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a possibls meterial for the construction of marine mats for

Enclesed for your information and referencs are soveral reports
on work The Goodyear Tire and lmbbexr Company has done in our
scrap tire utilization. program, The reports cover the new
Goodysar modular constructed, sinking and fleating type, sorap
tire mat shore-protection structures, These reports will bring
you up to date on the most recemt developments in our efforts
t0o find new uses for old tires, We are confident that you will
find the innovative new approaches described herein informative
and beneficial, '

The uge of the proposed scrap tire shore protection structures _ |
shall be a% the sole risk and responsibility of the user with {
no 1iability of any nature whatgsoever on the part of The Goodyear !
Tire and Rubber Company. In this regard your attention is directed
to the following issued U S Patents of which we are aware that
relate genarally to tives for use other than on vehiclea: 3,276,210,
83,728,749, and 3,848,883, '

The University of Rhode Island is evaluating the fleoating type
serap tire breakwatexr structures in Narragansett Day, Early pro-
totypes were reported as 80 percent efficient in wave suppression,
The new Gesigns are expected to be even more efficlent, The
University will publish the resulés of the evaluation at the ter-
mination of the study,

The University of Michigan is exploring the use of scrap tires as

coastal erosion cemtrol, The University‘'s Deparitment of Civil
Enginesring and Coastal Zone Laboratory are presently designing a
scrap tire shore-protection structure utilizing the new Goodyear
modular wat construction technique, =

The results of this woerk wilil be published im an annual report
titled “Shore Erosion Engineering Demomstration Prejects®, along
with several other exzisting ercsion control demonstration pro-
jects vhich are currently being spensered by the State of Michigan
Department of Natural Resources, Durean of Water Management, Water
Devolopment Sexvice Division, and NOAA 0ffice of Sea Grant, Depart-
ment of Comnmeres, ‘
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The effoctiveness of this project will be ovaluated and decumented
with respect to such factors a8 reduetion of erosion rates, costs,
congtruction difficulties and durability.

The serap tire counsiructed erosion devices proposed for evalua-
tion are innovative iow cost structures and, if proven effective,
will be & significant advance in the design of wave energy dig-
sipating structures., Great sums are spent ennually in the
United Steites by federal, siate, and municipal governments and
private owners for structures designed to prevent ercsion damage
to sea-coaits and lake 'shoves. Many of the exigting structures
have failed due %o structural inadequacy, ox they have deteriorated
through lack of malntenance hecause they were functionally un-
sound or aconomically infeasible, all of which testifies to the
need for the development of sound research programs in coastal
engineering and the dissemination of the techinical knowledge
cbtained,

We at Goodyear hope that our efforits are beneficial to peoples
with vour wtype of credentials, for suoccess will only come by &
united undertaking of this type of program,

It is not our imtent to design shore protecition siructures, Our
objective is to inform the designers of these struoctures that

1 they use scrap tires instead of the waterials they are now
uging, they will produce a better product, at a reduced ocost,
and with an increased servioe life,

To this end, we are presently working with all benefits to be
received being turned over to the public,

We would like to thank you im advance for youyr cooperation imn

this important project, and wish you every success in your
endeavors . '

Very truly yours,

R O (ndle

Section Nead, Englueering Heseaxch
R'D Candle '
pht :
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THE PROPOSED GOODYEAR MODULAR MAT TYPE

SCRAY TIRE FLOATING BHREAKWATER

By R D Candle
D R Piper

This report is a continuation of and & supplement to the Goodysar
report dated April 9, 1973, on the same subject, and by the same
author,

The information reported herein is a description of desipgn parame-
ters (proposed by the Research Division of The Goodyear 'ire amd
Rubber Company) of numerous scrap tire floating breakwater bLarrier
concepts, The use of such scrap tire barrier design concepts

shall be at the sole risk and responsibility of the user without
liability of any nature whatsoever on the part of The Goodyenr

Tire and Rubber Company,

Introduction

Serap tires are proposed as a construction material for building
large floating mat type breakwater devices, The Goodyear scrap
tire floating breakwater assemblies are formed by securing to-
gether modular bundles of tightly interlocked scrap tires with
high strength rope,cable, or special corrosion resistant steel
rods, This construction procedure yields an easily installed,
readily adaptable breakwater structure which has high enexgy
absorbing capacity for normal loading conditions, but which de-~
forms and yields when subjected to overloads,

The proposed designs rely cn & modular bundle concept where a
relatively few tires are scocured together to form a small, easily
assembled, portable building unit which serves as a basic build-
ing block from which giant breakwater devices can be constructed.
Flotation is provided by plaeing a small amount of buoyant mater-
ial in the crown of each tire, or by filling approximately 10%

of the tires with buoyant foam,

The design possibilities using scrap tire building modules are
virtually limitless., Tires may be laced together to form large
flat single or multiple thickness shallew mats, They may be
stacked vertically im single or multiple thickness bundles like
bricks in a wall te form curtain type barriers, Variutions in
breakwater draft are made possible by adding modules above or
below to vary the thickness and by combining constructions such

as hanging a curtain on a mat structure, Also, mats with vary-
ing buoyancy may be moored on an incline foxr more efficient energy
absorption,
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The Goodyear Modulgr Mat Type Scrap Tire Floating Breakwater:

