
AKRON, OHIO 44316 

Enclosed f o r your information and r e f e r e n c e are s e v e r a l r e p o r t s 
on work The Goodyear T i r e and lUibber Company has done i n our 
s c r a p t i r e u t i l i z a t i o n prograia„ The reports cover the new 
Goodyear modular const r u c t e d , s i n k i n g and f l o a t i n g type, s c r a p 
t i r e mat ahore-protection s t r u c t u r e s o These r e p o r t s w i l l b r i n g 
you up to date on the most recent developments i n our e f f o r t s 
to f i n d new uses f o r o l d t i r e s , , We are confident that you w i l l 
f i n d the innovative new approaches described h e r e i n informative 
and b e n e f i c i a l o 

The use of the proposed scr a p t i r e shore p r o t e c t i o n s t r u c t u r e s 
s h a l l be a t the s o l e r i s k and r e s p o n s i b i l i t y of the user w i t h 
no l i a b i l i t y of any nature whatsoever on the p a r t of The Goodyear 
T i r e and Rubber Company,, In t h i s regard your a t t e n t i o n i s d i r e c t e d 
to the f o l l o w i n g i s s u e d U S Patents of which we a r e aware t h a t 
r e l a t e g e n a r a l l y to t i r e s f o r use other than on v e h i c l e s s 3p276p210a 
3p728,;749., and 3^,848,85S„ 

Th© U n i v e r s i t y of Rhode I s l a n d i s e v a l u a t i n g the f l o a t i n g type 
scr a p t i r o breakwater s t r u c t u r e s i n Narragansett Day„ E a r l y pro­
totypes were reported as 80 percent e f f i c i e n t i n wave suppressiono. 
The new designs are expected to be even more e f f i c i e n t . , The 
U n i v e r s i t y w i l l p u b l i s h the r e s u l t s of the e v a l u a t i o n a t the ter= 
mination of the study,, 

The U n i v e r s i t y of Michigan i s exploring the use of scrap t i r e s a s 
a po8slb]<} m a t e r i a l f o r the c o n s t r u c t i o n of marine mats f o r 
c o a s t a l e r o s i o n control,, The U n i v e r s i t y ' s Department of C i v i l 
Engineering and C o a s t a l Zone Laboratory are p r e s e n t l y designing a 
s c r a p tir© ehore-protoction s t r u c t u r e u t i l i s i n g the new Goodyear 
modular teat c o n s t r u c t i o n technique„ 

The r e s u l t s of t h i s work w i l l be published i n an annual r e p o r t 
t i t l e d "Slioi-e E r osion Engineering Demonstration P r o j e c t s " , along 
with s e v e r a l other e s i s t i n g e r o s i o n c o n t r o l demonstration pro­
j e c t s which ar® c u r r e n t l y being sponsored by the S t a t e of Michigan 
Department of Na t u r a l Resources^ Bureau of Water Managements Water 
Development S e r v i c e D i v i s i o n 5 and NOAA O f f i c e of Sea Grant» Depart-
meat of Conuaerceo 
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The effectivenefis of t h i s p r o j e c t w i l l be evaluated and documented 
wi t h r e s p e c t to such f a c t o r s as reduction of e r o s i o n ratesg oosts» 
c o n s t r u c t i o n d i f f i c u l t i e s and d u r a b i l i t y . 

The scrap t i r e c onstructed e r o s i o n devices proposed f o r evalua­
t i o n are innovative iow c o s t s t r u c t u r e s and, i f proven e f f e c t i v e , 
w i l l be a s i g n i f i c a n t advance i n the design of wave energy dis» 
s i p a t i n g s t r u c t u r e s o Great sums are spent annually i n the 
United S t a t e s by f e d e r a l ^ s t a t e , and municipal governments and 
p r i v a t e owners fo r s t r u c t u r e s designed to prevent e r o s i o n damage 
to sea-coaats and lake shores. Many of the e x i s t i n g s t r u c t u r e s 
have f a i l e d due to s t r u c t u r a l inadequacy, or they have d e t e r i o r a t e d 
through l a c k of maintenance because they were f u n c t i o n a l l y un^ 
sound or economically infeasible» a l l of which t e s t i f i e s to the 
need for. the development of sound r e s e a r c h programs i n c o a s t a l . 
engineering and the dissemination of th© t e c h n i c a l knowledge 
obtained,, 

We a t Goodyear hope that our e f f o r t s are b e n e f i c i a l to people 
with your type of c r e d e n t i a l s * f o r success w i l l only come by a 
u n i t e d undertaking of t h i s type of program. 

I t i s not our i n t e n t to design shore p r o t e c t i o n structures,. Our . 
o b j e c t i v e i s to inform the designers of these s t r u c t u r e s t h a t 
i f they use s c r a p t i r e s i n s t e a d of the m a t e r i a l s they a r e now 
u s i n g , they w i l l produce a b e t t e r product, a t a reduced c o s t , 
and with an increased s e r v i c e l i f O o 

To t h i s end, we are p r e s e n t l y working with a l l b e n e f i t s to be 
r e c e i v e d being turned over to the public» 

We would l i k e to thank you i n advance f o r your cooperation i n 
t h i s important p r o j e c t ^ and wish you every success i n your 
endeavorso 

Very t r u l y yours» 

S e c t i o n Head5 Engineering Research 
R D Candle 
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Df 1 concepts set forth herein 
art ..lenretical, intended only for 
academic purposes and not recom- September 30 1974 
mended or proposed as engineering 
specifications for practical application. 

. TilE PUOPOSED GOODYEAR MODULAR MAT TYPE 

By E D Candle 
D R Piper 

T h i s report i s a c o n t i n u a t i o n of and a supplement to the Goodyear 
report dated A p r i l 9, 1 9 7 3 , on the same s u b j e c t , and by the same 

The information reported ' h e r e i n i s a d e s c r i p t i o n of design parame= 
t e r s (proposed by the Research D i v i s ion of The Goodyear T i r o and 
Rubber Company) of numerous scrap t i r e f l o a t i n g breakwater b a r r i e r 
conceptso The use of such s c r a p t i r e b a r r i e r design concepts 
s h a l l be a t the s o l e r i s k and r e s p o n s i b i l i t y of the user without 
l i a b i l i t y of any nature whatsoever on the part of The Goodyear 
T i r e and Rubber Company„ 

I n t r o d u c t i o n ; 

Scrap t i r e s a r e proposed as a c o n s t r u c t i o n m a t e r i a l f o r b u i l d i n g 
l a r g e f l o a t i n g mat type breakwater deviceso The Goodyear s c r a p 
t i r e f l o a t i n g breakwater assemblies a r e formed by s e c u r i n g to° 
gether modular bundles of t i g h t l y i n t e r l o c k e d s c r a p t i r o s w ith 
high s t r e n g t h ropOj,cable» or s p e c i a l c o r r o s i o n r e s i s t a n t s t e e l 
rodSo T h i s c o n s t r u c t i o n procedure y i e l d s an e a s i l y i n s t a l l e d , 
r e a d i l y adaptable breakwater s t r u c t u r e which has high energy 
absorbing c a p a c i t y f o r normal loading conditions,, but which de­
forms and y i e l d s when subjected to overloads. 

