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Enhancing
Wave Protection
with Floating Tire Breakwaters

Introduction

Coastal harbors and marinas
are under siege by nature’s forces
and people’'s desires. In those
locations where steel and con-
crete have been combined suc-
cessfully, the desires for calmer
recreational and commercial
moorage areas have been met. In
areas that lack or have incom-
plete coastal protection, the loss
has been substantal in terms of
property damage and diminished
commercial and recreationat op-
portunity.

A recently designed device,
termed floating tire breakwater
(FTB}, is an innovative approach
for enhancing coastal protection
and utilization. Built of lower cost
materials, it has proved to be an
affordable, yet effective, means
for some areas to cope with wind-
generated wave damages.

The purpose of this bulletin is
to help you better understand
how floating tire breakwater tech-
hology can relate to your busi-
ness ar community coastal pro-
tection needs. As such, it will
assist you in evaluating whether
a floating tire breakwater can be
used effectively to improve facil-
ity wave protection in your loca-
tion. 1t will also provide you with
practical techniques and rasearch
information for planning and us-
ing this lower-cost coastal-pro-
tection devicein applicable areas.

Because this device affords
only partial protection under
some conditions, this bulletin will
help you to recognize the techno-
logical limitations of floating tire
breakwaters and plan accordingly.
For instance, in certain regions of
the coast, winter icing conditions
may preclude a single moorage
laocation, and provision must be
made for winter storage of the
device. In other areas, floating tire
breakwaters may not be used be-
cause of size constraints neces-
sary for physical effectiveness or
difficulties in obtaining installa-
tion permits from various govern-
mental agencies.

Figure 1.

Because each coastal site in
which a floating tire breakwater
might be used is different, this
bulletin is written to help you plan
for the conditions of your area. In
this way, if you decide to buHd
this device, it will be done in a
cost-efficient and environmentally
sound manner.

If and when a specific product
ar company is noted, thisis notto
be interpreted as the author's en-
dorsement of that product or
company. Rather, the author is
citing the names of those com-
panies that have supplied ma-
terials used in FTB installations to
date.




History
of Floating
Breakwaters

Although floating tire break-
waters are considered recent in-
novations in coastal protection
technology, the concept of float-
ing breakwaters is not. Dating
back to 1842, the nomenclature
and theory of fleating breakwa-
ters have reflected an idea
in search of a need.

That need was manifested dur-
ing World War Il. in search of a
transportable device to provide
artificial harbor protection, Allied
commanders had strong incent-
ive for research and development
of the “Bombardon,” as it was
called. During the invasion of
Normandy, the Bombardon was
utilized at the harbors of St. Laur-
ent and Arromanches. More than
3 kilometers of breakwaters were
installed in these locations to cre-
ate the artificial harbors for sup-
plying ground troops. Unfortun-
ately, before their effectiveness
could be fully utilized, a severe
storm created wave conditions
that exceeded those for which the
breakwaters were designed, and
they were destroyed.

The postwar years provided lit-
tie incentive for the development
of floating breakwater technol-
ogy. The somewhat negative ex-
perience of the first attempt with
the technology, coupled with sag-
ging economic maotivation, con-
demned the device to laboratory
settings at best.

This situation would likely have
continued had people not ex-
pressed their desire for increased
coastal resource utilization. Inthe
late 1960s that was demonstrated
dramatically throughout coastal
areas of our state (not unlike the
country as a whole) as demand
for safe recreational boating
moorage outstripped supply. As
harbor moorage areas expanded,
so did the need for coastal protec-

tion. In an era of scarce funding
resources for costly protective
structures as well as increasing
public concern for adverse en-
vironmental impact, incentive
once again was provided for fur-
ther research and development of
floating breakwater technology.

The use of fleating breakwaters
in New York State has been made
attractive by the desire of coastal
facilities for improving wave pro-
tection. Because many of these
are located in partiaily sheltered
areas, the natural exposure limits
the range of wave conditions. This
had led toc increased public in-
terest in floating breakwater tech-
nology and has stimulated en-
gineering innovations in material
and design. One such innovation
is a device commonly known as a
floating tire breakwater (FTB).

Constructed of tires, an FTB
appears as a matlike structure
floating upon the water’s surface.
Its design refined by Goodyear
Rubber and Tire Company in
1972, the FTB has been the sub-
ject of scientific examination and
field use in recent years. Its in-
creasingly widespread use in en-
hancing coastal protection for in-
dividuals and communities, coup-
led with cost effectiveness, has
contributed to the notoriety that
FTBs now enjoy. As research and
development on this technology
grows, undoubtedly the conven-
tional FTB design (by Goodyear)
will give way to alternate improved
structural designs.

Flgure 2. The FTB's low profile

e

allows for increased wave pro-
tection without sacrifice of visual
amenities,

Advantages
and Disadvantages
of Floating Tire
Breakwaters

Some advantages are:
e Construction costs are lower
than those of conventional break-
waters, and large quantities of
materials are readily availabie.
Can be built using semiskilled
labor and light equipment.
» Effectively designed, an FTB
can reduce wave height and
facility damage in sheltered area
behind the structure,
» Location and size can be modi-
fied to improve wave damping
characteristics for a coastal re-
gion.
* Can be used in some regions
where conventional bottom rest-
ing breakwaters are not feasible
because of soft bottom, deep wa-
ter, or sediment transport prob-
lems.
e Fnhance biological resources
in a localized area by providing
artificial reef areas for crganisms.
s | ow profile in water does not
inhibit scenic views of coastal
water areas.
» Water currents are not impeded
by a solid barrier; no stagnation
problem as with conventional
breakwaters.



*» Compared with rock, wood, or
metal breakwaters, FTBs are of
less physical hazard to boaters.
* Will collect debris floating on
the surface of the water and at-
tract sea gulls away from recre-
ational boats.

Some disadvantages are:
* Maintenance requires time and
money not typically invested in
conventional breakwaters.
# Cannot be moored year round
in coastal areas experiencing se-
vere icing conditions.
* Do not provide the degree of
wave protection of conventional
“bottom-resting” breakwaters.
* Can be a hazard to navigation
and source of liability if not eftect-
ively marked.
¢ |f longshore sand transport is
significant in a predominant direc-
tion, an FTB could cause "down-
drift” {sand transport parallel with
shoreline) coastal erosion.
¢ There can be public opposition
to perception of tires used in wa-
terways.
* Atthistime (1978), used onlyto
enhance wave protection of par-
tially sheltered coastal areas; no
“open-water” experiences to date.
¢ Do not effectively damp long-
period waves or those having low
steepness characteristics.
* [ower cost nature of the struc-
ture stimulates some builders to
underdesign and cut corners
when purchasing materials.

Floating Tire
Breakwater
Case Studies

One of the best ways to eval-
uate the effectiveness of any
coastal protection method is to
learn how well it works under
physical conditions similar to
your own. Then, if past experi-
ence and results dictate, use it on
a trial basis for yourself.

This section considers how and

where floating tire breakwaters
are being used to improve wave
pretection. Insight into their use
tc improve harbor and marina
protection in coastal New York
State is given in two case studies.
Other regions of the United States
using this device are also cited to
provide you with awareness of the
diversity of FTB sites and uses.
The listing is not meant to be
comprehensive, but rather a rep-
resentative sample.

Enhancing Great Lakes
Harbor Protection:
The Dunkirk Experience

Lake Erie’s Dunkirk Harbor in
New York is considered a semi-
protected harbor (nate harbor
chart, (fig. 3). An cuter permanent
breakwater protects the harbor
frem waves coming from the north
and narthwest. But during north-
east storms, waves enter the har-
bor unchallenged by any struc-
ture. Because of this lack of pro-
tection, marinas and yacht clubs
in the harbor sustain yearly storm
damage, as do boats moored at
their slips (fig. 4). To help stop
this destruction, the city of Dun-
kirk is working with the Corps of
Engineers on a permanent struc-
ture for protecting the inner har-
bor. But because this project was
not to begin for several years, the
city needed a less expensive, yet
effective, means of providing tem-

Flgure 3. Dunkirk Harbar, Naw York

porary harbor protection.

A solution to Dunkirk’s dilemma
came in the form of a floating tire
breakwater. Meetings were held
in the spring of 1975 with repre-
sentatives of the Goodyear Tire
and Rubber Company (initial de-
veloper of the device), Dunkirk
city officials, and New York Sea
Grant. The possibility of using a
floating tire breakwater was dis-
cussed and accepted by the city
officials. That summer, with the
help of local interested citizens
and donated money and materi-
als, approximately 600 feet of
floating tire breakwater were
moored in Dunkirk Harbor. The
breakwater worked effectively
through the early winter, until
storm waves began to break bind-
ing materials and move anchors
out of position. It was then re-
moved from its moocrage in the
harbor for the remainder of the
winter,

In the spring of 1978, the city of
Cunkirk evaluated the merits of
the project and, after reviewing
the initial results, not only de-
cided to have the floating tire
breakwater rebuilt with heavier
materials, but also directed the
city harbormaster to increase the
size of the breakwater twofoid! It
was rebuilt with paid labor and
actual cost materials {nc dona-
tions) to its current length of 1,000
feet. Because Dunkirk Harbor re-

Figure 4. For lack of effective wave
protection, costly facilitias and boat
damages may occur sach year.
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mains ice free, the FTB remained
in its moorage location through-
out the winter as well, enduring
several severe storms.

The effects of this innovative
breakwater have been graphic.
From a physical standpoint, there
has been little damage done to
boats or docks in the harbor from
northeast storms. Not surprisingly,
the waterfront is now benefiting
economically from the structure
in several ways:

* A marina that has had empty
mooring slips the last 3 years now
has five rental customers because
the breakwater was installed.

* A yacht club that perenially
has had slips open has gained
eight new permanent members
because of a calmer mooring.

* Transient recreational boat-
ers crusing along the coast now
consider Dunkirk Harbor a ref-
uge. This has been reflected in an
increase in the fuel sold to boat-
ers by harbor marinas and temp-
orary mooring rentals by a local
yacht club.

¢ The city of Dunkirk is con-
sidering building a new boat
launch ramp, and the expected
increase in “trailer-sailor” traffic
to a calmer Dunkirk Harbor has
motivated a prominent local res-
taurant to open a fast-food stand
near the site.

Other special and economical
spinoffs are likely to occur be-
cause of the floating tire break-
water, For instance, sport fisher-
men find that fish concentrate
beneath the structure, and boat-
ers benefit from the breakwater
because the well-lit floating strug-
ture overlies a treacherous sub-
merged navigational hazard,

These positive results would
not have occurred had Dunkirk
not used the floating tire break-
water, but, instead, had waited
several years for a more-perman-
ent high-cost structure. And who
knows, after the structure is eval-
uated in terms of costs and bene-
fits rendered to the community, it
could remain moored in the har-
bor longer than the temporary

period originally anticipated.

