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FOR PRODUCI NG SAME BACKGROUND OF THE I NVENTION 1. Field of the Invention
The present invention relates to a systemto be installed at an interior of

a buildi |1 .to contain shrapnel froma blast, and r

pr oduci ng%%@ﬂh%%term. 2. Descriptipn of Related ArtP?ﬁHjt%%dggaoéégr mat h of
recent terrorist attacks, in which buildings have been targeted for
destruction, increased attention has been paid to inproving the safety of
wor kers inside such buildings, should further attacks be forthcom ng. It
has been determ ned that a main source of danmage to articles and injury to
persons inside of a building under attack is not necessarily the initial

bl ast of an inpact or expl osion against the building, but instead is the
flying shrapnel (pieces of SHRAPNELCCONTAINMENICSY¥SIEM by the blast. It

has been determ ned that | ANDWMEHMOD FORPRODUGCING SAME shrapnel can be
acconpl i shed by spraying a polyneric liner onto the interior surface of the

structural wall of a building. A polynmer proposed for this application is a

pol yur et hane 'EAGKGRO%!W OFESTHR INVYENTIONCECt |y onto an interior surface of
the structural walT. ITn exirsting pburrdrngs, this liner would be applied by
Spray coating," E AERNERNLE “T . Cosmetic val | surface, i now o
buil di ngs, the Ifh@%re@@r‘i’tl ifvéiftion relates to a system to be installed at an interior of a

building wali to contain shrapnel from a blast, and a method for producing |

such systems.

2. Description of Related Art

In the aftermath of recent terrorist attacks, in which buiidings have been

targefed for destruction, increased attention has been paid to improving the

safety of workers inside such buildings, should further attacks be forthcoming.

it has been determined that a main source of damage to articles and injury to

persons inside of a building under attack is not necessarily the initial blast of

an impact or explosion against the building, but instead is the flying shrapnel

(pieces of the building wall) generated by the blast.

It has been determined that improvements in containing this shrapnel can

be accomplished by spraying a polymeric liner onto the interior surface of tﬁe

structural wall of a building. A polymer proposed for this application is a

polyurethane material that is sprayed directly onto an interior surface of the

structural wall. In existing buildings, this liner would be applied by removing

any interior cosmetic wéll surface (e.g., drywall}, applying the spray coating,

and reinstalling the cosmetic wall surface. In new buildings, the liner would be

sprayad onto the interior of the structural wall prior to the interior finish work

being performed.



sprayed onto the interior of the structural wall prior to the interior
finish work being perfornmed. WO 2004/ 092495 PCT/ US2004/ 010488 2 The in
situ spraying of such.a liner is a relatively expensive process, and
requires skilled equi pmrent operators and careful contai e area in
which t he YSQrUYPHE™ s being perforned, In addition, thgeggﬁgﬂgg?ﬁgne
material has a very rapid set or cure tine, on the order of only a few
seconds. Thus, when the polyurethane is inadvertently sprayed onto

surfaces whi ch Jhe jpgitu sprayirifleftsuca aiinee isa rélaively BRpdtdive process) 4@ Very
difficult to renove the material from such surfaces. Pol-yurea coating

materials are rgqm@saéldi%dkéuumnéﬁfoﬁegﬁomﬁeékﬁgfggﬁtr&@éna@f&m&siéer ' on

resistancE_or abrasion_re3|stance_| needed or _ ertain |
Mpact. rosi o0 ARHE (e ¥halRa i Boihd pRrafhed: Bradiifi, IS pBlarieHre ey °"

i tion t id : whi.ch i t fety of a byilding b
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contai nnent of shrapnel generated froman inpact or blast at the wall of a
bui I ding.  suwherthepolrethriessrinasiveriantly splayes nte sudacesoikieh arenot he
present invention are achieved by producing pre-formed panels which are
cut to size, astendedtasbave adiner thereonaitican bervedy difficuitio cemove the materiabf a
structural wall of a building. The panels are produced by spraying a
pol yurea or oftffoen setrastrfeams, c material specifically . :
Polyurea coating materials are generally known for use in applications
where corrosion resistance or abrasion resistance is needed or desired, or in
certain waterproofing applications. Certain polyurea coatings also are tear
and impact resistant.
It is accordingly a principal object of the present invention to provide a
system which improves the safety of a building by providing shrapnel
absorption and containment, and which provides improved: containment of

shrapnel generated from an impact or blast at the wall of a building.

SUMMARY OF THE INVENTION

The above and other objects of the present invention are achieved by
producing pre-formed panels which are cut to size, as necessary, and
installed onto the interior surface of a structural wall of a building. The panels
are produced by spraying a polyurea or other elastomeric material specifically
selected to facilitate the production process and the performance of the
finished panels, in producing a material having improved elongation and

tensile strength properties. Alternatively, the polyurea material or other



selected to facilitate the production process and the performance of the
finished panels, in producing a naterial having inproved el ongation and
tensile strength properties. Alternatively, the polyurea material or other

WD 2004/ 0 S2004/ 010488 3 el astoneric materi | i ed and
oI o

bonded direc he interior surfgce of a structural ui I di ng.
el astoners. such as pol ysil oxane, pol yurethane and pol yurea/ pol yur et hane
hybri ds may be enployed as an alternative to polyurea in constructing the

panel s or .in bonding.a |ayer or |layers of fhe terigl directly to the
hal T, “The pr e SAROMAGE MASIAl siyPs Hopiesand pandeflsirerly ta tadntariog
shock-resistant _panels, including spraying a two-part, high solids, ‘
pol yur ea el assyrace pha srugtural wallorbulldingaseabl e substrate to a desired
thi ckness, with or without fiber or fabric reinforcement, then allow ng

the material toelastemetsrauchasolysiloxare, polyueetharsand polyuréaipolyulethars e.
Panels are-then delivered to a building site, and are installed at the

i nteri.or of thybdds maybeémplayed asfantaneriative 4 polyur¥d ikfcoRBBGEINgTtheN OF THE
DRAW NGS The invention will be- best understood by readi ng the ensuing

speci fi cat i on pahBlshh WBRAING A 14 oridors bRiMetaterialdifsotlyits thkvall, | | ke
el ements are designated by |ike reference nunerals, and wherein: Fig. 1

schert  cal| | haThbabnoh Slechhisil A HRRERE BN GBI, |
SOt 1 Wbt [ b B R 8h, p S AP At "
onto a releaseable substrate to a desired thickness, with or without fiber or
. fabric reinforcement, then allowing the material to cure, and removing the
cured panel from the substrate. Panels are then delivered to a building site,

and are installed at the interior of the structural walls of the building.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be best understood by reading the ensuing specification
in conjunction with the drawing figures, in which like elements are designated
by like reference numerals, and wherein:

Fig. 1 schematically illustrates a panel production apparatus according to a |
preferred embodiment of the present invention.

FIG. 2 is a substantially schematic view of the installation of a shrapnel
containment panel at the interior of the structural wall of a building, in

- accordance with a preferred embodiment of the present invention.

FIG. 3 illustrates a shrapnel containment panel in accordance with a
preferred embodiment of the present invention.

FIG. 4 is a cross-sectional view of a panel héving a channel member

secured at its proiphery.



accordance with a preferred enbodi nent of the present invention. FIG 3
illustrates a shrapnel containnent panel in accordance with a preferred
enbodi nent of the present invention. FIG 4 is a cross-sectional view of a
panel havi ; el menber secured at its proiphery, W 2004/ 092495
PCTI U82004?g)1%91€ ) FIG 5 is a crosg-sectional view oPCVIRP U p43p ng

panel s joined at their edges by a panel fastening nenber according to a
preferred enbodi nent of the present invention. FIG 6 is an overhead
substantially schematic view of the test |ayout conducted in-accordance

wi th the devel obl&sritiséf crosesectionahviewrnf dwo iabutting pamels|jcipedEsdrtiradges OF THE
PREFERRED EMBCODI'MENTS As illustrated in FIG 1, a panel substrate 10 is
pref erably prbyagadebasteningdndmber becardingtto aprefeved emibodiment of et oneri c
mat eri al may.be sprayed in ‘producing blast resistant or shrapnel-retarding
panel s .100 acgisdhfiivérkionne preferred enbodi nent of the present invention.
The substrate 10 nmay be treated, as necessary, with a rel ease conpound, In

order to facilif & ki 6Jeﬂ‘i€§6aéu5§§)a @ggecmﬁ@i%@mﬁdﬂgsf@géw ate.

Enpl oyi ng standard, known, spray app tron equi part, “high

Substrate 1o, SORRRTRFEhRAck Mg e o frehtlt i R By Thcr e

spray nozzle 20, which is connected via flexible tubing 22, to an
ggg{ogﬁg;;g“ BETRICED CESCRIFHONOF i PREFERKES ENBODI to feed the

As illustrated in FIG. 1, a painel substrate 10 is preferably- pfovided asa
mold surface onto which a polyurea elastomeric material may be sprayed in
producing blast resistant or shrapnel-retarding panels 100 according to the
preferred embodiment of the present invention. The substrate 10 may be
treated, as necessary, with a release compound, in order to facilitate the
removal of cured panels from the substrate.