The proposed designs r e l y on a modular bundle concept whore a 
r e l a t i v e l y few t i r e s are secured together to fonsi a small, e a s i l y 
assembled, po r t a b l e b u i l d i n g u n i t which s e r v e s as a b a s i c b u i l d ¬
ing block from which g i a n t breakwater devices can be c o n s t r u c t e d . 
F l o t a t i o n i s provided by p l a c i n g a s m a l l amount of buoyant mater» 
i a l i n the crown of each t i r c p or by f i l l i n g approximately 10% 
of the t i r e s w i t h buoyant foaoo 

The design p o s s i b i l i t i e s u sing s c r a p t i r e b u i l d i n g modules a r e 
v i r t u a l l y l i m i t l e s s o T i r e s may be l a c e d together to form l a r g o 
f l a t s i n g l e or m u l t i p l e t h i c k n e s s shallow mats., They may be 
stacked v e r t i c a l l y i n s i n g l e or m u l t i p l e t h i c k n e s s bundles l i k e 
b r i c k s i n a w a l l to form c u r t a i n type b a r r i e r s . V a r i a t i o n s i n 
breakwater d r a f t a r e made p o s s i b l e by adding modules above or 
below to vary the t h i c k n e s s and by combining c o n s t r u c t i o n s such 
as hanging a c u r t a i n on a mat s t r u c t u r e . A l s o , mats with vary­
ing buoyancy may be moored on an i n c l i n e for more e f f i c i e n t energy 
absorptiono 
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lM-Gooay.<w,.Modia^ 

Thi s r e p o r t w i l l cover only f l o a t i n g laat^ type breakwater c.dncepts';. • 
P u l l scale.; t e s t i n g r e s u l t s to datfe u t i l i z ' i n g the mat type s t : r i i c . ; ' 
ture s â ce; ••availabto i n Dr K o w a l s k f e 1974 r e p o r t on the U n i v e r s i t y 
of Hhode I s l a n d ' s e v a l u a t i o n o f the scrap t i r e breakwater» 

A l l scrAp' .tire- b-reakwater cons truest iona ••gliould be. very ©ff a c t i v e ' 
as ene^-gy-;di's;sl:pat,ors because of the pervious ̂  and f l e x i b l e - na-'' ' 
ture of the modiil.offo The scrap tire.s are' i d e a l energy-absorbing . 
components . They are> inexpensive -and n e a r l y non-destrue'tlbl9« • ' '. 

The s c r a p t i r e is;'the b a s i c construc.tion component i n the propos.o^'' 
breakwatier ,das ignis, o The o b j e c t i v e ï& .to use t h i s b a s i c conpoaent' ' 
"as is"-•to. ob;ta-i'n;.:snaxiniuia economical gain„ T i r e a l t e r a t i o n s sueh, ' 
as dril-ling^ .01̂  p\i«ching h o l e s , choppin^.^... g r i n d i n g , or c u t t i n g tta©̂ ,: 
t i r e s into; pieces; add uanecessary^cos'ta ^to the f i a i s h e d br©a:toWt0r,: 

• . • • • • ; •' • • 

The f l o a t i n g s c r a p t i r o mat c o n s t r u c t i o n s proposed i n t h i s report'-' 
are exclellent examples of maximum optimiz a t i o n i n u t i l i z i n g the ' ' r 
t i r e s ; . i n ijthöiir ;"-as i s " c o n d i t i o n , and,, t h e r e f o r e ^ r e s u l t I n vei^y • -
econoinioal-;S. true t u r e s which are very' rugged wó long l a s t i n g ^ ' • -
They ar©. idXa^, capable of being 'dom^ructQé with simple hand %ÏO1^„ 
and re(||f3?^ no; «pecia^ handling equlpmento • ' ' :]''^'] 

The raodWlw typ,©, .Construction tectóqüe as. u t i l i s e d i n the p r t - • '^• 
posed designs;». . f i r s t , . sinip-le f l o a t i n g modular c o n s t r u c t i o n -Mo;©,k»;,i 
c o n s i s t i n g of .18'tire35 are- asserabl.ed into compact bundleSo ' Nex^: ' 
the raodula.r îïïlts; oar© i n t e r c o n n e c t e d u s u a l l y i n the water, to' -^^'^l'-
form .th^: ;d:e.sXre'd-;breakit!ater mat designo '.This r e q u i r e s two coü*. ' 
nectlng t i r e s ^ , b r i n g i n g the t o t a l t i r e s ' u s e d pór. each 7' x 6 1/2' 
module to; .20„; The modules can be Interconnected to form mats wi'-Éi' 
very poŝ ,ous open g r i d s t r u c t u r e s or can be interconnected very ' • ? 
t i g h t l y Jtfompacted t o y i e l d a f l e x i b l e c l o s e d g r i d blanket tyije • ' 
structureto ' ; [ \ r , . • T • 

The major co.ns.lde.ratipri on th® length and' the sea-to-shore dlnen=. 
s i o n s of the .proposed'designs w i l l be t h e p h y s i c a l l i m i t s of the • -
a c t u a l area, 'of .the' I n s t a l l a t i o n o ; ; ; : 

The f o l l o w i n g sketches i l l u s t r a t e the modular u n i t s , assembly ' 
d e t a i l s , proposed hardware, and s e v e r a l of the more promising 
assembly configurations„ , , -

'; 



TIIE PU OP OS Ei) GOODYEilli BASIC SCilAP TIHE MODULAK CONSÏMUGTION UNIT 

•Interlocking devices,, , 
may be s p e c i a l cor.ï^osion 
r e s i s t a n t s t e e l hardware 
as shown, or high s t r e n g t h 

^ rope^ e a b l a , or strap, with 
proper fasteners'.o ;. .:. • 

myuhAii UNIT SHOWN AS COMSTRUCTEB 

flODJLAH UNIT SJfOi.'N AS INSTALLER 
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TYPICAL !iSSEMBLY DETAILS Ol'' TIIE GOODYEAHjJPEN GUIJ MAT TYPE 

I . ; - - — CONSTUUCTED MODULAR UNITS 

Interconnecting devices-
may be r e g u l a r tir©s>, 
or s p e c i a l f l o t a t i o n 
u n i t s c 

The modular u n i t s may be 
orien t e d in- e i t h e r the 
tr a n s v e r s e or the longitu* 
d i n a l d i r e c t i o n of the 
breakwater. 

