WD 2007/ 073363 PCT/ US2005/ 042983 Docket: T3572-908375W003 SHRAPNEL AND
PRQJIECTI LE CONTAI NMENT 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 1wo20@4733ntitl ed "Shrapnel and Projectile COHREHVRASM28Y st ens and
Met hods for Producing Sane," and 60/ 642, 991, fi | ed January 12, 2005,

entitled "Shrapnel and Projectile Contai nment
Produci ng Sane," which are incorporated herein by b&g?eé‘r gﬁészﬁggﬁéw%
entirety; and is related to United States Patent Application

10/ 510,691, filed Oct ober 8 ai n nt System
and Method for Prodd Pg %ﬁ&ﬂﬁ@%bﬁ Wﬁgﬁ&i&wﬁé Appl i cation
of International AAND EQUIBMENT AbtE MIETHOPSRORRBRODUGCHIGS AM 6 2004,
entitled "Shrapnel Containment System and Method for Pr odum ng Sane," which
clainms priority to United St at es Pr ovi si onal Pat ent Au i cation No.

60/ 460, 422, fi006H ApCGROSS BIEFERENGE TOLREL & AR EINSanel and Met hod
for Pr odu0| ng Sanme" [0003] FI ELD OF THE INVENTI ON [0004] The present

i nvention rel @83 gefbegrésertapalicaiionemims the bensfitadfl pdoritponder 381j acent to a
wal |, floor or ceiling in a structure or a side, bottomor top of a vehicle

to contain shyapoel 1f1rg@e31ta Unigsit Stare/ RoviopaPPant epficdtRf Ndeom a
projectile | auncher equi pnent and net hods for produci ng such systens.
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[0006] The invention W || be best under'stood by r I ng ensui ng
: Containment Systems and Methods for Producing Same,” and 60/642,991,

\ filed January 12, 2005, entitled “Shrapnel and Projectile Containment
Systemns and Methods for Producing Same,” which are incorporated herein by
reference in their entirety; and is related fo United States Patent Application
No. 10/510,691, filed October 8, 2004, entitled “Stirapnel Containment
System and Method for Producing Same,” which is a U. 8. 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.



specification in conjunction with the drawing figures, in which |ike

el enments are designated by |ike reference nunerals, and wherein: [0007]
FIG 1 schematically illustrates a panel production apparatus according to
an enbodi rent of the present invention. [0008] FIG 2 is a substantially
schemat i ¢ wipesn@fsdshe installation of a shrapnel cont aP@FESOHEMAREE at t he
interior of the structural wall of a building, in accordance with an

enbodi ment of;dolagl Pr YSSIEF 9 E‘S@ﬁlb?meﬂh Eﬁﬁw'ﬁ%éé' ustrates a shrapnel
cont ai nment p!ane in ' f the present
invention. [O FI 4 s a C -'S L on vi.ew of . a pbanel having a
channel menb@’l?o%]ecuﬁg'a9 'Q}’eri]tfoé1 \B@?);%&?%f@ﬂg?rﬁloggé&, r&%ﬁp@ K?\'Aeterlf'sgwgenbodi ment
of the present invention. [0011] FI iS a.cross-sectional view of two
abutting panefReGiralieq 13con H@ﬁ‘?'l %’@ie wing Agiues s igy ﬁ'i’ﬁbe gISHRAS accor di ng
to an enbodi nent of the present invention. [0012] FIG 6 is an overhead
subst ant i al | yasctesignated bydikeseference:gnernlsy snd whesebuct ed i n accordance

wi th the devel opment of the present invention. [0013] FIG 7 is a side
perspective v[i8@7pf &l@aheichammaticalyfilustirgés @apansldradugton adpargtusf and
substantially perpendicular to the panel, in accordance with an enbodi nent

of the presenacdariimgttbem erhB8diflenEbBheréser imvepsisnsect i onal view of the
panel of FIG 7 along line 8-8, in accordance with an enbodi nent of the

present. | nventions - 1802290 BZ3A0APERHSA0RAPPARInEARKH o G 9 1S a

partial top-view of a continuous fastening strip wt asteners securing a

portion of a gtﬁr%@ﬂ%l ﬁntﬁpﬂ%‘?ég{@oaﬁﬁﬁ??ﬂ%r%%fw {AfSural Wan BEE YRGS th an

enbodi nent of resent | nv
accordance with an embodiment of the present invention.

-

| [0009]  FIG. 3 illustrates a shrapnel containment panel in accordance with
an embodiment of the present invention.
[6010] FI1G. 4 is a cross-sectional view of a panel having a channe!
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 paneis 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.



[0016] FIG 10 is a partial 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 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{yghepaiBisst 0 a concrete surface, in accordancecwisivozEmzesanbodi ment
of the present invention. [00181 FIG 12 is a cross-sectional, top-view of a

wal | system nuf ac ed with a reinforced panel fastened to existing frame
el ement s withFoﬁﬂﬂélstefllztlg‘{é‘ss,a i§ & PRFA) FoPaHEY Qliay GPTARUEYS RFTPRING SBiP W‘)F}b present

invention. [0019] FIG 13 is a partial, cross-sectional, top-view of another
wal | system fastritese sepwingw PRiwNrdiadiangde ol aganel 1o aspaeretp swiaoe §ting frame
el enents, in accordance with an enbodi ment of the present invention. [0020]
FIG 14 is a pesdrdange withas-cselotdiment of the pradesivinventions] ott ed portion of a
frame in a wall system manufactured with a reinforced panel that may be

used to faste[poufle p#@l 10 &padlal kp-fiews nehawribgoud iasmtgaﬁfagwmth an
enbodi ment of the present invention. [0021] FIG 15 is a partial,

Cr 0SS- Sect i ONfsteritirslSeMiriiY #boRichI & Ringelof aanelRNA baREIBIE S gﬁ _
reinforced panel in the interior of the“concrete floor, in accordance with

an_ enbodi Ment o lo g\, 48 eflerh SYERERLS inb 8022t FhGnud® 1S a partial

Cross-section op-view of a concre constructed with rebar and a

rei nforced pa I n Lt erior. t he concrete | 1. in accordance with
an embodi nent ﬂ@llﬂlt heﬁéeigfﬁaPﬁ{}@ﬁ%W?W- a\%@ﬁ’é#@?@'@@?y\g@?ﬁ%ﬁggngw
[0023] FIG 17 is,a partial, cross-sectional, top-view of a concrete wall

construct ed wRPRM ra ok PARYie aFopaiets seifacs inreesrdancawith#8e of the

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

(
[0018]  FIG. 12 is a cross-sectional, top-view of a wall system
manufactured with a reinforced pansl fastened to existing frame etements 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 elements, 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 fioor, 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.



[0024] FIG 18 is a cross-sectional, top-view of a one-piece panel system
for protecting concrete colums, 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 wi th an enbodi nent of the present 0026
FIG 20 is gﬁ?rﬁ)?g@%gctlonal t op-view of an L- cﬁannel racgﬁﬁéﬁg%w[ ]
fastening a one or nore-piece panel system around a concrete columm, in
accordance w tli8023% enbt@) teizta phriiahergesesetionalnioprtiewrof acdd2dte B 21 is a
partial, cross-sectional, top-view of the L-bracket of FIG 18 fastening a

panel system f@:rnsmeteenmtm@eb@r@ﬂatarr;@irﬂo:@@a;p@nehm an @Rtk sufiicd BEtheoncret e
colum, in accordance with an enbodi nent o he present invention. (0028]

FIG 22 is a ck@Rdaiesedli, Wééoorél%eVWIﬁWaﬁ’fenfbth}ﬁérﬁ’t' cﬁQﬁ%g?é“s%'nt ?‘”%Wﬂief or

protecting concrete col ums, 1 n accordance with an e di nen

present i nventjygny [09&91@iesgm%és.sacﬁor@ﬁa@ewsmzﬁeﬁ%a QA1 sy Skfle- Vi ew

of a panel sys for "pro ing CoONncre ums™ s -like
ar r angenent of the, reinforcin I n_accordance w ne i ment of
the present | HoERtatefig Tiip Bel e, in pEodtigie Vi So drndiBer St
top-view of a holl ow core door with a shrapnel and projectile-resi stant
panel di sposecP"ﬁﬁ?'Fﬁ IRVe@M®Ndoor, in accordance with an enbodi ment of the
present invention. -4 WD 2007/ 073363 PCT/ US2005/ 042983 [0031] FIG 25 is a
partial cross-[0823]i onklG. 19 isrit cresewecional ttapviarhel anhdwbhckal jer fasteninga a
shrapnel and projectile-resistant panel disposed on an outside of an
interior one ofnd biembyveplesbg@nel systam arclanta condrbteacolemipih aszotdaoicet he
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 corner
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
9 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.



present invention. [0032] FIG 26 is a side-view of a renovabl e shrapnel and
projectile- resistant door panel disposed on an interior surface of the
door, in accordance wth an enbodi ment of the present invention. [0033]

FIG 27 is a side-view of a nmulti-layer shrapnel and projectile- resistant
panel , in a¥oHEHe®3wWi t h an enbodi nent of the present i P/BHEI065#0429830034]
FIG 28 is a side-view of a nmulti-layer shrapnel and projectile- resistant

panel, in acco e W . odi nent gof . the .present .ipvention.
[0035] FIG 29t‘|ﬂ)§ag s?%I??3?3%525%”55Eﬁ%sgﬁgﬂoaﬂdfrg&a\pgw PBWP&'B%{E‘HM@ panel
directly applied_ over.a rel ease agent., on and fastened, w th nmechani cal
fasteners to as¥ﬂ?%‘%ﬁ5‘f5%é'\a@$@58EF@?W%\*%%%PH% dignoged Rnanydsident of
the present invention. [0036] FIG 30 is a side-view of a shrapnel and
proj ecti | e- r esPERAKTEHRINS Oldne dwe tybase i accerdanse with an emhodienttofde and
fastened with mechanical fasteners to surfaces of a structure, in

accor dance wit Rreseot yentieibodi nent  of the present invention. [0037] FIG 31
is a side-view of a shrapnel and projectile-resistant panel wth a

fabric/fiber rp82br cifiG. Rayes siistviewnf awemowsbleSshphprid agt Bectler ect |y
applied over a release agent on and fastened with nechanical fasteners to a

Thventi on. -5 WG a0 TS e O s bt MR SR Ricgh o esent
Fei nf orcing | ayay Shet nRa AR o e R bR S Tectly appliod over &
rel ease agent %ngnd fF?éF 57 ?sda \Q";otet\/iéﬁ %?%%&lﬁ-llag;e%ss ?&?p%re? aFlg projectite-

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 panel

directly applied over a release agent on and fastened with mechanical

fasteners 1o -a surface of a structure, in accordance with an embodiment of the

present invention.

[0036] FIG. 30 is a side-view of a shrapnel 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 beiween 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.



surfaces of a structure, in accordance w th another enbodi nent of the
present invention. [0039] FIG 33 is a side-view of an automatic shrapnel
and projectile- resistant panel manufacturing system in accordance with an
enbodi mrent of the present invention. [0040] FIG 34 is Lae- vi of an
aut omati c ®rApHEBiand projectile- resistant panel mnu?gzlﬁgir?’lﬁsr%bgggstem in
accordance with another enbodi nent of the present invention. [0041] FIG 35
is a top-vi ewji¥B8] he FHGt 8t asidshviewndlh shmapnp and@rojectilesresis@napanglanel

manuf acturing systemin FIG 34, in accordance with an enbodinment of the

present i nveniitar fabAO4iBEr fdiforciy lngetbatvesn 1we tdycos af elsmarldiegtly i ne 36- 36
in FIG 35 of an autonmatic shrapnel and projectile-resistant pane

manuf act ur i ng agyRdEMer el AHRLUANER At HhstBAa) MR RERRMidar Ristéiers i Present

invention. [0043] FIG 37 i1s atop-view of a section of a vehicle with

pre-positione ?&ghﬂr f i J
projectile-r eglljrsf ant paa%gkfétﬁrg, ﬁ]%%\g&elﬁ{c% R@F@?ﬁ&égggﬁhgﬁ@% n\;\,iO{ hhea%reg%todi ment

of the present invention. [0044] FIG 38 is a side-view of the section of
the vehicle fIW8PU%aI 1, door and/or roof pan in FIG 37, in accordance
w th an enbodi nent of éhe present invention. -6 WO 2007/ 073363

PCT/ US2005/ 0468891 | duasP3 1 esidggvipw of anauteeatic shigenet and pieiegtile-

pre-manufactured wall system wth an enbedded shrapnel and
proj ecti | e- r eE3siatant paneh eranufratieing svsiem db@scdulateewitrarmambatiarnieht of the
present invention. [0046] FIG 40 is a partial cross sectional-view of the
pr e- manuf act uttedbresant ingsrsiomm of FIG 40 with an enbedded shrapnel and
projectile-resistant
[0040] FIG. 34 is a side-view of an automatic shrapnel and projectile-
resistant panel manufacturing system, in accordance with another
embodiment of the present invention.
t0041] FIG. 35 is a top-view of the automatic shrapnel and projectile-
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.



panel therein along line 40--40, in accordance with an enbodi nrent of the
present invention. [0047] FIG 41 is a side-view of the pre-manufactured
wal | systemof FIG 40 with an enbedded shrapnel and projectile-resistant
panel therein, in accordance w th another enbodi ment of {h LS {

i nvention. WOOMWBPTIG 42 is a close-up side-view of a t’?ﬁ"%&&“ts %2%

pre- manuf actured wall system of FIG 41 with an enbedded shrapnel and

projectile- resEoﬁgga]nt FR& & d%ed'sﬂ:{ea\ﬁé\ﬂrdi? rﬁéﬁllif ur@tﬂ%ﬁﬂ g&n of the

present invention. [0049 IS a view o rapne ai nnent

lo0s0) Fia - aavagen aéd?k??e’%?ﬁ%?{ea %f*? @f%gfﬁé ﬁ%%ﬁﬂfmﬁ*jﬁ Hithime R “panel o
FIG 43. [005 45 | of
FIG 43 1n ackPEHANEE i 4 eHSree el e pBReAveRbss2) F G 4o is e

side-view of the blast/shrapnel containnment panel of FIG 45, 53] FIG
47 is a vi ew d0046lp| aElG.4} igsneartiabeioss sertienabyaw Oféb%Péﬁrmﬁmeaﬁﬁwéﬁdance
wi t h anot her enbodi nent of the present invention. [0054] FIG 48 is a view
of a bl ast/ shrwahsystenrmf &G ndd withzaneeémbgddeshshrapnel ol prajectiewiesistant ot her
enbodi mrent of the present invention. -7 WO 2007/073363 PCT/ U52005/ 042983
[0055] FI G 4%arel thereinvwlorig ndbiias40,5hnapardbnconitaiann@nbodimaet obthet em i n
accordance with anot her enbodi nent of the present invention. [0056] FIG 50
is a view of apakastihfdHiepnel contai nment panel systemin accordance with
anot her enbodi nrent of the present invention. [0057] FIG 51 is a side-view

of a blast/shrpgpgl CcpH 3 NEREidRRE) ofhe P8 manufactured wall system of FIG.

40 with an embedded shrapnel 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 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.
[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
i 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 biast/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.



I n accordance with anot her enbodi nent of the present invention. [0058] FIG
52 is a view of a blast/shrapnel containnent panel systemin accordance
wi t h anot her enbodi nent of the present invention. [0059] FIG 53 is a view

of a blast/shr a%nel cont ai nment panel systemin accordance w th anot her
enbodi nent BPWHEBésent i nvention. [0060] FIG 54 is alGiEwIBY042ss
bl ast/ shrapnel contai nnent panel systemin accordance w th anot her

embodi ment of fgpssPr SERA!49 P KEWAS-a bRCEHrapldFcoRfirie bR SiABRRAL al view

of a blast/shrapnel contalinnment panel systemin accordance w anot her

enbodi nent of r o ' : | envi ronment al
vi ew of a bl aﬁ&?ﬁ@%@%@%@%ﬁ@é?ﬂ%ﬁ? dm&)éiﬁ%ﬂhﬁg%ﬁﬁﬁﬂb%&ﬂ%r dance with

anot her enbodi of resent invention. [006 Fl 57 .11l ustrates an
exenpl ary i nst@‘ﬁf’]@t i oﬁ‘é’r@qcﬁﬁo%}’@&’yc’ffaop'a%Sm?@ﬁiﬁgﬂ%ﬁﬂgﬁW SYSIRTHR panel
systemin accordance with an enbodi nent of the present |nvention. [0064]

FI G 58 il ust?eRosdangs Witkanetaerembedimmed of Hie ireeaddevayiPrt or a

bl ast/shrapnel contai nnment panel systemin accordance with an enbodi ment of
the present ini985tli onFIG&We 2eideM8863 blReVEUSROSEr@YI0BENt pandsysENG. 59
il lustrates an exenplary installation nethodology for a blast/shrapnel

cont ai nnent painacceydEneenvith armtioerdambedimienhofbihe grbsatit imentionf the present
i nvention. [0066] FIG 60 illustrates an exenplary installation nethodol ogy

for a bl ast/sfppsginel FRRERisnwBl diansihstiaHiaeiBl cBnRafAEsaRGRI YWdtéman
enbodi mrent of the present invention.
accordance with another embodiment of the present invention.
[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 instaliation methodology fora
blast/shrapnel containment panel system in accordance with an embodiment
of the present invention.
[0064]  FIG. 58 illustrates an exemplary installation methodology for a

blast/shrapnel containment panel system in accordance with an embodiment

of the present invention.



[0067] FIG 61 illustrates an exenplary installation nethodology for a

bl ast/ shrapnel contai nnent panel systemin accordance with an enbodi nent of
the present invention. [0068] FIG 62 illustrates an exenplary nethodol ogy
for shapi ngwa bl ast/ shrapnel contai nment panel systemin accordance with an

enbodi ment WLMIKEB3BY esent i nvention. [0069] FIG 63 il IRG{SAR08Q4245
exenpl ary net hodol ogy for shaping a blast/shrapnel contai nnent panel system

i n accordance [ppéd) anFRIBEERites Gh ekBMPRIP FRMIIKBH PRdthedolobPirY FI G 64

il lustrates an exenpl ary nethodol ogy for shaping a blast/shrapne

Cmvent fon. [ DO DIl LO M EARAREFote TR EIARTRI armbotfigBhe e

bl ast/ shrapnel i el systemin accordance with an enbodi nent of
t he present i G@%Efe&%&ﬂ%&g 'FIG 66 illustrates an exenpl ary shapi ng t ool

for a blast/s el ai.n t panel systemin accordance wth an
enbodi ment of %‘?@?pr e'g@gl{bto '|"r‘ﬁr}EaR‘f’? 8ﬂ _exgr@p%a@l ﬁ&ﬁ%?@%@ggﬁ?%\ﬂ%@s/ 042983
[0073] FIG 67 illustrates an exenplary shaping tool for a blast/shrapnel
cont ai nment  parest/siyannelconaimei daneksysien imaceardarcewith aprerpbrdimest ent
invention. [0074] FIG 68 is a view of a blast/shrapnel containnent panel in
accor dance wi tdi tanptdsent iwbioiiiment of the present invention. [0075] FIG 69
is a side-view of an exenplary bl ast/shrapnel containnent panel of FIG 68.
[0067]  FIG. 61 illustrates an exemplary installation methodology for a
blast/shrapnel containment panel system in accordance with an embodiment
of the present invention.
[0068] FIG. 62 illusirates an exemplary methodology for shaping a
blast/shrapnel containment panel system in accordance with an embodiment
of the present invention.
[0069] FIG. 63 illustrates an exemplary methodology for shaping a
blast/shrapnel containment panel sysiem in accordance with an embodiment
of the present invention.
[0070]  FIG. 64 illustrates an exemplary methodology for shaping a
blast/shrapnel containment pans! system in accordance with an embodiment
{ of the present invention.
00711  FIG. 65 illustrates an exemplary shaping tool for a blast/shrapne!
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.



[0076] FIG 70 is a side-view of an alternative exenplary blast/shrapnel
contai nnent panel of FIG 68. [0077] FIG 71 is a side-view of an
alternative exenplary bl ast/shrapnel containnent panel of FIG 68. [0078]

FIG 72 is a side-view of an alternative exenplary bl ast/
cont ai nmernwopenerssgf FIG 68. [00791 FIG 73 is an enviPngﬁ%ﬁgﬁ%lgg de-vi ew

of the bl ast/shrapnel containnment panel of FIG 68 showi ng a deformation

fromforce B.[0pIEI801FHE.GB7 Mdsirhibs shrexeapidry shapihgabolipneallagiishigriel |
contai nment panel in accordance with another enbodi ment of the present

i nvention. E {disidinet Gandlsystemisii adtiordaricd Wit Ahembdriraéht dthBs present
bl ast/shrapnel/ projectile “contai nnment panel of FIG 74. [00821 FIG 76

illustrates iiﬂv%ﬁ‘cf her detail the blast/shrapnel/ projectile containment
panel of FIG 7 .OE']OOBB] FIG 77 illustrates in further detail the

bl ast/ shrapn roj I A | £ _Fl 84] FIG 78
Il lustrates f‘frqﬁ?‘ﬁrt hgfé'aéglgi&f%?hgdf%@gwsgﬁ%perjl&PV%(?B?@SREF{GS% cont ai nnent
panel of FIG 77. -10 200%/ 073%6%@/ H&é&%& 042983 . [0085] FIG 79
i |l ustrates i3FPIHAEWITLERPTEY RCE 5 EFFNIPYFEIA: | e ~ cont ai nnent
panel of FIG 78. [0086] FIG 80 illustrates a side-view of an exenplary
bl ast / shr apnd@P758]pr of K&169 is asideaiawehan pyeraplary biss¥shiapael @ntainmgst r at es a
si de-view of an exenplary bl ast/shrapnel/ projectile containnent panel.
[ 0088] FI G 82and biBl@.84&%s a si de-vi ew of an exenpl ary bl ast/shrapnel/
[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 altemative exemplary blast/shrapnsl
containment panel of FIG. 68.
[0078] FIG. 72 is a side-view of an alternative exernplary 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 panet 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 detalil the blast/shrapnel/ projectile

containment panel of FIG. 77.
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projectile contai nnent panel. [0089] DETAI LED DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS [ 0090] The present invention involves producing pre-fornmed
panels, which may be forned 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 %65&5@%aﬁ%n general, to increase the effect iP%%HJ%EO%S/B{Iw%She
protection provide y the present invention, the wall "may be a Structural
wal | . The panels nay be produced by spraying a polyurea or other

el astoneric mj0assi al FEedofilcshidies mdligiodratbisibthieduadt/she pndlmrojeatileduct i on
process and the performance of the finished panels, in producing a materi al

havi ng i npr ovednglifmaatpamel ehelG.erssi | e strength properties. The panels also
may be produced by brushing, rolling and/or trowelling the polyurea

material or of ;Me{ gﬁe@@@raﬂ&tﬁ%sea5%-ﬁéa~bhanéﬁémp¢aﬁyws@/éﬁgaﬁet/0 formthe

fini shed panels. natively, the polyurea materral“or oth el astoneric

mat eri al may : I (1 , ayed, brushed, rolled and/or trowelled)
and bonded di ?@cg?{:}gﬂlégg a#emfg?lttpeaﬁ%?ir surface of a structural wall or

'building. In an e ternative, the polyurea materi or gt her
el ast oneric Il;@(%;‘ll a%%?@h—'@ﬁﬁﬁ B\deview PPEIB?éé?ElH’,‘a%ﬁJMEEaPPS | ed and/ or
trowel l ed) over -11 WO 2007/073363 PCT/ US2005/ 042983 a rel ease agent (e.g.,
Teflon, silic&RRIEHES corisdInaentpanedt her rel ease agent) that had been
previously applied to the interior surface of the structural wall or
bui | di ng and #8861 medH&nBediusiratesen side-viewy oban ienemplard bigst/sbppnelie
el astoneric material and the rel ease agent and into and anchored to the
i nterior surf acgectiideontafrenémrpasel.f aces to which the elastoneric material
may be applied and fastened may include walls, ceilings, floors, colums,
doors, w ndows, etc.