This report will cover only floating mat: type breakwater concepts’,: -
Full seale testing results to date utilizing the mat type strug- .
tures are available 'in Dr Kowalski's 1974 report on the University
of Khode ¥sland's evaluation of the scrap tire breakwater,

All scrap Gire breakwater construcitions ‘should be very effective
as energy dissipators because of the pervious, and flexible na- -

ture of the modules, The scrap tires are ideal energy-absorbing .
components . They are; inexpensive and nearly non-destructible,

The scrap tire is ‘the basic construction component in the proposed
breakwater designs, The objective is to use this basic comnponent:
"as is" 'tc obtain’ maximum economical gain, Tire alterations such
as drilliqggd:?pupphing holes, chopping,. grinding, or cutting the' .
tires into pieces add unnecessaryrcosts to the finished breakwater

The floating scrap tire mat comstruciions proposed in this report '~
are excellent examples of maximum opbinization in utilizing the .’
tires. in :thejr "as is" condition, and, therefore, result in very '
economicall siructures which are very rugged and iLong lasting, ' -

They are jalso capable of heing congtructed with simple hand “Goolg,,
and re%q o R

4

‘c. 10 special handl ing equipniend,

The modular typo construction technigue is utilized in the pro- !
posed desighs, s First, simple floaiing modular counstruction blocks,
consisting of 1& tires, are assembled into compact bundles, Next, '
the modular units are interconnected, usually in the water, to " :..
form the degired breakwater mat design, [This requires two cofie
necting tires, bringing the total tirus.used por. each 7% ¥ 6 1/2° -
module to, 20, The modules can be intercomnected to form mats with
very poxous open grid siructures or can be interconnected very |
tightly compacted to yield a flexible closed grid blanket type - . .
strucqyrq; IR : L, . f. _ ;
The major consideration on ‘the length and the sea-to-shore dimen= ¥
sions of the propesed designs will be the physical limits of the & - _
actual exea 'of the imstallation, - . : ‘ TR

The following'skétches illustrate the modular units, assembly
details, proposed hardware, and several of the movs promising
assembly‘donfiguratiohso. : . : ‘ :
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TIE PROPOSED GOODYEAR BASIC SCRAP TIil MODULAN CONSTRUCTION UN I'T

A Interlocking devices,
N | | may be special corrosion
i L resistant steel hardware

N as shown, or high strength
u‘“): Sy '} rope, cable, or strap with
C . 7 :E },‘: ﬂ::j ~ J proper fasteners, . ..
| . b b UN A Y W : P
b b Lo )
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MOUULAR UNIT SHOWN AS CONSTRUCTED

Y
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6 1/2°

HTODULAR UNIT S3OWN AS INSTALLII
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TYPICAL %bbEMBLY DETAILS OF THE GQODYEAR UPEN GRIJ MAT TYPE
FLOKTING BREAKWATER UTILIZING THL DBASIC SCuAP Tlitdk
CONSTRUCTLD MUDULAR UNITb '

The modular units may be
oriented in either the

transverse or the longitu=
dinal divection of the

breakwater.

Interconnecting dev1ces

may be regular bires,,
or special flotation C
units, T
ne

(», o
771,
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Intercounecting hardware may we ropey
cable, or special corrosion resistant

steel rod as shown,
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TYPICAL ASSLBLY DETAILS OF THE GUULYEAN CLOSED GRID MAT TYPE

FLOATING BREAKWAYTLER UTILIZING THE BASIC SCRAP TIuE
CONSTRUCTED MODULAR UNITS

-interconnecting rope, cable, ox
strap work best for this design,
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PROPUSED ASSEMBLY CONFIGURATIONS FOR THE GOOUDYEAR MAT TYPE
| FLOAT NG BREAKVATENS UTTLIZING Til BASIC
D SCHAP TIHE CONSTRUCTED
MODULAE, UNITS

NOTE: ' o '

This breakwater may be tether&d in

either direction. The elasticity
, of thig breakwater is different
"fdn each direction

" CLOSED ‘GHID UNI-D R ECTIONAL MODULAR ASSEMBLY
( D g x '

NOTE:
‘(Same. as above)

OPEN GRID UNI-DIRECTIONAL MODULAN ASSEMBLY




PROPUSED ASSEMBLY CONFYGURATIONS (CONTINULD)

NOTE s

This breakwater may be tethered
in oither direction, The '
elasticity of this breakwater
_ig ‘the* same in each direction,

' . 3 :
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(Same' as above}

Also, it is possible to construct
a breakwater with different elas«
tiecity. characteristies by reverss -’

" ing the wmodular bundle direction
in each of the iilustrated i
configurations,

OPEN GR ID BI-DIRECTIONAL MODULAK ASSEMBLY




P2

PROPOSED ASSEMBLY CONFIGURAT ION (CONTINUED)