To date, this appears to be a
success story and an answer to
problems that other areas along
our coasts are facing. But it is
important to note difficulties ex-
perienced by this community:

e Stainless steel wire donated
for module binding material
proved ineffective for this coastal
area.

e Cylindrical-shaped cement
anchors rolled around the bot-
tom. These were replaced with
rectangular-shaped blocks which
have proved more stable.

¢ Qpen-link chain in portions
of the FTB has been spread apart
by wave forces.

» Because of insufficient an-
chor weight (restraining force),
the FTB has changed position on
several occasions. Additional an-
chors have been added to counter
this situation.

e Some air trapped in the
crowns of tires for flotation es-
caped, and portions of the struc-
ture became submerged.

Table 1. Dunkirk Harbor floating tire breakwater - Dunkirk, N.Y. Assembly costs for 100’ x 28’ section - 1976

Quantity for

Cost for 100"
section cf FT8

Remarks

ftem 106" section FTE
Auto tires 1,120
Supplemental buoyancy flotation
Interconnecting bindings 1,624 ft
{3/8" welded-link chain)
Interlinking device 224 links
{1/2" open-link chain)
Anchaors 4
Moaring chain 320 ft
(142" open-tink chain)
Labor time
Construct 100° FTB section 50 hr
Placement into water 2.5 hr
Onsite towage and anchor placement 2hr
Cnsite placement 2 hr
Navigational lights and buoys 2

Total cost per 100-foot section of FT8
Total cost of structure

$ .00 Free from distributors.
City did not use because floating breakwater is a tem-
porary measure.
487.00 Includes materials for building individual modules and
binding modules together.
3584  Many types on market. City used 1/2" open-link ¢hain
for coupling chains together.
B0.00 City made its own 1,000-pound cement anchors
(4' = 4" x §'}.
208.00 Amount needed is function of depth (Dunkirk Harbor -
8 ft): scope of chain 8:1.°
150.00 Can be done by nonswimmers on land; must have basic
module construction training.
65.00 Need hi-lifter tractor to place in water.
30.00 Need a captain and deckhand.
20.00 Need 2 people in water and support beat to carry tools.
586.00 You must mark FTB after reaching agreement with Coast
T Guard
$ 1,655.00

$16,550.00 (59¢ per sq ft)

Source: Data provided by harbormaster, city of Dunkirk.
local conditions confronted.

*amount of moaring line per 1 ft of water depth.

All costs were incurred at 1976 prices. Costs will vary with materials used and



One Marina’s Innovative
Use of an FTB

Flgure 5. Dock and Coal
Marina
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The Dock and Coal Marina lo-
cated along Lake Champlain near
Plattsburg, New York, is now us-
ing a floating tire breakwater to
enhance protection from choppy
2- to 3-feot-high lake waves. The
marina is expased (note fig. 5) to
lake waves from the south: and
with higher lake levels, waves
from the east often breach
the sheltering concrete break-
water. The exposure toiake waves
resulted in damage to existing
docks and inhibited future ex-
pansion of the marina’s dock net-
work. Since the marina serves a
market like Montreal, such prob-
lems should be avoided.

To improve the marina’s wave
protection, the owner decided to
use a floating tire breakwater on
an experimental basis. After re-
ceiving necessary permits, the
owner built it during the winter of
1978,

In constructing this FTB, the
builders chose to “walk on water.”
They built the device onthe frozen
surface of Lake Champlain, using
a lift truck and snowmobiles to
haul construction materials to the
future moorage site. The an-
chors were placed on the lake
bottom by chopping holes through
the lake’s surface ice. These holes
also allowed recreational ice fish-
ing for warkers during rest breaks
(see fig. 6). The FTB was de-
ployed into its seasonal moorage

site by nature when warmer temp-
eratures melted the lake's ice
cover.,

Although the FTB was built on
ice, it has to be moved into a
sheltered basin for protection
from winter lake-ice damage. This
is accomplished by unhooking
the device from its summer moor-
ings and towing it by boat into its
winter anchorage area inside the
nearby basin,

Has it proved worth the effortto
this marina operator? The balance
sheets say yes. Since the device
was installed, not only have dock
damages due to lake waves de-
creased, but also the marina has
expanded. This year with the addi-
tional wave protection provided
by the 400-foot FTB, two new
dock systems were installed. Ac-
cording to Walter A. Cronin, pres-
ident of Dock and Coal Marina,
the floating tire breakwater makes
possible the additional revenues
from these new facilities.

A problem that this marina ex-
perienced in using an FTB was
submersion of a portion of it by
floating ice. For this reason, it is
important to install and store FTBs
in a manner appropriate to the
season.

Some FTBs Being Used
by Coastal Communities
and Businesses

FTBs on the Great Lakes

Frank Napieralski, Harbormaster
Dunkirk City Hall
Dunkirk, New York 14048

The Dunkirk Harbor FTB is
1,000 feet by 28 feetandis used to
enhance harbor protection for two
marinas and a yacht club. Its
moorage in an ice-free harbor
along Lake Erie allows year-round
protection.

Figure 6, The benefits of construct-
ing an FTB during the winter are
numerous.

Table2. Dock and Coal Marina FTB - Lake Champiain, N.Y. Assembly
materials and costs for 410° x 28’ FT8 — 1976

fterm

Tvpe, size, number

Remarks

AUto tires
Buovancy flotation

4,480

Interconnecting bindings

Anchars

Mooring chain

Every secand tire
Campbell Chain Co.

1/2" open-link steel
A00-1b concrete blocks

Campbell Chain Co.

Styrofoam block jammed into
crown of tire.

Open-link chain easy ta work
with,

Positioned each 50 on wind-
ward side; 100" on leeward.
Muddy bottom allcwed them to
sink in.

Lised a scope of 5:1.7

1/2" open-link steel

Navigational lights and
buoys

One ateachend of FTB Battery-powered photoglectric.
{128 apiece)

Total cost

$11.480 ($t per sq ft}

Scource: Data provided by Walter A. Gronin, president, Dock and Coal Marina, Plattsburg,

N.Y. Al costs incurred at 1976 prices.

*Feet mooring line per 1 ft of water depth.



Walter Cronin, Prasident
Dock and Coal Marina
1 Dock Street
Plattsburg, New York 12901

This Lake Champlain FTB is
400 feet by 28 feet and is used to
protect a marina. The structure
was built upon the frozen lake and
was deployed when ice melted in
the spring. This FTB has made
possible the installation of two
extra docks.

Donald Eno
Barcelona Harbor Commission
20 5. Gale
Westfield, New York 14787
Barcelona Harbor suffers from
ineffective wave protection dur-
ing storms. Permit applications
have been filed by the Harbor
Commission to install an FTB
during the summer of 1978 to help
remedy this situation.

Edward E. McCallum
Chicago Park DBistrict (Admin-
istration Bldg.)
425 East McFetridge Drive
Chicago, llinois 60605
A 300-by-28-foot FTB is being
used in Diversey Harbor channel
mouth, It was built for $3.28 per
square foot. Another is anticipated
for use in Belmont Harbor by 1979
to improve moorage protection in
this area of Lake Michigan.

William and Beatrice Schermer-
horn
Schermerhorn Boat Sales, Inc,
Schermerhorn Landing, R.D. # 2
Hammond, New York 13676
A 300-by-40-foct FTB will be
installed in the summer of 1878 to
improve marina wave protection
and afford some degree of ero-
sion protection.

George Hayes, Commodore
Mentor Harbor Yacht Club
5330 Cornado Crive
Menton-on-the-Lake, Ohio 44060
An FTB is now being con-
structed. When completed, it will
be 210 feet by 26 feet and will
provide protection to sail boats
entering and leaving the yacht
club's facilities along Lake Erie.

FTBs in the East

Thomas W. Kingman
Cataumet Marina
Cataumet, Massachusetts 02534
This Cape Cod breakwateris 70
feet by 21 feet. It will soon be
enlarged by an additional 500 feet.
One-half-inch nylon line was used
to bind the tires. This FTB is
credited with minimizing dam-
ages to recreational craft moored
at the marina during a hurricane.

U. 5. Army Carps of Engineers
(Shoreline Erosion Gontrol Dem-
onstration Program)
Pickering Beach, Delaware
Floating tire breakwater sec-
tions, 1000 feet by 50 feet, will be
anchored offshore to improve
wave protection for a beach area.
The FTB at this site is anticipated
to be used for 5 years. Two types
of FTB design will be tested and
two types of anchors evaluated.
Urethane foam will supplement
tire buoyancy.

Paul Dodson, President
Newpart Int, Sailboat Show
431 Thames Street
Newport, Rhode Island 02840
This 800-by-26-foot FTB was
enlarged again in the fall of 1977
(fig. 7). This is the third year that
a tire breakwater has protected
the show boats at the Interna-
tional Sailboat Show, FortAdams,
Newport, R.l. The structure is lo-
cated in Newport Harbor.

Bill Munger, Owner-Operator
Conanicut Marina
Conanicut Island
Jamestown, Rhode Island

The Conanicut Marina uses a
300-foot section of the Newport,
R.l., tire breakwater during the
off-season. It is towed 2% miles
across Narragansett Bay each
year (takes approximately 3
hours).

Carl C. Crosen, General Manager

Great Bay Marina, Inc.

Fox Point Road

Newingtan, New Hampshire 03801
A 150-by-20-foot tire break-

water protects this marina. The

area has a 6-knot current and 4-

foot waves. Conveyor belt trim-

mings and nylon bolts bind the

tires in this breakwalter.

Richard Trexler, Manager
Moultonboro Marineg, Ing.
Moultonboro Neck
Moultonbora, New Hampshire
03226
A FTB is proposed for under-
dock construction in Lake Winni-
pesaukee. This fresh-water struc-
ture should be installed in 1978,

Frank Balint, Manager
Wingfoot Lake Recreational Park
993 Goodyear Park Blvd.
Mogadore, Ohio 44260

This experimental breakwater
is 550 feet by 26 feet and contains
experimental flotation materials
and interconnecting hardwares,
which will be evaluated for per-

Figure 7. Wavae protection for craft displayed at the international Sailboat
Show is improved by an FTB.




formance and life. The breakwa-
ter protects the Wingfoot Lake
Marina on an inland fresh-water
lake located in arecreational park.

Karl L. Kohler, Past Commodare
Chrysler Yacht Club
P.O. Box 03651
Highland Park, Michigan 48203
A modified-design tire break-
water for under-dock instaltation
is being used successfully at this
fresh-water site for motorboat-
wake suppression and wave con-
trol. The yacht club is located cn
Chrysler Island in the North Chan-
nel of Lake St. Clair. This FTB is
constructed with truck tires
chained together and tethered
under the docks.

FTBs in the South

Dr. Charles A. Gifford
Baseline, Incorporated
Pensacola, Florida

A floating tire breakwater, 100
feet by 22 feet, was constructed in
1976 to control erosion of prop-
erty along Santa Rose Sound,
Florida. Since completion of the
breakwater, significant sand ac-
cretion has been reported in the
“wave shadow” of the structure.

