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Advanced computer technology utilized 
in the db-301 M etrologger obsoletes 
primitive single number dosimeters. Sig­
nificant noise data, unobtainable with 
current instrumentation is now automati­
cally printed out in a hard copy permanent 
record.

Important data such as Time History 
Profiles, Amplitude Distribution Histo­
grams and concurrent computations of 
Leq, Loshaj exposure coefficient at both 
85 and 90 dBA criteria, L 10, Lmax and 
many others are automatically produced.
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T O M  N O R T H W O O D  -  

C AA's  NEW PRESIDENT

We take pleasure in reporting the elec­
tion of Dr. T. D. Northwood as President o f 
the Canadian Acoustical Association,,

It is f i t t in g  tha t the man who was 
founder and f irs t  Chairman o f the CAA (or as 
it  was then called, the Canadian Com m ittee 
on Acoustics) should again head the Associa­
tion as it  enters a new phase o f its 
development.

Tom Northwood received his BASc in 
Engineering Physics from  the Univers ity  o f 
Toronto. In 1940 he joined the Physics D iv i­
sion o f the National Research Council o f 
Canada, working p rinc ipa lly  in underwater 
sound. In 1952, a fte r obtaining his Ph.D., he 
returned to the D ivision o f Building Research 
o f NRC, where he has since headed a group 
working in building acoustics and structura l 
dynamics.

Tom is a Fellow o f the Acoustical Soci­
e ty o f Am erica and the Am erican Association 
fo r the Advancement o f Science, a member 
o f the Engineering Ins titu te  o f Canada, and 
an in itia l member o f the Institu te  of Noise 
Control Engineering. He has served in many 
capacities in these societies, and is curren tly  
an associate ed ito r o f the Journal o f the 
Acoustical Society o f Am erica. He is active  
in standards work, in ASTM Com m ittee E33, 
ANSI SI, ISO/TC 43, and CSA ZI07. He is 
the author o f about 50 papers and ed ito r o f 
the book Benchmark Papers in A rch itec tu ra l 
Acoustics.

We look forw ard to continued growth 
under his guidance and are confident tha t the 
transition w ill be smooth and effo rtless.

SUSTAINING SUBSCRIBERS

A t the CAA's last business meeting, a decision was 
made to  impose a firs t-e v e r membership fee o f $10 per 
annum. The $10 is p a rtly  to pay fo r each member's 
copies o f "A coustics  &  Noise C ontro l in Canada," which 
had fo rm e rly  been d is tribu ted  free .

C erta in  individuals had, however, already fe lt  tha t 
they wished to  con tribu te  $10 toward the maga­
zine -  these are the individual Sustaining Subscribers 
lis ted on the back o f recent issues. As a mark of 
apprecia tion fo r th e ir  vo lun ta ry support, the magazine 
has now arranged fo r  th e ir  donations to be cred ited  to 
the membership fee account, m aking them  exem pt from  
1980 dues.

As a resu lt o f this transfe r, the back cover o f this 
and fu tu re  issues w ill contain on ly the names o f organi­
zationa l Sustaining Subscribers con tribu ting  a consider­
ably higher sum, now $85.

INTERNOISE '80

Internoise '80 is scheduled fo r December 8-10, 
1980 a t the Hotel In tercon tinen ta l in M iam i, F lo rida . 
C ontribu ted papers are inv ited : please send abstracts by 
May 12, 1980 to James G. Seebold, Technical Program 
Chairman, INCE, P. O. Box 3206, A rling to n  Branch, 
Poughkeepsie, NY 12603.
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SAE’S 75TH ANNIVERSARY N01SEXP0 '80

The Society of Automotive Engineers will hold its 
75th Anniversary Congress and Exposition in Detroit in 
the last week of February 1980. The conference includes 
a number of noise-related sessions, including an all-day 
one on "Vehicle Noise Regulation & Reduction" sched­
uled for Wednesday, February 27 in Room 3042, Cobo 
Hall.

In addition to a number of American authors, 
Canadian authors include J. E. Piercy and T. F. W. 
Embleton ("Noise Testing of Vehicles: Acoustic Propa­
gation Phenomena"); E. R. Welbourne and D. S. Kennedy 
("A Comparison of Two Stationary Measurement Pro­
cedures for Truck Exterior Sound Levels"); Z. Reif 
("Noise Exposure of Truck Drivers"); and M. M. Osman 
and D. N. May ("Relative Influence of Pavement Texture 
and Tire Type on Pavement/Tire Noise").

The meeting will be chaired by Edgar Rose, 
Director of Stern Drive & Accessory Engineering, Out­
board Marine Corporation; Assistant Chairman is Dr. 
Moustafa Osman, Ontario Hydro. The combined pro­
ceedings of the 1980 and 1978 papers from these sessions 
will be issued by SAE as Special Publication 456 ($18 to 
members, $22.50 to non-members, in U.S. funds).

Daryl May will be presented with a Certificate of 
Appreciation by SAE's Engineering Activity Board, 
February 26, for chairing and organizing the 1978 ses­
sion, and co-organizing the 1980 one.

ACOUSTICS WEEK IN MONTREAL

Preliminary details of an acoustics week to be held 
in Montreal October 20-25, 1980 are as follows:

(1) Seminar on "Occupational Exposure to Noise and 
Vibration: Effects, Measurements and Control." Jointly 
organized by National Research Council and Health & 
Welfare Canada (October 20-21 ),

(2) Canadian Acoustical Association Annual Meeting and 
Symposium (October 22-23),

(3) Canadian Standards Association Annual General 
Meeting (October 24).

Further details will be cnnounced in a subsequent
issue,

MONTREAL: SEMAINE DE L'ACOUSTIQUE

Nous avons reçu l'avis suivant sur "la semaine de 
l'acoustique," que aura lieu à Montréal du 20 au 25 
octobre, 1980:

(1) Colloque sur "L'exposition professionnelle au bruit et 
aux vibrations: ses effets, son évaluation et son 
contrôle." Organisé conjointement par le Conseil 
Nationale de Recherches, et Santé et Bien-être Social 
Canada (les 20 et 21 octobre),

(2) Symposium et réunion annuelle de l'Association 
Canadienne de l'Acoustique (les 22 et 23 octobre),

(3) Assemblée générale annuelle de l'Association 
Canadienne de Normalisation (le 24 octobre).

D'autres details paraîtront dam la prochaine issue.

Noisexpo '80 is scheduled for April 28-May I, 1980 
at the Hyatt Regency O'Hare, near Chicago's O'Hare 
Airport. The conference emphasis is on noise and vibra­
tion control technology. Contributed papers are invited. 
Please send your name, address, phone, paper title, paper 
author names, and a summary, to Program Coordinator, 
Noisexpo, 27101 E. Oviatt Road, Bay Village, Oh'ro 44140.

ALBERTA'S NOISE REPORTS

The first of two volumes of "Noise in the Human 
Environment" has been issued by the Environmental 
Council of Alberta, 8215-112 Street, Edmonton, T6G 
2M4. This first volume is a 120-page report on com­
munity noise from a planning standpoint. It contains six 
chcpters on noise in a Canadian context, with Alberta's 
needs obviously addressed first. The second volume 
discusses noise more generally.

Both volumes are edited by Professor H. W. Jones, 
Physics Department, University of Calgary. Hugh Jones 
organized the team of authors, referees and consultants 
who prepared the report for the Environment Council. 
Most of the contributors came from the ranks of the 
Canadian Acoustical Association, using only minimal 
Alberta government funding for essential expenses. The 
reports are therefore noteworthy for the dedication 
exhibited by the editor and contributors in serving the 
public with their expertise.

It is unfortunate, perhaps, that the Environment 
Council's foresight in sponsoring this work has so far 
been followed by such caution in making use of the 
product. In his Preface to the first volume, the Chief 
Executive Officer of the Council not only makes the 
usual official disclaimer of agreement with the authors' 
views; he states that he will see how the public reacts to 
the report before deciding the next step. The next 
step? -  he will recommend public hearings throughout 
the province to decide what to do about noise.

NEW RESEARCH CONTRACTS

We are grateful to Past-President Bill Bradley for 
keeping us posted on the latest research contracts 
awarded by the federal government:

To Sherbrooke University, Quebec (Dr. J. P. 
Adoul), $19,935 for "Transmission and digital processing 
of spoken information -  phase II." Awarded by Dept, of 
Communications.

To Geomarine Associates Ltd., Halifax, N.S., $4000 
for a "Study on the acoustic target strength of pingo-like 
features found in the Beaufort Sea." Awarded by Dept, 
of Fisheries and Oceans.

To Heathwood Engineering Associates Ltd., Kirk­
land Lake, Ontario, $32,837 for a "Study on noise reduc­
tion of diamond drilling equipment." Awarded by the 
Dept, of Energy, Mines and Resources,

To Bell-Northern Research Ltd., Ottawa, $92,897 
for "Development of the normalization of speech for 
automatic recognition." Awarded by the Dept, of 
National Defence.
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NOISE CONTROL ÏN THE AUTOMOTIVE INDUSTRY: 
SOME PRACTICAL EXPERIENCE

Mohan Barman, M.A.Sc., P.Eng.