{ [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 proaucing 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. Aliernatively, 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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[ 0091] El astoners such as pol ysil oxane, pol yurethane and
pol yur ea/ pol yur et hane hybrids may be enpl oyed as an alternative to pol yurea
in constructing the panels or in bonding a |ayer or |layers of the nmaterial

directly to the . [0092] The present invention als JohVRkoés @ net hod
for producYVﬁ' 0076'1\,‘)2”13%, shock and projectil e-resistant pg%%?}sjsf O&XC%gudi ng

applying two or nore |ayers of a two-part, high solids, polyurea el astoner

materi al ont oazclensd agsea(elee, Teflest, siliten, i@ afidfriaeg diiérakress agéhy two or
nore |layers of the elastonmer material may be applied with or w thout one or

more fiber oripahad %eeh?iré\fi@.ﬁ&x?gFﬂieg tPMﬁé hidlichasRes R tesRudinRl Wogr ore

| ayers of the elastoner materl ow ng the material to cure, an

renovi ng the : : s may be

pr oduced apar?ﬁﬁ{oﬁg%nagﬁgg ncf@%?@ed@% f{\%&ﬁé\%ﬁ'ﬁ%ﬁ?ﬁéﬁs@%@%gﬁouﬁgg%ced at the
buil ding site,, The panels . e installed on the ruct ur al |I's, doors
and portions B S@”ﬁﬁ%ﬁﬁ?&&%ﬂB’}ﬁl{?regsecﬁgeggﬁﬁ?%fn@@ﬁ&&ngbgi@g18&@? ection from
shrapnel and i?lro' ectil es. bn,addi tion, the E:gnel S magl be installed inside

el evat or shaf fiEenghgHERC ADe iNtgliRy suniagep iouhigd the elasionsere malenal Man egrity
in the event of seismc activity and on the inside of walls in honmes to
provi de addedPsepekfst andfasienaddnay fciudenvalls, criiags dwors, LR 0PrH 73363

PCTI US2005/ 042983 panels nmay be used to cover wi ndows and doors and

fast ened i n pliindewspetcpr ot ect them fromthe effects of strong w nds and

severe weather, e.g., tornados and hurricanes. ' [0093) In accordance with

anot her enbodjoopit oEldemprseesihiad polpsilokamne, pdingetlanstzper naterial may be
i njection nolded to formencl osed tubes that nay be used on the exterior of

te{]fg. hull of shipsrebfbdiitb@he HyBriid hay HeP8mpRgEBas dn ABrehhRN toPdRBea dOCkS,
in constructing the panels or in bonding a layer or layers of the material
directly to ﬂ;e 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 more 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 broduced at the building site. The panels may
be installed on the structural walls, doors and portions of a building, structure
or vehicle o provide protection from shrapnel and projectiles. In addition, the
panels may be installed inside elevator shafts and/or stair towers to provide

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,



[0094] In FIG 1, a panel substrate 10 may act as a nold surface onto which
a polyurea elastoneric material nmay be applied, e.g., sprayed, brushed,
rolled and/or trowelled, to produce blast and/or projectile resistant or
shrapnel - anel s 100 according to the preferr nt of the
pr esent mvéﬁ 098%%6%though panel substrate 10 is shomﬁ%gg&g&go pI anar
surface, other enbodi nents are contenplated in which panel substrate 10 may
have concave pameisonay Gevesedao mooar windows endslodes aht #dstomed inqHasd @e wi th
specific wall, door, etc., conformations to which the panels 100 may be

applied. The éﬁ@l‘é&iﬂ”@h‘?fr&& tre)efeets dfelonl wikdgs 89¢ sevdt)veathéh oy, f €l ease
agent/corrpoun in order to facilitate the renoval of cured panel s fromthe

substrate. Qﬁ%d%‘nﬁﬂt‘?ﬁcﬁe@ndard known, spray application equi prent, a
hi gh solrds

two- part, astomer conposition is sprayed in liquid (uncur ed)

form onto s te 10 r us oses,

I ncl ude sprayliﬁ@zﬁ %'OQGC&E(%{%%@ %ﬂtﬂ@%ﬁ&ﬁé% ﬁ'%nf: St{hr?l é@%ﬁ\{'ﬁ‘@&@?ﬁ’ to an
application 4 Reseryoj r or .storage tank be, us eed the
o bonont o malinG RSP RETBlE B DIRsS [aued W BUgPelERa N EShes. 50,
where the conponents are m xed at valve 32. Spray nozzle 20 may be nmanually
operated so asn@wbaysed ondbe gyteyier éﬁthﬁ’ﬂﬁ@rqféhlpé\ﬁérpl'@ﬂ@ét wethulldrdam 3z wo

2007/ 073363 PCTI US2005/ 042983 substrate in producing a panel.
Al t er nat i vel y damagesiorayotherzships, decks etthan one can be used) may be nounted
to a carriage (not shown) of a known construction that has drive neans for

movi ng the noZeé%s] 20 nrElds vieageingl substiaty 1¢ ayaddt vs camdid/surfdcealnty, to
ensure that the conposition is applied in an even thickness over the entire

substrate. O ReHicis B'ptyReR el matéramg@v%t Spiicdl, 8l spragsd, Bhsheand the
oné shown in FIG 1is but one exanple

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 pane! 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.

s

[0095] Employing standard, known, spray application equipment, a two-
part, high solids, elastomer composition is sprayed in liquid (uncured) form
onto substrate 10. The spray equipment, for illusirative purposes, may
include spray nozzle 20, which is connected via fiexible 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 lines 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



[0096] It is envisioned that, for |arge-scale production, the spray process
may be substantially conpletely autonmated, with conputer control and robotic
el enents being used to control the spray equi prment, including the novenent
of the sprayers and delivery of the material to be spr handl i ng
of the pa Q%% ver, the sanme basic process renaingmggg%@gﬂﬁ%gﬁ t he sane
and FI Gs. 33-36 provide diagrans of two enbodi ments of possible autonated
systens for nagkstiatetugiodycihgrd sareal. piariasivelffohespamphezzié reotauthammned
systens may produce at | east one finished panel at |east every 5 m nutes.

[0097] In a pedn bewbkead) magrepbanisdesarinegy (not Bikowaysf sskinswn f ur t her be
enhanced by including a reinforcing |layer 102 which nay be di sposed at

ei ther the outGistRictibNiff hadldifeteind BENRAMMRY thd ARzzRr20MAcdVerEly Bf di sposed
in the interior of the panel. The nethod of “produci ng such a panel, wth

the = reinf or chag iy afivBicAlly 38 Bl thaf inlcolifadRRA acBfivd b &1 o7 20! ¥
include placing a reinforcing t'abric material adal nst Su rate 10, and
sprayi ng the polyurea or her_ spr | e el@stoner onto t.he fabric to a

P ckness. i EeH SRS byt Biarife, SHEaRy. ORP BTN ABREHOR  he 1 i ni shed
panel. The fabric 102 wth the sprayed-on polyurea s then rotated or
flipped such RFBRISMAENSAG Fsofeasl ”f‘eé‘ngﬁ@ QE‘E‘@ YR &N Ef@! {]ﬁg)'-fté’ﬂﬁi c 102 faces
the spray equi pnent. A second -14 WO 2007/073363 PCT/ US2005/ 042983

appl i cati on ofX&pRlayi ng of the pol yurea onto the opposite side of the fabric
102 is then effected, to produce a panel of the desired final or finished

t hi ckness. [[094]] Midé enviastdnedshaip farhargescalegrroddcetpm tes spregquestess nay be
enpl oyed. The reinforcing |ayer can be placed in intinmate contact with

substrate 10 miagme dubstantigilg compldtely raveanatbd, Wily eomputaricobeanddrobstic f ace of
t he panel 100, and the elastoner can be sprayed onto the layer until the

desired panel glehichldBifgiiedab t8hi6idhe YpRi o duismbRY icivkitg itk mhevéiRehtn t he

interior of the panel 100, the
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 FlGs. 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,
[6097] In a particularly exemplary embodiment, the panels may further be
enhanced by including a reinforcing layer 102 which may be disposed at

a 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 materiat 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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| ayer may be spaced apart fromthe substrate 10, with the pol yurea being
sprayed through the | ayer to encapsulate the layer 102. Alternatively, a
portion of the panel may be sprayed onto the substrate, and the | ayer 102
may then be_introduced, and the remnaining thickness of the panel 2/ t hen
be sprayed YB2XG#318 e the panel. [0099] Once the spray BSTHEBAS0#208

conpl et ed, and the polyurea material has either partially or fully cured,

the |ayer my e @ﬁ@ia{nh@'@ﬂﬁtepol%ﬂéétdr@é me]@ppdshé%lﬂééﬂhﬁgaﬁioo?@el 100.

[ 00100] The panel s 100 may thus be essentially mass-produced in an

econom cal Mangeken %ﬁ%eﬁe&,% ﬁél%?% Udkirdiind® of ﬁ‘ﬁl%ﬁé@! Blﬁ@v{r%:sgg’ or in

a portable or nmakes pro uctlon aC| Ity constructed at a ng site,

if that were dt I.rabl for reason.
pancl e 100 attO¥flen @PQ‘E@%@W@F‘sypﬁﬁe‘?%%éﬂrﬁéémeq%%ﬁgenaavb (el wit h
t hese bl ast - r sist nt . els 00101] ,l.nt r struct ur al waIIs 104 of a
bui I ding to r v a'g‘b’ér%ﬁ be 8%0%9 Ga'f'f@%‘f"tﬂhéldbﬂ@t? 1O
during |n|t|al constructlon or, in a bU|Id|ng retrofit, the cosnetic
interior wall is@dested tahave hiedarer A RNeSHI eI quiiace of e panel J0Pf apdthst t he
structural wall. The panels 100 are cut to size, as necessary, -15 WO
2007/ 073363 PEIISIE05ANh2IPRYyesrehtatie ket watil thedesied parsl ittickrassfiace of
the wall 104, preferably using any suitable adhesive, or by nechanical
attachment. Bextmirssl. t\WWaerd thedbyeral 020t be IDthenintdrioe ofanpandda0botheed ei t her
of block or poured concrete, suitable nechanical forns of attachment may

Al i ng it h o e e e o AP RG 2 i a
SU?St antial |y rhiiphldugh Y I18ertd 8nbasd b #d RYePioR Alternatively,
| portion of the panel may be sprayed onio 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.
[06099]  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 pansls 100 may thus be essentially mass-produced in an
economical manner. This can be accomplished in a true factory setting, or in
b a portable or makeshiit 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 intetior 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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shrapnel contai nnent panel at the interior of the structural wall of a
building, in accordance with an enbodi nent of the present invention.
[00103] FIG 3 illustrates a preferred enbodi nrent of the panel 100 as it is
readied for installation. In this enbodi nent, panel 100 is bounded at its
peri phery ko siagnagls menbers 120 which retain the edgespot/ushesparsl 100
between two rails 122, 124 positioned at opposite sides (e.g., front and
back) of the B@nel see FIG 4), The channel nenbers, which are preferably
made of stai ANG&Le atfiged to iieinigiios spiasaphihpywale] O eveferaply ueinganyl s at t he
edges, adding stiffness thereto. In addition the use of channels at the
edges of the syitaide aphesive.cy byraechanicabattaclyment. rRedense diad sfrastumiens 121,
such as, but not I|imted to, concrete wall anchors, screws, nails, etc. in
securing the pahalilscornmanhebdidrisiraithentd siock Gﬂﬁ@ﬁbdﬁoﬁcreﬁe,iddituﬁfer ates a
further panel fastening nenber 126 suitable for use when two panels are to

be joined to sReRaficel ibHAs oL atbcRhierithady mbmd\éntﬁﬁelaaeafcoﬁc@té\%ﬁ PBRGTSs;
Adj acent edges of two panels are secured to the two rails 128, 130 of this

panel fastenlagsdrsw%{dwﬁwsé&' baﬁé.ﬁng*ﬁﬁh%w rails
128, 130 are offset by a web 132, such at t %@égaﬁ{)@teﬁé%@}’ﬂr@t ai ns
the two panelaliq_[}n essentially an edge-abutting rel atlonshl p. -16 WO

2007/ 073363 "US2005/ 042983 The fasteni ng nenber 126 may be used in

addition to, gr. in liey of, th channe| nenber 120 at the edges to be

j oi ned. The ¢ ot ﬁ?eﬁﬁ?segﬂa“@%&%ﬁ?@gbt"@“fﬂ *hSdﬂ?‘rtaﬁ@{@Mm as well,
by appropriate nmechani cal fasteners for exanple, but not I|mted to,
concrete wal ISIH'ﬁBH%'r%Om%ﬂ@e”'[ B@l@j@}{hﬁn@fﬁréﬂhﬁe‘ﬂm%ﬁf wall oba keildingpe of

i npact force at the exterior of a building, can cause the structural wall
to, fracture apefajéanneavidh anlemifadigerimfshe preseat invagtien.zes, which are

geherally referred to as shrapnel. The panels 100,
[00103] FIG. 3 illustrates a preferred embodiment of the panel 100 as it is

readied for instaliation. 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.qg., 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 stiffiness 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

Pasae

the building walils.

[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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with their inproved elongation and tensile strength characteristics, wll
act to effectively absorb a significant portion of the kinetic energy
inparted to the pieces of shrapnel. This absorption of kinetic energy wll

prevent the shrapnel fromflying through the interior iLlding. In
si t uat i ons WO2O{H8#F3t he expl osive bl ast al so causes thgé'ﬂégzg)f'g&i%g to
fracture, the kinetic energy absorbed or dissipated by the panels wll

si gni ficantly ThaguBnindemampent 26 A/ K8 ushReRthdftidne, ShinaRmedr, hiat may enter
the interior of the burlding. Persons inside the building are thus better

rotected agai L. AGI . WA r let Le Qs fi T ack on a
Bui | di ng. | o0fBamdehasE P2 ffieiiosR o bRGhYA TRE seciBinbiidhas, &l
structural in ri of, the.wal |l itsel ticul.arl fast dtoth
vl | by mechaitoaeirec o Ruy vl AW REROb BB A gt el TRUBRS, T
order to be effectiv t absaqrhi or dissipating the potentiall hi gh

| evel s of ki né?fi%@Fﬁ?éﬂgﬂ*ﬂ?ﬁwlﬁg9%&&94@%%@#“&3%%@’&5n or l)t he?/ 9
concussive event, it is preferred that the panel thickness be in the range
of about 100 [9H08houAn explogive blashan alRprdyps ef iBmast {orce abtheegiderianaf @ness
will be about 180 nmil. Panels thicker than 250 ni|l may al so be used,

however, it i duildrgezrechudedhetshrechwalsvdllte fiasture mmdtganeratevedifeagnmerdar apnel
contai nnment or -17 WD 2007/073363 PCT/ US20051042983 bl ast resi stance

af forded by t bevalyingksizeq) aviatls arpyerkgaluicneiaghiothdshrapgel. iThe paesd1omst

(material cost), in a cost/benefit analysis. [00108] The el astoneric

mat eri al enpl Qy@dhéiRirhpRvel re@&ig%}tioﬁ%aaéﬁgimtrﬁggﬂﬁé lr&ét@ﬁ@ﬁc,%pbm %o

parti cul ar conbi nati ons of physical or other eria properties inits

Censi | o ot rengl Ao UrL o A B R R oty e 0 e ™. b cak
'n arange b etp\{\é%%g o?gﬂ}étpn%—:‘ﬂoﬂ%g%%oso%?ign TP kinehié SRSFQ@%M 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 enérgy
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 resulting 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. Even 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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at the higher end of this range, e.g., 400-800% The tensile strength of the
el astoner is preferably a m ninum of 2000 psi. [00109] In addition, the
adhesi on properties of the elastomer are believed to be inportant, whether

t he panel jsvgég')g?g@%% Juct ed separately or are fornmed in Pglr%%?m?@rzgge}e wal | s
e

of the buil IOt her structure to be protected. It fed that
the el astonmer exhibit an adhesion to concrete of 300 psi m ninum (or at
concrete fail inlask resistdnes afidiesi mnthtohiskaglanels maP Bepaitweighedmythe [ 00110] As
not ed previously, polyurea, polysiloxane, polyurethane and

pol yur ea/ pol y iigrbasatbodit miatktiat 80stprin duet/bditefilephle’, physi cal and materi al
properties. Currently, in an embodinent an elastonmer is used that is a 100%

sol i ds, sprayrgpik] edrhé‘éﬁgﬁiiﬁ&uo%ht@rhhﬁé’mms& irfihel dithpn é«o%\a@a.h@al e as a

two- part (i socyanate qguasi - pol yner; amn xture Wlt pi gnent sprayabl e

Coating and PRPRgrebteaFhel st spitfi o, Ep by g meteelh T

| d d h f t,
e o Penant Pragie Rty %@55‘[&*% e Shniohe inee PRt L alogeaimer

wi ||l adhere in form ng a panel -18 WO 2007/073363 PCT/ US2005/ 042953 shape.
The fabric relaﬁpfﬁm@”ﬁm predhelapiejasioraer RGiRAPWIE heye@Re  structural
integrity of the panel in resisting blast and in containing shrapnel,

particul arly ielorgatiph ahbresdtiniacange debveamabat 100dKG4, and mpaeplreéerabhr by the
el astoner as the energy of the blast or other inpact is being absorbed.
[00112] To datakbihe tighéadad okthishaingbae.g., BE6BANSed The tensildwstiengttpeiibes f or
testing are produced fromaram d or polyester yarns or fibers, with an open

?Lf d (openi ng ehgitnpeniswiseratid afrhinimyarai®ooopst.he order of 0. 25 in. by 0.25
[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. Itis
preferred that the elastomer exhibit an adhesion to concrete of 300 psi
minimum (or at concrete failure), and an adhesion to steel of 1200 psi
minimum,.

[00110] As noted previously, polyurea, polysiloxane, polyurethane and
polyurea/polyurethane hybrids can produce the desired physicai 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 principaily 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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or 0.51in. by 0.25 in. Snaller or larger grid opening sizes are, however,
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 yarns or fibers %r oduced by
Teijin Fi B&RY48%el i eved to be particulariy suitabl ePFEPSHLE W3t hi s
application. [00113] The shrapnel containnment system and nethod of the

present inveghigy) Tadfarizetorc8mbRbwli@islcpdblp alsawntuts ket astoneric
materi al applie and bonded directly to the wall or other structure that is

to be rei “f0r§l?&btuﬂaﬁ‘inté$ﬂtglozﬂﬁ|§é]feﬂin Fe'%ﬁ*.lti IlastaHH Gh eaﬁhﬁ{i)@@guragﬁeﬁl eared of

| oose and foreign materi wth the el aStoner applied spraying, in a

manner sim | af, L 3 - ' t anel
substrate. TreetiPuiEin nERRdHah c B clottsanExae A ANECTS ¢
have a bondi ng,_sirength, or dhesion . to concrete qf. 300 psi ninjnmum and the
concr ot e w | | SgaieErdsn8ans B3 Biast ok et iberds Bealabeothdthce
irregularities such that the elastoper w/ll find regi ons where nechani cal
attachnent enifhtds t-rﬁéjaéﬁﬁg§if%h’ﬂcs tﬂg‘d’ﬁ"ﬂb%‘ﬁWB PEQQycing Pangls rave a
fabric or fiber reinforcing elenment, the elastoner nmay also preferably be
partial |y applestig avg preduged fremma@nyd o polyesies iermstaniibees, wgihows bpeémned, and
t he remai nder of the elastomer layer is -19 WO 2007/ 073363 PCT/ US2005/ 042953
t hen spray- apgtid apenidg betmaenwetrp andHidl yaens) fanrtberngded afrie?s irc dyl025 im st be
positioned against the wall, with the entire thickness of the el astoner

layer then bei 0g ianp 024 ihhehedller of REJergridi@msnirmgsieés are, however,
bl ast - resi st ant/ shrapnel - contai nnment panels in accordance with the present

| nvent i on haveoiRgen 15 9BUAEER o lise. PTH cidlie shBgthl AYRadBAmAIBySPR ©) 15
FIG 6. In FIG 6 p

shown in a schematic overhead view in , an expl osive

char ge 200 vas, ROS QP ESuS8HS bAhe ofdrtP 1506 A by 850 58! Phbric made

from Technora and Twaron-brand aramid yarns 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 matetial 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 [oose 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 sutface irregularities such that the elastomer
will find regions where mechanical attachment enhances the adhesion.
[00114] When the system is o have a fabric or fibet 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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constructed concrete bl ock masonry target walls 202, spaced on a 30" radius
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 20 j
expl osi ve WORRPYESH®Eul d have some degree of structural g%f/ﬁgigg%é‘%%%t, as

they generally would in a building. [00116] Panels A B, and C (thickness

not to scale El'ﬁénaédré(f-abﬁliéhﬁ' At iafitdlP S6e reit®iéng BRnadAtebuR firshiBe i Nt eri or of
three of the walls, while the fourth wall had no panel or lining install ed.

The panel s i”ghﬁﬁ@ﬁ’e@é 'aﬂgﬁﬁg vﬁlf?ﬁ}ithWé‘@ﬁﬁé%hi%@r?estss&rth@l‘é:fkgﬁt%SF iagéf

peri pheri es, were Secured to the Iinterior o he wa Si ng

concrete anch en@eﬁﬁ@?ﬁﬁff%ﬁ%?%y] Al'l of Panels A, B and C were produced at

a nom nal thickness of polyurea material having a fabric
r ei nf or cenent r disposed  therein. Further constructional details of the
panel s are as [403{5]0\,\3‘@38% Ogﬂaﬁgfﬁﬁ%%@%?ﬁi%%%ﬁﬁ?%%@? N 00118] TABLE |
Panel El astoner Fabric Reinforcement A AR425, 180 nil Technora T200 fabric,
0.5 x 0.25" gRFerreaaca whh thepessnt ingentign havedpaesy spneigtec: {Bpe ghysiealsxo. 25"
grid opening C AR425, 180 mil Twaron T1000 fabric, 0.25x0.25" grid opening
[00119] The elgst Byoub(nohio gealepis showprin ecaghamabit ovkdheeEAiaw imEIG. G&fInC- 4
expl osive configured to generate a uni form bl ast overpressure on the face of
each target WaIG. &Gl expivsvaoharget2000fadbdsitioteidasnially so Baui(@aitentcallp 67. 2
constructed concrete block masonry target walls 202, spaced on a 30’ radius

( circle from the explosive. The masonry 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
sutrounding their peripheries, and were secured fo the interior of the walls 202
using concrete anchor fasteners.
[00117]1 All of Panels A, B and C were produced at a nominal thickness of

180 mil of polyurea material having a fabtic reinforcement layer disposed

therein. Further constructional details of the panels are as follows:



pounds of TNT. The charge was el evated four feet above the ground to align
it wwth the center point of each wall (walls 202 were 8 feet in height). The
expl osive charge was statically detonated, creating a peak incident

over press 7 67 psi, and a reflected pressure of 00120]
Initial g‘gg 2@%3?33& on observations reveal ed that the unpﬁ%@@éésg wal | (no

panel secured to interior) suffered catastrophic structural failure, with
virtual l y nor[eopfs]th‘m\mr ete of either the target wall 202 or the
reinforcing legs 204 renmining in place above the base of the wall.

Fragments of pee wall, or shr apgpistomapsed by the ph up to 54
f eet behind the wal | (| e., to 't‘hTs%%_grlor of the BAb HAforteHid

contrast, theythree target wallsahgui nﬁ}dﬁﬁﬂ panel s TQ&HI’?AFE%O%%&EJ}? darrage

interior surface renai ned standing, somewhat Vg {Jg&?, ]

to the concrete bl ocks. Regions ﬁ@ﬂ?@ féqrhﬂe t ar get or O 8 ned to

| nduced af these joints by the blast, The target wab a@gglo@@gmaoﬁi i ned.
in

varyi ng degr e(gs o{‘ cr acki %g and é‘&é@@uﬁ@ I""“21gV\D 206‘7’#@7’8 5600 fabric,

PCT/ US2005/ 042983 [00122] I nspection of the panel sO25¥@@5¢gridieaenivgal |
areas of a marking paint coating on the interior surfaces of the panel had
spal |l ed or been knocked off, presumably by concrete fragnments inpacting the

opposi t e si dd0@r19]t hehearpelbsidechage 280 exmprisEd4? blocks (2.8 1bgpofildst i c
deformation, and no fracture or perforation, of the panels was observed. No

concrete fragsmpliisive senfiRufaaiindydiriratac Lﬁmfmrmnﬂasm@mr@ésmb)orim@ el S.
[ 00123] Upon renoval of the panels, fragnents of the target walls were

ourd Dot oo i e Tascal gy S0l orioR Susadiafiip L L0 Lo,

that no pounds of TNT. The charge was elevated four feet 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

(L.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.

21.



data is provided relative to "Distance fromWall" for the walls having the
panel s secured thereto, in that none of the fragnments passed through the
panels. [00124] Table 1: Fragnents found behind the Baseline target wall
Fragnment No. Mass éoz) D stance fromwall (ft) 1 1.0 49 2 .4 45.2 3 .3 54
4 .1 41.5Wa20030%363 6 1.7 33 7 13.0 30 8 1.5 24.4 QPLTAUSYSO48833 4 19 11
.5 18.5 12 6.7 19 13 .1 19 -22 WO 2007/073363 PCT/ US2005/ 042983 Table 2:

gr i‘.ggenis. S Oftg@!:z%?d P¥pd@itih STARE bahdid 02y I GPIRA N ardRS &f & farkihg- O 2 1.1
paint coating on the interior surfaces of the pane! had spalled or been
knocked off, presumably by concrete fragments impacting the opposite side of
the panel during the explosion. Litile or no plastic deformation, and no
fracture or perforation, of the pansls was observed. No concrete fragments
were found behind (to the interior of) the panels.
[00123] Upon removai of the paneis, fragments of the target walls were
found behind each of the test panels. Tables 2-5 present data relating to wall
; fragments (shrapnel) found subseqguent 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 Baseline iarget wall
Fragment No. Mass (0z) Distance from wall (fi)
1 1.0 |1 49
2 41452
3 3|54
4 1415
5 3| 41
6 1.7 133
7 13.0| 30
{ 8 1.5 24.4
9 11119
10 3.4 19
11 5| 18.5
12 6.7119
13 1119
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Tabl e 3: Fragnents contained by Test panel T1403 Fragnment No. Mass (oz) 1
.5 2.2 31.2 4.3 5.1 6.1 7 2.1 8.6 Table 4: Fragnents contai ned
by Test panel T1404 Fragnent No. Mass (oz) 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 subst i rpendi cul ar to the panel, in accordan with an

enbodi rrenﬁ&g)fﬁyﬁ%s%gesent I nvention. In FIG 7, a panel&f'gﬁsW‘%gés made in
any size necessary, may include a body portion 710 having an inner surface

711 and an outer surfadebkl?, Feaghdudyopaiddddsy Td$ pamel Pe4od or  exanpl e, but

not limted to, a 2' by 2', FlaghemWNa3 . al 27 byidss (@)% by 8, as well as
| arger and/or snualler g1{Z€S, t0 CoVer a wall or portiom tigereof. Panel 700
may al so include 2, 3 o 4 franges, for eganpte;—a top fhbu e 713, a bottom
flange 714, a |eft-side ér'rallgc 715 —and—a—+i+ght=stde—ftatge; 716, where each
of the flanges gener ality—depends—+from-bedy—portion-+£10 3 singl e side of
body portion 710, for egl*&n@l—e,—on—t—h&.si—de wi-th inner w'ff ace 711. However,
-23 .
Table 3: Fragments contained by Test panel T1403
Fragment No. Mass (0z)
1 5
2 2
3 1.2
4 3
5 1
6 1
( 7 2.1
8 .6
Table 4: Fragments contained by Test panel T1404
Fragment No. Mass (0z)
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 o 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 limitedto, a2’ by 2’, a2’ by 3, a2 by 4, a4 by 8, as well
as larger and/or smaller sizes, to covera 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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WO 2007/ 073363 PCT/ US2005/ 042983 enbodi nents are contenplated in which the
flanges, for exanple top flange 713 and bottom flange 714 nay 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

bot t om | aHg&079W3¢kay depend away from body portion 7ESTOF2%A42¥de with
I nner surface 711. [00126] In. general, flanges 713, 714, 715, 716, in FIG

o, U on o SRR g raifA o gy oot

ot her angl es, bot nore and | ess

enbodi nents w , . ted on
opposite edg\ggtsgsfnq%%é&[ﬁn#%bgg? g? m%ﬂ%%%”@%@pﬁ%ﬁﬁ&ﬁow%ﬂgg’ﬁt and right.
As seen in FIG 7. with four flanges a 700 resenbl es .an n box or
Contai ner i pPPERePibR b ShanpRl SR LR 3 081 iRy el e B8, 71 715,
716. Each flange may extend 1 inch or nore frombody portion 710 and may
general |y extRONEPR AtD pRARR Ridgiwitheuier aufacst 7 1zaand b‘?@%’"éﬁnﬁﬁﬁdﬁ e@e flange is
| ocated. [00127] Panel 700 and flanges 713, 714, 715, 716 of FIG 7 nmay be
formed as a dspegta@wsiydeam bady pgriorstikomitte site withrinmersuriacedldess using a

variety of nethods. For exanple, in accordance with an enbodi nrent of the

present invgoei2sh, hrgeveealnBariged D8 4,/01(5,aM8, inl BBy &S dépend Addy frédb, 716
may be forned by spraying an el astoneric material into a nold (not shown)

having a shapelypdesdantd at Sobstamtidiifa 900 dhbrt, afholR@nsiher 8Aglea) b&Wi ng t he
el astoneric material to set and renoving panel 700 fromthe nold. Panels

with 2. 3 andugo JHAREEHAPIONRERIQIISRENHBIAN hrioaRHRAR: whhbhguen

producing panel's in t |G 7 may help spe

e (BB i 1RBGAL R, MBS oS AR b T B e

configured i nex%lprgp? ,qg]:r)] re]i%tr:! 'boﬁBrencci:»rf Iieﬁ%nldyrighi.zﬁs seen in FIG. 7, with four flanges
panel 700 resembles an open box or container with relatively short sides
represented by flanges 713, 714, 715, 716, Each flange may extend 1 inch 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]1 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 flangss 713, 714, 715, 716 may be

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

04



WO 20071073363 PCT/ US20051042983 when panel 700 is manufactured with
flanges 713, 714, 715, 716, it may becone nore difficult to stack and/or
conbine nultiple such panels 700 for shipping and, thus, be nore expensive
than flat panels. [00128] Panel 700, in FIG 7, may be placed agai nst a wall
in a strucvoee7eased in general, top flange 713 and botricarustéoangess714 nay be
fastened to a ceiling and a floor near the wall in the structure,

respectively. If pan 00 includes q or | f es 714, 715 and
these side fl ' a'}ﬁi{?PB 'an(‘%#gﬁa/‘“ﬂ&ef@&gﬁ 1%0?#%?&(32?9&' e structure,
the side flanges may al sg. be fastened to the wal](s) and/or coluyum
portion(s). Fb%lcogb@dﬁﬁfee‘j‘%ﬁéﬂﬁé?sﬁgaﬁﬁ ropan ’?%‘E”é'h@ie %Whﬂ%’"‘%??ﬁ@?‘lﬁe usi ng
mechani cal fasteners, such as, concrete anchors, screws and/or nails. In
one enbodi neshipping aed,ghes.dif Mors exansive thandafpanalhers nay be a concrete
fastener, for exanple, but not limted to, a''/a" dianmeter by 1 3/" long
Kwi k- Con | | + [66328F nelPanatdiO0f incEl@. dmiay bd placedisSdeingi a ivalidn awirubbue a washer

and spaced approximately 12" on center along the length of the flange being

fastened. Al tagdnit dorRdra, tof flarayeet 137860 bottom fafge 704 rday bé eg@sed fohen t he
edges without flanges that abut simlarly configured edges from adjacent ‘

panel s w t howbiihb3Mees fAoEnd2p thewaf iethet AaRNWIE! re'é?lg?[‘gﬁtehf. Off Pgﬁélam%' €, a

Z- channel fastening nmenber as descri bed above I n I'on FIGS. 3, 4 and
5, | ' ) tal b
(o "Bt t onetist ol floke oBTledes 774 AR froshiite el ad™ 7. "

fl , which wil | d i bed i b t hs h in. [00129

Fl G e s a oLy el R pRBnD TS MG Fg-ple TBnGe RS Aspb8 5. i n
accordance wi th an enbodi npent of thel&%resent invention. In FIG 8, the

subst ant i al | yaHARebiminenvallkakard/ar cqluna o (S Wexaytie (RANSE 7T@O RSt ent

bet ween body portion 710 and top flange 713 and bottom fl ange 714. -25
be fastened to the structure using mechanical fasteners, such as, concrete

anchors, screws and/or nails. In one embodiment of the present invention,
the fasteners may be a concrete fastener, for example, bui not limited to, a 14"
diameter by 1 34" long Kwik-Con 11+ fastener, manufactured by Hilti USA, with
or without a washer and spaced approximately 12” on center along the length
of the flange being fastened. Akernatively, 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 fasiening 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.
[001291 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

betwsen body portion 710 and top flange 713 and bottom flange 714.

