1 4 AUG zoas WD 03/070456 PCT/US03/04005 1 LARGE HI GH DENSI TY FOAM @lis3ms
TILE FIELD OF THE I NVENTION [ 0001] The present invention rel ates
generally to a building material to be wused in building construction. Mre
parti cul ariy, resent invention relates to |large hi ' f oam
glass til egbtogk@gsﬁsed on both interior and exterior facggrefggﬂlgﬁlwﬁ%ui | di ngs.
Even nore particularly, the present in_\i(_anti on relates to | arge high

density foamglass tiles to be used on“interior and exterior facades of
bui | di ngs which enable such buildings to have a greater resistance to

expl osions. [ 0002] The present invention further relates to a conposite of
panel s made from such tj]l.e ti rl 0 a bl ast energy
absorbing structural | qg%ﬁ@ﬁﬁ%?%ﬂ%@h@the same by bondi ng

| ayers of foamed glass or foaned siliceous materials with structural

i nor gani c c@ﬁ%ﬂ[@g&;ﬁé%?laq)% s, polymeric materials, metals and fibers
whi ch can be optionally used in | am nates. BACKGROUND OF THE | NVENTI ON [
0003] Over E0E0pdst dbepdessnt inventtorhrelaebgareralysiogmbitildagmatarmber bof
terrorists attacks on governnent buil dings owned by the United States and
ot her countsed &s bhiddihg eohsstideont Mdre phitictRelyStias esei thwintibh felate®to exanpl e,
in 1993, terrorists exploded a car bonb inside the garage of the Wrld
Trade Cent ghrgdeQfigh @6hsityTod¥e Ma¥Phikes (8 be/usdd@dih REefibr ARSSorlfidaBe@nd

significant property damage. Since then, in 1995, other extrem sts

expl oded a Jfﬁ)‘ﬁ(ﬁﬁu%'s’t EVEE nfdhre bgr%cﬁﬁgﬁrf ﬂ'le Blé'sérgt' il¥ention relates to large high

density foam glass tiles to be used on interior and exterior facades of buildings

which enable such buildings to have a greater resistance to explosions.

[ 0002] The present invention further relates to a composite of panels made
from such tiles, and more particularly, to a blast energy absorbing structural
laminate and a method of making the same by bonding layers of foamed glass or
foamed siliceous materials with structural inorganic cementaceous materials,

polymeric materials, metals and fibers which can be optionally used in laminates.

BACKGROUND OF THE INVENTION

[ 0003] Over the past decades, there have been a significant number of
terrorists attacks on government buildings owneci 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 of the Federal Building




14 A U G 2006 WD 03/ 070456 PCTI US03/ 04005 -2- |ocated in Okl ahoma h”t&!JG 2008
Okl ahoma al so resulting in significant loss of |life and property damage.

In 1998, the United States enbassies in Nairobi and Dar Es Sal aam were

al so subj ewlo J3@7d46g rori sts attacks by car bonbs, each of Pg?,iug(g},mg(%ulted in
significant loss of life and property damages. Mst recently, the tragic
events at "the Wirld Trade Center in New York City and the Pentagon in
Virginia has further enphasize the long felt need to devel op and

manuf act ur godavdd g Oﬂaﬁ&hﬁfdi?', Dkihofly aldy Rs@lBhS ih Significast RRdof i &lock wave

from car bonmb explosions and other simlar terrorist attacks. E 00041

vhil e the eonsen) anbalsl 916080k A3%e%0.0, CONRLIUCH MR OBtEM Bl b Ve

. i .
known in the pritor art, generdl Ty such Toamglass en used as a high

t enper at ur nsul ator_and.thus seeks to.mnim.ze.its densi,ty an i ght and
oot surrrE e s SR e bk it S P S A Pom
unexpected, explosiqgns or .to resist an earthquake. The shortcom ngs in such
convent i on sigBifisantdpssf lifsandapraperty damagssi M9shirgeathanbs HagisFBHIER i s now
described. r 00051 For exanple, Pittsburgh Comi ng Corporation ("PCC') of

Pi t t sbur ghthe WosldsEradafeatehmsNewVetlopisrandidic Rentagon in Yirginihastfuikthewn as
Foam 3 as@ I nsulation Systens, which is described in U S Patent Nos.

3, 959, 541, efhphh8izdfi? longfeli3feed Prldetebpland 2darmfattdre®2d dbfgmatBrialaudicht he focus
of these devel opnents are directed to making a foaminsulating materi al,
the Foam Gaps4Blt BSWitkbiaa tRY SHRRBvavk iffogh 62 IR E:Pldsiorind diNerRERkiliS
relatively light, weighing 9.5 | bs. Furthernore,

terrorist attacks.

[ 0004] While the concept of using foam glass as a construction material is
well known in the prior art, generally such foam glass has been used as a high
temperature insulator and thus seeks to minimize its density and weight and is not
suitable for absorbing sufficient energy from a shock wave from unexpected
explosions or to resist an earthquake. 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,
Pennsylvania has developed and marketed a product known as Foam Glas®
Insulation Systems, which is described in U.S. Patent 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 Ibs. Furthermore,

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




since the purpose of this tile is to be used as thernal insulation, 1i% AUG 2006
| acks surface 14 A U C 2006 WD 03/070456 PCTI US03/ 04005 -3- strength, and
can be dented very easily. Because the Foam 3 as@ | nsul ation Systens tile

is of rel atyoy/@dafods@w density, e.g., 9.5 Ib./cu. ft., suchchidsGsoas! | easily
break when exerted to forces typically asserted on exterior walls to a

building or other structure. Thus, sugh tiles are not suitable to be used
as tiling for an exterior wall. Simlarly, this foam when exposed to a

hock vave L2l 831 R by AUROT IBeUALE ety Glas sl vaves

ener gy whe ock wave 1s a neasure associated with

expl osi ons ich is.easily unders by t idl e . as being
a pressureS¥¥EHe t’:lee&ﬂ trfair?év%iygﬁ}f’a%%%%ble&’i %%ﬁﬁééﬁo%fﬁig or gﬁﬁggsrél%al o)
attenpted to use foamglass tiles, ag the ouyter skjn- rface.qf buildings.
For exanpl &real vaenpeegistl tROress HB ?ﬁ%BSSBFt?gPB?&er‘a?rt B4 191%% ating
foamglass tile that is coated with an outside surface to nmake a hard skin
to protect othes souctuied ok, wich tias@rapot stifableite be usdas ARG dOLATEHAYIN cat ed i n
extrenely small sizes, i. e., 18 cmx 18 cmx 6 cm and the interior foam
materi al  whiath Simlady, thip fodm, Whekexdosedo ashieskivedveifsogenaxaldsipnofilla | ow
density. Significantly, there is no indication that the strength of the

mat eri al  dizpsdrp9es litBe GRERNNBCIOvadRS@icBiyN@hesitfifplident Ashetlgyrate s an
expl osi on, and indeed the size of the disclosed tiles would not be ideally

sui tabl e of.. 3RS0k, e@“f#ﬂ PR Whi@P9 EdsiBrirersteddbPihobdigkiniavant or s and
ot hers have devel oped net hods

for making foamglass tiles of a wide a

variety of thg Qrstiats ibgl%g%spr(c—j:%%% hgﬁpreis&lﬁ}fg Front Bh @%losion.

[ 0006] Others have also attempted to use foam glass tiles as the outer skin-
surface of buildings. For example, U.S. Patent No. 5,069,960 discloses a thermally
insulating foam glass tile that is coated with an outside surface to make a hard skin
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.

[ 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. Patent
No. 4,430,108 that can be used for building materials. While the techniques and

methods disclosed were useful to manufacture th:n—standard size tiles of 4.25 in.




4 a
No. 4,430,108 that can be used for building materials. Wile the te‘chnAllJ(:]Gu%Ug"
and nethods di scl osed were useful to manufacture then-standard size tiles
of 4.25 in. 4 AUG 2006 WD 03/070456 PCTI US03/04005 -4 x 4.25 in. x .25
in., this dicglosss e does not teach how to manufacture tpbpgs@iosdos | ar ger
size, for exanple 2 ft. x 2 ft. x 3 in. Likewse the tiles manufactured
under these nethods were rel atively I_4_ght, e.g., less than 10 I bs., and
were not manufactured to withstand the effects of an explosion. To the

contrary, ;(qG'fﬁléqeﬁgggg_;gﬁgag%s&@ L 1Bt At Bﬁw&?%ﬁ i gﬁétﬂfé‘hﬁ% PR

properties” of thus made sma ter and weaker

tiles. 00081 While.still pthegrs, have, worked .on..tryi

| ar ge- si zeiaar%‘?frs&fs fcgﬁéﬁlgaf)eb%% )égt}t el Iﬂlgwseb@grﬁ és:spr%ﬂ%ef? %&%ﬁ?@c al

di rensi ons and of | ower density than the present _inyention and not

sui tabl e t EhespsBERods Sueret EaEEly Aighhing.g-» JEssa o R %éveaf\féhi"\fﬂﬁei’i’ﬁ}acts t he

bodi es associated with an explosion or earthquake. For exanple, U S

Pat ent No. mantfit 228 toedthstandsthe gffestseafsarf explosiethufadhecpiigalyathesesi ze
porous shaped bodies of |ow density by swelling, in order to nmanufacture
| ar ge- si zenrehddslsauglaes aptitizztthe cdrmal inshilation bsopeetiay.of timuntierisl,anyd hi gh
wal |l elenments having a low weight. In the exanple, it discloses atile 8.2

ft. x 1. 64¢yfstmade saller, lightddbridl WeAlek t¥esof 26 Ib./cu. ft. and a mass of 60
| bs. It also teaches to obtain a |low density in order to optim ze thernal

insulation. Thus, this foam when exposed to a shock wave from an expl osi on
or earthquake will absorb very little of

[ 0008] While still others have worked on trying to make some large-size
porous shaped bodies, these have been smaller in critical dimensions and of lower
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. Patent 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 Ib./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 will absorb very little of

the shock waves energy when it implodes.

[0009] Unlike the prior art discussed above, the tiles of the present invention

are designed and constructed of various materials so that such tiles have properties




t he shock waves energy when it inplodes. [00091 Unlike the prior ar\k AUG 2008
di scussed above, the tiles of the present invention are designed and
constructed of various materials so that such tiles have properties 1 4 AUG
2006 WO Ow/gh5f4R8 PCTI 1 JS03/ 04005 -5- which are ideal fgf ﬁﬁ&ﬁﬁ&gnding t he
shock wave associated with [arge explosions or nmake a bUIT I'ng or other
structure resistant to earthquakes. E{0101 Thus, while the prior art is of
interest, the known nethods and apparatus of the prior art present several

limtation j . X is tod : ticular,
it is an og\f}%@t &Jcaifl &ﬁé&ﬁﬁgﬁ%‘%&%@g r?%I |8&£)kn‘lvta ?%?89??3@“?%&%38%{ Sdensi ty
foam gl ass til i ¢h, can used as _a.facade on hoth exterior and interior
bui | di ng %ma&e\g@@gﬁfq c%)(ﬁ?rsé%ﬁé?ﬂ%ﬁtgt&eag?‘q? *present invention to
increase fromthe comrercially recomended density of 9.5 Ib./cu. ft. to
have a hi gher density of between 30-100 Ib./ cu. ft., and nore
particularly 40-60 | b./cu. ft. 00121 It is a further object of the present
i nvention TO0HE} easBhushavhilei ihtpriosfart iseoff nserest, 4bs knove methrds@ndat er t han
30 I bs., and nore particularly over 65 I bs. and even nore particularly
over 100 | bppar@fikIf the piisr at broseitesevab] koitadbng Whichrtbs presentrigemtioon t o
provide a |large, high density foamglass tile which can be used on the

critical swdi@acsov&icoldi | dings at  high risk for terrorist attacks, in
conmbi nation wth cenment, steel or other high

In particular, it is an object of the present invention to provide alarge, high density
foam glass tile which can be used as a facade on both exterior and interior building

walls.

[ 0011] It is another object of the present invention to increase from the
commercially recommended density of 9.5 Ib./cu. ft. to have a higher density of

between 30-100 Ib./ cu. ft., and more particularly 40-60 Ib./cu. ft.

[ 0012] It is a further object of the present invention to increase the weight
of the foam glass tile to be greater than 30 Ibs., and more particularly over 65 Ibs.

and even more particularly over 100 Ibs.

[ 0013] It is a further object of the present invention to provide a large, high
density 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 high

strength building materials.




strength building materials. 1 4 A1JG 2MG WD 031070456 PCTI US03/ 0405162006
00141 It is also an object of the present invention to provide a glass foam
tile that can be used in surfaces of typical buildings and has the

advant age o osla@Mbng a rigid structure that when exposedpbPysfiRgdss Waves
havi ng bl ast energy, the tile can absorb a substantial portion of that

bl ast energy. It also has the advantagg of being nore resistant to
eart hquakes. 00151 These and ot her objects will becone apparent fromthe

foregoi ng £4] Pt i RAs aSMYRRIECET &@?r&s‘é&(ﬁﬁ@éﬁ’ﬁbx@@éﬁ%ﬁde DgRssygumbeen

found that the above and rel ated objects of the present invention are

bt ai ned i n, f . hi [ i ich b
obta ned | gk by GE ek AN el OB A She a1, 21 0
I til I b i t.h oth terial to,f I
SR TR L AL R A

bui I dings at high risk for terrorist attacks, in_conbination with cenent,
steel or ottHefarabgerbe subsigiHal nasHey phiganklagensray. Iralso hasbeadvaniagent i on may
al so be used in surfaces of typical buildings. The present invention has

t he advant adbecinf nadrs sedistagt  ewthsuakdsi al  portion of a shock wave caused by
an expl osion. The present invention also has the advantage of being nore
resistant to earthquakes. It nust be noted that the ternms glass foam foam
gl ass, ceram c foam and foam ceram c are interchangabl e

[ 0015] These and other objects will become apparent from the foregoing

description.

