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4VALYZED 

Subjective Study of the Sound-Transmission Class System 
for Rating Building Partitions 

, \ 1 hc use 111 single num1)cr ratings in dcsc~il,ing the :~coustic pc~fo~rn:lncc of valious I)uiltling elcmcuts is \ r i y  
common. I':\anq)lcs of this a le  the soul~tl-tr;~nsmission cl;lss (ST(') of a n:~ll  or thc imp;~cl-lloisc rating of a 
floor. 111 thc S'I'C 1:lling method, Z L  tr;~nsrnission-loss (TI,) culvc of irrcgul.lr shal)c is com1)arcd to a stantlartl- 
lcfcrc~lcc curvc. 'The contril~ution of various frcqucncy bantls tlcpends on the sllal~c of thc standard curvc and 
the nlcthotl of colnparisort. An c \pc~imcnt  has been carriccl out  to dctcrminc the relativc subjcctivc inlport- 
m c e  of the various frequency bands ancl hon the change in subjcctivc rating due to irrcgula~itics in a 'YL 
curvc compares with thc rating obtainccl by using the standard curvc and litting rulcs. Rcsults indicate that  
thc prcscnt S'TC rating system is ovcrcorlscrvntive in rating changes in a T L  curvc and that  narrow coinci- 
dence-tlpc dips are not very important. 

INTRODUCTION 

In recent years, there has been a, trend in building 
technolog!- to~val-d a greater structural continuity and 
the i~se  of 11on-lox-bearing walls and partitions. This 
progress, tj-pilied 1))- the use ol light\\rcight iuaterials 
ancl prelabricated elements, although solving the prob- 
lenls of durabi1it)-, file resistance, etc., h'ts proclucctl 
other serious problems, one of the major ones being the 
provision of :~dccluate soi~nd insulation. 'l'lie problein 
of sound insulatioil has beell fuither conlplicated by an 
increase both in number and in loudness level of man). 
noise soulces, both household and esternal. The com- 
bined eiicct of these tcvo inlluenccs has beell to push 
souncl insulation illto prominence, making it one of the 
inajor areas of collceril in moc1e1-n b~~ilcling construction. 
If a reasonable solutioil to the probleili is to be found, 
it is becoming ii~ci-casir~gly evident that a reliable way 
of rating the sound-insulation 1-alue of a \\la11 or floor 
constr~~ction be established. 

Alucli worli  hi^^ been carried out in recent years, in an 
eflort to establish a theoretical basis for the process of 
sound transinission through a wall; a t  the snlne time, a 
great deal of efiort has beell spent in establishiiig pre- 
cise standard methods for inensuring the transmission 
loss of a wall, in the laboratory and in the field. Little 
eSlort seems to have been spent on fincling out what 
satisfies the apartment dweller or ho~~scholder-. This, 
since it is the principal reason for providing sound 
insulatio~l, dcmailds an undcrstancling of the subjective 

reaction of the popi~lace to various t!,pical noises, and 
it must play a large part in determining a suitable 
method for rating walls. 

'I'hel-e are, ol course, many regulations governing 
sound insulation, hut Ltn esamination of their ol.igins 
reveals that the!. arc not based on much concrete acous- 
tical evidence, and lew, if any, ~.eflect an  understanding 
of the subjective response of the indivitlual apartment 
dweller or householder. 

The most realistic approach so far has been to iden- 
tify by tenant surve) s certain constructions that are 
deeillecl acceptable bj- the inajority of the occupants in 
an apartment. Iiecluirements \\rere then devised that 
reflected the characteristics of these constructions.'-" 
Se\,ernl developments of this sort ha\-e occurred both in 
Europe and in S o r t h  America and have culminated in a 
proposal for an iiltcrilational st:tndard ( IS0  Iif 17) for 
the rating of sound insulation bet\vcen dn-elling units. 
In Xorth America, the present rating scheme developed 
by an ASTM Stai~dai-tls Committee is essentially the 
sunc  as this proposal. I t  bears the designation Sound 
'I'ransmission Class (STC). I n  this paper, the STC sys- 
tem is considered in detail, but r e s ~ ~ l t s  M-ould apply 
equally well to the I S 0  ;tnd siillili~r systeins. 