Figure 8.

Crest — high point of a wave

Trough - low point of a wave

H, wave height - vertical distance from
trough to crest {in feet)

L, wave length - horizontal distance be-
tween successive crests (in feet)

T, wave period - amount of time between
successive wave crests passing by a
fixed obiect in the water, such as a pile

Diraclion of weve motlon ——-

Sea Tloor

City of New Orleans
Qrleans Levee Board

The city of New Orleans is fac-
ing increasing demand for recre-
ational-boat-moocring  facilities.
To cope with this, a private con-
sultant has designed a 2130- x 62-
foot FTB, to form and protecta har-
bor area on Lake Pontchartrain. If
adopted for use, this will be the
largest FTB constructed in a hur-
ricane-prone area.

Identifying Waves
Damaging Your
Facilities

Of the many types of waves
present in bodies of water, the
most important type for you to
consider in designing a floating
breakwater are the waves raised
by the wind. This section dis-

Wave Information Worksheet

cusses wind wave fermation and
the characteristics of the waves
damaging your coastal facitities,
A wave information work-sheet
is included to help you to gather
necessary information for de-
signing an effective floating tire
breakwater.

Wind waves are born as wind
moves across water, creating rip-
ples. Once a ripple has formed,
there is a steep side against which
the wind can press directly, and
energy is transferred from air to
water more effectively. As the sea
surface takes energy from the
wind, the small waves give way to
larger ones.

The size of wind waves is related
to the wind’s velocity, the length
of time the wind blows, and the
size of open water across which it
blows. Additionally, when waves
generated by wind offshore pro-
gress into coastal waters, the
changing water depth alters the
wave's appearance and chacter-

Season waves damage coastal facilities:

Predominant direction of wave causing damage:

Wave height (H) in feet:

Wave period {T) in seconds:

Water depth (df) in area to be protected:




istics. These are the principal fac-
tors determining the differing di-
rections of movement, heights,
wavelengths, and periods of
waves (see fig. 8}. You will want
to determine these characteristics
for waves typically causing dam-
age to your facilities. Then, you
will be able to plan for the most
effective size of your floating tire
breakwater and the most appro-
priate moorage location. To en-
sure that your floating tire break-
water is designed effectively, use
the work-sheet (fig. 8) provided
here several times while making
firsthand observations. Do this
when your typical wave problem
is ococurring.

Once worksheet data hgs been
collected, you will have informa-
tion relating to typical damaging
waves. If you want to design your
FTB for maximum effectiveness
under worst possible wave con-
ditions, expect to do some search-
ing for wave condition informa-
tion and to have additional con-
struction costs. To learn about
"worst possible conditions,” you
might ask residents of your region
about past storms. Although
some people may recall the fer-
ocity of past storms, most have
not made the measurements nec-
essary for completing your work-
sheet.

A more effective means to ac-
quire this information is through
recent public and private agency
studies of your coastal harbor or
area. Often these studies are made
far the design and construction of
major coastal facilities and in-
clude the worksheet information
you will need. Todiscover whether
this type of information is avail-
able for your use, contact the
appraopriate Sea Grant office for
your region {nate page 13} and
explain your needs. Or inquire at
your township library, harbor-
master's or municipal engineer’s
offices. Be aware, however, that
these studies and reports may
contain dated information if phys-
ical changes have occurred since

their publication, for example,
water depth changes, varying
coastal configurations, and new
harbor protective structures.

Reduction of
Wave Energy by
Floating
Breakwaters

The amount of wave energy
striking coastal facilities can be
decreased by several methods.
Fixed bottom-resting structures
such as caissons and riprap re-
flect most wave energy and,
thereby, provide protection to
those facilities located behind
them. Typically, such structures
cost more than $200 per foot with
relatively low maintenance costs
and greater longevity than float-
ing structures.

Research and experience have
shown that floating breakwaters
are effective for improving coastal
protection during specific wave
conditions. Typically, these struc-
tures cost less to construct than
conventional fixed structures, but
have a shorter tifetime and on-
going maintenance costs. In this
section, we will consider how
floating breakwaters may act to
reduce wave energy, their effect-
iveness during various wave con-
ditions, and research reiated to
this technology.

To date, floating breakwaters
have been moored predominantly
in lakes, embayments, or within
natural harbor areas. In each suc-
cessful case, the structural design
and moorage position of the de-
vice have been carefully planned.
Pertormance field observations
of floating breakwaters and
controlled laboratory investiga-
tions provide increasing knowl-
edge about the technology. To
design an effective floating tire
breakwater, you need to know
how the device works and wave

conditions under which it does
not work effectively.

Most types of breakwaters
{floating or bottom-resting} func-
tion primarily as wave reflectors:
the wave energy is intercepted;
some is dissipated upon the struc-
ture, but the largest portion is
generally redirected seaward
again, a sheltered region of lesser
wave energy being produced
in the lee of the structure. The
converse is true for the typical
FTB. This breakwater is prin-
cipally an energy dissipator:
Most of the wave energy is trans-
formed into turbulence within and
around the many small compon-
ents of this structure {eventually
being converted to thermal en-
ergy), whereas only a small por-
tion of the wave energy is reflected
seaward again. This fundamental
difference is not only concept-
ually helpful, but also of import-
ance in the analysis and design of
such structures.

Depending on the character-
istics (such as height, wavelength,
and period} of waves striking a
floating tire breakwater, the struc-
ture will provide varying degrees
of wave protection for your facil-
ities. Why is this? What is the
significance of this for facilities
you wish to protect with an FTB?
To answer these gquestions, we

Figure 9. Investigators explore the

effectiveness of floating break-
watars in research laboratory wave
tanks by reproducing natural wave
conditions.




must consider research done on
this device.

Research on the effectiveness
of floating breakwaters has been
conducted by public and private
universities and governmental
agencies. These investigations
have sought to document the ef-
fectiveness of floating breakwater
devices {including FTBs) through
several methods. These include
using computers to simulate en-
vironmental conditions, placing
scale model floating breakwaters
into tanks filled with water and
artificially reproducing natural
wave conditions (fig. 9), and
measuring full-scale floating
breakwaters subject to natural
coastal wave conditions. It is dif-
ficult for computers and wave
tanks to accurately mimic all of
nature's compiexities, and meas-
uring the effectiveness of floating
tire breakwaters in coastal waters
limits results to environmental
conditions at that site. By evalu-
ating the results of each type of
research project, scientists can
now indicate when floating break-
waters operate effectively.

Oneoftheinherent problems of
floating breakwaters is their abil-
ity to reduce surface wave motion,
but not all subsurface motion.
This means that water currents
are not affected (which is a good
attribute), butalso that some wave
energy may pass into the area you
seek to protect. Thus, floating
breakwaters do not usually pro-
vide as effective wave protection
as bottom-resting, conventional
breakwaters.

Research has also shown that
the amount of protection that a
floating breakwater may provide
for your facilities is related to the
characteristics of the striking
wave. Floating breakwaters are
most effective in reducing the
energy of a wave having the char-
acteristics for which the struc-
ture was designed. Waves that
have other characteristics than
these will be damped to differing
degrees. For instance, FTBs pro-

vide decreasing protection
against waves having a longer
wavelength than that for which
the FTB was designed. As the size
of wavelength gets longer than
that for which your FTB was de-
signed, less protection is pro-
vided by the FTB. On the other
hand, as the size of wavelength
decreases relative to the design
wave size for your FTB, greater
wave protection is provided by
the device.

Some might wonder what the
wave limitations are foran FTB to
be effective. Long-period waves
such as Great Lakes seiches will
not be effectively diminished by
an FTB. The limitations for using
FTBs to protect against oceanic
wave conditions would be the size
of structure needed and high
mooring and binding forces en-
countered in holding it stationary.

How Much Will
My FTB Cost?

Environmental considerations
such as water depth and wave
conditions at the moorage loca-
tion will influence the size {cost)
of your FTB. The price of con-
struction materials, labor, service
rental (e.g. tow boat), and on-
going maintenance also enterinto
the overall cost.

What is the appropriate amount
of money to spendforan FTB? As
discussed in the design section of
this bulletin, you must identify the
degree of wave protection desired
for your facilities. Resegarch indi-
cates that the amount of wave
protection provided by an FTB is
related to its size and the wave
conditons being experienced.

If you want to improve wave
protection during the summer for
boat moorage, design your FTB’s
size for waves encountered only
during this season. Likewise, if
you are interested in enhancing

protection from storm waves ex-
perienced during the fall, design
your structure's size for those
conditions rather than for atypical
storm waves. Because wave con-
ditions at your coastal FTB site
will vary throughout a given year
{(see table 3}, careful planning is
needed to determine the appro-
priate level of capital investment.

Some builders have been
tempted to build the structure
from the cheapest materials avail-
able. In the case of one harbor
community, the gift of free wire
for use in hinding their FTB
spelled its failure. The entire
structure had to be rebuilt when

Table 3. Wave characteristics
for Barcelona Harbor, New York

Wave amplitude Duration
() thriyr)
0.25-05 208
0.5 -1.0 1310
10 -15 868
1.5 -20 514
20 -25 248
25 -3.0 o8
3.0 -3.5 34
3.5 -40 16
40 -45 18
45 -50 2
50 -556 s}

Source Design memorandum on Barcel-
ona Harbor, N.Y., U.S. Army Corp of En-
gineers, March 1958,

Figure 10. Transporting tires on
tand is cumbersome and can be mini-
mized with careful planning.




the wire began to break, its overall
cost being significantly increased
because of duplicated labor. The
objective in building an FTB is to
improve wave protection at an
affordable price, not to gain
additional problems at a cheaper
price!

Many people interested in
building an FTB ask others how
much the structure has ¢ost per
linear foot. If you are interested
in cost comparisons, inquire
about cost per square foot; that
cost will allow standardization
of costs for a structure having
variable width (or beam) com-
ponents. Floating tire breakwaters
built to date have cost between
$0.60 and $9.28 per square foot
(at 1977 prices).

Planning a
Floating Tire
Breakwater

As the structure’s name implies,
the basic construction material is
tires. Whether the tires are new or
used, the physical performance
of the structure is the same, and
the acquisition of tires has been
of little challenge for past build-
ers.

Rather, the problem is receiving
100 many tires after publicly an-
nouncing the need for them. Be-
cause many landfill sites are now
charging user fees for tire dis-
posal, most people, as well as re-
tail tire businesses, are searching
for less costly disposal methods.
You can profit from this by know-
ing how many tires you will need
and underselling the landfitl dis-
posal cost. In this way, you gain
the needed tires and additional
funds to help defray construction
costs!