-25-



WO 20071073363 PCT/ 1JS2005/ 042953 Al t hough panel 700 may 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 provided by using a nold wth rounded and/or curv ﬁ?@ 130} FIG
9 is a pawoied7/073p3 vi ew of a conti nuous fastening strﬁ)g: i ﬁ(’%m?iaggfeners

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

accordance Wakifogih RIAMP GO0y 06 shb®n BE S20IRY relYiesl/isharp biteFbfged, a flange
910 may have di sposed thereon a continuous tastening strip 920 and nultiple

fasteners 93fngRitopdBAgb LY A N7 {28558 GoRsddy Pttt f | ange

910 into concrete 940, "whi ch, for exa may be a celling, wall

. xanpt €, . or.,
o o ot RO GRS o AL BUENRY  BEIH RLSRQ YL e
gg!d roll gga‘?@g?l Eg%q%%rlséfrg%d gaat e), wood (for exanple, 2" i)y 4 2" by

etc. 9FDr studs to frame wal | s), and/or any
ot her material havi n?%si mlar  strength and durability_as nmetal and/or wood.

Fast eners 9300RMl)l pETGCY i@ partiphioradandf @ coriinuousipstaning siEPVE  concrete

nails, bolts and/or other concrete fastening s?/stems. Fasteners 930 may be
used in conbiasteneshsesuringznperior ! adlange of attasel i esnaretessurfacgaini ve to ai d
in setting fasteners 930 in concrete 940. [00131] FIG 10 is a parti al
t op- vi ew of amordads wilves ehasidimeniopithe ppssent inenfiast nElGs 9sediangeg a
portion of a flange of a panel to a concrete surface, in accordance with an

enbodi ment 0§10 hayeeeiidpdsedanérteon a ddntihliéus fdtering bRipgE20 ditlAumple have
di sposed thereon at | east one non-continuous fastening strip/section 1020

oo L ! SRS ISR copnkkS st eni o
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 47, 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 ei(ample, Kwik-Con+ 1l screws, concrete nails, bolts and/or other concrete
fastening systems. Fasteners 930 may be used in combination with an epoxy

g and/or other adhesive or fixative to aid in setting fasteners 930 in concrete
940.
[00131] FIG. 10 is a partial 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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WD 2007/ 073363 PCT/ US2005/ 042983 which may be a floor, ceiling, wall and/or
colum in a structure. Non- continuous fastening strip 1020 may be nade from
netal (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. boarW® 0¥dH33%3 pl ates and/or studs to frame wal | BT/URAKYEIOSSt her
material having simlar strength and durability as netal and/or wood.

Fasteners 1 lcﬁﬁﬁv)gﬁelésﬁ‘dﬂar'éb:mﬂ%fdd ‘Muhﬁhﬁ'{‘aics)gg%)‘eaﬂ%or ot her

adhesive or fixati toaldin settl ng asteners concrete 1040.

[00132] FIG c&ﬁ’tlnh%ué‘féﬁ%ﬁihg'stripopﬁgq Orﬁ&éf@fr@n Hlngfél Yi’g%%%rg&%f 2%1' ng

systens securing a a pane surface, in

d th Jof, the t h of
mil tiple f aﬂﬁeﬁéﬁhf%%"?’“é < ctwﬁsi’?&fﬁwm 35988 sigaleleieh whgd 1110

into concrefe 1140, whjch r ,a floor, ceiling, wall and/or colum in a
structure. \ehRrmales? n*%)&“b@ ﬁﬁ@e gteprasdsnused ag P@e*‘eﬁ'&wﬁr gtudsteel , zinc,

etc.) and/or other material having simlar strength and durability as met al .
Fast eners 11Bameuyalish anséer othecwaisriahbaing gimilar streagiranchisabilityoasher
adhesive or fixative to aid in setting fasteners 1130 in concrete 1140.
[00133] FI G métaliendborevask - [Sesténars 1030 gy be esedin comisihhticry witke sn

manuf actured with a reinforced panel fastened to existing frame el enents

with fastengpéxy dnt/acsinenadessiveg éhl)@ﬂ\/@f@@ﬂllﬁgéttlngffaétbﬁeﬁsf RBYTh i nvention.
In FIG 12, one side of a wall system section 120 for exanple, in a netal

bui | di ng and‘léﬁ{cr&gh‘l ?e i's shown connected to an exterior side 1202 of an
interior wall 1203 and an opposite side of wall system 1200 is connected to

e S, 1R SLATo i e P AT e B o 129°
securing a pottion 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. 12, one side of a wall system section 1200, for example, in & 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 fo 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-channet
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WD 2007/ 073363 PCT/ US2005/ 042983 conponent 1210 and a second U channel
conponent 1215 that nmay each extend along the entire vertical |ength of
opposi ng sides of wall system section 1200. Each opposi ng U channel
conponent may include a pair of left and right flanges 1211, 1212 and 1216,
1217, respasihvehys Where each depend away from a bodyCpusiwsw®s213 and
1218, respectively, at generally a 90 degree angle, and generally extend

the vertical [ section 1200, Al t hough not
shown, addi thﬁ‘??Hé%ﬁ?\gﬁés'l'do?%%@@H‘ anng():o&m%e&iq%gﬁqm%aa ong top
and bottom edges ,of wal |l systemsectio 200 to form frame. These

addi tional SERENGLong lﬂ@%’ﬁ%&%@ﬂ"’ﬂ%@“%@ é@&ﬁ?@ﬂgﬁﬁ%ﬁ%‘wm%mwm first
and second U-channel conponents 1210, 1215. Between U-channel conponents
1210, 1215 nmé§etinn AL JEeh eprositg Hohanselaampenest mayristkitie adeair ofdeftl 1220,
1225 that may be fastened along the vertical height of right flange 1212.
In general, eadtightilarfanscidid, pan2kandd206, 1205 respechieelymaherfcasddr ed in a

vari ety of sizes, for exanple, but not |limted to, 2' by 2', 2° by 3, 4
by 8, etc., dependrayapéoem a bobly plortiems] 21@gid R 18, seaautively| aedetleyall R ml to
250 m 1l or nore. If necessary, wall system section 1200 may al so i ncl ude
one or nore pg PSEChn@le MRaN§E St i BROvSH Heipf tantially
parallel wth ﬁérgst U%hanne?éﬁoﬁ%%ﬁgﬁﬁﬁlzw a%% secorrg)(];ﬂ{%lj-(H Sgﬁfgﬁﬁel conponent
1215. Each I-Slg&%n?j[ooc_orrponent 1230 resenbles an |- beam and may have two
pairs of opposing anges, a first flangel231 paired wth a second

fl angel232 a t hi 233 pajted with a f th flangel234 dependi ng
general |y peﬂg’ég i clﬁltgf’%ﬁggg%ﬁ%w%oaéﬁtﬁgﬂr\%%m‘l‘%§£E%cfhaqn-eiﬂ‘§gf 0B nponent
1230. -28 WD _2QQ7/073363 PCT/éJEZ(%OS/ 04295? ]

7 positioned along top and bottom edges of wall system section 1200 to form a

{
&
B

frame. These additional sections of U-channel may be adapted to fit evenly
with first and second U-channet 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 &', etc., and may have a thickness ranging from approximatety 100
mil to 250 mil or mote. If necessary, wall system section 1200 may also

include one or more I-channel components 1230 disposed between and

T

substantially paralie! 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 flange1233 paired with a fourth
flange1234 depending generally perpendicularly from a body portion 1235 of

I-channel component 1230.
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[00135] In FIG 12, reinforced panel 1220 nmay be fastened to and al ong the
| 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

f ast eni ng Wayo07883&kconpl i shed using nultiple rivets 1ZEA/RAWSWH8¥ers 1245.
Wal | system section 1200 nay al so include one or nore foam sections 1250,

[00136] I goreral TRl Bhieediinel (ASREY WS eishdie etsifora iy g
1230, respectiyahis B fiRa 122 B BRUIRAR 3 Ibech Bl DKl i

sufficient str or exanpl e conposi

like, to support ems 200 and to i structural strength
to support Qﬁ%"?’}ﬁﬂgp}w% @g’% Ogﬁ§ aﬁae'és?mq“&f‘@?@ H@'nﬂtft%éched t her et o
and wall and floor sections placed on top of wall system section 1200.
[00137] FI G exempeanpliple nifts 1240 agd deolis ﬂgﬁ%u Altegstiveintheffagiestngenawmal |
system manufactured with a reinforced panel fastened to existing frane

el enment's, i n besammmjdisbed wsiniy ranltiplebosist4 afd vhsherseklst Wal eygtémn. | n
FIG 13, a wall systemsection 1300 simlar to wall systemsection 1200 of

FIG 12 is shwetion 1R0OM D alse iivanicate basibanam seqioneti 288etidm connect
rei nforcing panel 1220 to either of first U channel 1210 and |- channel

1230. Instea%etwséﬁmfé.ﬁfarceaqmela.?@ﬁa 78 129basi y&igy g4 gached to the
fl anges on first U channel 1210 and |-channel '1230. Al ternatively, flanges

on ; channe! i 20 o PRI ok el iRl bR e s8R Ags! ot o

portion into rein orced
The. sl ot  ed. K 1240 egp §v%ac%fa@& A2 04 56 Brage T SRt b t\'aég”oﬁ"eilﬁ of
enanne Lo ) Rk 23, O BB TR
support wall system section 1200 and to impart structural strength to support
the interior wall sections and extetior siding attached thereto and wall and
floor sections placed on top of wall system section 1200.
[00137] 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. 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
1236 may be configured to have a slotted portion into which a vertical edge of
reinforced pane<l 1220 may be inserted. This design is shown and described
herein in relation to FIG. 14. The slotied portion may be located next to one

or both flanges on each of U-channel 1210 and I-channel 1230.
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[00138] FIG 14'is a partial, cross-sectional, top-view of a slotted portion
of a franme in a wall system manufactured with a reinforced panel that nmay
be wused to fasten the panel to existing frame elenents, in accordance with
an enbodi ment of the present invention. In FIG 14, a right side of a

U- channel ﬁ)g?%gégt 1410 is shown with a slotted-port ponvuizhbdosdati ned by a
first fl aW(jg 4 dependi ng substantially perpendicularly froma body

portion 1415 _of nnel, conponent 1410. and a fjrst, fl lip 1413
fependi ng- at (0138 dR 1is & TERRDerarsrdiongh it vieibms 2 RBER Poufa O 11 ange
1412 and substantially parallel to body portion 1415. Simlarly, a second
flange 1414 Adrame g vWadsysim granyratyrtiviin 8 relefofrasipangl hatyna ben t he sane
side of body portion 1415 of U channel conmponent 1410 as first flange 1412.
Second f | angeed i faskerythel paneh ivexistingdsame elanagnjs. inigecordancegprali ng at a
substantial ly perpendi cular angle froma |lower end of flange 1412 and that

i s subst ant ealdodimantadflieé prescnd thyepiiort. i lorFIE4 18, a kighpsideofib, U-thamsrelf | ange
lip 1413 and second flange lip 1416 are coplanar and of substantially equal

length. [ OQéﬁﬁ%oﬁénﬁﬂﬁD isishblviz wiltfla sloBibB{ped 94 PRAEINsAPa st ﬂbﬁ%é ude a
keyed portion 1430 along its edges to fit within slotted portion 1411 and

keyed porti 3 b f lzRf.orci n
panel 1420 (o 15 e peliBg RELrANEY orbBSghganTliaRth bhBy PR e o0 o

align with a r ' fe r.surface 1422 to
2ion wth ampIEorEgREnEsa0 bRl atBRor 7 4Th RReHE AR of “eyea
portion 1430 into slptted ortion 1411 be agc | is by, for exanple,
sl i ding keyeg" ‘?}F‘Fﬁ"g pqﬁ%@FW?B%@%?@QB%‘?W%Wp‘if}%g&ﬂg% E’é'ﬁjappi ng keyed
portion 1430 into slotted portion 1411. |In the contenpl ated enbodi nents of
wal | syst em Sebstagtialyaeialiel te baehy peitieg 1ddre Simighn & sreonddienoeddidiis nh or
witt hout one or nore -30 WO 2007/ 073363 PCT/ US2005/ 042983

shown 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 angle 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

4 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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fabric/fiber reinforcing layers in reinforcing panel 1220 used to nake wal |
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 floor, in accordance with an enbodi nent of the

present invention. In FIG 15, a concrete slab 1500 i nel n upper
concrete poPE%9873#%10 and a | ower concrete portion 1E%TB{%§WEI§%Q%H ch may
be sandwi ched a reinforcing panel 1530. Reinforcing panel 1530 nay i ncl ude

panel s havi ngalomegfilesr rePf@cingyeyers ivfeisforst@paictiorb vgetifo afakanviihout one or
nore fabric/fiber reinforcing layers therein. In one enbodinent of the

present i nvenik@ s6@MW Big, sl ab 1500 may be manufactured by pouring
concrete to crfeate |l ower concrete portion 1520, placing one or nore

reinforcing RfEhD 18R 18 Bl LRYEonAIR] i DRI YAl carkIZR i her Def or e

and/ or after ncrete set's, urrng concr et reintorcing |ayer

1530 to formu r concrete portion 1510. The one nore rejnfarcing

panel s 1530, M Geprel Wit Asiyacnt nardan et oLl Saratsloth nor v t hout
one or nore fabric/fiber |ayers as described herein. However rei nforcing
panel 1530, ﬁ&ﬁﬁ?"(ﬂ”@@%'@aﬂl\%@PHQWEﬂt of haprepentdavention (RGE bpe or nore
fabric/fiber layers, may also be spray applied to |ower concrete portion
1520 and t hersonpisée s@bn*fﬁ(@treapmducgarﬁqawrmcw@ podioadt Ti® and alayari ng

panel 1530. [00141] In FIG 15, although not shown, concrete slab 1500 nay
al so i ncl udeohekapstiioneli0, bativeen avinibhomayp bb esandwichiedrac pringotciragnpdost
structural support elenents. For exanple, one or both of upper concrete

portion 1510 15200 RélMelcit® pansit 530ahhy titlute3AnsRyhdvied BAE o? nites leyang/ or cage
of rebar that may have been wired together to inprove the strength and

ri{ gidity of -35138RrR8PEAHR MABEH PhRhMRANED MR8 Bbric/fiber reinforcing layers

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 concrste 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, regardiess 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.

[001411 In FIG. 15, although not shown, concrete slab 1500 may also
include I-beams, rebar, wire and/or other reinforcement and/or siructural
support elements. For example, one or both of upper concrete portion 1510
and lower concrete pottion 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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concrete slab 1500. Exanpl es of possible reinforcenment and/or structural
support elenents are described in relation to FIGs. 16 and 17. [00142] 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
accor dancevanetinassenbodi nent of the present inventi onPdnusEiEos0es a
concrete wall 1600 may include a first concrete side 1610, a second

concrete side 1620 a i.nforci nel | ayer_ 1630 sandw ched in between
first concr etcémg'ieg‘:esgg’l{ﬁ%gn ’@@Hﬂ%ﬁggé‘?ﬁﬁ'@? lafogremeiandiy sirustwrhg | ayer
1630 may i nclude panels having one or nore |ayers of elastonmer both with
and without &HBPOI elspents a5e dersribesrin relpieriacki@s. 16280s1 R-herei n. Al t hough
concrete wall 1600 is simlar in appearance to concrete slab 1500 in FIG
15, the net Hol14e] clitstiGus @immtiatpgrobs-sditidnel, dop-viekoof @ xangrets walhl i ke
concrete slabs in which the concrete is, generally, 4 inches to 12 or nore

i nches thi ck cobfirgdied anith rebaeaiced reéhfvrgedpdst iy titisteripr ahthe donceetgoncret e
wal | the concrete is, generally, 4 inches to 12 or nore inches thick (w de)

and ori ent ed yailoMGadtordiide Witd aR MR dihamdi M pfeaBhfinl8fior. AnHlcoRenOr e feet
hi gh and running along an entire side/portion of a structure. As a result,

conor ete val ldRipdiana 504 By iticud 2t b9 RIS 436 1846 Ageral 1y rade of

rei nforced neta er w preces of rebar and/ or other netal

reinforcing el nt .. en l .. concrete wal i n_a, house. and/ or bui | di ng
may be from 2855{%{%5'98&6 ik 1%@%@%%%%‘9?'8&” i@%ﬁ §%’?d"{"ﬁﬁe§/§ﬁéwﬁﬁ9 be
shorter and/or taller, as required b the particular buil ding application.
I n additi on, ?'F%E’QPC%P@ ®1B@W059§P8?r9?%§‘8€§ Orfly Ramrfgrard lvated i nsi de
the forms so that the concrete may encase the rebar and/or wire when it is
poured i nto fIRE0TaMMECIudePanNBIsATRYIIDTIB eRMPET jaysrusylasteo®s boflogita 3] For
exanpl e, in accordance with an enbodi mrent of the present

and without 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 o
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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invention, a method of construction of concrete wall 1600 may i ncl ude
assenbling one or nore rebar and/or wire nesh layers and placing the one or
nore rebar and/or wire nmesh layers inside a form One or nore reinforcing
panels 1630 may be placed in approximately the m ddle of the form and

bet ween th‘@oéﬁ(ii/"é?36£rore rebar 1640 and/or wire nesh | ayféTéUS204504398F east one
enbodi nent, at | east one or nore reinforcing panels 1630 may be connected

using a Z- chappeiajanpbpexdmpleaiaicofiMeB il anleRBoamseritdt ighgfesentol ts,
screws, staples, tape, etc. In addition, the one or nore rebar and/or wre

mesh |ayers ”ﬁVeHﬁ:n“‘arrﬁgth%JBQﬁhBﬁétrlmﬁoﬁgﬁ?%rgl%elree\pé‘lf 16661 Oi}(‘gél[n&et hr ough

hol es in one or noré rernforcing pane In the ne concrete is

B oned to setooniBohe Funtidebd R earhd R Iape Al Bt B bo ™ evea
concrete wall 1600 with /rei nf or ci n%al asy.er. 163f0 e dded therein. [ 00144]
FIG 17 is a 'DAFg feher apfios Wiedpesiy Ryp!s INgHe & e o ne QloRerteniREINg

constructed with rebar and a reinforced panel on an exterior surface of the
concr et e wal | Panals 383@ mayhariareth naprspdodialy e widdle ef edeen@ndnvent i on. In
FIG 17, a concrete wall 1700 may include a concrete portion 1710, and at

| east one r eildtoeen e paaer muoe rélar 1640 and/aywilkomeeh Iajades inodt leastanet e wal |

1700. Concrete wall 1700 may be constructed by placing one or nore

rei nforcing panbbgimkA?htdgadt sk avmeorereibtdrting ipdaglsof63d hay eandnactedbar
and/or wre nmesh and/or cage in substantially the mddle of the form

Concrete may ydifg BRERShrd aAd/oP E-chahmBl 2BAnERSE1 650 BRS ffénerk WosOr m may be
renoved to reveal concrete wall 1700 with reinforcing panels 1720 on one

h
i nforcing pBIS RRES) RBdcter o sHHED R B08 TR et and¥ ST e

together as d'%segl_r‘ 'Ia%(aégs ?n%?rvbee wired ?olg%ttﬁe? %ytp%sgijng re%gr' 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 fo set. Once the concrete is set, the forms may be rerhoved 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 pane! 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 consiructed 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. As in



[001451 FIG 18 is a cross-sectional, top-view of a one-piece panel system
for protecting concrete colums, in accordance with an enbodi nent of the
present invention. In FIG 18, a columm panel cover 1800 may be forned as a
substantially rectangul ar, for exanple, square, or any other configuration
(e.g., ovaVg2@7iEdbaar, etc.) to match the external di n@®eITHARWSE4298 col um.
Regardl ess of the shape of the columm, colum panel cover 1800 nay be pre-

nol ded ar oun PRk i . of the
Col urm. As. sdag 16 RHREEAEbRIoRAARISTRed B paR 1y oI FISE R e such
that the outer e s.180 1304 of  col. anel cover .1 e not

connect ed to'%?%ggg%ﬁﬁ'ﬂecimﬁ?ﬂ afﬂ%cf'ﬁ%‘?aﬁ%‘f?smd’?%ﬁanttﬂ%?(lgeﬂéjth of outer
edges 1802, 1804, [0[(_21461J§dl n FIG 18, oseni ng 1810 permts edges 1802, 1804
to be spread [0 IR 18P @nsropasestiang é@P‘Y‘@MOOft%O'B%‘Ptﬁ%%TGiPYﬁi% t he
colum. Alternatively, colum panel cover 1800 may be forned by heating and
then bendi ng‘oraplfqt%qtmgaonﬁ@t%mgmmmm acpomiangetwith ax egraosiment aftiee col um. In
general, when colum panel cover 1800 is installed around a col umm, outer
edges 1802, @r8sehitwintdntibe. &t FiG.os% o aleran ipanehmvead 8p0 ssabbefdrmedasmd et el y
cl ose opening 1810 or make it as small as possible. Alternatively, outer
edges 1802, suBethntaly rRetarjular, frexhaple, Bggaedbeasy etheMehfigiragsioes 1802,

1804 overlap, nechanical fasteners as di scussed herein may be used, both

with - and w taoytoRpQXkulaeibI%s AARI B ARRlnRRLRINS A edigmhhe_col um at

Ilggzt a][ogn a cor nelr of the ?:ol um al ong the seam forned by edges 1202, ]
oo i 0
cdge . . 34 vio HE5S SRR B BoiB Balth PRl oBTe SRERER HEIYS Tace

of the colum., An.adhesjve may al e used with the hapi cal , f ast eners
¢ @ attach coll GBEE%H“CL%R',QPP%QSG%?%S gpgd mold to con%orm 01he 3 ape of tfhe

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] [n 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 panei cover 1800 to the column at least
around a corner 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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colum. [00147] In another enbodi ment of the present invention, colum panel
cover 1800 in FIG 18 may include two or nore separate panels that nay be
manuf actured and/or cut to fit against each side of the colum so that t he

separate panels abut and/or overlap at each corner of the colum. For
exanpl e, OYPMHHOPAMHel cover 1800 may include two L- shaﬁgﬁmﬁ%ﬂ%/g“s"%:’a U
shaped piece that will cover three sides and a flat piece to cover the

fourth sideasandl & oh @HEN FRRA MaBe o Hle RIGRRS ArLadisRfe RAGAIQ bd he sides of
the colum. [00148] FIG 19 is a cross-sectional, top-view of an L-bracket

for fasteni ngeay ,aRan0imdaich] £EFRAE) abH &MisA i g S nBpgLsyge! um. 10

accordance an enbodi nment e present 1 nventlon

L- bracket 19%§ r{jor exarrpl e, 2 inch, 3 inch, 4 inch, etc. L-brackets with
wi dt hs rangi th m1/2 inch to 4 inches or nore, may be used with the

mechani cal f er ast e colu anel cover 1800 around corner of

t he col um. f‘?f’lggheﬁm nOIﬂ.ﬂ ﬂﬂmlmﬁﬂf&ﬂé@%&s@@bwemf BPaRr e fasteners
per L-bracket may be evenly spaced al ong opening 1810 and over edges 1802,
1804 from t h&oweit tasi ind~1GCk Fh% mapingiude GV eh N ePPaGie pange thaintaxbe hor ed
into the colum. In an alternative enbodi nent, L-bracket 1900 nmay be a

si ngl e pi ece manufactussiddari/ontdquto ﬁb@gajmtsambbtsbjﬂcbfaheycohm\masotlmtﬁlhm hei ght of
col um panel cover 1800 to effectively conpletely cover opening 1810 and/ or

each outer edgpamic pahelsabupantbr owsiip at8006h chiHit49thdtSumd0 Fe a
cross-sectional, top-view of an L-channel bracket for fastening a one or

nor e- pi ece péﬂ&ﬂng%’ ThRMAPANE] @oReCPETY Rh§ irfcPhdd®o L%hap@c']_’ h¥¥eg 0011073363
PCT1U82005104298 accordance w th anot her enbodi ment of the present

i nventi on. @h&%&’i %ge 1134t WIttCS\'?&“rHFée Q88CKSS 20PPieck 96 B b Gourth | NCh. 3

|Uch 4 inch
side; and/or four separate flat pieces to cover each of the sides of the 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 FI1G. 19, an L-bracket 1900,
for example, 2 inch, 3 inch, 4 inch, eic. L-brackets with widiths ranging from %
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 generai, multiple
L-brackets 1900 with two or more fasteners per L-bracket may be evenly

