Docket: T3572-808375W003 SHRAPNEL AND PRQJECTI LE CONTAI NVENT SYSTEMS AND
EQUI PMENT AND METHODS FOR PRODUCI NG SAME [0001] CROSS,REFERENCE TO RELATED
APPLI| CATI ONS [ 0002] The present application clains the benefit of priority
under 35 U S:C.  119(e) to United States Provisional Patent Application
Nos. 60/623,074, filed Decenber 1, 2004, entitled "Shrapnel ané& Projectile
Cont ai nment Systems and Met hods for Produci ng Sane, " DagketsdB642-968375WQ03:d
January 12, 2005, entitled "Shrapnel and Projectile Containnent Systens and

Met hods for Producing Sane," which are incorporated herein b reference in

their entirety; and i SHBARNEL ANDIPROJECTILE CONTAINMENFSYSEEMSn No.

10/ 510, 691, filed Oct ANEYEQUIPMENT AND MEEHODSh FORMBRODUCING SAME System
and Method for Producing Sane," which is a U S. National Phase Application
of International Application No. PCT/US2004/010488, filed April 6 2004,

entitled "Shrapri@00ifont GROSS\RESERENCETO RELATED APPRICATIOMNS Sane, " which

clainms priority to United States Provisional Patent Application No.

60/ 460, 422, fil ¢dooxri | THe pRf36at agplichtidreclainid wetbenefil 6t pAdritPamaer 8d  Met hod
for Producing Same" [0003] FIELD THE |1 NVENTI ON [ 0004] The present

i nvention rel at a3, UEN§A #9(eY td Oned BEIEIPIAVidiéhdl PateHt plicbraosid] acent to a
wall, floor or ceiling in a structure or a side, bottomor top of a vehicle

to contaln shr anggkad oo edbaaimBeK oioca, PieBhldbricl A phsjac

projectile l|auncher, 'and equr pment and me for producing sucﬁl syst ens.

[0005] BRI EF DESOREH (M Sl DRALIEC G908k THE SoBenbheBoMiabladie best

under st ood by readi ng sul ng specnsi cation 1A conjunction wth'the

drawi ng figur €S- fited' J:‘:’l\r@dacr{) 15,' 55‘05e leﬁgt?enc} ‘SShrapnel and Projectile Containment

Systems and Methods for Producing Same,” which are incorporated herein by
reference in their entirety; and is related to United States Patent Application
No. 10/510,691, filed October 8, 2004, entitled “Shrapnel Containment
System and Method for Producing Same,” which is a U. S. National Phase
Application of International Application No. PCT/US2004/010488, filed April 6
2004, entitled “Shrapnel Containment System-and Method for Producing
Same,” which claims priority to United States Provisional Patent Application
No. 60/460,422, filed April 7, 2003, entitled “Blast-Resistant Panel and
Method for Producing Same”

[0003] FIELD OF THE INVENTION

[0004] The present invention relates generally to a system to be installed
on or adjacent to a wall, floor or ceiling in a structure or a side, bottom or top
of a vehicle to contain shrapnel from a blast and/or a projectile fired from a

projectile launcher, and equipment and methods for producing such systems.



are designated by |ike reference nunerals, and wherein: [0007] FIG 1
schematically illustrates apanel production apparatus according to an
enbodi ment of the present invention. [0008] FIG 2 is a substantially
schematic view of the installation of a shrapnel contai nment panel at the
interior of the Eér ct l all. of bui L ding, in accordance with an
enbodi nent of tH ‘thes &SGR TION Of Zalat Istrates a shrapnel
contai nnment panel in accordance with an enbodi nent of the present

i nvention. [001d0088lG The invantigrowill bechast ypderstaasibyorieagdingdhelensdingng a
channel nmenber secured at its periphery, in accordance with an enbodi nent
of the present sSpecifinatiamin dodfuhtliorrwith the deavang figeres siacvhicnbite elements t wo
abutting panels joined at their edges by a panel-fastening nenber according
to an enbodi mentarefdetigaatedrmsiiket referssose numerald) @hdlwHeréin: 6 i s an over head
substantially schematic view of the test |ayout conducted in accordance

with the devel ogosory of FiNg soherRMfibally @ dteda pah8Qk8liudtior apparatys si de
perspective view of a panel having fl'anges around a periphery of and

substantial |y pefRerfiigid & eftBo iﬂ%r%%ﬂﬂezprb@enﬁ%@n%ﬁ?e wi th an enbodi nent

of the present invention. [001451 8 i's a cross-sectional view of the
panel of FIG 7 g |l 28 ar il . \W: | of the
present inventi olﬁb(ﬁﬁZ [%Igf%qs%sab's%n?igﬁygé%%?rfaﬁg}%%\gg_Vlegavggﬁét?ﬁ%fn I nuous
fastening strip wih  fasteners securing. ortion of a fla f. anel to
a concrete surf asgéa}pqeﬁ °°'3‘86‘6‘?%§J?@Beﬁi‘tt‘ﬁgHﬁe@%ﬁém%ﬁtﬁ‘fcwﬁi Wﬁ@gﬁ?ggg‘ﬁf’g’ n

I nventi on. [00164 FIG 10 'tihs a Iggré,i al tP{l}\-vi ew of non-continuous fastening
strips with ccordance with an embodiment of the present invention.

[0009] FIG. 3 illustrates a shrapnel containment panel in accordance with

an embodiment of the present invention.

[0010] FIG. 4 is a cross-sectional view of a panel having a channel

member secured at its periphery, in accordance with an embodiment of the

present invention.

[0011] FIG. 5 is a cross-sectional view of two abutting panels joined at

their edges by a panel-fastening member according to an embodiment of the

present invention.

[0012] FIG. 6 is an overhead substantially schematic view of the test layout

conducted in accordance with the development of the present invention.

[0013] FIG. 7 is a side perspective view of a panel having flanges around a
' periphery of and substantially perpendicular to the panel, in accordance with

an embodiment of the present invention.

[0014] FIG. 8 is a cross-sectional view of the panel of FIG. 7 along line 8-8,

in accordance with an embodiment of the present invention.



fasteners securing a portion of a flange of a panel to a concrete surface,

I n accordance with an enbodi nent of the present invention. [0017] FIG 11
is a partial top-view of a several fastening systens securing a portion of
a flange of a panel to a concrete surface, in accordance with an enbodi ment
of the present invention. [0018] FIG 12 is a cross-sectional, top-view of a
wal | system nmanufactured with a reinforced panel fastened to existing franme
elements with f8¢kSEnerIG. 9ris adastial der-view ofia contipubusifasteningstriptvéthpr esent
invention. [0019] FIG 13 is a partial, cross-sectional, top-view of another
wal | system narfastasensraeduring b peortiar mffa)ﬂalmé g annel asaeoecfetejswfdcet inng frane
el ements, in accordance with an enbodi nent of the present invention. [0020]
FIG 14 is a pardccaldance edth-sgrearnbodiflent bbpe\presendinventidwt ted portion of a
frame in a wall system manufactured with a reinforced panel that nay be

used to fasten thgigpaneric. Q0 aParti tdp-wew; cﬂ'r@ﬁﬁﬁnﬁnué& f%@fdh'irﬂ;aﬁﬁﬁs withh an

enbodi nent of the present invention. [0021] FI G Is a partial
cross-sect i onal ’fa§tbf4§rsvée‘é\ﬁ+u‘?§ 6f€‘afﬁaﬁ° HJ ZEbHERE Yrtde 8
reinforced panel 1Tnthe inte the C cre oor I'n accor ance W th

an embodi nment Ofac%:@%z@cﬁ\ﬁtﬂtad éw.gﬁ& b‘%ﬁyﬂﬁ%ﬂ% ﬁvﬁh@?is a partial,

Ccross-secti onal 'ew of a’ C 'd with rebar and a

rei nforced panel th r.ior e congrete i n accordance with
o oo ment o0 o EIC i Anatal P8y Hiscaspratestonnd sESG scaeciang
cross-sectional, é?fP-VI ew of a concrete waII construct ed with rebar and a
rei nforced panel? m o2 flapge pf a papalie agoncrte suHAce. 4 acqrdancy WithaBor dance
wi th an enbodi ment of the present invention. [0024] FIG 18 is a

cross- sect i onal ,enkgdinpatpidhe pregent fiiveatorpanel system

[0018] FIG. 12 is a cross-sectional, top-view of a wall system
manufactured with a reinforced panel fastened to existing frame elements with
fasteners, in accordance with an embodiment of the present invention.

[0019] FIG. 13 is a partial, cross-sectional, top-view of another wall system
manufactured with a reinforced panel fastened to existing frame elements, in
accordance with an embodiment of the present invention.

[0020] FIG. 14 is a partial, cross-sectional, top-view of a slotted portion of
a frame in a wall system manufactured with a reinforced panel that may be
used to fasten the panel to existing frame etements, in accordance with an
embodiment of the present invention.

[0021] FIG. 15 is a partial, cross-sectional, side-view of a concrete floor
manufactured with a reinforced panel in the interior of the concrete floor, in
accordance with an embodiment of the present invention.

[0022] FIG. 16 is a partial, cross-sectional, top-view of a concrete wall
constructed with rebar and a reinforced panel in the interior of the concrete

wall, in accordance with an embodiment of the present invention.



for protecting concrete columms, in accordance with an enbodi nent of the
present invention. [0025] FIG 19 is a cross-sectional, top-view of an
L-bracket for fastening a one or nore-piece panel system around a concrete
colum, in accordance with an enbodi nent of the present invention. [0026]
FIG 20 is a cross-sectional, top-view of an L- channel bracket for
fastening a one or nore-piece panel systemaround a concrete columm, in
accor dance wit h BA2¥nbol|Grelt isef partial, pross-eactianal,dop-view of Do@TreEIv@ll 21 is a
partial, cross-sectional, top-view of the L-bracket of FIG 18 fastening a

panel system f orcqmstruetediwith @baoand atreinftedipania) oa arosmerioradurfabe ot thecr et e
columm, in accordance with an enbodi nent of the present invention. [0028]

FIG 22 is a crogsiceste WM acdofdtmiéeavithodn émb@@infér@@ﬁthl@ﬁﬁééerﬂr%iéhﬁbnfor
protecting concrete colums, in accordance with an enb ment of the

present i nvent i q@oadj002iG HeGs 2Adobs séctdnal o A3FoREIbLO Bahe! il V1 oW

of a panel systemfor protecting concrete | ums I ke

the present | nvet PoLSctRegioRsfite oy, I{aASRRHEENR ot choBBrEESEE"

top-view of a hol | %wtcoretdoor with a shrapnel and projectile-resistant
panel di sposed V\ﬁ’rte PR 'YYEY8or, in  accordance with an enbodi ment of the
present inventio 8{)@31 FIG 25 is, a [)artlal Cr oss- seg ?I .
front-view of a tub i§1a crege-paHaRaL forsviewrof and: ot for astening a
projectile-resistant panel_ disposed on an outside of an interior one of the
two tubes, in ace¥t emeE-piech Paneksystam arawndst canetote golisrimiin ppGHane.

with an embodiment of the present invention.

[0026] FIG. 20 is a cross-sectional, top-view of an L- channel bracket for
fastening a one or more-piece panel system around a concrete column, in
accordance with an embodiment of the present invention.

[0027] FIG. 21 is a partial, cross-sectional, top-view of the L-bracket of
FIG. 18 fastening a panel system for protecting a concrete column to a comer
of the concrete column, in accordance with an embodiment of the present
invention.

[0028] FIG. 22 is a cross-sectional, top-view of a two-piece panel system
for protecting concrete columns, in accordance with an embodiment of the
present invention.

[0029] FIG. 23 is a partial, cross-sectional, side-view of a panel system for
protecting concrete columns showing a diamond-like arrangement of the
reinforcing layer, in accordance with an embodiment of the present invention.
[0030] FIG. 24 is a partial cross-sectional, top-view of a hollow-core door
with a shrapnel and projectile-resistant panel disposed within the door, in

accordance with an embodiment of the present invention.



[0032] FIG 26 is a side-view of a renovable shrapnel and projectile-
resi stant door panel disposed on an interior surface of the door, in
accordance wth an enbodi nent of the present invention. [0033] FIG 27 is a

side-view of a nmulti-layer shrapnel and projectile- resistant panel, in
accordance wth an enbodi nent of the present invention. [0034] FIG 28 is a
side-view of a nulti-layer shrapnel and projectile- resistant panel, in

accor dance wit h [B03tIher FERRSdis repartialicrossesqutionaln front-viewof adwo-tig®BENeFl G 29
is a side-view of a shrapnel and projectile-resistant panel directly

appl i ed over a rsjstamavithgeshrapneleand grajectieadsisianhpame lifsposed onfaadutsids s to a
surface of a structure, in accordance with an enbodi nent of the present

i nvention. [ 0036¢f drl ifterid® ohs ofittd W@ tubesy i hceoraamcPnith adRehbodiment of the
projectile-resistant panel directly applied over a rel ease agent on and
fastened with negfeashGalentioAst eners to surfaces of a structure, in
accordance with anot her enbodi nent of the present invention. [0037] FIG 31

. C de- vi h _ . . . Lo
(abri of {1 ber el PSE nRr e ufblerbld Rriabl Sfbofaafy plflol |

lied I . fast Wt h i gal fast t
SOFface of a ot rebiE PRFPAARRRCA B IRGHS hreRB T ity R Fpeaen:
[ tion. -5 [0038] FI 2 i i de-vj . f h I d
:OP\(;jegclt ?Ine- resi[ Sy_vgfh%nﬂ%d?mg\#tfq{aﬂéesb@%p\ﬁtﬁ%rﬁg}n?rZi L?gpgi ngnl ayer between
two | ayers of elastoner directly  applied over a rel ease agent. on and
fastened with melO83¥i caFlG.24 sfesideview afa F’&'Bb@Y%S'HaE@‘?'@Bglﬂf@?Ctilﬂ'

accordance with another enbodi nent of the present
resistant panel, in accordance with an embodiment of the present invention.

[0034] FIG. 28 is a side-view of a multi-layer shrapnel and projectile-
resistant panel, in accordance with another embodiment of the present
invention.

[0035] FIG. 29 is a side-view of a shrapnel and projectile-resistant pan'el
directly applied over a release agent on and fastened with mechanical
fasteners to a surface of a structure, in accordance with an embodiment of the
present invention.

[0036] FIG. 30 is a side-view of a shrapﬁel and projectile-resistant panel
directly applied over a release agent on and fastened with mechanical
fasteners to surfaces of a structure, in accordance with another embodiment
of the present invention.

[0037] FIG. 31 is a side-view of a shrapnel and projectile-resistant panel
with a fabric/fiber reinforcing layer between two layers of elastomer directly
applied over a release agent on and fastened with mechanical fasteners to a
surface of a structure, in accordance with another embodiment of the present

invention.



invention. [0039] FIG 33 is a side-view of an automatic shrapnel and
projectile- resistant panel.manufacturing system in accordance with an
enbodi nent of the present invention. [0040] FIG 34 is a side-view of an
automati c shrapnel and projectile- resistant panel nmanufacturing system in

accordance with her~e dj t . Of r nt . invention. 041], FIG 35
is a top-view opﬁpﬁ alﬁlg'hg? ?Scé gﬁéévﬂ)%véd g%ﬁ%ﬁ%ﬁ%@ P'I%éqcuieéésﬁéfﬁtpaﬂghel

manuf acturing systemin EIG 34, in accqrdance with an nbodi nent of the
present inve%ti éﬁ&] a[%ﬂﬁ)f:'!’?—rl r@n?%rglqgslaﬁer @%@%M?Mﬁréqu\ﬁ?aéd\?’ﬁ% Fatyne 36-36
in FIG 35 of an automatic shrapnel and Proj ecti| e-resistant panel

manuf act uri ng syRPYsH over a release fgrpbonand fastenaskwithomeshaniealifasienetsdopr esent
invention. [0043] FIG 37 is a top-view of a section of a vehicle with
pre-positioned SHAaeas ofgbsiructirer inanshidangg wWithsnothatembasdiment of the present
projectile-resistant panel to the vehicle, in accordance with an enbodi nent

of the present inveatiom.on. [0044] FIG 38 is a side-view of the section of
the vehicle floor, wall, door and/or roof pan in FIG 37, in accordance

with an enmbodi mpeu39pf tRIG. BB &g Bide-view ehtn attomdlic[shvnel Bh&pra8etile- an
exposed side-view of a pre-manufactured wall system wth an enbedded

shrapnel and pr eeggthii Faref anufittuity Sistdm 8h abtordhfice RtR AhEMBRIIMERTofaN
enbodi ment of the present invention.” [0046] FIG 40 is a partial cross

sectional -vi ew gfc RGN iRvéRtionf actured wall systemof FIG 40 with an
enbedded shr apneleg § pr o}/ect |H[ e-resistant panel therein along Iine 40--40,

In accordance V“[&dlof‘” 1804k ri]éeggsia%tvié\p%f an automatic shrapnel and projectile-

resistant panel manufacturing system, in accordance with another
embodiment of the present invention.

[0041] FIG. 35 is a top-view of the automatic shrapnel and projectite-
resistant panel manufacturing system in FIG. 34, in accordance with an
embodiment of the present invention.

[0042] FIG. 36 is a cross-sectional-view along line 36-36 in FIG. 35 of an
automatic shrapnel and projectile-resistant panel manufacturing system, in
accordance with another embodiment of the present invention.

[0043] FIG. 37 is a top-view of a section of a vehicle with pre-positioned
anchor posts for anchoring a shrapnel and projectile-resistant panel to the
vehicle, in accordance with an embodiment of the present invention.

[0044] FIG. 38 is a side-view of the section of the vehicle floor, wall, door
and/or roof pan in FIG. 37, in accordance with an embodiment of the present

invention.



present invention. [0047] FIG 41 is a side-view of the pre-nmanufactured
wal | systemof FIG 40 with an enbedded shrapnel and projectile-resistant
panel therein, in accordance with another enbodi nent of the present

i nvention. [0048] FIG 42 is a close-up side-view of a top portion of

- fact [ f Fl 3 d.sh | d
Drof coti | ovr oo Lpadf! ! ERASIEEAR efpoSon Sigtiol obf LSRN RERRI R o ¢ e
t o tion, 0049], FI 43 | i ew of a blast/sh el t ai t
Ponet i1 accor Wi a8 sinhande srmanes R Arofelé-Soidad nel 8RR bent ron.
[0050] FIG 44 is a, side-view of the blast/shrapnel containnment panel of
FIG 43. [0051] agqardangs with an gmbadimentiob thy %@W&H?Yﬁm@ﬂ- cont ai nment panel of

FIG 43 in accordance with the present invention. [0052] FIG 46 is a

si de-vi ew of t hH0A6last Fi®r4hise pariak cpsmegntiopalrdew of thempre-magufacosd] FI G
47 is a view of a blast/shrapnel contai nnent panel systemin accordance
wi t h anot her enivallisystam affFIGhd40 witbssarembedded shoapndl @bl 4rojectlle-radistast a vi ew
of a bl ast/shrapnel containnment panel systemin accordance w th another
enbodi ment of t pangltiesreint alomy md #0440,-i7 at€sHBadceFWith ad @nmbbdimenfité a

bl ast/shrapnel contai nment panel systemin accordance w th another

enbodi ment of tprspreiR®eitidgnnvention. [0056] FIG 50 is a view of a

bl ast/shrapnel contai nment panel systemin accordance w th another

embodi ment of ¢ [ypapf eSERE, ANLiioNiew BRElorhianubletirsadyal it erFRS. 2

bl ast/ shrapnel contai nment panel system accordance w t h "anot her
embodi ment of t B ke eEthbb s YHrPne! and projectile-resistant panel therein, in

accordance with another embodiment of the present invention.

[0048] FIG. 42 is a close-up side-view of a top pottion of pre-manufactured
wall system of FIG. 41 with an embedded shrapnel and projectile-resistant
panel therein, in accordance with an embodiment of the present invention.
[0049]  FIG. 43 is a view of a blast/shrapnel containment panel in
accordance with another embodiment of the present invention.

[0050] FIG. 44 is a side-view of the blast/shrapnel containment panel of
FIG. 43.

[0051] FIG. 45 is a view of the blast/shrapnel containment panel of FIG. 43
in accordance with the present invention.

[0052] FIG. 46 is a side-view of the blast/shrapnel containment panel of
FIG. 45.

{0053] FIG. 47 is a view of a blast/shrapnel containment panel system in
accordance with another embodiment of the present invention.

[0054] FIG. 48 is a view of a blast/shrapnel containment panel system in

accordance with another embodiment of the present invention.



[0058] FIG 52 is a view of a blast/shrapnel containment panel systemin
accordance with anot her enbodi ment of the present invention. [0059] FIG 53
is a view of a blast/shrapnel .contai nnent panel systemin accordance with
anot her enbodi nent of the present invention. [0060] FIG 54 is a view of a

bl ast/ shr apnel I nnent ,panel . sysfem i accordance wi th anot her .

embodi ment of tﬁ@%?esﬁ&' f‘ﬁ\’%ﬁt"l%%?g*fgbé%hrﬁp@ cgataiament panal SYHARRYIRAl vi ew
of a blast/shrapnel containnment panel systemin accordance w th anot her
embodi nent of t [Receidagedithjanetheriempodiraergof tha pressst inverfiprenvi r onnent al
view of a bl ast/shrapnel contai nment anel systemin accordance with

anot her enbodi ndd@56bf tFH&. pPdsariew omghst/smapv[nejwa}aimnq\t panel systenriat es an
exenpl ary installation nethodology for a blast/shrapnel contai nment panel
system i n accor dencrlance withranethzo émbedimertfof theepaseatinventiorent i on. [ 0064]
FIG 58 illustrates an exenplary installation nethodology for a

bl ast/shrapnel qooB7ai NrEIGL Spasglsideydbwof iarblastGhrapiet Eomalnfngt parblaisteant  of
the present invention. -8 [0065] FIG 59 illustrates an exenplary

instal | ati on nethgdad@ancd With anolbASinbo Bt 8t tHedstedbmRvEntBANE! systemin
accordance with an enbodi nent of the present invention. [0066] FIG 60
r

i1 lustrat I ' ab | Al : / I
cont i nment pandlO bt dnt S2ise (¥ 8 BRPRIGRS ok Blindent b HAeRAC. o

cont ai nnent pane ystemin acco

[vent i on.. [ 0067 Elfinc i drdbids Btodthaft ST BlosehlibBhdH | on et hodol ogy

for a

[0059] FIG. 53 is a view of a blast/shrapnel containment panel system in
accordance with another embodiment of the present invention.

[0060] FIG. 54 is a view of a blast/shrapnel containment panel system in
accordance with another embodiment of the present invention.

[0061] FIG. 55 is an environmental view of a blast/shrapnel containment
panel system in accordance with another embodiment of the present
invention.

[0062] FIG. 56 is an environmental view of a blast/shrapnel containment
panel system in accordance with another embodiment of the present
invention.

[0063] FIG. 57 illustrates an exemplary installation methodology for a
blast/shrapnel containment panel system in accordance with an embodiment
of the present invention.

[0064] FIG. 58 illustrates an exemplary ihstallation methodology for a
blast/shrapnel containment panel system in accordance with an embodiment

of the present invention.



bl ast/shrapnel contai nment panel systemin accordance with an enbodi ment of
the present invention. [0068] FIG 62 illustrates an exenplary nethodol ogy
for shaping a blast/shrapnel contai nment panel systemin accordance with an
enbodi mrent of the present invention. [0069] FIG 63 illustrates an

exenpl ary nethodgl ogy for shaping.a blast/shrapnel containpent panel system
i n accor dance vﬁ%psgn eﬁ@o@?d@fﬁ’gt?ﬁa@ grerpplasdpstaliationmetipdojagy o1 aF| G~ 64

il lustrates an exenpl ary methodol ogy for shaping a blast/shrapnel

cont ai nment pandilasishrapie] epra@@m%gﬁaeel\ﬁyswnam agepodaneerwith an embedimedent

invention. [0071] FIG 65 illustrates an exenplary shaping tool for a
bl ast/ shrapnel of the pfesephinvention. system in accordance with an enbodi ment of
the present invention. [0072] FIG 66 illustrates an exenplary shapi ng tool

for a bl ast/shrdpogd] cri@. &0rilestiatgzoare bxeryiplaghinstallatioromatiratiologytfor an
enbodi mrent of the present invention. -9 [0073] FIG 67 illustrates an

exenpl ary shapi ngast@dragnerl céntlinatent paheiyetem fPadcarduiRBtwilRaIR bribodinfentl N
accordance with an enbodi nent of the present invention. [0074] FIG 68 is a

view of a bl ast/shr@pRRbnLiADERIgNTENt panel in accordance wi th another
enbodi ment of the present 1nvention. [0075] FIG 69 is a side-view of an

exempl ary b ast | GAPNok R IR an BRAGbIAR]nElaymelSiERlayToPa 70 15 @

si de-vi ew of an rnative exenpl ar rapn
blast/shrapnel containment panel system in accordance with an embodiment

of the present invention.

[0068] FIG. 62 illustrates an exemplary methodology for shaping a
blast/shrapnel containment panel system in accordance with an embodiment
of the present invention.

[0069] FIiG. 63 illustrates an exemplary methodology for shaping a
blast/shrapnel containment panel system in accordance with an embodiment
of the present invention.

[0070] FIG. 64 illustrates an exemplary methodology for shaping a
blast/shrapnel containment panel system in accordance with an embodiment
of the present invention.

[0071] - FIG. 65 illustrates an exemplary shaping tool for a blast/shrapnel
containment panel system in accordance with an embodiment of the present
invention.

[0072] FIG. 66 illustrates an exemplary shaping tool for a blast/shrapnel
'containment panel system in accordance with an embodiment of the present

invention.



contai nment panel of FIG 68. [0077] FIG 71 is a side-view of an
alternative exenplary bl ast/shrapnel containnment panel of FIG 68. [0078]
FIG 72 is a side-view of an alternative exenplary bl ast/shrapnel

cont ai nment panel of FIG 68. [0079] FIG 73 is an environnental side-view
of the blast/shrapnel containnment panel of FIG 68 showi ng a deformation
fromforce B. [0080] FIG 74 illustrates a blast/shrapneV projectile

cont ai nment pand®073h  Jl6e6ddistrales an expsnplary shaping teehfor @fblastéshpapnetnt
invention. [0081] FIG 75 illustrates in further detail the blast/shrapnel/
projectile contcantainenipranel systeml iGactardapCd@ith aRl éBnbadimient akthe ptreseritn
further detail the blast/shrapnel/ projectile containnment panel of FIG 75.
[0083] FIG 77 iihwendibnates in further detail the blast/shrapnel/ projectile
contai nment panel of FIG 76. [0084] FIG 78 illustrates in further detail

t he bl ast/shrapred74) pr ofiex:t68lis a vis¥nbpa BIERDEhRPAEI cottaifent pdnelid 0 [ 0085]
FIG 79 illustrates in further detail the blast/shrapnel/ projectile

cont ai nment panGlecbiuah: SwitandkAARIbdifonts) thé bHSERRfRas| de, vl v of an

exenpl ary bl ast/shrapne projectile contai nment panel. [00871 FIG 81

LSt TaLeS 8 S0t U ¥l SRR R o kSIS e by
bl ast/ shrapnel / pa%(a%telgla. |6‘§. cont ai nnment panel .
[0076] FIG. 70 is a side-view of an alternative exemplary blast/shrapnel |
containment panel of FIG. 68.
[0077] FIG. 71 is a side-view of an alternative exemplary blast/shrapnel
containment panel of FIG. 68.
[0078] FIG. 72 is a side-view of an alternative exemplary blast/shrapnel
containment panel of FIG. 68.
[0079] FIG. 73 is an environmental side-view of the blast/shrapnel
containment panel of FIG.68 showing a deformation from force B.
[0080]  FIG. 74 illustrates a blast/shrapnel/ projectile containment panel in
accordance with another embodiment of the present invention.
[0081] FIG. 75 illustrates in further detail the blast/shrapnel/ projectile
containment panel of FIG. 74.
[0082] FIG. 76 illustrates in further detail the blast/shrapnel/ projectile
containment panel of FIG. 75. |
[0083] FIG. 77 illustrates in further detail the blast/shrapnel/ projectile
containment panel of FIG. 76.
[0084] FIG. 78 illustrates in further detail the blast/shrapnel/ projectile

containment panel of FIG. 77.
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[ 0089] DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0090] The present
I nvention involves producing pre-forned panels, which may be fornmed in a
vari ety of shapes, cut to size, as necessary, and installed onto or

adj acent to a surface of a wall and/or door of a building. In general, to

I ncrease the effectiveness of the protection provided by the present

i nvention, the wall nmay be a structural wall. The panels may be produced by
spraying a pol J0983 orFl6 H8rillustratasdnduitherdetait thelblaghsbrdpneiligryjestiibect ed t o
facilitate the production process and the performance of the finished
panel s, in prodwontainrentpenal oBFIGh&8i ng i nproved el ongation and tensile
strength properties. The panels also may be produced by brushing, rolling

and/ or trowvel | i go8she MIG. Borilmstaessea idb-visw of B bx&mpRing BRISY/Shraphsy i 8l to
the desired thickness to formthe finished panels. Alternatively, the

pol yurea materi Sﬂroj@&tﬂ@bbﬁfaimﬁé,ﬂsﬁéh@'ﬁri c material may be applied (i.e.,
sprayed, brushed, rolled and/or trowelled) and bonded directly to the

[ nteri or surfacqogiya S 8H Wiitalld 4 sRb.vid bf &h Bfemblagy Bfggﬁ%gﬁélﬁay be

alternative, the polyurea material or other el astone

applied (i.e. lreﬁ?‘é}ﬁ?{tﬂgf’f’mamgﬁfarngl | ed and/or trowelled) over -11 a rel ease

agent (e.g., I'con, X, and/ or any other rel ease agent) that had

been previously e 0 interior surface of the structural 'l or
bui | di ng and théﬁ‘;@ichi{bﬁ?q‘ﬁ&é’?ﬁe‘? §'dﬁﬁ’§ﬂ%ef?’h§é‘?mel§f¥ 'F”éﬁaﬁa?ﬂ%lyva '
el astoneric material . and the rel ease agent and into and anchored to the
interior surfac®l¢filecaptainraentianehces to which the el astomeric material
may be applied and fastened may include walls, ceilings, floors, colums,

doors, w ndows, etc. [0891? El astoners such as pol ysil oxane, pol yurethane
and [0089] '"DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENTS

[0090]  The present invention involves producing pre-formed panels, which
may be formed in a variety of shapes, cut to size, as necessary, and installed
onto or adjacent to a surface of a wall and/or door of a building. In general, to
increase the effectiveness of the protection provided by the present invention,
the wall may be a structural wall. The panels may be produced by spraying a
polyurea or other elastomeric material specifically selected to facilitate the
production process and the performance of the finished panels, in producing a
material having improved elongation and tensile strength propenieé. The
panels also may be produced by brushing, rolling and/or trowelling the
polyurea material or other elastomeric material to the desired thickness to
form the finished panels. Alternatively, the polyurea material or other
elastomeric material may be applied (i.e., sprayed, brushed, rolled and/or
trowelled) and bonded directly to the interior surface of a structural wall or
building. In yet another alternative, the polyurea material or other elastomeric

material may be applied (i.e., sprayed, brushed, rolled and/or trowelled) over
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pol yur ea/ pol yur et hane hybrids may be enpl oyed as an alternative to pol yurea
I n constructing the panels-or in bonding a |ayer or |ayers of the nmateri al
directly to the wall. [0092) The present invention also nmay involve a nethod
for producing blast, shock and projectile-resistant panels, including

applying two or r r f =part.  hi solid pal yurea e| astoner
material onto aar}ag?%%égéﬁl @'@Ulgqoﬁl\gglgg%b "Q"aé@?’f’ééﬂi{ ﬂﬁ'ﬁ(ﬁ%ggg‘e " wo or
nore |ayers of {h | ast oner, terial be applied with or w thout one or
nore fiber or fh}ﬁ?f‘ég bEEN PR ﬁPP'Ie;%}g?ée mt?ﬁgﬂﬁaﬁ%%}@@rﬁt%’@rﬁmmbw nor e
| ayers of the Elﬁtorrer material, allowing the nmaterial to cure, and

removi ng the cuPUifingapd then Hpchanical dastarerpimayhe nsped througl the nay be
produced apart fromand deljivered to a building site or produced at the

bui | di ng site. 9lastomeriamatesial ansbthereleaise @gedhanchistesandiancharbd wathes, door s
and portions of a building, structure or vehicle to provide protection from

shrapnel and pr itestarisudace.| fhaddetioresurfacesto whichltise slagtdnerdcwwatdriabthaynsi de
el evator shafts and/or stair towers to provide extra structural integrity

in the event of beappliedandtasteried rayineludeGalis)séiftgs) floomakbrining, Besms t o
provi de added strength and wi nd resistance. Likew se, -12 panels may be used
to cover w ndowgirdavsders and fastened in place to protect themfromthe
effects of strong winds and severe weather, e.g., tornados and hurricanes.

[0093] In accor mlgﬂe mﬁ&t@ﬂ?tﬁ%%&%@%%&f 8‘ u?etﬂéﬁéﬁﬂg i nvention, the

el astomer material may be m encl osed tubes that may

D e o e ROV Gaioya BB ey inh B SR b 8« 1o
may act as a m#ndco%%{rfjgt?neg t gtp%nels or in bonding a layer or layers of the material
directly to the wall.

