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THE SOUND SOLUTION

PLYWALL Post and Panel

Permanent Engineered Wood Barrier Systems

PLYWALL can be mounted on traffic barriers and bridges.
These 4"x10" posts were inserted into cast-in-place sockets

which extended down into the footing of this traffic barrier.

Thousands of square feet of ready-to-install panels can be
shipped economically by truck anywhere in the U.S. Panels
are loaded with a large forklift equipped with 8-foot long
forks. All posts, panels, cants, spikes and freight charges are
included in the selling price. -

Tnis bottling plant had received noise complaints from
nearby homes. The complaints stopped after installation of
this 15-foot high PLYWALL barrier.

Prefabricated

Easy to Install

5.5 PSF/STC - 38

Attractive and
Maintenance Free

Leakproof
Shipped Nationwide
Relocatable

PLYWALL'S installation creates very little site disturbance,
This barrier was installed a few months earlier with no
damage to the trees or overhanging limbs. Sloping ground
is easily accommodated.

FOR MORE INFORMATION
CONTACT GLENN WILSON

(800) TEC-WOOD (832-9663) Ext. 210

FAX 706/595-1326

HOOVER

TREATED WOOD PRODUCTS,INC.
P.O. Box 746 *» Thomson, GA 30824

NEW Color Catalog Available
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Epitor’s CoORNER by El Angove

The fat little gentleman at the left wasn’t very good to me this past
Christmas. 1 had been hoping for a new, faster Macintosh to go with
my new scanner and laser printer. Instead of a Mac, | got a shiny new
ambulance delivered to my door a few days
before Christmas, a fast ride to Mary Washington
Hospital in Fredericksburg, and a triple by-pass operation. It
was bad enough spending the holidays in the hospital, but get-
ting home to recuperate in the coldest and iciest January in
many a year was the absolute pits. Christmas! Bah! Humbug!

| would not trouble you with this story, except that it is the reason thls issue is a
little slow in reaching you. My creative juices froze up in the cold weather, and |
simply couldn’t seem to get going in putting this issue together,
what with all the dreary cold weather here in the Washington,
D.C. area, and with my friends in Fort Myers, Orlando and
Clearwater calling me up to tell me, “it was 76 degrees today
and we went sailing”, or “it's been in the 70’s all week down
here; last week, we had to turn on the air conditioner (ha,ha)”.

Enough! Enough! There are two things | wish to tell our read-
ers. The first is that we will get back on scheduled issues as
qmckly as possible. The second is that | am positively going to move my home
and office to Florida (probably on the Gulf Coast side), so that next year | can call
my family and friends in the northern regions and say to them, “I see on television
that you have two feet of snow on the ground, it’s below zero, and you have more
on the way. Too bad. It was 78 degrees here yesterday. Eat your heart out”.

The Wall Journal, being of a desktop publishing nature, can be composed any-
where in the world. In an office, on a boat, in an airplane, in bed, anywhere.
Then, why in the world, at my advanced age, am | sitting and shivering in the cold,
snow and ice, trying to type and think with numb fingers and brain?

| should be sitting under a palm tree, in my shorts,
clutching a mai tai in my left hand, pecking on my key-
board with one finger of my right hand, a large panama
hat on my head, watching the ladies on the beach, and
enjoying my work. My mama didn’t raise no fool.

Watch this space. Sooner than you may imagine, the
world headquarters of The Wall Journal will be in the
Sunbelt. As they say in Florida, “Come on Down”.

in (oming Issue:

The Fundamentals of Sound — Part IV

A Report on the Active Noise Control Demonstration
on a Highway in California

The July 1994 Earthquakes in Los Angeles, and
What They Did to Some Noise Barriers

Update on New FHWA Model — Part 111

Caltrans’ Simi Wetlands Replacement Exceeds Design
Expectations

And More ...
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LETTERS TO THE EDITOR

Dear Sir:

As 1 read the November/December 1993 issue of The Wall Journal and the previous issues, I thought
about the valuable information service and voice you are providing readers with an interest in transportation-
related environmental issues. The Wall Journal is the only publication of its kind that I know of, and I
usually read it cover to cover soon after it arrives.

Serving as Chair of Transportation Research Board Section F - Environmental Concerns, I am very grateful
for your coverage on transportation-related environmental research, particularly your series of articles
summarizing the professional papers from the TRB A1F04 Committee Summer Meeting held last July.

I applaud you and your contributors’ efforts in publishing a fine journal and I look forward to future issues.

Sincerely,

Wayne W. Kober, Director
Bureau of Environmental Quality
Commonwealth of Pennsylvania
Department of Transportation

(Ed: Thanks very much for your kind words, Mr. Kober. I don’t receive much feedback from our readers, and some-
times wonder if all this work is worth it. Your letter has given me a boost for the new year, and I will try to keep
improving and expanding The Journal). :

NEW High Performance 7

Transporiation Sound Barriers

IAC NOISHIELD® Transportation Sound Barriers : _
* High low-frequency panel sound absorption helps reduce un- | j - e
desirable community noise. il E ;

* High sound-transmission loss assures maximum sound barrier
effectiveness.

* Tough, thermosetting, polyester, graffiti-resistant, cleanable finish.
* Rugged low-weight construction.

* Wind load resistance per AASHTO Guide Specifications

* Relocatable.

¢ Steel or aluminum construction available as a free-standing barrier
or as cladding for existing noise-reflecting walls.

¢ Laboratory tested, reports available:
ASTM E 90 Sound Transmission Loss — STC 31 to 38.
ASTM C 423 Sound Absorption Coefficients — NRC 0.95.
ASTM B 117 Corrosion Resistance — 7000 hours, no failure.
ASTM G 23 Accelerated Weathering — no degradation.

INDUSTRIAL ACOUSTICS COMPANY

SINCE 1949 — LEADERS IN NOISE CONTROL ENGINEERING, PRODUCTS AND SYSTEMS

Hi

~ " 143,200 FREEWAY, MILWAUKEE, WISCONSIN

UNITED STATES UNITED KINGDOM GERMANY

1160 COMMERCE AVENUE CENTRAL TRADING ESTATE SOHLWEG 17

BRONX, NEW YORK 10462-5599 STAINES, MIDDLESEX, TW18 4XB D-41372 NIEDERKRUGHTEN
PHONE: (718) 931-8000 PHONE: (0784) 456-251 PHONE: (02163) 8431

FAX: {718) 863-1138 FAX: (0784) 463-303, TELEX: 25518 FAX: (02163) 80618

THE STANDARD OF SILENCE TECHNICAL REPRESENTATION IN PRINCIPAL CITIES THROUGHOUT THE WORLD
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PRESS RELEASE
January 26, 1994

Oldcastle Precast Group announced today an agreement reached with Pickett
Wall Systems for a national license to market and manufacture the Monowall
Noise Barrier system. With 30 manufacturing plants focated throughout the con-
tinental U.S., the Oldcastle Precast Group is uniquely positioned to service most
of the country’s major markets, creating a single reliable source for the control of
radiated energy, noise, light and radio frequency interference. Oldcastle’s long
history of service in the construction products industry means that, regardless of
location, consistent, high quality products may be specified and purchased with
confidence.

Monowall is a patented system invented by Bill Pickett, who was also responsi-
ble for the design of the Fanwall noise barrier system. The Monowall design pro-
vides for several features and benefits which are not possible with other precast,
" built-in-place or alternative wall systems. The post, panel and unique rotatable
panel joint are integrated into one monolithic panel. These innovations allow for
significant production, site preparation and installation savings as well as provid-
ing for an aesthetically superior finished product. These savings result in lower
installed wall costs overall.

The innovative features of the Monowall system combined with the resources of
the Oldcastle network and Mr. Pickett’s experience in the noise barrier field offers
an exciting new solution to transportation-related noise. For further information,
call or write George Heusel at:

Oldcastle
P.O. Box 1200
Tucker, GA 30085
Tel 404 493-5430

ANNOUNCEMENT

The Subcommittee on Research of TRB
Committee A1F02, Environmental Analy-
sis in Transportation, is coordinating an
update of TRB Circular 389, Transporta-
tion Environmental Research Needs, to
be published in the fall of 1994. The sub-
committee will be working with over 30
TRB Committees, the State Departments
of Transportation, and other organiza-
tions to update the collection of research
problem statements in Circular 389. The
research problem statements in 14 topic
areas contained in Circular 389 were
generated at the National Conference on
Transportation Environmental Needs in
Denver, Colorado in November 1991,
Circular 389 has proven to be a valuable
source of problem statements on needed
transportation environmental research.
Several research projects being funded by
FHWA and NCHRP originated from Cir-
cular 389 problem statements.

If you wish to participate in this impor-
tant effort, please contact Mr. Andras C.
Fekete, Chair of the Subcommittee on
Research, at New Jersey Department of
Transportation, telephone 609 530-2824.

THERE’S NOTHING LIKE
FENCE-CRETE’

design, when tested and com- The superior durability and beauty
pared to regular precast concrete, of Fence-Crete is only surpassed

Build it and forget it. It's that
simple! Your Fence-Crete wall

system maintains its structural in-

passes ASTM C-672 salt scaling

by its economical price. Add value

tegrity for lasting durability. Asa test and results in: {0 any construction pmje_ct from
precast concre%e wall system, W negligible chloride highway souz}q barrier 1.n‘stal'1a-
Fence-Crete offers multiple colors & water permeability tions ap.fi mmnapgl beaumﬁcangn
and textures, is fireproof, impervi- W increased chemical resistance  to facilities screening apd semzpty
ous to ultra-violet light rays and M increased freeze/thaw resistance  walls. Call.for more information
provides high security. Our spe- M increased abrasion resistance about a maintenance-free Fence-
cially developed microsilica mix M greater color consistency. Crete system today.

