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STRONG FOAM GLASS TILES FIELD OF THE | NVENTI ON [
0001] The present invention relates generally to a
buil ding material to be wused in building
construction. More particularly, the present invention
RLh@b@sst 0 prestressed, strong foam glass t

which are to be used in building construct|o¥$ﬁﬁm%mnmo
ot her purposes and assenblies nade therefrom
BACKGROUND OF THE | NVENTI ON; [ 0002] Over the past
decades, there have been a S|gn|f|cant nunber of
terrorists attacks on governnent buil di ngs owned by
the United unt,ri.e ut si de of
the United %@?%@’WNG%@WWE{L% 1993,
terrorists exploded a car bonb inside the garage of

% M21 d Trade Center located in New York City,

Bé@@ g E NVESSION 1ife and significant property
damage. Since then, in 1995, other extrem sts
£900dded aThepresenbipventipa rplates sencralyd albulding thatagial to be
| ocated in Gklahoma City, kla. also resulting in
yhaglin bidding cdnsuctivh. Motepatichlarly; teerésgntdavantion rdlates to
1998, the United States enbassies in Nairobi and Dar
BeestrGadda atmongefoam gl tiks by lbch afe@ betided in Bﬁlﬁin@g donsthsction
car bonbs, each of which resulted in significant |oss
ahd bmé@uq{&em&@éfdrﬁoli@élﬂﬁﬂ@ﬁleremﬁﬁ recently, the
tragic events at the Wrld Trade Center in New York
Cty and the Pentagon in Virginia has further
enphasi zed the long felt need to devel op and
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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 City, resulting in loss of life and significant property damage. Since
then, in 1995, other extremists exploded a truck outside pf the Federal Building
located in Oklahoma City, Okla. 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 emphasized the long felt need to develop and manufacture building




materials which are able to withstand the shock wave
fromcar bonb explosions and other simlar terrorist
attacks. [ 00031 Traditionally, the support structures
for many buildings are made fromreinforced concrete.
In sonme instances, when stronger nmaterials are

AR Sdol @Hso prestressed concrete has been usedpmﬁg%mmﬂmo
exanpl e, prestressed concrehe has been used
bui | di ngs, underground structures, TV towers, floating
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nucl ear reactor vessel s and NUMEro
ﬁg@ é¥¥% cl udlqg & %nental and cabl e- stayed bri dges.
QPFTDLE LY 815 fas  been consi dered advant ageous
over reinforced concrete in instances where a
shal l ower depth for the sane span and | oadi ng
conditions_is desired. Prestressed concrete has al so
b8RMSIconsi Hediignally o sapeatigrusiess fremanpbeiklingsanenade
where a lighter weight material is desired.
froastemdersediconorsts: bt sonad igstanaes,uvlrce strbmess matswiatsrazt desiradid
| ess reinforcenent due to its added strength.
brswessethametele, has peasdsed Foir Bgamyle rpadstrested ther@e hydken
results in added costs: formwrk is nore conplex,
abdide buildingss oniRtgryued stRc®sds] EVISKers, datiRP Stotage URdSHre
conposed of flanged sections with thin webs. Thus, it
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concre%e wll contain water, either as a result of
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fromoutside the WO 2005/ 007989 PCT/ US2004/ 023030
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, prestressed concrete will contain water, either

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




-3- concrete. As a result of the presence of such
wat er, the tension nenbers that prestress the
concrete, usually nade of steel or other corrosive
nmetals, may rust and thus weaken the structure.
Further, as a result of the presence of such water,

wheh 5@@ prestressed concrete is exposed to ¥ ﬁ@k
heat%&haM/cycles it can crack. Also, as a ré%g% of

the presence of such water, in the case of fire, the
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has been used as a hjgh tenperature insulator and
Whers the pegetressed sADSTSS lféXPQS§d Hetypicalheawihawsyelrt it samicrpek.
not suitable for absorbing sufficient energy froma
Airoc ks awsydt ofrthepigsragpeltsush wagsrpin dled cass oftfiire; the pessiressedan
eart hquake and/or wi nd and heat | oadi ng. The
strerdte Brubjgs to failaucds acesuliesfistcanaforamm hathar drswback to

relevant to this long standing problemis now

dsing pickiedtsed cofflefeds that it axsdinited Fﬁriei;s&ﬂﬂ’eghet@(ﬂ;ﬁbﬁ&ces
Corporation ("PCC') of Pittsburgh, has devel oped

and marketed a product known as FO&W\G as(r)
I nsul ati on Systens, which is described in U S. Pat.
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sed as ther i nsul ation, it WO 2005/007989
@@ng{ﬁgg{g@g icient 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.

[ 0005] For example, Pittsburgh Corning Corporation ("PCC") of Pittsburgh,
Pa. 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




-4- lacks surface strength, and can be dented very
easily. Because the Foam d as(r) |Insulation Systens
tile is of relatively low density, e.g., 9.51b./cu.
ft., such tiles will easily break when exposed to
forces typically exerted on exterior walls of a

byibd,dbhBg or other structure. Thus, such tilﬁﬁn@%ﬁmﬂ&%
' [

suitable to be used as tiling for an exterior wa
Simlarly, this foam when exposed to a shock wave
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pressure front resulting froman explosiaon. [ 0006]
ﬁSﬁﬁ ?)56 Ahen ar%eitot farest mcaly excate o sxigriaswalls ofaduilding
the outer skin surface of buildings. For exanple,
0 aherpiucturgo Thes, gt themreinefsuisaide tocbetised asetiiling for an exterior
insulating foamglass tile that is coated with an
vell sSisdadyrthia dean, ovhenlespased tr alslokk wavé fropranterplosivh evill
outside of a building. The tiles disclosed are

fltasbrbi eny Hdlleiof tlexshoekehves endray when #@@plodess A shdSk ®avexis 48
cmx 6 cm and the interior foam materi al whi ch nmakes

ieasufasbetidte Ofvith BLplBRbRI WAL IsealBNRHBsobd B tibsk QMlled
density. Significantly, there is ™ no indication that

IhBe &k bEPEESa Blesdre iR ENNtRs S Gh s capabl e of
abs%rbing %ﬁ?ﬁ?cient éngkgffg%o&1gﬁﬁg?%fosion, and
i ndeed the size of the disclosed tiles would not be

ideally suitable for absorbing such energy.

er nor there is no .indication that small size,
el e Getsd Bt = hpuns it B8 Foo alens ey deoiterSin
i nventors. and others h devel oped net hods for
e s B exempled of o N 06, el dislopers themmally
densities as described in U S Pat. No. 4,430,108
inpulatingsfeamelags e thegrs enatadavidiyamenteids surface tymake a basd skin
techni ques and WO 2005/ 007989 PCT/ 052004/ 023030
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




-5- et hods di scl osed were useful to manufacture
then-standard size tiles of 4.25in. x 4.25in. x .25
in., this disclosure does not teach how to manufacture
tiles of a |larger size, for exanple 2 ft. x 2 ft. x 3
in. Likewise the tiles manufactured under these

nmet hods were relatively light, e.g., less than 10

HE?mwmﬁBd were not nanufactured to mﬁthstandm&ggmmm%mo
effects of an explosion. To the contrary, these

nmet hods sought to optim ze gﬁe thermal insulation
properties of the material, 'and thus nade smaller,

| i ght.er.. and weaker .tiles. 0008] While,stil.l others
ARsS Rtea' R Flarhlgo PlnwianRC sl okt bles SEOTS G
shaped bqdi.es, .these have been snaller in critica
wles %%3 l%nﬁlﬁsq?%doeﬂ%%? hop4a magufaghusidlgs of a

i nvention and not suitable to absorb a substantia
drsasize, for cpmpte k. wdve xviHndhkewise thedilesreanydagtured under
associ ated with an explosion or earthquake. For
theavpkbhoduvge rélativelNaght 5. 8. 5lesBgn t@ s, mlxbwers npt ocess
for manufacturing | arge-size porous shaped bodi es of

Inomufdetosidity witistandthk ieffects dfanosx@hysiont To fRvohiggt Whese
| arge-size cellular ceramc structural elenents, e.g.,

Mettolds Sdughytoldpgizenhd theeh# M tasion Piﬂp@ﬁie@of PRl tand
In the exanple, it discloses a tile 8.2 ft. x 1.64

fHlus madé sinflier, NiHd} afld ARG tiesOf 26 I b./cu. ft. and a
mass of 60 Ibs, It also teaches to obtain a | ow

density in order to optim ze thermal insulation. Thus,
this foam when exposed to a shock wave from an
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density than the present invention and not suitable to absorb a substantial 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 Ibs. 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.