[0092] The present invention also may involve a method for producing
blast, shock and projectile-resistant panels, including applying two or more
layers of a two-part, high solids, polyurea elastomer material onto a
releaseable substrate to a desired thickness. The two or moré layers of the
elastomer material may be applied with or without one or more fiber or fabric
reinforcement layers disposed between the two or more layers of the
elastomer material, allowing the material to cure, and removing the cured
panel from the releasable substrate. Panels may be produced apart from and
delivered to a building site or produced at the building site. The panels may
be installed on the structural walls, doors and portions of a building, structure
or vehicle to provide protection from shrapnel and projectiles. In addition, the
panels may be installed inside elevator shafts and/or stair towers to p'rovide

extra structural integrity in the event of seismic activity and on the inside of

walls in homes to provide added strength and wind resistance. Likewise,
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whi ch a polyurea elastonmeric material nmay be applied, e.g., sprayed,
brushed, rolled and/or trowelled, to produce blast and/or projectile
resi stant or shrapnel - retarding panels 100 according to the preferred
enbodi nent of the present invention. Although panel substrate 10 is shown
as a flat, planar surface, other enbodiments are contenplated in which
panel substrate 10 may have concave and/or convex contours and/or sides
t hat may coi nci ¢@n@lstmay pesised do coxariwindaws andteors andfastemadiimptace do whi ch
t he panels 100 may be applied. The substrate 10 may be treated, as
necessary, w th paoteet thesefrargdhe kffectp ofislong wimdsrahelr seiverd weathet,ad.@., t he
renoval of cured panels fromthe substrate. [0095] Enpl oyi ng standard,
known, spray appbmadbs and®gricanest, a two- part, high solids, elastoner
conposition is sprayed in liquid (uncured) form onto substrate 10. The

spray equi pment (o493 ||Ihtb'i:bbri\fah&€mﬁlﬁra%?r%?en%dlméﬁt¢dflfﬁ@ Fé%feﬁi/lnﬁ}@ﬁﬁdrﬁ 20,
which is connected via flexible tubing 22, to an appl |cat|on punp 2

Reservoir or st GragRsidinkr r%ﬁterr"ﬁb’mg b@iﬁi?cﬁd?\ %g@gdgg%m\ﬁgere fube E‘i’t‘n%l ng up

t he el astoner conposition through I nes e conponents
are m xed at val SO as to
apply the polyure rxgy %P8$$86¥%&§%k ﬁ H?ﬂp‘ém&i@g@?ﬁoﬁ°ﬁ%‘®%‘r haﬁ)ﬁgﬁ‘um ng a
panel . Alternati . No e re than one can be used) may be
nounted to a car %"é%ﬁ? ft( tO?rE O%LB é cks, %F&? construction that has drive
means for nDV|ng t he nOZZ|8EZO transversely or horizontally, and
vertically, to d88#e tIREKIG: Aea panplsuibsirate” 1&map et asiaimpold surfage antoni ckness
over the entire substrate. Qther spray application arrangenents are al so
feasi bl e, and thhigha pohwea elaston@ricimateriBlmay he applieghst-@., spEyed] bnushed;
envi sioned that, for |arge-scale production, the spray process

rolled and/or trowelled, to produce blast and/or projectile resistant or shrapnel-

retarding panels 100 according to the preferred embodiment of the present

invention. Although panel substrate 10 is shown as a flat, planar surface,

other embodiments are contemplated in which panel substrate 10 may have

concave and/or convex contours and/or sides that may coincide with specific

wall, door, etc., conformations to which the panels 100 may be applied. The

substrate 10 may be treated, as necessary, with a release agent/compound,

in order to facilitate the removal of cured panels from the substrate.

[0095]  Employing standard, known, spray application equipment, a two-

part, high solids, elastomer composition is sprayed in liquid (uncqred) form

onto substrate 10. The spray equipment, for illustrative purposes, may

include spray nozzle 20; which is connected via flexible tubing 22, to an

application pump 24. Reservoir or storage tank 26 may be used to feed the

components making up the elastomer composition through feed I?nes 28, 30,

where the components are mixed at valve 32. Spray nozzle 20 may be

manually operated so as to apply the polyurea material over the entire
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may be substantially conpletely automated, with conputer control and robotic
el enents being used to control the spray equi pment, including the novenent

of the sprayers and delivery of the naterial to be sprayed, and the handling
of the panels. However, the same basic process remains pretty nuch the sane

and FI Gs. 33-36 gvi.de di agrans of enbadi nepts of possi bl e aut omat ed
systens for maséﬁé?tfﬁiﬁér? H@%?’FWQ%%@%\Q%&?@?UY—%Y' tgﬁéﬁfﬂy ,Oﬁzi?e mefediiat ege
systens may produce at | east one finished panel at |east every 5 m nutes.
[0097] In a par CRBRed9ef) mayhea mpyntedie dicrerage (MREShawDIf akRPWNr t her be
enhanced by including a reinforcing |ayer 102 which nmay be di sposed at

ei ther the out ecopstryationthathasdivegneansdopaoringtbe noazle A teanavarseheordi sposed
in the interior of the panel. The nethod of producing such a panel, with

t he rei nf or ci ndhoriagrdallyy @ndyedically, to mneuredhatthe tcompoaitioh,is appligst iafaer abl y
include placing a reinforcing fabric material against substrate 10, and

spraying the pelvgnititickriiss @vbethesdritiny sithstratd. aStimrepraydsplichiod abric to a
t hi ckness which is approximately one-half the thickness of the finished

panel . The fabr iggrahgémehisidieldisd RREBIS AndMdBhe Shéan iIrbFId eNisiift 8hed or
flipped such that the polyurea faces the substrate and the fabric 102 faces

t he spray equipqﬁaﬁmgﬁ second -14 application or spraying of the pol yurea
onto the opposite side of the fabric 102 is then effected, to produce a

|
panel of the degj figpal t Gk S 3 {0 l.Qns to
this preferred Z‘r"%@ Ss Iggqeﬂg'!\séide?aﬁgﬁgoré%ﬁ?c%;g%.pm#%ée}%r%éllhn%\@cﬁp 8?:‘1)8&#3%& can
be placed in intimte contact with substrate 10 en it is desired,tp have
Che i ayer at an A es pRAR Syt B dded il Elmablerstnliftatdiinbfe an be
sprayed onto the Iager uptil the desi rﬁd Banel t hi ckness j.s  attai ned. Were
the iayer 102 i £'emeMs being¥reditpcenirglthgs f%e%%me?ntimm1$wheﬂa9@mﬁﬁy be
spaced apart fromthe substrate 10, with the_ pol yurea being )

of the sprayers and delivery of the material to be sprayed, and the handling of

the panels. However, the same basic process remains pretty much the same
and FIGs. 33-36 provide diagrams of two embodiments of possible automated
systems for mass producing finished panels. For example, the automated
systems may produce at least one finished panel at least every 5 minutes.
[0097] In a particularly exemplary embodiment, the panels may further be
enhanced by including a reinforcing layer 102 which may be disposed at
either the outer or inner surface of the panel 100, or which may be disposed in
the interior of the panel. The method of producing such a panel, with the
reinforcing layer being at an interior of the panel, may preferably include
placing a}reinforcing fabric material against substrate 10, and spraying the
polyurea or other sprayable elastomer onto the fabric to a thickness which is
approximately one-half the thickness of the finished panel. The fabric 102
with the sprayed-on polyurea is then rotated or flipped such that the polyurea

faces the substrate and the fabric 102 faces the spray equipment. A second
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sprayed through the layer to encapsul ate the | ayer 102. Alternatively, a
portion of the panel may be sprayed onto the substrate, and the |ayer 102
may then be introduced, and“the renaining thickness of:the panel nay then

be sprayed to conplete the panel. [0099] Once the spray process is

conpl eted, and the polyurea material has either partially or fully cured,
the |l ayer may be separated fromthe substrate 10, thus form ng a panel 100.
[00100] The panéPplicabionesgpaying ¢fdhe pelyHiaaonty thmerrositefidef tha fapric 102
econom cal manner. This can be acconplished in a true factory setting, or in
a portabl e or mikiheniafiecipdotiuptioduee Apanel efithe dasired,inal @r sinished thickness. sit e,
If that were found to be conparably econonm cal or desirable for any reason.
Panel s 100 are [0098h t rModificatioed to thimptefierred ppcebs séquenceandebeenipldyedd wi t h
t hese bl ast- resistant panels. [00101] Interior structural walls 104 of a

bui | di ng to whi Gihetrbiafareinglisyerricantbe plasedsiadntineateohtat Withrsubsirateepopolern
during initial construction or, in a building retrofit, the cosnetic

interior wall suyfi§ desifecorhdv@TRY &ffct at 8% BREGAoF STddel &thé pansiUiD026/d e t he
structural wall. The panels 100 are cut to size, as necessary, -15 and are

affixed to the igHfdmef cai'bé ﬁﬁn%?l&fj ohfbeth%éyer%ﬂﬂl’t Qro%Eﬁéé‘Phb(eIL{ﬁibﬂﬂeérlé’

sui tabl e adhesi ve, or by nechanical attachnent. Because e structural wall

104 will conmonl f ' . . : nnSit abl e
mechani cal for ms‘;‘l}l{t(‘)i %gt ﬂ@?’%&ﬁ%‘%@i‘@%éﬂ&ﬁ%?‘ﬁﬁ%ﬁg%&%ﬁ@%ﬁé@aPt H]laenchor S,

or screw and anchor sets. or naili wi,t h an appropriage .
concrete-penetr ?Xeﬁénayn%ﬁ FPaC[eg(?ﬂﬁft] &e 5&?%'3@&%@%‘@%% %wae%&’ﬁl%t ICc view
of the installation of a hraPneI cont ai nmanﬁ1 qanel %t the int Fri or of the
structural wall SBraysdghroug ﬁl@g aygr to encapsulate the'layer 102. Alternatively, a

portion of the panel may be sprayed onto the substrate, and the layer 102
may then be introduced, and the remaining thickness of the panel may then
be sprayed to complete the panel.

[0099] Once the spray process is completed, and the polyurea material
has either partially or fully cured, the layer may be separated from the
substrate 10, thus forming a panel 100.

[00100] The panels 100 may thus be essentially mass-produced in an
economical manner. This can be accomplished in a true factory setting, or in
a portable or makeshift production facility constructed at a building site, if that
were found to be comparably economical or desirable for any reason. Panels
100 are then transported to a building which is to be outfitted with these blast-
resistant panels.

[00101] Interior structural walls 104 of a building to which the panels are to
be secured are either left exposed during initial construction or, in a building
retrofit, the cosmetic interior wall surfaces are removed to expose the interior

surface of the structural wall. The panels 100 are cut to size, as necessary,
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accordance with an enbodi nent of the present invention. [00103] FIG 3
illustrates a preferred enbodi nent of the panel 100 as it is readied for
installation. In this enbodi nent, panel 100 is bounded at its periphery by
channel nenbers 120 which retain the edges of the panel 100 between two
rails 122, 124 positioned at opposite sides (e.g., front and back) of the
panel (see FIG 4). The channel nenbers, which are preferably made of
stainless steel, aid in structurally reinforcing the panels at the edges,
addi ng sti f f nes3nd pea affiyed fonthgdateriposuriase afdhe wall A4 prefesably using aWges of
the panel inproves the reliability of mechanical fasteners 121, such as,
but not |imt eduitable adhrsiva, Or Wyimechapical attachprants Bepausestheatractural wadlcur i ng
the panels to the building walls. [00104] FIG 5 illustrates a further
panel fast eni ng16&milbcon@énlyhe foirhed eiher afddockiepouved cenveéte, switableo be
joined to span a distance wider than the wdth of a single panel. Adjacent

edges of two panmichanical forns bEgtdohnidit maydncladé thredd&d cdrithetefwalharichpeas)el
fasteni ng nenber using suitable nechanical fasteners 131. The rails 128,

130 are of fset BysgewaihdldbhoPS&ts, bivadiling Witk _aﬁtagﬁjrdgﬁaatdwammtermiraﬁng he two
I p. -

panels in essentially an edge-abutting relation 16 The fastening
menber 126 may Rgjused in addition to, or in lieu of, the channel menber
120 at the edges to be joined. The fastening nenber can be secured to the

bui | di 1, | ' ical f . ) | e,

but n'ﬁi‘gl ' t calRIBE. o £13Y2 BPEERR iy BERARANS Gy F30E R AImod 8o UC70P LS
t t o t f t t t.eri. bui | di h

otructural el | SogPReceanagnBaala Reimtatpr of he Bt ARy ABRERL o

which are generally referred to as,_ shrapnel. The panels 100, wth their

i nproved el onga???%défﬂﬁf with, an jegnbqdinaapl; t'&?lﬁ?%@[‘b‘ﬁ?’%‘ﬂtf%, will act to

[00103] FIG. 3 illustrates a preferred embodiment of the panel 100 as it is
readied for installation. In this embodiment, panel 100 is bounded at its
periphery by channel members 120 which retain the edges of the panel 100
between two rails 122, 124 positioned at opposite sides (e.g., front and back)
of the panel (see FIG. 4). The channel members, which are preferably made
of stainless steel, aid in structurally reinforcing the panels at the edges,
adding stiffness thereto. In addition the use of channels at the edges of the
panel improves the reliability of mechanical fasteners 121, such as, but not
limited to, concrete wall anchors, screws, nails, etc. in securing the panels to
the building walls.

[00104] FIG. 5 illustrates a further panel fastening member 126 suitable for
use when two panels are to be joined to span a distance wider than the width
of a single panel. Adjacent edges of two panels are secured to the two rails
128, 130 of this panel fastening member using suitable mechanical fasteners
131. The rails 128, 130 are offset by a web 132, such that the fastening

member retains the two panels in essentially an edge-abutting relationship.
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effectively absorb a significant portion of the kinetic energy inparted to
the pieces of shrapnel. This absorption of kinetic energy will prevent the
shrapnel fromflying through the interior of the building. In situations in
which the explosive blast also causes the panels 100 to fracture, the

ki netic energy absorbed or dissipated by the panels will significantly
reduce the anount and/or speed of the shrapnel that nmay enter the interior
of the buil di ngThefestering memberel 3G may biejused in additiomtes opist liest ofpther ect ed

agai nst a principal cause of injury resulting froman attack on a buil ding.
[ 001061 The panehanrel namhar 126 atdhe ¢dges tode joinedt dhedastesingtmember can
integrity of the wall itself, particularly when fastened to the wall by
mechani cal fasbesecsredtto tiebgikdingval yasokelt, ibg apprspriate fidehanitallfastenee; t o be
effective at absorbing or dissipating the potentially high |evels of

kinetic energy tdraixafipye, bubBof limifed4o, 6¥mdreR! wdll &ichetdetc. concussive event,
it is preferred that the panel thickness be in the range of about 100 to

about 250 m|. Ryuges©M é&(gg&ﬁn@%&, of pﬁepg@%lofqrgbsigns&a abithe elBrioddtapt 180

ml|. Panels thicker than 2 may al so use owever, It is expected

that the posel PLeuRGIAILL hOSHSAGR A HTARIR. aREBUAIATAIY Pagndiic™ °
et eased cost LrmlSi Ao Rhien o arEfOk RS TR RN 470

has particul ar cophj nati ons of physical ,or other terial . properties inits
Cur e st at 6. cr BAoiE spereved gidnabtoraed nso Siendlh cBrtprshen WhectiPeak and
tensile strength. The el astoner preferably will have an elongation at break
in a range bet weHaCtMeb{AbsoN agigrificank gortigh of tedfipptingrerawimpariediodher end of
this range, e.g., 400-800% The tensile strength of the

pieces of shrapnel. This absorption of kinetic energy will prevent the shrapnel

from flying through the interior of the building. In situations in which the
explosive blast also causes the panels 100 to fracture, the kinetic energy
absorbed or dissipated by the panels will significantly reduce the amount

- and/or speed of the shrapnel that may enter the interior of the building.
Persons inside the building are thus better protected against a principal cause
of injury reshlting from an attack on a building.
[00106] The panels are also believed to contribute to the structural integrity
of the wall itself, particularly when fastened to the wall by mechanical
fasteners at the periphery of the panels.
[(00107] In order to be effective at absorbing or dissipating the potentially
high levels of kinetic energy that may come from an explosion or other
concussive event, it is preferred that the panel thickness be in the range of
about 100 to about 250 mil. Eveh more preferably, the panel thickness will be
about 180 mil. Panels thicker than 250 mil may also be used, however, it is

expected that the possible incremental increase in shrapnel containment or
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el astomer is preferably a m ninmum of 2000 psi. [00109] In addition, the
adhesi on properties of the.elastomer are believed to be inportant, whether
the panels are constructed separately or are fornmed i'n place on the walls
of the building or other structure to be protected. It is preferred that
the el astonmer exhibit an adhesion to concrete of 300 psi mninmm (or at
concrete fail ur dastsesistanceafierded ytie thicker panels may %PUtWﬁlghQﬂhﬁ thep0110] As
not ed previously, polyurea, polysiloxane, polyurethane and

pol yur ea/ pol yur éndraagedgast (metesiahcath iua eostfenebbanalybiphysi cal and materi al
properties. Currently, in an embodinent an elastomer is used that is a 100%
sol i ds, spray-ajfpe108H, 'El're)elastomqmlmateaai empleyediin theahrapneboanthimbige as a
two- part (isocyanate quasi-polyner; amne mixture with pigment), sprayable

material desi gnqmnplsi prefcpadly Wag partichilae sombiationParLphystal 6¢ ather magdridl pr oof
coating and lining system [00111] The lining system has been tested in

panel s produced ggyafifs f its Aed %tart@' O?Béﬁi%ﬂﬁf‘%lgh%%ce dreSpdrédiitidfongation
rei nforcenent | ayer prow des a franmework to which the uncured el astoner

wi il adhere in fphp ﬁ?ﬂ?é ?tﬁér%tﬁh?ﬂgelagg?n ﬂ?%fge?at%lghﬂpﬁ’% éPF”t wi |

preferably al so contri ute tructur panel in
resi sting bl ast copt ai. ni.ng_shr neI | n

Festri ot the. amsiitoayPn & Biscih 8atds BRVEen a2 106G 806%, fob s e
energy of the blast or, othe act i s bei 001 dat e,
Fabr i os that - hav bR 86naLeRR ptiange: og- AGGeD8% ofie fensle REenata Eisuced
fromaramd or polyester yarns or fibers, with an open grid (opening

bet ween war p ancelastorlnewrmgf)er%myﬁn@ntswaepf890@P§'5 in. by 0.25 in., or 0.5

in. by 0.25 in. Smaller or larger grid opening sizes are, however,
[00109] In addition, the adhesion properties of the elastomer are believed to

be important, whether the panels are constructed separately or are formed in
place on the walls of the building or other structure to be protected. It is
preferred that the elastomer exhibit an adhesion to concrete of 300 psi
minimum (or at concrete failure)l, and an adhesion to steel of 1200 psi
minimum.

[00110] As noted previously, polyurea, polysiloxane, polyurethane and
polyurea/polyurethane hybrids can produce the desired physical and material
properties. Currently, in an embodiment an elastomer is used that is a 100%
solids, spray-applied, aromatic polyurea material that is available as a two-
part (isocyanate quasi-polymer; amine mixture with pigment), sprayable
material designed principally as a flexible, impact resistant, waterproof coating
and lining system.

[00111] The lining system has been tested in panels produced having a
fabric reinforcement layer. The fabric reinforcement layer provides a

framework to which the uncured elastomer will adhere in forming a panel
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believed to be suitable for use. The tensile strength of the fabric enpl oyed
in panels tested to date is on the order of 1200 psi..by 1200 psi. Fabric
made from Technora and Twaron-brand aram d yans or ‘fi bers produced by
Teijin Fibers are believed to be particularly suitable for use in this
application. [00113]_The shrapnel contai nnent system and nethod of the
present i nvent shaPe: atheafabic beinforcamentivill preférably| alsaecondfibytado thenst oneri c
material applied and bonded directly to the wall or other structure that is
to be rei nfor cestrudtural intéggity oktharpanel intresistirid blastiand inroehtaimiby shizpnel,ear ed of
| oose and foreign materials, with the elastoner applied by spraying, in a

manner sim | ar partitilatly lremlqﬂbmgedstrlot thpramyoung of slengativel experibAcdd by frnel
substrate. The el astoner, as noted above, will preferably be selected to

have a bonding sks@Rkrasthe eABRFIf Me bRSCOHGhETiMpatt %Q%u{qsébéﬂrﬂédmm and the
concrete will generally have a sufficient nunber of surface

irregularities gagimt hah dab€ thd Rtk ani cal
at t achnment enhaﬁ’ges ]t he g&hesﬁoﬁaﬁf F%ﬁf%}’é{t/{ﬁ&h E}Q 6ﬁ9 ﬁaﬁcwp?aﬁegﬁgce a
fabric or fiber referably be
partially appli te%ﬁh%faﬁ]ﬁﬂoﬁgc%eﬁn gérrgfnﬁla;gr ﬁ%ﬁ%%ﬂ%ﬁpﬁ%‘%ﬁ ';S@EP tOPSHed and
t he remai nder of e el he S
Al ternatively, Wu‘% qun Wﬁan &%‘ﬁ@ﬂg ?Eéfﬁm& A 8’5’? E@éktmgﬁ’ %23 ¥4 nst
the wall, with t entlre t hi c§ s of the el astonmer |ayer then being
appl i ed t her et 0°F ‘?50’11 0.2ad0. ?"Eﬂ'é@?—' SE!@PE?'HHQ/SW:%%JPQW%al nnent
panels in accordance with the resent I nventi on have been conducted. One
physi cal test Peligyad to h@tsutt@b@é%ﬂ use. | hestaasile strengthsetibadabric employeddn vi ew
in FIG 6. In FIG 6, an explosive charge 200 was positioned centrally to
four (4) identi Q@m&l?tesmwtdaleﬂw thenerdet ef 1200qisi bpd @00 psi. dratwic madé s 202,
spaced on a 30' radius

from Technora and Twaron-brand aramid yams or fibers produced by Teijin

Fibers are believed to be particularly suitable for use in this application.

[00113] The shrapnel containment system and method of the present

invention can also be in the form of a layer of the elastomeric material applied

and bonded directly to the wall or other structure that is to be reinforced. In

this instance, the wall would preferably be cleared of loose and foreign

materials, with the elastomer applied by spraying, in a manner similar to that

employed in spraying the panels onto the panel substrate. The elastomer, as

noted above, will preferably be selected to have a bonding strength or

adhesion to concrete of 300 psi minimum, and the concrete will generally

have a sufficient number of small surface irregularities such that the elastomer

will find regions where mechanical attachment enhances the adhesion.

[00114] When the system is to have a fabric or fiber reinforcing element, the

elastomer may also preferably be partially applied, with the reinforcing

element then being positioned, and the remainder of the elastomer layer is
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circle fromthe explosive. The masonry target walls 202 were constructed
having two reinforcing | egs 204, which together with the target walls forned
a squared-off "U' shape, such that the target walls 202 facing the

expl osive charge woul d have sone degree of structural’ reinforcenment, as
they generally would in a building. [00116] Panels A, B, and C (thickness
not to scale relative to wall thickness) were installed at the interior of
three of the wathes spiy-aepliede Altstinativelyathe reindorsing ¢lement eould firsthg i nst al | ed.
The panel s included stainless steel channels 120 surrounding their

peri pheries, anpositioredsagainsidhe wallhwith theeritios thickniehe ofithiel elagtomer lsgjieng
concrete anchor fasteners. [00117] Al of Panels A, B and C were produced at
a nom nal thi ckttemdeiig afg@i@dthéretd. pol yurea material having a fabric

rei nforcenent |ayer disposed therein. Further constructional details of the

panel s are as fpol1os)s: Teéfihd @Qiléﬁlre?iéﬂnﬁslhragﬁéleéonféiﬁﬁfeﬁﬂﬁénéﬁ'EH i c _
Rei nforcenent A AR425, 180 m | Technora T200 fabric, 0.5 x 0.25" grid

openi ng B AR425 id wi Ab ~d 9 Lhg C
ARaz5, 180 m | R dafte whE IR Bariffby g e bethn gERasctea CONE RER S,

expl osive char gg,2f) ogpg% %f?%}éﬁ%?‘l‘aﬁkﬁ‘ 5§ghe?né&sooerﬁé§cﬁ\'éizel¥v£)eﬁ?eg‘oé.i 1%

configured to generat . ast  overpressure on f~ each
{ar get vell 2070 S AN ko oo R B LEeh SeR MRSl Rl 1 oo
constructed concrete block masonry target walls 202, spaced on a 30’ radius
circle from the explosive. The masonty target walls 202 were constructed
having two reinforcing legs 204, which together with the target walls formed a
squared-off “U” shape, such that the target Walls 202 facing the explosive
charge would have some degree of structural reinforcement, as they generally
would in a building.
[00116) Panels A, B, and C (thickness not to scale relative to wall thickness)
were installed at the interior of three of the walls, while the fourth wall had no
panel or lining installed. The panels included stainless steel channels 120
surrounding their peripheries, and were secured to the interior of the walls 202
using concrete anchor fasteners.
[00117] Ali of Panels A, B and C were produced at a nohinal thickness of
180 mil of polyurea material having a fabric reinforcement layer disposed

therein. Further constructional details of the panels are as follows:
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it wwth the center point of each wall (walls 202 were 8 feet in height). The
expl osi ve charge was statically detonated, creating a. peak incident
overpressure of 17.67 psi, and a reflected pressure ‘of 51.22 psi. [00120]
Initial post-explosion observations revealed that the unprotected wall (no
panel secured to interjor) suffered catastrophic structural failure, with
virtually none [gqu@ie iABLEéte of either thept arget wall 202 or the

rei nforcing Iegs 204 remaining in place above the base of the wall.

Fragments of ttE#anehal|, or shrapndlastomered by t he blEabrioBeinforgementp to 54
feet behind the wall i.e., to the interior of the wall). [00121] In

contrast, the tAiree target walls HR42%g 180@ipanel s i M&EchhbmdT200 fabsc,
interior surface remai.ned standing, wth somewhat vamyb ’R®.25\gidsop¥hiripmage

to the concreta bl ocks. Regions atARMRS;h80 el t ar get Walchnd@2Ta@0sfapgicned to
reinforcing legs 204 appeared to suffer the nost damgosxo.28regridopdifingt resses

i nduced at thog® joints by the bl a425Theotn@l get val lisydrBRTRBLY $sbricoNt ai ned

varyi ng degrees of cracking and fracture. -21 WOlZZ]o.iW@&%;@mﬁd;e
panel s reveal ed that snmall areas of a marking paint coating on the i'nterior

surfaces of the panel had spalled or been knocked off, presumably by

concrete frag 'rrpﬂﬁ;' . | ' [P | ri t he

expl osi on. Li Pﬁp‘seﬁgi no p{eﬂ@ﬁ@e%@%?%@?cgﬁlpqgﬁg 4%(?@%33%?%&939# €%
perforation, of the.panels obseryed. concrete fragnment re found
B nc (10t ne ij°é“'hoﬁ9"hQ‘l)"l\ggﬁ8985ﬁ@:f 2 yrBs Sf5St Gupressdaen e Bhe Hanel s,
Tabl 65 2.5 pr eS8 UBLWALEOZ: Bl of G-ARsRmse £ SRHBIRBH Jo §band
subsequent to the test. |t is to be noted that no data is provided relative
to "Distance fRoundaf TNTorTherghasge was elavatagl foHefeet above the ground to align

it with the center point of each wall (walls 202 were 8 feet in height). The
explosive charge was statically detonated, creating a peak incident
overpressure of 17.67 psi, and a reflected pressure of 51.22 psi.

[00120] Initial post-explosion observations revealed that the unprotected
wall (no panel secured to interior) suffered catastrophic structural failure, with
virtually none of the concrete of either the target wall 202 or the reinforcing
legs 204 remaining in place above the base of the wall. Fragments of the
wall, or shrapnel, caused by the blast were found up to 54 feet behind the wall
(i.e., to the interior of the wall).

[00121] In contrast, the three target walls having the panels installed at the
interior surface remained standing, with somewhat varying levels of damage
to the concrete blocks. Regions at which the target wall 202 was joined to
reinforcing legs 204 appeared to suffer the most damage, due to the stresses
induced at those joints by the blast. The target walls themselves contained

varying degrees of cracking and fracture.
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panel s secured thereto, in that none of the fragnents passed through the
panel s. 00124] Table 1: Fragments found behind the Baseline tar et wall
Fragnent No. Mass (oz) Distance fromwall (ft) 1 1.0 49 2 .4 45.2 3 .3 54
4 .141.5 5.341 6 1.7 33 7 13.030 81.524.4 91.119 10 3.4 19 11
.518.5 12 6.7 19 13 .1 19 -22 Table 2: Fragnments contained b Test panel
T1402 Fr agmen{00%22] \vdrspecton ofithegpanglsireyealgd that-snaall areas of a natking 3:
Fragnents contai ned by Test panel T1403

paint coating on the interior surfaces of the panel had spalled or been

knocked off, presumably by concrete fragments impacting the opposite side of
the panel during the explosion. Little or no plastic deformation, and no
fracture or perforation, of the panels was observed. No concrete fragments
were found behind (to the interior of) the panels.

[00123] Upon removal of the panels, fragments of fhe target walls were
found behind each of the test panels. Tables 2-5 present data relating to wall
fragments (shrapnel) found subsequent to the test. It is to be noted that no
data is provided relative to “Distance from Wall” for the walls having the
panels secured thereto, in that none of the fragments passed through the

panels.

[00124] Table 1: Fragments found behind the Bassline target wall
Fragment No. Mass (02) Distance from wall (ft)

49

45.2

54

41.5

41

33

30

24.4

19

19

18.5

19

19

-t

—

15 el Pl 5 St I RS DO O B
Lyl pi=inlo|N|w|={w{alo

OO|INO O~ |WIN|—

—
N
»

-22-



Fragnment No. Mass (oz) 1 .5 2.2 31.2 4.3 5.1 6.1 72.1 8.6
Tabl e 4. Fragnents contained b Test panel T1404 Fragnent No. Mass (oz) 1 .8
2 1.3 35 2 [00125] FIG "7 is a side perspective view of a panel having

fl anges around a periphery of and substantially perpendicular to the panel,
I n accordance with an enbodi nent of the present invention. In FIG 7, a
panel 700 may be nmade in_any size necessary, may include a body portion 710
having an inner surface Tabié 2hfragmentscontiingdiby Testpanehd 1402y portion 710
may be, for exanple, but|not AragmeatNoo, al2' byMass (e)2' byl 3', a 2' by
4, a 4 by 8, as well t larger and/or snmller sizes, to.@pver a wall or
portion thereof. Panel 7002 may al so include 2, 3 or 4 flanges, for exanple,
a top flange 713, a bottonhg flange 714, a l¢ft-side flTangeqAlp, and a
right-side flange 716, whege each of —the Tlanges generalty giepends from
body portion 710 on a si no§ € Side of body ortTom 710, for S anple, on the

side with inner surface 7fi—However;—23
Table 3: Fragments contained by Test panel T1403
Fragment No. Mass (0z)
1 ' 5
2 2
3 1.2
4 .3
5 A
6 A
7 2.1
8 .6
Table 4: Fragments contained by Test panel T1404
Fragment No. Mass (02)
1 8
2 1.3
3 5.2

[00125] FIG. 7 is a side perspective view of a panel having flanges around a
periphery of and substantially perpendicular to the panel, in accordance with
an embodiment of the present invention. In FIG. 7, a panel 700 may be made
in any size necessary, may include a body portion 710 having an inner
surface 711 and an outer surface 712, and body portion 710 may be, for
example, but not limited to, a 2" by 2’, a2’ by 3’, a2’ by 4’, a 4’ by 8', as well
as larger and/or smaller sizes, to cover a wall or portion thereof. Panel 700
may also include 2, 3 or 4 flanges, for example, a top flange 713, a bottom
flange 714, a left-side flange 715, and a right-side flange 716, where each of
the flanges generally depends from body portion 710 on a single side of body

portion 710, for example, on the side with inner surface 711. However,
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enbodi nents are contenplated in which the flanges, for exanple top flange
713 and bottom flange 714.may depend away from body portion 710 on opposite
sides, for exanple, top flange 713 may depend away from body portion 710 on
the side with outer surface 712 and bottom flange 714 may depend away from
body portion 710 on the side wth inner surface 711. [00126] In general,

flanges 713, 7lsmbddimentsldre dontdrhlated,in adictnitiedlanges, rfonexdmplg topflangsn 710 at
substantially a 900 angl e, although other angles, both nore and | ess than

90 are al so comaidbettbm Fan§s o4l M depenttdivayTtom Bod{ bar@esz1d & fl anges

are generally |ocated on opposite edges of panel 700, Tor exanple, top and

oL o e st e, B Rl U ST o g oggl 0

resenbl es an open box or contalner w resent ed
by flanges 713, : %ﬁ&p ng'a :EBM :ﬁﬁﬂ' ' e from
body portion 71%&%0;‘?17@;5'16%%%% y %‘%@n e l{% o‘% Pﬁﬁ&s?ﬁd‘é f panel
700 on which the flange is |ocated... 71 . Panel 700 and flan 713, 714,
715, 716 of 1 Cepenipay o BBk Bouion i e Y wR i sy L £ anc i al 1y
uni form t hi ckne using a varjety of_ nethods. _For, l e, in accoydance
with an enbodi r@ﬁpﬁif &‘tﬁe‘]@l’ seMiges; 7&@9391"0%,5’ i’ o'ﬁ?iﬁ‘en?hgﬁpmamﬁmand
flanges 713, 714, 715, 716 may be fornedoby sprayi ng an el astoneric
material into PAfYIRPieHT1QAbSDStantiallng % aga@pelﬂs@uggt@thef angles. 1o | ar to
that of panel 700, allowing the elastonmeric material to set and renoving
panel 700 frommaee and lgss tancd@’ aetaiscorgeraplatet. Ihlemipediments with paly@uced
using this nmethod. Although producing panels in the formillustrated in
FIG 7 may hel pilaaygesgthellanges el geriarally ipcated on, opposie edges beyarel F00fady t 0
be installed, it may present sone |ogistic issues related to the shipping
and storing of ®eanels, toprindBoteeh omeftRing ngAtiNAS se&i #CFIG. FaMiith.fouanges

panel 700 resembles an open box or container with relatively short sides

represented by flanges 713, 714, 715, 716. Each flange may extend 13inch or

more from body portion 710 and may generally extend the length of the side

of panel 700 on which the flange is located.

