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STRONG FOAM GLASS TI LES FIELD OF THE | NVENTI ON [
wO0QOdkfo0Tdse present invention rel ates general | yPCD/US2004/023030
buil ding material to be used in building
construction. More particul ar-ly, the present invention
relates to prestressed, strong foamglass tiles,
which are to be used in building construction and
ot her purposes and assenblies nade therefrom
BACKGROUND ast
decades, t hgﬁgﬁﬁg@gk‘g@@gﬂg%ﬁ%@g@% mgrspof
terrorists attacks on governnent buil di ngs owned by
the United States and other countries both outside of
the United States and within. For exanple, in 1993,
FIEEDrOF [ISIBINKEINOHA a car bonb inside the garage of
the World Trade Center located in New York Cty,
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of life and property damages. Mre recently, the
tragic events at the Wrld Trade Center in New York
Cty and the Pentagon in Virginia has further
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[ 0002] Over the past decades, there have been a significant number of
terrorists attacks on government buildings owned by the United States and other
countries both outside of the United States and within. For example, in 1993,
terrorists exploded a car bomb inside the garage of the World Trade Center located
in New York Cﬁy, resulting in loss of life and significant property damage. Since
then, in 1995, other extremists exploded a truck outside of the Federal Building
located in Oklahoma City, Oklahoma also resulting in significant loss of life and
property damage. In 1998, the United States embassies in Nairobi and Dar Es
Salaam were also subject to terrorists attacks by car bombs, each of which resulted
in significant loss of life and property damages. More recently, the tragic events
at the World Trade Center in New York City and the Pentagon in Virginia has

further emphasize the long felt need to develop and manufacture building



materials which are able to wthstand the shock wave

fromcar bonb explosions and other simlar terrorist
weakv@mksy[ 0003] Traditionally, the support SPCTAIS08923030

for many buildings are made fromreinforced concrete.

In sonme instances, when strongir materials are

desired, prestressed concrete has been used. For

exanpl e, prestressed caqncrete_has bgen ed in .
et il il s S i AMISEFEM TPeRo YAV, EF18, Caf Paath eplosions
storage and of fshore structures, power stations,

namcd ethersindanrersagtss @ftacksad numer ous types of bridge
systens including segnental and cabl e-stayed bri dges.
Prestressed concrete has been consi dered advant ageous

over reinforced concrete in instances where a

LAY n < R afr e o AR R, KPR brdipeg pre mace

been consi dered advant ageous over reinforced concrete .
wherereinforgegiioserate; Fhiomainsranses,iveheedTqnggr materials are desired,
Prestressed concrete also requires less concrete, and

| pestriesiadf @nerre hias Heen tised. t Sondxanplet pemgebsed concrete has been
Unfortunately, prestressing operations thenselves

rased ih%uhﬁjgfrgg AethrO=furd shRATIRE K SR, ﬁoaﬁﬁ?@ﬂo@é‘ga&i e}nd offshore

si'nce the hetry”of prestressed sections 1S usually

conposed of flanq,ed sections with thin bs. Th\ﬁpitfb'd
GUF, BRYIF AT M HATHE KABEF IVETSY MEH“SF"“S Ehot brdee

obtai ns the added strength of prestressed concrete,

bsystems indedingisgpmiental andragblasteyedhrifges. | Regstrespgpsponcrete has

structure. Lighter support structures have the ability

t Beéd) ©HRATEredS S rRaSdRAE Cowir t teiinifobdee saReteont pistaiices where a
and/ or increase the nunber of floors that can be

S I 7 .
SRR gt s SRy SRSt chapih LOLCREy, prepesca
concrete wll contain,eﬁ%tgr, either as a result of h
i engrairupascalen PRgP predesrsd advaniesreus AR Temigicstsgerete where
fromoutside the 'MAIMI

a lighter weight material is desired. Prestressed concrete also requires less

concrete, and less reinforcement due to its added strength. Unfortunately,
prestressing operations themselves results in added costs: formwork is more
complex, since the geometry of prestressed sections is usually composed of flanged
sections with thin webs. Thus, it would be desirable to have a building material
which obtains the added strength of prestressed concrete, but were to weigh less
and thus require less support structure. Lighter support structures have the ability
to increase useable space within the same footprint, and/or increase the number
of floors that can be supported, and/or withstand greater impact forces, such as
caused by earthquakes. Typically, Prestréssed concrete will contain water, either

as a result of its manufacturing process or due to water migrating from outside the

2441071
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result of the presence of such water, the tension
wornizansb hat prestress the concrete, usual |l yromas20#/023030

steel or other corrosive netals, may rust and thus

weaken the structure. Further, as a result of the

presence of such water, when-3-he prestressed concrete

is exposed to typical heat/thaw cycles it can crack.

AbSire®S As hagthlt Jffthe Reqnes efcachiwaet theatasionimembers that
the case of fire, the prestressed concrete is subject

to failure as a result, of f '

aPeif s B Tl adt BE Res T Bl Ror R Yibeats, oy rus
alimted variety of aesthetic appearances. [ 0004]

vnd thusieedsndasstigrtussi Fgrthenms @ ragalt githe presence of such water,
construction material is well known in the prior art,
geienaht ypresieiisddbeoncgétassetased ee typisa dheat/thawicgtles it can crack.
tenperature insulator and thus seeks to mnimze its

dﬁ{b?i LY a 2046t Qﬁtgﬁﬂ&cie%f RAEL wakdr ADlR ERE AR deRFestressed
suffici f d

ent energy froma shock wave from unexpecte

expl osions or to resist an earthquake and/or w nd and
oA Hg e R L Sropnt frRheisR Mo BpEwback to
foam glass as relevant to this | ong standing robl em

i ssingwresssedeahcreted9 sy ittwms adimivpd sarigtyiaf fgsthghc appearances.
Corni ng Corporation ("PCC') of Pittsburgh,

Pennsyl vani a has devel oped and marketed a product

known as Foam d as(r) Insulation Systens, which is

d i bed i Pat . 3, 95 . 1
ALI04E, ' frding BhoclbSt s fhoss s 2 Endificion material s
of these deve]l opnents are [rected to makjng.a foa .

" sl Ky TPrahe ALY, arE HESTEGAI, TIChOR §1ASY Pas Peen tsed as a high
Systens tile commercially sold by PCCis rel ativelf_/l

| tghperaveieghiuiaed®. dnd thus saeks t¢ minimire e demsity, ansl wielght and is not
the purpose of this tile is to be used as thernmal

| BSihiAL | 8P abkbrbing sufficient energy from a shock wave from unexpected

explosions or to resist an earthquake and/or wind and heat loading. The
shortcomings in such conventional foam glass as relevant to this long standing

problem is now described.

[ 00051 For example, Pittsburgh Corning Corporation (“PCC”) of Pittsburgh,
Pennsylvania has developed and marketed a product known as Foam Glas®
Insulation Systems, which is described in U.S. Pat. Nos. 3,959,541, 4,119,422,
4,198,224, 4,571,321 and 4,623,585. Because the focus of these developments are
directed to making a foam insulating material, the Foam Glas® Insulation Systems
tile commercially sold by PCC is relatively light, weighing 9.5 Ib./cu. ft.

Furthermore, since the purpose of this tile is to be used as thermal insulation, it



WD 2005/ 007989 PCT/ US2004/ 023030 -4 | acks surface
strength, and can be dented very easily. Because the
woeaawmoaims(r) Insulation Systens tile is of retamisy®ky23030
| ow density, e.g., 9.5 Ib./cu. ft., such tiles wll

easily break when exerted to forces typically asserted

on exterior walls to a buildi-#g or other structure.

Thus, such tiles are not suitable to be used as tiling

f Rlcks s oe ffdrdth \ehd caPibel deditdd vedynéBill O B¥caideahe Foam Glas®
exposed to a shock wave froman explosion will absorb

! Pt soects lbls QLB R B BRI L 5 v et G e les wil

expl osi ons which is easily understood by those
skasiyebreak when £xertad toefdigesatipieadyupeserieghen regemen niglls to a

froman explosion. [ 00061 Ot hers have al so attenpted
t bulldiagfonamhed sasstirel @huasuch eilsutre hoskiiteblstr heamsedas tiling for
bui | di ngs. For exanple, U S Pat. No. 5,069, 960

di hey: i t] f j t
AR ESERET ol Sy E o, Whn SE 809 ook 1R from an
to pratect,. the qutside of a bujlding. The til .
iPelpdoBavil el uanEs of foeshe Shbikyes Sefey Ehgni implodes. A
i.e., 18 cmx 18 cmx 6 cm and the interior foam

el eki vadivenih iacheassike sssogiatechwithuexplastonstehigh dseedsily understood by
generally of a low density. Significantly, there is no

| fehseakilrd ihhae athes Isdihg agirbssate Hoar Pauindiroti 8¢ keplesion.

I s capabl e of absorbing sufficient energy froman
expl osi on, and i ndeed the size of the disclosed tiles
woul d not. be ideally suitable for absorbing such

enerqt_:B/. Fur t her nor e, a{ﬁhere is no indicatjon hat .
skfl006] ze Pshess have alseiatgmpied to psimgm giess HlesRs the gyter skin-
the inventors and others have devel oped net hods for
medgifag: dfdamidihsess Fdri dxampié, A.SwiPde Mo \Bo620p0aliscloses a thermally
densities as described in U S. Pat. No. 4,430,108

t ﬁ%‘iﬂa‘%ﬁ'{% f’@&mugg%q HIOFthR W Ltk QTWIRL B bitbidle sWab&Erd MBke a hard skin
t echni ques an
to protect the outside of a building. The tiles disclosed are fabricated in extremely
small sizes, i.e., 18 cm x 18 cm x 6 cm, and the interior foam material which makes
up the bulk of the material is generally of a low density. Significantly, there is no
indication that the strength of the material disclosed is capable of absorbing
sufficient energy from an explosion, and indeed the size of the disclosed tiles would

not be ideally suitable for absorbing such energy. Furthermore, there is no

indication that small size pores are being used.

[ 0007] Prior work by the inventors and others have developed methods for
making foam glass tiles of a wide a variety of densities as described in U.S. Pat. No.

4,430,108 that can be used for building materials. While the techniques and
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were useful to manufacture then-standard size tiles of
wWa205/00789 X 4.25 in. x .25 in., this disclosureTase®4/023030

not teach how to manufacture tiles of a |arger size,

for exanple 2 ft. x 2 ft. x 3 in. Likewise the tiles

manuf actured under these nethads were relatively

light, e.g., less than 10 Ibs., and were not

: ' t f | osi,on, .
TORUSEL U 0 M SELAN, y LLGE L AR ESH 425
fih MECE RN G I LA

Wiile still others have worked on trying to nake sone

| derger sizeeforpanmpde 2 iapetiftboBiins Litdvdse thaniles heatufactured under
smaller in critical dinensions and of |ower density

t R@Bsd hedhbas 8Rkrd ?Mﬁﬂg%l?gh%ﬁgc. ot el E\ﬁ}LQd BAPSBHEP were not

a substantial anount inave h'i npatct’s

t he_bodi es soci.,ated. with.an expl osi gn .or

e drengasieed kot Hhe grrédts Sfan ReplowShe Topthe contrary, these
descri bes a process for nmanufacturing |arge-size

poReiliods heipetd to ontiadzathel tharmalissulgtiby psapsrtiengf thematerial, and
order to manufacture |arge-size cellular ceramc

stthug triadel snedRaEd IR er Endweaked filesstory high wal |
el enents having a low weight. In the exanple, it

discloses atile 8.2 ft. x 1.64 ft. x 2 in., with a
density of 26 Ib./cu. ft. and a mass of 60 |bs. It

al ches f ¢ optaj n | ow density in order to )
odcORDBL” (il sl sheie e woRkgd arniyinE fenmake fome large:size

exposed to a shock wave from an expl osion or ‘
e ordepsiiaped bolixas these havebdenatnailpr imcristal edmenfionanynd of lower
kind will absorb very little of the shock waves energy

WRR ity than ik pfeRnt MDeAHORAHQ 198 BHTE 13AR8M 92303htial amount
of a shock wave which impacts the bodies associated with an explosion or
earthquake. For example, U.S. Pat. No. 5,151,228 describes a process for
manufacturing large-size porous shaped bodies of low density by swelling, in order
to manufacture large-size cellular ceramic structural elements, e.g., multi-story high
wall elements having a low weight. In the example, it discloses a tile 8.2 ft. x 1.64
ft. x 2 in., with a density of 26 1b./cu. ft. and a mass of 60 lbs. It also teaches to
obtain a low density in order to optimize thermal insulation. Thus, this foam when
exposed to a shock wave from an explosion or earthquake or heat or wind loading
or stress of any kind will absorb very little of the shock waves energy when it

implodes.