3515 Kings Highway, Downingtown, PA
19335, (215) 269-4685, (215) 873-8431 FAX

FADDIS

CONCRETE PRODUCTS
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Wisconsin DOT’s Entry

Parallel Noise Barriers

By John jaeckel

The Wisconsin Department of Trans-
portation (WisDOT) recently con-
structed over 3,200 feet of parallel
noise barriers on the southeast side of
Milwaukee, parallel to 1H-94 and
immediately north of the Airport Spur
Freeway. This was the first use of two
tone Durisol absorptive noise barrier
panels with an ashlar stone relief pat-
tern.

WisDOT constructed their first four
noise barriers in 1976 in the Milwaukee
metropolitan area as part of the con-
struction of an interchange with |H-94
and the new Airport Spur Freeway
(STH-119) to General Mitchell Interna-
tional Airport. From 1984 through
1988, seven additional noise barrier
segments were built along the interstate
in the Milwaukee metropolitan area.
These seven noise barriers were autho-
rized by legislative mandate in the
State’s budget bills.

With this increase in noise barrier
construction came the realization that a
systematic approach was needed to
determine future noise barrier construc-
tion. In 1987, the State Legislature
required WisDOT to develop criteria
and procedures for siting noise barriers
that resulted in the preparation of
Administrative Rule, TRANS 405. Wis-
DOT's recommended criteria and pro-
cedures were approved by the state
Legislature and became effective on
September 1, 1989.

WisDOT and its consultant, Howard
Needles Tammen & Bergendoff (HNTB)
then embarked on a retrofit noise bar-
rier study of 135 miles of freeways in 28
Wisconsin municipalities. This study
identified 209 locations, with 3,042 res-
idences, exposed to noise levels at or
above 67 dBA Lg,. Of the 209 loca-
tions, 51 were in the four county Mil-
waukee Metropolitan area and met the
three requirements of TRANS 405:

® An abutting residence must be at
or above 67 dBA Le(h)

® Noise barriers shall reduce noise
levels by a minimum of 8 decibels at
abutting residence

6

@ The WisDOT share of the total
cost for a noise barrier may not exceed
$30,000 per abutting residence

Upon completion of the retrofit noise
barrier study, the cities of Glendale,
Milwaukee, and West Allis requested
that WisDOT begin scheduling the pub-
lic involvement, design, and construc-
tion of all noise barriers in their com-
munities that did not require any local
cost participation. The two barriers
designed by HNTB ranked seventh and
eighth statewide and became first and
second in the city of Milwaukee after
two higher ranked noise barriers failed
to receive the necessary local support to
continue with final design.

The barriers, located on the southeast
side of Milwaukee, parallel IH-94 and
are immediately north of the Airport
Spur Freeway. The residences west of
the freeway are primarily single-story,
single-family homes. Residences along
the southern half of the north bound
lanes are single-family with a mix of tri-
level- and two story homes. The next
quarter was vacant. However, by com-
pletion of the noise barrier, four or five
new single-family residences were
built. The last quarter of the noise bar-
rier provides attenuation for a multi-
story apartment complex, a community

As seen from the adjacent roadway, the natural earth-tone colors (not shown here)

Into the World of

playground, and a few single-family
homes,

On the east side of IH-94, near the
barrier's center, the residences back-
yards are 10 feet below the freeway ele-
vation. West of I1H-94, the backyards
are almost level with the freeway. West
of the first row of homes the terrain rises
to 14 feet above pavement elevation.

The eight-lane 1H-94 carries over
130,000 vehicles per day with heavy
truck percentages ranging from 10 to 30
percent, depending on the day. of the
week. The freeway carries travellers to
the CBD, the northern and western sub-
urbs and serves as a major tourist route
through Milwaukee as commerce and
vacationers travel to Minnesota, the
Upper Peninsula of Michigan, and
Canada. Emphasizing the importance
of this route, WisDOT's District 2 Envi-
ronmental Design Supervisor, Mike
Gonia, charged HNTB's architects with
the responsibility to design aesthetically
pleasing noise barriers that would pre-
sent a gateway to the city, something
new, but conservative in nature, match-
ing the character of the residents in this
area of Milwaukee.

The project would be the Depart-
ment’s second barrier constructed with
Reinforced Earth Company’s Durisol

and texturing pattern blend with the surrounding vegetation and architecture.
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absorptive noise barrier panels, and the
first project constructing noise barriers
on both sides of the road.

Noise barriers were constructed on
top of cut sections adjacent to the right-
of-way, on fill sections set back six feet
from safety barriers (this space being
reserved for snow storage) and on a
bridge. Slightly over 2,200-feet of the
barrier was in a parallel section with a
140-foot separation. Noise barriers
nearest the driving lanes included irreg-
ularly spaced planters. The planters
were created by stepping the noise wall
away from the freeway three feet for a
distance of 30 feet. Although not yet
implemented, the goal is to plant hardy
vegetation in these planters to add live
color to the wall.

Public support for the proposed noise
barriers was high. Residents looked for-
ward to summer afternoons when they
could reclaim their backyards from the
din of highway noise. They also wel-
comed potential relief from road dirt,
car and truck parts, and hoped that the
noise barrier, made from concrete,
would deter errant vehicles from paying
visits to their yards.

The Durisol noise barrier panels are
designed to span horizontally between
vertical wide-flange steel posts. The
ends of the panels fit between the
flanges of the posts, and are wedged in
place with preservative-treated wood
shims. The ground-mounted steel posts
are embedded in three-foot-diameter
augered holes filled with concrete. The
foundation depths are nominally 10
feet, and each concrete foundation is
strengthened with a cage of reinforcing
steel bars.

The steel posts are also attached to the
sides of the concrete deck and parapet
of two bridges. HNTB performed a
structural evaluation of the I1H-94
bridges to determine if the they could
withstand the additional weight of the
noise barrier and additional bending
forces caused by wind loading. The
wind loading pressure was 37.5 pounds
per square foot, based on a wind veloc-
ity of 85 miles per hour, and appropri-
ate design equations for structure
mounted noise barriers.  Anchorage
details at the bottom of the posts
included welded plates and stiffeners to
suit the bridge geometry. Holes were
drilled in the concrete for one-inch-

The darker colored cap and vertical sections of the panels serve to reduce the

viewer's perception of the wall’s height and length.

i 4 ﬂv“. e

Spacing of the smooth-textured columns were coordinated with wall grade changes.

R

Panel joints were aligned horizontally to create a neat and flowing appearance
to the highway travelers and to the residential community.

diameter stainless steel anchor bolts,
using four bolts per attachment. Adhe-
sive anchor assemblies consisting of
high-strength resins were used to chem-
ically bond the anchor bolts in the
drilled holes.

The Wall Journal — january/February 1994

The double-sided Durisol noise bar-
rier panels specified for this project
were a slight departure from the normal
panels produced by Reinforced Earth.
HNTB’s team of architectural designers
worked in conjunction with Reinforced

7



Farth to study a variety of aesthetic
treatments to develop a pleasing design
which fully utilized the texture choices
available with Durisol panels.

The design team’s goal was to
enhance the traditional elements of a
wall (column, cap, and field) through
the use of contrasting colors and tex-
tures. The design selected for the high-
wayside of the wall consists of a sim-
ple, but handsome, combination of
light brown fluted texture fields edged
by smooth textured grey-brown cap
and column panels. The large field
areas of fluted texturing provide the
maximum sound absorption while the
smooth grey-brown column and cap
create an attractive, but non-distract-
ing, pattern to be viewed by the drivers
moving at highway speeds.

The dark-color cap de-emphasized
the height of the 18- to 21-foot noise
walls. The smooth texture grey- brown
columns occur every 45 feet to break
up the linearity of the 2,500-foot-long
noise barrier and provide transition
points for wall grade changes to occur.

Because the residential side of the
wall is viewed from a fixed position,
HNTB chose an intense textural pattern
to make it more aesthetically pleasing
to the residents. The residential side of
the panels utilize the same colors in the
same proportions. However, the fluted
surface was replaced with an ashlar
stone pattern pressed into the flat
Durisol. The ashlar stone pattern was
created with 3/4-inch steel chamfers
welded to a steel platen. The double
sided panels were then placed in a
hydraulic press with the steel platen
forming the back face of the panels.

The design of the panels, with a mix-
ture of fluted and flat textures, allows
the color shading of the wall to change
as the angle of the sun changes. In the
morning, the west wall will be bright
while the east wall will appear darker
to the drivers. The many shadows cre-
ated by the fluting causes the wall to
change color as the drivers pass the
panels. On the residential side, shad-
ows created by the stone patterns allow
the wall to vary in color as the angle of
the sun’s rays meeting the surface
changes. When it rains, the wall por-
trays a much darker, richer looking sur-
face. The panels are chameleon in
nature providing many different shades
of earth tone colors as the angle of the

8

In locations where both sides of the wall directly abut the roadway shoulder, 3" x 30
planting pockets were designed to minimize the potential for drivers to reduce speed.