[ 0009] Further, others, such as Central d ass Co.
Ltd., of Ube, Japan, have attenpted to make foam
gl ass using densities in the range of 0.3 to 0.6 g/cu.
cm (or 18.7 to 37.41b./cu. ft.) as disclosed in U S
Pat. No. 4,798,758. The ' 758 Patent explains that in
make the foam gl ass stronger, an ou I r
8&Q§%g%g added which has a density in the ra%gésg)%£¥%
1.7 g/cu. cmand a thickness ofl.5 to 20 mm In the
exanpl es shown, all the sanples which are over 30 Ibs.
in weight were found to be unacceptable from a

ility,apd inpact resistanc spectiyve, _for
EWRE' ot 2P oIRES boehs PG Te B0 R ofBiec bl rave
breaki ng and soneti mes cracking, thus not providing a
eﬁt%@%J B anake Sopm glags usmg depaities 1@%@. rapgg of (\g to %16 g5y, @n 5,
a |later patent by Central G ass Co. Ltd., explains the
fasd8i7|te 32-&%9@%%%%% incWiSaPatt Not h @& TS dbe'768 t he
tile described in the' 758 Patent was very poor, 1i.e.,
Batkmg\explBids kiaf inseypder tn make thedoara lglasgystidngein an bttadlagerfiosls
pur poses of the present invention. Even after putting

addebi iwhithl Iy e dedsityiinfhequgzeldfi8 t6 1 17ei@i. bmaind tahkicliR§6T.5
as described in the '015 Patent, the best tensile

st 20aR6! Ih the BieyRes NBSnbal BwsaRfles Which 8 ovef30 1b81H weight
making it unsuitable for purposes of the present
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Ltd. attenpt to make hi gher nsi t lass tiles, such
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pe e a close structure efreds

no..ndi.cati on as.to their str t In [ 1ler
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e h with no reportjng data. Further, the tiles
‘3% &y gﬁts &dpietanatsnh by Genteal (lash O, Ligy explapns theqtensile gtrgngthyp
2005/ 007989 PCT/ US2004/ 023030 -7 [ 00111 Still others
prapediputas tpthe quiiase ph ke tlodescrabedsa the '7 BsPatent vas vetylpeer,

ore

1Pe., below 150 Ib./sq. in., thus 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

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

[ 0010] Other effotts 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.).




size. For exanple, in U S Pat. No. 5,516, 351, the
relationship of pore size to thermal resistivity is
shown in which the best pore size is always greater
than 1.0 mm Simlarly, the density is always |ess
than 121b./cu. ft. O her efforts to use small pore
' | arger densities, such as U S. Pat.

%?ég??ggz and 4,758,538, fai_led to achieve g%ﬁ%%%m%3o
strengt hs and does not disclose achieving a closed
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the present |nvent|on n1|ar| y,. while it has been
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foan1g|ass sl abs, the met hods di scl osed to achi eve

g iSimgards theddensibygs abveays fespihean b2, /csfe Qther oty to ushe
'309 Patent discloses a process whereby outer netal

sheldpere size andlabgsr densifisd, sunh aed s Bat. Ngs.$195d16BRiand whi | e

foam glass is formed therebetween. Unfortunately, the

#4888 & tfaited 30 athieveicomparable stremgths gldaloss nat diseloye dehidving
cause the outer netal sheets which are in contact
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i ntended tension. As such, the process disclosed

woul d be i noperabl e. Further the nethod disclosed in

the' 309 Patent utilizes wat er cooling of the foam
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center rather than in conpression as desired. Thus,

4024309, to prestress fram slass\wabs shemobodad oo tsstiursetn 30
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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




product does not break from such tensions, the desired
prestressing woul d be the opposite as desired, naking
the final product very weak at best. [ 00131 Unlike
the prior art discussed above, the tiles of the
present invention are designed and constructed of
Vidhdoalmesmat eri al s so that such tiles have propeclies
whi ch are ideal for wthstanding the shock wave b
associated with large explogjons or nmake a building or
other structure resistant to earthquakes and ot her

4 . ' rior. art |
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nterest, the known metho

L1or. ar resent vergl limtations ich the
g?peoglé%?s ﬁieﬁ{\?ee(ﬁma%lﬁlgsc%egﬁag pfoodug{/"eq%g .at\lgrgiStpart i cul ar,

it is an object of the present invention to provide a
prestressed, strong foamglass tile which can be used
as a building material or otherwse. [0015] It is
h¥Sher oblrlde the prigrarishiscyssed abexeetheitides of thqnresentievention
prestressed, strong foamglass tile that is Iighter
angslasipradand sersticied nE vasicus njat@alsa) that such tdexliave properties
obj ect of the present invention to provide a
phehtareigdsa dor witlstandipgftiashogk aase dssdtatedaith lGgsSEXplargak
than prestressed concrete. W 2005/ 007989
EIGRARISPROAKIIZBOHRr stPuctir® BdTekank to dabthgudkey idvesth@bh&gt of
the present invention to provide a prestressed,
ehveang foamglass tile that can wi thstand hi gher
tenperatures than prestressed concrete. [ 00151 It is
a further object of the present invention to provide a
prestressed, strong foamglass tile that allows

Fbiﬁ%ﬁ ant i ai“ﬂu\é, &I%Festh%}igrrarp i %?gnrteariésit,cme I(Qo%]n 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.




prestressed concrete, so as to protect the support
menbers and to prevent cracking due to freeze/thaw
cycles, and to prevent steam explosions inside the
concrete in case of fire. [ 0019] It is a further
obj ect of the present invention to provide a
ploestdoegsed, strong foamglass tile which cgﬂﬂggmﬁggg
on the critical surfaces of buildings at high ris
for terrorist attacks, in cgumbination wth cenent,
steel or other building materials. [0020] It is a
f er obj [ L t rLovi de a
g 14 et P Bhesefl bl o R4 g
j ety . heti ¢ arances. 0021] These and
S B el PR A LB AR LRP SRyt e prSTRRt ng
description. SUWARY OF THE | NVENTI ON WO 2005/ 007989
FR3r$82004/ 023030 _10_ [ 0022] It has now been found
that the above and rel ated objects of the present
invention are obtained in the fonn of a prestressed,
strong foamglass tile for use in construction. The
bPALY r ess el is sfurlbarptiesanf G presentiihventiont totfievige e peestressed,
i nvention are capable of withstanding relatively |arge
prargt foas glasy tikshat alesubiubsahtiallyHedsrwaterlpahdtragbiy thiingh
conpression strength. These prestressed, foam gl ass

brestessatd ddncread) soadro prstéar thedubpsit mBMbeR AR REEENt Efabithg
an expl osion than other foamglass tiles, wthstand
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forces. The oamglass tile of the present I nvention
t&eSEFRNY enough that it can be prestressed over 1000
psi (Ib./sqg. in.), and nore preferably over 2,000,
3,000, 4,000 and even