7'he S'I'C rating system tries to express in a single 
n~~irnber the abilitj. of a wall to pro\-icle good sound 
insulation. AS a first step, the trails~llission loss (TL) of 
the \v\tll in cluestion is mcasured accol-cling to standard 
procedureshnd plottctl as a graph of 'TI,  g gain st fre- 
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' I , , , , , I , , , , , I , , I I11 the STC rating system, as in most others, a deii- =: 20 
125  250 1000 4000  nite shape of grading curve is used. The  first object of 
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F R E Q U E N C Y  I N  Hz our experiment, therefore, was to deterinine subjectively 
the relative importance of the 16 4-oct frecluency bands, 
which cover the frequency range of interest for each 

cluency. Measurements are inade a t  16 {-oct center noise source, In other words, does presellt STC 
frequencies. A standard contour, which effectively grading curve give to the various frequency 
weights the 16 frequency bands in a predeterinined wa)?, bands that is conlpatible with o u r s u ~ ~ e c t ~ ~ , e a s s e s s l n e n t ~  
is moved vertically up or down the measured TI, curve 

object of this study, although, obviously, i t  cannot be 
divorced from the others. In the esperiinents described 
in this paper, Iten1 (2), i.e., the background noise level, 
was neutral in character and held constant throughout. 
For I tem (I) ,  three different noise sources were used, 
each providing an intruding noise of different character. 

A. First Object 
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B. Second Object 

contour; the allowable value is an average of 2 dB per The secolld objective was to out llow subjects 
ineasuring point or a total of 32 dB. Second, the nlasi- reacted to various shapes of TL curve alld how arro\\'- 
lllum deficiency a t  any one point nlust not exceed 8 dB. band deficiencies such as coillcidcnce dips, for esalllple, 
When this process has been carried out, the STC rating would affect their rating of annoyance. It would then 
is given by the value of 'TI. a t  the intersection of the be possible to these results the 
S'TC contour and the 500-fIz ordinate.' The process is obtained the standard grading curve alld fitting 
illustrated in Fig. 1. procedure. Again, does the rating system give an assess- 

Although this is a precise rating system with well- of these various TL features that is 
defined rules, it is not baclred up by a very precise colllpatible our subjective results? 
understanding of the acoustics and psychoacoustics in- 
volved. The-shape of the reference-contour has its 
origin in the shape of the T L  curve for a 9-in. briclc wall. 
'I'he idea that  a total deficiency of 32 dB should be 
allowed has a certain amount of scientific backing. 
Reference 8 reports some worlr carried out to support 
this view. This rule ell'ectively allows for a certain 
amount of interchange between frequency bands; i.e., 
a deficiency in one band is considered equivalent to the 
sanle total deficiency spread out over the whole fre- 
cluency range. There is no scientific basis, however, 
to support the idea that  the lnasiinum allowable defi- 
ciency should be 8 dB. The rule was introduced as 
insurance against possible problems associated with 
discrete tones and narrow coincidence dips. 

All the arguments and worlr so far seem to have 
evolred doubtfuI assuinptions and evaded some of the 
basic subjective questions. The  present paper reports 
on soine systematic experimental studies of these sub- 
jective aspects. 

I. EXPERIMENTS 

Tlicrc are three important elements in any realistic 
sound-insulation problem: (1) the character of the in- 
truding noise, (2) the character of the anlbient noise, 
i.e., the noise that the occupants accept as a norinal part 
of their environment, and (3) the occupants' assessment 
of the annoyance caused by the intruding noise. 

I t  is the third of these factors that  forms the principal 

11. PROCEDURE 

About 30 people were installed individually in a con- 
trolled environinent and presented with two alternating 
intruding noises. 'The subject was then instuucted to 
mal;e an adjustment to the level of one of the intruding 
noises until he considered both to be eclually annoying. 