Employing standard, known, spray application equipment, a two-part, high
solids, elastomer composition is sprayed in liguid (uncured) form onto
substrate 10. The spray equipment, for illustrative purposes, may include
spray nozzle 20, which is connected via flexible tubing 22, to an Iapplication
pump 24. Reservoir or.storage tank 26 may be used to feed the corriponents
making up the elastomer composition through feed lines 28, 30, where the
components are mixed at valve 32. Spray nozzle 20 may either be manually
operated so as to apply the polyurea material over the entire substrate in
producing a panel. Alternatively, the spray nozzle (more than one can be
used may be mounted to a carriage (not shown) of a known construction that
has drive means for moving the nozzle 20 transversely or horizontally, and
vertically, to ensure that the composition is applied in an even thickness over

the entire substrate. Other spray application arrangements are also feasible,



maki ng up the el astonmer conposition through feed |ines 28, 30, where the
conponents are m xed at valve 32. Spray nozzle 20 may either be manually
operated so as to apply the polyurea material over the entire substrate in

pr oduci ng \?096’61)3%24(156“ ternatively, the spray nozzle (nmorgddidsseitas€an be
used may be noun to a carriage (nof shown) of a known construction that

has drive neans for noving the nozzle 20 transversely or horizontally, and
vertically, to ensure that the conposition is applied in an even thickness
over . the entire substr

applicatiop arr nt s are al so
feasi bl e, WO 2061’?@92% °W@1'?Oiﬁgobl§ 9588’*38'!’%1 isr%""bﬂ%'g% foh FIG 1

I s but one exarrpl e. is envisioned that, for lar scal e production, the
spray processlaige ISC%IG rygduction; the! spyaypieseses wilkbe %l-(hsg@ﬂita@!! comipletelyonput er
control and robotic el enents being used to control the spray equi pnent,

i ncl udi ng t he antoreated; with compuiep capteolsanarobolid elameylts:)lﬁeing lueedtd eontedl t 0 be
sprayed, and the handling of the panels. The sane basic process wll,

however, 1i kekhe §srafigquipheritaifeludin g the Afverint of the sprgfers aRd delfgigrent ,
t he panels may further be enhance by including a reinforcing Iayer 102

whi ch may be ﬂﬁéﬁﬁ%l?&be%&@}@& tahﬁtl’i&'hﬁﬁdl g glfé?{:%ﬁlé.f ?ﬁ?sﬂ éﬁa‘s; anel

100, or which may be di spos e Interi e panel. hod of

Phe.paner, -mad %SE@MW%J@%@ ol BRGe8% ei 1 or ci ng t abr 1 ¢ 'erE crial o
cl'ast orer ont Laima%%mﬁ?ﬁ‘%hff&e%ﬁ%@% Hi Senete may i) T one. hai
the thic kneés e(r)\Lartngeed tfaylr mcfudmg ?é}r?#orcu;léhl%\yfe? ‘? 62 whlcg may be disposed at
“ either the outer or inner surface of the panel 100, or which may be disposed in
the interior of the panel. The method of producing such a panel, with the
reinforcing layer being at an inferior of the panel, may preferably include
placing a reinforcing fabric material against sﬁbstrate 10, and spraying the
polyurea or other sprayable elastomer onio the fabric to a thickness which is
approximately one-half the thickness of the finished panel. The fabric 102
with the sprayed-cn polyurea is then rotated or flipped such that the polyurea
faces the substrate and the fahric 102 faces the spray equipmént. A second
application or sprayihg of the polyurea onto the opposite side of the fabric 102
is then effected, to produce a pariel of the desired final or finished thickness.
Modifications to this preferred process sequence may be employed. The
reinforcing layer can be placed in intimate contact with substrate 10 when it is
| Idesired to have tﬁe layer at an exterior surface of the panel 100, and the
elastomer can be sprayed onto the layer until the desired panel thickness is
| attained. Where the layer 102 is to be in the interio.r of the panel 100, the
- layer may be spaced apart from the substrate 10, with the polyurea being

‘ sprayed through the layer to encapsulate the layer 102. Alternatively, a



with the sprayed-on polyurea is then rotated or flipped such that the
pol yurea faces the substrate and the fabric 102 faces the spray equi pnent.
A second application or spraying of the polyurea onto the opposite side of

the fabri i hen effected, to produce a panel of i final
or fini shg‘gbgﬁ?%oﬁ%é’%s. Modi ficati ons o this preferred "S‘E@Q"?ﬁ’%‘{é‘g ence may

be enployed. The reinforcing |ayer can be placed in intimate contact with
substrate 10 when it is desired to have:the l'ayer- at an exterior surface

of the panel 100, ang .the elastonmer can he.spr d.onto the |ayer until
the desired pARHion g Wr@??my bﬁﬁpg?%?"q%'ﬁégﬁr@t%an&%@y%1Ot2dsbe_ in
the interior of the panel 100, the |ayer may be spaced apart fromthe
substrate 10; ten inteassiced, gad the remainind tigkeessiof theagel isrthen speayeddo
encapsul ate the |ayer 102. Alternatively, a WO 2004/ 092495

PCT/ US2004/ 01xopiplet® themmaneh of the panel may be sprayed onto the
substrate, and the layer 102 is then introduced, and the remaining

thi ckness of t hdOmsnthle spray procesy iscgompléted, andithegialyures nistefal hdasither he

spray. process is conpleted, and the polyurea nmaterial has either partially

or fully curedarfidlfy drahy cd:r&d,smeaéﬁrwséﬁaﬁarea%nstri@éﬁtfe‘alir%tel%, é}ﬂﬁthgﬁus

forms a panel 100. "The panels 100 may thus be essentially-mass-produced in

an econoni cal fHROR&Enel fo§ Can be acconplished in a true factory setting,
or In a port'a'b?e orgma!(es?'i ft production facility constructed at a

For any reason. 1osreaiot 306 pidl il ke cpig RS Mo el IR n Shprimic™s < o
be outfitted with these bl ast-resi st
- manner. This can Be accomplls%

% in a true factory setting, or in a portable or
makeshift production facillity 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 outfitied with these blast-resistant
panels.
Interior structural walls 104 of 2 building to which the panels are to be
- 'secured are elther left exposed during initial construction or, in a building
retrofit, the cosmetic interior wall surfaces are removed to expose the interior
surface of the structural wall. The panels 100 are cut to size, as necessary,
and are affixed to the interior surface of the wall 104, preferab.ly using any
.. suitable adhesive, or by mechanical attachment. Because the structural wall
104 will commonly be formed either of block or poured coﬁcrete, suitable
mechanical forms of attachment may include threaded concrete wall anchors,
or screw and anchor sets, or nailing with an appropriate concrete—per;etrating
. nall.
FIG. 3 illustrates a preferred embodiment of the panel 100 as it is readied

for installation. In this embodiment, panel 100 is bounded at its periphery by

channel members 120 which retain the edges of the panel 100 between two



panels. Interior structural walls 104 of a building to which the panels are
to be secured are either |eft exposed during initial construction or, in a
building retrofit, the cosnetic interior wall surfaces are renoved to
expose the interi surface of the structural wall. T 0 are cut
to size, Sg¢ﬁggég%%ry, and are affixed to the interio?egﬁ§ a@@”@? t he wal |
104, preferably using any suitable adhesive, or by nechanical attachnent.
Because the structural wall 104 will commonly be forned either of block or
poured concrete, suitable nechanical fornms of "attachnment nmay incl ude

threaded concrraile 128 124pesitisried atwppasitesides (e.a)) ¢lont afd back)f thetpahélg Wi t h
an appropriate concrete-penetrating nail. FIG 3 illustrates a preferred

embodi ment of (hg mn&jﬂ@%n%gggltméﬁbé&?%% arégf);eig)i;aﬁlghiaﬁd Q%@ﬁ%gé hi's

enbodi ment, panel 100 1s boun at 1ts periphe anne rs 120
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or et or bl y macotsies i taT e yes of chanfis 3t B ogk el BeaplIrbrefds;  ne

preferably nma
panel s at the edges, .adding stiffness thereto. In addition the use of
channel s at tk@egﬁ%l'%f’fm?@hﬁﬂﬁ%‘lfaﬁtﬁﬂ?@v&c Ipeoncretewall archass, iRechani cal
fasteners, such as concrete wall anchors, In securing the panels to the
bui | di ng wal | ssecuriag tise panels te thedepildingvaliser panel fastening nenber 126
suitable for use when two panels are to be joined to span a distance w der
t han t he wi dt h dfiGa5 illustrates a further panel fastening member 126 suitable for use

when two panels are to be joined to span a distance wider than the widtﬁ ofa
single panel. Adjacent edges of two panels are secured to the two rails 128,
130 of this panel fastening member using suitable mechanical fasteners. 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. The fastening
member 126 may be used in addition to, or in lieu of, the channel membar
120 at the edges to be joined. The fastening member can be secured to the
building wali, as well, by appropriate mechanical fasteners.