Interconnecting hardware may be rOi)e9 
c a b l e , or s p e c i a l c o r r o s i o n r e s i s t a n t 
Ütool rod as sliowuo 



TYPICAL ASSEMÜLY DETAILS OF THE GOODYMU CLOSED GUID M>vT TYP 

FLaATING BUEAlflvATEK UTILIZING TilE BASIC SCliAP T l i tE 

CONSTUUCTED MODULAR UNITS 

s t r a p work best 1'or t h i s design. 
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NOTEl ; : 
Thi s breakwater may be -tetliered i n 
e i t h e r d i r e c t ion„ The e l a s t i c i t y ' 
of t h i s breakwater i s d i f f e r e n t 
I K ööch d i r e c t i o n 

; . : ' 

NÖTEl 
(Sarae, as above) 

OPEN üiilD UNI-.̂ ^̂ ^̂  



PROPOSED ASSEMBLY CONFICUHATIUNS (CONTINUED) 

NOTES 
Th i s breakwater may be tethered 
i n e i t h e r d i r e c t i o n . The 
• e l a s t i c i t y of t h i s breakwater 
I s . thevsame i n each d i r e c t i o n ; . 

J •• 

{$aiaei' as above) 

A l s o a i t i s p o s s i b l e to c o n s t r u c t 
a brealcwater with d i f f e r e n t 'elas-; 
t i c i t y . c h a r a c t e r i s t i c s by rev'ers,-
• ing the modular bundle d i r e c t i o n 
i n ©ach of the i l l u s t r a t e d 
configurationso 

OPEN GRID BI-DIRECTIONAL MODULAR ASSEMBLY 



NOTE: 
This breato.-otor may be tethered 
i n e i t h e r direction., The e l a s ­
t i c i t y of t h i s breakwater i s 
d i f f e r e n t i n each direction., 

OPEN ÜUIJ> ALTEHNATING MI». i>lHEC^!mM. IWIW^ 

NOTE : 
Thi s bl-oak-jater may be tethered 
i n e i t h e r direction„ The e l a s ­
t i c i t y of t h i s breakwater i s 
the same i a c-aoh d i r e c t i o n . 

OPEN GRID ALTEim^TING M^DlliE.GTI».„^^^^ 



PllOPOSED ASSIiMJLY liAE.WAIiE AND FLOTATION DEVICES 

I n t e r l o c k i n g Device - 2 required per module 

3/4" d i a s t ' 1 rod 
T 
15" 

J L 

m NOTE: A l l s t e e l 
s u r f a c e s should be 
double hot dip 
coated with corro 
s l o n r e s i s t a n t 
z i n c o 

-4.2 i/a«p-

Interconnecting Device - 2 req u i r e d per module 

22 1/2" 

T 
15" 

TYPICAL FLOTATION PROVISIONS 

- F l o t a t i o n m a t e r i a l p l a c e d 
i a the crown of each sc r a p 
t i r e as shown„ M a t e r i a l 
may be r l ^ i d or f l e x i b l e 
foams, s or a i r t i g h t p l a s t i e 
or rubber onclosureso 

SPECIAL FLOTATION PJ{;)VISIONS 

The c o l o r f u l outer s h e l l 
may be Molded fi b e r g l a s s , , 
p l a s t i c e otCo The inner 
core nay be buoyant fonicp 
b a l s o woocio airt, etCo 
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The b a s i c 20 t i r e u n i t s as assembled weigh approximately 500 l b s ? 
when placed i n the water they weigh only about 20% of 500 l b s or 
100 poundsp ' 

An old auto t i r e when placed i n the -water v e r t i c a l l y t r a p s a l l -
i n the crown.portion of the torous shaped,carcass« T h i s trapped 
a i r provides a- buoyant force s u f f i c i e n t to support the weight 
of the immersed t i r e , plus 10 a d d i t i o n a l poundso' Therefore, a 
bundle of 20' t i r e s provides a buoyant force s u f f i c i e n t to support 
the immersed weight of the t i r e s plus 200 pounds a d d i t i o n a l mass 

Our f u l l s c a l e t e s t i n g program has demonstrated that t h i s trapped 
a i r doos provide more than adecjuate. i i n i f orm buoyance f o r the • 
b a s i c nsqdular c o n s t r u c t i o n units„ ' But i t i s only a matter of ' 
tirae ttéfdre the trapped a i r w i l l be d i s s o l v e d i n t o the waterl­
and tjiéri the .units w i l l s i n k . Therefore^ to provide l a s t i n g 
uniform ;flot:ation -i t i s necessary^ that permanent f l o t a t i o n raster^ 
i a l be placed i n each tire» T y p i c a l f l o t a t i o n m a t e r i a l s are' 
r i g i d urethane, or polystyrene foatas,, closed c e i l f l e x i b l e foams® ' 
or a i r t i g h t enclosures such as- p l a s t i c bags of a i r , blow molded 
polyethylene f l o a t s , e t c . Materials, with a buoyancy equivalent . 
to the trapped a i r volume and p o s i t i o n e d i n the same crown pio'si— 
t i o n w i l l : do the ,j.ob n i c e l y . • " • : 

The compl'e'teiy unifona f l o t a t i o n provided by t l i i s technique i s 
a e s t h e t i c a M y p l e a s i n g , and w i l l f a c i l i t a t e i n t e r c o n n e c t i n g the-
u n i t s I'a the watero The independent f l o t a t i o n of each u n i t pro--.' 
v i d e s a -very, s t a b l e i n s t a l l a t i o n , and "the i n t e r c o n n e c t i n g hard­
ware i s . u t i l i s e d with maximum e f f iöienoyV 

I f desired^.. Jthe buoyancy of the uïiits may be v a r i e d by s e l e c t i v e ' 
plaeement ••oï th^e buoyant materials.;-. For i n s t a l l a t i o n where aesH 
t h e t i c s a r e not 'ah iiaportant factor.?, i t . raay be wore ©conomical 
to place . a l l -of the buoyant mater ial-' i n only 2 of ;th© .30-'.tires- .in 
the bas ic''modular 'construction uö.its«. A scrap t i r e completely .' 
f i l l e d w i th fo.am has a l i f t of 100 I b s ^ iising two foamed t i r e s 
per module, y i e l d s , a minimum buoyancy for c e t h a t i s a t le'ast'' 
twice a s large as i s necessary f©r f l o a t a t i o n of the modul'e'o . ' ' ' 
An ordinary- t i r e tube may be s u b s t i t u t e d f o r the foam to s i m p l i f y ' 
i n s t a l l a t i o n o ' -̂ •;• -

For in'stailaticaas. whoro a e s t h e t i c s are most important, buoyancy may 
be provided a t the i n t e r c o n n e c t i n g modulW points by use of a e s ­
t h e t i c a l l y p l e a s i n g s p e c i a l designed floats'^ (not foam f i l l e ^ 
t i r e s ) . This w i l l p o s i t i o n the bulk of the t i r o u n i t s s l i g h t l y 
below the water s u r f a c e , out of s i g h t , but i n an i d e a l p o s i t i o n 
to attenuate wave energy„ The t i r e s may a l s o be painted witi^ a 
l a t e x or urethane based paint f o r improved a e s t h e t i c appearance» 
The f o l l o w i n g sketches i l l u s t r a t e a few of the many v a r i a t i o n s 
in buoyancy placements possible„ • . ' 
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' T O ICAL PROPOSED PLACE^ffiNTS M ^ mOTATM „MMICES 