SUMMARY OF THE INVENTION
[ 0016] It has now been found that the above and related objects of the
present invention are obtained in the form of a large, high density foam glass tile
which can be used as a facade on both exterior and interior building walls. The
foam glass tile can also be used with other material to form a panel or a composite.
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 high strength
building materials. The present invention may also be used in surfaces of typical
buildings. The present inve(r)lﬁon has the advantage of absorbing a substantial
portion of a shock wave caused by an explosion. The present invention also has
the advantage of being more resistant to earthquakes. It must be noted that the
terms glass foam, foam glass, ceramic foam and foam ceramic are interchangable

in the present invention.
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in the present invention. AUG008 WO 03/070456 PCTIUS03/ 04005 - 7- 0017HC 2008
one enbodi nent of the present invention is a larger, higher density foam
glass tile with a closed pore outer skin that has an increased strength.
These heawy dbemasgl ass tiles will absorb nore energy freprag:sR¥Rkosi on,
wi t hstand higher w nd | oadi ng and ot her mechani cal forces. The cl osed pore
outer skin may either be formed naturally or mechanically by bonding a
secondary gl ass surface. The closed pore outer skin nmay have various col or

and textur¢ gyt Odi?a}é‘BbSéhrF&nt bfth@%&eﬁhﬁvéﬂﬂ&l 18 i3t Giditd défgryas an

exterior or |nter|or cade o Fding or other structUre. Thé density

f the f I t h
comr ci ai P BEREHHER dRd e“gyrgéﬁ{% %mﬁé’fﬁa%@é#%&ﬁgéiﬁg ThaR "

d it f_ bet . t.i 060Ib./ )
fESThy CwbPgtiogn sietRsuil 1satimprs cefp Tamep e RREibS it dERE o ent or
than 30 I bs., and nore particul arI%grover 65 | bs. and even nore

parti cul ar Mjndleadingrmd asher mpchamineblorgrsr The closed Boreoger skinmay Eithetave a

cl osed pore structure. 00181 The |l arge foamglass tile of the present

i nventi on whifatmddsnararzilyl e méchatiealgbybedling a aetomidhgi glgsswmtace.alThieor
interior and exterior building surfaces and having | ess seans than snall er
tiles and wkedpbasowdesskif ans veaafibulcdldr and @xtire variatigheahesh,wilind nor e
particularly has a surface area of 4 ft. x 4 ft. or greater. Mre

particul ar FxYake b etshitgolg?df @@M@aﬁ?‘eﬁt&h&ﬂﬁi‘%@n@f faphdd SRSBuillingdlor AR&, NOre

particul arly least 3 Iin., and even nore particularly at least 4 in.
structure. The density of the foam glass tile of the present invention is increased

from the commercially recommended density of 9.5 Ib./cu. ft. to have a higher
density of between 30-100 Ib./cu. ft., and more particularly 40-60 1b./ cu. ft. The
weight of the foam glass tile of the present invention is greater than 30 Ibs., and
more particularly over 65 Ibs. and even more particularly over 100 Ibs. And more

particularly, the tile will have a closed pore structure.

[ 0018] The large foam glass tile of the present invention which is capable of
being used as a building material for interior and exterior building surfaces and
having less seams than smaller tiles and which has a surface area of 2 ft. x 2 ft. or
greater, and more particularly has a surface area of 4 ft. x 4 ft. or greater. More
particularly, such tile may have a thickness of at least 2 in. and, more particularly,

at least 3 in., and even more particularly at least 4 in.

[ 0019] Another embodiment of the high density foam glass tile of the present

invention is capable of absorbing a substantial portion of a blast shock wave when




r 00191 Another embodi ment of the high density foamglass tile of t‘k’feAUG 2008
present invention is capable of absorbing a substantial portion of a bl ast
shock wave when 14 A U G 2005 WD 03/070456 PCTI US03104005 subj ect ed

thereto. Mew@ofadbdskcul arly, such high density foam gl ass 4 T |
density between 30-100 | bs./cu. ft. These high density fcggrnh}g?g(g‘g%ti | es may
be backed to forma conposite building material by a rigid structure, such
as an exterior concrete wall, building colums, structures |ocated in or

adj acent t . r L liding r asat L By i;nt eri or
glr e;<t eLi o?u%g&éggﬁitle%ngk&m%ﬂkgg‘gﬁaﬁ@i lggﬁgeﬁ% i ng e%gagge%cljé ltﬁgs Sot enti al
ast shock waves. Eve art.icpl arl uch tdl db

cemen]t aceog@%‘ﬁ[f%@?’ﬁ?%gﬂ'g@bﬁb&gm'E‘o?@?ﬁsﬁrﬁf@ @%}}?ﬁ'}’ vﬁo?'ﬁl g%es gséﬁ%%gll%ss %/i | e,
or polymeric materials. Such tile may be  part of .a |arger el and such
panel may AReEAHAVIOTRhEITABOSEN RIRE HP(S‘W%ZW atﬁ%&ém?‘%ﬁ%cf%%fsl%l nount ed
in a load bearing frame. C 00201 A further enbodi ment of the present

i nventi on iestesioc epacrets yellsbuildingeobmpo siueturesdocriednina ok ARREEE tayer, at
| east one layer of rigid foamglass and at |east one backing | ayer. The

surface | agefagemyhemisigldingsmruraires oahted is thetinterier boextetismflai bvfldbigast
energy, and nore particularly suitable for protecting the conposite from

fragment at iafich S4CA Bk bf @éiﬁg%xﬁ@steartbaé&eﬂﬁdmmt shédkt wawss. Kawehanore or
polymeric materials. The surf-ace |layer nmay al so be a foam gl ass gl azed

out f ig.d f ' I [
densi 1y bePREER o e el B B e e v
? ? ;] |82 h ! |b a</ %u Z%Pg%mcéggx%tw{th léﬁ"qt @?ﬁi%g‘ss %Jlg,soel'\‘%o%%{e%c%étgﬁgﬂ " 8uchi§ ey feace

part of a larger panel and such panel may also have hanging hardware provided

therein, and may be mounted in a load bearing frame.

[ 0020] A further embodiment of the preseﬁt invention is a ceramic-glass
foam composite made from a surface layer, at least one layer of rigid foam glass
and at least one backing layer. The surface layer may be made from materials
suitable for absorbing blast energy, and more particularly suitable for protecting
the composite from fragmentation, such as fibrous materials like graphite orKevlar,
or polymeric materials. The surface layer may also be a foam glass glazed outer
surface of the rigid foam glass. More particularly, such tile has a density between
20-100 Ib./cu. ft., and even more particularly between 30-80 lb./cu. ft. Such tile
has a closed pore structure. The surface finish layer may either be formed
naturally on the tile during the heating process or mechanically by bonding a
secondary surface. The closed pore outer skin may have various color and texture

variations which will make the tile suitable for use as an exterior or interior facade




naturally on the tile during the heating process or nmechanically bQ Ibch@iZﬂﬂj
a secondary surface. The cl osed pore outer skin may have various col or and
texture variations which will make the tile suitable for use as an

exterior owo@haspr facade 14 A U G 2009 WO 03/070456 F@H}%@%QOSMOS -9-
of a building or other structure. Mre particularly, the surfa i ni sh

| ayer may be a non-foamlayer, thus expandi ng upon the available color and
texture variations available for architectural appeal. The backing

protective beyBaldmybroGerRFieed. MireBARIAarIDES. SRLE! hdkR1dAPkighpo. but

not limted to, a fibrous conposite, ere I bers are’nu hi gh

tensile str ' . iLte el var nd/ or fihbreglass, or
cenent aceou%ﬂrgr%?%ér}]?g g,}’ach si%’ﬁj%nglgl%él nE1 gﬁ%apadjratbiéa rcaé’rqgtﬁgt}“e V&t 1‘06‘rgced
portland cepent,, l.imnme . .alum nous t, plaster, polynmeric material, such
as COMMer Ci %Yaﬂﬁhlsrf%asf@?@e%ﬁaf ?RP&F@S%&?{: pr@g%qeﬁg&g}ayrt@ Gomarised
concrete. Such backing |ayer may al so be reinforced by netal, Kevlar or

ot her  supp®raney MRiesrataiials inglukingibugnerlnised o, 8 fibseiiscompesitaywirre appl i ed
between at | east one foam glass | ayer and the backing | ayer. The conposite
may al so hatsh fbgrsgamegnade efsigle tensdeisttengthheatetials, aueh aswyagfidtay®entaed i n

al oad- bearing frane, and thus be capabl e of absorbing a substantial anpunt

of shock weare®orflickeglasd) batdmuntarougarIRR] HhihehfjeonemPpstiana te@bnt he
present invention is aceram c-glass foam conposite conprising a foam gl ass

Lile and anehifoicddoal@RieRtanns aRarkbadcafent! fIELOBMl AR AkhE, Wher eby
the conposite is capable of absorbing a substanti al ’
such as commercial thermosets and thermoplastics, concrete or reinforced
concrete. Such backing layer may also be reinforced by metal, Kevlar or other
\ supporting materials. Abonding promoter or adhesive may be applied between at
least one foam glass layer and the backing layer. The composite may also have
hanging hardware provided therein, and may be mounted in aload-bearing frame,

and thus be capable of absorbing a substantial amount of shock waves and

vibration energy.

[0021] Another embodiment of the present invention is a ceramic-glass foam
composite comprising a foam glass tile and an inorganic cementaceous backing on
the foam glass tile, whereby the composite is capable of absorbing a substantial
portion of blast energy which it may be exposed to from a potential explosion.
Such foam glass tile may have a closed pore outer skin, which may either be
formed naturally or mechanically by bonding a secondary glass surface. The
closed pore outer skin may have various colors and textures which will make the

tile suitable for use as an exterior or interior facade of a building or other structure.




portion of blast energy which it nmay be exposed to froma potential‘4 AUG 2008
expl osion. Such foamglass rile may have a cl osed pore outer skin, which
may either be forned naturally or nechanically by bonding a secondary

gl ass surf @&eostdaes cl osed pore outer skin may have vari guspsplbes and
textures which will make the tile suitable for use as an exterior or

interior facade of a building or othepgstructure. 14 AUG 2008 WO 03/070456
PCTI US03/ 04005 10 More particularly, such tile has a density between

20100 1b. hfdte dalricudi! JIPH B1e RACT BLARY LY 90. 1Y B0 chiDi! Gid thipe Such

tile may have ’pore structure may eilt be’forned naturally
or mechani cal ondi econda ass_surface. i ni c
cement aceoBgetjﬁ’épgﬁ?%Wseeﬂ%g'@olﬁt/gﬁl{g%ﬁ?}} ﬁLedmagg}?gﬁta,&ng?:éﬁ ger éctg‘gfli ort | and
cenent, linme, alumnous cenent, plaster, | yperi material, cqoncrete or

r ei nf or ced VbFE MY ¢ithen be demmast Bt %ae%%%&%ﬁycﬁymg ?)6‘??88%}% ¢ bond
wth the foamglass tile. Alternatively, the cenentaceous materjal may
bonded to ghes Sodatey| aSucheinprganichsenintacsolly mapisrialsngay eneinpattaddous
material or by applying a | ayer of bonding pronoter, such as Elnmer's pro

bond concrehent)osidfrrcatipasiané cpnemplire, albudnousoreenenay plasted, @aplyyneritangi ng
hardware may be installed in the cenentaceous nmaterial either before the

Cenent aceoysrefiR! &rcdte s rditoldéd CHA@Ere0 ThafcefientfteoeaiRRIng RGBSRt eri al is
cured. The present invention has the advantage of absorbing a substanti al
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tile is expos
may bonded to the foam glass either by directly applying the cementaceous

material or by applying a layer of bonding promoter, such as Elmer’s pro bond
concrete bonder adhesive-promoter. Even more particularly, hanging hardware
may be installed in the cementaceous material either before the cementaceous
material is fully cured or after the cementaceous material is cured. The present
invention has the advantage of absorbing a substantial portion of a shock wave
caused by an explosion, in particular, when the tile is exposed in the direction of

the potential explosion.

[ 0022] An even further embodiment of the present invention is a foam glass
panel comprised of one or more large, high density foam glass tiles which can be
assembled into a lightweight building facade. Particularly, the closed pore
structure is textured for architectural appeal, the tile has an interior portion and
the tile outer skin includes an additive to make its surface appear a different color

than the interior portion of the tile. More particularly, such panels can be used to




the potential explosion. 00221 An even further enbodi ment of the ptésgnd s
invention is a foamglass panel conprised of one or nore | arge, high
density foamglass tiles which can be assenbled into a |ightweight

bui l di ng f aepdRssRarticularly, the dosed pore structure g’?/U%«ﬁ)iﬁ@%ed for
architectural appeal, the tile has an interior portion an ile outer
skin. Includes an addl tive to nake |tsl surface appear a different color
than the interior portion of the tile. l\/bre particul arly, such panels can

be used to | 4l di ng nore
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i nvent i on rQR%EEON Cclnﬁeé%paﬂ? gh density foamglass tiles which can be
used as a facade on both exterior and interior building walls. The foam
glass tile of the present Invention can also be used with other materials
to forma panel or a conposite. The present invention may be used on the
critical JAETAACES DESCRIFTIONOF THE INVEINTIO®K for terrorist attacks, in
conmbi nation with cenent, steel or other high strength building materi al s.
The present[ 0028ht i OThérpiesahSiavattionuwskdesito langef high sleatityt fopincglhsshiléd di ngs.
The present invention has the advantages of being nore resistant to

ear t hquakesyRRdeA! boMdtd 4s0ABAdk od B8EAkrddRe ahd eRR iR BlAAIg vAbodierent  of
the present invention, the large, high density foamglass tiles are
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form a panel or a composite. 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 high strength building materials. The present invention may also be
used in surfaces of typical buildings. The present invention has the advantages of

being more resistant to earthquakes and/or wind loading.