An explosive blast, or other type of impact force at the exterior of a building,
can cause the structural wall to fracture and generate wall fragments of
varying sizes, which are generally referred to as shrapnel. The panels 100,
with their improved elongation and tensile strength characteristics, will act to
effectively absorb a significant portion of the kinetic energy imparted to the
pieces of shrapnel. This absorption of kinetic energy will prevent the shrapnel
from flying through the interior of the building. iIn situations in which the
explosive blast also causes the panels 100 to fracture, the kinetic energy
absorbed or dissipated by the panels will significantly reduce the amount

and/or speed of the shrapnel that may enter the interior of the building.



singl e panel. Adjacent edges of two panels are secured to the two rails
128, 130 of this panel fastening nenber using suitable nmechanical
fasteners. The rails 128, 130 are offset by a web 132, such that the

fastening M%{ ains the two panels in essentially %l(}” - tting
rel ati onship. I%E?gsteni ng menber 126 may be used in % dlﬁq%gm?‘g#j or in

lieu of, the channel nenber 120 at the edges to be joined. The fastening
menber can be secured to the building wall, as well, by appropriate

mechani cal fasteners. An_expl osive blast, or ofher type of inpact force at
the exterior® '%PWW‘H?I%‘?B”@FB g%ﬁwgsﬁnﬁgersqrp %Ffﬁgglﬂlﬁwpflﬁcm?‘é@yﬁ?e and

generate wall fragnents of varying sizes, which are generally referred to
as shrapnel . Phinjyyresutingfiom ap attaakan 2 bpilgigved el ongation and tensile
strength characteristics, will act to effectively absorb a significant
portion of the Rheganelsareraiso beliexed dal coniribute to thessteuctufal dritegrity f theThi s
absorption of kinetic energy will prevent the shrapnel fromflying through

the interior ofalltiselfparticilady when fastondd rthe wall\Wy rabchidrficaldagtbasris\ee bl ast
al so causes the panels 100 to fracture, the kinetic energy absorbed or

di ssi pated by.thdigersHery of e parfelgini ficantly reduce the anmount and/or speed
of the shrapnel that nay enter the interior of the building. WO 2004/ 092495
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agai nst a principal cause o0 njury trn

bui | di ng. The . [ l.iev contribute to the structural
integrity of tﬁgﬁgﬁf’ﬁe@é@@f@%&??‘ﬁ&_"ﬁ'fgaﬁ?a'ﬁ%f%qt@%’e@&c&sﬁ'ﬂ%emﬁ by
mechant cal T ag e Bratemad thatthe pand) thiBkness ba ih tha 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 blast resistance
afforded by the thicker panels may be outweighed by the increased cost
(materiai cost), in a cost’benefit analysis.

The elastomeric material employed in the shrapnel-containing panels
preferably has particular combinations of physical or other material properties
in its cured state. Of particular significance are percent elongation at break
and tensile strength. The elastomer preferably will have an elongation at
break in a range between about 100-800%, and more preferably at the higher
end of this range, e.g., 400-800%. The tensile strength of the elastomer is
preferably a minimum of 2000 psi.

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



In order to be effective at absorbing or dissipating the potentially high
| evels of kinetic energy that may conme from an expl osion or ot her

concussive event, it is preferred that the panel thickness be in the range
of about t "250 ml|. Even nore preferably, i ckness

wll be ab‘ggﬁ&ff?gﬁ% Panel s thickey than 250 mi | rra;’kgﬁgssg&ge Oﬁgssgd

however , I S expect ed that the possible increnental increase in shrapnel
cont ai nrrent or blast resistance afforded by the thi cker panels may be

out wei ghed by the increased cost eri al h in a cost/benefit

anal ysi s.. The TBiNERYY{RF atconcrelp;failu ﬂ'@nﬁl’@?@@ ﬁs'P do stred ghd20QB#t ai ni ng.

panel s preferably has.particular conmbinations of physi cal or other
mat eri al propdfniM@YM. in its cured state. Of particular significance are
percent el ongatlon at break and tensile strength. The el astomer preferably

wi || have ah el dvsymated presiousty, gmilyurea, polysilgeanee polyarethboeiand 00- 800% and
nor e preferably at the higher end of this range, etc.., 400-800% The

tensile st renqidgméarbb@ua&tbaﬁ@hwndsa:anmroamwemréu @hgﬁﬁ&l@nd&ﬁﬁ&n‘ﬂﬁi - In
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addition, the hesi on properties of the el astoner ar lieved to be
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pl ace on the wal of the building or other structure to be protected. It
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This material is available as a two-part (isocyanate quasi.-polymer; amine
mixture with pigment), sprayable material designed principally as a flexible,
~ impact resistant, waterproof coating and lining system.

The Envirolastic® AR425 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
shape. The fabric reinforcement will preferably also contribute to the

- structural integrity of the panel in resisting blast and in containing shrapnel,
particularly in helping restrict the amount of elongation experienced by the
elastomer as the energy of the blast or other impact is being absorbed.

To date, the fabrics that have been used in producing panels for.testi'ng are

- produced from aramid or polyester yarns or 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 to be
suitable for use. The tensile strength of the fabric employed in panels tested

....to date is on the order of 1200 psi by 1200 psi. Fabric 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.



pol yur eal pol yur et hane hybri ds can produce the desired physical and materi al
properties. Currently, a particularly preferred elastoner is narketed as
Envirolastic(r) AR425, a 100% solids, spray-applied, aromatic pol yurea

mat eri al %%ﬁ%@?w?y the General Polyners division of gheran-\Nkdians
Conpany. I's"material is available gs a two-part (isocyanate

quasi - pol yner; amne mxture with pignent), sprayable material designed
principally as a flexible, inpact resistant, waterproof coating and |ining
system The Envirolastic(r) AR425 system has been tested in panels produced
having a fabric reinforcenent |ayer, The fabric reinforcenent |ayer

provides a framework to which the uncured, el gst wi Il adhere in formng
a panel shape. rﬁ}?es'?faB??'&OPﬁﬁ'Ws%%’ﬁﬁﬁw apg me%%‘?cgg&ﬁ"&tﬂr?s%téw%ﬁﬂr‘@ﬂut eto
the .© structural integrity of the panel in resisting blast and in

cont ai ni ng shralgmbe in thedern of pdayey of thenelaplomeric smateriak apmied andbhendet

el ongati on ‘'experiencéd by the elastonmer as the energy of the blast or

ot her inpact idircetly kythebaall breothemstrutdure, thatie td bé réinforeddht Intthisdnstance,used in
produci ng parels for.testing are produced fromaramd or polyester yans or

fibers, with aheadirwslld Preforsdly be clebrsd sfdvosedn forsigh inhatelidls Dwith tHe t he
order of 0.25 in. by 0.25 in., or 0.5 in. by 0.251In. Smaller or |arger

gri d openi-ng sdiggemr ApphEy'SY Shraying! in%y Rfdnher Siilabte jge. The
tensile stren;étzlﬁﬁof t hgpfl abrlgﬁrgyeroyed iR pranellg tet!s.'ta*e)%iﬁpk%gﬁate IS on

the order of t iﬁﬁ&%%’%aﬂé@ggl ére gggglg%.@ge gy éi‘a;ﬁﬁf_ﬂ}oéé"nolﬁﬂ%bove

Twar on- brand a S or el|In Fibéers are beélieved
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h of 300 psi minimum, and the concrete will generally have a sufficient number
of small surface irregularities such that the elaétomer will find regions where
mechanical attachment enhances the adhesion.
When the system is to have a fabric or fiber reinforcing element, the
elastomer may also preferably be pairtially applied, with the reinforcing
element then being positioned, and the remainder of the elastomer layer is
then spray-applied. Alternatively, the reinforcing element could first be

positioned against the wall, with the entire thickness of the elastomer layer

then being applied therato.

EXAMPLES

Testing of blast-resistant/shrapnel-containment panels in accordance with
the present invention have been co,ndu_ctéd. The physical test Iayoui (not to
scale) is shown in a schematic overhead view in FIG. 6. In FIG. 6, an
- explosive charge 200 was positioned centrally to four (4) identically
constructed concrete block masonry target walls 202, spaced on a 30' radius
circle from the explosive. The masonry target walls 202 were constructed

ah’

having two reinforcing legs 204, which together with the target walls formed a



The shrapnel contai nnment system and nethod of the present invention can
also be in the formof a |ayer of the elastoneric material applied and
bonded directly to the wall or other structure that is to be reinforced.
In this i ngloMiGEezaekne Wal I woul d preferably be clear edpé’ltméz‘i]@ﬁo%ﬁgd
foreign materrals, Wth the elastonmey, applied by spraying, Tn a manner
simlar to that enployed in spraying the panels onto the panel substrate.
The el astoner, as noted above, w | preferably be selected to have a

bondi ng strength or, adhesion to concrete of e 0 DI U and t he
concrote wi i1 ntsdp 5 Eibe, Subk it i erdis Wil 203 7aGhd e pbdie °
irregularities such that the elastoner will find regions where nechanical
att achnent e.nm%"sWPH@ haYRSOMR,¢ eg{ﬁ@ﬁf%gc@ﬂf%ﬂ{q%m%mh%@%’ gensraly or
fiber reinforcing elenent, the elastomer may al so preferably be partially
appl i ed; wit h wowd jnabuddibgng el enent then being positioned, and the

remai nder of the elastonmer layer is then spray-applied. Alternatively, the
rei nf orci ng el erRanelsAuBdard Cothitknesp et to snaledrelajvete walllthicknéds) wereh t he
entire thickness of the elastonmer |ayer then being applied thereto.