-6 00091 Further, others, such as Central G ass Co.

Ltd., of Ube, Japan, have attenpted to make foam
wghesnowsd ng densities in the range of 0.3 to @CH/US2@W23030
cm (or 18.7 to 37.4 I b./cu. ft.) as disclosed in U S.
Pat. No. 4,798,758. The 758 Patent explains that in
order to make the foam gl ass sironger, an outer |ayer

is also added which has a density in the range of .8

tq dodog/ cu. Ftﬁﬂle’i‘ngt}érst @h&kﬁ@@@n@gl @1a§s ChOoL#0 b, Iflapan have

the exanmpl es shown, san'p es which ar€ over

c bRt dtks %%aﬁafa?sgﬁﬁgg deeRupoRCREttrgs of DD B /enom

am)n ot her reasons that the surface had appr eci abI e
br(@akla&wa tariy -4 dbEciLntes ascdisdriatyin Utﬁlspafﬁo OpHRA&T 7y é{he ‘758

cl osed pore surface. Further, U S. Pat.

4, 183 tEkplaifs that 81 ofdat eiinaky tl@fm%ﬁﬁélaﬁ s@ﬁﬁlg@@ anldifles layer is also
expl ains the tensile strength perpendlcular to the

S Lérddga%vﬁ’t@h ‘hQ? atd'eh@gfjﬁlstﬁ% g%‘?febbp 8%1 ?L 7 g/%% Eﬁta%ﬁtakefﬁ‘amess of 1.5

poor,
|t unSU|tabIe for purposes of the p e i nventi
EverOdntenphe exagplss shawe aldpesamg | Heghara e 30 105. in weight
strength of the product as described in the "015
Paremtfound e besnadeepisiblefram memgihiliganidamgpd ctvesistericoperspective,
200 Ib./sq. in., and nmaking it unsuitable for

p %PQ&%ﬁ% %fchéﬂ}@as‘?ﬁl‘é‘ $Rdtithé @M@Q&é 14 aﬂgr@@&@ﬂe b%él@ﬁﬁ and sometimes
forts by Central dass Co., Lt ttenpt to ma

hi nsi t | as tlle ucha

St SR Rl Lo St Bl s par. o
cI osed pore structure and there is no_indication as to .
t h’e833,955eﬁ datar pateng b¥dentral Basse: ditd arsplains thedgnsile strength
an attenpt to increase the strength with'no reporting

dgiegpertditilaeto theharfacé efthditie deseibedén ehal756 Paednt was very poor,

thin, 33 mm(or 1.3 in.). WO 2005/ 007989

PW,%&Q%SQ)ZI%O/?AQ iri.,7thus making it unsuitable for purposes of the present
invention. Even after putting a third layer to improve the strength of the product

as described in the ‘015 Patent, the best tensile strength achieved was below 200

1b./sq. in., and making it unsuitable for purposes of the present invention.

[ 0010] Other efforts by Central Glass Co., Ltd. attempt to make higher
density glass tiles, such as U.S. Pat. No. 4,992,321. However, these tiles do not
appear to be a closed pore structure and there is no indication as to their strength.
Indeed, filler materials are used in an attempt to increase the strength with'no

reporting data. Further, the tiles disclosed were also very thin, 33 mm (or 1.3 in.).



[ 0011] Still others have attenpted to nmake foam gl ass

tiles with smaller pore size. For exanple, in U S
woeabos/mimss 5, 516, 351, the relationship of pore BCTAISRM4/023030

thermal resistivity is shown in which the best pore

size is always greater than 1.0 mm Simlarly, the

density is always less than 12 I b./cu. ft. Qher

efforts to use small pore sizeg.and | arger densities,

such as U S. Pat. Nos. 3,951,632 and 4, 758, 538,

f ol 00U1Y0 acttilEyBeRBLARIH S fANkLS ?%Qgés Wihsmaller pore

di scl ose achieving a closed pore outer s

di 0 e. t invent | [ .,00121 .1 n.the )
e “ERE rRmbRe B R MR aatc i rdano Rt ot gere size to
used in wndshields, no one has successfully made
priBsEnAldeaigtivion ih sfrudsiniwhish the pres noge sizg ﬁ%@%\‘%’s greater than 1.0
invention. Simlarly, while it has been suggested in

U.ofBm. Reimilaily, theld@24ty3d0Alwaye lpssahibnha9sibf eanttg! asiser efforts to use
sl abs, the nethods disclosed to achi eve such

pr. ' a [ r s Speci fic y -3
et PR CPsoatd 10ARE A dichice RARY 0T Par ps. Hd51652 and
ar g l,.aced i.n tension stret.ching, while foam L
628858 BURLES a0l ORI AD - BN BRI §P Bk disclowe achieving
tenperatures at which such foam glass is forned wll

c audesedriporepuger skén af dishiseed byithe prasest inventinhact

therewith to stretch and thereby rel easing the

i ntended tension. As such, the process disclosed

woul d be inoperable. Further, the nethod disclosed in

oIl aR2PER, R T P B B R gt 4R 1B ch s wsed

the .glass transitjon before the interior portion, )

t mgvlgéﬁgﬁlﬁ@ Rhens haseviceesspbiinade peestiepyedframglagsgiles, like the
t he hi gher thernmal expansion coefficient of the |iquid

c pntsent daventinIpar $ichitaoly hehidolit aexien suggestad in WISl Pat. No.
cause the final product to be in tension in the

o102 EPEELED iof g B8 R (R TS e
prestressing are inoperable. Specifically, the ‘309 Patent discloses a process
whereby outer metal sheets are to be placed in tension by stretching while foam
glass is formed therebetween. Unfortunately, the temperatures at which such foam
glass is formed will cause the outer metal sheets which are in contact therewith to
stretch and thereby releasing the intended tension. As such, the process disclosed
would be inoperable. Further, the method disclosed in the ‘309 Patent utilizes
water cooling of the foam glass, which will cause the outer edge to go through the
glass transition before the interior portion, thus causing the interior portion to
shrink due to the higher thermal expansion coefficient of the liquid center as

compared to the solid exterior, which will cause the final product to be in tension

in the center rather than in compression as desired. Thus, even if-the resulting



-8 product does not break from such tensions, the

desired prestressing would be the opposite as
wdesoisrethso maki ng the final product very weak aPCiasR004f23030

0013] Unlike the prior art discussed above, the tiles

of the present invention are designed and constructed

of various materials so that sgch tiles have

properties which are ideal for w thstanding the shock

V"%&‘@d\ﬁ:‘% 286t AbEBreik brh 3 GEeE¥RhOSHE Qi%su@cﬁ phE tf%sﬁnﬁ would be the

d|ng or other structure resi’stant to

nd ot 4] . Thus, he prior
2 PPPPUCHs e e e SRR e Sty Weak 5558t ot us
of the prior art present several limtations which the
present invention seeks to overcone. In particular,

it is an object of the present invention to provide a

Pl @O T3P s ed Unsike Sgpifi et dlsassed aﬂ)@ve\/\ﬂie&he§@ﬂ°ch@ ?ré’s%ﬁg invention
as a building materl al or otherw se.

SR ol A RGN Y-

restr sed oncrete [ .0016] It is_another

%é@? ﬁ‘@pﬁndinﬁg,g}q shesk wervg @esacipted with large explosions
prestressed, strong foamglass tile that is stronger
t hamakees buddigdorcother stractiA® r2€ENO 0 @8&thquakes and other shock
PCT/ US2004/ 023030 -9- 00171 It is a further object of
t hgvesesent invention to provide a prestressed,
strong foamglass tile that can w thstand hi gher
tenperatures than prestressed concrete. [ 0018] It is
a further object of the present invention to provide a

prestressed, '
[ 0014] Thus, while the prior art is of interest, the known methods and

apparatus of the prior art present several limitations which the present invention
seeks to overcome. In particular, it is an object of the present invention to provide
a prestressed, strong foam glass tile which can be used as a building material or

otherwise.

[ 0015] It is another object of the present invention to provide a prestressed,

strong foam glass tile that is lighter than prestressed concrete.

[ 0016] It is another object of the present invention to provide a prestressed,

strong foam glass tile that is stronger than prestressed concrete.



strong foamglass tile that allows substantially |ess

wat er penetration than prestressed concrete, so as to
wonoeisaotosh he support nenbers and to prevent cr &CKiusgo04/023030

due to freeze/thaw cycles, and to prevent steam

expl osions inside the concrete in case of fire. [

0019] It is a further object ob-the present invention

to provide a prestressed, strong foamglass tile

WG ZRn beét isiaéatther dHE@ct OF tHd fratert iived@® t8/provide a prestressed,
buildings at high risk for terrorist attacks, in

c ' j it : ildin

aanR Tpart s Bl S vHREndh et Bl ligidnan prestressed
present invention to provide a prestressed, strong

f GaAF§F%ss tile which can come in a variety of

aest heti c appearances. [ 0021] These and ot her objects

wi |l become apparent fromthe foregoing description.
SUMMARY OF THE | NVENTI ON WD 2005/ 007989

PEUAERPO4/ 8339 ﬁﬁtherjdl%j&g g?ﬂae_'ﬁreﬂfi‘ﬁ ﬁ?ﬁé}ffﬁi@ﬁ?ﬁ P;@\HH? a prestressed,

that the above and rel ated objects o esen

i nvention_are obtained i,n_the rm. restressed, .
S PammetreRcdt: MR Ayl Subfhltidly de BBk Peftization than
prestressed, strong foamglass tiles of the present

| pYeshEesend conereta RIS 40 protaftthe suprithmendiess anétoplexeniecracking
prestressing as a result of their relatively high

Cc dopre fiveod) thawendieh. antheggepsa stees seplosiops Mm@ @& concrete in
tiles wll absorb and/or wi thstand nore energy from

an %xtﬂi ion than other foamglass tiles, wthstand
hi% er iﬁ%at and wi nd | oadi ng and ot her nechani cal

forces. The foamglass tile of the present invention
is strong enough that it can be prestressed

[0019] Itis a further object of the present invention to provide a prestressed,
strong foam glass tile which can be used on the critical surfaces of buildings at high
risk for terrorist attacks, in combination with cement, steel or other building

materials.

[ 0020] It is a further object of the present invention to provide a prestressed,

strong foam glass tile which can come in a variety of aesthetic appearances.

[ 0021] These and other objects will become apparent from the foregoing

description.