NOTE 5

This breakwatcer may be tethered
in either direction, The elas-
ticity of this breakwater is
different in each direction,

OPEN GEID ALYERNATING UNI-DIHECYIONAL MODULAR ASSEMBLY

NOTE ¢
. This breakwateyr may be tethered
in either direction, The elas-
tieity of this breakwater is
the game ia cach direction,

OPLEN GRID ALTERNATING BI-DIRECTIONAL MUDULAR ASSEMBLY
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PROPOSED ASSEMBLYlHARUWARE AND FLOTATION DEVICES

~ Intericcking Device - & required per wmodule

NOTE: All steel
surfaces should be
double hot dip
coated with corro-~
sion resistand
zing,

p
\\—3/4" dia st'l rod 15%

X 4 .};—,

Js‘)

4.2 1/am—--~%%

' Interconnecting Device - 2 required per module

Mmjz T .

15"

; i
l 22 i/a* (

TYP ICAL FLOTATION PROVISIONS

s o—Flotation material placed

y in the crown of each scrap
/ tire as shown, Material
may be ripid or flexible
foams, or air tight plastic
o rubber enclosures,

R —
Vi
{
A
\,

L

SPECIAL FLOTATION PROVISIONS

- - R The colorful outer shell
; may be nolded fiberglass,
plastic, ete, The inner
gore nay be buoyant fonu,
balso wood, air, etg.
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Flotation:

The basic 20 tire uniis as assembled weigh approximately 500 1bs;
when placed im the watexr they weigh only about 20% of 500 1lbs or
100 puundso

An old auto tire when placed in the water vertically traps ailr

in the crown poriion of the torous shaped carcass, This trapped
air provides & buoyant force sufficient %o support the weight
of the immersed tire, plus 10 additional pounds., Therefore, a
bundle of 20 tires provides & buoyant force sufficient to support
the 1nmersed welght of the tlres ‘plus 200 pounds additional mass°

Our fu11 gcale testlng program has demonstrated that this trapped
air does provide worve than adequate uniform buoyance for the
basic niedular construction units, But it is cnly a matter of
time befors the trapped air will be dzssolved into the water,

and then the units will sinlk, Therefore, ‘0 provide lasting
uniform flc&ablon ‘it is mecessary that permanent flotation ram't‘.\er-=
ial be plaeed in each tire., Typical flotation materials are
rigid ureéthans or polystyrene foems, closed cell flexible foams,
ox air @;ght enclosures such as piastic bags of air, blow molded
polyetﬁvxeLe f?oats, etc., Materiats with a2 buoyancy equivalent
to the trappcd @17 volume and pouxtxuned in the same crown posi-
tion will do the Jﬁb nicely, : :

The complete%v unlform fiotation provided by this teohnique ie
&esthetlcazly pleasing, and will facilitale interconnecting the.
uniis in the water., The 1ndepenﬁent flotation of each unit pro-
vides a ‘very stable 1nsta1 ration, and the interconnecting hardm,
ware is utzl:zed wzth max1mum efflCIODGYo

1t deﬁired, ‘the buoyancy nx the units may be varied by selectlve‘:A
placement ‘of the buoyant materials, For installation where aes- -
thetics are not ‘an impoyiant factor, it may be more economical

to place all 'of the buoyani material in only 2 ef the 20 tires in
the basic modular consiruction units, A scrap tire completely .
filled with foam has & 1ift of 100 1bs, using two foamed tires
per module, ylelds a minimum buoyancy force thut is at least.
twice a8 large as is necessary for floatation of the module, -

An ordinary tire tube may he snbshituted for the foam to simplify .
1nﬂta1£atlono ‘ :

For installatiome. whoere aesthetics are. most important, buoyancy may
bhe provided at the interconnecting medula points by use of aesg-.
thetically pleasing special d931gﬂed filoats, (not foam filled
tires). . This will positiorn the bulk of the tire units slightly:
below the water surface, out of sighit, bum in an ideal position
to attenuate wave emergy. The tires may alsc be painted thh a
latex or urethane based paint for improved sesthetic appearance,
The follawxng sketches illustrate a few of the many variations

in buoyaney placements possible, :
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TYPICAL PROPOSED PLACEMENTS OF FLOTATION DEVICES

-Special buoyant inter-
connecting devices. The
devices may be constructed
with reinforced fiberglass
or plastic to provide the
required 10 year lifeo,'

L
’/f’Z/ff//X
T

D)
’/// f
]

o Plaeing a small amount

of buovant material in

the cyown of each tire
provides completely uni-
form ideal buoyangy,
Also, any two symetrically
lovated tires comﬁletely
filled with foam will .

o ) provide adequate buoy-'
- .~ sacy Ffor the entire.-,a
€ ) bundle, G
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Draft Variation Consideration:

The length and width of the proposed assembled floating modularxr
mat breakwaters may be vavied as desired, The proposed modular
units may also be interconnected in the thickness dimension
(draft) of the breakwater, Therefore, utilizing the proposed
basic modulayr construction components, one can assemble the
floating breakwaters with any variation in draft desired,