L ' spaced along opening 1810 and over edges 1802, 1804 from the botiom 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 andfor 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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with the nechanical fasteners to fasten col um panel cover 1800 to the
colum simlar to L-bracket 1900. In general, nmultiple L-channel brackets
2000 with two or nore fasteners per L-bracket will be evenly spaced al ong
openi ng 1&i®2mnd7sebges 1802, 1804 nay be inserted intorchasnebeds22005, 2010
I n L-channel bracket fromthe bottomto the top of colum panel cover i 1800
and anchored around a corner. of and_ into the columm with fasteners that may
pass t hr ough CCOIRERRR Wil aioliarr yobrsiimant efghe Rressib d1vengor: ?riﬁiﬁ).zols An
general, nmultiple L-channel brackets 2000 with two or nore fasteners per L-
channel br ackethamag! beckee?(00, igymemme.chigcbpe Michg4 I80 el d-anekdges

1802, 1804 fromthe bottomto the top of colum panel cover 1800 and

anchor ed i nt bradketswithwidihs masgingfroer dnchv to 4 iMobds oe more] melidoensdedbr acket
2000 may be a single piece with a width that may be substantially equal to

the height efithahb wscHmiel fatstesrs IBRRIdrcalirhapanebtoveragpbead ehey cover
opening 1810 and/or each outer edge of colum panel cover 1800. [00150]

FIG 21 is acBimr 8imila?t®FDrace 1908 in &l WiRlle L ihdmmbl BiekRétsof FIG 18
fastening a panel systemfor protecting a concrete colum to a corner of

e socn e 2R iy PG MR bL SR Pl s RISRET.
around 2, SOnSEEN Bl IR PE0%s i, TnBh R e HE0ReA Mo Mapl A RBESL S, 2110,
MR AU G e g T R T Ay Rty
o o ot L RSa TS ARG 2 g & cB e Splivaniith fastonurs that -
aicross-secti Nat bafl g €9

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 altemative 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 polumn 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 panel 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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for protecting concrete columms, in accordance with an enbodi nent of the
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 um panel
cover 2200 5?6 5)? installed using simlar methods and fastening materials
di scussed SBSVEEF? col um panel cover 1800 to cover t HEHHRE'EPBhgs
present with two-piece colum panel cover 2200. [00152] FIG 23 is a

partial |y expesigsinpafet ¥oveiw 180020 BanGbiesaohirAm2b00 andl fHRalfheiBnsR I8t €
col ums showi ng a di anond-1i ke arrangenent of a reinforcing layer, in

accordance W ihhoaBredBOBENGo@f the present invention. In FIG 23, a colum
panel cover 2300 1s seen to include a fabric/fiber layer 2310 arranged in a

di amond- | i ke rn I Vel I | so be
arranged in a[%@i%lis_ﬁgﬁéf%%&:@%g—é&égﬁ@i&Ft)dlnﬁ-g{ paﬁ%kvﬁé’-g[egéﬁa%el %%24 is a
partial cross-sectignal, top-view of.a holl ow care door ith hrapnel and
proj ectile-re8l Q'Eoi‘?ﬁ 'ngaﬁ’?é\m%?§8@§'@?f'\m 2¢HoRdange ‘w@b?"ﬂ WO%EB?%JE%e with an
enbodi ment of the present invention. In FIG 24, a hollowcore door/wall
section 2400 Pragentieyaidiona IniHIG: 22aospiece calmspprigl rgvers22ha skpwe 2420, a
first end 2430, and an opposi ng second end 2440. One or nore pieces of a
structural suppotiudeasiostimif 2210 aricom gecansihaliRa24). | Twedpieasf colamnipaner sur f ace
of first end 2430 and an inner surface of second end 2440 fromthe bottom

to the top ofcdval 2208 amyebalmstalied lusirgeiihilammeaiods ardrfastenmgrheaterialsr uct ur al
support 2450 may be made of wood, netal, masonite, and/or conposite.

Al though not @ibQweed abdldtdradolshh pahsllves UBEDIC ddjer TR tw Spdhgd07/ 073363
PCT/ US2005/ 042953 run across the top and bottom of hol | ow core door/wal |

section 2400 g@semioiH ffo-Pict8 BBIRIEp&idI k6bdalog nternal frame. As seen in
FEG 24, a rei n?or ci ng pane? 2460, pl n accordance with one or nore of the
enbodi ment s %ﬁfsrzh begig, 23is a partially exposed side-view of a 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 pattern. Alternatively, fabric/fiber layer 2310
may also be arranged in a cross-hatch and/or overlapping pattern.
[00153] FIG. 24 is a pariial cross-sectional, top-view of a hollow-core door
with a shrapnel and projectile-resistant panel disposed within the door, in
L accordance 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 may run along substantially ali of
an inner surface of first end 2430 and an inner surface of second end 2440
from the bottom to the top of hollow-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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herein, may be di sposed inside hollow core door/wall section 2400 and

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 24‘&3 an 3l_oe fastened using any of the variety of fasteni ng met hods
descri bed WEP&T'H7*/hy spaces 2470, 2475 between rei nf orGHE2PENEI82460 and
first side 2410 and second side 2420 may be enpty and/or filled with foam

i nsul ation, aoekgfosatthetop@idbbidmicd hpliewicdr: asstwalbsedtion@and/ibher mal
i nsul ation, density and/or reinforcenent. The reinforcing panel 2460 could

al so be- ext enfigrds @ dorsdleRHUCRIEIRRteEreftd. CAY <68 h IS, 21 a%rrﬁo:%ing;gs or

ends of the door. For exanple, the flanges could extend onto the hinge-side
ti f d | j j ; furth
e secured TENERE, §F Sctiidafod bk of it BicF oA RaRls SEatERR. boci o
t ti f .hol | door /. I ti 240 in FE 24 b d
o manuf act uf B Y SP A ROsS00br e BB BaIS i) SOToRAd 4T 1 < wsing

materials suited for aircraft construction, for exapple, alum num carbon
conposi te, ettetwagnsingiiia PupRRytSEHRS- s'nrweﬁls@'ﬁfﬁﬂ%%an%@éﬁem%re | ayers
of fabric/fiber and be of a variable thickness. Exanples of possible

al ternative &xsndsubstantisfly theeemtse widthanddaighiar Holew-opse dppiiwall bel ow i n
relation to FIGs. 27 and 28. [00155] Holl ow core door/wall section 2400, in
FIG 24, al scentgn Bé00rand bedsstanpd asingranyat the eatietplof fasterting me2d@® usi ng
standard construction materials, for exanple, two inch by four inch (2 x 4)
or larger (2 desbribel e@in.- 88y ¥actP470/ 3303 hEWEHS2MHE/CitAS®] 2860. ) board

| unber. I n such an enbodi ment of the present invention, wall section 2400,

first end 243Qqane G280 8Rd s844% 5% 2080 rhdf b@éﬁw 8nd/ér Kilgl whwar d and
rei nforcing panel 2460 may be just w de enough to fit between first

foam, insulation, and/or other material to provide additional sound/thermal

insulation, density and/or reinforcement. The reinforcing panel 2460 couid
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
porttion 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 altemative embodiments 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 (2x 6, 2x 8,
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edge 2430 and second edge 2440 and pairs of structural supports 2450 may 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 wall section 2400 nay al so have one or nore_internediate

supports MBYOHPEREI at substantially equal distances AP&TSXELHREEN fir st
edge 2430 and second edge 2440. For exanple, in wall 2400, with first and

second ends 2#30hoard40mber. N such an dmbedisient of emrdsaitenvanipa) wa480 may be
az2x2 2x3, and/or a 2 x 4 board. In the case of internedi ate support

2480 bei ng a séciiorflR4 00 REt Rl 243D HPRRohd ZHADLaRYMBAYE, for ek@fnpfelb gwn and
t hrough substantially the mddl e of the 4-inch side and al ong substantl ally

thor et hr ough "o Sf FeifBfeids fafol' 2o bo st U BhBEPRIR behIOe fig Pacs

f 4 h :
n {‘3."2;' E 8@%%?#?5 ik r%%@?%sa%‘%%b %ﬂﬁj&ﬁ%gﬁ%@w@%ﬂf%éé&ﬁ%?’%%& el Pat
t )
dryeel |+ ol yBBGHECnANG isfetan 330 andShe dobe F ietiie g paniaddiard ke, ©
[00156] FIG 25 is a artlal cross-sectional, front-view of a two-tube
tunnel  syst 8a¢eRd ﬂd@ﬁ 3M%an@|theaﬁfbebe@q;%@ftre|mom Bangl2468nélredi sposed on an
outside of an interior one of the two tubes, in accordance with an
enbodi ment o’rnaméactpzreeiswaitsecniwelﬁmﬁrmayaﬂSEIhG.VeZB;ecumminmmeediatmel system

2500 may include an outer tunnel 2510 having an inner surface 2512 defining

an outer tunseppeped4sepreced ab2Gbaaadtizip equikdistancénapal bbtlvecanittsa snal | er
i nner tunnel 2530 -39 WD 2007/073363 PCTI US2005/ 042983 havi ng an i nner

surface 2532¢gghioak0&narsdcbAg edhe 2agh. Fae@xaﬁ?x@elﬂﬁéﬁzam wigfirl@thed surface
2534 di sposed W thin open space 2520 such that 1 nner tunnel 2530 does not

conpl etely fibboPERISPASS 2438 DbeirlPh 26 BAR inRPmEERE: support 2480 may
be a2 x2,2x3, andfora 2 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 permit 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

ﬂ‘r__ building material, including, but not limited to, for example, drywall, plywood,

particle board, foam-core insulation, and the like,
[00156] FlG. 25 is a partial cross-sectional, front-view of a two-tube tunnei
system with a shrapnel and projectile-resistant panel disposed on an outside
of an interfor 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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in the enbodinent in FIG 25, inner tunnel 2530 and outer tunnel 2510 may
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 25 nbodi ments are contenplated in which the tunnels may
have a va§?8€§%£ﬁ£§§apes, including, but not linited t ECHERIERHPl e, a nore
rectangul ar shape with straight side walls and an arched roof, a triangul ar

shape, etc. haviagd@intihRér sirfhcstdgsl d&fihgﬁgneg{@fﬁgli %ﬂbfop&%‘%ﬁécé 510 i nner

surface 2512 may have enbodi ments of Install ed thereon. [00157] In

, Tl g ' ' - f d
haing an o oL RNERAREEET RS AR P e BEd R B PR o -

usi ng an el astoner using any oth with and

wi t hout one Le/fi Eac ective panel 2540 may be
pr e- manuf act ﬁ{nggp %ﬁiag‘%ﬁﬁ{ %‘%ﬁﬁ'ﬁé?w ﬁ[;g%%]ogp@%%%&ﬁ% PHE a%¥le as
outer surface 2534 of .inner nnel, 2530 an be attached _thereto using
mechani cal f45 gr?é?‘l%odérﬁ'&ﬁgm Fé%o%g’ pgeg@gne&é@aﬁpg@g@ 454 Maynner
tunnel 2530. Alternatively, the elastoner and/or fiber/fiber |layers may be
directly appPRebhave sehdantallyflatandseplasmr beliem partiors and sobstapiialyer, in
general, for the direct application to be successful, outer surface 2534 of
i nner  t unnetir@éxdovallscandiapertidneeiropandpdey 25p0 0arhajnshirtille@ Gyimmex si de- vi ew
of a renovabl e shrapnel and projectile- resistant door panel disposed on an

interior surfunvel 253G Qtwsr evfibadimehiscire cohempiated id ahich thisttingéls aFyodi ment
of the present invention. In FIG 26, a shrapnel and projectile-resistant

door panel 2/ h%aﬁ@@%?sﬁﬁgéé,iiﬁélﬁﬁingfblﬁnﬁ%ﬁ@?&%f@%&ﬁ ,amore .
PCT/ US2005/ 042983 door 2610 in a channel holding unit 2614 on an inside

e oot ol o k5 SIENERS B Acf Byl 2l 21
contenpl at edggthe otc. In addition, in still other embodiments, outer tunnel 2510 inner

surface 2512 may have embodiments of panels installed thereon.

[00157] In FIG. 25, muliiple 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

P

inner tunnet 2530. Alternatively, the elastomer and/or fiber/fiber layers may
be directly applied to outer surface 2534 of inner tunnel 2530. 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

-40-



whi ch shrapnel and projectile-resistant door panel 2600 may be pernmanently
fastened to inside surface 2616 of door 2610 as well as through-out the
interior surface of the vehicle. [00159] In general, channel holding unit
2614 may include a left-upright channel 2621, a right-u right channel 2622,
and a bot tOMWHARHE 2623 connected to bottom ends of R§§6§ WHO428%3 - upri ght
channel 2621 and right- upright channel 2622, all of which may be

permanent |y gst fgepintLerdMheRoldMidf (i 1250PaR insfiResukRE s @arpe) hol di ng

unit 2614 may al so include a top “channel 2624 that may be connected at

fi gt - USE?QL?S‘E%-L‘%‘??‘QP%%‘%““??? R @‘T'T'G{e%é%%@?bﬁﬂﬁnﬁ?f%ﬁ!ef%ﬁiﬁ‘?i made
L . “channel” ol e
cxample. i n 9evat BLEodS i s8R AR AR A O By Bt thannel 2624

may be pernmanently attached t.o shrapnel d ' ile- i stant d |
et R R R AL SRS e L R

| eft-upright channel 2621 and right-upright channel 2622. For exanple, top
channel  2623fagiRNekpiaskh paRce Hahel da 2610148 welkar uphghyhut thehannel 2622
may have cooperating |latch and/or |ocking nechanisns to permt the

renovabl e i nisteridrsuifece of thehvehfodel and projectile-resistant door panel 2600
i n channel holding unit 2614. In addition, hand tightenable fasteners my

be per manent j0p159]f i kedeiterabetapasiholding ugh 2694 maghiaciode a [2fidibrigR622, 2623,
2624 and pass through shrapnel and projectile-resistant door panel 2600 to

engage and aghdnhel 262D rightdibright! dhaMpe? 0872, e3P Bottérh/ diaARBR24342983 [ 00160]

In 'FIG 26, in accordance with an alternative enbodi ment of the pr esent

VT LO0 ST O of B BB boS Re22 T b
upright channel 2622, all of which 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 {o a top pottion of each of
left-upright channel 2621 and right-upright channel 2622. In general, channel
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,
ton channel 2624 may be permanently attached to shrapnel and projectile-
resistant door panef 2600 and may be configured to be removably connected
to each of left-upright channe! 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 channef 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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relation to FIG 14. Accordingly, the left and right edges of shrapnel and
projectile-resistant door panel 2600, as shown and described in FIG 14, may
al so be keyed to fit within the slotted channels in |eft-upright channel

2621 and 4 9hbpssREd ght channel 2622. Because enbodi mgg§1&500§1{}12%nel and
projectile-resistant door panel 2600 include the panel "being tenovabl e,

shrapnel and projectile-resistant door panel 2600 may be taken fromthe

vehi cl e and H0I60Rar g FlGEs26in edcomance imthani alternativie ehbeditent dithg i n whi ch
personnel traveling in the vehicle may be l|ocated. [00161] In addition, in
accor dance wptdseahpiveatiorgiddbdprightichahnsl@s2draskmight-upnigbhthanmel 2622apnel and
projectile-resistant door panel 2600 nay be configured to be a floor panel

that woul d, mayasnesslgurdshs bloked thBeneld einmiRites tHat deBeribePalsdvednf | oor of a
vehi cl e. For exanple, the floor panel could be contoured to match the shape

of the floor ﬁ% . 11he hdcBrdis 159 i @dﬁg sql,ﬁéﬂ@.[eqi fromthe
fl oor on whi (r: vvargflogﬁs ‘and nut's n@g’p%‘g a%%iégglcy!{ to zflt?ac t ela%floor panel to
the floor of | f I shape
of the floor p{)‘gg%ﬁ%ﬂlf‘%&tﬁﬂtrq%g ptahgpéq;dgb‘%%ﬁgﬁgvﬁ%q%ng%ocﬁggﬁ%Fﬁégi {Aﬁggégﬁape of
the floor of the vehicle . or. heatin nd_, wor ki n suhst anti al flat panel
to conform tafsf’ﬁ? S oélﬁ)wftﬁ@%?ﬁg}t%dlWaﬁgﬁ%r"glleﬁt"‘t‘ﬂ%g% fC%BB'?g] | coul d
have a thickness rangi_ng{ from a%proxi mately 1/4 of an ipch to 3/4 of an
i nch or nor eang gightbyprighichannelz62g. Hegause smbediraenis|of shyappel aRtr apnel and
projectile- resistant panel, in accordance with an enbodi nent of the present
i nvention. pégechis-pexigtaotzdss papei2éirinokide 429 ganelibeimy Gmovgbles rei nf or ci ng
panel 2700 with two-layers of fabric/fiber enbedded therein includes a top
| ayer of el astiapael 27d projectiiesmsidtart doop phaglc?608f maf dbrtalkeif fromrth@720, whi ch
I's on top of a mddle |ayer of elastonmer 2730, which is

vehicle and similarly instailed 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 panel 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 predrilled to accept

bolts extending upwardly from the floor on which washers and nuts may be
. affixed to attach the floor panel o 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

3% 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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on top of a bottom|layer of fabric/fiber 2740, and which is on top of a
bottom |ayer of elastoner 2750. [00163] In general, the fabric/fiber |ayers
in FIG 28 may include an open weave fabric, such as, for exanple, the
fabric described previously that is nmade from Technora and Twaron- brand
arani d yar‘ﬁgz‘@?/o?ﬁﬁ’ers fromTeijin. In addition, the P&ES2058$»%e of f set
and/or laid in alternating patterns to mnimze the size of any openings

between the opEIGVERVEReifbroafttPahd 2700 Ofith thvaklayerk or baric/ ek edibsiaeg of
reinforcing panel 2700 may provide resistance against ballistic

proj ectiles. yhORiGAEIAESa t|8§ la}yri]er%f éliaggm’{ér@aﬁ@forﬁo?;iftd tbb%(fr gfhrapnel and

projectile- resistant panel, accordance w th anot her enbodi nent of the

present inv | I | G | Gl I | ree-| ayers
P CFobr i of 11 arcHher b nichils of i b'a HidE %t 7 e!%@%ﬁé%?’%q*% W& 2810
on top of a first .l r _of an n weave fabric/fiber 2820, .ch is on top
of a second P8P 06131}@[03%{35%?&%5%%%%%@}9’ pad yhighyls qiytoR o &, Mayer of a
ti ght weave fabr\iﬂg/[a:qber 2840, which is on top of a third | ayer of

el ast oner 28%Yer@heEstame®’3%p of a third Iayer of open weave fabric/fiber
2860, which is on top of a fourth |ayer of elastoner 2870. As seen in the
enbodi ment i H00A68 JB general oihgHakriafiiheriayare in Fiébragmay iraudsanopeni n bet ween
the two | ayers of open weave fabric/fiber 2820, 2860, other enbodi nents are
cont enpl at ed weavetiaistic, tsheh asgier egambhy thesfabfic dbatribe! prehimusiyaliatie t he
opposite of FIG 28, as well as any of the other various possible

conbi nat i ons madd MematedhRbrd Sid TRerdRRehd288%idfarhb Gr fiB8raom dwijn. -143 WO
2007/ 073363 PCT/ US2005/ 042983 have three |ayers of fabric/fiber, other

enpodi ment %B@iti%ﬁ“ﬂn%ﬁﬁ*z&%@ﬁ?ﬁ Pe oYfQétCe{thf?rWid'Tﬁ’%lﬁeh%Xiﬁgﬁ)a%frfs%@ri c/fiber may

bé used, and the i_rect on of" the ftabric/fiber 1n ea l'ayer may be offset
fromthe ot her hADE G Li2¥ 2k Sny 6BEnings between the open weaves of each layer of

fabric/fiber. Embodiments of reinforcing pans| 2700 may provide resistance
against hallistic 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

T

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 fabric/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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exanple, this offset may be acconplished by rotating an orientation of each
subsequent | ayer of fabric/fiber, for exanple, but not limted to, a fixed
degree ampunt 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 ot her V&h20@pEgxa3ed t oget her and then coated wi th el astwssws/of2883165] | n
general, the fabric/fiber layers include a fabric, such as, for exanple,

the fabric described previ |y that js de. from Technora and, . Twaron-brand
aram d yarns' eﬁfprs@rl%qrﬁgﬂfa%(g%{ffbﬁn qthera%fa ?ql'@ﬁ,'q{gt e 9@%8%'” be of f set
and/or laid in,alternating patterns to mnimze the size of any openings
bet ween t he &YEeh any srorgflayays 19f fabyisfiber mayihg ¥9ed. Bod the dirpelinmeiitbe of

rei nforcing panel 2800 rmay provi de resistance against ballistic

proj ectil es. falotiiisr iFea:h yer may ey offset Hreot thermtiherdabidc dyevs.ofora shr apnel
and projectile- resistant panel directly applied over a rel ease agent on and

fastened wi t exampid)aiis offcef may Geaiczotplishalivy riating am ofibntationbeeadn
accordance with an enbodi mrent of the present invention. In FIG 29, an

i nstal | ati on sgB8&4udnt layRf ePfBBABeWiibNexdnREaInd inse inite té NefiRiesaitbe

invention, may include’a structural wall 2902 of a building and/or

structure w %&Jn"tﬁkﬁﬁﬁﬁa ,tSL?C% 1§Q’pjgjiqu_‘ r@es?“lrnfﬁd%ﬁi 03 of structural
10 nay bé plie

wal I 2902. Rel ease agent appl 1 sprayl ng, brushing,

rolling, trol]lj te, it r,f. . nd. ..release agent 2910 ma

el ude, 1 or B8N Eiae oaBE T AHIANRAINE SRR SR YR Pt
oil, wax, silicon, and other release agents. -44 007/ 073363

PCTI US2005] 04968 SthasangcaRIad REFINSS 08 TR CoRted Wi SARIPBF. and/ or ceil i ng.
A | ayer of elastonmer 2920 nay be directly applied to surface 2903 sinmilar
tq and over fe)is8ke Inggoatal b2 dabiicflifaldawaie inciusiesa falricupldgh amifer 2902 using a

mechani cal fastening
example, the fabric described previously that is made from Technora and

Twaron-brand aramid yarmns or fibers from Teijin. In addition, the layers may
be offset and/or laid in alternating batterns 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
bhallistic 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 2900, in
accorqance 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 2802. 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,

polytetrafiouroethylene (PTFE), oil, wax, silicon, and other release agents.
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system 2930. Mechani cal fastening system 2930 may include a conti nuous
nmetal fastening strip/flange 2932, nultiple netal fastening elenents 2934
and an anchoring mechani sm 2936 (e.g., epoxy, concrete anchors, etc.) to
hel p secure netal fastening elenment 2934 in structural wall 2902. O her
enbodi ment) ¥P74EeIani cal fastening system 2930 may i neCndsasig2aB t he
fastening systems descri bed above in FIGs. 9, 10 and/or 11. [00167] FIG 30
is a cross- Vi ew, of r j.ectile- resistant panel
irect !y appiiatanuat 290 eSS nd adioon anier Palodndusiet 1 SiaiERan cal
fasteners to a surface of a structure, in accordance wth another
embodi ment  @P2P KB slkRetly aRRligeite surase 293 sigdlar imandhsvel elaasen 3000, in
accordance with an enbodi nent of the present invention, nmay include a
structural waent Mam@fﬂséene@btoatruatur@lpwdhzmanuangarmecmﬁrmaaln‘aqsemhgb 3004
and connected at a bottomend to a structural bottom slab 3006 of a
bui I di ng asystern 2830 clieckanicalfastenivlgeysienngesd niYlifclagdplai czahtinoo@s sur f ace
3003 of structural wall 3002, a surface 3005 of top slab 3004 and to a

surface 300mdth| fabtéhhﬁ%tﬁ%)@hﬂé@@@% Raliepanaafistaiiy clttverlle 208pbhad by
sprayi ng, brushing, rol |ng, trolllng, etc. it onto surfaces 3003, 3005,

ol yt ot raf | Gl aet R B Aiiep 206 o' Chon, EonEERT RS R e rase.

pol ytetrafl ouroeth I con, and ot el ease

agents. [00 irectly applied
to and ove?sgrgdéﬁeggégygé% lnih%ﬁé}ﬁﬁpﬁg‘?%ﬁlﬁ%mﬁ)ﬁlgﬁg@pgo:étﬁglg% 3007 and
fastened to tr ctural top sla 4 and. str ural 3006 usi ng
a nechani caf™ mibg &@“ (g%i?@gfaﬁ%ﬁ‘ 0%%@ @B%t em 3030.

