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President’s Column
From the President of I-INCE
The year 2020 has gotten off to a busy
start. Here in the United States we are
now nearing the peak of the presidential
election cycle, with all of the news that
process brings. And, of course, we have
had significant news about a presidential
impeachment that now seems to have run
its course. Internationally we are dealing
with the devastation of the wildfires in
Australia and the effects and uncertainty
of the COVID-19 virus (also known as
the coronavirus). Perhaps overshadowed
to this point but of significant interest to
affiliates of I-INCE is the International
Year of Sound (IYS; see https://sound2020.
org/), led by the International Commission
on Acoustics (ICA) and sponsored by
I-INCE and many of its member societies.
The opening ceremony of the IYS was
held on January 31, 2020, in Paris, France.
There are many events planned across the
globe; for more information, visit https://
sound2020.org/event/. I encourage all of
the member societies of I-INCE to hold
some type of high-profile event affiliated
with the IYS to raise the awareness about
sound and noise control with the media and
local communities.
Our first deadlines for INTER-NOISE
2020 are approaching. The abstract
submission deadline is March 15, 2020.
Understandably, there may be concerns
about how the COVID-19 virus will
spread and what effect it might have on
international travel at the time of our
congress in late August. I-INCE leadership
and the organizing committee of INTERNOISE 2020 are staying in close contact.
The organizing committee is publishing a
newsletter with news about the congress,
including recent developments. You
can subscribe to the newsletter from
the home page of the congress (https://
internoise2020.org/). The most recent issue
of the newsletter discusses the steps being
taken by the congress venue, the COEX
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Convention Center, to keep participants
safe. Fortunately, INTER-NOISE 2020
is many months away yet, and we will
have the opportunity to see how the virus
spreads and what other congresses that
are scheduled before us decide to do.
We will also watch very carefully the
recommendations of the World Health
Organization. For now, I think it is very
reasonable to assume that the virus will
run its course as other viral outbreaks
have in the past, and the congress will be
able to go on as planned. We will keep
everyone informed of our decisions and
will make alternative plans if that becomes
necessary. For now, please submit paper
abstracts and plan to attend. The Koreans
are excellent hosts and the local noise
control engineering community is large and
vibrant. It will be a great congress.
As I mentioned in my “Getting to Know
You” feature in the last issue, the theme
of my tenure as I-INCE President will be
“inclusion and renewal.” My focus will
be raising the profile of I-INCE with the
members of the member societies. I’m
hopeful that more of them will see I-INCE,
particularly its congresses, newsletters,
and technical activities, as an added benefit
of their membership in their local society.
With this column, I am asking the readers
of NNI for their best ideas on two fronts.
The first is better distribution of NNI to
the members of the member societies
not in the USA. I realize that asking
people who are receiving NNI about
how to distribute it to those who are not
receiving it may be a fool’s errand, but
a good idea is a good idea. We currently
distribute the link to each issue of NNI to
the administrative offices of the member
societies and ask them to forward the link
to their membership. From what we hear,
that approach has been inconsistent. It is
possible for an individual to subscribe to
NNI directly as well. There are no access
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restrictions to NNI, so increasing the
circulation is essentially only a challenge
of awareness. We hope that we can increase
international circulation in some way,
which we believe make NNI better in the
news it covers and its reach. Please send
suggestions to me at rjbernhard0728@
gmail.com or to the NNI editor, Eoin King,
at NNIeditor@inceusa.org.
The other issue is about awareness of
the INCE Congress Database (available
at http://ince.publisher.ingentaconnect.
com/content/ince/). INCE-USA built this
database with some financial support from
and the cooperation of I-INCE. All of the
papers from every INTER-NOISE and
NOISE-CON congresses dating back to
1971 have been scanned, classified, and
loaded onto the database. Access to the
database is available to any member in good
standing of one of the I-INCE member
societies, as a benefit that to society’s
membership in I-INCE. However, our
feedback suggests that awareness of the
database outside the USA is low. In addition,
accessing the database is more complicated
than accessing NNI because we must have a
mechanism for validating access rights for
users. Validation requires certification by
the member society. Again, your best ideas
would be much appreciated and can be sent
to me at rjbernhard0728@gmail.com or to
Joe Cuschieri at ed@inceusa.org.
I hope you all have a great 2020 and enjoy
the IYS.
Bob Bernhard
I-INCE President NNI
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Editor’s View
Welcome to the first issue of Noise/News
International for 2020. This jam-packed
issue looks forward to two major conferences
in 2020, INTER-NOISE 2020 in Seoul and
NOISE-CON 2020 in New Orleans. We hope to see
you there!
We take another look at dynamic absorbers with
Eric Ungar, we look back at the opening ceremony
of the International Year of Sound that took place
in Paris earlier this year, and we sit down with past
I-INCE president Marion Burgess in our “Getting
to Know You” feature. We also have a great article
from Ysbrand Wijnant, from 4Silence BV, about the
innovative use of diffraction to control road traffic
noise.
But wait, there’s more…

The Noise Control Engineering Journal could not
function without the services of many volunteer
reviewers, so we recognize the outstanding
reviewers without whom the journal would not
be the success it is. And, finally, we hear from
Dr. Bryan Beamer from the National Institute for
Occupational Safety and Health about the Search for
the Top (10) Industrial Engineering Noise Controls!
I hope you enjoy this issue of NNI.

Eoin A. King, PhD

Eoin A. King, PhD
Update, March 27, 2020: At the time of publishing,
the impact that the COVID-19 virus will have on
upcoming conferences in the field is unknown.
Please check conference websites for up-to-date
details, and we at NNI will do our best to keep you
updated as things progress. NNI

COMPREHENSIVE ACOUSTICAL
TESTING & CONSULTING

Our East and West Coast labs offer the most comprehensive suite of testing services in the industry.
Growing concern about the effect of sound on
human performance has led to increased regulation.
Ensure compliance and assess the performance of your
building product or system by utilizing Intertek’s full suite
of acoustical capabilities.
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Dynamic Absorbers—Another Look
Eric E. Ungar
Acentech, Inc., Cambridge, MA
Introduction
All of us who work in the area of vibration
control have some familiarity with dynamic
absorbers (also called tuned dampers or
neutralizers)—in essence, spring-mass
arrangements that are attached to structures
whose vibrations are to be reduced. But
it may be useful to revisit absorbers and
perhaps improve our understanding of just
how and why they work.

Dynamic Stiffness
In simple terms, a dynamic absorber is a
spring-mass system that is set in motion
by a force that acts on the free end of
the spring, shown schematically as the
top part of the diagram in the attached
figure. Let us focus on the situation
where this force is steady and oscillates at
radian frequency ω, making the point at
which the force acts, as well as the mass,
oscillate at the same frequency.
It is instructive to investigate the dynamic
stiffness KA of the absorber since it is
this stiffness that opposes the vibration
of the structure whose motion is to be
suppressed. This stiffness is defined
as the ratio of the amplitude of the
applied force F to the amplitude XA of
the deflection of the point at which the
force acts. Assuming the spring to be
linear and massless, the mass to be rigid,
and damping to be negligible (generally
reasonable approximations to reality), one
may find by application of Newton’s law
that the dynamic stiffness of the absorber
at the driving frequency ω obeys

KA =

( ω / ω A )2
F
=k
XA
( ω / ω A )2 − 1

2020 March  www.inceusa.org

(1)

where ωA = √(k ⁄ m) denotes the radian
natural frequency of the absorber. For the
case where the force acts at a frequency
that is much greater than the absorber’s
natural frequency, this equation indicates
that the dynamic stiffness KA is very
nearly equal to the spring’s stiffness k.
This happens because at high frequencies
the inertia of the mass dominates, so
that the mass moves very little and
the applied force then basically only
compresses the spring. For the situation
where the force acts at a frequency that
is much smaller than the absorber’s
natural frequency, the foregoing
equation indicates that the magnitude
of the dynamic stiffness is nearly equal
to mω2. In this domain, the inertia of
the mass is so small that the spring
is deflected very little and the applied
force essentially only accelerates
the mass.
At resonance of the absorber (that is, at
ω = ωA), the dynamic stiffness becomes
infinite in the absence of damping. In
the presence of structural damping, the
dynamic stiffness at resonance may
be found to be given in terms of the
structural damping factor η by