[ 0024] Under one preferred embodiment of the present invention, the large,
high density foam glass tiles are capable of absorbing more energy from an
explosion than contemporary cement building materials, as well as withstand
higher wind loads and other mechanical abuse. Suchlarge, high density foam glass
tiles may be fabricated in a variety of shapes, including but not limited to flat
and/or curved shapes. Further, the large, high density foam glass tiles of the
present invention are made from siliceous materials and gas forming foaming
agents, including but not limited to carbonaceous organics (e.g., sugar and starch),
carbon black, silicon carbide, carbonates and sulfates. There are many possible

methods to fabricate ceramic foam panels with various densities, sizes, and surface




hi gher wi nd | oads and ot her mechani cal abuse. Such large, high densiyifoommg
glass tiles nmay be fabricated in a variety of shapes, including but not
limted to flat and/or curved shapes. Further, the large, high density
foam gl ass v bl the present invention are nade fromgidGson

materials and gas form ng foam ng agents, including but not I|m ed to
carbonaceous organics (e.g., sugar andygtarch), carbon black, silicon
car bi de, carbonates and sulfates. Theré are many possible nethods to

fabricate C ngl i rface 1
2 A5G zdcf"&ﬂl?‘{v% %?8%%%&&%%%%%%?&83*@%%% Py pROGER B ltmal |

4,430, 108 Sctd §a% gg\}ﬁacicﬁ&&@sgmﬁﬁ% 5&%%5 339‘f1ace g inls QJ“tﬂ%Keash

and ot her artous | Ai s
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and concent ration of cellulating agents. Viscosity of gI ass is the
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structure, uniformty is dependent on the distribution and particle size
of the cellofl Giluteginggernts. HsCa2Flofl glass he thpr ddreinadnlg eabodéeer durihgithaise in
resisting explosions, the foam glass tile of the present invention is

| arger and fahmandpdbes. EenRlidon ﬂfea%bx’eh&ucw@dmfbﬁﬂﬁy i§ dapergleas dntthd es

di scussed herein. In particular preferred foamglass tiles have a
surface ar ergsti’ifbu%nlaﬁ@ grt?defstlzeéft%e C[eﬂulg@ggggghg particularly at least 4 ft.
X 4 ft. I mensions, and a depth of at least 2 in., and nore preferably
at Ieast 3 in. and even nore preferably at |east 4 in.

[ 0025] Inthe preferred embodiment for use in resisting explosions, the foam
glass tile of the present invention is larger. and of a higher density than the
traditional foam glass tiles discussed herein. In particular, the preferred foam glass
tiles have a surface area of at least 2 ft. x 2 ft. and more particularly at least 4 ft.
X 4 ft. in dimensions, and a depth of at least 2 in., and more preferably at least 3

in. and even more preferably at least 4 in.

[ 0026] Such large tiles are advantageous over conventional smaller tiles
because the larger size allows the composite of tiles to have less seams than
composites of smaller tiles conventionally used. Such seams can be detrimental to
the structural integrity since seams in a tile surface weaken due to thermal
expansion and contraction, and thus tend to crack. These seams are also a means
by which water can penetrate behind the tiles, resulting in damage from a variety
of processes, such as molds, insects, and the freeze-thaw cycle. In the freeze-thaw

cycle, when water seeps into a tile and freezes it expands. When the water thaws,




E 00261 Such large tiles are advantageous over conventional snall ef 4t nlje2005
because the larger size allows the conposite of tiles to have | ess seans
than conposites of snmaller tiles conventionally used. Such seans can be
detri ment alwg g076436 Sstructural integrity since seams in q’ctrh}sﬁ’séfﬁ sf ace
weaken due to thermal expansion and contraction, and thus ten 0 crack.
These seans are also a nmeans by whichgwater can penetrate behind the
tiles, resulting in damage froma variety of processes, such as nolds,
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Further, these foamglass tiles of the present invention are also denser
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Preferably, the density of the foamglass tile of the present invention is
i ncreased ' r nwnded density of 9.5 Ib./cu. ft. to
have a hi gﬁge%e%mé%&r}g}@%m \/C\I/t'a'léens 1‘%1881‘1% "1b. / cu. ft., and nore particularly
30-80 I b./cu. ft. The
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[ 0027] Further, these foam glass tiles of the present invention are also
denser and heavier than conventional foam glass materials used in construction.
Preferably, the density of the foam glass tile of the present invention is increased
from the commercially recommended density of 9.5 1b./cu. ft. to have a higher
density of between 20-100 Ib./cu. ft., and more particularly 30-80 Ib./cu. ft. The
weight of the foam glass tile of the present invention is greater than 30 Ibs., and
more particularly over 65 lbs. and even more particularly over 100 lbs.. Although
these densities and weights are higher than conventional foam glass, they still
provide the advantage of being relatively less dense, and thus lighter than

traditional cement products used in construction.

[ 0028] The foam glass tile of the present invention preferably has a closed
pore outer skin, which thus provides the tile with increased strength and protects
the tile against water, and the freeze, thaw cycle. The closed pore outer skin may

either be formed naturally as taught in U.S. Pat. No. 4,430,108 or mechanically by
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addi tional Iabor and quality control, and thus is nore cost effective and
| ess bur defisis ismotgs¢asy effegiicnddesy byrdessomar Using a seagndary glaseswE¢gnt ageous
because such techniques allow the closed pore outer skin to have various
col or and mextalsbéevadvaatdgenas bévaase wich teahmiques dlowi the clesed porectteral | y
attractive for use as an exterior or interior facade of a building or

ot her strugiHr® hOnre vaapud feolrkindg ettt rt evenitionsd lvaficls wrillagake ithe ljlet he use
of different color additives, as is generally well known to those skilled
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the present I1nventfon Is that when 1t 1s exposed to a blast shock wave it

I's capabl eo&ferés1 r%lgtrutlj‘le.ngOne 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
of buildings which are at risk of exposure to explosions, such as government

buildings, embassies and high visibility/famous buildings.

[ 0030] These high density foam glass tiles may be backed by arigid
structure, such as an exterior concrete wall, building columns, structures located
in or adjacent to garages or other building structures located in the interior or
exterior of a building which are at risk of being exposed to potential blast shock

waves. To provide for additional reinforcement to exterior walls, such tiles may




a substantial portion of the shock wave. Because these tiles are chpabli®m§
absorbing a substantial portion of a blast shock wave, they are
particularly advantageous as building construction materials for interior
and exterigggpfofigces of buildings which are at risk of, ﬁﬁMhﬁsto
expl osi ons, such as governnent buil dings, enbassies and

visibility/famous buildings. 00301 These high density foamglass tiles may
be backed by a rigid structure, such as an exterior concrete wall,
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improve the absorption of large forces. Such tile may also be part of alarger panel

and such panel may also have hanging hardware provided therein, and may be

mounted in a load bearing frame.

[ 0031] The foam glass tiles of the present invention are also thicker than
conventional foam glass tiles. In particular, the foam glass tiles of the present
invention are at least 2 in. thick, and are preferably at least 3 in. thick, and even
more preferably at least 4 in. thick. The increased thickness of the tile adds to the
volume and therefore, to the weight of the tile. The increased thickness gives the
tile an increased stiffness, which reduces inadvertent fractures during handling,
whether from manufacturing, transporting or building. The increased thickness
will also permit the tiles to absorb more energy from explosions, exposures to

earthquakes or other shock waves.




00311 The foamglass tiles of the present invention are also thi ckér" AHE7008
conventional foamglass tiles. In particular, the foamglass tiles of the
present invention are at least 2 in. thick, and are preferably at |east 3
in. thick nore preferably at least 4 in. thick jNel-eased
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the tile. The increased thickness givgg the tile an increased stiffness,
whi ch reduces inadvertent fractures during handling, whether from
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pernmt the to absorb nore en rom expl osi ons, exposufres to
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depends upon the use to which the tile is intended to be nade, For

exanpl e, i fintended tobe ysed tq FesisheprENqUskese SIS g@é?)eé@}lffﬂ%ﬁﬁgﬁ?@g t hen
the tiles should be optimzed to be the |owest weight that can w thstand
the wi nd prhksbwest weightdwt cas withstand tee windepriessur¢. nBeeaiitast, éf thestlelst a

buil ding or structure from shock waves associated with an explosion, then
the tile showhdeds mptdcratadlidig dmtnease fidns siitehsiraves assobiatest withgn enough
to absorb such a shock wave. The desired thickness will depend upon the

proxinity @koienerRAtRd ild bRl Helhunfged tmceRiasd te demdignbitd stexngl osi on.

For exanple, on the outside of a building, the thickness would have to
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an aut onobi ruck w expl osi ves may be par t he” ot her hand,

'nan int erplrgygim?'gy Sf 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 interior of a
building, such as a support colummn, the proximity anticipated could be immediately
next to such a column, although the likely anticipated explosive load would be
substantially less.

[ 0033] For the purposes of resisting shock waves associated with an
explosion, the tile of the present invention can be combined with a rigid backing
to form a composite panel. When the composite panel is exposed to the shock
wave, the exposed foam glass tile of the present invention will collapse or implode
and thereby absorb a substantial amount of the shock wave energy to which it is
exposed, thus protecting the rigid backing, which in turn protects the building or
other structure. The rigid backing may be comprised of any one of the materials

discussed above with respect to the rigid structure.
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expl osive | oad would be substantially less. L 00331 For the purposes of
resi sting woaQskrieyes associated with an explosion, theptil&sphookne
present invention can be conbined with a rigid backing to rorma conposite
panel . \WWen the conposite panel is exgesed to the shock wave, the exposed
foam gl ass tile of the present invention will collapse or inplode and
thereby abgqsda4y SUDR! ARl a8E RRDERt0be LR &N Rfdke VR VRUBHRE ResidtntBi Ch 1T i's
exposed, thus protecting the rigid backing, which in turn protects the
bui I di ng or h S r ri Qi j s » ri f any one
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tile may be used with a rigid backing. The | oad . caused by wi nd pressure
whi ch, needtea bemeenedPPPEJCHYMNRe RS, the greafer dheRERR PEYWASE SUPPEHE bet ween
support columms. Thus, the greater the area between support columms, the
nore resi stcaloesanie greratresistancee agd Igredten stpengtle quillr el réquiredt frem denposit e
tile with rigid backing. The thickness/density of the tiles to be used are
accor di ngl yomebiifeatle byitH 8 bagand MHiethicknddidensiig bedieitibes obetbedare
properties should be optimzed to provide the |ightest systemthat can

wi thst and ta@&rhﬁgg,gﬁhne@w&h%%%ewrﬂ%@g, S8 St ch TONBRDrd g shesldst ed with

an appropriate s ty factor
be optimized to provide the lightest system that can withstand the largest

anticipated wind pressure sought to be resisted with an appropriate safety factor
built in as is typically done in the construction industry. The tiles should be
supported by a metal frame, which in turn is supported by structural metal

supports of the building or other structure.

[ 0035] 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
invention are subject to a public view, than a second tile with an appropriate
finished layer can be used on the second exposed side, such as the interior of the

building. Alternatively, other interior surfaces can also be used.

[ 00361 Another advantage of the tiles of the present invention is that such

tiles are also heat insulating as well as fire proof. Thus, these tiles have an added




built in as is typically done in the construction industry. The tijbesAUG 2008
shoul d be supported by a netal franme, which in turn is supported by
structural metal supports of the building or other structure. 00351 For

aesthetic RiyRRsAS the tiles -with a finished |ayer canngmﬁ%}agoogn any
surface subject to public view. Thus, if only one surface w e exposed

to public view, than only that surfgaifceg needs to have the tiles with a
finished layer. On the other hand, iT both sides of a wall sought to be
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such as . the interior of the Dbuildi-ng. Alter i , ot her
interior sttackeudias %t%voc%%taas%r&tﬁgmg{cegﬁgﬁ?eﬁ%&{;’»gﬁ[‘%&gﬁ%&? ée/ tiles of
the present invention is that such tiles are also, heat insulcassiu as wel |
as fire prisetent miggtion pashersbycithganievenf ag@d olay; SHHEED %g/ 070456
PCTI US03104005 -18- advantage of being able to be used to protect_ a support
col um f r cuppottephomnss thef¢hyeincrensing khesliksiihged shapsiceunansvelianatiacked ot her
sources of fire. The use of the tiles of the present invention can thereby
ei t her pr eygMingwdl Bavedeffayeri ignslesdvaoedteon of such support col ums,
thereby increasing the |ikelihood that occupants of an attacked buil ding
wi Il have sufficient time to evacuate. E 00371 Anot her enbodi nent of the
tiles of the present invention can be used to retrofit existing buildings

O AT U< g BE o FRRIGS BB et bt e
to retrofit existing buildings or other structures. In particular, the tiles can be
mounted on the potentially exposed walls. If such walls are already sufficiently
rigid, then the tiles can be mounted directly thereon. If not, then the tiles can be
mounted on an appropriate rigid structure or backing protective layer to form a
panel, which in turn can be mounted on the exposed wall. Appropriate backing
protective layer may be a fibrous composite, where such fibers are made of high
tensile strength materials, such as graphite, Kelvar and/or fibreglass, or
cementaceous materials, which may contain portland cement, reinforced portland
cement, lime, aluminous cement, plaster, polymeric material, reinforced concrete.
Such backing layer may be reinforced by metal, Kevlar or other supporting
materials. A bonding promoter or adhesive, such as Elmer’s pro bond concrete
bonder adhesive-promoter, may be applied between the at least one foam glass
layer and the backing layer. The composite may also have hanging hardware

provided therein, and may be mounted in a load-bearing frame, and thus be

capable of absorbing a substantial amount of shock waves and vibration energy.




rigid, then the tiles can be nounted directly thereon. If not, thenétkes 2006
tiles can be nounted on an appropriate rigid structure or backing
protective layer to forma panel, which in turn can be nounted on the
exposed walyly.o3HRR40Pr i at e backing protective |ayer may P@rﬁs«fsh?do?“s
conposite, where such fibers are made of high tensile strength nmaterials,
such as graphite, Kelvar and/or flbreg]ass, or cenentaceous materials,

whi ch may contain portland cenent, rei'nforced portland cenent, line,
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backi ng | y be " rei'n metal, Kevlar or other supporting
materials. A hondi ronot eror .adhesi.v S Sl BnRoqd
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frame, and thus be capable of absorbing a substantial amunt of shock
waves and carlimratéspealeiien and Magnasivm 200erals 30 dolesEteEPAUERE4005 - 19-
00381 in the preferred enbodinent, the tile of the present invention can be
manuf act urgdius siligateabora] glhabapewidrs ¢hudires arlet) (dndt foaméngiageniscEbeari | y
limted to) silica, fly ash, volcanic ash, diatomceous earth, siliceous

m neral s, ﬁ%féx%g ag &R’ RANGE SdectEd fin Rudddadidan @sganiossuehral sugariahd as
dolom te, and gypsum sodiumsilicate, borax, glass powders (such as
cul let) and, fpam Ag, BULR! Sicof Rerbid O MbBRaRYlare BndsrheeliREinaebral:om
car bonaceous “or gani ¢S such as sugar and st'arch, carbon black, silicon
car bi de, carbonates, sulfates and other |ike materials.