EXAVPLES Testihstglied atthadhteriosofthrot dfthe aalls,| witlerthafourtinival) dag!nd pahel
accordance with the present Invention have been conducted. The physical

test layout (nsHiinirg inStafibd) The paheNindliied REIARES stdel euahrggdopl ew in FI G
6. In FIG 6; an éxplosive charge 200 was positioned centrally to four (4)

230" radius TR PRASRSRe;oRE feracela e hiehRl bPu s AR TC O

constructed having two rej plf Of C{rll,l% | egs 204, which together with the
target walls fqﬁu?gsaalyrete anchor fasteners. : .

All of Panels A, B and C were produced at a nominal thickness of 180 mil
of polyurea material (Envirolastic® AR425) having a fabric reinforcement layer

disposed therein, Further constructional details of the panels are as follows:

TABLE |

B Panel Elastomer Fabric Reinforcement

e A AR425, 180 mil Technora T200 fabric,
0.5 x 0.25" grid opening

B AR425, 180 mil Technora T200 fabric,

0.5x0.25" grid opening

C ARA425, 180 mil Twaron T1000 fabric,

0.25x0.25” grid opening

.» The explosive charge 200 comprised 42 blocks (52.5 Ibs.) of C4 explosive
configured to generate a uniform blast overpressure on the face of each targef
wall 202. This quantity of C-4 explosive is equi\)alent to 67.2 pounds of TNT.
The charge was elevated four feet above the ground to align it with the center

“a-point of each wall (walls 202 were 8 feet in heighf). The explosive charge was
statically detonated, creating a peak incident overpressure of 17.67 psi, and a

reflected pressure of 51.22 psi.



WD 2004/ 092495 PCTI US2004/ 010488 11 squared-off "U' shape, such that the
target walls 202 facing the expl osive charge would have sone degree of
structural reinforcenment, as they generally would in a building. Panels A,

B, and C ({§ fp not to scale relative to wall thick
instal |l ed g‘{a-t Jg@?%tseriorof t hree of gpe wall's, while t‘ﬂ‘gﬁﬁ%ﬂ?‘%ﬁ%n had

no panel or .lining Installed. The panels included stainless steel channels
120 surrounding their peripheries, and were secured to the interior of the

wal I s 202 usi n¢nittalnpostbeplosioh abséavatiemerevealéd ithatithéanptotedied wal(floC Wer e
produced at a nom nal thickness of 180 m| of polyurea materi al

(Envirolastic Eéheﬁ@b&?éd {orteiiorasufebsd Catastiahhiy StAuBkival fallMRs, with VRGAR

therein. Further constructional details of the panels are as .follows:
TP, o TS Sl f offerhateE b 262 e pafong e
(LS oot o Pabau REpASEASER i R6H e A ThoRSPO B BT s
bt e oBHERER C3vaSTY W DS MG oTENS Bl h SR B 25
cautvalent 1o interior o the wall).
In contrast, the three target walls having the panels installed at the interior
T'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 ét those joints by the blast. The target walls themseives contained
. I';‘varying degrees of cracking and fracture.

Inspection of the panels revealed that small areas of a marking paint
coating on the interior surfaces of the panel had spalled or been knocked off,
presumably by concrete fragments impacting the opposite side of the panel

#f during the explosion. Little or no plastic deformation, and no fracture or
- perforation, of the panels was observed. No concrete fragments were found
behind (to the'interior of) the panels.
Upon removal of the panels, fragments of the target walls were found
“ behind each of the test panels. Tables 2-5 present data relating to wall
fragments (shrapnel) found subsequent to the test. It is to be noted that no
data is provided relative to “Distance from Wall" for the walls having the

panels secured thereto, in that none of the fragments passed through the

panels.



The charge wmas el evated four feet above the ground to align it with the
center point of each wall (walls 202 were 8 feet in height). The expl osive
charge was statically detonated, creating a peak inci dent overpressure of

17. 67 psi,. fl ected pressure of 51.22 psi.

PCT/ U82004Y®%891@§2‘{9§2 Initial post-expl osion observati g‘ﬁ‘g'%%/%d‘ﬂ?aast hat 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 |egs 204 remaini n% in place above the
base of -t he \aéable Frﬁmﬁsqupﬁmm%ww | caused by the bl ast
were found tpt oFfagrienttNdehi nd [t he \Mdds (oze., to | Distance fomowab{f)t he
wall). In conptrast, the three target wallos having fhe panel9 installed at

the i-nterior | surfacegremal ned §tandi ng, gM th sonepwnat varygmpg evelrs |of
damage to theCONCTeRe. bI OCKS. [Regions & WnITh Tfe Tar geggwal I 202 vas

joined to reimforcimygteys 204 crppem-ed—ro—suﬁa' '1 trtre IlUbL4t1|<ﬂlug tre to
t he stresses | nduucds‘at those 1701 s uy 3 he—ptast—Hre—tad et
t herrsel ves C(’nt a: ned M-ak LI nlg dc rooc of " r acl 1 ng 4 fr ahA‘ | RSP

LI A> v I_y ul oo Ul A=Y N7 it T " Al o t|0n
of the panel s »—L@AL&&L%G-I—h@J—SJI&LJ—&L@&Sl&—a—IML—ELg—pa' At 33r‘nnfl ng-on the

interior surfaces af Yhe panel had qnpﬂﬁ@d ar beenlknocked38f Dres mabl y
by concrete firagnent s8i mpacting lthe oppddite side the p2fél durind the
expl.osion. Little or Ro plastic|deformaflifon, and n¢ fractun® or ay
perforation, lof the pdoels was gbserved34No concrete fragngdts were fqund

11 5 185
12 6.7 19
13 - 1 _ 19

wTable 2: Fragments contained by Test panel T1402

Fragment No. Mass (0z)
1 .9
2 1.1
3 1.1
4 2
5 A
" Table 3: Fragments contained by Test panel T1403
Fragment No. Mass (02)
1 5
2 2
3 1.2
4 3
5 A
6 N
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




behind (to the interior of) the panels. Upon renoval of the panels,
fragments of the target walls were found behind each of the test panels.

Tables 2-5 present data relating to wall fragments (shrapnel) found
subsequentwquhhgz,{ggst It is to be noted that no dat ?}dﬁUﬁB@ F
relative to "Distance fromWall" for jshe walls having t panel's secured

thereto, in that none of the fragnents passed through the panels. 'WO
2004/ 092495 PCT/ US20041010488 13 Table 1: Fragnents found behind the
Baseline tar et wall Fragnent No. Mass (oz) Distance fromwall (ft) 1 1.0
49 2 .4 45.2 3lt.cn3hus he seen tha the presentinventionypresides anBamneicl 1.5 24. 4
91119 10 3.4 19 11 .5 18.5 12 6.7 19 13 .1 19 Table 2: Fragnents
cont ai ned byﬂﬁenﬂnsrrﬁrgeéaﬂ&ﬂﬂﬂﬁncing the safety of workers and/for equipment or other
+# objects located inside a building or other structure which is éubjected toan
explosive blast or other form of large impact, which would otherwise send
shrapnel of pieces of the wall projecting through the mtenor of the structure
The system of the present-invention can readily be retrofitted into existing
.. buidings and structutes, especially when the pre-sprayed panel version is
employed, or can be installed in any new building or structut'e being
constructed. The finished interior wall may have an appearance substantially
identical to an interior wall not outfitted with the system of the present
«» invention, and thereby no compromise is made with regard to workptace
aesthetics.
While principally disclosed as being useful in shielding the interior of a wall
and containing shrapnel therefrom in the event of a blast or other impact, the
. system and method of the present invention, particularly the system in panel
form, is believed to provide high levels of resistance to penetration
therethrough in more focused or localized impact situations. As such, the
panels or the system are expected to be suitable for use as armor “plate” in
-, @pplications 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 “amor-piercing” in nature. This property is regarded

_herein as being encompassed by the terms, “blast resistant”, and as used for

“shrapnel containment”, as those terms are employed herein.



Fragment No. Mass (oz) 1 .9 2 1.1 31.1 4 .2 5 .1 Table 3: Fragnents
cont ai ned by Test panel T1403 Fragnent No. Mass (oz) 1 .5 2 .2 3 1.2 4
.3 5.1 6.1 7 2.1 8 .6 Table 4: Fragnents contained by Test panel

T1404 Fr a%%‘,ﬂ@gwgvass (0z) 1.8 21.3 352W 20QatrRA2609/810488

PCTI US200 14 It can thus be ®een that the present invention
provi des an econom cal

e
P

The foregoing description has been provided for illustrative purposes.
Variations and modfﬁcatiéns to.the embodiments described herein may
becohe apparent to persons of ordinary skill in the art upon studying this
disclosure, without departing from the spirit and scope of the present

invention.

aad



means of greatly enhancing the safety of workers and/or equi pment or other
objects located inside a building or other structure which is subjected to
an explosive blast or other formof l|arge inpact, which would ot herw se
send shrapnel of pieces of the wall projecting through the interior of the
structure. The systemof the present,invention can readily be retrofitted
into existing buidings and structured$ especially when the pre-sprayed
panel Vegih@&ﬁgi!ggﬁ@hﬁéﬁg& or can be installed in any new buil ding or
structur d. The finished interior wall may have an
appear ance substantially identical to an interior wall not outfitted with
t he system of ]t-h‘éﬂ}ﬁt@efgt impreNing blagitesigsnge oha plepjuracompmsingni se i s made
with regard to workpl ace aesthetics. While principally disclosed as being
useful in shi el dprayingreclayertof an elastomedc watetial tarfoincablastiresistant pane pfiel
therefromin the event of a blast or other inpact, the system and nethod

of the prgsdsiérniifedanickRs indfe FdngtbPaboyt 100BmA YO AWM 250 MANAd form is
believed to provide high | evels of resistance to penetration therethrough

In nore focused f. LQed!sbaf isgglaogisF xse'?fsfégtteﬂaﬂgﬁo a%lﬁdi%lfi‘igts{erﬂ&}nﬁ%@ﬁits or the

system are expected to be surt as ar nor
applicatigns, that. require_ener absorption and resi stance,t netration
205 net. e Pl Pyl SaRRR form ALRRLPYS Bep B erE® FIRLEAH R e ana
other firearnms and guns, .including use,in defeating or defending against
proj ect i | HaIClre,¥ith arﬁgst&ggala RBRPSING cHges beingsidiasent Adpm af an ehtgrperimster b s
property is regarded herein as being enconpassed by the terns, "bl ast
resi st ant the wall@f aaid atgeaure and a ‘seplond phissiid epposing ndgesbeingadjacendadottempt ar e
enpl oyed herein. WO 2004/ 092495 PCT/ US2004/ 010488

the outer perimeter of the wall of said structure.