K A,resonance =

1+ η 2
1
→
η
η

(2)

where the last term represents an
approximation for small values of
the damping. For the case of viscous
damping, the η in this equation is replaced
by 2ϛ, where ϛ is the ratio of the viscous
damping coefficient to the critical viscous
damping coefficient.
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Extension of Absorber Spring
Since the dynamic stiffness is a measure
of how much the absorber opposes to the
force acting on it, one clearly wants in any
practical application to make that stiffness
as large as possible—that is, by choosing
the absorber natural frequency to be at, or
at least near to, the excitation frequency of
concern.
However, the amplitude of the extension
of the spring, ΔL, as measured from its
static equilibrium condition, is directly
proportional to the absorber’s dynamic
stiffness. One may find that
∆L K A
=
XA
k

(3)

This implies that achievement of a
high dynamic stiffness involves a large
extension. In many practical cases, the
space available to accommodate such
extensions is limited, limiting the absorber
stiffness that can be achieved.

Reduction of Structural
Vibration Due to Absorber
Consider a vibrating structure
(represented schematically by the
trapezoid in the bottom portion of the
figure) to which an absorber is to be
attached at a given point and that the
amplitude of the vibration at this point
before the absorber is attached is XS.
With the absorber (shown in the top
portion of the figure) attached to the
structure, the same force acts on the
structure and on the absorber; also,
the structure’s attachment point and
the absorber move together with an
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amplitude XSA. This amplitude is smaller
than the structure’s amplitude Xs without
the absorber in place and depends on the
absorber’s dynamic stiffness KA:
X SA
=
XS

1
K
1+ A
KS

(4)

It is evident from this relation that
achievement of reduction of the
structure’s vibration by a sizable factor
requires an absorber dynamic stiffness
that is larger than the structural stiffness
by a considerable factor.

Concluding Remarks
All I Really Need to Know I Learned in
Kindergarten (Robert Fulghum, Villard

Books, 1990) might be rephrased in the
present context as “All I know about
vibrations, I learned from linear massspring-damper models.” The foregoing
discussion indeed is based on steady-state
vibrations of such models that represent
mathematically linear systems (with elastic
elements whose stiffness does not depend
on their deflection and with rigid mass
elements). Such models can provide insights
into the behavior of more complicated
systems and also can serve as the basis
for analyses of such systems, including
arrangements of multiple absorbers attached
to structures with multiple degrees of
freedom (since their modes typically can
be represented by equivalent spring-mass
systems). Analyses based on these simple
models in many cases can readily be
extended to deal with nonlinearities such

as these due to the deflection-dependent
stiffnesses of spring elements and the
nonrigidity of mass elements, as well as
with transient vibrations.
Passive Vibration Control (Denys J.
Mead, Wiley, 1998) and Vibration and
Shock in Damped Mechanical Systems
(John C. Snowdon, Wiley, 1968) discuss
some multi-degree-of-freedom systems,
address optimization, and suggest some
practical applications—such as using a
spring-supported battery as the absorber
in a helicopter, supporting the engine in
an earth-moving vehicle elastically so that
it acts as an absorber, and adding small
cantilevers with adjustable masses at their
tips to obtain absorbers that can be tuned
to suppress structurally radiated noise in
aircraft cabins. NNI

Xm

m

XA

k
F

Absorber

XS

Structure
Fig. 1. Schematic of dynamic absorber attached to a structure
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Up to 9 dB noise reduction
by using diffraction

info@4silence.nl
www.4silence.nl
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Getting to Know You: Marion Burgess, Past
President I-INCE
And what happened next?

In our second “Getting to Know You”
feature, we sit down with Marion
Burgess, past president I-INCE,
2020–2022, to find out about her
work in the acoustics field and her
involvement with I-INCE.

Can you give me a little
background on your
involvement with
acoustics?
My intention on leaving school was to
be a pharmacist—a good career for a
female at that time. But as the first year
was common and I had done well in
physics at school, I enrolled in science
and stayed in the physics area. The
small number of female students in my
class reduced each year, and by the fourth
year, as the only woman, I was allocated
to an understanding supervisor to do
projects on lasers and plasma. My first
job after graduation was as a hospital
physicist, but after a year I sought a
change and was offered a job in the
acoustics section of the Australian
version of the Building Research
Establishment. And so started my career
in acoustics, testing the performance of
the many new products that were being
developed at that time!
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I enjoyed the work, mainly because it
was very practical, and we also worked
with manufacturers to help them improve
and adapt their products for Australian
construction techniques—as well as
hear the differences! After a couple
of years, I moved to the University
of New South Wales in the School of
Architecture, where Anita Lawrence was
undertaking building acoustics research.
While acoustics was my main topic, I
assisted with all the classes that involved
architectural science, so I learned more
about the relationship between products
for heat and light as well as sound. It
was with the support and encouragement
of Anita that I had the opportunity to
attend some international conferences,
especially those that were in the AsiaPacific area. Due to my husband’s work,
we moved from Sydney to the smaller city
of Canberra, the capital city of Australia.
This turned out to be a great move,
as I was able to join the Mechanical
Engineering School at the newly opened
university campus. Joseph Lai was
responsible for the acoustics facilities that
came with this campus and was pleased
to have some assistance with various
projects. And so started the stage of my
career when I worked on environmental
and workplace noise and noise control—
aligned with the INTER-NOISE
conference topic areas. As a research
officer in the school, I had course teaching
commitments only in acoustics, which
was a luxury in a small school. So began
my work in research, consulting, and short
course teaching, which was incredibly
diverse. I remember one day when I went
from a meeting with the engineering team

planning the routing for a new highway to
measurement of noise exposure in a meat
processing works.
I am officially retired now but an honorary
staff member at the Canberra campus,
still undertaking occasional consulting
and teaching projects and working with
a colleague in the School of Aviation on
research projects. Added to this are my
commitments for the various international
acoustics organizations.

So how did you become
involved with I-INCE?
While I had been involved with the
conference team for some meetings,
my first involvement with organizing a
large international event followed the
successful bid to host the ICA 2010 in
Sydney. Due to illness, the proposed chair
could not continue, and I took over the
main organizing role. This brought me
more in contact with the international
sphere of acoustics, and I continued on
to the board of ICA and also became
president. During this period, I was
invited to take up a role representing AsiaPacific on the board of I-INCE and, some
years later, was invited to consider the
role of president. It was never my goal to
become so involved with the management
of international acoustics organizations.
But such involvement is interesting,
challenging, and rewarding as the
organizations grow, retain the activities
that are worthwhile, and undertake new
initiatives to reflect the changes in the
world around us. It also means that I have
excellent reasons to travel to various
locations around the world and not only
participate in meetings but also have
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wonderful experiences in different parts
of the world.

What are your thoughts on
the future of I-INCE?
I-INCE and the INTER-NOISE
congresses are approaching a very
important 50-year anniversary in 2021.
The founders of I-INCE took quite
a risk to establish an international
organization and hold an international
conference on noise control, especially
when it is remembered that 50 years ago,
international communication international
was by postage and only occasionally by
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expensive telephone calls. I truly respect
what those founders of I-INCE undertook
and achieved and look forward to the
celebrations, which are well deserved.
The legal status of the organization has
been established in recent years, and
that is a big achievement. In the future, I
would hope that I-INCE is better able to
encourage the member societies to engage
with international activities like World
Hearing Day and International Noise
Awareness Day. The I-INCE has made
a great contribution to the International
Year of Sound (IYS) in 2020 in funding
the film Sounds of our Life, which will
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be freely available in short (2 minute)
and longer (9 minute) formats, both from
the IYS 2020 site (http://sound2020.
org/resources/documents/) and from our
I-INCE site.
I-INCE is currently stable and has a
well-experienced and capable board, so
I am confident that in the future I-INCE
will adapt its operations and technical
activities to reflect changes in the world
around it.