Vibron Limited 
Mississauga, Ontario

ABSTRACT

The General Motors Transmission Plant in 
Windsor, Ontario is presently undergoing a large- 
scale expansion program. This program has included 
a commitment by management to meet all appropriate 
sound and vibration criteria related to in-plant, 
office and environmental acoustics. The consequence 
of this decision is that substantial expenditures 
will be allocated for noise and vibration control. 
The following paper presents some aspects of a 
noise and vibration control program generated to 
ensure adequate control of cost and performance 
of the acoustical materials and hardware being 
considered. Also discussed are methods developed 
to deal with the practical problems of meeting 
acoustical design targets in a major industrial 
plant and results obtained to date.

Both to meet noise regulations and to reduce hearing loss,
85 dBA was selected as the maximum in-plant noise goal. A better 
working environment with enhanced productivity was considered an 
offshoot of the design goal.

The noise control design of a new plant is best carried out 
from a proposed layout and equipment list. In this case, the GM plant 
expansion has evolved as corporate decisions and targets have changed, 
so noise control methodology had to be flexible. To start with, some 
general acoustic treatments of the plant at construction were consider­
ed.

A typical example is the separation of noisy areas from quiet 
areas using barrier walls. For precise cost-benefit analysis, 
computer assisted noise maps, with or without acoustic treatment, 
were originally proposed. However, for the want of definitive layout 
and equipment lists, the acoustic treatment of walls and ceilings were 
decided on the basis of past experience, subjective judgement and 
knowledge of the type of equipment slated for the plant areas of 
concern.

The main thrust of the plant noise control is, however, 
built around the machine tools and other equipment to be purchased 
for this plant. In theory, the procedure is clear cut: the owner
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writes a noise specification for the equipment and the vendor complies. 
In practice, a host of problems are encountered. For example, the 
owner may not have an enforceable noise specification and may not have 
a mechanism to enforce it. The vendor, on the other hand, may not 
take the specification seriously or may not know how to meet the 
specification.

Based on past experience, it was decided to meet the problem 
head on and make the best use of the noise specification. A more 
active role was decided on to help the supplier meet the requirements 
of the noise specification such that problems would not be encountered 
near delivery deadline time.

The role was considered to be noise Quality Assurance 
(QA), similar to an engineer's role in building construction, as 
an owner's representative. To carry out this role successfully, 
three ingredients were necessary:

(a) First, an enforceable noise specification that is 
clear in intent and covers most possibilities. This 
is true of the GM specification which generally calls 
for 80 dBA when measurement is taken according to NMTBA 
or other standards.

(b) A good certification and acceptance scheme built into
the contracts and the purchase order is equally important. 
Vibron has worked with QA schemes where monitoring was 
the only role, since the contracts were based on 
performance after installation. It needed co-operation 
from the supplier for the QA to be effective. The co­
operation was not forthcoming in some instances, and 
the equipment failed to meet noise specification after 
installation, creating an additional difficulty for 
the equipment purchaser.

(c) Third, it also requires a good deal of perseverance 
and a firm commitment on the part of the purchaser.

All three ingredients were present in the GM example and 
a QA procedure was established as follows:

(i) Contact bidder and suppliers

(ii) Obtain noise output data of identical or similar 
machines during actual operation-either from the 
supplier or from independent measurements

(iii) If the machine does not or is not likely to meet 
noise specifications, a noise control program is 
insisted upon. One or more meetings may be arranged 
with the manufacturer to review in detail all the 
noise control measures that are possible

(iv) The manufacturer is advised to hire outside experts 
if necessary. In extreme cases, the supplier may 
be offered the help of GM and Vibron

- 5 -



(v) An internal policy is instituted at the GM Windsor 
Transmission Plant, whereby no machine is accepted 
without noise QA approval

The QA procedure above produced two immediate benefits:

(a) It was possible to persuade a number of apprehensive 
manufacturers that they were capable technically,
to meet GM noise specification.

(b) A closer scrutiny was made of the noise control 
hardware of a number of bidders and a considerable 
cost saving was pointed out.

One machine tool builder had used expensive in-house labour 
to erect sheet metal enclosures but the large number of doors in 
the enclosure had no seals whatsoever. The manufacturer was steered 
to a local sheet metal contractor proficient in similar work, with 
both saving in cost and increase in the effectiveness of the enclosure.

Another machine tool builder was insistent that 80 dBA was 
impossible. When a meeting was arranged and all the noise producing 
mechanisms were discussed in detail, the manufacturer agreed that 
solutions suggested are feasible. They hired an outside consultant 
to treat the noise sources and have indicated the likelihood of 
meeting GM specification.

It has been quite customary to find machine tool builders 
preparing enclosure designs with little knowledge of good noise 
control practices. One finds absorptive materials covered with heavy 
plastic lining, doors with no seals and enclosures attached rigidly 
to vibrating surfaces. It is equally common to find large, untreated 
openings at the wrong kind of places. At the other extreme, one 
manufacturer offered a 20 dB enclosure at enormous cost, to solve 
a 3 dB problem.

One other common and persistent problem has been the efforts 
made by the machine tool builders to avoid taking responsibility 
for machining noise. The GM noise specification is very specific 
about this, and has gone as far as to simulate a loading method 
for the presses for noise certification.

It has often been said that noise control at the source 
has been sorely missing in the industrial workplace. This is 
one way in which we have found that the manufacturers can be made 
to look at noise control of the equipment that they provide.

In the past, even the most well-intentioned plans for noise 
control for new plants were severely hampered by equipment manu­
facturers' failure to include noise control as one of their priority 
features. GM plans for a noise control program have managed to 
overcome some of these difficulties and with supporting professional 
expertise, encourage manufacturers to comply with noise control 
specifications, resulting in a more desirable workplace environment.
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REVERBERANT ROOM TEST FACILITY

THE CANADIAN

CHROMALOX
COMPANY, LIMITED

will conduct sound power testing 

in a 6400 cu.ft. reverberant room,

A wide range of sound sources can 

be accommodated, including appl­

iances, power tools, office equip­

ment and HVAC equipment. Simultan­

eous airflow measurements to 3000 

CFM and electrical testing can be 

undertaken.

Experienced staff are available to 

conduct noise source identification, 

to test noise control treatments 

and to prepare reports.

CONTACT: DR, DAVID CRUMP, OR 
DAVID SUTTON

(416) 678-7300

c/o OASIS AIR CONDITIONING INC, 

2600 DREW ROAD 
MISSISSAUGA, ONTARIO

l4t 3m5

Fourth of a Series

At Vibron, we'd like to share 
the results of some interesting 
problems which have come our way.

IN D U S TR IA L  N O ISE C O N TR O L

The Major Postal Plants (MAPP) in 
Montreal are 1.5 million sq. ft. 
in two plants--St. Laurent and 
Centreville. The automated letter 
and bulk mail processing systems 
use the most up-to-date equipment 
and technology available in the . 
world. The total concentration 
of mail handling equipment over 
these enormous plants is formidable.

Since the concentration of workers 
around this equipment is also 
high, it is essential that workers 
be protected from hearing loss 
due to noise exposure. The post 
office decided on the most 
stringent levels of 70 dBA in 
manual sorting areas, which affects 
the majority of workers, 75 dBA 
in other areas and 80 dBA as the 
absolute maximum anywhere. After 
initial planning and projected 
noise maps, it became clear that 
only by working with the process 
equipment suppliers was it possible 
to meet the goals. The term 
noise QA (quality assurance) was 
invented and tests were devised 
for prototype equipment. Noise 
control features were recommended 
to the equipment manufacturers and 
incorporated in the prototype 
testing in successive stages.

The final stage of commissioning 
of process equipment is taking 
place at present. While most 
process equipment meets the noise 
QA standards, some production 
versions require fine-tuning in 
the field.

VIBRON LIMITED 
1720 Meyerside Drive 
Mississauga, Ontario 
L5T 1A3

(416) 677-4922
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O N T A R IO ' S  HIGHWAY NOISE BARRIER  

RESEARCH

D ary l N. M ay*
Wyle Labora to ries 

128 M aryland S treet 
El Segundo, C a lifo rn ia  90245

Ontario 's M in is try  o f T ransporta tion  
and Com m unications (M TC) has been involved 
in a highway noise R & D  and im p lem enta tion  
program to  quie ten the  p rov inc ia l freew ay 
system in res identia l neighborhoods.

The program  p r im a r i ly  involves noise 
barrie rs  and pavem ent, because these tw o  
items are w ith in  p rov inc ia l con tro l.  (The

federa l governm ent regula tes new vehic le  
noise.) The b a rr ie r cons truc tion  program  now 
has a $7.5m budget, making i t  probably the 
largest Canadian noise co n tro l program .

O nta rio  received th is  new im petus to 
its noise program  as re ce n tly  as 1975, when 
MTC ca lled  toge ther represen ta tives  o f the

This work was perfo rm ed w h ile  the author was in charge o f noise research at 
the M in is try  o f T ransporta tion  & Com m unications, O ntario .
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Ministries of Housing and Environment, and 
set up a com m ittee (chaired by the author) to 
develop noise standards for freeways in resi­
dential areas.

With subsequent Cabinet endorsement, 
the committee 's work became a major ingre­
dient in Ontario’s residential noise standards, 
which in this context essentially involve:

o MTC responsibility for freeway 
noise control where adjacent residential 
development precedes the freeway,

o Ministry of Housing responsibility 
(exercised with the advice of Ministry of 
Environment) for residential noise control 
where residential development postdates the 
freeway.