[ 0019] It is 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




nore preferably over 5,000 psi. [ 00231 In another
enbodi nrent of the present invention, the prestressed,
strong foamglass tiles of the present invention may
be included as part of a prestressed assenbly for use
in buildings or other structures. Said prestressed
assedlyy may be conprised of: at | east one ppeakiEISEH
foamglass tile, having a prestressed conpression of
1000 psi or greater; at leagf two netal beans; and one
or nore tension nenbers; wherein said at | east one

f @mlgl assyiyhd ﬁow §ee§1| t@&ﬁﬂthaﬂﬁémﬁ)a aﬁgkéiat@a dﬂjsa%fﬁl@o

netal beans and held in conpreSS|o one
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restress conpression

restressed f.0a | ass ti I,.0 reat er
Gy ERaft e Pgﬁ%s“ﬁé-strspg Pt 5 o Hegmesent
referably 4 pSI or .greater, and even nore
%}V@F‘&%F iy‘apa of 5 S‘ﬁ%fim%fe?aélrvsb{tléfrge prgstressingtap g aesplt of he
metal nenbers may be inside of said tiles, partially

theirirelatieely BighicpapressipmistenngtuThesg @rastressed, doan Elass tilghwill
prestressed WO 2005/ 007989 PCPNS2004/ 023030 11 foam
gbseghsand/dravithistand suope eseg)yt fromwae skplosiomthen atheofdam glader
conpression by a portion of the weight of a building.
Tiles, witlestind dighedheas amhiing 1oaiyn g daotiesd imedhanidal forces. The
bui | di ng. The netal beams nmay be conprised of steel or

fowyh glifalle 6Ltht pRksént ifRht@dn is $R6nd QIBGLIPthat R Hiaﬁéespreaaés&a
conprised of tension bolts, wire, carbon fibers,

V@ndeo fsi P in g %&P%l;e ﬁ'@%%hy\ﬂ)\fe? 2{@)2@54 665 81008 and ven

strands a rod, an angle iron, a’ bar and

nown in the art for causing
]g§§1&& { breg?ressed concrete. The netal beans

nay be canbered prlor to assenbly to account for

l i upon asse
i‘Mé ?la}NP h her em eod?rﬁgnt o? g)e peesentainventlon 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




said assenbly may further conprise two netal pieces

w th bevel ed edges which are placed between said at

| east one foamglass tile and each of the netal beans.
Said at least one foamglass tile maybe conprised of
one or nore colums of prestressed foamglass tiles,
anddsngne or nore rows of prestressed foam ghagSos023030
tiles. Said at | east one foamglass tile nmay further
be conprised of two sets ofjjf.oam glass tiles and said
tensi on nenber is |ocated between said two sets of
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ks [ n vant ages. of
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by reference t.o the follow n detailed description
SPulifios sl bgams msg b Sompied P Eer any B ARLeof
t he esent invention ghen taken in conjunction wth
firEel eSS MFDSTT B\3Y 88 comprased of tensipp golty, vaicogasbon
side view of an enbodi ment of the present invention
Wb, standardAndor eempacy sqvganvity Raesiressingstrandls agedi @n angle
conpression with tension bolts outside the tile; Fig.
Zrogeomatea r ded/of etheryfevizes welb buhwieint tho firt fdreaysins ent
invention with three prestressed foamglass tiles

godpresstangfipesstriessed wotdnete.efheingstal hehrh s may bs caebdrédprior to
tiles; Fig. 3A shows a side view of an enbodi nent of

isemplyas acdouht o€ Bikds® Whihtwill bk WeplRidepbh aseRelyl ARSalivss
tiles under conpression with tension bolts inside the
kAill 8§5embly may further comprise two metal pieces with beveled edges which are
placed between said at least one foam glass tile and each 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.




Fig. 3B shows a cross-sectional view taken along |ine
3B-3B of Fig. 3A; Fig. 4A shows a cross-sectiona

vi ew of anot her enbodi ment of the present invention
where two sets of foamglass tiles are under
conpression with tension bolts in between; Fig. 4B

WY& e Cross-sectional view taken al ong ||@@mﬂ§mﬁ§m9f
FIG 4A; Fig. 5A shows a cfuss-sectional view of

anot her enbodi nent of the present invention where two
sets of foamglass tiles are under conpression in two
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BREAY; 5 °The BBkt RS TPoud s sl TR OF Hemrespe
g e op e L R ) 6 fing, cotaled ©°

bui | di ng; and Fig. 7 shows a graph,of force as a
deseaiption ol the Pefeststaalbeibiluststtivenbodinesat gbthsprespaindi ng
test conparing Exanple 7 unstressed and an assenbly of

inveatign whemteken ingemuhaionygiige Bscamphryiflg fgerss, vdssed .
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00251 The

pr es&ig. lishovesu sideview! cltae smbodipreasdfitis presknt tvemtign widam
glass tiles which can be used as building naterials

oa8 Presirdsesdfos .glakh tletle saddk compessionoRith Yok Bolis adsi@dithe
the ctitical surfaces of buildings at high risk for
thgrrorist attacks, in conmbination with cenent, stee

or Ochg,e b sRaWd egélﬂcgww& lah @mBoditft (Hftﬁéﬁ%gent iﬂ%&iﬁd With
may also be used on surfaces of typical buildi ngs and!
titee Sl%st%sgelﬂ%ﬁﬁ %iass 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 taken along line 3B-3B of Fig. 3A;

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 taken along line 4B-4B of FIG. 4A,;

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;




support nenbers of such buildings. The present
invention may be used in lieu of reinforced concrete
and/ or prestressed concrete in any application
including but not limted to buildings, underground
structures, TV towers, floating storage and offshore
wobdiehbdr s, power stations, nuclear reactor  M2sS&b500
and numerous types of bridgg systens including
segnental and cabl e-stayed bridges. The present
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the sane applicant and was flled on the same day as
b?%ﬁ§%éﬁ%llcatlon and the content of which is
i ncorporated by reference herein, a strong, high
densFigy7 sheavhagraghsoftfprce as A fwictign sf'dimlaq@meet ofithethrégegoint
di scl osed whi ch have tension strength ranging from 775
bemlir509 comparingiExample Anuktessed aad an axerablyefigtelpresenigi ng
from 2000 to 14,600 I b./sqg. in. This previously
inveatidnaistgtHxampler Epmgitiessed. f oam gl ass til es, now makes
it possible to apply the technol ogy associated with
prestressed concrete to prestressed foamglass tiles.
The present invention is directed at this new and

DESAGLED BIS AP TROS VIPTAEIRR/ENADNCN.  Details on how to

manuf acture such tiles are disclosed in that

L. ;ﬂ%ﬁapﬁ%%%%@’é P8 il d%f\ g Ts eaf%ééml%s
whERBR B e s Hilding éen%%eng B 7S nEactisabentioes
various fo &Jass roduy bigfabrlcated fromfly ash

mgy ge gigdem tg%%} agstoh byddings at ghaiskifer té%“’“%ﬁﬁa‘?ks

surface finishes, the disclosure of which is
rggpgwéta cwerptesptgql ©n ether building materials. The present

invention may also be used on surfaces of typical buildings and! or as structural
support 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.




herein. Simlarly, co-pending application Serial No.
10/ 076,971, filed on February 15, 2002 by the sane
assi gnee, al so discloses additional processes useful
in manufacturing the present invention, the
di scl osure of which is incorporated by reference
BBLBiobese FOAM gl ass with various densities cgh, 08,0050
‘fabricated by varying the conposition and type an
concentration of cellulating agents. Viscosity of
glass is the dom nating paraneter during the foam ng
SS. I j i M t 113 n . S 3 b »
PORBET o RO brkenbibmicel SRR sDAES AT BT 7L gpticason.
{iHeB WU Eler®hoilGdn Plibikthfil gsi ich.i
005/°007989 PCT/ @8205)4?455%%@%8?9?5%% 42}@%%‘% er
SRAGY MRAEmMOfpplildBt 4AH SARled biNME MnleQMly ad B afRRM 4!
tile 5Iprefrgraplcr),lly has a cl osed pofé %ﬁterméginf ﬁﬂ??ﬁ