Marion Burgess
Past President I-INCE (2020–2022) NNI

9

INTER-NOISE 2020—Advances in Noise and
Vibration Control Technology

Editor’s Note: This article was written
in early March. Readers are encouraged
to check the conference website
(https://internoise2020.org) for up-to-date
details related to COVID-19.
The 49th International Congress and
Exposition on Noise Control Engineering
will be held in Seoul, Korea, August 23–26,
2020. The congress is hosted by the
Korean Society for Noise and Vibration
Engineering (KSNVE) on behalf of
the I-INCE. The theme of the congress
is Advances in Noise and Vibration
Control Technology, and it will be held at
COEX Convention Center, Seoul, Korea.
The INTER-NOISE Congress is the largest
international gathering of experts in noise
control engineering each year. It has
been held annually since 1972 at venues
around the world. The congress includes
a large technical program consisting of
papers and posters on all topics of noise
control engineering. Papers summarizing
these presentations are collected into a
proceedings document that is available for
reference after the congress. The congress
also includes an exhibition of the latest
products and instrumentation for noise
control engineering.
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INTER-NOISE 2020 will provide the best
opportunity for engineers and scientists in
all fields of acoustics to learn about and
share their work with colleagues from
around the world. Two plenary lectures,
three keynote lectures, and more than
one hundred technical sessions will be
organized for exchanging views and
sharing experiences. We believe that this
congress will be an invaluable experience
for all participants and a great opportunity
to create new memories with the INTERNOISE family in the beautiful city of Seoul.
INTER-NOISE 2020 promises to be a
jam-packed conference with highlights
including the following:
• Plenary Speaker, Jaeheon Kim,
“Progress in NVH Technology for
Future Mobility”
• Plenary Speaker, Catherine Gustavino,
“A Cognitive Approach to Urban
Soundscapes”
• Keynote: Bosun Xie and Michelle C.
Vigeant, “Spatial Hearing and Virtual
Auditory Display”
• Keynote: Wonju Jeon and Mikhail A.
Mironov, “Acoustic Black Hole and
Metamaterials”

• Keynote Berndt Zeitler and Atsuo
Hiramitsu, “Floor Impact Vibration and
Noise Control”
• I-INCE Practice of Noise Control
School
• I-INCE Young Professionals Workshop
• Young Professionals Social
Networking Event
• Short Course 1—Challenges to
Understand Acoustics in 4 Hours
• Short Course 2—Deep Learning for
Noise/Vibration Engineering
• Multiple technical sessions, including
to the Hyundai Motorstudio Goyang
and Seooreung Royal Tombs, Samsung
Electronics R&D Center and Korean
Folk Village, and the Acoustics and
Vibration Laboratory of Advanced
Automotive Research Center (AARC)
and Kyujanggak in Seoul National
University
• Tours and activities for accompanying
persons
• And much, much more!
For more information on the conference,
please visit https://internoise2020.org.
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Key Dates

I-INCE Young Professional
Congress Attendance Grants
(YP Grants)
The goal of this program is to assist young
professionals in engineering to attend
the 49th International Congress on Noise
Control Engineering (INTER-NOISE
2020) to be held in Seoul, August 23–26,
2020.
I-INCE has allocated the funds to
support 20 grants, each with a value of
600 euros. Registration for the congress

2020 March  www.inceusa.org

will be subtracted from the grant and the
remaining amount will be available at
the time of the congress in local currency
as a contribution to partially cover other
travel and accommodation expenses.
The notification of the award of the
prestigious YP Grant may be used to assist
with obtaining additional funding from
other sources.
Candidates must be relatively early in
their professional careers (typically fewer
than 10 years of active career). They
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can be undergraduate or postgraduate
students, postdoctoral candidates, or
young acousticians or noise control
engineers working in the industry.
Preference will be given to students.
The application and abstract submission
deadline (for the grant) is March 15,
2020. Candidates must first submit the
abstract of their paper via the conference
website (https://internoise2020.org/) and
then submit their award application via
the I-INCE Young Professionals page. NNI
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New Floor Impact Sound Test Data available from Ecore
PE R FO R M E D BY I NTE RTE K I N D EP EN D EN T I A S - C ER T I F I ED L A B I N YO R K , PA

Floor impact sound levels from Ecore’s Vinyl Rx were 13dB lower than those from generic VCT and LVT. This
makes Vinyl Rx an excellent choice for uses like hospitals where the standard flooring choice to reduce noise,
carpet, presents many maintenance and health issues.
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Floor Impact Sound Levels (per ASTM E3133)
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Ecore’s Origins

Learn more about Ecore and our Acoustic Testing at ecorecommercial.com/Our-Promise/
or contact Ecore’s INCE Board Certified Acoustic Engineer at mike.raley@ecoreintl.com.
ecorecommercial.com • 877.258.0843
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International Year of Sound 2020—Grand
Opening Ceremony January 31, 2020
Marion Burgess

After many years of preparation, the
International Year of Sound (IYS)
2020 was formally launched during a
spectacular opening ceremony in the
Grand Amphithéâtre of La Sorbonne
on January 31, 2020. This monumental
amphitheater was inaugurated in 1889
and was registered as a historic
monument in 1975. It was indeed a fitting
location for the opening of the
IYS 2020, and we are grateful to Prof.
Jean-Dominique Polack (co-organizer)
who was instrumental in the arrangements
for the use of this venue.
The early attendees could experience
the two installations in the foyer of
multizone sound field reproduction. They
were created by researchers from the
Institute of Sound and Vibration Research
(ISVR—University of Southampton, UK),
and the installation was arranged by the
UK Acoustics Network (UKAN).
The moderator for the opening
ceremony was Prof. Michael
Taroudakis, past president of the ICA
and co-organizer of the IYS 2020. He
commenced his welcome in French, as
a respect to the location in Paris, then
repeated in English.

Fig. 1. Grand Amphithéâtre of Sorbonne University
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On behalf of the president of Sorbonne
University, Prof. Nathalie Drach-Temam,
vice president research of Sorbonne
University, welcomed all to the Grand
Amphithéâtre and congratulated the ICA
on initiating the IYS and bringing it to
fruition in 2020.
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Then followed Prof. Mark Hamilton,
current president of the ICA, who thanked
the efforts of his predecessors and
provided an overview of the mission and
activities of the ICA.
Christian Hugonnet, president of La
Semaine du Son (LSdS), explained
the five primary topics for weeks of
sound worldwide. He also summarized
the achievements of LSdS not only in
France but also around the world, the
endorsement of UNESCO, and the
agreement between LSdS and the ICA in
regard to the IYS 2020.
Prof. Vincent Gibiat, president, Société
Française d’Acoustique (SFA), a member
society of the ICA, advised that the SFA
was enthusiastic about the IYS 2020 and
was honored that the opening was being
held in Paris.

Fig. 2. One of the two installations, with students from the University of
Southampton who were responsible for their development

Prof. Michel Spiro, president,
International Union of Pure and
Applied Physics (IUPAP), followed and
emphasized the support of the union for
the initiative of the ICA.
Dr. Shelly Chadha from the World
Health Organization spoke in her
video presentation on the opportunities
that the IYS 2020 would offer to
highlight the importance of preserving
hearing.

Fig. 3. Prof. Michael Taroudakis, IYS 2020 co-organizer and ICA past president

A musical interlude, sponsored by SFA,
followed these welcomes. Maxime
Perrin and Jean Brice Godet produced an
excellent fusion of their two instruments:
piano accordion and bass clarinet. The
applause indicated the appreciation of the
audience.
Following this interlude, Marion
Burgess (IYS 2020 co-organizer) spoke
on the importance of sound in our
world. This presentation highlighted
how sound in some form influences all
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Fig. 4. Prof. Nathalie Drach-Temam, Sorbonne University
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parts of our life. She explained that all
sound starts from vibration and that our
human hearing range is just a small
part of the spectrum. Within our hearing
range, there is the need to ensure that
sound does not become annoying
or excess noise. Below this range is
infrasound and above is ultrasound,
which is a very powerful tool with
wide-ranging applications. Burgess
emphasized that the study of sound is a
truly multidisciplinary topic.