El ast oner 3020 al so ma be fastgned to structural waII 3002 as shown in

FIG 29 usi rﬁ@s"ﬁ@ﬂﬁéﬁ'ﬁ"@ms desstibad sRoYS i BIAs383t0 anfiekddni cal fastening system

3030 may include a continuous netal fastening
[00167] FIG. 30 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 suiface 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
botiom slab 3006. Release agent 3010 may be applied by spraying, brushing,
roliing, troliing, etc. it onto surfaces 3003, 3005, 3007 and release agent 3010
may include, for example, but not limited to, polytetraflouroethylene (FTFE),
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 siructural bottom slab 3006 using a echanical
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strip/flange 3032, a netal fastening elenment 3034 and an anchoring
mechani sm 3036 (e.g., epoxy, concrete anchors, etc.) to help secure netal
fastening element 3034 in structural wall 3002. O her enbodi nents of
mechani cal ywhass-HRi system 3030 may include any of the_ fasteni ng systens

: W ]
descri bed aboveﬁpnﬂgl&. 9, 10 and/or 11. [00169] FIG %‘?LTG}P?”%/M%%
cross-sectional side-view of a shrapnel and projectile- resistant panel with

a fabric/fi beastehibpsieh803RYEBashStSeIDZOlay hmaydestagfened tdstRoRialdi rect |y
applied over a release agent on and fastened with mechanical fasteners to a

surface of a I kb i n | 3 ; | f the
u wall m@é:asesqdéﬁ @gﬁer. QQ,L@%Q"H’]F&MI gsﬁ%%r};ﬁp%@efemés@

present invention. an installation accordance with an

n F
2o E?EZ, 3&&%@%@%&%@%@@%@3%@@3&“ c%ﬁ@ﬁ“%%%#%lﬂ%sﬁf’@fg Suriace
3103 3102, '
vyt by Sebirobtilee hofer RS A25R S0E 4R holfs R 53 ™

Structural wall 3102 n@g@&lso be a floor and/or ceiling. A first |ayer of

el ast oner 31P¥ChaYSAE3 ¢+ FPIPhICPBErEIRH Bic3 19help sackE metland over
rel ease agent 3110. [ﬂ(z&uo A fabric/fiber |ayer 3130 may be adhered to
first |ayer steningeement 398400 shivctiral sed@PORahepembodinentsof 3140 may be
applied using one of the above-described nmethods over fabric/fiber |ayer
3130 and al | mechahieal fagtening swsjerb S0Bastaniediude styrafthe fxdtening syS&@6@2 usi ng a
mechani cal fastening system 3150. Mechani cal fastening system 3150 may

i ncl ude a codésdribedsaborbah FI@ES. DM 603363 PCT/ US2005/ 042983 fast eni ng
strip/flange 3152, a netal fastening elenment 3154 and an anchori ng

mechani sm 31ffa168 9 FIGERPY a cPORCIRtiBnANGRAidw SHlLshrapRelldPpoftie met al
fastening el ement 3154 in structural wall 3102. O her enbodi nents of
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.

e

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 fo 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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mechani cal fastening system 3150 may include any of the fastening systens
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
appl i ed ov®i0 80&B®ase agent on and fastened wi th mechror@siood/esdssners to
surfaces of a structure, in accordance with another enbodinent of the
present invention, | .ation, 3200, cordance with an

Brbodi rent - oftepRaing SeEhas 348! meahgSeHES SIRE SATA RTLAS AnGaTGS 207
connected at a top end to a structural top slab 3204 and connected at a
bottom end t d"@cl%ﬁtm%l'&ts\]ﬁﬁl(e@atQRQWS‘P%ﬂ?r@,@@@CBWSaeM todiatg seag/maetakt r uct ur e
with a rel ease agent 3210 applied to a surface 3203 of structural wall
3202, a surf destepit@relemenbdl s tibstdROsabwall 8602 Sthdramebadiments of bott om sl ab
3206. Rel ease agent 3210 may be applied by spraying, brushing, rolling,

trolling, etamethariedl fastonihgegstcd?0860 AR IncIGRDAny bPhbAaktehingpsistend
el astomer 3220 may be simlarly directly applied to release agent 3210 that

I's on surfacegs3rlsd aBa®@in @,&79 fotabrodrghfi ber layer 3230 may be adhered
to first layer of elastomer 3220 and a second layer of elastonmer 3240 may

be applted syipenerRl de AhBLe-dentid DReTRNDBFS spilol LATHGpLREY | aver

3230 and all ayers may ene struc 3204 and
structural botto | ab 3206 a _nechani ¢ eni n ste 3250.

Fl st oner 32985 a0 PARS B0 pIRp B ramﬂqr?'ng?ﬁyrea?%%ﬁn PRBYBE N hown i n

FI Gs. 29, 30 and/or 31 using nechanical] fastening s em -47 WO
2007/ 073363 FRIGFORE6GHR led W@ﬁéﬁ?@éﬁeﬁaé?*e?ﬂ ﬂ@ﬁ%ﬂ%@ﬁz’gﬁ%o may i ncl ude
a continuous netal fastening strip/flange 3252 and a netal fastening
eliement 3254 mechanicalfikstensrado shasemeiamsiaaBere in accordpme,witlh snethet e

anchors, etc.) to help secure netal
embodiment of the present invention. In FIG. 32, an installation 3200, in

accordance with an embodiment of the present invention, may include a
structural wall 3202 connected at a fop end to a struciural top slab 3204 and
connected at a bottom end to a structural botiom 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, trofling, 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 sutfaces 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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fastening el ement 3254 in structural wall 3202. O her enbodi nents of

mechani cal fastening system 3250 nay include any of the fastening systens
descri bed above in FIGs. 9, 10 and/or 11. [00173] FIG 33 is a side-view of
an automatic shrapnel and projectile- resistant panel nmanufacturing system

I n accor daEWUBE3an enbodi ment of the present invenecows2050498 33, an
automati c shrapnel and projectile- resistant panel manufacturing system 3300

may i ncl ude first ray. application section 331Q, which i ncl ude a

(st pair drechaealigneting Syiem 5e50 ey Uit Lonties Mekl 1Asteges 3302 of 1
a fabric/fiber roller system 3305 and into first spray application section
3310. First @bp/ﬂgn@@a%gaﬂd@rrngwéfas(tﬂnm@temmt 324 endean anghauibe one or nore
automatic first spray nozzles 3312 to spray the elastonmer onto a first side

of fabric/firechdrdasrar325802.ga epanyeymicreipsinehoE3 &R.) Ibdhalp sedwe metial | i m t ed
to, a conveyor belt system) to forman internedi ate panel |ayer 3315 nove

the conbi nedakBirigCeibmeat 325 B stRRflapRdl 8202t Otrimisddimehiséfomrer 3314
through first spray application section 3310. First spray application

section 3310nEBYarikdl 'féstgh'ign? @?étehﬂﬁé?x@ﬁa@ iﬁﬁ?&’é‘ an 8 fheFhsthin fgirﬁg s 3316

| ocated at an output en I rst spray application section econd
pair of drive. r r Oper, pul I internedi ate panel |ayer 3315
out of fi rst(?%sﬁﬂhégﬁ%}:}ézPngFelgs?/gh?@@%ﬁéhg' feed it into a turning section
3320 t hat be operatively connecied to the output end of first spray
2ol i cat i on 00K RGBSR HEE B fihPUOMAc eI and PIIEFTIE 15, - 48’ W
2007/ 073363 PCT/ US2005/ 042983 [00174] In FIG 33, turning section 3320 may
i ncl ude at |reaistard panpbngaufaeiyiring systeomiacaordanceawih encrubedimenpel f or m t he
equi val ent function, and may also include one or nore smaller druns 3324
around whi chhée mpresent diention.pimEIG.|38y an sRBdrbaliaghrppsel aandprofectifsfect i vel y
turned so that fabric/fiber |ayer

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 turning 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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3302 in internediate panel |ayer 3315 is facing up as it is pulled into
second spray table section 3340 through third drive rollers 3341. Al though
turning section 3320 may appear to operate to flip internedi ate panel |ayer
3315 through a U-shaped turn, which results in what nmay appear to be a
t wo- | evel WEHNFPHRat i on for automatic panel manuf act uPCHESEPSE4M33300,
other configurations and turn shapes are contenplated. [001751 For exanpl e,

above spray o819 SUEFIGRERH eI P2 BIGPGERe At oRMBR Sanel 1 ayer

3315. For ex ' e I n f..spray, table section
3310 and at @ﬂgg&é&'&g?ggvgﬁgﬁ %t?##@ﬂ%t?ﬁ%ﬁg&pﬂg%%aﬁyg@gf fug'Png’ﬁ)’rﬁréirrH@ﬁi at e panel
| ayer 3315 sq tha en internedi ate panel_ layer 3315 travels over the
roller, the %'éea?ﬁt&ufg]'a@e 8f W%S‘F‘é‘ﬁ?ri @BWQ OPﬁé Ighyintgimediaie er medi at e
panel |ayer 3315 nmay now be traveling at a substanti al I}/ 90 degree angle to
the path of panalayesf3fhenanpassand ke effeciively turest sathes fakiic/fiber @yespr ay

tabl e section 3310. At this point internediate panel layer 3315 will [likely
be at a | eveB3Gdinnirterinedials pace |afer 61 ys faabigeurs asitiiopulbdilbicseddnat second
spray table section 3310 may need to be higher or internmedi ate panel |ayer

3315 may nee@brhgtélﬂe KBEUBNSSU Pirdigh B8 dride rolRGE _@QMPW!tﬁbué‘r?‘ilﬁﬁhg This may
be effectuated by, for exanple, passing internediate |ayer 3315 beneath a

[0 o 2007 ST TRRRT E360e 0a SRR LB R b e MR RSIER T 1"t e
same, el o0t Biica SPotiR gt el UL et BRRABbod) bR MSRRY | 1
2ol o as | n CCRREPRdRERyoHEl AeBELRERBBEN el sy StoRR SBfpegher * 7 17 Gear e
configurations and turn shapes are contemplated.
[00175] For example, one or more rollers at an angie(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 returned 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

-40-



roller systemmay also include a second roller at a 90 degree angle to the
end of spray table section 3310 parallel to the path of travel of

i nternmedi ate panel |ayer 3315 on spray table section 3310 and above the
first roller to permit internediate panel |ayer 3315 to pass beneath the
second r olWeRIAMEB3IGk ap back around the second rol |l er FETIURA0sI#OE medi at e
panel layer 3315 is traveling 180 degrees in the opposite direction.

[00177] The | ' ' r at an
opposi (e 45 Seaido3l fhd BY SRR AL Bk HolH 4Sing 45 e RUfEF

di sposed at a.ghﬁvel above the first and second rollers and be physically
di sposed sull)"?f tially directly above the first roller so that, from above,
the first roller and the third roller nmay appear to forman " X' shape.

| nt er medi at e [MH76] | Afjaspativedydn gagther amnbpdives(t of Fraig saclipn $¥eP N RSt hi r d
roller so that internediate panel |ayer 3315 is again traveling in

subst ant i al | B3 béhrsanmelleli systam omysreimpamientes with, asexamglpr ajirgtatlles secti on
3310, albeit at a slightly elevated |level. [00178] If desired, returning

i nt er nedi at e apand dégrye angdRlas indhe pesviausy desebedidmbediment. sPhathréabl e
section 3310 may be effectuated using an additional roller after the third

rol ler that malerRgsleft MHagthisd!HolUdRl PEEHATENS! R G db@idleandi® ) hanad40 at a

substantially equival ent "height to the first roller and at "a 90 degree
angl e across ks ' I ; DAS i

I nt er medi ateot;r)gﬁ'a?ﬁ%gl;?cegrecggﬁgégggga “%I @ﬁgsgggﬁ{f%%%%%fb er an% p%ﬁ?lo second
-50 WD 200710733 CT1 US2005/ 042983 ray, t.abl e sectio 340. cour se,
Lhe above al TERRAG 550 SREGY TRLG SEION PR RSB TRHE e3P PR bel ow
and/ or above the surface of each of spra tabl e section 3310 and second

spray tabl e digimegiateanel layengais it passebensaip theoseqondyrben anEWER: t hat t he

above alternative roller enbodinents for turning section 3320 are nerely
i || ustrati ve basll arounsohassgcend tolierise tharigierrediaie 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. Intsrmediate panel layer

3315 may travel beneath and wrap over the third roller so that intermediate

s

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, retuming iniermediate panel layer 3315 io the same level
it was on spray table section 3310 may be effectuated using an additional
roller after the third roller that may be Iocated‘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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as the only, nor tolimt the, contenplated possible enbodi nents. [00180]
Second spray table section 3340 may further include one or nore autonatic
second spray nozzles 3342 to spray the el astonmer onto a second side of
fabric/fiber |ayer 3302 and anot her conveyer system 3343 (e.g., but not
limted t V030U ERPEor belt system nultiple free-novi METEME04298%tc.) to
forma final panel |ayer 3345 and nove final panel |ayer 3345 through and

O8O 5 CCoBPERL SR8 ! TR SR Ak b sB8 0 on 3340 Ty

still further ourth pair o ers ocated at an

out put end f C S t 3 . ' f drive rollers
3346 may opﬁpg%&%%gg%ﬂﬁl ?'%{? hcg}?t’%g%@ﬁ’ q@@%&%@ggﬁ%ﬂ'ﬁ%@@ﬁéﬁ{w 35[5)(%39 tabl e
section 3340 nd feed_ if into a fjnishi sectio 350 that may be
operatively R&eelan {5%*0 g S%‘Eﬁ%{ﬁpr@’l@%g? S%él?@r@%plaﬁfpgﬁfﬂrla&%t i on section
3340 to receive final panel layer 3315 through a fifth pair of drive

rol | ers 3351001381 811 simyld pleghiliat ghe gbovecaliasngiiiesroigsambagingids fre to pul |
final panel layer 3345 into and through finishing section 3350 across a
fini shing bedurBBigdsemtidn 3680 @ramsiralyhllyskiativebnd in ne wayl sheukl B366nst®iedt h pai r
of drive rollers 3356 may operate to pull final panel |ayer 3345 across

fini shing beds3asenandoetatinat thef bomehiptated pobiibie SHABSdinfankdit ti ng appar at us
3360 nmay be di sposed between second spray application section 3340 and

L, SO, OB R SRR o

panel s 3355 Of predeterm ned -51 WO 2007/07

Qut t119_appar S f0R B APhSed ol ) (SRR o BRCAIIdn LB

hi gh- pressur € er-Jje /OF any o cu anrsmthat can
the. moverent S SRR RV AR Aot oo YIS 9By (B4bI¥ secti o
00 A ka0, G b e i e R s ™ P°
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 iable 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 final panel

layer 3315 through a fifth pair of drive rollers 3351.

[00181} Fifth pair of drive rollers 3351 may operate to pull final panel 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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di sposed at the output end of finishing section 3350 proximal to sixth pair
of drive rollers 3356. Alternatively, cutting apparatus 3360 may i nsert
perforations in final panel layer in any orientation. [00182] In FIG 33,
automati c panel manufacturing system 3300 may al so include a take-up system
3370 t hat &gé (i %g;l Ede a take-up roller system 3371 to receive final panel

| ayer 334574Y1""8% ts finishing section 3350 through SCHYS2B4%f drive
rollers 3356. Take-up roller system 3371 may include a roller 3372 driven

by a notor 3%1?&;5?0%&%%@85% 8966 Rthyhdllille Qflaﬁg}arlﬂé%%%ndﬂ%br, g3345 may

be attached h it may be wound. Roll er 72 may recelive an

enpty pressegd; nc |4 I fﬁ@q% I nal panel
| ayer 3345 ng'ydp‘ gtgrég?@{aacvk%%r legléﬁ Y%éeﬁ’i? QE@P&BQP (&)I’Hr%g#]td a ?%Taﬁq%ﬁetl@ ticg% sheeti ng
3375, for exa ,.simlar, t |.astiC. wra u ied froma roll
of plastic sﬂgg’[(ﬁ/r%'?%%sa"ﬂ%lggﬁrﬁﬁ@”g ?@‘n\gﬁ g%@@q%?er?ﬁﬁ I’EP IMPEGRr 3345 as
it is being rolled on rol]er 337§ to hel p prevent final panel |ayer 3345
from sticki B mgvemest of sl panel @Y%@%.th&@mwow eprayjaple secipiie- vi ew and
FIG 35 is a top-view of an automatic shrapnel and projectile-resistant
panel manuf a884®.i Ajesadively, inianciivy arakatimentyicuiingrappasaiue #86@inmmHve of t he
present invention. In FIGs. 34 and 35, an automatic shrapnel and

proj ectil e-r dispstadti ihenmitpuisend afdinishinpsentioh SB58400xinTa? toEXROLE! 6F73363

PCT/ US2005/ 042983 may include a fabric supply system 3402 to supply a

fabric to a paReloilefRBISGCAHEMBIVSY SSBIRPANhrale B mbpiide® supply system
3402 that may include a fabric supply subsystem 3410 operative to feed

fabric 3411 F’ég%gc’ﬁﬁi}* fir%ﬂ%géﬂaﬁ‘erfiﬁt%g%rieﬁﬁa%@ﬁ”CUtter 3420. Fabric

feeder/cutte Include a’tensioning roller 3421 to receive fabric

3?11 fromr Otdﬂlg 12 lﬁ%%é,ea%qgﬁaﬁ@ b‘l:u%l/ n?éﬁdf&ctﬁﬁ%& s§/§c3{‘n 3300 may also

include a take-up system 3370 thai may include a take-up roller system 3371
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 rolied 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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may be operative to pull fabric 3411 across tensioning roller 3421 and feed
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 mecH&H¥M73¥%¢er the one or nore rollers to cut fREFULIGIIVSS nt o
sheets having desired |l engths for manufacturing a panel. Panel

e actur | R Top sedslorie Atk SRARe saf on 3460

connected to table se fabric
feeder/cutter peel er section 3480 connected at an opposite
end of spray @%@ﬁ%ct@@fq 5\6338]@%%0& [ 00185] Fabric table section 3430, in

FI Gs. 34 and include a fabric abl e 343 Y% a table surface
545 ot subs LRI [EANT e ORhEsvRla 903 Yt Gay Feltshed bgimuBRYT codor
roller/drive 3423 may output fabric 3411. Table surface 3432 may be

i mpl enent ed &y¥baysiemiid1unresgiive g feed f@ﬁ%ﬁ“édm@n’@"ﬁﬁﬂ?t?)ar’f&bﬂoel to each
other rollers across a width of table surface 3432, set of substantially

equi val ent | y feguisriedttend420. aF arig faedenfrgxtlﬁerﬁﬂzﬂmﬂseinshmd{ea:’ensiaﬁm reler. Fabric
tabl e section 3430 may further include a guide rail 3433 that may be affi xed

to and run 34eveo tadeivecfabablad1 343 kol Jad2rarid @ fdarlar irslletalive 393 &34 to
travel back and forth along it. Guide rail 3433 may run along the entire

I ength of a“%é&ﬁb@é@eu‘éﬁx@&9561@{7&6%@%45’@0#6%%@9%9&%%&&@@4@1% fegqt he other

sections of panel manufacturing system 3404, including spray table section

3460 and pan%brﬂ;@?ﬁiﬁrlﬂlﬁbg%rfé‘ﬁgggﬁlé%ec{: 1808450 ﬁéﬁeﬁgﬁarﬁf}%é’tunﬁ@&été‘rﬁl ude a

fabric cla nmecha ope eet of

(75 1L T P SO G ST b,
pul im0 11 Lo L R Pt S S S T
cuiter mechanism after the one or more rollers to cut fabtic 3411 inio sheets
having desired lengths for manufactuting 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 opposiie end of spray table section

3460.

[001851 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 fabtic 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, efc. 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 fotth along it. Guide rail 3433 may run along the entire length of and be
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fabric tanping nechani sm 3436, which may be noveably connected to a top
portion of fabric carriage 3434 and di sposed between the top portion of
fabric carriage 3434 and table surface 3432. Fabric tanping nechani sm 3436
may be of PR Ljmately the sanme size as the sheet of fabric 3411 and may
i ncl ude a sing?@%gggtion or nultiple, separately controf¢EE2E&H%8hs t hat
may nove up and down relative to table surface 3432. In general, fabric

tanmpi ng mechbixed o 8436thet béctivnsrad panef mandfaoturing aysdma4td. dnetadiagi al to
which the polynmer used to manufacture the panel does not stick. For

exanpl e, thi gprRtablenelcole 3460 hntipanel pddidi de@tloh @4700IRabaAk @éfrl@@rmhhyl ene
(PTFE), oil, wax, silicon, and other non-stick materials. [00I86] Fabric

1
carriage 343 LIl ; g A f 4 fost ' ' 437
| ocat ed near ﬁ]a@%{%lﬁgéér}tasgédfé%ﬁ{obf'ﬁq]g@#ﬂ%‘@@r%@g@ggﬁ%ﬁ O&%?dﬁ B?‘? pi"{ﬂ %ri ve
mechani sm 3737 oper ve fabric carri 34 .to and, from spra
abl o 3460 At by oy hEbTh et SRRy pforRiogHF s ety R Bl Spec e ™ ™
peel er assenply 3482 from el peeler. sectign 3480 to an omspray table
260"l ong. oiaPl: suslegR BB anr o deridion e 3h3at oidsbus B PURIBEY | et ude
a spray gun 3440 affixed to front end 3450 of fabric carriage 3434. In
general , spr#BUohti agmss iipayidie Fakiceariage B4dimeay stillfuitherdaeludege 3434 to
-54 WD 2007/ ?;;363 PCT/ UZC.’EQQE’/ 042983 ensure that an even and consi stent
di st ri but i onfaifricgafpirgrm riemdBi3si whith rhay be sprwablucoriedtizd oGODR7] | n
accordance with an enbodi nent of the present invention, spray table section

3460 may i nchudipnafiasritycdradye 33386 inb aiipoged betwasdnathiitep Ipprifdnadt fatsfy ay t abl e
surface 3462 with a length and wi dth appropriate to produce a variety of

di.fferent, geagkgbl3anetiirner AliacBA8h, FHabAs tahpihghiesitrism 3836 Aty
enbodi nent, spray table surface 3462 may be rectangul ar i n shape and at
be of approximately the same 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, polytetraflouroethylene (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 guide rails 3433 or, altematively, may move a
panel peeler assembly 3482 from panel peeler section 3480 o 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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| east 48 inches wi de by approximately 15 feet in length. Aternatively,
spray table surface 3462 may be |arger and/or smaller, but, in general,
spray table surface 3462 is not designed to be quickly and easily

removed/ r &?wx%g order to facilitate the production _of smaller panels,
spray tabl € surface 3461 mnay have attachable thereto a YEPYR¥YMEES shal | er
tabl e surfaces and the system may be progranmed to cut fabric to different

si zes, spray eakass thaean ieken and peasibicnt giatrilemion of polynbrigay beibbiagied i M ted
to, for exanple, a snmaller rectangle, a square, an oval, an ellipse, a
circle, a pafagi %@gr@ngm.) only on the smaller table surface,
accurately place the cut fabric on the sprayed elastonmer on smaller table

sur face, and GRROC! [ KelooRiafie WANAIIMBERNRrk BPtnd braSSISHAHBR ofikgm t he

smal | er tabl e surtace. ough this may not be as cient a

manuf acturin I | ' i1, 4.0t . i ons for
standard r ec'?aétﬂ% g ?é&oﬁé?,g@;ﬁ\@y Wg@%ﬁ%p@? %bp%%df&bw& ggﬁ%@bplﬁﬁ%t hese
conponents and this proced ma ove beneficial in producin specially
confgured pantvdabie e e, Attt Aig Budtappatiale f Hedlfs ay "t bl e
surface 3462 may include a pattern or design such that the pattern or

desi gn is i myafeefidiffasenty geneiplactaioware panelisizasd Fruxampiin eRanpl e, the
pattern or design nay be nulti-dinensional and for aesthetic purposes and/or
-55 WO 2007/ ergesinedT spexdssblieGerass 3462may i reshanguiad intsbapabadat utility

of the panel such as sound deadening/dissipation capabilities. [00188] In

addi tion, thésygsaehasywide byappratimeatbly 05 $edtde drigeh.y ABgrnasivéiespray ast oner
on spray table surface 3462 to provide pre-nmanufactured panels wth

openi ngs (f okata a0HhEe 3462 AR RNArGI AhdRRMMAIRBE) bR AR discRilegfbpidpiged sizes
and being |located at predeterm ned positions on the 'panel. In general, the

sheet of fabyg| 343168 ¥ ndil RS be'RlidkiPArd e¥4ily refived/replaced. In

order to facilitate the production of smalier 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, acburately 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 cutiing it inio 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 the finished panel. For example, the

paftern or design may be multi-dimensional and for aesthetic purposes and/or
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have an opening precut for the w ndow or door, but instead will be |eft
Intact to provide stability for handling and shipping and to permt it to
be appropriately cut and wapped around structural wall elenents during
instal | ati @Ry 250 xanple, in a panel with a pre-nmanufactured rectangul ar
window, the fa r‘lg7836§fromthe sheet of fabric 3411 nmay bBCEEE208¥43¥3 bot h
diagonals to create four essentially triangular flaps of fabric 3411 that

nmay be wrappefithdicEidionatiio édtsdrRadilityoftthe phhdndudl dsWouin@de Wi ndow. A simi | ar
process may be used for differently shaped wi ndows as well as doors and

ot her openi ngsaddriiy/g%apBlisn cap@fftldag and cooling vents, electrical outlets,
etc.). [00189] Paneq peeler section 3480 may include a panel peeler franme

3481, a pan el . bl y . e el er frane
3451 and caputSSlor ThalERg e YR FREERAIOURAEB SR BIRY B0 "L and
return with fini shed panel,. Panel r_assenbly 3482 may, i ncl ude

sel ectively %‘Hé‘&&@étﬂ"eﬁ%&%gﬁb%?ﬁﬁﬁ? \gﬁ?%ﬂ@v@&ﬁe’ ugﬂgyre%@eoa%t rically
arranged in a pattern over an area equivalent in size to spray table
surface 3462WitbgRanings éiosexamplenyigdoymgod #agr PRANIRGS) hawiidude a  second dri ve
mechani sm 3487 | ocated near a back end 3488 of panel peeler assenbly 3482
and second dpliedetammineshsizes 3ag beingylocqied at pradetermined Basiid2O0E073363

PCT/ US2005/ 042983 fabric carriage 3434 to and from spray table 3460 al ong

gui de rails Ba83 61 genaial,ehe abéstalf yabrivedd imose fpanfdbripee! s412edemdtl y 3482
from panel peeler section 3480 to and from spray table 3460 al ong gui de

rails 3433. hARLAbpéMingprecutor iABLARBOW or 8562 BOEINSEA Wil Bleastt it&ctigsi st ant
panel manufacturing system 3400 may further include a control panel 3505

L T e TR ARSI SR BT OB o o e
3400, cut and wrapped around structural wall 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,

P

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
return with a finished panel. Panel peeler assembly 3482 may include
selectively engageable panel pickup elements 3483 that may be
symmetrically arranged in a pattern 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-



a plural conmponent netering machine 3510 that may be in fluid conmmunication
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

i socyanate _and a pair of heat exchangers 3512, 3514 for cooling the return
pol yner ba®@ P78 i socyanate on their return to thei PCHESHeTMRB2 st or age
tanks 3511, 3513. Machine 3510 may al so include a hydraulic punp system

3516, 3518, 3hRfc vhrkiRge2ahabekng ffoBbRY thisie 3abY a%@ i ' fluid
storage tanks 3511, 3%13. Hydraul i c pI!t)Jrrg sygtem 351 ,@ng.&lg%lsg%g?&jhay al so

be in 11t d camme: [0 Mobd paRerbeciinsIdtR Ay e kgt Y | nes

that nay be supporte a SWwhg armunit n € a two- part,
rot at abl e upr] e ' £ | oywer  porti and a rotatable
upper portionS!,e%g#u'i1 gﬁé%%g%‘zﬁﬁﬁkgﬁ&@%?@géh@%ﬁ@ %ﬁ%%garjrfsp’jo‘&lgron 3524 so that
rotatable up rt| a boom portion 3524 may pove .in concert wth
spray gun 34&6619%£chli”?@%ggoaﬂ@ng%r‘?% ﬂﬁ‘ipg)l%gi}\%“ﬁ'eséﬁﬁﬁ'i B2R%r powering

t he spray gun 3440 and hydraulic punp system 3516, 3518, 3525 all under the
control of cdheipciEng Eysisus3400mey furtimrdnclade psontrel panel 8605 theiatawi ew
along line 36-36 in FIG 34 of the automatic shrapnel and

proj ecti | e- r i sapantelydn eormmumitatiiruwitingnd jre¢antrol ioheactb@le@ri2 @07/ 073363
PCT/ US2005/ 042983 accordance with an enbodi nent of the present invention.

