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E D ITO R IAL

The ed ito rsh ip  o f "A coustics  and Noise 

C on tro l in Canada" changes a t the upcoming 

Annual M eeting. 1 would like  to  take a m inu te  to  

rep o rt to  the membership how the journa l is 

evolv ing. For indeed, journals do "evo lve", and 

the  p ub lica tion  th a t the  next e d ito r takes over 

has been nourished by the care o f a ll the 

previous ed ito rs  and o ff ic e rs  o f the association, 

as much as by the  team  now in charge. We 

advance only when previous advancements are 

taken fo r  g ranted.

In the last tw o  years, we have successfu lly 

shed our governm ent support, and become tru ly  

independent o f  any g ran t or subsidy. U n til 1978, 

the governm ent m a in ta ined  our m a iling  lis t, 

p rin ted  the journa l, and paid fo r  all th a t and the 

d is tr ib u tio n  besides. Since then, Doug W hicker 

has m ain ta ined our m a iling  lis t, D e ird re  Benwell 

has arranged our p r in t in g  and d is tr ib u tio n , and 

M oustafa Osman has sold the m a iling  lis t, 

a tt ra c te d  advertis ing  and sustaining subscribers, 

and paid not jus t the b ills  bu t made a p ro f i t  

besides. Les Russell has managed the increas

ing ly  com plex finances.

These a d m in is tra t ive  tasks have consumed 

more e f fo r t  than evidenced by a casual reading 

o f  our pages. We hope, however, th a t o ther 

aspects o f the  e d ito r ia l e f fo r t  are v is ib le . Our 

covers are in co lour, and illu s tra te d  by Simon 

T u cke tt who also helped us w ith  our logo. Our 

te x t  now conveys more news, and an occasional

photograph, and is o ften  typeset (thanks to the 

help o f Rosemary Garsh). Our papers, w hich 

continue  to occupy over ha lf o f  the journa l, 

increasing ly come under re ferees ' sc ru tin y  

before  th e ir  acceptance. The re ferees are to  be 

thanked fo r  th e ir  ded ica tion  to  th is  most 

inv is ib le  and thankless o f tasks.

Our ob jectives have the re fo re  been fo u r

fo ld : financ ia l independence; a l iv e lie r  appear

ance (though not "gloss a t any p rice "); more news 

about Canadian acoustics; and a h igher standard 

o f published papers.

It  is in this last area th a t the journa l is a t a 

stage th a t w il l  need m on ito ring  and managing in 

the  years ahead.

We have so fa r  chosen not to  assume the 

ro le  o f  a h igh -q u a lity  s c ie n t if ic  journa l -  which 

would require  an in te rna tiona l c ircu la t io n , an 

im proved fo rm a t and probably a change o f name. 

It  is arguable whether another such journa l is 

needed. Moreover, i f  we took such a route, and 

did not make the tra n s itio n  successfu lly, w r it in g  

fo r  the journa l could  be beneath the in te res t o f 

the  best acoustic ians w h ile  beyond the reach o f 

many o f our present co n tribu to rs . Our read

a b i l i ty  could fa l l o f f  d ra m a tica lly .

Our cu rre n t po licy  has the re fo re  been to 

make only evo lu tiona ry  changes in our accep

tance procedures fo r  papers. Our re ferees stress 

accuracy and re a d a b ility  befo re  advanced 

th ink ing . This p o licy  makes us accom m odating 

to  our authors, w h ile  s t i l l  being responsible to
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our readers. It would succeed b e tte r,  however, 

i f  more authors responded, and we received a 

greater q ua n tity  and d ive rs ity  o f concise, news

w orthy  m ater ia l.

As usual, we remind authors th a t the 

journal is ready when you are.

JO U R N AL PROFIT AN D  LOSS

A t  this trans it ion  po in t to a new ed ito r ia l 

team, Les Russell, C A A  Treasurer, has prepared 

a p ro f i t  and loss s ta tem ent fo r  the journal's last 

tw o  years.

Vol, No. Receipts Expenditures P ro f i t

7, 1 895.00 476.46 418.54
7, 2 915.00 569.30 345.70
7, 3 1,084.50 783.23 301.27
7, 4 652.50 605.71 46.79
8, 1 1,305.00 644.69 660.31
8, 2 798 .30* 656.37 141.93*
8, 3 970 .00* 445.54 524.46*
8, 4 565 .00* 475.00 + 9 0 .0 0 * t

Tota l 7 ,1 85 .30 4 ,65 6 .3 0 2 ,5 29 .0 0

Asterisked figures convey the financ ia l p ic tu re  
expected when rece ipts are in from  recent 
issues.

Daggered item  indicates es tim a te .

C A A  A N N U A L  MEETING

A last ca ll fo r  papers has been issued

regarding the Annual Meeting o f  the Canadian

Acoustica l Association in Montrea l, 

October 22-23, 1980.

o Abstracts  fo r  a ll papers on all aspects 

o f  acoustics w i l l  be accepted fo r  rev iew  u n til 

September 30th. However, la te r submissions 

may be possible upon c o n f irm a t io n  by phone 

fro m  Cameron Sherry, D om ta r Inc., 2001

U n ive rs ity  S tree t, M ontrea l H3A 2A6, Te l: (514) 

282-5306.

o La te  reg is tra t ion  is s t i l l  possible by 

g e tt in g  d ire c t ly  in touch w ith  C. W. Bradley. 

Hote l reservations should also be made d ire c t ly  

to  the Hote l C onste lla tion , 3407 Peel St., 

M ontrea l H3A I W7, Tel: (514) 8 4 5 -123 I (co llec t).

o For fu r th e r  in fo rm a tio n  and reg is tra t ion  

deta ils  co n ta c t:  C. W. Bradley, W ill iam  Bradley 

& Associates, 3550 Ridgewood Ave., M ontrea l, 

H3V IC2, Te l: (514)735-3846.

NOMINATIONS FOR C A A  OFFICERS

The bylaws o f the Canadian Acoustica l 

Association requ ire  th a t  the past-president 

nom inate persons to  f i l l  vacancies th a t  occur on 

the Board o f  D irec to rs  and O ff ice rs  o f the 

Association.

A t  the October m eeting in M ontrea l, B i l l  

B radley has advised us th a t  he w i l l  make the 

fo l low in g  nom inations:

President: Tom Northw ood (continuing)

E xecu tive  Secre ta ry : John Manuel (continuing) 

E d ito r:  D e ird re  Benwell 

Treasurer: Les Russell (continuing)

D irec to rs : The term s o f  tw o  o f our d irectors , 

Hugh Jones and Gary Faulkner, expire this year. 

To replace them, S tuart Eaton (Workers' Com 

pensation Board, Vancouver) and John Foreman 

(U n ive rs ity  o f  Western Ontario ) w i l l  be 

nom inated to serve fo r a fou r  year period.

F u rthe r nom inations are inv ited  and should
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be in the hands of the Executive Secretary, 

together w ith the consent of the nominees to 

serve, prior to the Montreal meeting.

TORONTO CHAPTER ANNOUNCEMENT

Dr. Theodore J. Schultz w ill address the 

CAA Toronto Chapter on "The Acoustics of the 

New Massey Hall" at the Auditorium of the 

Ontario Hydro Headquarters Bldg., Monday, 

September 29th.

Additional information about the project 

w ill be presented by Mr. K. Loffle r, D irector of 

the Toronto Office, Arthur Erickson, Ass. 

Architects. Although not yet confirmed, 

Dr. Elmer Is 1er, D irector of the Toronto 

Mendelssohn Choir, w ill also give the inside story 

on music people's expectations in regard to con

cert hall acoustics.

For further information, please contact 

Alberto Behar a t (416) 683-75 16.

NOISE IN OLDER CALGARY RESIDENCES

The University of Caigary has published a 

"Noise Study on Older Residential Property" by 

T. G. Lee and H. W. Jones.

The authors tested the effectiveness of 

re tro fitt in g  noise control features into a 50-year 

old residence. The firs t such feature was a ttic  

insulation, the second additional window glazing, 

and the third a second wall structure. The 

authors' intention was to test ways in which 

older residences near c ity  centres can be kept 

a ttrac tive  to their occupants, who often vacate

in order to escape high interior noise levels.

The report is available for $5.00 (plus $1.00 

mailing) from The C ity of Calgary, Planning 

Information Centre, P.O.  Box 2100, Calgary, 

Alberta T2P 2M5, or phone (403) 268-5360.

NEW RESEARCH CONTRACTS

To Memorial University of Newfoundland, 

St. John's (Drs. M. J. Clouter and H. Kiefte), 

$20,305 for "Acoustic properties of methane 

hydrate by brillouin spectroscopy." Awarded by 

the Dept, of Energy, Mines and Resource.

To University of Victoria, B. C. (Dr. W. M. 

Barss), $49,997 for "Model study of the effects 

of source motion on acoustic signals scattered by 

a rough surface." Awarded by the Dept, of 

National Defence.

To University of Western Ontario, London, 

$29,700 for "Characterization of vehicle noise 

radiation." Awarded by the Dept, of Transport.

To University of Victoria, B. C. (Dr. H. J. 

Warkentyne), $97,505 for "Research and develop

ment of a computerized automatic Speaker 

Identification System." Awarded by the Royal 

Canadian Mounted Police.

o To Pratt and Whitney A irc ra ft of 

Canada Ltd., Longueuii, Quebec, $455,764 for 

"investigatory study of turbine engine exhaust 

noise." Awarded by the National Research 

Council.
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L E T T E R S . . .

ACO USTICAL C O N SULTANT REGISTRATION

#  From  the consumer's po in t o f  view , I sup
port S tuart Eaton's ca ll fo r  some fo rm  o f accred 
ita tion  fo r  acoustica l consultants. Planners must 
frequen tly  h ire consultants in d iscip lines such as 
acoustics, about which we are re la t iv e ly  
ignorant. The estab lishm ent o f  a benchmark 
standard such as a cc re d ita t io n  would ease the 
search fo r  the r ig h t f irm .

The O ntario  M in is try  o f T ransporta tion  and 
Communications has occasion to  use acoustica l 
consultants on a regular basis. O ur pro jects  
norm a lly  involve am bien t noise measurements, 
p red ic tion  o f noise levels fo l low ing  highway 
construc tion  and possibly, assessment o f the 
im pact o f increased noise levels on adjacent 
com m unities. The professional m e r it  o f  th is 
work may have to be defended before the 
Environm enta l Assessment Board.

We would like  to com pile  a roster o f con
su lting f irm s  in terested in p e rfo rm ing  th is type 
o f work fo r c ircu la t io n  to our regional o ff ices . 
Any qua lify ing  f irm s  wishing to  be included in 
this roster are inv ited  to  subm it a prospectus to 
the fo llow ing  address: J. O 'Grady, M .T.C., 
Environm enta l O ff ic e , East Build ing , 1201 Wilson 
Ave., Downsview, O n ta rio  M3M IJ8.

J. O 'Grady
M in is try  o f T ransporta tion  and Com m unications, 
Downsview, Ontario .

#  The le t te r  fro m  S tua rt Eaton which 
appeared in Vol. 8, No. 3, raised the question o f 
a cc re d ita t ion  o f  acoustics consu ltants  by C .A .A . 
This is not possible by C .A .A . a t the m om ent as 
our le tte rs  pa ten t read in p a rt*

"The objects o f the C orpora tion  are:

(a) The fos te ring  o f  a high standard o f 
s c ie n t if ic ,  engineering and medical 
endeavour in a ll the branches o f 
acoustics in Canada

(b) the encouragement o f liaison 
between indiv iduals, governments, 
and o the r organisations engaged in 
a c t iv i t ie s  re la t ing  to  acoustics and

(c) the d issem ination o f knowledge 
re la t in g  to  acoustics and its 
applications.

" I t  is not the purpose o f the Association to 
seek to  establish the professional s ta tus o f its 
members, be liev ing  this is the concern o f o ther 
organisations.

" I t  may, however, g ive special recogn ition  
o r awards to  ind iv iduals who, in the opin ion o f 
the  Board o f  D irec to rs  o f  the Association, are 
p a r t ic u la r ly  m e rito r ious ."

Our le tte rs  pa ten t could probably be 
changed w ith in  a delay o f  six months and an 
expense o f about $500.00, bu t a more funda
m enta l question is th a t o f a cc re d ita t ion  
nationw ide.

We w il l  need expert legal advice regarding 
p rov inc ia l vs. national a cc re d ita t io n  if  we are to  
pursue th is any fu r th e r .

C. W. Bradley, Eng.
W ill iam  Bradley & Associates 
M ontrea l, Quebec
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l/ïjeaôurementô
S O U N D  MEASURING INSTRUMENTATION

T E L E P H O N E
4 1 6 - 4 5 3 - 6 2 1 0

1 7 3 0  S T E E L E S  AVE .  E 
BRAMPTON, ONT. 

L 6T  1A4

AN INVITATION

You are cordially invited to visit our hospitality suite 
in the Constellation Hotel during the C.A.A. annual meeting.

Our suite will be open commencing the evening of 
October 21st until noon October 23rd. This will give you 
an opportunity to relax in a convivial atmosphere and enjoy 
good company with friends and associates from coast to coast.

We will have available a range of new instruments 
including :

FROM METROSONICS:

The all new dB-6 03 sound level analyzer with its unique real 
time detector.

The dB-652 portable battery operated Metroreader.