Edhktnt GHAdhGEBcdritRattd HyGettichdt HeRET £8%88 highldbRRY mr@%ms tile
protects the tile against water, and the freeze, thaw

EdtAilg@mall Béte 6ilzd $EMscldBed vehi HHa@f tekdnyrSBYh BAidREForP 75 to 2500
formed naturally as taught in U S. Pat. . 4,430, 108
DU/sqTRC AidlltoslelsionBitenMiialigh fRnSE00 RAAIGI0 O /&6 T THIs bRGBusly
as taught in U S. Pat. No. 5,069,960, the contents of
whiktaihabla erengiciafgar giise dle how efaRésenssifieoapply the technology
Al ternatively, the closed pore outer skin may be
fisssoiel with pastesaanoeett © prdigessddefeaahiling Siled fThbpBsenPRtention
No. 4,833,015, the contents of which are incorporated
lireqtealfag thismew ahdhesdtofore Natt possithle dpplicutidn. ®atailson how to
advant ageous because it does not require additiona
maiydactuameiicly tilad 4re §isdared indlhat appichtipl as welbasimTABEB dthelow.
effective and | ess burdensone. Using a secondary

| ass surface may al so be advant ageous because such
? URAhi quesTherd asquneiepaskible eptinds to fakricate cetainie foamipanads
various color and texture variations which wll make
Wik varidue densities, siges, endeduifpeedintishas {U. S af. dio. 4430, I8 dzscribes
exterior
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.




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] Anot her
advant age of the high density foamglass tile of the
RbSRSDhs | NVention is that when it is exposeg. t0Q,8 5050
bl ast shock wave it is capable of absorbing a
substantial portion of the_ghock wave. Because these
tiles are capabl e of absorbing a substantial portion
of a blast shock wave, they are particularly

TR 2970 bl B G BB s

PCI/ US2004/ Q23030 -16- of bujldings which are at risk
BCHSSTt Bt £Clpar0 20 GSsroRe, st huprades e ovich increased
bui | di ngs, enbassjes and hi gh visibility/fanmous

Blgneth Wgézrot[ﬂctﬁ)élséﬂle JgansE whish tané thedteers dhapagyicies Wheelosed
size, thickness and density of the foam glass tile
delsentes slup oreyektben bsdotmeedwiatusallyt dsgaught s US. Patt Boog43a, 08
be made. For exanple, if the tile is intended to be
osmechanicalisbysbondiarg hguaidesy, glhdsenrfideas tadghSindnoubH. Xe
optim zed to be the | owest weight that can w thstand

5J069,860) thtontats of whidByar€ Bidbipdsdted byf refddéhct hb@in S
intended to protect a building or structure from shock
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shoul d be optim zed to increase its density an
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such a shock ~wave or vis-versa
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on the proximty

of..t he t ent,i al,.expl.osi on. For exampl e, .on the
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Eage into_.account _the distance of the tile to the
wdenseme, Ging 2 srrondrey glasssuslaeomay pise bpadvantageous because

such techniques allow the closed pore outer skin to have various color and texture
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




truck with expl osives may be parked. On the other

hand, in an interior of a building, such as a support
colum, the proximty anticipated could be imediately
next to such a colum, although the likely anticipated
expl osive | oad would be substantially less. [ 0031]
M@hoos@Biohet i ¢ purposes, the tiles with a flnbéhggmmnmo
| ayer can be used on any suypgface subject to pub

view. Thus, if only one surface will be exposed to

212 Qtlulcﬁfngé'vﬁﬁéh 4B @ﬂn%ﬂéxfxgkﬁ?e 8 lék{)laﬁgnsn msas By @ntt he

tiles wth a finished |ayer. he "ot her "hand,

ik sy RS 1

i nvention are subject to a public view, than a second
tile wwth an appropriate finished |ayer can be used

e sec ose side, such as the interior of
3 ﬂ%g“ﬁ bui | d?ﬂegse? 100 phthe pREPYlar ges, @PCW?W&FH%&X# thedgam

n al so be used. [ 00321 Another advantage of the

8 apgiile dppendeupanethe e to skt the fleiis intended & ermadsi Fers ar e
al so heat ynsu[atlng as well as fire proof. Thus,
exaapde, tif the silchia intended delbroeped tainesint catbqarked elnemgh@blee to
be used to protect a support columm froma terrori st
Shoudd beatpttimmikedstodle taeslowedviwetighy thmocdet withstandrthowindrpressure.
sources of fire. The use of the tiles of the present
By\contcdsqif thatild ib ertetied & prorect PhadMait oraftdétare fEph dbckhe
destruction of such support columms, thereby
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attacked building will have sufficient tlne
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tile of the present 1nvention C manu acture
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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 interior 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

substantially less.

[ 0031] 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




car bonat es, cal ci um and nmagnesi um m neral s such as
dolomte, and gypsum sodiumsilicate, borax, glass
powders (such as cullet) and foam ng agents. The
foam ng agent can be sel ected from carbonaceous
organi cs such as sugar and starch, carbon bl ack,
Sio006@Rsscar bi de, carbonates, sulfates and ot@g&mh&%gso
materials. [ 00341 In an alq$rnat|ve enbodi ment of the
present invention, the foamglass tiles may be
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alternative support structures as descri
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ont.ent s, of whi ch. ar.e_i.ncor por at ed her ei

?’gﬁ‘ilP% n@&m%%e&!}?{ IeRar YHAces £Ay alsp ES e d d| ti onal
materials may hel p strengthen the resulting foam
glass tile, on the other hand, they also can nmake it
more difficult to cut. 100351 Under one enbodi nent of
1 8832 esenfnpthgiaady pgagest dhmtilenofthepresent inventiert isdlsx eath
assenbly 10 is shown. The prestressed assenbly 10 is
tibavard Alschest insulatingestwallss ée podf. dihgs, fthasmtigisaase 4n ddded
12, two steel beans 26, two steel pieces 28, and two
Iaém'taga obuditsabl Btobd Used tsmoicat £ipport Solddndreh NESIEESSire
20. The prestressed, strong foamglass tile 12 is

boddkBdcH & AUERGWIEIRERIIVNG dihdr REurt &asFHTire IheQlse biBe 6iRs of the
pending U.S. patent application owned by the sane
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day as the present appllcatlon strai n gauges

f f f ass
SRR, RSl Rkl LRl o AR LR 4P
in_ne surlng machi ne (not
%Hﬁlv%% w Fﬁavefﬁgﬁglegﬁrgaﬁ%vﬁfu ¥t he strain gauges 14
shoul d be placed approximately at the center of the 4
side walls of tile 12. The top and bottom surfaces 32

of tile 12
[ 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




shoul d be ground to be snooth and parallel, to avoid
uneven application of stress to tile 12. Two steel

pi eces 28 are placed adjacent to the top and bottom
surfaces 32 of tile 12. Two steel beans 26 are in
turn placed on the outer surfaces of steel pieces 28.
Waewosheel beans may al so be replaced w th ot B&fusieos/023030
appropriately strong and stiijgf building materi al s.
The two steel beans 26 are bolted together by two
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nuts 22 and washers 20, With the stee pleces
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using’ nuts,
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led in the art. Each of the steel pieces 28 includes
Eﬁ%3led ed gi 30 on the S|de thereof away fromtile 12
A dj aceHpds PR Pmbrimenie! thegiesent igeriignshown il G.1, a
bolts 24 are tightened to apply pressure to stee
Beesiessissently l‘géﬁaﬁhQWEGThﬂ prestigesed assemblyr Hkis comprisediof a
transmtting an unequal stress to the foam gl ass
piesteessdl? stragigdedm jglasg Bls 128tvar steqh beamsdél twa sthel pésced 28] and
edges 30 so as to permt steel beam 26 to flex when
twid endlén boles 18i vkt asedatadiauts 02 avdwekhefs@0SThe predigestdde
curvature of steel beam 26 to tile 12. Alternatively,