SUMMARY OF THE INVENTION



over 1000 psi (Ib./sq. in.), and nore preferably over

2,000, 3,000, 4,000 and even nore preferably over
wb,.2000pmb. [ 0023] I n anot her enbodi nent of tReT/US2004/023030

present invention, the prestressed, strong foam gl ass

tiles of the present invention may be included as part

of a prestressed assenbly forlQise in buildings or

ot her structures. Said prestressed assenbly may be

cdn@022¢d oflt hat rosabeendeunt elsitr gesattbviecaid gdlassl objects of the
tile, having a prestressed conpression of 1000 psi or

9rRededlt inindofiatt A%, i
BB inToRaRt R E B O o3P R Seq. ShrdfHl G eloss ule
tide is.placed between sajd at. |east .two tal_ be

a8 HEF dfti R EHEHEL oY i PYsy TEsset e O 8ss Wescbribe present
menbers at |east 1000 psi. Alternatively, the
pieantisssarsotgpeblssoiowithstandmigdrelativielialargo peestressing as a result of
prestressed foamglass tile is 2000 psi or greater,

anbeiptelb@vebhych ¢GmpRESoASireAFthITRA P res@BseADIRM glass tiles will
preferably 4000 psi or greater, and even nore

pr. [ ' e r r.nat i vel t he
raBtoRidor (G RRlre SheRlyfAYE ap AR IR el Ram gtass
inside said fjles, and/or outside of said tiles. The

p.tli%% W@Q@S&@%g%@o @ﬁ@w@%wﬁqa@sm@m ozw3pechapical ferges. The
glass tile of the present invention may al so be under

¢ Goeon gtk dite bf/the prpsamtivvensiontihetrorg givdughf that nbahdiengestressed
The prestressed assenbly may be a colum in a

bk BeD pst QE.QE‘@} g{.), té%ﬂ'fﬁor’é%(;eﬁ?atﬁ? BREL fgggg,gé;, (S)ﬁprgﬁbgg nd even

any ot her” suit net al e tension e

cor%ri se %2} tensié bolL.ts, wire, carbon fibers,

- TG R A/ SVt E)E)QCRSI'SEVEH-V\J re prestressing
strands, a rod, an angle iron, a plate, a bar and/or

ot her devices well known in the art for causing
conpression of prestressed concrete. The netal beans

miyee23hnbelgdnptliepreniitodiment of the present invention, the prestressed,
strong foam glass tiles of the present invention may be included as part of a
prestressed assembly for use in buildings or other structures. Said prestressed
assembly may be comprised of: at least one prestressed foam glass tile, having a
prestressed compression of 1000 psi or greater; at least two metal beams; and one
or more tension members; wherein said at least one foam glass tile is placed
between said at least two metal beams and held in compression by said one or
more tension members at least 1000 psi. Alternatively, the prestress compression
of said at least one prestressed foam glass tile is 2000 psi or greater, and preferably
is 3000 psi or greater, and more preferably 4000 psi or greater, and even more
preferably, is 5000 psi or greater. Alternatively, the metal members may be inside

of said tiles, partially inside said tiles, and/or outside of said tiles. The prestressed



assenbly to account for stress which will be applied
upon assenbly. Alternatively, said assenbly nmay
wounodsiverssgonpri se two netal pieces wth bevel edCeadge®s4/023030
whi ch are placed between said at | east one foam gl ass
tile and each of the netal ggs Said at |east one
foamglass tile may be conprised of one or nore
colums of _ prestressed foam gl ass tlles and/ or one
ofoamn glese gile offtherrresentsionentifnmay alse be nnder csapgession by a
| east one foamglass tile may further be conprised of
~ tportimerof the wWedghm ofgl IngRiitd.| Eise predtresied dssnsblyinagbde column in
is located between said two sets of foamglass tiles.

DES%% ﬁo o%ﬁ%%“ﬁ/bgéﬁv\?ﬁé%g? Qgg}ﬁm ﬁe gé\jeora%%y other suitable

reI a e ects, tures and advant ag , .
KB Bl T Mo cemAGIoe] A faBriep didtspyvire, carbon

reference to the follow ng, detailed description of
t filkerpy shndanddandxlobepmpitt wyenavire prestressidg werndgfa tode an angle
present invention when taken in conjunction with the

aig6RMRAMtNh bhaf dheFer WRreddvicds! trell LkridiPMSn ach Qﬁ for causing
vi ew of an enbodi nent of the present invention with

0PSB Ot e P SRR BB oo
vi ew of an enbodj nent of the esent jnvention wth
t } BB A euRtdgr %té%vgng@ﬂlﬂ;@ aRPligHEPOTE s pIbYE | AdFernatively,

with tension bolts outside the tiles; Fig. 3A shows a

Siadkd assemblp i agifuehdombinmeise tob mdtel lpilemmth bewded edges which are

with two prestressed foamglass tiles under

CREBEEE SRR nWaid et 18442 bHB O8N Bish AR AR L8 of the metal beams. Said
at least one foam glass tile may be comprised of one or more columns of
prestressed foam glass tiles, and/or one or more rows of prestressed foam glass
tiles. Said at least one foam glass tile may further be comprised of two sets of foam

glass tiles and said tension member is located between said two sets of foam glass

tiles.



tiles; Fig. 3B shows a cross-sectional view of Fig. 3A

along the mddle of tile 52A; Fig. 4A shows a
wonoesgomset i onal view of anot her enbodi nent of PCIAIS2004/023030

present invention where two sets of foamglass tiles

are under conpression with tension bolts in between;

Fig. 4B shows a cross-sectionajg.view of FIG 4A al ong

the mddle of tiles 62A and 62C, Fig. 5A shows a

CHIGRF PP ON GIvTelk BRAWIRIGSETodi ment of the

present 1nvention where two sets of foamglass tiles

ar rc ression.,in t .directions with tensi

o QQEEE o R tadghisst Barassubi GoyeR0 of e present
-13- Fig. 5B shows a cross-sectional view of FIG 5A
alinveputidnewill d¢l mood fully wadersmoddntirefegnceitg the felleinga detailed
si de view of anot her enbodi nent of the present

| iesqtiptash ofhefee phefieticdl ealbaianmigiessvd, i é@bodingeritndfithe present
conpressi on between two floors in a building; and

Fi. . r . i . oL
ci B S bR o WARRA AR igures, wherein
conmparing Exanple 7 unstressed and, an assenbly of the . X
pr esentFigi hokews 8:ildesyiRY Eamhpn Ogma?rgsqfrt ¢ §igpent invention with
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0025] The
prozegestressed foan glass aile sintler poreptassissevdith senstogbélomontside the
glass tiles which can be used as building materials

anfeot herwi se. The present invention ‘

Fig. 2 shows a side view of an embodiment of the present invention with
three prestressed foam glass tiles under compression with tension bolts outside the
tiles;

Fig. 3A shows a side view of an embodiment of the present invention with
two prestressed foam glass tiles under compression with tension bolts inside the
tiles;

Fig. 3B shows a cross-sectional view of Fig. 3A along the middle of tile 52A;

Fig. 4A shows a cross-sectional view of another embodiment of the present
invention where two sets of foam glass tiles are under compression with tension
bolts in between;

Fig. 4B shows a cross-sectional view of FIG. 4A along the middle of tiles 62A
and 62C;

Fig. 5A shows a cross-sectional view of another embodiment of the present
invention where two sets of foam glass tiles are under compression in two

directions with tension bolts in between;



may be used on the critical surfaces of buildings at

high risk for terrorist attacks, 1in conbination with
woensn7sst eel or ot her building materials. TheCpruss®an23030

i nvention may al so be used on surfaces of typica

bui | di ngs and/or as structural support nenbers of

such buil dings. The present invention nay be used in

lieu of reinforced concrete af |/ or prestressed

concrete in any application inCluding but not limted

to build] nderground st uctur TV to S, . .
Foat i Agparpaib ERE R oRb Bl FAabREEhEmiddie of les 72
stations, nuclear reactor vessels and nunerous types
ofandsfdGige systems includi ng segnental and

cabl e-stayed bridges. The present invention has the

advant dgs6 showeanidavies sfegicghanémbodesdrithfubk @$esent invention
and/or wind and heat |oading. WO 2005/ 007989

PGIhde2001 12 3939 glés%“tﬂgg%gelyﬁﬂé‘r E&ﬁﬁféﬂgi})ﬂ%e%e? 1pvg floors in a

pat ent appl’ cation owne e sane applican
on_t.he sa?]g day as this application and which is

[ &%1?%% by reference herein, a strong, high
density foamglass tile having small pore sizes is

di scl odég 7 shiovesta graph of fare¢ ana Bmcingohdisplagemgnf ofghe three point
775 to 2500 | b./sqg. in. and conpression strength

r deadng fesorbRPEting ExbhfieT lhstr&ted iafd dhaSsembly of the present
previously unattainable strength in foamglass {iles,

n‘?fﬁ(zé}rﬁ}%‘?ﬁéﬁw fggg@k}gjlp}&tgeg%&/ t he technol ogy

assocl ate ess concrete to prestressed
foam gl ass tiles. The present invention is directed
at this new and heretofore not possible application.
Details on how to manufacture such tiles are
diBTALED DESCRETIAQPpPOF ddE BMVENTROE 71 There are many
possi bl e nethods to fabricate ceram c foam panel s

VL‘J":[tSd.FO%g%I ' Ol@%g%i;t%%véerﬁi&ﬁélat@ﬁ% BrsragRdfl kb3 B%m glass tiles
which can be used as building materials and otherwise. The present invention
may be used on the critical surfaces of buildings at high risk for terrorist attacks,
in combination with cement, steel or other building materials. The present
invention may also be used on surfaces of typical buildings and/or as structural
sﬁpport members of such buildings. The present invention may be used in lieu of
reinforced concrete and/or prestressed concrete in any application including but
not limited to buildings, underground structures, TV towers, floating storage and
offshore structures, power stations, nuclear reactor vessels and numerous types of
bridge systems including segmental and cable-stayed bridges. The present

invention has the advantages of being more resistant to earthquakes and/or wind

and heat loading.



descri bes various foam gl ass products fabricated from
fly ash and other additives wth various densities,
wandsgordsace fini shes, the disclosure of whi chPC$/US2004/023030
i ncorporated by reference herein. Simlarly,
co- pendi ng application Serial No. 10/076,971, filed
on February 15, 2002 by the sal® assignee, also
di scl oses additional processes wuseful in
mefn0026] ur i 11g atchepeplaganS. paveanipiftativhewdiesldyahusemefapplicant
which is incorporated by reference herein. Foam gl ass
Wi r ensi t : fabrl G : '
184 VA lé?m%ndh?n% t?z)f/spééﬂﬂglﬁgﬁon 3R Wﬁl%{l ﬁ'glﬁlﬁrﬁfcﬁﬁi’écﬁgy reference

t he conposi concentration o

| ul atin agents. Viscosi of glass is.the . .
R PG opr B s oarg aidis e DaPRg shatl BSis singsds disclosed
addition, the pore structure and its uniformty are

depkich énve tanstdnestdirgth rngingfromafits toa%00dbe/ sqi imeamd compression
the cellulating agent. WD 2005/ 007989

PGSR0 8 RR8 @iin 200D ©B0RBE0O M axptier TaEbvIRRLy @hattainable

the present i nvention, the ’f oam glass tile preferably

Crieaft AR e REaR 1 R el st B CYAFT o Fecimology

agal nst water, and the freeze, thaw cycle. The c| osed
pcﬁﬂéo%%ﬁeérw@k Pﬁesﬁ@ﬁs%i @qﬁv@ret@éomms%fmmss gdes. The present
taught in U S. Pat. No. 4,430,108 or nechanically by
bdndémipraissiretabatthiyl reess and hkestofaas moapgssiblerappliBation. Details
Pat. No. 5,069,960, the contents of which are

| NPHOANTBRS A SIENSEs BYY Bdosed fri @ dbpi@idon t he

cl osed pore outer skin nay ormed 1 n accordance to

the teachings of U S Pat. No. 4,833,015, the

contents of which are incorporated by reference

herein. Natural formation is advant ageous because it
doe®0251 r edlliare arexndiny ipossiblel apdioda e faridaie geramic foam panels
control, and thus is nore cost effective and | ess

DU HE NS Usrisivesa siReoadar surficasinishies ade SmpatalNeo 4,430,108

be advant ageous because
describes various foam glass products fabricated from fly ash and other additives
with various densities, and surface finishes, the disclosure of which is incorporated
by reference herein. Similarly, co-pending application Serial No. 10/076,971, filed
on February 15, 2002 by the same assignee, also discloses additional processes
useful in manufacturing the present invention, the disclosure of which is
incorporated by reference herein. Foam glass with various densities can be
fabricated by varying the composition and type and concentration of cellulating
agents. Viscosity of glass is the dominating parameter during the foaming process.