Before announcing your need
for tires, take time to plan for the
area in which you will store con-
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Figures 11 and 12. Above and op-
posite, plan drawings submitted for
Dunkirk Harbor FTB.

struction material {tires and bind-
ing), construct tire modules, as-
semble the FTB from modules,
and launch the FTB. The closer
the site is to the water, the less
time and effort you will spend in
transporting the FTB on land (fig.
10}. Because bundles of tires are
cumbersome to move, a few min-
utes of thoughtful preplanning
are better than hours of unneces-
sary labor later.

What Permits
Are Needed?

Utilizing a floating tire break-
water in most waterways of the
United States can be undertaken
legally only after obtaining a per-
mit from federal, state, and some-
times local governmental agen-
cies. This section will help you
identify appropriate agencies and
obtain necessary permit applica-
tion forms. It will also provide
insights into the effective com-
pletion and filing of the required
permit forms to ensure timely re-
sponse to your request,
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Federal Agency Permit

If your proposed floating tire
breakwater will be located in or
will affect navigable waters of the
United States, you must submit a
permit application to the Army
Corps of Engineers. The Depart-
ment of the Army permit applica-
tion ENG Form 4345 must be
compieted and submitted to the
Cistrict Engineer. You can obtain
this form and a pamphlet Appli-
cations for Department of the
Army Permits for Activities in Wa-
terways, which describes the per-
mit in detail, from the following
district offices in New York State:

District Engineer

U.8. Army Engineer, Buffalo
District

1776 Niagara Street

Buffalo, NY 14207

{7186) 876-5454

District Engineer

U.S. Army Engineer, New York
District

26 Federal Plaza

New York, NY 10017

(212) 264-0184

For locations outside New Yaork
State, consult your telephone
book under Government - United
States Army, Department of the
Corp of Engineers

This permit form consists of a
two-page questionnaire and ade-
tailed plan (drawing) form. To
complete the form, follow the di-
rections given in the Corp of En-
gineers’ permit pamphiet. If you
have difficulty in drawing a de-
tailed plan of a tloating tire break-
water, the Dunkirk Harbor plan
(see figs. 11 and 12) will aid in
envisioning your own. To ensure
an effective drawing on the permit
form, use the handy checklist
given in the Corp of Engingers’
permit pamphlet in Appendix C.

How applications are proc-
essed

Public notice. After the District
Engineer determines that the ap-
plication is in proper order, a
public notice (usually 30 days) is
issued to all known interested
individuals, groups, and govern-
mental agencies. Substantive
comments received in response
to the public notice are furnished
the applicant to afford opportun-
ity to resolve or rebut the com-
ments or abjections.

Public meetings and hearings.
The District Engineer may hold a
public meeting to give interested
parties full opportunity to express
their views and to develop per-
tinent data to evaluate the permit
application. In addition, the Dis-
trict Engineer must hold a public
hearing when requested by any
party who may be affected by
issuance of a permit. In such
cases, arrangements will be coor-
dinated with the applicant, and a
30-day advance notice will be is-
sued to the public.

Evaluation factors. The de-
cision whether to issue a permit
will be based on an evaluation of
the probable impact of the pro-
posed activity on the public in-
terest. That decision will reflect
the national concern for both pro-
tection and utilization of import-
ant resources. The benefit that
may reasonably be expected to
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accrue from the proposal must be
balanced against its reasonably
foreseeable detriments. All fac-
tors relevant to the proposal will
be considered. Among those are
conservation, economics, aesthe-
tics, general environmental con-
cerns, historic values, fish and
wildlife values, flood damage pre-
vention, land use classification,
navigation, recreation, water sup-
ply, and water quality — in gen-
eral, the needs and welfare cf the
people.

Timing. If there are no sub-
stantive objections to the pro-
posed activity and the necessary
state and local approvals are ob-
tained, a permit can usually be
issued within 90 to 120 days after
receipt of a completed applica-
tion. However, if the application
becomes controversial and a pub-
lic hearing or public meeting is
necessary, or an environmental
impact statement must be pre-
pared, the processing of the ap-
plication could take up to 1 year
or more. Therefore, your permit
applications must be submitted
well in advance of the date that
work is proposed.

Permit fee. The permit process-
ing fee is $10 for individuals and
$100 for commercial enterprises.
Federal, state, and local govern-
mental entities are exempt. The
fee is not assessed until after the
permit application has been sub-
jected to public interest review.

State Approvals

The Department of Environ-
mental Conservation {DEC) isthe
New York State permitting
agency. As such, itis responsible
for evaluating environmental ac-
tivities taking place in navigable
waters of the state.

Depending on where your pro-
posed floating tire breakwater is
to be located, you may or may not
be required to complete a state
permit. For instance, if you want
to locate your FTB in or near a
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freshwater ortidal wetland, astate
permit is typically required. This

" is also true if an excavation, fill, or

dock installation is associated
with the building of your floating
tire breakwater.

If none of the given conditions
relate to your proposed use of an
FTB, then you may not be required
to complete a formal permit for
DEC. Instead, the Regional Permit
Administrator may ask forenough
plan information to grant a Water

Regional DEC Offices

Quality Certification, {also known
as a 401 Certification} sometimes
required by involved federai agen-
cies {the Corps of Engineers or
Coast Guard). This certificate en-
sures that your FTB will not de-
grade the quality of the water
body in which it is to be moored.
For specific guidance on infor-
mation that must be filed for state
approval of your FTB, contact the
appropriate Regional Permit Ad-
ministrator for the DEC.

Regicn Counties Address
1 Nassau and Suffolk N.Y.S. Dept. of Environ. Conservation
Building 40 - SUNY at Stony Brook
Stony Brook, NY 11794
{516) 751-7901
2 New York City N.Y.S. Dept. of Environ. Conservation
{5 counties) 2 Warld Trade Center - 61st Floor
New York, NY 10047
{212) 488-2758
3 Dutchess, Orange, Putnam, N.¥.S. Dept. of Environ. Conservation
Rockland, Sullivan, Ulster, and 21 South Putt Corners Road
Westchester New Paitz, NY 12561
{914) 255-5453
4 Albany, Columbia, Delaware, N.Y 5. Dept. of Environ. Gonservation
Greene, Montgomery, Otsego, Region 4 Office
Rensselaer, Schenectady, Rt. #10
and Schoharie Stamford, NY 12167
(607) 652-7364
8 Clinton, Essex, and Franklin N.¥.S. Dept. of Environ. Conservation
Rt #86
Raybrock, NY 12977
{518) 891-1270
Hamnilton, Saratoga, Warren, N.¥.3. Dept. of Environ. Conservation
Washington, and Fulton Hudson Street
Warrensburg, NY 12885
{518} 623-3671
4] Hearkimer, Jefferson, Lewis, N.Y.3. Dept. of Environ. Consarvation
Oneida, and 5t. Lawrence State Office Building
317 Washington Street
Watertown, NY 13601
{315) 782-0100 - Ext. 314
7 Broome, Cayuga, Chenango, N.Y.8. Dept. of Environ. Conservation
Cortland, Onondaga, Oswego, P.O. Box 1169, Fisher Avenue
Madison, Tioga, and Cortland, NY 13048
Tompkins {607) 753-3095
8 Chemung, Genesee, Seneca, N.¥.8. Dept. of Environ. Conservation
Livingston, Monrce, Wayne, P.C. Box 57
Ontario, Qrleans, Schuyler, Avon, NY 14414
Steuben, and Yates {716) 226-2466
9 Allegany, Cattaraugus, N.¥.5. Dent. of Environ. Conservation
Chautauqua, Erie, Niagara, 584 Delaware Avenue
and Wyoming Buffalo, NY 14202

(716) 842-5828




If a state permit is required for
your FTB, the maps and drawings
submitted to the Corps of En-
gineers will also be accepted by
the Department of Environmental
Conservation. The processing pe-
riod for this permit ranges from 30
to 60 days. DEC charges a permit
application processing fee related
to the scope of your project.

N.Y. State Underwater
Land Easements

If you own shorefront property,
most likely the people of N.Y.
State are one of your adjoining
owners. The State of New York
holds title to a variety of lands for
which it has no particular use.
The Commissioner of N.Y. Office
of General Services has jurisdic-
tion over land under the waters of
tidal or navigable streams, lakes,
or other bodies of water. The state
typically ownsthe land under tidal
water to the mean high waterline.
In most cases, for inland lakes
and rivers, the state owns land
under water to the mean low water
fine.

Commercial enterprises con-
templating use of an FTB should
decide if acquisition of a N.Y.
State Underwater Land Easement
is appropriate. Public bodies (mu-
nicipalities, etc.) need not pursue
this, for it applies only to private
entities.

What is an easement? The con-
veyance of an easement is a legal
transaction that gives documented
interest in certain described real
property. Although the interest is
less than complete ownership,
easements carry the right of lim-
ited use of another's land. An
easement is typically appropriate
for personal use of land under
water in a temporary way. The
charge for an easement is based
on the number of square teet of
underwater land occupied and
value of the upland property.
Easements are usually issued for
25-year periods.

Why apply for an easement? As
a shorefront owner, you have a
unique collection of rights called
riparian rights., Among these is
the right t¢ gain access to navi-
gable water by building out into
the water. The Office of General
Services suggests that a grant of
easement be obtained from the
state because:

s |t gives you real property in-
terest in the area on which your
improvement will be located.

s |t typically gives you, in ef-
fect, the exclusive right to use the
area for the term of the easement.

+ [t will legalize what may be a
trespass on state lands exceeding
the owner's riparian rights.

If you wish to apply or gain
further informaticn on this option,
contact:

Office of General Services
Division of Land Utilization
Tower Building

Empire State Plaza
Albany, NY 12242

(518) 474-2195

Local Approvals

To gain insight into local ap-
provals required for your pro-
posed FTB, ¢contact your county
planner or the appropriate Sea
Grant Extension Specialist for
your area.

New York Sea Grant Institute
State University of New York
99 Washington Avenue
Albany, NY 12246

(518) 474-5787

Sea Grant Extension Program
Morgan 1

SUNY/Brockport

Brockport, NY 14420

(716) 395-2638

Sea Grant Extension Program

Cooperative Extension Regional
Office

412 E. Main Street

Fredonia, NY 14046

(716) 672-2191

Sea Grant Extension Program
Youth Development Program
381 Park Avenue South
Room 621

New York, NY 10016

(212) 685-5081

Sea Grant Extension Program
248 Griffing Avenue
Riverhead, NY 11901

{516) 727-7850

Sea Grant Extension Program
Dffice of the Program Leader
Fernow Hall

Cornell University

Ithaca, NY 14853

(607) 256-2182

Sea Grant Extension Program
Rich Hall

SUNY/Oswego

Oswego, NY 13126

(315) 341-3042

Sea Grant Extension Program
129 Merritt Hall
SUNY/Potsdam

Potsdam, NY 13676

(315) 268-3303

Sea Grant Extension Program
South Campus, Building H
SUNY/Stony Brook

Stony Brook, NY 11724

(516) 246-7777

Sea Grant Extension Program
Farm and Home Center

21 S, Grove Street

East Aurora, NY 14052

{716) 652-3370

Permit Application Hints

Although the Corps of Engi-
neers prefers that you obtain state
and local approvals beforg sub-
mitting the federal permit appli-
cation, these applications can be
accepted and processed simul-
taneously. However, the Corps
will not issue its permit until you
obtain the required state and local
approvals. By submitting all ap-
plications at the same time, you
can minimize the time spent in
acquiring the necessary approv-
als.