S p e c i a l buoyant i n t e r ¬
connecting d e v i c e s * Thie 
devices may be constructed 
with r e i n f o r c e d f i b e r g l a s s 
or p l a s t i c t o provide the 
required 10 year l i f e o ; ' ' 

of buoyant m a t e r i a l i n 
the crown of each t i r e 
provides completely u n i ­
form i d e a l buoyancy„ 
A l s o , any two s y m e t r l e a l l y 
looatod t i r e s completely 
f i l l e d w i th foam W i l l ^ 
provide adequate buoy­
ancy f o r the e n t i r e 
bundle, ••• 
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The l e n g t h and width of the proposed assembled f l o a t i n g modular 
mat breakwaters may bo v a r i e d as 'desired^ The proposed modular 
u n i t s may a l s o be Intei'connected I n the t h i c k n e s s dimension 
( d r a f t ) of the breakwater» Therefore, u t i i i a i r i g the proposed 
b a s i c modular c o n s t r u c t i o n components, one can assemble the 
f l o a t i n g breakwaters with any v a r i a t i o n i n d r a f t dosiredo 

The propOSod 20 t i r e b a s i c modular u n i t s f l o a t with 6" exposed 
above the water and a 24" d r a f t with uniform buoyant m a t e r i a l 
i n the crown of each tire» 

C.o"siderat^i,on: 

The b a s i c modular c o n s t r u c t i o n components as proposed have equal 
load c a r r y i n g c a p a c i t i e s i n both d i r e c t ions <, But the elongations 
d i f f e r i n each d i r e c t i o n o They have a maximum elongation of 45% 
i n the l o n g i t u d i n a l d i r e c t i o n , and 30% i n the t r a n s v e r s e direötion. 
I t should be noted that these maxlmurn elongations only occur under 
extremely high loading c o n d i t i o n s , and that the modules do r e t u r n 
to t h e i r normal shape under no load conditions wlth no permanent 
deformation resulting„ 

The modules raay be interconnected i n a l l d i r e c t i o n s . T h i s a l l o w s 
one to o r i e n t each module i n any d i r e c t i o n d e s i r e d when assembl­
ing the breakwater. Therefore, i t I s p o s s i b l e to assemble the 
modules i n such a manner as to take advantage of t h e i r d i f f e r e n c e 
i n elongation c h a r a c t e r i s t i c o By a l t e r n a t i n g the d i r e c t i o n of 
adjacent modules one can average the elongations and, t h e r e f o r e , 
design a mat with equal elongations i n each d i r e c t i o n , or i f 
d e s i r e d one can U n i f o r m i l y o r i e n t a l l the modules and produce a 
mat w i t h 455̂ ^ elongation i n one d i r e c t i o n and 'óO% i n the other. 
This load vs elongation c h a r a c t e r i s t i c of the b a s i c module u n i t 
adds f u r t h e r to the v e r s a t i l i t y i n designing the s c r a p t i r e mat 
type f l o a t i n g breakwaters. 

U t i l i z i n g the modular c o n s t r u c t i o n concept, one can design break­
waters i n n e a r l y any shape and s i z e d e s i r e d . The shapes i l l u s ­
t r a t e d i n t h i s report are only r e p r e s e n t a t i v e of the many p o s s i b l e 
designs, The breakwater designer i s urged to use t h i s r e p o r t as 
a guide only, and to f r e e l y combine any of the shapes and con­
f i g u r a t i o n s shown to c o n s t r u c t a breakwater with the shape r e q u i r e ­
ments to s a t i s f y each i n d i v i d u a l I n s t a l l a t i o n , 



BuiKlle S i z e = 7» wide x 6 1/2' long x 2 1/2» t h i c k . 
Bundle Weight a öOO pounds 

Ma t e r i a l D e s c r i D t i o n Quantity • Cost Each Cost 

Scrap T i r e s 18 .15 $ 2o70 

Foam F i l l e d Scrap T i r e s 2 4,00 8,00 

I n t e r l o c k i n g Hardware 2 18,50 .37 ,00 

Asscffibly Labor 2/3 hr 12,00 8.00 

Cost to provide modular bundle sub-assembly $55«70 

Inter c o n n e c t i n g Hardware 2 14,00 28.00 

I n s t a l l a t i o n Labor 2/3 hr* 12,00 8,00 

Cost to Assemble and I n s t a l l Modular Unit $91.70 

Area coverage cost = 91,70 ^ 7,0 x 6,5 = $2,00 per sq f t . 

a ) Estimated c o s t to i n s t a l l a c l o s e d g r i d modular mat tyne s c r a n 
t i r e f l o a t i n g breakwater which has a 30 f e e t shore-to-sea 
dimension i s 30 x 2,00 = $60,00 per l i n e a r foot, 

b) Estimated c o s t to i n s t a l l an open g r i d modular mat type s c r a n 
t i r e f l o a t i n g breakwater which has a 30 f e e t shore-to-sea ' 
dimension and a 7 by 6 1/2 f e e t open g r i d s t r u c t u r e i s 
30 X 2,00 -i^ 2 =. $30opO per l i n e a r foot, 

NOTES • Estimated c o s t s do not include mooring l i n e s and anchorinc 
cost®, t ^ ; 

A l s o , estimated c o s t s do include c o s t l y c o r r o s i o n r e s i s t a n t 
s t e e l i n t e r l o c k i n g hardware. I f rope or c a b l e are used, 
the hardware c o s t s can be reduced by one h a l f or more. 

academic pLrposef^'^w^ ^or 
'tended or^p Soosed I ^ . ^ecom-
specif/cations for n r l ? f^^'neering 

ror practical application-



S e p t e m b e r 3fl, 1 9 7 4 

The v e r t i c a l i m m e r s e d t i r e s u s e d i n t h e f l o a t i n g m a t s t r a p a 
v o l u m e o f a i r I n the c r o w n a r e a . T h i s t r a p p e d s i r p r o v i d e s 
a p p r o x i m a t e l y 14 lbs b u o y a n c y p e r t i r e , but w i l l p r o b a b l y 
d i m i n i s h w i t h t i m e d u e t o t h e a i r d i s s o l v i n g i n t o the w a t e r o r 
f rom poss ib le p h y s i c a l r e j e c t i o n by wave a c t i o n . To provide 
permanent f l o t a t i o n 5 r i g i d urethane foam may be used to f i l l 
t h i s crown volume. A two component l i q u i d foam mix tu re o f 20J1 
e x p a n s i o n r a t i o may be p o u r e d i n t o t h e t i r e s u p p o r t e d i n a 
v e r t i c a l p o s i t i o n . The e x p a n d e d f o a m should f i l l t h e c r o w n 
v o l u m e and p r o v i d e a b o u t 13 pounds o f t o t a l b u o y a n c y » 