[ 0039] To make the tile of the present invention, various methods can be
used. In one embodiment, the starting raw materials to make the tile are blended
together with water to form a homogenous slurry. It must be noted that even
though the preferred method of mixing is wet, nonetheless, dry blending may be
selected depending on type of raw materials used in foam glass formulation. For
instance, when glass powders (soda-lime glass cullet) is used as major raw
material, the gasifier can be dry blended in a conventional mixer, such as a ball
mill. When wet blending is used, the solid content of the slurry is preferably

between 30-80 wt% , and more preferably between 50-70 wt%.

[ 00401 The slurry is then dried in a conventional dryer such as a spray dryer
to produce dry\ powders. If a static dryer is used, then the dried aggregates are
ground to form dried powders. The resulting powdery product is then calcined to
a temperature at which the viscosity of the resulting foam glass is preferably

between 107 to 10> poise, more preferably between 10° to 10° poise. Calcination




00391 To nmeke the tile of the present invention, various nethods car‘f,'béUG 2008

used. In one enbodinent, the starting raw materials to nake the tile are

:)Ihe{lded togéet heglgwi Lh vvatfer to forma honmogenous slurry. It nmust be noted
at even the preferred method of mxing is wet, ess, dr

bl endi ng may E@H s6el ected dependi ng on type of rgw mat eripgﬁggggs{@g&si n foamy

glass formulation. For instance, whe Ogl ass powders (soda-line glass

cullet) is used as nmajor raw materia'?, the gasifier can be dry blended in

a conventional. m xer .. such as hal | . e I : j ed, th
solid cont @KV % CERSdIH A F%&&@f éer}véx@#er%\éétgmée}feér@gsgﬁ \%%Ofn nor e ©
preferably between 50-70 wt % [00401 The slurry i,s thgn drie i.ln a
convent i on&psifeF e BHERSHP!G FBPRfORIATERS CPHIPFS%BG%CI[E ﬁ’reycaﬁéo‘vﬁ%eﬁ;éqoﬁ f a
static dryer is used, then the dried aggregates are round to formdried
powders - Tadbideess foamingpegrrey yralsinaiont may $h&ArTiod @Pgnéﬂ 3§ dieuda; @fper at ur e
at _which the viscosity of the resulting foamglass is preferably between
107 to 102 apabspherariVieenpgledsaromileys dretnaedas m@jor ingredientsdn e fogzn glesat i on 14
AUG 2006 WO 03/070456 PCT[US03104005 -20- may be carried out in a reducing
envi r onnentiefidRctdiMahtionsteplsithe sahgantie fogmig itep. Cdldnatiar asidepi c
carbon containing conpounds. in the case of silicon carbide as foam ng

agent, cal cinald o Py rhiery &1if: | B cRnahPnbldek! 4 #in 26 in ARG@SRAsE  Wen

?I assI powders arle used as maj or ingredi'ents in the foam gl ass

ormul ations,  cal cination.st | e sane as the foam ng step. Cal cination
ca?I bg. pag?icé%fal?)e@ke Wugapfytby?/h%%ta%; in stationary nmolds in a kiln, or in
a fludizied be

[ 0041] The calcined product may require pulverization if calcination for
instance is carried out in stationary molds. Calcination by fludization may not
require pulverization, if particles do not agglomerates in the fludized bed. The
calcined powders are screened preferably through 20 mesh screen, more preferably

through 40 mesh screen to remove the coarse particles.

[ 0042] The powders are then molded into desired shapes, in a metal mold.
The preferred metals are stainless steel and chromium containing alloys such as
Inconel™ Inco Alloys. Inconel™ type alloys are preferred, since they can resist
thermal cycles, and oxidation better than stainless steels. Mold release agents are
preferably used to ease the de-molding process, and also minimize adhesion of the
foam glass to the metal which can cause unwanted cracking in the finished foam
glass product. The mold releasers should withstand the peak firing temperature,
as a result inexpensive refractory oxides such as high silica minerals, high alumina

mineral powders such as diatomaceous earth, silica, and various clays can be used.




reactor heated primarily by a hot gas. E 00411 The cal ci ned product! WJG 2008
require pulverization if calcination for instance is carried out in
stationary nolds. Calcination by fludization nay not require

pul veri zat {@sohdisParti cles do not agglonerates in the fludized hed. The
cal cined powders are screened preferably through 20 nesh screen, nore
preferably through 40 nesh screen toorenpve the coarse particles. E 00421
The powders are then nolded into desired shapes, in a netal nold. The

preferred @%&Wéﬁd& %ﬁkﬂfﬁgﬂ?%u.ffécgegéoaa]ﬁﬁg cfl Bnggﬁ@g&;&ﬁl@}n@me@ fhays such as

I nconel ' I nco oys. Pnco ys ar erred, since they can

resist thermal cycles, and oxidation,better than i.nl . Mol d
rel ease ag@ﬁ?@%%\”ﬁer BW&F@P&&P)P%@'&?? %%&ai Sﬁcedgﬁﬁlﬁiﬁgﬁﬁggggé% and

al so m nimze adhesion of the foamglass to the netal which can cause
unwant ed ché@Cle'hg in the finished foam glass product. The nold rel easers
should withstand the peak firing tenperature, as a result inexpensive
refractory oxides such as high silica mnerals, high alumna mneral
powders such as di atomaceous earth, silica, and various clays can be us ed.
1 4 AlJC 2q0604310 03rymhs dPCTHadSRsttBaEntditheBetautritarnygas Girefbkidpsazi ng or
surface coating can be applied over the nolded foam, gl ass powder

precursor, & dah aeteemadstt thomaldsswil aeenpdrbret uhiforniey Barter Sliutf50e00
product. (00431 The nolds are then transferred into either electric or gas

fired kil o dDaly GHnSCAATHRIALR, hitfe BRICHbY UdcP i ATRPCRTHE Redtig or M Uy
better that 5t

rate is selected based on the foam glass thickness, and product loading inside the

kiln. Normally the heating rate may fall between 2-10 °C/min., and preferredly

between 3-5 °CG/min. At the peak foaming temperature the foam glass viscosity is

between 10° to 10° poise. The soak time at the peak firing temperature depends

on the foam glass dimensions. The soak time also effects the surface glazing

thickness. Longer soak time results in the formulation of thicker surface glaze or

skin. The larger foams may require longer soak times to ensure temperature

equilibration throughout the foam body.

[ 0044] During cooling cycle to room temperature, thermal stresses across the
foam glass need to be minimized to ensure a strong product free of residual
thermal stresses. As a result the cooling rate around the annealing and strain
point temperatures which correspond to an approximate viscosity range of 102 to
10" will be relatively slow, between 1-5 °C/min, preferably between 1-3 °C/min.
Above and below this temperature range, depending on the foam dimensions, the

average cooling rate is from 2-10 °C min., preferably 3-5 °C/min.




across any dinension of the nold, nore preferably better than 20 'é.‘ THE 2006
heating rate is selected based on the foam gl ass thickness, and product

| oading inside the kiln. Normally the heating rate may fall between 2- 10
Cmn., anggysRb@Rsy edly between 3-5'C/mn, At the peak 8?,%%3%9005
tenperature the foamglass viscosity is between 10' to f poi se. The soak
time at the peak firing tenperature dgpends on the foam glass di nmensions.
The soak tinme also effeects the surface glazing thickness. Longer soak tine

resul ts i nrigheadhOr MitialdriRaRh bdih EHEwiRLE HRG OIALAZAAM o dhitslies! ar ger

foanms may requi | onger soa S to ensure tenperature equilibration
t hr oughout .t he .f body. 0441 ri j vel £ per at ur e,
t her mal st é&éﬁ‘gg@%@& Qbef'i%ﬂﬁ%é’l‘éaggu%fe%%’h{]%%eﬁrﬁ ni méeg %o eg'"isure a

strong product free of residual thermal  ,stresses a result the cooling
rate aroun&uiting wﬁhéaﬁbﬁ%jl%s}éﬁ%gﬁde Stshas CL@?@EP&%F@?@%@@T S¥5Fr espond
to an approximate viscosity range of 1012 to 1016 will be relatively slow,
bet ween 1- % [@0fndes lespdustethan|gyingingwiishould benored that theoae gaws Bt Sw t hi s
tenperature range, depending on the foam di nensions, the average cooling
rate i s freminrilp coipoied of purefeysadiliye 3ilica, whichris muckMegsvisarmvig 070456
PCTI US03/ 04005 -22 100451 The anneal ed foam glass wll be de-nol ded, and
trimed oncyﬁm@madﬁst,%@ﬂggcoﬂétgﬁhﬁg can be done by various neans such
as grinding "and cutting. Cutting with an abrasive resistant blade such as
carbide blade is preferred, since

[ 0046] The foam glass board produced can be used as a stand alone tile, or .
be used in fabrication of foam glass composite panels. All the trimming and dust
collected during the final step will be ground and added to the starting raw
materials. In addition, any product reject, such as broken tiles or panels will be

ground and recycléd back into the starting raw materials.

[ 0047] It will be understood by those skilled in the art that the foregoing "
method of making the tiles 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.

[0048] As discussed above, an aspect of the present invention is the inclusion
of backing materials to the foam glass tile. Examples 1 and 2, below illustrate the
application of portland cement as backing material. These examples demonstrate
that pozzolanic bonding occur naturally at the interface of the foam glass tile and

the cement containing backing layer.




it produces |less dust than grinding. it should be noted that the fohﬁ1ﬁﬂ%§§§
dust is primarily conposed of non- crystalline silica, which is nmuch | ess
harnful than crystalline silica dust, such as concrete dust. 00461 The

f oam gl asswhp@l@oRs oduced can be used as a stand al one tipl@usfiosode Used in
fabrication of foam gl ass conposite panels. Al the trimmng and dust
collected during the final step will bg ground and added to the starting
raw materials. In addition, any product reject, such as broken tiles or

panel s Wi | | gion0" 0@%@;%&29&%%@@% chlEaciusHiRidrglateaisah er i al s. E

00471 it un ose”s ed in the art that the foregoing
met hod of Ki the tiles of the present i.nventio Reipdi fied or
other net &8RP ‘?Vﬁf)l"}}ecig?lincﬁ%asé éﬁe Oeagggfoe dv&H}C%%Jéts’ greeg%r#ﬂi(}n]'g&faggm the spirit

and scope of the invention. [0048 di scussed. .above,, an pect _of the
present i npasteivarch svill ardee 4,8 5(5’2‘%1 QCWC&SE}W&%% ke Fbaadt%h’g‘?% Bam gl ass

tile. Exanples | and 2, below illustrate the applicatiaon of portland
cement as hadilaper stmreire, avherd ligweornarHpnd serarnforidihedie adjassRt B8 ani ¢
bondi ng occur naturally at the interface of the foamglass tile and the
cenent coniid fohigo aaxﬁa%mzlzelmrc.bohdglfonbw)admrQ@ermﬂﬁﬁmsﬁerﬁ@ﬁwSOSIMOOS
-23- 0049] Alternatively, other inorganic cenentaceous backing materials
can be apghied R¥ehaddifs fR8MAM 8as bt irk@fdreedabylediitien ofhiiicnes glaspr ef er abl y
initially as a paste which will harden to a solid backing. The backing can

be made | ntg?ap%ite, ceramics, polymers such as cellulose, metals, Kevlar or alike.

[ 0050} 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
applied in place into a gap between a pre-positioned foam glass board and a
sheathing back layer. Polymeric backing are particularly useful to reduce
fragmentation of the brittle layers such as foam glass and more so of the
cementaceous layers. The backing layer may contain multiple layers of foam glass

bonded together with cement, polymeric foams or other contact adhesives.