When preparing a permit appli-
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cation, specify all areas you are
considering for FTB moorage
sites. Because floating tire break-
waters are mobile, you may plan
to use your FTB an a trial basis in
several locations before choosing
the most effective site. If you do
this, clearly indicate the initial site
and others under consideration.
Then notify the permit agencies
before each site change to allow
time for them to contact those
who would be affected by the
change.

Floating tire breakwaters are
not vet included within the Gen-
eral Permit Program of the Corps
of Engineers. For this reason,
each FTB permit application is
reviewed onits own merit. Insome
cases, the Corps may require an
engineering assessment to be
performed. This request has not
been made frequently, but pre-
sumably would include an en-
gineer's certification of the in-
tegrity of your structure's design
and materials. if this request is
made by the Corps of Engineers,
it would take place after your
permit application is submitted.

Because of the relatively recent
design and use of floating tire
breakwaters, some agency per-
sonnel are not familiar with FTB
technology. You can increase
their awareness and understand-
ing of FTBs by submitting a copy
of this information bulletin with
your permit applications. In this
wdy, communications regarding
your proposed FTB will take place
with a common understanding of
terminclogy.

Floating Tire
Breakwater
Navigational Aids

If your FTB is to be placed into
navigable waters of the United
States, you must meet the navi-
gational marking requirements of
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the Coast Guard. Typically, the
Coast Guard will contact you
when the public notice far the
proposed structure is placed into
newspapers by the Corps of En-
gineers.

Representatives from the Coast
Guard District serving your re-
gion will reach an agreement with
you on the appropriate aids to
navigation foryour FTB's size and
location. These private aids to
navigation then must be pur-
chased, installed, and maintained
by you during the period your
FTB is in the water {fig. 13}. The
aids to navigation designated
for your use must be noted on
the Private Aids to Navigation
Application - CG 2554, which you
must obtain from, and file with,
the Coast Guard. The Coast Guard
will inspect your FTB's naviga-
tional markings annually and re-
view the marking information
noted on your application.

The appropriate individual
within the Coast Guard who can
give you assistance in planning
your FTB navigational markings
may be contacted at:

N. Y. Great Lakes Region

COMMANDER, Office of Aids
to Navigation (0.a.n.)

9th Coast Guard District

1240 East Ninth Street

Cleveland, OH 44199

{216) 522-3990

N. Y. Marine Region

COMMANDER, Office of Aids
to Navigation (0.a.n.}

3rd Coast Guard District

Governor's Island, NY 10004

{212) 264-8650

When contacting the Coast Guard,
explain your proposed FTB and
inquire about the private aids to
navigation that will be required
for the structure. In some cases,
Coast Guard representatives will
meet with you onsite to gain a
bettar understanding of yourlocal
coastal conditions,

If your propesed FTB is to be
meored in a nonnavigable water-

way, the Coast Guard does not
have jurisdictional responsibility
for ensuring that the structure is
marked. From the standpoint of
limiting legal liabilities should an
accident occur, you may wish to
investin day markers (e.g., cones)
and night beacons (e.g., buoys
with battery-powered strobe
lights). It is desirable for you to
place a notice in local newspa-
pers each year, noting the FTB's
location, size, period of use, and
owner.

By marking your structure ef-
fectively, regardless of regulation
requirements, and informing the
general public of its presence,
you benefit twofold. Not only is
your coastal protectionincreased,
but those using the waterway will
more likely be appreciative rather
than angry about your etforts.

Designing an
Effective FTB

Your FTB’s size can be planned
by guessing at possibie dimen-
sions or by calculating appropri-
ate design factors. Clearly the
latter method is more apt to pro-
vide for optimal wave protection.
This section will review those fac-

Flgure 13. Private aids to navigation
such as day markers and night
beacons are typically required for
FTAs moored in navigable waters.




tors that will determine the ef-
fectiveness of your planned FTB.
It will also assist you in design-
ing an appropriately sized FTB for
your conditions,

What Are Your
Conditions?

Research has identified two
factors that are important in de-
termining appropriate FTB size.
The first relates to the type and
size of the typical wave from which
you are seeking increased pro-
tection. As shown in the Wave
Information Worksheet (“ldenti-
fying Waves Damaging Your Fa-
cilities”), these wave character-
istics are unigque to your coastal
area.

The second factor is theamount
of wave protection you desire.
Ctearly the size of the area you
wish to protect will influence this,
as will the degree of protection for
that area.

When designing your FTB's
size, these factors must be con-
sidered. Design calculations for a
particular FTB are given as an
example.

FTB Example

Wave conditions at a coastal
marina were causing damage to
facilities and recreational boats.
The owner decided to increase
wave protection by installing an

Figure T4,
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FTB (see fig. 14}). The area to be
protected is about 200 feet long.
Using the Wave Information Work-
sheet, the owner noted that waves
typically causing difficulties are 3
feet in height {H), come from the
northwest, and have a wave period
of 4 seconds. The depth of the
water was generally 8 feet. The
owner wants the FTB to provide a
sheltered area with waves 11 feet
in height.

Step 1: Using thegraph in figure

15 and information from the Wave
Information Worksheet, determine
the wave length (L) for the prob-
lem-causing waves. Do this by
marking the appropriate wave pe-
riod on the lower horizontal scale.
For the example given, a wave
period of 4 seconds is marked.
Step 2: Draw a vertical line per-
pendicular to that point. Where
that line intersects the appropri-
ate water depth curve for your
coastal area (8 feet in the ex-

Figure 15. Resiationship between wavelength, wave period, and water

depth (linear theory).
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ample), draw a horizontal line to
the graph margin. This value rep-
resents the size of wave length {L)
for the damaging waves. Note for
the marina example, wavelength
{L) = 60 feet.

Step 3: Determine the wave-
height transmission ratio (C) for
your conditions. This is calcu-
lated by the formula: G: = H,

H
where

H: = the wave height desired,
and

H = the existing wave height.

For the example, this would be:

Transmission ratio Cr= 1.5 feet =

3 feet

0.50.

Step 4: Determine the steep-
ness of waves for your coastal
area. Use the formula:

Wave steepness = Wave height (H)

Wavelength (L)
For the example, this would be:
Wave steepness = 3 feet = 0.05

60 feet

or 5%.

Step 5A: Research has shown
that FTB effectiveness is related
to the size of its beam (width} and
the wavelength (L) of the prob-
lem wave. This L/B relationship
for a site can be found by using
the graph in figure 16.

Step 5B: To use this graph,
mark the appropriate transmis-
sion ratio C: determined in Step 3
on the vertical graph scale, Draw
a horizontal line across the graph.
{In the example, C:=0.5).

Step 5C: Where the horizontal
line intersects the curve within
the graph, draw a vertical line.
Read the L/B value at the bottom
of the graph.

In the marina example (dotted
lines on graph), the relationship
L/B =09

Step 6: Determine appropriate
width of FTB beam for your con-
ditions by using the formula:
FTB Beam (B) = Wavelength (L)

L/B
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Figure 16. Design wave transmission curve for Goodyear FTB. (Harms

and Bender 1978)

In the marina example, this would
be;
Beam {B) = 60 (from Step 2)
0.90 (from Step 5)

= 54 feet.

Because each conventional FTB
module is 7 feet x 7 feet, in this
example, the appropriate beam is
8 modules in width.

Other FTB Size
Consliderations

Questions concerning FTB-size
considerations other than appro-
priate width of beam are import-
ani. A question that many ask is,
“If | increase the draft of my FTB
by using larger tires, will my wave
protection increase?” Research
done on this aspect reveals that
wave protection does not increase
if the draft of the structure is
between 6% to 50% of the moor-
ing site's water depth (termed
relative draft}). The importance of
this information is manifest in
increased costs of FTB binding
material, flotation, and moorings
for no significant gain in wave
protection.

To determine the relative draft
of your structure, use the formula:

Relative draft (D/d) =
Draft of tire
Water depth

For the marina example,

Relative draft (D/d) = 2 feet
8 feet

= 0.25 or 25%.

Another design aspect of FTBs
is their appropriate length and
positioning. Clearly the length of
FTBs is related to the area to be
protected. Some wave energy
contacting FTBs will "bend”
around the ends of the structure,
For this reason you may design it
to be slightly longer than the area
to be protected. Experience in
using the structure will guide ap-
propriate future lengthening for
increased effectiveness.

The structure is typicatly posi-
tioned within 4 wavelengths (L) of
the area to be protected. Its mobil-
ity allows for adjustments to be
made in moorage position. The
structure is placed parallel to the
approaching wave fronts causing
damage.

Designing an
Effective Mooring
System

Moorage systems for FTBs can
be designed by guessing at ap-
propriate sizes or calculating
forces exerted by anticipated
waves. Clearly the latter method
is more apt to result in an ef-
fective system. This section will
review the components ofan FTB




200

100 H/L = 3%

50
40

20

Did=1.2

D/d = 0.06

aarasdaggaaaa gt sl a g g s agayl

1

2 3
L8

4

Figure 17. Force design curves for Goodyear FTB, H/L = 3%. (Harms

and Bender 1978)
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Figure 18. Force design curves for Goodyear FTB, H/L = 6%. (Harms

and Bender 1978)

moocrage system. It will help you
design effective moorings and
choose appropriate anchors for
your coastal area.

Calculating Mooring
Forces

Research show that FTB moor-
ing forces vary with the type of
waves encountered and the width
{beam) ofthe FTB. As wave height
increases for a given wave length
{called wave steepness} or the
width {beam} of the structure is
enlarged, FTB mooring forces in-
crease dramatically. Hence, these
forces must be accounted for in
the design of an FTB moorage
system. An example of mooring
force calculations for an FTB is
given.

Recall from a preceding section
that a marina owner wanted to
increase wave protection with an
FTB. The typical problem waves
for that coastal area had a steep-
ness {(H/L) of 5%. The area’'s wave
conditions and degree of pro-
tection desired were used in
calculating an FTB beam (width)
size of 54 feet. The ratio of wave
length to FTB beam size (L/B)
was 090, and the relative draft
(D/d}y was calculated to be 0.25
for the given conditions.

To calculate the maoring forces
on the planned structure, use the
following method:

Research has shown wave
steepness to be an important de-
sign consideration. Depending
upon the calculated wave steep-
ness (H/L), use either graph in
figures 17 and 18. Find the cai-
culated value (L/B) on the hori-
zontal scale and mark it (0.9 for
the example). Draw a perpendic-
ular lime from this point vertically
through the graph (note example
dotted ling). Where this dotted
line intersects the appropriate
relative draft D/d curve, draw a
horizontal line to the graph mar-
gin. For the example, the value
A= (F/WB?x 10°%) = 28.
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To find the mooring force, use
the equation:

Mooring force (F) =
AxWx8xB8
100,000
where
A = F/WB? x 105 = 28,
W = density of freshwater,
=862 pounds per foot?