btheh gSbaf ol doS@EE 2 26 ormyd Qﬁac@éﬂdhﬂce‘%ﬁhhhé‘%&ﬁﬁ’g‘é dFtRe co-
camber so as to avoid the necessity of providing
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steel pieces 28 altogether.” Screws avi ng
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In this embodiment, the strain gauges 14 should be placed approximately at the

center of the 4 side walls of tile 12. The top and bottom surfaces 32 of tile 12
should be ground 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




the side walls of tile 12 that are adjacent tension
bolts 18 should be nonitored to insure that stress is
appl i ed equally. For exanple, the nuts 22 should be
tightened while bolt heads 24 are held fixed in a
manner so as to maintain the stress gauges 14
apRsoxheat el y even al though not necessarily exagthNsoso
the sane. Significantly, until an appropriate
tightening protocol is develg@ped for a particular
configuration, it is useful to have strain gauges

A AL AT B AR 2
| Fig. , i
9038 e on s PRIl SRTL She 0 BLEES By 26
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here are nultiple prestressed, strong foam glass

Fies 20 Wil bendg In qrdler tg sy giddransiting anainegient agess 6 tededm
pieces 28. Wiile three tiles are shown in Fig. 2, the
glasbeles BF, stael pisces @§latk wravidediwjth hevalgl edgpodD s te ipzeninf
the tiles and height of the floor. For exanple, if
ssiekldwaf262offler twhen Buts D2 ete tightane atdockbi@dsfmamRting &d,
and the distance between floors is 10 feet, as is
carvamind of stdebbeBEs fortileBnYAlkshdtidtIyOthe stebitftas Db e be
woul d be used instead of three as shown in Fig. 2.
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floors is 12 feet, then 6 tiles of the sane
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above or sone alternatively equival ent nmethod of

eveni ng out. Further,

[ 0036] In order to insure that the strain is applied evenly, the strain
measured by strain gauges 14 is 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.




between the foamglass tiles the surface should be
provided to be snooth or even. [00381 It is also
possible to join the foamglass tile with other solid
| ayers via a joining conmpound. For instance,
appropriate contact adhesives can be applied between
aoshewissof metal and foam gl ass. One such adb&sjsd®o23030
that can be used with alum num sheets is a silicone
based adhesive. O her exanpbgs are application of a
pol yneric foam between the foam gl ass and anot her

80X71ng natnelﬁl? a, ah&h8 e%tﬁ)ﬁ{merft ke thg %éé@&?cﬁh&nﬂf?xgm shown

onurethane oam and cement board-are exanp
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h t b backi ng are
S0 Do e s Py 128, TECHEBveen Fhe gonb e 9fstes pices 28
brittle |layers such as foam glass and nore so of the
Mihiterthuge ks arq shownpdn Frgnd theswmbey Didiles comdyvasydensnding

multiple layers of foamglass bonded together with
sporethe sizp of Yraditas and beight of theoflérer Foerample, ifitdve of 2 dset x 2
The tile may also be joined using carbon fibers,

fest ¥ sens thicknessire esedent theodistahdecetvasth dborsds 10 l?da:t;wa ig n
the art. [ 0039] In Figs. 3A and 3B, anot her

eotamdhlyed cadé infmyetslikipgs aberdS GREMoYId BelisBBRRStehdof three
accordance with the present invention is shown. The
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conprised of two prestressed strong foam gl ass
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prestresse asse e

og fﬁe ptAelsenlg ?n\%ntlon\l\gan 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] It is 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 examples 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




prestressed, strong foamglass tiles 52A, 52B are
shown in Figs. 3A and 3B, nore or less tiles nay be
used dependi ng upon the application as di scussed above
with respeClT to FIG 2. As with prior enbodinents, it
Is again inmportant that the top and bottom surfaces
ofo2@a@hssof the tiles 52A, 52B be even and snmpQigdoosh¥&o
steel beans 56 are placed on above and bel ow t he
tiles. The steel beans may.gl.so be replaced with

ot her appropriately strong and stiff building
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tension is applred. Thus i'nsure
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coepdopalsdpets. BRla¥eT gy copin mRtDL layareef foam glass
bendi ng. O her technlques‘mell known in the art can
hpudsd weuseéaﬂthtcemmfsm ¥nenfoams opotber eootaot adhesives. The tile
distribution will be applied to the surfaces of the
fray @lso bp j@gerDusinphearhondibstse polyimemngluss cement hwlottet adhesives
together by two tension bolts 54 in a manner
korvei mttbegrtwi t h t he di scussion in FIG 1. However, in
this enbodinent the tiles are thick enough so that
the tension bolts may go through the tiles. One

poe3t age BIFiENBA HABBMTTRRY: eﬁﬂss&nﬁzh?@f a prestfasked ahs%mbly
that since the tension bolts are hin the til

Y ifalle A Rc@hindRSFiIEAL gl%sén@ ifvettidiSis 8% q’hé Rrelst?%§%d8

i kelihood of said bolts rustlng

2%‘%*‘“’% 1?93%‘5%3; St &%%ﬂsanh%t% g ol Fo;m
F%Stt‘r‘? gi eéoztBs S Sl ob%é’i}g E}tst eflﬂgggliq'%i: gggg 3 rshows

train OI}
1de View 0 prestressed assembly 50 and Fig. 3B shows a cross-section sectional

I-

view of prestressed assembly 50 taken in the middle of tile 52A. Although two
prestressed, strong foam glass tiles 52A, 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




surfaces of the tiles. Alternatively, rather than
using tension bolts, it is possible to use as tension
menbers, wires and other such nechani sns well known to
those skilled in the art, such as standard and
conpacted seven-wire prestressing strands as
Wosauesed on page 48 of Edward G Nawy, Preshi@asedsoo
Concrete: A Fundanental Apppoach (prentice Hal

1989). Other alternative tension nenbers are al so
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i bers such as vlar(r) or other —appropriate
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senmbly 60 of the Figs 4A and 4B is conprised of two
gi'ge%f prestressed, strong foamglass tiles 62A162B
and 62C/ 62D, two steel beans 66, and two tension bolts
64A and 64B. Fig. 4A shows a side view of prestressed
assenbly 60 and Fig. 4B shows a cross-section
48840lonal Wh@wweeg beans ¥sare Holtasigegdther byOWD ddosionibolts fie
mddle of tiles 62A and 62C. Al t hough two pairs of
pn e snes Seukiststt mothghd discnsgjbm ssFIG. [1 eHow6@A1i6 2iBs ambodiment
62C/ 62D are shown in Figs. 4A and 4B, nore or |ess

thd télss ar@shidkeenotigiesh B tinsign b mAPEo BRRIghGR 18 R
di scussed above with respect to FIG 2. As with prior
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botton1surfaces each of the tiles 62A, 62
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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




conpression distribution is applied to the surfaces of
the tiles, one or nore steel pieces wth beveled
edges as di scussed above can be used. Alternatively,
it is possible to build an appropriate anmount of
canber into the steel beans based on the anticipated

heb@idgss Ot her techniques well known in the g&dsf@boso
al so be used to insure thap3an even conpression
distribution will be applied to the surfaces of the
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toget her by two tension bolts 64