FROM RION;

Impulse precision sound level meters, filters and level 
recorders.

RION manufactures a very comprehensive line of acoustic 
and vibration instrumentation at VERY attractive prices.

FROM IVIE:

Hand held battery operated 1/1 octave and 1/3 octave Real 
Time Analyzer with microprocessor based IE-17A analyzer 
with read out to oscilloscope or X-Y plotter.

BREN BROWNLEE 
PRESIDENT
LEQ MEASUREMENTS LIMITED
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PROPAGATION DU SON SUR LES SURFACES ENNEIGEES

J. N icolas J. E. P ie rcy  D. M. Truong
U n ive rs ité  de Sherbrooke Conseil nationa l de recherches U n ive rs ité  de Sherbrooke 
Sherbrooke, Qué. O ttaw a , O nt. Sherbrooke, Qué.

INTRODUCTION

Prédire comment le son se propage d'un émetteur à un récepteur n'est pas chose 
facile. A l'extérieur, été comme hiver, on doit effectuer des essais selon des 
normes qui ne tiennent presque jamais compte de la surface réfléchissante entre la 
source et le micro de mesure. Des données sont disponibles sur l'effet de surfaces 
telles que la pelouse ou l'asphalte (1), mais très peu ou pas en ce qui a trait aux 
surfaces enneigées. Cette étude aborde les aspects modélisation mathématiques et 
mesures expérimentales de l'effet de la neige sur la propagation sonore. Il en res
sort que, sous certaines conditions, on peut prédire avec assez d'exactitude l'effet 
de la neige sur la transmission sonore.

THEORIE

La littérature montre une évolution constante au cours des vingt dernières an
nées afin d'inclure tous les paramètres nécessaires à la description du phénomène 
de propagation à l'extérieur. C'est ainsi que les phénomènes d'interférence, de 
diffraction, de dispersion, d'effet de sol, d'absorption moléculaire, de vent, de 
température ont été étudiés. Récemment T. Embleton et J. Piercy ont montré que 
avec un seul paramètre, l'imperméabilité à l'air, on pouvait modéliser la propaga
tion sonore sur les surfaces extérieures à épaisseur infinie. Avec la neige, le 
problème est différent puisqu'il faut tenir compte de l'épaisseur finie de la cou
che et l'impédance a été corrigée en conséquence.

MONTAGE EXPERIMENTAL

Une source ponctuelle à niveau régularisé sert d'émetteur et un micro placé 
avec la configuration géométrique voulue sert de récepteur. La neige absorbant par
ticulièrement les basses fréquences, il a fallu développer une source puissante 
afin d'éviter l'interférence du bruit de fond. La directionalité a été améliorée 
avec le calcul et la réalisation d'un cône exponentiel.

RESULTATS

Les résultats expérimentaux montrent une très bonne corrélation avec le modèle 
théorique pour des conditions de neige standard. L'effet du type de sol sous la 
couche de neige s'avère négligeable; par contre, la présence d'une mince couche de 
glace perturbe grandement les résultats. La neige a montré des "flow resistivity" 
variant de 5 à 60 C.G.S. rayls/cm selon les conditions. Il nous a également été 
permis de conclure que lorsque l'épaisseur atteint 8 pouces à 10 pouces, la couche 
peut être considérée comme infinie.

APPLICATIONS

Ces prédictions peuvent s'avérer fort utiles pour tous ceux qui doivent mesurer 
des véhicules (motoneiges ou autres) en hiver. Elles confirment également l'impor
tance que l'on doit accorder aux surfaces réfléchissantes pour mesure des bruits ex
térieurs et lors du calcul des écrans anti-son. Elles permettent de prédire ce qui 
se passera l'été avec des mesures prises en hiver et vice versa.

REMERCIEMENTS

Nous tenons à remercier la section d'acoustique physique du Conseil national de 
la recherche à Ottawa pour sa très précieuse contribution.

('1 ̂ E x c e s s  attenuation or impedance of common ground surface characterized by flow 
resistance','' J.A.S.A. spring meeting, BOSTON 1979.
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VIBRATION REDUCTION OF VERTICAL PUMPS 
A CASE HISTORY

M.M. OSMAN

Ontario Hydro 
Power Equipment and Energy Studies Dept 

700 University Avenue, H14 
Toronto, Ontario M5G 1X6

ABSTRACT

Vertical pumps are susceptible to vibration problems partly due to their 
"one-point" attachment to the foundation. A case history of high 
vibrations of a vertical pump and a design modification to remedy it are 
presented here. Vibration measurements were carried out to identify the 
causes for the high, unacceptable vibration levels and to assess the 
effectiveness of the proposed design modification.

Introduction

Vertical pumps of the turbine type have wide applications in the 
industry. They offer good economics: efficient space utilization - 
especially for large fluid handling capacities, simplified piping and 
adaptation to meet underground (low suction heads) or submerged pumping 
requirements.

However, vibrational behaviour of such pumps is sometimes objectionable 
or totally unacceptable for certain applications [1], The fact that 
vertical pumps exhibit usually higher vibration levels than that of 
horizontal pumps can be partially attributed to how they are mounted. 
Vertical pumps are typically attached to the foundation at one point 
only, normally at ground level. Thus, creating a cantilever effect above 
and below the attaching point. Moreover, pump base has to support the 
driving motor weight. It seems that vibrations below pump base are not 
noted by the user nor do they tend to damage the pumpset, but that of 
components above foundation level are of concern, specifically motor top 
which is the uppermost component. Figure 1 shows an example of a 
vertical pump and its main components.

In power generating stations, especially nuclear ones, a high standard of 
equipment reliability and performance are required in order to prevent 
any costly, forced outage. Consequently, pumpsets used in generating 
stations have to meet some vibration standard. Typical vibration 

standards adopted are either field specific [2] or general machine 
oriented [3].

In this case history, preliminary vibration testing of a 4 stage, 
vertical pump having water lubricated bearings and driven by a 588 kW 
electric motor through a rigid coupling, operating at 1200 rpm, revealed 
excessive vibration levels accompanied by premature wear of rotating and 
stationary pump parts.

- 7-



Vibration Measurements

Under typical operating conditions a series of vibration measurements 

were carried out on the pumpset in two planes: parallel to discharge 

head and 90o from it. Several measuring points were chosen: (a) motor 
at top bearing housing, (b) pump at mounting flange, (c) motor at bottom 

bearing housing, and (d) pump bottom (can). Identification of these 
points is given in Figure 2. Frequency analysis was performed to detect 
major amplitude components in the frequency range 0-50 Hz. In addition, 

impact tests were carried out to determine pumpset natural peak 
resonance(s) for three cases: (a) motor, (b) pump and (c) pump and motor 
as one unit.

Results Interpretation and Design Modification

Displacement measurements at motor top were found to be quite high: 10 

and 6 mils peak-to-peak, unfiltered, parallel to pump discharge head and 

900 fr0m it, respectively. Typical maximum acceptable levels for such 
pumpset are 3-4 mils. Frequency spectra indicated that most of the 
vibration occurred at a frequency corresponding to 1/2 running speed 
(10 Hz).

Impact tests for the pumpset (pump and motor) at motor top showed a 

structural resonance around the same frequency range (10-12 Hz) - see 

Figure 3.

In addition, analytical simulation of pumpset bearing-rotor system using 

computer programs [4] identified a rotor lateral vibration mode in the 

range 650-670 rpm, which corresponds to 10.8-11.2 Hz.

Based on the aforementioned measurements and analysis, it was decided to 

try to shift the pumpset structural resonance away from 10 Hz. To 
achieve such a shift, a flexible plate, made of steel, was introduced 

between the pump head and the motor. The flexible plate is shown in 
Figure 4. It separates motor vibration from pump vibration by allowing 
each of its halves to vibrate vertically in some independent fashion; 

thus changing the frequency at which natural resonance of the system 

occurs.

Vibration levels before and after the use of the flexible plate are given 
in Table 1; they include displacement amplitudes filtered at frequencies 
corresponding to 1/2 and full running speeds as well as unfiltered 

overall levels. The results in the table indicate that the use of the 

flexible plate resulted in an appreciable reduction in vibration levels 
at the critical point of motor top. Most of this reduction occurred at 

10 Hz. The overall vibration levels at the motor top after the 
introduction of the flexible plate were 3 and 1.7 mils peak-to-peak, 
unfiltered, as opposed to the before levels of 10 and 6 mils, parallel to 

the discharge head and 900 from it, respectively. Frequency spectra of 
impact tests and vibration measurements, again at motor top, after using 

the flexible plate are given in Figure 5. Impact tests' frequency

- 8 -



spectra indicate that the aforementioned pumpset structural resonance 
occurring in the frequency range 9-12 Hz, have been successfully shifted 
to the 7-8 Hz frequency range, after the use of the flexible plate.

Conclusion

The use of a flexible plate, introduced between a vertical pump head and 
the driving motor, has produced an appreciable reduction in motor top 
vibration levels» This reduction is attributed to a shift in the pumpset 
natural structural resonance away from the critical frequency of 1/2 
running speed.

References
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Power, April 1962, pp 195-203.
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A ELECTRIC MOTORS
B DISCHARGE HEAD
C DISCHARGE COLUMN
D TURBINE PUMP BOWL ASSEMBLY
E SUCTION STRAINER

Figure 1. Typical Vertical 

Pump Components

Table 1. Vibration levels with and without flexible plate. 
For measurement point identification, see Figure 2.

Measurement Vibration Level, p-p mils
Point 10 Hz 

(1/2 running 
speed)

20 Hz 

(running 
speed)

Overall level 

unfiltered

Without
plate

With
plate

Without
plate

With
plate

Without With 
plate plate

Motor top:

A 7 0.5 0.6 0.4 10 3

B 4.6 — 0.4 0.4 6 1.7

Motor bottom:

C 1.3 — 0.6 1.5 3 4.8

D 1.7 ~ 0.4 1.8 5 4

Pump head:

E 1.8 — 0.6 1.8 5 5

F 0.6 — 0.3 0.6 1.5 2.5

Pump bottom:

G 1.2 — 4.4 3.0 7 4

H — - 5.2 3.4 7.5 5
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Figure 2. Vibration Measurement Points.
Given points identification is used in Table 1.

Figure M. Details of flexible plate.

Ht

Hz.

Figure 5. Frequency spectra of vibration measurements and impact tests 
at motor top after installation of flexible plate. A: parallel to 

discharge; B: 90° from discharge head.

Figure 3. Frequency spectra of vibration measurements and impact tests 

at motor top. A: parallel to discharge head; B: 900 from discharge 

head.
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THIS PAPER PROVIDES DETAILS o f  a s t u d y  
u n d e r t a k e n  t o  d e t e r m i n e  t h e  ma g n i t u d e  
o f  t h e  n o i s e  e x p o s u r e  o f  t r u c k  d r i v e r s  
r u n n i n g  h e a v y  v e h i c l e s  u n d e r  commer 
c i a l  o p e r a t i n g  c o n d i t i o n s .  S i n c e  a 
numb e r  o f  s t a n d a r d  p r o c e d u r e s  have  
been  d e v e l o p e d  f o r  i n - c a b  n o i s e  me a s 
u r e m e n t s , t h e  r e l a t i o n s h i p  b e t we e n  
t h e s e  me a s u r e m e n t s  and t h e  n o i s e  e x 
p o s u r e  o f  t h e  d r i v e r  h a s  been  i n v e s t i 
g a t e d .  A l s o ,  an e f f o r t  was made t o  
i d e n t i f y  and q u a n t i f y  v a r i o u s  n o i s e  
s o u r c e s  wh i ch  c o n t r i b u t e  t o  t h e  
d r i v e r s '  e x p o s u r e  d u r i n g  nor ma l  o p e r 
a t i o n s .

The e v a l u a t i o n  o f  t h e  d r i v e r ' s  
n o i s e  e x p o s u r e  f r om i n - c a b  n o i s e  me a s 
u r e me n t s  w i t h  s t a n d a r d  p r o c e d u r e s  does  
n o t  t a k e  i n t o  accou- nt  v a r i a t i o n s  i n  
v e h i c l e  o p e r a t i o n ,  t i r e  and a e r o d y n a m i c  
n o i s e .  A d d i t i o n a l  e r r o r s  a r e  i n t r o 
d u c e d  by p l a c i n g  t h e  m i c r o p h o n e  a t  
some p r e s c r i b e d  d i s t a n c e  f r om t h e  e a r ,  
s i n c e  i n  t h a t  r e g i o n  t h e  s o u n d  f i e l d  
can v a r y  s i g n i f i c a n t l y .  Th e s e  e r r o r s  
a r e  o n l y  p a r t i a l l y  r e d u c e d  by t h e  use  
o f  n o i s e  d o s e  m e t e r s .

In t h i s  i n v e s t i g a t i o n  a s p e c i a l l y  
d e v e l o p e d ,  c o n t i n u o u s l y  r e c o r d i n g  i n 
s t r u m e n t  i s  u s e d  f o r  m e a s u r i n g  t h e

n o i s e  e x p o s u r e  o f  d r i v e r s .  I t  i s  
e q u i p p e d  w i t h  a s u b - m i n i a t u r e  m i c r o 
phone  wh i c h  can be e a s i l y  p l a c e d  in 
t h e  cavum o f  t h e  c o n c h a .  In p r e v i o u s  
s t u d i e s  i t  was shown t h a t  t h e  m e a s u r e 
ment  o f  t h e  s o u n d  p r e s s u r e  l e v e l  a t  
t h i s  p o i n t  was l e a s t  i n f l u e n c e d  by e x 
t r a n e o u s  e f f e c t s .