The pfpposadlzd tire bagic modular units floal with 6".exposed
above the water and a 24" draft with uniform buoyant material
in the crown of each iire,

Degign Consideration:

The basic modular construction components as proposed have egqual
load carrying capacities in both direciions, Dut the elongations
differ in each ‘direction, They have a maximum elongation of 45%°
in the lonﬂltudlnal direction, and 30% in the transverse diredtion,
It should be noited that these maximum elongations only occur undey
extremely high Iaadlng conditions, and that the modules do return
to their normal shape under no load conditions with no permanent
deformation ‘resulting, -

The modules may be injerconnected in all directions, This allows
one to orvient each module in any direction desired when assembls '
ing the breakwateyr. Therefore, it is possible to assemble the
modules in such a manner as to take advantage of their difference
in elongation characteristic., By sliernating the direction of
adjacent modules one can average the elongations and, therefore,
design a mat with equal slongations in each direction, or if
desired one can uniformily orient all the modules and produce a
mat with 45% elongation in ome direction and 30% in the other,
This load vs elongation churacteristic of the basic module unif
adds further to the versatility in designing the scrap tire mat
type floating breakwaters,

Utilizing the modular construction concept, one can design break-
waters in nearly any shape and size desired, The shapes illus-~
trated in this report are only ropresentative of the many possible
designs, The breekwater designer is urged to use this report as

a guide only, and to freely combine any of the shapes and con-:
figurations shown to construct a breakwater wiith the shape require-
ments to satisfy each individual instailation,
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Cost lstimate for the Modular Mat Type Scrap Tire Mloating Breakwater

Bundié Size = 7' wide x ¢ 1/2' long x 2 1/2' thiek,
Bundle Weight = 500 pounds

Bill of Materials o Furnish and Install this Sub-Assembly:

Material Description Quantity - Cost Each Cost_
Serap Tires | 18 .15 $ 2.70
Foam Filled Scrap Tires 2 ' 4,00 8°0Q
Interlocking Hardware 2 ~ 18,50 ‘37°0é
Assembly Labor - | 2/3 ar 12,00 BQOQ

Costlto provide modular bundle sub-assembly  $55,70
Interconnecting Hardwarse . 14,00 28.00
stallation Labor 2/3 hri 12,00 8,00

. Cost to Assemble and Install Modular Unit ’ $91,70:

Calculations:

[}

Area coverage cost = 91,70 = 7.0 % 6.5 = $2,00 per sq ft.

Cost Suﬁmary:

a) Estimated cost to install a closed grid modular mat type scrap
tire floating breakwater which has a 30 feet shore-to-sea
dimension is 30 x 2,00 = $60,00 per }inear foot, ‘

b) Estimated cost to install an open grid modular mat type scrap
tire floating brealiwater which hag a 30 feet shore-to-sea
dimension and a 7 by 6 1/2 feet open grid structure is
30 x 2,00 & 2 = $30,00 per linear foot,

NOTE: * Estimated costs do not include mooring 1ines and anchoring
costs, : o

Also,'éstimated costs do inciude costly corrosion resistant
steel interlocking hardware, If rope or cable are used,
the hardware cosis can be veduced by onre half or more,

Design concepts: g

e theoretical | ongorth hereim

Mended or
e Opos i :
Specifications posed as éngineering
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§§%§cy P  JECHNIQUE FOR PROVIDING FLOTATION TO THE
o VERTICAL IMMERSED SCRAP TIRES

The vertical immersed tires used in the floating mats trap a
volume of air in the crown area., This trapped alr provides
approximately 14 ibs buoyancy per tire, but will probably
diminish with time due to the air dissolving into the water or
from possible physical rejection by wave action. To provide
permanent flotation, rigid uvethane foam may be used to fill
this crown volume. A two component 1iquid foam wixture of 20:1
expansion ratio may be poured into the tive supported in a
vertical position. The expanded foam should i1l the crown
votume and provide about 13 pounds of total buoyancy.

YYPICAL CALCULATIONS

Approx Vol = . X W

5

Vol o 13 x 27 - 22 (13-6)
2 . ‘ .

Yol . 500 ind

Using urethane foam mixture, ZOETj
expansion:

500 §nd

—55— ® 25 in® 1iquid foam mixture

« 400 ¢cc = .Y gal = 1 1b:

( | Cost = §.60/1b
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Other possibie candidates which might be considered for insertion
in a tire to provide flotation, but which have not been tested,
include the following: -

. fﬁém ” | Cost Estimate
1. Rigid urethane foam (as above)- $ .40/tire
30:1 expansion ratio
2. Ethafoam Rod ~ 6" dia $1.61/foot
3. Ethafoam Rod - 5% dia _ $1.11/foot
4. 12 ov 1 ga}~pia$tﬁt bottles (milk, |
Ciovox, etc¢) serap
5. Special blow molded poiyethylene : o
containers $.50-.60/tTvre
6. Styrofoam premolided shape $.50/tive
7. Blown film air container bags, heat
sealed ends $.20/tive
8. Trapped air - foyr prototype testing free

ESTIMATING THE NUMBER OF TIRES REQUIRED

The number of t?ves required for construction of the Goodyear
scrap tire mat may easily be calcuilated {1f the final mat size is
known. Each of the scrap tire building block modules requires
efghteen passenger cavr tives with two connecting tires which gives
a total of twenty tires required per unit. Each bundie module will
measure approximately 6 1/2 feet wide by 7 feet long when standard
14" and 15" tires are used. The resulting area covered per tire
module 1s about 45 1/2 square feet, as shown in the closed grid
mat constructions. For an open grid mat constvruction, the number
of tires would be one haif or ten tires for every 45 1/2 square
feet of coverage.