In FIG 36, ut@yatgstiraidaricp ife-tasist? hahbbnabifabhgingWystoan Bied,| v
triangul ar spray pattern shown froma spray head 3441 on spray gun 3440.

[00192] FI G Bdlutdt cBmip@ReNt Mdtedingdna@fité 981 ®thaR MBIyt h pre- positi oned
anchor posts for anchoring a shrapnel and projecti’le-resistant panel to the

Ll oSBT A BT ER I Sl AR R |,

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 muttiple supply

lines that may be supported by a swing arm unit 3520 that may include a two-

o

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 pottion 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 projeciile-resistant panel manufacturing system, in

57



limted to, a floor pan 3710 with nultiple, substantially evenly spaced pre-
positioned posts 3720. Alternatively, portion of a vehicle surface 3700 may
al so include a wall, a door and/or a roof pan. Ot her enbodinents are

cont enpl at i ich pre-positioned posts 3720 may not be evenly spaced,
but space&sgggﬁﬁgﬂ?foor pan 3710 to conformto a shape WfVF2H5049%h 3710 to
mnimze | oose and/or poorly fitting portions between floor pan 3710 and a

shrapnel andagoriactd with aasinstb@fitnenbsithe iphsdant irdntiher BPORIC. BBgspRyi ti oned
posts may be solid and snooth and/or threaded as well as partially hollow

with internghn aagh ey sr%;ﬁrﬂnr@éerhﬁﬁrﬁgfﬂle it%iﬁ?ﬁihillgg]\{ﬂ%@wérispgdyypaﬂﬁﬁi cle

surface 3700, in FIG may not actually be a vehic but 1 nstead may

be a separ atgnm ﬂPH{;\%{EE%ﬁé&d "?#41%&3%85@@ $30, Ot her nol ds descri bed

herein. As a resu e surface y be’ designed to be and may be

used repeat egl o] p new pre-f.or ne shrappnel and projectil e-resistant
panel s t hat m@g%e ﬁ@tgffse%?qpﬁ‘%grﬁfcﬁ %%C%Oﬂé?@ﬁﬁ%ﬂy%wﬁb|P§$‘P§8'ﬁ?'i‘ ration. In
general, if vehicle surface 3700 is a nold, pre-positioned posts 3720 wi ||
be solid and®ftosPesisSar apchting: a shiganeland prelacligyiesistant napededhpanel . - 58
WD 2007/ 073363 PCT/ US2005/ 042983 [00194] FIG 38 is a side-view of the
section of tY¥Rhidehinacsordasee withagn embpodimerd ofither priesent ipgentiom. BR@!G37, in
accordance with an enbodi nent of the present invention. In FIG 38, a

rel ease agend7,apertioBRIa vehcldeudap 8200 iy dudllide, dot exanplepbutpan 3710 and
mul tiple, substantially evenly spaced pre-positioned posts 3720 and an

el astoner | ajfite Bt @ flay pad IR widtmdiipes slivstaRbifly AlepfsshRedHre- | ayer 3810
and rmultiple, substantially evenly spaced pre-positioned posts 3720. Both

(£ 2 0ol NG90 MDY tsh oP AN oA i O
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
minimiée loose and/or pootly 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 partially hollow with
internal and/or extermnal threads.

[00193] Alternatively, vehicle surface 3700, in FIG. 37, may not actually be
in a vehicle, but instead may be a separate moid having similar properties 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 moided panel.



| ayer 3810 and el astoner |ayer 3820 that may be covering multiple,
substantially evenly spaced pre-positioned posts 3720 may be renoved using
a sharp cutting instrunment, for exanple, a utility knife, circular cutter
etc, to wuncover each of the multiple, substantially evenly spaced
pre-posi t iWRGH 7§86  3720. A washer and/or ot her fast @€ITHFZIASOEREBI sm 3830,
for exanple, but not |limted to, at |east those described above in FIGs. 9,

10, 11 and 1 di b [ r t he shape of
fl oor pan 37@81%1 I ﬁ%t ﬁg% %%ﬂ?\&%f %4§C%B%r°?@ga¥%ﬁ§%%8§bﬁ%lﬂ Bp?rm tgd to,
a nut, alock nut, etc., e affixed to.each of the i ple

Subst anti at 15dobiac) bapin I e Th Aerariane it 3 s odipeaht baBiciany pe

ti ghtened down onto their respective fasteni nq mechani sm 3830 to securely
hol d el ast onBrentigrer InFaEp 3Boafelgase paentdaviay 3810002 8¢ applied disecty@ideli nent s
of the present invention, elastoner |ayer 3820, in FIG 38, may al so

i ncl ude one forpane37 Hband Multinds, subatastialboevenly spanedqremadsiipeed 826G and

el astonmer | ayer 3820, both with and without fabric |ayers, nmay be applied

directly to $72angan 3astOmef RYEPBI20-inay HRCapdicdnliresiipenid relcdse vigent of a
pre-manufactured wall system w th an enbedded shrapnel and

projectile- r[,a?érs@.@m aRd@ARlitiPI& ssuistantially evehY\Eb 28N @ 5ot Hode2005/ 042983

accordance with an enbodi nent of the present invention. In FIG 39, a pre-
manuf act ur e | BSHSe L el .y . gats (e.qg., but
not lim tedd(?%g'GB(? 8' %Bg%%%pgﬁa}(repas‘g?ﬁrgd %%ngrxé}géférn%étgq rﬁﬁyggd to, 18",

2', 4, 6', 8 .. [ d | .C s, (e. g, but.not limte 4", 6",
5! ete.) antPilisy TiearavBD e BREPRE vbFeRon BelRbrtc aid Ei it
attached to opposite ends of a to | at e, 3920 and qpposite ends of a bottom
plate. Alt ho’ﬁggr i&@ agge%pgmgrhlwgr?,%ogb%mﬁg emeﬂﬁgﬁm%f@?;at es and a solid
wal |, alternative enbodi nents are contenplated in which two or nore top
and/ or bott @ﬁQﬁI@[}t@é[y @é@niyép@%@ pre-positioned posts 3720 may be removed using

a sharp cutting instrument, for example, a utility knife, circular cuttet, 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 describéd 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 nu, 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 layér 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 shrapne! and projectile-resistant panel therein, in
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and openi ngs for wi ndows and doors, may be franmed and may include nultiple
abutting outside and/or inside vertical support nenbers as well as header
supports. Pre-nmanufactured wall system 3900 may al so include nmultiple

i nside vertical support nenbers 3940 that, in general, are substantially
equi di st an¥DoHaEed bet ween outside vertical support nmENbES2805/038%8 and
opposite ends of each of the nultiple inside vertical support members 3940

is attached to t Iae392 dbtt Iat 3930. 0 In FIG 39,
pr e- manuf actﬁ?%p(fg tﬁp@ rw&gh%n g]ﬁ'@%]qgeélpﬁant panel

3950 that may be attache a front S|de of a back side of and/or in the
mi ddl e of prEAREIAGHEE WY CPY%W 3909 may o medes a varighiehaights de@allUt sy st em
3900 nmay al so include multiple vertical franme nenbers 3960 that may be
attached to @@t finmiastios Ba&’, 9 1etc.of widthsH edhebgmot fimited po.e187e2’t #c &l 8.r ane
menbers 3960. Pre-manufactured wall system 3900 may also include nultiple
hori zont al beftct)oand thicknesseb ¢e.g., AT ot Iitedntay 4H €”, &t echad! may arclidener si de
3911 of bottom plate 3930 between outside vertical support nenbers 3910 and

the mul tipl etwasitdirlevastidat sLipSorp pwHibaTe 3020 SittadRtDio site¥endb 9P aits | ude
mul tiple horizontal top franme nenbers 3980 that -60 2007/ 073363

PCT/ US2005/ 04289302 BBalirsiisbrapaitr e, RS9I oo bpsRbse 2020

bet ween outs vertical support nenbers 910 an osite en each of

the mul tipl es.np@%bgagwotmoﬁ?@a@gp@@ 4 ORTREN e dasanssistant pane!

3950 may be tac to eac Suppaor and each

hori zont al r . 3970, 3980 .and further attached to each

i ndi vi dual rﬁﬁgpﬁ?é%%g}W@gggwoygwreé%gn%\émg Rgtes may PR UseGiar ¢ al
Cr,oss sectlonal view of the pre-manufactured wall systemof FIG 40 with an
effbedded shr 8RhePeRIRGS Eﬁrdq"e@@w andgdepis, My be framed and may include

multiple abutting outside and/or inside 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 Spaéed beiween ouiside vertical support members |
3910 and opposite ends of each of the multiple inside vertical support
members 3940 is attached {0 top plate 3920 and botiom 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 between outside vertical
support members 3910 and the multiple inside vertical support members

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

-B60-



panel therein along line 40--40, in accordance with an enbodi nrent of the
present invention. In FIG 40, pre-manufactured wall system 3900 may

i nclude vertical fastening neans 4010 inserted vertically through each of

mul tiple i |,top frame nenbers 3980 and into top plate 3920 to attach
the nultip [enﬁ(g@it/%g%t al top frane nenbers 3980 thereto.P(%i’[FﬁzP%{”f’%??3

hori zontal fastening nmeans 4020 nay be inserted horizontally through each
of multiple ntaybeatiteied tofarfinperside 302t of RP3flaizrBINVehstiveden alutside

pre- manuf actured wall system 3900, through shrapnel and projectile

resi stant paneticaPipporndembies 3GTAREbpPabitel dHde dT¥ER VRt mutpid r ame
menbers 3980 on the other side of shrapnel and projectile resistant panel

3950. Hori zoge @é}ﬁ&ﬁ@#@%ﬁ%}ﬁm@%o%{aﬁ%@ﬁﬂ ggﬁeui dYs MH* bEp! €

hori zontal top frame nenbers 3980 from both sides pre-manut act ured wal |

syst em 3900. | SE I ' n I nserted
ei t her throuﬁl a OrI@&ﬁ%ﬁ%éﬂﬁéué@%ﬁ@%ﬁ%?ﬁ%@d gg%h ﬁ%’é?%rﬁ%gzo or
through top plate, 3920 a I.n ori zontal ra er 3980.. Both

f ast eni ng WEHQP%WWQ%%%?@B@%QW%HEV %fturt&fe&gﬁ?g%%ﬁprﬁatcgd”@wsu@'cr ews,
nails, lag bolts, nuts/bolts/vvasherés), etc., and may also be used with
and/ or wi t hoffBMeMambes BYE0HEY Ne8A8Phe franmes and -61 WO 2007/ 073363

PCT/ US2005/ 042953 pl ates/vertical support nenbers. Although now shown for
ease of ill ufta8) orflG. HO/s a partial crnss seetienalajew atthemiragnanfastur@b0, 4010
may be used at the bottomplate 3930. [00199] As seen in FIG 40, blast and

proj ectil e resilsysiem phifks. 4896ith ampnitedddd shreped! and pogedtileesistant he cent er
of pre-manufactured wall system 3900. As a result, nultiple inside vertical

support nenbeafelIR4RRinBiongeing AIOL-40| Pngichittingalvith alembbdpnéntlstiantial Iy
equal hal ves between may be sandw ched blast and projectile resistant panel

3950. Al t hough.aat invBRWSh. INFIEPEB, 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 5980 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 panél 3950, and into

another multiple horizontal top frame members 3980 on the other side of

i

shrapnel and projectile resistant pane! 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 hotizontal 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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enbodi nents, it may be that horizontal fastening neans 4020 nmay al so be
used to fasten the two hal ves and bl ast and projectile resistant panel 3950
together, both with and wi thout adhesive between bl ast and projectile
resistant panel 3950 and the horizontal fastening nmeans 3950. [00200] FI G

41 is a side-view of the pre-manufactured wall systemof FIG w th an
enbedded Y APAET33Snd projectil e-resistant panel thereIPﬁT/qS?POS’%?,@rdance
wi t h anot her enbodi ment of the present invention. In FIG 41, blast and

proj ectil e r¢datssAantiicabsedpBObhembers halwough reav sheen fetdskrad ligRtration,openi ng
through and running along the |ongitudinal axis of one of the multiple

i nsi de verti ¢rizsnpPand varicbERSteditmeBhasto@nb10aheekivsed et ant panel
3950 may be sandwi ched around a periphery thereof by and attached to framnes

3960, 3970, 32&\nt ﬁllaﬂ;g3@:§'(§ fasteni ng and adhesive neans described herein.
[00201] FIG 42 1s close-up side-view of a top portion of pre-manufactured

wal | 'system 260195?‘ ﬁ&s}géﬁ th RIS, %@BQ@F%&Q@%&{FA r%%rktq%e ]:?Hn%‘?éé#c?rr{ e ant

panel therei i'h” accordance w'th’an enbo pr €sen ftion. In
FIG 42, one pf th 1n5|dever|cal ortrre rs,3940 een with a
62 WD 2007/ 93 aIER 08 bﬁf@@ F ofPist m&aaﬁ%ﬁg %B@)‘? §i t udi nal
axi s of one of |nS|de vertical su Eort menbers 3940 t hrough which is

di sposed bl astregHil PHEplecinside VP&‘? §‘§?ﬁ°”p‘§ﬁ€lber%§%‘@p May4& SRlhd proj ectile
resi st ant panel 3950 may be a single piece to extend the |ength of

pr e- manuf act lerditugigally WQtt‘émSBbﬂt@nbﬁliU dspiahbalyes betweerpned besamidwindiedi st ances
at its top and bottomto permt it to pass through slot/opening 4210 in
each of i nsi ddastantiprajechleppsistantrpars 38569 40%thbugpnet smawmyfiasommeed wal |
system 3900. Horizontal fastening neans 4020 may be inserted through

heri zontal f eaiBdRA8Ats) it rdebs trde hofizgnieHfasenfraahuars 4020 may also be

used to fasten the two halves and blast and projectile resistant pane] 3950

together, both with and without adhesive between blast and projeciile

resistant panel 3950 and the horizontal fastening means 3950.

[00200] 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



system 3900, through blast and projectile resistant panel 3950 and into

hori zontal frame 3980 on the other side of blast and projectile resistant
panel 3950. [00202] Although not shown, horizontal fastening neans 4020 nay
al so be inserted on one side of and through each of inside vertical support
menber s 4 ndi cul ar to and al ong sl ot/ opening 4210, through bl ast
and proj§%%£W§§#§§istant panel 3950 and into the othePCEﬂﬁamﬂ%ﬂ? si de
vertical support nmenbers 3940. An adhesive may al so be used between frane
and bl ast andglot/ppeniegt4218 ales) s tangiugmabhxiS866nant insids vetticap=impipog 4210

bet ween inside vertical support nmenbers 3904 and bl ast and projectile

resi stant paneimi8s@o40nEghdviitie lsedisposedRe JandmprbjeGtile4dsistingpangind
projectile resistant panel 3950 may al so be provided as multiple separate

pi eces and fagt@nethd: 848IMSECHB reéiffantyaiBI B850 b&@lsihdld b0,
sl ot/ openi ng 4210. This rﬂ@ gé a{%c[orrgl‘?shed byni)é\?erl g;ﬁ')‘?drllgb‘ee%gés of adj acent

pi eces of bl gstordnfl RUPMFEH hlcorbfttash 8 waRaslienPS88h HA bENRRIHdANA Ml Li ple

hori zontal fastening ans FOom one Si e vertical support
menbers 3940 throuagh the. overl apped bl a nd.-63 .2007107336

PeT/ Usa00a oR ssiMinG fistiiies HAS ot T bofiif 1o BB IoRASE MRt ng 4210 and
into the othery side of _inside vertjcal surl)gort menbers 3940. This may be
done both wi F’{?UQH%WBB 42]10timsach ghResieneriG! SYRRITbREHRRYS #4840 1N PB0204] it can

t hus be seen that the present invention provides an econom cal neans of
great |y enhaffdnyipatuedswaibsyptern 3OPk dlosizanial tastendegimaanat408P reahee obj ect s
| ocated inside a building or other structure which is subjected to an
expl osi ve bl kwserted thuogh hictizomntal frime &80 mpawte, sidkiof prenmandfacturad meiflse send
shrapnel of pieces of the wall projecting through the interior of
( system 3900, through blast and projectile resistant panel 3950 and into
horizontal frame 3980 on the other side of blast and projectile resistant panel
3050.
[06202] Although not shown, hotizontal 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 32804 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 1o, slot/opening 4210. This may be accomplished by
overlapping edges of adjacent pieces of blast and projectile resistant panel

3050 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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the structure. The system of the present invention can readily be
retrofitted 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 appearanses substantially identical to an int @&GIGS20E(0#29%%bt
outfitted with the system of the present invention, and thereby no

conpr oni se o rekishart gaaémgam WaldtRinRRRg Ba9tdHRt hisihel AR&0Rle ¥hi | €

principally disclosed as being useful in shielding the interior of a wall

and cont al nijgs YeARAPL SR FERDIZS SosdleTREAY BE da{.gl?gﬁawﬁ@ appr | mpact.

the system an the present invention, par systemin

panel form j. Li i } | evel s of resistance to penetration
t heret hr ough"{”ﬁ%c’%bgg%g L@%’g{/g@{érﬂﬁggk?@ed i npact situations. As such, the
panel s or t tem are expected to be suitable for use as arnor "plate"
in applicat nﬁ@‘ﬁha CAg P@Hsrﬁe afRen H}F?gb%B‘feﬁ?FUHV%m@r‘rggygﬁﬁﬁ@e to

penetration against, for exanple, generally snmaller projectiles fired by
rifles and asonemigal meansof gieptyierinancing thaisatplviebwprkege #8860 ng or def endi ng
against projectiles that are designed to be "arnor-piercing” in nature.

Thi s pr oper taguipmesizonathanaysc3s d3stedosie20bd]dposather styactdewhichds n as

bei ng enconpassed by the terns, "blast resistant,” and as wused for
"shrapnel coubjdctarbin ali erslosiio biast er otheafamesilhmyesithpaert, evtich WOQRI06] Fig. 43
is a front view of a blast/shrapnel containnment panel in accordance with an

exenpl ary ergiRgivignsed shiapnel & sl STeS e Brojbdting Trough3theanteAbeds 4300 i's

shown with a top dashed line 4310 and a bottomdashed 11ne 4320 to indicate
an appr oxi o] i : t bottom
1 aper panelth SudERis TG BLaBETGr RS pPoedr BBR) caf o lilflod RRoRAH &7 1075 &

10°, etc. | qnt%eé}%tﬁnlg’bJiﬁ%g@%%dbﬁ&c%g,aéss%%giahgf %@n%ﬁ&%re-ﬁﬁ%@ed panei

version is employed, or can be installed in any new building or structure being
constructed. The finished interior wall may have an appearance subs;[antially
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 shrapne! therefrom in the event of a blast or other

o

impact, the system and method of the present invention, particularly the
system in panel form, is believed to provide high levels of resisiance to
penetration therethrough in more focused or localized impact situations. As
such, the panels or the system are expected to be suitable for use as armor
“nlate” in applications that require energy absorption and resistance to
penetration against, for example, 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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may be | ocated approximately 3 to 4 inches fromthe top and bottom edges of
panel 4300. The bending may be perforned 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 formtREFHP330r exanpl e, the ends of panel 4300 REYUSMSHEPHEed over a
hard surface to help formthe flaps. The process may be perforned in steps

with, for exagBlfd hdlBin'eabbiRg eAbomPRsRANG) theabhEs (BRRE rdskitat dard
heat gun. In@ggdition,lthe pia%el ?ra? %e heat ed usci's’ng!?% I‘bar Qlﬂ’eazatr?rf@é]v\hi ch

may be as 'g%”ébhd%r “ﬁ?&ﬁﬁ@rcoh o 4<ONGEE térﬁ%rhryét‘?nﬁgégé‘d hifefif N The panel

4300 may al ave aps forned on one or nore o I des. The flaps may

al so be cut, Lnclude per.f.orations i1l ustrated.by dashed.|line 4320.
The per or ot WBRILL PR ASRE R R isiSr o R aipA e Foplemeb R s ounc
objects in a structure. A portion of the panel 4300 could al so heat ed and
pl aced i nt o YoMV ﬁ%leaemﬁ%%megﬁg'ﬂé)mé’?m?ep'@&ﬁ@i ‘.’TV?‘W@WP%‘?ﬁeed not
however be a nold in the traditional sense, but could al so include any

obj ect over43ud Ranad 43PR{wshpwR With ijetop siashed Engpate and eeatiaum dasheskf or ned
thereto. -65 WO 2007/073363 PCTI US20051042983 For exanple, the panel could
be bent ar ouirng £4330Uctindiabief arngpprosimufte odation rwpnding ofi the panehtotfbiem
appropriate heating equi pnent. [00207] FIG 44 is a side view of the

bl ast / shr apnep apariictiomriiabs. pRaels afay Bd Bandfhctuirad a¢ any dixBedrekamphy)
exenpl ary enbodi nrent of the present invention. [00208] FIG 45 1s a front

perspective yieyw 8% kRe RSk fHePdNRD arfebbtRin BRSRe PR 490, Bh&p 43 show ng
the panel after being bént to produce flaps 4330, 4340 on the top and

Pt om <1 deSmal BeABEARIARE RN 010 STRALLTRM 1 10p RrobdARARLagdy Nt | On
panel 4300. The bending may be performed by heating panel 4300
substantially along top and botiom 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 iliustrated by dashed line
4320. The perforations allow, for example, the panel to be instalied around
objects in a structure. A portion of the panel 4300 could also be heated and
p'Iaced 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.



bei ng approxi mately perpendicular to the panel, it is to be appreciated that
the flaps can be bent to any angle and in different directions. Mreover,
as discussed above, a flap may be cut thereby allowing a single flap to be
bent in different directions. The panels may be install ed usi ng nechani cal
f ast ener sSYORBYHTHE h and wit hout fenders and/or \Nasher%mfﬁﬁzﬁﬂst'ﬂl‘ig"s%ei ling and
floor through the flaps. In addition, simlar or different fasteners may be

used with chanmensplef theders) could/berbentahrmg dtaictaal featurbs opameligingo a wal |
surface. In general, installing a fastener involves optionally pre-drilling

a hol e t hr ough-siid @ithRRE ebpadifiatd heatideeMibrhésiei | i ng/ f1 oor, optionally
coating the fastener with an epoxy and screwing the fastener with and/or

w thout a fegsrvarial 42lca sidey i UBthe! MIESRARG NG Bntafoddifaripbe unti | the

fast ener has expanded or gri ppe e I nner wa or exanpl e,

| a concr ot ok ar ] e e B Ge iy e BB S AR o conerot e,

brick and block.. Tapcon(r) concrete screws tap threads into a predrilled
hol e in concPéE®Mrick or block. -66 WD 2007/ 073363 PCT/ US2005/ 042983
[00209] FIG 46 is a side view of the blast/shrapnel containnent panel of
FIG 45 shovifB8 heFlGA%isch fiant parspediive vieysof theddast/shiapsd or dance with an
enbodi ment of the present invention. The overall nethod to create the

panel s il | ustardaisment pEnasnf FAG. 43 shewingythé peheldsfter ireegubéntrig peochaeel to fit
the wall, heating and bendi ng the approximtely 90 degree flap at the

bottom of  tfepspt8Bel, 4840 ontthé hep hed bororafsiddse inaddorddmey withiaat | on; heati ng
the top of the panel; positioning the panel against the wall and ceiling

and fast eni ngmbbdimepRbi B pregénttifvéiidnf VoBile pARNAB00 id SBow® Withflapge panel
al ong the contour of the <ceiling; and fastening the top flap to the

gf;'sit ?g » ggﬂ%ﬁ'ﬁﬁé appféxirftdtelySp&pbh@tliaPRS EGEhbY & i¥ k& Ve Roptd¥iatdY Bdianped
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/cr 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 concrets, brick and block. Tapcon® concrete screws

tap threads into a predrilled hole in concrete, brick or block.
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cont ai nment panels of FIG 43 showing an installation configuration of the
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 may or may not be fastened to a wall through
t he over| &{p2ad7/88a43 on usi ng nechani cal fasteners, chamoglus200tfeg¥echani ca
fasteners, adhesives, tape, and/or any conbination thereof. [00211] FIG 48

[ f t ti ' fo.t t.t | | t ai t
panel & of F1 Q028" I 46 SoralSl BRI e PIST SoRBRFogreHie Bl s, i
fhe panel 4550 Erehorgne T DR nes PETT A0 FEeriaes oAl mmy or
may not be fastened to_a wall using nmechanical fasteners, channels wth

mechani cal f@¥pPegigrant ohHicRliesert inyrntion. dhp Querdl methashiorgiaaiedhe [ 00212

FIG 49 is a front perspective view of the two overl apped bl ast/shrapnel
cont ai nnment panas dlugeaied in§lGs.stdio 46 may indl@le: precutting a peapkto fR¥8D, such as
an elastic type tape, conponent covering substantially all of the -67 WO
2007/ 073363 wal/Hda%n0 aha4208t g the appagpiadicheadndegraehitapsatdhe dbitbineofpanel s
with flaps, in accordance with an enbodi mrent of the present invention. In

FIG 49, thehbap@eMyfitiRe 8BRbInGS th@Vall/fiabr RyelidmmRatng aMopdsngsal Iy on the
side that will be to the interior of the structure, along substantially the

entire |engt kb, ﬁé&?ﬁdﬁhe"]ﬁr@a s he viEarld eiliiriyzéh’tﬁj?astlé}ﬁné Lf%os' The tape

could al so be ap’;ﬁsl e t he ot her, e or to both sides o e seam For

ST Mo F 8B o B iai Rty P el MR PRI B S5 DY
L ont et el o Bt WG B R 201t o b 25t i apnel
[00210] FIG. 47 is a froni 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 abutied 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.
[002121 FIG. 49 is a front perspective view of the two overiapped
blast/shrapnel containment panels 4900, 4910 similar to FIG. 47 with a tape

4930, such as an elastic type tape, component coveting substantially ali of the
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conponent covering substantially all of the overl apped seam on the side of
the panels with flaps, in accordance with an enbodi nent of the present

i nvention. Tape could al so be placed in any orientation, such as tape strip
5030 and can _.also be placed along a flap as illustrated by tape 5040.
[00214] FI T97863 partial cross-sectional side-vi ew RFI/EH0GHE93Me
concrete wall portion with ceiling 5110 and fl oor 5120 slabs of a building

with a bl as&\/eﬂ%ég%@%aﬁ%ﬁ Rl UiBbf tﬂ_@{bﬁheé%ﬂ%fg | ik QB&SaRsed whi ahe

concrete wal | I'n accordance w an e I ment of the present
invention. E : . ALl ted. j .skabs 5110
and 5120, r%@%@%wg\bggg/ﬁg%g%%g]ﬁ@a%BﬁFgéafgpj’)ér ?831%' r@%ﬁ@éa@)@(@%}ﬁ onal
side-view of _the outside concrete || _port.i,o ith ceiling 5110,and fl oor
5190 o1 abs.1VeRRAOvBTaRe ARG, beeraen Tt oe el b T R S an
inner cosnetic wall surface 5160 with a _blast/shrapnel contai nnment panel
5140 posi ti dhestraelkre talong suksinatiady dheantire lenglh of the seardy, whisBénay eh an
enbodi ment of the present invention. -68 WO 2007/073363 PCT/ US2005/ 042983

[ 002161 FI Gmagnokinaluperthé dapsr ©08s tapectduithalsodiedappliedo die other sidegirde

concrete wall portion with ceiling 5110 and fl oor 5120 slabs in FIG 52

show ng t he todioth sitieaf thge S0, &orlexamgle, thestapé icouldaid theuvibabSabd &7 f ast ened
t hrough the blast/shrapnel containnent panel into the top and bottom sl abs

posi tioned tBgXEydint MENCRIEITEY By \Miist Rty SySteREC HINORIAMoiR ity embodi nent
of the present 1nvention. In Fl 53, fasteners 5170 may be a Hlti(r) HSLB

M 16/ 50 vm't@kl?h%in?rreter of approximately 16 nm which is manufactured by
Hlti, Inc. "0 ul'sa, Gkl ahoma and descri bed on page 155 of the 2005

AL P o B o GRS B, ¢
fasteners rlarlétjsu rIJlr:;ttphneel ];Lﬁf%?nment panels of FIG. 47/48 with an elastic tape 5020
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 sirip
5030 and can also be placed along a flap as illustrated by tape 5040.