GENERAL CONSIDERATIONS
The e v a l u a t i o n  o f  e x p o s u r e  f rom 

n o i s e  m e a s u r e me n t s  r e q u i r e s  i n t e g r a 
t i o n  w i t h  r e s p e c t  t o  t i me  and i n  a c 
c o r d a n c e  w i t h  t h e  r e l a t i o n s h i p  d e f i n e d  
by a p a r t i c u l a r  h e a r i n g  c o n s e r v a t i o n  
c r i t e r i o n  o r  r e g u l a t i o n .  I f  t h e  n o i s e  
l e v e l  i s  r e l a t i v e l y  c o n s t a n t ,  t h e  e x 
p o s u r e  can be e v a l u a t e d  by a p p r o x i m a t e  
i n t e g r a t i o n  u s i n g  s o u n d  l e v e l  m e t e r  
m e a s u r e m e n t s .

In mos t  a p p l i c a t i o n s ,  h o we v e r ,  
owi ng t o  v a r i a t i o n s  o f  n o i s e  l e v e l  and 
movement  o f  t h e  s u b j e c t ,  c o n t i n u o u s  
m e a s u r e m e n t ,  i n t e g r a t i o n  and u p d a t i n g  
s t o r a g e  a r e  r e q u i r e d .  Thos e  f u n c t i o n s  
a r e  e f f e c t i v e l y  p e r f o r m e d  by n o i s e  dose  
m e t e r s  and s e v e r a l  mode l s  a r e  now com
m e r c i a l l y  a v a i l a b l e .  The i n f o r m a t i o n  
p r o v i d e d  by t h e s e  i n s t r u m e n t s  i s  g e n e r 
a l l y  r e s t r i c t e d  o n l y  t o  t h e  n u m e r i c a l

-ABSTRACT-

The n o i s e  e x p o s u r e  o f  t r u c k  d r i v e r s  
was m e a s u r e d  d u r i n g  nor mal  c omme r c i a l  
p a y l o a d  r u n s  w i t h  s p e c i a l  i n s t r u m e n t s ,  
wh i c h  a r e  e q u i p p e d  w i t h  s u b m i n i a t u r e  
m i c r o p h o n e s .  T h e s e  can be moun t ed  
w i t h i n  t h e  cavum o f  t h e  c o n c h a ,  wh e r e  
m e a s u r e m e n t s  a r e  l e a s t  a f f e c t e d  by e x 
t r a n e o u s  e f f e c t s .

By means  o f  t h e s e  i n s t r u m e n t s  
s o u n d  l e v e l s  we r e  c o n t i n u o u s l y  r e c o r d 
ed  w i t h i n  b o t h  e a r s  o f  t h e  d r i v e r  and

SAE/SP-80/458/$02.50

a t  t h e  c e n t r e  o f  t h e  c a b .  A n a l y s i s  o f  
r e s u l t s  shows t h a t  t h e  d r i v e r ' s  e x p o s u r e  
i s  h i g h e s t  d u r i n g  f r e e w a y  h a u l s  and t h a t  
p e r m a n e n t  h e a r i n g  l o s s  h a z a r d  may e x i s t .  
F r e q u e n t  us e  o f  r a d i o  o r  CB r a d i o  can 
s i g n i f i c a n t l y  i n c r e a s e  t h i s  h a z a r d .  I t  
i s  a l s o  e v i d e n t  t h a t  t h e  s ound  l e v e l s  
m e a s u r e d  w i t h i n  t h e  e a r s  o f  t h e  d r i v e r  
a r e  g e n e r a l l y  s i g n i f i c a n t l y  h i g h e r  t h a n  
a t  t h e  c e n t r e  o f  t h e  c a b .
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v a l u e  o f  t h e  n o i s e  dos e  r e l a t i v e  t o  a 
p a r t i c u l a r  n o i s e  r e g u l a t i o n  o r  c r i t e r 
i o n .

Under  c e r t a i n  m e a s u r i n g  c o n d i t i o n s  
s i g n i f i c a n t  e r r o r s  may a r i s e  due t o  t h e  
l o c a t i o n  o f  t h e  m i c r o p h o n e  on t h e  s u b 
j e c t ' s  body.  When us e d  i n  i n d u s t r i a l  
s i t u a t i o n s ,  i n  b r o a d b a n d  and d i f f u s e  
s ound  f i e l d s ,  t h e s e  e r r o r s  a r e  g e n e r a l 
l y  r e l a t i v e l y  s ma l l  and have  a n e g l i 
g i b l e  e f f e c t  on t h e  e x p o s u r e  m e a s u r e 
ment  ( 1 ) *.

In t he  p r e s e n c e  o f  d o mi n a n t  d i s 
c r e t e  f r e q u e n c y  c o mp o n e n t s  l a r g e  me a s 
u r i n g  e r r o r s  can r e s u l t  f r om body r e 
f l e c t i o n s  and s h i e l d i n g .  Unde r  t h e s e  
c o n d i t i o n s  t h e  l o c a t i o n  o f  t h e  m i c r o 
phone  on t h e  b o d y ,  t h e  r e l a t i v e  p o s i 
t i o n s  o f  t h e  n o i s e  s o u r c e s  and t h e i r  
s p e c t r a l  c o n t e n t  have  s i g n i f i c a n t  i n 
f l u e n c e  ( 2 , 3 ) .  Even p l a c i n g  t h e  mi c-  
r o p h o n e  n e a r  t h e  e a r  does  n o t  o f f e r  an 
a c c e p t a b l e  i m p r o v e me n t .  The use  o f  
a p p r o p r i a t e  t r a n s f e r  f u n c t i o n s  f o r  
e l i m i n a t i n g  t h e  u n d e s i r a b l e  e x t r a n e o u s  
i n f l u e n c e s  i s ,  i n  a d d i t i o n  t o  b e i n g  
v e r y  l a b o r i o u s ,  a l m o s t  i m p o s s i b l e  in 
p r a c t i c e  owi ng  t o  d i f f i c u l t i e s  i n  d e 
t e r m i n i n g  some o f  t h e  g o v e r n i n g  v a r i 
a b l e s .  The s i m p l e s t  and mos t  e f f e c t 
i v e  s o l u t i o n  i s  t o  s e l e c t  a m e a s u r i n g  
l o c a t i o n  a t  wh i ch  t h e  i n f l u e n c e  o f  
t h e s e  f a c t o r s  becomes  n e g l i g i b l y  s m a l l .  
Brammer  and P i e r c y  (4)  have  shown t h a t  
t h e  cavum o f  t h e  c o n c h a  i s  s u c h  a l o 
c a t i o n .  Th i s  r e a d i n g  can a l s o  be r e l 
a t i v e l y  e a s i l y  c o n v e r t e d  t o  t h e  s o u n d  
l e v e l  a t  t h e  e a r  d r um,  s i n c e  t h e  c o r 
r e s p o n d i n g  t r a n s f e r  f u n c t i o n  i s  i n d e 
p e n d e n t  o f  t h e  e x t r a n e o u s  v a r i a b l e s .

The s ound  f i e l d  w i t h i n  t h e  t r u c k  
cab i s  c o mp l e x .  The mai n c o n t r i b u t o r s  
a r e  e n g i n e ,  e x h a u s t ,  i n t a k e ,  f a n ,  a e r o 
d y n a mi c ,  t i r e  and r o a d  n o i s e .  The 
n o i s e  t r a n s m i s s i o n  i s  p a r t l y  a i r b o r n e  
and p a r t l y  s t r u c t u r e  b o r n e  and i t  i s  
i n f l u e n c e d  by t h e  c o n s t r u c t i o n  and 
s h a p e  o f  t h e  c a b .  The s o u n d  f i e l d  i t 
s e l f  i s  d o m i n a t e d  by d i s c r e t e  f r e q u e n c y  
c o mp o n e n t s -  S p a t i a l  v a r i a t i o n s  o f  t h e  
s o u n d  l e v e l  w i l l  t h u s  e x i s t  i n  t h e  cab 
and w i l l  c h a n g e  w i t h  o p e r a t i n g  c o n d i 
t i o n s .  R e s u l t s  o b t a i n e d  i n  a p r e v i o u s  
i n v e s t i g a t i o n  ( 5)  d i s p l a y  t h e  no n -  
u n i f o r m  and u n p r e d i c t a b l e  d i s t r i b u t i o n  
o f  n o i s e  l e v e l s  i n  t r u c k  c a b s .  S i n c e  
i t  i s  p r a c t i c a l l y  i m p o s s i b l e  t o  p r e -  
d i c t  o r  c o n t r o l  s u c h  v a r i a t i o n s ,  t h e  
i d e a l  s o l u t i o n  i s  t o  s e l e c t  a m i c r o 
phone  l o c a t i o n  f o r  e x p o s u r e  m e a s u r e 
ment s  a t  wh i c h  t h e  i n f l u e n c e  o f  t h e s e  
v a r i a b l e s  i s  s m a l l e s t .  The cavum o f  
t h e  c onc ha  s a t i s f i e s  t h i s  r e q u i r e m e n t .

T h e r e f o r e  t h e  b a s i c  o p e r a t o r  e x 

*Number s  i n  p a r e n t h e s e s  d e s i g n a t e  
R e f e r e n c e s  a t  end  o f  p a p e r

p o s u r e  and cab n o i s e  m e a s u r e m e n t s  we r e  
made u s i n g  t h e  " E a r  Bug" u n i t .  T h i s  
i n s t r u m e n t ,  wh i c h  was o r i g i n a l l y  d e 
v e l o p e d  by t h e  A c o u s t i c s  S e c t i o n ,  D i v 
i s i o n  o f  P h y s i c s ,  N a t i o n a l  R e s e a r c h  
C o u n c i l  o f  C a n a d a ,  c o n s i s t s  o f  a s u b 
m i n i a t u r e  m i c r o p h o n e  c o u p l e d  t o  a mod
i f i e d  c o mme r c i a l  c a s s e t t e  t a p e  r e c o r d 
e r .  The s y s t e m  i s  s ma l l  and l i g h t  and 
can be c a r r i e d  w i t h o u t  i mp e d i me n t  o f  
no r ma l  a c t i v i t i e s .  The  m i c r o p h o n e  can 
be a t t a c h e d  a n y wh e r e  on t h e  s u b j e c t  a n d ,  
wh a t  i s  p e r h a p s  more i m p o r t a n t ,  i t  i s  
s u f f i c i e n t l y  s ma l l  t o  be p l a c e d  in t h e  
cavum o f  t h e  c o n c h a .  A c o m p l e t e  t e m p 
o r a l  r e c o r d  o f  t h e  A - w e i g h t e d  s o u n d  
l e v e l  a t  t h e  mi c r o p h o n e  p o s i t i o n  i s  
a v a i l a b l e  f r om t h e  c a s s e t t e  t a p e  and 
can be f u r t h e r  a n a l y z e d  t o  p r o v i d e  any 
r e q u i r e d  i n f o r m a t i o n .

PROCEDURE
Al l  58 t e s t e d  v e h i c l e s  we r e  s u p 

p l i e d  by c o mme r c i a l  f l e e t  o p e r a t o r s .  
Me a s u r e me n t s  we r e  p e r f o r m e d  d u r i n g  
no r ma l  l o n g  d i s t a n c e  p a y l o a d  r u n s .
For  e c o n o mi c  r e a s o n s  t h e  c h o i c e  o f  
v e h i c l e s ,  r o u t e s  and o p e r a t i n g  c o n d i 
t i o n s  was r e s t r i c t e d  t o  r o u t i n e  a v a i l -  
a b i l i t y .  The t y p e  o f  r o a d  o v e r  wh i ch  
t h e  v e h i c l e  t r a v e l l e d  was c o n s i d e r e d  
t o  be t h e  o p e r a t i n g  v a r i a b l e  o f  g r e a t 
e s t  s i g n i f i c a n c e .  Each t e s t  r un was 
s e l e c t e d  t o  be p r e d o m i n a n t l y  o f  one 
t y p e  i . e .  c i t y ,  h i g h wa y  o r  f r e e w a y .
In c a s e s  o f  co mb i n e d  t r i p s ,  r e c o r d i n g s  
f o r  e a c h  r o a d  t y p e  we r e  a n a l y z e d  s e p 
a r a t e l y .

The d r i v e r  was a l wa y s  a c c o m p a n i e d  
by a t e c h n i c i a n  who c o n t i n u o u s l y  l o g 
ged o p e r a t i n g  and w e a t h e r  c o n d i t i o n s  
and m o n i t o r e d  i n s t r u m e n t a t i o n .  C a l i 
b r a t i o n  p r o c e d u r e s  we r e  c a r r i e d  o u t  on 
r e l e v a n t  i n s t r u m e n t a t i o n  and c a l i b r a 
t i o n  s i g n a l s  we r e  r e c o r d e d  on a l l  mag
n e t i c  t a p e s .