?cﬁﬁ?él%sﬁge dﬁ@é&ﬁ%ﬁ Rfid ﬁ%@% éfr\xgonsatleregb%: l % 661 Wet%ﬁl@sboqts
QAKX aR& B41§

t|| S, 62CL62D f a
SR R Gy HE AN side e T Py e@?ﬂ?“@%’é‘/ E%FTFF Fig ‘éﬁ]
ut er MD 2005/ 007989, PCT/ US2004/ 023030 -24- wa th

? ao‘i’i"%ﬁéle‘fté"néﬁﬁ“’néh‘ée‘é{r" PReiFessRicAS BRI AE fakemin ﬂlmllddle

ts of tiles. e the nunber of tension bolts is
H%'tﬂe%%‘} %@20 ﬁlthoggfptf‘@f Raifs@f prepessedy strongrfonm gldso files
be distributed so as to evenly apply the conpression
62AHI2ZB and RG220 are alvesn ivf Figh d Atant 8, moft dreless tiles may be
alternatives to the tension bolts are also known in

tised depénding whos thestpplicativn ve disansedubyvdwith segdedt i FERT, |
0043] One advantage of using this type of enbodi nment

Ak vathgeioh byib&limests, it Ragaih i@pbrtRP thatik koppdid Hoaek ehdes
can have different types of surfaces. I'n particular,
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expected {mbetndtag tensmn 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




a different outer surface than the inner surface, and
there are a wide variety of surfaces that can be

sel ected as di scussed above. Anot her advantage of
using this type of enbodi nent of assenbly 60 is that,
i ke the prior enbodinent, the tension bolts 64A, 64B
iw® 2s0ioect ed agai nst the environment. Furthe&cmﬁhaggmo
there is a built 1in space hgetween the two wall

wi ring, plunmbing and other utilities can be bU|It in
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embodi nent, the steel beams 66 can have approprlate
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ropriate filler to provi de additional insulation,

a'?fﬁ % ¥digseadgai nst WD 2005/ 007989
PCT11J52004/023030 25 environnental exposure to the
tension bolts and wiring, plunbing and ot her
utilities. [ 00441 Figs. 5A and 5B show anot her
EAOEI nent Oof advastage efSsintg thisvgrtdf embodieneof 3eembly 60 is
assenbly shown in Figs. 4A and 4B are further nodified
that the fiongwhilvand tiaek Siatlvai hvesdi e aUgRestof eurERBS. §h pafncﬁmle
assenbly 70 in one direction (e.g., horizontally), and

sife fredfdsed, fdeite]4sh Ry thlfe'}ﬁes@ﬁriﬁ\?erntl&fl aleR8p aﬁﬁfsgmqy 70

in a perpendicular direction (e.g., vertical
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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




hori zontal direction, but the strain from opposite
ends in the vertical direction should be

approxi mately even, as the strain fromthe opposite
ends in the horizontal direction should be

approxi mately even. Each set of tension bolts wll
have a pair of correspondi ng steel beans, and rel ated
JRPRYRL4s as described above with respect to. bR 005030
ot her enbodi ments of the present invention. F j
Thus the assenbly 70 is conpkised of two sets of foam
glass tiles 72A 72B/ 72E etc. and 72C/ 72D/ 72F etc. The

j I . i ri sed. of
%%‘Ele a%al g}t o@%g @E}J%n %aémglibiog(g arg(ﬁgﬁﬁlgsp lr ep rnésagg £ Eh(? by
%EL conprised of tiles 72A and 72B. The first set

oan1g|ass tiles can be conprised of nore than one
row of tiles such as represented by tiles 72A and 72E.
fi 1]arly,  the second set of foamglass tiles can be

81%44 i sed BiES-meY @4 Rshogianothsr gmhodimential tharrssenbngggion
PCT/ US2004/ 023030 -26- nore than one row of tiles.
THhiess thesassernbly shovminFige 4AuandHd arenfietthicr wddified by having two
accordance with the description of the previously
tensionbblitethraugh tEAenGHofthd aGOmbly T4 Ghe Airecaiddi(¢.g.onal
advant age of the enbodi nent of the present invention
hetirontatiy), add bye essantdlythidhghnhdiepter obhe ag@dmbRy T(intahat
different anounts of strain can be applied in the
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ﬁgrgjzlotrl{a? eréc%orsf tb%? lthe%t?ralgsfrom 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.

[ 0045] Thus the assembly 70 is comprised of two sets of foam glass tiles
T2A/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




90/ steel pieces 88 to achieve the prestressing. Since
the wei ght of the upper floor 86A can be used to
apply conpression, the initial tension being applied
by tension bolt 84 can be reduced. In FIG 6, four
rows of tiles 82A, 82B, 82C and 82D are shown.
Moweyensy t he nunber and size of tiles can bepdmRdidldog6ho
as di scussed above. Further this enbodi ment can be
further nodified in accordange with the teachings And
principles discussed above wth respect to enbodi nents
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fabrication can be used wi thout departing fromthe

irit and,sc of the. inveption. WO 2005/007989 )
BB 20045 398505 99vHh 1A pEthe s podinyentoidba PrREe anvention
forth in the "071 Application_ which is incorporated
B%PfeSF‘&F@PSé Atsgm r7é%A1§ %é&?- h anq; 3B dthatshifferent amountseahstrain
glass tiles in Exanples 1- 7 of the present
s apaliedin the herizontabansvesticahdirestion.vas 2 wenlhelfithisi al s
set forth under Conposition in Table 1 below Exanple
arrgnggmantse@h tife witbhaye diaxiab nomBicksiaewhiah o/il{ aakSDs 801iBG0
so 80 80 50 Fly Ash () 0 20 20 20 20 20 50 Fe,O ¢
3bsérb or withstand shock waves more versatile. Another additional advantage of

this embodiment is that is possible to make larger panels.

[ 0047] 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/steel pieces 88 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 82A, 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.




Sodium Silicate, 5 H0 (g) 30 30 30 30 25 25 30

Borax, 5 H,D (g) 25 15 25 25 30 30 25 Alumna (g) 5
Sugar O2 3 33332 Water(g) 25 25 24 25 25 25 25
Batch Size Factor 20x 20x 60x 40x 56. 50x 20x Process
Information Calcination tenp., 'C 970 970 97 970 970
W00bRse Cal cination tinme, mn. 30 30 30 30 38,326432030
Foam ng tenp.,' C 810 800 790 810 795 795 810 Foanlng
time, mn 10 10 10 10 10 19710 Foam ng nesch si ze
100 100 100 100 100 100 100 Characteristics Density

WE%%?I@ 41 46 62 65 69 Bubbles/em 12 18 12 20 13

aracteristic length (my O. 8 0.6 0.8 0.5 0.8

3881 0500 35T Fiy tﬁﬁ%ﬁ'ﬁbc fgh b 781%%%%;3#%930

960 1250 1400 2500 urf es, Yes. Yes
Velgrepihorsia a fispussedp 316&8?%% 3§RP%)5 gD I- ovigy
In order_to nmake a useful ari son, the wei ght of
Prset gRplisation ware made bd&lwém nE@raa%@awpﬁlg sefi fosh pnger

total anmount of silica plus fly ash equals 100
Composition in Table 1 below:

Example [ 1 [ 2 13 | 4 [ 5 | 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, (g) 34
Sodium Silicate, 5 H20 (g) 30 30 30 30 25 25 30
Borax, 5 H,D (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 (PCP) 32 36 41 46 62 65 69
Bubbles/em 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 (PSI) 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 equals 100
grams. Thereafter, to insure the proper amount of material is used the normalized

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




grans. Thereafter, to insure the proper anount of
material is used the normalized conposition weight is
mul tiplied by an appropriate batch size factor, as

i ndi cated WO 2005/ 007989 PCT/ US2004/ 023030 -28- in
Table 1, to account for the size of the nold being
weesoofs®r exanple, a batch size factor of S5@Xush&Rzion
been used for a nold 8 inches x 14 inches x 4 inches.