Steel posts are attached to the sides of the concrete deck and parapet of twao bridges.
Extra care was taken to see that the anchorage details remained aesthetically pieasmp
while satisfying the structural engineering criteria.

sun changes from sunrise to sunset,
winter to summer.
The noise barriers were. designed to

provide 9 to 10 decibels of attenuation

for the backyards of the first row of
abutting residences and minimize the
amount of reflection from the far barri-
ers while designing for 6 to 7 decibels
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of attenuation for the second and third
row receptors. Field measurements
taken before and after construction
indicated that the insertion loss for the
first row of homes ranged from 8.5 to
12.5 decibels. Second and third row
insertion losses ranged from 3 to. 6.5
decibels. m



For the residential side of the wall:, H's architectural desig'n team selected
light brown fields textured in a random ashlar pattern. This pattern echoes the
stone masonry found in many of the traditional homes in the area.

The highway side of the
wall consisted of light
brown fields textured with
darker brown, smooth-tex-
tured panels defining the
wall cap and columns.

The plaques onthe walls Jf
identify the locations ¢f fire [i
hose connections for
firefighters responding to
highway accidents.

Additional information regardmg this pro;ect may be obtained from
Michael P. Gonia, P.E., District Environmental Design Supervisor,
WisDOT, Transportation District 2,

141 N.W. Barstow Street, Waukesha, WI 53188-3789
(414) 548-5954, fax (414) 521-5357
Sor :

John R. Jaeckel, P.E., Principal Engineer-Environmental Quality,
HNTB Corporation, 11270 West Park Place, Suite 500, Milwaukee, Wi 53224,
(414) 359-2300, fax (414) 359-2310.
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IMPROVE YOUR
NOISE

S

Do your work faster and more
accurately with RTA's proven acousti-
cal software.

Environmental Noise Model
(ENM) is world-class. Now, the new
WINDOWS version is even more so.

Individually defined noise sources,
ground effects, topography, wind and
temperature gradients, and barriers are
all input on spreadsheets. Predictions
include contour maps and rank
ordering of noise sources.

Also available are dBbox for fast
computing in acoustics, including STC,
TL and liC. And dBray for model-
ing acoustical paths in rooms. All
operate on IBM compatibles.

Be time- and value-conscious.

Call today.

SCANTEK INC.

916 Gist Avenue
Silver Spring, MD 20910
Tel: (301) 495-7738 « FAX-7739




NATIONAL COUNCIL OF ACOUSTICAL CONSULTANTS

The National Council of Acoustical
Consultants is a non-profit, voluntary
organization dedicated to management
and related concerns of professional
acoustical consulting firms and to safe-
guarding the interests of the clients and
publics which they serve. Established
in 1962, NCAC now represents over
125 firms located in North America,
Canada, Europe, Asia and Australia.

Service performed by acoustical con-
sultants has become many and varied.
Some provide comprehensive services
in practically all areas of acoustics,
while others restrict their services to
certain specialized areas. It represents
the bulk of the acoustical consulting
business activity in North America,
especially in the field of architectural,
environmental and industrial acoustics.
Generally, the services performed by
acoustical consultants include: archi-
tectural acoustics, environmental
impact assessment and community
noise control, expert testimony, prod-
uct development, industrial acoustics,
testing and measurement, sound and
vibration measurement, and acoustical
training seminars and manuals.

General Membership Meetings are
conducted at least once a vear.
Through workshops held at these meet-
ings, members learn to deal effectively
with situations facing today’s acoustical
consultant. Topics addressed in the
past include expert witnessing, value-
based compensation, seismic aware-
ness, personnel issues, financial and
business management, and time man-
agement. Attendance also gives the
members an opportunity to exchange
ideas with other consultants and gain
new perspectives to help in everyday
practice. More and more frequently,
NCAC consultants undertake consult-
ing assignments on a collaborative
basis. The NCAC Newsletter, pro-
duced quarterly, provides NCAC mem-
bers with news in the association and
the acoustical profession.

For more information, a list of mem-
bers, or application forms, please con-
tact Executive Secretary Virginia
Maguire, NCAC, 66 Morris Avenue,
Suite 1A, Springfield NJ 07081-1409:
tel 201 564-5859, fax 201 564-7480.

10

[ Established in 1962

National Council of Acoustical Consultants...
A Soeund Commitment to the Highest Standards

When you rely on qualified consultants for their expertise in acoustical services, it’s
important to feel secure with the firm you choose. NCAC is an organization of acoustical
consulting firms committed to the advancement of quality and services of the profession.
NCAC member firms and individuals are professionals in the field of acoustics, providing
specialized consulting, engineering and design services in a variety of areas including noise
assessment and control for all types of transportation systems.

Since each NCAC member is dedicated to the highest standard of professional ethics and
business practices, you can feel confident that your projects will be handled with knowledge
and integrity.

For a directory of NCAC members, call (201) 564-5859 or write to: National Council of
Acoustical Consultants, 66 Morris Ave. Suite 1A, Springfield, NJ 07081
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NOTICE

ACOUSTICAL ENGINEER with over 20 years of consulting
experience in industrial, transportation, community and HVAC
noise abatement seeks challenging position with consulting firm or
engineering corporation. Also experienced in proposal writing,
project management and marketing. Mechanical engineering
background, MS in Acoustics, INCE Board Certified, registrations,
languages, and overseas work experience. Willing to relocate.
Please send responses to The Wall Journal, P.O. Box 1286, Stafford,

VA 22555-1286, Attention: “Positions” for forwarding. ll

Attend the nation’s longest-running
highway noise analysis seminar.

© Choose from April or October week-long sessions at the University of Louisville’s Shelby
Campus, featuring state-of-the-art computers and economical campus housing.

© Benefit from the expertise of Drs. Lou Cohn and Al Harris, leading professionals who
have trained over 500 highway noise specialists, including representatives from over
30 state highway departments.

O Learn the latest developments in noise analysis, barrier design, and noise prediction
software through curriculum designed to suit both beginning and experienced
students.

© Use and receive NOISE, the powerful, menu-driven software package with analysis
capabilities not found in any other package. Over 40 states are currently using this
software that features:

> enhanced FHWA STAMINA 2.0 with proven accuracy and the ability to generate
Leq contours;

> enhanced FHWA OPTIMA, a menu-driven program that eliminates the need for
awkward E/C analysis, shows results immediately on a split screen, and maintains
user cost data;

AutoBar and CHINA, fully automated barrier design programs;

REBAR, the most accurate parallel barrier analysis program available;
HICNOM—for construction noise prediction;

LOS, which calculates line-of-sight break points for all barrier segments;

PLUS fully operational MicroStation and AutoCAD interface programs to create/edit
STAMINA inputfiles from roadway design files or to digitize from plan sheets (provided
to participants at no additional cost)

¢ BONUS!
ALL software will be mailed immaediately upon receipt of your paid registration.

v VvV Vv v Vv

“The software and seminar make a difficult subject simple.”
—dJames Novak, Midwest Consulting Engineers, Chicago, IL

Fee: $895 includes comprehensive course manual and ALL software
(with full technical support).

Next Session: March 14-18, 1994 ,
For registration information,
call 502/588-6456.
For technical information,
call Drs. Cohn or Harris at 502/588-6276.

- J .
Leading through learning

ATTENTION
ENTREPRENEURS

Did You Know That...?

An article in the November issue
of “Public Innovation Abroad”
describes the use of photovoltaic
solar cells with noise barriers along
highways in Switzerland. It is
expected that 8,800 modules will
produce approximately 450,000
kwh annually to meet the electric
power needs of approximately 360
homes.

Ease of installation, access, and
maintenance, and short trouble-free
connections to the power grid are
seen as advantages of installing the
cells on noise barriers along main
highways.

(Contributed by Bob Armstrong, FHWA)
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Carsonite International One of First to use Maryland SHA's
Facility for Demonstrat:onlD:splay of Vendor Noise Bamers

As announced in our last issue (in Ken
Polcak’s column Maryland Minutes),
the Maryland State Highway Adminis-
tration (SHA) has constructed a facility
where manufacturers of highway noise
barrier systems may furnish and install
a demonstration sample of their system
for evaluation by SHA.

One of the first vendors to make use
of the facility was Carsonite Interna-
tional of Carson City, Nevada. The
SHA facility features movable I-beam
posts 16 feet high, which can be set on
8-, 12-, 16-, or 24-foot centers, thus
accommodating one, two or three pan-
els depending on their length. All costs
involving panel fabrication, transporta-
tion, erection and removal are the
responsibility of the vendor. The in-
place time for each vendor is limited to
two weeks. For further information,
contact the MdSHA Office of Environ-
mental Design, phone 410 333-8072
or fax 410 333-3139.

Carsonite International, for nearly two
decades, has been one of the leading
manufacturers of highway safety prod-
ucts. As a specialist in pultrusion. tech-
nology, Carsonite supplies flexible
composite guideposts and headlight
glare screen to the highway industry.
Development of the Carsonite Sound
Barrier began in 1990, with the first
submissions for approval to state

Close-up photo shows Carsonite panels installed
between the flanges of the -beam posts.

12

Photo of the Maryland SHA Demonstration/Dispa Facility, showing he pre-ssembled
Carsonite Sound Barrier panels installed in the I-beam posts. Locations of the poured concrete pile
foundations for the posts are shown in the drawing below.

24

= 5
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Departments of Transportation taking
place in 1992.