For  t h e  i n i t i a l  s e r i e s  o f  t e s t s  
t h e  n o i s e  e x p o s u r e  o f  t h e  d r i v e r  was 
r e c o r d e d  o n l y  a t  h i s  r i q h t  e a r .  The 
m i c r o p h o n e  was p l a c e d  w i t h i n  t h e  cavum 
o f  t h e  c o n c h a  n e a r  t h e  e n t r a n c e  t o  t h e  
e a r  c a n a l .  To o b t a i n  w o r s t  n o i s e  c o n 
d i t i o n s  t h e  wi ndow on t h e  d r i v e r ' s  s i d e  
was f u l l y  o p e n e d .  I t  was e x p e c t e d  t h a t  
n o i s e  l e v e l s  a t  t h e  l e f t  e a r ,  wh i c h  was 
n e a r e r  t o  t h e  open wi n d o w,  wo u l d  be 
h i g h e r .  Ho we v e r ,  owi ng  t o  t h e  p o s s i b i -  
l i t y  o f  wi nd  i n d u c e d  t u r b u l e n c e  a t  t h e  
m i c r o p h o n e ,  t h i s  m e a s u r i n g  s t a t i o n  was 
n o t  u s e d  i n i t i a l l y  f o r  c o n t i n u o u s  r e 
c o r d i n g ,  b u t  o n l y  f o r  t r i a l  m e a s u r e 
m e n t s .  E v a l u a t i o n  o f  t h e s e  r e s u l t s ,  
i n  p a r t i c u l a r  t h e  n a r r o w  band f r e q u e n 
cy a n a l y s e s ,  s howed t h a t  t h e  t u r b u l e n c e  
e f f e c t  was n e g l i g i b l e  i n  c o m p a r i s o n  
w i t h  o t h e r  c o n t r i b u t i n g  s o u r c e s  and 
d i d  n o t  i n f l u e n c e  t h e  n o i s e  e x p o s u r e

- 1 2 -



me a s u r e me n t s .  C o n s e q u e n t l y ,  a f t e r  
Ve h i c l e  #17 ,  t h e  e x p o s u r e  o f  t h e  d r i v e r  
was moni t o  r ed  a t  bot h  e a r s .  In a d d i 
t i o n  t o t he  meas ur ement s  made a t  bot h 
e a r s  o f  t he  d r i v e r ,  an "Ear  Bug" mi c 
rophone  was s u s p e n d e d  f rom t he  cab 
c e i l i n g  to a p o s i t i o n  150 mm to t he  
r i g h t  o f  t he  d r i v e r ' s  e a r  and a t  t he  
same l e v e l  wi t h  i t .  Thi s  w i l l  be r e 
f e r r e d  t o  as t he  c e n t r e  o f  cab p o s i 
t i o n .

To o b t a i n  a meas ur ement  o f  t he  
b a s i c  n o i s e  making c a p a c i t y  o f  each 
v e h i c l e ,  i n - c a b  n o i s e  measur ement s  
were pe r f o r me d  in a c c o r d a n c e  wi t h  
s t a n d a r d  me a s u r i n g  p r o c e d u r e s  SÂE 
J336a  and CSA Z107 . 23 .  The f i r s t  p r o 
c e du r e  was s i g n i f i c a n t l y  l o n g e r  t han  
t h e  s econd  and r e q u i r e d  a s p e c i a l  t e s t  
s i t e ,  which was not  r e a d i l y  a v a i l a b l e  
f o r  r o u t i n e  t e s t i n g .  The r e s u l t s  ob 
t a i n e d  by bo t h  methods  were ve ry  c l o s e  
and s i n c e  f o r  t h e  p u r p o s e  o f  t h i s  s t u d y  
CSA Z107. 23 was more a c c e p t a b l e ,  t he  
use o f  SAE J336a  was e v e n t u a l l y  d i s c o n 
t i n u e d .  Measur ement s  f o r  bot h  p r o c e d 
u r es  were t a k e n  d i r e c t l y  wi t h  a p r e c i 
s i o n  sound l e v e l  me t e r .

DISCUSSION AND RESULTS
The s p e c i f i c a t i o n s  o f  t he  58 heavy 

t r u c k s  t e s t e d  a r e  shown in Ta b l e  1. I t  
s h o u l d  be n o t e d  t h a t ,  s i n c e  t he  f l e e t  
v e h i c l e s  p r o v i d e d  f o r  t e s t  runs  we r e ,  
on t he  a v e r a g e ,  r e l a t i v e l y  new and wel l  
m a i n t a i n e d ,  t he  r e s u l t s  must  t h e r e f o r e  
be e x p e c t e d  t o  be m a r g i n a l l y  we i g h t e d  
in f a v o u r  o f  l owe r  n o i s e  e x p o s u r e s .

The Leq v a l ue s  o b t a i n e d  f o r  each 
v e h i c l e  and t h e  c o r r e s p o n d i n g  CSA Z107.  
23 va l ue  a r e  s ummar i zed  in Ta b l e  2.  
Dur i ng  some o f  t h e  t e s t  r u n s ,  owing t o  
low t e m p e r a t u r e s ,  i t  was found n e c e s 
s a r y  t o  e i t h e r  c l o s e  t h e  d r i v e r ' s  wi n d 
ow p a r t i a l l y  o r  c l o s e  i t  c o mp l e t e l y  and 
open t h e  ve n t  window.  Measur ement s  
t a ke n  unde r  t h e s e  c o n d i t i o n s  a r e  appr op-  
r i a t e l y  marked in t h i s  t a b l e .  In a d d i 
t i o n ,  a l l  t e s t  runs  n o t e d  i n  t h i s  t a b l e  
were made wi t h  r a d i o s  o f f  and c o n v e r 
s a t i o n  w i t h i n  t h e  cab r e duc e d  as f a r  as 
poss  i b l e .

Narrow band f r e q u e n c y  s p e c t r a  were 
o b t a i n e d  a t  t h e  t h r e e  me a s u r i n g  s t a t i o n s  
( l e f t  e a r ,  r i g h t  e a r  and c e n t r e  o f  cab)  
d u r i n g  c i t y ,  hi ghway and f r eeway  d r i v 
i n g .  F i g u r e  1 shows t y p i c a l  r e s u l t s  
o f  such an a n a l y s i s  o f  t he  n o i s e  r e 
cor de d  a t  t he  r i g h t  e a r  o f  a d r i v e r  
d u r i n g  a hi  ghway r u n . 11 i s  q u i t e  e v 
i d e n t  t h a t  t he  n o i s e  i s  domi na t ed  by 
d i s c r e t e  f r e q u e n c y  c omponent s .  Thi s  
was f ound t o  be t he  case  a t  a l l  t h r e e  
me a s u r i ng  s t a t i o n s  w i t h i n  t h e  cab and 
f o r  each d r i v i n g  c o n d i t i o n .  Al so a 
p r o g r e s s i v e  r e d u c t i o n  o f  t h e  o v e r a l l  
sound l e v e l  f rom t h e  l e f t  e a r  t o  t he

Table 1 - Truck Speci f i cat ions

VEHICLE YEAR
DIESEL ENGINE SPECIFICATIONS

CYCLE RATED POWER

1 1975 2 235 hp - 2100 rpm
2 1971 4 320 hp - 2600 rpm
3 1973 4 310 hp - 2100 rpm
4 1973 4 310 hp - 2100 rpm
5 1971 4 310 hp - 2100 rpm
6 1975 2 210 hp - 2500 rpm
7 1974 2 310 hp - 2100rpm
8 1968 2 185 hp - 4000rpm
9 1975 2 235 hp - 2100rpm
10 1974 2 310 hp - 2100rpm
11 1975 2 235 hp - 2100rpm
12 1974 4 310 hp - 2100rpm
13 1976 2 265 hp - 2150rpm
14 1972 2 235 hp - 2100rpm
1 5 1972 2 235 hp - 2100rpm
16 1972 2 235 hp - 2150rpm
17 1972 2 235 hp - 2150rpm
1 8 1976 2 265 hp - 2100rpm
19 1976 2 265 hp - 2 l00rpm
20 1974 2 265 hp- 2100rpm
21 1976 2 265 hp - 2100 rpm
22 1974 2 265 hp - 2100 rpm
23 1975 2 265 hp - 2100 rpm
24 1974 2 265 hp - 2100 rpm
25 1975 2 265 hp - 2100 rpm
26 1976 2 265 hp - 2100 rpm
27 1974 2 265 hp - 2100 rpm
28 1973 2 360 hp - 2100 rpm
29 1973 2 360 hp - 2100 rpm
30 1973 2 235 h p - 2 1 0 0 rpm
31 1977 4 290 h p - 1900 rpm
32 1975 2 304 hp - 2000 rpm
33 1975 2 304 hp - 2100 rpm
34 1975 2 304 hp - 2100 rpm
3 5 1975 4 172 h p - I900rpm
36 1977 4 290 hp - 1900 rpm
37 1976 4 290 hp - 1900 rpm
38 1971 2 304 hp - 2100 rpm
39 1975 2 304 hp - 2100 rpm
4 0 1971 2 304 hp - 2100 rpm
41 1971 2 304 hp - 2100 rpm
42 1971 2 304 hp - 2100 rpm
43 1975 2 304 hp - 2100 rpm
44 1977 4 290 hp - 2100 rpm
4 5 1975 2 304 hp - 2100 rpm
46 1977 4 290 hp - 1900 rpm
47 1978 4 290 hp - 1900 rpm
48 1977 4 290 hp - 2100 rpm
49 1978 4 290 hp - 1900 rpm
5 0 1978 4 290 h p - 1900 rpm
51 1978 4 290 hp - 1900 rpm
52 1978 4 290 hp - 1900 rpm
53 1978 4 290 hp - 1900 rpm
54 1978 4 290 hp - 1900 rpm
5 5 1975 2 304 hp - 2100 rpm
56 1976 2 228 hp - 2100 rpm
57 1977 2 228 hp - 2100 rpm
5 8 •1976 2 228 hp - 2100 rpm

c e n t r e  o f  cab p o s i t i o n  was n o t e d .  Thi s  
a p p e a r s  t o  be p r e d o m i n a n t l y  due t o  a 
d i s t i n c t  a t t e n u a t i o n  o f  f r e q u e n c y  com
p o n e n t s  above 1 . 5  k H z .  The most  l i k e l y  
e x p l a n a t i o n  o f  t h i s  e f f e c t  i s  i n c r e a s e d  
a b s o r p t i o n  w i t h i n  t he  cab o f  h i gh f r e 
quency sound e n e r g y  and s h i e l d i n g  o f  
wind noise.

Dur i ng i n i t i a l  mea s u r i ng  runs  i t  
was o b s e r v e d  t h a t  t o  be h e a r d  and be 
i n t e l l i g i b l e ,  l e v e l s  o f  s p e e c h ,  r a d i o  
and CB r a d i o  had t o  be s e t  s e v e r a l  d e c i 
b e l s  above t h e  e n v i r o n me n t a l  n o i s e  l e v e l .  
Typi  cal  e xa mpl es a r e  shown in Fi gur e  2 
and F i g u r e  3.  I t  i s  i n t e r e s t i n g  t o  no t e

- 13 -
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Table 2 - Summary of Noise Measurements

VEHICLE

Leq(C|TY)- dBA Leq( HIGHWAY)-dBA Leq(FREEWAY)-dBA
CSA 

STANDARD 
2 107.23

MICROPHONE POSITION MICROPHONE POSITION MICROPHONE POSITION

LEFT

EAR
RIGHT

EAR
CAB

LEFT

EAR

RIGHT
EAR

CAB
LEFT

EAR

RIGHT

EAR
CAB

1 - 85 83 - 85 83 - 89 90 8 1
2 - - - - - - - 90 91 85
3 - 86 84 - - - - 88 84 80
4 - - - - - - - 87 87 88
5 - 82 82 - - - - - - -

6 - 86 84 - - - - - - 83
7 - 85 84 - 85 - - 87 86 82
8 - 82 83 - - - - 87 86 80
9 - - - - - - - - 87 81

10 - 89 - - - - - 89 88 86
11 - - - - - - - 91 86 83
12 - - - - - - - 88 - 85
13 - 83 83 - 87 84 - 88 86 82
14 - - - 91 87 88 - - - 91
15 - - - 87 89 - - - 84
16 - - - - 90 87 - - - 89
17 - - - - 87 87 - - - 85
18 83 81 80 - 86 84 87* 86 85 82
19 90 86 85 - - - 90 87 86 86
20 84 81 80 86 83 83 87* 86 84 81
21 - - - - - - 9 1A 90 88 89
22 84 82 80 85 83 81 88 86 83 81
23 86 86 86 87 88 86 89“ 90 86 87
24 83 82 81 84 83 81 88 85 83 81
25 84 83 81 86 85 83 87* 87 85 83
26 - 82 - 87 84 81 89 85 82 83
27 90 88 88 - - - 92 90 90 88
28 87 89 88 - - - - - - 86
29 - 87 86 - - - - - - 88
30 88 89 90 - - - - - - 91
31 90 89 87 92 90 88 96 90 90 87
32 90 90 89 91 90 88 93 9 1 90 88
33 - - - - - - 91* 91 90 90
34 - 91 90 - 93 91 92** 94 91 90
35 90 91 91 91 91 91 9 1** 94 90 93
36 - - - - - - 89 “ 9 1 88 86
37 89 87 86 - - - 92 9 1 89 87
38 92 88 87 91 90 89 94 90 89 87
39 - - - 88“ 89 86 8 8 “ 9 0 85 87
40 88“ 86 86 89“ 90 88 89“ 90 87 87
4 1 89 88 86 - - - 89* 89 85 87
42 90 90 88 - - - 91* 91 89 88
43 88“ 91 89 89“ 89 88 90 “ 94 90 87
44 - - - - - - 87 88 87 86
45 - - - 92 91 90 93 91 9 1 86
46 - 84 83 - 86 86 90 88 88 84
47 - 83 81 - - - 88 88 85 84
48 - - - - - 91 - 87 86
49 - - - - - - 92 - 88 83
50 - - - - - - - 86 88 82
51 - - 85 - - - - 8 9 88 84
52 - - - - - - 87 8 7 86 84
53 88 - - - - 91 8 8 87 82
54 88 - 85 - - - 89 - 87 84
55 89 86 85 - - - 90 88 86 86
56 85 88 84 87 88 87 - - - 85
57 - - 91 - - 92 - - - 88
58 85 84 81 88 87 86 ~ "