This paper reviews the major R&D and 
implementation achievements of the first, 
i.e., MTC, area of responsibility, with an 
emphasis on its noise barrier aspects. It has 
become clear from discussions and letters 
received in performing this work tha t other 
provinces and many American s ta tes  have 
similar goals, and tha t our own contributions 
interested them. However, it was also clear 
that we had sometimes been too busy actu ­
ally doing the work to share it. This paper's 
overview therefore  emphasizes the  publica­
tions available in the general literature or as 
MTC internal reports. (The latter are free 
from the Technology Transfer Office, R&D 
Division, MTC, 1201 Wilson Avenue, Downs- 
view, Ontario M3M IJ8.)

MTC has researched barriers mainly as 
systems, emphasizing study of their optimum 
location, height, thickness, shape and m ate ­
rials, and verifying their acoustic and per­
ceived benefits. These studies have been 
directed a t  improving the benefit/cost of the 
province's barrier construction program. 
Because of the large capital expenditures 
when highway barriers are constructed "by 
the mile," a relatively minor R&D expen­
diture can produce a big payoff. In approx­
imate terms, MTC's $250,000 barrier R&D 
investment may have increased by 33 percent 
or more the benefits from the current $7.5m 
allocated for construction, which is equiv­
alent to a 10:1 return on the research outlay. 
This ratio will improve further if, as seems 
likely, the construction budget is increased.

Although this paper emphasizes the 
R&D aspects of the program, some useful 
background reading on its administrative and 
construction aspects is in:

"Proceedings of Noise Barrier Seminar," Report 78- 
AC-16, Research & Development Division, Ministry of 
Transportation & Communications, Ontario, 1978.

The above report describes the different 
approaches taken for existing freeways 
("retrofit" barriers) and new freeways ("new 
construction" barriers), and deals with the 
adoption of standard designs, contract 
awards, landscaping, construction, mainte­
nance and monitoring of the overall program, 
and gives a brief overview of the acoustical 
aspects.

I. Site Selection
There are two obvious phases in de­

ciding barrier "placement": first you choose 
the site (as described here), then you choose 
the barrier for each site (see Section 2). 
These phases are not entirely separate, how­
ever, because it is necessary in analyzing a 
site's suitability to see how a barrier might 
perform there.

As part of the site selection process, 
MTC ranked over 100 sites across the prov­
ince for the benefit/cost of the barriers that 
might be installed a t each. This process 
involved:

o a preliminary determination of bar­
rier length, alignment within the right-of- 
way, and height

o a benefit/cost model 
o a computer prediction of "before 

and afte r  construction" sound levels 
o estim ate  of costs 
o benefit/cost calculation for each

site.
At this, the site selection phase, the 

determination of barrier length, alignment 
and height need only be preliminary. Barrier 
length was established by "eyeballing" the 
roadway and adjacent residences, terminating 
the barrier at a point beyond the limits of the 
more dense residential development; invar­
iably this termination occurred a t  an "on" or 
"off" ramp. Barrier height was determined 
by calculating the predicted benefit/cost a t a 
number of potential sites for barrier heights 
ranging from about 8 ft  to 25 ft. The opti­
mum barrier height from these calculations 
was 13 ft,  which was also sufficient to satisfy 
our "minimum attenuation" criterion of 
5 dB(A). The site selection process then used 
heights of 13 f t  and 10 ft to show up any sites 
for which barrier height was so sensitive a 
determinant of performance tha t yet other 
heights should be considered.
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B arrie r a lignm ent was dete rm ined  by a 
p a ram e tr ic  study, in w hich barrie rs  were 
located various ly  a t the h ighway edge-o f- 
shoulder, r ig h t-o f-w a y  line, and an in te r ­
m ediate  po in t. The re la t iv e  e leva tions o f 
highway, ad jacent residences, and in te r ­
m ed iate  te rra in  were varied , and the ca lcu ­
la tions were p e rfo rm ed  fo r  narrow  and w ide 
highways. One o f  the  sets o f geom etries 
explored is shown in F igu re  I.

The study concluded th a t: 
o fo r  f la t  te r ra in , or te r ra in  in w hich

e d g e - o f - s h o u l d e r

a d g e - o f - n e a r e s t  U n e r i g h t - o f - w a y  l i n e

10 f t

J( f t

2 f t

a t  g ra d e

Sea l e  
10 f t

10 f t

F igure I. An exam ple o f some geom etries 
investiga ted  in a p a ra m e tr ic  study to  p re lim ­
in a r ily  de te rm ine  the best loca tion  o f a bar­
r ie r  fo r  s ite  se lec tion  purposes. (For o r ig in , 
see Section I.)

the roadway and rece ivers are equa lly  e le ­
vated but separated by a d itch  or o the r 
depression, the  best b a rr ie r loca tion  is near 
the  re ce ive r, i.e ., near the  residences

o fo r roadways raised above the  r ig h t-  
o f-w a y  by 4 f t  or m ore, the  best b a rr ie r 
loca tion  is probably near the h ighway, but 
th is  should be v e r if ie d  by d e ta il design

o fo r a depressed roadway, the  best 
b a rr ie r loca tion  is near the  rece ive r

o fo r  te r ra in  in w hich the roadway and 
rece ivers  are separated by m ore e leva ted  
te r ra in , b a rr ie r loca tion  must be stud ied in 
d e ta il.  For e levations o f  the  in te rm ed ia te  
te r ra in  th a t  exceed the grade e leva tion  by 
2 f t  o r so, the  best b a rr ie r  lo ca tio n  may be 
the  raised in te rm ed ia te  p o in t.

Using these p rinc ip les  and an FHW A 
p re d ic t io n  p rogram , sound levels w ere  ca lcu ­
la ted  outside the residences o f  re p resen ta tive  
homes up to  several hundred fe e t  fro m  the  
h ighway -  fo r  a ll the  sites, f i r s t  w ith o u t a 
b a rr ie r , then w ith  a b a rr ie r o f  each o f the  
tw o  heights considered. The task was a 
m a jo r one, invo lv ing  d ig it iz in g  a ll re levan t 
heights to  take  account o f  the th ree -d im e n ­
sional fea tu res  o f the  te r ra in . (N eg lec t o f 
th is  can in troduce  large e rro rs  whenever e le ­
va tions change.)

Together w ith  cost es tim a tes  provided 
by the  H ighw ay Design O ff ic e ,  these sound 
levels were inpu tted  to  an M TC com pute r 
program  to  c a lcu la te  b e n e fit /c o s t.  B e n e fit,  
in th is instance, was modeled to  consider

o the  p re d ic te d  b a r r ie r  noise reduc tion  
a t each home,

o the  amount by w h ich  the  w ith o u t-  
b a rr ie r sound level exceeded a c r ite r io n  
sound level a t each home, and 

o the  number o f homes.
The ranking o f cand idate  noise b a rr ie r 

sites by th e ir  p re d ic te d  b e n e fit /c o s t provides 
a d m in is tra to rs  w ith  an o b je c tive  way to  a llo ­
ca te  cons tru c tio n  funds. They are then more 
able to resist the more in f lu e n t ia l,  but not 
necessarily  the most noise b a rrie r-d ese rv ing  
res iden tia l pressure groups. The resu lt also 
d ilu tes  the  tendency fo r  the  governm ent in 
power to  a llo ca te  cons tru c tio n  on a p o li t ic a l 
basis. By these means, a g re a te r degree o f 
b e n e fit  is achieved per d o lla r.

The most conven ient re ferences to  th is  
w ork are the  one ind ica ted  in the in tro d u c ­
to ry  paragraphs, and:
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C. Andrew and D. N. May, "Highway Noise Barrier
Location for Maximum Benefit/Cost."

(1) Report 78-AC-03, Research & Development 
Division, Ministry of Transportation & Communi­
cations, Ontario, 1978.

(2) To be published, J. Sound Vibration, 1980 (with 
additional author M. M. Osman).

2. Acoustical Design
The term "acoustical design" here re­

fers to the following geometric aspects of a 
conventional, i.e., wall barrier, design: 
height, length and alignment. (Structural 
aspects and new noise barrier shapes that 
enhance performance are described later.)

Designing the noise barrier takes place 
after a site has been selected for construc­
tion, and involves studying various options for 
height, length and alignment to maximize the 
benefit/cost. The calculation process 
involves the same computer tools as used for 
site selection (Section I), but the process is 
refined by considering:

o a great many different alignments 
and lengths, emphasizing those that the re­
gional design office considers most practic­
able for that site, e.g., from a maintenance 
or aesthetic standpoint

o every detail of the terrain elevation, 
which sometimes suggests a barrier should 
zigzag between the edge-of-shoulder and the 
right-of-way line to take advantage of local 
terrain elevation variations

o different heights for different parts 
of the barrier

o the refined costs of each candidate 
barrier, including site-specific costs such as 
to remove guide rail

o the effects on the sound level of 
different pavement and terrain surfaces

o the presence of any barrier on the 
opposite side of the highway.

Careful acoustical design on this basis 
results in fine-tuning the benefit/cost above 
the value produced in the preliminary site 
selection analysis. It is also evident in this 
process what mistakes could have been made 
without the computer design method: the 
barrier design options sometimes include a 
reasonable looking design which might have 
been selected using traditional, i.e., eye- 
balling, design methods, but which would per­
form abominably if it were built. MTC's 
current approach has so far avoided commit­
ting such design to construction.

The best references to this task are 
those in the introductory paragraphs and in 
Section I.

3. New Shapes
The conventional barrier, which is 

simply a wall, is commonly known to be less 
effective than a berm of similar height. 
However no comprehensive investigation has 
been performed on the many other barrier 
shapes, i.e., cross-sections, which might also 
offer performance gains.

To fill this void, MTC developed a scale 
model facility in which barrier shapes could 
be easily and inexpensively varied.

