
Air temperature, poor air quality and excess noise
all determine the level of occupant satisfaction in
buildings, but how do they interact? Researchers
at the Technical University of Denmark present
the findings of their comparative study.

Most research on indoor air
quality and on thermal and
acoustic environments has
focused on the impact on
human comfort of just one
particular parameter.
However, in practice peo-
ple are very often exposed
to combinations of two or
more environmental para-
meters simultaneously.

Attempts to reduce one
cause of discomfort may in-
crease other types of dis-
comfort. For example,
opening an office window
to a noisy outdoor environ-
ment will sacrifice acoustic
comfort for either increased
thermal comfort or better
air quality.

In a Japanese studyl, the
combined effect of noise,
lighting and thermal condi-
tions was investigated. But,
as no direct comparison be-
tureen these parameters
was made, the study was in-
conclusive in determining
the relative importance of
any given parameter.

Therefore, the purpose
of the study by the Techni-
cal University of Denmark
was to determine the rela-
tive importance of sensory
air pollution, noise and
thermal loads on human
comfort by direct compari-
son of the individual para-
meters.

The research plan
The research used the in-
door air quality and ther-
mal comfort theories de-
vised bv Professor Ole
FangeÉ'J. Indoor air quality
measurements used
Fanger's sensory units, the
olf and decipol. Fanger's
thermal comfort equation is
derived from quantifying
clothing level (clo) and
metabolic rate (met).

Experiments were per-
formed in two identical en-
vironmental chambers, A
and B. In the first part of
this investigation (which
centred on experiments 1 to
7), different combinations
of thermal load and sensory
air pollution in chamber A
were sequentially compared
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with a range of noise levels
in chamber B.

In the second part of the
investigation (which in-
cluded experiments 8 to
10), different levels of sen-
sory air pollution in cham-
ber A were sequentially
compared with a range of
thermal loads in chamber B.
The levels of thermal load
and sensory air pollution
were selected to correspond
to 10, 20,40 and 600/o per-
sons dissatisfied (ppd).

The corresponding
values of operative temper-
ature and perceived air
quality are listed in table 1.
A similar relation between
noise level and percentage
dissatisfied was not avail-
able from the literature.

For determination of the
operative temperatures, the
subjects were estimated to
have a metabolic rate of 1.6
met, and to wear clothing
with an insulation of L clo.

Sensory assessments
A panel comprising eight
men and eight women per-
formed the sensory assess-
ments. All subjects passed
a selection test to ensure
that they had normal audi-
tory, olfactory and chemi-
cal senses. Instruction in
the use of questionnaires
\ilas the only training given
to the panel members.

The study was per-
formed in two identical,
adjacent environmental
chambersa. In each cham-
ber, a curtain was used to
hide the sound generating
equipment and the sources
of air pollution.

The noise used in the ex-
periments was road traffic
noise. A two-minute re-
cording of this was re-
peatedly played back
through speakers in the
chambers.

Tabla 1: Operative lemp€raturos and perceived air quality
corresponding to the selected l6v€ls of dissatisfaction
Level of
dissat¡sfaction (7o)

21.3
23.3
26.0
24.4

10
20
40
60

In chamber A the sound
level was adjusted to main-
tain a constant A-weighted
equivalent sound pressure
level L¡"0 of 40 dB. This was
then considered to be the
background level.

A calibrated attenuator
was installed so that the
sound pressure level (spl) in
chamber B could be varied
bet\ryeen 40 and 75 dB in
steps of 5 dB.

Amixture of carpet, rub-
ber, fresh paint and
cigarette butts was used to
generate air pollution in
chamber A. Different
amounts of the mixtures of
materials were used to
obtain the desired levels of
perceived air quality.

Test procedure
In experiments 1. to 7, a
given combination of ther-
mal load and sensory air
pollution in chamber A was
compared to eight noise
levels in chamber B, with
the spl ranging from 40 to 75
dB.

Operative temperatures
in chamber A ranged be-
tween 2L.3oC and 28.4"Cn
and perceived air quality
betweeri 0'6 and 8.9 de-
cipol. The noise levels in
chamber B were presented
in random order. The com-
parison was made after a
one-minute exposure in
each of the two en-
vironmental chambers.

The subjects were asked
to evaluate the conditions in
each chamber and to com-
pare them. They did this
by filling in questionnaires.
The first question was: 'Im-
agine that during your
daily work in an office you
experienced the same air
quality, noise and temper-
ature as in this chamber.
How annoying do you find
these conditions?'

Operative temperature Perceived air quality
fC) (decipol)

06
14
41
89
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The scale employed for
answering this question was
a contlnuous annoyance
scale, ranging from 'no
annoyance' to 'slight
annoyance', then'moderate
annoyance','high annoyan-
ce', 'very high annoyance'
and 'overpowering
annoyance'.

The second question
was: 'Do you think that the
conditions in this room are

A panel compris¡ng eight men and eight women
peformed th€ s€nsory assessment. All sub.jects
had to pass a select¡on t€st to ensure they had
normal auditory, olfactory and chemical senses,

Figurc 1; The percentage of subjects preferring
chamber A as a function of the noise level in
chamber B for experiment 5. Each po¡nt on the
figure is the m€an of 16 assessments.