In addition, the pore structure and its uniformity are dependent on the distribution

and particle size of the cellulating agent.



such techni ques allow the cl osed pore outer skin to

have various color and texture variations which wl]l
worb@/obisotil e architecturally attractive for BEEUS200a1023030
exterior or interior facade of a building or other
structure. One way of making different color surfaces

is by the use of different colbtr additives, as is

generally well known to those skilled in the art. [
0(J20028ihot hén aadsienteagedimehthef the gitesban siventibaathegbamsglass tile
tile of the present invention is that when it is

e it 1 . e
SHRSREh it LRS! pol el bich el e gl it ncreased
Because these tiles are capabl e of bsorbing a

< GHENgH A7 DGR Hie WP aganpavater ek hiverze, Mg qicke: The closed

particularly advantageous as buil ding construction
ngtoze pates skinmasneithdrde farmedrawralyrassaughidad). what. No. 4,430,108
2005/ 007989 PCT/ US2004/ 023030 -16 of buil dings which

arg mbcHanidall9fhyEBPREHE & de@ofdalyoghnnsufagdel téssht in U.S. Pat. No.
gover nnment ui | di ngs, enbassies and high
i

PO Y TR g Wi o T 67 . er

gl ass tile depends upon the use to ich the tile i

i lesiaadvels, Bee ﬁlé?a%éj POt Oué%aﬁ%ll anay etfjlglgnff 118 4C§0rfance to the
i ntended to be used to resist earthquakes, then the

t ittachingshofUU . Pat.apo. 48380 1150 the cottentsonfeghicheirg fimcorporated by
that can wthstand the wnd pressure. By contrast, if

therdrbh& h eirﬂtl\gégggaﬂ fhAnRAGh RChdBinPAYebds BecAlse it does not require

structure from waves associated with an

expl osion,, then the tile should optimzed to .

Rl BB b GaHCRe e ratian, S Bl BlsFE Yot Cettegivgeand less
strong enough to withstand such a shock wave_ or

vitardensoane. oUsing arsgcendsny slash sulaciameay aspdaediangageous because
thi ckness will depend wupon the proximty of the

eXReB ecthinid s tallohidielclizat ipore ofitet bleinpoheant vatious color and texture

expl osi on.
variations which will make the tile architecturally attractive for use as an exterior
or interior facade of a building or other structure. One way of making different

color surfaces is by the use of different color additives, as is generally well known

to those skilled in the art.

[ 0029] Another advantage of the high density foam glass tile of the present
invention is that when it is exposed to a blast shock wave it is capable of absorbing
a substantial portion of the shock wave. Because these tiles are capable of
absorbing a substantial portion of a blast shock wave, they are particularly

advantageous as building construction materials for interior and exterior surfaces



For exanple, on the outside of a building, the
t hi ckness woul d have to take into account the
wdizetsanrsof the tile to the nearest |ocati on ROEUS2@1/023030
autonobile or truck with explosives may be parked. On
the other hand, in an interior of a building, such as
a support colum, the proxinTﬂ “antici pated coul d be
i nredi ately next to such a colum, although the
| pk brildings iwhishtase aixpisloof eappoEe taotHRiogens, such as government
substantially less. [ 0031] For aesthetic purposes,
t Beildinks Serbdsties ahﬂnﬁ%lh@ﬁiﬂimyﬁfamms theldisgd on any
surface subject to public view. Thus, if only one
surface will be exposed to public view, than only
that surface needs to have the tiles with a finished
layer. On the aother hand, if both sides of a |1,
SDAHOL Y nohsroedianel By perieusben ey S0 oe Bapgef the foam
PCT/ US2004/ 023030 -17 invention are subject to a
pghakss ciles dependshapoma tleeusntd wilieh whe hilans mppnded tabe made. For
finished | ayer can be used on the second exposed side,

2 Fﬁ%}iﬁ_ﬁ:, tihend Aleefs i}?ﬂferﬁfedt febe :ﬁb‘éd el ﬁgsistpédlﬁﬁcg%{gi!,edmén the tiles

Interior surfaces can al so be used. |

R e AR AL itk Bypirooafenk Syt ER b e g pressure

as well as fire proof. Thus, these tiles have an added
aBy aonaget, of tttfen[%lsame@dﬁd tpeprotash atikhing e stcture from shock
support columm froma terrorist fire attack such as a

Molaivey ageeistal Witham @tpiesionalien ese dfe shioud bd bptinrdeedto increase
the tiles of the present invention can thereby either

ggt? YERL @écggfs!e%é Eside8d lﬁ%ﬁf?r%;?ﬁugglgﬁ RyitiSeRRPich a shock

ums,” thereby increasing t t hat
occupants of an

ttacke uildin L1, have .. .
VP &F 8 TP ORh St B1ock T50s] A REC fhigkass afl depend
enbodi nent, the tile of the Fr esent invention can be )
upon the proximity of the exposed tile to the location of the potential explosion.
For example, on the outside of a building, the thickness would have to take into
account the distance of the tile to the nearest location where an automobile or
truck with explosives may be parked. On the other hand, in an interjor of a
building, such as a support column, the proximity anticipated could be immediately

next to such a column, although the likely anticipated explosive load would be

substantiallgf less.

[ 003 11 For aesthetic purposes, the tiles with a finished layer can be used on
any surface subject to public view. Thus, if only one surface will be exposed to
public view, than only that surface needs to have the tiles with a finished layer. On

the other hand, if both sides of a wall sought to be protected by the present



manuf actured using raw materials which include (but

are not necessarily limted to) silica, fly ash,
weoabasan7sy ash, di at omaceous earth, siliceous nmPAEUER®H/023030

al kali carbonates, cal cium and magnesi um m neral s

such as dolomte, and gypsum sodiumsilicate, borax,

gl ass powders (such as cullet)l1and foam ng agents. The

f oam ng agent can be sel ected from carbonaceous

origasiticn aue buigcstgarpdilit visartkdh acRebad thé afikh an appropriate
silicon carbide, carbonates, sulfates and other 1iKke

I 4 ' ' .t h

e I e L N
[ d. b [ t al tting, tal w

UL AN I TR

Pat. Nos. 4,798,758, 4,833,015, 4,987,028, and WO

2005/ 007989 PCT/ US2004/ 023030 -18 4,992, 321, the
contents of which are incorporated herein by

ref oognge. WihdiBePAdvdiiSeOheHRaNEs of Q&6 ihVO®n is that such

materials may hel p strengthen the resulting foam

glass_til.e, ,on th t her _hand,. the .s0 can make .t

e a7 R bPR: oiTains 5 \GR3 Aragtet GRBcHBsR R eAvsren added
the present invention shown in FIG 1 , a prestressed
assaptage nf beingstbdaie bersedjip preteetaatprasseniting figmjagerrorist fire
conprised of a prestressed, strong foamglass tile

1 2attdcheush ach Migasveco2ktaill wootdke durbeLsfdirel §heand of thxiles of the
tension bolts 18 with associated nuts 22 and washers

2 . e tE i i .

f oS AR e e Rt FER AhEAT dpesfind gucton of such
pendi ng U, S. patent application,, ed t he sane ‘
P ShPPed ol aieb ducty dhGrainahe MR ad el Coitnes Qhaattacked
day as the present application, with strain gauges 14
athaldiregiwdlh hewe buffitienh éinfeotr ewicdate. of foam gl ass tile

12, and wires 16 comng out of the strain gauges 14

and connected to a strain nmeasuring machi ne (not
shown) . ”

[ 0033] In the preferred embodiment, the tile of the present invention can be
manufactured using raw materials which include (but are not necessarily limited
to) silica, fly ash, volcanic ash, diatomaceous earth, siliceous minerals, alkali
carbonates, calcium and magnesium minerals such as dolomite, and gypsum,
sodium silicate, borax, glass powders (such as cullet) and foaming agents. The
foaming agent can be selected from carbonaceous organics such as sugar and

starch, carbon black, silicon carbide, carbonates, sulfates and other like materials.

[0034] In an alternative embodiment of the present invention, the foam glass
tiles may be reinforced by using a metal netting, metal wires or alternative support

structures as described in U.S. Pat. Nos. 4,798,758, 4,833,015, 4,987,028, and



In this enbodi nent, the strain gauges 14 shoul d be

pl aced approxi mately center of the 4 side walls of
woOi2b@s/0d289 The top and bottom surfaces 32 of ti PeTAR2004/023030
shoul d be grounded to be snooth and parallel, to

avoi d uneven application of stress to tile 12. Two

steel pieces 28 are placed adib&ent to the top and

bottom surfaces 32 of tile 12. Two steel beans 26 are

i rft,992,32p) deemdnoents béwhirtheare snedrpormsedhesdindl rpfeeeie. While on
28. The steel beans may al so be replaced wi th ot her

aRRAE QRkiRhal M1e§E LERgiAAd nﬁ&%ﬁzﬁs g@ﬂe r I'Feh' t"ﬁlesresultmg foam

The two steel beans 26 are bolted’t oget

b 30l ety B8 Wy Blso i ekl eﬁé‘ic@%taéﬁ%

foamglass tile 12 in between. Alternatively, instead
of using nuts, it may be deened desirable to weld or
ot herwi se fasten the tension bolts in WO 2005/ 007989

PET00S8904/ Q2230 ne Enbalimennef thesreberintdiassh stovd BOFIG.1 | a
in the art. Each of the steel pieces 28 includes

S AR, PO LI Bl DR ARG Bt o
bolts 24 are tighten_to . pressure tq steel beans
2@TettRsse étarr%lgg%alwgllqss B@Eﬁz e 56‘?“35?% 28vByqsteel pieces 28, and
transmtting an unequal stress to the foam gl ass

t ithesteh2ionsha@el 1§ mdtesssp8atadenyms A2 aed| waishérs i eThel prestressed,
edges 30 so as to permt steel beam 26 to flex when

Nyt®n Zfoéﬁle%ﬁakﬁﬁleel@@s ﬁﬁﬁne‘doinaé[&b?déﬂcé%ﬂhtthé R8adhiifes of the co-

curvature of steel beam 26 to tile 12. Alternatively,

PR SPC SRS ol by 0 SRR RO Bicussed above

bevel ed edges 30 on steel pieces 28, and _possibly

stvedirh waé@é%d on the sspe dABAS tmr@mtmpllﬁm@mgm@bsftrmn gauges 14
heads 24 and nuts 22 should be selected to have

suffachedoh eath endidfoud sideppf Jodmglasedile 1 2dand wires 16 coming out

prestressing for the selected foamglass tile 12.
of the strain gauges 14 and connected to a strain measuring machine (not shown).
In this embodiment, the strain gauges 14 should be placed approximately center
of the 4 side walls of tile 12. The top and bottom surfaces 32 of tile 12 should be
grounded to be smooth and parallel, to avoid uneven application of stress to tile
12. Two steel pieces 28 are placed adjacent to the top and bottom surfaces 32 of
tile 12. Two steel beams 26 are in turn placed on the outer surfaces of steel pieces
28. The steel beams may also be replaced with other appropriately strong and stiff
building materials. The two steel beams 26 are bolted together by two tension
bolts 18 having bolt heads 24 and associated nuts 22 and washers 20, with the

steel pieces 28 and foam glass tile 12 in between. Alternatively, instead of using

nuts, it may be deemed desirable to weld or otherwise fasten the tension bolts in



[ 0036] In order to insure that the strain is applied
evenly, the strain neasured by strain gauges 14 are
wouomistoorssgd. Specifically, the strain gauges 14rPom/uUskiea/023030
" side walls of tile 12 that are adjacent tension bolts
18 should be nonitored to insure that stress is
appl i ed equal ly. For exanple, -1%he nuts 22 shoul d be
tightened while bolt heads 24 are held fixed in a
manmennaokasvh byrthose skilted hethetaresEadnofyée stdel pieces 28 includes
approxi mately even al though not necessarily exactly
t hevSRARdze! 90bh HEAAEE Yheredt v P12BhY 8HfAcent steel beamn 26.
tlghtenlné protocol Is J%velopg. for a particul ar
c i gyratio i,t is. useful,to have strain gauge
" e Bt Tuied B2 0 ol HSHee Bt BERL e fe R ¥ B beams 26, ehe
ti ghteni ng. WD 2005/ 007989 PCT/ US2004/ 023030 -20
0beams|26 wilgberr]l. hnedseto aviid diamsmittiof arhengsiuabetsess to the foam
invention is shown. Here, the prestressed assenbly

1Qhnsk $i16PMPT 661 Ghiedes tABears rBvidk & FEIH Berded Béges 30 so as to permit
prest ressed assenbl y 10 shown in FIG 1, except that

DP9 TS S AR08 e o R 20 gpgmicing he
P GHBER UG of FRELbEBRY el 1o pRlieG o bt TGl b5es g may be
the tiles and height of the floor. For exanple, if

t ibudls with Appegptriaxe 2amberto as soawit he kreesssitpoé prseiding beveled
and the di stance between floors is 10 feet, as is

< . O S . g .
m%%g@ Eg c{lrfs‘gcgg?ﬁi%cé§2gﬁﬂl¥d ?Hés‘ﬂﬂ&@%l phdres o3 él!tég%‘ﬂfr Crews

stead of three “as shown in Fig.