Design concepts set forth herein

are theoretical, intended only for
academic purposes and not recome
mended or proposed as engineering
specifications for practical application.
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Design concepts set forth herein

are theoretical, intended only for
academic purposes and not recom-
mended or proposed as engineering
specifucatnons for practical application.
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SUBJECT: Cost Estimate to Furnish and Install
the Proposed Goodyear Modular Mat
- Tire Scrap Tire Floating Breakwater,

Introduction:

Thers is & need for effective, low cost, mobile floating break-
water devices for lakes, rivers and oceans, Possible loecationsg
for such devices include harbors, marines, swinming areas and
shore erosion areas, ‘

Our preliminary research has indicated that simple modular bune-
dles of scrap tires, properly secured together will form easily -
installed, readily adaptdhle floating breakwater barriers,

The scrap tires are 1deal energy absorbing components, They are
inexpensive and nearly nop-destructive, The most efficient .
method of packaging these components is utilized by simply lash-
ing themn together with bands in tensian, .

Summarz

Table of costs to furnlsh and install @ single tire depth,.opem
grid, mat Bype scxrap stire flonting breakwater approxi.mately 26°

wide, -
: o ‘ Materiai Costs for
Length - F& I - Alternative Constructions
(Feet ) (Man-Hours) ° § Yr Life 10 ¥r Life 20 Yr Life
600 600 $12,000 .  $18,000- . $30,000
500 : 500« 10,000 ' 15,000 25,000
400 © 400 8,000 . = 12,000 20,000

300 300 6,000 9,000 15,000

Examplo: A breakwater 600 feet longitund with a iife expectancy
‘ gﬂ_zo years will require 600 man-hours labor and material costs of
30,000, ,

Alternatively, the same 600 feet long breakwater comstructed with
materials having & 1life expestancy of only five years, will re-
guire 600 man-hours labor and maverial costs of $12,000,




Conqtructian°

- The breakwater wauld be censtructed from acrap tires, partially
foam-fiiled and fastened together to form modules of 18 tires
each, similar to those deseribed in ithe aceouaponyinyg réporis, A

_ total of 344 modules would be fastened togethexr with appropriate

- herdware in a configuvation four units wide and 86 units lomg,
The breakwater would be moored to ithe lake bovtom by using 28
dead weipght concrete anchors with cables atbtached cn the seaward:
side and 28 cables and smaller ancnﬁrs on the shoreward side of
the hraakwatesn See Figure 1.

L8 tire bundie wikbh
1nterlaﬁk1ng hardware

lieavy
suchor

Conneoting tires
A and hardwave

Light Anchow

e
Seaward iioreward
s ide 23 ° slde

. 4 4 y K
Y ks
™% Y
) J\\
/ .
Ry wf N =
& AN d
74 % | SeerommorTrmes
SR . ]

ﬁ;’* )

34, fﬂ"&f‘\

Mooring line ,
269 : -

( | ~ FIGURE ¥

B i a3 4 O VS TR

OPEN GRED MAT TYPE R lnknaThy




The proposed construction materials and techniques are as follows:

lo‘

20

L

Partially foam £i11} 6790 scrap tires using 400 ¢e¢ (about 1 1b)
of two-compenént liquid rigid urethane foam mixture poured
into the botteom of sach tire, with the tire supported in an
upright position, A 20:1 expansion ratio foam will provide
about 13 1bs of buoyancy in each tire,

Construct 344-18 tire modules (6 /2" % 7') using twe inter-
locking galvanized steel "U" bolt assemblies with plates and
nuts to fasten the tires together, Align the tires so all foam
is oriented on %op side of the modules,

If 1t ‘is desired to paint the top section (foumed area) of the
breakwater, it should be done before imstalling the modules

in the water, One method invelves dipping the tire into a

pan of paxnt berore assembling in the modules, The other
technique is to spray or brush paint the top of the modules
after assembly, If & urethane paint is used, the tires musd
be prepared first. Latex, aluminum or urethane paints are
possible candidates for marine applications, but 1life and
durability in the water has not been tested,