[ 00511 The resulting slurrygwas dried, and the powder
m xture was calcined at a tenperature between 900C
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of Tabie ) for hetwaered tosellaniniufey, dsgadivajéiasheoproces nesiopdf t 0
roomtenperature and de- nolded. [ 0052] The
dlebled ctogracs theasw afiat¢rnds, and ddcompgse sngan tg fiasly, 4mirevenly
Exanples | to 7 herein are indicated in the
disperaat @rbdhhicoss pleist. The cafcintapliudt wah@ourRias Ik gwaaam

gl ass had a density of about 30 and 70 Ib./cu. as
'p[h@éd:ﬁtaﬁ Ind el rotd) Ah@ G/al Fdaftlel 65 hestfipld 9% ermlbgwaeen
a conpl etely gl'azed surface. The pore structure
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molded.

[ 0052] The characteristics of the resulting foam glass for Examples 1 to 7
herein 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




the strength of the sanples of foam gl ass prepared, an
effort was made to follow the standard ASTMtesting
procedures for concrete. However, because the sanples
WD 2005/ 007989 PCT/ 1352004/ 023030 -29- proved to be
substantially stronger than concrete, the procedures
Radok e nodified by reducing the size of bR&isa004023030
sanples in order for the equi pnent used to actually
break the sanples. Thus, fagyn gl ass bl ocks were cut
into cylinders between 1.0 and 1.5 inches in dianeter
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[ 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 em x 4.52 cm and a length of 5'12 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 3fa 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
nonitor the deformation of each side of the tile
during prestressing. Tension bolts 18 wth a dianeter
of 3fa inch were threaded through the holes in the

SbegleeRgans 26, with bolt heads 24 and washeps 200483030
one WD 2005/ 007989 PCT/ US2004/ 023030 -30- side of the

| oner steel beam 26 shown i4p.FIG 1 and washers 20 and
nuts 22 being connected on the opposite side of the

Qfdg gf the I g%k stpe? @Eﬁn?% sh-gulﬁ 1364 laaﬂg wgﬁ{e}s:lo\ggﬁ & ts bS E)%mg ot

tened so as to provi sufflc ien

r r[ﬁ%étgd {ﬁ'gthg 81592)%@:6&]&6 of. t&fotfle!?g?@lsn%?xﬂt%% yrhe%u%eané H)lt were

ere ween [ ee I eces her’r eve e ges

| b 26
5 e a%ﬁt&%d LOSE P68 spa{kﬁfoé&sgeg}am?ng%ﬂ&wm £e

proprlate
n,slid

AR Rss éf)% f?&*@%‘%"ﬁ%eee%f%e RIFR 28 f%hatgeér et AT R
T

%%ﬂggﬁedﬁ%%ﬁﬁ%aspﬁq et B8 2By T%)E)ﬂp%ﬁt%%ﬁ?z&wer o

e gdn ahF ﬂt@% v B 12 e BSn bl e e

B s S 545 o
2,.500 00541 On

SheRoni B de P e wBhion Rt Eolrtn%?ﬂ egk;ei °
b

Bl B A w@h@@gf%ssem%z then

opposi te, side of t|Ie 12 on.two knife edges

PRIl A P thegapgps /g wege wamf%ede*agtee E‘é'iefﬁgf“’t

pl aced_in the to? center of the_ side where the

vy 1g F1G du doe Hogl meuitoredipaivaspadOtsnsi on bol t's

remai ned on the other two S|des of tile 12. A constant

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
(Le., 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 (see curve 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

al so performed on anot her piece of Exanple 7 which
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 the three point bending
wegpsnoePnpar i ng Exanpl e 7 unstressed (see CUPGT&SPRP23030
and an assenbly of the present invention WO
20051007989 PCT/ U52004/ 023686 -31- using Exanple 7
prestressed (see curve 94). The different dinensions
o$ing Erampla fpirestresved &Geacawe A4 e Thé diffebant disnengioago@the on
(1) as follows: (1) F2.rescaled = F2 (W/W2) (hith2)2
vigples Wwerelaesorateddor tgy dshigy dq@steadl @ylasfoliews: F2 is the
measured force, wl, is the wwdth of sanple 1, W is
the wdth pf . Fev/wWhi ¢h/hS2t he hei ght of sanple 1,
and \é\gqi s E{iecs‘@dlt?éi ght' o ) (sén%I e 2. [ 0055]

panid i cant 7, t .
P, 1. CaNtd Me rdSal&PForBE F5 RHe Hegﬁeﬁt tﬁxécebvrv%tlgfw %&1@‘@ of

under “The curve” 94 asséciated W Stress

y rger, than .t he area .upder,.th
ST £ BB Lo B2 widfTh 08 | A ey BE Elhod LR o e
Th%@ enoqg&rates a extrenely |l arge resistance to
DHEROLGADRIE 20t the type that may be associated with

ei ther an expl osion, earth quake or other intense
shock wave. Simlarly, the amount of force which the
prestressed sanple w thstood was 35 kN, as conpared to
{ B8SShinpr esPigaidisanilys angandewpsnciion FSGr bkt dressundehths cune
KN. As a result of this substantially greater force

Sp pispadted mithrthe preftedssadrsemple wasi3Ghiness lagerahaothp acth
material may be used to withstand a greater force.
lides the curve 92 associated with the unprestressed sample. This

=

demonstrates 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.




denonstrates a very strong material. The desired
strain pattern can be designed to accommbdate a
particul ar application as is consistent with nethods
used by those skilled in the art. [0056] Now that the
preferred enbodi nents of the present invention have
been shown and described in detail, various
RRdbofdoe@t i ons and i nprovenents thereon w l | BeE3MB3030
readily apparent to those skilled in the art. W

2005/ 007989 PCT/ US2004/02308Q _32_ Accordingly, the
spirit and scope of the present invention is to be
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sion of 1000 psi or greater, mhereln one or
ﬂﬁ&g?@ﬂ%lon nmenbers are under tension inside of said
prestressed foamglass tile to provide said prestress
conpression. 2. The prestressed foamglass tile of
claiml, wherein said one or nore tension nenbers are
conpri sed of tension bolts. 3. The prestressed foam
glass tile of claim1l1, wherein said one or nore
tensi on nenbers are conprised of wire. 4. The
prestressed foamglass tile of claim1l, wherein said
one or nore tension nenbers are conprised of carbon
fibers.



5. The prestressed foamglass tile of claim1, wherein
said one or nore tension nenbers are conprised of
standard seven-wire prestressing strands. 6. The
prestressed foamglass tile of claim1, wherein said
one or nore tension nenbers are conprised of
wWoihRRt.ed seven-wire prestressing strands. /. The . .
prestressed foamglass tile of claim1, wherelin sa

one or nore tension nenbe[ﬁyconprise arod. 8. A
prestressed foamglas tile having a prestress
V@gn§L$SSiﬁn'Of 1000 psi or greater, wherein one or

i BHEF 6h nenbers are under tension outside of WD

2005/ 007989 PCT/ US20041023030 -34- said prestressed
foam glass tile to provide said prestress conpression.
9. Tﬁg pr Bguesessed faaghglngy e baving @pightress smPIEssiQhelr I90f
said one or nore tension nenbers are conprised of
Pl gregterobharain ongor mpis tensiost membassiare gaderdgénsion insifleofofaid
claim8, wherein said one or nore tension nenbers are
pusstrgaséds fodmaflasaititesto ptdvideTtasl pressss esgeessfonam gl ass til e
of claim8, wherein said one or nore tension nenbers
are conprised of carbon fibers. 12. The prestressed

f oanpgl as¥hé prlestregfedtbah FlaSs tilfo€ ERind | ShéeiQ R8I dVne BPhdre
tensi on nenbers are conprised of standard seven-wire
tdRERA ity e 84S of tdsiod BSltPT est ressed foam gl ass
tile of claim8, wherein said one or nore tension
menbers are conprised of conpacted seven-wire
presgress Jil'ﬂégl é%fe@%ﬂsfom&%lasér {1]1% oPEaRL ri,e@ﬁqunfsgﬁlgng lo?ﬁl%re
tile of claim , erelfi sald one or’ nore ensi on

nenbers .conprise a rog..
tension membérs dre comprised of wire.