Figure 2: Noise levels in chamber B and
operative temperature in chambêr A resulting in
equal preference for th€ two chambers.
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Flgure 3: Noise levels in chamber B and
perceived_air quality in chamber A resultlng in
equal preference for the two chambers.

Flgure 4: Operativê temp€ratures in chamber B
ancl perceived air quality in chamber A resultíng
in equal preference for the two chambers.

Figure 5: PPD as a function of traffic noise level.
Data points ropresent the mean of 1 1 2 tests. The
curve is the result of probit analysis.
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acceptable for carrving out
office work?'The scale used
for this question was a con-
tinuous scale ranging from
'clearly acceptable' to
'clearly not acceptable'.

Once the subjects had
answered the two questions
for both chambers. they
answered the final question:
'In which of the two cham-
bers would you rather
be?'

They answered this
question by circling either
chamber A or chamber B.

The final quesrion of
preference was answered
when the subje*s had left
both chambers. When all
eight noise levels in cham-
ber B had been compared
with the given environment
in chamber A, the operative
temperature and air quality
in chamber A was altered
and the next experiment
started.

In experiments 8 to 1.0, a
given level of sensory air
pollution in chamber Á was
compared with four levels
of operative temperature in
chamber B.

Research findings
Figure L shows the relation-
ship between the percen-
tage of subjects preferring
chamber A as a function oi
the noise level in chamber B
for experiment 5.

The actual perceived air
quality in chamber A was
assessed to be 5.1 decipol,
and the operative temper-
ature 21.3'C (neutral). As
the noise level in chamberB

entage of
chamber

Analysis revealed that at
a noise level of 58 dB in
chamber B, the panel dis-
played equal preference
for the two chambers. Simi-
lar relationships were
found for the other com-
binations of perceived air
quality and operative temp-
erature in chamber A.

Figures 2 and,3 show the
noise levels in chamber B
and operative temperature
or perceived air quality in
chamber A resulting in
equal preference in the two
chambers.

Figure 2 shows that a LoC
temperature change in a
space with good air quality
nas, on average, the same
effect on human comfort as
a 3'9 dB change in noise
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level. Figure 3 shows that a
change in perceived air
quality of I decipol ar neut-
ral operative temperature
has, on average, the same
effect on human comfort as
a t dB change in noise
level.

. 
Figure 4 shows the oper-

atlve temperature in cham-
ber B and the perceived
air quality in chamber A re-
sulting in equal preference
for the two chambers.

The figure shows that a
loC temperature change in

equivalent to a change in
perceived air quality of 2.4
decipol.

What the study reveals
The study allowed the sub-
jects to evaluate the rela-
tive importance of poor in-
door air quality, thermal
load and noise without us-
ing any scales. The main
results are based on simple
preference statements from
the subjects themselves.

The operative temper-
ature turned out to be im-
portant compared with
perceived air quality. A
small change of l"C in the
operatrve temperature was
found to have the same
effect on human comfort as
a considerable change of2.4
decipol in the perceived air
qualiry.

Noise also proved to be
lmportant, as a 1.2 dB
change in the noise level
had the same effect on hu-
man comfort as a 1.0 de-
cipol change in perceived
air quality.

The results reveal the re-
lative importance of the
three environmental para-
meters after one minute
exposures to the different
environments. Different re-
sults may be obtained with
longer exposure time, for

vironmental parameters to
be compared one by one.
However, one experiment
- experiment 7 - was in-
cluded to study the com-
bined effect of more than
one Parameter.

In this experiment the
combination of 28.4.C oper-

ative temperature aud a
perceived air quality of 8.9
decipol was compared with
a range of traffic noise
levels. When tested individ-
ually, both environmentaÌ
conditions had the same
effect on human comfort as
traffic noise with L¡"o equal
to ó0 dB.

When the two en-
vironmental stressors vr'ere
combined, the equivalent
noise level was found to be
71 dB.Interesti
crement of 11

ngly
dB

this in-
corres-

ponds approximately to a
subjective doubling of the
loudness.

An inreresting additio-
nal result of the study was
the establishment of a rela-
tion between noise level
and percentage of people
dissatisfied (figure 5),

The relation is only valid
for traffic noise, and is
based on the unadapted im-
pression (one minute ex-
posure). The percentage
of people dissatisfied is
given by:

o..T:"i'"'"' "'.-ot (5$$)r"
The final analysis
In spaces with good air qual-
ity and with operative
temperature in the range of
23"C to 29oC, a 1"C change
in the operative temper-
ature was found to have the
same effect on human com-
fort as a change of 2.4 de-
cipol in the perceived air
quality or a change of3.9 dB
in the noise level.

At neutral temperature,
and for levels of perceived
air quality up to 10 decipol,
a 1 decipol change in
perceived air quality had
the same effect on human
comfort as a change of 1.2
dB in noise level.
This an¡cle ¡s based upon research
carr¡ed out at th€ T€chnical Univers¡ry of
Denmark by Geo Clausen, Linda Carick,
Profêssor O¡€ Fanger, Sun Woo Krm.
Torben Poulsen and Jens Holger Bindel
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