Assemble the four modules wide by 86 wodules long breakwatgy

by interconnecting the modules using single tires and the "U* _
bolt hardware, If possille, sets of two or four modules which
form the width dimension wight be preassembled on dry land

and then rolled into the water to connect with dther sets,

An alternative to this agsembly technique is to connect all

the 31ngle modulea together in the water,

Position the assembled braakwater and tether in position, us-
ing dead weight corcrete anchors attached to the breakwater
with galvanized steel moouring lines, Proposed mooring posi-
tions would be located om the seaward and shoreward sides,
starting at the second bundle frowm the end and every third
bundle thereafter,

It is felt that a mininum of 28 heavy anchors on the sesaward edge
and 28 lighter anchors on the shoreward side should prove adequaibe.
llowever, we have iittle experience im amchoring this particulay
breakwater design, and 1t may be necessaxry to install additional
anchors if the breakwater is found to move from its original
position,
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Calculations°

COSt Estimute for 26° x 600° Breakwater with
. & 20 Year Life Expectancy

Item . Quantiﬁy Unit Cost Cost
1) Scrap Tires 6790 $ .15 $ 1,019
2) Urethane Foam | 6790 1b -60/1b 4,074
3) Interlocking Hardware 688 units 18,50 ea 12,728
4) Connecting Hardware ' 598 unite 14,00 ea 8,372
§) Mooring Cable - 1/2% Galv ‘
Strand, 1 x 7 1400 £t -35/1% 490
6) Mooring Clips (1/2" Crosby) - 336 .90 ea 303
7) Mooring Thimbles (Heavy : |
Galv) ‘ 86 .70 e8 40
8) Handmade S500# Concrbte
Angchors . . .28 16.00 ea 420
9) Handmade 250# Concrete o o
Anohors ' 28 10,00 ea 280
10) Labor Estimate - 1 1/3 hr per
Bundlewﬂuild & Install = 400 hrs
Notes: )
The major'cbsté are in the hardware and foam components, The costis

can be reduced if'Shorter life expectancy materials are eelected,

A, If 3/8" 6 x 19 galv steel cable and cable clips are substituted .

for 3/4" rod assemblies quoted in items 3) and 4)
3) Total cost of interloeklng hardware =

Cable = 6192 £t x $.30/2% = $1868
Clips = 27562 clips x $¢60 ea = _1652

Cost = $3510
4) Total cost of cennecting bardware =

Cable = 5382 £t % $,30/0¢ $1615
Clips = 2392 clips x $,60 ea = _1436

L

1]

. Cost = $3061
Or ‘total cost items 3) & 4) $6561

£
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B, If 265 1b concrete parking bumpers with eye bolts and nuts

are substituted for items 8) and 9):

8) Total cost = 2 bumpers x 28 x $10 ea = $560
9) Total cost =1 -bumper x 28 x $10 ea
C. If 40 1b concrete blocks with 1/2% galvanized strand cablés

are substituted fo¥ items 8) and 9):

8) Total cost = 13 blocks x $.42 ea
14° cable x $.35/f%
3 elips x $,.90 ea

Total cost®
7 blocks = $.42 ea

10° cable x $,35/1¢
3 clips x $.90 ea

9) Total cost =

Total cost

x
X
%

WM M

28
28
28

28
28
28

P
=

Bon 1 L

U

$280

$153
187
76

$366
$ 83

o8
76

$267

204

SFIF

Engineexrin

R D Candle, Section Head

&

é»wm

search
RESEARCH DIVISION

R E Payne ;

ph | . Design concepts set forth herein
are thepretlcal, intended only for

Typed: 10/1/74 academic purposes and not recom-

-mended or propose

d as engineering

spemfhaﬂonsforpwacﬁcalapp“caﬁon.



UesIgn Concepis Set Yortn nerein

are theoretical, intended only for

academic purposes and not recom-

mended or proposed as engineering

specifications for practical application. Septewmber 30, 1974

TUE PROPUSED GOODYEAR SINKING SCRAP TINE MARINE MAT

by R D Candle
W Jd Pischer

The following is & procedure for the fabrication of a general purpose
ginking marine scrap tire mat for use as an erosion control device,
Scrap tires are the main construction material for building these
large marine mat type structures,

Modulaeyr Bundle Cogstructiomz

The basjcs designe rely on & modular bundle concept where a rela-
tively few tires are secured together to form a small, easily assem-
bled, portable building unit, The Goodysar Serap Tire Marine Mats
are formed by securing together the modular units as shown in Figures
1 and 2, This comstruction procedure yields an easily installed, ‘
readily adaptable structure which has high emergy absorbing capacity
for normal loading conditioms, but which deforms and yields when sube
Jected to overloads.,

Interlecking and Interconnecting Hardware s

a) Galvanized Rod Type:

The soxrap tire modules are fabricated by interlocgking the worn-
out tires to foxm a compact bundle. "U" bolt type devices as
shown in Figure-3 may be used to interlock the tires, A 3/4%
diameter steel rod is bent inte a 42 1/2" long by 15" wide “U®
bolt configuration with 6" long threaded ends to forxm the in-
terlocking hardwore, All steel components are double galvanized -
to provide maximum corrosjion resistance, The interconnecting -
hardware is identieal te the inter]ocking "U" bolts except that
they are only 22 1/2" long, Two interconnecting and two inter- -
locking "U" bolis are required for each bundle asgembly, -

b) Non-Corroding Wire Rope Typa

The "U" bolt typs interlockinmg devices used in the bundle modules
may be replaced with high strength stainless or galvanized wire
rope in somie applications which do not require the ‘added atrength
and long life of the 3/4 diameter steel rods, 'Two nine foot
lengthe of cable are required to imterlosk the tires into the
modular bundle, and two six foot lemgihs are required %o intere-
connect the bundles to form the mei assemblies., Each oable

)
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requires two cable slipso These scrap tire modules are capable
of being censtructed with simple hand %tools, and require no
special handling equipment., Cable sizes up to 3/8" diameter
may be used,

o) Synthetio Ropg Txpe‘

Synthetic rope may be used for light duty and short life ex- B
pectancy installations, Many types of synthetie rope such ag -
nylon, Daeron, polypropylene, and polyethylene are suitable for
marine applications, But, due to the abrasive nature of the
sorap tire mats, the service life of this type of assembly may
be shord, .

8

?

d) Plastl@ btrap Type:

Another possibility is to band the tire bundles with high atrength
reinforced plastio or metal sitraps, This method would only be
recomnended for light duty, or prototype assemblies due to the

low strength and the short sexrvice life of the bands and the
fasteners that hold themo,

Selecting }he Interlockingﬁﬂardwara'

The type of iﬁterloeking hardware whieh ia used in the caﬁstruction
of the Goodyear Scrap Tire Maripne Mat will be dependent upon the
desired strength and expected service ]ife of the imstalla tiom,

The estimated breaking strength of each interlocked tire module isg
about 24,000 poundg in both the 1eny£1bud1na1 and transverse direcs’
tions, ?his figure is calculated by uning the tire bead breaking
stropgth., An equivalent strength in the interlocking hardware
would provide an optimum perfarmanca. but may not be necessary for
all applioationso ‘

Faoctors which shonld be taker inte oonsiderution when selecting
hardware ayre servioce life, maintenande requirements, iustallation,
location and overall mat size., The design engineer on each project’
must select the most economical oombination of construction compon-
ents to best auit the particular requiraments of the site,

The number of tiras required for construction of the Gnodyear SQrap
Tire Mat may eassily be ealculated if the final mat size is kuown,
Each of the sgorap tire building bloek medules requires eighteen
sorap tires with two eonnecting tires which gives a total 0%

twenty tires per unit, Esgh bundle module will measure approxi-
mately 6 1/2 feet wide by 7 feet lomg when standard 14 and 18 inch
tires are used, The resulting ares coverage for the oleosed grid

¥




aaﬂ

L)

mat construction as shown im Figure 5 is about 45 1/2 square feet
per bundle, For an open -grid mat design such as shown 'in Figure 6,
the number of tires would be reduced by one half or ten tires for
every 45 1/2 square feet ,of coverage,

1}

Venting the Tires for frosion Mat Applications:

It will be necessary to provide ventilation holes im the tires for
~applications where the mats are installed om the lake or ocean floor,
- A single 2" diameter or larger hole in the tread of each tire is
recommended to allow trapped air to escape,’

The tires must be oriented at assembly.such that the vent koles are
located at the top of the mats to allow trapped air te escape,

A simple hand punch and iﬁllet may be used to punch the required
vent holes, The punch can be mounted om a frame, as is shiown im
Figure 4, to simplify the operation, S

Another simple method of venting the tires is to use an eleotric
drill motor and a cireld: omtter pr hole saw, - ‘

For applications which require a large number of wented tires, 1t

may be more economical {0 use an automatic punching deviee, An

air operated power punch was designed by The Goodyear Tire and

Rubber Company for punching vent holes,in tires for use in our
artificial reef projects, Detailed drawings of the power punth

may be obtained by writing to: Community Relations Manager, Depart-
ment 798,. The Goodyear Tire and Rubber Company, Akron, Ohio, 44316,
The power punch can be built by most commercial machine shope, oy
the punch may be ordered ‘from the itgllable Manufacturing Company, ,
A689 Wingate, Akron, Qhio, which produced the prototypes for Goadyear.
The purchase price for the power punch in June 1074 was $2200, The -
punch. réguires 100 psi air pressure for operation, If this is not
available, ‘& gas driven compresgoy of sufficient size may be pur-
chased for approximately $800, or an air compressor may be rented, .

Scrap Tire Sourcess

Obtaining the worn-out tires to build a soexap tire marine maeé should
be no protlem in any area of reasomable population denmsity. Recap-
ping shops, service stations, and tire dealers are always looking
for ways to disposs of sorap tires, Also, municipal and private
waste haulera must find ways to dispose of jires whioh they aolleot.