S bt bR SRR BBl L1SLRREERAN ¥BARent strengthto

di mensi ons woul d be used. However, even if the

diapphndhesrequirgd drestrassing fanotheotelemed foagh slaserladd i pl e

of the tile height, the tiles of the present

i nvention can be cut to size, as long as the top and

bott om surfaces
[ 00361 In order to insure that the strain is applied evenly, the strain
measured by strain gauges 14 are monitored. Specifically, the strain gauges 14 on
the side walls of tile 12 that are adjacent tension bolts 18 should be monitored to
insure that stress is applied equally. For example, the nuts 22 should be tightened
while bolt heads 24 are held fixed in a manner so as to maintain the stress gauges
14 approximately even although not necessarily exactly the same. Significantly,
until an appropriate tightening protocol is developed for a particular configuration,

it is useful to have strain gauges located near each tension bolt to ensure even

tightening.



remai n even, such as by groundi ng and/or polishing as

di scussed with respect to Fig. 1, above or sone
weaho@rwasd vel y equi val ent et hod of eveni ng ouPCT/US2004/023030
Further, between the foamglass tiles the surface

shoul d be provided to be snooth or even. [ 0038] It

is also possible to join the fggmglass tile with

other solid layers via a joining conpound. For

?vveen a gﬁﬂﬁ r?a @18 an%tofjgggnﬁ%{)fv@ie ﬁ%ﬁ%n SIBE(EHUOH 1s shown.

dﬁe& ve that can,be used with alum num sheets is a
o 1P the pAetErsaehassebly Alde i eompiisess o e same elements as the

application of a polyneric foam between the foam
gl prestressdd asseniidy 10abdavnin Filkt Brekedpttthatnheteest multiple prestressed,
pol ynmeric foam Pol yurethane foam and cenent board are

eXAraH e aﬁhf%lﬁﬁ'tﬁes 1YRE1ZH, 19 BdehR¥F EhdEKI Bms %59/3%1 pieces 28.

advantage o urethané foamis that, It can

et e T T TR —

and a _sheathing back |ayer. Polyneric backing are
patnarciiesizeofihetilas ang heightf the flagnefrasianplefif tites of 2 feet x 2
brittle layers such as foam glass and nore so of the

cdgenk aomeudidkayer sre ukle, Hat kidistayebetRies AObA 13 10 feet, as is
multiple | ayers of foam gI ass bonded together with

C ec%'ﬁﬂh nB%h¥ 'EE&% ) rﬁ%@]ﬁuﬁ&m { Rfkn SQHEsaﬁf%uﬁflg%ﬁéevde%stead of three

The tl may a ol ne ’usl ng car ers

0 r ot her, adhesives known i
p@éysggwn intag 3'%18 oz B’géﬂ %N%ﬁavl"@e the distance between ﬂoors is 12
enbodi mrent of a prestressed assenbly 50 nmade in

adeer, dherc & tilies lof the sgme skmensinue moubd be sussthoifowdee, even if the
prestressed assenbly 50 of the Figs 3A and 3B is

C Qliftah&@hetive b o8RRI N TRACH afilevenendIgpm of@hé‘ﬁ?e Eé1§ﬁt the tiles

52A, 52B, two steel beans 56, and two tension

5%¢ the gresgﬁ‘t #8MBon can be cut to size, as long as the top and bottom surfaces
remain even, such as by grounding and/or polishing as discussed with respect to

Fig. 1, above or some alternatively equivalent method of evening out. Further,

between the foam glass tiles the surface should be provided to be smooth or even.

[ 0038] Itis also possible to join the foam glass tile with other solid layers via
a joining compound. For instance, appropriate contact adhesives can be applied
between a sheet of metal and foam glass. One such adhesive that can be used with
aluminum sheets is a silicone based adhesive. Other examplés are application of
a polymeric foam between the foam glass and another backing material to protect
the polymeric foam. Polyurethane foam and cement board are examples of this

type of multilayer backing. The advantage of polyurethane foam is that, it can be



a side view of prestressed assenbly 50 and Fig. 3B

shows a cross-section sectional view of prestressed
weazsemotygo 50 taken in the mddle of tile 52A. ACrhs2a/023030
two prestressed, strong foamglass tiles 52A, 52B are
shown in Figs. 3A and 3B, nore or less tiles may be

used dependi ng upon the applicat.ion as di scussed above
with respect to FIG 2. As with prior enbodinents, it

i fA r { ang 0 r

o PRSP R e HAIE DSk Rlpre BOeu RRleg” Toat fA oard and 2
steel .. beans 56 are pl.aced on above and bel t he

¢ FPERhingn 7ck dar e B eyicabadih arf ariculprly pheful to reduce
ot her appropriately strong and stiff building
métagmeditgtiomdsthebbtitide layersesymbcaedoam plensl amsl more so of the
tension is applied. Thus, in order to insure that an

e\tementREPLERGEANTHE HhelkiRy 14y mdy @PPdih@sultpld Bers of foam glass
surfaces of the tiles, one or nore steel pieces with

ARG R R At AR ER G FeBE 0 et B ass ahssiyss. The e

-22 paossible to build an appropriate anmount of canber )

i M3y asebeiosad winmhearban BhesnpOlyRers §ties; Ry, or other adhesives
bendi ng. Ot her techniques well known in the art can
alkpowneinuhedrt.t o i nsure that an even conpression
distribution will be applied to the surfaces of the

tiles. [ 0040] The two steel beans 56 are bolted

together by two tension bolts 54 in a manner

(o j nt with t di SSi i n_Fl 1. However, i
CRQ03bE 0 ks 3R A FEgRher dnhodinedis of SdF¥tigsstd assembly
the tension bolts may go through the tiles. One
adPamadgdnofccordagce misllithe pressne invantsn is swavir Tde prestressed
that since the tension bolts are wthin the tiles

Wk sdinlslty & Onell the i g3 lae1dt 3B {sl dointisrisedhsrtdrd presaessed, strong foam
likeli hgod of sai %@ bolts rusting. FIGs. BPA and 3B 8

S %?é’é’s 05 ER,@'L% TR LS b%glln@%ﬁt, BhE WD tLidiGebaRE 5 AN dFig. 3A shows
a side view of prestressed assembly 50 and Fig. 3B shows a cross-section sectional
view of prestressed assembly 50 taken in the middle of tile 52A. Although two
prestressed, strong foam glass tiles 524, 52B are shown in Figs. 3A and 3B, more
or less tiles may be used depending upon the application as discussed above with
respect to FIG. 2. As with prior embodiments, it is again important that the top
and bottom surfaces of each of the tiles 52A, 52B be even and smooth. Two steel
beams 56 are placed on above and below the tiles. The steel beams may also be
replaced with other appropriately strong and stiff building materials. These beams
are expected to bend as tension is applied. Thus, in order to insure that an even
compression distribution is applied to the surfaces of the tiles, one or more steel

pieces with beveled edges as discussed above can be used. Alternatively, it is



52B. Wil e the nunber of tension bolts is not

critical, it is preferred that the tension bolts be
wdizedsriotmsbed so as to evenly apply the conpres8COMS2004/023030

strain on the surfaces of the tiles. Alternatively,

rather than using tension bolts, it is possible to

use as tension nenbers, wres-2ixd ot her such

mechani sms well known to those skilled in the art,

Syfisibke Bl RARBAS aphbpeRPasbat: seveiba it Hegtelassinidased on
strands as discussed on page 48 of Edward G Nawy,

B POgh oo AR S BRE rcan asobe ed

nmenbers are also known in the art and_nay be used

sderngye chalgh eY§hepBpPEassiRn Austibygn il b arglisgto the surfaces of
appropriately strong netals. [ 0041] In Figs. 4A and
4Bheaidedt. her enbodi nent of a prestressed assenbly 60

made in accordance with the present invention is

shown. The prestressed WO 2005/ 007989

PCT/ US2004/ 023030 -23 assenbly 60 of the Figs 4A and

4B | npri.sed of t sets.of prestressed, .stro .
{ daliPAPIos iRt ians ssUsY Sauy s bEer i asign bols 54
66, and two tension bolts 64A and 64B. Fig. 4A shows

a injadeariasgonfistentwithabe discussinainJGeb Hawerey in gis embodiment
shows a cross-section sectional view of prestressed

ag$emidyare@hickkeduih sb hBatthddbssiowbolts hes dalvhrengh GkGiles. One
Al t hough two pairs of prestressed, strong foam gl ass

t4 gﬁ%n%}ag%gif ﬁ]%g SegﬂJt%idﬁégﬁng}%r gg@s . si%\é‘f%is thtidsgl?]ce e t@x‘ik?%% bolts are

S may used dependi ng upon

appl i cation as di scussed above with respect, to EL.G. 2. .

ASTEr g e Wb SRR DledoA il thepois (s ighipod of said

the top and bottom surfaces of each of the tiles 62A,

6 2RtsGAimn FIGR B A nad 8Bshowursvastensioh bolwgosiggbirotgiutites 52A and

66 are placed above and below the tiles. The steel

beyrs iSO nhghHe@RIfaeRéon bolts is not critical, it is preferred that the
tension bolts be distributed so as to evenly apply the compression strain on the
surfaces of the tiles. Alternatively, rather than using tension bolts, it is possible to
use as tension members, wires and other such mechanisms well known to those
skilled in the art, such as standard and compacted seven-wire prestressing strands
as discussed on page 48 of Edward G. Nawy, Prestressed Concrete: A Fundamental
Approach (Prentice Hall 1989). Other alternative tension members are also known

in the art and may be used, such as carbon fibers such as Kevlar® or other

appropriately strong metals.

[ 0041] In Figs. 4A and 4B, another embodiment of a prestressed assembly

60 made in accordance with the present invention is shown. The prestressed



with other appropriately strong and stiff building

materi als. These beans are expected to bend as
woenssioorsps applied. Thus, in order to insure PORUSA004/023030

even conpression distribution is applied to the

surfaces of the tiles, one or nore steel pieces wth

bevel ed edges as di scussed abe33® can be used.