Since the materials in a noise scale 
model facility must exhibit similar absorption 
coefficients at the model frequencies as the 
materials they represent do in real-life, a 
range of locally-available model materials 
had to be researched. These are described in:

M. M. Osman, "MTC Scale Model Facility for Trans­
portation Noise Problems: Materials Choice and Vali­
dation for Scale Modelling," Report 77-AC-4, 
Research & Development Division, Ministry of Trans­
portation & Communications, Ontario, 1977.

(This work parallels similar studies, using 
complex impedances, at the University of 
Calgary and National Research Council, 
Ottawa.)

The facility was used to explore the 
performances of the noise barrier shapes 
shown in Figure 2. In this figure, the circled 
numbers indicate the improvement in inser­
tion loss exhibited by the various barrier 
types over that of a conventional barrier. Of 
particular interest was the fact that T- 
profile barriers exhibited a performance that 
was not only better than that of a similar- 
height conventional barrier, but also better 
than that of a similar-height, similar-width 
rectangular cross-section barrier. This is 
illustrated in Figure 3. It was found that the 
thickness of the T cap should also be kept as 
small as possible. To provide an additional 
performance gain, the top of the T can be 
treated with a sound absorptive material.

The source-barrier-receiver geometries 
which generated these results are detailed in 
the references given below. They occurred in 
the category of source-barrier-receiver geo­
metry labeled (a) in Figure 4. This is, of 
course, the most common barrier situation.

The work also investigated other, less 
common situations: (b) and (c) in Figure k. A 
significant "double-barrier degradation" was 
observed for situation (c), which warned 
against constructing double barriers, espe­
cially on narrow roadways. However, facing 
the barriers with sound absorptive material
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Figure 3. Noise reduction ("average insertion 
loss") as it varies with the width of top for T- 
profile barriers in the upper curve, and wide 
rectangular cross-section barriers in the 
lower curve. For T-profile barriers with cap 
widths up to 0.6m (2 ft), the average growth 
of noise reduction with cap width is 
4.1 dB(A)/m. This compares well with the 
growth ra te  of 2.0 dB(A)/m as one increases 
the height of a conventional barrier in a 
similar te s t  situation. The T-profile barrier 
may therefore  hold promise. (From scale 
model studies, see Section 3.)

Figure 4. Three source-barrier-receiver situ­
ations of relevance.
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lessened this degradation. Since this was 
foreseen from theory, the durability of real- 
life, i.e, full-scale, materials was simul­
taneously investigated (see Section 4).

The references to the scale model, 
noise barrier shape investigations are:

D. N. May and M. M. Osman, "Highway Noise Barriers: 
New Shapes."

(1) Report 79-AC-06, Research & Development 
Division, Ministry of Transportation and Commu­
nications, Ontario, 1979.

(2) To be published, J . Sound Vibration, 1980.

Full-scale validation of some of these 
results was also obtained. See the appro­
priate  reference in Section 7.

4. Durability of Sound Absorptive Materials 
A wealth of information exists about 

sound absorptive materials for indoor use, but 
outdoor use of such materials is fairly rare. 
To establish the outdoor durability properties 
of nine types of these materials, MTC ran the 
following tests:

o The samples were attached for 
9 months (through winter) to a wooden noise 
barrier erected just behind the guide rail of 
the Queensway freeway in Ottawa

o The sound absorption coefficients of 
most of the materials were measured before 
and afte r the above-mentioned weather expo­
sure, in order to see if there were any 
significant changes in their values

o Four accelerated durability tests 
were run in the laboratory.

The results of such studies are, of 
course, only presentable in considerable 
length, occupying more space than available 
here. However, a number of adequately 
durable materials were found. A full-scale, 
mile long barrier was constructed in Toronto 
of one material, made of chemically mineral­
ized and neutralized organic softwood shav­
ings, bonded together under pressure with 
Portland cement.

These results will also be of relevance 
in other applications, including an MTC- 
developed use on high-rise balconies (see Sec­
tion II. I).

A. Behar and D. N. May, "Durability of Various Sound 
Absorbing Materials for Highway Noise Barriers."

(1) Report 79-AC-0I, Research and Development 
Division, Ministry of Transportation & Communi­
cations, Ontario, 1979.

(2) To be published, J. Sound Vibration, 1980.

-13- continued on page 16



Only from Bruel & Kjaer:

a portable instrumentation 
tape recorder that provides 
precision recordings
even when you're on the move.



Our Type 7003 four-channel recorder is truly portable — 
and not just because it weighs only 16 pounds and fits into a 
brief case. By “ portability", we mean that you can take accu­
rate recordings while the instrument is being carried about. 
A dram atic exam ple of th is capab ility : a snowm obile 
manufacturer, as part of a test program, stored a B & K 7003 
in a rucksack on the driver’s back, and took accurate vibra­
tion and shock recordings, while the vehicle was driven 
across rough open country.

How is such quality performance achieved? The 7003 has 
two counter rotating capstans mounted either side of the re­
cording heads, so that tape in contact with the heads is com­
pletely isolated from spool feed disturbances, and tape 
speed changes are eliminated. Result: greatly reduced sen­
sitivity to external vibration, and therefore reduction of flutter 
to a minimum, (see chart).

The 7003 also eliminates the problem of signal variation 
experienced when a recording is made on one instrument 
and played back on another of the same type. With the 7003 
you can record a sound level (for example) on one instru­
ment, play it back on another — and after calibration, there 
will be absolutely no variation in the decibel reading.

Upper cut off frequency 

Typical cum u la tive  inherent noise and f lu tte r  characteristics

The frequency response curve is in­
credibly flat, as the graph shows very 
clearly. The wide band dynamic ranges 
are 39 dB and 44 dB at 1.5 ips and 15 
ips respectively. When used with the 
B & K Type 2210 sound level meter, 
dynam ic  ranges o f 90 dB can be 
achieved.

Typical frequency response curves of a measurement channel of Type 7 0 0 3

An attractive “ no charge" extra with the 7003 is a tape loop 
cassette which facilitates recording and play back of tran­
sients and single events.

Complete technical literature, describing all the features of 
the Type 7003 is available on request. Or, if you prefer, we 
would be most pleased to give you a practical demonstration 
on your own premises, completely without obligation. Simply 
write or phone any Bruel & Kjaer office.

Tapo transport system of Types 7 0 0 3  and 700 4

BRUEL & KJAER CANADA LTD.
Specialists in acoustic and vibrat ion measurements

Montreal
90 Leacock Road,
Pointe Claire, Que. H9R 1H1 
Tel.: (514)695-8225

Ottawa
7 Slack Road, Suite 201 
Ottawa, Ont. K2G 0B7 
Tel.: (613) 225-7648

Toronto
71 Bramalea Road, Suite 71D 
Bramalea, Ont. L6T 2W9 
Tel.: (416) 791-1642

London
23 Chalet Crescent 
London, Ont. N6K 3C5 
Tel.: (519) 473-3561

Vancouver
8111 Anderson Road 
Richmond, B.C. V6Y1S1 
Tel.: (604) 278-4257



Figure 5. The two transmission paths impor­
tan t in noise barrier work can be trea ted  
separately.

Figure 6. The optimum surface density for 
the  panels in a steel noise barrier as a 
function of barrier height. (See Section 5.) BARRIER HEIGHT, h. ft

5. Barrier Weight
In the instances when barrier weight 

has been considered in barrier design, a panel 
surface weight density of 4 lb /ft has become 
accepted as the  minimum acoustical 
requirement.

MTC was able to revise this»require­
ment downwards, to about 1.5 lb/ft (for all 
m aterials except wood). This was achieved 
with a theoretical analysis, backed up by 
laboratory transmission loss tests  (see Sec­
tion 6) and full-scale barrier measurements 
(see Section 7).

The theoretical study considered the 
noise d iffracted over the  barrier, and the 
noise transm itted through it - see Figure 5. 
The transm itted  sound was re la ted  to barrier 
weight by using the "mass law" with appro­
priate  regard for the  incident sound field 
from traffic  sources. The diffracted sound 
was related to barrier height for a worst-case 
geometrical situation, using traditional bar­
rier prediction methods.

The optimum barrier weight for various 
barrier heights (shown for steel barriers in 
Figure 6) was then found by considering 
actual and estim ated  costs for various height 
and weight structures. A barrier built to 
these principles theoretically achieves the 
highest overall performance a t  least cost. 
However, this is usually only true  of steel 
barriers. (Where other m aterials are used, 
nonacoustical requirements generally d icta te  
the weight.) MTC's steel barriers are, how­

ever, by far the least expensive, durable 
barriers of any we have heard of. They cost 
one-third to one-half what some other 
agencies' similar-height barriers cost. Their 
cost has been held roughly constant, despite 
inflation, for over 5 years by successively 
applying these and other design refinements.

The study now needs extension by con­
sidering not just panel weight, but also the 
structural concerns th a t  arise when pane! 
weight is reduced, since these can cause the 
barrier post spacing to  be reduced. Barrier 
post spacing is also an important cost factor.

D. N. May, "The Optimum Weight of Highway Noise
Barriers."

(1) Report 78-AC-I4, Research & Development 
Division, Ministry of Transportation & Communi­
cations, Ontario, 1978.

(2) Proceedings of Conference on Highway Traffic 
Noise Mitigation, Los Angeles, California, 
December 11-15, 1978, published by U .S . De­
partm ent of Transportation, Washington, D. C., 
1979.

(3) To be published, J. Sound Vibration, 1980.

