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ANNOYANCE OF INFRASOUND 

Jente And r ese n and Henrik M0ller 

Ins t itute o f Electroni c System, 
Aalborg Universi t y, 
Strandvejen 19 , DK-9000 Aalbor g , De nma rk 

INTRODUCTION 

Infrasound at in t ensi ty l evels that may ca use annoyanc e is gui t e 
conunon in our daily surroundings , bu t tho ugh a few c ountries have 
introduced measurement pro cedures and. hygienic limits, there is 
a deplorable lack of experimen tal fa c ts on wh i ch t o base these. Eq ual 
loudness c urve s have a l r eady been de scribe d f or infrasound [l, 2]. 
Howeve r, weighting curves and environment a l r equi rements ought no t t o 
be based exclusively on the s e ; o ther fac t o r s should a l so be 
co nsidered . The aim o f this project is t o c ont r ibu t e to the 
establishment of equal annoyanc e contours in t he frequency r a nge: 4 -
31. 5 Hz. 

METHOD 
subjects 
Eighteen engineer i ng s t ude nts participa t ed (1 7 me n and 3 wo men, age 
range: 18-2 5). Al l were paid vo luntee r s. and had e a r l i er participated 
in a p r oj ect t o establ ish e qual l oud ness curves i n the infr a sound 
range. An audi ometric test ensure d normal hearing. 

Sound conditions 
The f o llowing 18 so und exposure conditions were us ed: 4 Hz at 120 and 
124 dB, B Hz at 109, 114, 119, and 124 dB; 16 Hz at 95 , 102 , 109, and 
116 dB, l kHz octave filtered pink noi~e at 20, 40 , 60, and 80 dB. 

Apparatus 
The experiments were performed i n a 16 cubic me tre pressure chamber 
that was furnished as a doctor's waiting room. The infraso und wa s 
emitted via 16 electrodynamic loudspeaker s d r ive n by a B & K 271 2 
power amplifier . The l kHz no ise was emitted via an equalized Hi-Fi 
s ound reproduction· system with the l o udspea ker plac ed 140 cm from the 
subject. The experiment was controlled by an HP 21MX computer. 
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Experimental design 
The experimental design was a n 18 x 18 balanced l a tin squa re , which 
ensured that each treatment followed each other trea tment only once. 
Each subject was exposed to one t r eatment a day for 18 days at the 
same hour . 

Procedure 

During the experi menta l session the subject wa s seated alone in an 
easycl1d i r in the experimental room . Communica tion with the subjec t 
took place via an intercom . The subject was supplied with two 
newspape r s and wa s instructed to read during the next 20 minutes. The 
sound exposure began after 5 minutes silence and was continued f or 15 
minutes . After a delay of 15 seconds the subject i nd icated on a sca l e: 
l) degree of annoyanc e expe r ienced during exposure, 2) degree of 
annoya nce that he would probably feel, if his neighbour produced the 
same type of sound for two hours . The scale was a 150 mm -long 
horizontal li ne , the ends of which were labelled respectively "not at 
a l l annoyi ng•· and "very a nnoy i ng" . One minute a fter the sound exposure 
the subJect was asked to adj ust t he sound o f a l kHz octa ve filte r ed 
pink noise so lhat it was heard as a nnoying as the sound hear.d while 
rea ding . 

RESU LTS 

As the e xperiment is still i n progress a nd not all d a t a a re in , 
equal a nnoya nce con t our s have not yet bee n worked out . 
Degree of annoyance was r eg i s trated in mm . For e ach stimulus means and 
standard devi ations for perceived a nnoya nce during exposure have been 
calculated and a re sho•,m together wi th number of observations in table 
l. 
Curves indicating the r e l ationship between a nnoyance and sound 
pressure level for each of t he f i ve frequencies a re shown in figure l . 
A point on a curve represents mean degree annoyance f or a given 
frequency at a given sound pressure level . The curve s are based on 
estimated mean values (ANOVA Multiple Classif i cation Ana l ysis) a nd a s 
more than 90\ of the values are included the remaining data will 
hardly change the general chape of the curves. 
The curves show that with decreasing frequency a higher sound pressure 
is needed to provoke the same amount o f annoyance . 
co ,op;,n,d with thP. curve for l kHz noise , the curves f or the i nfrasonic 
frequencies generally have a much steeper slope. This change i n s l ope 
is already seen at 31.5 Hz , and be comes even more pronounced with 
decreasing f requency . Thus in t he i n frasound region relative l y small 
changes i n sound pressure may cause la r ge changes i n annoya nce . From 
an environmental point of view thi s is impor tant because a few dB's 
diffe r ence in sound pressure leve l can make a l l t he diffe rence to the 
acoustic e nvironment. 
I t also shows t hat accuracy is c r ucial when measuring infrasound, and 
tha t s peci f ic demands must be ma de on t he mea sur ing equipment. 
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Table l . Results from annoyance question l. 

Frequency SPL Mean 
I 

SD 
N I 

(Hz) (dB) (mm) ( r.,m) 

I 
~ 

1000 20 7 

I 
8 16 

40 25 22 
I 

15 
60 54 36 18 
80 114 32 .. _ )-~ 

31. 5 75 20 23 15 
84 40 39 17 
93 64 37 15 

102 98 38 16 

16 95 22 29 17 
102 56 47 18 
109 80 38 18 
116 112 33 18 

8 109 37 34 16 
114 61 41 18 
119 92 37 15 
124 104 40 1(, 

4 120 24 30 15 
124 68 43 18 

PROJECTED EXPERIMENTS 

Because so little is known about annoyance caused by infrasound this 
study has been very limited in scope i.e. only pure tones have been 
used as stimuli and only young students as subjects . To extend the 
validity of the reported results it will be necessary to test older 
age groups and other occupational. We also plan to study the effect 
of infrasound on performance tasks, and as infrasound outside t he 
laboratory is normally mixed with higher frequencies we wish to test 
to vario us combinations of infrasound and audiosound. 
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Figure 1 . Relationship between sound pressure level and annoyance 
at five frequencies. 
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