T Y P I C A L CALCULATIONS 

A p p r o x V o l 
RL-C(R"H) 

V o l 13- X 27 - 22 (13»6) 
X 5 

Vol ^ 5 0 0 I n ^ 

Using urethane foam mixtureo 20; 1 
e x p a n s i o n : 

500 1,13 

^ 25 In*^ l i q u i d foam mix ture 

« 4 0 0 CC gal « 1 l b 

C o s t ^ $060/ lb 



other p o s s i b l e c a n d i d a t e s w h i c h m i g h t b e c o n s i d e r e d f o r I n s e r t i o n 
i n a t i r e to p rov ide f l o t t t l o n » but which have not been t e s t e d , 
i nc lude the f o l l o W i n g i -

1 . Rig.id urethane foam (as above)-
3051 expansion r a t i o 

2o Ethafoam Rod - 6*̂  d ie 

3. Ethafoam Rod - 5" d i a 

4 1/2 or 1 g a l p l a s t i c b o t t l e s ( m i l k * 
C l o r o x , e t c ) 

5, Special b l o w m o l d e d p o l y e t h y l e n e 
c o n t a i n e r s 

6. S t y r o f o a m p r e m o l d e d shape 

7o B l o w n f i l m a i r c o n t a i n e r b a g s » h e a t 
sealed e n d s 

8. T r a p p e d a 1 r - f o r p r o t o t y p e t e s t i n g 

C o s t E s t i m a t e 

$ . 4 0 / t 1 r e 

$ l , 6 1 / f o o t 

$ l , l l / f o o t 

s c r a p 

$ „ 5 0 - o 6 0 / t 1 r e 

$ , 5 0 / t 1 r e 

$ o 2 0 / t i r e 

f r e e 

E S T I M A T I N G THE NUMBER OF T I R E S RJiLUIRlD. 

T h e n u m b e r o f t i r e s r e q u i r e d f o r c o n s t r u c t i o n o f t h e G o o d y e a r 
s c r a p t i r e m a t may e a s i l y b e c a l c u l a t e d I f t h e f i n a l mat s i z e I s 
k n o wn. E a c h o f t h e s c r a p t i r e b u i l d i n g b l o c k m o d u l e s r e q u i r e s 
e i g h t e e n p a s s e n g e r c a r t i r e s w i t h two c o n n e c t i n g t i r e s w h i c h g i v e s 
a t o t a l o f t w e n t y t i r e s r e q u i r e d p e r u n i t . E a c h b u n d l e m o d u l e w i l l 
m e a s u r e a p p r o x i m a t e l y 6 1/2 f e e t w i d e by 7 f e e t l o n g w h e n s t a n d a r d 
1 4 " a n d 1 5 " t i r e s a r e u s e d . T h e r e s u l t i n g a r e a c o v e r e d p e r t i r e 
m o d u l e i s a b o u t 4 5 1/2 s q u a r e f e e t , a s s h o w n i n t h e c l o s e d g r i d 
m a t c o n s t r u c t i o n s . F o r a n o p e n g r i d m a t c o n s t r u c t i o n , t h e n u m b e r 
o f t i r e s w o u l d b e o n e h a l f o r t e n t i r e s f o r e v e r y 4 5 1/2 s q u a r e 
f e e t o f c o v e r a g e . 

Design concepts set forth herein 
are theoretical, intended only for 
academic purposes and not recom­
mended or proposed as engineering 
specifications for practical application. 
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SUBJECT: Cost Estimate to F u r n i s h and I n s t a l l 
the Proposed Goodyear Modular Mat 

. T i r e Scrap T i r e F l o a t i n g Breakwater. 

.int/ioduction; 

There i s a need for e f f e c t i v e , low c o s t , mobile f l o a t i n g break­
water d e v i c e s f o r l a k e s , r i v e r s and oceanso P o s s i b l e l o c a t i o n s 
f o r such devices include harbors, marinas, swimming a r e a s and 
shore erosion areas„ 

Our p r e l i m i n a r y r e s e a r c h has i n d i c a t e d that simple modular bun­
d l e s of s c r a p t i r e s , p roperly aeoured together w i l l form e a s i l y • 
i n s t a l l e d , r e a d i l y adaptable f l o a t i n g breakwater b a r r i e r s . 

The scrap t i r e s a r e i d e a l energy absorbing components. They are 
inexpensive and n e a r l y non-destructiveo The most e f f i o i o n t 
method of packaging these components I s u t i l i z e d by simply l a s h ­
ing them together with bands i p tortsi^»» 

Table of c o s t s to f u r n i s h and i n s t a l l « »>&iig-ie , tire.clep,tiî ',s.opö» • 
g r i d , mat typo sc r a p l ^ i r o f l o a t i n g breakwater approximately 26» 
wide, " • .. , ' 

Length 

600 
500 
400 
300 

P & I • 
(Man-llours) 

600 
500 • 
400 
300 

M a t e r i a l Costs f o r 
Jt r u e t i o n s 

5 Jr hvxo 

$12^000 
10,000 
8,000 
0,000 

20 

$18,000 
ISp000 
12,000 
9,000 

$30,000 
25,000 
200000 
15,000 

Example: A breakwater 600 f e e t .long:fV<i w i t h a l i f e expectancy 
@t 20 years w i l l r e q u i r e 600 man-hours l a b o r and m a t e r i a l oosts of 
$30,000„ 

A l t e r n a t i v e l y , the same 600 f e e t long breakwater c o n s t r u c t e d w i t h 
m a t e r i a l s having a l i f e expectancy of only f i v e y e a r s , w i l l re° 
q u i r e 600 man-hours l a b o r and w a t e r l a l c o s t s of $12,000, 
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The breakwater would be ocaistructed from s c r a p t i r e s , p a r t i a l l y 
f o a m - f i l l e d and fastened together to form modules of 18 t i r e s 
each, s i m i l a r to those described i n the aceoapauyini- reportso A 
t o t a l of 344 modules would be fastened together with appropriate 
hardware i n a c o n f i g u r a t i o n four u n i t s wide and 86 u n i t s longo 
The breakwater would be moored to the lake bottom by using 28 
dead weight concrete anchors with c a b l e s attached on the seaward ' 
s i d e and 28 c a b l e s and smaller anchors on the &hoi:e\o.tiré s i d e of 
the breakwatern See Ffgure lo¬

W t i r e bundle with 
i n t e r l o c k i n g hardware 

Anchor 
Conne©,tin|.i; t i r e s 

a n d h'ard"-,»!arö 

s id© 

L i g h t Anchor 

S?iorewBrd 
s i d e 

Mooring lia® 

FïiXldE Ï 



The proposed c o n s t r u c t i o n m a t e r i a l s and techniques a r e as f o l l o w s ! 