4. The prestressed foam glass tile of claim 1, wherein said one or more

tension members are comprised of carbon fibers.

5. The prestressed foam glass tile of claim 1, wherein said one or more

tension members are comprised of standard seven-wire prestressing strands.

6. The prestressed foam glass tile of claim 1, wherein said one or more

tension members are comprised of compacted seven-wire prestressing strands.

7. The prestressed foam glass tile of claim 1, wherein said one or more

tension members comprise a rod.

8. A prestressed foam glas tile having a prestress compression of 1000

psi or greater, wherein one or more tension members are under tension outside of




15. The prestressed foamglass tile of claimS8,
wherein said one or nore tension nenbers conprise an
angle iron. 16. The prestressed foamglass tile of
claim8, wherein said one or nore tension nenbers
conprise a plate. WO 2005/007989 PCT/ US2004/ 023030
wo3bsoobsh. The prestressed foam glass tile of p&h@iobiloBoezo
wherein said one or nore tension nenbers conprise a
bar. 18. A prestressed assedbly for use in buildings
or other structures conprising: at |east one
prestressed foamglass tile, having a prestress

s410 FRIsRESED M glast BRDORTIvVIQY safll RBtRES coMiprb@Bm tWo
metal beans; and one or npore tension nenbers wherein

said at | east one prestressed foamglass tile is

pl acgd be‘fﬁ@ﬁ@stn}?@egtfo@{é glat@?t_}l% nglrﬂr@ t\%ergﬁggi% 1Y, El%Led

i n conpression S psi by sard one o

t%@%ﬁ§%%§%&ﬁﬂeﬁﬁﬁﬁﬁkﬁgf%gﬁoTp§§£reStressed assenbl y of

erelrn sai res conpression of said
at | east one prestressed foamglass tile is 2000 psi
or greate 20. T restressed assenply of claim18
oheoln" Shheprirtisssedeln Emiia sirlafn B oastin st aneatmore
one prestressed fqan1%lass rile is 3000 psi or
tefisin mepmbeyy are pREPHscd A Wiksed assenbly of claim 18
wherein said prestress

11.  The prestressed foam glass tile of claim 8, wherein said one or more

tension members are comprised of carbon fibers.

12. The prestressed foam glass tile of claim 8, wherein said one or more

tension members are comprised of standard seven-wire prestressing strands.

13.  The prestressed foam glass tile of claim 8, wherein said one or more

tension members are comprised of compacted seven-wire prestressing strands.

14.  The prestressed foam glass tile of claim 8, wherein said one or more

tension members comprise a rod.

15.  The prestressed foam glass tile of claim 8, wherein said one or more

tension members comprise an angle iron.

16.  The prestressed foam glass tile of claim 8, wherein said one or more

tension members comprise a plate.




conpression of said at | east one prestressed foam
glass tile is 4000 psi or greater. WO 2005/007989
PCT/ US2004/ 023030 -36- 22. The prestressed assenbly of
claim 18, wherein said prestress conpression of said
at | east one prestressed foamglass tile is 5000 psi

wBboos@hgat er. 23. The prestressed assenbly ofcrkRiaihds,
wherein said tension nenber is at |east partially

inside of said tiles. 24. T prestressed assenbly of
claim 18, wherein said assenbly is a colum in a
bui I ding. 25. The prestressed assenbly of claim 18,

wh , : : , teel
T S es AL REANas U £ O il ik,
re. tensian zg’gn‘oers are conprised of tension

or. no
tet%lf’{’gl.eng’?s C?ngnﬁef 't essed assenbl y of claim 18,

wherein said one or nore tension nenbers are
conprised of wire, 28. The prestressed assenbly of

cl ai h¥-18, Avstessad asspmblyfer wie inbyildingss henstsiges s
are conprised of carbon fibers. 29. The prestressed
cempiesf:'y of claim 18, wherein said one or nore
tensi on nenbers are conprised of standard seven-wire
pr estirleast dmegprestnessed $oany\Ea@0{16, 10018 8PrE3GTLSUSAPOLS DR 3030
-37-
1000 psi or greater;
at least two metal beams; and
one or more tension members
wherein said at least one prestressed foam glass tile is placed between said

at least two metal beams and held in compression of at least 1000 psi by said one

or more tension members.

19.  The prestressed assembly of claim 18 wherein said prestress

compression of said at least one prestressed foam glass tile is 2000 psi or greater.

20.  The prestressed assembly of claim 18 wherein said prestress
compression of said at least one prestressed foam glass rile is 3000 psi or

greater.

21.  The prestressed assembly of claim 18 wherein said prestress
compression of said at least one prestressed foam glass tile is 4000 psi or

greater.




30. The prestressed assenbly of claim18, wherein said
one or nore tension nenbers are conprised of
conpacted seven-wire prestressing strands. 31. The
prestressed assenbly of claim 18, wherein said one or
nore tension nenbers are conprised of one or nore

wb DkRer0s32. The prestressed assenbly of cl ai nacdBs2004023030
wherein said one or nore tension nenbers are not
within said at | east one prsgstressed foamglass tile.
33. The prestressed assenbly of claim 18, wherein said
netal beans are canbered prior to assenbly to account

for re j 1 | I3 u . 34.
The 5 car gttt aechBly AR o RBAaREiints: 3
assenbl y . f.urther, conprises. t wo t pPLeces. wth
oG Era s alel (i oRe AR AR st flea S QB 8 ' T eas:
one foamglass tile and each of the netal beans. 35.
EPPEr prest ressed assenmbly of claim 18, wherein said at
| east one foamglass tile is conprised of two sets of
foam glass tiles and said one or nore tension nenbers
ar e 1ocat Bep mestigessd assgmbln ofslaimtls, wherpiwgmdgensian ti | es.

member is at least partially inside of said tiles.

24.  The prestressed assembly of claim 18, wherein said assembly is a

column in a building.

25.  The prestressed assembly of claim 18, wherein said metal beams

are comprised of steel.

26.  The prestressed assembly of claim 18, wherein said one or more

tension members are comprised of tension bolts.

27.  The prestressed assembly of claim 18, wherein said one or more

tension members are comprised of wire.

28.  The prestressed assembly of claim 18, wherein said one or more

tension members are comprised of carbon fibers.

29.  The prestressed assembly of claim 18, wherein said one or more

tension members are comprised of standard seven-wire prestressing strands,
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30.  The prestressed assembly of claim 18, wherein said one or more

tension members are comprised of compacted seven-wire prestressing strands.

31.  The prestressed assembly of claim 18, wherein said one or more

tension members are comprised of one or more rods.

32.  The prestressed assembly of claim 18, wherein said one or more

tension members are not within said at least one prestressed foam glass tile.

33.  The prestressed assembly of claim 18, wherein said metal beams
are cambered prior to assembly to account for stress which will be applied upon

assembly.

34.  The prestressed assembly of claim 18, wherein said assembly
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.

35.  The prestressed assembly of claim 18, wherein said at least one
foam glass tile is comprised of two sets of foam glass tiles and said one or more

tension members are located between said two sets of foam glass tiles.




