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THE'RESPbNSE OFBHUMANS‘TO IMPACT NOISE.
James A.Powell

Introduction

Tootfalls,typewriters,telex machines,punch card sorters
and pneumatic¢ hammers mzke impaot nolses which often
becoms unacceptable to office users snd flet dwsllers,
Several methods exist for the rating of continuous nolse
(d3{4},NC andNR curves and B.S,4142)but these do not
edequately predict humen response to impact; noiseg (those
having a fast rise time and exponential decay).In this
respect the building industry is uneble to design floors,
walls end screen constructieons which isolate impact noise
with reasonable design tolerances.This paper deseribes an
attenpt to determine the physleal parameters of reourrent
impact noisa which determine their loudness to human
observerg{so that designers cen make a more &ppropriate
‘allowance for impact nolse when using present criteris),
The Experiment )

The subject's task was to determine the loudness level of
various impact noises,.In eaoh experiment he was seated
in an anechoie room facing an electrostatic loudgpeaker.
Following a warning light alternate bursts of pure 1 kEz, .
tone,the reference signal,snd impact noise were presentedtothe
subjeot,Thirteen subjects,who were laboratory personnel - :
with normal heering ,were ssked to sdjust the -impaot nolse
until it was "equal in loudnessito the reference|signel,”
The method of"equivalent stimuli” was used (ﬁuilrpr§.1954)-
Impact gsounds of 5,10,20,40,and 100 p.p.s. repeti?ion'rate'
had to be matohed in loudness to ten reference signals
resented randomly and ranglng in 64B stepa rrom,,P-Tdr-m-B-
level in dB re 2«10°N/m%). a '

A block diagrem of the apparatus-is showd in figure 1.The
impact sound having a rise time of 1 'm,sec. and a decay time
constant of 1.2 mseos.was generated with a pulse generetor.
Tt was fed to the external imput of an eudiometer set on

the autobalance mechanism.This produced an output of
elternate reference and impact signals ofisecond duratien.

The tone and the impast nolse could be adjusted independantly.
The output wes fed through an.. on/off switch and an ,
emplifier to the loudspesker in the anechoie room,The

subjeot could speak to the experimenter through an intercom
or relste his loudness decisione via a 3 light display

panel in the control room.
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The results ere shown in figure 2. The pulas treins of
equal loudness ate plotted as a fupctlion of pesk level md
repetition rete,.The level of the pure tone stenderd is the
paraneter,i,e.the phon. The within subject differences iie
within the rengex £.5 phons.However,the interpersonsal
differences were in the rangexll phons for the low
repetitlon rate 2nd £6 phons for the high repetition rates
The resultg in figure 2. are the mesn values of a Tamily
of curves for i3 subjects,

i

FG. 2.

s Pl'on.s
o .

Y

__ﬁ..ﬁ-‘—'—'—-eo .
sy .
-\so -

*sz :
—

3
3
5
20

10

20 &0
REFETITION RATE (ppa

100




RMS.LEVELIM DB re 2+10" Nm*

b
1380
g
Oy

wm

o /;——"""—'——'SO :
c .
= c
*'60/ //__WE t
g / ' _ Sy
0,551 / “'1 w 'b-
N - o
550 ; - 5~
: - 0" @
345 // . g -
-l ) I' _m
E‘w-/ .."'" g e
m "
~ . e
'35‘ '/"
g:o '
5 10 20 40 T 100
F1G.3 REPETITION  RATE
85

.'—— - —

[T IR N T SRR R B
O th O O wn O

&

5 20 o
FIG. 4. REPETITION RATE* {pp.s)

a = phon curve of impact sound \gth peak
pulse level of 85 DB re 2x10 N!rnl for
mean of B subjects.

100

- ——-b = Opercentile phon curve for same impact sound
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c—.-t = 100

wwe=-d = the dB(A) readhgonustandard meter cororming

10 85,3489 with its dynamic .characteristics .
are sel fo the “slow' position ( B.S, 442:1967 pr.222)




Discussicn

The shape of the curvesin figure 2.seem to be comparaeble
with aimller work on impmct nolse of broed bend spectira
{Garreﬂ;lges) and triangulsr trensients (Carter and Gallow,
965

In flzure 3, the data has been trensformed to show the
growth of apparent loudness level of impact noise with
repbtition rate,The ordinate i3 e ‘phon acale,while the
abscisse 18 oelibrated in pulpes/second.In general over
tha renge 5-20 p.p.s.the growth in loudness with
repetition rate ¢an be approximated to a straight line .
with a slope varying from 16,5 dB/ dacede at the loaer
intensities .and 2448/decade at the higher intensities.
Above 20 p.p.s. the curves tend to flatten out es the
pulsgd sound becomes progressively clogser to continuous
soun

In firure 4.the phon curve for a typlcal impect sound,
thet for = peak pulge level of 85 dB,1s plotted topether
with its-0 percentile and 100 percentile values. The
sgquiveleont d4B{4A) value (slow meter setting) for the
relevent impaot noise is also plotted .Although meesurable,
the meter reading for impact ncise below l0p.p.s. is

shown as & dotted line.Below thils velue limitations in

the sensitivity of the meter prevent accurate measuremert
of impect noise,The d43(A} curve 1s approximately 5d9(3}
below the meer®velue end 15 d3(A) below the 100 percenuiie
value.0f the apparent loudness curve.

Tn order to make &n impact noise allosaence for the communlty
in general it would be more appropriefe to compere the
meter reading with the 95 percentlle velue Pnd not the

meed or 50 percentile rerding 1.e.st least 95 % of the
subiects should be satisfied (Garrett 1965), The $5%ile
value 18 approximated by the upper curve in ficure 4.
(100°11le line.), Thus a.more reslistic allowance for

impact nolse would be lsdB(A) above the meter reeding.
Conglusion. |

4 determination of the loudness levelg for impec¢t noises
of different. repetition retes #nd pulse peak levels in
dB ‘has been carried out for 13 otelorlcerlly normel
observers.Tt has been suggested that 1533(A) ,rather thma
5d3{A), would be o moreappropriste allowance for 1lmpact
notse in the present design criteria.

Reasons for plotting mean rather than Mmedtan will be

given at the conference.
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