[00127] Panel 700 and flanges 713, 714, 715, 716 of FIG. 7 may be formed

as a single piece having a substantially uniform thickness using a variety of

methods. For example, in accordance with an embodiment of the present

invention, in one method panel 700 and flanges 713, 714, 715, 716 may be

formed by spraying an elastomeric material into a mold (not shown) having a

shape substantially similar to that of panel 700, allowing the elastomeric

material to set and removing panel 700 from the mold. Panels with 2, 3 and 4

flanges may be produced using this method. Although producing panels in

the form illustrated in FIG. 7 may help speed the installation process, because

they are ready to be installed, it may present some logistic issues related to

the shipping and storing of panels configured in this manner. Specifically,
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when panel 700 is manufactured with flanges 713, 714, 715, 716, it may
become nore difficult to stack and/or conbine nultiple such panels 700 for
shi ppi ng and, thus, be nore expensive than flat panels. [00128] Panel 700,
in FIG 7, may be placed against a wall in a structure and, in general, top
flange 713 and bgttom f| e 714 be fastened | 1jng.and a floor
near the wal | i,){ﬁ’[e‘qeoag}e'l 2@‘3@@?”1‘@%@%‘?”’96?‘9@9??7tér?gl4' %g%’ H&d‘lrﬂ@és one or
nore side flanges 714, 715 and these side flanges abut wall(s) _and/or

col urm por t i on( PPCBMemereditfigult tg gtack gad/er B‘E’“P%Qr{@@gmﬁa%'/‘cﬁlp@@e 00rfget ened
to the wall(s) and/or colum portion(s). For exanple, panel 700 may be
fastened to the SBipPing and this, g meterxpepaive than tstdaselssuch as, concrete
anchors, screws and/or nails. In one enbodi nent of the present invention,
the fasteners ndQ0128] a Ranet 760 cinfFA&t émay bbgplacedaayalirest abamall inat structureed t o, a
1/4" dianeter by 1 3/4" long Kwi k-Con |1+ fastener, manufactured by Hilti

USA, with or wianldpintgeneralstoprflange 73Bamecbationt flaigee? B majbe fastenedten al ong
the length of the flange being fastened. Alternatively, if panel 700 only

has 2 or 3 flarefifng andelfiddrhead rswall inAl istrlib@ig 98spdttilelgo Ut parielirb@r | v
configured edges from adjacent panels w thout flanges may be fastened

t th i ng, ; 2 ' 9 i bed
bbove i n rel af} dicHidesiR Rordide SAAGEPT 14, 93 HA AGLE SREHARROTBEY | 1°0
f | e, i 8. ) i.e.

0 SRl SR dor AR PSR bt BB e e iy iR,

b t h in. [00129] FIG 8.i - ti I_ Vi f
The: panel of - Fr astengg BHbe IOETor solkng pORbRISTe FoF XA e RBOR TAOHTRG ¢ he
present invention. In FIG 8, the substantially uniformthickness of panel
700 may be seen bedagiened i the gtpicturgdisingsneshanical fastonars.Aushafd coagete ange

713 and bottom fl ange 714. -25
anchors, screws and/or nails. In one embodiment of the present invention,

the fasteners may be a concrete fastener, for example, but not limited to, a 14"
diameter by 1 3" long Kwik-Con Il+ fastener, manufactured by Hilti USA, with
or without a washer and spaced approximately 12" on center along the length
of the flange being fastened. Alternatively, if panel 700 only has 2 or 3
flanges, then the edges without flanges that abut similarly configured edges
from adjacent panels without flanges may be fastened together using, for
example, a Z-channel fastening member as described above in relation to
FIGS. 3, 4 and 5, as well as by using wall framing, for example, wood and/or
metal base (i.e., bottom) and cap (i.e., top) plates and/or studs along the side
flanges, which will be described in subsequent paragraphs herein.

[00129] FIG. 8 is a cross-sectional view of the panel of FIG. 7 along line 8-8,
in accordance with an embodiment of the present invention. In FIG. 8, the
substantially uniform thickness of panel 700 may be seen to be consistent

between body portion 710 and top flange 713 and bottom flange 714.
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Al t hough panel 700 nmay be shown as having rel atively sharp outer edges
where top flange 713 and bottom fl ange 714 depend from body portion 710,
slightly rounded and/or curved edges may al so be provi.ded by using a nold
wi t h rounded and/or curved edges. [00130] FIG 9 is a partial top-view of a
continuous fastening strip with fasteners securing a portion of a flange of
a panel to a concrete surface, in accordance with an enbodi nent of the

present inventi Afthough pdr@l 700 neay beasiyevn 94 Gaviny rélativelylshapsmadet ddgezon a -
continuous fastening strip 920 and nmultiple fasteners 930 may pass through

conti nuous fast @henrgtoptflange 38 amachdtioanfikinged21 déPehddedif bele pSffon 7o, ch, for
exanple, may be a floor, ceiling, wall and/or colum in a structure.

Continuous fast §Iﬁ%ﬁ39{§&ﬁdé® aaw?g?omfv&feaa&%ay Qlfo H@%@Uid@ﬂq{y Infold 1/ 8"

1/4", etc. thick , etc. wde cold roll steel” and/or steel

pl ate), wood (f%th?m nc?cgr&}fv%'ed ,s. Dy 6", etc. boards used as plates
and/ or studs to frane walls), and/or any other material having simlar

For “oxanpi o, k@ G LR Rer Bl el B eonilieseting ¥ st "

concrete faste isgqq}?z%/sterrs. Fast.eners 930 mta% be used in conbination with
an epoxy and/of® seeHiing a Rordipn of 2 flange of 8 Pangl to R cNCStRFUMacedRer s 930
in concrete 940. [00131) FIG 10 is a partial top-view of non-continuous
fast eni ng st ri pacegrdance With anamposinant ¢f hepiasent ibMertiona InFlEg8, aflargganel

to a concrete surface, in accordance with an enbodi nent of the present

i nvention. | n FO® miay havefdispuped theéreon mesontinveusiiastemingisttip @20 amdamultiplest one
non-conti nuous fastening strip/section 1020 and nultiple fasteners 1030 nay
pass through eaédstermrs 980 niayparssthfcugheontiguaisfagteamgtstim 920 adddladgé | ange

1010 into concrete 1040, -26
910 into concrete 940, which, for example, may be a floor, ceiling, wall and/or
column in a structure. Continuous fastening strip 920 may be made from
metal (for example, 1/8”, 1/4”, etc. thick by 17, 2", 3", etc. wide cold rolled steel
and/or steel plate), wood (for example, 2" by 4", 2" by 6", etc. boards used as
plates and/or studs to frame walls), and/or any other material having similar
strength and durability as metal and/or wood. Fasteners 930 may be screws,
for example, Kwik-Con+ I screws, concrete nails, bolts and/or other concrete
fastening systems. Fasteners 930 may be used in combination with an epoxy
and/or other adhesive or fixative to aid in setting fasteners 930 in concrete |

- 940.

[00131] FIG.10isa partia| top-view of non-continuous fastening strips with
fasteners securing a portion of a flange of a panel to a concrete surface, in
accordance with an embodiment of the present invention. In FIG. 10, a flange
1010 may have disposed thereon at least one non-continuous fastening

strip/section 1020 and multiple fasteners 1030 may pass through each non-

continuous fastening strip/section 1020 and flange 1010 into concrete 1040,
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which may be a floor, ceiling, wall and/or colum in a structure. Non-
continuous fastening strip 1020 nmay be made fromnetal (for exanple, 1/8",
1/4", etc. thick by 1", 2", 3", etc. wide cold rolled steel and/or steel
plate), wood (for exanple, 2" by 4", 2" by 6", etc. boards used as pl ates
and/or studs to frane walls), and/or other material having simlar strength
and durability as netal and/or wood. Fasteners 1030 may be used in

combi nati on wi t Whigh mayde/a daer, ceilinghwall antierstolemorin istmicture. Nonai d i n
setting fasteners 1030 in concrete 1040. [00132] FIG 11 is a parti al

top-vi ew of severoatinuows fastinirlg $teip 1620 ntayshesmads froremetalifpr@xample, drs”of  a
flange of a panel to a concrete surface, in accordance wth an enbodi nent

of the present iﬂﬂ’eletd.tttﬂckbVI1F,|2G,3'1étc.Wbd]a_réﬂéhtsit@él%nd?&%‘té&l%la?e)l%@d”ﬁy
pass through a washer 1135 and a flange 1110 into concrete 1140, which may

be a floor, ceilfdt®xaiipld, Za'ﬁylét@,r%’?:g}eﬁl"f@tci. Bo&ds?%%&)%%ﬂﬂf%r@ﬁ%?%t&% may be

made froma netal (for exanp Zi nc, ot her materi al
having simlar sy WAV [ e o be used
i n conbi nation WI} t“ﬁgg}ﬁh?ggﬂ?/%g%%r'ﬁ %%rﬁég?]a{@é%'e@llavﬂe:&o%bsﬁ é('iq ?1@%%{"5}5‘ %? din
setting fastener | crete 114 00133] FILG 12 js.a .
cross-sectional ,'ﬁ?‘é%g\?ﬁ”(%a@g&a%&&ﬁef‘ea 3 rﬁ'aﬂéﬂ}ﬁ’ﬁﬁg%?%b\ﬂa{'ﬂn With@Nn¢ or ced
panel fastened to exi sH?n frarrﬁ el emaﬂts, wth, f ast,ene{s i n accordance
with an embodi meROX%ANHINL Oheradhesiva P& fixatyg to pid inpsettingifastepges 193Rinof a wal |
system section 1200, for exanple, in a netal building and/or vehicle is
shown connect ed HCERe dQ#@ri or side 1202 of an interior wall 1203 and an
opposite side of wall ;zst em 1200 is connected to an interior side 1204 of
an exterior sidilA¢132P05FICGAIIis aypartahterevievmf sega@l malvidual (asielring spstemsof
opposi ng U-channel conponents a first U channel -27

securing a portion of a flange of a panel to a concrete surface, in accordance

with an embodiment of the present invention. In FIG. 11, each of multiple

fasteners 1130 may pass through a washer 1135 and a flange 1110 into

concrete 1140, which may be a floor, ceiling, wall and/or column in a

~structure. Washer 1135 may be made from a metal (for example, steel, zinc,

etc.) and/or other material having similar strength and durability as metal.

Fasteners 1130 may be used in combination with an epoxy and/or other

adhesive or fixative to aid in setting fasteners 1130 in concrete 1140.

[00133] FIG. 12 is a cross-sectional, top-view of a wall system

manufactured with a reinforced panel fastened to existing frame elements with

fasteners, in accordance with an embodiment of the present invention. In

FIG. 1'2, one side of a wall system section 1200, for example, in a metal

building and/or vehicle is shown connected to an exterior side 1202 of an

interior wall 1203 and an opposite side of wall system 1200 is connected to an

interior side 1204 of an exterior siding 1205. Wall system section 1200 may

include a pair of opposing U-channel components a first U-channel
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conponent 1210 and a second U channel conmponent 1215 that nmay each extend
along the entire vertical -l ength of opposing sides of wall system section
1200. Each opposing U channel conponent may include a pair of left and
right flanges 1211, 1212 and 1216, 1217, respectively, where each depend

away froma bod orti 13 and 1218, respectivel nerally a 90
degree angle, a Bgﬂ%ﬁglzl%é aé%%ﬁ%@@‘&ﬁ?@ﬁ&?“ﬂ@ﬂé’h&%ﬁqﬁéﬁ 'I“agféf’lém
section 1200. [001331 AItRou h not %r]?m addi ti gnal, sec}ions of U channel
may al so be poSKENGAMNILNE SR lenath shorRrRg Ydesal wall system sect i on
1200 to forma frame. These additjonal sections of U channel may be adapted
to fit evenly epetionf1308: Each opposing Wicharnal spmponpeireay inciurdeca paip obleft

Bet ween U-channel conponents 1210, 1215 may be di sposed one or nore

sections of a randfightfiageari@l 11212 arid 2316, 21 7 neeppbetiviels wiveeel eattong t he
vertical height of right flange 1212. In general, each reinforcing panel

1220, 1225 may Heperhawhypfrony £Bodypertivar2es undf1298zRspettivelys xbgonsrallpat not
limted to, 2° by 2', 2° by 3, 4" by 8, etc., and may have a thickness

rangi ng from apppesyray flgle, i gdcrallyCoxidr thelveRicalRERt of walESRESAT Y, wal |
system section 1200 may al so includé one or nore |-channel conponents 1230

di sposed bet vveegﬁgm 1gggpstantially parallel with first U channel conponent
1210 and second channel conponent 1215. Each |-channel conponent 1230

1 ange1231 pai r SRISH T ARBRY IR, 8811535 SachiBRO O2pen TR ol bl o
R R e e e e T B R
reinforced panelfrarlnze?OThr(ra%)é a%%itifoﬁgi[ seerl:%gné 8f S-r]ccl!laﬁllglnr%ayg P)g adapted to fit evenly
with first and second U-channel components 1210, 1215. Between U-channel
components 1210, 1215 may be disposed one or more sections of a
reinforced panel 1220, 1225 that may be fastened along the vertical height of
right flange 1212. In general, each reinforcing panel 1220, 1225 may be
manufactured in a variety of sizes, for example, but not limited to, 2’ by 2', 2’
by 3', 4' by 8', etc., and may have a thickness ranging from approximately 100
mil to 250 mil or more. If necessary, wall system section 1200 may also
include one or more I-channel components 1230 disposed between and
substantially parallel with first U-channel component 1210 and second U-
channel component 1215. Each I-channel component 1230 resembles an I-
beam and may have two pairs of opposing flanges, a first flange1231 paired
with a second flange1232 and a third flange 1233 paired with a fourth
flange 1234 depending generally perpendicularly from a body portion 1235 of

I-channel component 1230.
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| ength of right flange 1212 of first U channel 1210 and fastened to and
along the length of third flange 1233 of |-channel conponent 1230 usi ng,
for exanple, multiple nuts 1240 and bolts 1242. Alternatively, the
fastening may be acconplished using nultiple rivets 1244 and washers 1245.
Wal | system section 1200 may al so i nclude one or nore foam sections 1250,
1255 between the reinforced panel and flanges 1211, 1231, 1232, 1216.
[00136] In general, the U channel and |-channel conponents 1210, 1215 and
1230, respecti vidi0§3Slof IFFIG. 122 reinfprdssl pradé 122@0may hedfastenal thand atpng the
sufficient strength and rigidity, for exanple, netal, conposite and the

like, to suppolengthedflrighy farge $212 oidirstii2@hanmel 1200iamddastendd teand alongt r engt h
to support the interior wall sections and exterior siding attached thereto

and wall and f{yaQen§R©F HREMgRCRB3W LichBnASI idondne 1230 886418 1200.
[00137] FIG 13 is a partial, cross-sectional, top-view of another wall

f
system manuf acékﬁrﬁ;ge%hﬁipi’et @ﬂg LE) %ﬂgib%gﬁ ﬁbg%.afhgihgﬂ\ééslg tﬁéifé&téﬁ‘iﬁg Ir)rﬁ]aayﬂf i

el enments, in accordahce W n enbo n nven

FIG 13, a wall t ection 1300 siml 0 |1, sys i on 1200 of
FIG 1214 shoue BPTRIRAHsReADRr 1Rk Bk &nd Fasht V588, Wl ooy

rei nforci ng panel .12§%9 to either of first U channel 1210 and |-channel
1230. | nstead, FAtONJ20PHRAY Alshdnclu e MBES IaME3GHeNs 18P9:at%8d to t he
flanges on first U channel 1210 and |-channel 1230. Alternatively, flanges
on U-channel 12k¢iwesp the rainfercad panekenddigngas 12t i1881etPA2 18H&e a sl ot t ed

portion into which a vertical edge of reinforced panel 1220 nay be
i nserted. This #833@n irsgararal) thend-abasoeli dneld-chasnel componearitad 20 12d5F1 G 14.
The slotted portion may be | ocated next to one or both flanges on each of

U-channel 1210 amdl 1230 raspestivély 36k FIG292[OABS made@rom 4 rmatefialtving?! .

cross-sectional, top-view of a slotted portion of
sufficient strength and rigidity, for example, metal, composite and the like, to
support wall system section 1200 and to impart structural strength to support
the interior wall sections and exterior siding attached thereto and wall and
floor sections placed on top of wall system section 1200.
[00137] FIG.13isa partial, cross-sectional, top-view of another wall system
manufactured with a reinforced panel fastened to existing frame elements, in
accordance with an embodiment of the present invention. In FIG. 13, a wall
system section 1300 similar to wall system section 1200 of FIG. 12 is shown
in which mechanical fasteners are not used to connect reinforcing panel 1220
to either of first U-channel 1210 and I-channel 1230. Instead, reinforcing
panel 1220 may be adhesively attached to the flanges on first U-channel 1210
and I-channel 1230. Alternatively, flanges on U-channel 1210 and I-channel
1230 may be configured to have a slotted portion into which a vertical edge of
reinforced panel 1220 may be inserted. This design is shown and described

herein in relation to FIG. 14. The slotted portion may be located next to one

or both flanges on each of U-channel 1210 and I-channel 1230.

-29-



a frame in a wall system manufactured with a reinforced panel that nay be
used to fasten the panel to existing frane elenents, in accordance with an .
enbodi rent of the present invention. In FIG 14, a right side of a U channel
conponent 1410 is shown with a slotted-portion 1411 defined by a first
flange 1412 dependi ng substantially perpendicularly froma body portion
1415 of U channel conponent 1410 and a first flange lip 1413 depending at a
substantial |y pd0@I38li duGarl4ds giparialgross-sentionak tap-vibwf of anglettadiportiam of
substantially parallel to body portion 1415. Simlarly, a second flange 1414

i s shown dependi frgme rba tvaaiit Syatdny neewufsetulied withrd geifformedtganebthabmayde of body
portion 1415 of U channel conponent 1410 as first flange 1412. Second

flange 1414 may uakdqo fistén thesrawnth &tistirgefrdme elefiehtsldan @id8brdenéd with an
substantial ly perpendicular angle froma | ower end of flange 1412 and that

is substantial lgmimfibhEdf the phednt RREBATIGH IAFIE. 141 E@Iﬁ‘leéi@é of 4 U&lanhbfnge
lip 1413 and second flange |lip 1416 are copl anar and”of substantially equal

| ength. [00139] ' I a2 o I X

coyed portion CRQPREEN1ATY ' showhduind & plehBlroforP PR adied Y ehate® 0
keyed portion . var | . n he alj [
panel 1420  to panmideenifa bs@RiinaeRb 5o TRy Bt SiEofanaf 4oL, o°
align with an outer edge of fir fl 412 ter f 1422 t
i on wth an i iherneCiidient 141 and 316 taigs S 1428 Bparaind 2he keyed .
portion 1430 into slotted portion 1411 may be acconplished bé’ for exanple,
sl'i di ng keyed pdubstantiallyperpendisular angledrogha iowar enshof flanggy432apdi ng keyed
portion 1430 into slotted portion 1411. In the contenpl ated enbodi nents of
wal | syst em sectsubstantialy, parali¢lie bpdy pgrtiearidil Sniimileryarsecand flarge W téhisor

wi t hout one or nore -30 fabric/fiber reinforcing layers in reinforcing panel
1220 used t o nakshownl depending substantially perpendicularly from the same side of body

portion 1415 of U-channel component 1410 as first flange 1412. Second
flange 1414 may also have a second flange lip 1414 depending at a
substantially perpendicular anglé from a lower end of flange 1412 and that is
substantially parallel to body portion 1415. In general, first flange lip 1413
and second flange lip 1416 are coplanar and of substantially equal length.
[00139] As seen in FIG. 14, reinforcing panel 1420 may include a keyed
portion 1430 along its edges to fit within slotted portion 1411 and keyed
portion 1430 may be variably located along the edge of reinforcing panel 1420
to permit an outer surface 1421 of reinforcing panel 1420 to align with an
outer edge of first flange 1412 or an outer surface 1422 to align with an inner
edge of first flange 1412. Installation of keyed portion 1430 into slotted
portion 1411 may be accomplished by, for example, sliding keyed portion
1430 into slotted portion 1411 or by snapping keyed portion 1430 into slotted
portion 1411. In the contemplated embodiments of wall system section 1200,

reinforcing panel may be manufactured with or without one or more
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system section 1200. [00140] FIG 15 is a partial, cross-sectional,
side-view of a concrete floor manufactured with a reinforced panel in the
interior of the concrete flgor, in accordance with an enbodi ment of the
present invention. In FIG ‘15, a concrete slab 1500 -may include an upper
concrete portion 1510 and a |lower concrete portion 1520 between which may
be sandw ched a reinforcing panel 1530. Reinforcing panel 1530 may incl ude
panel s havi ng ofabrisfibgprainforgjrg kyerstin einforeng pabelt 1220 usedda makietwallit one or
nore fabric/fiber reinforcing layers therein. In one enbodinent of the
present inventi eystemaectien d260.ab 1500 nay be manufactured by pouring
concrete to create | ower concrete portion 1520, placing one or nore

rei nforcing pan@id4d53FI@nts txoa partiah) Wesssasertiomd] esideviowodt a difleRifidoer before
and/or after the concrete sets, and pouring concrete onto reinforcing |ayer

1530 to form Upﬁﬁnufé&lﬁr@@vﬁth@@ihf@&eﬂ%el ﬁhﬁeﬁﬂ&ld?rofméondr@tbrffo%i‘%”9
panel s 1530, in general, are pre-manufactured, cured panels wth or w thout

one or mor e f abbed hiel whAKA emiilSREhE rddsh GhlenddiaN Big, 18,61 N1 O ci ng

panel 1530, regardl ess of It 1s wt /or W t hout onhe’or nore

1520 and then usgieih 380 pH eﬁ@?ﬂé{e@%Bhéﬁcdo&gpegs{ff“ﬁLoncﬁ%éﬁ%F’o et
pianel 153? d[Oglﬁ@%ﬁLen %%F%EQ\P thou h?t{]g{aﬂ ovvn Cg}e%r etefsl ab é?SO may
al so include ShiSio%Rg

structural sup nts exanple one or both of upper concrete
portion 1510 aﬁg éo%@f" GWQrR-?("@ berQ may 'WW?“@Y'%Q“ﬁoﬁﬁgﬁeéﬁY@fﬁ)r cage
of rebar that may have been wired together to inprove the strength and
rigidity of -310tekstomeas bothawith snd wntbfaahmeegr r@prqggbgc/bber feinfercingdayerst

and/ or structural
therein. In one embodiment of the present invention, concrete slab 1500 may

be manufactured by pouring concrete to create lower concrete portion 1520,
placing one or more reinforcing panels 1530 on top of lower concrete portion
1520 either before and/or after the concrete sets, and pouring concrete onto
reinforcing layer 1530 to form upper concrete portion 1510. The one or more
reinforcing panels 1530, in general, are pre-manufactured, cured panels with
or without one or more fabric/fiber layers as described herein. However,
reinforcing panel 1530, regardless of whether it is with and/or without one or
more fabric/fiber layers, may also be spray applied to lower concrete portion
1520 and then upper concrete portion 1510 may be poured on reinforcing
panel 1530.

[00141] In FIG. 15, although not shown, concrete slab 1500 may also
include I-beams, rebar, wire and/or other reinforcement and/or structural
support elements. For example, one or both of upper concrete portion 1510
and lower concrete portion 1520 may include a mesh and/or cage of rebar

that may have been wired together to improve the strength and rigidity of
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support elenents are described in relation to FIGs. 16 and 17. [00142] FI G
16 is a partial, cross-sectional, top-view of a concrete wall constructed
with rebar and a reinforced:panel in the interior of the concrete wall, in
accordance with an enbodi nent of the present invention. In FIG 16, a
concrete wall 1600 may include a first concrete side 1610, a second
concrete side 1620 and reinforcing panel |ayer 1630 sandw ched in between
first concrete SPRfEetesiab 15Q0. sémaleé&ﬁem@ese'a@rqwent aRd/ofrrusturagl | ayer
1630 may include panels having one or nore |ayers of elastoner both with
and wi t hout oneseppafbelemeats are/despdbed igiralation tnglGsyiérand herei n. Al t hough
concrete wall 1600 is simlar in appearance to concrete slab 1500 in FIG
15, the met hod[09i42JonFiGutd iscmpantial, beosdisettoralttopiisw ekacpherctauwhll ke
concrete slabs in which the concrete is, generally, 4 inches to 12 or nore

i nches thick (bogshuctsttwith rebar addal reirdoraed panglantiad inpdrivn@f tHecancestacr et e
wall the concrete 1is, generally, 4 inches to 12 or nore inches thick (w de)

and oriented al gag, it ackSidan6@ withlAngmBMEhNr tﬁé??@s‘én’i pRenfich. 1A [G. ABr e feet
high and running along an entire side/portion of a structure. As a result,

concrete walls ?‘é%hcu%‘f‘e gl?%ﬁérﬁaﬁhﬁclhééhfﬂcrélrc%ﬁcr‘e*i?bdéﬁ%@eﬁ &g made of

reinforced neta together wt | eces rebar or ot her netal

€100 el o eHBRlep e 9@@&&@&; S PGAF b SR,
Thaddi ¢ on r el cShipBrid a1 80 SdeprdforkRl sk rfﬁézoaﬁg%é&w%@véhc?#s?Se
the forns so that t he co creteq&a% encase the rebar nd/or wire when it is

poured into the 1689 Fay ingyde pa ayigg opR arEIYre layers etelagiomer bgth with,

enbodi nent of the present invention, a nmethod of construction of concrete
wal | 1600 nay i ABY \dBout one or more fabric/fiber reinforcing layers therein. Although

concrete wall 1600 is similar in appearance to concrete slab 1500 in FIG. 15,
the method of construction may be different. For example, unlike concrete
slabs in which the concrete is, generally, 4 inches to 12 or more inches thick
(high) and oriented along a horizontal plane, in a concrete wall the concrete
is, generally, 4 inches to 12 or more inches thick (wide) and oriented along a
vertical plane standing from 4 feet to 10 or more feet high and running along
an entire side/portion of a structure. As a result, concrete walls must be
poured into tall forms that are generally made of reinforced metal and held
together with pieces of rebar and/or other metal reinforcing element. In
general, concrete walls in a house and/or building may be from about 4 feet to
12 feet tall. Of course, the walls may be shorter and/or taller, as required by
the particular building application. In addition, rebar and/or wire mesh and/or
cages may also be placed inside the forms so that the concrete may encase

the rebar and/or wire when it is poured into the forms.
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assenbling one or nore rebar and/or wire nesh layers and placing the one or
nore rebar and/or wire nesh layers inside.a form One or nore reinforcing
panels 1630 may be placed in approximately the m ddle.of the form and

bet ween the one or nore rebar 1640 and/or wire mesh layers. In at |east one
enbodi nent, at |east one or nore reinforcing panels 1630 may be connected
using a Z-channel and/or |-channel connector 1650 and fasteners, bolts,
screws, stapl es(00143)e, Fer exampleaigdiccpisiance méth@meerobodiment pttherpresentor wire
mesh | ayers may be w red together by passing rebar and/or wire through

hol es i n one orinwent®n; aimétbod iohgonsinetisn ab@Mcréta wallel 606t rhayl jnohadecr et e i s
poured into the formand around the panel and rebar and/or wire nesh and

al l owed to set.as3eawlihh@nemrenarbaebar @wlor wikemesh tayemaind glackigpmednewrr eveal
concrete wall 1600 with reinforcing |layer 1630 enbedded therein. [00144]

FIG 17 is a pamorétebaf aR8ST MretrhedttlayelsAfsié QoM. OneVtihdedeliffdrting
constructed with rebar and a reinforced panel on an exterior surface of the

concrete val |, bihdls 030130 bobibbecl HERMHERIY tdlmichfo 8RS folin eyent i on. I

FIG 17, a concrete wa 00 may In crete portion 1710, and at

1700, Goncr ot 0. deipod B8 oP iore fiheP 630 Bnflor WelfibaflGgR. Oh Mt 8hE "'

wa e construc pI ac

rei nforcing panel 720 agai nst one or bath sides of ormand a rebar
ndror i re moSmbadie e on B plirasghtriyd PAnsts abndt 67 fethdsie
Concrete may be poured into the formand once it has set, the formmay be
renmoved to revédng agnehannel aag/or E?W%'Pﬁm%it?ﬁmwfﬁé‘%‘le&i’?’ﬂ@ on one
side. As in -33 FIG 16, adjacent reinforcing panels used in concrete wall
1700 in FI G 17scraws, $apltastapaceict byaddition,dke das or mnsel relarand/ar witd ati on to
FIG 16. [00145] FIG 18 is a cross-sectional, top-view of a one-piece panel
system mesh layers may be wired together by passing rebar and/or wire through

holes in one or more reinforcing panels 1630. In the method, concrete is
poured into the form and around the panel and rebar and/or wire mesh and
allowed to set. Once the concrete is set, the forms may be removed to reveal
concrete wall 1600 with reinforcing layer 1630 embedded therein.

[00144] FIG. 17 is a partial, cross-sectional, top-view of a concrete wall
constructed with rebar and a reinforced panel on an exterior surface of the
concrete wall, in accordance with an embodiment of the present invention. In
FIG. 17, a concrete wall 1700 may include a concrete portion 1710, and at
least one reinforcing panel portion on one or bother sides of concrete wall
1700. Concrete wall 1700 may be constructed by placing one or more
reinforcing panels 1720 against one or both sides of a form and a rebar and/or
wire mesh and/or cage in substantially the middle of the form. Concrete may
be poured into the form and once it has set, the form may be removed to

reveal concrete wall 1700 with reinforcing panels 1720 on one side. Asin
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for protecting concrete colums, in accordance with an enbodi nent of the
present invention. In FIG -18, a colum panel cover 1800 nmay be forned as a
substantially rectangul ar, for exanple, square, or any other configuration
(e.g., oval, circul ar, etc.) to match the external di mensi ons of a col umm.

Regar dl ess of t of the_colum panel . cov 00 y. be pre-
nol ded ar ound a %rggﬁcﬁ?te@w%rﬁ Rf "(98H‘F@F‘?ﬁ”? ?ﬁ "%ﬁ%é of the
colum. As seen in FIG substantlally squar e shape such
that the outer E‘é@é’?f?ﬁ@ﬁediqﬂﬁh?ffa%‘?ﬂﬁ‘fﬁﬁe%éh@fe @d@@t'oﬂ%% 1Gy 6. not connect ed
to provide an o&} ning 1810 that runs along the Ien th of outer %es 1802,
1804. [00146] 043 EYG. thisra ﬁr@sw@gthm? ﬁomyle@ug onepiecerzmne! syste® spread
apart and col unm panel cover 1800 to be placed around the col um.

Al ternatively, fosipmwtactngedinceetecolubdt) imagcardaricerwitida gnitediment oitice t hen
bending a flat reinforcing panel around the exterior of the colum. In

general, when pesentinpaition. doRE. 18Q0cilsmhipainel ¢ar 4800 nthyebe fdrmed, asait er
edges 1802, 1804 will be as close to each other as possible to conpletely

cl ose opening d@hamiallfPéRandulds féBamphs Se0afd, lalran¥6{rte¢rcaaﬁgu/rahdn out er
edges 1802, 1804 mmy actually overl ap. Regardl ess of whet her edges 1802,

1804 overl ap, (e BvAICAlcuid> bR MAleh HeeHERRAdRRIRIdhsTA BstutiAcd, bot h

with and wthout” époxy, to fast'en columm panel cover 1800 to the column at
LR o, SeROTEieS oo g BOR RSP ELTR RRTRONIEE,
oo 3435 vel 1 P . BRSBTS P 2 o0
the —colum. column. As seen in FIG. 18, this may be a substantially square shape such

that the outer edges 1802, 1804 of column panel cover 1800 are not

connected to provide an opening 1810 that runs along the length of outer

- edges 1802, 1804.

[00146] In FIG. 18, opening 1810 permits edges 1802, 1804 to be spread

apart and column panel cover 1800 to be placed around the column.

Alternatively, column panel cover 1800 may be formed by heating and then

bending a flat reinforcing panel around the exterior of the column. In general,

when column panel cover 1800 is installed around a column, outer edges

1802, 1804 will be as close to each other as possible to completely close

opening 1810 or make it as small as possible. Alternatively, outer edges

1802, 1804 may actually overlap. Regardless of whether edges 1802, 1804

overlap, mechanical fasteners as discussed herein may be used, both with

and without epoxy, to fasten column panel cover 1800 to the column at least

“around a comer of the column along the seam formed by edges 1802, 1804.