Alternatively, it is possible to build an appropriate

armsethbl9 6 CaMiberFigs M R ahA eBsik e6ipbigedrdf BAS ¢6ts ff prédifessed, strong
antici pated bending. O her techniques well known in

t r [ r eve .
P aaS Sle A RBAR G 2P’ BEY sl P8 s two tension bots
surfaces of the tiles. [ .0042] The two steel beans 66,
artdApand 6481 o it Hérsheysiamde By ofprssiressed aasemipy g0 and Fig. 4B
a manner consistent with the discussion in FIG 1.

" Hehwews i,cross-sehtien seetibnaliviem bf prestreset] hevembdy 6 0 talendntlse middle
of tiles, one set conprising tiles 62C/ 62D form ng an

| FRfledBoA andHD.ONRIESE E%gbﬁb 39 ?éskfe%s '@ﬁ%gxg foam _glass tiles
formng an outer WO 200%/ 007989 PC%2 us2004/ 023030 -2§l

[, et j olts 64 4B are eaded bet wee
+ e Bk CETe AT B i 1o B P np e Hoteaiciesh Bk may be
bolts is not critical, it is preferred that the
t arsedl diepbodling upeon hieappiibrtiamas disgessed aboenWithapsspect to FIG. 2.
the conpression strain on the surfaces of the tiles.

QAvewithiprior Ratbodeseh®, it radagnshportel thar @leqoplasid Dot surfaces
in the art as discussed above and may be used

o SRSk it e SR et beams
back wal |l can have different typ of rfaces. | '
p&it Frepared abpvi: émg beloty Hhedled. st disamimag alsp be replaced
the present invention are capable of many different
t woich eftherespprepriately nirshg sndsstifebuildingdmateridle These beams are
co- pendi ng application

expected to bend as tension is applied. Thus, in order to insure that an even
compression distribution is applied to the surfaces of the tiles, one or more steel
pieces with beveled edges as discussed above can be used. Alternatively, it is
possible to build an appropriate amount of camber into the steel beams based on
the anticipated bending. Other techniques well known in the art can also be used

to insure that an even compression distribution will be applied to the surfaces of

the tiles.

[ 0042] The two steel beams 66 are bolted together by two tension bolts 64A,
64B in a manner consistent with the discussion in FIG. 1. However, in this
embodiment, since there are two sets of tiles, one set comprising tiles 62C/62D

forming an inner wall, and one set comprising tiles 62A/62B forming an outer



owned by the sanme applicant discussed above whi ch was

filed on the sane date as the present application, it
wo0omzIshl e for a wall based on this enbodi neRCTUS2004/023030

have a different outer surface than the inner

surface, and there are a wide variety of surfaces

that can be selected as di scugged above. Anot her

advant age of using this type of enbodi ment of

a%ﬁ"ﬁteyteggohfbo%@ CURN B%ﬁ &rd fifeRddPhe JW@%EQh@?\% sets B€tiles. While

t ensi on olts IS prot ect e al nst he

V|ron .Si nce th
i LR Rt SRS ST i P s ehr RS ool e
ut|I|t|es can be built in or brought therethro
adistribetedsows thevanlgapplitlat ersnpressing s aigein @eanﬁgcmf the tiles.
can have appropriate holes designed in to pass through

WOth&GaltephatiRRise thé@eghsioitigts aé hisb tkh66m ifl ige A0 apiBtagsd above
tiles of the present i nvention are al so- capabl e of

bej e access holes, wthout

s%@ | can{'l? %elggsel y affecting their strength.

Al ternatively, the enpty space can be filled with

pol yneric foamor other appropriate filler to provide

addi tional insulation, and protection agai nst WO
200498} 989 OPEHAYIAF4/dI 281130chis BHe e \emuniimanhadf assembly 60 is
exposure to the tension bolts and w ring, plunmbing and

Ot;ga%ghe Hoht { d PacR¥Aft bafihgse di?f%r@fttmger% oc-f@ewa@@omsmcutar,

I nent o e present I nvention
senb|
DS Ra PR 3%3“ fpeﬁstl%ﬁ ey PB‘EF&H{e trhveenilgﬂtaé? BpHf of many
assenbly 70 in one direction (e hori zontal |

adtitasrt tynes PhACHBELC fimisheg restdescibed dn the CtOtiEEde ng application
assenbly 70 in a perpendicular direction (e.g.

vV eivined yl 14 sarhb %pPlié@ﬁ diseashedl dboeswMiclofas Rledicendieaame date as
bolts used can, course, be nodified. ldeally, the

t ﬁ{bsbt%@el?toatﬁp‘:hcgﬁgfﬂl 1915%%3&'[3?&%9 a wall based on this embodiment to have
a different outer surface than the inner surface, and there are a wide variety of
surfaces that can be selected as discussed above. Another advantage of using this
type of embodiment of assembly 60 is that, like the prior embodiment, the tension
bolts 64A, 64B is protected against the environment. Further, since there is a built
in space between the two walls, wiring, plumbing and other utilities can be built
in or brought therethrough. In accordance with this embodiment, the steel beams
66 can have appropriate holes designed in to pass through wiring, plumbing, and
other utilities. The foam glass tiles of the present invention are also capable of
being cut to provide access holes, without significantly adversely affecting their
strength. Alternatively, the empty space can be filled with polymeric foam or other

appropriate filler to provide additional insulation, and protection against



in a fashion to provide an equal strain on the

material in opposite directions. It is not necessary
wohais/otsostrain in the vertical direction be PO®/US2008/023030

“ ™as in the horizontal direction, but the strain from

opposite ends in the vertical glrection shoul d be

approxi mately even, as the st¥ain fromthe opposite

ends in the horlzontal dlrectlo sho | d be

appYiERERal FXRORRS TRl $BplogsD HenandviEwe: Plygbing and other

have a pair of corresponding steel beans, and rel ated

apfiitied.us as descri bed above w th respect to the

ot her enbodi nents of the present invention. E 0045]

Thus the assenbly 70 is conprised of two sets of foam

glass tiles 72A/72B/ 72E etc. and 72C/ 72D/ 72F etc. The

fir t of, f tiles can b a2 ri.sed of . .
b Da4E, orisscoR o SHRnpy SbatsmEetBRR oL B nifspyr invention
colum conprised of tiles 72A and 72B. The first set
ovhesathepsaemblyi shevmciafige 4dommst 4B ate fusthersnedifind bydrweing two
row of tiles such as represented by tiles 72A and 72E.

Stefislatf bylts thheugieendestlr of thoaB3ghiblys70iihesne alirdition (e.g.,
conprised of nore than one colum and WO 2005/ 007989

ﬁgﬁyé‘gtgg%%ﬁo%ge ten%ﬁ)gm?él? t{a%%:%hoﬁ%. ée‘ﬁ@’gogf tid &Sembly 70 in a

accor dance vvlth t he descrl ptl on of the p ously
aBsepridar direction (6. 5ovekigdo b Pk&lm@%ﬂfatﬁle tension

advant age of the enbodi nent of the present invention
r bplreassdt @, bfcasse el podifiedn Ifealy, tieteasidnFBlisshohkd be placed
di fferent .amounts of strain can be applied in the

h{ & 28016 toaiﬁ'@w re{d &gl gﬂlréﬁt‘;&ﬂ e m@éxﬁl [iespphdsitfditddidns. It is

arrangenent, ave biaxial corpr eSS| on
whi ch | | hi | t
SHIBE I{lew\%%?\?%g h\?e‘? g%l%’l lltne %’F]ﬁ@f %Eaa‘il?‘? ggﬁa{}]e #ifle as in the

advantage of this enbodinment is that is _possible to
nbkezoniafdiregidonm| faut the strain from opposite ends in the vertical direction

should be approximately even, as the strain from the opposite ends in the
horizontal direction should be approximately even. Each set of tension bolts will
have a pair of corresponding steel beams, and related apparatus as described above

with respect to the other embodiments of the present invention.

L 0045] Thus the assembly 70 is comprised of two sets of foam glass tiles
72A/72B/72E etc. and 72C/72D/72F etc. The first set of foam glass tiles can be
comprised of more than one column of tiles such as represented by column
comprised of tiles 72A and 72B. The first set of foam glass tiles can be comprised
of more than one row of tiles such as represented by tiles 72A and 72E. Similarly,

the second set of foam glass tiles can be comprised of more than one column and



[ 0047] I n another enbodi nent of the present invention

shown in FIG 6, the assenbly 80 uses two floors 86A
wanwsaeBsef a building in addition to steel beRas/USS®4/023030

to achieve the prestressing. Since the weight of the

upper floor 86A can be wused to apply conpression, the

initial tension being applied20y tension bolt 84 can

be reduced. In FIG 6, four rows of tiles 82A, 82B,

gnerabas 2mearewshbwiles. Hhiewesemblize7®unbe beafidtisirzeiodified in

of tiles can be nodified as di scussed above. Further

t hico ey ] >z Co ] .

e o PriTRaty EEbLF 3B 98R750 and 0.

with respect to enbodi nents 10, 10A, 50, 60 and 70. |

0048] It will be understood by those skilled in the

art that the foregoing nethod of naking the tiles and

ab 9848l es bn addisiopabadrntagesefiihe embedimnentyd thepuisensigvention

or other nethods of fabrication can be used w thout

dexpacdencgl by asvetitidy 76ph Fids. AGnsIcsHR thht EiFfRrbMVARLIRR-of strain
WO 2005/ 007989 PCT/ US2004/ 023030 -27- EXAMPLES 1-7 [

g%gfbe%ﬁﬁﬁ {iP ':E%Q bl%/&i%cﬂlgalc QS cﬂrs(scﬁdo%?t Py a aresult of this

I cat’'on owne sane applican I SCUSS

above which s fil, on. the same day as_this, . .
a%?@%eé??r&n?éﬂﬁh%lef@ﬂ}aﬁ%@ﬂ@i ORPIRHIgn Winihewilhmakess ability to
made by blending the raw materials set forth under

Garspdiz ot withsiamdFBabtlewavesinove véixaitpl dnbtieraddithortil @dvantage of
Conposition Silica sand (g) 80 80 80 80 80 80 50 Fly

Aghs €@bo@iméhtd9 124 12 Bogible@o make larger panels.

[ 6047] In another embodiment of the present invention shown in FIG. 6, the
assembly 80 uses two floors 86A and 86B of a building in addition to steel beams
90 to achieve the prestressing. Since the weight of the upper floor 86A can be
used to apply compression, the initial tension being applied by tension bolt 84 can
be reduced. In FIG. 6, four rows of tiles 824, 82B, 82C and 82D are shown.
However, the number and size of tiles can be modified as discussed above. Further
this embodiment can be further modified in accordance with the teachings and

principles discussed above with respect to embodiments 10, 10A, 50, 60 and 70.

[ 0048] It will be understood by those skilled in the art that the foregoing
method of making the tiles and assemblies of the present invention could be
modified or other methods of fabrication can be used without departing from the

spirit and scope of the invention.