Fig. 5. Prof. Mark Hamilton, ICA president

Fig. 6. Christian Hugonnet, president of LSdS

Jean-Dominique Polack (IYS 2020
co-organizer) then provided a summary
of the activities planned for the IYS
2020. He explained that the centrally
organized activities included the
opening, a film, and an international
student competition. All the ICA
member organizations had been
mobilized to host special outreach
activities during 2020. The IYS 2020
website (http://sound2020.org/)
provides a comprehensive list of
planned events during the year; as of
January, already there were more than
80 separate events listed, with more
being added every day. As well as events,
the IYS 2020 has led to the compilation
in the one location of a large number
of freely available resources. These
resources will continue to be available
after the closing of the year as one of the
many outcomes of the IYS.
After these presentations, the first
showing of the film Sounds of Our
Life followed. This 9-minute film,
directed by Antonio Fischetti and
sponsored by I-INCE, aims to highlight
the importance of sound in all aspects
of our life. The film, plus a shortened
2-minute version, will be made freely
available from the IYS 2020 and I-INCE
websites as another lasting outcome for
the year.

Fig. 7. Prof. Vincent Gibiat, president of SFA
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The final segment of the opening
was a concert by Révolutions
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Vocales, sponsored by Acoustics First
Corporation. In the form of a burlesque,
Révolutions Vocales presented multiple
compositions for the voice written since
the 1960s. Three characters embarked
upon vocal and theatrical contests that
slipped into the interpretation of works
reflecting an unprecedented range of
vocal emotions and productions. These
shed light on the scores and effectively
analyzed the various styles. For many
present, this performance was an
unexpected but a wonderful way to show
the power of the human voice and of
communication. The round of applause
demonstrated the appreciation of the
audience.

Fig. 8. Prof. Michel Spiro, president, IUPAP

The ceremony was attended among
others by many members of the IYS
2020 steering committee, representatives
of the ICA member societies and
international affiliates, members of
Sorbonne University, and many French
acousticians. It was also transmitted by
video livestream, offered by Sorbonne
University.
In conclusion, Michael Taroudakis
thanked those involved with the
opening ceremony as well as the various
organizations that had provided support
for this event. He also thanked those
who had sponsored parts of the ceremony
and the sponsors for the IYS 2020,
without whose support the year would
not be occurring. He advised that
the event had been livestreamed and
that soon an edited version would be
available from the website. He sincerely
thanked the international audience who
had gathered from around the world in
the Grand Amphithéâtre for this opening
of the IYS 2020 and invited all to
celebrate the achievement with a cocktail
in the nearby foyer.
For more information on the opening
ceremony, you may refer to the IYS
Documents web page. For more

16

Fig. 9. Maxime Perrin and Jean Brice Godet

Fig. 10. Marion Burgess, IYS co-organizer
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information on events in your area, see
“Events” tab at http://sound2020.org/. The
submission form for organizations hosting
outreach events in accordance with the
intent of the IYS is available from this
website. NNI

Fig. 11. Prof. Jean-Dominique Polack, IYS co-organizer

Fig. 12. Révolutions Vocales Compagnie VocAliques

Fig. 13. From left: Sergio Luzzi, organizer of the student competition;
Christian Hugonnet, president LSdS; Michael Vorlander, past past past
president ICA; Marion Burgess, past past president ICA; Michael Taroudakis,
past president ICA; Mark Hamilton, president ICA; Jean-Dominique Polack,
board member ICA
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Noise Diffraction Reduces Traffic Noise
Ysbrand Wijnant
4Silence BV

As population increases, so does
transportation. More cars, more trucks,
more trains, and more airplanes are
needed to transport us and all the stuff we
need. Undoubtedly, this increase in traffic
comes with an increase in noise pollution,
and despite all our efforts to reduce it,
traffic noise is still a huge problem and
considered a health risk.
Classical solutions to reduce noise are
more silent car and truck tires, quieter
road surfaces (more open, absorbing, and
smoother pavement), smoother tracks
and wheels, rail dampers, and possibly
more or higher noise barriers. These
measures work fine and effectively to
lower the emitted sound, absorb the
sound, or induce reflection of sound,
reducing the overall sound pressure level
at the listener’s position. However, there
are more ways to reduce traffic noise,
and these new measures may even have
additional benefits!

In lectures on acoustics given at
universities all over the world, the
term diffraction is taught to describe
the physical phenomenon of bending
sound waves around an obstacle into the
“shadow region” of that obstacle. Only
in the (very) high-frequency limit does
an obstacle create a shadow region, and
sound cannot be heard if the sound source
cannot be seen. For lower frequencies (or
more precisely, if the size of the obstacle
is in the same order of magnitude as the
wavelength of the sound), sound bends
around the obstacle and can be heard by a
listener behind that obstacle. This makes
the obstacle less efficient in blocking
noise, and it is therefore considered to
be something negative for noise barriers.
However, we can also use diffraction in
a more positive way. If it is possible to
“bend” sound waves, why not bend it into
a direction where it is less annoying…
like up in the air? It is exactly this feature
of diffraction that is exploited by a novel

type of diffractor, which is now being
developed and used to diffract tire-road
and railway noise.
About a decade ago, we started our
journey by computer simulations. In
the Structural Dynamics and Acoustics
group at the University of Twente in the
Netherlands, simulations were carried out
to predict noise reduction of a 1 m strip
of a given so-called acoustic impedance
( = the ratio between the particle velocity
and the acoustic pressure). It turns out that
for sound waves that propagate parallel
to the surface, similar to the sound waves
emitted by the tire and train wheels or
rail, a minimal impedance yields a highest
diffraction. The outcome of one of these
simulations is shown in figures 1a and
1b. In the picture on the left, the sound
pressure level of a line source that radiates
at 1 kHz just above an acoustically hard
ground surface, is depicted. On the right,
we have introduced a 1 m wide strip of a

Figs. 1a and 1b. Sound pressure level for a line source at 1 kHz for a hard surface (left) and a low impedance (ξ = 0.01) strip of 1 m next to
the source.
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very low impedance (Z = 0.01 ρ0 c0, where
ρ0 is the mean density and c0 the speed of
sound), positioned just right of the same
sound source. Indeed, we observe a sharp
diffraction lobe, pushing the sound in an
upward direction and leaving a region
of low sound pressure level behind this
impedance plane.
A low impedance plane can physically be
created by acoustic resonators (quarter
wavelength or Helmholtz resonators).
The quarter wavelength resonators
are pockets of air (cavities) within the
ground surface, so they are very practical
to accomplish. If the depth of such a
cavity is approximately a quarter of the
wavelength of the sound to diffract, a
large diffraction is observed. This is
depicted in figures 2a and 2b, where the
sound pressure level is shown for the
same line source as in figures 1a and 1b,
but now having two cavities positioned
just right of the sound source.
One drawback of the use of a single
resonator is the limited frequency range at
which it works. Hence, more resonators
that resonate at different frequencies are
needed to obtain the broadband noise
reduction needed for traffic noise. A
detailed study is shown in figures 2a and
2b, using more resonators tuned at the
various frequencies for traffic noise.