[ 00511 The foam glass backing may be selected to have different density

than the main foam glass panel for maximum absorption of shock wave energy.
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mul tilayer structure, where linme or portland cenent will be the adjacent

| ayer to the foamto devel op pozzol anic bond, followed by other
cenment accous over |layers. The cenment backing materials can be reinforced

by addi ti owobntdsbers of glass, graphite, ceramcs, polygBiSsiisl as
cellul ose, netals, Kevlar or alike. 00501 It is also possible to join the

foamglass tile with other solid layeys via a joining compound. For
i nstance, appropriate contact adhesives can be applied between a sheet of

metal and_fo | ass. | Ve AL el hef@lelm num
sheets is Tfa‘leg‘]?]%c%ﬁ% ogggeggéag%%é%?{}?ér&er 2)%%%%2% ag%@;%ysl i ceati on of a
pol yneri c _foam between the .foam.gl as nd apot her, i.ng: i to

pr ot ect tW‘?i@Fy%‘r’-‘?%cef%H?h may |b\(}!«bﬁpé’f1ﬁ§ ﬁ&cqgl%qg r%g ?gér%\gn goa@g‘k g(% e

exanpl es of this type of nultilayer backing. The advantﬁgg of POl yur et hane
foamis tHmp?rﬁatddmablémt%ﬁﬁﬁn%@a@ﬁhe&%@e?rgﬁﬁerB%EPIBB‘P g 81ass
pre-positioned foam gl ass board and a sheathing back |ayer. Polyneric

backi ng arserupairti The anfage finshhn be applied beforer erpveenthe Paking layes a6 i tt | e
| ayers such as foam glass and nore so of the cenentaceous |ayers. The

backi ng | ay@anemYrHeGiicd dan'Bd 4 teptieell eymentacéors aardy gl prgmetio avertayedget her
with cenent, polyneric foans or other contact adhesives. L 00511 The foam

gl ass  backy,ng.dFy rdh Skl Rcl st meiiave niirblbeyhippianaicty. Thisaidhes mai 0 f oam
e r f

gl ass pan maxi mum absor pti on” of shock wave energy. 1 4 AU G 2006 WO

03/ 070456 PCT/ 1903104005 o 24, T 14/2Pbs {0l R 20 avrdkayer

normal | y j 0 Iscusse wever, a surface finish nmay be
appl i ed acs%ggtdml,nngg vigl(ejx cggt%c e{cﬁl%:s%% ord \clgrplér'ltquetr%th pozzolanic activity. These

finishes would impart additional architectural appeal to the foam glass composite
structure. In addition, colorants can be used in surface finishes to impart desired
colors to the structure. Fibrous materials can be added to the surface finishes to
impart additional reinforcement and to reduce fragmentation upon shock wave

reception. Various UV protecting compounds can be added to the surface finishes

if desired.

[ 0052] The thickness of both backing layers and the surface finishes can vary
upon design specifications, required energy absorption and strength. The
application of a surface finish may be unnecessary since the natural glazing of the

foam glass panel as fired may be aesthetically sufficient.




inpart additional protection and aesthetic appearance to the conpos?éeAW@ﬂﬁS
glass structure. The surface finish can be applied before or after the
backi ng layers are installed. The finish can be a textured cenentaceous
and/ or pol wgRfiloseaver 1 ayer  to display for instance a brigktaming or

mar bl e type appearances. These finishes can be nolded in place over the
foam | ayer or be adhered to the foamsas a separate sheathing via a contact
adhesive or a cenent |ayer with pozzolanic activity. These finishes would

i npart addé*&ﬁgg%larchi tectural appeal to the foam glass conposite p
structure. irtion, colorants can be used in surface finishes to inpart

desired colors_to the structure. Fibraqus nat.eri o the
surface fihPORSd toA%ﬁﬂ’agl?SSatﬁﬁ v{as %ﬁe%yg?lﬁ?%ﬁé gﬁée?ﬁ‘& %&Qﬁé@%?ﬁﬁé
fragnentati on upon shock wave reception, Various UV protecting conpounds
can be addedlabte i belogurface finishes if desired. [00521 The thickness of
both backing layers and the surface fiinishes can vary upon design

speci fications, rerpiagledctinedypalfyor pti on @000t rength. The application
of a surface fini 4hnay be unnecessary—sine *Bc prattt-at—gl azi ng of the

f oam gl ass panel 3silieg Hawr may be aesthetica 0;9 ufficient.| 14 AUG 20 WO

03/ 070456 PCTI USOEWMWVLI: = ]i? Afoamglass tile was made
by blending the rqw naterials set forth iniTable 1 helow
Sodium meta silicate, penta hydrate}{1600 g

Potassium carbonate 0

Borax 0

sugar 120 g

Water \ 1415 g
TABLE 1

[ 0054] The resulting slurry was dried, and the powder mixture was calcined
at 950 °C for about 45 minutes to react the raw materials, and decompose sugar
to finely, and evenly dispersed carbonaceous phase. The calcined product was
ground to fine powders, placed in an Inconel™ mold, and was foamed by heating
to about 850 °C and soaked at that temperature for approximately 30 minutes. The
resulting foam glass was annealed to room temperature and de-molded. The
resulting foam glass had a density of about 25 1b./cu. ft., a dark greenish color, and
a completely glazed surface. The pore structure was uniform with an average pore

size of about 2 mm. After trimming the edges the tile had a dimension of

approximately 16 in. x 12 in. x 3 in.
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Fl'y ash (calcined type F) 2000 g Silica flour 2000 g Sodi um Carbonate 60

g Sodiumneta silicate, penta hydrate 1600 g Potassium carbonate 0 Borax
O sugar 120 g Water 1415 g TABLE | 00541 The resulting slurry was dried,

and t he powgghs it ure was calcined at 950 ' C for about Pﬁgm)%% s to
react the raw materials, and deconpose sugar to finely, and evenly

di spersed carbonaceous phase. The cal gtned product was ground to fine
powders, placed in an Inconel' nold, and was foanmed by heating to about

oot one PO, ot gtioal BREL Aol QmARRE A HBLRUINF Ao Prisem: The

resul ting ass was an : 0 room tenperature and de-nol ded. The
ol or  andETgRBROmaRS b i Routs Mot e byl ef Hmrled B, POPTT <1
had o di mendromdnes EprowiinsEap ol ol wend aroud o gt rinihe AR 006 wo °
03/ 070456 PCT/ US03/ 04005 -26- 0055] The foam gl ass-concrete conposite tile
accordi ng twrfidedaqedelopm; leaving a gap of about 1 in. above the tile to receive cement.

A portland cement sand mix (Quickrete sand mix) was prepared according to the

manufacturer instruction. The resulting paste placed over the exposed face of the

foam which was in contact with the mold during firing, and was not trimmed to

expose the cell structure before making the composite tile. The concrete was

allowed to cure for about 28 hours, before being removed from the form. The

interface between the foam and concrete layers were completely sealed indicating

a strong cementaceous pozzolanic bond formation.

EXAMPLE 2

[ 00561 A foam glass tile was made by blending the raw materials set forth

in Table 2 below:

Fly ash (calcined type F) 2000 g
Silica flour 2000 g
Sodium Carbonate 320¢g
Sodium meta silicate, penta hydrate |800 g
Potassium carbonate 320
Borax 400
sugar 120 g
Water 1370 g

TABLE 2




invention was made by the fol | owing nmethod. The foamwas trimmed ar duhd V62808
sides and was franed with strips of plywood around its perineter with the

gl azed su‘r“faﬁfe f42;:ed df)vvn,OI | eaving a gap of about | in. above the tile to
receive ce 3/07048¢ portl and cenent sand m X ickrete s ' S
prepared according to the manufacturer instﬁ%tion. The%?g/gu 3@4?10\§lapaste

pl aced over the exposed face of the _fam which was in contact with the

nold during firing, and was not trinmed to expose the cell structure

bef ore naki pgsyye C%ﬁ@?%gtﬁléls%e wid B &DOBAA Bledothfer nithhieupds tdciaed e f o

about 28 hours, “before ved fromthe form The interface between

t he foam an qQnecrete | avers r I Iansl | t

cerren e doPoRTar airt oRE ISRt R SR RS SRR P 5 e
tile was made by blending.the raw paterials set _forth. in Table 2 bel ow

FI ysaz_h (8l @iﬂﬁépﬁl}%‘@ﬂbﬁ d%%ecgcaf PCEQUS PRATE: 28BN A honat e 320
g odium neta silicate, penta hydrate 800 Pot | b

Bor ax 400 greugdro fine form v&v@rs,mymplecedmmé' nEOIle%?i‘alig@? gngg‘%é%gghgd 520

by heating to about 860 °C with an average heating rate of about 3.5 °C/min. The
resulting foam was annealed to room temperature and de-molded. The foam glass
had a density of about 52 Ib./cu. ft., a greenish color, and a completely glazed
surface. The pore structure was uniform with an average pore size of about 1-2
mm. After trimming the edges the tile had a dimension of approximately 17 in. x

12in.x1.41in.

[ 0058] The foam glass-concrete composite tile according to the present
invention was made by the following method. The foam was trimmed around its
sides and was framed with strips of plywood around its perimeter with the glazed
surface faced down, leaving a gap of about 1 inch above the tile to receive cement.
A thin layer of Elmer’s pro bond concrete bonder adhesive-promoter was applied
to the foam. A portland cement mortar mix (Sakrete mortar mix) was prepared
according to the manufacturer instruction. The resulting paste was placed over the
exposed face of the framed foam glass tile and leveled. This was the face in contact
with the firing mold, and was not trimmed to expose the cell structure before
making the composite tile. The concrete was allowed to cure for about 28 hours,

before being removed from the form. The interface between the foam and concrete




WO 03/ 070456 PCT/ US03/ 04005 -27- (00571 The resulting slurry was dni‘edycaoss
the powder m xture was calcined at 900 C for about 30 mnutes to react the
raw materi al s, and deconpose sugar to finely, and evenly dispersed

car bonaceows @phasss The cal cined product was ground to bifPgsdRidid powders
was placed in an I nconel ~ nold, and was foamed by heating to about 860 'C
with an average heating rate of aboutyg3. 5 G mn. The resulting foam was
anneal ed to room tenperature and de-nol ded. The foam glass had a density
of about rpv\/ef;e cotrr[ letel cFleR SRR G QFongtthedtdeesid pbedotart bered

surface. pore s re was uniformw th an average pore size of about
1-2 mn Afxter trlmnng the edges the tile had a di nension of approxi mately
17 in. e3Py 1. 4 in. E 00581 The foam gl ass-concrete conposite tile
accor di ng to the present invention was made by the follow ng nethod. The
foam was troosel ar Nowdhat the préfteedembodiserits ol pesent davengen baVe)| ywood
around its per| nmeter with the glazed surface faced down, |eaving a gap of

about 1 ingl "’sﬁl V& A dédctiBed on dREAI, W@n@ﬁmﬁdgﬁcaﬂohhlandlmovmﬂenﬁ mer's pro
bond concr ete onder adhesi ve- pr omoter was applied to the foam A portland

cerment morafe il CSAIEEIRPLbAlrell 1 URSIRIARA R arace s iy, te t he

manuf act ur ting paste was placed over the exposed
face of thetr d foam.gl ass ti.le v Wagride fag& i n

cont act SCPPY PﬂﬂgrR{F%Fméﬂ n%%g 1&? 8% g&StEBEHSDor expose the cell
structure before maki ng_ the conposite crete was allowed to

t TIh
cure for apBubYy e ARREH ed clgnsed B Wgthﬁliﬂ%\%al&g?si’gﬂﬁ?%‘”‘r orm The interface

bet ween the foam and concrete




14 A0 G2006 WO 03/070456 PCT/ US03/ 04005 -28- |ayers were conphét gy 2005
seal ed indicating a strong cenentaceous pozzol anic bond formation. E 00591
Now t hat the preferred enbodi nents of the present invention have been
shown and described in detail, various nodifications and inprovenents
thereon will becone readily apparent s®» those skilled in the art.
Accordingly, the spirit and scope of the present invention is to be
construed broadly and limted only by the appended clains and not by the
foregoing specification. 14 AUG 2006 29 1. A foamglass tile conprising a
cl osed pore outer skin on at |east one side, having a density between 30

Ib./cu. ft. and 1 QOQfdand guss tflé comﬂts)resvngrugclasealpbf%m%kmfon&lt leabt®@ast | inch and
having a weight greater than 30 foam gl ass tile according to

claim 1, Sisehaing adrasity pebwesn J0lbdeow flegnd WOl /cu fpdligving Fthickngsy obatf eet . 3.
The foamlgjsﬁﬁﬁlchlaﬁ@hwgbl ér@at@xltﬁérf@()llbsvmer ein the tile surface area at

| east 4 feet by 4 foamglass tile according to claim1,
wherein the tile has a den5|ty greater than 40 Ib./ cu. ft. 5. The foam
gl ass til e acor di fihe foamcdlaismld accathidngtorclaithd, tvhéreinhthstile sdefaciaraa is gr eat er

than 50 llel:)as(fye'et t];);2 feet.

3. The foam glass tile according to claim 1, wherein the tile surface area at

least 4 feet by 4 feet.

4. The foam glass tile according to claim 1, wherein the tile has a density

greater than 40 1b./ cu. ft.

5. The foam glass tile according to claim 1, wherein the tile has a density

greater than 50 1b./cu. ft.

6. The foam glass tile according to claim 1, wherein the tile has a thickness

of at least 3 inches.

7. The foam glass tile according to claim. 1, wherein the tile has a thickness

of at least 4 inches.

8. The foam glass tile according to claim 1, wherein the tile has a weight of

at least 65 lbs.

9. The foam glass tile according to claim 1, wherein the tile has a weight of

at least than 100 lbs.




6. The foamglass tile according to claim1, wherein the tile hast& ayc 208
thi ckness of at least 3 inches. 7. The foamglass tile according to claim
1, wherein the tile has a thickness of at least 4 inches. 8 The foam
glass tile according to claim1, wherein the tile has a weight of at |east
65 I bs. 9. The foamglass tile accordamg to claim1l, wherein the tile has a
wei ght of at least than 100 I bs. 14 AUG 2006 30 10. The foamglass tile
according to claiml1l, wherein the tile is assenbled wth at |east one
other tile of like construction to forma panel, said panel is used as a

| i ght wei ght buil ding facade. 11. The foamglass tile according to claim 10,
\t/)melrgi n said il dﬁlhgfdaacgdﬁ tils?coaﬁﬁlggﬁgkﬂ?%ﬂ 1r,1wne1altnl thﬁﬁfetis asgmbte'uonl f’f a
uilding sqQ that said portion of said building will be substantially

resi st anthfkbatg‘?ﬁSE g RS titeFdiks conspructipetorfamg pangh saidipprel acessd@s fig to cl ai m
1, wher eiphfdightbuli§nd@Rade. ¢l 0sed pore structure. 13. The foamglass tile
according to clraim 12, wherein said outer skin is a glazed outer surface
of said foamglass tile. 14. The foamglass tile according to claim 12,
wher ei n sai d dllosedhptoam glatsitile aacoadingtotedaimudedhérein saiddiuiltimg tfavadé isappeal .