.4n anechoic room was selected as the test environ- 
ment, since it perinitted good control over the sound- 
field and ambient-noise conditions. The bac1;ground- 
noise level was siinulated using rand0111 noise inodified 
to have both the spectrunl shape and level of an  NC-25 
contour. The alternating intruding noises were intro- 
duced to the subject via a 1oudspeal;er situated about 
3 nl distant. The  loudspealcer was specially chosen and 
inodified to provide a reasonably flat frecluency response 
(f 3 dB) over the range 100 Hz-S 1rI-lz. Figure 2 shows 
the esperinlental setup in sonle detail. 

The intruding noise began as a tape loop of signal 
that  could be passed thro~igh either of two frequency- 
weighting channels. Switching froin one channel to the 
other could be carried out automatically or controlled 
by the subject. 

The  frequency response of the first channel was dc- 
signed so that it corresponded to that of the standard 
STC contour, whereas the second channel could be 
varied to simulate any desired T L  curve, including 
coincidence dips of various widths, depths, and center 

The  lournal of the Acoustical Society of America 677 





S U B J E C T I V E  S T U D Y  O F  S O U N D  T R A N S M I S S I O N  C L L \ S S  

2 
LL I 1 1 1 I I 
> - 

- 
FIG. 6. One-third-octave CI z 

band Ievels of speech givilig - 
equal annoyance. The solitl w 

> line represents an inverted a 
STC contour. C 

," 30 30 
I 

z 
125  250 5 0 0  1 K  2 K  4 K  

I  I I I I I 
O I25 250 500 I K  2K 4K 

Z 
o FREQUENCY I N  H Z  FREQUENCY, H Z  

FIG. ?.One-octave Imnd levels of speech giving cclual anno! ancc. 
2 111in in duration and selected so that there was no The solid line represents an inve~tetl STC contour. 

significant long-term fluct~lation in the character of the 
signal over its length. 111. DISCUSSION O F  RESULTS 

Because of the low levels of intruding noise being 
considered, it was felt that the intruding noise should A. Contour Shape 

carry soille liind of message or intelligence; otherwise, ~h~ sllapc the present s r ~ c  collloLlr was 
it \\ro~lld not be inlrirlsically annoying. I t  is dirlicult to ill a fair l ,  arbitrary nra!.. I ; ~ ~ ~ ~ ~  a practical poillt 
dehne what is meant by intelligence. Taliing speech, vieby, howevcl-, it did follom closely the measured 
for esainple, the tone of the voices may be annoying curve for a ')-in. brick wall, a not ~~nreasonable choice 
even though the words cannot be understoocl. to make. The e\periments were designed to find out 

One ilnportant aspect of the esperirllellt collcerlls the ~ O \ Y  thc subjective annoyance rating for various S O U ~ I ~  

lneaning that the word conveys to the vari. sources varied with frecluency and 1101~ this conlpared 

ous subjects. I s  it possible for our subject to differentiate "lith Ihe esisting curve' 

between loudness and annoyance? Rccent wo~l ; '~  has Figures 6 and 7 show the results for $- and 1-oct bancls 
of speech. For coinparison purposes, an inverted STC 

shown that subjects, when aslied to judge a series of 
contour is superimposed. The results show a remar1;able 

paired noises on the criterion of loudness and then on degree of fit. The lines 
~zoisi~~ess, do show a definite difference. One other recent tllc 9jyc conbdence lilllils for  the observatiolls and ti,us 
paper" has also shonrn that, when subjects were aslicd give a of the ~i~~~~ p, sholvs the resLilts 
to judge various noises on loudness and then on annoy- obtaillcd \vith as a sound source; again, there is 
a i m ,  a definite difierencc in reaction mas obtained, a close fit to the STC contour. 'Thc general trcnd of the 
amounting to 7 dB in some cases. results was not s~irprising: loudncss contours, noisc 

T o  help the subjects in tllis lllatter, the= Nrcre asked rating curves, and the .l-weighting curvc have all shown 

to illlagine thclllselves, for e,alllple, in their that thc nliddle and high frecluencics are more iinportant 

living roo111 reading a boolr or playing cllcss and to gauge than thc low frcclucncies and that the car would appear 

the allnoyancc of the intruding lloise ill a sitllation. to respond in this way. The indi\ridual ma!. also have 