To implement a device to diffract sound
along a road surface, obviously, other
issues than sound reduction are important.
Safety, for instance, is such an important
issue; one needs to be able to drive over
the diffractor without any danger. Also,
drainage is important; a water-filled
pocket does not acoustically resonate,
and we need to make sure that this will
not be the case. All these issues have
been solved over the recent years, and
4Silence, our spin-off company from
the University of Twente exploiting the
diffractor, has been able to develop its
patented WHIS(per)stone to diffract tireroad noise. This diffractor is depicted
in figure 3. The diffracting element is a
concrete block where resonating pockets
of various depths induce diffraction. An
induced reduction of 2–3 dB has been
measured for road traffic noise. This
is shown in figure 4, where a typical
acoustic measurement is shown of a
pass-by experiment—a car drives along a
diffractor and a reference section where
no diffractor is placed, and the difference
between the sound pressure levels is
recorded. Figure 4 shows the sound
pressure level as a function of time of two
microphone arrays, where both arrays are
placed at 7.5 m away from the road and
each array contains four microphones at,
respectively, 1.2, 2, 3, and 4 meters of
the ground (the measurements for these

different microphones are indicated in
figure 4 by the numbers 1, 2, 3, and 4).
One array (indicated by D) is positioned
behind the diffractor, and one array
(indicated by R) is positioned behind
a reference cross section where no
diffractor is placed. The measurement
clearly shows the passing of the vehicle
(one sees an increase and subsequent
decrease in sound pressure level). The
difference in sound pressure level between
the low-height microphones and highheight microphones is clearly seen in the
diffraction section, whether or not it is
seen in the reference cross section.
To further increase the diffracting
performance, a double row of diffracting
elements can be used, as shown in figure 5.
An obvious advantage of a diffractor
positioned in the ground is that it does not
block the view, and the concrete blocks
are actually safer than a grassy roadside
(especially for motorcyclists, for whom
there is hardly any traction on grass).
A possible drawback is, of course, the
limited reduction for such a line of sight
sound barrier (the sound source can still
be seen by the listener).
To increase a noise barrier’s performance,
one can use a diffractor on top of the noise
screen. This is why 4Silence developed a

Figs. 2a and 2b. Sound pressure level for a line source at 1 kHz for a hard surface, including 2 cavities (left). Detail of a sound pressure
level simulation with more resonators to reduce broadband (traffic) noise.
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Fig. 3. 4Silence’s WHIS(per)stone.

Fig. 4. A typical pass-by measurement of two microphone arrays at 7.5 m from the
road; one behind a diffractor (D) and one behind a reference cross section without a
diffractor (R). The number indicates the approximate height of the microphone.

Fig. 5. A double row of WHISstones doubles the diffraction.
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WHIS(per)wall and WHIS(per)top, as are
shown in figures 6 and 7. The WHISwall
is a Corten steel diffracting element on
top of a low height (only 76 cm) noise
barrier, and the WHIStop is an aluminum
lightweight diffractor that can be placed
on top of an existing noise barrier of any
height. As one does not need to be able
to drive over the diffractor, we are able to
further increase the acoustic performance
and induce more diffraction over a wider
frequency range. In addition, the noise
barrier increases the reduction behind
the screen as more sounds are being
reflected or absorbed. Figure 6 shows
the WHISwall positioned alongside
a railway track. One clearly sees the
quarter-wave pockets, and because of the
varying depths, they reduce sound over
a wide frequency range. The measured
overall reductions for railway noise, at
15 m distance from the center of the track
and at 2 m height, are shown in figure 7;
about 6.5 dB for trains that run closest to
the WHISwall and about 4 dB for trains
running at a larger distance (12 m from
the closest track) on the opposite track.

Thus, besides silent road surfaces and
noise barriers, a new way of noise
reduction is available—noise diffraction.
If it is within the ground surface or on top
of low-height noise barriers, this new way
to reduce noise has the great advantage
of not blocking the view and therefore
allows for a more elegant, efficient, and
cost-effective way to reduce traffic noise.
Interested to know more? Please contact
the author at y.h.wijnant@4silence.nl, or
follow 4Silence on www.4silence.nl/en/ or
LinkedIn. NNI

Figs. 6a and 6b. The WHISwall including noise absorbing material.

Fig. 7. The WHIS(per)top.

Fig. 8. The reduction of a WHISwall for railway noise.
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Jazzing Up Noise Control at NOISE-CON 2020
Gordon Ebbit

Editor’s Note: This article was written
in early March. Readers are encouraged
to check the conference website
(https://www.inceusa.org/noisecon20) for
up-to-date details related to COVID-19.
INCE-USA is very pleased to announce
that NOISE-CON 2020 will be held at
the Hilton Riverside New Orleans from
June 29 to July 1. The Hilton is well
located within the city of New Orleans.
It is directly on the banks of the
Mississippi River and just a few blocks
from the historic French Quarter. The
Hilton is also a great venue for a NOISECON, with ample space for breakout
rooms that are directly across a hallway
from a large room for plenaries and a
large exhibition area.
As with all NOISE-CONs, there will be
papers on a very wide variety of core
topics. There will also be many special
sessions at NOISE-CON 2020. Though
the technical program is still coming
together, it appears there will be special
sessions on new acoustic materials,
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numerical methods for aeroacoustics,
low-frequency aeroacoustic noise and
vibration control, case studies in building
acoustics, standards in building acoustics,
and wind turbine noise. In addition, there
will be a special tutorial session on sound
level meters. This session will be recorded
and made available from the INCE-USA
website.

became concerned about hand drier noise
and so did a study. Her study has attracted
the attention of national media, and we
are interested in sharing Nora’s study and
her concerns as a member of the public.
This plenary session will be one of many
features of NOISE-CON 2020 that will
be part of the International Year of Sound
(IYS).

There will be a plenary session on each
of the three conference days. Dr. Lily
Wang from the University of Nebraska–
Lincoln will present a talk on Monday
related to her work on restaurant noise.
Wednesday’s plenary will be given by
Dr. Juliette Ioup from the University of
New Orleans and will cover the effect of
underwater noise on marine life with a
focus on the Gulf of Mexico.

There will be a number of short courses
available on June 28, the Sunday
preceding the conference. In addition
to a prep class for the INCE-USA
Fundamentals exam, three full-day
courses will be offered on the following
topics: Implementation of Occupational
Hearing Conservation Programs for
Engineers and Safety Professionals,
Overview of Acoustic and Vibration
Simulation Methods, and Introduction to
Acoustic Imaging.

Tuesday’s plenary will be a little
different. The NOISE-CON organizing
committee has invited Nora Keegan
to talk on a study that she did on hand
dryer noise. Nora is not a distinguished
scholar—she is a teenage student who
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A technical tour will be given of some
recently renovated New Orleans theatres.
Plans are still being finalized, but as of
press time, the Orpheum and Saenger
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theaters will be included and additional
theatres may be added.
As with all NOISE-CONs, there will be
an exhibition featuring instrumentation,
modeling software, materials, and other
interesting items for noise and vibration
control. This year’s exhibition will be
a little different because it will begin at
lunchtime on Monday and end on Tuesday
evening. As usual, a reception will be
held on Monday evening in the exhibition
hall. In addition, lunch will be provided
on both Monday and Tuesday in the
exhibit area. Since the exhibits will begin
at lunchtime on Monday instead of their
normal start on Monday evening, there
will be no exhibit on Wednesday morning.
Our social evening will be on Tuesday,
when the attendees of NOISE-CON are
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offered the opportunity to participate in a
cruise on the Creole Queen riverboat. The
Creole Queen is modeled on a turn of the
century sternwheeler and serves up New
Orleans jazz along with Creole and Cajun
fare while on a two-hour cruise of the
Mississippi. The Creole Queen is docked
just steps from the Hilton Riverside.
The IYS is being celebrated in 2020, and
NOISE-CON 2020 will feature several
sessions as part of the IYS. One of those
is the previously mentioned plenary
session with Nora Keegan. NOISE-CON
will also have a session focused on the
development of a Product Noise Rating
(PNR) system, which would provide a
consumer usable system to rate noise.
Another session will feature a shortened
version of the film Sonic Sea, along with
a panel discussion to discuss noise in the

oceans and its effect on marine life. In
fact, this will be complementary to the
plenary talk given by Dr. Juliette Ioup on
Wednesday.
Though we don’t want anyone to miss
any of the technical and social activities
associated with the conference, we hope
that everyone has some extra time to
spend enjoying all that New Orleans has
to offer. That includes delicious local
cuisine at the many fine restaurants;
historic architecture in the French Quarter,
Garden District, and beyond; jazz and
music of all kinds; several museums
including the excellent National World
War II Museum, which is a short distance
from the hotel; and much, much more.
There is a lot to explore, and we hope
that you will join us in New Orleans for
NOISE-CON 2020. NNI
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Outstanding NCEJ Reviewers for 2019
The Noise Control Engineering Journal
(NCEJ) could not function without the
services of many volunteer reviewers. For
2019, NCEJ is indebted to 153 reviewers.
These reviewers provided outstanding
feedback that guided the authors in
refining their papers to make NCEJ an
outstanding publication. We are very
appreciative of their service.