OR

= density of saltwater,
=64 pounds per foot?
B = calculated FTB beam
size = 54 feet.

For the example, this would be:
F =28 x62x54x54
100,000

= 51 pounds per foot of
FTB.

If the marina owner in the ex-
ample wants to place an anchor
every 50 feet on the front (wind-
ward) FTB side, the restraining
force for each would be 2,550
pounds (50 feet x 50 pounds per
foot). This value is based upon
the peak moorage load that could
be expected.

Only limited research has been
done on the shoreward side FTB
mooring forces. Experience would
indicate that the rear anchor sys-
tem should be designed for the
force of waves approaching from
the shore. At a small distance
from shore, it should be designed
for about 20% of the restraining
force on the windward site.

Planning for Appropriate
Moorage Materials

As with all FTB components,
the planning and design of your
mooring and anchoring systems
warrant careful attention. Thesize
of the mooring and anchor sys-
tems will vary with the type of
bottom {sand, mud, or bedrock)
present, local currents and tides,
as well as the amount of wind and
wave exposure.

The type ofline orchain usedto
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moor your FTB is as impaortant as
the anchors you ultimately
choose. Local experience in
mooring larger craft (say over 30
feet in length) is a good guide t¢
follow. The length and weight of
your mooring line are vital to its
effectiveness. Past experience
has shown a maoring line length
of 6 feet for each 1 foot of water
depth (this ratio typically referred
to as a 6:1 scope) to be effective.
The type of mooring line utilized
is also crucial to the success of
the system because its weight
acts as an anchor. During storm
pericds, local seas will have to lift
the mooring line off the bottom
before forces are applied directly
to drag the anchor.

For this reason some builders
of FTBs have utilized chain rathear
than other materials in their moor-
age system. If you should decide
to use ¢hain, attach it to the FTB
in a manner that distributes the
load between two or more mod-
ules. This can be done by attach-
ing a short bridle to the outertires
of the modules and then binding
the moeoring chain to the bridle.

When choosing an anchor, you
must evaluate not only the atore-
mentioned physical factors, but
also the number of seasons of
projected use, Forinstance, wood
pilings could be used in place of
other anchors in some areas, but
are typically more expensive and
subject to ice damage. Anchors
such as concrete blocks and
mushroom, stockless, and Dan-
forth anchors, heavy enough to
resist drag, have also provedto be
effective. These anchors placed
50 feet apart on the windward
{front) side and 100 feet apart on
the leeward side have been util-
ized in a number of FTBs.

If you intend tc build concrete
block anchors, be sure to use a
rectangular meld rather than cy-
lindricat to decrease the likeli-
hood of your anchers rolling
around the bottom. Pad eyes for
mooring line attachment can be
formed from reinforcing rod, but

Figure 19. Reinforcing rod forms
pad eyes for mooring line attach-
ment in concrete anchors.

their base must be imptanted sev-
eral inches into freshly poured
concrete. Do not overlocok the
buoying force of water reducing
the gross weight of vour anchors
by 62 pounds/foot® in freshwater
and 64 pounds/foot® in saltwater.

Binding Your FTB

The most appropriate binding
material for your floating tire
breakwater is related to the physi-
cal parameters of the FTB moor-
age site, the projected number of
years of service, economic con-
siderations, the weight and
strength factors of the binding
materials, and the availability of
varigus binding materials.

This section will help you to
evaluate these factors when
choosing a binding material ap-
propriate for your coastal setting.

Environmental Demands
on FTB Binding Materials

As the utilization of floating tire
breakwaters has increased, the
varieties of materials used for
binding the tires together has pro-
liferated, some being satistactory
in performance, others disastrous.
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Figure 20. Wslded-link chain has
been effectively used in freshwater
FTB sites.

Research engineers at the Uni-
versity of Rhode Island recently
tested strength and performance
characteristics of materials typi-
cally used to bind FTBs. Their re-
search findings indicate that en-
vironmental demands on FTB
binding material are significant.
Experiments conducted in the
laboratory and on FTBs placed in
Narragansett Bay revealed that
binding materials are subjected
to strength fatigue by continual
wave flexing, abrasion from chaf-
ing against other materials, and
galvanic corrosion of metal com-
ponents. The binding materials
tested were additionally subject
to stress corrosion, biological at-
tack from marine organisms, and
ultraviolet degradation of plastic
materials not dyed for protection,
These findings help to clarify why
some binding materials have per-
formed poorly in the past.

FTB Binding Material
Performance

Because binding materials be-
ing used in floating tire break-
waters have different composi-
tions, their response to environ-
mental stress varies considerably.
Engineers from the University of
Rhode Island documented these
performance variations by plac-

Figure 21. Open-link chain can be

effectively used in some coastal
areas.

ing modules into Narragansett
Bay for 10 months. During this
period the binding materials be-
ing tested were subjected to
stresses typical of this marine
environment. Information on bind-
ing material performance charac-
teristics was recorded before,
during, and after the test period.
Tensile strength tests were carried
out where visual observations were
insufficient indexes of perform-
ance.

The following is a list of ma-
terials that you might consider to
bind FTB tires together. To assist
in your evaluation of these materi-
als, the performance characteris-
tics are noted below. Whentwoor
more materials share common
characteristics, these materials
are grouped together.

STAINLESS STEEL WIRE
(3716", 1 x 19) WITH BALL
SWEDGES

* This wire chafed tire casing
during the testing period.

¢ The cables were not held
securely; several “jumped”
swedges during on-site ex-
periments.

* Severe corrosion of
swedges tock place after 5
months of immersion in salt
water,

» Crevice corrosion was no-
ticeable within wire bundte.

g ) 3
Figure 22. Conveyor beit edging is

a relatively strong, durable binding
material

STAINLESS STEEL WIRE
(5/32", 1 » 12) WITH KELVAR
CORE

s This wire chafed tire casing
during the testing period.

* Multiple failures (breaks)
took place with this wire be-
cause of severe corrosion
and fatigue.

e Stainless c¢lamps
crevice corrosion.

GALVANIZED STEEL WIRE

(3/13", 1 x 7) WITH POLY-

PROPYLENE COATING,

STAINLESS STEEL WIRE

(7 « 7) IMPREGNATED WITH

POLYPROPYLENE

® The protecting coating wore
off within 3 months’ service
because of tire chafing.

e The wire chafed the tire
casing.

¢ The method of fastening the
wire caused damage to pro-
tective coating.

POLYPROPYLENE LINE

(1/2"y, KEVAL LINE (1/27),

NYLON LINE {1/2"), POLY-D

LINE (1/2')

s Displayed little evidence of
fiber damage from abrasion
against tire casings (line is
chafe resistant}.

¢ If the line is not purchased
with ultraviolet (sunlight)
radiation screen, it tends to
lose strength and flexibility.

induced
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On 30% to 40% of actual line,
length was necessary 1o en-
sure secure knots, Splicing
or sizing the line at all con-
nections reduced this prob-
lem.

NYLON BRAIDED LINE {3/8")
& Exhibited poor abrasion re-

sistance; breaking strength
was reduced by more than
75% during 8-month test pe-
riod.

It was difficult to make re-
liable tie connections.
Ultraviolet sunlight degra-
dation caused loss of the
line's strength.

The line cut into tire casings.

WELDED GALVANIZED
STEEL CHAIN (3/16") (fig. 20)

The chain performed well
during tests. The zinc coat-
ing acted as a sacrificial
anode against corrosion.
This chain is more useful in
tfreshwater than saltwater
since corrosion eventually
deteriorates sacrificial anode
in salt-water.

The chain connections were
effectively made using 3/16"
galvanized steel shackles.

OPEN-LINK NONGALVAN-
IZED STEEL (1/2") (fig. 21)

*
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The links of this chain, de-
veloped by Campbell Chain
Company, can be spread
open/closed with special
hand tools (no cutting torch
necessary). This ¢hain costs
approximately 78 cents per
foot.

The link length is 3-5/8", with
an approximate weight of 2
pounds per foot. The average
load required to spread a new
link to 1/2" gap was 2,462
pounds.

After 10 months of immer-
sion in saltwater, there was a
3% to 16% reduction in cross-
sectional link area due to
corrosion. Experience has
shown this rate is lower in
freshwater, where corrosion
rates are slower.

e Several open-link chain
FTBs are located in fresh-
water lakes. These are work-
ing effectively after 24
months of service.

e This chain is available from:
Campbell Chain Com-
_pany
2090 East Market Street
York, PA 17402
(717) 755-2921

RUBBER CONVEYOR BELT

EDGING (2" to 3")

¢ This material is composed of
flexible rubber with nylon
and polyester fabric plies.
it is a scrap material de-
rived during the manufacture
of conveyor belts.

¢ The belting is noncorrosive
and had an ultimate tensile
strength of 9,500 pounds per
square inch,

+ The materialhad only aslight
negative bouyancy. It re-
sisted abrasion and showed
no sign of ply separation
after 9 months’ field use.

* The conveyor belt edgings
are typically 2" to 4" wide,
3/8” to 3/4" thick, coiled and
banded for shipping at a
price of 6 cents per foot and
greater, depending upon
specifications.

» Research indicates that the
conveyor edging should be
at least 2" wide and 3/8"
thick for effective per-
formance as FTB binding
material.

Binding Your FTB with
Conveyor Belt Edging

Conveyor belt edging holds
promise as a strong, less expen-
sive and relatively lightweight
binding material. It can be cut
with readily available tools, such
as an ax, hand saw, or band saw.
Likewise, holes for the bolt fas-
teners can be punched individ-
vally with a hammer and metal
punch or with a multiple gang
punch.

If your FTB is to be moored in
freshwater, metal bolts, nuts, and
washers can be used. In saltwater,
however, the corresion rates are
considerably higher. To mitigate
this problem, nylon fastening
components can be used. The
nylon fasteners should be dyed
black before use to prevent ultra-
violet sunlight degradation of the
material. Boil the nylon fasteners
for several minutes in water with
household dye.

Two techniques have been used
to date in the fastening of con-
veyor belt FTB bindings. One of
these uses three 3/8-16 bolts per
tie, as shown in figure 23. The belt
width used with this pattern
should be no less than 2 inchesin
the bolt zone to prevent the belt-
ing from tearing through to the
edges. This pattern can support
an average load of 2,100 pounds
before the bolts fail. Washers
must be used under the bolt head
and nut to prevent them from

Flgure 23. From A, P. Davis, Jr., Evaluation
of Tying Materiais for Floating Tire Breakwaters,
University of Rhode Island, Marine Technical

Report No. B4, 1977,
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pulling through the rubber. Voids
in the center of these 3/8-16 in-
jection-molded bolts cause their
strength to vary by several hun-
dred pounds. Several floating tire
breakwaters are using this fasten-
ing technique successfully in the
Northeast (note FTB site listing).