lo P a r t i a l l y foam f i l l m m s c r a p t i r e s u s ing 400 oo (about 1 l b ) 
of two-component l i q u i d r i g i d urethane foam mixture poured 
i n t o the bot t e a of each t i r e . , w i t h the t i r e supported i n an 
upright posit1onp Ji 20:1 expansion r a t i o foan w i l l provide 
about 1 3 lbs of buoyancy i n each tir«„ 

2o Cons'truet 3 4 4 » 1 8 t i r e modules X / 2 ' x 7 » ) using two i a i e r -
looking galvanized s t e e l "U" b o l t assemblies with p l a t e s and 
nuts to f a s t e n the t i r e s together. A l i g n the t i r e s so a l l foam 
i s o riented on top s i d e of the moduleso 

3„ I f i t i s d e s i r e d to p a i n t ihe top s e c t i o n (foamed a r e a ) of the 
breakwater, i t should be done before i n s t a l l i n g the modules 
i n the water„ One jnethod i n v o l v e s dipping the t i r e i n t o a 
pan of paint before assembling i n the moduleso The other 
technique i s to spray or brush p a i n t the top of the nodules 
a f t e r assemblyo I f a uretliane p a i n t i s used, the t i r e s must 
bo prepared f i r s t o Latex, aluminum or urethane p a i n t s are 
p o s s i b l e candidates f o r marine a p p l i c a t i o n s ^ but l i f e and 
d u r a b i l i t y i n the water has not be.en testedo 

4o Assemble the four modules wide by 8b modules long breakwater 
by i n t e r c o n n e c t i n g the modules u s i n g s i n g l e t i r e s and the "U" 
b o l t hardwareo I f possibleg s e t s of two o r f o u r modules which 
form the width dimension might be ^reassembled on dry land 
and then r o l l e d i n t o the water to connect with other s e t s o 
An a l t e r n a t i v e to t h i s assembly technique i s to connect, a l l 
the s i n g l e modules together i n the water« 

5„ P o s i t i o n the assembled breakwater and t e t h e r i n p o s i t i o n ^ us­
ing dead weight concrete anchors attached to the breakwater 
w i t h galvanized s t e e l mooring lines„ Proposed mooring posi 
t i o n s would be l o c a t e d on the seaward and shoreward s i d e s ^ 
s t a r t i n g a a t the second bundle from the end and every t h i r d 

I t i s f e l t t h a t a minimum of 28 heavy anchors on the seaward edge 
and 2 8 l i g h t e r anchors on the shoreward s i d e should prove adequate» 
However, we have l i t t l e experience i n anchoring t h i s p a r t i c u l a r 
breakwater design, and i t may be necessary to i n s t a l l a d d i t i o n a l 
anchors i f the breakwater i s found to move from i t s o r i g i n a l 
p o s i t i o n . 



C a l c u l a t i o n s i 

Cost Estimate tor 2b» x b O O » Breakwater with 
a 20 Year L i f e Expectancy 

Mm 
1) Scrap T i r e s 

2) Urethane Foam 

3 ) I n t e r l o c k i n g Hardware 

4 ) Connecting Hardware 

5 ) Mooring Cable ^ 1/2" Galv ' 
Stra n d , 1 x 7 

«) Mooring C l i p s (1/2". Crosby) 

7) Mooring Thimbles (Heavy 
G a l v ) 

Handmade 50C#. Concz^éte 8 

9 

1 0 

mmïm Cost 

e?90 $ , 1 5 

b 7 9 0 l b .so/lb 

Ö88 u n i t s 1 8 o 5 0 ea 

0 9 8 u n i t s 1 4 p 0 0 ea 

1 4 0 0 f t 

33S. 

5 6 

2 8 

2 8 

o 3 5 / f t 

. 9 0 ea 

o 7 0 ea 

1 5 . 0 0 m 

l O o O O ea 

Labor Estimate » 1 1 / 3 Ur per 
Bundle-jSuild & I n s t a l l s 4 6 0 hrs 

- C o s t ^ 

$ 1 « 0 1 9 

4 ^ 0 7 4 

1 2 ^ 7 2 8 

8 « 3 7 2 

4 9 0 

3 0 3 

4 0 

420 

2 8 0 

Notess 

The major c o s t s a r e i n the hardware and foam components» The c o s t s 
can be reduced i f s h o r t e r l i f e expectancy m a t e r i a l s a r e s e l e c t e d , 

Ao I f 3/8" 6 X 1 9 g a l v s t e e l c a b l e and ca b l e c l i p s are s u b s t i t u t e d 
f o r 3 / 4 " rod assemblies quoted i n items 3 ) and 4 ) i 

3 ) T o t a l c o s t of i n t e r l o c k i n g hardware = 

Cable X 6 1 9 2 f t x $ « 3 0 / f t « $ 1 8 5 8 

C l i p s « 2 7 6 2 c l i p s X $ ^ 6 0 ea « 1 6 5 2 , 

Cost = $ 3 5 1 0 

Cable » 5 3 8 2 f t X $ o 3 0 / f t « $ 1 6 1 5 

C l i p s « 2 3 9 2 c l i p s X $ , 6 0 ea » 1 4 3 6 

Cost » $ 3 0 5 1 

or t o t a l c o s t items 3 ) & 4.) « $ 6 5 6 1 ' 
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B „ I f 2 6 5 l b concrete parking bumpers with eye b o l t s and nuts 
are s u b s t i t u t e d f o r items 8 ) and 9 ) s 

8 ) T o t a l c o s t « 2 bumper» x 28 x $10 ea « $ 5 6 0 

9 ) T o t a l c o s t » 1 bumper x 2 8 x $ 1 0 ea « $ 2 8 0 

Co I f 4 0 l b concrete blocks w i t h l / 2 « g alvanized s t r a n d c a b l e s 
are s u b s t i t u t e d f o r items 8 ) and 9 ) s 

8 ) T o t a l c o s t = 1 3 blocks x $ „ 4 2 ea x 2 8 <= $ 1 5 3 

1 4 » c a b l e X $ o 3 5 / f t x 2 8 « 1 3 7 
3 c l i p s X $ . 9 0 ea X 2 8 = 7 6 

To t a l c o s t $ 3 6 6 

9 ) T o t a l c o s t = 7 blocks x $ o 4 2 ea x 2 8 = $ 8 3 

10f c a b l e X $ , 3 5 / f t x 2 8 = 98 
3 c l i p s X $ c 9 0 ©a X 2 8 = 7 6 

T o t a l c o s t $ 2 6 7 

R D Candle^ S e c t i o n Head 
R E Payne 
ph 

Typedg 1 0 / 1 / 7 4 

Engineering Research 
• RESEARCH DIVISION 

^ S ! g n concepts set for th herein 
are theoretical, intended only for 
acadeniic purposes and not recom-TZri Proposed as engineering 
specifications for practical application 
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W J n s c h e r 