Fe203 (g) 3.4 Sodium Silicate, 5 H20 (g) 30 30 30 30

25 25 30 Borax, 5 H20 (g) 25 15 25 25 30 30 25
waéhowszsfg) 5 Sugar (g) 2 3 3 3 3 3 2 Water ¢QY/UR2002523030

24 25 25 25 25 Batch Size Factor 20x 20x 60x 40x 50x

50x 20x Process Information Calcination tenp., C 970

970 970 970 970 970 970 Calcination tinme, mn. 30 30

30 30 30 30 30 Foam ng tenrp.;27C 810 800 790 810 795

795 810 Foamng tinme, mn. 10 10 10 10 10 10 10

FéaMBLEedch size 100 100 100 100 100 100 100

Characteristics Density (PCF) 32 36 41 46 62 65 69

Bybd049] cm 12 skBfckeh #0thkolBerdling Chsirmater aigilicatibgr@ided by

(m) 0.8 0.6 0.8 0.5 0.8 0.6 0.3 Conpression strength

SR R AT D RO 0 T

Surface, Yes, Yes Yes Yes Yes. Yes Ye (cl ose or, )
o GPBRCig Uit 21453 SISO AT IRaT- 7 WorraReds Dy dinging the raw
conpari son, the weight of the conposition

materials set forth under Composition in Table 1 below:

Example 17 v ] 2 ] 3 [ 4 | s 6 7
Composition
Silica sand (g) 80 80 80 80 80 80 50
Fly Ash (g) 0 20 20 20 20 20 50
Fe, 0, () 3.4
Sodium Silicate, 5 H,0 (g) 30 30 30 30 25 25 30
Borax, 5 H,0 (g) 25 15 25 25 30 30 25
Alumina (g) 5
Sugar (g) 2 3 3 3 3 3 2
Water (g) 25 25 24 25 25 25 25
Batch Size Factor 20x 20x 60x 40x 50x% 50x 20x
Process Information
Calcination temp., °C 970 970 970 970 970 970 970
Calcination time, min. 30 30 30 30 30 30 30
Foaming temp., °C 810 800 790 810 795 795 810
Foaming time, min. 10 10 10 10 10 10 10
Foaming mesch size 100 100 100 100 100 100 100
Characteristics
Density (PCF) 32 36 41 46 62 65 69
Bubbles/cm 12 18 12 20 13 18 29
Characteristic length (mm) 0.8 0.6 0.8 0.5 0.8 0.6 0.3
Compression strength (PSI) 2078 2400 4300 6000 10500 12500 14600
Tension strength (PST) 775 930 960 1250 1400 2500
Glazed Top Surface Yes Yes Yes Yes Yes Yes Yes
(closed pore outer skin)
TABLE 1
[ 0050] In order to make a useful comparison, the weight of the composition

was normalized assuming with the total amount of silica plus fly ash equal 100.
Thereafter, to insure the proper amount of material is used the normalized

composition weight is multiplied by an appropriate batch size factor, as indicated



was normalized assumng with the total anount of
silica plus fly ash equal 100. Thereafter, to insure
woOherspomser anount of material is used the norpariusem4/023030
conposition weight is nmultiplied by an appropriate
batch size factor, as indicated WO 2005/ 007989
PCT/ US2004/ 023030 -28 in TabE®& 1, to account for the
size of the nold being used. For exanple, a batch
snZéablad} oy aabuhofor thesieesfithe seddfheingusal. dF& éxantyds, a batch
X 14 inches x 4 inches. [ 0051] The resulting slurry
j I eqpi l1Gi 5 :
N R R S R e St B
the process section of Table 1, for between 5 to 60
m nutes, as indicated in the process section of Table
1, to react the raw materials, and deconpose sugar to
fi @eBbY] andlwmestlinggiwpeweedriedranslihe pouslepmizsaire Tiae calcined
cal ci ned product was ground to fine powders, placed

| 4t 2Rl preanet betPbeh 900 @b 11000Rds ydibaatbiinghaprécess section
tenperature between 750C to 900C, as indicated in the

?défofagﬁg 13 ?311 P%tr@ve%%}t §_ %8'6%1%111%11?{@% Oﬁ%ﬂﬁﬁcggegf ir{ B?é RIpCes se&t’lon of |

nperatare ween 0 as'indicate
in the process section of . Tahle 1. The resulting foam
or e lnda rearh Be &awiBatesish, 8 Qse gHgay i fipglygand evenly

[ 0052] The characteristics of the resulting foam
gligsrsédearbranqeoas phateo Theaakinddpliodatiedas gravne to fine powders,
characteristics portion of Table 1. The resulting foam

91863 i3 IBcotdPShbM, 9hd a8 Wamét BPHedtthd -4 t@?}pef%cglr% between

as Indicated Iin the characteristics section o

D Ty e DA T ST P

the characteristics section of Table 1. As Table 1 .
Sleoyperature &y hdtwises )l toh0 pinwesasdadicaiegindha Presesaprrtion of
uni form structures provided
Table 1. The resulting foam glass was annealed to room temperature and de-
molded.
[ 0052] The characteristics of the resulting foam glass for Examples 1to 7 are
indicated in the characteristics portion of Table 1. The resulting foam glass had a
density of about 30 and 70 Ib./cu. ft., as indicated in the characteristics section of
Table 1, and a completely glazed surface. The pore structure was uniform with
average pore sizes as indicated in the characteristics section of Table 1. As Table
1 shows, tiles with smaller pore sizes, high density and uniform structures provided
have the greatest tensile and compression strength. In order to determine the

strength of the samples of foam glass prepared, an effort was made to follow the

standard ASTM testing procedures for concrete. However, because the samples



have the greatest tensile and conpression strength. In

order to determne the strength of the sanples of
woaemogtmss prepared, an effort was made to fobtowskiea 023030

standard ASTM testing procedures for concrete.

However, because the sanples W 2005/ 007989

PCT/ US2004/ 023030 -29- proved2fe be substantially

stronger than concrete, the procedures had to be

npdivefeld by substantially tstrenger ¢haf coheesqrbeesrdcedarddeliad to be

for the equi pmrent used to actually break the sanples.

Tﬁ@&lﬁédol%”fegitﬁﬁﬁg Qg ks f"ﬁfeesaﬁ‘gﬂeé B Qrde¥rd dtrﬁ%resqutt%%lﬁn%used to

bet ween T. and 1 5 |nc es i n |arreter an €sS

oS08l b sSEPRAG B donf Ees BlRkacteis avi dgo yinders

portion of TabI e 1 t he conpressi on strength of
EbetmseRd -G iachesdn digneeg ang fess han 5 incheatdlbfor oompression’

of over 21/2 tlnes t he conpression strength of

coeasigemen, G@Gout bhé $thzetnvukfacsi Md Q{dlﬁz’ateésm' Al eatradleristics
in the characteristics portion of Table 1, the

AFhOERS DOLAEES BBt BBl 2 s g 1001

;Er gtho gﬁrete(SOOIb/sq in.). Exanple 7 has
sl 1ag GV &2 Bigesthecompressipn strangiiceigonsrets (4,000
times the tensile strength of concrete. 10053] A

dbnfsgsint)e Ssidmty,yaslifdastechionthel chaFdGeridicsgmrtibrnf Table 1, the
built using Exanple 7. The glass tile forned in

Feasm ﬁrgnm%f%n@émﬂwef%r%m mg/s aw., é\ff toy of over 2V2

ground using a silicon carbide grinder into a

e S -

and bottom surf ace 32. As a result of the cutting and
GrieAGtngt H? Qe Bu4%k in-eadacter of b anes the sensilestramgth hf eontrete.
parallel to the opposite side of the tile 12. The

sanpl e was next washed to renove find grind. After

drying, strain gauges 14 with wres

[ 0053] A composite assembly 10 as shown in FIG. 1 was then built using
Example 7. The glass tile formed in Example 7 was cut using a glass cutting saw
and ground using a silicon carbide grinder into a block which had a square top
surface 32 of 4.52 cm x 4.52 cm and a length of 5% inches between top surface 32
and bottom surface 32. As a result of the cutting and grinding processes, each of
the sides were smooth and parallel to the opposite side of the tile 12. The sample
was next washed to remove find grind. After drying, strain gauges 14 with wires
16 connected thereto were applied to each side of the tile 12. Wires 16 were
connected to strain meters to monitor the deformation of each side of the tile

during prestressing. Tension bolts 18 with a diameter of %s inch were threaded

through the holes in the steel beams 26, with bolt heads 24 and washers 20 on one



16 connected thereto were applied to each side of the

tile 12. Wres 16 were connected to strain neters to
woumstooresh he def ormati on of each side of the tPC®US2004/023030

during prestressing. Tension bolts 18 wth a dianeter

of 3/8 inch were threaded through the holes in the

steel beans 26, with bolt heag@ 24 and washers 20 on

one WD 2005/ 007989 PCT/ US20047023030 -30 side of the

| oner st beam 26 sh in. Fl 0 an
rhidesobie %Wﬁ@s'ﬁe%]&?ﬁ@é%{zgm% E@dp%%ff W@V@?rag %tfwés 92 being
ot her steel beam 26. The nuts and bolts were |left not
tdoginteted dnshe appositquide dithestlidriscded heamm2éc dheoruts dwed bolts were
remai ni ng conponents of the assenbly to be fit

tl@ﬁrrfoq ?fgﬁﬁ@r[éd s &8lo @'o%ﬁﬁssﬁﬁclé‘htt dhakbebr t}féel‘éﬁ{a?ﬂngdﬂﬁﬁ)onents

facing tthe 1 nner surfaces of the steel beanB 26 we

e 2ol 1S BelFey it xRS P 78S fa@aeliﬁgﬁéled edges

between the steel pieces 28 with surfaces 32 adj acent
tiaeingttbe imies sarfagpnehthessec] hepme Rodwarrtthsaampeepriasely placed in
avoi d uneven application of strain. Bolt head 24 were

heledniddix ef tivh slee] bbemputThie2de iy @adé frm axauglly 7 was then slid
tightened in a nmanner to insure appr oxi mately even

%taz'egn R Et@%@éj&% M’L&%Gﬁf‘ﬁ@éﬁ ?Hergi’o U6 alignment was

ers no nDnltored

TohoAe MeBEARIEY S BReEn AP lﬁgtfl?rf\ Sﬁs&%%ﬁéﬁg@@%%m held

not covered by a tension bolt. The assenbly was then
t @sdde avfiler the nstst @@swere ﬂtemagtvhlybyagbtemedngl fh@anner to insure
opposite side of tile 12 on two knife edges (i.e.,

ﬂ%&@ﬁﬂnﬁ)ﬂ i AR $ain Y #He g%u?@é WaidiniwéR mdfRoRel gthe meters not
ce

d in the top center the side where the

SR B I e AR BB s R A2 Const ant

rate of displacenent was

[ 0054] One of the tension gauges 14 was removed from a side of the tile
12 which was not covered by a tension bolt. The assembly was then tested for
its tension strength by placing the opposite side of tile 12 on two knife edges
(i.e., rounded cylinders), with a third knife edge being placed in the top center
of the side where the tension gauge 14 was removed. The tension bolts
remained on the other two sides of tile 12. A constant rate of displacement was
then applied on the top knife edge, and the resulting force was measured. The
same type of analysis was also performed on another piece of Example 7 which
was 1.58 cm x 4.76 cm surface and the results were compared. Fig. 7 shows a
graph of the force as a function of displacement of the three point bending test

comparing Example 7 unstressed 92 and an assembly of the present invention



then applied on the top knife edge, and the resulting

force was neasured. The sane type of analysis was
wabhews/oprash or red on anot her piece of Exanpl e 7 worais2004/023030

was 1.58 cmx 4.76 cmsurface and the results were

conpared. Fig. 7 shows a graph of the force as a

function of displacenent of t#d-three point bending

test conparing Exanple 7 unstressed 92 and an

assingiiixpmgple Vipregrassehp4i Mherdifferenv@iRenG6003081R samples were

PCT/ US2004/ 023030 -31 using Exanple 7 prestressed 94.