The second technique for fas-
tening the conveyor edging uses
two 1/2-13 bolts per tie as indi-
cated in figure 23. The belt width
used should be no less than 2
inches in the bolt zone to prevent
belt tearing. The average strength
of this pattern is 2,150 pounds.
These bolts differ from the 3/8-16
in that they are manufactured from
cast nylon bar stock on a screw
machine and do not have the
voids that are present in other
bolts. For this reason, enginger-
ing tests have shown their strength
to have less variation.

Acquiring Conveyor
Belt Binding Materials

Conveyor beit edging is not a
readily available manufactured
product. Rather, it must be ac-
quired from companies that dis-
card used conveyor belts or pur-
chased from the following:

W. Y. Boyle Company
812 Bloeomfield Avenue
Windsor, CT 06095
(513) 644-0404

C.M.F,, Inc.

404 Qak Street
Marysville, OH 48040
(203) 688-8305

Cincinnati Rubber Mfg.
Company

4900 Franklin Avenue

Cincinnati, OH 45212

(513} 631-0691

J. A. Webb, Inc.
92 Pearl Street
Buffalo, NY 14202
(716) B852-6062

Because of the periodic avail-
ability of this binding material,
you must make arrangements to
get it well in advance of FTB con-
struction.

Floating Your
FTB

When assembled, the 20-
tire units weigh approximately
500 pounds on land or 100 pounds
in water. Since the tires are
oriented vertically in the water,
the air trapped in their crowns
provides 10 pounds of reserve
buoyancy per tire. A unit of
18 tires plus the 2 connecting
tires, therefore, provides approx-
imately 200 pounds of buoyancy.
This means that when an FTB
is placed in the water, 6 inches
of each tire is typically visable
above the water. The air trapped
in the crowns is replenished
when waves interact with the
floating tire breakwater. Do not
use tires with holes, because air
can escape through them (fig.
24).

Other causes for the sinking of
tires within a structure include
lack of wave action to recharge
air lost from tire crowns by ab-
sorption intc water or leakage,
deposits of sand and silt in bot-
toms of tires, snow or ice accum-
ulation, and marine-fouling or-
ganisms in salt water environ-
ments. In those areas where wave
action is not recharging the
trapped air effectively, some tires
must be lifted out of the water
by hand to replenish trapped air.

When heavy fouling conditions
exist, one must scrape off the

Figure 24. Supplemental buoyancy
is highly desirable in areas having
heavy wimter snowfall or marine
fouling arganisms. Note submerged
tires in this FTB section.

marine growth on a regular basis.
In colder climates, the breakwater
can be hauled ashore during sub-
freezing weather to Kkill the
growth, which will fall off when
the FTB is placed back into the
water,

If you are planning to use your
FTB tfor several years, supple-
mental flotation is highly desir-
able, especially in salt water
environments where fouling by
marine organisms is a problem
or in areas of possibly heavy
snowfall.

Though many fifotation mate-
rials will improve the buoyancy
of your FTB, some have draw-
backs which need to be recog-
nized at the outset. For instance,
empty plastic containers (such as
bleach bottles) are difficult to

Nylon Bolt Fastening Hints

In tightening the nuts, torque
limits should be maintained. These
will vary with the size of the bholt
being used. A good method is to
watch the nylon washer for cup-
ping as the nut is tightened (use
flat washers rather than lock
washers). A slight cupping in-
dicates that the nut is tight

enough.

Bolts should be long encugh to
permit at least 1/4 inch of thread
to protrude through the nut. Make
allowances for varying belt thick-
nesses and the two flat washers;
and distort the ends of the thread
to prevent the bolt from backing
off.
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secure effectively inside a tire.
Another material, styrofoam, is
susceptible to physical and chem-
ical degradation.

A buoyant material used effec-
tively in several FTBs to date is
urethane foam. The easiest way
to install it is to pour about %
pound of liquid urethane foam
into tires prior to constructing
modules., Builders who have
filled one-third of every other
tire have had satisfactory results.
When you construct the modules,
make sure the foamed tire crowns
will be at the water's surface
when the FTB is launched.

Although floating tire break-
waters are relatively inexpensive
to build when compared with
fixed breakwater systems, do
not be misled into building them
as cheaply as possible. It is false
economy to neglect the use of
supplemental flotation when
fouling or extended periods of
calm water may be a problem.
The objective in building an FTB
is to enhance coastal protection
at a reasonable price, not to gain
an additional problem at a
cheaper price.

Figures 25 and 26. A rack can be
made to aid in the construction of
FTB modules. Binding material is
woven through tires stacked in a
3-2-3-2-3-2-3 combination to form
the FTB module.

Manufacturers of urethane
foams for marine uses include:

General Latex Corp
66 Main Street
Cambridge, MA 02142
(617) 864-7750

Vuitafoam — Catalog
16F-2702

PPG Industries, Ing.
151 Colfax Street
P.O. Box 127
Springdale, PA 15144

Selectrofoam —
Catalog 67040

Insta-Foam Products, Inc.
2050 N. Broadway
Joliet, IL 60435

Constructing
and Launching
Your FTB

Floating tire breakwaters are
built of tires bound together to
form modules. These moduiesare
attached to other modulesto con-
struct the floating tire breakwa-
ter. Because the physical integ-
rity of the device is dependent
upon its components, each
should be constructed with care.

All workers buiiding your FTB
should be made aware of effec-
tive construction of the most
basic component, the module.

Each module is constructed
from 18 tires bound together as
shown in figures 25 and 26. The
module can be constructed with
hand tools by two laborers in 5
to 10 minutes. Although the tires
can be stacked free standing in a
3-2-3-2-3-2-3 vertical combina-
tion, you may wish to construct
a tire rack {see fig. 25). Either
way, the binding material must
be woven through the module as
shown in figure 26. The fastening
of bindings can be made easier
by sitting or standing atop the
18-tire module. But remember
that crushed tires will not contain
enough air to float; so secure the
bindings taut enough to keep the
module rigid but not distorted.
(fig. 27). Once bound, tip the
module over, remove the tire-
stacking rack, and haul the 18-
tire unit to the FTB assembly
area.

The assembly of a section of
FT8 requires bound modules as
well asunbound tires. The assem-
bly begins by swinging the 4 out-
side tires out as shown in figure
28. Attaching one module to an-
other requires 2 additiona! con-
necting tires for each linkage.
QOrient the module tires parallel
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to each other to expose maximum
tire surface area to oncoming
waves (see fig. 29),

Experience has shown that
some components should be
assembled on land, others in the
water. Previous builders have
constructed a section of FTB on
tand. Then, while that section
was being {aunched and moored,
another section was being con-
structed (fig. 30).

The size of a section usually
depends on how it is launched.
In the case of Dunkirk Harbor,
New York, builders assembled
FTB sections, 13 modules by 2
modules (100" by 14'), along
the edge of a pier. After they
completed two of these sections,
a tractor with a high lift launched
each (fig. 31). Shallow water
depths along the pier allowed
workers to bind these sections in
the water to form a 100-by-28-
foot FTB segment. Then, this seg-
ment was towed to the harbor
mcorage location where it was
anchored into place to await addi-
tional segments.

A floating tire breakwater con-
structed by Great Bay Marina,
Newington, New Hampshire, was
taunched off a beach. inthis case,
workers constructed segments
with the exact FTB beam size and
towed each 100-foot-long seg-
ment off the beach for moorage.

TR0

Side view of module of
18 tires in the water.

() L

Top view of the same

bundle as it is construcied
on land.

Top view of the same
bundle ready to attach
to other bundles.

Building FTB segments on a
beach requires a towboat with
thrusting power proportionate to
the size of FTB segments. The
larger the segment built on land,
the more force required to drag
it off a beach.

Wave Front

Top view of

four modules attached.
Cross-hatched tire
connects modules. Bundles
are oriented parallel to
maximize surface area

of tire interacting with
wave energy.

Figure 29.

Figures 27 and 28. After the 18-tire
module is formed, the binding
material is fastened, and the module
tipped on its side as it will be orierited
in the water.
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Figure 32,
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Constructing an FTB on winter
ice cover was another launching
technique effectively used on an
inland lake. The launch occurred
when the spring thaw melted the
ice cover, and the FTB dropped
into its lake moorage location,
This technigue may not have ap-
plication for areas experiencing
thick ice cover, because of ice
pack movements over the struc-
ture before melting.

Getting Your FTB
Onsite and
Moored

Towing an FTB to its moorage
area can usualiy be accomplished
with one towboat. The size or
power of towboat necessary de-
pends on the size of the section
of FTB to be towed (see fig. 33)
and the method of FTB launching
used. In addition to the towboat,
a small boat is useful for carry-
ing tools, moorage supplies, or
divers. Oftenthis boat is stationed
close to work areas where sec-
tions of FTB are being joined to
form a single structure.

To begin the process of getting
an FTB onsite and moored, a
procedure used is to connect one
end of the moorage chain to a
windward anchor and the other
to the windward corner of the

Figures 30 and 31. FTB sections are
typically constructed on land and
can be launched from piers by using
a tractor with a high litt.

FTB. By doing so, the first sec-
tions can be towed onsite using
the chain as a tow line. When the
FTB section fioats into its moar-
age position, its anchoris dropped
(see fig. 32A). While this anchor
holds the section in position (pick
a calm day}, moorage chain is
attached to & leeward anchor and
the leeward corner of the FTB.
The towboat then transports this
anchor to its anchorage location
and drops it into position {an-
chor #2 on fig. 32A) along with
anchor #3. In positioning an-
chors, the mooring chain should
not be stretched taut or in a pite
directly below the FTB. Rather,
a midpoint position is desirable.

Having secured the first section
of FTB in its moorage position
as shown in figure 32A, you can
tow another section on-site in
the same manner; but do notdrop
an anchor until the two sections
are bound together with connect-
ing tires (fig. 34}. When this has
been accomplished, the anchors
shown in figure 32B can be po-
sitioned effectively. This pro-
cedure can be followed until the
last section is positioned (fig.
32C), and the final corner an-
chors are dropped into their
anchorage locations.



Figure 33. The size and power neoded by the towboat depend upon the size of
FTR soctions to be transported on site.

Maintaining
Your FTB

Since floating tire breakwaters
are built of lower-cost materials,
they are subject to more rapid
wear and deterioration than con-
ventional breakwaters. Although
tires used in the structure can ab-
sorb large amounts of energy by
yielding and deforming, binding
materials and moorage system
components are not typically
so resilient. To ensure the integ-
rity of your FTB, these compo-
nents should be inspected on a

Figure 34. Divers bind adjacent
sections together to construct the
FTB.

regular basis. Although they
can be visually inspected from a
boat, experience has shown that
periodic underwater inspections
are also desirable.