According to a spokesman for Car-
sonite, their sound barrier system offers
an environmentally-friendly approach
to noise abatement. Available in spans
(widths) from two to ten feet, the barrier
is fabricated with a shell of reinforced,
composite channels. These channels
surround an interior composed of post-
consumer scrap plastics and rubber tire
scrap. A 10-foot high wall of the Car-
sonite Sound Barrier can consume up
to 250,000 pounds of scrap tires per
barrier mile. The result is a functional
noise barrier that is lightweight yet as
effective at noise transmission reduc-
tion as concrete barriers. The Carson-
ite Barrier, when tested by Riverbank
Acoustical Laboratories, registered a
Sound Transmission Class (STC) of 36,
and a Noise Reduction Coefficient
(NRC) of 0.15. The pre-assembled,
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tongue-in-groove panels allow for a
quick installation and are available in
various color combinations and surface
designs.

Installations of the Carsonite Sound
Barrier have occurred in Salem, Ore-
gon under the direction of the Oregon
DOT. A contract for highway improve-
ment in Las Vegas that includes the
Carsonite Sound Barrier has been
awarded by the Nevada DOT. Other
state DOT approvals are pending. Too,
the Carsonite barrier will be included
in a project for AMTRAK in Boston.

As a final note, a modification to the
Intermodal Surface Transportation Effi-
ciency Act (ISTEA) has been proposed
that would allow states to use rubber
tire crumb in civil engineering projects
and other traffic appurtenances. This
modification would qualify the Carson-
ite Sound Barrier as a candidate for
compliance with these requirements. Bl



FHWA UPDATE 8y 8ob Amstrong

Highway Traffic
Noise Analysis
The Federal High-
way Administration
(FHWA) has issued
further guidance to
assist State highway
agencies in improv-
ing the highway traffic noise analysis
process. The guidance addresses (1)
the definition of “approach or exceed
the noise abatement criteria (NAC),”
used to identify traffic noise impacts;
(2) appropriate speeds to be used in
predicting traffic noise levels and
assessing noise impacts; and (3) the
noise insulation of private dwellings.
Section 772.5(g) of 23 CFR defines
traffic noise impacts as those which
occur when the predicted traffic noise
levels approach or exceed the NAC or
when they substantially exceed the
existing noise levels. The regulations

do not define “approach or exceed.”

Since the definition of traffic noise
impact first appeared, most state high-
way agencies have chosen to define
“approach or exceed” as “equal or
exceed.” FHWA has accepted this use
of “equal” for “approach’ but has con-
tinually encouraged the use of flexibil-
ity and judgment in identifying traffic
noise impacts. However, in the future
all state highway agencies must estab-
lish a definition of “approach” that is at
least one dBA less than the NAC for use
in identifying traffic noise impacts in
traffic noise analysis.

Section 772.17(b) of 23 CFR states
that traffic characteristics which will
yield the worst hourly traffic noise
impact on a regular basis for the design
year shall be used to predict traffic
noise levels and assess noise impacts.
State agencies should use either the
posted speed limit or the operating
speed to predict traffic noise levels.
The states are required to use the oper-
ating speed if it is determined to be
consistently higher than the posted
speed limit..

Private dwellings may only be noise-
insulated under the provisions of Sec-
tion 772.13(d) of 23 CFR — that is,
when severe traffic noise impacts are

anticipated and normal abatement
measures are physically infeasible or
economically unreasonable. In these
instances, the Regional FHWA Admin-
istrator may approve a state’s request
for unusual or extraordinary abatement
measures on a case-by-case basis.
When considering extraordinary
abatement measures, the state agency

must demonstrate that the affected
activities experience traffic noise
impacts to a far greater degree than
other similar activities adjacent to high-
way facilities, i.e., residential areas
with absolute noise levels of 75 dBA
Leg(H) or more, and residential areas
with noise level increases of 30 dBA or
more over existing noise levels. W

Carsonite® Sound Barrier

¢ Lightweight
4 ldeal for Structure Mounting

The Environmentally Sound Way
To Make Your World More Quiet

* ENVIRONMENTALLY CONSCIOUS
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In our last installment, we talked about
the source of sound and concentrated on
transportation noise sources. After a sound
is generated, any sound, certain physical
phenomenon determine how it is transmit-
ted, or propagated, from the source.
Remember from our very first “class” we
defined a propagating wave and discussed
the basic concept of wavelength, fre-
quency, and amplitude. In this “class” we
will look into propagation of sound more
deeply

We usually think of a sound as being
transmitted through the air. However,
sound may propagate through other media
as well, and in certain instances, it may be
these paths that are most important. In this
discussion, we will concentrate on propa-
gation in the outdoor air.

The use of the term propagation seems to
imply that something is physically trans-
ferred from the source to a receiver loca-
tion. As we all know, the air does not make
this trip, rather air only acts as a medium to
transfer energy in the form of small pressure
fluctuations. So we must think of propaga-
tion of sound as energy propagation. Char-

tells us how many miles away the lightning
was from us.

Temperature has a significant effect on
the speed of sound. The speed of sound in
air changes about 0.6 meters-per-second for
each degree Centigrade change in tempera-
ture. As temperature increases, so does the
speed of sound.

Another concept about propagation that
should be understood is how waves are dis-
played graphically to portray concepts and
ideas. As shown in Figure 1 for a single
plane, waves radiate in all directions from a
source. As the wave travels, it can be
thought of as a wave front passing through
space. The concept of the wave front is
sometimes approximated by the use of ray
tracing (see Figure 1). Rays are drawn using
a vector concept to show the direction of
travel of the wave front. The vector repre-
senting the sound path is perpendicular to
the wave front and shown in the direction
that the wave is propagating. It must always
be remembered that use of the ray concept

gories. The categories are:

¢ geometric spreading

o diffraction

* reflection

¢ ground effects

* absorption

* refraction )
Let's take a look a more in depth look at
these effects.

Geometric Spreading. Geometric
spreading may be thought of as a distribu-
tion of the acoustic energy over greater and
greater volumes, resulting in a reduction of
sound energy density. To better illustrate
this idea, lets define some terms first. We
have already alluded to sound energy den-
sity which is the energy per unit volume.
We can also discuss acoustic energy as the
acoustic intensity, I, which is the average
power transmitted per unit area (e.g.,
watts/m2). The area is the surface of the
defined volume used to determine sound

energy density (see Figure 2 next page).
Mathematically acoustic intensity can be

acterization of this energy transfer requires
the use of analytic methods that have been
based both upon theory and empirical
determinations.

For surface transportation, there are two
principal types of sound propagation:
ground waves and sky waves. Ground
waves travel along the surface of the
ground and are affected by the ground
interaction. Sky waves radiate upward and
are unaffected by the ground. For aircraft,
another type of propagation is possible, air-
to-ground, and can be thought of concep-
tually in the same way as a sky wave.

The speed of sound is the rate that these
pressure fluctuations travel. In air, at 20°
Centigrade (68° Fahrenheit), sound travels
approximately 344 meters—per—sec-

shows only the primary direction of the defined as: 2
X I = (Brms)
wave front and that energy is actually prop-
agating in all directions. ' pc
WAVE FRONT where: p = density of air
¢ = speed of sound
O WAVE LENGTH As such, the root-mean-square pressure
Prms? defined in the first “class” is directly
: proportional to the intensity.
Now consider a noise source emitted
from a single point in space (a point
: source). As shown in Figure 1, as the
A \ / sound energy propagates away from the
- ® . | source, it travels in all directions. With
Poant

PoINT
B /5"”1““ =
Figure 1 Errafgy Wave Leaving Source

A - Wave fronts leaving source in a single phase
B - Ray tracing to show advance of wave front

each instance in time, the energy is
passed through the theoretical surface of a
sphere. As the radius of the sphere
increases, the area of the surface becomes
ever larger. Since energy is conserved, the
same amount of acoustic energy is spread
over greater and greater areas and the

ond (1127 feet-per-second). We have
probably all used this fact before during a
thunder storm. The flash from the lightning
reaches us almost instantaneously but there
is a delay before the thunder follows. Each
count of five delay (i.e., about five seconds)
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As this acoustic energy propagates in the
form of pressure fluctuations, it can be
affected by obstacles in the path and by
changes to the medium (air). These effects
can be roughly grouped in six defined cate-

© The Wall Journal — January/February 1994

intensity is reduced. Remember that Pypg’

is proportional to intensity and the defini-

tion of SPL is based on p,,¢? , so the con-
tinual “spreading” of energy with increased
distance from the source results in ever
decreasing sound pressure levels. Accord-



Figure 2 - Geometric Spreading of Point Source

ingly, distance from the source and sound

pressure level are inversely proportional.
For the point source shown in Figure 1,

the surface area of a sphere increases as

shown by Figure 2 and can be described by:

A=4nr?

A = surface of sphere

r = radius of sphere.
Consider the wave divergence or “energy

spreading” as the wave propagates from the

source. Mathematically:

where:

r=WA=W
4rr?
where: I, = sound intensity atr
W = sound energy emission rate

{(sound power)

This equation shows that the intensity is
inversely proportional to the square of the
distance from a point source (commonly
referred to as the inverse square law).

The difference in intensity with varying
distances can be computed by:

Al =l ~1 = AW/A ~aW/A,
Using the relationship that dB are logarith-
mic results in:

al =10 log (.:.2.)2
2

This equation may then be used to calculate
the change in sound pressure level for vary-
ing distances from a point source. It should
be noted that very close to the source
(called the near field) this equation is not
valid because falloff is not a linear function
in this range.

QUESTION: If a receiver location in the
far field is moved to a distance twice as far
from a point source (r,= 2r;), what is the
change in sound pressure level.

ANSWER: - 6 dB

Accordingly, in the far field from a point
source, the sound pressure level decreases
by 6 dB each time the distance is doubled.