A written of illstructiolls the abo\,e in- been conditioned by the sinlple act of living in apart- 

formation was presented to each subject. nlents and houses where the acoustical perfornlance of 

No detailed alldionletric screelling of the subjelts was the dividing walls shows a siinilar trend, i.e., good 

carried out, but nolle a\vare of ally hearing diffifi- attei~uation a t  high frecluencies and poor attenuation at  

culties. All subjects were persollnel worlting ill low freclilencics. The important thing to note, however, 

laboratories of the Di\,ision of liesearch. Their is the close~lcss of the esperimental points to the ST(: 

ages from 20 lo 5 j  and, apart fronl illitial conto~x,  which suggests that the shape ol thc STC con- 

test runs, all lllalc, of trsed ill tour for grading the acoustical performance of ~valls is 

each part of thc e~per iment  varied between 15 and 30 
depending on tlle amount ol' scetter present in the 2 LL 

> 
LL 

results. A 9jYc conlirlence interval of f l+ dB on thc 2 

a 

inean value was considered necessary for meaningful g. One-third- 5 0  

results. Thc sanle basic group of people was used octave bantl lecels of LL 

throughout thc \~iirious dilierent test runs. 'Tllis meant , 2 40 
that, during the initial tests, thc group members had sents an il~verled STC 

conlour. all beconle familiar with any mechanical intricacies 
I 5 I 30 F/ 
C involvcd in adjusting the attcnuator and s~vitching 125 250  5 0 0  1K 2K 4 K  

fro111 one weighting cha~lncl to another. 0 
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PIG. 9. One-third-octave bands of vacuum-cleaner noise giving 
equal annoyance. The solid line represents an inverted S'TC 
contour. 

reasonably correct, espccinlly whcil consiclering speech 
and music as the rlisturbiiig element. 

The nest two figures (Figs. 9 and 10) show results 
obtained while using T-acuum-cleaner noise as a sound 
source. In  this case, there are large discrepancies fro111 
the assumed STC shape. This r e s ~ ~ l t  should not be 
allowecl to detract, ho~rever, from those obtained using 
speech and music. There are sonle quite basic differences 
between speech, music, and vacuum-cleaner noise. I t  
has been argued that the noise must be inherently 
annoj.ing; i.e., it  must carry soille 1;ind of message. 
Speech and music both have a T - e q  distinctive character 
when compared to vacuum-cleanel- noise; e.g., in speech 
and music, there arc large fluctuations from the average 
level, whereas with the vacuum cleaner this is not the 
case. These large fluctuations nleall that a t  one point in 
time the signal is below background, whereas a t  
another it is above. The vacuum-cleaner noise was 
steady in character during this study; as a true indica- 
tion of the annoyance of vacuum-cleaner noise, it should 
have been under a tj-pica1 fluctuating load and thus 
carrying a inore characteristic sort of "message." 

For speech and m ~ ~ s i c ,  two of the nlost inlportaiit 
types of signal in sound insulation problems, our results 
indicate that the STC contour shape was a good choice 
to use in rating the acoustical performance of walls. 

125 250 500  1K 2 K  4 K  

F R E Q U E N C Y  I N  H z  

FIG. 10. One-octave bands of vacuum-cleaner noise giving equal 
annoyance. The  solid line represents an inverted STC contour. 

B. Effect of Dips in TL Curve 

I n  this part of the experiment, the subject had to 
compare the sound passed through the STC filter with 
that passed through the T L  network. The T L  network 
was variable, so that  any shape of curve could be de- 
rivecl. Of special interest in this part of the esperiinent 
was the effect of narrow dips, characteristic of the coin- 
cidence dips found in certain T L  curves. This was 
achievecl by studying the effects of i-oct and 1-oct 
dips xarying in depth froin 0 to 20 dB in a prescribed 
T L  curve. 

In Fig. 11, the results are plotted for a g-oct dip in 
the 'rL curve, assuming music and speech to be the two 
sound sources. The solid line shows how the rating 
would be afl'ected using the standard fitting rules, ant1 
the dottecl line shows the rating when the 8-dB liinit 
for a single deficiency is ignored. I t  appears froin these 
results that the standard nlethod of rating is overcon- 
serkative in assessing the effects of a i-oct dip. There 
is reasonable correspondeilce if the 8-dB limitation is 
ignored. 