If desired, column panel cover 1800 may also be fastened around each edge
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[00147] I n another enbodi nent of the present invention, colum panel cover
1800 in FIG 18 may include two or nore separate panels that may be

manuf actured and/or cut to fit against each side of the colum so that the
separate panels abut and/or overlap at each corner of the colum. For
exanpl e, col um panel cover 1800 may include two L-shaped halves; a U
shaped pi ece that cover three sides and a fl ece to c vef the
fourth side; ﬂﬂWW" ap&nreabc@pfap%(fsgrf@qeaq)fstla? seluenn. oﬁ‘leégb?s%%g}?ycﬁ SQRe sides of
the colum. [00148] FIG 19 is a cross-sectional, top-view of an L-bracket

for fastening auseshwiththemeshanicaldastaners te pitaehralupieane! coyRrr 1808 tedhaim, i n
accordance wth an enbodi nent of the present invention. In FIG 19, an

L- bracket 1900, colggn. exanpl e, 2 inch, 3 inch, 4 inch, etc. L-brackets with
wi dths ranging from1/2 inch to 4 i nches or nore, nmay be used wth the
mechani cal fast H9#4F t ¢n nsthenembodtionent phthel preserdrin s ion acalumad panebner of
the colum. In general, multiple L-brackets 1900 with two or nore fasteners

per L-Dbracket megvdrel800emFIG. Fpmagincilidevoopembrgsddititegiaheltibat eagdes 1802,
1804 fromthe bottomto the top of colum panel cover 1800 and anchored

into the col U”“mdnﬂfa%ﬂxreé'ahﬁld?%ht MHfitGaREL BRH sidb o IRCEAUMAYIRhARhebE a
single piece with a vmdth that nmay be substantially equal to the height of

cach outor - edge Sheras unie“’s%%#fe c%'Xﬁ”ﬁ“i@%SE*’?%é&*‘sfe"éﬁ%&%ﬁb (P81 andior
cross-sectional xérﬂgrevb&%\g\ 5 \;et}a' %{;ﬂ‘%@ﬁ% tw8rL- r@%gcco g pne or

nor e- pi ece paneF tem ar oncr ARce with
anotner erbod! gy} @Jaw%eéwaa%ﬁﬁechver@wvrsayﬁ:%smﬁat pé?%e‘)qcaozveawﬁnﬁr
with widths r angldggarﬁélgmour ggggra%eoﬂaﬁ pllenccegetg cg\r/er eac ofnﬁg sades o? ehe column.
[00148] FIG. 19 is a cross-sectional, top-view of an L-bracket for fastening a
one or more-piece panel system around a concrete column, in accordance
with an embodiment of the present invention. In FIG. 19, an L-bracket 1900,
for example, 2 inch, 3 inch, 4 inch, etc. L-brackets with widths ranging from Y2
inch to 4 inches or more, may be used with the mechanical fasteners to fasten
column panel cover 1800 around a corner of the column. In general, muitiple
L-brackets 1900 with two or more fasteners per L-bracket may be evenly
spaced along opening 1810 and over edges 1802, 1804 from the bottom to
the top of column panel cover 1800 and anchored into the column. In an
alternative embodiment, L-bracket 1900 may be a single piece with a width
that may be substantially equal to the height of column panel cover 1800 to
effectively completely cover opening 1810 and/or each outer edge of column
panel cover 1800.
[00149] FIG. 20 is a cross-sectional, top-view of an L-channel bracket for

fastening a one or more-piece panel system around a concrete column, in
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wi th the nechanical fasteners to fasten colum panel cover 1800 to the
colum simlar to L-bracket 1900. In general, nultiple L-channel brackets
2000 with two or nore fasténers per L-bracket will be evenly spaced al ong
opening 1810 and edges 1802, 1804 nay be inserted into channels 2005, 2010
i n L-channel bracket fromthe bottomto the top of columm panel cover 1800
and anchored around a coner of and into the colum with fasteners that may
pass through L-?e¢aftancenyithcanathengpbadimenbeitha presant inventien.1 BOBIG. 29, an
general, multiple L-channel brackets 2000 with two or nore fasteners per L-
channel br acketL-agnnst beacket 208QJerexamplag? incbnd inphl 8 inchaett. dvehansgles

1802, 1804 fromthe bottomto the top of columm panel cover 1800 and
anchor ed i nt o thrackeats with.withthsarangingdronat4 meh ¢ inbhesr mdrecimay ihel usedack et
2000 may be a single piece with a width that may be substantially equal to

the height of with thempenaiical dystend8Q0 fdstereEdlamini pediey covmIIBeDab Yhecover
opening 1810 and/or each outer edge of colum panel cover 1800. [00150]

FIG 21 is a pagdlinh siill136 1 MaEk&EN00. 19 BeNo@Y nlitiple ¢ -éhdinerbrtkas FIG 18
fastening a panel systemfor protecting a concrete colum to a corner of

the concrete c 6(951::“{”@ P&Se | ayane! deg
I nvention. In CFI% '1, a ggﬁr‘%ﬁ%t e r},&rqépgﬁjz?t | ong{g co?ﬁgnr# %’gar‘]%deaég%r 1800
around a concre ] s h, . 2110
passing thr ough(g%rﬁ'?iﬁg% g'?ggs&éc E?({szrfﬁ 8@%&@%” %%8‘%? ﬂggdﬁggﬂéﬁﬁéggségncr ete
col um 2000. Al U ot shown eROX al.so, be used to adhere -36
ol um panel - cobait BB angl Biitkel BB e Hnfh o8 Wi ipbr c2limt Baddlzerer 2110
in concrete colum 2000. [00151] FIG 22 is a cross-sectional, top-vjew of a
t wo- pi ece pane Al &' wit
i | 1eQsandhanghgred apund 3 ﬁ@"&bﬂfi‘?f& Bl IeLﬁ?ﬁE"" w#hée%tsparéﬁbat i th

an enbodi nrent of the

may pass through L-channel bracket 2000 and column panel cover 1800. In

general, multiple L-channel brackets 2000 with two or more fasteners per L-

channel bracket may be evenly spaced along opening 1810 and over edges

1802, 1804 from the bottom to the top of column panel cover 1800 and

anchored into the column. In an alternative embodiment, L-channel bracket

2000 may be a single piece with a width that may be substantially equal to the

height of column panel cover 1800 to effectively completely cover opening

1810 and/or each outer edge of column panel cover 1800.

[00150] FIG. 21 is a partial, cross-sectional, top-view of the L-bracket of

FIG. 18 fastening a panel system for protecting a concrete column to a corner

of the concrete column, in accordance with an embodiment of the present

invention. In FIG. 21, a completed installation of column pahel cover 1800

around a concrete column 2000 with L-bracket 1900 and two fasteners 2110

passing through L-bracket 1900, column panel cover 1800 and into concrete

column 2000. Although not shown, an epoxy may also be used to adhere
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present invention. In FIG 22, a two-piece colum panel cover 2200 is shown
to include a first half 2210 and a second hal f 2220. Two-pi ece col utm panel
cover 2200 may be installed using simlar methods and f ast eni ng materials

di scussed above for col um panel cover 1800 to cover the tmo openlngs
present wth two |ece CF| um B§8 cover 2200. b 152] |G 23 is

partially expos®d @Pc?@"? eRyes 840 fo, pencrele R gpo ﬁf‘gtaétéf’h fﬂftmﬁlzéﬂ@
colums show ng a di anond-1i ke arrangenent of a reinforcing layer, in
accordance wi t hiNGPNEMREPWER 200.t he present invention. In FIG 23, a col um
panel cover 2300 is seen to include a fabric/fiber layer 2310 arranged in a
di anond- | i ke pal00&H. RAlG2histd erobs-sectianal, dpp-view ofl aairer-pie8e Panaksystdnso be
arranged in a cross-hatch and/or overlapping pattern. [00153] FIG 24 is a
partial cross- stecpraiecting cangrete eoluninsg irhaddoodarverveittdaw embodiniers of leapnel and
projectile-resistant panel disposed within the door, in accordance with an

enbodi ment of t pesphrEiAeeitionIMeFIGO22, d ivdpicee dium pémil tovere®0o islenswial |
section 2400 may include a first side 2410, an opposing second side 2420, a

first end 2430, toaﬁ@iua@aqnmlm1wgs@é%da%m@erw&fpué&rc%umhﬁssﬁelof a
structural support 2450 may run al ong substantially all "of an inner surface

of first end 24 e‘?@%@'ﬂné /sﬁiﬂf-zp%%@(gﬁlgﬂé’ﬁﬁ%@\oﬁggna‘*é&emhp%QtﬁpﬁsbOttOm

to the top of ho Iovv-core exanpFe ructural

AT hough not SnRRCeSRREReFP i odfBR I o BRIt TR O ¢ e

top and bottom of hol | ore door/wall sectio 400 to provide a conplete
structural int ePr?éme‘?"aTwﬁ"’o REcELE mmp@n%mgg{rébé) reinforcing panel 2460, in
accordance with one or nore of the enbodi nents described herein, may be

di sposed i nsi del0d3owFar23 appatially expased sidexvieny of @panel system for

protecting concrete columns showing a diamond-like arrangement of a
reinforcing layer, in accordance with an embodiment of the present invention.
In FIG 23, a column panel cover 2300 is seen to include a fabric/fiber layer
2310 arranged in a diamond-like pattem. Altemnatively, fabric/fiber layer 2310
may also be arrangéd in a cross-hatch and/or overlapping pattem.

[00153] FIG. 24 is a partial cross-sectional, top-view of a hollow-core door
with a shrapnel and projectile-resistant panel disposed within the door, in
accordahce with an embodiment of the present invention. In FIG. 24, a
hollow-core door/wall section 2400 may include a first side 2410, an opposing
second side 2420, a first end 2430, and an opposing second end 2440. One
or more pieces of a structural support 2450 mAay run along substantially all of
an inner surface of first end 2430 and an inner surface of second end 2440
from the bottom to the top of hollbw-core door/wall section 2400. For
example, structural support 2450 may be made of wood, metal, masonite,

and/or composite. Although not shown, a similar structural suppori(s) may
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bet ween structural supports 2450. In general, reinforcing panel 2460 may
extend substantially the entire width and hei ght of holl ow core door/wall
section 2400 and be fastened using any of the variety of fastening nethods
descri bed herein. Any spaces 2470, 2475 between reinforcing panel 2460 and
first side 2410 and second side 2420 may be enpty and/or filled wwth foam
I nsul ation, and/or other material to provide additional sound/thernal

i nsul ation, density and/or reinforcement. The reinforcing panel 2460 coul d
al so be ext endd¥ntasressdheder andhgiemiat hpllewceraidentiwalisrstion 246040 si des or
ends of the door. For exanple, the flanges could extend onto the hinge-side
portion of doorpravide agampletd strusturalintemeal fraime. oAs segn relFkE. 284 a0eintortiogt her
be secured to the hinges (not shown) of the door 2400. [00154] The basic

construction ofpdnel P480,d0necstdanéewith oae ©r mwte 28 tHe embodifents ddscribey be used
to manufacture an aircraft cockpit door as well as bul khead walls using

materials suit egbrbipf m@yrtﬁi@ifs;bos‘e@lﬂﬁélﬂé%bll&ﬁ-cofé)tﬂo&m&uon @4poiagadm car bon
conposite, etc. The reinforcing panels may al so include one or nore |ayers

of fabric/fi berb&waehgtreé ?au%abb&% 44011 1 fal, r%mt 4Hel @g@ﬁ@: S in

al ternative enbodi nents t e reln orcing panels are scrl

relation to FI %de@s@kﬁar%%ﬂgkf?&é%bﬁh a%‘ﬁ'ﬁ: @ﬁ oq?l?[lé\»’%l ['e a6& %@B 2400, in

FIG 24, also may MANUFRCt UT usi ng
standard construc J0 r exa four (2 x 4)
or larger (2 x &° 9"%498%@@93?%@?9@6'31"9 q&r?g«y?e VW?%BEW h’ nt of
the present inventi section 2400 st end 2 30, and nd end
2490 ay e, 1 GHOSEHBRANGIE ANy SPagRR 4 a4 5 PRMSER TR G IRPnZE o900y e
just wide enough to fit between first edge 2430 and second edge 2440 and
pai rs of structdidhfirstsigpdiiQ apdsgcapy side 2420 may be empty and/or filled with

foam, insulation, and/or other material to provide additional sound/thermal
insulation, density and/or reinforcement. The reinforcing panel 2460 could
also be extended to include flanges that extend onto one or more sides or
ends of the door. For example, the flanges could extend onto the hinge-side
portion of door 2400 and would allow the reinforcing panel 2460 to further be
secured to the hinges (not shown) of the door 2400.

[00154] The basic construction of hollow-core door/wall section 2400, in
FIG. 24, may be used to manufacture an aircraft cockpit door as well as
bulkhead walls using materials suited for aircraft construction, for example,
aluminum, carbon composite, etc. The reinforcing panels may also include
one or more layers of fabric/fiber and be of a variable thickness. Examples of
possible alternative embodimehts of the reinforcing panels are described
below in relation to FIGs. 27 and 28.

[00155] Hollow-core door/wall section 2400, in FIG. 24, also may be made
as a pre-manufactured wall section 2400 using standard construction

materials, for example, two inch by four inch (2 x 4) or larger (2 x 6, 2 x 8,
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be attached to first edge 2430 and one edge of reinforcing panel 2460 and
second edge 2440 and the other edge of reinforcing panel 2460. Pre-

manuf actured wal | section 2400 may al so have one or nore internedi ate
supports 2480 placed at substantially equal distances apart between first

edge 2430 and secqnd e¢dge .2440. Fqr exanple, in wall 2400, with first and
second ends 243@‘,03 ﬁ’&ff? g’@?t??d g{‘ﬁug% an egbediment of Hhepresentdoyation. wato may be

a2x2 2x 3, and/lor a 2 x 4 board. In the case of internedi ate support
2480 being a 2 $edlioni240@ firstiend 243Q ppdsecandignd2dAthmay be, fir example, ot and
t hrough substantially the mddle of the 4-inch side and al ong substantially
the entire | enedard@hdiramfacingpane! PGtinay beijustovide rgopgintd fitbededrofipshs s
therethrough. If pairs of 2 x 2, 2 x 3 and/or 2 x 4 boards are used

reinforcing paedde 24EDamahyedundssiydv@4ai0eahdosHimseststravtliraltsuppbrs 2480 iy pai r .
In this enbodinent, first side 2410 and second side 2420 may be any

standard bui | dbe@ttadtedr todirst ddgel 24B0ntd dre edife! of reiftdrefgipanel 2deEamdP! €,
drywal I, plywod, ©particle board, foamcore 1nsulation, and the |iKke.

[00156] FIG 25sdcpna Rfetdadb &f&ﬁ&oﬁf&@o@%‘f reiﬁfo?kﬁﬁ? Ehﬁ‘& 2602 Fryp- t ube
tunnel systemwth a shrapnel and projectile-resistant panel disposed on an

outside of an | i . 3 e C C: Lt 0

enbodi nent of t@ghﬁ%lrcgrsreeﬁwlﬁégi |%%wwtﬁvgfsé\h%,&%&mﬂ%u@ee%r&ﬁﬁle system
2500 may i nclud n r.tunnel 2510.havi ng, gn.inner syrface 2512 definin
an out e)r/ t unnel g@@ﬁs%@ﬁa S&ﬁa‘%aﬂg%"é{%' gﬁ}afnggg aggﬁge?v&%@ lirs mal | :arl )
I nner tunnel 2530 - aving an i nner surface 2532 def|ning an inner tunnel
open space 253Ge‘gqﬁjg‘?%d:a%ﬁ&or&ﬁ‘%&@%éﬁr(ﬁxgw H‘Wﬁl%ﬁﬂgo‘ﬁ@?}h@baﬁ‘é 2520
such that inner tunnel 2530 does not conpletely fill open space 2520. For
exanpl e, as seefCONd andls 24300a44Rbheing @ 3x &, each infermediate fHRPODB4ABD B out er

tunnel 2510 may
bea?2x2,2x3, and/or a2 x4 board. In the case of intermediate support

2480 being a 2 x 4, intermediate support 2480 may have a slot cut down and
through substantially the middle of the 4-inch side and along substantially the
entire length of the 2 x 4 to pemit reinforcing panel 2460 to pass
therethrough. If pairs of 2 x 2, 2 x 3 and/or 2 x 4 boards are used reinforcing
panel 2460 may be sandwiched between and attached to the pair. In this
embodiment, first side 2410 and second side 2420 may be any standard
building material, including, but not limited to, for example, drywall, plywood,
particle board, foam-core insulation, and the like.

[00156] FIG. 25 is a partial cross-sectional, front-view of a two-tube tunnel
system with a shrapnel and projectile-resistant panel disposed on an outside
of an interior one of the two tubes, in accordance with an embodiment of the
present invention. In FIG. 25, a two-tube tunnel system 2500 may include an
outer tunnel 2510 having an inner surface 2512 defining an outer tunnel open

space 2520 and an outer surface 2514; and a smaller inner tunnel 2530
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each have substantially flat and co-planar bottom portions and substantially
circular walls and a portion of open space 2520 remains unfilled by inner
tunnel 2530. O her enbodi ments are contenplated in which the tunnels may
have a variety of shapes, including, but not limted to, for exanple, a nore
rectangul ar shape with straight side walls and an arched roof, a triangular
shape, etc. I|n hayinganinner sudage 2532 dafiningarninaetunsel epansspacarA®S6 arslio i nner
surface 2512 may have enbodi nents of panels installed thereon. [00157] In

FI G 25, nulti prcogeoswiace\?s3datispasedsuithin aper pansy2529 suoh-thatinoérct ur ed

usi ng an el astomer using any of the designs disclosed herein both with and
wi t hout one or toone 253Drdoes nobeompleyealy §ll opart bparec?3a0. | Far epanmglle, a3sEgnnay be
pre-manufactured with a contour having approximately the same shape as

outer surface 2h3e embbdingdnt iINFIG|252 Mdr AittheRS3MEndbURE Rathel 2HET Aiagy USi Ng
mechani cal fasteners and/or epoxy to seal outer surface 2534 of inner

tunnel 2530. Aldfhnavie\seb¥tantiity it 3k eR laftHoond p&ﬁbﬁ& hh@%utbéaﬁﬁamyrmy be

dlrect:y ?pplled to outer surface 2534 of inner tunnel . However, in
enera or t 2534 of
Poner - tunnel | 28505 Ranr SRR ﬁ?“%ﬁ%é%'*’%a%%%ﬁ%ﬁamﬂ”@éd52“"@62?% i ew
of a bl

oo oYt 2 SRS SaPebS et %(E@SP&'DMHW% T
of the present t 26, h I t ant
door paP\eI SZGOd%qn\ée%nYéf%VBtgﬁqean'é‘ﬂlugw%aba ot 8' '1f8P @hﬁﬁ'ﬁrggshgl ginng
unit 2614 on an inside surface 2616 of door 2610 In the enbodlnent shown
in FIG 26, shrigptdegulanghapepith siraight @gﬁwﬁ@“d&@cﬁrc'b%éqo 2si@noylaF eppvabl e,

however, enbodi nents are contenplated in which shrapnel and
proj ectil e-r esishewst egodn agditien, in&tih othey embogdimentacgutertunnel 2510 inner

surface 2512 may have embodiments of panels installed thereon.

[00157] In FIG. 25, multiple protective panels 2540, which may be pre-
manufactured using an elastomer using any of the designs disclosed herein
both with and without one or more fabric/fiber layers. Each protective panel
2540 may be pre-manufactured with a contour having approximately the same
shape as outer surface 2534 of inner tunnel 2530 and may be attached
thereto using mechanical fasteners and/or epoxy to seal outer surface 2534 of
inner tunnel 2530. Alternatively, the elastomer and/or fiber/fiber layers may
be directly applied to outer surface 2534 of inner tunnel 25630. However, in
general, for the direct application to be successful, outer surface 2534 of inner
tunnel 2530 should be clean and dry.

[00158] FIG. 26 is a side-view of a removable shrapnel and projectile-
resistant door panel disposed on an interior surface of a door of a vehicle, in
accordance with an embodiment of the present invention. In FIG. 26, a

shrapnel and projectile-resistant door panel 2600 is shown positioned on a
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fastened to inside surface 2616 of door 2610 as well as through-out the
interior surface of the vehicle. [00159] In general, channel hol ding unit
2614 may include a left-upright channel 2621, a right-upright channel 2622,
and a bottom channel 2623 connected to bottom ends of each of |eft-upright
channel 2621 and right- upright channel 2622, all of which may be

permanently fastene qQ inside  surface, 26 of door, 2610. Channel hol di ng
unit 2614 may af@y bl'ﬂ@epﬁ'@"f‘ﬁg‘otf@'ﬂﬁﬂﬁglzsig?ﬂ aHpsidayrigee eotRetde at

either end to a_top portion of each of |eft-upright channel 2621 and

ri ght-upright cf@Hheln theembodimenlshonin in Eian2f shrarnel and pirie¢tilesesistart nade
from U-channel shaped material, as previously described herein, for

exanpl e, in rel deerdraneb269@3s removableaheweaver, gtnbediments/ateyconteroplatattinnel 2624
may be permanently attached to shrapnel and projectile- resistant door panel
2600 and nay bewbighfshgapred ahd phajectitercasidiant domn panéledb600trnag be peahanently

| eft-upright channel 2621 and right-upright channel 2622. For exanple, top

channel 2623 anthstepicld-tomsighsurtdvaaeie d@dbr 2610 as Gll-asithidiigh-out finel 2622
may have cooperating |latch and/or |ocking nechanisns to permt the

renovabl e i nst ajpkatdr @0rfQée SHBRBRIcIAND projectil e-resistant door panel 2600
I n channel holding unit 2614. In addition, hand tightenable fasteners may

2624 and pass tReoen 1hoaRe) eRamd oL AEe ERap Mo ieh-ufif 1600 1o
ol tornat i ve embafielPo5t Hidhv prbut AR 202 sha ttom Bn AT 262 nel” 2621
o O ARG R et e A Bt SRSt e
left and right Sgﬁg%st cﬁfanr?e r2616 g.ezlall gfnvghich may be permanently fastened to inside

surface 2616 of door 2610. Channel holding unit 2614 may also include a top

channel 2624 that may be connected at either end to a top portion of each of

left-upright channel 2621 and right-upright channel 2622. In general, chanhel

holding unit 2614 is made from U-channel shaped material, as previously

described herein, for example, in relation to FIGs. 4, 13 and 14. Alternatively,

top channel 2624 may be permanently attached to shrapnel and projectile-

resistant door panel 2600 and may be configured to be removably connected

to each of left-upright channel 2621 and right-upright channel 2622. For

example, top channel 2623 and left-upright channel 2621 and right-upright

channel 2622 may have cooperating latch and/or locking mechanisms to

permit the removable installation of shrapnel and projectile-resistant door

panel 2600 in channel holding unit 2614. In addition, hand tightenable

fasteners may be permanently affixed to and pass through each channel

2621, 2622, 2623, 2624 and pass through shrapnel and projectile-resistant

door panel 2600 to engage and affix to door 2610.
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projectile-resistant door panel 2600, as shown and described in FIG 14, may
al so be keyed to fit within the slotted channels in left-upright channel
2621 and right-upright channel 2622. Because enbodi ments of shrapnel and
projectile-resistant door panel 2600 include the panel being renovable,
shrapnel and prca g&tl | e- ga stant dqor panel 2600 may be taken fromthe
vehicle and si H0O180} y In FiG-49, élaasqpfaﬁ"%w@?%@"m\atlvwwogmwmgwq n whi ch
personnel traveling in the vehicle may be |ocated. [00161] In addition, in
accor dance wi t Rresebt iwentiam dafi-urright shannal 262 ¢ eadtright-updghtichannelig628nel  and
projectile-resistant door panel 2600 may be configured to be a floor panel
t hat woul d, i nmgyrks eonfigoeed as flettgd bleanneds sienilantd thahdescribedd aboee il oor of a
vehi cl e. For exanple, the floor panel could be contoured to match the shape

of the floor andlatoretrfiG. ad. tAzcacdiregly, thé it endevigra edigey oﬂ@hﬂaﬁdél}aﬁd omt he
fl oor on which washers and nuts nmay be affixed to attach the floor panel to

the floor of tbejyetie-edsistarttoor aﬁél F500chs sﬁé\»h@n&@ia@.@rl”ﬁémhémet @4trh3yshape
of the floor by nmanufacturing t floor panel in nold having the shape of
the floor of tRgMRYK | at panel
to conformto thg sha @t@"ﬁ% ﬂgﬁl t@%f%@%‘ﬁ@éﬁ%@%rrﬁle{tﬁ.@@bfﬁ%&rﬂ L%ejr{ coul d
have a thickne | /4 of an

i nch or nore. ?@8.’[@9?“@@“@%@@?%%E%i‘ée/ewe@ &%e%ﬁb{%yé Papnel and
projectile- resj n l,, cin_acc h an .Odl ment f t he present
P vention. - aBrapai-big5h oo gRS AR 53@%@1 st BRPEST ek er < b
fabric/fiber enpedde herel I ncludes a to er of elastoner 2710 on top
of a top Iayern&ap"f’g"fﬁ‘qt Brpﬁob' Frosistant ‘é?ﬁf E‘W‘?qgsgﬁ mayPetakenfiomithe | ayer of
el astoner 2730, which is _on top of a bottom|layer of fabric/fiber 2740, and
which is on toﬂe@ple@mlmﬁly installed on an interior wall of a building in which

personnel traveling in the vehicle may be located.

[00161] In addition, in accordance with another embodiment of the present
invention, shrapnel and projectile-resistant door paﬁel 2600 may be
configured to be a floor panel that would, in general most likely be
permanently mounted on a floor of a vehicle. For example, the floor panel
could be contoured to match the shape of the floor and predrilied to accept
bolts extending upwardly from the floor on which washers and nuts may be
affixed to attach the floor panel to the floor of the vehicle. The floor panel
could be contoured to the shape of the floor by manufacturing the floor panel
in mold having the shape of the floor of the vehicle or heating and working a
substantially flat panel to conform to the shape of the floor. In general, the
floor panel could have a thickness ranging from approximately % of an inch to
% of an inch or more.

[00162] FIG. 27 is a side-view of a multi-layer shrapnel and projectile-

resistant panel, in accordance with an embodiment of the present invention.
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| ayer of elastomer 2750. [00163] In general, the fabric/fiber layers in FIG
28 may include an open weave fabric, such as, for exanple, the fabric
descri bed previously that is made from Technora and - Twaron-brand aram d
yarns or fibers fromTeijin. In addition, the |layers may be offset and/or

laid in alternati tterns to mnimmze .the size of any openings between
t he open vveaveglndﬂgeggha relyiorcing pa’F%@?pQﬁ’f'{hﬁé’Pflaﬁfﬁé’&far%\%(fg’%bﬁn\bgpﬁ? rcing
panel 2700 may provi de resistance - against ballistic projectiles. [00164]
FIG 28 is a silBersjn inglusesa top|layeriof glastomer3718 orslea gbadprdaver ef resi st ant
panel, in accordance w th another enbodi mrent of the present invention. In
FI G 28, a rei nfabricfiber 2630 whikdoie onitop of A mddipdgyer of efastamheri 27/30; wbich is
enbedded therein includes a first |ayer of elastoner 2810 on top of a first
| ayer of an opeon tepenfa baettom tyer bEfabAg/fiber 2940; land which is@n top ohadettond | ayer
of elastonmer 2830, which is on top of a second |ayer of a tight weave
fabric/fiber 2@¢érofdtastbmes2psotop of a third layer of el astonmer 2850,
which is on top of a third |ayer of open weave fabric/fiber 2860, which is

on top of a fou ay : ' RdpEhapnt in
FIG 28, aIthou[gj)gl)i]?ji]gh?f ﬁ;&%@iﬁ%rﬁﬁ?yl?%ﬁé&?ﬁg@?ﬁ IlF\lgyerj{&‘r\;\u/een tﬁ%éffv\o

I ¢ ot . .
e o e WEANEEbAR A AR ABAe, 178 B ISR i =
opposite of FIG Sk f th ohnvri% §iti.l?

oi nat i ons.  AMERSSH Terinesd 2 welsb iRt VRs B Toafregn Astinn ,
fﬁre;n?alygpz of f blrjé)ﬁ;b(; ber, ot hg?ﬁgngod' nenf{s. are cgnte ?at dyi n Wn?\éﬁ
many more | ayer &ddFon dos |ayprs may braffsatanileriaicin gltematine PRSI0 of t ne
fabric/fiber in each layer may be offset fromthe other fabric |ayers, For
exanpl e, this offri@izetny size of @y Apenings debyearutheranen waavesiobaaeh layar ek each

fabric/fiber. Embodiments of reinforcing panel 2700 may provide resistance
against ballistic projectiles.
[00164] FIG. 28 is a side-view of a multi-layer shrapnel and projectile-

- resistant panel, in accordance with another embodiment of the present
invention. In FIG. 28, a reinforcing panel 2800 with three-layers of fabric/fiber
embedded therein includes a first layer of elastomer 2810 on top of a first
layer of an open weave fabric/fiber 2820, which is on top of a second layer of
elastomer 2830, which is on top of a second layer of a tight weave fabric/fiber
2840, which is on top of a third layer of elastomer 2850, which is on top of a
third layer of open weave fabrfc/fiber 2860, which is on top of a fourth layer of
elastomer 2870. As seen in the embodiment in FIG. 28, although tight weave
fabric/fiber 2840 is in between the two layers of open weave fabric/fiber 2820,
2860, other embodiments are contemplated in which the order of layers of
fabric/fiber may be the opposite of FIG. 28, as well as any of the other various

possible combinations. Although reinforcing panel 2800 of FIG. 28 may only
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subsequent | ayer of fabric/fiber, for exanple, but not limted to, a fixed
degree anount around a circle, such as, 1, 2, 3, etc. degrees. In addition,
enbodi nents are contenplated in which the fabric/fiber layers are |ayered on
each other and epoxied together and then coated with el astoner. [00165] In
general, the fabric/fiber layers include a fabric, such as, for exanple,
the fabric described previously that is made from Technora and Twar on-brand
aram d yans or HavedheeeflayersDéfabric/fiben atiet émimodimehis drayentenpiatedie of f set
and/or laid in alternating patterns to mnimze the size of any openings

bet ween the opemhiskawety mbredagdrslotyabiricibef mayibe dsedcand tHedipsbtionR of theof
rei nforcing panel 2800 may provi de resistance against ballistic

proj ectiles. [OQbAGHLEiFeadf ldyRr tdy tRSStseR frbintAa otidrdanid Yer! Forshr apnel
and projectile- resistant panel directly applied over a release agent on and

fastened with mgi I : : : '
accordance with an e#ﬁ%&ﬁﬁ%ﬁbﬁggf etse}légggﬁg%'{agn @frﬁo\t/%&p%ﬁ&ﬁ#ﬁ&ﬁ@f éz‘ﬁh an
installation 29 ' r | odi pent .. of e _present
mvent i on, ey ThepalentdsVedier BRF et Jor P At uiod it o iR Breo
structure with a rel ease ent, 291 applied to, a surface 2903 of structural
wal 2505, "Rel ARIGEAINGE ScIRasuaaS Tpgi S BipAity A B s i ng.
rolling, trolling, etc. it onto surface 2903 and _rel ease agent 2910 nay
i ncl ude, for ex%lﬁb‘l’@f,“eﬂlﬁ argontgmplated ip whichthe fakric/figar daese are layered(QoTEE) |
oil, wax, silicon, and other release agents. -44 Structural wall 2902 nay
al so be a fl ooreaghogtber and eparied ingethes andthan coatedwith efastomaty be directly
applied to surface 2903 simlar to and over rel ease agent 2910 and fastened
to structural wabD163390M gerienal, therfabliclfibardhydra stchuderayfabsig sswain 20 36r.
Mechani cal fastening system 2930 may include a continuous
example, the fabric described previously that is made from Technora and
Twaron-brand aramid yams or fibers from Teijin. In addition, the layers may
be offset and/or laid in alternating patterns to minimize the size of any
openings between the open weaves of each layer of fabric/fiber.
Embodiments of reinforcing panel 2800 may provide resistance against
ballistic projectiles.
[00166] FIG. 29 is a cross-sectional side-view of a shrapnel and projectile-
resistant panel directly applied over a release agent on and fastened with
mechanical fasteners to a surface of a structure, in accordance with an
embodiment of the present invention. In FIG. 29, an installation 2800, in
accordance with an embodiment of the present invention, may include a
structural wall 2902 of a building and/or structure with a release agent 2910
applied to a surface 2903 of structural wall 2902. Release agent 2910 may be
applied by spraying, brushing, rolling, trolling, etc. it onto surface 2903 and

release agent 2910 may include, for example, but not limited to,

polytetraflouroethylene (PTFE), oil, wax, silicon, and other release agents.
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nmetal fastening strip/flange 2932, nultiple netal fastening el enments 2934
and an anchoring mechani sm., 2936 (e.g., epoxy, concretie anchors, etc.) to
help secure netal fastening el enment 2934 in structural wall 2902. O her
enbodi nents of nmechani cal fastening system 2930 may include any of the
fasteni ng systens described above in FIGs. 9, 10 and/or 11. [00167] FIG 30
i s a cross-sect PHHaural wad 2802 nay algo brraalinasiandied ceilipge & layer ofredastement panel
directly applied over a release agent on and fastened with nechani cal
fasteners to a 2920 may hefdirecly apphiad te,suirface 2003 dimitas tovand osantctaase

enbodi mrent of the present invention. In FIG 30, an installation 3000, in
accordance w t hagent@8d0dinddastenéd tdstrymterabwall 2992 nsingra moslyanical lfastening
structural wall 3002 connected at a top end to a structural top slab 3004

and connected gystemEV300 Wigdhanical Rastningéyststh 2080 nedy mbRbe Wsintialiogs

building and/or structure with a rel ease agent 3010 applied to a surface

3003 of  struct ye f&&éhingQ%éf(l)agng‘étﬁg‘sés?ﬁmﬁf&%m%ial tféﬁ?eﬁhgelﬁ%g gpgﬁﬂgs

surface 3007 of bottom slab . Rel ease agent 3010

sprayi ng, brushi ' L Ol e it e 3005,
3807yang rel easgﬁgagrﬁérﬂ'@or?g&anrg{/rﬂi%g?g%g:,teﬁg}(y,é:)?g%ﬁ?ee,%gli g’n%t??yl(l)ﬂ?ﬁne ed to,
pol ytetrafl ouro (PTEE ' . Silicon, t rel ease
agents. [00168135%%1%%'({5&8'%&%%%% 'ﬂ%&’hﬁgré}i%ﬁ{%&yﬁﬂh%ct ly applied
to and over release. agent, 3010 t.h i,s .on surfaces 3003, 3005, 3007 and
fastened to st FU‘?’P@W&&% SBWP%W'%%BQSt%WBgﬂf’tGE‘tfﬁ%Q mB)SﬂQ%H’F?%‘T‘%Og‘g% usi ng
a mechanical -45 fastening system 3030. El astoner 3020 al so may be fastened

to structural {asteningsysterss dasciibedabovein bGs &, A8 andiatddi cal f ast eni ng
system 3030. Mechani cal fastening system 3030 may i nclude a continuous

met al fast eni ng[00367)i pFiGa3Yis BoBss-sactianahsideadave of agheipaeband pogectid an

anchoring resistant panel directly applied 6ver a release agent on and fastened with
mechanical fasteners to a surface of a structure, in accordance with another
embodiment of the present invention. In FIG. 30, an installation 3000, in
accordance with an embodiment of the present invention, may include a
structural wall 3002 connected at a top end to a structural top slab 3004 and
connected at a bottom end to a structural bottom slab 3006 of a building
and/or structure with a release agent 3010 applied to a surface 3003 of
structural wall 3002, a surface 3005 of top slab 3004 and to a surface 3007 of
bottom slab 3006. Release agent 3010 may be applied by spraying, brushing,
rolling, trolling, etc. it onto surfaces 3003, 3005, 3007 and release agent 3010
may include, for example, but not limited to, polytetraflouroethylene (PTFE),
oil, wax, silicon, and other release agents.
[00168] A layer of elastomer 3020 may be similarly directly applied to and
over release agent 3010 that is on surfaces 3003, 3005, 3007 and fastened to

structural top slab 3004 and structural bottom slab 3006 using a mechanical
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mechani sm 3036 (e.g., epoxy, concrete anchors, etc.) to help secure netal
fastening el enment 3034 in structural wall 3002. O her enbodi nents of

mechani cal fastening system:3030 may include any of the fastening systens
descri bed above in FIGs. 9; 10 and/or 11. [00169] FIG 31 is a
cross-sectional side-view of a shrapnel and projectile- resistant panel wth
a fabric/fiber reinforcing | ayer between two |ayers of elastoner directly

appl i ed over a fastenirgsysieR303A. Slastemer 30RQalspimay be fasienadhio staustusakrs to a

surface of a structure, in accordance with another enbodi nent of the
present inventi wall 3082 aschown in kG, 2fsusing mecbanigabidstening system @8B80e. wi t h an
enbodi nent of the present invention, may include a structural wall 3102 of
a bui |l di ng and/ dtechamioaltfasteningtsysterm 808Gamayadnelnde 3 toatinuegys methl fastenisgir f ace
3103 of structural wall 3102. Rel ease agent 3102 nay be applied by

sprayi ng, brushinip/flahgk 3089, a frictd!lfastening lefomérit 3034arELEr a6chodihg3.
Structural wall 3102 may al so be a floor and/or ceiling. A first |ayer of

el astomer 3120 féh | 306t (b)g. A€ . el over
rel ease agent 3110.%8@17%6 (A)gf g%’%??ﬁgger@:@&g%ﬁ%@yl éérgjé%g?éetgﬂto

o v n AR oS MBI RSB T2
3130 . . 310 [
maclhaai“ca? fast giﬁ@ﬁa*'%@%l%tﬁr@@8@%@%%%%%%%ﬁﬁfoﬁ &5o8Boine86E, " °
' ' -4 [ [ 3152, I

fasteni ng el emeAESOIPeA Ehye IhFISE Hof PAGY/Fddnani sm 3156 (e, g. . epoxy.
concrete anchors etc.éto hel p secure_netal fastening elenment 3154 in

structural wal | (09168 GlGe31 ismewsmsactional sidpadem of ashrannel and Repiestie-em 3150

may include any of the fastening systens
resistant panel with a fabric/fiber reinforcing layer between two layers of

elastomer directly applied over a release agent on and fastened with
mechanical fasteners to a surface of a structure, in accordance with another
embodiment of the present invention. In FIG. 31, an installation 3100, in
accordance with an embodiment of the present invention, may include a
structural wall 3102 of a building and/or structure with a release agent 3110
applied to a surface 3103 of structural wall 3102. Release agent 3102 may be
applied by spraying, brushing, rolling, trolling, etc. it onto surface 3103.
Structural wall 3102 may also be a floor and/or ceiling. A first layer of
elastomer 3120 may be directly applied to surface 3103 similar to and over
release agent 3110.