15, The ToaM 9l AR & 1da§ SoeR - uiing'sd ol 35a pdiSh Sk il DSiding il ey ¢ e

substantially resistant to earthquake damage.

12. The foam glass tile according to claim 1, wherein said tile has a closed

pore structure.

13.  The foam glass tile according to claim 12, wherein said outer skin is a

glazed outer surface of said foam glass tile.

14.  The foam glass tile according to claim 12, wherein said closed pore

structure is textured for architectural appeal.

15.  The foam glass tile according to claim 12, wherein the tile further
comprises an interior portion and said tile outer skin comprises an additive to make its

surface appear a different color than said interior portion of said tile.

16. A composite building material comprising:
(a) a foam glass tile having a density between 30 1b./cu. ft. and 100
Ib./cu. ft. ; having a thickness of at least 1 inch, and having a
weight greater than 30 Ibs.; and
(b)  arigid structure,




conprises an interior portion and said tile outer skin conprises s AUG. 2005
additive to nmake its surface appear a different color than said |nterlgq
portion of said tile. 16. A conposite building material conprising: (a) a
foamglass tile having a density between 30 Ib./cu. ft. and 100 |Ib./cu.
ft. ; having a thickness of at |east §4inch, and having a weight greater
than 30 I bs.; and (b) a rigid structure, 4 A UG 2006 31 whereby said tile
is backed by said rigid structure so that if subjected to blast shock
waves having bl ast energy, said tile can absorb a substantial portion of
said blast energy to which said tile is exposed. 17. The conposite

bui | di ng mat enitztebgcail dierg bhcked! i said 6 1d/\é‘tﬁfc&1ré\ s& @Al if buhjébtedSiorpladture is a
bui | ding col unm. '18. The conposite building nmaterial according to claim 16,

wherein said Shefkdvaves h%ydlﬂgjbléstﬁgquzyjcﬁt%@e.c?\n alsoey spbstiantial poiogpf sgd. 19.
The conp05|tebpg{&ghﬁgbqaﬁay§ﬁ@tﬂ@ﬁgg@ggﬂg to.claim16, wherein said rigid

structure conprised Of one or nore cenentaceous materials. 20. The
conposite building material according to claim 19, wherein said

cenent aceous dﬁterH&bsmnpmﬁebﬁhﬁm@mﬁhﬁnﬂxnmﬂ&@uocﬁin1&hdx®ﬂﬁpﬂ&k@ﬁibuiIding
mat eri al ccordln% %ﬁ im19, wherein said cenentaceous materials
conprise’ ﬂﬁmlﬁﬁ u W%55|te bui I ding material according to claim 19,
wherein said

18.  The composite building material according to claim 16, wherein said rigid

structure is located in or adjacent to a garage.

19.  The composite building material according to claim 16, wherein said rigid

structure comprised of one or more cementaceous materials.

20.  The composite building material according to claim 19, wherein said

cementaceous materials comprise portland cement.

21.  The composite building material according to claim 19, wherein said

cementaceous materials comprise lime.

22.  The composite building material according to claim 19, wherein said

cementaceous materials comprise an aluminous cement.

23.  The composite building material according to claim 19, wherein said

cementaceous materials comprise plaster.

24.  The composite building material according to claim 16, wherein said rigid

structure comprises polymeric materials.

25.  The composite building material according to claim 24, wherein said

polymeric material is comprised of fibrous materials and/or Kevlar.




cenent aceous materials conprise an al um nous cenent. 23. The conpogﬁtéuezmﬁ
buil ding material according to claim 19, wherein said cenentaceous
materials conprise plaster. 24. The conposite building nmaterial according
to claim16, wherein said rigid structure conprises polyneric materials.
25. The conposite building material agcording to claim?24, wherein said
polynmeric material is conprised of fibrous materials and/or Kevlar. 4 AUG
20M 32 26. A ceranic-glass foam conposite conprising: (a) a foam gl ass
tile having a density between 30 Ib./cu. ft. and 100 |Ib./cu. ft., having a
t hi ckness of at least |I inch, and having a weight greater than 30 Ibs.;
and (b) an i ng6.ganiAceemirenlas banscobpokite @nprisiiat d foam gl ass tile, whereby

said conposite is pabl e of absorbing a substantial portion of blast
energy which it na&sﬁﬁgﬁ¥§g§%ﬁkﬁﬁwpg6%?%“%6FBW¥P§9”é@ﬁr%§m6d0027. The

cer ani c- gl ass foan1cQHﬁQ@&tﬁwﬁ%%Qﬁgk&QsB€MQ&§{ﬂh%ﬁwmﬁ@ﬁﬁﬁggsﬁggﬂ foam

glass tile is exposed in the direction of said potentia Ion. 28. The
ceranm c-gl ass foam c@ngtesithan 39dboradidng to cl ai m 26, wherein said

cement accous backi f Qr a pozzol ani ond with.said foamglass tile. 29.
The cerarnic-gl ass c?ggﬁlocr %%‘g‘%"%eél%ﬁ%%“s?’aa‘ﬁﬁg ?rbsaé#]g’la’fﬂ gg%gf?'%ng’?‘geﬁysai d
cement aceous backi ng shisl copodirricesable T Mbsorbink a Jibetasied poifon@r 8BRSt f 0oam

conposite according to claim 26, erein said
P g energy which it may be exposed to from a potential explosion.

27.  The ceramic-glass foam composite according to claim 26, wherein said

foam glass tile is exposed in the direction of said potential explosion.

28.  The ceramic-glass foam composite according to claim 26, wherein said

cementaceous backing forms a pozzolanic bond with said foam glass tile.

29. The ceramic-glass foam composite according to claim 26, wherein said

cementaceous backing is reinforced cement.

30.  The ceramic-glass foam composite according to claim 26, wherein said

composite is mounted on a building column.

31.  The ceramic-glass foam composite according to claim 26, wherein said

composite is mounted on a wall located in or adjacent to a garage.

32. A foam glass composite panel comprising:
(a) a surface finish layer;
(b) at least one layer of rigid foam glass; and

(c) at least one backing layer.




conposite is nmounted on a building colum. 31. The ceram c-gl ass fboamg 2008
conposite according to claim 26, wherein said conposite is nounted on a
wal | located in or adjacent to a garage. 32. A foam gl ass conposite panel
conprising: (a) a surface finish |ayer, (b) at |east one |ayer of rigid
foam gl ass; and (c) at |east one baci ng layer. 1 4 AUG 200S 33 33. The
foam gl ass conposite panel according to claim32, wherein said rigid foam
gl ass has cl osed pore structure. 34. The foam gl ass conposite panel
according to claim 32, wherein said surface finish |ayer is a foam gl ass
gl azed outer surface of said at |east one layer of rigid foamglass. 35.
The foam gl asg3conpastdaen gasebompesiRpdhddcdddial 8 Muid232, WiRkeh thigagid surface
finish layer is textured for architectural appeal. 36. The foam gl ass
conposité%ﬁ%ﬁ@F”5€GBFﬁiHﬁfﬁ@w§W5in132, wherein said surface finish |ayer

i ncludes an additive to make its surface appear a different color than

said at | east jgne i gi . I . | conposite
panel accordi%g'to&§¥§%ﬁféﬁ%‘%ﬁ@?%%ﬁﬁggfg§&%ﬂg%%%%Mf?%?@%k%g§§f cont ai ns

fibrous ratfacifmish.la@8is dfvemfganghzatautacnios dfeaidankhstane tayei ofgigid cl ai m
37, mherq%gngﬁ&y fibers are made from graphite and/or Kevl ar.

35.  The foam glass composite panel according to claim 32, wherein said

surface finish layer is textured for architectural appeal.

36.  The foam glass composite panel according to claim 32, wherein said
surface finish layer includes an additive to make its surface appear a different color than

said at least one layer of rigid foam glass.

37.  The foam glass composite panel according to claim 32, wherein said

surface finish layer contains fibrous materials.

38.  The foam glass composite panel according to claim 37, wherein said fibers

are made from graphite and/or Kevlar.

39.  The foam glass composite panel according to claim 32, wherein said at

least one backing layer contains fibrous materials.

40.  The foam glass composite panel according to claim 39, wherein said fibers

are made from graphite and/or Kevlar.

41.  The foam glass composite panel according to claim 32, wherein said

surface finish layer comprises a polymeric material.




39. The foam gl ass conposite panel according to claim 32, wherein da& chuskt2008
| east one backing | ayer contains fibrous materials. 40. The foam gl ass
conposite panel according to claim39, wherein said fibers are nmade from
graphite and/or Kevlar. 41. The foam gl ass conposite panel according to
claim32, wherein said surface finishkslayer conprises a polyneric
material. 1 4 AUG 2006 34 42. The foam gl ass conposite panel according to
claim 32, wherein said at |east one backing | ayer conprises a polyneric
material. 43. The foam gl ass conposite panel according to claim 32, wherein
said at |east one backing |ayer conprises one or nore cenentaccous

mat eri al s. 44.42The Thefrmyglassompoiitegiahd apeviding &c claind3?) gvHeeeic bad 0 43,
wherein jai enenthcous nateruﬁls forma pozzol anic bond with a surface

of said ar®St egdEclipe e amuisssrqlyPenc magrialThe f oam gl ass conposite pane

according to claim43, wherein said cenentaceous materials conprise

portland cemeng. 4@he%él%%ﬂ%pﬁ§§gﬁ9&ﬁ@&ir&iﬁg %%#nof%gxg{epéilp%i&& clai m 43,

wherein said cenentaccous materials conprise reln portlTand cenent.
47. The fleashonglbagldng laprprosompsisgrsons|or aprocaiantpceaisahaérmld3, wherein sai d
cementaccous materials conprise |ine. 48. The foam gl ass conposite panel
according to %Iain&ﬁ3f mhqrein sai.d cenentaceous mterials copprise an
al umi nous ¢ emarA\t _ ¢ foam glass composite panel according to claim 43, wherein sai

cementaceous materials form a pozzolanic bond with a surface of said at least one foam

glass layer.

45.  The foam glass composite panel according to claim 43, wherein said

cementaceous materials comprise portland cement.

46.  The foam glass composite panel according to claim 43, wherein said

cementaceous materials comprise reinforced portland cement.

47.  The foam glass composite panel according to claim 43, wherein said

cementaceous materials comprise lime.

48.  The foam glass composite panel according to claim 43, wherein said

cementaceous materials comprise an aluminous cement,

49.  The foam glass composite panel according to claim 43, wherein said

cementaceous materials comprise plaster.

50.  The foam glass composite panel according to claim 43, wherein a layer of
a bonding promoter or adhesive is applied between said at least one foam glass layer and

said backing layer.




49. The foam gl ass conposite panel according to claim43, wherein 34 4UG 2006
cenent aceous materials conprise plaster. 50. The foam gl ass conposite pane
according to claim43, wherein a |layer of a bonding pronoter or adhesive
is applied between said at | east one foam glass | ayer and said backing

| ayer. 4 AUG 20M 35 51. The foam gl ags conposite panel according to claim
32, wherein said at |east one backing |layer conprises netal. 52. The foam
gl ass conposite panel according to claim 32, wherein hanging hardware is
installed in the backing | ayer. 53. The foam gl ass conposite panel
according to claim 32, wherein said panel is nounted on a | oad-beating
frame. 54. Thelf oarihglfems glasyqagiobiee fabkiccadmhgrtecRgn BY, wheaéiAs&id at Wher ei n
said panel is ca bIe of absorbing a substantial anmount of shock waves and
vibratioﬁ'e@'ﬁt@?"g?/1C layepeomprsishs Be%Es conposite panel according to clai m 32,

wherein said surface finish layer is capable of containing fragnents of

sai d one or oy gl@sgofPaMs Joﬂ'?pggﬁe aﬂeﬁﬂ?arlﬁﬁl?g%glal\ﬂi%?el n?elx\@%\?gbn 6. The

f oam gl ass conposite panel acco to c sal nor e
backi ng |laydware & insiglkedliethefbaclong kiyei. ng fragnents of said one or nore foam

| ayers in the case of a shock wave. 57 The foam gl ass conposite pane
according to ¢ ainHﬁg, reln sai d i.s assenbled into at Ieast a

portion of a burldi ﬁ%f‘tcogﬁoﬁ‘t a(‘}ﬂ"réllngé%fﬂambé? [Vghierrgn Sl panel

is mounted on a load-bearing frame.

54.  The foam glass composite panel according to claim 53, wherein said panel

is capable of absorbing a substantial amount of shock waves and vibration energy.

55.  The foam glass composite panel according to claim 32, wherein said
surface finish layer is capable of containing fragments of said one or more glass foam

layers in the case of a shock wave.

56.  The foam glass composite panel according to claim 32, wherein said one
or more backing layer is capable of containing fragments of said one or more foam layers

in the case of a shock wave.

57.  The foam glass composite panel according to claim 32, wherein said panel
is assembled into at least a portion of a building so that said portion of said building will

be substantially resistant to earthquake damage.

