Ref. 53).

"Akustyka budowlana. Ochrona przeciwdZwiekowa
pomieszezefi,”" (Bullding Acoustiecs., Noise Control in
Buildings), Polish Standard PN-70/B-02151, Warsaw,
1970. (English summary in Ref. 53).

"Ochrana proti hluku v pozemnich stavbach" (Protection
Against Nolse Transmlsslon in Buildings), Czecho-
slovakilian Standard CSN 730531 (1971). (English

summary in Ref. 53).

"Acoustica in construetil. Protectia impotriva
zgomotulul Ln constructll civile," (Bullding Acoustles.
Protectlion Agailnst Nolse in Resldentlal Bulldings),
Rumanian National Standard STAS 6156-68, (1968).

(English summary in Rel. 53}.

"Bauphysikalische Schutzmassnahmen Schallschultz:
~~3challschutz; Schalldimmung von Bautellen®

{Means of Protection by Physical Construction: Sound
Insulation of Bullding Elements), East German
(German Democratic Republic) Standard TGIL 10687,
Blatt 3, draft of March 1969, effective 1 April
1971. (Brief English summary in Ref. 53).
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53.

54.

55.

56.

57.

58.

39.

60,
61.

ga2.

"The Influence of Materiazls and Construction on the
Acoustic Climate in Dwelllngs and Its Effect on
Residents' Health," Final Report of ProJeet No. 05-202-
2, Phase 1, Appendix 3; January 1975; Building Research
Institute of the Ministry of Building and Bullding
Materials Industry, Warsaw.

"ganeneristysnormlit," (Bullding Acousties), Finnish
Standard RJL 55b (1867/1971), Helsinkl.

Theodore J. Schultz, "Research on Evaluatlon of
Acoustic Qualities in Finlished Builldings: A Survey
1974~75." Worklng Paper for the Acoustical Commission
W 51, Conseil Internationale du Batiment {CIB), July

1975; Rotterdam.

"Sehallschutz und Raumakustik im Hochbau," (Scund
Insulation and Architectural Acoustles in Bullding
Construction), ONORM B 8115, Draft standard, Aprll
1976, Osterrelchisches Normunglnstitut, Vienna,

Austria

G. Berry, "Sound Insulatlion in House and Flats:
Effect of New Scottish Building Standarda," Insulation

(Lond.) 8 (1), 2B8-29,

John K. Hilllard, Gordon L. Brlcken and Paul A.
Penardi, . "Practical Conslderation in the Evaluation
of Acoustically Effective Party Walls,'" internal
report, Mareh 11, 1976, Blo-Acoustical Engineering
Corp., Tustin, Calif.

Robert Josse, "Etude sociologlque de la satisfactlon
des occupants de locaux aux regles qul sont supposeces
garantir un confort acoustique suffisant" (Soclologieal
Study of the Satlsfactlon of Qccupants of Dwellings
Actually Conforming to the Regulations That are
Supposed to Guarantee Sufficlent Acoustlical Comfort),
Final Report, 1 March 1969, Centre Sclentifique et
Technique du Batiment, Parls.

Jan van den Eijk, letter to author, dated 26 March 1976,

Jan van den Eijk, "The New Dutch Code on Nolse Control
and 3Sound Insulation in Dwellings and Its Background,"
J. Sound Vib. 3{1), 7-19 (1966).

M.L. Kasteleijn, "The Statistical Spread of Measured
Alrborne and Impact Sound Insulation in the Field,"
J. Sound Vib. 3{1), 36-45 (1966).
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63.
64,

65.

65.

67.

68.

69.

0.

7L.

72.

Jan van den Eijk, personal communication, June 1976.

Bullding Research Station Digest No. 88 {lst series,
May 1956, revised March 1964).

Statutory Instruments 1972, No. 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; Prepared by the Building Regulatlons
Advisory Committee (orlglnally in the Ministry of
Housing, now part of the Department of the Environment),

London.

Statutory Instruments 1971, No. 2052 {S.218}, "The
Bullding Regulatlions — 1971," for Scotland; Part H, pp.
71-72; Schedule 9, Table 11, p. 183; and Schedule 10,
pp. 216-219,

Ove Brandt, '"Sound Insulation Requlrements Between
Dwellings," Congress Report 2, IVth International Con-
gress on Acoustics, August 1962, Copenhagen; pp. 31-54.
{This important paper is reproduced here as Appendix E.)

K. Gdsele, "Schallschutz von Wohnungen: Derzeltiger
Stand und Verbesserungsmdgllichkeilten," (Sound Isolation
in Dwellings: Present Status and Possibilities for
Improvement), Kimpl dem Lirm, 21. Jahrgang, Heft 5,

October 19074,

K. U8sele, "Schallschutz im Mauerwerlksbau," {Sound
Insulation in Brick Buildings), Kalksanetein — Neues
aus Wisaenschaft und Prazxia, September 1973, pp. 3-10,

H. Myncke, Director, Laboratory for Acoustics and Thermal
Insulation, Catholic Unlversity of Leuven, Belgium;
letter to author, dated 24 March 1976.

H. Myncke, "Reglementatlon concernant l'isolation
acoustique," (Regulations for Acoustlcal Isolation),
Revue No. 3, 20-21 October 1972, Centre Sclentlfique
et Technigue de la Construction, Brussels,

"L'lsolement acoustlque dans les batiments," (Acoustical
Isolation in Buildings), Technieal Information Note
No. 80, October 1971, Centre Scilentifique et Technique

de la Construction, Brussels.
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73.

TH.

" 75.

76.

77.

78.

W. Fasold, "Zum Stand der Erfiillung der Schallschutz-
forderungen im Industriellen Wohnungsbau," {The Current
Status of Complilance wilth Nolse Control Requirements

in Industrial Residential Bulldings), Zeltschrift fiir
dle pesamte Hygilene und ihre Grenzgeblete, 13 Jahrgang,
Heft 8, pp. 626-631, August 1967, East Berlin.

National Bulldlng Code of Canada 1970, NRC No. 11246,
National Research Councll of Canada, Ottawa, reprinted
October 1972; Paragraph 3.3.4.7 (p., 113), Section 9.11,
"Sound Control" (p. 346), and Tables I-A and I-C (pp.

1'33"}4”1) o

Frederlck P. Rose, "Owner's Viewpoint in Residentlal
Acoustlcal Control," J. Acoust. Soe. Am. 36 (H), T40-
742 (aApril 1964). Reprinted ns Appendix 0 of this

report.

Theedore J. Schultz, "A-Level Differences for Noise
Control in Bullding Codes," Nolse Control Engineering,
Autumn 1973, pp. 90-97; see alsoc the letter to the
edltor, "Sound Transmission in Bulldings," p. 107 in
the same lssue.

Theodore J, Schultz, "A Proposed New Method for Impact
Nolse Tests," Proceedings of Inter-Nolse 'T75, 27-209
August 1975, Sendal, Japan, pp. 343-350.

Frank P. Grad, "lLegal Remedies for Houalng Code Viola-
tions," Research Report No. li, prepared for the
National Commlssion on Urban Problems, Washington, b.C.,

1968.
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