'
82

a WINDOWS PARTIALLY OPEN

WINDOWS CLOSED-W INDOW  VENT OPEN

Fig.  1 - Frequency analysi s  of  highway driving 
monitored at  r i ght  ( inner)  ear
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t h a t  t he  use o f  a CB r a d i o  r e s u l t e d  in 
i n c r e a s e s  in i n s t a n t a n e o u s  sound l e v e l  
o f  up t o  10 dB. The i n f l u e n c e  on t he  
d r i v e r ' s  n o i s e  e x p o s u r e  d e p e n d s ,  in 
a d d i t i o n  t o  sound l e v e l s ,  a l s o  upon 
t he  d u r a t i o n  o f  use and l o c a t i o n  o f  t he  
s o u r c e .  The combi ned e f f e c t  i s  a d e q u a t e 
l y  d e f i n e d  by t h e  e n e r g y  e q u i v a l e n t  
l e v e l ,  Leq,  a t  t he  r e c e p t i o n  p o i n t .  
Re c o r d i ngs  were t a k e n  on s e v e r a l  v e h i 
c l e s  a t  a l l  t h r e e  me a s u r i n g  s t a t i o n s  
d u r i n g  f r eeway runs  a t  a s t e a d y  100 
km/h,  wi t h  normal  use o f  CB r a d i o  and 
w i t h o u t  i t .  The r e s u l t s  a r e  shown in 
Tab l e  3. I t  can be s een  t h a t  t h i s  
e f f e c t  i s  h i g h e s t  a t  t h e  c e n t r e  o f  cab 
p o s i t i o n  and l owe s t  a t  t h e  l e f t  e a r .
At t he  r i g h t  e a r  an a v e r a g e  i n c r e a s e  
i n Leq o f  2 . 7  dB was me a s u r e d ,  wh i c h '  
w i l l  i n c r e a s e  t h e  Noi se  Exposur e  Ra t i ng  
by a p p r o x i m a t e l y  50%.

With r e f e r e n c e  t o  t h e  Leq v a l u e s  
shown in Ta b l e  2 ,  i t  can be s een  t h a t  
t h e y  depend upon t he  me a s u r i n g  l o c a t i o n  
and t h e i r  magn i t udes  i n c r e a s e  in t he  
o r d e r :  CSA s t a n d a r d  p r o c e d u r e ,  c e n t r e  
o f  c a b ,  r i g h t  e a r  and l e f t  e a r .  These 
i n c r e a s e s  and o v e r a l l  v a l u e s  o f  Leq 
a r e  l o we s t  f o r  c i t y  d r i v i n g  and h i g h e s t  
f o r  f r eeway  h a u l s .  The a v e r a g e  va l ue  
o f  t he  Leq d i f f e r e n c e  be t ween f r eeway 
and c i t y  d r i v i n g ,  meas ur ed  a t  t he  r i g h t  
e a r ,  i s  2 . 9  dB wi t h  a s t a n d a r d  d e v i a 
t i o n  o f  1 . 6  dB. Al t hough  t h e s e  r e 
s u l t s  a r e  n o t  c o mp l e t e l y  c o n s i s t e n t ,  
which a p p e a r s  t o  be p r i m a r i l y  due t o  
t he  i n h e r e n t  n o n - un i f o r m i t y  o f  t he  
sound f i e l d  i n t he  c a b ,  a d e f i n i t e  
t r e n d  i s  q u i t e  e v i d e n t .

F i g u r e  4 i n d i c a t e s  bo t h  t h e  v a r i 
a t i o n  in t he  Leq v a l u e  f o r  each o f  t he  
t h r e e  d r i v i n g  c o n d i t i o n s  and t h e  c o r 
r e s p o n d i n g  sound l e v e l  d i s t r i b u t i o n s  
o b t a i n e d  f o r  a p a r t i c u l a r  v e h i c l e .

For  f r e e wa y  d r i v i n g ,  t he  sound 
l e v e l  a t  t h e  l e f t  e a r  i s  on t h e  a v e r a g e  
5 . 7  dB h i g h e r  t han  t h a t  meas ur ed  wi t h  
t h e  CSA s t a n d a r d  p r o c e d u r e .  Thi s  s u g 
g e s t s  t h a t  any met hod of  d e t e r m i n i n g  
n o i s e  e x p o s u r e  which i s  ba s ed  on meas 
u r e me n t  o f  sound l e v e l  a t  some d i s t a n c e  
f rom t h e  s u b j e c t ' s  e a r ,  may r e s u l t s  in 
s i g n i f i c a n t  u n d e r e s t i m a t e .  E r r o r s  in 
e x c e s s  o f  100% a p p e a r  t o  be q u i t e  p o s 
s i b l e .

C o r r e l a t i o n s  be t ween d a t a  f o r  t he  
r i g h t  e a r ,  l e f t  e a r  and c e n t r e  o f  cab 
p o s i t i o n s ,  f o r  each o f  t he  t h r e e  d r i v 
i ng  c o n d i t i o n s ,  were a l s o  d e t e r m i n e d .
The r e s u l t s  o f  two such c o r r e l a t i o n s  
a r e  shown in F i gu r e  5 and F i g u r e  6.
In t h e s e  g r a p h s ,  r  r e p r e s e n t s  t he  c o r 
r e l a t i o n  c o e f f i c i e n t  and a t h e  s t a n d a r d  
d e v i a t i o n .  G e n e r a l l y ,  t h e  b e s t  c o r 
r e l a t i o n  e x i s t s  be t ween t h e  r i g h t  e a r  
and c e n t r e  o f  cab wi t h  t h e  va l u e  o f  c o r 
r e l a t i o n  c o e f f i c i e n t  h i g h e s t  f o r  c i t y
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Table 3 -  E f fec t  of CB Radio on Values of  Leq

VEKfCLE

CSA LEFT EAR -  dBA RELATIVE RIGHT EAR -  4BA RELATIVE CEMTRE CAB -  cSA RELATIVE

EFFECT
dBA

2107.23
d3A NO CB WITH CB dBA NO CB WITH CS <18 A WO CB WITH CB

31 87 96 99 ♦3 - - - 90 95 ♦5
33 90 91 97 *6 95 98 *3 91 95 +4
34 90 92 92 0 94 97 ♦3 91 94 *3
36 86 89 91 ♦2 91 96 *5 88 91 ♦3
3 7 87 91 91 0 9 3 94 ♦1 89 92 ♦2
3 8 87 94 94 0 9 0 91 ♦1 89 91 ♦3
40 87 - - - - - - 85 8 8 ♦3
41 87 89 91 * 2 89 92 ♦3 - -

d r i v i n g  and l o w e s t  f o r  f r e e w a y  d r i v i n g .  
The r e s u l t s  a l s o  i nd i  c a t e  t h e  hi  g h e s t  
n o i s e  l e v e l s  e x i s t  a t  t h e  l e f t  e a r .

CONCLUSIONS

Unde r  mos t  o p e r a t i n g  c o n d i t i o n s  
t h e  s o u n d  f i e l d  i n s i d e  t h e  cab i s  dom
i n a t e d  by d i s c r e t e  f r e q u e n c y  c o mp o n e n t s .  
T h i s  s u g g e s t s  t h a t  t h e  l o c a t i o n  o f  t h e  
m i c r o p h o n e  may have  s i g n i f i c a n t  i n f l u 
e n c e  on m e a s u r e m e n t s .  For  a c c u r a t e  d e 
t e r m i n a t i o n  o f  n o i s e  e x p o s u r e  t h e  mi 
c r o p h o n e  s h o u l d  be p l a c e d  w i t h i n  t h e  
cavum o f  t h e  c o n c h a .

The use  i n  t h e  cab o f  r a d i o  o r  CB 
r a d i o  can s i g n i f i c a n t l y  i n c r e a s e  t h e  
n o i s e  e x p o s u r e  o f  t h e  d r i v e r .  T e s t s  
p e r f o r m e d  on a s a mp l e  o f  8 v e h i c l e s  
show t h a t  no r ma l  use  o f  CB r a d i o  i n 
c r e a s e s  t h e  v a l u e  o f  Leq a t  t h e  r i g h t  
e a r  by an a v e r a g e  o f  2 . 7  dB.  Th i s  
c o r r e s p o n d s  t o  an i n c r e a s e  on t h e  n o i s e  
dos e  o f  a t  l e a s t  50%. I t  can t h u s  be 
a s i g n i f i c a n t  c o n t r i b u t o r  t o  t h e  o v e r -

- 15 -



SOUND LEVEL -  dBA

Fig.  4 - S t a t i s t i c a l  d i s t r i b u t i o n  f o r  va r i ous  
d r i v i n g  cond i t i ons

MONITORED AT DRIVERS LEFT EAR -  dBAeq

Fig.  5 - Compari son o f  sound l e v e l s  f o r  c i t y  
d r i v i n g

a l l  n o i s e  e x p o s u r e .
The s o u n d  l e v e l s  m e a s u r e d  a t  t h e  

c e n t r e  o f  cab  p o s i t i o n ,  r i g h t  and  l e f t  
e a r  o f  t h e  d r i v e r ,  i n c r e a s e  g e n e r a l l y  
i n  t h a t  o r d e r .  The  v a l u e  o f  t h e  Leq 
a t  t h e  l e f t  e a r  i s  on a v e r a g e  6 dB 
h i g h e r  t h a n  t h a t  a t  t h e  c e n t r e  o f  cab
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Fi g.  6 -  Compar i son o f  sound l e v e l s  f o r  c i t y  
d r i v i n g

p o s i t i o n ,  w h i c h  i s  t h e  m e a s u r i n g  s t a 
t i o n  u s e d  f o r  s t a n d a r d  p r o c e d u r e s .

The n o i s e  e x p o s u r e  o f  t r u c k  d r i v 
e r s  i s  l o w e s t  d u r i n g  c i t y  d r i v i n g  a nd  
i n c r e a s e s  i n  t h e  o r d e r :  c i t y ,  h i g h w a y  
a n d  f r e e w a y .  The v a l u e  o f  Leq a t  t h e  
r i g h t  e a r  i s  on a v e r a g e  1 . 5  dB h i g h e r  
d u r i n g  h i g h w a y  d r i v i n g  t h a n  d u r i n g  
c i t y  d r i v i n g .  The c o r r e s p o n d i n g  c om
p a r i s o n  b e t w e e n  h i g h w a y  a n d  f r e e w a y  
d r i v i n g  s h o ws  an a v e r a g e  d i f f e r e n c e  o f  
1 . 6  dB.  The v a l u e  o f  Leq f o r  f r e e w a y  
d r i v i n g  i s  an a v e r a g e  2 . 9  dB h i g h e r  
t h a n  f o r  c i t y  d r i v i n g ,  w h i c h  i s  a p p r o x 
i m a t e l y  e q u i v a l e n t  t o  an i n c r e a s e  o f  
n o i s e  e x p o s u r e  o f  50%.
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THE NEW GENERATION OF 
ENVIRONMENTAL NOISE 

MONITORING INSTRUMENTS 

db-306A M etrologger
Continuous LCD Readout

A large four digit L C D  display permits direct continuous 
readout of sound level, Lm ax, L e q  and test duration, even in bright 
sunlight. Test duration can be from .25 seconds to 72 hours and 
does not have to be preset in advance.

Numerical data appears on the display readout complete with 
identifying descriptors such as “ Lmax 1 1 3 ”, etc. This minimizes 
operator training and facilitates interpretation of data. Data is also 
retained in memory for immediate review with possible violators. 
Accuracy may be confirmed by calibration before, during and 
after test periods.

Low power consumption (up to 100 hours on one battery) 
and rugged construction make the db-306A ideal for community 
applications.

L E Q  MEASUREMENTS LIMITED 
175 ADVANCE BLVD UNIT 12 
MISSISSAUGA, ONTARIO L5S 1H5

PHONE: 416-453-6210

METRQSONICS IN C .
P.O. BOX 23075 ■  ROCHESTER. N Y. 14692 ■  716-334-7300
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APPLY TO:

ACOUSTICAL CONSULTANT, WOULD BE RESPONSIBLE FOR 
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25 YEARS COMBINED PRACTICAL EXPERIENCE. EXCELLENT 
OPPORTUNITY FOR RAPID ADVANCEMENT,

AN ACOUSTICAL ENGINEER OR TECHNICIAN, UNIVERSITY 
DEGREE PRFFERÆLE, AT LEAST TWO YEARS EXPERIENCE 
IN ACOUSTICS REQUIRED.