The f o l l o w i n g i s a procedure f o r the f a b r i c a t i o n of a g e n e r a l purpose 
s i n k i n g marine scrap t i r e mat f o r use as an erosion c o n t r o l devloeo 
Scrap t i r e s are the main c o n s t r u c t i o n m a t e r i a l f o r b u i l d i n g these 
l a r g e marine mat type struetures» 

Modular bundle Coys t r u o t l o n : 

The bas10 designs r e l y on a modular bundle concept where a r e l a ­
t i v e l y few t i r e s are secured together to form a s m a l l , e a s i l y a s s e n -
bled, portable b u i l d i n g unite The Goodyear Scrap T i r o Marine Mats 
are formed by s e c u r i n g together the modular u n i t s as shown i n F i g u r e s 
1 and 2o This c o n s t r u c t i o n procedure y i e l d s an e a s i l y i n s t a l l e d * 
r e a d i l y adaptable s t r u c t u r e which has high energy absorbing c a p a c i t y 
f o r normal loading c o n d i t i o n s , but which deforms and y i e l d s when sub-
Jeeted to overloads, 

mterlackHiK and I n t e r c o n n e c t i n g Hardware: 

«alvftnized Uod Type; 

The scrap t i r e modulc^s are f a b r i c a t e d by interlocking the worn-
out t i r e s to form a compact bundle» "U" b o l t type d e v i c e s as 
shotvn i n Figure 3 may be used to i n t e r l o c k the tires» A 3/4" 
diameter s t e e l rod i s bent Int o a 4Z 1/3" long by 15" wide "U" 
bol t c o n f i g u r a t i o n with ö» long threaded ends to fonn the i n ­
t e r l o c k i n g hardware» A l l s t e e l components are double galvanized • 
to provl«« maximum c o r r o s i o n r e s i s t a n c e , The i n t e r connect ing ' •. 
hardware i s i d e n t i c a l : to the i n t e r l o c k i n g "U" b o l t s except that • 
th^y a r e o n l y 22 1/2" long. Two i n t e r c o n n e c t i n g and two i n t e r - ' 
lookiiig "U" b o l t a are r e q u i r e d f^T each bundle assembly., ' . ' 

Tim "U" W i t type interlodrlrifg devices used i n the bundle wodule* 
raay be r e p l a c e d with high strength s t a i n l e s s o r galvanized wire 
rope i n some a p p l i c a t i o n s which do not r e q u i r e the added s t r e n g t h 
and long l i f e of the 3/4 diameter s t e e l rods. Two nine foot . '' 
lengths of cable are required to i n t e r l o c k the t i r e s i n t o the 
modular bundle, and two s i x foot lengths ere r e q u i r e d to i n t e r -
oo»p©et the bundles to form the met assemhlieSo ISach c a b l e 



«2-

r e q u i r e s two c a b l e ollpSo These s c r a p t i r e raoUules a r e capable 
of being c o n s t r u c t e d with simple hand t o o l s , and r e q u i r e no 
s p e c i a l handling equipment. Cable s i z e s up to 3/8" diameter 
may be usedo 

S y n t h e t i c rope may be used f o r l i g h t duty and s h o r t l i f e ex­
pectancy I n s t a l l a t i o n s , Many types of s y n t h e t i c rope such as • 
nylon, Dacron, polypropylene, and polyethylene are s u i t a b l e f o r 
marine a p p l i c a t i o n s , But, due to the a b r a s i v e nature of t h e 
s c r a p t i r e mats, the s e r v i c e l i f e of t h i s type of assembly may 

Another p o s s i b i l i t y i s to bond the t i r e bundles with high s t r e n g t h 
r e i n f o r o e d p l a s t i c or metal strapso T h i s method would o n l y be . 
recommended f o r l i g h t duty, or prototype a s s e m b l i e s due to the 
low s t r e n g t h and the s h o r t s e r v i c e l i f e of the bands and the 
f a s t e n e r s that hold themo • '• 

The type of I n t e r l o c k i n g hardware which i s used I n the c o n s t r u c t i o n 
of the Goodyear Scrap T i r e Marine Mat w i l l be dependent upon the 
d e s i r e d s t r e n g t h and expected s e r v i c e | l f e of the i n s t a l l s t i o n . 
The estimated breaking s t r e n g t h of each i n t e r l o c k e d t i r e module i s 
about 24,000 pound)$c i n both the l o n g t t u t i l n a l and t r a n s v e r s e dtreo*;; 
tiottSo T h i s f i g u r e i s c a l c u l a t e d by u s i n g the t i r e bead breaking 
s t r o ^ S t h . An e q u i v a l e n t s t r e n g t h i n the I n t o r l o o k i n g hardware 
would provide an optimum performance, but may not be necessary f o r 
a l l applléationso . ' • . 

Fo o t e r s which should be teken i n t o oönsïderatton when s e l e c t i n g 
hardware a r e s e r v i c e l i f e , malntenanoe requirements, i n s t a l l a t i o n , 
l o c u t i o n and o v e r a l l mat s i z e . The design engineer on each p r o j e c t 
must s e l e c t the roost economical combination of c o n s t r u c t i o n compon­
ents to b e s t s u i t the p a r t i c u l a r requirements of the s i t o o 

The number of tire© ̂ «quired f o r constru'<jtion of the Goodyear S c r a p 
T i r e Mot may e a s i l y be c a l c u l a t e d if the f i n a l mot s i z e i s known. 
Each of the s c r a p t i r e b u i l d i n g b l o c k oodules r e q u i r e s eighteen 
s c r a p t i r e s w i t h two connecting t i r e s which g i v e s a t o t a l of 
twenty t i r e s per u n i t . Each bundle module w i l l measure approxi-. ' 
nwtely 6 1 / 2 f e e t wide hy T f e f t long when standard 1 4 and 15 i n c h 
t i r e s a r e .uspü» The r e s u l t i n g a r e a coverage f o r the e l o s e d g r i d 



mat c o n s t r u c t i o n as shown i n Figure 5 i s about 45 1/2 square f e e t 
per bundl^.0 For an open -grid mat design such as shown i n F i g u r e 
the number of t i r e s would be reduced by one h a l f or ten t i r e s Ut 
©v«ry 48 1/2 square f e e t , o f öoveroge„ 

. I t w i l l be necessary to provide v e n t i l a t i o n hole» i n the t i r e s f o r 
a p p l i c a t i o n s where the mats are i n s t a l l e d on the l a k e or ocean f l o o r , 
A s i n g l e 2" diameter or l a r g e r hole i n the tread of each t i r e i$ 
recommended to allow trapped a i r to escape, 

Th® t i r e s must be ori e n t e d a t assembly• such that the vatit holes a r e 
l o c a t e d a t the top of the mats to allow trapped a i r to escape! 

t l l ' ^ f - ^ hawd. punch and m'allet ney be used to punch the r e q u i r e d 
vent h o l e s . The punch can be mounted bn a frame, a s i s shown i n 
Fi g u r e 4#;.to s i m p l i f y the operation,;; : •. , . 