Dande, Himanshu

Selamet, Ahmet

Dare, Tyler

Tickell, Colin

Ebbitt, Gordon

Varanasi, Srinivas

Fullerton, Jeff

Wang, Peng

Herrin, David

Wang, Yawen

Hua, Xin
Huang, Hongpu

The top 25 reviewers stood out for their
insightful guidance, timely responses, and
willingness to review multiple papers.
These outstanding individuals are listed
below:

Jawale, Pradeep

Barnard, Andrew

Niu, Yaying

Bray, Wade

Ozgen, Gokhan

Broner, Norm

Ranjbar, Mostafa
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Karim, Ahsanul

Wu, Tim
Zechmann, Ed
Zhou, Limin
With great appreciation,

Kato, Daniel
Moore, James
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James K. Thompson, Editor
Noise Control Engineering Journal NNI
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The Search for the Top (10) Industrial Engineering
Noise Controls
Bryan Beamer
Background
The implementation of engineering noise
controls to protect workers from the
harmful effects of noise is a requirement
of the US Occupational Safety and Health
Administration (OSHA). Specifically, 29
CFR 1910.95(b)(1), which covers General
Industry, states “When employees are
subjected to sound exceeding those listed
in Table G-16, feasible administrative or
engineering controls shall be utilized (see
the figure below).” Regulations for the
Construction Industry are similar (see 29
CFR 1926.52[b]).

In addition to OSHA compliance, there
are many good reasons to implement
engineering noise controls. Consider
these facts from the National Institute for
Occupational Safety and Health (NIOSH
2019) “Occupational Hearing Loss
Surveillance” web page:
• In the United States, hearing loss
is the third-most common chronic
physical condition among adults after
hypertension and arthritis.
• About 12% of the U.S. working
population has hearing difficulty.

Table G-16. Permissible Noise Exposures
Duration per day, hours

Sound level dBA slow response

8

90

6

92

4

95

3

97

2

100

1.5

102

1

105

0.5

110

0.25 or less

115

Source: Table G-16, 29CFR 1910.95(b)(2), US Occupational Safety and Health
Administration
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• About 24% of the hearing difficulty
among U.S. workers is caused by
occupational exposures.
• About 8% of the U.S. working
population has tinnitus (‘ringing in
the ears’) and 4% has both hearing
difficulty and tinnitus.
• About 22 million workers are exposed
to hazardous noise each year.
Despite the fact that OSHA requires
implementation of feasible engineering
controls, personal protective equipment
(PPE) has traditionally been relied
upon to address noise in the workplace.
Unfortunately, this strategy often fails
due to poorly chosen, or incorrectly or
sporadically worn hearing protectors. To
emphasize this point, consider that about
31 percent of noise-exposed construction
workers and 24 percent of noise-exposed
manufacturing workers report not wearing
hearing protection. Additionally, 22–56
percent of noise-exposed services workers
report not wearing hearing protection,
depending on the subsector (NIOSH 2019).

To encourage the consideration and
implementation of engineering noise
controls in the American workplace,
NIOSH is currently working to
promote the use of straightforward,
easy-to-implement noise controls. The
strategy is to simplify implementing
noise controls by emphasizing “Top 10
Engineering Noise Controls” on a future
web resource entitled How to Protect
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Workers from Noise. This web resource
will be aimed at safety professionals
who may not have a background in
engineering. This top 10 list is not
meant to be comprehensive or replace
the services of certified noise control
engineers, but rather to give safety
professionals and employers a starting
point. The goal at NIOSH is to encourage
the idea that engineering noise controls
need not be overly complicated or difficult
to implement.

Useful Resources
Reviewing resources to inform the top
10 engineering noise controls list makes
it clear that not much has changed over
the last several decades. In fact, the
publications listed below largely reiterate
the same basic principles. Considering
that the noise control principles at the
heart of these publications are based on
straightforward physics, it makes sense
that the classics never change. One
caveat: the publications listed below are
not meant to be a comprehensive list of
the noise control engineering literature.
Instead, these resources are a synopsis
of publications that influenced NIOSH’s
current efforts to establish a basic
engineering noise controls list.
Some of the early work to promote
industrial noise controls was published
in the wake of the Occupational Safety
and Health Act of 1970. For instance, two
NIOSH reports from the 1970s include
fundamental information and several case
studies:

• The NIOSH technical report Industrial
Noise Control Manual, published in
June 1975: https://www.cdc.gov/niosh/
docs/75-183/default.html
• Another version with excellent case
histories was published by NIOSH
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in 1978: https://www.cdc.gov/niosh/
docs/79-117/default.html
Also, in the 1970s, Brüel & Kjaer
published the extremely useful and
widely referred to Swedish-language
resource Noise Control, which,
according to the Institute of Noise
Control Engineering website, was
originally prepared by Stig Ingemansson
(Arbetarskyddsfonden [Swedish
Work Environment Fund] 1977). This
publication became the basis for many
English-language resources over the
next several years. For example, much
of the information was published
as a 15-part series in Noise News
International from June 1994 (vol. 2,
no. 2) to June 1999 (vol. 7, no. 2).
Furthermore, the Swedish publication
was translated to English and disseminated
by the US Department of Labor in 1980
under the title NOISE CONTROL: A
Guide for Workers and Employers. If you
have a paper copy of this document, count
yourself lucky. This guide, based on the
original Swedish document, is the epitome
of straightforward, easy-to-implement
noise control techniques. Fortunately,
the nonprofit Noise Pollution
Clearinghouse has provided the web
version of this resource online (see
https://www.nonoise.org/hearing/
noisecon/noisecon.htm).
Years later, Hansen and Goelzer
(1996) published the document
“Engineering Noise Control,” which
uses many of the same pictures and
principles as the original Swedish Work
Fund publication. However, there is
quite a bit more development and
discussion of the physics and noise control
principles, making it a good reference
for noise control engineers. Several
years later, this work formed the basis of
the World Health Organization (2001)
publication Occupational Exposure
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to Noise: Evaluation, Prevention and
Control. This report is on the technical side
and is suitable as an engineering reference.
Since the early 2000s, several excellent
resources regarding engineering controls
aimed at nonengineers have been
disseminated by our colleagues in Britain
and Australia. For instance, the document
“Top 10 Noise Control Techniques” is a
concise and useful document found on
the British Health and Safety Executive
(n.d.) website. Safe Work Australia (2019)
presents many simple-to-implement
methods for keeping noise levels down,
on their website. Furthermore, Safe Work
Australia published the beneficial reference
document “Control Guide—Management
of Noise at Work” in 1991, reprinted
in 2004 (National Occupational Health
and Safety Commission 2004). Another
beneficial resource is “Top 10 Noise
Control Techniques: 2015,” by Peter Wilson
(2016), published in Acoustics Australia.