The results shown in Fig. 12 are for a dip 1 oct wide. 
In  this case, because of the width of the dip, the 8-dB 
rule beconles less significant when considering the 
original rating method. There is fair agreement with the 
experiinental results, although, again, the standard 
inethocl of rating tends to be overconservath e. Fronl 
this figure, it can be seen that  the rating method gives 
closer results for the music sainple than it does for the 
speech, especially a t  the higher frequencies. On esamin- 
ing Figs. 3 ancl 4, it call be seen that  a t  the high-fre- 

o 5 10 15 20 
D L P T H  O F  D I P  I N  TL  C U R V E  d B  

FIG. 11. Change in 
subjective rating clue to 
a +act dip in the TL 
curve for speech and 
music.-Standard S'TC 
rating method.--- STC 
rating method, ignoring 
the 8-dU limitation. 
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cluency end of the spectrum, the average level of the 
speech sample is well below background, and the per- 
centage of time during which the speech is above bacli- 
ground is smaller than that  for music. This could 
account for differences evident in Figs. 11 and 12. 
Figure 13 gives a co~nparison between the e f l e~ t s  of a 
4-oct dip and a 1-oct dip in the TL curve a t  a frequency 
of 2 1iHz. When the dips are deep enough to have sub- 
stantial effect on the transmitted sound, the :-oct band 
is about 5 dB less annoying than the equivalent octave 
band. Sinlilar effects can be observed for the other two 
frequencies. 

The results for the esperiinent using vacuum-cleaner 
noise as a source are suficiently different to be con- 
sidered separately. Figure 14 illustrates the results for 
a dip 4 oct wide. The  most obvious result is that  the 
standard rating method is overconservative and that, 
when tlie 8-dB linlitation is ignored, the correspondence 
between experiment and rating is good. The  actual 
shifts in rating are fairly small, and if a realistic dip is 
considered, probably no more than 10-15 dB deep, the 
change in subjective rating is allnost insignificant. 
Figure 15 shows the 1-oct band results. A similar trend 
is evident here, in that the results are nlatched closer 
to the line representing the rating where the 8-dB limita- 
tion has been ignored. The result a t  1000 Hz is curious 
in that  it is far reinoved from the dotted line in both 
graphs. There is no obvious reason for this deviation. 

IV. CONCLUSIONS 

The studies described in this paper indicate that  the 
reference contour now used in the ASTM and similar 

appear that  the fitting rule that  allows a free distribu- 
tion of the 32-dB total deficiency gives a conservative 
assessment of the STC rating of irregular T L  curves. 
This also applies to curves with narrow coincidence 
dips. For noises of the type considered here, it  appears 
that  the second rule limiting the deficiency in any one 
band to 8 dB is unnecessary. 

I t  should be noted that  this second rule, which comes 
into play only occasioilally in the rating of actual parti- 
tions, is a vestigial reinnant of an earlier version of the 

FIG. 14. Change in subjective 
rating due to a 4-oct clip in the 
TL  curve using vacuum-cleaner 
noise as source. - Standard 
STC rating methocl. - - - STC 
rating method ignoring the 
8-dB limitation. 
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FIG. 15. Change ill 
subjective rating duc to 
a 1-oct di], i n  the T L  
curve using vacuum- 
cleaner noise as source. 
----Stantlartl STC ra- 
ting method. - - - STC 
rating methotl ignoring 
the 8-dB limitation. 

D E P T H  O F  O l  P d B  

'ISI'AL Souncl Transillission Class as it appeared in 
ASTAll E90-61T. References 4 and 5, describing the 
earlier version, reflect the concern a t  that tinle with 
possible effects of deep clips in TL curves. This concern 
resulted in a rating procedure that  depended, usually, 
on the T L  in one frequency band, the lo~t.esl band rela- 
tive to the standard contour. The present subjective 
studies inay therefore be taken as further evidence that 
the change in rating procedure was a good one. 
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