[00214] FIG. 51 is a partial cross-sectiona! side-view of an outside concrete
wall portion with ceiling 5110 and ficor 5120 slabs of a building with a
blast/shrapnet 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 pattial cross-sectional side-view of the ouiside concrete
wall portion with ceiling 5110 and floor 5120 slabs in FIG. 51 showing the
addition of wali framing 5150 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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and into the slabs, with or without an epoxy adhesive on the threads of the
fastener. In addition, an approximtely 1/4" to 1/2" 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 nmay be used with bolts and pl ate/ washer/etc.
as the faphenehszss) this case, the rod woul d be epoxi } hol e, the
epoxy would be allowed to set (up to 24 hours), the pg’gg“@%@?{{’ﬁ%

pl at e/ washer/etc. installed, and the nut fastened down on the exposed end
of the thred@eié} odFiG. Bicissi pastialfcrosresdaionehsde-vigvaothariitsigp eondrepoxy nmay
vary depending on the threat level. [002171 FIG 54 is a cross-sectional,
si de-vi ew ofwall gadriisit Adthrostimgl 51 1Qoaricaiicorsn RO piata! in TG0 saehofvingttiie eghliwi t h
alternating | ayers of polynmer 5410 and al um num oxi de granul es 5420, in

accor dance W’rén"ﬁnQ'B@Uté?ﬂ'|ﬁﬁ&cd%?ﬂétﬂ%&ll%&%@@%1'ﬁ@‘f§%h@ﬂthlJoUgl'ﬂ]‘% 54, the

al um num oxi de granul es 5420 may vary in size froma small“grain to a | arge

207 s and THVeRGEmCf boffRi i pAFE ’“1@“@"%%%*’98‘8&[%%%@@é'%é@ rely o to
F ﬂéfﬁi??ié%ﬁﬁ%ﬁ%@@% @%%81' Q%ﬁcggdaﬁ'r%g ff"s Ugédlﬂ'@“\ﬂ trﬂ'f‘f; rrgfgelor | ess

alternating layers as appropria ener al oI yner | ayers c be

al ternated '€ @W%"iﬂﬁ@f In % aq;gn pdrPanay geﬁ{%@:bl B'M 16750

bl ast/shrapnel . contai nment panel. The granules can also be interm xed with
one or rmor e Withdiangier ﬁieamfpy:ﬁtatelyttﬁm whieb i snapaguratketijti, Inelays at
roomtenperature and 24 hours at approximately 140 degrees. [00218] FIG 55
is a front - wfdwisal Cklakeinha and aleburitiedi orgpage 155 okithev2005 Hiltl® Ppidaict

bl ast/shrapnel contai nment panels 5510, 5520, 5530, 5540, 5550 and 5560, in

a¢cor dance Wdchnigal @oieedi Ingftherdl, thbse fisesrNé mapMeninstiled by @enkiliay t he

holes 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 épproximately %’ to 12" thick plate (not shown) may
be fastened on top of the ilaps by the fasteners. Alternatively, %" to 12"
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/washet/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 potymer 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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panels will be cut to fit around w ndows, doors and other elenments in the
wal | and caul ki ng and/ or fastening systens nmay be used around the edges of
the w ndow(s) and door(s). Panels may be abutted agai nst, placed beneath,
and/ or secured to the door and w ndow franes. The door 5570 may al so

i ncl ude an WOEMGOABEW bl ast/shrapnel contai nment panel axmisssssees i N
relation to FIG 24. The bl ast/shrapnel contai nnment panels can be secured

t oget her, for use, of, ape such that the panels act as
a single el e%%?aerq)égq%m%?%%xgnﬁ?%{ ﬁtbﬁgﬁweq&'@n%eﬁ§ g parti al
front-view of %}/a havvlndo in a. buil 8 ultfltedvylt mul tiple

bl ast/shrapnetb’p% Fﬁ?%lﬁnuﬂﬁﬁn@’ﬁ 2lagppss 8“5&% (gt lesgp %'55‘336% R 5620
covering a w ndow 5630 and associated frame 5640 and extending onto the
wal |, in accoruiapriertinien lageartddrotener Byerseanfaslsrnatadivignanpathern FIG 56
a clear polyurea (aliphatic) |ayer 5620 (for exanple, Polypro 6062

cl ear coat fr dyp&fss of mataréd honprasiyice bfastéshrmnﬁaynt@imwentl\padei.g'ﬁlme may be
spray applied to cover the window (e.g., glass, frame and surrounding -70 WO
2007/ 073363 RgaNLISZQAND/H2B8 htemnikbd whfcﬁtréa)r mdie layéveof fie: gepmens Cuge an
airless spray unit operating at approxinmately 5000 psi and 120 degrees

Fahrenhei t t%rﬁ@"!seéﬁlvﬂokmi’at@?y'? attrbbﬁ;&emrémr@@rm 24'h@5§F§éty 30 mls in two
coats. Each coat is al ry before the next 1s applied. Thickness

depends on t g ction requirenents. Surfaces are cleaned
and dried bef r%ggﬁ%&elkgglﬁor?% os(ra exanpl e, using denatur ed aI cohol . Panel s

Ty be LQZBa'tfﬂﬁ&ﬁéﬁeﬂ%*‘%ﬁa"“ﬁo@ﬁeww QR ?rﬁﬁ'Fﬁse'WZFF”ts

The cl ear gl be ap Iledto one_or_ both sides of the w ndow and
meral Ly, i folasHSiTapnel Shhiainmaenipangls 55 10,0240, 530, 5AQ. 550 Ad PSBOHR. i de
treat ed.

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 cautking 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 panet 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 8062 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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[00220] FIGs. 57-59 are partial cross-sectional side-views of an outside
concrete wall portion 1502 with ceiling and floor slabs showi ng a nethod for
installing a blast/shrapnel containnent panel using an adjustable jack
mechani sm 5750, in accordance with an enbodi nent of the present invention.
[00221] | wdb@r0B363a pre-cut bl ast/shrapnel contai nmentPCAISI0582383 | S
secured to a floor slab with fasteners 5730 secured through flap 5720. Next,

a3 ayéasszimé%%zmrﬁ@r@wgh%@%@@b% Bfeheatil ey 00 he
Fl . [ 00222
S5 e A St e W%%hi%v?"”gﬂg%ﬁae@}e PorbAlgEe] 7
6010
O e S0, P8 9205 03, 0 Mtitng an

I nner cosnetic wall 6050 and fastened, with fasteners 6070, to the ceiling
6020 and f| o&Ei®@e3e spxbis applietc Caiclmensciapients on thaliyariiene! Rptackien pr esent

i nvention. The panels 6040 may be painted, wall papered, etc. and nmay be -71
WO 2007/ 073368quhemais20Biiade9 88 clshned aoddﬂ'eldbefcme appligediont fong, etc to
provide a smoother finish. In this exenplary enmbodiment, floor covering
6080 is fol destafpltk usingdendttedatostis. P‘aﬁefshﬁaysb@h%taimld\@r thsté@dtingt | on.
[00223] FIG 61 is a partial cross-sectional side-view of the outside

concrete Walahow HeQRinBOWRNY fhbtefifid éi&%eﬁ%?rga?fb@ Jsb@%ro@@ﬁ@hé bahs showi ng
the Dbl ast/shrapnel containnment pan€l 6040 installed over "an 1 nner cosnetic

8030 slabs, R ran st R IREHPUAR: The ool s shAPRISRRIATS,  ne'
cei |1 ng. 6170 0npoB5oH) SeteT R FEgRia BB P o TG s bRy g T or

f fl
orm ng ap%reated 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 shbwing 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 fiap
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 slabs 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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contours on a blast/shrapnel containnent panel in accordance with an

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
formng jig _6200. %00225] FIG 63 is a side-view of the hinged formng jig
6200 with t WO B%AEP3636210 in an internediate position i nPErTsMeAgas W th an
enbodi nent of the present invention. Mre particularly, heat is applied to
t he area of el At i.n 0l & 220 and bottom
pl ate 6230. Asl hcgg?%ug%@ﬂgg%gﬂt@gggt;ﬁgo%&a%é)%tsang %ée@@]r’r%'p%ﬁggl e, the bottom
plate 6230 is__ rotated about hi.nge 6240 i i.r i ausi ng the panel
510"t oot ar (X B RN paesb1b8f ebieinal el fikedBank B PRMER #4858 T or mi ng
jig 6200 with h&e ’t%ggel . 6210 in an exenplary final position in accordance
with an enbodPriB®elabs duipg Instalalion. i nvention. In this exenpl ary enbodi ment,
panel 6210 has been bent into a 900 bend with top plate 6220 bei ng

per pendi cul arl00&3bot Flsin il istaep@ialcross-gectinpabsideMEng sbthermizidsz00sRi1 2983
The hinged formng jig 6200 is left in this position until the panel 6210
has cool ed amall p@tion BHi Davithoteiling 6620 andktihortatSOhsiageshdwingihey jig coul d

al so include a formover which the panel is bent to inpart a shape, such as
a specific rilditishrapiet asataimmeitinel 8840 instzdiet beebaninmeetbsmatioivallhe panel .
[00227] FIG 65 is a side-view of a hinged formng jig 6500 for formng

flaps on a bigsal faimR) SlithoRBicAEREIY0, RAMHR cifPadtay AR a6t doroegksy, ed

heating el ement ’65_10 w'th a panel 6210 inan initial position in accordance
W th anot herl}w%ﬁﬁp%ﬂﬁﬂ&ii%e@g@g}%oﬁ’ ES&&IE{? édﬁ\(ﬁgtshgw il A% ffahddBodiGirEnt _can
include an on/of T swtcht and can Bbe plugged Into a power®source. The
heating el eneil, F¥pdhe? 8okl EMdinting d0bVe TRThakNS dFsiPbiiftiget AIPEr ature,  and

[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 botiom 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

AT
’

in the hinged area between top plate 6220 and bottom 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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thus pliability, of the panel 6210. FIG 66 is a side-view of the hinged
formng jig wth an exenplary panel 6210 in an exenplary final position in
accordance wth an enbodi ment of the present invention. [00228] FIG 67 is

a front-vi ged formng jig for formng flaps on a bl ast/shrapnel
cont ai nrrenﬁwgggﬂé'{% %5{10 in an initial position in accor dd{Ga'SAus{H4298hn
enbodi nent of the present invention. The formng jig may al so include

llevers, for mhmaiRing @e%m’emgn? Gﬁod/ié)feftﬁﬁﬂh@@b%bhYmﬁﬁh@fﬁa‘ﬁ@i@ﬁﬂﬁ@@ to assist
W th bendl ng the panel o the desired configuration. [002291 Pol yners

t hat may be u(aﬁi? dqraguf 425
from Shgrvm' n qgnms an é‘?@g @lU@t@@%@h?r 8‘8‘8%@21&@‘@ %’.%hpq'z%&em ch
may be m xed ay ane For

ol et he TR Abeaf BRI ﬁﬁr&xféﬂn%%rfecsﬁ%@a SRR B8 [ 00230
The bl ast/shrappel cont ai anel s can be, us n conjunction wth a
pref abri cat ed"a\%&{ Sy CIEEEP4 %&%E&@PWP et BP&PHB’?%&PW wa | di ngs. Wthin
-73 WD 2007/073363 PCT/ US2005/ 042983 the section i s enbedded a

bl ast / shr apnel002%ht aFliret ispasige-viemef 8 bindedriorming lig&&90dat orining epsm num
wal | surfaces between which have been injection nolded a |ayer of foam

i nsul ati on, anlatblest/phreghel sordaipethid ganetad1d havind armintegnatad medting.  Ar ound
t he edges of each wall section may be a gasket to forma seal wth

adj oi ni ng secslement GEENwith eypaaiet 6296 andn Britial bosigen @i abcdrignd@nih may be
positioned near the inside of one or the other of the alum num surfaces.

[00231] FIGs. arﬁﬁhareembédiﬁieh@bﬁtr@r&bbéﬁ IRVERRBh AMHe HERAHY BRitherRca

bl ast/shrapnel containnment panel.” Associated with one or nore sides of the

panel i's a 16,95 GhhvbiRulich B5 2R3 ok BeARIdekfinl 25HARPLoliRESHRe that has

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
anh embodiment of the present invention. The forming jig may also include
levers, for manual operation, and/or mechanically aciuated devices to assist
with bending the panel 6210 to the desired configuration.

[00229]1 Polymers that may be used to manufacture the panets 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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gi ven amount of slack, such as a pocket, to facilitate the el astic expansion
of the panel. The panel may or may not have enbedded within the polyurea or
ot her elastoneric material another reinforcing |ayer(s) or fabric. [00232]
FIG 68 illustrates a panel 6800. The panel 6800 includes a polyurea or

ot her el astanenoy/e73aest eri al portion 6810 and a reinforci mgThay®E0420620. The
reinforcing | ayer 6820 may be affixed to the panel 6810 on one or nore of

the top, bott r..sl de r h an nner. of att ment. i ncl udi ng
one or nore otﬁg]gﬁ%ﬁp??@?s é@é?(ﬁ%ﬂ%%%%gggﬁﬁgcogﬁalg%ﬁp%%[' gﬁ' tsf?é’t“m?ei nf or ci ng
| ayer 6820 into the polyurea .or other elastoneric rial,portjon 6810, or
thac i ko Thanpubfs sRErbg i ByBimeie B uiarg reien WBEBITAR LR ket panel
6810 t hrough the use of one or, nore of fasteners, adhesive, channels, or
the like as dneklesseiayrepkioartipswlation.andthe panebismmbedaed willin ¥ forpss.
69-72 illustrate alternative cross-sectional views of panel 6800 of FIG 68
t aken al ong Angulalion.FAGUrebihetatigepof pacte wall sectidremay dless gashat te farex r i al

portion 6810 has enbedded therein the reinforcing |layer -74 WD 2007/ 073363

PCT/ US2005/ 04585 dithGBESIninGreectiehsiivben gy dreyasebif. alhsgeneond lthiel panain
expansion portion 6910 that allows for elongation of the pol yurea or other

el astoneric rmhgbbadosﬂfefnbb%ar el RsideQil 2Aé]or fh&othéP of iHduaLmies anot her

configuration of associating the reinforcing |layer 6820 with the pol yurea
or other elas{pppEkC material portion 6810. The end(s) of the reinforcing
| ayer 6820 are enbedded within the polyurea or other elastoneric nateri al

Do o hs T SESE R ERR s e AR b
PG Tl showy el Sortamen? Sanel Agsoeiatel wlnFore O mdrd St SPine
panel is a reinforcing layer, such as the fabrics discussed herein, that has a
given amount of slack, such as a pocket, io 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
mote of the top, bottom or side(s}), and through any manner of attachment
including one or more of gluing, fastening, embedding of a portion 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, adhesive, channels,
or the like as discussed hereinafter in relation to FiG. 73.

[00233] FIGs. 69-72 illusirate 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 fayer
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of the polyurea or other elastoneric material portion 6810. In addition to
the wapping, the reinforcing | ayer 6820 may al so be secured to the

pol yurea or other elastoneric nmaterial portion 6810 with an adhesi ve,
mechani cal fastener(s) or the like. [00236] In FIG 72 the reinforcing

| ayer 6820 W&204%87§éG3ated with t he pol yurea or other el @stasemnsosnst eri a
portion 6810 through the use of brackets 7210. The brackets 7210 securely

Qg lﬂgrtgleagte B%B%PE"?F%[ sl Ry @ﬁg%‘@%%"ﬁ%! G R %?“‘?Q?P?ﬁ'eﬁrea >
i 023
|ans'ta Z: Ygd a Bf‘é}sqlplg‘fﬁf%%&ngag&ﬁpg%?r@ixdrﬁ%ﬁzé h%i’l\% i ralegém\%%\l{%%ﬁga?‘ayer

6820 and a pol urea or other elastoneric material portion 6810 installed on
a concrete wdid107300 with ceili ng 7310 and floor 7320 sl abs. Fasteners 7330
fasten through the blast/shrapnel contai nnent panel 6810 and the

rei nforcing 1[6§23] 688I%.i it dusirates aopthandotfigurationsdizesopiating thened next to the
concrete wall 7300, in accordance -75 WO 2007/ 073363 PCT1US2005/ 042953 with
an enbodi nentremforting lpyersEBH0 witly thd palyured ive of s ebnomernid Bthtoryl poetich

Hlti(r) HSLB M 16/50 with a dianeter of approximately 16 mm which is

manuf act ur ed g oHTHd end(8F of 9k ramlfc&ang e@*@@l!@a?é\@n%‘a%ﬂ%ﬁﬁrpmeoage 155 of

the 2005 Hilti(r) Product Technical Qi In general, these fasteners nmay
be installe I i on of
the reinfor ggoﬁ})br?%;ﬁ;ggméézé&é’éiﬁ %bgmﬁﬁﬂﬁgm&n 6383%% Iﬁssfé?]ﬁ ﬁﬂgr ‘{c’ﬂﬁc@gé‘% eners

{frouan e b ABR Bk YTl b2 Bha i ehusprataY, oches, ve o
el nforcing IGRPPEESPHPTEROTORE thor s. The T ei nf or o Lgaf’iyiPdﬁg‘z’baﬁSSt
al'so be wr app[&(]:lzs%]r Oul‘r—']IdG t7hlest%00\.ws. 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 may 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 refnforcing 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 bottomn slabs positioned next to the concrete wall 7300, in accordance



before fastening. 1/4" to Y2" threaded pieces of rod nmay al so be used with
bolts and plate/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. installed, and the
nut fasteneuo dwm73esn t he exposed end of the threaded redruEbmssissg of the
fastener, plate and type of epoxy nmay vary depending on the threat |evel.
[00238] While gverly simplified for ease of il lustration_ during a bl ast,
force B I's ONEYaREMBROTHEMASHE BraseRhontayD, THEESIEREs 230 A 5800

buckl es toward the blast/shrapnel containment panel. As the concrete wal l
buckl es, t he HE& HgLBIMI6/% with adiawetansf pepiexireately 16 mm. WHCB&L0 defornms in
direction B and fills the void between the polyurea or other elastoneric
mat eri al por tmanufégueed byntiiltiHacr ef Tiflsa, Qklghdmy and @g26ribdrbor pgge dbbmg up t he
slack and transferring forces to the reinforcing |layer 6820. [00239] The

expansi on porthé @005 MildEt PraslutiBedrmigl Guide. tiheyenetd)f ek fastbfg@may an be
configured to allow a predeterm ned anmount of elongation of the -76 WO

2007/ 073363 R@hh&?@%@&ﬂmﬁg’»homlmw ﬁf@psq@h@@ne'tﬁépeﬁwni&m@t erial. For

exanpl e, if 400-800% el ongation of the polyurea or other elastoneric
o2l 1o dBRtoRtly il ool WP HER G SIS L IRER IS
ayer st al | hosBlok b e AP RIE0H B) bl Heestad MRS e
[00240] The JERESEso, n 2HENPR. BARDPEHIBRCHHE o Actrigk BRE [SRSPONIE h < he (
reinforcing fabric, could also be coated with a skimcoat of material that
woul d al | owraay baifagiened pp tefuet thedlaps and aséacent raiforaing [ayer 6820 by thee panel .
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/eic. as the fastener. In this case, the rod wouid be epoxied

into a hole drilled in the slab, and the epoxy would be allowed io 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 ovetly 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 elastometic matetial 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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[ 00241] Anot her exenpl ary enbodi ment of the invention relates to systens to
be installed on or adjacent to a structure including wi ndows, 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 net hed fooro73pgzoduci ng such systens. [ 00242] The syg&mg&mg@h%es
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
wal |, floor, PORUI¢ehar aingr slastepriconaterial. r bl exaeRie, 1540@18%% pengdliator top of
a vehlcle The panels nmay in part be produced by raying a pol yurea or

ot her el ast ogéthecpolvtreri alothgyelagtomeric ynaterial de éaswewf) thiealeinpth eftiet he
production process and the perfornmance of the finished panels, in producing
a material haelyoeea opothee dlastarngyitt inateriahportion sah dexdatemghbd apthdperti es. The
panel s al so may be produced by brushing, rolling and/or trowelling the

pol yurea nmat efdrafatioh aﬁahleé r@h@ﬁé:@@ﬁyemrﬁwnleals@bh tiattitie sdggﬂahﬁaly édUéFkneSS to
formthe finished panels. Alternatively, the polyurea nmaterial "or -77 WO

(2?0(73/ ?723?%5%2%%’”5%?%@]4 @ﬁed and/‘ﬁ:ﬁ‘@ %‘%@Jﬁ%ﬁdd bon o‘h rgglto: Iyeflo
the interior @ﬁﬁfﬁi‘?%eﬂfthﬁg%ﬁ'%w&h H_; rrﬁ#rrlgt?'H g%@%agh%er%dltlon one or

more fabric F orcrng rs” may €d to each ot her

and to a fi rsh}nga’%/eil of .el astoneric material and the |ayers nmay be covered
by second Ia g%rrerl c material. In yet other enbodi ments, panels
with multiple | ayers of fabric, as wll be described herein, may also have

appl i cati ons [§R4Phe Fheopaned 6808, anshia pastiarthaside ‘PfGUQJP@PeEN%ﬂ@(’rer s such as

pol ysi | oxane, pol yurethane and pol yurea/ pol yurethane hybrids nay be
enpl oyed as seintarcing fatiios sould ghest e ceatediwithc alsinr eceatiof raterdal gaatebeuidr i n
bonding a | ayer or |ayers of the materi al

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 production process and the performénce of the finished panels,
in producing a material having improved elongation and tensile strength
properties. The panels also may be produced by brushing, roiling and/or

trowelling the polyurea material or other elastomeric matetial to the desired

thickness to form the finished panels. Alternatively, the polyurea material or



directly to the wall. [00244] FIG 74 is a top view of a diagramof a
portion of a process for making a blast/shrapnel/projectile containnment
panel, in accordance with an enbodi nent 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 di recW®iiEsmdicd weave in a left to right directiopcagddsegsend | ayer
(Layer 2) of the fabric being positioned substantially perpendicular to
first |ayer s?hth t the run in second layer is in aleft to right direction
and the weav@< qlpstamerigsopterial mﬁﬁggﬁpph‘@j (i & tspravRd, gughad gfledof the run
and weaves of the layers is only described here as being perpendicular to
each ot her, GH&Y tisxtalledhansbpnded diredlyde e interinsrsurialcewd actructuralomadl nat i on,
for exanple, diagonally in any increnment between O and 180 degrees,

di agonal | y ofol beidings dmadditinn aonke eemes idbrie ctinfoncihg tayefré negtbe afadhad down
and/ or side-to-side, etc. In general, the |layers can be arranged wth any
orientation whdfekehersitio eddh MEeRART 0T BR6RByBEDf bIS2RMGRIALRSIal £9P2451 I n

one exenpl ary enbodinment, a first |ayer may have applied to one side, for

example, a @ Byl maylav@iverld BpSxoriNdydbidBRkieMALAS. 9 yé@e second

| ayer may be positioned in an off-set orientation wt I'Tst er and then
pl aced again r . | tele- r.. f.abric ¢ nent,

Wi oh may be Lt ST Fants, SRRk Aml bl AR e R B B BRERERE Ly "rmy
be applied t under sjide of ,second |layer. .and then second | ayer nmay be
posi ti oned aﬁ‘ﬁ%‘ﬁ’a@@)ﬂ aLs&al?%@aqqllpgftloqsdgé}pgﬁgld@gggrgog@aﬁg fEnorgt j | |

al ternativel h ers 1 & 2 may both be pretreated with epoxy by spraying,
rol ling, br ui‘?ﬂz gy ariomers stEh ag pelysilegngepalyuisthanaiangdai nst each ot her.

[00246] In FIG 74, pressure may and/or may not be applied to help Layer 1
and Layer 2 Rehdres/pelyursihashiylitidsinanke epwlgyesias an altethatiee tmpidlpureaenove

in constructing the 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 paiterns 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 ofi-set
up and down and/or side-to-side, etc. In general, the layers can be arranged

with any orientation therebetween.

-78-



air pockets between the layers of fabric. For exanple, the pressure may be
applied by use of a press, roller(s) and/or other neans of applying
pressure. ldeally the pressure may be applied evenly across the entire
surface of the devel oping panel and to permt the escape of any air that
may be trappezio/bsteseen the fabric layers. The same apphi¢aiipboLdssPressure
may be used for each subsequently added | ayer of fabric and a ?lnal and/ or
only pressure may applied to all of the fabric and epoxy | ayers. The epoxy
may be spray 'E%ﬂﬁ edn on¢ s¥smplaly qrapedipent afiplidaverany hape @pelicdie ene t he
first layer and. each subsequent |ayer. The epoxy may be of any suitable air
and/ or heat 6ifleafirexanpisa topt side.a layenefrepioxy andiherny agmswnweiteiof ghe
properties, for exanple, but not Ilimted to, General Polyners 3504 Hi gh
Sol i ds Pri nesétSeral layeemaybeppasthiorted if maroffSfetomentalibhlwidniirsOaypaayd [ 00247]
For ease of illustration of the process, Layers 1 and 2 in FIG 74 are

shown as si nghen plau@@hgﬁhtsﬁﬂhbyaﬁhtﬂ'egékylﬁﬂfoﬂh%@@%lti—[&?ér RpAgRbmMpoMent, 1' -
Larger -79 WO 2007/073363 PCT/ US2005/ 042983 panel s” havi ng vari ous sizes

and conf i gUr yiicHihaite SeeRiRIFNEAYSds | BRErs ﬁ&@DA@erngﬁg%gﬁggggtogﬁ%@g square,

round, oval, ovoid, rectangul ar, any other s 2'
2', 4 8, 12 4 ' di ' h d
conf or m)s(ll patb ? eafﬁgéd L%%\S/%r}dargiﬁelt gsggﬁbg}%@g? gﬁ@fﬁ%m@qs%\@%%ﬁéig gwfilpfa be

[ I ted ' t d I, to facjilitate th ducti f
Tl 11 pl 6. enbBAPTATES 200 v HAIS 1L Vi a2 st iP Mescofibed’ herei n. The
equi pnent des&ri bed herein ma dified to include applicatjion of

be nmp ] :
alternating PURIMAERRI% lpaa)fecr%ﬂrglz@@f Bothrber piipated; Wikh epexiLy sprayiBBet ween, as

descri bed herein. For exanple, rolls, sheets and/or other wunits of fabric
that may be &Pl Hrishieg.ysaskingn et prer orkeing plaged againstepelvothes and t he
epoxy may be automatically applied between the | ayers by spraying,

[00246] In FIG. 74, pressure 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 sach

subsequent layer. The epoxy may be of any suitable air and/or heat curable

epoxy material generally having good wetting propetties, for example, but not
limited to, General Polymers 3504 High Solids Primei/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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rolling, etc., in accordance with enbodi nents of the present invention. In
addition, alternative materials may be included in the panels, for exanple,
other fabrics, materials and/or nesh materials, such as, netal mesh, wre

mesh, corrpg%itﬁ,é or any conbination thereof. Simlar to the fabric, the

al ternativ& iy &YP%P s may al so be feed to the equi pment PEFHRPYMESI sheet s
and/or other units of the material (s) in the appropriate orientation.