KENNETH HARFORD, P.ENG,
HARFORD, KEWEDY, WAKEFIELD LTD,

1727 w est  2nd avenue

VANCOUVER, B .C .
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LESLIE FRANK, P.ENG. 
HARFORD, FRANK & PARTNERS

605, 3 3 2 0 - 1a  street s .w ,
CALGARY, ALBERTA
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(T O ) 736-2352
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NOW! Comprehensive building acoustics 
analysis with a single portable instrument.
For the measurement and calculation of:

•  Normalised and standardised level differences (ISO 140)

•  Reverberation times (ISO R 354, ISO 3382)

•  Airborne noise insulation indices (ISO R 717)

•  Impact noise insulation indices (ISO R 717)

•  Sound power (ISO 3741 and 3742)

80-189

THE B&K TYPE 4417 BUILDING ACOUSTICS ANALYSER

combines every required building acoustics mea
surement capability in a single compact, portable 
instrument. In addition to the specific data noted in the 
illustration, the 4417 evaluates noise reduction; in
vestigates sound field distribution; determines loss 
factors of building elements. It runs on its own internal 
power supply; requires only a microphone and speak

er system for operation. Of special interest is a sys
tem of measurement and calculation error codes, with 
the pertinent code number displayed on the face of 
the instrument for prompt identification and correc
tion. For more detailed information, or to arrange a 
demonstration, call any Bruel & Kjaer office.



PLUS instantaneous data storage, 
retrievable at the touch of a button

•  IEC/IEEE and B&K Low Power interface compatibility •  Complete manual or remote control
•  Fast retrieval of data — 4 digit data location display •  Mains or DC powered for maximum versatility

THE B&K TYPE 7400 
DIGITAL CASSETTE RECORDER
is the ideal complement to the Building Acoustics 
Analyser. Results are stored as they happen, — up to 
500K bytes of data on a single cassette —  and are 
instantly retrievable by touching a button. The Type 
7400 is, in fact, the most efficient data storage and

retrieval instrument you could have in your lab, be
cause it is compatible with all B&K (and most other) 
instruments. Write or phone for more information, or a 
no-obligation demonstration.

BRUEL & KJAER CANADA LTD.
Specialists in acoustic and vibration measurement

MONTREAL OTTAWA TORONTO LONDON VANCOUVER
90 Leacock Road 7 Slack Road, Suite 201 71 Bramalea Road, Suite 71D 23 Chalet Crescent 5520 Minoru Boulevard, Room 202
Pointe Claire, Que. H9H 1H1 Ottawa, Ont. K2G 0B7 Bramalea, Ont. L6T 2W9 London, Ont. N6K 3C5 Richmond, B.C. V6X 2A9
Tel.: (514) 695-8225 Tel.: (613) 225-7648 Tel.: (416) 791-1642 Tel.: (519) 473-3561 Tel.: (604) 278-4257



LIMITATIONS IN THE MEASUREMENT OF THE

SOUND ABSORPTION COEFFICIENT ON MATERIALS FOR 

HIGHWAY NOISE BARRIERS

A lb e rto  B ehar*
C e n tra l Safe ty  Services 

O nta rio  Hydro 
757 M cKay Road 

P ickering , O n ta rio  L I W 3C8

ABSTRACT

Some absorbing m ate ria ls  used to  im prove the perform ance 
o f highway noise barrie rs  are r ig id  and th e ir  f lo w  resistance 
is high. They absorb sound energy in a com plex porous and 
resonant way and th e ir  absorption c o e ff ic ie n t  is s trong ly  
dependent upon th e ir  m ounting. In our study, three r ig id  
m a teria ls  measured w ith  the standing wave tube exh ib ited  
resonant peaks a t frequencies depending on th e ir  thickness.
One o f the m ateria ls , measured in a reve rberan t chamber 
ly ing on the  f lo o r , showed the same resonant peak.
However, when measured in the same cham ber in a free  
standing position , the absorption curve  was typ ica l o f  a 
porous m a te r ia l.  The resu lts o f the study c o n firm  th a t 
"ha rd ," r ig id , acoustica l m a te ria ls  should not be measured 
w ith  the standing wave tube bu t ra the r in a free  standing 
position  in a reve rberan t room.

I . In troduc tio n

The use o f sound absorbing m ate ria ls  fo r  increasing the a ttenua tion  provided 
by h ighway noise barrie rs  is re la t iv e ly  new. They are supposed to  reduce m u lt ip le  
re f le c tio n s  between p a ra lle l barrie rs  e rected on both sides o f a highway or between 
a single b a rr ie r  and the  bodies o f  passing vehicles, thereby increasing b a rr ie r  
e f f ic ie n c y .

Because o f th e ir  outdoor app lica tion , these m a te ria ls  have to endure severe 
adverse a tm ospheric  agents as w e ll as corros ive  exhaust fumes fro m  passing 
vehic les. They have also to  w iths tand  the m echanical and chem ical actions o f 
w a te r, snow, ice and sa lt m ix tu res  splashed fro m  veh ic le  wheels. These e ffe c ts  are 
especia lly  s trong on the lower p a rt o f the  barrie rs .

To ensure adequate d u ra b ility , some co m m e rc ia l products are made o f  so ft 
m a te r ia ls  bonded by hard resins or p o rt land cem ent in to  a kind o f so lid  mass. 
U sually  the y  have a re la t iv e ly  high density, are se lf-supported , and have a high 
f lo w  resistance. This type  o f m a te r ia l is ca lled  a "ha rd " m a te r ia l in this paper.

Work pe rfo rm ed  w h ile  the  author was a t the  O n ta rio  M in is try  o f T ransporta tion  and 
C om m unications.
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Since, during the measurement o f  sound absorption c o e ff ic ie n t,  m a te r ia l 
samples are mounted in a spec if ic  way, the resu lting  absorption c o e f f ic ie n t  vs 
frequency curves are va lid  on ly  fo r  a p a r t ic u la r  m ounting, thus l im it in g  the v a l id i ty  
o f the  measurement resu lt. This is obviously not a new concept, but should be 
rem em bered when handling data regard ing these m ateria ls .

In our s tudy ,*  the sound absorption c o e ff ic ie n ts  o f  th ree  "ha rd " m a te r ia ls  used 
fo r  h ighway noise ba rrie rs  were measured w ith  the standing wave tube ( I ) .  A ll 
resu lts  showed resonant peaks vary ing  w ith  the thickness o f the  samples. A 
conven tiona l, porous sound absorbing m a te r ia l used as a c o n tro l did e x h ib it  the 
w e ll-know n , in c reas ing -w ith -frequency  sound absorption curve  when measured in 
the  same way.

One o f the h ighway m a teria ls  was also measured a t the D iv is ion  o f  Bu ild ing  
Research, N a tiona l Research Council, w ith  the tube and also in the  reve rbe ra tio n  
room  (2). When measured ly ing on the f lo o r  o f  the  room, its absorption c o e f f ic ie n t  
showed the same resonant peak as when measured w ith  the tube. But, when 
m ounted in a free  standing position, the absorption curve was typ ica l o f  a porous 
m a te r ia l 's , c o n firm in g  the  e f fe c t  of the m ounting.

The results o f th is study show th a t i f  a m a te r ia l is to  be used as a noise b a rr ie r 
"by i ts e lf "  (i.e ., w ith o u t a backing), then its sound absorption should no t be 
measured in the standing wave tube, and if  measured in a reve rberan t room, it  
should be held in a fre e  standing position.

2. D escrip tion  o f the  Tests

For a summary, see Table  I.

2 .1 M a te r ia ls

Fo llow ing  is the  m anufac tu re r's  descrip tion  o f the m a te r ia ls  measured fo r 
sound absorption.

Duriso l, f ro m  Duriso l M a te ria ls  L im ite d : Lig!4weight bu ild ing  m a te r ia l 
made o f  ch em ica lly  m ine ra lized  and neu tra lize d  organ ic so ftw ood 
shavings, bonded toge the r under pressure w ith  po rtland  cem ent. D uriso l is 
supplied as panels made o f the  above described absorption layer, 75 mm 
(3") th ick , and a hard, re in fo rce d  concre te  backing, 19 mm (3 /4") th ick . 
(O ther con fig u ra tions  were also tested -  see la te r.)

F iberg las AF530 fro m  F iberg las Canada L im ite d :  G lass-fiber boards 
compressed to a con tro lled  density , bonded by a the rm ose tt ing  resin.

Herco Type 713 fro m  K e m lite  C o rpora tion : Porous, random tex tu red  
m a te r ia l made o f  po lyeste r resin, glass fibers , aggregate and f i l le rs .

Results o f the study perfo rm ed on one m a te r ia l have been published in 
R e ference  3.
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P e tr ica l fro m  C ornell C orpora tion : C hem ica lly  trea ted , long, tough, 
northern  aspen wood fibers , bound w ith  portland  cem ent, moulded under 
pressure.

The thickness o f the  samples ranged fro m  25 to 81 mm.

2.2 Sound Absorption Measurements

The measurements were perfo rm ed  a t tw o  d if fe re n t  places, using tw o  d i f 
fe re n t measuring techniques.

A t  the Research L abo ra to ry , M in is try  o f T ransporta tion  and Com m unications, 
O nta rio , the measurements were done according to  the ASTM C384-77 ( I )  method, 
using standard ins trum en ta tion  m anufactured by Bruel and K jaer.

A t  the d iv is ion o f B u ild ing  Research, N ationa l Research Council, m a te ria ls  
were measured accord ing  to both ASTM C384-77 (I ) and ASTM C423-77 (2) 
methods. For the measurements in the reve rberan t chamber, the m ateria ls  were 
placed in tw o  d if fe re n t  ways: f i r s t ,  lying on the f lo o r , and then free  standing in an 
u p r igh t position.

3. Measurement Results

The results o f the measurements are shown in Table 2. They are also given in 
F igures I through 7.

The measurements perfo rm ed w ith  the impedance tube are reported in 
percen t. The others, done in the reve rbe ra tion  cham ber, are in Sabines. When a 
m a te r ia l was measured in the free  standing position, both surfaces were used fo r 
the  ca lcu la tio n  o f the absorption c o e ff ic ie n t.  The sample areas fo r  those 
measiyem ents were 8.1 m (89.8 fe e t ) fo r  measurements no. 12 and 14, and 
4.4 m (48.8 fe e t ) fo r  no. I I and 13.

4. Discussion

A ccord ing  to th e ir  surface density and general m echanical ch a rac te ris t ics , the 
m a te r ia ls  we tested can be d iv ided in to :

o Hard: D uriso l, H erco and P e tr ic a l,  and
o S o ft: F iberglas

The absorption curves o f the f i r s t  group as shown in F igures I, 2 and 3 have 
peaks suggesting a m ixed, porous and resonant way o f  sound absorption. This is 
obviously not the case fo r  the F iberg las measured as a co n tro l (see Figure 4).

The same resonant behaviour is observed in F igure 5 where results o f the 
measurements o f a "ha rd " m a te r ia l using both methods (reverberan t room and 
standing wave tube) are shown. The resonant frequencies in both cases are the 
same, thus suggesting a s im ila r m em brane-like  behaviour.

- 22 -



On the other hand, as results in Figure 6 show, as soon as the hard backing is 
"removed" by erecting the sample, the resonant phenomenon disappears and the 
material behaves in a porous-like way, similar to that shown in Figure k.

5. Conclusions

The standing wave tube technique should not be used for the measurement of 
"hard" acoustically absorbent materials unless they are intended to be mounted 
against a wall. For the same reason, if the measurement is done in the reverberant 
room, the sample should be installed in a free standing way, avoiding interaction 
with the reverberant room floor.

The non-observance of these recommendations can lead to gross overestimates 
of the sound absorbing qualities of a given material.
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Table I. Summary o f Materials and Measurements.

Measure
ment Mntorj n) Thi rknenn Donfl J ty

Surface 
Area 

Dçns1ty

Measure
ment 
Mr't hod

Measure
ment 
P 3 n cp Mounti ng

Results 
on 

F i tjurr Obr.rrv.it j on

No. mm Inches kg/m’ kg/m ’ . - - -

1 Durisol 25 1 560 14 Tube^ ' NRC3) 1A Absorption
layer
only

2 Durisol 50 2 560 28 Tube m t c 4) . . . . IB Absorpti on 
layer 
only

3 Durisol 75 3 560 42 Tube NRC . . . . 1C * 5 F Absorption
layer
only

4 Durisol 75 3 560 42 Tube MTC • — ID Absorption
layer
only

5 Fiberglas 25 1 48 1.2 Tube MTC ------ 4 ------

6 Fiberglas 50 2 48 2.4 Tube MTC ------ 4 ------

7 Herco 34.2 i *é 658 22.5 Tube MTC ------ 2 ------

e Her co 50 2 658 33 Tube MTC ------ 2 ------

9 Petrical 37. 5 1 1/2 

3

567

576

22

43

Tube

Tube

■}

10 Petrical 75

niv,

MTC ------

o

3 ------

11 Durisol 75 3 560 42 Rev. Cham ,2 NRC Laying5 5A & 6A Absorption
layer
only

12 Durisol 75 3 560 42 Rev. Cham. NRC Standing 6B Absorption
layer f 
only

13 Durisol 81.3 3 1/4 98 Rev. Cham. NRC Laying 7A Complete
panel

14 Durisol 81.3 3 1/4 98 Rev. Cham. NRC Standing 7B Complete
panel

Notes : 1) see Reference 1
2) see Reference 2
3) Division of Building Research, National Research Council, Ottawa
4) Research Laboratory, Ministry of Transportation and Communications, Ontario
5) see Reference 2, Figure 1, Number 4

Table 2. Sound Absorption Coeffic ients.