2. A method as set forth in Claim 1, wherein said elastomeric material is selected
from the group consisting of polyurea, polysiloxane; polyurethane, and a

polyurea/polyurethane hybrid.

3. A method as set forth in Claim 1, wherein said elastomeric material is a

polyurea material.

4. A method as set forth in Claim 2, wherein said elastomeric material has a

percent elongation at break in a range of about 100-800%.

5. A method as set forth in Claim 4, wherein said elastomeric material has a

percent elongation of break in a range of about 400-800%.

6. A method as set forth in Claim 1, wherein said panel is flexible.



15 The foregoing description has been provided for illustrative purposes.
Vari ations and nodifications to. the enbodi nents descri bed herein may
becone apparent to persons of ordinary skill in the art upon studying this
di scl osure, without departing fromthe spirit and scope of the present
invention. ti.i 16 WHAT IS CLAIMED IS: 1. A nethod for inproving bl ast
resi stance of a structure, conprisingl?spraying a |layer of an elastoneric

material to f I resi,stant. panel of a redet.er mi ned. t hickness in
the range of .‘fl%%ﬁ'e%g%ﬁ???%hl S Sagerst ?algﬁgst8ﬁ'88°81?eé@?m§§8fc}? ng said
bl ast resjstant panel to a wall of said structure so that the bl ast

resi st ant %ﬂ’l@lgr consisting ofRo r?aea%lt’s‘ﬁ’%ﬂ‘%ﬂﬁl&‘ie ©d8& of the wall of
said structure with a first of said opposing edges being adjacent a top of
an out er Rednurepdodyurethanethybridal | of said structure and a second of said
opposi ng edges being adjacent a bottomof the outer perineter of the wall
of said structure. 2. A nethod as set forth in Claiml, wherein said

el ast oneri ¢ nek ex inethod ais selferth mdClaiim 6,rwhenein gaid alastomesic statenigl isfa pol yur ea,

pol ysi | oxane; pol yurethane, and a pol yureal/pol yurethane hybrid. 3. A

met hod aspobgired itbhali n G aim 1, wherein said elastoneric naterial is a

pol yurea material. 4. A method as set forth in daim2, wherein said

el astonmeric material has a percent elongation at break in a range of about

100- 800% 9. A method as set forth in Claim 7, wherein said elastomeric material has an

percent elongation at break in a range of about 100-800%.

~ 10, A method as set forth in Claim 9, wherein said elastomeric material has a

percent elongation of break in a range of about 400-800%.

11. A method as set forth in Claim 6, wherein spraying said layer of said
elastomeric material further comprises spraying said elastomeric material onto a fabric

reinforcement layer.

12. A method as set forth in Claim 1, wherein spraying said layer of said

elastomeric material comprises spraying said layer directly onto a molding surface.

" 13. A method as set forth in Claim 1, wherein spraying said layer of said
elastomeric material comprises positioning a fabric reinforcement layer on a molding
surface; and spraying said elastomeric material onto said fabric reinforcement layer on

said molding surface.

14. A blast-resistant panel, comprising:
a cured layer of a sprayed elastomeric material having a predetermined

thickness in the range of about 100 mil to about 250 mil, and



5. A nethod as set forth in Caim4, wherein said elastoneric material has
a percent elongation of break in a range of about 400-800% 6. A nethod as
set forth in Caim1l, wherein said panel is flexible. 17 7. A method as
set forth in Caim6, wherein said elastoneric material is selected from
the group consisting of polyurea, polysiloxane; polyurethane, and a

pol yur ea/ pol yuret hane hybrid. 8. A net®od as set forth in Caim6, wherein
said el astoneric teriaal is.a polyurea erial. thod as set forth
TR Glaim 7. wher dPETbs ameps &F sABRn SHECuER 1 eh D will o ABERIE s BAlgar i on a
break in a range of about 100-800% 10. A nethod as set forth in Claim?9,
wher ei n <B¢ enred layersriands fraas lqagh twh pppesingrdgesefithe wal ghsaid strusturp pithk i n a
range of about 400-800% 11. A nethod as set forth in Caim6, wherein

spr ayi ng sfistoflsaideppodingedgds akitting otwpof an owterperiatetdrof theevalbefispidi ses
spraying said elastonmeric material onto a fabric reinforcenent |ayer. 12.
A met hod mcm&tanfdcars%&bridrbf@iaioppdsingvumgéﬁmttﬁugraadﬂta@ dahedodtérRrinefer 681 d

el astonmeric material conprises spraying said |ayer directly onto a nol ding
surface. hdRalbdf 88l QhaRkngs set forth in daim1, wherein spraying said |ayer
of said elastoneric material conprises positioning a fabric reinforcenent

| ayer on a nolding surface; and spraying said elastoneric material onto
said fabric reinfo ' i : A

bl ast - resi st aﬁlts' &aﬁgﬁg@%%an%%@lﬁg&tg&@u@gg mg%/‘{éjrgvhglf’&%ﬁ%%%agéé & ast oneri c

rial havi. [ r m . .
materia material s & m%te%g]esteﬁcted r}l%(rjn the group consisting of polyurea; polysiloxane;

polyurethane, and a polyurea/polyurethane hybrid.

16. A blast-resistant panel as set forth in Claim 14, wherein said elastomeric

material is polyurea.

17. A blast-resistant panel as set forth in Claim 14, further comprising a channel

member secured to said panel around at least a portion of a periphery thereof.

- - 18, A blast-resistant panel as set forth in Claim 14, wherein the blast resistant

panel has a thickness of about 180 mil.

19. A blast-resistant panel as set forth in Claim 14, wherein said elastomeric

material has a percent elongation at break in a range of about 100-800%.

20. A blast-resistant panel as set forth in Claim 20, wherein said elastomeric

material has a percent elongation at break in a range of about 400-800%.

~21. A blast-resistant panel as set forth in Claim 14, wherein said panel further

comprises a fabric reinforcing layer.



t hi ckness in the range of about 100 m| to about 250 m |, and 18 fastener
el ements for securing said cured layer to a wall of a structure so that the
cured |l ayer extends fromat |east two opposing edges of the wall of said
structure with a first of said opposing edges abutting a top of an outer
perinmeter of the wall of said structure and a second of said opposing
edges abutting a bottomof the outer p2rineter of the wall of said
structure. 15. A bl ast-resistant panel as _set forth,in Caim 14, wherein
the el ast omer % Anplpstrpsiytant pane ﬁﬁ?‘"é?‘?rgl ‘“QW@H&&’“FWW%%&"Q} econsi st i ng
of polyurea; polysiloxane; polyurethane, and a pol yurea/ pol yurethane

hybri d. Xemprises adebric wiifercingtlaysinel as set forth in Oaim 14, wherein said
el astonmeric material is polyurea. 17. A blast-resistant panel as set forth
in Caim1l14, further conprising a channel nenber secured to said panel
around at | eas$B. A Pestiresstardiparel pesdt fdrdrin Glaier 22 fvhetedh said fabest - r esi st ant
panel as set forth in Claim14, wherein the blast resistant panel has a

t hi cknessreiaforcing Wiyed 8 Qondtiucted 3f ardrmid fibdrs.r €si stant panel as set forth in
Claim 14, wherein said elastoneric material has a percent elongation at

break in a range of about 100-800% 20. A blast-resistant panel as set

forth in C ai mg2Q, blﬁﬁ%ﬁétﬁhtiﬁﬁéi a8 SAFSrRICleim TR Wk sdiPBibAc Per cent
el ongation at break in a range of about 400-800% 21. A bl ast-resistant

panel as rgﬁgorgigét}]%e{gféggﬁu%&%ggw%&%iﬂ%e aid panel further conprises a

fabric rernforc I'ast-resi stant panel as set forth in
Cl aim 16, wherein said panel further

i; 25. A system for improving the blast resistance of a structure, comprising:
one or more flexible, blast-resistant panels having a predetermined thickness
in a range between about 100 mil and about 250 mil and the panels being constructed of
an elastomeric material sprayed onto a fabric reinforcing layer,
' said one or more flexible, blast-resistant panels having a steel channel
fastened around a periphery thereof; and
a plurality of fasteners adapted to fasten said steel channel and said one or
more flexible, blast-resistant panels to a wall of said structure so as to cover the wall of
the structure from a top of an outer perimeter of the wall to a bottom of the outer

perimeter of the wall and from a left side of the outer perimeter of the wall to a right side

of the outer perimeter of the wall with said one or more flexible, blast-resistant panels.