Our Current Top 10
Below are the 10 examples currently
under consideration for inclusion on
the “Top 10 Noise Controls” section
of the NIOSH web resource How to
Protect Workers from Noise. As stated
previously, this information is neither
meant to be comprehensive nor to replace
the services of certified noise control
engineers. Instead, the list is meant to
give safety professionals and employers a
starting place for their attempts to create
a quieter workplace. These examples are
derived primarily from the Department
of Labor document, NOISE CONTROL:
A Guide for Workers and Employers, as
translated from the original Swedish Work
Environment Fund document of 1977. The
images are taken directly from the 1980
Department of Labor publication; new,
updated illustrations will be produced for
NIOSH’s future web resource.
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1. Reduce Speed of Moving Parts
The sound energy produced when parts or machinery are in motion is often reduced by slower speeds. For example, slower fans with
larger blades move the same volume of air but at a reduced speed.
Decrease impact noise of falling parts by decreasing falling distance. See example below.

2. Eliminate Restricted Flow in Pipes and Ducts
Restricted flow in ducts and pipes can create extra turbulence that will increase noise. Eliminating obstructions can reduce this noise.
Workplace examples include:

3. Reduce Impact Forces
Noise created by impact forces is lessened when softer materials are used at the point of impact. For example, replace metal parts with
quieter plastic parts.
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4. Reduce Vibrating Parts and Surfaces
Sound is produced when solid surfaces vibrate. This effect can be lessened by reducing the vibrating surface area.

5. Add Barriers and Sound Absorption for Middle to High Frequencies
High pitch sounds (about 2000 Hz and higher), like whistles and the high end of a piano, are more easily reflected by barriers. Examples
in the workplace include the following:
• Riveting machinery
• Grinding operations
• Machine cutting
• Compressed air cleaning
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6. Use Anti-vibration Connectors
Vibrating equipment is not only noisy by itself but also can send vibrations to connected walls and ceilings. Isolating these noise sources
will decrease radiated sound.

7. Keep Noisy Machinery Away from Walls/Sound-Reflective Surfaces
The closer to a hard surface a sound source is placed, the greater the noise it will radiate. The worst placement is in corners near three
surfaces. The best placement is away from the walls.
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8. Combine Sound Shields with Sound-Absorbing Ceilings
When using barriers or walls, reflected sound should be absorbed with sound-absorbing ceilings. Best practices when using sound
shields between noise sources and workers:

• Barriers should be constructed from a dense material, such as brick or sheet steel, although chipboard and plasterboard can also be
used.
• Screens and barriers work best when they are placed close to the noise source or close to the people you are trying to protect. The
higher and wider they are, the more effective they are likely to be.
• Screens and barriers work best in rooms with either high or sound-absorbent ceilings.
• Covering the barrier or screen with noise-absorbing material on the side facing the noise source will have the added advantage of
reducing the sound reflected back toward the noise source. Sound builds up in any room, so it is beneficial to reduce that build-up.
• Keep in mind that screens and barriers may not work well for low frequencies.

9. Seal Enclosures for Low-Frequency Sources
Low-frequency noise radiates around corners and through holes and then continues to travel in all directions. A complete enclosure of
damped material lined with sound-absorbent material will help. All doors and openings should close tightly.
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10. Use Sound Absorption for All Enclosures and Barriers
Best practices for the use of sound-absorbing materials:
• Heavy, dense building materials like brick, concrete, and mineral wool have better sound-absorbing properties than light ones; think
materials like drywall or foam insulation.
• Vendors of sound-absorbing
materials can help you analyze your noise levels and make recommendations regarding commercially available products.
• Line enclosures and barriers with sound absorbers on the noisy side.
• Microperforated plates can have good sound absorption when correctly designed. These can be made of stainless steel and are
therefore options where barriers and enclosures need to be cleaned with high temperature/pressure areas like cleanrooms and food
production facilities.

Next Steps
At NIOSH it is our goal is to protect
workers from occupational hazards,
including excessive workplace noise.
Part of achieving our goal is to promote
the understanding and appropriate
use of engineering noise controls like
those in this article. Several strategies
to promote the implementation of
engineering noise controls are therefore
under consideration, including the
following:
• Publishing a top 10 noise controls list
on a NIOSH website called How to
Protect Workers from Noise.
• Developing in-person and online
training modules to complement the
website aimed at safety professionals
with little or no noise control
experience.
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• Working with INCE to develop training
modules for safety professionals and
non-noise control engineers.
• Working with INCE to develop
professional development courses for
noise control engineers who have a
solid basis in noise and its control but
don’t regularly practice noise control
in an industrial setting.
Determining which noise controls might be
the most useful and presenting them in a
straightforward way is an ongoing process.
If you have any constructive feedback,
please don’t hesitate to contact the author,
Bryan Beamer, at zmy4@cdc.gov.

Disclaimer
The findings and conclusions in this
report are those of the author and do not

necessarily represent the official position
of the NIOSH, Centers for Disease
Control and Prevention.
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Book Reviews
Foundations of
Vibroacoustics
Colin H. Hansen
CRC Press (2018)
360 pp., hardbound, $US185
ISBN 978-1138093805
This book is authored by the same Colin
H. Hansen, emeritus professor, University
of Adelaide, who coauthored with David
A. Bies the highly regarded reference text
Engineering Noise Control, Theory and
Practice (now in its ﬁfth edition). While
this volume shares some of the same
introductory materials and discussion
with the earlier classic, the overall scope
of this work is more on vibroacoustics,
or the relationship between vibrating
structures and radiated sound, and is
suitable, according to the author, as a text
for undergraduate and master’s courses in
physics and mechanical engineering.
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The book includes the following sections:
(1) Basic Concepts and Acoustic
Fundamentals (basic acoustical concepts,
derivation of basic wave equations, and
sound propagation in porous media);
(2) Structural Mechanics Fundamentals
(including vibrations in discrete
and continuous systems); (3) Sound
Radiation and Propagation Fundamentals
(interactions between vibrating structure
and surrounding media); (4) Acoustic
and Structural Impedance and Intensity
(sound energy propagation in air
and structures due to structural input
impedance, sound intensity, or structural
intensity); (5) Modal Analysis (for the
purpose of experimental characterization
of structural and acoustical modes
in enclosures); (6) Statistical Energy
Analysis (vibration response of structures
to applied forces and sound radiation of
structure in the high-frequency region);
and (7) Spectral Analysis Techniques
(including identifying and quantifying
noise sources); as well as appendices
for (A) review of complex numbers and

relevant matrix algebra, and (B) properties
of materials.
The text does provide an organized,
thorough, and well-written coverage
of all listed topics discussed above,
although perhaps more theoretical than
applied. In addition to its intended
primary use as an instructional text, it
would also serve as a valuable addition
to reference collections of professionals
working in the ﬁelds of noise and
vibration control engineering. The
reviewer was slightly disappointed that
the book did not provide a section of
examples or sample problem sets with
solutions, as was done for earlier editions
of Engineering Noise Control, Theory
and Practice, and which would have been
ideal for student use or for professionals
preparing for professional examinations.

Paul Burge
AECOM
paul.burge@aecom.com NNI
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email: soundplan@dakar-acustica.com.ar
Australia: Marshall Day Acoustics,
+612 9282 9422; +612 9281 3611;
email: soundplan@marshallday.com

Bangladesh: RECL,

+8801713066403;
email: h.ahsan@yahoo.com

Brazil: GROM Acustica & Automacao,
+55 212516 0077; +55 21 2516 0308;

Measurement Systems
+44 1908 64 28 46
info@noise-and-vibration.co.uk

+886 2 2381 6767
ringin@ms6.hinet.net

Ireland: Industrial Acoustics Company Ltd

Thailand: Sithiporn Associates Co., LTD

+1 714 441 3488; +1 714 441 3487;
email: Forschner@navcon.com

Turkey: Cev-Tek Ltd Sti

China: Misheng Group Ltd,
+85221654143;
email: info@mi-sheng.com

+353 1 2828043
info@iacl.ie

Italy: ntek s.r.l.