[00248] |1 Fhiheld havid Wiolis 3ebifhadihfiuabAl 8fb bofikpRiagspet ated it h

this enbodi hent, the“fabric may 1nc rrcs produ rom aram d and/ or

pol yester ya ' | | ' rn and fill
Varno on 1 neRamfle; UsrSie Mey b higRE Toflnl bR RERIT S ARhURER AR Sl o
or larger grid enjing_sjzes ,are,.,h er.,, belj,eyed to he suitable, for use.
The | tenei 1 onty pEfREShAdk ShASR Bistiz KAt K R T He Bt B BRWEH ¢ e
order of 1200 psi by 1200, psi,. Fabric made from Technora and Twaron- brand
aram d yar n8s ¥pleusiE pRappderifemapattems. rHewewasit i eoniemplaiedithed thee
particularly -80 WO 2007/073363 PCT/ US2005/ 042983 suitable for use in this
appl i cati on, progesedihipe énplemented usingiatitainated enptpmentio fapdidateftheimasswi t h a
0.5" x 0.25" grid opening and/or Twaron T1000 fabric with a 0.25" x 0.25"

gri d openi ngprdddQ2a9bf nultipleCcembbdintdres oEthel ganels, tabalispiasselsan dstesunibed d
described in FIG 74 above is shown by Layers 1 & 2, to which another |ayer

of epoxy mayh&ein.appé egdiphter deséritiddesrein rhay b6 riedifiéd RSingleger i bed above
relative too FIG 74, and a third layer (Layer 3), which nay be seen to have

an up and do ' ' I | oriented
WhplfcafioR B ait%ﬂgﬁﬁn@ ﬂn?/im@ﬁvéf‘ﬁét\/@m ENZES %@fﬁ?i& AR %;Zé y

and placed on the top si of second | ayer to resu int attern shown

| TorTS |10, et o Joocb AL PO ROBHBE, T sPa BRI T, 1, 1
paths thr Ouglr}ni%shgf fgl’:)'ng itl{]a%lm%r i'aéj aBB%Birigl%?y tiarri]ented before or during the process
and the epoxy may be automatically applied between the layers by spraying,

rolling, étc., 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 fo 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 yamns ar fibers, with an open grid (opening between warp and fill
“yarns) 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 1o 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. Fabtic made from Technora and Twaron-brand aramid

yams or fibers produced by Teijin Fibers are believed to be particularly
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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 |ayer of epoxy nay be applied to a
top side q&o%ﬁ% 9&% or as described above relative to FIGs. 74 and 75, and
a fourth layée ?]Lay%r 4), which may be seen to have a RiTeS20¢5/04198% run and
an up and down weave, may be appropriately oriented and placed on the top

side of the siidbtk faxyRe ik ehis e@pplidation, fohexaablee but BaKRitddto, Fbéhnofd as Layers
1 - 4. [00251] FIGs. 77-79 continue the process described in FIGs. 74-76,

o > L " roce: . g
o resul 500 i W%P{a?xé YEL8” Bfid B@h%@ﬁ%ﬁ%&ﬁ%ﬁb@@‘f&br&%mér an

smal | er openi ngs. be appréci a ove description, the

process of t@_@s,,ﬁp?@%}dég%%}on may be continued until a panel having a

substantially so f-set and perpendicularly-oriented fabric

compl et et ol Pges T EFE25a o AT RECem slowa zbr espHagtin R ¢4, {op.,
y

bottom and sjdes) of the partial panel .described above may be coated with
a pol ymer t o2RRVEIIgEROWNFhY, %)f?é@lﬁjgage‘io.wﬁ'%aﬁﬁﬁlh?ﬁﬁyeﬁﬁi/ewy HaYhPPed to the
top and bottom surfaces to thicknesses ranging from approximately 10 ml (1
m | = one-t happligddota iop side phicaijer2o ol agdesdriber ahove relative toFihd4siatids t o
t hi cknesses ranging fromapproximately 5 ml| to 30 ml. The panel may be
tri mmed usi ngtldohlagat (Lawyal Spwitiichdsiay deassiendo daze mor g anchddenmin bhdkness and
fini shed appearance. The panel may be finished in a nold that may have a

The. panel S are 000t Snod 1o heve Py CEneScen T angl ng T om appr i ot oly 0.5

into 2.00 opf&ohB-laydri6 rEsiivia tRé phitém! shy®hsn HIG #8%sQ ayers 1~ 3. The
alternating pattern and orientation 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 perpendiculatly-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 pattern shown in
FIG. 77 as Layers 1 — 4.
[00251] FIGs. 77-79 continue the process described in FIGs. 74-78, which
resulis 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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and polyner. In addition, the panels are designed to have wei ghts rangi ng
fromapproximately 1 Ib. per sq. ft. to less than 10 | b. per sq. ft. with
various areal densities based on the specific type of threat |evel, for
exanple, but not limted to, types I, II-A I, III-A 111, IV, and Speci al
Type speC|V“E@WWH3Fﬁe National Institute of Justice (NedjuStasmwiassd 0101. 04,
Revi sion A, June 2001, Ballistic Resistance of Personal Body Arnor. [00253]

The nunber o r ' ; ' y e

protection di%quggﬁ Si'vagéorﬁ E)ér ﬁ‘]c alér%aée}ﬁ;haﬂc‘fﬁa&%bﬁé ga&(ﬁ%%é}b?ée@e Lkrﬁacﬁvent i on
may be deflndln 13 not the NIJ Sta dard

0101. 04, 58 &P /530“5’ rfr‘@cﬁb‘les B PatinfRar é?q&er‘?sﬁh?é/ AR B¢ her

r equi rerrents hould nmeet to_s the needs of crimnal justice
agenci es for Coﬁ‘géwﬁgﬁ%PP NI dp o .Ce[ﬁbﬂﬁglﬁ‘fﬁ%ée lndhe1rolyragr Bay Phst al | ed

usi ng adhesi ves, |am nation, nechanical fasteners and/or any conbi nation

thereof bot happlias terihedpr BBE bottogrsuiaces b7 fHickResSe PENGINGSPON5/ 042953  si de
channel s/ f enders and/ or washers into the door, wall, surface, ceiling

and/ or fl oor appmaindately thiillé nipsloesehbasanaith afati iJTchiDtd 00 atii @maore t he
panel. In addition, simlar or different fasteners may be used with

channel s, feaf@rsihe sited @y thivkpesss fadginasitan ahpeoxirBRE5 el @ Jumflace for
exanpl e, nuts and bolts, rivets, etc. I'n general, in building situations

wi th appli Catl"h@'bah@l tﬁ@?‘breechﬁm%d u§h@cbﬁﬁedﬁh8fﬂn@{ dod'sriéta%hie'vg% RofeASt ener may

i nvol ve pre- dr| l'ing a” hol e through™ the panel Into

wal |/ cei i ngh ko ik 0aabln s%%atapp%aF Re! @%gaezﬁe Helybefhfpicy, and

screw ng the" ener WI h an P t%rough t he

panel and, g u% I R A c@%%‘%@ﬁéﬁ’%%ﬁogaﬁ? O
concrete val leatrsri}wSl >sllde %légﬁe%l -I’;ﬁe-p%%egl( rgre desngned tc? hgvg (t)hqgkrn%ts(saess ?arn%\lll\gé[ hat grips

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 [b. per sq. ft. fo 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 |, 1I-A, il, lII-A, 1li, 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.

s

{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
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the inner wall of the hole. [00255] Alternatively, the panels may al so be
manuf actured with overhangi ng flaps 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 may have sone nunber of
| ayers of Welmwénw7sssdm the nmain body extendi ng into andpdhi@ugaiks | east a
portion of each flap. The nunber and extent of the layers in the flaps may
vary depending, on the . requirenments of each applicatjon. For exanple, for
low threat ré& i&@ﬁ@ﬁ@?ngﬁ@ ryeshiees InfQuine ‘EQRJIW?'HW@Q&I%E} % of fabric
may only be needed, while high/extreme threat requirenents may require as
many |ayers 8ndfoabppedependieg on theinplempntatina apd(as asigatption of e 1. As a
result, a variety of manufacturing nmethods nay be used including, for
exanpl e, manf addition,rejmilacoipifielentiastensis$ mpy tesusedswitiy channeds, demdsrsj onal
sheet and then bending the flaps into the desired configuration at the

i nst al | ati onaadfe washthetofasiehsthapandieiitg surstaldraskamiis, M 208 FoR,3363
PCTI US2005/ 042983 or by nolding the panels with the flaps in their already

bent posi ti oRvas, atc. IR'RA=RMINAE sit0aits witiP9gPRhtch Ietobrrdrat | ve
met hods of fastening may include pré-positioned fastening neans, for

exanpl e, - chagpg.s m&@ﬁ&l"[ns%l‘ir{b‘c & f%égfﬂ%?’meﬂ%&éwe%&:dﬁilelihga& holé?‘?roggfge' 5 may be

inserted into, over, under, e astening int esire ition.

Further stil anot her, .al t.er nati ve. Lncl.ude formng, the panel. directly
on. 1t and Jie BRaIAR e 66 MRcingRbor ptaay &idlindnt WBR i &
alternative, the panel nma e adhered to the surface b I rst applying
(using one 8PORHRR 5‘?"9"‘%\%9 ﬁﬁ%ﬁ@@eﬂwgﬁﬁm@"ﬂ o8t & eﬁ&%"@?ﬁ@ﬁi%& pol yner
layer directly to the surface and i mediately attaching the first fabric
| dyer, eit hethrough heopanglemgdriodpekpledepibind fagtener hae cxpandeag engrivped t he
pol ymer and when

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] Aliernatively, 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 exiending into and throﬁgh 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/extreme 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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the first fabric layer is applied to the polyner |layer. [00257] An
alternative panel, in accordance with an enbodi nent of the present

i nvention, starting fromthe top of the layers, is a first group of nultiple
| ayers of fabric, followed by a single layer of a wwre nesh fabric, a second
group of nmfi%3PB7E3463yers of fabric, a second |ayer of theT/ukes/wesh fabric,
a third group of nultiple layers of fabric, a third |ayer of the wire nesh

fabr . i anchritfhblairy Blebeflold M i} fadst Hcir Aed AR popfioles | Ded above

inrelation to ic and wr ayers are

alternated i nuof f - tern and epoxi ed together to produce a panel as
descri bed ar?ﬁ"%h‘éﬁ?"s@g‘%\'@gﬁﬁ FIGs. 74 - 79. The wire nesh | ayers nmay be

posi ti oned igned relative t ach other so that the run,and weave
patterns ina[ﬁﬁ%%\l}vi r@ﬁ}?gsarllterqagvgrrgetgpgsg 1a§fse@i”9a'ﬁﬁyéﬂ‘§‘éqg1ﬁ’feéf&°£tf% ar to the
fabric layers. In general, the wre nmesh fabric may have a tight/small
weave and bdasteBingdneans fenerroga, giprpelyr0GRIERIMsTIRbsREHs iSotet
directions, for exanple, but not limted to, wire mesh fabric 452 KP from
GKD- USA of tmapsnelggesy baingesied. infoooeggiinder; etonfnrifastesingdd theedesirest t he
panel s may include various nunbers and arrangenents of |ayers of fabric,
metal foil, psidion runies still,fzdother.aliBaratiea argyl iaclugdefermsihg tiepangmbodi nent s
may include, but are not I|imted to, a seven-tier panel with two exterior

tiers havi ngifdc oh e badRF afANd the suifhdl, (.26 DeirBfdcidd. thapg Oof a single
| ayer of netal separated by two additional interior tiers of fabric of five

|ayers Tabr ihondiflodio Sndtielbehi R thel QBRIATY find dgbiRREYGIANY cover ed

with polynmer; t same pan ] ust descri bed xcept t er nal

Cers T, oM IERY 8 6 58 DB R BRI Sgrifer B Yot ©
mterior ti e B+ e i rR LBl st RRY b et Mol LS/ o
with or without epoxy depending on the curing time of the polymer and when
the first fabric tayer is applied to the polymer layer.
{60257] 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 fabtic, a second
group of multiple layers of fabric, a second layer of the wire mesh fabric, a
third group of muliiple layers of fabric, a third layer of the wire mesh fabric,
and fourth group of mutiiple layers of fabric. As described above in relation to
FlGs. 74 — 79, the fabric and wire mesh layers are alternaied in an off-set
pattern and epoxied together to produce a panel as described and shown
above in FIGs. 74 — 79. The wire mesh layers may he positioned and aligned
relative to each other so that the run and weave patterns in the wire mesh
layers are off-set and alternated 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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interior tiers of fabric of four |layers fabric, and all of which are bonded
together wth epoxy and covered with polyner; etc. The nunber of |ayers of
fabric wused on the exterior and interior tiers may be varied as needed,
but, in eneral , the overall pattern should be symetrical from along a

pl anar ce%WQFm”ﬂVﬁ@3parallel to and between the front aPici/bseesawss aces of
the panel. As described above relative to FIGs. 74 - vari ous

79,
conf 1 gur at | ofifedfons ok Bkifbld) Bupféh el wirBANESIPRLYE 82 @Ymnfcgiég;g' enent ed

in various e I ments of panels contalning wre nes abri c. 9]

Exanpl e enbog'sgge&té?l%?#%%g%g@!)a ta_i ncl ude the external polyner coating) may

I ncl ude, but "@re no a 26-1ayer fabric and epoxy panel; a
40- | ayer faby]j nd oxy. panel : .a 100-.ayer fabric and epoxy panel; and a
23-1 ayer pan@&#th@%’%‘é’gfnﬁ?dq’@ﬁp Scof e ppiy m%’nfﬁ’\ﬂﬁr"@”ﬁﬁgh | ayer,
followed by 5 |ayers, of fabric, followed by 1 wire nesh | ayer, followed by
5 | ayers of nU*@ge%%ﬁfﬁm@@ﬁ%ﬁwwﬁb@m@@ failagig wirerpesbwed by 1

wire nmesh layer, and followed by 5 layers of fabric; and a 30-layer panel
with 5 Iayeréb@f:- fapExamplep spakeef thesa emppdimanthmayyinciude ddut@iedot by 5

| ayers of fabric, followed by 1 wire nesh |ayer, followed by 5 | ayers of
fabric, folllimged tyy alseMendiempghel wijieiwo exiklionktats having fasedagerefof fabici c;
followed by 1 wire nmesh layer, followed by 5 layers of fabric, followed by

1 wire nesh withyeee ittefof Gk @lRckinyle fayjerveftdiepakiéd by hWO 260kiohal
applications in which two or nore panels may be needed to cover a surface,

they may be py&id #BRESF ABRE BXfive: i ] ' ot be
connect ed/ adﬁ'er eé to gfach ot hg&rgﬂggg% of?b?%s%gné'eﬁg}s@" l?%ﬁé{nﬁdrtgggﬁ‘e? he

it ensrs! SifhpboyshatomERRAl b s e eate ARMIENS IR TN C21
two or nore )Z(icrga%l’t the To AR S gna'lsy' SSdiR i Sor RO 18N 5 1&ets 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 paraliel to and between the front and back surfaces of the panel. As |
described above relative to FIGs. 74 — 79, various configurations of
aliernating and off-set weave patterns may be implemented in various
embodimentis of panels containing wire mesh fabric.

[00259] Example embodiments (all of which include the extemal 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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not be fastened to a wall using nmechanical fasteners, channels with

mechani cal fasteners, adhesives and/or any conbi nation thereof. In general
to provide the necessary |level of protection a |length of panel nmaterial of
equi val ent_protective strength as the panels being installed my be fastened
al ong the ‘gg’lfp??g)ﬂf“%f two panels on either the front orPGEUR&VE2Ss of the
panel s using any of the fastening nethods and neans described previously

herei n and/ g 8l | By Haffe ARIAMARM ' | . f the
over | apped gﬁgﬁ%r a%ﬁ%dti gsc’i seans. If "a i%@%@gwggebg%yﬁgéfg%&%cﬁ% Peag over an

ctructure, aroRyeBERETAIS Mk BLBEAC, tlihadby 1 i FReh IBior oBbEA, 2 o

structure, anti a or ~exanpl e,

the tape c inclu . is not limted, to t al,- d "E" .tape system
manuf act ur eg’l% layg L5 0%%81“?’;%“@%? @M&,W‘F%BTE’SB#&H?‘%W@ @%‘?y@?l%hon&. - 86
WD 2007/ 073363 , PCTYUS2005/ 042983 [ 0026 FIGs. 80-82 illustrate exenplary

bl ast / shr apri@P¥ic, 9@;%@? Py d Wigg,mesh ¢0ﬁa% y StiRgersah éalyic folleves.  g0- 82
conprise the nultilayer panel 8000, as illustrated in FIGs. 74-79, coated
on one or ndiel yirgdvesh layer.Hellowrsl hy,bdayass obtabee, isllawed birli wiremashi al . FI G

80. illustrates the panel 8000 having the polyurea or other elastoneric
mat eri al 80l8yemand folloytedshyia Jayersof fabrici | | ustrates the panel 8000 havi ng
t he pol yurea or other elastoneric nmaterial 8010 surrounding the panel 8000.

FIG 82 ill yeoz6w] esirt fsplicatieis dOMEIch awd Bemaord papsls Ydebe aeedéd Ry clepst oneri c
mat erial 8010 on opposing sides. In general, the polyurea or other

el ast oneri ¢ 1BlkddeR th&ipMal HeaiRiibpfed 8 irfAt8ly Pfo IMiches Whbias@po0f the
panel 8000 and can be saﬁgvmeched Eg?megmlti B’| eo paneles 8000@5?00262] . An

Sl ey TP Pla BRI ASAOREE Sl D sl oS e Lces
through the overlapped section using mechanical fasteners, channels with
mechanical fasteners, adhesives, etc. and/or any combination thereof.
Alternatively, 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 sfrength 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 substantiafly 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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suppl ying an adhesive that secures the first |ayer of fabric to the second
| ayer of fabric and applying at | east one | ayer of elastoneric materi al
covering at least a portion of the panel. [002631 The foregoi ng description

has been p‘é@vzi dﬁld for illustrative purposes. Variations and nodifications
to the enbodiAEA ¥ Yescribed herein may becone appar erBCHES2HE80490% of
ordinary skill in the art upon studying this disclosure, w thout departing

fromthe spi [#0262nd RGepeOE2 itltli@ra@é@ﬁ@jﬁ?[an}’BM@ﬂéﬁlﬁf}nelTB&:jédQﬂ’é?i fic feature(s)
illustrated herein in relation to specific enbodinments can be used with any

ot her enbodi gBRfairte&H iR, MFR&banals Y FIEBold2 ﬁ@ﬁeﬁhulﬁlaﬁr panel

bl ast-resi stant panel system conprising:. a |ayer of a pre-cur astoneric

et eri 2l havig oot AR R ot YA i SIELELRLISE Jdlklifiens, (e T aver

of the pre-cured elastoneric naterial’ Tnclu of the
pre-cured el ric terial and a plurald .0f cont| guous ges of the
pre-cured el gg@gﬂ{q?@ 1['8{a]sg1r{1ergar@ﬁtef5llpfftﬂb.%?fldﬁ)%t;a&?/s Ra}%ééégdependi ng
away froma  sane side of the god portion, and a plurality of fastener

el enents for N@WRG e, golyHERa,POtRRF é’és@%'%ﬂ%tﬁf'él %’&b@ﬁ‘ alfirstisigeer Flé@lj8dcent to
a wall of a structure through the plurality of flanges of the pre-cured

el ast omeri ¢ HHEEategthe paneRO0havingibe peliurea or aiier #lastdmerigrdgrident t he
wal | of the structure. 2. The systemof Claim1, wherein the elastoneric

material is 861@euwduidibgthérpang)iBo0p. EiBs82 Hlusbaiat the puoneledN00dmwrgj | oxane,
pol yur et hane, and a pol yurea/ pol yuret hane hybrid. 3. The systemof O aim 2,

wherein the Hleaséipureniar otiaéredihstbmicsic elial 8080 dbéidsMg sidds. The syst em of
Claim 2 wherein the elastonmeric material has a percent el ongation at break
i h a range Oberdial the BBIyERYBr 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 [ayer of fabric to the second layer

of fabric and applying at least one layer of elastomeric material covering at

least a potrtion of the panel.

[00263] The foregoing description has been provided for illusirative

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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5. The systemof Caim1l wherein the pre-cured |ayer of the substantially
uni form predeterm ned thickness of elastoneric material is formed by
spraying an uncured |ayer of the elastoneric material to the predeterm ned
t hi ckness. -88 6. The systemof Claim 1l wherein the pre-cured |ayer of the
substantially uniform predeterm ned thickness of elastoneric materi al
conprises at |least three opposing flanges. 7. The systemof Caiml further
conprises a fabric reinforcenment |ayer associated wth the elastoneric
material including the body portion and at |east two opposing flanges. 8.
The syst MHAI 1§ GLAINIEINZES:ein the plurality of fastener elenents conprises
at least one of a plurality of lengths of U channel, a plurality of |engths
of Z-channel, a plurality of |lengths of continuous fastening strips, a
plurality. of Kergihssistfnt porel systmt conumisingf ast eni ng strips, and a plurality of
washers. 9, The systemof Claim8 wherein the plurality of fastener elenents
further conpuisesocadprbeast cReneliic Mmakdrial Bdvidg/a afbstaaiidis, undfoghural ity of
screws, a plurality of concrete nails and a plurality of concrete screws.
10. The systemhigktd Hiahms8mangiebint El%-&h-éar@éswra{erfefmét@%%ﬁt@&dﬁﬁé goEnLs further
conprises a glue or an epoxy.” 11. The systemof Caim1l, wherein the panel

i ncl udes I i i e in f | anges. 12.
The syst gﬁqglgjp %8 Hagﬁj%gi&g%%@%nﬁﬁgﬁ@{eg Flagﬁlggsp lg%@&ﬁgﬁgﬁ%élpﬁsgﬁaanghgg t{]ﬁsour ce. 13.
The system of aim1l, wherein at |east two.panels are placed adjacently to
one anotpﬁeé?ureﬁ%lﬁ“%fn?rimr @?teﬁan@"f}ﬁgﬂ?if’ ey 86 B?‘Tg&ba?ﬂ?ﬁglé‘g PEPY SR bf a second
panel. -89 14. The systemof Claim1l, wherein at |east two panels are pl aced
adj acent I5§m¢ gdppkthe hpdit praFoRwiap$h a first panel abutting an edge portion of a

second panel .
a plurality of fastener elements for securing the pre-cured elastomeric material

layer adjacent to a wall of a structure through the plurality of flanges of the pre-cured
elastomeric material and into at least a floor and a ceiling adjacent the wall of the

structure,

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%.

5. The system of Claim 1 wherein the pre-cured layer of the substantially uniform
predetermined thickness of elastomeric material is formed by spraying an uncured layer

of the elastomeric material to the predetermined thickness.
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15. The systemof Claim1l, wherein a tape secures adjacent panels. 16. The
systemof Claim1l, wherein framng and a finishing panel is secured over the
panel. 17. The systemof Caim1, further conprising a door having
associated therewith a blast-resistant panel. 18. The systemof Caim1,
further conprising a clear polyurea | ayer covering one or nore w ndows and
integrated with one or nore blast-resistant panels. 19. The system of Caim
1, wherein a jig and heat source are used in conjunction to bend the
plurality- of flhapysésn oDOlaina 1 pyhesdin fhepresewed laperd|theobpritglygnifam ayer of a
pre-cured el astoneric material having a substantially uniform predeterm ned
t hi cl mespredetreningy ériclofsstdielapoereciunettrel astpives atdeavathese cplposing | udi ng a body
portion of the pre-cured elastoneric material and a plurality of flanges of
t he pre-dungd. el astoneric material, each of the plurality of flanges of the
pre-cured elastoneric material depending away froma sane side of the body
portion; and at |east one fabric layer, the fabric | ayer being secured to

the |ayers of ghesfwnedf CRIASIORRSE compmdes b ifiricaBiEfdrfendn iy CaskyREd confi gured
to all ow deformati on and el ongation of the |layer of the pre-cured

el ast oner,j: J = 21 - : i 0.t h t | t
one 1 apr it dieatibAbric miiafincilife ARGy Bhidth Shah s WAPORIENE 1 1 eas

elastonegi% material at a percentage el ongation. 22. The panel of C aim 20,
further ¢8hPfising a plurality of fastener elenents for securing the
bl ast-resistant panel to a surface of a structure. 23. Means for

manuf act yri ng.t he pane f any one _of the preceding clains. . 24. Means for
installifg th J%ﬁ ay.ﬁgqm 8)% Clgﬁp?ﬁhe&l%ﬁq@lq@ ﬁ_of fagipner elements comprises at

least one of a plurality of lengths of U-channel, a plurality of lengths of Z-channel, a
plurality of lengths of continuous fastening strips, a 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 I, 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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14, The system of Claim 1, wherein at least two panels are placed adjacenily to one

another with a first panel abutting an edge portion of a second panel.

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 substantially uniform
predetermined thickness, the layer of the pre-cured elastomeric material including a body
portion of the pre-cured elastomeric material and a plurality of flanges of the pre-cured
elastomeric material, each of the plurality of flanges of the pre-cured elastomeric material
depending away from a same side of the body portion; 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 elengation
of the layer of the pre-cured elastomeric material,
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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.

22, The panel of Claim 20, further comprising a plurality of fastener elements for

securing the blast-resistant panel to a surface of a structure.

23, Means for manufacturing the panel of any one of the preceding claims.

24.  Means for installing the panel of any of claims [-22.
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