For surface transportation another geo-

metric shape to consider is the cylinder. In
the case of the point source, sound radiated
in all directions forming a sphere. However,
transportation sources such as heavily trav-
eled roadways propagate from a series of
points along a line. The shape of sound
propagating from this line then resembles a
cylinder (see Figure 3). If end effects are not
considered, or in other words if the line is
infinite in length, then the sound energy
propagates outward from the line and

Figure 3 - Line Source Geometric
Spreading

diverges as the circumference of a circle.
Using this geometric relationship, and pro-
ceeding as we did for the point source, it
can be concluded that:

Al =10 log ({2
2

It can then be calculated that for a line
source in the far field, each time the dis-
tance from the receiver doubles the sound

tact with solid surfaces. Some of the energy
that strikes the solid surface is changed to
heat and is absorbed by the solid object.
Other portions of the energy that strike the
surface are transmitted through the surface
or reflected. The remainder of the wave
spreads around the edges of the surface or is
diffracted. When diffraction occurs the
wave is stopped by the obstacle, but then
radiates in all directions after passing the
obstacle. This results in an apparent change
in directions by the wave behind the solid
object. Figure 4 provides a graphic example
of diffraction by a noise barrier. It is illus-
trated in Figure 4 that the sound wave
bends over the top of the wall. The zone
where the acoustic shadow results is called
the shadow zone and noise reduction
occurs. This reduction in sound pressure
levels, the algebraic difference in levels
with and without the object, is called inser-
tion loss. A

It should be noted that diffracted waves
bend over the top of the barrier and no
sharp definition of an edge to the shadow
zone really exists. The shadow zone dimin-
ishes with distance behind the barrier. In
common terminology, there is a shadow
zone, a transition zone, and a bright zone.
in a later “class” we will discuss diffraction,
barrier effectiveness, and barrier insertion
loss caiculation in much more detail.

QUESTION: Where is the shadow zone
best defined?

ANSWER: The shadow zone is best
defined immediately behind the solid
object.

Reflection. Notice that in Figure 4, part
of the wave was also reflected. Reflection
depends on the incident wave, the angle of
incidence, and characteristics of the sur-
face. The angle of incidence is equal to the
angle of reflection

The reflected wave may be in phase or
out of phase with the sound wave emanat-

pressure level
decreases by 3 dB.
These equations
must be modified for
the directivity of the
source and other
effects that add
excess attenuation.
These effects are dis-

e —

cussed in the follow-

ing sections.
Diffraction. As

the wave propagates -

Figure 4 - Diffraction by a Noise Barrier

it may come in con-
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ing directly from the source. This means
that the intensity could be increased or

decreased depending on location. Reflec-

tion could result in an increase of acoustic
energy in the direction of the reflection and
increased sound pressure levels on the
source side of the barrier. This is a concern
when highway noise barriers are con-
structed. Again, we will discuss this in more
detail when we discuss barrier design.

Ground Effects. When the source is
near the ground, as in the case of surface
transportation, ground wave propagation is
affected due to interaction with the surface.
This excess attenuation occurs as a function
of frequency, soil type, the grazing angle,
topography and vegetative covering. When
the wave comes into contact with the
ground, some energy is reflected and a por-
tion is transmitted into the soil. The ampli-
tude and the phase of the reflected wave is
determined by the acoustic impedance of
the ground. As porosity changes, so does
the amplitude and phase of the reflected
wave. The reflected wave may interfere
with the directly transmitted wave and in
narrow frequency ranges may result in a
large degree of excess attenuation. (The
term excess attenuation refers to attenuation
beyond that due to geometric spreading.)
Excess attenuation due to ground interac-
tion is usually most prominent in the fre-
quency ranges of 250 to 600 Hz. This atten-
uation continues to increase with distance
from the source as expected. Ground atten-
uation is usually not a linear function,
although prediction methodologies have
made this assumption.

Vegetative ground coverings (e.g., grass
and bushes) cause additional excess attenu-
ation. There is a general trend of the higher
frequencies being attenuated more. The rate
of this change is roughly 5dB per 100
meters for each doubling of frequency. The
amount of attenuation due to trees is debat-
able. However, it is generally agreed that
unless trees are very thick, the extra attenu-
ation is small when A-weighted values are
used.

Several prediction methodologies have
been developed to predict ground attenua-
tion. To do this, two general assumptions
are usually made: 1) that the ground can be
classified according to its acoustic proper-
ties; and, 2) that a continuous function can
be derived.

The ground classifications are generally
hard or soft ground. A hard ground indi-
cates pavement, water, or other surfaces
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with low porosity. Soft ground is porous
soil generally with vegetative covering such
as grass or bushes. When different surface
types are present, the problem with imped-
ance discontinuities makes prediction very
difficult.

One very simple prediction approach
that has provided adequate prediction
capabilities over the last decade is that used
in the FHWA Highway Noise Prediction
Model. Ground waves are considered to be
those waves traveling within about 3 meters
above the ground or less. Over hard sur-
faces, no excess attenuation is considered
and for a highway source, only geometric
spreading is considered (the attenuation
rate is 3 dB per doubling of distance). For
soft surfaces, an additional 1.5 dB is added
for each doubling of distance based on
empirical data (for a total of 4.5 dB per
doubling of distance). This can be stated
mathematically as was done for geometric
spreading, but in a more generic way, by:
D, t+a
Al =10 log (55 D, )

where: D, D, = the distance

from the source
o = an attenuation factor.
in the case of the FHWA model, o equals
0.0 for a hard site and 0.5 for a soft site.
To account for the excess attenuation

due to heavy foliage in the FHWA model,
5dB, A-weighted, is subtracted for every 30
meters of very thick foliage in addition to
the above equation. This “rule of thumb” is
very approximate and should be carefully
checked.

The new FHWA model now being devel-
oped will be greatly enhanced in regards to
ground effects.

Absorption. As we know from the
study of thermodynamics, no process is
100% efficient. This also applies to the
transmission of sound by air. As sound is
propagated by molecular vibration, some
energy is converted to heat, or simply
stated, is absorbed. This absorption is pro-
portional to the characteristics of its
medium (air), namely; pressure, tempera-
ture, and relative humidity. Because these
characteristics of the surrounding air do not
change rapidly with distance, a linear func-
tion allows excellent prediction accuracy.
The accepted prediction scheme used by
ISO and ANS! is to use an air attenuation
coefficient. This coefficient, which has the
units of dB/km, is selected based on tem-
perature, frequency, and relative humidity
from charts or tables. It is then multiplied by
the propagation distance to determine the
excess attenuation due to atmospheric
absorption. Table 1 shows an example of
these coefficients. Notice that the attenua-
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tion increases with frequency and decreases
with humidity.

Simplifications have been made to allow
development of an A-weighted air attenua-
tion coefficient. In the FHWA model this
formulation is for 500 Hz. but applied to the
overall A-weighted value. The equation is:

A=5.4 (104D
where: A = excess attenuation, dB
D = source to receiver distance, ft.

Unfortunately, these simplifications are
usually only valid over narrow ranges of
temperature and humidity. In the case of the
FHWA model, this range is only 50 to 70
percent relative humidity at 60 degrees
Fahrenheit. However, in practice, this is
applied over the entire range of predictions.
Fortunately, for short range propagation
(first or second row homes along a highway)
the attenuation is small and so the loss in
overall accuracy has been acceptable.

Refraction. In some cases, the direction
of travel for the wave front can be signifi-
cantly changed; in other words, the wave is
bent. This is different from diffraction where
the wave bent around an object and is
called refraction. Refraction occurs when
wave propagates through changing media.
This is the same concept of light being bent
(refraction) as it passes from air through a
denser media such as glass (change of trans-
mission medium). The speed of sound, rela-
tive to a fixed location, increases with
increased temperature and/or wind speed
changes. This causes a redirection of the
wave front; refraction. Accordingly, refrac-
tion of sound in air occurs when the sound
path travels through varying temperatures
or wind speeds.

In the case of outdoor sound, the wind
speed and temperature normally change
with height. A change of wind speed with
height is called wind shear. A temperature
change with height is called a lapse rate.
Accordingly, refraction is a normal phe-
nomenon in the outdoor air, and may cause
large variations in the sound pressure level.
Unfortunately, it is complex and often over-
looked.

We have probably all experienced
refraction. Remember back to when you
were on the playground and there was a
strong wind. Your classmate could hear you
shout but you could not hear him. It is not
that the wind blew the sound, this is not
possible since the propagating wave does
not have mass. What did occur was that the
wave was bent upwards in the upwind
direction and bent down in the downwind

direction. In days when the temperature
decreases with height (normal lapse rate)
the wave is bent upwards. When the lapse
rate is inverted (when temperature increases
with height and called an inversion) the
wave is bent downwards. Figures 5 & 6
show this refraction concept for wind and
temperature.

Research has shown that at short dis-
tances, such as the first or second row
homes, excess attenuation due to the lapse
rate is not as great as the effects of wind
shear. Another refraction effect also occurs
at short distances, that due to turbulence.
Turbulence is the random circular motion
of the wind. At larger distances, the refrac-
tion effects caused by the lapse rate and
wind shear are about equal.

We will revisit refraction in a later
“class”.

QUESTION: If the wind is blowing at
100 mph and is constant with height, will
the refraction be severe?

ANSWER: No refraction will occur since
the wind speed is constant with height.