"eoSSJ r i 
m e n t

F r e q u e n c y Hz

N u m b e r 125 K 0 200 250 315 400 500 630 BOO 1000 1250 1 00 2000 2500 3100 4000 5000

1 ----- . . . 4 5 11 9 14 18 29 31 B3 9 67 57 39 — - -

2 ----- ----- 6 7 S i f 24 52 90 73 47 7 37 ----- ----- — —

3 ----- 25 22 32 56 79 92 77 55 46 50 7 70 73 76 — —

4 ----- ----- 25 36 55 78 94 70 52 44 58 2 57 ----- . . . - "

5 ----- ----- 7 9 20 14 14 24 29 42 53 8 80 ----- ----- - —

6 ----- ----- 10 16 21 30 33 46 59 70 79 9 92 ----- ----- —

7 ----- ----- 15 14 12 15 17 23 37 60 £9 5 70 - - — —

8 - - 9 13 IS 30 43 67 78 67 53 1 45 - - — —

9 - - - — — — 20 37 69 96 93 B 43 - - - -

10 - - 34 53 75 96 85 SO 40 33 41 1 64 - - —

11 0 . 1 6 0 . 1 7 0 . 4 7 0 . 5 6 0 . 1 5 1 . 0 6 1 . 0 7 0 . 9 7 0 . 8 6 0 . 8 6 0 . 9 0 0 96 0 . 9 0 0 . 8 6 0 . 9 1 0 . 9 6 1 .0 1

12 0 . 2 5 0 . 1 6 0 . 3 3 o u *-
> 0 . 3 4 0 . 3 7 0 . 3 9 0 . 4 7 0 . 5 9 0 . 6 9 0 . 7 8 0 .75 0 . 7 7 0 . 8 0 0 .80 0 .9 0 0 . 9 4

13 0 . 0 8 0 . 1 3 0 . 2 1 0 . 2 6 0 . 4 2 0 . 5 5 0 . 7 8 1 . 0 5 1 . 1 1 0 . 9 9 0 . 8 6 0 78 0 . 7 9 0 . 9 1 0 . 9 5 0 . 9 2 0 . 9 4

14 0 . 1 6 0 . 1 2 0 . 2 3 0 . 1 8 0 . 3 9 0 . 5 1 0 . 7 0 0 . 9 1 1.00 0 . 9 1 0 . 7 9 0 .70 0 . 7 3 0 . 8 6 0 . 9 2 0 .92 0 .40

The absorption coefficient is expressed in percent for measurements 1 through 10 and in sabines for the
r.easurements 11 through 14.
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Fig. | .  Absorption coeff ic ien t  of Durisol (absorbing layer, only) measured with 
standing wave tube.

Frequency, Hz

Fig. 2. Absorption coeff ic ien t of Herco Type 7I3 measured with standing wave 
tube.
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F ig . 3. A bsorp tion  c o e ff ic ie n t o f P e tr ic a l measured w ith  standing wave tube.
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w ave tube.

- 26-



So
un

d 
A

b
so

rp
tio

n
 

C
o

e
ff

ic
ie

n
t,

 
% 

So
un

d 
A

b
so

rp
tio

n
 

C
o

e
ff

ic
ie

n
t

125 250

I "■■H
500

... i .....  I»
ipoo

-H — 4— h
2,000 4,000 8,000  

+ SBmaŝ ^^1.1 
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A RECURRING PROBLEM OVER THE LAST DECADE has 

been the variability of measurements using 

standard procedures for the noise testing of 

vehicles. What initially was believed to be 

a rather simple acoustic measurement has turned 

out in practice to include a surprising number 

of propagation phenomena, involving the state 

of the ground surface, the state of the atmo

sphere adjacent to this surface, and the 

interaction between the two. This paper 

represents an attempt to convey the author's 

current knowledge of these acoustic propagation 

phenomena to practicing engineers, hopefully 

in a form they will find useful.

Attenuation caused by the interference 

between direct and ground-reflected waves is 

considered first. This section is essentially 

an update of a review (1)* written six years 

ago, to which the reader is referred for a 

more detailed description of the basic 

phenomena. The next topic is atmospheric 

turbulence, where we consider the effect of 

atmospheric inhomogeneity along the prop

agation path of the noise on the variability 

of measurements. This inhomogeneity may be 

from naturally occurring atmospheric turb

ulence, or induced by the wake of the vehicle. 

Finally effects of refraction by the thermal 

boundary layer close to the ground are 

considered.

INTERFERENCE BETWEEN DIRECT AND GROUND- 

REFLECTED WAVES

*Numbers in parentheses designate References 

at end of paper.

Available theory relevant to ground 

interference effects (2) is developed in terms 

of the basic configuration shown in Fig. 1.

A  point source S and receiver R are situated 

above a plane earth. The direct sound travels 

along path rj to the receiver and the reflected 

sound along path T2 which appears at the 

receiver to have come from the image source I. 

The interference between direct and reflected 

sound at R depends first of all on the 

reflective properties of the ground surface, 

which are usually expressed in terms of a 

complex acoustic impedance Z 2 of this surface 

relative to the characteristic impedance Zj 

of air. Both real and imaginary parts of Z 2 

normally vary strongly with the frequency 

of the sound, and depend also on the grazing 

angle iJj .

The most detailed measurements of the 

impedance of a natural ground surface now 

available are for mown grass (3). A remark

ably good fit to these measurements has been 

achieved by Chessell (4) using a simple model 

with a single adjustable parameter: the 

ground is assumed to reflect as if it were a 

semi-infinite porous medium, and the adjustable 

parameter is the flow resistivity a - the 

resistance to flow of air in the pores per unit 

thickness of the ground (for which the only 

recognized unit is the rayl (CGS)).

To put present knowledge of ground inter

ference into effective engineering practice 

a suitably simple technique is required, for 

measuring the ground impedance conveniently 

in any specific situation of interest. It 

would also be very useful to have measurements

ABSTRACT

A number of propagation phenomena which 

cause variability in the noise testing of 

vehicles using standard procedures have been 

isolated and studied. Included are the effects 

of interference produced by reflection from

various ground surfaces, the effects of refrac

tion caused by wind and temperature gradients 

in the atmosphere, changes in sound level due 

to the wake of the vehicle, and the effects 

of normal atmospheric turbulence.
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Fig. 1 - Reflection of sound from plane ground 
surface with impedance Z2

obtained with this technique available for a 
variety of commonly encountered ground surfaces. 
With these goals in mind we have extended the 
analysis of Chessell to a variety of surfaces.
It is accepted that the reflectivity of these 
surfaces may in time be better described by 
a more complex model, but the single parameter 
model is appropriate at present to both 
engineering needs and the present relatively 
primitive state of knowledge concerning the 
ground impedance.
POINT SOURCE - A single configuration was 
first chosen, that given by Fig. 1 with 
hs = 0.3m (1 ft), hr = 1.2m (4 ft), and 
d = 15.2m (50 ft). This choice was to maximize 
the relevance for noise testing using existing 
standard procedures, for example the noise 
from a snowmobile (5) or the exhaust noise 
from an automobile or light truck (6). The 
family of curves shown in Fig. 2 was then 
calculated for this configuration using the 
same equations-as Chessell. This figure 
gives the predicted sound level at the 
receiver in the presence of the ground as a

function of frequency for a range of values 
of the flow resistivity a. The sound level 
is relative to that for the same point source 
at the same distance in free space.

Measurements were also made in the field 
of the sound produced in this configuration 
by an acoustic point source (1) using a 
pure tone and swept frequency. By arranging 
through a separate feedback loop that the 
acoustic power output of the source was 
independent of frequency, the measured 
frequency spectrum could be compared directly 
with the family of curves shown in Fig. 2 to 
obtain a value of the effective flow resistivity 
a. The real and imaginary parts of the ground 
impedance were then obtained over a range of 
frequency from this value of o using published 
graphs (A). The whole procedure, starting 
with setting up the apparatus on the site and 
ending with values of a on the ground impedance, 
takes about half an hour (7). Values of a 
for a number of sites obtained in this fashion 
are shown in Table I. Note the wide range 
in a, extending from about 10 rayls for newly 
fallen snow to 20,000 rayls or greater for

Table I - Flow Resistivity for Various Ground 
Surfaces

Description of Surface

Dry snow, new fallen 7.5cm 
on a 40cm base

Sugar snow

In forest, pine or hemlock

Flow Resistivity 
Giving Best Fit 
To Measured 
Spectrum: CGS 
Rayls

10 to 30 

25 to 50 

20 to 80

Grass: rough pasture, airport, 
public buildings, etc.

150 to 300

Roadside dirt, ill-defined, 
small rocks up to 4"

300 to 800

Sandy silt, hard packed by 
vehicles

800 to 2500

"Clean" limestone chips, thick 
layer (1/2 to 1 inch mesh)

1500 to 4000

Old dirt roadway, fine stones 
(1/4" mesh) interstices 
filled

2000 to 4000

6 6 1 2 

FREQUENCY-kHz

Fig. 2 - Predicted spectra for hs = 0.3m, 
hr = 1.2m and d = 15.2m in Fig. 1, and various 
values of the flow resistivity a. The sound 
spectrum level is relative to that from the 
same point source at the same distance in free 
space

Earth, exposed and rain-packed 4000 to 8000

Quarry dust, fine, very hard- 5000 
packed by vehicles

Asphalt, sealed by dust and 
use

> 20 ,000
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old asphalt or concrete, and the variation in 
the excess attenuation shown in Fig. 2 that 
this range signifies.
APPLICATIONS - The relevance of the curves 
in Fig. 2 for vehicle testing may be under
stood by considering the spectrum of snow
mobile noise in Fig. 3 measured using standard 
test procedures (5) over grass. It is well 
known that the maximum overall A-weighted 
level using these procedures is strongly 
site-dependent, and comparison of the spectrum 
in Fig. 3 with the inverse A-weighting curve, 
shows the peaks due to the harmonics of the 
engine firing frequency to be significantly 
reduced in the region of 0.5 to 1 kHz due to 
the excess ground attenuation. Comparison 
of ground attenuation curves in Fig. 3 for 
o = 150-300 rayls relevant for grass with 
those for 10-50 rayls relevant for snow 
indicates the differences one should expect 
for testing over these different surfaces.

FREQUENCY -  kHz

Fig. 3 - Measured snowmobile spectrum

One may note also that a test surface 
normally allowed for construction machinery 
is packed dirt. The ground attenuation 
indicated in Fig. 2 for a in the range 800- 
2500 rayls found for hard-packed sandy silt 
(Table I) is by no means the same as that 
for a hard surface such as asphalt or concrete 
(a > 30,000).

It should be noted also, that it is not 
necessary to use the particular configuration 
hs = 0.3m, hr = 1.2m, and d = 15.2m either to 
determine a via the procedure described above 
or to predict the excess attenuation due to 
the ground effect. A set of curves similar 
to those in Fig. 2 can be calculated using 
the same equations for any configuration.
LINE SOURCE — The positions of the sharp dips 
in the spectrum shown in Fig. 2 for hard 
surfaces (a - 30,000 rayls) at 3 kHz and 
9 kHz are strongly dependent on the measurement 

configuration, as they occur where thedifference 
in path length between direct and reflected 
rays (|r2_r̂  | in Fig. 1) are ^1 and 3 half

wavelengths of sound respectively. For

elevated noise sources such as truck exhaust 
stacks these dips occur down in the sensitive 
0.1 to 1.0 kHz range of frequency where they 
provide a variability problem (1), while at 
larger distances they move up in frequency.
It has been argued from time to time that the 
ground interference problem would be eased if 
an integrating sound-level meter were used for 
vehicle pass-by tests, as the interference 
filter shown in Fig. 2 should be greatly 
smoothed by the varying distance.

To test this hypothesis the sound level 
from an incoherent line source normal to the 
paper at point S in Fig. 1 has been calculated 
for otherwise the same configuration as that 
for Fig. 2 (hs = 0.3m, hr = 1.2m and d = 15.2m 
in Fig. 1). The results of these calculations 
are shown in Fig. 4. The reference level is 
again that for the same line source at the 
same distance in free space.

Comparing the curve in Fig. 4 for 20,000 
rayls with that in Fig. 2, we find that the 
first dip in Fig. 4 is certainly much shallower 
than that in Fig. 2, but it has by no means 
disappeared by this smoothing process, and 
would probably still present a problem. The 
minima at lower frequencies for a = 30 and 
300 rayls are little changed in Fig. 4 from 
those for a point source in Fig. 2 because 
here the cancellation is due mainly to the 
change in phase on reflection rather than a 
difference in path length.

Fig. 4 - Predicted spectra for an incoherent 
line source and various values of the flow 
resistivity a. The spectrum level is relative 
to that from the same source at the same 
distance in free space

It should be noted that the one parameter 
model used here, together with a relevant 
table of values for flow resistivity similar 
to Table I, if inserted into prediction 
schemes for environmental noise would represent 
a considerable advance over present procedures.