Taiwan: Ring-In Trading Development Co., LTD email: comercial@grom.com.br

+66 2 433 8331
sa-epd@sithiphorn.com

+39 334 16 66 958
info@ntek.it, amministrazione@ntek.it,
commerciale@ntek.it

+90 312 394 15 50
bilgi@cevtek.com.tr

Italy: VIBRO-ACOUSTIC

LLC
+971 44201188
info@enviroegt.com

+39 049 9200 975
info@scs-controlsys.com

Korea: SR Tech Co, Ltd

+82-31-754-8481
sunilrion@sunilrion.co.kr

UAE: Enviro Engineering General Trading

USA/Canada/Mexico

Sage Technologies – Arizona
+1 480 732 9848
coconnor@sagetechnologies.com

Malaysia: O’Connor’s Engineering Sdn Bhd Sage Technologies – Michigan
+60 3 7953 8400
oconnor@oce.com.my
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Canada: Navcon Engineering Network,

Chile: Sinruido,

+562 2398736;
email: Ing.mora@gmail.com

Colombia: High Tec Environmental Ltda,
+5716713700; +5716713700x110;
email: soporte@hteltda.com

Czech Republic: SYMOS s.r.o.,
+42 220 999 977; +42 257 225 679;
email: symos@symos.cz

Denmark: SoundPLAN Nord,

+45 (39) 46 12 00; +45 (39) 46 12 02;
email: jkl@soundplan.dk
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International Representatives
Egypt: Elnady Engineering and Agencies,
+20 2 23420896; +20 2 23421791;
email: info@elnadycompany.com

Korea (South): ABC TRADING,

South Africa: Machoy cc;

France: Euphonia,
+33 (0) 1 42 21 16 05; +33 (0) 9 56 70 71 49;
email: Arnault.damien@euphonia.fr

Kuwait: Elnady Engineering and Agencies,
+20 2 23420896; +20 2 23421791;
email: info@elnadycompany.com

Spain: AAC Centro de Acustica Aplicada SL, Japan: Zero Tokyoman & Co. Ltd.
+34 45 29 82 33; +34 45 29 82 61;
email: aac@aacacustica.com

+048 866-8660
henmi@tokyoman.co.jp

Germany: Braunstein + Berndt GmbH,

Malaysia: Acoustic & Environmental

Sweden: SoundPLAN Nord,

Korea: Zero Asia Pacific

Thailand: Geonoise Thailand Co., Ltd.,

Malaysia: Zero Asia Pacific

Taiwan: AEC Team,

The Netherlands: Alprokon Aluminum

+49 7191 91 44 0; +49 7191 91 44 24;
email: bbgmbh@soundplan.de

Greece: I Acoustics Hellas,

+30210 6630 333; +30210 6630 334;
email: dpramas@acoustics.gr

Hong Kong: Takabama Ltd,

+852 2868 0990; +852 3007 8648;
email: Takabama@gmail.com

Hungary: VIBROCOMP GmbH,

+36 1 3107292; +36 1 3196303;
email: bitep@vibrocomp.hu

India: Adams Engineering Projects Pvt.

+82 2 2226 3161, +82 2 2226 7383;
email: abc@abctrd.com

Solutions Pte Ltd,
+6567762212; +65 6776 2770;
email: Kenny@aes-aes.com

Mexico: Ingenieria Acustica Spectrum

Sa Cv,
+52 55 55 67 08 78; +52 55 53 68 61 80;
email: acusticaspectrum@prodigy.net.mx

Netherlands: AV Consulting B.V.;
+31 182 352311; +31 182 354711;
email: info@av-consulting.nl

New Zealand: Marshall Day Associates,
+64 9 379 7822; +64 9 309 3540;
email: siiri.wilkening@marshallday.co.nz

+27 214245719;
email: marketing@soundplan.co.za

+45 (39) 46 12 00; +45 (39) 46 12 02;
email: jkl@soundplan.dk
+66200235904;
email: contact@geonoise.com

+886 2 2713 2882;
email: dave@aecteam.com

Indonesia: Zero Asia Pacific
+81 45 567 4117
zeroasiapacific@gmail.com

+81 45 567 4117
zeroasiapacific@gmail.com

+81 45 567 4117
zeroasiapacific@gmail.com

+31 180 643962
henk.vanherpen@alprokon.com

Turkey: Hidrotek Mimarlik Muhendislik Ltd.Sti, New Zealand: F.L Bone & Son Limited
+90 216 372 20 27; +90 216 384 72 51;
email: aakdag@hidro-tek.com

+64 873 0282
ian.h@flbone.co.nz

United Arab Emirates: Vibrocomp Me

Philippines: Zero Asia Pacific
+81 45 567 4117
zeroasiapacific@gmail.com

Ltd. India;
+9144 28173711; +9144 28172676;
email: sales@adams-tech.net

Norway: SoundPLAN Nord,

Fzc;
+971 52 7937216;
me@vibrocomp.com

Indonesia: PT.DANANWINGUS SAKTI,

Peru: Global Group S.A.,

United Kingdom: SoundPLAN UK&I,
+44 1751 417055; +44 1787 478498;
email: david@soundplanuk.co.uk

Singapore: Zero Asia Pacific
+81 45 567 4117
zeroasiapacific@gmail.com

Poland: PC++ Software Studio S.C.,

USA: Navcon Engineering Network,
+1 714 441 3488; +1 714 441 3487;
email: Forschner@navcon.com

Taiwan: Zero Asia Pacific

Ireland: Marshall Day Acoustics,

Vietnam: Mr. Hoang The Anh,

Thailand: Zero Asia Pacific
+81 45 567 4117
zeroasiapacific@gmail.com

Zero International
Australia: Hafele Australia Pty. Ltd.

+052 152 7406
kazi@zerollc.com

+628161812871; +62215674507;
email: Antonius.wira@ptdws.com

+45 (39) 46 12 00; +45 (39) 46 12 02;
email: jkl@soundplan.dk
+51 1 4464627;
email: globalgroupsa@gamil.com

+442830898009; +44788540661;
email: shane.carr@marshallday.co.uk

+48 606 110 270;
email: support@pcplusplus.com.pl

India: Adams Engineering Project Pvt. Ltd,

Portugal: AAC Centro de Acustica

India,
+9144 28173711; +9144 28172676;
email ganeshhv@adams-tech.net

Israel: RTA Engineering Ltd,

+972 (0) 77 5503994; +972 (0) 77 6499964;
email: Ronen@rtaeng.com

Italy: Spectra s.r.l.,

+39 039 613321; +39 039 6133235;
email: spectra@spectra.it

Japan: Ontek R&D Co., Ltd,

+81 45 935 3818; +81 45 935 3806;
email: Watanan@onosokki.co.jp

Kenya: Machoy cc;

+27 214245719;
email: marketing@soundplan.co.za
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Aplicada SL,
+34 45 29 82 33; +34 45 29 82 61;
email: aac@aacacustica.com

Romania: Vibrocomp Kft,
+40 723 614 524; +36 1 3196303;
email: bitep@vibrocomp.hu
Russia: Baltic State Technical University,
+7 812 5338907; +7 812 5338907;
email: marina_butorina@inbox.ru
Serbia: Dirigent Acoustics D.O.O.,
+381 11 763 887; +381 11 763 887;
email: dgtdejan@yahoo.com

Singapore: Acoustic & Environmental
Solutions Pte Ltd,
+6567762212; +65 6776 2770;
email: Kenny@aes-aes.com

+84904326005;
email: vietnam@soundplan.asia

+81 45 567 4117
zeroasiapacific@gmail.com

United Arab Emirates: Zero East

+61 3 9212 2061
djones@hafele.com.ua

Canada: Les Agences Real Demers, Inc.

United Kingdom: Zero Seal Systems Ltd.
+44 1785 282910
sales@zeroplus.co.uk

+1 514 387 7515
realdemers@ard.ca

Venezuela: Jose’ Miguel Herrera O.

Hong Kong: Zero Asia Pacific

Vietnam: Zero Asia Pacific

+81 45 567 4117
zeroasiapacific@gmail.com

+58 212 514 7541

+81 45 567 4117
zeroasiapacific@gmail.com NNI

Australia: Hafele Australia Pty. Ltd.
+61 3 9212 2061
djones@hafele.com.ua
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