Overall Effect. The various effects on
sound propagation are all interrelated. For
example, refraction causes the angle of
propagation to change; the wave strikes the
ground at a different angle, causing ground
effects to change. As such, the overall
effect on noise propagation is a complex
combination of the six described effects, all
relying on area variables. Simple consider-
ations leaving out any of the six compo-
nents can lead to errors.- However, to sim-
plify this involved process, it has been
assumed that each component could be
treated independently and used as a correc-
tion to the source level. This series of cor-
rection assumption is widely used, includ-
ing the FHWA Highway Noise Prediction
Model.

| hope you enjoyed this instaliment of the
A1F04 ION course. If so, please forward
your comments to The Wall Journal. Next
class, we shall look at the Receiver. B
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To help you meet today’s capital-
spending constraints, we will work with
you onwhateverittakes—Rental, Lease
or Lease Purchase — to get you the
equipment you need.

From single instruments to com-
plete systems, we offer Qutdoor Noise
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RTAs, Tapping Machines, Reference
Sound Sources, DAT Recorders, Mul-
tiplexers, Human-Body Vibration Ana-
lyzers, Level Recorders, Micro-
phones, Calibrators, and more.

Ourrental and lease plans are flex-
ible enough to meet your needs. Our
rates are reasonable. And you still get
our expert engineering assistance—even
paid on-site personne! are available.

Strike a deal with us. And get on
with your job.

Call today.

SCANTEK INC.

916 Gist Avenue
Silver Spring, MD 20910
Tel: (301) 495-7738 - FAX 7739
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Could Ancient Mayan Temple Walls Provide
A Model for Today’s Sound Barriers?

By Frank Hodgson

Abstract

A new type of surface is proposed for
the modification of sound. The tech-
nology seems to be a form of paramet-
ric amplification and is based on walls
first constructed over 1,000 years ago
by the Maya Indians in Mexico. Appli-
cations of this new surface can be con-
sidered for freeway sound walls, as
gratings under airport taxiways, as grat-
ings under or along rail tracks, as
embedded liquid-filled walls for the
reduction of vibration and noise (said
surfaces being on the interior of the
embedded wall), for novel musical
instruments and as surfaces to enhance
the acoustic properties of theaters.

A new type of surface is proposed for
the modification of sound by means of
parametric amplification. This effect,
the modification of sound upward in
frequency by a specific wall structure,
is hereby reported by the author and is
based on his personal observations of a
specific Mayan wall which exhibits
these characteristics.

The essential conditions for the cre-
ation of this effect seem to be the use of
square-bottomed gaps used in con-
junction with and and as a part of a
structure having steps or indentations.
Please refer to Figure 1 which shows a
typical structure. The gaps can have
curved bottoms and/or “fat” portions to
alter and perhaps improve the charac-
ter of the resulting reflected sound.
The gaps surround each brick.

In electrical engineering applications,
the most common usage of parametric
amplification is the p-n junction diode
which is in wide use. The underlying
theory for these and other devices (up
converters, down converters, negative
resistance amplifiers and other special-
ized devices) is summarized by Collin
(Robert E. Collin, 1992, Foundations
for Microwave Engineering, McGraw
Hill, pp 807-829). For a more detailed
review, refer to Manley and Rowe (.M.
Manley & H.E. Rowe:_Some General
Properties of Nonlinear Elements, Part
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1, General Engineering Relationships;
Proc IRE, vol. 44, pp 904-913; july
1956; see also Proc IRE vol 47, pp
2115-2116, December 1959).

In theory, it would appear that fre-
quencies should be capable of conver-
sion downward as well as upward, and
that spreading should be possible (i.e.,
to clear out a given bandwidth convert-
ing frequencies both up and down
away from the central frequency). It
appears that the base frequency
required to generate this conversion is
created in the gaps themselves. These
surfaces, herein termed Kilo surfaces,
constitute a new method for transform-
ing sound.

Since the surface does not need to be
massive, fiberglass panels can be con-
sidered for some applications. The sur-
face could be moulded onto freeway
sound walls which should eliminate
much of the reflected sound, both
because much of the energy would be
converted to inaudible frequencies and
because the remaining high frequen-
cies should quickly dissipate over short
distances. These walls should not be
painted as paint will reduce or elimi-
nate the desired effect.

The surface can be made into a grat-
ing for use on airport taxiways and
under or along railroad tracks to con-
vert the impinging sound. Ground-
propagated noise and vibrations should
be capable of being modified through

; the use of embedded wall-like struc-

tures through which the vibrations and
noise would have to pass. The interior
of the wall should be filled with liquid
and the interior surfaces would be spe-
cial Kilo surfaces.

More complex patterns should give
rise to unusual effects which should be
of interest to musicians. Some of these
patterns should enhance the acoustic
properties of theaters. The most
promising area of inquiry seems to be
Bessel function related surfaces which
are bounded by shock wave curves.

The technology described above has
been placed in the public domain by
the Kilo Foundation which invites
inquiries and participation in the cre-
ation of new applications. For addi-
tional information, please contact
Frank Hodgson, The Kilo Foundation,
Inc., 708 Matadero Avenue, Palo Alto,
CA 94306, tel 415 493-5511.

Figure 1
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TRB Committee A1F04

By Domenick Billera, Chairman

| Barrier Backlash

In my job at the New
Jersey Department of
Transportation, | get
to see all correspon-
dence coming in to

; the Department on
the issue of noise barriers. For years, all
the mail was from people who wanted
barriers to help improve their quality of
life. Eventually, we started building
barriers and now we have some 70+
miles erected, with many installations
of considerable height and length along
our busiest highways.

In the past few years, we have been
receiving a different kind of mail, at first
an occasional letter and more recently
a steady stream. These letters are from
the highway users who travel the corri-
dors where noise barriers have been
erected. These people are concerned
because the noise barriers, mile after
mile of repetitious monoliths, have
robbed them of their view of the vary-
ing countryside.

As was remarked to me by a noted
architect, Americans identify their
country by driving through it, and noise
barriers have denied them that identity.
What we have done is improve -the
quality of life of the homeowners at the
expense of the quality of life of the
highway users.

However, this doesn’t have to be so.
With thought and foresight we can sat-
isfy both groups. As the professionals
in this field, we have a responsibility to
ensure that we do justice for all taxpay-
ers, both homeowners and highway
users.

TRB Committee ATFO4 wants to help
this happen through our research and
our activities as a clearinghouse for
information. Catch my next column for
more information on how we plan to
assist barrier designers in keeping
abreast of what's happening around the
country. W

Reduce highway noise
and preserve the view

vith Acylite 237

LI SHEET

wnnd and masonry noise barriers pose problems. ACRYLITE 237
sheet nffers a clear solution. This break-resistant transparent sheet

fically formulated for use as a noise-contrnl material on highways.

ther resistant, non-yellowing, lighrweight, chemical resistant,
n install, clean and maintain. And, best of all, it's clear. Drivers

ffer from tunnel vision and the neighborhood remains beaotiful.

AC_R‘[’ LITE 237 sheet has a sound transmission ¢ ication (STC)
*32 decibels for 0.500 inch (12.7 mm) thick sheet and 34 decibels

9.1 mm) sheet. Itis available in various standard sheet sizes.

Get all the details and get started on a view-saving alternative. Write
D. Artz, CYRO INDUSTRIES, P.O. Box 950, 100 Valley Road,
Mur, Arlington, NJ 07856. Or call 1-800-631-5354, '

Caring People
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Compiled by LEAP ASSOCIATES International, Inc. of Tampa, Florida and Denver, Colorado

This database has been compiled by a polling of state highway officials and other research. This material is intended for use
only as a general guide to upcoming noise barrier construction projects. For consultants, contractors and vendors, we recom-
mend that you contact directly the appropriate state highway officials for verification and further information. We assume no
responsibility or liability for the correctness or completeness of any data presented here. The majority of the projects in this
forecast are for precast concrete or masonry block construction, both reflective and sound-absorptive. On many of these pro-
jects, no decision for barrier construction type has yet been made. Blank spaces indicate that no data was available in those

categories at this time. If you have questions, contact LEAP Associates International, Inc. at 303 426-0222.
S S T S

LOCATION ] STATE HIGHWAY LINEAR FEET WALL HElGHT SQUARE FEET BID YEAR

Lake Forest
Lake Forest
Buena Park

Santa Rosa State Rte 101
Fullerton . State Rte 91
Anahelm

State Rte 91

Fullerton
Anaheim CA State Rte 91 5,510

Commerce CA I-5

16 8,800 04

San Juan Caplstrano
San juan Capistrano 16 9,600 94
San Juan Cap:strano 8 4,800 94 .
: : 10-16- - Boge0 0 oG
; pi -8 ... 4800 . 94
San I&an Capistrano 12000 0 114000 94
San Diego 4-8 3,540 - 94
Mission Viejo 16 16,000 94
Mnssuon VleJO 14-16 30,000 94
; 16 Le 0 33,600 94
> 14416 - . 53956 .94
Lake Forest 14-16 14,2500 94
Lake Forest 16 36,800 94 -
Pomona 12-16 676,410 94
Bakersfle!d ‘ 9-12 126,000 94
6 5,100 94
ohal City 6 G 20400 94
Escondido . Rte 78 6 06,0000 : 94
Santee State Rte 52 6-10 90.560 94
San Clemente CA I-5 8-12 14,000 94
Oakland CA ’ 1-880 ’ 94-95
San Jose Gl SRR State Rie 107 ‘ Fry S Climees e 9495
Sunnyvale/Min View CA State Rte 85 Sl e 9495
Anaheim : CA ; State Rte 91 1,200 S 19,200 94-95
Anaheim CA Srate Ple 91 4,480 14 62,720 94-95
Rancho Cordova CA State Rte 50 ) 94-95
W. Sacramento 1-80 3,500 12-16 49,000 9495
Anaheim e 2100 14 L 09 400 9495
Anaheim E 86380 9495
Norwalk A e A R e 94-95
Studio City CA State Rte 101 94-95
Agoura Hills CA State Rte 101 94-95
Sherman Oaks CA 1-405 ) 94-95
700 | g 4,900 £ 95
Coronado CA State Rte 75 680 6 4,080 . 95
Oceanside CA State Rte 76 5,580 6-10 : 44,640 95
Santa Ana CA State Rte 55 ; 5,000 12-14 65,000 95
? i o o Siate e BB e 1406 ‘ 24,750 950

‘,1,540, Lo 19 15400 95
- . aw
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LOCATION HIGHWAY LINEAR FEET WALL HEIGHT
Anaheim State Rte 91 850 12 SQ?G,%_%SEET BIDQEEAR
San Diego I-15 13,600 6-8
Riverside State Rte 60 26, 000 12 16
Sacramento - -
Stockton. . o

Vallejo 1-780

Modesto State Rte 99

Qakland State Rte 92

San Jose

Millbrae

Garden Grove

Garden Grove State Rte 22

El Monte 1-10
Pomona i-10

N Hollywood cState Rte 101
Torrance - 405
Van Nuys = k405

San Juan Batista Hwy 156
Anaheim State Rte 91

McFarland,Delano
Mareno Valley

: State Rze;zz .