58. A foam glass tile comprising a closed pore outer skin on at least one side,
having a density between 30 1b./cu. ft. and 100 Ib./cu. ft., and having a weight greater

than 30 lbs, wherein the tile surface area is at least 2 feet by 2 feet.




be substantially resistant to earthquake damage. 58. A foam gl ass th“eAUGZMs
conprising a closed pore outer skin on at |east one side, having a density
between 30 Ib./cu. ft. and 100 I b./eu. ft., and having a wei ght greater

than 30 | bs, wherein the tile surface area is at least 2 feet by 2 feet. 14
AUG 2006 36 59. The foamglass tile ggcording to claimb58, wherein the

tile surface is at least 4 feet by 4 feet. 60. The foamglass tile
according to claim58, wherein the tile has a density greater than
401b./cu. ft. 61. The foamglass tile according to claim58, wherein the
tile has a density greater than 501b./cu. ft. 62. The foamglass tile

accordi ng to cbai MTa8 foah@hRitile 4de6rdind © ch@ 58, WhdEIESHle sffacRlis ireast 2
inches. 63. The foamglass tile according to claim59, wherein the tile has

a thickngsgi 4 @t By 4kast 3 inches. 64. The foamglass tile according to
claim5b58, wherein the tile has a thickness of at |least 4 inches. 65. The

foamglass tilg ac i im58 erepL,n the til as i ght of at
| east 65 | bs. 6§'6. :T‘ﬁéﬁd?% Sgltgés%cgd?%g tg\(lzéli(:atl)nrr@?hvéﬁ?rglné eat?l&tp’%%? g?m\/\@ ein the
tile has a weight of | east 100 I bs. 67. The foamglass tile according
to clainﬁgﬁ%gﬂﬁgf%ﬁhkFﬁt tile i s assenbl ed

61.  The foam glass tile according to claim 58, wherein the tile has a density
greater than 501b./cu. ft.

62.  The foam glass tile according to claim 58, wherein the tile has a thickness
of at least 2 inches.

63.  The foam glass tile according to claim 58, wherein the tile has a thickness
of at least 3 inches.

64.  The foam glass tile according to claim 58, wherein the tile has a thickness
of at least 4 inches.

65.  The foam glass tile according to claim 58, wherein the tile has a weight of
at least 65 Ibs.

66.  The foam glass tile according to claim 58, wherein the tile has a weight of
at least 100 lbs.

67.  The foam glasé tile according to claim 58, wherein the tile is assembled
with at least one other tile of like construction to form a panel, said panel is used as a

lightweight building facade.




with at | east one other tile of lIike construction to forma panel, 4 AlIG 2006
panel is used as a |ightweight building facade. 4 AUG ZUU5 37 68. The
foam gl ass tile according to claim67, wherein said building facade is
assenbled into at least a portion of a building so that said portion of

said building will be substantially 4esistant to earthquake danage. 69.

The foamglass tile according to claim58, wherein said tile has a cl osed
pore structure. 70. The foamglass tile according to claim69, wherein said
outer skin is a glazed outer surface of said foamglass tile. 71. The foam
glass tile according to claim69, wherein said closed pore structure is

textured for ggchi raefdahBiladRRERcordiid: to EEn 60 2R Gbiassidtbull8ing eeaddikng to
claim69 wherein the tile further conprises an interior portion and said

out er ski i fdl : b Sy : APRGRE iv.f erent
col or thgﬁbeglgi[% 1%11%{%@@%&%%?%65%%}9 dls il&gt}%aiE ?aéd ﬁ%gﬁgp?aoam glﬁn&?gﬂcb%rrposi te

panel cogpr tﬁ%@g;{es&%t@e%%u?g;?%%%esh | ayer containing fibrous material;

(b) at | east ayer of ri glass; and (c) at |east one backing

| ayer. 74. The,foa ass .conposite.pane] .agcgcording tq.claim 73, wherein
said rigid fg%'m g&h‘gtoaﬁla%asé b ‘7%@%@“@3?81&%‘?58’(:‘?@9’@% S"’Fg.t‘(ferﬁ?é afcg%fﬁq gl ass
conposite panel according to claim73, wherein said

pore structure.

|72]

70.  The foam glass tile according to claim 69, wherein said outer skin is a
glazed outer surface of said foam glass tile.

71.  The foam glass tile according to claim 69, wherein said closed pore
structure is textured for architectural appeal.

72.  The foam glass tile according to claim 69 wherein the tile further
comprises an interior portion and said outer skin comprises an additive to make its
surface appear a different color than said interior portion of said tile.

73. A foam glass composite panel comprising:

(a) a surface finish layer containing fibrous material;

(b) at least one layer of rigid foam glass; and

(c) at least one backing layer.

74.  The foam glass composite panel according to claim 73, wherein said rigid
foam glass has a closed pore structure.

75.  The foam glass composite panel according to claim 73, wherein said

surface finish layer is textured for architectural appeal.




surface finish layer is textured for architectural appeal. 1 4 AUG bhosUG 285
76. The foam gl ass conposite panel according to claim73, wherein said
surface finish layer includes an additive to nake its surface appear a
different color than said at |east one layer of rigid foamglass. 77. The
f oam gl ass conposite panel according 3 claim 73, wherein said fibrous
materials are made from graphite and/or Kevlar. 78. The foam gl ass
conposite panel according to claim 73, wherein said at |east one backing
| ayer contains fibrous materials. 79. The foam gl ass conposite panel
according to claim78, wherein said fibrous materials are made from
graphi te and/ 86. KeThafoanBglass Thmpbsiipagd] ascordiagpodaibe7naneteineddr ding to
claim73, wherein said surface finish |ayer conprises a polyneric

mat eri al suffdee filik@ 14yRaMcYldRS on SRR WAk AY QUrfR6 Gfcdi N@iffeRenEt@bihd, Wherein
said at |east one backing |ayer conprises a polyneric material. 82. The

foam gl agg§iqGPRRAQShE ByRadTelgiPfRRr Jhk9 to claim 73, wherein said at |east
one backing | ayer cofprises one or nore cenentaceous nmaterials. 83. The

coment aceous. mht or 157 KRR E6REAL DA EoEE BERHEAL IR (i a
acoor di nd Pt st e O E R UGN cous mat or' al 5 conpr i se
portland Cen‘e%‘. The foam glass composite panel according to claim 73, wherein said at
least one backing layer contains fibrous materials.

79.  The foam glass composite panel according to claim 78, wherein said
fibrous materials are made from graphite and/or Kevlar.

80.  The foam glass composite panel according to claim 73, wherein said
surface finish layer comprises a polymeric material.

81.  The foam glass composite panel according to claim 73, wherein said at
least one backing layer comprises a polymeric material.

82.  The foam glass composite panel according to claim 73, wherein said at
least one backing layer comprises one or more cementaceous materials.

83.  The foam glass composite panel according to claim 82, wherein said
cementaceous materials form a pozzolanic bond with a surface of said at least one layer
of rigid foam glass.

84.  The foam glass composite panel according to claim 82, wherein said

cementaceous materials comprise portland cement.




14 AIR, 2006 39 85. The foam gl ass conposite panel according to cﬂéiﬁpgfms
wherein said cenentaceous materials conprise reinforced portland cenent.

86. The foam gl ass conposite panel according to claim82, wherein said
cenment aceous materials conprise line. 87. The foam gl ass conposite panel
according to claim82, wherein said genentaceous materials conprise an

al um nous cenent. 88. The foam gl ass conposite panel according to claim 82,
wherein said cenentaceous materials conprise plaster. 89. The foam gl ass
conposi te panel according to claim82, wherein a layer of a bonding
pronoter or adhesive is applied between said at |east one |ayer of rigid

foam gl ass args. saiThedbam gRSS codipdsi bl%cd)tﬂbﬁ%rto cRfn 8T hendrQanaigl ass
conposite panel according to claim wherein said at | east one backing

layer conpiefisedi®hteriaBtom %ﬁ@exfeﬁﬁ@cgi AotBarflidRRsl t e panel according to
claim 73, wherein hangi ng ardware is installed in said at |east one

ohoreg Layer 562, THS BN ARRSRATRASIL SRS LA RS i g 2L T3,

wherein said panel 'S no I e fogr1gl?ss
conp05|te n acco to.claim92, wherein Sald pane is capable o
absorblngeR% gweuanP{gﬁﬁgﬁgﬁﬁﬁsﬁ shock waves and vibration energy. 1 4

AllS 2006 40 87.  The foam glass composite panel according to claim 82, wherein said

cementaceous materials comprise an aluminous cement.

88.  The foam glass composite panel according to claim 82, wherein said
cementaceous materials comprise plaster.

89.  The foam glass composite panel according to claim 82, wherein a layer of
a bonding promoter or adhesive is applied between said at least one layer of rigid foam
glass and said at least one backing layer.

90.  The foam glass composite panel according to claim 73, wherein said at
least one backing layer comprises metal.

91.  The foam glass composite panel according to claim 73, wherein hanging
hardware is installed in said at least one backing layer.

92.  The foam glass composite panel according to claim 73, wherein said panel
is mounted on a load-bearing frame.

93.  The foam glass composite panel according to claim 92, wherein said panel

is capable of absorbing a substantial amount of shock waves and vibration energy.




94. The foam gl ass conposite panel according to claim 73, wherein shitdaue 2006
surface finish layer is capable of containing fragnents of said at | east

one layer of rigid foamglass in the case of a shock wave. 95. The foam

gl ass conposite panel according to claim73, wherein said at |east one
backi ng |l ayer is capable of containinggfragnments of said at | east one |ayer
of rigid foamglass in the case of a shock wave. 96. The foam gl ass

conposite panel according to claim 73, wherein said panel is assenbled
into at least a portion of a building so that said portion of said building
will be substantially resistant to earthquake damage. 97. A foam gl ass

conposi t e panal, compeifsdmglass cﬁ)&?)oﬁte%éhéladé@orﬁin@iﬁBlalr@??,rvéhefé?ﬂ séd |east one
| ayer of rigid foamglass; and (c) at |east one backing | ayer wherein

hangi ng harevefidsH 1§.yér'?§éai§llaﬂ>1@‘3f béhtsiRing ﬁ%&m%ﬁ@%ﬁ sai@ﬁ%&gﬁ&@ 153 b?ﬁ%‘& 98. The

t
f oam gl ass conposite panel according to claim97, erelnsaid gid foam

gl ass hasfoﬁn%iﬁ%ﬁldthg&}{sg\%ﬁﬁEﬁb%sza@e. 99. The foam gl ass conposite panel
c ,

according to alm erein sard surface finish layer is a foam gl ass
gl azed outer §$rfarﬁl f oam gl ass. 4 AUG

fsaliéjatlest ne | ayer of. rigi . _
2006 41 100. ‘The f osﬁ?"é’? Z8% CORBYEIRAR® &8?106? ﬁé%glla'ﬂ‘? 'F.g “fq\?reérf W97, wherein
said su rlga%? gnefl;ag- EQ lalygy ies' rca;ia%leto%grlljt;i%gngf f(r)e{’gmaelilgshoiftsgi(c:l ta’tj lregslt or?ep B}elgrl of
rigid foam glass in the case of a shock wave.
96.  The foam glass composite panel according to claim 73, wherein said panel
is assembled into at least a portion of a building so that said portion of said building will
be substantially resistant to earthquake damage.
97. A foam glass composite panel comprising:
(a) a surface finish layer;
(b) at least one layer of rigid foam glass; and
(c) at least one backing layer wherein hanging hardware is installed in said at least
one backing layer.
98.  The foam glass composite panel according to claim 97, wherein said rigid
foam glass has a closed pore structure.
99.  The foam glass composite panel according to claim 97, wherein said

surface finish layer is a foam glass glazed outer surface of said at least one layer of rigid

foam glass.




101. The foam gl ass conposite panel according to claim97, wherein $&i UG 2005
surface finish layer includes an additive to make its surface appear a
different color than said at |east one layer of rigid foamglass. 102. The
f oam gl ass conposite panel according to claim97, wherein said surface
finish layer contains fibrous materiajys. 103. The foam gl ass conposite

panel according to claim 102, wherein said fibrous materials are nade from
graphite and/or Kevlar. 104. The foam gl ass conposite panel according to
claim97, wherein said at |east one backing | ayer contains fibrous
materials. 105. The foam gl ass conposite panel according to claim104,

wherein said 1Dobr qus fomt ghdsabompasie pﬁﬁéi%ccfdr&lﬂ% & itk OB wHeeiPSaidevl ar. 106.
The foam gl ass conposite panel according to claim97, wherein said surface

finish | ay@hceanidn 1hyess @X@@dxgpgrg}gte@ﬁw% 1 107. The foam gl ass conposite
panel according to claim97, wherein said at |east one backing |ayer

conprises a DQPY,_”E rl“gg f%@ééé?hmgé?%’pg%@%r%%@?ﬁ & é}ﬁxgnagﬁ %%? iirg Sid anel

according to claim one ayer conprises

s ials., 1 AUG 2006 42 . The f |
comosi t S IREE TR AT ik o e U SR Saneit bl v © °°°

materials forma pozzolanic. hbond with a surface of said at | east one | ayer
of rigidngéﬁE%$§§§FYT1 ngigh0amelassyl ass conposite panel according to ciaim

108, wherein said

102.  The foam glass composite panel according to claim 97, wherein said
surface finish layer contains fibrous materials.

103.  The foam glass composite panel according to claim 102, wherein said
fibrous materials are made from graphite and/or Kevlar.

104. The foam glass composite panel according to claim 97, wherein said at
least one backing layer contains fibrous materials.

105.  The foam glass composite panel according to claim 104, wherein said
fibrous materials are made from graphite and/or Kevlar.

106. The foam glass composite panel according to claim 97, wherein said
surface finish layer comprises a polymeric material.

107.  The foam glass composite panel according to claim 97, wherein said at
least one backing layer comprises a polymeric material.