The tire mat is an efficient
collector of floating bottles, bags,
boards, and other debris. Though

an environmental plus, it will
require freguent “harvesting”,
or the breakwater will become an
eyesore.

in areas of winter ice formation,
consideration should be given to
protecting the breakwater from
moving ice floes. In most situa-
tions, the breakwater must be
moved to protected areas before
ice formation or hauled out of the
water.

Limiting Your FTB
Legal Liabilities

When you place an FTB into a
waterway, be aware that you
assume legal responsibilities.
This section has been written with
the aid of a coastal resources
legal specialist. It provides in-
formation for you on how ta cope
with these responsibilities and
limit the liabilities assumed when
construction begins on your FTB.
Before building an FTB, you

might want to check with your
own lawyer for further under-
standing of your responsibilities,

The following questions are
often asked by those building
FTBs. The responses reflect legal
probabilities, rather than ab-
solute answers.

Q: Is an FTB an attractive nui-
sance it moored alongside a
dock or in the middle of a
harbor? if so, how can legal
liabilities be minimized?

R: Any structure that is unusual
for an area aor captures the
imagination of people is po-
tentially an attractive nui-
sance. To limit your liabilities,
post a conspicuaus sign that
states the danger (e.g.,

DANGER — SWIMMERS MAY
BECOME ENTANGLED IN
BREAKWATER). Because
some children cannot read
and adults may have impaired
vision, you should also try to
control access to the structure.
This can be done by placing a
barrier or fence between the
structure and others.

Q: Who is liable if a boat or wa-
ter skier c¢ollides with the
structure and injury occurs?

R: If the FTB is well marked and
visable, negligence for the
accident may be that of anin-
attentive boater. Remember,
also, that the low profile of
your FTB and its flexibitity
helps to reduce the probability
that significant structural
damage will be done to a boat
if it should run “aground.” It
would be a good idea to place
a notice in local newspapers
each season telling where the
FTB is jocated, and giving its
size and owner’s name.

It would be prudent for FTB
owners to have insurance cov-
ering these types of occur-
rences. Municipalities can
choose to have the structure
covered by the general lia-
bility insurance policy which
they most possess. Private
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owners may wish to contact
their insurance broker and
arrange for a rider forthe FTB
to be placed on an existing
insurance policy.

Q: If the tires used in my FTB
are “branded” (spray paint
initials, etc.), will this limit
my liability for tires washed
up on other private property?

R: Yes, it will, if all tires are

branded with a mark not mdde
known to the general public.
This method of branding would
also help you to retain property
rights shoutd someone try to
tow your structure from its
moorage site. After all, you
have invested money in your
FTB.

Qr: if under severe storm condi-
tions (an act of God) the FTB

An Ecological Plus

Floating breakwaters become
floating fishing reefs, too. Tires
provide an excellent substratum
for marine growth, which in turn
provides both food and habitat
for game fish. As an artificial
reef, this floating structure is
felt to be more effective than a
structure placed on the bottom
because in the upper 3 feet of
the water, light intensities are
higher, temperatures warmer,
and oxygen levels higher.

Biological studies in southern
New England have identified
the following species as typical
ot intertidal fouling growth on
and in the tires; red and green
algae, deckers, barnacles, soft-
and hard-shelled clams, tunicates,
mud crabs, starfish, amphipods,

grass shrimp, mussels, oysters,
jingle shells, and calcium tube
worms. These breakwaters seem
to have potential for aquacul-
tural proguction of shelifish. Simi-
lar floating tire systems have
been used in fresh water as fish-
ing reefs and as protection forthe
spawning grounds of large-
mouth bass.

Tires have been used success-
fully for more than 15 years for
the construction of artificial
fishing reefs, and the Environ-
mental Protection Agency con-
siders them to be cne of the best
substrates for such uses. Tires
{including white walls) appear to
be nontoxic and are stable in
marine environments.

Flgura 35,

is depaosited upon someone’s
property, how quickly must it
be removed? Can it be left
until after the storm has sub-
sided?

R: Yes, you will have a reason-
able amount of time to remove
the FTB (say 1t to 2 weeks)
from the standpoint of legal re-
sponsibilities. If the structure
should break loose under se-
vere starm conditions, re-
covering it would generally
not be considered a trespass
of private property rights. You
would be given access rights
to reclaim the structure,
Barring real property damage,
you would typically not be
liable for the presence of the
FTB an someone’s coastal
property.

Q: What if adjacent property
owners perceive the FTB as
causing increased coastal ero-
sion; might | be liable for dam-
ages?

R: If properly owners can prove
that the FTB is the proximate
cause of increased coastal
erosion, they may retain a
lawyer and seek to obtain an
injunction to stop its use. Be
aware that the physical attri-
butes of nature are quite com-
plex, thereby, making it diffi-
cult for someone to obtain the
burden of proof necessary for
such action.

FTBs Protecting
Eroding Coastlines
— Fact or Fiction

The problem of protecting
coastal properties from erosion
has puzzled and plagued many
coastal people. Many conven-
tional protective structures such
as seawalls, bulkheads, and groins
are expensive. In addition, be-
cause of the complexities of



coastal processes and the pro-
hibitive price of correcting mis-
takes, state and federal agencies
have been increasingly reluctant
to permit widespread use of these
structures.

Several erosion  protection
projects using tires have been im-
plemented. This section reviews
two of these efforts.

Offshore Erosion
Protection

Recently, the Florida Sea Grant
Program published a case study
of an offshore FTB used to con-
trel shoreline erosion. In the
pamphlet, “FTBs — A Case Study
of a Potential Low Cost Structure
...", marine engineering special-
ists describe preliminary re-
sults of a demonstration site lo-
cated on the south shore of Santa
Rosa Sound {located near Pensa-
cola Beach, Flarida). The site ex-
hibited traits common to many
eroding shorelines in Florida’s
coastal bays, with about 30 feet
of erosion in 5 years. Apparently,
the beach was eroding because
sand was sloughing off an inner
shelf area into deeperwater where
it could not migrate back.

A floating tire breakwater was
placed shoreward of this steep
slope, and sand accumulated in
the wave shadow cast by the
breakwater. The accretion does
not resemble a migrating trans-
verse bar, but rather a “tombolo”
sand accumulation, which typi-
catly occurs when longshore cur-
rents enter sheltered coastal
areas. No adjacent coastal prop-
erty erosion has occured to date,
perhaps because sand transport
is predominantly in an onshore-
offshore direction. In those areas
having strong long-shore par-
allel to shore) sand transport,
an FTB placed offshore could
cause “downdrift” erosion if not
removed for part of the year.

Tire Mats Used for
Onshore Erosion
Protection

Rogers City, Michigan, is not
unlike many coastal cities of New
York. Located along Lake Huron,
Rogers City experienced rapid
erosion between 1970 and 1974
near its sewage plant. To cope
with the problem, state funds
were appropriated to build a
tire mat to protect the area. In
19786, a tire mat, 56 feet wide and
210 feet long, was placed partially
onshgre and offshore, so that the
offshore portion of the mat was
submerged on the lake bottom.

The structure was built using
offshore anchors, onshore pil-
ings, filter cloth, and tires
punched to inhibit flotation (fig.
36). Although this protection
effort was the first of its type,
monitoring at the site during con-
struction and during the follow-
ing year showed that the beach
increased in size. The tires evi-
dently trapped and effectively
held sand from the littoral drift,
though part of the structure was
removed to make way for a rock
gabion subsequently installed
by the Carps of Engineers. A de-
tailed report of this etfort is given
in the paper Utilizing Tires as
Onshore Protective Structures,
which is listed in the reference
section on page 29.

When Its Days
Are Done
as an FTB

To predict the life expectancy
of a floating tire breakwater is
difficult. Rubber itself is an inert
material which is chemically
stable in water. Recently, a piece
of natural rubber found in one of
England’s harbors was dated to
the 18th century.

Other materials used in FTB
construction could experience
less longevity depending on en-
vironmental conditions and de-
gree of maintenance. If your FTB
is performing satisfactorily, you
might want to replace these ma-
terials.

Before constructing your float-
ing tire breakwater, consider
where it will be disposed of or
next used when its FTB days are
done. Several options for evalu-
ation follow.

* The breakwater couid be
moved onshore for coastal ero-
sion protection.

* |f maintained, it could be sold
to another coastal business or
community for enhancing wave
protection. (It can be towed.)

® The breakwater could be
used as a floating or submerged
artificial reef.

* After disassembling it, the
tires could be transported to land
fills or rubber reclamation cen-
ters.

Figure 36.
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Checklist for
Building Your FTB

FTB Installation

0O Waves - typical and storm

1. Height and length

2. Direction

3. Feich

4. Shore configuration (as it
affects wave reflection)

5. Bottom configuration {wave
refraction)

O FTB location

1. Area and object to be pro-
tected

2. Water circulation (tide and
current)

3. Effect on navigation {inside
and outside), navigational
workings (only if needed)

4. Seasonal variation

O FTB system
1. Design
a) Length
b) Width
¢} Tire orientation
d) Pattern of mat
2. Source and average size of
tire
3. Flotation
a} Air, foam, other
b) Percentage reserve buocy-
ance necessary for pos-
sible sediment accumu-
lation and/or marine
growth
4. Tying material
a) Type (chain, rope, belt}

b) Strength

¢) Method cof fastening
(clamp, bolt, splice,
other)

d) Expected life of material
under conditions of
abrasions, corrosion, ta-
tigue, ultraviolet expos-
ure, biological attack
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O FTB mooring system
1. Depth of water - normal and
storm range
2. Type of bottom (sand, rock,
silt, mud)
3. Anchoring system
a) Type of anchor
n) Mooring material (line,
chain, belt)
¢) Spacing (outside and in-
side) and scope
d) Method of attachment to
breakwater

O FTB environmental impact
1. Wave suppression
2. Water flow constriction and
effect on sediment move-
ment
3. Biological
ficial reef)
4. Appearance
O Legal liability
1. Name, address, and tele-
phone number of respon-
sible person or firm
2. Branding tires for identi-
fication
3. Bonding requirements

O installation
1. Dates
2. Possible expansion plans

O Estimated cost of FTB

nabitat  (arti-

FTB Maintenance

O Name, address, and telephone
number of person or firm re-
sponsible

O Anticipated maintenance
under normal and critical
storm conditions

1. Mooring system failure

2. Flotation loss

3. Tying material

4. Drifting loose tires

5. Clean up of trapped debris
and flotsam

6. Being rammed by floating
objects (boats, barges,
trees)

7. lce movement, seasonal
storage

O Estimated annual costs

FTB Removal and Ultimate
Disposal

O Expected life or use of FTB
system at site

O Disposal plans

1. Disassemble, remove, and
dispose on land

2. Bury the system

3. Protective tire mats (PTM)
for shore erosion control

4, Sink FTB in approved arti-
ficial reef site

5. Transfer ownership and
move {0 another site

O Anticipated disposal cost
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