[00170) A fabric/fiber layer 3130 may be adhered to first layer of elastomer
3120 and a second layer of elastomer 3140 may be applied using one of the
above-described methods over fabric/fiber layer 3130 and all of the layers
may be fastened to structural wall 3102 using a mechanical fastening system

3150. Mechanical fastening system 3150 may include a continuous metal
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descri bed above in FIGs. 9, 10 and/or 11. [00171] FIG 32 is a
cross-sectional side-view of a shrapnel and projectile- resistant panel with
a fabric/fiber reinforcing |ayer between two | ayers of elastomer directly
applied over a release agent on and fastened with nechanical fasteners to

surf aces of a structure, . .in a dance W t h anot her _epbodi nent of _the
present i nvent i/gRtening skirdlange gﬁ‘%‘( iAaetey fastening alsgent 3154 apd @n M@t h an

enbodi ment of the present invention, may include a structural wall 3202
connected at a Mefhaism 3458 (2.0r @POYY.LoNEWe anelwrseig.) i helpcsserecmetalat a
bottomend to a structural bottom slab 3206 of a building and/or structure
with a rel ease faglening3sarneaipdl G4do structiral wall3:16923 0theoembedinentsofl  wal |
3202, a surface 3205 of top slab 3204 and to a surface 3207 of bottom slab
3206. Rel ease agecharnil Gastening systpm 350 rhgy syetuade ary, oflthe $dstagng systeinsng,
trolling, etc. it onto surfaces 3203, 3205, 3207. [00172] A | ayer of

el astoner 3220 dexyribed abovd iarFIGsd9r REahd/opppl i ed to rel ease agent 3210 that
is on surfaces 3203, 3205, 3207. A fabric/fiber layer 3230 may be adhered

to first layer @H1AalhaskrEreR idélos deioharSdsvicdV 6 a %rapﬁ%?aﬂq%‘i%{ecﬁ%o may

be applied using one of the above-describe nethods over fabric/tiber |ayer

f
3230 and 11 ohekd ST iRl MAGA ROEPRANED Bk 8 0204 and

structural bottom usi ngica mechani ¢ 50.
£ astomer 3220 gL aBnle Yy ARIEHSo! 8 bAUT A bl R o 1
oSBT Bl SFh S PR e
mechani sm 3256 (e, g., epoxy, concrete anchors, etc.) to help secure netal
fasteni ng el omeSmbagiinent af the presant ivenlion. DS 38 AsinsiHiasan RA0cNof
accordance with an embodiment of the present invention, may include a
structural wall 3202 connected at a top end to a structural top slab 3204 and
connected at a bottom end to a structural bottom slab 3206 of a building
and/or structure with a release agent 3210 applied to a surface 3203 of
structural wall 3202, a surface 3205 of top slab 3204 and to a surface 3207 of
bottom slab 3206. Release agent 3210 may be applied by spraying, brushing,
rolling, trolling, etc. it onto surfaces 3203, 3205, 3207. |
[00172] A layer of elastomer 3220 may be similarly directly applied to
release agent 3210 that is on surfaces 3203, 3205, 3207. A fabric/fiber layer
3230 may be adhered to first layer of elastomer 3220 and a second layer of
elastomer 3240 may be applied using one of the above-describe methods
over fabric/fiber layer 3230 and all of the layers may be fastened to structural
top slab 3204 and structural bottom slab 3206 using a mechanical fastening

system 3250. Elastomer 3220 also may be fastened to structural wall 3202

as shown in FIGs. 29, 30 and/or 31 using mechanical fastening system 3250.
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mechani cal fastening system 3250 may include any of the fastening systens
descri bed above in FIGs. 9, 10 and/or 11. [001731 FIG 33 is a side-view of
an automatic shrapnel and projectile- resistant panel nmanufacturing system
in accordance with an enbodi nent of the present invention. In FIG 33, an
automati c shrapnel and projectile- resistant panel manufacturing system 3300
may include a first spray application section 3310, which may include a
first pair of dveechanicsl fasteniagsystem 3258 mpapiricdude 4 abntinuiols ineetal fagtenir@B02 of f
a fabric/fiber roller system 3305 and into first spray application section
3310. First sprsgp/Hppde 8262 amd aecdtabiasding etement 8254 and anancherimne or nore
automatic first spray nozzles 3312 to spray the elastoner onto a first side

of fabric/fi bermbetemisrd 3286 fe.gQRPOXECOPL S BhSRHS, etc S 16 helptddcufPinetdli t ed

to, a conveyor belt system) to forman internedi ate panel |ayer 3315 nove
the conbi ned fa\‘ﬁét’eﬁfnb'é?@rhehﬁ)ﬁ4 iRdtrdcinal vfnilf@éoﬂ Yflor Bnbodimaiteer 3314
through first spray app I cation section 3310. First spray application

section 3310 ”%eéﬁ éau gaa%g sg&?s@%o%ag%ep@ﬁroﬂﬁ %étg@ggg_bé@rr% 3316

| ocated at an outp ray ap Sec econd
pair of drive r p I nternedi ate panel |ayer 3315
out of first sp a?ﬁ%é%?ég‘ ee'gq:ygg g’ﬁ%g’&(ﬁ{a ?ﬁed it into a turning section
3320 that may er V. connected to the qutput e f fi r spray
appl | cat i on e@ﬁ@ﬁ Bl 5B A vl st tamane shiwae g erolesles P45
[00174] In FIG 33, turning sectiaon 3320 may include at |east one I ar ge
rol | er/ dr um 332esistant gagelmanufpeturing systey i agrordangewitiean embodiment ofand may
al so include one or nore smaller druns 3324 around which internedi ate panel
| ayer 3315 may thapsesendinyenton. el i B3, amautainatic shiepndl abdipsojectler | ayer
3302 in internedi ate panel |ayer 3315 is facing up as it is pulled into
second resistant panel manufacturing system 3300 may include a first spray

application section 3310, which may include a first pair of drive rollers 3311 to

help pull a fabric/fiber layer 3302 off a fabric/fiber roller system 3305 and into

first spray application section 3310. First spray application section 3310 may

further include one or more automatic first spray nozzles 3312 to spray the

elastomer onto a first side of fabric/fiber layer 3302 a conveyer system 3313

(e.g., but not limited to, a conveyor belt system) to form an intermediate panel

layer 3315 move the combined fabric/fiber layer 3302 and first layer of

elastomer 3314 through first spray application section 3310. First spray

application section 3310 may still further include a second pair of drive rollers

3316 located at an output end of first spray application section 3310. Second

pair of drive rollers 3316 may operate to pull intermediate panel layer 3315

out of first spray table section 3310 and feed it into a tuming section 3320 that

may be operatively connected to the output end of first spray application

section 3310 to receive intermediate panel layer 3315.
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spray table section 3340 through third drive rollers 3341. Al though turning
section 3320 nay appear to operate to flip internedi ate panel |ayer 3315

t hrough a U-shaped turn, whitch results in what nay appear to be a two-|evel
configuration for automatic panel manufacturing system-3300, other
configurations and turn shapes are contenplated. [00175] For exanple, one or
nore rollers at ngl e to, and di spos after and at a | evel above
spray table sec@ﬁ&ﬁ?ﬁh’gﬁ) 3@0%?'@9&998‘?%%0 M3y dpcide af‘@aﬁemlﬂ largg/er 3315.
For exanple, a sin9|e roller placed at the end of spray table section 3310
and at a 45 degolerdig 3321, enaHaichye o perfermthe eqgiivalenitfunction, and mayhel

| ayer 3315 so that when internedi ate panel |ayer 3315 travels over the
roller, the secaseingiutie afe ohmofeagmalier diyms 3324 aeownd whichrintermhedieteredi at e
panel |ayer 3315 may now be traveling at a substantially 90 degree angle to
the path of tr aparieltdyet B815 miayrpesdi anidebepalfettivelgrared3bIhafiabrc/fiber 1ayeray

tabl e section 3310. At this point internediate panel |ayer 3315 will [likely
be at a |evel aggoEintierhBdhtefehaMiayePBBY5 isfabhgifrad R pdibd iste dedahd second
spray table section 3310 nay need to be higher or intermedi ate panel |ayer

3315 may need t yrQ?tdtﬁé S66ih 310 thioljhahird aride 51e%s 5941 CARGIMmind) S M2y

be effectuated for exanple, passi'ng Internedi ate |ayer 3 eneath a

|1 h [ | S I f bl
b Tl 15 3 SRl R i RS
ight.,[00176], Al I vel ' h nbodi f '
oo S oSl S VA DR BT b eRE
Cra . 1 o Bblon B o SRS eSS s, oozt et

90 degree angle to the end
configurations and turn shapes are contemplated.

[00175] For example, one or more rollers at an angle(s) to and disposed
after and at a level above spray table section 3310 to completely turn
intermediate panel layer 3315. For example, a single roller placed at the end
of spray table section 3310 and at a 45 degree angle from the path of travel of
intermediate panel layer 3315 so that when intermediate panel layer 3315
travels over the roller, the second side of the fabric layer is revealed and
intermediate panel layer 3315 may now be traveling at a substantially 90
degree angle to the path of travel of the intermediate panel layer 3315 while
on spray table section 3310. At this point intermediate panel layer 3315 will
likely be at a level above the surface of spray table section 3310 so that
second spray table section 3310 may need to be higher‘or intermediate panel
layer 3315 may need to be retumned to its pre -45 degree roller height. This
may be effectuated by, for example, passing intermediate layer 3315 beneath

a roller that is disposed at a 90 degree angle in from of second spray table
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of spray table section 3310 parallel to the path of travel of internediate
panel |ayer 3315 on spray table section 3310 and above the first roller to
permt intermedi ate panel |ayer 3315 to pass beneath the second roller and
wrap back around the second roller so that internediate panel [ayer 3315 is
travel i ng 180 degrees in the opposite direction. [00177] The three roller
systemmay finally include a third roller at an opposite 45 degree angle to
the first roller and third roller may be disposed at a | evel above the
first and secongeetion 19 anshatrubstantinthathesame beigbias et degrealrolerdi rect | y
above the first roller so that, fromabove, the first roller and the third
rol l er may appebeight form an "X' shape. Internedi ate panel |ayer 3315 may
travel beneath and wrap over the third roller so that internediate panel

| ayer 3315 is a@Milnc] r Aternatiyelyninsarthemdrmbodimenhef taaiimg Sedtipnt 3320 iaRIG. pat h
as it was on spray table section 3310, albeit at a slightly elevated |evel.

[00178] If desi Bgda tHreé WhilrRystehi MayBdi igiptoniaited Witﬂ%’ﬁfr exarpld, @ firferofiéne
|l evel it was on spray table section 3310 may be effectuated using an

addi tional  rol Lep 48fdeRfed Qﬁ%lé histifl thePpieffouls i isgﬁllye@émb_eﬂﬂé?ﬁ. J"I'ﬁé'_[thllé%f ore

second spray table seCtion 3340 at a subst y equi valent height to the

first roller and,gf sgsgtgt(?}. rﬁﬁgrg[rsgﬁpgpgé% s%%?ﬂﬁ??olfepﬁgg?@rhggﬁeé ?ﬁ&{aﬁmeaé. panel

| ayer 3315 and passi [ € pane ayer nea additi onal
roller and onto _secaond .-.50 spr bl e ctJdon 3340, course.. [ he above

al ternatives mg?gqrgxg%bée spﬁlgqnmﬁf%%raﬁlﬁﬂEq%gatﬁ(ﬂ??rgygqjéﬁgﬁgwafe arﬁzove
the surface of each spra tapl e section 3310 and second spray table
section 3340, aEngﬁgibeFéP\éy ta? PN 3318 88d| OE?g%ﬁf'rﬁhﬁﬁefﬁbp%HB\/e
alternative roller enbodinents for turni n%gzect ion 3320 are nerely

i | lustrative anitemmediatapanehlayeBItd omassheagathdbe speorshrafler aad Wrap | i ni t

t he, contenpl ated possi bl e enbodi nents.
back around the second roller so that intermediate panel layer 3315 is

traveling 180 degrees in the opposite direction.

[00177] The three roller system may finally include a third roller at an
opposite 45 degree angle to the first roller and third roller may be disposed at
a level above the first and second rollers and be physically disposed
substantially directly above the first roller so that, from above, the first roller
and the third roller may appear to form an “X” shape. Intermediate panel layer
3315 may travel beneath and wrap over the third roller so that intermediate
panel layer 3315 is again traveling in substantially the same direction and
path as it was on spray table section 3310, albeit at a slightly elevated level.
[00178] If desired, returning intermediate panel layer 3315 to the same level
it was on spray table section 3310 may be effectuated using an additional
roller after the third roller that may be located just before second spray table
section 3340 at a substantially equivalent height to the first roller and at a 90
degree angle across the path of intermediate panel layer 3315 and passing

intermediate panel layer 3315 beneath the additional roller and onto second
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[ 00180] Second spray table section 3340 may further include one or nore
automati c second spray nozzles 3342 to spray the el astoner onto a second
side of fabric/fiber layer 3302 and anot her conveyer system 3343 (e.g., but
not limted to, a conveyor bhelt system nultiple free-poving rollers, etc.)
to forma final panel |ayer 3345 and nove final panel |ayer 3345 through
and out of second spray table section 3340. Second spray table section 3340
may still further include a fourt‘g pair of drive rollers 3346 | ocated at an
out put end of %@M‘%"@ﬁ?ﬁtf'}%% bequres the above-alterpativeg mayalserbae rol | ers
3346 may operate to pull final panel |ayer 3345 out of second spray table
section 3340 aimplementediwithing rallers belayy agd/erabovsthg sudface of eaglyobwpray
operatively connected to the output end of second spray application section
3340 to recei vetabiengdctipni$Si10 angdysecoad spraytakle gectiorf 8340 gsaappropriade. ve
rollers 3351. [00181] Fifth pair of drive rollers 3351 may operate to pull
final panel | ay@017934% shoull clear thar thegibol/é altsimatige solet embodiddéhtadsross a
finishing bed 3354 and into a sixth pair of drive rollers 3356. Sixth pair

of drive roll erfurRid§Gebion 3324 Refdly Musttativb ik iRAD&Vay shisild B84BnStElics S
finishing bed 3354 and out of finishing section 3350. A cutting apparatus

3360 may be di spegRioME!t ; W ' kon 3340 and
finishing secti gﬁ 335%ﬁaﬁr(1&§?8ih?ﬁqgg'g®rn§ﬁﬁﬂﬁ%y cuétsqéf ﬁ@l‘soggﬁ;edltgl ayer 3345 into

e o 3575ec! SR SRR oy g S D AR, 510 e 1! w0
oy Other Ul ORGAEM LIA) cealles WS Hh oS i d Ayl 011 ©f
S o o T S 3554 5 e ot e i ALY
finishing secti ggt l%:\)’itSe% t%f g)él)rrle;ygr%elstis);étgm?%gurltiglfe free-moving rollers, etc.) to

form a final panel layer 3345 and move final panel layer 3345 through and out

of second spray table section 3340. Second spray table section 3340 may

still further include a fourth pair of drive rollers 3346 located at an output end

of second spray table section 3340. Fourth pair of drive rollers 3346 may

operate to pull final panel layer 3345 out of second spray table section 3340

and feed it into a finishing section 3350 that may be operatively connected to

the output end of second spray application section 3340 to receive fihal panel

layer 3315 through a fifth pair of drive rollers 3351.

[00181] Fifth pair of drive rollers 3351 may operate to pull final panei layer

3345 into and through finishing section 3350 across a finishing bed 3354 and

into a sixth pair of drive rollers 3356. Sixth pair of drive rollers 3356 may

operate to pull final panel layer 3345 across finishing bed 3354 and out of

finishing section 3350. A cutting apparatus 3360 may be disposed between

second spray application section 3340 and finishing section 3350 and, if

desired, may cut final panel layer 3345 into panels 3355 of predetermined
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drive rollers 3356. Alternatively, cutting apparatus 3360 may insert
perforations in final panel-layer in any orientation. [00182] In FIG 33,
automati ¢ panel nmanufacturing system 3300 may al so include a take-up system
3370 that may include a take-up roller system 3371 to receive final panel

layer 3345 as ijpn@ié! @uftir{éﬁﬂﬂa’?&ﬁ@@%%%yﬁﬁéggé ergﬂgggrbléaé(t:%ﬁearmiggggﬁ drive

rollers 3356. Take-up ro system ncl ude a ral & iven

by a nmotor 337310 Whi adi i dt f fipal panel .layer. 3345 may
be attached an}'%ﬁr)gﬁgr%ﬁ ‘lﬁgllr???% ngﬁa/erbggdz%%ﬁgpﬁﬁélcPEWgﬁ?éharPéﬁf"){haé&@Pve an
enpty pressed board or, the |ike t.ake, oll. A leading_edge of final panel
| ayer 3345 may qyécl&?lga%cbss[tbetenhre[%gﬂpa "W)PP“%M%V%%%?@ |nptimpede heet i ng
3375, for exanpbe, simlar %!g') a plastic vvraﬁ, may be supplied froma roll
of plastic shedD®mpvemsnt ohtinal panelayers33¢sSdnepuabrsecond spisyrtablesggtion 3345 as
it is being rolled on roller 3372 to help prevent final panel |ayer 3345
from sticki ng 3340; tAltlermativaly, in ansithercerabodimeot 8sttinglappagatus 8360 siaydesi ew and
FIG 35 is a top-view of an automatic shrapnel and projectile-resistant
panel manuf act Wispagedyad theputput endtof fiteshireg sedtioh 38350tpreximaitwosikteydir off t he
present invention. In FIGs. 34 and 35, an automatic shrapnel and

proj ecti | e-r esidiivenbligre 3eb6 MAltematively] adtiny s @360 Raymseincl ude a
fabric supply system 3402 to supply a fabric to a panel ‘manufacturing

system 3404. [ GiaHfdtidnalin fifalgiamel ysyinleR otitRiatibhat may include a fabric
supply subsystem 3410 operafdia\il)le tg feeagﬁ:‘ abric 3411 froma roll 3412 to a

fabric feeder/ipisap! A48 358bMmalie BAREI s iEdturida Sydtan 308 dF aibo

tensi oni ng roller 21 to recelve ric r a feeder

roller/drive 34@@!u@é4]§&a%ég§é' ngtgﬂmpﬁ?%tthgfemw iitilde 4 BikeLp ohbF sH5RS71

tensioning roller

to receive final panel layer 3345 as it exits finishing section 3350 through sixth
pair of drive rollers 3356. Take-up roller system 3371 may include a roller
3372 driven by a motor 3373 to which a leading end width of final panel layer
3345 may be attached and around which it may be wound. Roller 3372 may
receive an empty pressed board or the like take up roll. A leading edge of
final panel layer 3345 may be attached to the take up roll and a thin plastic
sheeting 3375, for example, similar to a plastic wrap, may be supplied from a
roll of plastic sheeting 3380 and applied to a side of final panel layer 3345 as
it is being rolled on roller 3372 to help prevent final panel layer 3345 from
sticking to itself while rolled up.

[00183] FIG. 34 is a side-view and FIG. 35 is a top-view of an automatic
shrapnel and projectile-resistant panel manufacturing system, in accordance
with another embodiment of the present invention. In FIGs. 34 and 35, an

automatic shrapnel and projectile-resistant panel manufacturing system 3400
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fabric 3411 into a fabric table section 3430 in panel manufacturing system
3404. Feeder roller/drive 3423 may include an electrical drive unit to drive
one or nore rollers to feed.fabric 3411 into fabric table section 3430 and a
cutter nmechanismafter the one or nore rollers to cut fabric 3411 into
sheets having desired lengths for manufacturing a panel. Panel

manuf acturing system 3404 may al so include a spray table section 3460
connected to fafdyinclugdpacdfabee supply sysiema3402roshaplyspiebric éo apangbri ¢
feeder/cutter 3420 and a panel peeler section 3480 connected at an opposite
end of spray talhanueguringsy3am®B40400185] Fabric table section 3430, in
FIGs. 34 and 35, may include a fabric table 3431 having a table surface
3432 at subst ant{0GHi8H}) tFebricaupplysygtem 3402 that niegiigtitidata fablic suppheder
roller/drive 3423 may output fabric 3411. Table surface 3432 nay be

i mpl enented as ubsystenBa1DaRrative6 foasiabtic 34ls Frafi 4 7l 34 11034 falric t0 each
other rollers across a width of table surface 3432, set of substantially

equi val ently qus@dbrfcattéﬁsﬁémnsa&é 888 Mouder taz@@(b ﬁnawﬁéla&@a?téﬁs?omﬁ@ folleFabri c
tabl e section 3430 may further include a guide rall’ 3433 that may be affi xed

E?avgﬁdb%gﬂ Zbg?‘aﬁiﬁ‘?ﬁé SlsPiabfo 34 o RIS gl FRCG RBHUAR Al D
ggggtem 3404, nanil ?%355@%‘95 Pul B8 247 aRShs %ﬁ‘siwﬁﬁ%ﬁ%%éggﬁﬁﬁééﬂﬁ[ i on
Uhat may. oper at ARG g Lo 2 ?%%cgﬁ@stsesvon 3590 osne] MRS RIIGR of ong

opposite sides of the cut sheet, it off table surface 3432 and to
tension the cut ¥4Q8efesder %PT@"‘@@‘!@%V‘%&Q"F%"’F electrigabgive ynitlo,kve ¢ s
wi dth. Fabric carriage 3434 may still further include a fabric tanping

mechani sm 3436, ameiQflinergyolirrsiieeashipbric dhhtinte tabrig table sgction 3430 and a

cutter mechanism after the one or more rollers to cut fabric 3411 into sheets
having desired lengths for manufacturing a panel. Panel manufacturing
system 3404 may also include a spray table section 3460 connected to fabric
table section 3430 at an end opposite to fabric feeder/cutter 3420 and a panel
peeler section 3480 connected at an opposite end of spray table section
3460. |

[00185] Fabric table section 3430, in FIGs. 34 and 35, may include a fabric
table 3431 having a table- surface 3432 at substantially the same height as the
height at which feeder roller/drive 3423 may output fabric 3411. Table surface
3432 may be implemented as a solid surface, a series of substantially parallel
to each other rollers across a width of table surface 3432, set of substantially
equivalently spaced rails along a length of table surface 3432, etc. Fabric
table section 3430 may further include a guide rail 3433 that may be affixed to
and run above fabric table 3431 to permit a fabric carriage 3434 to travel back

and forth along it. Guide rail 3433 may run along the entire length of and be
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portion of fabric carriage 3434 and di sposed between the top portion of
fabric carriage 3434 and table surface 3432. Fabric tanping nmechani sm 3436
may be of approxinmately the sane size as the sheet of:fabric 3411 and may
include a single section or nmultiple, separately controlled sections that
may nove up and down relative to table surface 3432. In general, fabric
tanpi ng nechani 3436, wi || be pade of apd/or, coated with_a material to
which the pol yrﬁz‘g’]‘%@&h{e@*ﬁdﬁ@f’wﬁﬁfé’a{‘ﬁ pariactulingsyaiem 3¢9bncluding
exanple, this may include, but is not limted to, polytetraflouroethylene
(PTFE), oil, waxSPray fabigsectionif66tans panshpeelpcrectinnddral Sabfiogagimger4di ¢
carriage 3434 may still further include a first drive mechanism 3437

| ocat ed near a fmawinciudse @tboicslanipibg mechanisimadd3BWatmaydperatedo giti ae
mechani sm 3737 nmay operate to nove fabric carriage 3434 to and from spray
tabl e 3460 al ongcuisheet ofdabric 341BBlongitudindligraterig opposite sidesnaftiee aut gheet | lift
peel er assenbly 3482 from panel peeler section 3480 to and fromspray table

3460 al ong gui de ofttdbsie sdddce 348 Avd ©ABASIBA theddutdsheBY ofsfablic 34¥1 bgpuning el ude
a spray gun 3440 affixed to front and 3450 of fabric carriage 3434. In

general, spray OdlgR4tacrBsy itdRidth 9Fdbiic 84riays 3488 mMaPstiITuRRérihadge 8434 to
-54 ensure that an even and consistent distfibution of polynmer may be

obtained {1 om b dihiing idinah 87, WhiaFagl deTevh odhe g AR of

t he present invention, 'sp sectl on a spray table

341 having 2. SURSHANE] At ebhlog P ARRR E5hASE B Hekprip” o0
ULt Pt = SNV AN Y M TR U
feet in length. t’)A\eI E)fe ép”p%h‘r%%'téy thsepégr%/e size as the sheet of fabric 3411 and may

include a single section or multiple, separately controlled sections that may

move up and down relative to table surface 3432. In general, fabric tamping

mechanism 3436 will be made of and/or coated with a material to which the

polymer used to manufacture the panel does not stick. For example, this may

include, but is not limited to, polytetraflourosthylene (PTFE), oil, wax, silicon,

and other non-stick materials.

[00186] Fabric carriage 3434 may still further include a first drive

mechanism 3437 located near a front end 3450 of fabric carriage 3434 and

first drive mechanism 3737 may operate to move fabric carriage 3434 to and

from spray table 3460 along guidé rails 3433 or, alternatively, may move a

panel peeler assembly 3482 from panel peeler section 3480 to and from spray

table 3460 along guide rails 3433. Fabric carriage 3434 may still further

include a spray gun 3440 affixed to front end 3450 of fabric carriage 3434. In

general, spray gun 3440 may be rigidly affixed to fabric carriage 3434 to
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tabl e surface 3462 nmay be larger and/or smaller, but, in general, spray
table surface 3462 is not designed to be quickly and easily

removed/ replaced. In order to facilitate the production of smaller panels,
spray table surface 3461 may have attachable thereto a variety of smaller
tabl e surfaces and the system may be programred to cut fabric to different

sizes, spray elastoner jn a specific patter, i ncl uding, but not limted
to, for exanpl e,enaurgrépi%r}evqrbgchﬁgp%s:tggt @%fﬂgi‘éon %frpqdb(fﬁgr, m3y beiqbtajged o
circle, a parallelogram etc.) only on the smaller table surface,
accurately pl acdromaPraygunadiPe on the sprayed elastoner on smaller table
surface, and selectively pick up and renove the finished panel fromthe
smal | er tabl e si¢G182k. Imacperdghce with ansgmbadimest efthe prdsent avention, spray
manuf acturing a |l arger panel and then cutting it into smaller sections for

st andar d r ect angablasestions3460f may includa & sprayftaisle 3461 havingta sutistantially flaese
conponents and this procedure may prove beneficial in producing specially

configured panelspray tablersuifate G480 Mithad lehhirasd widh appropriafeltd préduty a t abl e
surface 3462 may include a pattern or design such that the pattern or

design is inpar %ﬁeﬂyrﬂf@iﬁéﬂé}wt{sgéﬁ&ﬁw Qctédbplérj pari82eRaRs| exfrﬁgle,em% e, the

patterln orddesi gn may be multi-di nensional and for aesthetic purposes and/or
T - : L
deagg‘n‘i tn;,é di ssi i .b%‘on‘m%@pg@???%‘?‘s§9“%{sfo%§% e be3REng R I SRty be

i ' . f 2
o provi de pro- inraikPeIRpE Ry e ARy Chlesdh BREM ABTFLEN, RS and
pr edet or i nod. pdate POHRCh oG Bay R aroer ARgE ARl Bihd" ARGl SPravdsble 3411

cut fromfabric roll 3412 wll not _have an openjng, precut for the w ndow or
door, but inste®4are P49 is natdesigngd to pg quickly and easily removed/replaced. In

order to facilitate the production of smaller panels, spray table surface 3461
may have attachable thereto a variety of smaller table surfaces and the
system may be programmed to cut fabric to different sizes, spray elastomer in
a specific pattern (including, but not limited to, for example, a smaller
rectangle, a square, an oval, an ellipse, a circle, a parallelogram, etc.) only on
the smaller table surface, accurately place the cut fabric on the sprayed
elastomer on smaller table surface, and selectively pick up and remove the
finished panel from the smaller table surface. Although this may not be as
efficient as manufacturing a larger panel and then cutting it into smaller
sections for standard rectangular sizes (for example, 2 feet by 4 feet, etc.),
these components and this procedure may prove beneficial in producing
specially configured panels with non-rectangular shapes. Moreover, the spray
table surface 3462 may include a pattern or design such that the pattern or
design is imparted into the surface of thé finished panel. For example, the

pattern or design may be multi-dimensional and for aesthetic purposes and/or
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provide stability for handling and shipping and to permt it to be
appropriately cut and wapped around structural wall elenents during
installation. For exanple,-in a panel with a pre-manufactured rectangul ar
wi ndow, the fabric fromthe sheet of fabric 3411 may be cut across both

di agonals to create four essentially triangular flaps of fabric 3411 that
may be wapped around and fastened to the framng for the window A simlar
process may be (Fdirdinaensienal tepahance wilityrfdhepace)ssichaswerndas doors and

ot her openings (for exanple, heating and cooling vents, electrical outlets,
etc.). [00189] Fd@ﬁéempgléi%rpa@eetcaeablgmo may include a panel peeler frame
3481, a panel peeler assenbly 3482 noveably engaged with panel peeler frane
3481 and capabl ¢00188hoJeadditionptharaystenomayhreasonfigbied te setectively spriydke up and
return with a finished panel. Panel peeler assenbly 3482 may incl ude

sel ectivel y engaigstérher praspiaypalslé spriates%6r ® préfidetphemamyadigredpamett ri cal | y
arranged in a pattern over an area equivalent in size to spray table

surface 3462. Pl opeptige(farexample; widdodv BRY dbof piindd)havilg @ second drive
mechani sm 3487 | ocat ed r?ga(r a bg?k end 3488 of pa‘%ﬁf gpggel erg assenbly 3482

and second dri Vg@q‘& hé@b%§5n8¥\éirﬁﬂ§éﬁb&a§ Erd??,%i’é?m‘ur%ﬁ {dris drPthe! age 3434

to and from spr abl e 3460 al ong gui rail 33 or, " alternatively, may

MR S st A LD B e Rt
Shr el A B Rl R A ng R So5L VUL AR e Rl
b of et | -1 os! SYaYIES Al RERBRYIRATEE Rl 8 s pomit & G PRARProPRBhent
metering machi n%u?gr%c(l) wtratlp?;)tedr?r%;ur?g stirtrjlctLll'alIJiwgll elements during installation. For
example, in a panel with a pre-manufactured rectangular window, the fabric
from the sheet of fabric 3411 may be cut across both diagonals to create four
essentially triangular flaps of fabric 3411 that may be wrapped around and
fastened to the framing for the window. A similar process may be used for
differently shaped windows as well as doors and other openings (for example,
heating and cooling vents, electrical outlets, etc.).
[00189] Panel peeler section 3480 may include a panel peeler frame 3481,
a panel peeler assembly 3482 moveably engaged with panel peeler frame
3481 and capable of movement to and from spray table section to pick up and
retum with a finished panel. Panel peeler assembly 3482 may include
selectively engageable panel pickup elements 3483 that may be
symmetrically arranged in a pattem over an area equivalent in size to spray
table surface 3462. Panel peeler assembly 3482 may further include a

second drive mechanism 3487 located near a back end 3488 of panel peeler

assembly 3482 and second drive mechanism 3487 may operate to move

-56-



comuni cation with spray gun assenbly 3440. Machine 3510 may include a pair
of fluid storage tanks 3511, 3513 for separately storing a polyner base and
an isocyanate and a pair of heat exchangers 3512, 3514 for cooling the
return pol ymer base and thé isocyanate on their return to their respective
storage tanks 3511, 3513. Machine 3510 may al so include a hydraulic punp
system 3516, 3518, 3525 with each being coupled to only one of the pair of
fluid storage tdAREC carTiage 343410 agdifram spsayiable 3460 alenggulsle rais 84338R5 nay
also be in fluid comuni cation with spray gun 3440 via nultiple supply

lines that may laltesnglvelyt avhybpove panehgeelenassemblp 3282 frioat pars} pealer ude a t wo-
part, rotatable upright portion 3522 having a fixed | ower portion and a

rotatabl e upper gectibm 8480 Whamdfromysppay fablkee8460 albh@ ghiee rhits 343%mom porti on
3524 so that rotatable upper portion and boom portion 3524 nmay nove in

concert W th sgogn9oyunindid03sMagbinatc ShrhBnEBahdprdfctilRClodidtant pRABET suppl y
for powering the spray gun 3440 and hydraulic punp system 3516, 3518, 3525

al | under the cqaamhctahngeﬁtém 34@)@%& firfrer Hc%%(%u:orﬂ}cﬂ;paﬁél 35958hat ma

cross-sectional -view al on ne 36- 36 n FIG aut omati c shr’épnel

and proj ect | o gLl AR DS AUHER i A RGRHESI of hctr Bty dance W i

an enbodi nent of I'nventlon pray gun 40 i s shown

i n operation bythesbstantlall tri er.n f
spr oy head 3441 WSTRICSMARReGnstproiesRRgesSanEBad S ing A0 °
section of a vehi cI e wth pre- 05|t|one$j_‘i anchor for anchoring a
shrapnel and pr ¢} Blufal cempespay ﬁ‘le"BQHé? Q?ziﬂ(QtWQH?MI g infldid;yccor dance with
an enbodi rent of the present invention. In FIG portion of a vehicle
surface 3700 maycAmiBuuigation with sRrax@ue, asgamblyo’i440nM@<frélaie 8810 pay igeludpan 3710
with nmultiple, substantially evenly spaced pre-

pair of fluid storage tanks 3511, 3513 for separately storing a polymer base

and an isocyanate and a pair of heat exchangers 3512, 3514 for cooling the
return polymer base and the isocyanate on their return to their respective
storage tanks 3511, 3513. Machine 3510 may also include a hydraulic pump
system 3516, 3518, 3525 with each being coupled to only one of the pair of
fluid storage tanks 3511, 3513. Hydraulic pump system 3516, 3518, 3525
may also be in fluid communication with spray gun 3440 via multiple supply
lines that may be supported by a swing arm unit 3520 that may include a two-
part, rotatable upright portion 3522 having a fixed lower portion and a
rotatable upper portion, which may be fixedly attached to a boom portion 3524
so that rotatable upper portion and boom portion 3524 may move in concert
with spray gun 3440. Machine 3510 may also include a power supply for
powering the spray gun 3440 and hydraulic pump system 3516, 3518, 3525
all under the control of control panel 3505.