Theothfd®fop by ﬂiﬂ?@cﬁla@i&% @h & rfsuc(a?gml es were

account ed for usi ng equation as follows: (1)
aled = F2_( ( )2 where F2, reseal ed
|s the% esegﬁl Eﬂdﬂeq:orﬁég V\%)Q'Z &‘ measured force, wl is

the width of sanple 1, w2 is the wdth of sanple 2,
hwhege Fhacheisghe refcaledsivee, I, inthe measwedffercehairgistthefwidth of
sanple 2. [ 00551 Significantly, as can be seen from

Fdmplé, 1, s ahe widihdssatitige QURY R th8heaftBQFisaingle W & h, is the
t he prestressed sanple was 35 tines |arger than t he

aﬁg ? g@e curve 92 associated with the
unp F 8o SR sanple. This denonstrates a extrenely

| arge resistance to shock waves of the type that may

be associated with either an expl osion, earth quake or

ot her intense shock wave. Simlarly, the anount of

f bOO&554hi chSighificanty;t aseswdnt srmfremiIGh T dedareasmdsr the curve
kN, as conpared to the unprestressed sanpl e which

ads QEdRRhtb EHstH thRHréfréded éémﬁlerﬁﬁybs tRhed Ber than the area

substantially greater force applied prlor to failure,

Ay %uav@?és%e?ﬁ?eoi T y

strong material. The desired strain pattern can be
JengREERLes a extremely large resistance to shock waves of the type that may

be associated with either an explosion, earth quake or other intense shock wave.
Similarly, the amount of force which the prestressed sample withstood was

35 kN, as compared to the unprestressed sample which absorbed less than

10 kN. As a result of this substantially greater force applied prior to failure, a
lighter more compact material may be used to withstand a greater force. This
demonstrates a very strong material. The desired strain pattern can be designed
to accommodate a particular application as is consistent with methods used by

those skilled in the art.

[ 0056] Now that the preferred embodiments of the present invention
have been shown and described in detail, various modifications and

improvements thereon will become readily apparent to those skilled in the art.



to accommopdate a particular application as is

consistent with nethods used by those skilled in the
wans/p798056] Now t hat the preferred enbodi nenpPeTal210h023030

present invention have been shown and described in

detail, various nodifications and inprovenents

thereon will becone readily apparent to those skilled

in the art. W 2005/007989 PCT/ US2004/ 023030 -32

Aﬁ‘é&{ ﬁir%gér ychetsgﬁgcsaﬁ’fdrécb @B?H%@x@?erﬁfm{/&%l&{ £58Me construed

I nven e cons rue oadly and limted only

t he ap ended, cl ai ms, and no Ihe

Becatty BB RBHLCA I3 005 DO PEBH Y R AT 0530 SeF forggoins
What is clalned is: 1. A prestressed foan1g|ass tile
whsrotficatiomi d tile has a prestress conpression of 1000
psi lor greater. 2. The prestressed foamglass tile of
claim1, wherein said prestress conpression is 2000
psi or greater. 3. The prestressed foamglass tile of
claim1, wherein said prestress conpression is 3000
psi or greater. 4. The prestressed foamglass tile of
claim1, wherein said prestress conpression is 4000
psi or greater. 5. The prestressed foamglass tile of
claim1, wherein said prestress conpression is 5000
psi or greater.



6. The prestressed foamglass tile of claim1, wherein

a tension nenber is under tension inside of said
wonestwessed foam glass tile to provide said pCEASR®3923030

conpression. 7. The prestressed foamglass tile of

claim®6, wherein said tension nenbers are conprised

of tension bolts. 8. The presg3essed foamglass tile

of claim®6, wherein said tension nenbers are

OVhpf issednid i re. 9. The prestressed foamglass tile
of claim6, wherein said tension nenbers are

o aos T 1 o DPEEFRRbAoRR ron the b BLETR GRS B paRTress

are conprised of standard seven-wi re prestressing
SommTassiomef 2008 PeicT9E9atesT/ US2004/ 023030 -34 11. The
prestressed foamglass tile of claim6, wherein said

tensi ¢h niirepesaesed domtigad thé of CRPACT EHhERYE Baii frestress
prestressing strands. 12. The prestressed foam gl ass

ﬁcggfpf%s_i&irﬁim@%%?rﬁ%&ﬂsai d tension nenber is a

: e pres-st essed.foamglasstile of claim1,
o R o TS B T s
prestress conpression. 14. The prestressed foam gl ass
tepmpressien i I0M3psiwngrester.sai d tensi on nenbers are
conprised of tension bolts. 15. The prestressed foam
gl ass 4.i | e e Fretirsdséd fomh ¢k Ril6 oF BlatrB NS MiHkrein said prestress
compression is 4000 psi or greater.

5. The prestressed foam glass tile of claim 1, wherein said prestress
compression is 5000 psi or greater.

6. The prestressed foam glass tile of claim 1, wherein a tension
member is under tension inside of said prestressed foam glass tile to provide
said prestress compression.

7. The prestressed foam glass tile of claim 6, wherein said tension
members are comprised of tension bolts.

8. The prestressed foam glass tile of claim 6, wherein said tension
members are comprised of wire.

9. The prestressed foam glass tile of claim 6, wherein said tension
members are comprised of carbon fibers.

10.  The prestressed foam glass tile of claim 6, wherein said tension

members are comprised of standard seven-wire prestressing strands.



menbers are conprised of wire. 16. The prestressed

foamglass tile of claim 13, wherein said tension
wornizanwsar e conpri sed of carbon fibers. 17. TReT/US2004/023030

prestressed foamglass tile of claim 13, wherein said

tension nenbers are conprised of standard seven-wire

prestressing strands. 18. The-Pt-estressed foam gl ass

tile of claim13, wherein said tension nenbers are

conpri ged ofrheqsrpasdseed Mgid% ki Bf @&frh 85 $iHMein said tension
strands. 19. The prestressed foam gl ass til e of cI arm

ot st R S e R R LT RELHprdEE RSt i s ypisiis g

tenS|on menber is an angle iron, 21. The prestressed
foam glass the@refressed faams glagh stepiclam 8, wheseiarsaid tension
menber is a plate. WD 2005/007989 PCT/ US2004/ 023030

- Bten?Rer iTheofr estressed foamglass tile of claim13,
wherein said tension nenber is a bar. 23. A

prestr qgsedmépsrgmtxesfsea e égms bifd bEERgS 1°m9<1,rg.%;a tension

structures risin one prestfesse
gl ass, ti.les,, havin restres eSSI n of 1000

S Sl Brs SRR SRR Bl ass gflg toprovide

mor e t ensi on menbers
said prestress compression.

14.  The prestressed foam glass tile of claim 13, wherein said tension
members are comprised of tension bolts.

15.  The prestressed foam glass tile of claim 13, wherein said tension
members are comprised of wire.

16.  The prestressed foam glass tile of claim 13, wherein said tension
members are comprised of carbon fibers.

17.  The prestressed foam glass tile of claim 13, wherein said tension
members are comprised of standard seven-wire prestressing strands.

18.  The prestressed foam glass tile of claim 13, wherein said tension
members are comprised of compacted seven-wire prestressing strands.

19.  The prestressed foam glass tile of claim 13, wherein said tension
member is a rod.

20.  The prestressed foam glass tile of claim 13, wherein said tension
member is an angle iron.

21.  The prestressed foam glass tile of claim 13, wherein said tension

member is a plate.



wherein said at |east one foamglass tiles are pl aced
between said at least two netal beans and held in
woanEessbon of at | east 1000 psi by said one 8CT/USRI0/023030
tensi on nenbers. 24. The prestressed assenbly of claim

23 wherein said prestress conpression of said at

| east one prestressed foam gtdss tile is 2000 psi or
greater. 25. The prestressed assenbly of claim23

wher epn. saiTieprestasesdfoanwghresis oficlaim 48| whateihsaist tension
one prestressed foamglass tile is 3000 psi or

%%ﬁﬂﬁ&ﬁsa _The prestressed assenbly of claim 23

erein sald prestress conpression of said at | east
one prestressed foa lass tile is 4Q Si_or

Oreat €5 o DreAEe ST RRRE oL S o GRORET s sructures
wherein said prestress conpression of said at | east
comppisest ressed foamglass tile is 5000 psi or

greater. WD 2005/007989 PCT/ US2004/ 023030 -36 28. The

pr est LessREoAS pritbleysef foatpilabBles Wesigg B pradtdeskedsi on
is at least partially inside of said tiles. 29.

nmenber

The prestre S f claim23, wherein said
&8&“@2‘6%5&?9 & ];@&bc@?il?ﬁg%éﬁeg bui | di ng. 30. The
prestressed assen‘ol%e of claim 23, wherein said netal

beans at d3st EEAFRIBERRASRS; dide] |

one or more tension members

wherein said at least one foam glass tiles are placed between said at least
two metal beams and held in compression of at least 1000 psi by said one or
more tension members.

24. The prestressed assembly of claim 23 wherein said prestress
compression of said at least one prestressed foam glass tile is 2000 psi or
greater.

25.  The prestressed assembly of claim 23 wherein said prestress
compression of said at least one prestressed foam glass tile is 3000 psi or
greater.

26.  The prestressed assembly of claim 23 wherein said prestress
compression of said at least one prestressed foam glass tile is 4000 psi or
greater.

27.  The prestressed assembly of claim 23, wherein said prestress
compression of said at least one prestressed foam glass tile is 5000 psi or

greatet.



31. The prestressed assenbly of claim 23, wherein said
tension nenbers are conprised of tension bolts. 32.
woherspoesd r essed assenbly of claim 23, wherei nPEe®RIUS2004/023030
tension nenbers are conprised of wire. 33. The
prestressed assenbly of claim 23, wherein said tension
nmenbers are conprised of carb#m fibers. 34. The
prestressed assenbly of claim 23, wherein said tension

menber28. ar heopresiressdd afsedin dacthimeds; wivdreth said tension
prestressing strands, 35. The prestressed, assenbly of

gté‘:hﬁé?ﬁ’atg%b%{gbﬁlaﬁ 1931H@%‘f's§iﬂt1€?”bers are conprised

conpact ven prestressing strands. 36. The

restr sse assenb rein said tensian
henbe g”’@d%FﬁF‘F%‘éag aﬁse&ﬂémf P Sifbrehysaid gembly is a

pr est rsssed assenbly of claim23, wherein said tension
reoitien én abwildistg. wi t hin said at | east one prestressed
foamglass tile. 38. The prestressed assenbly of claim

23, wgy ei mheaidstiBlsal aBRaily oRERiRA) %ﬂ?é}eﬁf dad n{é%al beams

assenbly to account for stress which will be app

%gg‘iﬂﬁ@%%?e@wtggm 2005/ 007989 PCT/ uszoo4/ 023030 -37

ed assenbly of claim 23, wherein said
assenbly further conprises two netal pieces wth

bevel éd- eddds Rﬁﬁﬂé%saﬁi asssiRle of clanwae vhaspim spid rensian

one foamglass tile and each of the netal beans. 40.
Thempemssire essptisad s€tdalsionoboled. ai m 23, wherein sai d at
| east one

32.  The prestressed assembly of claim 23, wherein said tension
members are comprised of wire.

33.  The prestressed assembly of claim 23, wherein said tension
members are comprised of carbon fibers.

34.  The prestressed assembly of claim 23, wherein said tension
members are comprised of standard seven-wire prestressing strands,

35.  The prestressed assembly of claim 23, wherein said tension
members are comprised of compacted seven-wire prestressing strands.

36. The prestressed assembly of claim 23, wherein said tension
members are comprised of one or more rods.

37.  The prestressed assembly of claim 23, wherein said tension
members are not within said at least one prestressed foam glass tile.

38.  The prestressed assembly of claim 23, wherein said metal beams

are cambered prior to assembly to account for stress which will be applied upon

assembly.



foamglass tile is conprised of two sets of foam gl ass

tiles and said tension nenber is |ocated between said
wowwsgetmsof foam glass tiles. 41. A prestressedT/Us2004/023030

assenbly for use in a building having wei ght

conprising at | east one prestressed foamglass tiles,

having a prestressed conpressiZen of 1000 psi!-, -

greater, wherein said tiles are under conpression

caused3by aThefrésressdd hdsembly ahélamh 28 eHeréih dhidassembly
further comprises two metal pieces with beveled edges which are placed
between said at least one foam glass tile and each of the metal beams.

40.  The prestressed assembly of claim 23, wherein said at least one
foam glass tile is comprised of two sets of foam glass tiles and said tension
member is located between said two sets of foam glass tiles.

41. A prestressed assembly for use in a building having weight
comprising at least one prestressed foam glass tiles, having a prestressed
compression of 1000 psi .t greater, wherein said tiles are under compression

caused by a portion of the weight of the building.