108.  The foam glass composite panel according to claim 97, wherein said at

least one backing layer comprises one or more cementaceous materials.




cenent aceous materials conprise portland cenent. 111. The foarnglq;lgsmmzm6
conposite panel according to claim 108, wherein said cenentaceous
materials conprise reinforced portland cenment. 112. The foam gl ass
conposite panel according to claim 108, wherein said cenentaceous
materials conprise line. 113. The foap gl ass conposite panel according to
claim 108, wherein said cenentaceous materials conprise an al um nous
cenment. 114. The foam gl ass conposite panel according to claim 108, wherein
said cenentaceous materials conprise plaster. 115. The foam gl ass
conposite panel according to claim 108, wherein a |layer of a bonding

promoter or adiesi Tge fanAENsicBpbata/RAB adrdingto L8RS 100 McteRtYSilid of rigid
foam glass and said at |east one backing layér. 116. The foam gl ass

conposi t @epamaeods ﬁﬁlfeﬁhljg_ ?i%ﬁxparﬁéz‘%?f%i%%flm%' sOrfS@l off sl af leﬁit%ﬁé }aplgflﬁ e backi ng

| ayer conprises netal. e foam gl ass conposite panel according to

claim97, I Ld panel is nounted on a |oad-bearing frame. 4 AUG
2006 430£%g&“$h§£§%%n1glass conposite panel according to claim97, wherein

said panel i apabl e of .absorbing a substantial .a nt of shock waves and
vi brati on eneﬁé§: ?ﬁ@ﬁm¥H§m?88WP8?§§?“%6W53@P55’ﬂﬂﬁgﬁﬁhgéﬁﬁﬂ} to claim
97, wherein said surfgpe finish | ayer is capable of containing fragnments
of said SPMFRELOUHFaterialy spmprseogiand ce@sph gl ass in the case of a shock

wave.
111.  The foam glass composite panel according to claim 108, wherein said

cementaceous materials comprise reinforced portland cement.

112.  The foam glass composite panel according to claim 108, wherein said
cementaceous materials comprise lime.

113.  The foam glass composite panel according to claim 108, wherein said
cementaceous materials comprise an aluminous cement.

114.  The foam glass composite panel according to claim 108, wherein said
cementaceous materials comprise plaster.

115.  The foam glass composite panel according to claim 108, wherein a layer
of a bonding promoter or adhesive is applied between said at least one layer of rigid foam
glass and said at least one backing layer.

116. The foam glass composite panel according to claim 97, wherein said at
least one backing layer comprises metal.

117.  The foam glass composite panel according to claim 97, wherein said panel

is mounted on a load-bearing frame.




120. The foam gl ass conposite panel according to claim97, wher qim A?J%i gat
| east one backing |ayer is capable of containing fragnents of said at 1east
one layer of rigid foamglass in the case of a shock wave. 121. The foam

gl ass conposite panel according to claim97, wherein said panel is
assenbled into at |east a portion of g building so that said portion of
said building will be substantially resistant to earthquake damage. 122. A

foam gl ass conposite panel conprising: (a) a surface finish layer; (b) at
| east one layer of rigid foamglass; and (c) at |east one backing | ayer
wherein said at | east one backing |layer is capable of containing fragnents

of said at |eass. omhe kdesla@ficomb8iil fafdBerdns td Hathe7, casRiPiaidpaRock
wave. 123. The foam gl ass conposite panel according to claim 122, wherein

said ri gg&pmaeraisaﬁﬁn@@l@ub@taﬁm uRVreh rvbh%yéﬁ-vmiﬁra%&@ 5 44 124. The

f oam gl ass conposite panel according to claim 122, erein said surface

finish |layer iéi;9.al fTR@ ag'l @gs%fgénsgs%% é)g#fél%gcoé th ?ocﬁai%}c 9’7$f'%xi/h%reziir:{,jl %alei} ast one

| ayer of rigi f oam gl as oam gl ass” conposite p accordi ng
to claim 122 wherein.sai surface finish layer.is textuyred for. :

ar chi tects\ﬂ‘%%le ff'ﬁ‘%&%’fe.r lsl%gblﬁ'ﬂécqng’é‘m"%h el%ﬁ%g&’sﬁ a[tie %%‘&ffaygﬁe gfng to
claim 122, wherein said _syrface finish |ayer includes an additive to nake

i ts surf 8 ggsdarthecage pf 2hork Wawt or t han

120.  The foam glass composite panel according to claim 97, wherein said at
least one backing layer is capable of containing fragments of said at least one layer of
rigid foam glass in the case of a shock wave.

121.  The foam glass composite panel according to claim 97, wherein said panel
is assembled into at least a portion of a building so that said portion of said building will
be substantially resistant to earthquake damage.

122. A foam glass composite panel comprising:

(a) a surface finish layer;

(b) at least one layer of rigid foam glass; and

(c) at least one backing layer wherein said at least one backing layer is capable of
containing fragments of said at least one layer of rigid foam glass in the case of a shock
wave.

123. The foam glass composite panel according to claim 122, wherein said

rigid foam glass has a closed pore structure.




said at |east one layer of rigid foamglass. 127. The foam gl ass cbhphié§ 25
panel according to claim 122, wherein said surface finish |ayer contains
fibrous materials. 128. The foam gl ass conposite panel according to claim
127, wherein said fibrous materials are made from graphite and/ or Kevl ar.
129. The foam gl ass conposite panel aggording to claim 122, wherein said at
| east one backing | ayer contains fibrous materials. 130, The foam gl ass
conposite panel according to claim 129, wherein said fibrous nmaterials are
made from graphite and/or Kevlar. 13 1. The foam gl ass conposite panel
according to claim 122, wherein said surface finish |ayer conprises a

pol ymeric mat erial Thd fohm glaes do@ipakied Rasl £66HARSItS BlaPANEd, vaeee dimg to claim
122, wherein said at |east one backing | ayer conprises a polyneric

mat eri al . suffaddKaid0@Eer idP1 1asE 8 £ @B 1RB S SAROR IdaSt &@T@Jer '%{idi ng to

claim 122, wherein said at east one backing | ayer conprises one or nore
cenent accgus ppterials. 134. The foam gl ass conposite panel according to
cl ai m 133, Wherein said cernentaceous materials forma pozzol ani ¢ bond

with a surfac f iLd at |east one |ayer f rigid m. gl ass. 135. The
f oam gl ass c023§Si?@egﬁﬁéﬁaﬁE€8P8P%§“P§i%Fﬁ&ﬁ%fé%?”%%@?@ﬂﬁ“%%ﬁ%ﬂ

cenent aceo terials conprise pqrtlaqd cenment. 136. The foam gl ass
conposi t eYP&TH Fmg‘cléﬁqutﬁ <9 ter arhyieeaual apprat.oi n sai d

126.  The foam glass composite panel according to claim 122, wherein said
surface finish layer includes an additive to make its surface appear a different color than
said at least one layer of rigid foam glass.

127.  The foam glass composite panel according to claim 122, wherein said
surface finish layer contains fibrous materials.

128.  The foam glass composite panel according to claim 127, wherein said
fibrous materials are made from graphite and/or Kevlar.

129.  The foam glass composite panel according to claim 122, wherein said at
least one backing layer contains fibrous materials.

130.  The foam glass composite panel according to claim 129, wherein said
fibrous materials are made from graphite and/or Kevlar.

131.  The foam glass composite panel according to claim 122, wherein said
surface finish layer comprises a polymeric material.

132.  The foam glass composite panel according to claim 122, wherein said at

least one backing layer comprises a polymeric material.




cernentaceous naterials conprise reinforced portland cement. 137. {Heafi0a4s
gl ass conposite panel according to claim 133, wherein said cenentaccous
materials conprise lime. 138. The foam gl ass conposite panel according to
claim 133, wherein said cenentaceous nmaterials conprise an al um nous
cement. 139. The foam gl ass conpositeypanel according to claim 133, wherein
said cenentaceous materials conprise plaster. 140. The foam gl ass
conposite panel according to claim 133, wherein a |layer of a bonding
pronoter or adhesive is applied between said at | east one |ayer of rigid
foam glass and said at |east one backing |ayer. 141. The foam gl ass

conposi t e panel33zaccedbdis glads éb'ngiogﬂﬁ;?a%el BSRIg Qo%ﬁirﬁllﬁ wheRaP{ai@Re backi ng
| ayer conprises netal. 4 6 142. The f oam gl ass conposi te panel

accor di NgedsPofd @dcl@n%?‘%er %}%r%%é?_% Qg c?ﬁé{t&%ﬁsemééndlys'[ alled in said at

| east one backing | oam gl ass conposite panel according to

claim 122, mhquln]%élgﬂngﬁaﬁk ﬁ%mﬂpun&%%<% lmgfaél%ne\ﬁerrln fr . 144, _The

foan1g|ass conposi te panef acco panel is

capabl e of absorbln stantla anount shock waves and vibration
energy. H@na$%@spgﬁﬁ@é E%aeﬁﬁﬁﬁgwﬁﬁnﬁﬁﬁ|a%ﬂﬁ&ﬁﬂﬁﬁ&a{@wﬁpa?kwﬁqz

wher ei n s nel is assenbled into at |least a portion of a building so
t hat sald’ f gSsai d building wll be substantially resistant to

ear t hquake danage ) ) _
13 The foam glass composite panel according to claim 133, wherein said

cementaceous materials comprise portland cement.

136.  The foam glass composite panel according to claim 133, wherein said
cementaceous materials comprise reinforced portland cement.

137.  The foam glass composite panel according to claim 133, wherein said
cementaceous materials comprise lime.

138.  The foam glass composite panel according to claim 133, wherein said
cementaceous materials comprise an aluminous cement.

139.  The foam glass composite panel according to claim 133, wherein said
cementaceous materials comprise plaster.

140.  The foam glass composite panel according to claim 133, wherein a layer
of a bonding promoter or adhesive is applied between said at least one layer of rigid foam
glass and said at least one backing layer.

141. The foam glass composite panel according to claim 122, wherein said at

least one backing layer comprises metal.




146. The foamglass tile according to claim1l, wherein the tile hasl4& AUG 2006
t hi ckness of at |least 2 inches. 147. The conposite building materi al
according to claim 16, wherein the foam glass tile has a thickness of at

| east 2 inches. 148. The conposite building nated a] according to claim 16,
wherein the foam glass tile has a thigkness of at |east 3 inches. 149. The
conposite building material according to claim 16, wherein the foam gl ass
tile has a thickness of at |east 4 inches. 150. The ceram c-gl ass foam
conposite according to claim26, wherein the foamglass tile has a

t hi ckness of at |least 2 inches. AUG 2006 47 151. The ceram c-gl ass foam

conposi te accqugli NTht Goadd @adt cAfmpovittsafitinctdi@ing kO ARGl 25 SwHetdthAAghgd
t hi ckness of at |east 3 inches. 152. The ceram c-gl ass foam conposite

accordi ngla{;@%géﬁiiﬁgtag@dimgﬂlgasgg@ebagﬁﬁglagg@ss tile has a thickness of at
| east 4 inches. 153. The foamglass tile according to claimb58, wherein the

tile has a thijgkne I A The. | ass cpnposite
panel accordi r%ggt o%gf ggiinl% @gss c\%ﬂ%&sell r{J a@%?&“ 04’%#%%5@"’];73 érv‘lgil gll‘enhsﬁgphi gh
tensile strength capabl f_containing fragnents of said at |east one

| ayer ofPPPgﬂnggﬁe 8}%§)gﬁﬁm? P%e of a shock wave. 155. The foam gl ass
conposite panel according to claim78, wherein said fibrous naterial has
high tensile jﬁ?‘enggﬁg Ihelpiseoppotiismans! arsagding sypiam L4 mheiingaigk | east

panel is capable of absorbing a substantial amount of shock waves and vibration energy.

145.  The foam glass composite panel according to claim 122, wherein said
panel is assembled into at least a portion of a building so that said portion of said building
will be substantially resistant to earthquake damage.

146. The foam glass tile according to claim 1, wherein the tile has a thickness
of at least 2 inches.

147.  The composite building material according to claim 16, wherein the foam
glass tile has a thickness of at least 2 inches.

148.  The composite building material according to claim 16, wherein the foam
glass tile has a thickness of at least 3 inches.

149.  The composite building material according to claim 16, wherein the foam
glass tile has a thickness of at least 4 inches.

150.  The ceramic-glass foam composite according to claim 26, wherein the

foam glass tile has a thickness of at least 2 inches.




one layer of rigid foamglass in the case of a shock wave. 156. The‘ﬁbéHﬁZMﬁ
gl ass conposite panel according to claim 102, wherein said fibrous

mat erial s have high tensile strength capabl e of containing fragnments of

said at |east one layer of rigid foamglass in the case of a shock wave.
157. The foam gl ass conposite panel aaggording to claim 104, wherein said
fibrous materials have high tensile strength capabl e of containing

fragnents of said at |east one layer of rigid foamglass in the case of a
shock wave. 4 AUG 2000 48 158, The foam gl ass conposite panel according to
claim127, wherein said fibrous materials have high tensile strength

capabl e of contsdi niThg cétangivglatssfoain cdaipdsiflaccdreiagto €lain bayetierdh thel 9i d foam
glass in the case of a shock wave. 159. The foam gl ass conposite panel

accor di Noh gfds8tilB hhd @ thiviiREsSd Mt BALS infdRr ous materials have high tensile
strength capabl e of containing fragnents of said at |east one | ayer of

rigid foamglagy | MHekEafASElaQ fodmIBRPEsitAYEording to claim 26, wherein the
foam glass tile has a thickness of at least 4 inches.
| 153.  The foam glass tile according to claim 58, wherein the tile has a thickness
of at least 1 inch.

154.  The foam glass composite panel according to claim 73, wherein said
fibrous material has high tensile strength capable of containing fragments of said at least
one layer of rigid foam glass in the case of a shock wave.

155.  The foam glass composite panel according to claim 78, wherein said
fibrous material has high tensile strength capable of containing fragments of said at least
one layer of rigid foam glass in the case of a shock wave.

156.  The foam glass composite panel according to claim 102, wherein said
fibrous materials have high tensile strength capable of containing fragments of said at
least one layer of rigid foam glass in the case of a shock wave.

157.  The foam glass composite panel according to claim 104, wherein said
fibrous materials have high tensile strength capable of containing fragments of said at

least one layer of rigid foam glass in the case of a shock wave.
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158.  The foam glass composite panel according to claim 127, wherein said
fibrous materials have high tensile strength capable of containing fragments of said at
least one layer of rigid foam glass in the case of a shock wave.

159.  The foam glass composite panel according to claim 129, wherein said
fibrous materials have high tensile strength capable of containing fragments of said at

least one layer of rigid foam glass in the case of a shock wave.
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