26. The system of claim 25 wherein said steel channel comprises:
a pair of opposing sides depending from opposite ends of a bottom portion to

form a substantially “U” shaped channel.

27. The system of claim 25 wherein said steel channel comprises:



conprises a fabric reinforcing layer. 23. A blast-resistant panel as set
forth in daim22, wherein said fabric reinforcing |layer is constructed of
aramd fibers. 24. A blast-resistant panel as set forth in Caim?22,
wherein said fabric reinforcing |layer is constructed of polyester fibers.
25. A systemfor inproving the blast resistance of a structure, conpri sing:
one or nore flexible, blast-resistant2panels having a predetermn ned

t hi ckness in a range,between ,abouyt, 100 m | and gbout 250 m |,k apd the

panel s bei ng con ﬁwdgfeepgﬁngaé‘@gﬁé?ﬁ Borﬁg & OngsRﬂné%an%‘?‘lﬁffta fabric
reinforci ng l-ayer, said one or nore flexible, blast-resistant panels having
a steel postion 9fihe periphery; 8ithd a periphery thereof; and a plurality of
fasteners adapted to fasten said steel channel and said one or nore

flexi bl e, blast- e’ shaped sipahaiasndl eloag aaedondfids podiostof thetperiphesp as t o cover
the wall of the structure froma top of an outer perineter of the wall to

a bot t om appositeerfahe fixst sigepartion and etwéenahs@p landbettdni Side portiohd, ssid ¢tEg» of t he
outer perineter of the wall to a right side of the outer perineter of the

val | wi t hhgalddi@NendihelT®bE fdsteR¥d 1 LirstindSlsedirli ot sA0 onP B RbR flekfble, The System
of claim25 wherein said steel channel conprises: a palr of opposing sides

dependi n o [te ends of a bottomportion to forma substantially
U shapgodgs(rt: %E]SE%Q_B " The system of claim 25 wherein said steel channel
conprises: 20 a "U' shaped steel channel along a top portion, a bottom

por {1 o0 210 g A S B e PRp o BB PJELy RS e P ot o
comprising;
a flexible, blast-resistant panel of a sprayed elastomeric material having a
pregéfémined thickness in the range of about 100 mil to about 250 mil;
a channel attached around a periphery of the flexible, blast-resistant panel;
and
a plurality of fasteners to fasten said channel to a wall of a structure, the
ﬂexibie, blast-resistant panel sized to extend across and cover an area between opposing
sides of the wall of the structure with a first of said opposing sides abutting a top of an
outer perimeter of the wall of said structure and a second of said opposing sides abutting

a bottom of the outer perimeter of the wall of said structure.

29. The system of claim 28 wherein said flexible, blast-resistant panel comprises

a fabric reinforcing layer.

30. The system of claim 29 wherein said fabric reinforcing layer is embedded in

the elastomeric material.



opposite of the first side portion and between the top and bottom side
portions, said "Z" shaped steel channel to be fastened to a first and a
second of said one or nore flexible, blast.resistant panels. 28. A system
for inproving penetration resistance of a structure, the system
conprising: -:a flexible, blast-resistant panel of a sprayed el astoneric
material having a predeterm ned thickhess in the range of about 100 mil to

about 250 ml ;. a ched, aroun eriphery.of the flexible,

bl ast - resi st ar‘?tl' 3&?%&!‘ 3%%]5%' %‘prgﬁﬁt%ﬂ%ﬁb ‘fcarglr’g?{@]é l?ygr pLope Cﬁegioé channel
to a wall g}fg a structyre, the flexaiagl E bl ast-resi stant panel sized to
ext end ad$a¥ onRQf (gnid, Palyesipt a8 aRd 8ReSpposi ng  si des of the wall of the
structure with a first of said opposing sides abutting a top of an outer
perinmeter of the wall of said structure and a second of said opposing sides
abutting a bdRt dhe systemef glaime?9 whercingseidfabric nefdorgiaglaysr ceyaprises an uct ur e.

29. The syst#m of claim 28 wherein said flexible, blast-resistant panel
conpr i seopemgfidpaticen.r ei nforci ng | ayer. 30. The system of claim 29 wherein
said fabric reinforcing layer is enbedded in the elastoneric material. 21
31. The system of claim29 wherein said fabric reinforcing layer is

construct ed of33alThk eptém onNclaipd 2Rwaeelh, saildWny@fel Rradapted® beXasdlededhens. 32. The
system of claim29 wherein said fabric reinforcing | ayer conprises an open

grid pat tigfcRor stpface 6¥&hs Wall SPLLd sthlcirgn 29 wherein said channel is adapted to
be fastened to an

34. The system of claim 28 wherein said flexible, blast-resistant panel contains

shrapnel between the elastomeric panel and the surface of the wall.

35. The system of claim 28 wherein said flexible, blast-resistant panel comprises

an elastomeric material with a percent elongation at break in a range of about 100-800%.

36. The system of claim 35 wherein said elastomeric material has a percent

elongation at break in a range of about 400-800%.

., 37. The system of claim 35 wherein said elastomeric material is a material
selected from the group consisting of polyurea; polysiloxane; polyurethane, and a

polyurea/polyurethane hybrid.

38. A blast and penetration resistant system comprising:
a cured, flexible blast-resistant panel of a sprayed elastomeric material having
a fabric reinforced layer embedded therein, the cured, flexible blast-resistant panel having
a predetermined thickness between about 100 mil and about 250 mil, a percent elongation
at break in a range of about 400-800%, the fabric reinforcing layer being substantially

"

plana} and including warp and fill yarns defining an open grid pattern with openings of



interior surface of the wall of said structure. 34. The system of claim 28
wherein said flexible, blast-resistant panel contains shrapnel between the
el astonmeri c panel and the surface of the wall. 35. The system of claim 28
wherein said flexible, blast-resistant panel conprises an elastoneric
material with a percent elongation at break in a range of about 100-800%
36. The system of claim 35 wherein sakd el astoneric material has a percent

el ongati on .at, br inar e of about .400-800%. a37.,The. of claim
S5 wber of b abelt B tint by 0GR oA 1ebsilk S ohosoil 120y S BY IR0 RA ¢ e
group consi'sting of polyurea; polysiloxane; polyurethane, and a

pol yurea/%‘él yur et hane hybrid. 38. A blast and penetration resistant system
conprising: a cured, flexible blast-resistant panel of a sprayed

el ast oneri ¢ mat eraistdel elamhelgubsysteminonfigured tofteratteched ayaund @rpsciphbeyi of ther ei n,
the cured, flexible blast-resistant panel having a predeterm ned thickness

bet ween aduedds fla£iblerbildst-feRidtanbpunic] aGhersteel charpelr subsistedd AGAE peripheptofbr eak in
a range of about 400-800% the fabric reinforcing |ayer belng substantially

pl anar ange byied, Yiékibee Wt@es?ﬂ%t?hﬁél fA6RABLIE 6 4 WhIMEf ARnRBRE shd 8 cBArt €rn Wi th
openings of 22 up to about 0.5 inches by 0.25 inches and a tensile
T

strength ' 2 i e h ystem
confi gur et gé Y"gﬁ gg{hgtjs @%ﬁ%ﬁoﬁ %ltjo?g’do q%n %El{relr B?‘lrgf{r%é}e gcfﬁ]ttl%‘g‘lm gouaftg(g%h} ﬁ?flejtgig bl e

he b oot RPRRE S bIE Bt 8o SEABISVu RSN SR"S Lo Py B
structure so as to cover the wall of the structure froma top of an outer

perineter of the wall to a bottomof the ) .
39. The blast and penetration resistant system of claim 38 further comprising:

fastener elements to pass through the steel channel subsystem and the
periphery of the cured, flexible blast-resistant panel and secure the steel channel

subsystem and the periphery of the cured, flexible blast-resistant panel to the wall.

-- 40, The penetration resistant panel of claim 38 wherein the elastomeric material
is a material selected from the group consisting of polyurea; polysiloxane; polyurethane,

and a polyurea/polyurethane hybrid.

4]. The penetration resistant panel of claim 38 wherein the steel channel

subsystem comprises a “U”-shaped steel channel.