[00191] FIG. 36 is a cross-sectional-view along line 36-36 in FIG. 34 of the

automatic shrapnel and projectile-resistant panel manufacturing system, in
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positioned posts 3720. Alternatively, portion of a vehicle surface 3700 may
al so include a wall, a door and/or a roof pan. OQher enbodi nents are
contenpl ated in which pre-positioned posts 3720 may not be evenly spaced,

but spaced around floor pan 3710 to conformto a shape of floor pan 3710 to
m nimze | oose and/or poorly fitting portions between floor pan 3710 and a
shrapnel and projectile-resistant panel installed thereon. Pre-positioned
posts may be so&¢aprdanteswitioam eenbadimnent iof tedereésent imedritions Ip&iGi 36,Isprayl | ow
with internal and/or external threads. [001931 Alternatively, vehicle
surface 3700, i ngén 8448, shoamn in@peeationdlyl tiie Bebstantiallydinmgular, sgray pattehead may
be a separate nold having simlar properties as other nolds described

herein. As a resshdwn iefi £grag hehd 3343 6AGpr@Yglre344Esi gned to be and nmay be
used repeatedly to prepare new pre-forned shrapnel and projectile-resistant

panel s that may {u8193]St fid; 857 st 1oLl 6Fa sBé‘tYdrﬂSl‘ @véHidlk vitth dﬁr@ﬂfdsﬂl&fn@&' on. In

general, if vehicle surface 3700 is a nol pre-positione osts 3720 w ||

be sol i d_and unt s 4 et q0PatdHitin ASHEAREI ahEBRXIBHIL FedtetBRL 9@%@&‘9@ -58

[00194] FIG 38 | eW 0 he s oor, wall,
door and/or roof n Fl n. acc anc th a nbod £ the
present invent | 8‘?{'?8?h'nﬁ0&°'%§§§e g"tb @org Fo%g&res‘%ﬁgwmo%e}rhg ‘i ed
directly onto an 3710 nmu subst ntiall aced

b - pos, t Loned pSarspoRens! adahare %ffégpoﬁép e, BF 8B Y9 TE SR
directly onto rel ease agent |ayer 3810 and multiple, substantially evenly
spaced pre- posi t\"Bﬁ%‘HtostﬂO@f PQ'?@WO B@‘hﬂ“@'@ﬂ"@a%@%éﬁﬂ'y exorly spaged aied

el astonmer |ayer 3820 nm plied by spraying, rolling, brushing,

trowel | i ng, pour pagjtio Ost&am(hn&“@@éwew,lp@y@n s vehicld surface 860 mayyer

3820 that may be covering nmultiple,
also include a wall, a door and/or a roof pan. Other embodiments are

contemplated in which pre-positioned posts 3720 may not be evenly spaced,
but spaced around floor pan 3710 to conform to a shape of floor pan 3710 to
minimize loose and/or poorly fitting portions between floor pan 3710 and a
shrapnel and projectile-resistant panel installed thereon. Pre-positioned posts
may be solid and smooth and/or threaded as well as pattially hollow with
internal and/or external threads.

[00193] Alternatively, vehicle surface 3700, in FIG. 37, may not actually be
in a vehicle, but instead may be a separate mold having similar propetties as
other molds described herein. As a result, vehicle surface 3700 may be
designed to be and may be used repeatedly to prepare new pre-formed
shrapnel and projectile-resistant panels that may be installed in vehicles
having a similar configuration. In general, if vehicle surface 3700 is a mold,
pre-positioned posts 3720 will be solid and unthreaded to permit the easy

removal of a molded panel.
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substantially evenly spaced pre-positioned posts 3720 nay be renoved using
a sharp cutting instrument, for exanple, a utility knife, circular cutter,
etc. to wuncover each of the nultiple, substantially evenly spaced
pre-positioned posts 3720. A washer and/or other fastening nechani sm 3830,
for exanple, but not Ilimted to, at |east those described above in FIGs. 9,
10, 11 and 12, and may _be forned to substantially conformto the shape of
floor pan 3710. [0194LKiFG. 3gica sidecview ol the sestior ek e yehiga floppwall; deered t o,
a nut, alock nut, etc., may be affixed to each of the multiple,

substanti al | y ewadlof reefapaadn HilG- 69N acesrdancewith anraltodimentoithe pegsent

ti ghtened down onto their respective fastening nechanism 3830 to securely
hol d el ast orer liryeatioR3ROFIG) 38| avelepse agatitlayer[380 09bdy ba appliet diesdtlgdintent s
of the present invention, elastoner |ayer 3820, in FIG 38, may al so

i ncl ude one or MebEPARETiTahdwriltipls Eubgd@tallyevetiyp S prbvsitionSd posted
el astoner | ayer 3820, both with and without fabric I|ayers, may be applied

directly to fl o@7opand&h tbRRERS i ' : , a
pr e- manuf act ur eé?7wall sy;(-fq %sm W %&I ggb?nbe daéecgia@'re gﬁgﬁﬁgg@bq@re‘ébé‘%@ﬁt

T B ter oy e SoRORRU I ol B8 RRE LA RyRRcRTRRIL Tont of
be e {0, 2 VA8 ey LM Sy e o816 and el o ShpnaBe )
two outs: de ver GPBIFS by SR Inaniali bRisstns. sowetfa e, st aAIHE o ¢ op
pl ate 3920 and opposite ends of a bottom plate. Al though FIG 39 only shows
singl e top and tRfero§!Bradelasiomenlayey $Q?QR|QPI maybecqayefing S Wiledi nents are
contenplated in which two or nore top and/ or- bottom pl ates may be used, and
openi ngs for wi sdbskantially aveolysspasad pre-positiored pesis 3420 may hrieemoved using

a sharp cutting instrument, for example, a utility knife, circular cutter, etc. to

uncover each of the multiple, substantially evenly spaced pre-positioned posts

3720. A washer and/or other fastening mechanism 3830, for example, but not

limited to, at least those described above in FIGs. 9, 10, 11 and 12, and may

be formed to substantially conform to the shape of floor pan 3710. A locking

mechanism 3840, for example, but not limited to, a nut, a lock nut, etc., may

be affixed to each of the multiple, substantially evenly spaced pre-positioned

posts 3720 and each may be tightened down onto their respective fastening

mechanism 3830 to securely hold elastomer layer 3820 to floor pan 3710.

[00195] In other embodiments of the present invention, elastomer layer

3820, in FIG. 38, may also include one or more fabric layers embedded in

elastomer layer 3820 and elastomer layer 3820, both with and without fabric

layers, may be applied directly to floor pan 3710.

[00196] FIG. 39 is an exposed side-view of a pre-manufactured wall system

with an embedded shrapnel and projectile-resistant panel therein, in

-59-



mul tiple abutting outside and/or inside vertical support nenbers as well as
header supports. Pre-manufactured wall system 3900 may al so include

mul tiple inside vertical support menbers 3940 that, in general, are
substantially equidistantly spaced between outside vertical support nenbers
3910 and opposite ends of each of the nmultiple inside vertical support

menbers 3940 is attached to to | at e 3920 and bottom pl at 930. [00197] In
FLG 39, pre- mAGHRHRRutan emufpsfagnel S iepon! busti ad1G. 39, a bro

bl ast-resi stant panel 3950 that malz/3 be attached to a front side of, a back
side of and/ or M3ufackuirad yallsysten sR00mayrhacmade tp aarietyyof heights (g.. brk-

manuf actured wall system 3900 nmay al so include nmultiple vertical frane
menbers 3960 t haet liniledde, 6% Badheic.),ovidinsi(agarbut natlirpdad tay 1852 ofie8'of
mul tiple vertical frame nenbers 3960. Pre-nmanufactured wall system 3900 nmay
al so i ncl ude mnuktd.)phed trickresses(e.§.0 bubmotflindtee topdth 67,8 3&¢) andahayrimgiude
attached to an inner side 3911 of bottom plate 3930 between outside vertical

support nenber stw®@d@sigadsdriical Buppdrpmembees 8810 atadiirl tooppositd en@$ToE4 fop 3940,
and may al so include nultiple horizontal top frame nmenbers 3980 that -60 may

be attached to paid 908 atd BBpEsHElorils dAbdtont BIaR92ARSIHEAI. 89! iehows

vertical support menbers 39 and opposite ends of each of the miltiple
attached (o each o epenp tRRERTRIRRC ancth 83l hR ARbARtive Whocinae Y, 27
Frane member  aoBgopRd iEMc e 28 aloferdl Bndbt BORSE tpE ) e feed, 7
sectional -view of .the pre-manufactured wall stemqf FIG 40 wth an
enbedded shr apn8Nd 2RENBESIRIMHINARWs gafl Soark mayhekamad aeRmay Biiydei ne 4o-- 40,
'n accordance Wr%u?tip?g al(ZS‘\Ttit)irc\)(g]I iordg?ée grf\d/gp i?\side vertical support members as well as
header supports. Pre-manufactured wall system 3900 may also include
multiple inside vertical support members 3940 that, in general, are
substantially equidistantly spaced between outside vertical support members
3910 and opposite ends of each of the multiple inside vertical support
members 3940 is attached to top plate 3920 and bottom plate 3930.
[00197] In FIG. 39, pre-manufactured wall system 3900 may also include a
blast-resistant panel 3950 that may be attached to a front side of, a back side
of and/or in the middle of pre-manufactured wall system 3900. Pre-
manufactured wall system 3900 may also include multiple vertical frame
members 3960 that may be attached to an inner side 3911 of each one of
multiple vertical frame members 3960. Pre-manufactured wall system 3900
may also include multiple horizontal bottom frame members 3970 that may/be
attached to an inner side 3911 of bottom plate 3930 betweeh outside vertical

support members 3910 and the multiple inside vertical support members

3940, and may also include multiple horizontal top frame members 3980 that

-60-



present invention. In FIG 40, pre-manufactured wall system 3900 may

I ncl ude vertical fastening neans 4010 inserted vertically through each of

mul tiple horizontal top frane nembers 3980 and into top plate 3920 to attach
the nultiple horizontal top frame nenbers 3980 thereto. Simlarly,

hori zontal fastening neans 4020 may be inserted horizontally through each
of multiple horlzontal top frame nmenbers 3980 on one side of

pr e- manuf act ur edNayape aﬂ%@‘!ﬁdelﬁl agoipoer side 383h oktopapatel 3920dbgiwepe outside

resi stant panel 3950, and into another nultiple horizontal top frane
members 3980 on veHigabsupporsingmbefs 331 apdhepparite gmdsjof each ef thesmsltiplet panel
3950. Horizontal fastening neans 4020 may be inserted into nmultiple

horizontal top finskievetiohleuppdAdterhbers 3940t IBiastdesistint pare!r3a50fmsay beed wal |
system 3900. Likew se, vertical fastening neans 4010 nay al so be inserted

ei ther through hgtathédiceéadh wEcdlBBesrt mediera9d 0l 8940 AP eBERhEriZoMA OF
through top plate 3920 and into horizontal frane nenber 3980. Both

fastening means 486 B0l Qéé‘gfrd nwyb@fugggpsﬁaéﬁé@tb%agﬁ%dmgw?h

nails, lag bolts, nuts bots/was er(s may al so e use

and/ or w t hout %ﬁﬁ' %‘?3@36"‘%&% tapgofrarres and -61 plates/vertical
own

support nenbers NOW s ease of illustration, horizontal
and vertical fa g 4020 010 may,.be used the bottaom p] ate
3930. [00199] Ai{'@ggﬂ FIGEAR IS 3 par 85%335%"%’?%JV&¥’{P rPeTEu’E‘?'Hﬂ?O‘HEﬁ%e 3950
may be di sposed ene n the ce ter re-nma faqtured wal | system
3600, As- ot esatall Ssthrm ph s 4w S Grmecked stfRiel S Rrss iRl o
split |ongitudinall (Yﬁbl nto two substanti al I y equal hal ves between nay be
sandwi ched bl apanghiBefsinplong;line 4040 inedrcopianse vatiean ember gk ah#ie shown,

in some enbodinents, it may be that horizontal fastening neans 4020 may
al so be present invention. In FIG. 40, pre-manufactured wall system 3900 may

include vertical fastening means 4010 inserted vertically through each of
multiple horizontal top frame members 3980 and into top plate 3920 to attach
the multiple horizontal top frame members 3980 thereto. Similarly, horizontal
fastening means 4020 may be inserted horizontally through each of multiple
horizontal top frame members 3980 on one side of pre-manufactured wall
system 3900, through shrapnel and projectile resistant panel 3950, and into
another multiple horizontal top frame members 3980 on the other side of
shrapnel and projectile resistant panel 3950. Horizontal fastening means
4020 may be inserted into multiple horizontal top frame members 3980 from
both sides of pre-manufactured wall system 3900. Likewise, vertical fastening
means 4010 may also be inserted either through horizontal frame member
3980 and into top plate 3920 or through top plate 3920 and into horizontal
frame member 3980. Both fastening means 4010, 4020 may include, but are
not limited to, screws, nails, lag bolts, nuts/bolts/washer(s), etc., and may also

be used with and/or without an adhesive between the frames and
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used to fasten the two hal ves and bl ast and projectile resistant panel 3950
together, both with and w thout adhesive between blast and projectile

resi stant panel 3950 and the horizontal fastening nmeans 3950. [00200] FIG
41 is a side-view of the pre-manufactured wall systemof FIG 40 with an
enbedded shrapnel and projectile-resistant panel therein, in accordance

wi th anot her enbodi ment. of the present inyentjon. In FIG 41, | ast, and
projectile resi s??ajﬁ?/v 'g‘ﬁéll suppsl 'P%mgﬁbﬁmﬁt ugh nowsstiomfof ﬁ?%ﬁﬁﬁ%\ﬁratﬁﬁeni ng
t hrough and running al ong the | ongitudinal axis of one of the nultiple

i nsi de vertical hotgpRiat andyestical fe%&omgwgms 4029, 4P P ey beusedsatdhant panel
3950 may be sandwi ched around a periphery thereof by and attached to franes
3960, 3970, 398bottemplateid@I0ast eni ng and adhesi ve neans described herein.
[00201] FIG 42 is a close-up side-view of a top portion of pre-nmanufactured
wal | system of 003991 As $éerain FEGhddokldstsandymoEctilendsistant pahel 3950anag bant
panel therein, in accordance with an enbodi nent of the present invention. In

FIG 42, one of didppsbasindpnerillintié centeper preraanefhstussdiallBystem 39000 Ad th a
-62 slottopening 4210 al ong a | ongitudinal axis of one of inside vertical

support menber g 284 rhiNfipledRsiME vERichPsubpRRIAEMbBISI40ARdy P@@gﬁpt ile

resi stant panel 3950. Blast and projectile resistant panel 3950 may be a

singl e piece toy, tﬁi@‘réu [t Eﬁ@gﬁ&tﬁﬁtié?lg?fq:f&?gﬁgtlg%é géntg%g\g’?lg@mﬁ%@&ﬁ&m@ﬁg& and

be notched at prede m ned di stances s | : opermi it to
U SR B e T T 8 Wl S
AR RO AT AR TNy ORI S
panel 3950 and iugteg to fasten the two halves and blast and projectile resistant panel 3950

together, both with and without adhesive between blast and projectile

resistant panel 3950 and the horizontal fastening means 3950.

[60200] FIG. 41 is a side-view of the pre-manufactured wall system of FIG.

40 with an embedded shrapnel and projectile-resistant panel therein, in

accordance with another embodiment of the present invention. In FIG. 41,

blast and projectile resistant panel 3950 is shown to be inserted through an

opening through and running along the longitudinal axis of one of the multiple

inside vertical support members 3940. Blast and projectile resistant panel

3950 may be sandwiched around a periphery thereof by and attached to

frames 3960, 3970, 3980 using the fastening and adhesive means described

herein.

[00201] FIG. 42 is a close-up side-view of a top portion of pre-manufactured

wall system of FIG. 41 with an embedded shrapnel and projectile-resistant

panel therein, in accordance with an embodiment of the present invention. In

FIG. 42, one of the inside vertical support members 3940 may be seen with a
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hori zontal frame 3980 on the other side of blast and projectile resistant
panel 3950. [00202] Al though not shown, horizontal fastening neans 4020 nmay
also be inserted on one si-de of and through each of inside vertical support
menbers 3940 perpendicular to and al ong sl ot/opening 4210, through bl ast
and projectile resistant panel 3950 and into the other side of inside
vertical support

rs 40. An,adhesive may.al so. be .used .bet ween .frane
and bl ast and . SiEBEReCeaid food A alfinag edB L fné Br, W FereRiaiEpas Lo
bet ween inside vertic ort nenpbers. 3904 and blast, apnd pr.ojectil
resi stant panel '@@@éersia:%%@ruﬁg‘ﬂ"%‘@'?'ggl‘ﬁ3'[56‘?553‘5'3'1%?%“@@19&‘2'?" $13 tBﬁQf"ﬁ
projectile resistant panel 3950 may al so be provided as nultiple separate
pi eces and fast e1998- tEiattans projgctilegesistanhparel 3950 Mmape pisindle aiecs to
sl ot/ openi ng 4210. This may be acconplished by overl appi ng edges of adjacent
pi eces of bl ast extendithejlengthloé preegianutacturpd mall syStes0330iand be notahedral t i pl e

hori zontal fastening neans 4020 from one side of inside vertical support

menbers 3940 t hrpredgtetrhined distaagyseat ilstaps tnd bdtterido peanit ittto Ipass dwosglant panel
3950 in slot/opening 4210 and into the other side of inside vertical

support nenbers iy 42 106K da@hdwn%idwémdmfshﬁamwmbéﬁgebwtn pfhesive in
sl ot/ openi ng 4210. [00204] It can thus be seen that the present invention

provides an  ecqopanifaeturdPREP sPteS R0, HEXBARE IR%erifG mahe 020 maphéer s
and/ or equi pnment or other objects |located inside a building or other

structure which Jﬁé&é’tn 3 Chdrf2oftal FiMeS80cPoR Lid8 of Bt%lﬁ{aﬁg%rﬁgqrﬁé wal" 9¢

. ; i
I npact, which wou se send shrapnel of preces

P e g LT O e Sah B duBh st B DroIbS S5 GanT et 5356 Bdntb e Present
horizontal frame 3980 on the other side of blast and projectile resistant panel
3950.

[00202] Although not shown, horizontal fastening means 4020 may also be
inserted on one side of and through each of inside vertical support members
3940 perpendicular to and along slot/opening 4210, through blast and
projectile resistant panel 3950 and into the other side of inside vertical support
members 3940. An adhesive may also be used between frame and blast and
projectile resistant panel 3950 and in slot/opening 4210 between inside
vertical support members 3904 and blast and projectile resistant panel 3950
inserted therein.

[00203] In FIG. 42, blast and projectile resistant panel 3950 may also be
provided as multiple separate pieces and fastened together in, for example,
but not limited to, slot/opening 4210. This may be accomplished by
overlapping edges of adjacent pieces of blast and projectile resistant panel

3950 and inserting multiple horizontal fastening means 4020 from one side of

inside vertical support members 3940 through the overlapped blast and
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into existing buildings and structures, especially when the pre-sprayed
panel version is enployed, or can be installed in any new buil ding or
structure being constructed. The finished interior wall may have an

appear ance substantially identical to an interior wall not outfitted with
the system of the present invention, and thereby no conpromse is made with
regard to workpl ace aesthetics. [00205] While principally disclosed as

bei ng useful in pstiedileireristantpanal 8950 in sl6t/opening 42 handinte thendthgr side apnel
therefromin the event of a blast or other inpact, the system and net hod of
t he present i nvénsidoverticalrsuppaitamémberk8940y Thismay bpaloak Hoth withiamdloe! | eved
to provide high levels of resistance to penetration therethrough in nore

focused or | ocalithedt adisie iaislidtdipening-42A9. such, the panels or the system
are expected to be suitable for use as armor "plate” in applications that

require energy Wpt'IP@arﬂﬂ'ﬂsrbé%e”ehﬂﬁ&ﬁhé‘breé%ﬂﬁvéﬁﬁdrpﬁro@ﬂﬁsrhﬂ for

exanpl e, generally smaller projectiles fired by rif and other firearmns

and guns, i ncl ugpgonre H&aﬂ?%?@?da,ﬂ?eﬂﬁaﬁﬁﬁ%‘éh?etg%‘r‘waﬁer?% gigicti | es that

are designed to be "arnor-pierc I'n na proper 'S -64 regarded

hereln as being used
for "shrapnel ﬁpmﬁf %%egébie%gs 'égétg@r'r%s"% g%i!ﬂ%ﬁ@yi&ﬁ}?éﬁgf’ﬁﬂ’g‘f W%E&éf Fig.
43 is a front vie bl ast/shr neI C anel i ccordance with
an exenpl ary enﬁUgﬂeﬁ{?}qﬁO@P PPy gﬁttorq(i ?f?'f’%ﬂ @‘@Ct ‘ﬁ@ gﬂ 4300
Is showmn with a top dashed |ine 4310 and a bottom dashed I ne 4320 to

i ndi cate an appofigrmsessandshrarnel obpieses af thg wall nrﬁ@cmmrow theripterioppf and
bottom flaps. Panels may be manufactured in any size, for exanple, 4' x 8,
4.5 x 10', et cthe atreeuee: aThe systemef theopresentdavsntion|candeadilylis reiefited may be’

| ocat ed apprOX| mately 3 to 4 inches fromthe top and bottom edges of
into existing buildings and structures, especially when the pre-sprayed panel

version is employed, or can be installed in any new building or structure being
constructed. The finished interior wall may have an appearance substantiaily
identical to an interior wall not outfitted with the system of the present
invention, and thereby no compromise is made with regard to workplace
aesthetics.

[00205] While principally disclosed as being useful in shielding the interior of
a wall and containing shrapnel therefrom in the event of a blast or other
impact, the system and method of the present invention, particularly the
system in panel form, is believed to provide high levels of resistance to
penetration therethrough in more focused or localized impact situations. As
such, the panels or the syétem are expected to be suitable for use as armor
“plate” in applications that require energy absorption and resistance to
penetration against, for exémple, generally smaller projectiles fired by rifles
and other firearms and guns, including use in defeating or defending against

projectiles that are designed to be “armor-piercing” in nature. This property is
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panel 4300. The bendi ng may be performed by heating panel 4300 substantially
al ong top and bottom dashed |ines 4310, 4320 until panel 4300 becones
pliable in the heated regions and then fol ding each end of panel 4300 over
to formthe flap. For exanple, the ends of panel 4300 nay be folded over a
hard surface to help formthe flaps. The process may be performed in steps

th f | : . ) . q
heat gun. 1n aadeoRisS HeFah sithiq LRSoRSiEkd BE ISR, s BBk ARGREC,
may be as long as horter t

an., or |lopger, than the panel w.dth. The panel
4300 ey al 0 napedpasbrRREl G afmsrE 8 hsPdSepe SreESBplay8u Refin. {1500 ay
al so be cut, or inpclude_perforations, as illustrated by dashed |ine 4320.
The perforati onsm&q‘sgw, Figot é%(%hﬁf‘%‘,"e‘ﬁ’l?z aﬁﬂ?ﬁé&hﬁprﬁ C?’ﬁgwﬁlqr‘éﬂaa?'dﬁnd
objects in a structure. A portion of the panel 4300 could al sqg be heated and
placed into or Acsariangewithan exarapiansenbedigenhef thamsesentinventions ekl not
however be a nmold in the traditional sense, but could also include any
obj ect over whi4h agraneh#30Qusi sitownhwitipaten dashed limeet8 10t 2 botion dashed ned
thereto. -65 For exanple, the panel could be bent around structural features
of a building dimex#A320 toiindicdth ansgppraymiatd lechtioat fon herdjng phthe parfdd @2fdrh FI G
44 is a side view of the blast/shrapnel containnent panel of FIG 43, in

accordance with tap apd&HtbaT fapeliRucieiiay @b rAsufactarRith anyisd) foraskanighe)208]
FIG 45 is a front perspective view of the blast/shrapnel containnment panel

of FIG 43 showifg g hespane! eff tIRgeRBidlGop @R bbRokl RAKeE linbs aBF0 A9 4340
on the top and bottom sides, in accordance with an enbodi nent of the

e ooy o ey BBl AN i R, bR o ! ¥
panel 4300. The bending may be performed by heating panel 4300
substantially along top and bottom dashed lines 4310, 4320 until panel 4300
becomes pliable in the heated regions and then folding each end of panel
.4300 over to form the flap. For example, the ends of panel 4300 may be
folded over a hard surface to help form the flaps. The process may be
performed in steps with, for example, the heating of the panel being done
using a standard heat gun. In addition, the panel may be heated using a bar
heater, which may be as long as, shorter than, or longer than the panel width.
The panel 4300 may also have flaps formed on one or more of the sides. The
flaps may also be cut, or include perforations, as illustrated by dashed line
4320. The perforations allow, for example, the panel to be installed around
objects in a structure. A portion of the panel 4300 could also be heated and
placed into or around a mold thereby shaping the panel. The mold need not

however be a mold in the traditional sense, but could also include any object

over which or into which the panel is placed, heated and deformed thereto.
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flaps can be bent to any angle and in different directions. Mreover, as

di scussed -above,;-a flap may be cut thereby allowing a single flap to be bent
in different directions. The panels may be installed using nechani cal
fasteners both with and w-thout fenders and/or washers into the ceiling and
floor through the flaps. In addition, simlar or different fasteners may be
used with channels, fenders, and/or washers to fasten the panels to a wall

surface. In general, installing a fastener involves optionall re-drilling
S hote i hr ough: dir exsaeli, i gansh SuldiSe Ramiareud st lnattigs of ausinipo
coating the fastener with an epoxy -and screwi ng the fastener with and/ or

wi thout a fender9Midith¥ith he.appropriatg heating eawigment.and into the hole until the
fastener has expanded or gripped the inner walls of the hole. For exanple,
the fasteners ud86247j tﬁ@qf“é‘clé agyide view qfdhe blasl/shrapnelmentainmpnteanel pf whi ch
Is a concrete screw design that allows the screw to anchor into concrete,
bri ck and bl ock.FlGag8pin(accoudamnce etitlh arcexarsplatysgmbddimedtof thepresentedri | | ed
hole in concrete, brick or block. -66 [00209] FIG 46 is a side view of the
bl ast/ shrapnel cdawrtionrent panel of FIG 45 showing the top and bottom
flaps 4330, 4340, in accordance with an enbodi nent of the present

i nvention. The qegzes]! FrS.EstaOraHt PRt ectiRe viBa e ltife blaktisiraphdid in FIGS. 43

to 46 may include: precutting a panel to fit the wall, heating and bendi ng
the appr oxi mat el 3onP4infRAE Band! bRFIG!43 SRoviRY iHPaHe! atBFLEARG BbNt B drbbudd™®
bottom of the wall /fPoor Jsﬁ}\ct I on; heatl ngéttﬁgbtc?pag? tﬁge%pgnfgl&;r udd!

positioni ng.{ e RRRSIecRORLI bn e b SubLiIA ARG HASL G the  bottom

flap to the floory be e top panel” “al'ong the contour of the

corling, and  aoheBbaoS| hEbubberhRoh, b APl A AT A RSt <

of FIG 43 show t?eqnéi gp;i)rrc])%trr?alltla ytpie%]erﬁ: nglziarqgrtﬁcta ipgrrllelf)lft ist t?)ebe appreciated that the
flaps can be bent to any angle and in different directions. Moreover, as
discussed above, a flap may be cut thereby allowing a single flap to be bent in
different directions. The panels may be installed using mechanical fasteners
both with and without fenders and/or washers into the ceiling and floor
through the flaps. In addition, similar or different fasteners may be used with
channels, fenders, and/or washers to fasten the panels to a wall surface. In
general, installing a fastener involves optionally pre-drilling a hole through the
panel and into the wall/ceiling/floor, optionally coating the fastener with an
epoxy and screwing the fastener with and/or without a fender/washer/etc.,
through the panel and into the hole until the fastener has expanded or gripped
the inner walls of the hole. For example, the fasteners used in the face of the
wall may include a Tap-con®, which is a concrete screw design that allows

the screw to anchor into concrete, brick and block. Tapcon® concrete screws

tap threads into a predrilled hole in concrete, brick or block.
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panel s, in accordance with an enbodi nent of the present invention. In FIG
47, in general 2 or nore panels 4700 and 4710 may be overl apped at 4720
approximately 4 to 8 inches:and nay or may not be fastened to a wall through
t he overl apped section using nmechanical fasteners, channels w th nechani cal
fasteners, adhesives, tape, and/or any conbination thereof. [00211] FIG 48
Is a front perspective view of two abutted bl ast/shrapnel K containnent

panel s of FIG 489208bwifiG- 48 is A side view obtheclast/shrannel spntainment papalefi s, i n

accordance w th anot her enbodi nent of the present invention. In FIG 48,
t he panel s 4800 Fiad4%showingéhe tnn ardibettare flaps 433d 4340 ivi avcoramge avith amay or
may not be fastened to a wall using nechanical fasteners, channels wth
mechani cal f ast embadimeinthddhe peesantihwentiomy Thendienalt methadierozedte the 00212]
FIG 49 is a front perspective view of the two overl apped bl ast/shrapnel

cont ai nment panglaselbIMistratestlion FIGs1 43uto 46 nfayGncldde: Wwréduting apaneltdI®thesuch as
an el astic type tape, conmponent covering substantially all of the -67

over | apped seamy@ll, h&&irgy &HR1 Béndi tk@adtﬁirémﬁaf 60 ABgred flap?RAQRE BaAGMA oM th an
enbodi ment of the pr eserfr‘?t |nventng!en I'n FIG éleQ thg tapepaériray be applied

over an overl appggl §ﬁ‘él% fiePRYodohy o etv\t@/fﬁbij nEAiéH; H@ahﬁ 'ﬂfelto% dilge i Nteerior

of the structure, along substanti al e en Ire |'engt e seam which

My or may not lpgﬂé Pﬁatléﬂﬁgftﬂl?8§nel£§§m§% Wﬁ%rﬂi@%ﬁgﬁb Rﬁlﬂlﬁ’%thteo the

ot her side or eam or exanp ape oul d be t he

Ol ahorm G ty,  eoRB AR 1o B84 baRH: the RboT3R; pae %c@ri’gslﬁ 0ot B of ¢ e
two overlapped or_ abutt g’ bl. as&ﬁshr nel ontal nment panels of FIG 47/48
with an elastic CPQ'BQ @Ug dhP B\Vemerﬁf' f¥9stantially all of the

over | apped seam on the side
[00210] FIG. 47 |s a front perspective view of two overlapped blast/shrapnel

containment panels of FIG. 43 showing an installation configuration of the
panels, in accordance with an embodiment of the present invention. In FIG.
47, in general 2 or more panels 4700 and 4710 may be overlapped at 4720
approximately 4 to 8 inches and may or may not be fastened to a wall through
the overlapped section using mechanical fasteners, channels with mechanical
fasteners, adhesives, tape, and/or any combination thereof.

[00211] FIG. 48 is a front perspective view of two abutted blast/shrapnel
containment panels of FIG. 43 showing an installation configuration of the
panels, in accordance with another embodiment of the present invention. In
FIG. 48, the panels 4800 and 4810 are abutted side-to-side at joint 4820 and
may or may not be fastened to a wall using mechanical fasteners, channels
with mechanical fasteners, adhesives and/or any combination thereof.