6. Use of Damping Material
The efforts  to design lightweight bar­

riers described in Section 5 led to considering 
other techniques to minimize cost. One such 
technique was to achieve the desired struc­
tural transmission loss (TL) by paring down 
the weight and adding a sound damping m ate­
rial to restore  the TL.

This was tested using a steel barrier 
struc ture  and. a spray-on damping m aterial, 
by measuring the TL with and without the
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m a te r ia l.
A cost analysis showed savings in bar­

r ie r  panel m a te r ia l costs o f  between 7 and 
23 percen t, depending on the  assumptions 
taken in to  the  ca lcu la tions . F u rth e r research 
seemed ju s t i f ie d  by these resu lts .

A . Behar and D. N. May, "V ib ra tio n  Damping Com­
pound as a Means to  Reduce Steel Noise B a rr ie r Cost."

(1) R eport 7 8 -A C - l l ,  Research &  Development 
D iv is ion , M in is try  o f T ransporta tion  &  Com m uni­
cations, O ntario  1978.

(2) Presented a t the 50th A nn iversary M eeting o f 
the A coustica l Society o f A m erica , Cambridge, 
Massachusetts, June I 1-15, 1979.

(3) To be published, J. Sound V ib ra tion , 1980 (w ith  
amended t it le ) .

7. F u ll-S ca le  B a rr ie r Noise R eduction
The noise reduc tion  produced by a bar­

r ie r  is measured to  c o n f irm  th a t  the b a rr ie r 
p e rfo rm ed . The need fo r  th is  goes beyond 
p re cau tion a ry  m o n ito r ing  o f the program , and 
is m a in ly  to  learn how to  p re ven t repea ting  
m istakes in fu tu re  designs. P red ic tions  o f 
b a rr ie r p e rfo rm ance  are by no means precise, 
and measurements assist in th e ir  develop­
m ent.

There are many p it fa l ls  in m aking bar­
r ie r  noise measurements, since even small 
m easurem ent va ria tions  may be a s ig n if ica n t 
p ropo rtion  o f the noise d if fe re n c e  one is 
try in g  to  d e te c t. There is no standard fo r  
b a rr ie r noise measurements, though ANSI is 
w ork ing on one (w ith  M TC and N R C  input).

The standard M TC m easurem ent p roce ­
dure is to  measure the  noise behind the  
b a rr ie r  and, s im u ltaneously , a t  a "co n tro l 
lo ca tio n ." This takes p lace b e fo re  the  b a rr ie r 
is b u ilt  and a fte r ,  a t id en tica l positions and 
s im ila r t im e s  o f  day. The c o n tro l location  is 
usually s itu a te d  near the h ighway, but beyond 
the  l im its  o f  the  b a rr ie r , where  i t  is used to  
ind ica te  any changes in h ighway sound level 
th a t  occur fro m  one m easurem ent occasion 
to  another. The measured insertion  loss o f 
the  b a rr ie r  is then "no rm a lize d " by co rre c t in g  
fo r  any source s treng th  va ria tion s  th a t  are 
observed.

The m icrophones in the area behind the 
b a rr ie r are ty p ic a lly  15 f t  away fro m  re f le c t ­
ing s truc tu re s , and are a t a number o f heights 
up to  20 f t ,  the  main one being 4 f t  high. The 
pos ition  o f  each is noted ve ry  p rec ise ly , and 
photographed, to  ensure th a t  "b e fo re " and 
"a f te r "  measurements are made in the same 
p lace. They are connected to  d ig ita l sound

level m on ito rs  w hich re p o rt the  A -w e ig h te d  
sound levels rounded to  the  nearest dec ibe l. 
The many s ta t is t ic a l descrip to rs  o f  re levance 
to  t r a f f i c  noise are recorded, w ith  m ost em ­
phasis being placed on L  . Each measure­
m en t period is 30 m in u le i,  and i t  is the  
p ra c tic e  to  measure a t several po in ts  fo r  th is  
period  o f  t im e  ra th e r than a t ju s t a few  
poin ts fo r  longer. T he re fo re  the  resu lts  are 
usually averaged over a num ber o f  po in ts  
(e.g., " f i r s t  row  homes," "second row  homes") 
to  ch a ra c te r ize  the  pe rfo rm ance  o f  the  
b a rr ie r .

Since ground cover and w eather a f fe c t  
b a rr ie r  perfo rm ance , these are noted fo r  
fu tu re  re fe rence . A  m in ia tu re  w eather 
s ta tio n  provides the  la t te r .

An exam ple o f the m icrophone loca­
tions fo r  a b a rr ie r  m easurem ent are given in 
F igu re  7. In th is  instance, a co n ce n tra tio n  o f 
m easurem ent pos itions occurred  im m e d ia te ly  
behind a 500 f t  b a rr ie r tes t section  th a t  was 
va rious ly  a lte red  so as to  be (a) absorp tive , 
(b) re f le c t iv e ,  and (c) T -p ro f ile d . These pa r­
t ic u la r  measurem ents co n firm e d  some o f the 
sca le-m odel resu lts  described in Section 3.

Some examples o f re le van t pub lica tions  
are g iven below . The f i r s t  is o f  in te res t 
because i t  deals w ith  the  specia l te s t section 
described above; the  second va lid a te d  the  use 
o f  l ig h tw e ig h t b a rr ie r s tru c tu re s  (see Sec­
t io n  5); and the  th ird  conta ins measurements 
showing th a t noise a m p lif ic a t io n  can indeed 
occur on the  opposite, i.e ., unp ro tec ted , side 
o f  the highway, though i t  amounts to  only 
about I dB.

D. N. May and M. M. Osman, "The P erform ance o f
Sound A bsorptive , R e fle c t iv e , and T -P ro file  Noise
Barrie rs  in Toronto."

(1) Report 79-AC-07, Research &  Developm ent 
D iv is ion, M in is try  o f T ransporta tion &  Com m uni­
cations, O nta rio , 1979.

(2) To be published, J. Sound V ib ra tion , 1980 (w ith  
amended t i t le ) .

D. N. May, "Noise B a rrie r A tte nu a tion  -  Highway 401 
South Side, D ixon Rd. to  K ip lin g  A ve., Toron to," 
Report 77-AC-09, Research & Developm ent D iv is ion, 
M in is try  o f T ransporta tion & Com m unications, 
O ntario , 1977.

D. N. May, "Noise B a rrie r A tte n u a tio n  -  H ighway h\l 
N orth  Side, Melrose Ave. to  L o re tta  Ave., O tta w a ," 
R eport 7 8 -A C -I3 , Research & Developm ent D iv is ion, 
M in is try  o f  T ransporta tion and Com m unications, 
O ntario , 1978.
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8. Perceived B e n e fit  fro m  Psychoacoustic 
Studies

For p lanning purposes in b a rr ie r s ite  
se lec tion , and also fo r  design purposes, h igh­
way agencies need a model fo r  barrie r 
"b e n e f it ."  B e n e fit  in th is  usage must con­
sider not ju s t noise reduction, but also the 
sound level fro m  the  h ighway be fo re  a b a rr ie r 
is b u il t .  This enables a planner to  decide, fo r  
exam ple, w hethe r a 75 dB(A) s ite  should re ­
ce ive  a b a rr ie r g iv ing  8 dB noise reduction , 
before  a 70 dB(A) s ite  a t w h ich  the  same 
b a rr ie r would g ive I I dB noise reduction .

A t  present such decisions are made 
e ith e r a rb i t ra r i ly  or by an e m p ir ica l b en e fit 
model such as O n ta rio  uses (see Section I). 
To t r y  to  establish a b en e fit model on a 
s c ie n t if ic  basis, a labo ra to ry  experim en t was 
perfo rm ed  in w hich 82 subjects judged the 
b e n e fit o f a noise b a rr ie r  by lis ten ing  to  32 
tape recordings o f b e fo re -b a rr ie r and a f te r ­

b a rr ie r  t r a f f i c  noise. The resu lting  2624 
perce ived b e n e fit judgm ents were re la ted  by 
regression analysis to  the b a rr ie r a tten ua tion , 
the  b e fo re -b a rr ie r  t r a f f ic  sound level, and a 
music background level, a ll o f  which had been 
varied  over the  32 tapes. P red ic tio n  equa­
tions were developed fo r  b a rr ie r b e n e fit in 
te rm s o f  these sound levels.

The re su lt o f this analysis is shown in 
F igure  8, w hich a llows b a rr ie r  b en e fit,  on a 
scale o f 0 -10 , to  be de te rm ined  once the 
b a rr ie r noise reduction  (a ttenua tion ) and 
b e fo re -b a rr ie r  sound level are known.

An unexpected find ing  was th a t b a rr ie r 
b e n e fit was highest when b e fo re -b a rr ie r 
sound levels w ere lowest; i t  appeared th a t  
people judge b a rr ie r  b e n e fit  in te rm s o f ba r­
r ie r  a tte n ua tion  f irs t ,  and the  q u a lity  o f th e ir  
a ud ito ry  env ironm ent a fte r  a b a rr ie r is in ­
s ta lled  second, p re fe rr in g  a b a rr ie r th a t 
solves th e ir  noise problem  to  an equa lly - 
a tte n ua ting  b a rr ie r  th a t does not.