42. A method for improving blast resistance of a building, comprising:
.  Spraying alayer of an elastomeric material on to a molding surface to form a
flexible, blast-resistant panel of a predetermined thickness in the range of about 100 mil

to about 250 mil;

removing the flexible, blast-resistant panel from the molding surface; and



outer perineter of the wall with the cured, flexible blast-resistant panel.
39. The bl ast and penetration resistant system of claim 38 further
conprising: s.fastener elenents to pass through the steel channel subsystem
and the periphery of the cured, flexible blast-resistant panel and secure
the steel channel subsystem and the periphery of the cured, flexible

bl ast-resistant panel to the wall. 4023 The penetrati on resistant panel of
claim 38 wherein the e e)ciastorrerl Fbﬁ a}materlal selech fromthe
group consi sti ndMet “Pot JeUERE sy ﬁ?éll ﬂe‘mf}@? ya?f'étt%!h@temaw g

pol yur ea/ pol yuret hane hybrid. 41. The penetration resistant panel of claim
38 wher eisaidbyild %é@l‘h%ﬂ&rﬂ%lble dipstiesisant paopksxfends framrayleagingonpasinge|
channel . 42. A nmethod for inproving blast resistance of a building,

conpri si reglges ofpheasyalhof seid Byikdingokitiaa fiest absaohepposingedgesibaingadjatent a topol di ng
surface to forma flexible, blast-resistant panel of a predeterm ned

t hi cknessofiaf ol pérafigier sTfth@wallibf skPbuilding dn@ a3bUnd o 941d Bpposidgesapay ng t he
flexible, blast-resistant panel fromthe nol ding surface and 23 once

cur ed, s ol dfhcBlubolibrdiihEoud ARkl 1 ik 3 PR budgn | neror val | of

said bUI o that t flexi ast-re5| stant panel extends from at
| east two opposi ng edges of the wall of said building with a first of said

0pPosi N, edgesbal Aenatkass My (i O HALLETRRGLIRL el L he vl | O

sai d buil di ng and Secon acent a bottom

of the ou ter of the, wall of sai ui l din t hod as set
forth in seﬁaeﬁ? cAnaising oL pahes ?s@qmrl?ﬁwr@anesaﬁlr@%t od from the

group consi sti ng of p‘gol yurea pol ysi | oxane; pol yurethane, and a
pol yur ea/gebyuyes/palyit

44. A method as set forth in Claim 42, wherein said elastomeric material is a

polyurea material.

45. A method as set forth in Claim 43, wherein said elastomeric material has a

percent elongation at break in a range of about 100-800%.

e 46. A method as set forth in Claim 45, wherein said elastomeric material has a

percent elongation of break in a range of about 400-800%.

47. A method as set forth in Claim 42, wherein spraying said layer of said
elastomeric material on to said molding surface to form said flexible, blast-resistant panel
corﬁﬁi;ises:

spraying said layer of said elastomeric material on to the molding surface to form

said flexible, blast-resistant panel with a thickness of about 120 mil.

48. A method as set forth in Claim 47, wherein spraying said layer of said

elastomeric material comprises:



44. A nethod as set forth in Caim42, wherein said elastonmeric material is
a polyurea material. 45. A nmethod as set forth in Caim43, wherein said
el astonmeric material has a percent elongation at break in a range of about
100-800% 46. A nethod as set forth in C aim45, wherein said elastoneric
material has a percent elongation of break in a range of about 400-800%
47. A nmethod as set forth in Caim4224wherei n spraying said | ayer of said

el astoneric material on to sai.d nol dj surface to fo ms id flexible,
bl ast - r esi st afPSHSNBE ar}ﬁtgf?ﬁ'?’ing(ggem%iaﬁg‘i éFBIdFWé‘Fé id elastoneric

material on to the nmolding surface to form said flexible, blast-resistant
panel with a tSArayMESa clastomssictmaterinl pnto saiddabrix; reiaforeement laveronspid h in O ai m
47, wherein spraying said |layer of said elastoneric material conprises: 24
posi t i onimgldmgfsatfacec rei nf orcenent | ayer on said nolding surface; and
spraying said elastoneric material onto said fabric reinforcenent |ayer on
said nolding surface. 49. A nethod as set forth in Caim42, wherein said

flexible, bl a819-resdlﬁkﬁﬁ)ﬁasBaflf@{hinillaiiﬁtt%edleie@wﬂidﬂe)ﬁﬁleltﬂhﬁfrbsﬁ)s%arﬁlde of an
exterior wall of the buildi ng. 50. A nmethod as set forth in Caim42,

wher i n_Sging if bt PontPh erlo? id8 R extBURGHall R it and an expl osi ve

bl ast having a peak incident overpressure of about 17 Si or nore and a
reflected pressure of about 51 psi or nore mnthout breaki ng. 51. A

bl ast - r esi st anfy pane gﬂat%%PEét?da&HJm Aaifit £ Wl FLai@hleAblk) S5t ReFsefrly 25T OMer i €

mat eri al having a predé

panel is to withstand an explosive blast having a peak incident overpressure of about 17

v . . .
psi or more and a reflected pressure of about 51 psi or more without breaking.

51. A blast-resistant panel, comprising:
a cured layer of a flexible elastomeric material having a predetermined
thic}kﬁ\éss in the range of about 100 mil to about 250 mil, and
fastener elements for securing said cured layer to a wall of a building so that
the cured layer extends from at least two opposing edges of the wall of said building with
a first of said opposing edges abutting a top of an outer perimeter of the wall of said
buik{ing and a second of said opposing edges abutting a bottom of the outer perimeter of

the wall of said building.

52. A blast-resistant panel as set forth in Claim 51, wherein the elastomeric
material is a material selected from the group consisting of polyurea; polysiloxane;

polyurethane, and a polyurea/polyurethane hybrid.

53. A blast-resistant panel as set forth in Claim 51, wherein said elastomeric

material is polyurea.



thi ckness in.the range of about 100 m| to about 250 m|, and fastener

el ements for securing said cured layer to a wall of a building so that the
cured |l ayer extends fromat |east two opposing edges of the wall of said
building with a first of said opposing edges abutting a top of an outer
perimeter of the wall of said building and a second of said opposing edges
abutting a bottomof the outer perinef®r of the wall of said building. 52.

A Dbl ast - resi stagnt, panel .as  set for n daimbl. wherein.the el astoneric
marer ol ts o dntuRnaredais of e ot la SRBT B Srmie  ofing: on

pol ysi | oxane;s- gol ur et hane, and a pol yureal/ pqgl yuret hane hybrid. 53. A

bl ast - r edN<RbERE ca&*rysletp s3ig paps! aroypd gt fegst epastion 91 a pegirhiesy thereal d el ast oneri c
material is polyurea. 25 54. A blast-resistant panel as set forth in Claim
51, further conprising a channel nenber secured to said panel around at

| east a porti @A @?fblaStﬁ@ﬁﬁitﬁiﬁ@meltamﬁt&‘th11153@111105le@SIﬂH@Qibgﬁmﬁlstp@tnel as set
forth in daimb51, wherein the blast resistant panel has a thickness of
about 12(pantllhas &€hickhetd afsbeutd2Dsiibnt panel as set forth in C aim51,
wherein said elastonmeric nmaterial has a percent elongation at break in a
range of about 100-800% 57. A blast-resistant panel as set forth in Caim

56, wherein sa@6d Acblagiredi®ant pandlas it ifeith iNdaith PIEWheRIn QidaGAéMme at break in
a range of -apout 400-800% 58. A blast-resistant panel as set forth in

G ai M5l §hdla Bélbche BRABAichUE bISE in QR $5B3uA 0hAR}E i nfor cing | ayer

59. A bl ast-resistant panel as set ftort arm rein said panel
further conprises a fabric reinforcing |ayer.

57. A blast-resistant panel as set forth in Claim 56, wherein said elastomeric

material has a percent elongation at break in a range of about 400-800%.

58. A blast-resistant panel as set forth in Claim 51, wherein said panel further

comprises a fabric reinforcing layer.

59. A blast-resistant panel as set forth in Claim 53, wherein said panel further

comprises a fabric reinforcing layer.

60. A blast-resistant panel as set forth in Claim 59, wherein said fabric

reinforcing layer is constructed of aramid fibers.

~ 61. A blast-resistant panel as set forth in Claim 59, wherein said fabric

reinforcing layer is constructed of polyester fibers.

62. A blast-resistant panel as set forth in Claim 51, wherein said cured layer of
said flexibie elastomeric material is affixed by the fastener elements to only an interior

side of an exterior wall of the building,



60. A blast-resistant panel as set forth in Caimb59, wherein said fabric
reinforcing |ayer is constructed of aramd fibers. 61. A blast-resistant
panel as set forth in Caimb59, wherein said fabric reinforcing layer is
constructed of polyester fibers. 62. A blast-resistant panel as set forth
in Caimb51, wherein said cured |layer of said flexible elastoneric
material is affixed by the fastener eQGnents to only an interior sided an
exterior wall of the buildin 26 A bl ast-resistant panel as set forth
in daimb51, vﬁerﬂebhstsrﬁlétampagtlaﬁé%tufgrt!mClwhél Wherei saig bﬁgttraﬂ%talﬁn

expl osi ve bl ast having a peak incident overpressure of about 17 psi or
more and pancleif kewithdandransxplosive blaaimwing®pepls incislentprepressnemlinbint éaki ng.  64.
A system for inproving the blast resistance of a building, conprising: one
or nore fpstut inbe antlaasflectediyradsaetof pbore 5 phiay invge withse dpdakingl ned t hi ckness
in a range between about 100 m| and about 250 m | and the panels being
constructed of an elastoneric material sprayed onto a fabric reinforcing

layer, said ong, qatsf@n@f&rhﬂﬁtobh@m@blaategimsbﬂabulnﬁﬁ%elcgm AYhglg a steel
channel fastened around a periphery thereof; and a ura |ty of fasteners

adapted to fast erbn%% ﬂ! éﬁg)llblg r\f}m%sw‘?ﬁg \sqlaQifrﬂ@ acHrec}e ehltﬁ

bl ast -resi st ant pane an interior ce 0 sa| U|Id|ng SO

as to coyer th |nter f t |1, 0of th Ulldl a top of
an outer Y&TPRERBHY ?‘I’tel \ﬁé‘?? % u t“\élvi‘?‘rtijftg?ﬂ@e eé'?g??é'ﬁt?‘l‘f’éfide&] of the
interior surface of the wal | and frorna. | eft side of the outer perineter
of the i narcglastemerifrmeieral sprayedontpp fabricgeinfor¢ingiayen, de of the outer
perimeter of “the interior surface of the wall with said one or nore

flexi ble, blast- saginstoantorgferabls, blast-resistant panels having a steel channel

fastened around a periphery thereof; and

a plurality of fasteners adapted to fasten said steel channel and said one or
more flexible, blast-resistant panels to an interior surface of a wall of said building so as
to co;rer the interior surface of the wall of the building from a top of an outer perimeter of
the wall to a bottom of the outer perimeter of the interior surface of the wall and from a
left side of the outer perimeter of the interior surface of the wall to a right side of the
outer perimeter of the interior surface of the wall with said one or more flexible, blast-

resistant panels.