[00212] FIG. 49 is a front perspective view of the two overlapped
blast/shrapnel containment panels 4900, 4910 similar to FIG. 47 with a tape

4930, such as an elastic type tape, component covering substantially all of the
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the panels with flaps, in accordance with an enbodi ment of the present

i nvention. Tape could also be placed in any orientation, such as tape strip
5030 and can al so be placed along a flap as illustrated by tape 5040.
[00214] FIG 51 is a partial cross-sectional . side-view of an outside
concrete wall portion with ceiling 5110 and fl oor 5120 slabs of a building

wth a blast/shra nel contain I.tioned next to

Concr ate wal | ro0APRed SRATD PR SRl frepaalbBan Jet. 15 RorAEapiQukthan

i nvention. Fl aps 5150 and 5160 are illustrated as adjacent to slabs 5110
and 5120, resp&mbagdiment ¢fdae prgsent nvention. InflGaf9.ithe t@ﬁ%@@}’é’@cﬁﬂp&!ﬁ‘&l
side-view of the outside concrete wall portion with ceiling 5110 and fl oor
5120 sl abs in Floger an ovadappeg seae, generally on the sigelthat witiibiertg tisa bterigrafan

i nner cosnetic wall surface 5160 with a bl ast/shrapnel contai nnment panel
5140 positi oned thestruttore, labongsubstantialiythe enfifeSi@ngthnofdbe sedmnwhichi may an
enbodi nent of the present invention. -68 [00216] FIG 53 is a parti al

cross-sectional mayeetiheludethe fiepso Ul dpe eovldrai$cebe vppliedrorthé athaniside arei | i ng
5110 and floor 5120 slabs in FIG 52 show ng the wal fram ng 5150 and

i nner cosmeti ¢ walbhbtisidés6fthe Kelnd. asdraix@fhpid) tee! tbel dtfild B s Mokl T8 “E”

cont ai nnent panel into the top and bottom sl abs positioned next to the

Cventi on. - 1n prave SR RARAEAERAt) Bod ROTRY RIS Ao \LRUIARTED: i th

di anet er of appr, gly 16 mm which is manufactured by Hlti, Inc. of
Tul sa, Okl ahoma an escri bed on page 155 of the 2005 Hilti(r) Product

pre-dri1ing  hdPUsracHR0M ATER fe%‘%tpggivgow%ﬁf%f&”ﬁ%@'@ﬂé’ Brabuiedt
E E ;O;J ﬂ? e;gg ];:c a&i@st&:ﬂ(rjaﬂn% 8orgt2|%msel panels o Elé) 4?%8t \rnllﬂ an eqasti% tape %88 gsive on
component covering substantially all of the overlapped seam on the side of
the panels with flaps, in accordance with an embodiment of the present
invention. Tape could also be placed in any orientation, such as tape strip
5030 and can also be placed along a flap as illustrated by tape 5040.
[00214] FIG. 51 is a partial cross-sectional side-view of an outside concrete
wall portion with ceiling 5110 and floor 5120 slabs of a building with a
blast/shrapnel containment panel 5140 positioned next to the concrete wall
5130, in accordance with an embodiment of the present invention. Flaps
5150 and 5160 are illustrated as adjacent to slabs 5110 and 5120,
respectively.
[00215] FIG. 52 is a partial cross-sectional side-view of the outside concrete
wall portion with ceiling 5110 and floor 5120 slabs in FIG. 51 showing the
addition of wall framing 51 50 and an inner cosmetic wall surface 5160 with a
blast/shrapnel containment panel 5140 positioned next to the concrete wall

5130, in accordance with an embodiment of the present invention.
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fastener. In addition, an approximately 1/4" to Y2" thick plate (not shown)
may be fastened on top of the flaps by the fasteners. Alternatively, 1/4"
to 1/2" threaded pieces of rod may be used with bolts. and pl ate/ washer/etc.
as the fastener. In this case, the rod would be epoxied into the hole, the
epoxy would be allowed to set (up to 24 hours), the panel and

pl ate/ washer/etc. installed, and the nut fastened down on the exposed end
of the threaded 98] THE. SBi%apartialgrosgseetienal sigeatew ghthe gytsidecorgrsls) may
vary depending on the threat |level. [00217] FIG 54 is a cross-sectional,
si de-vi ew of a byadlqrgrtion with epiling 51 @ japeddiper pateslalss moFIPa S8 fshowingthewalh
alternating |layers of polyner 5410 and al um num oxi de granul es 5420, in
accor dance wi t h feamiegbd a0 apdinner cobmetipwall sutfa¢end 6 fastenednthiough thel, t he

al um num oxi de granul es 5420 may vary in size froma small grain to a | arge

grai n. The t hi clblestshedpnebedntainmeniepahelyirito thetp drel bottom elaps positishedy 5 to
10 mls and the overall thickness of the -69 finished panel nay be

approxi mat el y 1 next fdthecoRéretd whil 5680,9A aesordfice WP AR/ evhFRimBAt &tReUl es are
al so possible with nore or less alternating |ayers as appropriate. In

general , polymer 'é@‘ﬁ"ﬁqegﬂf?)-bﬁ‘ G, 3B sfdheld SW@H%X%@H%%W\R@M f§/50

material to produce a shrapnel contal nnent p granul es can

ottty SRR a4 B AR BB "1
. [00218 ' f t - vi f | I |l di fi d
BT o T T AFEAFAR et ol B
5550 5560, i [ d i th nbodi f th [ i on.
S %, DanSeaPhIRRT o et SRS ST 7

elements in the hvc\)l?gsl through flaps 5150, 5160 and inserting the fasteners through the flaps
and into the slabs, with or without an epoxy adhesive on the threads of the
fastener. In addition, an approximately 14" to 12" thick plate (not shown) may
be fastened on top of the flaps by the fasteners. Altermnatively, %4” to ‘/2';
threaded pieces of rod may be used with bolts and plate/washer/etc. as the
fastener. In this case, the rod would be epoxied into the hole, the epoxy
would be allowed to set (up to 24 hours), the panel and plate/washer/etc.
installed, and the nut fastened down on the exposed end of the threaded rod.
The size of the fastener, plate and type of epoxy may vary depending on the
threat level.
[00217] FIG. 54 is a cross-sectional, side-view of a blast/shrapnel
containment panel 5400 manufactured with alternating layers of polymer 5410
and aluminum oxide granules 5420, in accordance with an embodiment of the
present invention. In FIG. 54, the aluminum oxide granules 5420 may vary in
size from a small grain to a large grain. The thickness of each polymer layer

may be from approximately 5 to 10 mils and the overall thickness of the
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and caul king and/or fastening systens may be used around the edges of the

w ndow(s) and door(s). Panels nmay be abutted agai nst, placed beneath,

and/ or secured to the door -and wi ndow franmes. The door:5570 nmay al so

i nclude an integrated bl ast/shrapnel containnment panel as discussed in
relation to FIG 24. The bl ast/shrapnel cont ai nnent panel s can be secured
together, for exanple, through the use o e suc that the nel s act as
a single el emeﬁ't"rg?'ﬁ% g ﬂlbe@fppéowg y (@5?9&3 @’cwsisgsé artial
front-view of a wall with a windowin a bU|Id|n outfitted with multiple

bl ast/ shrapnel dprsisizereioraayies areglso Pessible Vﬂgl VRee or igss alemating yess20
covering a w ndow 5630 and associated frame 5640 and extending onto the
wal |, in accor d@&sRPPiPRIaten Inaenaialrpelymer layaes ¢arndeealternatedawith any other FI G 56
a clear polyurea (aliphatic) |ayer 5620 (for exanple, Polypro 6062

cl earcoat from me(spof mMatehiabioqgodisse 4 blast/stiragagl cGhtajnmaéntganganThe may be
spray applied to cover the wi ndow (e.g., glass, frame and surrounding -70

wal | surface). Biamlaayarbalsdm@anmmn@daﬁItMﬁd @porPlagarsiotitiie Fﬂ?rn@trl Qurét
approxi mately 5000 psi and 120 degrees Fahrenheit to generally a m ninmum

thi ckness of apRingisTEIpPOMmALLITT Idays Bt otk fePfetatufiahd 2@¥outssatel | owed to dry
before the next is applied. Th| ckness depends on the threat |evel protection

requirenents. S E%% é\@.@ ggand dried before application, for
exanpl e, using ?y atur e?yf coh ls-’anel s may be installed over the coating

around the w NIqaARs (AeL 88N RICIRIF G IRy IS, 3 BiAYSR SRR 2

the clear gl ass I'to e app
one or both sid

treated, then t fpiaéyﬁgﬁj)@er”gorﬂﬁi\gn%rﬁg Ba'??aﬁg[ti i@l 3/5[28055%1 %4&%5%%@ '53@@,0 be

partial cross-sectiopal side-views of an outs
accordance with an embodiment of the present invention. In general the

panels will be cut to fit around windows, doors and other elements in the wall
and caulking and/or fastening systems may be used around the edges of the
window(s) and door(s). Panels may be abutted against, placed beneath,
and/or secured to the door and window frames. The door 5570 may also
include an integrated blast/shrapnel containment panel as discussed in
relation to FIG. 24. The blast/shrapnel containment panels can be secured
together, for example, through the use of a tape such that the panels act as a
single element in the event of a blast.

[00219] FIG. 56 is a partial front-view of a wall with a window in a building
outfitted with multiple blast/shrapnel containment panels 5610 and a polymer
glass coating 5620 covering a window 5630 and associated frame 5640 and
extending onto the wall, in accordance with an embodiment of the present
invention. In FIG. 56 a clear polyurea (aliphatic) layer 5620 (for example,
Polypro 6062 clearcoat from Visuron Technologies, Inc. of Bay City, Michigan)

may be spray applied to cover the window (e.g., glass, frame and surrounding
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concrete wall portion 1502 with ceiling and floor slabs show ng a nmethod for
installing a blast/shrapnel_ contai nnent panel using an adjustabl e jack
mechani sm 5750, in accordance with an enbodi nent of the present invention.
[00221] In FIG 57 a pre-cut blast/shrapnel containnent panel 5710 is
secured to a floor slab with fasteners 5730 secured through flap 5720. Next,

in FIG 58, an adjustable jack chani sm5750 is utilized to pgsition the
flap 5740 ad] adtalksurBoeheTs mayke donausing ap ailass sprasount aPeRERG Bbed t o
secure the flap 5740 to the ceiling slab as shown in FIG 59. [00222] FIG
60 is a partial appPsxdmatedy HMHPsi gnde2pidagress Fahrephelt weoansialived minigum
portion 6010 with ceiling 6020 and fl oor 6030 slabs show ng a

bl ast / shrapnel dbickrgéssmf@pppairpatel0B®mils it tid eantevEach caat isglloeed tady an

i nner cosnetic wall 6050 and fastened, with fasteners 6070, to the ceiling
6020 and fl oor aizddrethahext is applishrThicioesaideperds emthedihneattiewad ptdtectipnes ent

I nvention. The panels 6040 nay be painted, wall papered, etc. and nay be -71

skim coated pri qeqtiferRénts! Sutfacsd srel dledticMVaritEdribdSthaToted @pplicatids for | N thi s
exenpl ary enbodi ment, floor covering 6080 is folded back to provide access

to the s|abs duréxaﬁne;i'_lé‘,ifsﬁid rlapited RXAGR] Pl m‘ég Heagﬁanéa bVé¥ the coating .

cross-sectional side-viewof the outside concret portion 6010 th

cei |1ng 0020 and. b 80t Ao ARTaSBAN Werhbifte filyASd (1305 ARSI BRI o

panel 6040 i nst ran i nner cosfetic wall , Wth

fasteners 6070, to .the ceiling 6020. and fl qgor-6030 slabs. I.n thi,s
enbodi ment the. 1ATHS SIS les] e WA 8 el e HB=F o RRS may B adhiRg e wi ¢
t he panel 6040 extendi bove an installed drop ceiling 6170. 0224] FIG
651 5 0 s do-vi e Do SRS S e wPHGwENG: Seeraly i oy Piaseds 16 B8t our s on
a bl ast/shrapnel contai nment. panel in_accordance with an

treated, then the inside is the side treated.

[00220] FIGs. 57-59 are partial cross-sectional side-views of an outside
concrete wall portion 1502 with ceiling and floor slabs showing a method for
installing a blast/shrapnel containment panel using an adjustable jack
mechanism 5750, in accordance with an embodiment of the present invention.
[00221] In FIG. 57 a pre-cut blast/shrapnel containment panel 5710 is
secured to a floor slab with fasteners 5730 secured through flap 5720. Next,
in FIG. 58, an adjustable jack mechanism 5750 is utilized to position the flap
5740 adjacent to the ceiling slab. Fasteners 5760 are then used to secure the
flap 5740 to the ceiling slab as shown in FIG. 59.

[00222]) FIG. 60 is a partial cross-sectional side-view of an outside concrete
wall portion 6010 with ceiling 6020 and floor 6030 stabs showing a
blast/shrapnel containment panel 6040 installed over framing 6060 and an
inner cosmetic wall 6050 and fastened, with fasteners 6070, to the ceiling
6020 and floor 6030 slabs, in accordance with an embodiment of the present

invention. The panels 6040 may be painted, wall papered, etc. and may be
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exenpl ary enbodi nent of the present invention. In an initial position, panel
6210 is placed in between top plate 6220 and bottom pl ate 6230 of the hinged
forming jig 6200. [00225] FIrG 63 is a side-view of t-he hinged formng jig
6200 with the panel 6210 in an internediate position in accordance with an
enbodi nent of the present invention. Mire particularly, heat is applied to
the area of panel 6210 in the hinged area between top plate 6220 and bottom
pl ate 6230. As ﬁh@-cpdﬁdlpnezmammga@tq@mvidﬂmwben&ipm.i kblhés t he bottom
plate 6230 is rotated about hinge 6240 in direction A causing the panel

6210 to start [|exaciplagy efrbodidddnt Hlaar coxelirgg 6080 iddolded\back td peovidenaeodss or mi ng
jig 6200 with the panel 6210 in an exenplary final position in accordance
wi th an enbodi mimtheoslabhduring iasatiatiomvention. In this exenplary enbodi nent,
panel 6210 has been bent into a 90 bend with top plate 6220 being

per pendi cul ar t god2e8] OrFIEL 81 @& #PaRial croéd-sEbfortl BRRAiéW oftHWoltsie®dnBrdts | ef t
in this position until the panel 6210 has cooled and set. Wile not

HTustrated, 1 heydnighash S010TWR cbilifg 8080 Andidgr 6050 4iHEs sRolglThever whi ch
the panel is bent to inpart a shape; such as a specific radrus, crease, or
e e o™t O, SRR REL iy b 888 it AR o e v 1 o
cont ai nnment pan 210 havi n n,inte d heat.in e t 6510 with a
banel 8510 i b aifoBfl Pehetoath e B s g no 0 A Abe S b o
the present invention. The heatipng el ement can include an on/off swtch
6520 and can be D3 gegoninent he,doprcovgiing 6080rsshomdinitig finisbad RESHAY al so
include a thernostat to regul ate tenperature, and thus _?Iiabi lity, of the
panel 6210. FI GWithghe papekiifd-extending abows an gtalled sirep geiling 6170.

[00224] FIG. 62 is a side-view of a hinged forming jig for forming flaps or
contours on a blast/shrapnel containment panel in accordance with an
exemplary embodiment of the present invention. In an initial position, panel
6210 is placed in between top plate 6220 and bottom plate 6230 of the hinged
forming jig 6200.

[00225] FIG. 63 is a side-view of the hinged forming jig 6200 with the panel
6210 in an intermediate position in accordance with an embodiment of the
present invention. More particularly, heat is applied to the area of panel 6210
in the hinged area between top plate 6220 and bottém plate 6230. As the
panel 6210 begins to warm and become pliable, the bottom plate 6230 is
rotated about hinge 6240 in direction A causing the panel 6210 to start
bending.

[00226] FIG. 64 is a side-view of the hinged forming jig 6200 with the panel
6210 in an exemplary final position in accordance with an embodiment of the
present invention. In this exemplary embodiment, panel 6210 has been bent

.into a 90° bend with top plate 6220 being perpendicular to bottom plate 6230.
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jig with an exenplary panel 6210 in an exenplary final position in
accordance w th an enbodi nent of the present invention. [00228] FIG 67 is
a front-view of a hinged formng jig for forming flaps: on a bl ast/shrapnel
contai nment panel 6210 in an initial position in accordance with an

enbodi ment of the present invention. The formng jig may al so incl ude

| evers, for mang_ﬁl ﬁrgger tion, _,ar%(cé/@or, chani cal ]y actuated devices to assi st
wi th bending t hd "BdWIeddoTningdigiqa004e left indhis pesitign uptil the Paneb2t has yrer s
that may be used to nmanufacture the panels may include Envirolastic 425
from Sherwi n W cpolggangdisgt.\ hilgmos jlluatsaled: therimasd foaning jigasoutd alsarigsiudi ch
may be m xed with an isocyanate just prior to spraying a panel. For

exanpl e, the i sadoamaver whigh ithe parial isTIIRME to fropgdt ashapacsunheas aspedbior. [ 00230]
The bl ast/shrapnel contai nnent panels can be used in conjunction wth a
pref abri cat ed waddius,exéasa) onthedikeirte tHedbent @betion sfahe@abeil | di ngs. Wt hin
-73 the section is enbedded a bl ast/shrapnel contai nnment panel. The section

i ncl udes exteri 22 UMAMGTBESM 4 sRISLVIEW ®F alhii gHREB MG Gig B5V0SoPR|MIgMIaE! | On
nol ded a | ayer of foaminsulation, and the panel is enbedded within the foam

| nsul ation. Arouad hiasySiasTel ebnGfHMetPaheFEStd g :ﬂﬁegrgg%fgfétj[ forma

seal w th adjoining sections when they are asse tfTfe panel
ur faces. [ 0023 PP iees I3l bife 2 0 al infilGoSiiof Tn Rlpd MERE ML o
panel 1o arei nPOPREhGTERIEREN S i BESEREnVa . I el AP RERR. hat has
2 ponuen AUt e &P ShoR koA 3303 B be Subgsd kg 2B Sochod i
expansi on of plugge P

heating element may also include a thermostat to regulate temperature, and

thus pliability, of the panel 6210. FIG. 66 is a side-view of the hinged forming

jig with an exemplary panel 6210 in an exemplary final position in accordance

with an embodiment of the present invention.

[00228] FIG. 67 is a front-view of a hinged forming jig for forming flaps on a

blast/shrapnel containment panel 6210 in an initial position in accordance with

an embodiment of the present invention. The forming jig may also include

levers, for manual operation, and/or mechanically actuated devices to assist

with bending the panel 6210 to the desired configuration.

[00229] Polymers that may be used to manufacture the panels may include

Envirolastic 425 from Sherwin Williams and Versaflex 45DC from Dow

Chemical Company, which may be mixed with an isocyanate just prior to

spraying a panel. For example, the isocyanate may include TONE

polycaprolactone from Dow.

[00230] The blast/shrapnel containment panels can be used in conjunction

with a prefabricated wall section used to build prefabricated buildings. Within
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t he panel. The panel may or may not have enbedded wi thin the pol yurea or
other elastoneric material another reinforcing layer(s) or fabric. [00232]
FIG 68 illustrates a panel .6800. The panel 6800 includes a polyurea or

ot her el astoneric nateriaf'dortion 6810 and a reinforcing |layer 6820. The
reinforcing | ayer 6820 may be affixed to the panel 6810 on one or nore of
the top, bottomor side(s), and through any manner of attachnment including
one or nore of dheisegfionfiaembeddgd acitastsbirappebtontaiponant panef THeeseatiennf or ci ng
| ayer 6820 into the polyurea or other elastoneric material portion 6810, or

the like. The r dénciidescexteriorafeming@?®alieyrfadesthdiwearns abidhaiiad bédrinjdetion panel
6810 through the use of one or nore of fasteners, adhesive, channels, or

the like as di sma@@aweeldne&atrﬁinsmaubﬁlaﬁd%ﬁaheﬁs%mﬁéddéd)m%ﬁkh&foﬁ%

69-72 illustrate alternative cross-sectional views of panel 6800 of FIG 68

taken al ong A- AindufatfonG ABHnd tHedils)oca@h WallHeldfbn nﬁiféé ggﬁgvé&ég%{ﬁgéal

portion 6810 has enbedded therein the reinforcing | 2

reinforcing | ayes;eapgmag})ﬁg?dee&tmﬂs (A FEPAPAAALAT BOGTA 1nb Bdhafl | ove

for elongation o or other e onerl ¢ Et er v por 6810.

[00234] FIG 70 i St Lat notg ur at i f ciati.ng the
reinforcing | ayé'?a%gi '?'?16 fear ﬁ? cgedofgqne thtg? OBTGJSO?&'% f eri al
portion 6810. The end(s) of the rei nf orcing layer 6820 are enbedded within

the polyurea oSUJBRRS el astoneric material portion 6810 in a manner to
I ncrease the hold between the relnforC|ng | ayer 6820 and the pol yurea or
P

other el ast omedf@34ht driGsl 68dRtillusirabBancthenecasplam enbgdimandasat he

rei nforcing |ayer 6820 w apped around a portion of the polyurea or other

el ast oneri c mat dlasiishrapnel contgidar@nt paneld dissodiatedovitthene or more sides of the

- panel is a reinforcing layer, such as the fabrics discussed herein, that has a

given amount of slack, such as a pocket, to facilitate the elastic expansion of
the panel. The panel may or may not have embedded within the polyurea or
other elastomeric material another reinforcing layer(s) or fabric.
[00232] FIG. 68 illustrates a panel 6800. The panel 6800 includes a
polyurea or other elastomeric material portion 6810 and a reinforcing layer
6820. The reinforcing layer 6820 may be affixed to the panel 6810 on one or
‘more of the top, bottom or side(s), and through any manner of attachment
including one or more of gluing, fastening, embedding of a pottion of the
reinforcing layer 6820 into the polyurea or other elastomeric material portion
6810, or the like. The reinforcing layer 6820 may also be associated with the
panel 6810 through the use of one or more of fasteners, adhesivé, channels,
or the like as discussed hersinafter in relation to FIG. 73.
[00233] FIGs. 69-72 illustrate alternative cross-sectional views of panel

6800 of FIG. 68 taken along A-A. In FIG. 69, the polyurea or other

elastomeric material portion 6810 has embedded therein the reinforcing layer
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wrappi ng, the reinforcing | ayer 6820 nmay al so be secured to the pol yurea or
other elastoneric material portion 6810 with an adhesive, nechani cal
fastener(s) or the like. [00236] In FIG 72 the reinfarcing | ayer 6820 is
associated with the polyurea or other elastoneric material portion 6810

t hrough the use of brackets 7210. The brackets 7210 securely hold the
reinforcing |ayer 6820 and can be associated with the polyurea or other

el astomeri c mat 882G Thprainfercingpiager 6820alg indidassan expangioneprstien 69hesi ve,
or the Ilike. [002374 FIG 73 illustrates a side view of an installed a

bl ast / shrapnel thaballawsioestongatien ofithei palywiea or ather elastprmerjeematsiad partion a

pol yurea or other elastoneric material portion 6810 installed on a concrete
wal | 7300 with 68Hl.1i ng 7310 and fl oor 7320 sl abs. Fasteners 7330 fasten

t hrough the blast/shrapnel containment panel 6810 and the reinforcing |ayer

6820 into the (oop3AndFIGZ®illustratbs apothict confilirdativnt oftadsbéiatinptey et e wal |
7300, in accordance -75 with an enbodi nent of the present invention. The

fasteners 7330 f@ﬁﬁo%g’i‘layéﬂi 6420 With-Bid\hdifiraq o ]gﬂbr%lmﬁté}ﬂsﬁl@ha@énaaeg%i mat el y

16 mm which is manufactured by Hlti, Inc. of Tulsa, Cklahonma an

descr bed on_ pagl Sinehy RAYEint i )erBE00UHL oARpELA PG E. | 1

general, these tasteners I nsta re-dri es through

flaps 7340 and e rii of . the .reinforci I r. 6820 adj.acent thereto
and inserting té@y?rggtoéﬁg?eg etl%srtgrﬂﬁﬁé ﬁ%@n Il%gﬁgma%%l 'Htaom?ﬂ%eﬂstpé%%’,eaﬁﬁ th or
W t hout an epox dhesive on the t hreads of he fastener. In addition, an
appr oxi mat el y 1%36}10685?@’%(‘[}7‘%IEe'BfQ&?'BQ?WGf 6%@%9 thepolyuearlQthefed on top of
the flaps and adj acent reinforcing |layer 6820 by the fasteners. The
reinforcing | ay® S@M'C@?teﬂﬁwrﬁ@nﬁﬁi‘?}ped around the plate before

fastening. ''/d to 1/2" threaded pieces of rod may also be used with bolts
[00235] FIG. 71 shows the reinforcing layer 6820 wrapped around a portion

. of the polyurea or other elastomeric material portion 6810. In addition to the
wrapping, the reinforcing layer 6820 rhay also be secured to the polyurea or
other elastomeric material portion 6810 with an adhesive, mechanical
fastener(s) or the like.

[00236] In FIG. 72 the reinforcing layer 6820 is associated with the polyurea
or other elastomeric material portion 6810 through the use of brackets 7210.
The brackets 7210 securely hold the reinforcing layer 6820 and can be
associated with the polyurea or other elastomeric material portion 6810
through the use of fasteners, adhesive, or the like.

[00237] FIG. 73 illustrates a side view of an installed a blast/shrapnel
containment panel having a reinforcing layer 6820'and a polyurea or other
elastomeric material portion 6810 installed on a concrete wall 7300 with
ceiling 7310 and floor 7320 slabs. Fasteners 7330 fasten through the
blast/shrapnel containment panel 6810 and the reinforcing layer 6820 into the

top and bottom slabs positioned next to the concrete wall 7300, in accordance
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and pl ate/washer/etc. as the fastener. In this case, the rod woul d be
epoxied into a hole drilled in the slab, and the epoxy would be allowed to
set (up to 24 hours), the panel and plate/washer/etc.m installed, and the
nut fastened down on the exposed end of the threaded rod. The size of the
fastener, plate and type of epoxy may vary depending on the threat |evel.

[ 00238) V%lle overly sinplified for ease of illustration, during a bl ast,
force B is exeMtbanambodimephetthe prepent invgotion. THe tastaness £33 mayksoa
buckl es toward the blast/shrapnel containnent panel. As the concrete wall
buckl es, the pbiRHSLBHM /b withl adinmetsriaf apatcemnaﬂelyp‘cﬁ mnowlgeh & deforns in
direction Band fills the void between the polyurea or other elastoneric
mat eri al porti omadate@turaddytHilti, inei. of Dulsa,Qklabgrea afd@2i@stihissdoy pagé 165 ofip t he
slack and-transferring forces to the reinforcing |ayer 6820. [00239) The

expansi on porti e 2605Hit® Prédiet Teditital @uiddeln' ?d@‘r&lr fHeBE fas¥Rérs m&pbe be
configured to allow a predeterm ned anount of elongation of the -76 pol yurea

or other el ast opRtdiedHigeidling 'ﬂ?fleﬁh%ﬂ@h@lap‘sfnﬁ@%Qﬂd‘b%h%%ftth@n of the
pol yurea or other elastoneric rraterla I's desired, the I'ength of the

pol yurea or oth nfgl—%;ﬁé}%ggf k&2 E;érﬁ'th&‘éﬂ% %ar?&‘m%@ﬂwgqn %s‘?%ﬁgrg‘ﬂqogé 'ﬂ% ?al ly

el ongati on and rcing i nst suc 'S su

Sﬁﬁﬂ i Ftn; t “szﬁ%é)%@@%ﬁﬁ %'?ﬁ gi]ﬁ“e%rr v@lh%a?ﬁﬁﬁBﬁr%@@%%%aé‘n Eﬁ#@r%q‘fv feaghesf
002 80

the panel wi th HECRSEERk BrseiipTs SBAPEXBAIRY U b EbRELEAT SR ki m

coat of material that, would allow a finishing product, such as al nt, to be

applied to the pryde fastened on tanef the flapsand adigcantrinioreing layer 6820 byt i on

relates to systens
fasteners. The reinforcing layer 6820 may also be wrapped around the plate

before fastening. %" to 12" threaded pieces of rod may also be used with bolts
and plate/washer/etc. as the fastener. In this case, the rod would be epoxied
into a hole drilled in the slab, and the epoxy would be allowed to set (up to 24
hours), the panel and plate/washer/etc. installed, and the nut fastened down
on the exposed end of the threaded rod. The size of the fastener, plate and
type of epoxy may vary depending on the threat level.

[00238] While overly simplified for ease of illustration, during a blast, force B
is exerted on the concrete wall 7300. The concrete wall 7300 buckles toward
the blast/shrapnel containment panel. As the concrete wall buckles, the
polyurea or other elastomeric material portion 6810 deforms in direction B and
fills the void between the polyurea or other elastomeric material portion 6810
and the reinforcing layer 6820 thereby taking up the slack and transferring
forces to the reinforcing layer 6820.

[00239] The expansion portion, and thus the length of the reinforcing layer,

can be configured to allow a predetermined amount of elongation of the
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to be installed on or adjacent to a structure including windows, floor or
ceiling in a structure or a side, bottomor top of a vehicle to contain
shrapnel froma blast and/or a projectile fired froma projectile |auncher,
and a nethod for producing such systens. [00242] The system i ncl udes
produci ng pre-fornmed panels, which may be fornmed in a variety of shapes,

cut to size, as necessary, and installed onto or adjacent to a surface of a
wal |, floor, cepblyugazrdtier alastomefic satenalc For example, if 400680056 etomgation t op of
a vehicle. The panels may in part be produced by spraying a polyurea or

ot her el ast oner btthegdodyured os pther blastdnericsrabtetikig desired,aheé llérigih of thae
production process and the performance of the finished panels, in producing

a material havi pelylrgarsrriercd|@stemicrie ina8falipdRfin Ganshe 88@hincarAmeEst i es. The
panel s al so may be produced by brushing, rolling and/or trowelling the

ol yurea materi ; ' ' - | it ess to
1I‘O or ?1/1 the fini shg%nggtﬁﬁ'gﬁdm%ﬁg@{ J?{/‘%ﬁ@ﬁé"%o?lgd&rtggﬁﬁn%fszjrt{sghugw-éth;anot her
el astoneric matgrj [ L. . rQk: and/ or
tI‘O\QIe! : g_d) anld Et{){ﬁge%!_gﬁgartggtlﬁﬂtho%ﬁ%éé'?ﬁice'??%&gggfq B%ﬁg‘?ges?td ?‘tﬁ'éﬁglr gl wal |
or building. In _additipn, .one or nore fabric rei.nforcin ers may be
attached  and/ oPORRHLAEE 115 BolitreRrir ainal siasiomenq mALHal S8 the  aat omer i o
material and the |ayers y be covered by second | ayer of elastomeric

material. In yeflongaiedlergiBodi ments, panels with nultiple layers of fabric,
as wll be described herein, may also have applications in the field of

personal body af@9840] [ JbessinelbBCq, @rerir padicklas thepeidg of theanse! wilbith@rr et hane
and pol yureal/ pol yuret hane hybrids may be enpl oyed as an alternative to
pol yurea in corainforging fapricheoyidatsodbencodted With di skim aohtgfanaterial thatweuldf t he
material directly to the wall.
allow a finishing product, such as paint, to be applied to the panel.
[00241] Another exemplary embodiment of the invention relates to systems
to be installed on or adjacent to a structure including windows, floor or ceiling
in a structure or a side, bottom or top of a vehicle to contain shrapnel from a
blast and/or a projectile fired from a projectile launcher, and a method for
producing such systems.
[00242] The system includes producing pre-formed panels, which may be
formed in a variety of shapes, cut to size, as necessary, and installed onto or
adjacent to a surface of a wall, floor, ceiling and/or.door of a structure or a
side, bottom or top of a vehicle. The panels may in part be produced by
spraying a polyurea or other elastomeric material specifically selected to
facilitate the productio'n process and the performance of the finished panels,
in producing a material having improved elongation and tensile strength
properties. The panels also may be produced by brushing, rolling and/or

trowelling the polyurea material or other elastomeric material to the desired

thickness to form the finished panels. Alternatively, the polyurea material or
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[002441 FIG 74 is a top view of a diagramof a portion of a process for
maki ng .a bl ast/shrapnel /projectile containnent panel, in accordance with an
enbodi rent of the present -invention. In FIG 74, a first |ayer (Layer 1) of
a fabric may be seen with'a run in an up and down direction and a weave in
a left toright direction and a second | ayer (Layer 2). of the fabric being
posi tioned substantially perpendicular to first layer so that the run in
second |ayer i &thefelastemeri¢ materighmay be-apnliod (egrasprayedeivshed; raliedand down.
Al though the alternating pattern of the run and weaves of the |ayers is
only descri bed Radér treweliedrandleondeddlirastiyto the intedhr sifane ofat stasctyrat wall ns
may al so be used either alone or in conbination, for exanple, diagonally in
any increnent berbeiding. Innadditidi) ctegr asre fabricgeindbdicingdhfersehay baattached and
weave direction but off-set up and down and/or side-to-side, etc. In

general, the | awadforedReRR taldagh@ittbr andith adfiist Iayérastiekidtometio friRERi \wRan. - 78
[ 00245] I n one exenplary enbodi nent, a first |ayer nay have applied to one

si de, for exanplfe %quaa%e%oyaré EdecBhd RAe¥ ¥t BRSIMISTE rﬂamm.qwﬁgde of

the second |ayer be positioned’in an off-set orientation wt i rst

| ayer and then o‘ﬂ#&%ﬂ%cﬂﬁ%@é})gérﬁ‘eﬂs lﬁﬁ%ﬁlﬂﬁ@e?%% gf @gbg{ésg ?ill%&és‘c'ri%&r

fabric component, I'C seen 1n !
VRN R B o T G
W th epoxy by siPE#Shg EGHOMARs sUcbrs bW Rlpradeaha e Rahe 276 or Lo being
pl aced agai nst each other. [00246] In FIG 74, pressure may_and/ or may not
be applied to hdojyures/eelyarethane hybyids mayhmemployad asruaitemativero nolyusdx y
and to reduce and/or renove air pockets between the |layers of fabric. For
exanpl e, the pr énsomsiructipg Bee panels or in bonding a layer or layers of the material

directly to the wall.

[00244] FIG. 74 is a top view of a diagram of a portion of a process for

making a blast/shrapnel/projectile containment panel, in accordance with an

embodiment of the present invention. In FIG. 74, a first layer (Layer 1) of a

fabric may be seen with a run in an up and down direction and a weave in a

left to right direction and a second layer (Layer 2) of the fabric being

positioned substantially perpendicular to first layer so that the run in second

layer is in a left to right direction and the weave is up and down. Although the

alternating pattern of the run and weaves of the layers is only described here

as being perpendicular to each other, other patterns may also be used either

alone or in combination, for example, diagonally in any increment between 0

and 180 degrees, diagonally off-set, same run and weave direction but off-set

up and down and/or side-to-side, etc. In general, the layers can be arranged

with any orientation therebetween.
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applied by use of a press, roller(s) and/or other nmeans of applying
pressure. ldeally the pressure maybe applied evenly across the entire
surface of the devel oping panel and to permt the escape of any air that
may be trapped between the fabric |layers. The same application of pressure
may be used for each subsequently added | ayer of fabric and a final and/or
only pressure nn applied to al|] of the fabric¢c and epoxy layers. The epoxy
may be spray ap?®d  lnongexemplapnsemegdiment ot layer vayhaye agelisd tornee
first layer and each subsequent |ayer. The epoxy may be of any suitable air
and/ or heat cur 8ifeor exymplepaten side, adaver af egoxyandihenadeptiom sidagf the
properties, for exanple, but not I|imted to, General Polyners 3504 Hi gh
Sol i ds Pri nmer/ Seedond layenmgaypbe gositionéd mmarShié-sel orientationawith fixstizyayand 00247
For ease of illustration of the process, Layers 1 and 2 in FIG 74 are

shown as si ngl ethenpisdeaidgahdt Yfheeyal ofsepoagt to farnes multplayek ébpicecomponsnt]' .
Larger -79 panels having various sizes and configurations are contenpl at ed.