F igure 7. The measurem ent points fo r  a noise b a rr ie r survey in Toronto . The ba rrie r is shown 
by the dashed line. A special te s t section is shown hatched. The m easurement po in ts are 
shown by an (x) and e ith e r a number or CM (fo r co n tro l measurement). This p a rtic u la r co n tro l 
measurement was 20 f t  high to  avoid  the in fluence  o f the  b a rr ie r.
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Figure 8. A psychoacoustical study into bar­
rier perceived benefit produced this result in 
terms o f barrier noise reduction and before­
barrier sound level. (See Section 8.)

BEFORE-BARRIER TRAFFIC EQUIVALENT 
SOUND LEVEL, dB (A)

Figure 9. How sound level increased w ith 
height in a Toronto high-rise, 260 f t  from a 
15 - lane freeway. L is here the equiv­
alent sound level measured 8 f t  out from the 
building on the floor shown minus the simul­
taneously measured equivalent sound level 
50 f t  from the highway edge-of-pavement at 
a height o f 4 f t  above the ground. (This 
difference removes the e ffe c t of source 
strength variations such as arise from tra ff ic  
flow  irregularity.) Floors are spaced 9 f t  
apart. Floor I is at ground level. See 
Section N .I .

-16 -10 -6 0 +6

A

The implications o f a barrier benefit 
model which predicts decreasing benefit w ith 
increasing before-barrier sound level must be 
assessed by user-agencies for themselves. 
Such a model suggests tha t the sites most 
severely impacted by tra f f ic  noise may be 
the ones tha t should receive them last (unless 
the attenuation of the barriers is suffic ient 
to  solve rather than just alleviate the noise 
problem). However, i t  may be more tenable 
as public policy to m itigate the most severe 
problems rather than solve the less severe 
ones. In this case the value of this benefit 
model is lim ited to pointing out the real 
feelings the public apparently have when a 
noise barrier is erected: the ir concern for 
the high level of residual sound level a fter

the barrier is constructed may be voiced by 
renewed complaints at a later date.

D . N. May and M. M. Osman, "H ighw ay Noise B a rrie r 
Perce ived B e n e fit."

(1) R eport 79-A C -05 , Research &  Developm ent 
D iv is ion , M in is try  o f T ransporta tion  &  C om m uni­
ca tions, O n ta rio , 1979.

(2) To be published, J. Sound V ib ra tio n , 1980.

9. Perceived Benefit from Social Surveys
Social surveys provide the final test of 

barrier success or failure. Those MTC under­
took or commissioned all confirmed that resi­
dents were well-satisfied w ith their barrier.

The firs t survey cited below showed 
that most o f the benefit accrued in the firs t
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row  o f homes. This survey also provided 
revea ling  ind ica tions o f nonacoustical ben­
e f i ts  fro m  barrie rs , e.g., in reducing such 
th ings as dust and d ir t ,  headlamp glare, sa lt 
spray, and trespassing by stranded m o toris ts .

The second survey c ite d  below tended 
to  c o n f irm  the  psychoacoustical resu lt in 
Section 8 th a t residents valued a noise bar­
r ie r  most when b e fo re -b a rr ie r t r a f f i c  sound 
levels were high ra the r than ve ry  high.

F u rth e r de ta ils  o f  these and o th e r 
in te res tin g  find ings may be obta ined fro m  the 
survey reports :

C. Andrew and K . S harra tt, "P rivacy Fence: A  Survey 
o f Public Reaction to  the Privacy Fence Located 
Along H ighway 401 w ith in  M etro  Toron to  Between 
V ic to r ia  Park and Warden Avenues," Research & De­
velopment D iv is ion , M in is try  o f  T ransporta tion &  
Com m unications, O ntario , 1976.

F. Schliew insky and M. J. Adams, "A nalysis o f Noise 
B arrie r Im pact on D issatis faction  w ith  Freeway 
Annoyances," Research & Developm ent D iv is ion, M in­
is try  o f  T ransporta tion  &  Com m unications, O ntario , 
1979.

10. Education and P ub lic  R e la tions
Two useful pub lica tions in a noise bar­

r ie r  co ns tru c tio n  program  are (a) an expla ­
nation  o f design p rinc ip les , and (b) an audio­
v isual p rogram .

An easily  fo llow ed  rep o rt showing how 
barrie rs  w o rk , the  im portance  o f  adequate 
length, how to  ca lcu la te  noise reduction  in 
s im ple s itua tions, how "leaks" degrade pe r­
form ance, e tc .,  was found invaluable. It  was 
issued to  reg iona l engineers w ith in  the 
agency, and to  many members o f  the pub lic  
who wanted to  d o -it-the m se lve s  when they  
saw M TC b a rrie rs  being construc ted  
elsewhere.

An audiovisual p rogram  was produced 
fo r  regional engineer use a t p ub lic  "d ro p -in " 
centers. Its noise e ffe c ts  cautioned the 
pub lic  no t to  expect too  much fro m  barrie rs , 
and its  visuals gave them  a good idea o f what 
b a rrie rs  look like .

D. N. May and J. J. Hajek, "Design P rinc ip les fo r 
H ighway Noise B a rrie rs ," Research &  Developm ent 
D iv is ion, M in is try  o f  T ransportation &  Com m uni­
cations, O ntario , 1975.

A. Behar and D. N . May, "H ighway Noise B arrie rs  -  an 
Audiovisual P rogram ," Reports 78-A C -10A  (Users' 
Guide) and 78-A C -IO B  (Slides and Tape), Research & 
Development D iv is ion , M in is try  o f T ransporta tion  & 
Com m unications, O nta rio , 1978.

S I. Associated H ighway Noise Research
Given in b r ie f  here is a summary o f 

MTC highway noise research th a t was c lose ly 
associated w ith  the  noise b a rr ie r program .

11.1 H igh-R ise  Balconies
H igh-rises are not p ro te c ta b le  by noise 

b arrie rs . M oreover our measurements 
showed a noise increase w ith  height due to  
the  absence o f the  ground a tten ua tion  th a t  
p ro te c ts  low level s tru c tu res  -  see F igure  9. 
To provide  h igh -rise  occupants w ith  a way to  
reduce noise in th is  im p o rta n t rec rea tio na l 
area, the  use o f  sound absorp tive  tre a tm e n t 
was tested  on balcony surfaces -  w ith  sa tis - 
fy in g ly  substantia l resu lts; see F igure  10.

D. N. May, "F reeway Noise and H igh-R ise Balconies."

(1) Report 77-AC -2, Research &  Developm ent 
D iv is ion, M in is try  o f  T ransporta tion &  Com m uni­
cations, O ntario , 1977.

(2) J. Acoust. Soc. Am. 65(3), 699-704, 1979.

M æ ured  Lçq reduction, dB A

F igure  10. The substantia l noise reduction  
produced on a 17th f lo o r  balcony by adding 
sound absorp tive  lin ings to  ( I )  ce ilin g  on ly , (2) 
ce ilin g  and back w a ll, and (3) a ll surfaces. 
See Section I I . I .
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i 1.2 Sound Level P red ic tion
M T C 's highway noise p red ic t ion  models 

have been h ighly regarded a t T ransporta tion  
Research Board conferences, due p a r t ly  to  
the substantia l data base o f ca re fu l measure­
ments fro m  which they were drawn.

J. J. H a je k , "O n ta r io  H ig h w a y  No ise  P re d ic t io n
M ethod ,"  R e p o rt  RR 197, R esearch &  D eve lopm en t
D iv is io n , M in is t ry  o f  T ra n s p o r ta t io n  &  C o m m u n ica ­
tions, O n ta r io ,  1975.

J. J. H a jek , "A n  T r a f f ic  No ise  P re d ic t io n  M ethod ."

(1) R e p o r t  7 8 -A C -0 4 , R esearch & D eve lopm en t 
D iv is io n ,  M in is t ry  o f  T ra n s p o r ta t io n  &  C o m m u n i­
c a t io n s ,  O n ta r io ,  1978 ( f i r s t  p r in t in g ,  1976).

(2) P resen ted  a t  the  Annua l M e e tin g  o f  the  T rans­
p o r ta t io n  Research Board, W ashington, D. C ., 
Ja n u a ry  1977.

11.3 Psychoacoustical Tests o f Noise 
D escrip tors

Noise descriptors like  L and L m  have 
sometimes been c r i t ic iz e d  foV a supposed 
in a b il i ty  to  adequately describe t r a f f i c  noise 
w ith  unusual t im e -va ry in g  p roperties . A psy­
choacoustica l study was the re fo re  perfo rm ed 
using a w ide range o f  sound level standard 
devia tions fo r the tape-recorded noises pre­
sented to  subjects. In trus ive  noises like gear 
changes and c ie a r iy  d is tingu ishable  individual 
tru ck  pass-bys were fea tu red .

The results showed th a t  L was a 
b e tte r  descr ip to r than o th e r descriptors, 
including those which considered the sound 
level standard dev ia tion . It  could, however, 
be s lig h tly  improved by adding a te rm  con­
ta in ing  the  number o f  t ru c k  gear changes. 
However, th is  add ition  did not seem w ar­
ranted fo r  freew ay noise s itua tions.

C. A n d re w  and D. N . M ay, " A  L a b o ra to ry  Study o f
Annoyance D ue to  T ra f f ic  N o ise  and the  C ho ice  o f
Noise D e s c r ip to rs ."

(1) R e p o r t  7 7 -A C - l ,  Research  &  D eve lopm en t 
D iv is io n ,  M in is t ry  o f  T ra n s p o r ta t io n  &  C o m m u n i­
c a t io n s ,  O n ta r io ,  1977.

(2) P resen ted  a t  the  94 th  M e e t in g  o f  the  A co u s t ica l 
S o c ie ty  o f  A m e r ic a ,  M ia m i,  F lo r id a ,  D ecem ber
1977.