65. The system of Claim 64 wherein said steel channel comprises:
a pair of opposing sides depending from opposite ends of a bottom portion to

form a substantially “U” shaped channel.

66. The system of Claim 64 wherein said steel channel comprises:
a “U” shaped steel channel along a top portion, a bottom portion, and a first

side portion of the periphery; and

T D



65. The system of C aim 64 wherein said steel channel conprises: a pair of
opposi ng sides depending fromopposite ends of a bottomportionto forma
substantially "U' shaped channel. 66. The system of C aim 64 wherein said
steel channel conprises: a "U' shaped steel channel along a top portion, a
bottom portion, and a first side portion of the periphery; and 27 a "Z"
shaped steel channel along a second sR@e portion of the periphery opposite
of the first side porf_ll on and betvveen the top and bott om S|de porti ons,
said "Z" shaped as¥edhaRedisakhapes! long 2 Second 8ide ORIOROF $ie REABNEY sccond of
said one or -nore flexible, blast-resistant panels. 67. The systemof Caim
64, wher edppositeiof ﬂmﬁreblsldeamoroandslmdemltbe(ﬁoplaed bottam side potionsysaid (24l i s
affi xed by the fastener elenents to only an interior side of an exterior
wal | of shagedsidel chiangel 168e fakkeedyosd finst adkl aGeeundh of4aid whebemorestiaxiblf)| ast
resistant panel is to wthstand an explosive blast having a peak incident
overpressmgﬁ_r&ista}ll@?melsﬂ psi or nore and a reflected pressure of about 51
psi or nore w thout breaking. 69. A systemfor inproving penetration

resi stance of. a building, the system conprising: a flexible,

bl ast-resi st ang Pﬁ,lg%g stdh of ChA %ﬁth&Eﬁ%Lﬁ'Eﬁfédqi%gB%ain@tl eﬂlgtog'ggcm. -

predet er mi n&d th SS i n e ran about out a

h | att h fl bl - | ;
and. - a grgfi a%*Fsa@&f%i&s%%m@gb%@m Xhaaﬁsp%%géeééﬁ% s P
bui | di ng, the

the building.

- 68. The system of Claim 64, wherein said blast resistant panel is to withstand an
explaéive blast having a peak incident overpressure of about 17 psi or more and a

reflected pressure of about 51 psi or more without breaking.

69. A system for improving penetration resistance of a building, the system
compr’ising:

a flexible, blast-resistant panel of a sprayed elastomeric material having a
predetermined thickness in the range of about 100 mil to about 250 mil;

a channel attached around a periphery of the flexible, blast-resistant panel;
and,. .

a plurality of fasteners to fasten said channel to a wall of a building, the
flexible, blast-resistant panel sized to extend across and cover an area between opposing
sides of the wall of the building with a first of said opposing sides abutting a top of an
outer:I‘Jerimeter of the wall of said building and a second of said opposing sides abutting a

bottom of the outer perimeter of the wall of said building.



flexible, blast-resistant panel sized to extend across and cover an area
bet ween opposing sides of the wall of the building with a first of said
opposi ng sides abutting a top of an outer, perineter of the wall of said
bui I di ng and™a second of said opposing sides abutting a bottom of the
outer perineter of the wal |I of said building. 28 70. The systemof claim
69 wherein said flexible, blast-resis28nt panel conprises a fabric

rei nforcing | ayer._enbedded in the el astopgri. terial. 71. The system of

CF i m 65 wher ot THERAIFRGE Pl B9 Rbgied 1 Ty, et Essy BRieb gToea: | east
one of aram d, polyester, yans, and fibers with an open grid pattern. 72.
The syst enfabrc ginforeinelayeiembeddedgnihe dastomesicanaieriabt resi stant panel is

affi xed by said channel and said plurality of fasteners to only an
interior side of an exterior wall of the building. 73. The systemof Caim
70, wherei n sdild Theagstemed ckinmn® whareal saidsfaboc winfoimgidyeins comxtobodsi ofe bl ast
havi ng a peak incident overpressure of about 17 psi or nore and a

ref | ect edatiagsenerof apimidRiested, yafs, i fibefsavivi depieh ghidakérng. 74. The system
of claim 71 wherein said flexible, blast-resistant panel conprises an

el astoneric material with a percent elongation at break in a range of about

100-800%  75.7A ’ltﬂe%?itetﬂ%ff' OPEREAY Fhéreih saReXiAOblas¥eG St g@:‘i@?ﬁé ARG a
cured, flexible blast-resistant panel of a sprayed el astoneric naterial

1115, 3 BB SRR AP S G L

bl ast-resi'sta ane erm ween about 100
m | and abput. 250 m |, a percent elongation at break in a range of about
400- 800‘%)0fftﬁ%b‘fI §c reinforcing | ayer being substantially planar and
including warp and fill yans defining an open grid pattern with openi ngs of

up to about 0.5 inches by 0.25 inches and a tensile strength of about 1200
psi by 1200 psi3: The system'of Claim 70, wherein said blast resistant panel is to withstand an

explosive blast having a peak incident overpressure of about 17 psi or more and a

reflected pressure of about 51 psi or more without breaking,

74. The system of claim 71 wherein said flexible, blast-resistant panel comprises

an elastomeric material with a percent elongation at break in a range of about 100-800%.

~* 75, A blast and penetration resistant system comprising:

a cured, flexible blast-resistant panel of a sprayed elastomeric material having
a fabric reinforced layer embedded therein, the cured, flexible blast-resistant panel having
a predetermined thickness between about 100 mil and about 250 mil, a percent elongation
at break in a range of about 400-800%, the fabric reinforcing layer being substantially
planar and including warp and fill yarns defining an open grid pattern with openings of
up to about 0.5 inches by 0.25 inches and a tensile strength of about 1200 psi by 1200 psi;

a steel channel subsystem configured to be attached around a periphery of the
cured panel and the steel channel subsystem and the periphery of the cured panel

fastenable to a wall of a building so as to cover the wall of the building from a top of an



a steel channel subsystem configured to be attached around a periphery of
the cured panel and the steel channel subsystem and the periphery of the
cured panel fastenable to a wall of a building so as to cover the wall of
the building froma top of an 29 outer perimeter of the wall to a bottom
of the outer perineter of the wall with the cured, blast-resistant panel;
and fastener elenents to pass through the steel channel subsystem and the
peri phery of the cured, blast-resistad®? panel and secure the steel channel

subsyste .t he f the cured Dlast- i St neI o] the
val 1 of COHEEtperimater B s Bl a Bt oF et peleknaftie SrE AT sy

wherein the elastoneric nmaterial 1is a material selected fromthe group
consi st i nejassresiigang panek;ando| ysi | oxane; pol yuret hane, and a

pol yur ea/ pol yur et hane hybrid. 77. The penetration resistant panel of Caim
75, wherein the dast@ler ckemenidlto passbsyughahe steetghamebsubsystdm sibthed st eel
channel . 78. The penetration resistant panel of Caim75, wherein said

flexible fd ?ﬁéry of & catedblaftrogbtant Hand] fahdk Sstufeqh®tkbel cRihneN§udEystdim gddle of an
exterior vva1 of the building. 79. The penetration resistant panel of O aim

75, wher e il AR crrs&I%@e&lsmnfﬁgkratggﬁwﬁlwtgébe,rurn n expl osi ve bl ast

havi ng a peg nt overpressure o re and a
reflected pressure of about 51 psi or nore w thout breaking.

76. The penetration resistant panel of Claim 75, wherein the ¢lastomeric material
is a material selected from the group consisting of polyurea; polysiloxane; polyurethane,

and d polyurea/polyurethane hybrid.

77. The penetration resistant panel of Claim 75, wherein the steel channel

subsystem comprises a “U”-shaped steel channel.

~78.  The penetration resistant panel of Claim 75, wherein said flexible blast
T
resistant panel is affixed to only an interior side of an exterior wall of the building.

79.  The penetration resistant panel of Claim 75, wherein said blast resistant
panel is to withstand an explosive blast having a peak incident overpressure of about 17

psi or more and a reflected pressure of about 51 psi or more without breaking.