ATMOSPHERIC TURBULENCE

Large eddies are formed in the atmosphere 
by instabilities in the thermal and viscous 
boundary layers at the surface of the ground.
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Further instability causes these eddies to 
break down progressively into smaller and 
smaller sizes until the energy is finally 
dissipated by viscosity in eddies approximately 
1mm in size. A statistical distribution of 
eddies, which we call turbulence, is therefore 
present in the atmosphere at all times. The 
intensity of the turbulence is dependent on 
meteorological conditions, being high, for 
example, on a windy summer afternoon, and low 
under nocturnal inversions.

The inhomogeneity of the atmosphere in 
normal conditions of turbulence is much larger 
than is generally appreciated. Shown in Fig. 5 
are typical daytime records of wind velocity 
and temperature. These measurements were taken 
simultaneously lm above a large flat vehicle 
test area. Note for example that fluctuations 
in temperature of 5°C which last several seconds 
are common in the "steady" wind (t<120 sec in 
Fig. 5) and 10°C not uncommon. When the wind 
decreases to very low or zero velocity, slow 
drifts in temperature of the same magnitude 
are present, as for instance for t^lSO sec in 
Fig. 5.

8 3.0 

1 ''5 
z  0.6

5  0.3 
0

P  40 

|  30
UJ

20

Fig. 5 - Typical daytime records of wind veloc
ity and temperature. The measurements were 
taken simultaneously at a height of lm over 
a large flat test area

The effect of normal atmospheric turbulence 
on wave propagation from a point source under 
conditions relevant to vehicle testing are 
now reasonably well established (8). Fluctu
ations of sound level (in decibels) of a pure 
tone should increase approximately as the 
square root of the frequency and linearly 
with distance.

AN EXPERIMENTAL INVESTIGATION - A series 
of experiments were conducted to find the 
influence of atmospheric turbulence in the 
propagation path, as well as other factors, 
on the variability of vehicle noise tests (9). 
The noise from an accelerating automobile was 
first measured (and tape-recorded) as specified 
by standard SAE J986a five times in succession 
(test 1). A multitone point source was then 
placed 0.3m above the ground at the point in 
the vehicle path closest to the microphone 
position. Without moving the microphone (or 
the source) 3 minutes of constant sound out
put from the multitone source was then tape-

M

!
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”l 1 1 _ 1 1 1 1 1 1 I I  1 1 1 1 I I I  1 i f

0 60 120 180 
TIM E -  Sec

recorded. (The measurement configuration was 
here that shown in Fig. 1 with hs = 0.3m, 
hr = 1.2m and d = 15.2m.)

For the third test the multitone point 
source was attached to the automobile beside 
the exhaust outlet (which was the same height, 
0.3m above the ground). The vehicle was run 
by the microphone in the same SAE J986a con
figuration used in the first test but at a 
constant speed of 48 kph (30 MPH). When near 
the microphone the engine was switched off 
and' the multitone source switched on.
Records of the sound from a calibrated point 
source simulating the exhaust noise from a 
moving vehicle were thereby obtained. This 
test was also repeated 5 times.

The sequence of three tests was conducted 
for one vehicle in about thirty minutes, and 
they were repeated for three vehicles. The 
whole sequence for three vehicles was also 
repeated for three different test sites and 
on twelve days selected for different weather 
conditions.

Run-to-run Variability - The character
istics of run-to-run variation were first 
investigated by frequency analysis (followed 
by statistical analysis) of the tape recordings 
for a given site and day. The standard devi
ation of the sound spectrum levels for two 
different days are shown in Fig. 6. The S's 
on the right give the variability of the 
amplitude of the pure tones received at the 
microphone from the stationary point source 
(test 2). Their characteristics are what is 
expected for propagation in normal atmospheric 
turbulence, as described above: the fluctua
tions in amplitude increase with increasing 
frequency and are larger for the day, when 
the sun is heating the ground, than for the 
evening.

FREQ UENCY-kHz

Fig. 6 - Standard deviations of sound level 
fluctuations for moving vehicles V, moving 
multitone source M and stationary taultitone 
source S on a hot day and a cool evening - 
run-to-run variability
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The M's in the center of Fig. 6 give 
the run-to-run variability in the maximum 
level of the pure tones from the moving point 
source (test 3) and the V's on the left the run- 
to-run variability in the maximum level of 
corresponding 1/3 octave bands of noise achieved 
by the accelerating vehicle (test 1). Comparing 
the characteristics of the M's, V's and S's, 
we find the behaviour of the M's and V's to 
be similar to each other, and different frot. 
that of the S's. The variability for both 
the accelerating vehicle and moving point 
source decrease (or at least don't increase) 
with increasing frequency, and also the 
difference between hot day and cool evening 
is not significant.

The similarity of M's and V's indicates 
that the performance of the vehicle or operator 
was not a factor in the V's, because the M's 
are for a calibrated source. The difference 
in behaviour between M's and S's indicates 
that both V's and M's are the result of 
motion of the vehicle (as the M's and S's are 
from the same point source). The likely 
mechanism, which fits the characteristics 
of the M's and V's in Fig. 6 is atmospheric 
turbulence caused directly by the wake of 
the vehicle. The greater variation at low 
frequencies is consistent with more large 
eddies than would be present in the stable 
statistical distribution of sizes described 
above. This is reasonable because the wake 
is the primary eddy, which exists before the 
stable distribution has time to form.

Day-to-day Variability (Effect of Weather) - 
The day-to-day variation of the A-weighted 
sound level was examined for a given site and 
type of test, and compared with the day-to-day 
variation in meteorological variables, namely 
temperature, temperature gradient, wind 
velocity and wind direction. The only sig
nificant correlation found was with the temper
ature .

The deviation of the sound level measured 
for accelerating vehicles using SAE J986a 

test procedures (test 1), when averaged for 
each site and day, from the mean for all days 
is shown in Fig. 7 plotted against the ambient 
temperature measured lm above the ground. The 
dashed lines are fitted to the points for each 
site A, B or C individually, and the solid line 
gives the fit to all sites. The correlation 

with temperature, and the dependence on temper
ature given by the lines are comparable to 
what has been found elsewhere, and represent 
a considerable deterrent to regulation. The 
usual explanation of this temperature 
dependence is in terms of the density of the 
charge flowing through the engine and exhaust 
system.

However, we also examined the correlation 
of the day-to-day deviations for accelerating 
vehicles (test 1) shown in Fig. 7 with the 
equivalent for the moving point source (test 3) 
and those for the stationary source (test 2).
The correlation of the test 3 results with 
those of test 1 was fairly high (62%), while

T E M P E R A T U R E  -  °C

Fig. 7 - Deviations of average sound level 
attained for accelerating vehicles on 
different days from the mean for all days:
0 site A, A site B and X site C. The dashed 
lines are fitted to the points for each site, 
and the solid line to all points (day-to-day 
variability)

the correlation of the test 3 results with 
those of test 2 was low (24%) (10).

These measured correlations are in
compatible with the day-to-day variation in 
measured sound levels for accelerating vehicles, 
as in Fig. 7, being in the noise source, as 
in the usual explanation given above. A 
substantial portion of it must lie in the 
motion of the vehicle, independent of the 
source, to provide the 62% correlation with the 

tests using an independent calibrated point 
source which moves with the vehicle, and the 
low correlation with the same source when 
stationary. Presumably this contribution is 
from the vehicle wake, as is the case with 
the run-to-run variability described previously.

REFRACTION

For acoustic propagation outdoors over 
distances longer than about 30m the effect of 
curved ray paths, or refraction, usually needs 
to be considered. The principal effects are 
illustrated in Fig. 8. For propagation down

wind, or under temperature inversions (common 
at night) the refraction is downward, as shown 
at "a". The main effect here is usually to 
reduce the attenuation caused by ground inter
ference. For propagation upwind, or under 
temperature lapse conditions, the sound refracts 
upwards as shown at "b" in Fig. 8. The main
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Fig. 8 - Foras of refraction, (a) for propaga
tion downwind or during an inversion, and 
(b) for propagation upwind or during temperature 
lapse conditions

effect here is the creation of shadow zones, 
as indicated in the figure, where the sound 
level is commonly reduced by as much as 20 dB.
In both cases, there exists a gradient of sound 
velocity in the atmosphere, and the refraction 
is towards the low velocity region.

For the noise testing of vehicles, ’sig
nificant propagation distances are normally 
kept to 15m or less in order to avoid these 
refraction effects, which would otherwise 
provide a strong dependence of measured 
sound level on the weather. However one needs 
a clear understanding of refraction phenomena 
to know when a measurement is at risk in 
unusual conditions.

THERMAL BOUNDARY LAYER - For significant 
refraction effects to occur in short distances, 
strong gradients of sound velocity are needed 
in the atmosphere, and one such gradient 
always exists close to the ground during 
sunny weather, caused by the heating of the 
ground surface by the sun.

Measurements of the vertical profile of 
temperature close to a paved test site on 
a sunny summer afternoon (9) where there is 
a relatively constant wind velocity of 
'vôm/sec, and also on a calm cool evening for 
comparison, are shown in Fig. 9. ‘The error 
bars give a rough indication of the variation 
in temperature. Note the existence of a thermal 
boundary layer during the daytime, which is 
confined in thickness to about 30cm by the 
wind, and that this layer virtually disappears 
in the evening. The narrow peaks on the 
temperature record for a height of 1m in 
Fig. 5, for example, are rising bubbles of hot 
air carried away by the wind, known as thermal 
plumes to the meteorologist.

The thickness of the boundary layer tends 
to increase with decreasing wind velocity, as 
the wind then becomes less effective at 
carrying away the hot air. The general increase 
in temperature shown in Fig. 5 for t=180 sec 
indicates that the thickness of the boundary 
layer becomes larger than lm during calm spells.

ACOUSTIC MIRAGE - It is a common experience

TEMPERATURE -°C

Fig. 9 - Measured vertical profiles of 
temperature over a large flat test site 
during a sunny and windy day on the left, and 
on a cool evening to the right

when driving an automobile to see what is 
apparently a pool of water on the road ahead, 
but in reality is a portion of the sky ahead, 
the light ray from which has been refracted 
upwards to the eye by the thermal boundary 
layer. This phenomenon is usually called a 
mirage. Since the velocity of sound is 1700 
times more sensitive proportionally to the 
temperature than the velocity of light, powerful 
acoustic mirages (and shadow zones) must 
appear somewhere, due to the thin thermal 
boundary layer shown in Fig. 9, although this 
phenomenon does not seem to have been reported 
previously in the scientific literature.

To find whether such a mirage could 
influence measurements of vehicle noise, an 
acoustic point source emitting a pure tone 
was placed right on the surface on a flat 
asphalt site. Vertical profiles of both 
temperature and sound level were then measured 
on the site. The temperature profiles were 
similar to the daytime one shown in Fig. 9.
The dashed lines in Fig. 10 show the measure
ments of sound level at a distance of 15m from 
the source and a height of 1.0m, for propagation 
both upwind and downwind, and the solid lines 
the same for a height of 0.5m. The sound level 
is relative to that for the same distance in 
free space.

Note that there is no significant excess 
attenuation of sound due to the thermal boundary 
layer at a height of 1.0m, but at 0.5m the 
excess attenuation becomes large, 10 dB or
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Fig. 10 - The acoustic mirage effect for 
propagation upwind (0) and downwind (X) for a
microphone height of 1 . 0 m ---and 0.5m ---- .
The spectrum level is relative to that from the 
same point source at the same distance in free 

space

greater, for frequencies greater than 4 kHz. 
There is at this distance from the source, 
therefore, a shadow boundary of the type 
shown in Fig. 8 at a height between 0.5m and 
1.0m for frequencies higher than 4 kHz. The 
wind, whose velocity measured at a height 
of 1.3m averaged 1.0 to 1.2m/sec, was in
sufficient to destroy this shadow, although 
it did significantly affect the attenuation 
in the shadow zone (see Fig. 10). The shadow 
zone is present only at high frequencies, 
because the thickness of the boundary layer 

becomes small relative to the wavelength at 
low frequencies, hence ineffective as a 
wave refractor.

Measurements at a distance of 7.5m (not 
shown) indicated the shadow zone to be still 
present, but the shadow boundary to be lower 
than 0.5m. The measurements at ground level 
for this distance <losely resembled those shown 
in Fig. 10 for a height of 0.5m.

Shadow zones may thus be present in 
acoustic measurements outdoors, at distances 
of 7.5 and 15m relevant to vehicle testing, 
in the presence of a thermal boundary layer 
similar to that shown in Fig. 9, due to this 
mirage effect. The significance of this 
shadowing for compliance testing of vehicles 
using procedures such as SAE J986a seems

marginal. However the atmospheric conditions 
for the measurements shown in Fig. 10 should 
not be taken as an extreme. The dimensions 
of the boundary layer are obviously very 
volatile, and the shadow zones may be much 
enhanced for a hotter pavement or lower wind 
velocity, as an example. Thus care should 
be exercised in neglecting this effect for 
unusual conditions, particularly if a low 
microphone position is adopted.

The mirage effect shown in Fig. 10, 
however, throws considerable doubt on existing 
measurements of tire noise, where the noise 
source is presumably very close to the ground. 
The high frequency roll-off in spectrum level, 
characteristic of published measurements of 
tire noise, could be caused by refraction in 
the thermal boundary layer on the measurement 
site, rather than being characteristic of the 
tire. In practical situations where tire 
noise is important, for example in the 
propagation of noise from highways, this 
effect should also be taken into consideration.
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