= State Rte 60«

State Rte 99

Anaheim 5

Anaheim 15

Orange -5

Anaheim I-5

Anaheim -5

Anaheim 15

Fresno State Rte 99 o

Sacramento State Rte 99

Del Mar I-5

San Diego County State Rte 54

Concord State Rte 242

Oakland - State Rte 13

Anaheim: k5

Norwalk k5 : 7
Anaheim Lo 54,000 AR

The I0APRESSOH®

Impresses a Large Variety of
Patterns on the Reverse Sides

of Precast Concrete Panels

Patented Process Creates
More Attractive Walls
For Less Money

Increase Your Competitive Edge
While Providing Greater Value

Exclusive Area Licenses Available
Sale, Lease or Joint Venture

License Includes Free Training
Program in Your Plant

National Promotion

| Move into Tomorrow Today!

|

For More Information:

CONCRETE
umm@SSU@mgg

A TE

Attn: }J. M. (Joe) Cornell

2655 West 39th Avenue

Denver, Colorado 80211
Tel. 303 455-1717
Fax 303 426-0299

The IMPRESSOR — In actual production
of wall panels for the above project
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(continued from previous page)

Buena Park CA State Rte 91 650 14 9,100 © 97
Anaheim CA State Rte 91 800 16 12,800 97

Anaheim CA State Rte 91 1,250 14-16 18,750 97
i 1 16 S

Industry State Rte 60
Hacienda Heights CA State Rte 60 97-98
Lawndale CA 1-405 97.98

850
32,500
37,050

ate Rte '
State Rte 55 2,500
Orange CA State Rte 55 2,850

Pico Rivera
Industry

:
Riverside CA
Ontario CA
Riverside/Ontario A

112,000
63,000
322,000

San Clemente _ 15
San Clemente CA I-5
San Clemente CA I-5

8,040
28,560
13,640

2

Garden Grove
Garden Grove CA State Rte 22
Garden Grove CA State Rte 22

BRIDGE ENGINEERS'!

v 20 Foot Center Spacing
AASHTO 100mph, Exposure Bl

v Reflective

Sound Transmission Class 36

v Absorptive

NRC .95 CSI SoundTrap
v Light Weight

20 pounds/ sq. ft.

v Full Masonry System
Steel reinforced
Portland cement based product

For more Information Call: i i ™
e LandScaper
Research Center MASONRY WALL SYSTEMS

605-348-6977
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CSTITNDTRIP®,

SOUND ABSORPTIVE BARRIER:
The Common Sense Solution to Noise
Abatement — Outside and Inside

# Excellent Acoustical Performance: NRC up to 1.0 &
STC 40.

« Cost competitive with reflective products.

7 Extremely light-weight (32 Ibs. per cu. ft.). Excellent
for bridges, tall walls, and retro fit panels.

v Easily integrated into most wall and barrier design.

v Excellent life-cycle performance — durable/
washable/graffiti resistantf0 flame/ smoke.

SOUNDTRAP® AcousTicAL APPLICATIONS

Hospitals Noise Barriers

Facilities Convention Centers
Dormitories Museums & Libraries
Auditoriums Correctional Facilities
Restaurants Industrial Applications
Concert Halls Power Generation Facilities
Athletic Facilities All Transportation Systems
Airport Terminals

CSI, Austin, Texas, is emerging as the world
wide leader in sound absorptive barriers.
Only Soundtrap® can offer Quality, Cost,
Selection & Availability across the USA.

Soundtrap® offers unlimited selection of attrac-
tive acoustical surface treatments using
environmentally sensitive desigrns and colors.

. >4 )

!

Photo courtesy of Scott System, Inc.

For more information and licensing opportunities, contact:
CSl, 3300 Bee Cave Rd., Ste. 650, Austin, TX 78746
Ph: 512-327-8481 Fax: 512-327-5111

JTE.

““We Build Walls”

Specialists in Design/Build

Over three

JTE, INC is a specialty contractor. Our only
business is to provide and install wall systems.
And our mission is simple: to continually set
the standards of performance in an emerging
industry. Our methods are clear...we use our
technical and operational resources to pro-
vide our clients with an economic advantage
along with a level of service unmatched in the
industry.

million square feet
of walls furnished and
installed, using a selection
of different wall systems that
are site-specifically designed
to meet the client’s

requirement,

Call us — we want your business

JTE INC

10109 Giles Run Road

Lorfon, VA 22079

Scale: NATIONAL

Tel 703 550-0600 Fax 703 550-0601

The Wall Journal — January/February 1994

23




NEW PRODUCT PRESS RELEASE
SANDERS ENTERPRISES, INC. OF SCOTT CiTY,
MISSOURI IS THE MANUFACTURER OF A NEW,

INNOVATIVE PRODUCT CALLED THE
“RECYWALL, GREEN, LIVING SOUND BARRIER WALL"®

This product is made completely of 100% recycled plastic
materials and was developed, mainly, for sound barrier pur-
poses. The construction of the wall actually serves several
purposes. One, it serves as a sound barrier wall, that will
actually absorb noise, rather than reflecting the noise. Two,
it helps our environment by not disposing the plastic waste
into our landfills. Three, it works as an air filter against car-
bon monoxide, due to the living plants inside the structure.
The RecyWall, Green, Living Sound Barrier Wall was devel-
oped primarily for sound barrier purposes, however, it could
also be used as an in-earth retaining wall system. RecyWall
can be used in the landscaping of parks, gardens, or as
attractive barriers between properties. Only your imagina-
tion is the limit. Once the wall is installed, it can be land-
scaped to your desire. Plant many varieties of shrubs, drap-
ing evergreens, or regional varieties of flowering plants for
year round beauty. The RecyWall used as a Green, Living
Sound Barrier Wall should be planted with varieties of non-
maintenance ground cover, wild flowers or a wide blend of
local grasses. :

RecyWall in comparison to a concrete, wooden, or metal
version of a sound barrier wall, is very competitive in pric-
ing and requires minimum maintenance. The quick and
easy installation techniques eliminate long traffic delays.

You don’t need heavy equipment or a large force of man-
power to install the Green, Living Sound Barrier Wall. The
height ranges between 2 -21 ft. Standard elements are able
to support a 21 ft. wall, with the base being 7 feet.

The difference between existing sound barrier walls and the
RecyWall, Green, Living Sound Barrier Wall is the way the
design actually absorbs the noise rather than reflecting the
noise and creating additional problems. RecyWall also cre-
ates a vertical berm offering aesthetic value to any design.

Height: The standard height of the RecyWall is 14.3 ft. We
are currently constructing a 21 ft. high RecyWall

Height to Base Ratio: The RecyWall construction is a tri-
angle shape, angled at 78 degrees, making the base of the
RecyWall wall 7 ft. wide.

Foundation: RecyWall does not require a special founda-
tion. It is sufficient, if the soil on which the RecyWall will be
constructed is an unyielding, uniformly prepared subgrade,
with an adequate density between 87-90% of standard proc-
tor density. '

Test Data: Test data has been completed by Allied Signal,
in conjunction with the Department of Energy, for wind load
and degradation. The test results clearly indicated that the
structure will withstand four times the windload, as is cur-
rently required by most states. The freeze/thaw test results
were very encouraging as well, showing no degradation,
using the ASTM D790 test method.

For complete details contact Glen H. Beussink, Sanders
Enterprises, Inc., 3019 Nash Road, Scott City, MO 63780,
314-334-9600. B '

TIMBAWALL

“State of the Art Aesthetics and Performance”

{1 SYSTEMS - Reflective...Single and dualface
absorptive...Retrofit absorptive...Patented
proprietary designs )

{1 PERFORMANCE - Exceeds all current NRC, STC,
and performance based specifications

[ MATERIALS - Naturally durable hardwoods...
Pressure-treated softwoods...