Usad tires may also be purchased, Normal charges range from $10 to
$20 per ton (approximately 100 tires) delivered to your construction
pite. Often publicizing your need for scrap tires and providing a
convenient drop-~off or coliecting station w;ll produce an over abun-
dance of itires, Standard 14" and 15" passepger tires work hegt

oy marine mat appligations, , K P




m4w

TIE PROPOSED GOODYRAR SCRAP 'WIRE

MODULAR CONSTRUCTION UNIT

(Side View)

Interlocking devices

may be special corrosion
resistant steel hardware
as shown, or high
strength rope, cable,
Bt or strap with proper

(ol Yho ")(‘“'o D) fastoners.
Clio X oy
C O” XL o 1D &
(Top View) Clon X To iy
O
A “;g;“ O 1L Air vent holes

A

Modular Unit Shown as Constructed

Figure 1

Modular Unit Shown as Installed

Figure 2
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PROPOSED ASSEMBLY HARDWARE

Notes All steel
surfaces should be
double hot dip

goated with corrosion
rgsistant zine ,

;nggrconnect;ng,ugg;ee =.2 xoguired per module

HAND PUNGH AND_FRAME

Waoden FIGURE 4
Mailet =

Round Vrive Punch

Channel or angle iron
support frame
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IXPICAL ASSEMBLY DETAILS OF TUE GOODYEAR

CLOSED GRID MAT UTILIZING THI BASIC SCRAP TIRE

CONSTRUCTLD MULULAR UNITS
FIGURE B ‘

Interiooking rope, cable, or strap
work best for this design,
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TYPICAL ASSEMBLY DETALLS OF THE GOODYBAR

OPEN GLLID ERUSYION MAT UTILIZING THE BASIC SCRAP TINME

CONSTRUCTED MODULAL UNIT

The modular units may be
oriented in either the
transvexrse or the longi-
tudinal direction of the
breakwater,

Interconnecting hardware may be rope,
cable, or special corrosion resistant
rod as shown,

FIGURE 6




Cost Estimate for the Goodyear Serap Tire Marine Mats

Bundle Size: 7 £t lang x 6 1/2 £t wide x 2 1/2 £t thick,
Bundle Weight: Approximately 400 pounds,

Bill of Materials to Furmish and Install Sub
Punching Technique and Steel Hod Connectors :

-Assemblies Using Hand

Material Desoription . Quantity Cost Each Cost

Scrap Tires | 20 $ .15 $ 3,00
Tire Venting Labor # 1/2 hr 12,00 6,00
3/4" Steel Interlocking Hods *a 2 18,50 37,00

Assembly labor 1/2 nr 12,00 6,00
Cosi to provide modular bundle sub-assembly - $52,Q0 N

3/4" Steel Intcrcommecting Rods ** - . g $14,00 $38,00 -
Installation Labor - 1/2 hr 12,00 8,00 ;
Cost td assemqie ahd install unit - $86,00.

»

Caloulatidné% 

Area Coverage cost = $86,00 £ 6.5' x 7' = $1,89 per sq £,

Bill of Materials te¢ F

urnish and Install Sub
Punch and Steel pable ‘

Connegctors

=Asgsembly Usin Automay'o

Material Desdrihtion . Quantity Cost Each _Cos't
Serap Tires o 20 $ .16  $ 8,00
Tire Venting Labor * 4 1/4 nr 12,00 3,00
3/8" Galvanized 6 x 19 wire rape i8 £t <30 6,40
3/8" grosby-Laughlin Cable Clips 4 .92 3,648
Assembly Labor ‘ ‘ 1/2 hr 12,00 6,00
Cos¥ %o provide modular bundle sub-assembly - $21,08

3/8" Galvanized 6 x 19 wire rope 12 £t $ .30 $ 3.60
3/8" Crosby-Laughlin cable clips 4 .92 3,68
Installation labor 1/2 hr 12.00 6,00

Cost to assemble and install noedulay unit - $34,36¢

Oa;ou;atiggg: '

- Area coverage cost = $34.36 - 7.0 x 6.5 = § .75 per aq ft.,
% listimated costs do not include initial cost of mechanical tire punch.
[ %* LEstimated costs do not imclude costly porrosion resistant steel
interlocking hardware or mooring lines, . oo
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Cost Summary : o

a) Estimated cost to install a closed grid modular serap tire mat
which has a 30 feet shore-to-sea dimension is:

For uqnd Punc&ig&,and Galvanizgd Steel Nod Connpctora

30 x $1,89 = $56,70 per linear foot.

For Automatic Punching and Galvanizgd Steel Cable

30 x $ .75 = $22.50 per linear foot.

b) Estimated cost to install an open grid modular scrap tire mat
which has a 30 feet shore-to-sea dimension and a 7 £t x 6 1/23 £%
open grid structure is: ‘ .

Foxr lland Punching and Galvanized Steel Hod Coxmectore

80 x $1.89 <& 2 = $28,35 per linear foob.

For Au'tomsuc Punching and Galvanized Steel Cable Conuectors

30 x 3 .76 ¢+ 2 = $11,25 per limear foot.

-

Design concepts set forth l}er%i‘;\r
are theoretical, intended only -
academfc purposes and not 'recoi
mended of proposed as engineer agn‘
specifications for practical applicatio