For exanpl e, t{RicAang) be ¥BYn REFITEIUE’ £ Ldyewd dl & DV AlternaYivéld, the gHdyar ,
and/ or any ot her sha%be sheets (e.g., 2° x 2', 4 x 8, 29 X jfpbi\g)Sya

di ameter, etc. Mé‘%g?ﬁ‘étci]tg tA8 uhdet S4S wféﬁﬂﬁﬁéﬁ%ﬁ%ﬁke%&% dfma tg’gver’ 't

Is contenplated th process w enented using auto

oqu prent U, {SEALG R SNl b B €T s of e

panel s, as di sclose Cri descri bed herein
may be nodified oi.clug_)egya lcation . of alternating run/weave pattern

| ayers of fabri é‘t‘%ﬂ‘?ﬂ"eé\b erﬁpﬁg‘réﬁ'@?’kgﬁ’e gget@gg WB@&pﬂ’é\FQYﬁpral‘f 'exanpl e,
rolls, sheets andg/or other wunits of fabri g?_t ha be appropriately

oriented bef or ey bFyshiNg gealghg.ie<Priosteybeing gRiRstisach thekat i cal |y

appl i ed between the Iaﬁgrs bﬁsprayi ng, rolling, etc., in accordance with
enbodi ments of {0424@r edreFIG.i T ®resstre may and/or may not be applied to help Layer 1

and Layer 2 adhere to and bond with the epoxy and to reduce and/or remove
air pockets between the layers of fabric. For example, the pressure may be
applied by use of a press, roller(s) and/or other means of applying pressure.
Ideally the pressure may be applied evenly across the entire surface of the
developing panel and to permit the escape of any air that may be trapped
between the fabric layers. The same application of pressure may be used for
each subsequently added layer of fabric and a final and/or only pressure may
applied to all of the fabric and epoxy layers. The epoxy may be spray applied
as well as rolled, brushed and/or poured on to the first layer and each
subsequent layer. The epoxy may be of any suitable air and/or heat curable
epoxy material generally having good wetting properties, for example, but not
limited to, General Polymers 3504 High Solids Primer/Sealer epoxy product
from Sherwin-Williams Company.

[00247] For ease of illustration of the process, Layers 1 and 2 in FIG. 74 are

shown as single, substantially equal sized pieces, for example, 1’ x 1°. Larger
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addition, alternative materials may be included in the panels, for exanple,
other fabrics, materials and/or nesh materials, such as, netal nesh, wre
mesh, conposites, or any conbination thereof. Simlar to the fabric, the
alternative materials may al so be feed to the equi pnent fromrolls, sheets
and/ or other units of the material(s) in the appropriate orientation.
[00248] In FIG 74, as well as the other related figures associated with
this enbodinment, the fabric may include fabrics produced fromaram d and/ or
pol yest er yar nsP¥lel§ having varpusSizes apdeonfigusmtions afe agnteatnidted Warp and fil |
yans) on the order of 0.25 in. by 0.25in., or 0.5 in. by 0.25 in. Snaller
or larger gridexampientyegianels may pelsquares roundebvalyexdid,aebtanguiar,asidéorf or use.
The tensile strength of the fabric enployed in the panels nay be on the
order of 1200 gy othgr 4i2dHe siwdets (e Pex Apdex 81 ahx FeBlBdiaaneter efovpaowellr and
aramd vyarns or fibers produced by Teijin Fibers are believed to be
particul arly -84 gatiduahl shaped depformal ﬁétiéin@.pﬂbbv@%ﬂ, Qs chenpiasd tfat thait not
limted to, Technora 200 fabric with a 0.5" x 0.25" grid opening and/or

Twaron T1000 f ahokesd¥viiibeAimplerdentey &ir%%ut&hhfé%ﬂi&ﬁ&}t iBQQ&IﬂSie thB nidds 7.

the result of the process shown and descri bed i above 1s shown by
Layers 1 & 2, t ' r . Eﬁ%f ‘ | si de
of Layer 2, or @'gﬂﬁ%@é\ﬁfﬁﬁ%ﬁ@go&v@%ﬁnghs\eﬁg?Ii\%(’)p I ,ba‘%flé’ﬂlr?]%éoegncg ﬁ??céﬁ)ggyer
(Layer 3), which e seen to hay n .and down run.and  side to side
weave, may be arb%'gﬁ% rﬁhet %‘ﬁ"';ejp@?ﬁ'emsé%bgﬂHg%@@&f%@nmf)ﬂ'ﬁe? g%mglu&!g of second
| ayer to result i r] tﬁe gﬁéltern,shown i n _Fl 9 76 as 03 ers ih 3. The
alternating patRRligationokAliernging yp/wravepatieqylayers, %préc\fv PBO%hi eve a
finished panel substanti alslcg devoid of direct paths thr ough t he ori gi nal
grid openings itherebedweerygsdessiied herain. ororgxaminieygolls, shagts ansker gler
substantially solid core of off-

units of fabric that may be appropriately oriented before or during the process

and the epoxy may be automatically applied between the layers by spraying,

rolling, etc., in accordance with embodiments of the present invention. In

addition, alternative materials may be included in the panels, for example,

other fabrics, materials and/or mesh materials, such as, metal mesh, wire

mesh, composites, or any combination thereof. Similar to the fabric, the

alternative materials may also be feed to the equipment from rolls, sheets

and/or other units of the material(s) in the appropriate orientation.

[00248] In FIG. 74, as well as the other related figures associated with this

embodiment, the fabric may include fabrics produced from aramid and/or

polyester yarns or fibers, with an open grid (opening between warp and fill

yams) on the order of 0.25 in. by 0.25 in., or 0.5 in. by 0.25 in. Smaller or

larger grid opening sizes are, however, believed to be suitable for use. The

tensile strength of the fabric employed in the panels may be on the order of

1200 psi by 1200 psi. Fabric made from Technora and Twaron-brand aramid

yams or fibers produced by Teijin Fibers are believed to be particularly
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set and perpendicularly-oriented fabric layers. [00250] In FIG 76 the
result of the process shown and described in FIGs. 74 and 75 above is shown
by Layers 1 - 3, to which another |ayer of epoxy may-be applied to a top
side of Layer 3, or as described above relative to FI'Gs. 74 and 75, and a
fourth |layer (Layer 4), which nay be seen to have a side to side run and an
up and down weave, ma¥ be appropriately oriented and placed on the top side
of the third | aptitallgiordisein this applicatign: fer axamplanbutnot fimited 19, Fachbaseer s 1 -
4. [00251] FIGs. 77-79 continue the process described in FIGs. 74-76, which
resul ts in nul t TgPe fakricawith 810.5"a00.26” giid bpefing aad/onFivaremT 0G0 fabrid withed | er
openings. As will be appreciated by the above description, the process of
the present in0& ixdn25egyrideparimg.i nued until a panel having a substantially
solid core of off-set and perpendicularly-oriented fabric |ayers has been

achieved. -81 [ Q60249] To FIQNTS,RKE rddift VRS EeesS sHBWH ARG HESEAHB LN EIRaRE! |

each surface (e.g., top, bottom and sides) of the partial panel described

above mey be  CaBbalisriokniPOh)TEH 4 9, BIRHHE Endinbt BUSHELARR) Hay gdie PO! yITer

may be applied to the top and tom surtaces hi ckness ngi ng from
approx! mat el ¥ 180kl o i NG 240PR bbbl i B b, B o1
i o m ¢ hi cne 24Nk FVEF (S RES SETRC ke Sorfids BaVE A UeyFrslaom ey | n o
cach side. | ooHe G A MAOS PRPHBUR G antPT AL IBRPY RRGLS 89 Tg! g
from approxi mately O. 50 into 2. 00 or so in., inclusive of the layers of
fabric and pol Phegcondiayerde reit inthepatsreistonndn FiGi ThaelLayemdve3ndhght s
ranging altemnating pattem and oriéntation of the fabric layers is to achieve a finished
panel substantially devoid of direct paths through the original grid openings in
the fabric layers. In other words, a panel having substantially solid core of off-
set and perpendicularly-oriented fabric layers.

[00250] In FIG. 76 the result of the process shown and described in FIGs.
74 and 75 above is shown by Layers 1 - 3, to which another layer of epoxy
may be applied to a top side of Layer 3, or as described above relative to
FiGs. 74 and 75, and a fourth layer (Layer 4), which may be seen to have a
side to side run and an up and down weave, may be appropriately oriented
and placed on the top side of the third layer to result in the patterm shown in
FIG. 77 as Layers 1 — 4.

[00251] FIGs. 77-79 continue the process described in FIGs. 74-76, which
results in multiple layers of fabric with decreasingly smaller and smaller
openings. As will be appreciated by the above description, the process of the

present invention may be continued until a panel having a substantially solid

core of off-set and perpendicularly-oriented fabric layers has been achieved.
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fromapproximately 1 | b. per sq. ft. to less than 10 I b. per sq. ft. with
various areal densities based on the specific type of threat |evel, for
example, but not I|imted to, types I, II-A I, I'lL-A 111, 1V, and Speci al
Type specified in the National Institute of Justice (NIJ) Standard 0101. 04,
Revi sion A, June 2001, Ballistic Resistance of Personal Body Arnor. [00253]
The nunber of |ayers of fabric in a panel is determned by the |evel of
protection desi {@52hhiTercanepletethe frocesavbmantfacturing the @apelk saeh suffaaent i on
may be defined in, for exanple, but not limted to, the NIJ Standard
0101. 04, Revi si®g., op, batterz@0d sidsls) otthd paitiat papelrdescrilzatt abevedmay ber
requirenents equi prent should neet to satisfy the needs of crimnal justice
agenci es for hicgatedwelhi 4 polyarer te produbé aTitjshédpapaheTte palymieenaytel | ed
usi ng adhesi ves, |am nation, nechanical fasteners and/or any conbi nation
thereof both W bppidtitowhé fep'and b8orhisdfasdstonRicRndsded easging fori Washers into
Fheldoor, wal |, surface, ceiling and/or floor depending on the
i npl ement ati on ' [ iaf LA ; i+t 1B miPhi T or
i rerent "t ast o ABPIRImAABI YT B (P i, ohl SRR, of of /516 180 mPorbRL o' 6
asten the panel ; : il b , etc. In
gener al I I n bui Fgfjtrtl(gt@l %ﬁéa% ?)gtﬁ'sé( \F/{mé?{e?gjgﬁ#'ﬁ%g@%ﬁpﬁg%gﬁéﬁ%&eﬁ%" ?)dr gﬂsTlﬁlr'n' | ar
material, installing a fastener may involve pre-drilling a,hole through the
banel  and | nto- he HAapl ML ER Gyt SoneaRara frathadd B AniYera iR ar it h
an epoxy and screw ng‘,the fastzin.eh wi th and/or_w thout a fender/washer,
etc. thiough t HBlemRickaRes ARH nished RBPeAianes | The panelaranbs NRSbed Fanded or
gripped the inner walls of the hole. For exanple, the fasteners used in the
face of the comaidthatmay haxga predeterminedihickaess availableifenthepolyraeiit et e
screw that grips the inner wall of the hole.

each side. In general, the panels are designed to have thicknesses ranging

from approximately 0.50 in to 2.00 or so in., inclusive of the layers of fabric
and polymer. In addition, the panels are designed to have weights ranging
from approximately 1 Ib. per sq. ft. to less than 10 Ib. per sq. ft. with various
areal densities based on the specific type of threat level, for example, but not
limited to, types |, II-A, 11, llI-A, Il1, IV, and Special Type specified in the
National Institute of Justice (NIJ) Standard 0101.04, Revision A, June 2001,
Ballistic Resistance of Personal Body Armor.

[00253] The number of layers of fabric in a panel is determined by the level
of protection desired, which for certain embodiments of the present invention
may be defined in, for example, but not limited to, the NIJ Standard 0101.04,
Revision A, June 2001, which defines performance and other requirements
equipment should meet to satisfy the needs of criminal justice agencies for
high quality service.

[00254] The panels may be installed using adhesives, lamination,

mechanical fasteners and/or any combination thereof both with and without

-82-



[ 002551 Alternatively, the panels may al so be manufactured with overhanging
fl aps on one, opposing and/or all sides of the panel simlar to that
previously described. In general, the flaps may not be as thick as the main
body of the panel and nmay have sone nunber of layers of fabric fromthe

mai n body extending into and through at |east a portion of each flap. The
nunber and extent of the |ayers in the flaps may vary depending on the

requi renent s of sid@ehanngls/fendersoand/eowashessiinte thef dgor| walltsurtage, eailing r ement s,

as few as one, two, and/or three layers of fabric may only be needed, while
hi gh/ ext reme t hangior fiaaygiepending onithg implguentatias andfoy drientationaff tieapanal. i n t he
flaps as in the main body of the panel. As a result, a variety of

manuf act uri ng Imeddaitib;, sieyilaber diffecbnt fastenbra ghayf by usadonith eharrgisiffesders] ng t he
panel with flaps as a single two-dinensional sheet and then bending the

flaps into the aftfei Washetotd fadtirothbPanals th ASsurfagtk 3br éiaintble Sidts aRd bolts, panel s
are being installed, -83 or by nolding the panels with the flaps in their

al ready bent pogjdié Qic.2h Gendrill ﬁ\emﬁhr@r&q'uer@&s wmsbpu&ﬂ%?&bo@@@on

: f
alternative nethods of faStening may i1'nclude pre-positioned ast eni ng

o f I, ' . , £ h
panel s my be | pnget BARHRF ifsiafid e thdy ilvBRE prp i ShétetniolGh o
posi tion. Furtht%r St

Girect Ty on: i neganplene PREI Yaleaidiiton SulRén Goaeipaiadoatt Witbaf i
T g B R RS o T BB e
| ayer directly to the surface and i mediately attaching the first fabric
| ayer, either ~threughdhewanaband aimibe helgunlilithefastenen bas expandaed eigripedhe
pol ymer and when the first fabric layer is applied to the polyner |ayer.
the inner walls of the hole. For example, the fasteners used in the face of the
concrete wall may include a Tap-con®, which is a concrete screw that grips
the inner wall of the hole.
[00255] Alternatively, the panels may also be manufactured with
overhanging flaps on one, opposing and/or all sides of the panel similar to that
previously described. In general, the flaps may not be as thick as the main
body of the panel and may have some number of layers of fabric from the
main body extending into and through at least a portion of each flap. The
number and extent of the layers in the flaps may vary depending on the
requirements of each application. For example, for low threat requirements,
as few as one, two, and/or three layers of fabric may only be needed, while
high/extrerne threat requirements may require as many layers of fabric in the
flaps as in the main body of the panel. As a result, a variety of manufacturing
methods may be used including, for example, manufacturing the panel with

flaps as a single two-dimensional sheet and then bending the flaps into the

desired configuration at the installation site as the panels are being installed,
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[00257] An alternative panel, in accordance with an enbodi nent of the
present invention, starting fromthe top of the layers, is a first group of
multiple layers of fabric; followed by a single layer of a wire nesh
fabric, a second group of multiple layers of fabric, a second |ayer of the
wire nmesh fabric, a third group of multiple layers of fabric, a third |ayer
of the wire nesh fabric, and fourth group of nmultiple |layers of fabric. As
descri bed abov@riby meldiagitas Pagels mitadhe flaps 'nﬁbe'fﬁﬂéaﬁhbﬁnkp%ﬁ@f\/ﬁ&% mesh
layers are alternated in an off-set pattern and epoxied together to produce
a panel as desdhigeedimgnsiopalnanel.above in FIGs. 74 - 79. The wire nesh |ayers
may be positioned and aligned relative to each other so that the run and
weave patterns [00256he Qiheealienhtivd methosls af éasbériing ataydncudé pes-pasitioned mi | ar
to the fabric layers. In general, the wre nesh fabric nay have a

tight/smal |l wedysteaing rhgarls, mﬂel&hmplen chatrels,#hcHor peihispBibs, postscatanmha, but
not limted to, wire nesh fabric 452 KP from GKD- USA of Canbr i dge,

Maryl and. [ 002583 %él@hﬁ@}b@ﬁ\s@ﬁ@@ﬁﬁ@%ﬁ uUnldek, ttc. ﬁamlsfemgﬁnltnéhegﬁed/arl ous

nunbers and arrangerrents of layers of fabric, nmetal foil W re nmesh

fabric. For exgmalien $offePlul Qﬁ%ﬁﬁgmnam%a Wude%wgiﬁ@lme Wenf € Ot

limted to, en-tier pane two exter| rtrers Ive | ayers of

fabric wth t [ I a arated by
two additi onal rH“%ﬁ"é?%‘df‘ %‘ng g@?"&&b%@a@g $| ve 9@%&%&'} t?“?Soand all of
whi ch are bonde eth h epox and cqQvere the s
banel as.j st clteniiedhe sebielay P8 Sthaeb e itass b tBE obBuobfiRan, o o
| ess than five Iayers of fabric; an eleven-tier panel, with tw exterior
tiers having f e qrdperefdhe mathqds dageriped h@r@m)m?ﬂ@mf PIY@epiaysr si ngl e

| ayer of metal separated by four additional interior tiers of fabric of
four |ayers f atslitestly tnihezurfage andiromediately eitaehing tgclirstktabric layer, either

with or without epoxy depending on the curing time of the polymer and when
the first fabric layer is applied to the polymer layer.

[00257] An alternative panel, in accordance with an embodiment of the
present invention, starting from the top of the layers, is a first group of multiple
layers of fabric, followed by a single layer of a wire mesh fabric, a second
group of multiple layers of fabric, a second layer of the wire mesh fabric, a
third group of multiple layers of fabric, a third layer of the wire mesh fabric,
and fourth group of multiple layers of fabric. As described above in relation to
FIGs. 74 — 79, the fabric and wire mesh layers are altemated in an off-set
pattem and epoxied together to produce a panel as described and shown
above in FIGs. 74 — 79. The wire mesh layers may be positioned and aligned
relative to each other so that the run and weave pattems in the wire mesh
layers are off-set and altemated similar to the fabric layers. In general, the

wire mesh fabric may have a tight/small weave and be flexible in both
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wi th epoxy and covered with polymer; etc. The nunber of |ayers of fabric
used on the exterior and interior tiers may be varied as needed, but, in
general, the overall pattern should be synmetrical fromalong a planar
center line parallel to and between the front and back surfaces of the
panel . As described above relative to FIGs. 74 - 79, various configurations
of alternating and off-set weave patterns nmay be inplenented in various
enbodi nent s of disaotibes,fonexamplagbutinot limited td, atire mesh fdtEo4 5K Rifdne GKD-
enbodi ments (all of which include the external polymer coating) may

i nclude, but arBESAWf Gambridge, Marylan&6-l ayer fabric and epoxy panel; a

40-1 ayer fabric and epoxy panel; a 100-ayer fabric and epoxy panel; and a

23-1ayer panel [po248]5 ARPB AV EmbBBidhts Bﬂhb%@ls%a}ur\/&ldcﬁe Widus! ayer,
followed by 5 layers of fabric, followed by 1 wre hesh |ayer, followed by

> layers of -8y, gén’rﬁ'a‘ﬁd {J@rig%m@é{f Iglyéi‘sro?ﬁé%ﬁhrﬂeﬁi%d Qle'é’Hengd by 5

| ayers of fabric; ayer pane fayers odf fabric ol | owed by
1 wire nesh Iay b r f re mesh
| ayer, foll ovved nc ?})ayers I8T gorff f?f\%sgfeﬁt?o%éﬁ%ym%fhc Qﬁaéé‘%

foll owed by 5 | rs, of fabri.c; follo rresh ayer | | owed by
5 1 ayers of fab'afﬁﬁ Frogp ssiigirtisspatalit Hrederion e naias s Tagisetd Lbged o
of fabric. [002601 In applications in which two or nore panels may be needed

to cover a surVilthree reriordiers ef 3 sbgledaprrtmelabsenaated\pyawonddiionghes and

may or may not be connected/ adhered to each other and/or fastened to a wall
t hrough t he ovelntesiopdarssy dabrimofifiveriayare fatici and afl of whishrare bondad éogethert h
mechani cal fasteners, adhesives, etc. and/or any conbination thereof.
Al ternatively, wilknepoxmmcbccp)medi withpplyineeratiet sasle panal-asjusti dbsceabedd may or may
not be fastened to a wall using nmechanical fasteners, channels with

except the two internal tiers may contain more or less than five layers of

fabric; an eleven-tier panel with two exterior tiers having four layers of fabric

with five interior tiers of a single layer of metal separated by four additional

interior tiers of fabric of four layers fabric, and all of which are bonded together

with epoxy and covered with polymer; etc. The number of layers of fabric

used on the exterior and interior tiers may be varied as needed, but, in

general, the overall pattern should be symmetrical from along a planar center

line parallel to and between the front and back surfaces of the panel. As

described above relative to FIGs. 74 — 79, various configurations of

alternating and off-set weave patterns may be implemented in various

embodiments of panels containing wire mesh fabric.

[00259] Example embodiments (all of which include the external polymer

coating) may include, but are not limited to, a 26-layer fabric and epoxy panel;

a 40-layer fabric and epoxy panel; a 100-ayer fabric and epoxy panel; and a

23-layer panel with 5 layers of fabric, followed by 1 wire mesh layer, followed

by 5 layers of fabric, followed by 1 wire mesh layer, followed by 5 layers of
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mechani cal fasteners, adhesives and/or any conbination thereof. |In general
to provide the necessary |level of protection a |ength of panel material of
equi val ent protective strength as the panels being installed may be fastened
al ong the abutnment of two panels on either the front or back sides of the
panel s using any of the fastening nethods and nmeans descri bed previously
herein and/or an elastic tape conponent covering substantially all of the
over | apped and/ Bbrigdgliowed By dwire mesh laygscandsiollewead by Sayersef fahsici aad ever an
over | apped seam generally on the side that will be to the interior of the
structure, al ong03ayespaneliwith § layees effabrie follawadbyi wireemesh layeFdollaxathpl e,
the tape could include, but is not limted to, a Metal-Gard "E'" tape system
manuf act ur ed bybyBedayeRs of fabgc Sptavesd by M rwire mibsiidyeinciohowied by 5Thyerb@fra. - 86
[00261] FIGs. 80-82 illustrate exenplary bl ast/shrapnel/ projectile

cont ai nment  panfabsic, folevedbe i switemekktayed Jofflcwad BY 5ilagors loe faBeict follewed panel
8000, as illustrated in FIGs. 74-79, coated on one or nore sides with the

pol yurea or ot hgy 1QliRshesR dyer, TBllcWdPby 5 fyers 80rablit Uslibwb@ by th@irdaiegh 8000
havi ng the pol yurea or other elastoneric rmaterial 8010 on a first side. FIG

81 illustrates ,”@Qﬂg, ' .pol yurea or other elastoneric
material 8010 Igggﬁgﬁﬁg?k)g t %?XSF&%%%Q”@H G 82 illustrates the panel
i des. 1" gencltdPouI! P Bloalont s BT O B ibr S Rats R og Papdbeitager
et ween il 1 pl 8 SpaFeESE8s o e3aRrAHPRIRAAEY A (7ch FEHeS AR GLct ur i ng.
a projectile resistant panel includes supgl ing a first |layer of fabric,

0

suppl yi ng a secBi3 nohhe copregtag/adpereddn ggc randigriastenrd i awallecur es t he

first layer of fabric to the second |ayer )
through the overlapped section using mechanical fasteners, channels with

rﬁechanical fasteners, adhesives, etc. and/or any combination thereof.
Altematively, two or more panels may be abutted side-to-side and may or may
not be fastened to a wall using mechanical fasteners, channels with
mechanical fasteners, adhesives and/or any combination thereof. In general
to provide the necessary level of protection a length of panel material of
equivalent protective strength as the panels being installed may be fastened
along the abutment of two panels on either the front or back sides of the
panels using any of the fastening methods and means described previously
herein and/or an elastic tape component covering substantially all of the
overlapped and/or abutted seams. If a tape is used it may be applied over an
overlapped seam, generally on the side that will be to the interior of the
structure, along substantially the entire length of the seam. For example, the
tape could include, but is not limited to, a Metal-Gard “E” tape system

manufactured by Best Roofing Systems, Inc. of Oklahoma City, Oklahoma.
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of fabric and applying at | east one |ayer of elastomeric material covering
at least a portion of the panel. [00263] The foregoi ng description has been

provided for illustrative. purposes. Variations and nodifications to the
enbodi ments described herein my becone apparent to persons of ordinary
skill in the art upon studying this disclosure, wthout departing fromthe

spirit and scope of the present invention. The specific feature(s)

i | lustrated herl@0263]n F@%itepcﬁ? Hlgstsate expmplarg kiastishrapnel/ prgiedtde used with any
ot her enbodi nent descri bed herein. -87 WHAT IS CLAIMED IS: 1. A

bl ast - r esi st antcqmdaiamesypanals.c She papelsdn FiG$.80e82 odmprige thecmubithyer panelner i ¢
mat eri al having a predeterm ned thickness, a body portion, and a plurality
of flanges, eac800fX as likusiratedahiRiGs.o74-79) coated on epe od imitge didos Witrothea sane
side, and a plurality of fastener elenents for securing the pre-cured:

el astomeric nyiclyurah or aRir eladtemetic fratstiabl FEG. B0 HGstHtes tHY pargh 8bbe
plurality of flanges. 2. The systemof Claim1l, wherein the elastoneric

material is selgaiffthef b88r BfHeY BlasfimbRd Atk v YEid.@qane,
pol yur et hane, and rgjjt Soq%nrrea/ {)ol yur et hane hﬂ;/\l%r irfg.i Bgﬂb %eaqg)s/tséf?gém g!‘d gqai m 2,

wherein the el %ﬁ&ﬂ%?é' theBHrt BAbo hgyei@?gfd pel6Ra &%&ﬁériaéset?éseﬁaf 1St em of

Claim2 wherein the elastoneric m percent ongation at break

D05 95O 2t s S BAR P BRI bor BRSO
predeterm ned t . Shurea 8f offier sladtomertc material 8010 on opposing StesPiny' "9 &n
general, the polyurea or other elastomeric material can be applied to any one
or more surfaces of the panel 8000 and can be sandwiched between multiple
panels 8000.
[00262] An exemplary method of manufacturing a projectile resistant panel
includes supplying a first layer of fabric, supplying a second layer of fabric,
supplying an adhesive that secures the first layer of fabric to the second layer
of fabric and applying at least one layer of elastomeric material covering at
least a portion of the panel.
[00263] The foregoing description has been provided for illustrative
purposes. Variations and modifications to the embodiments described herein
may become apparent to persons of ordinary skill in the art upon studying this
disclosure, without departing from the spirit and scope of the present

invention. The specific feature(s) illustrated herein in relation to specific

embodiments can be used with any other embodiment described herein.
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uncured layer of the elastoneric material to the predeterm ned thickness.
6. The systemof Caim1l wherein the pre-cured |ayer of the predeterm ned
t hi ckness of elastomeric nmaterial conprises at |east two opposing flanges.
-88 7. The systemof dai:mil further conprises a fabric reinforcenent |ayer
associated wth the elastorreric material including the body portion and at
| east two opposing flanges. 8. The systemof Claiml wherein the plurality
of fastener el tﬁ 0 | .at least one of a plurality of |engths of
U-channel , a pM@% hs of Z-channel, a plurality of |engths of
continuous fastening strips, a plurality of |engths of non-continuous
fastening strips, a?ﬁ)latpl LLI’€| i tg @f washers.. .9. The systemof Claim8
wherein the pldrali DIt reEsianh BANY YRS SOMPUFIRgrer conprises at |east one
of a plurality of nails, 0? pl ural ii of screws, a pI,uraIital of concrete
nails and a pi ural i 8y2¥sr L GRIpPCUEe é%\ﬁg‘.e"fd'.‘at?ﬁé' RVNGRAPERILTHIRCS wher ei n
the plurality of fastener elenments further conprises a glue or an epoxy.
11. The syst emtiekn@sgi abedy paeios; and aelyalify of ﬂaegqm@gcb@gthﬂplﬁwlw of
perforations to facilitate bending of the flanges. 12. The systemof C aim
1, wher ei n t he flahgesydepandindaway froimg sambeside, andur ce. 13. The syst em of
Claiml, wherein at |least two panels are placed adjacently to one another
with a first panel palaratilylof fasteméraginentsdopseduring tivd pre-cwed@iabigraadt . - 89

material layer to a surface of a structure through the plurality of flanges.

2. The system of Claim 1, wherein the elastomeric material is selected
from the group consisting of polyurea, polysiloxane, polyurethane, and a

polyurea/polyurethane hybrid.

3. The system of Claim 2, wherein the elastomeric material is a polyurea
material.
4, The system of Claim 2 wherein the elastomeric material has a percent

elongation at break in a range of about 100-800%, and has a tensile strength

greater than about 2000 psi.

5. The system of Claim 1 wherein the pre-cured layer of the
predetermined thickness of elastomeric material is formed by spraying an

uncured layer of the elastomeric material to the predetermined thickness.

6. The system of Claim 1 wherein the pre-cured layer of the

predetermined thickness of elastomeric material comprises at least two

opposing flanges.
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14. The systemof Caiml1l, wherein at |east two panels are pl aced

adj acently to one another with a first panel abutting an edge portion of a
second panel. 15. The systemof Caim1, wherein a tape secures adjacent
panels. 16. The systemof ‘Caim1, wherein franing and a finishi ng panel is
secured over the panel. 17. The system of Caim1l, further conprising a door
havi ng associ at ed therewith bI ast -resi stant panel 18, The system of
Caimi1, furthef co Yisin Q QI'*E’:H‘H fsther eemprisgeR fatg@\;gynlquger@ﬁgt layeior e

w ndows and integrated with one or nore blast-resistant panels. 19. The
syst em of Cl ai n#sBoCiatRsH withthe glagtomedictieaterialjoeludingitee bedyipprion@ddjainct i on to
bend the plurality of flanges. 20. A blast-resistant panel conprising: a

| ayer of a pre-leastdwosipposingdlangesmt eri al having a predeternined thickness;
and at | east one fabric layer, the fabric |ayer being secured to the |ayer
of pre-cured elastonmeric material and the fabric |ayer configured to all ow
def or mat i on and.el onidea systerofof Ceiml iwbereir thee plualityofddstehasélomentsc nat eri al .
21. The panel of C aim 20, wherein the at | east one fabric |ayer has a

| engt h equal t ocamprizagtds lexst bhe op agluralitg &f fngHisosrell-charmwd! 4 'ﬁmiraltw ofl
percentage elongation. -90 22. The panel of Caim 20, further conprising a

plurality of fashgihelof ZedHRMRABE & galmrangeﬁwgﬂgs bf&nﬁhub@@ﬁafstéqu stapsi£ | ayer
to a surface of a structure. . A projectile resistant panel conprising:
plurality of lengths of non-continuous fastening strips, and a plurality of

washers.

9. The system of Claim 8 wherein the plurality of fastener elements
further comprises at least one of a plurality of nails, a plurality of screws, a

plurality of concrete nails and a plurality of concrete screws.

10.  The system of Claim 8 wherein the plurality of fastener elements

further comprises a glue or an epoxy.

11.  The system of Claim 1, wherein the panel includes one or more

perforations to facilitate bending of the flanges.

12.  The system of Claim 1, wherein the flanges are bent using a heat

source.

13. The system of Claim 1, wherein at least two panels are placed
adjacently to one another with a first panel partially overlapping a portion of a

second panel.
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a first layer of fabric; a second |ayer of fabric; an adhesive securing the
first layer of fabric to the second |layer of fabric; and a | ayer of

el astoneric material covering at |east a portion of the panel. 24. The
panel of Caim 23, further conprising one or nore additional |ayers of
fabric, each of the one or nore additional |ayers affixed with an adhesive.
25. The panel of Caim 23, wherein the adhesive is an epoxy. 26. The panel
of O aim23, whéfei nTheaygiamedf Glaimn 3, whereinaklpastitwopanels arepdaceds of f - set
and perpendicularly-oriented fabric |ayers. 27. The panel of Caim 23,
wher ei n t he panedjacenthf toi oredanasher with & ficet paf&. abitingsari edgerpodibacfar i ng t he
panel of any one of the preceding clainms. 29. Means for installing the
panel of any of set¢aidmanel.27. 30. The invention substantially as shown and
described. -91

15.  The system of Claim 1, wherein a tape secures adjacent panels.

16.  The system of Claim 1, wherein framing and a finishing panel is

secured over the panel.

17.  The system of Claim 1, further comprising a door having associated

therewith a blast-resistant panel.

18. The system of Claim 1, further comprising a clear polyurea layer
covering one or more windows and integrated with one or more blast-resistant

panels.

19.  The system of Claim 1, wherein a jig and heat source are used in

conjunction to bend the plurality of flanges.

20. A blast-resistant panel comprising:

a layer of a pre-cured elastomeric material having a predetermined
thickness; and

at least one fabric layer, the fabric layer being secured to the layer of
pre-cured elastomeric material and the fabric layer configured to allow

deformation and elongation of the layer of a pre-cured elastomeric material.

21.  The panel of Claim 20, wherein the at least one fabric layer has a
length equal to a length of the pre-cured elastomeric material at a percentage

elongation.
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22.  The panel of Claim 20, further comprising a plurality of fastener

elements for securing the at least one fabric layer to a surface of a structure.
23. A projectile resistant panel comprising:

a first layer of fabric;

a second layer of fabric;

an adhesive securing the first layer of fabric to the second layer of

fabric; and
a layer of elastomeric material covering at least a portion of the panel.

24.  The panel of Claim 23, further comprising one or more additional layers

of fabric, each of the one or more additional layers affixed with an adhesive.
25. The panel of Claim 23, wherein the adhesive is an epoxy.

26. The panel of Claim 23, wherein the panel has a substantially solid core

of off-set and perpendicularly-oriented fabric layers.

27. The panel of Claim 23, wherein the panel is affixed to a surface.

28. Means for manufacturing the panel of any one of the preceding claims.
29.  Means for installing the panel of any of claims 1-27.

30. The invention substantially as shown and described.
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