Mineral wool based products

[ DESIGN - Universal post type compatibility...Ease
of installation...Relocatable

[ AESTHETICS - Natural beauty and warmth of
timber...Contrast to fraditional road construction
materials...Color, texture and pattem
variety... Transparent panels...Clinging vegetation

[ DURABILITY - Superior service life...Available
Class A fire-rating

[ SAFETY - Overpass cabling systems...Emergency
access systems...Buili-in security lighting

13 INSTALLATION - Light weight...Unitized assembly

1 MAINTENANCE - No paints, stains or
graffiti-resistant coatings are required

L ENVIRONMENT - Environmentally friendly...Use of renewable and
recycled manterials...Meets EPA standards

O SAVINGS - Cost reductions in site design, system cost, installation
and maintenance .

{3 SERVICES - Complete design/fabrication capability

TIMBATECH LIMITED a division of Cecco Trading Co.

5205 N. Ironwood Rd.. Milwaukee, W1 53217 U.S.A. (414) 332-8880 Fax (414) 332-8683
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TRB CovmittEe A1F04 SumivieEr MEETING

ANNOUNCEMENT
The TRB A1F04 Committee on Transportation-Related Noise and
Vibration will hold its Annual Summer Meeting on July 10-13 1994
at the Holiday Inn Center City in Philadelphia, Pennsylvania.

CALL FOR PAPERS

Presentations should be submitted to:
Mr. David R, Still
Senior Environmental Scientist, Acoustics
Gannett Fleming, Inc.
P.O. Box 67100
Harrisburg, PA 17106
Tel 717 763-7211 x2428 fax 717 763-8150

Please contact Mr. Still with the title of your paper before April 4,
1994. Abstracts are due by May 2, 1994. Please limit presentation

of $3.00 each
postage

and ‘guestion and answer’ time to a total of 30 minutes.
Additional Meeting information may also be obtained from:

Mr. Roy Osborne
Environmental Scientist
Bureau of Environmental Quality
Pennsylvania Department of Transportation
Room 1009
Transportation and Safety Building
Harrisburg, Pennsylvania 17120
Tel 717 772-0832
Fax 717 772-0834

Ms. Tamar Arslanian
Meeting Coordinator
McCormick Taylor, Inc.
Mellon Independence Center
Suite 6000
701 Market Street
Philadelphia, Pennsylvania 19106
Tel 215 592-4200
Fax 215 592-0682

nd workings of
onals in the field

" Sound Off " Offers You:

mance Based Specifications).

pounds per square foot).

< 20 Year Warrantee on Panels.

Industry.

% Outstanding Noise Protection (Exceeds all STC and Perfor-

% Simple and Easy to Install (50 square feet/man hour of labor).
% Graffiti Resistant, Maintenance Free Surface Finish.

% 25+ Years of Experience Making Panels for the Transportation

._.___Sound Off" Noise Barrler System_____

By COR TEC

For More Information or a Price Quote, Contact
Ken Smith at Mi-Jack Products 708-596-5200.

ZIMI-JACK

PRODUCTS
3111 W. 167th Street, Hazel Crest, IL 60429
Fax 708-225-2308

* Sound Off * is a registered trademark of Dy

< Light Weight, making it ideal for use over bridges (Under 5

h Industries.
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SOUND FIGHTER®

LSE 1000/2000 WALL SYSTEM

OFFERS THE ULTIMATE IN HIGHWAY
TRAFFIC NOISE CONTROL i

* Sound, absorptive, single or double face
| % Exceeds all DOT performance standards
* Modular design for ease of errection

* HDPE UV stabilized external casement
for longer life

* Color selections to
blend with natural
surroundings

* Maintenance free ¢
Graffiti removed
easily « Impervious

* Non-conductive,

“The residents are pleased
with noise reduction &
appearance”

The noise control
wall with over non-glare surface

30 years of * Minimum right-of-

success — “The colored panels compliment way requirements.
our building”

: SOUND FIGHTER® SYSTEMS, INC.
7 6135 LINWOOD AVENUE
/ SHREVEPORT, LA 71106

g
SOUND FIGHTER® SYSTEMS (318) 861-6640 * FAX (318) 865-7373

Our Advertisers are the Principal Financial Supporters of
The Wall dournal. We hope that you will favor them with
inquiries concerning their products and services.

If Your Soundwalls Feel Like This To You.....

BEEEEEE

You’d Better Look Into MonoWaIl

If you are a buyer, engineer, installing contractor, or precaster, you can
profit from the new, patented MONOWALL design, because it eliminates
many traditional costs and offers a wide range of appearance options.
Each MONOWALL module integrates a post-and-panel, rotatable joint and
‘stackability’ to create straight-line, pier-supported walls as well as the
lower cost free-standing, undulating walls. Since the modules are identical
above grade, the two types can be joined to optimize costs on variable
width right-of-ways, or to circumvent cbstacles, or to improve the appear-
ance of very long walls.

Installation videotapes , engineering plans and precaster
licenses are available.

PICKETT WALL SYSTEMS INCORPORATED
4028 North Ocean Drive, Hollywood, FL 33019 (305) 927-1529

INDEX OF
ADVERTISERS
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Technical superiority and demonstrated economy...

e The Reinforced Earth Company is a leader in pre-
engineered construction systems for transportation
and other civil engineering applications.

B Soundwalls

B Retaining Walls

B Bridge Abutments
B Geotechnical Fabrics

Write, fax or telephone for additional infor-
—— ’ mation on our Durisol Sound-Absorptive noise
el A ; scmmesl  barrier systems. Specifications are available on
The Reinforced Earth Company  reauest.

8614 Westwood Center Drive, Suite 1100 The Reinforced Earth Company, with offices in

Vienna, Virginia 22182 26 countries worldwide, is the exclusive manufac-

turer and distributor for DURISOL and FANWALL
Tel 7038211175 Fax 703 821-1815 NOISE BARRIERS in the United States.
L

90000 reinforced earth
0000

Atlanta » Boston * San Francisco * Chicago * Dallas * Denver « Missouri « Nashville » Orlando « British Columbia

T e ———

=

ture of products for building construction and highway traffic ALGERIA
noise abatement, DURISOL has been established as a world AUSTRIA
leader of quality construction systems at competitive prices. Qur CANADA
clients are serviced from manufacturing plants in the 14 countries FRANCE

listed at right.
wec a ne GERMANY
HOLLAND

. - . . . HUNGARY
Manufacturing licenses are available in selected geographic
locations. We cooperate in materials research, process ITALY
technologies, product and application development, design JAPAN
and engineering, and international marketing and sales. YUGOSLAVIA

Phone, fax or write for full details. MOROCCO

World Headquarters SPAIN

DURISOL INTERNATIONAL CORP. SWITZERLAND
95 Frid Street, Hamilton, Ontario L8P 4M3, Canada UNITED STATES

Licensing Opportunity
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OWLB —— TrafficNoiseCAD

& ASSOCIATES, INC. for AutoCAD or MicroStation
s --- less time, great results

Listen to some satisfied users. . .

"I recently used TrafficNoiseCAD on a 35-mile
California project and then converted the STAMINA files
to run SOUND?32 for Caltrans requirements. The project
was completed at about 60% of the budget and Caltrans
staff raved about the comprehensive detail of the analysis.
I also want to thank you for the excellent support.”

--Kelly Vandever, Parsons Brinckerhoff

"I’ve been doing traffic noise work since 1978 and
TrafficNoiseCAD is the best tool I've ever seen. I've
been looking for something like it for 15 years. It’s almost
too easy to use--you don’t even need the manual.”

-- Don Anderson, Washington State DOT

Or talk to users at DOTs in New Jersey, Pennsylvania & Nevada, plus McCormick-Taylor, Louis Berger, Parsons Del.euw & others.

TrafficNoiseCAD~View existing FHWA STAMINA 2.0 files in plan, elevation and 3-D. Graphically edit them. Create new
STAMINA files with plans on a digitizing table or from design files on the screen. Fill in other data in pop-up dialog boxes. Easily
assign alpha and shielding factors. Run STAMINA. Display Leq results on the drawing. Produce a perspective view for renderings.

Next Advanced Traffic Noise Modeling Short Course: August 1-5, 1994-Call or fax for details

Bowlby & Associates, Inc., 2014 Broadway, Suite 210, Nashville, TN 37203-2425. Phone: (615) 327-8130, Fax: (615) 327-8137.
AutoCAD, MicroStation and Intergraph are registered trademarks of Autodesk, Inc., Bentley Systems, Inc., and Intergraph Corporation, respectively. '

T = e

Subscriptions BULK RATE
Subscriptions to The Wall Journal are freg of charge to U.S. POSTAGE
federal, state and local government agencies and their PAID
officials, to government associations, and to universities,
provided they have registered in writing by sending PERMIT NO. 77
name, department and complete mailing address. We MANASSAS VA

would also like to have telephone and fax numbers for
our referral records.

Subscriptions for the private sector (e.g.,consulting
engineers, contractors, equipment manufacturers and
vendors) are available at the costs per year (6 issues)
shown below. Please include your check with your sub-
scription order.

U.S. Subscribers: $17.95. Please send checks and
subscription orders to The Wall Journal, P.O. Box 1286,
Stafford, VA 22555-1286.

Canadian Subscribers: $26.00 (CDN, including GST).
Please make checks and subscription orders payable to
Catseye Services, Postal Outlet Box 27001, Etobicoke,
Ontario M9W 6L0. N

All Others: $30.00 (U.S.). Please send subscription
orders and drafts payable in U.S. funds through U.S.
banks to The Wall Journal, P.O. Box 1286, Stafford, VA
22555-1286, USA.

Advertising
Display advertising rates and sizes are contained in our
Advertising Rate Schedule, available on request sent to
The Wall journal, P.O. Box 1286, Stafford, VA 22555-
1286, or by fax to 703 720-0598.
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