11.4 P avem en t-T ire  Noise Reduction  
P ave m e n t- t ire  noise reduc tion  in asso­

c ia tion  w ith  noise barrie rs  adds up to  consid­
erable noise a lle v ia t io n  p o te n t ia l,  a ll w ith in  
the a b i l i ty  o f the governm ent to  provide.

MTC's research in p a v e m e n t/ t ire  noise
has:

o Iden tif ied  a qu ie t type  o f transverse 
g rooving fo r  use in res to r ing  the sk id- 
resistance o f worn concrete  pavements, and a 
very  qu ie t open-graded, ca rpe t seal m ix  as­
pha lt pavement

o Developed a n e a r- t ire  measurement 
technique

o H igh ligh ted  the re la t iv e  in fluence  o f 
t i r e  type  and pavem ent type in in fluenc ing  
sound levels

o Developed a roadside measurement 
technique using a tw o -w a y  analysis o f v a r i ­
ance to  ind icate  how pavement noise level 
d iffe rences  reduce w ith  increasing d istance 
fro m  the highway.

R e levant re ferences are:

J. J. H a je k , " In f lu e n c e  o f  P avem ent S urface  T ex tu res
on H ig h w a y  N o ise ."

(1) R esearch &  D e ve lo p m e n t D iv is io n ,  M in is t ry  o f  
T ra n s p o rta t io n  &  C o m m u n ica t io ns , O n ta r io ,  
1975.

(2) P resen ted  a t  the  Annual M e e tin g  o f  the  C ana­
d ian A c o u s t ic a l A ssoc ia t ion , T o ro n to , O c to b e r  
1975.

D. N . M ay and M. M. Osman, "N o ise  f ro m  R e te x tu re d
&  New  C o n c re te  &  A sp h a lt  Road Surfaces ."

(1) R esearch &  D e ve lopm en t D iv is io n ,  M in is t ry  o f  
T ra n s p o rta t io n  &  C o m m u n ica t io ns , O n ta r io ,
1978.

(2) P roceed ings o f  In te r -N o is e '78, San F ranc isco , 
C a l i fo rn ia ,  M ay 8-10, 1978.

M . M. Osman and D . N . M ay, " R e la t iv e  In f luence  o f
P avem ent T e x tu re  and T ire  Type on P a v e m e n t/T ire
No ise ."

(1) R e p o rt  7 9 -A C -0 8 , R esearch &  D e ve lopm en t 
D iv is io n ,  M in is t ry  o f  T ra n s p o rta t io n  &  C o m m u n i­
c a t io n s , O n ta r io  1979.

(2) P roceed ings o f  the  In te rn a t io n a l T ire  Noise Con­
fe re n ce , S to ckh o lm , Sweden, A ugus t 28-30, 1979.

(3) P resen ted  a t  the  S o c ie ty  o f  A u to m o t iv e  
E ng ineers Congress and E xpos it ion , D e t ro i t ,  
F e b ru a ry  25-29, 1980, Paper 800282 in SP 456, 
a v a ila b le  f ro m  SAE, W arrenda le , Pennsy lvan ia .
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Abst ract

The in troduct io n  o f  brainstem auditory  evoked p o t e n t i a l s  has 
provided a r e l a t i v e l y  new technique f o r  monitoring neural a c t i v i t y  
from the auditory nerve and brainstem n u c l e i .  I t  i s  the purpose o f  
t h i s  paper to  present  the e f f e c t s  o f  st imulus p resen ta t io n  r a te  and 
sex on brainstem response a c t i v i t y .  Ten normal hearing a d u l t  subjec t s  
( f i v e  male and f i v e  female)  r ece ived  c l i c k  s t im u l i  presented  a t  i n t e n s i t y  
l e v e l s  o f  70,  50,  30, and 20 normal hearing l e v e l  (nHL) a t  presen ta tion  
r a te s  o f  1 0 .5 ,  3 3 .5 ,  and 80 .5  per second.  S i g n i f i c a n t  Wave V la tency  
d i f f e r e n c e s  were found between male and female s u b je c t s  as we l l  as 
between presen ta t ion  r a t e s .  Result s  su g g es t  the  e s tab l i shm en t  o f  male, 
female normative la t e n c y  data a t  known p resen ta t ion  r a te s  prior  to the 
accurate  assessment o f  auditory s e n s i t i v i t y  or neuro lo g ica l  brainstem 
d i s o r d e r s .

Brainstem aud i to ry  evoked p o t e n t i a l s  are  measurements of e l e c t r i c a l  
a c t i v i t y  genera ted from the aud i to ry  pathway w i th in  the  f i r s t  10-12 ms 
pos t  s t imulus  o n se t .  This te chnique,  which was f i r s t  repo r ted  by Jewet t  
(1969, 1970) and his  col leagues  ( J e w e t t ,  Romano, and W i l l i s t o n ,  1970; 
Jewet t  and W i l l i s t o n ,  1971) involves  the  use of a s ignal  averager  and 
focuses  on the  e x t r i c a t i o n  of  bra ins tem e l e c t r i c a l  p o t e n t i a l s  from random 
EEG a c t i v i t y .  These bra ins tem p o t e n t i a l s  c o n s i s t  of  seven measurable wave 
forms (J ew e t t  and W i l l i s t o n ,  1971), each separa ted  in la tency  by approxi ­
mately one m i l l i second  and each rep re sen t in g  success iv e  a c t i v i t y  wi thin  
the aud i to ry  nerve and bra ins tem nucle i  (Davis ,  1976; Pic ton and Smith, 
1978).

Research and c l i n i c a l  i n v e s t i g a t i o n  in bra ins tem e l e c t r i c  response 
(BER) a c t i v i t y  to aud i to ry  s t im ul i  has centered on two p r in c ip a l  a reas :
1) those concerned with neurolog ical  func t ion  and d i so rd e r s  and 2) those 
involving the aud i to ry  assessment of  the pe r ip he ra l  hear ing mechanisms 
(Don, e t  a l 1979) .
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The c r i t e r i a  used for  BER in t e r p re t a t i o n  is based pr imari ly  on the 
la tency of individual  wave peaks and t h e i r  interpeak l a t e n c i e s .  Due to 
i t s  consistency and s t a b i l i t y ,  the f i f t h  wave has been considered 
prominent in the i n t e r p re t a t i o n  of audi to ry threshold s e n s i t i v i t y .  Figure 
1 i l l u s t r a t e s  an audi tory  e l e c t r i c  response recorded from a normal hearing 
adu l t  to a c l ick  s t imulus.  Four i n t e n s i t y  level s  and t h e i r  respec t ive  
Wave V la tenc ies  are given. Unfortunately,  Wave V l a t e n c y - in t e n s i t y  
funct ion may be a f fec ted  by numerous e x t r i n s i c  and i n t r i n s i c  parameters 
(Weber and Fujikawa, 1977; Picton, e t  a l . ,  1977). Two of these parameters 
include stimulus p resen ta t ion  r a t e  and sex. Consequently, in order  to 
e s t a b l i sh  normative data th a t  is  comparable between subjects  and across 
c l i n i c s ,  and thereby the c r i t e r i a  fo r  abnormali ty,  va r iab les  must be 
sys temat ica l ly  e l iminated .  Therefore,  i t  i s  the purpose of th i s  study to 
r epor t  the e f f e c t s  of stimulus presen ta t ion r a t e  and sex on the BER Wave 
V l a t e n c y - in t e n s i t y  funct ion .

Figure 1. Typical brainstem e l e c t r i c  responses recorded from a normal 
hearing sub jec t  to monaural c l i ck  (33.3/sec)  stimulus a t  
var ious i n t e n s i t i e s .  Note Wave V l a tenc ie s  increase as 
st imulus i n t e n s i t y  decreases .  Each t races  sums 2000 responses 
with superimposed r ep l ica ted  t races  obtained during the same 
sess ion .

50 dB

30 dB

20 dB

NORMAL ADULT: 3 3 . 5/ s e c .

C l i c k
In t e n s i t y
(n HL)



METHOD

SUBJECTS

Ten normal hear ing s u b j e c t s ,  f i v e  males and f i v e  females ,  were used 
in t h i s  experiment .  Each s u b je c t  had hear ing th re sho ld  s e n s i t i v i t y  of 
10 dB ( r e :  ANSI, 1969) or b e t t e r  a t  f r equenc ies  500, 1000, 2000, 4000, 
and 6000 Hz. Subjects  were a u d i t o r i l y  t e s t e d  inmedia te ly p r i o r  to BER 
using a modif ied method of  l i m i t s .

STIMULUS

The s t im u l i  used to e l i c i t  BER's were t r a n s i e n t  aco u s t i c  c l i c k s .  The 
ou tpu t  of  each c l i c k  was generated by passing square wave p u l s e s ,  80 
microseconds in  d u r a t io n ,  each a t t en u a t ed  and ampli f ied  by a Nie 1007A 
Noise Masking Module and de l ive red  to TDH 39 earphones with MX/AR 41 
cush io ns .  An a l t e r n a t e  pulse  p o l a r i t y  was used to  reduce s t imulus  a r t i f a c t  
during response averag ing .  The spectrum earphone ou tpu t  was measured in  
a 6 cm13 couple r  with a condensor microphone (Bruel and Kjaer 4144) housed 
in an a r t i f i c i a l  e a r  (B&K 4152) and connected to a p re c i s io n  sound level  
meter (B&K 2209). Two major peaks of  energy concen t ra t ion  were measured 
a t  2500 and 6300 Hz which r e f l e c t  neural a c t i v i t y  p r im ar i ly  from the 
basal p o r t ion  (high frequency region)  of  the cochlea only.