Another simple method of venting the t i r e s i s to use an e l e o t r i ^ ' • 
d r i l l motor and a circlö'-. c u t t e r or hole saw, • • : -

For applications' which r e q u i r e a large-number of vented t i r e s , it ' 
may be more economical to use an automatic punching d e v i c e . An 

Ŝ L'̂ Ê n̂ *-®̂  '^V"" P""^*" designed by ;me Goodyear T i r e and 
ÏÏÏÏJÏ Company for punching vent h o l e s , i n t i r e s f o r use i n our 
a r t i f i c i a l . , r e e f p r o j e c t s . D e t a i l e d drawings of the power punbh 

The power punij.h can be b u i l t by most comme?clal Z c h Ï L s h o i e ! or • ' : 
iS«o^"r^ Ï? ordered-from the i i e l i a b l e ManifS??ur?ng CoSJin?^ ' 
gö89 b'lngttte, Akron, Ohio, which produced the prototypes f o r Goodyear< 
The parchaa® p r i c e f o r the powe»^ punch i n June 1974 was $3300, ï h e ^ 
punoi>. röquire» ,100 p s l a i r pressure f o r operation. I f t h i s i s not 
a v a i l a b l e , a gas d r i v e n compressor of e u f f i c i e n t s i z e way he pur- ' ' 
chased f o r approximately $800, or an a i r oempressor may be rented, 

^^ni"fïLf ̂ w r n . o t i t t i r e s to b u i l d a scra p t i r e marine met should ' 
im no problem i n any area of reasonable population d e n s i t y , Recap, 
ping shops, s e r v i c e stati'ons, and t i r p d e a l e r s are always i o e k i L ' 

waste h a u l e r s must f i n d ways to dispose of t i r e s whioh they c o l l e c t . 

Used t i r e s my a l s o be purchased. Normal charges range from $10 to 
$m per ton (approximately IQO t i r e s ) d e l i v e r e d to your c o n s t r u c t i o n 

c i i v ; n l e i r L £ * ^ i f y j « r need f o r s c r a p t i r e s mé prmilZl l 
convenient drop-off or c o l l e c t i n g s t a t i o n w i l l produce an over abun-



( S i d e View) 

(Top View) 
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THE nioFom^Gjm^.l£iMJ^ 

I n t e r l o c k i n g devices 
may be s p e c i a l c o r r o s i o n 
r e s i s t a n t s t e e l hardware 
as shown, or high 
s t r e n g t h rope, c a b l e , 
or s t r a p with proper 
f a s t e n e r s . 

A i r vent holes 

Modular Unit Shown as Cor^structed 

Flt^»re 1 , 

6 1/2 

Modular u n i t Shown as I n s t a l l e d 



-5" 

FIGUUE 3 

Note: A l l s t e e l 
s u r f a c e s should be 
double hot dip 
coated with c o r r o s i o u 
r e s i s t a n t z i n c . 

r 

l b " 

li^i^^roonneotinp; Device - 2 requj^red per module 

Wooden 
Mallet 

IIAND PUNCH ANP F R A ^ 

Round Drive Punch 

Channel or angle i r o n 
support frame 
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I O i r - » - § - » - ^ ' 

I n t e r l o o k l n g rope, c e b l e , or s t r a p 
work best f o r t h i s d e s i ^ . 



CONSTRUCTED MODULAR UNIT 

_ _ _ _ _ /(—Q 

Interconnecting hardware may be rope, 
c a b l e , or s p e c i a l c o r r o s i o n r e s i s t a n t 
rod as shown. 

FIGURE 6 
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Bundl® S i z e : 7 f t Iqng x ö 1/2 f t wide x 2 1/2 f t t h i c k . 
Bundle Weight: Approximately 400 pounds. 

M a t e r i a l Oeisoriptioft ' Quantity 

Scrap T i r e s gO 
Tir© Venting Labor * x/2 hr 
3/4" S t e e l I n t e r l o c k i n g Hods ** 3 
Assembly labor ' 1/2 hr 

Cost Each Cost 

$ ,15 $ 3,00 
12,00 6,00 
18,50 37,00 
12,00 6,00 

$52,00 

$14,00 $28«00 
12,00 Ö0.ÖÖ 

Cost to provide modular bundle sub-assembly -

S/4" S t e e l I n terconnecting Hods • • 2 
I n s t a l l a t i o n Labor ' 1/2'hr 

Cost to aseemblo and i n s t a l l u n i t - $86,00. ' 

s^mMMm r ' '' ^ • , • 
Area Coverage cos''t = $86,00 ^ 6.5' % 7' s $1,89 per sq f t , ' ' 

^ ^ 2 ^ . 3 s £ r ^ M a ' Quantity 

Sorap Tlres^ 20 
T i r e Venting Labor * 1/4 hr 
3/8" Galvanized 6 x 19 wire rope 18 f t 
3/8" Orosby-Laughlin Cabl,e C l i p s 4 
Assembly Labor i/a hr 

Cost t o provide modular bundle sub-assembly 

3/8" Galvanized 6 x 19 wire rope 12 f t 
3/8" Crosby-Laughlin c a b l e c l i p s 4 
I n s t a l l a t i o n l a b o r ^ 1/2 hr 

Cost to assemble and i n s t a l l modular u n i t - $34,36 

C a l c u l a t i o q ^ 8 

Area coverage c o s t j . {034,36 ^ 7,0 x 6,5 « $ ,75 per sq f t , 

ISJJ!!!!^ " " " ^ i ^ T include i n i t i a l cost of mechanical t i r e punch. 

Cost Each Cos t • 

$ ,15 $ 3,00 
12,00' 3 a 00 

,30 5,40 
,92 3 ,«8 

12.00 6,00 

$21,08 

$ ,30 $ 3,60 
,92 3,66 

12,00 6.00 



„9» 

C^t.J«mraarxs 

a) Estimated oost to i n s t a l l a c l o s e d g r i d modular sorap t i r e mat 
which has a 3 0 f e e t shore-to-sea dimension i s i 

For Hand Punc&jnft and Galvanized S t e e l Hod Conneotors 

3 0 X $ 1 . 8 9 = $56o70 per l i n e a r f o o t . 

For Automatic Punching and Galvanized S t e e l Cahle 

3 0 X $ , 7 5 a $ 2 2 o 5 0 per l i n e a r foot. 

to) Estimated cost to i n s t a l l an open g r i d modular scrap t i r e mat 
which has a 3 0 f e e t shore-to-sea dimension and a 7 f t x tt 1/3 f t 
open g r i d s t r u c t u r e i s : 

. 30 X $ l c 8 9 2 « $ 2 8 . 3 6 per l i n e a r f o o t , 

FOX Automatic xmm^mLmimmMs^,s^s^^ssim 
3 0 X $ . 7 6 ^ 2 » $ 1 1 , 2 5 per l i n e a r foot. 

SJSdfications for practical application. 