INTENSITY

Four i n t e n s i t y  l e v e l s  of 70, 50, 30, and 20 dB normal hear ing level  
(nHL) were chosen and randomly presen ted  to  each ea r  of the 10 sub jec t s  
in the p r e s e n t  s tudy.  These i n t e n s i t i e s  were s u f f i c i e n t  to permit 
obse rva t ion  of  the la tency  s h i f t  of  the Wave V component as a func t ion  
of  i n t e n s i t y  change. A d d i t io n a l ly ,  th ree  p r e s e n t a t i o n  r a t e s  of  10.5,
33 .5 ,  and 80.5/second were counterba lanced .

TEMPORAL CONSIDERATION

An important  c o n s id e ra t io n  in the de te rm ina t ion  of  behavioral 
th re s h o ld s  a re  the temporal i n t e r g r a t i o n  c h a r a c t e r i s t i c s ,  both s t imulus 
d u ra t io n  and in t e r s t im u lu s  l a t e n cy .  In order  to  equate  th re sho ld  l e v e l s  
a t  each p re s e n ta t i o n  r a t e ,  behavioral  th re sho ld  l e v e l s  were determined 
using c l i c k  s t im u l i  i d e n t i c a l  to t h a t  used f o r  BER. To t h i s  po in t ,  
behav io ra l  th re sho lds  were measured using a modif ied method of  l i m i t s  
fo r  each s u b j e c t  a t  each p r e s en ta t io n  r a t e  account ing fo r  the change in 
sound energy due to  temporal i n t e r g r a t i o n  d i f f e r e n c e s .

PROCEDURES

Two gold Grass c l i p  e l e c t r o d es  were a t t a ch e d  to  each ear lobe 
(A], A?). One ea r lo be  e l e c t r o d e  was used as r e f e re n c e  and placed 
i p s i l a t e r a l  to  the s t im u la ted  e a r ;  the c o n t r a l a t e r a l  c l i p  e l e c t r o d e  was 
used as ground fo r  the remainder of  the t e s t i n g  procedure.  A s i l v e r -  
c h lo r id e  cup e l e c t r o d e  was a t t ached  to the v e r t e x  (Cz) as the a c t iv e  
e l e c t r o d e  f o r  each of  the su b je c t s  t e s t e d .  Each s u b j e c t  r e s t e d  on a 
r e c l i n i n g  c h a i r  in a double-wal led e l e c t r i c a l l y  sh ie lded  booth.
E lec t rode  r e s i s t a n c e  was measured and maintained a t  a level  l e s s  than 
3 K ohms throughout  the t e s t i n g  procedure.

The BER's were ampli f i ed  by a phys io lo g ica l  a m p l i f i e r  (Nie HGA-100)
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with a gain of 10^, routed through a band pass f i l t e r  s e t  a t  150-3000 Hz 
and fed to a c l i n i c a l  averager (Nicolet  CA-1000). A time base of 10 ms 
was employed and 2000 stimulus r e p e t i t i o n s  were used to obta in  each BER 
t rac ing .  All BER's were rep l ica ted  and p lo t ted  on a Hewlett-Packard 
7010 X-Y recorder for  permanent s torage.

RESULTS/DISCUSSION

The means and standard devia t ions fo r  Wave V la te n c ie s  a t  in t e n s i ty  
leve ls  of 70, 50, 30, and 20 dB nHL a t  three  p resen ta t ion  r a t e s ,  10.5,
33.5,  and 80.5 per second may be seen in Table 1. Three observations 
will  be discussed from t h i s  Table. F i r s t ,  and c o n s i s t e n t  with previous 
BER research ,  the Wave V latency function sys tem at ica l ly  increases as 
st imulus i n t e n s i ty  decreases .  This consequence i s  due pr imari ly  to a 
reduction in synchronous neural f i r i n g  associa ted  with stimulus a t t en u a ­
t ion and, the re fo re ,  an increase  latency in synapt ic transmiss ion;  
second, a Wave V la tency  d i f fe rence  i s  seen between male and female 
su b jec ts ;  f i n a l l y ,  a r e l a t io n sh ip  appears to e x i s t  between presenta t ion  
ra te  and Wave V l a t e n c i e s ,  t h a t  i s ,  as c l i c k  st imulus r a t e  increases ,  
Wave V la tenc ie s  a lso  increase .

In order to t e s t  each measure, a three-way ana lys is  of var iance 
with repeated observations  for  Factor B, p resen ta t ion  r a t e ,  and Factor 
C, i n t e n s i t y  l e v e l ,  was conducted. S ig n i f i c a n t  Wave V overal l  mean 
latency d i f ferences  were computed between male/female sub jec ts  (F=9.08; 
df =18.1; p ^ O .O l) ,  i n t e n s i ty  leve ls  (F=308.42; df=54.3;  p < 0 .0 1 ) ,  and 
presenta t ion  r a t e s  (F=18.70; df=36.2; p^ .0 .01) .  Although the analys is  
of variance produced s i g n i f i c a n t  in t e r a c t i o n s ,  i t  could not be concluded 
t h a t  s i g n i f i c a n t  d i f fe rences  occurred between l a ten c ie s  fo r  individual 
p resen ta t ion  r a t e s .  Subsequent t  scores fo r  the th ree  presenta t ion  
ra tes  were computed. Although temporal in teg ra t io n  c h a r a c t e r i s t i c s  were

TABLE 1. The means and standard devia t ions for  BER Wave V l a t e n c y - in te n s i ty  
funct ion .  For males and females a t  p resen ta t ion  ra te s  of 80.5,
33.5,  and 10.5/second. Click stimulus presented monaurally.

WAVE V LATENCY 
FEMALE

I n t e n s i t y

X
S.D.

R a t e :  80.5 

70 50 30 20

R a t e :  33.5

70 50 30 20

5.91 6.15 7.12 7.77

.243 .366 .311 .435

R a t e :  10.5

70 50 30 20

5.66 6,20 7.14 7.72

.206 .263 .366 .524

5.95 6.68 7.46 8.0 

.297 .196 .271 .433

WAVE V LATENCY 
MALE

I n t e n s i t y

X
S.D.

R a t e :  80.5 

70 50 30 20

R a t e :  33.5

70 50 30 20

6.20 6,71 7.56 8.29

.262 .283 .374 .492

R a t e  : 10.5

70 50 30 20

6.12 6.52 7.44 7.99

.550 ,401 ,449 .377

6.55 7.10 7,72 8.29 

.414 .346 .229 .326
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Figure 2. Mean Wave V la t e n c y - in te n s i ty  function fo r  brainstem e l e c t r i c  
responses a t  presenta t ion  r a te s  of 1 0 .5 / s e c . ,  3 3 .3 / s e c . ,  and 
80.5/sec .  fo r  10 male (0) and 10 female (X) ears.
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compensated fo r  in respec t  to behavioral  th resholds ,  s i g n i f i c a n t  Wave 
V mean latency d if ferences  occurred for  each of the three presenta t ion  
ra tes  when compared to each o ther :  80.5/33.5 (t=4.35,  df=19, p < 0.001);  
80.5/10 .5  (t=4.125, df=19, p < 0 .0 0 1 ) ;  33.5/10.5 ( t=3.75,  df=19, p < 0 .0 1 ) .  
These d i f ferences  in Wave V latency are most l ikeTy due to rapid 
r e p e t i t i o n  r a t e  changes th a t  occurred within the temporal in teg ra t ion  
period.  While Wave V maintains i t s  s t a b i l i t y  and measurabi l i ty ,  increased 
p resen ta t ion  r a te s  decrease BER reso lu t ion  and may render BER un in te r ­
p re tab le ,  p a r t i c u l a r ly  Waves I through Wave IV.

A graphic i l l u s t r a t i o n  comparing the s i g n i f i c a n t  Wave V latency 
d i f fe rences  between male and female subjects a t  each of the three 
p resen ta t ion  ra te s  may be seen in Figure 2. One f a c to r  responsible  fo r  
the la tency variance between males and females may be a t t r i b u te d  to the 
anatomical d i f ferences  associa ted  with the dis tance  between common 
synapt ic  junct ions  of the a f f e r e n t  auditory pathway (Stockard,  e t  a l . ,  
1978). In p a r t i c u l a r ,  the area between the innervat ion of the acoustic 
nerve in the cochlea and the i n f e r i o r  c o l l i c u l i  in the midbrain.  Evidence 
has shown cons is ten t ly  shor te r  interpeak la tenc ie s  in females between 
these two d esc r ip t ive  anatomical re fe rences ,  a t t r i b u t i n g  in p a r t ,  to 
la tency d i f ferences  described in th i s  study.

In conclusion,  the r e s u l t s  of our p resenta t ion  should accurate ly  
r e f l e c t  the importances of e l iminat ing po ten t ia l  v a r i a b i l i t y  in the 
measurement of BER's. Sex, i n t e n s i t y ,  and presenta t ion  r a te  a l l  play 
a s i g n i f i c a n t  ro le  in the i n t e r p re t a t i o n  of Wave V latency values.  
Consequently, before es tab l i sh in g  the l im i ts  of normalcy and thereby 
subsequent pathological  d iagnosis ,  non-pathological var iab les  such as 
those mentioned in the present  study must be well defined.  __________ _
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