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CONTAI NMENT SYSTEM AND METHOD FOR PRODUCI NG SAME
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The present invention relatés to a systemto be

installed at an interior of a building wall to

contain shrapnel froma blast, and a nethod for

produci ng such systens. 2. Description of Related Art

In the aftermath of recent terrorist attacks, in which

bui | di ngs have been targeted for destruction,

i ncreased attentign has been paid to inproving the

saf ety of worker SSHMB@E!HEQRH[NNMEQES@BE%H

further attacks AND METHOR RGR PROMICING SAME

determi ned that a main source of damage to articles

and injury to persons inside of a building under

at tBACKGROMUND Qe JHE INVENRKONNi ti al bl ast of an

i mpact or expl osion against the building, but instead

i s 1.hEield wf the: Isbentisie! (pi eces of the building wall)
generated by the blast. It has been determ ned that

i mpr Ongﬁg{]éggngmvéﬂﬂéﬁméfé% tby %%%38{5@ ingﬁrl'lﬁg %‘? @apnterior ofg

acco y spraying a po Iner o

puitieRle 4 KEEGuBln HitEpSitoifia bR, SRz Metfed for preducing

pollséu[’eth ne material that is sprayed directly onto an
i nSECNYSEP$-ace of the structural wall. In existing
bui | dings, this liner would be applied by renoving

any. i ResernmioncfdRelatesd Al | surface (e.g., drywall),

appl ying the spray coating, and reinstalling the

cosne ithe afteimathrdfaeeentltarrorst dttadkd] ingshich hillingghave been

woul d be sprayed onto the interior of the structural

welidrgetédfortdestridetiomifEieaEed bRERATONRAEK been paid fo 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 the
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 wall surface (e.g., drywall), applying the spray coating,
and reinstalling the cosmetic wall surface. In new buildings, the liner would be

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

being performed.
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The in situ spraying of such aliner is a relatively
wexpEnee4e process, and requires skilled equi paBMIS2004/010488

operators and careful conta?nnment of the area in

whi ch the spraying is being perfornmed. In addition,

t he | yur ef hane materi al nas .a very rapid set or :

cur epﬂ'i"%/r@, gﬁhsf?rﬁ‘é"”(gr SucHra G?ﬁrys a relalivelycomensivenrocess, and
when the pol yurethane is inadvertently sprayed onto
sureguiEes gkilled equipment oparatonsand waréfal eordainnmait of the area in
thereon, it can be very difficult to renove the

matvéhichithe spayirgiistbeing badormedholy utéition Ofel Blyurethane material
materials are generally known for use in applications

Wheas & 06y abRNsEtesT dilr@ fiffe, ¥h RB'ARALPEF &9 iafsflfa%kceecoinf‘js. Thus,

needed or desired, or in certain materprlo
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shrapnel absorption and contai nnent, and which
pré(ﬂp'ﬂégc'i‘ﬁ’dffé(?%% cont ai nment of shrapnel generated
froman inpact or blast at the wall of a building.
SUMVAIRYY WEa paBtingIvENTTaN are genlkeoally lemuvrofdressedhjapplications

of the present invention are achieved by producing

pr avifeve wedopmmelesistimadomrdisrasioh registdic® is #eelB8 ¥ HRS¥ed, or in
and installed onto the interior surface of a

st icafthi WhterBidofifh appheatidis CerldlR pgaiﬂﬁ.g{aé ngé'?%S  also are tear

produced by spraying a pol yurea or

”ataﬁﬂiiﬁﬂpaEPFé‘sithéﬁﬁl ly selected to facilitate the

production process and the performance of the

fini ghed pangl s, in.producin mat eri al . havin

i mpr %@cgc‘)r yia(ﬂpr%;\ng 0 _;ec? o? the present mven’uor? fo provide g
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 2 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 stfuctural 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



tensile strength properties. Alternatively, the
pol yurea material or other WO 2004/ 092495
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appl i ed and bonded directly3to the interior surface
of a structural wall or building. elastoners such as
pol ysi | oxane, pol yuret hane and pol yur ea/ pol yur et hane

Y lefdeiSmBRY rieRERNGY B AniRR Hd SERRId §i§%9| B3h¥ W& hor

I n constructing pan€el’'s or 1n ayer or

I a f [ LI [y to the wall. The

pr§§E§f8|{’£%§$ﬂ$@hgg‘fv§hth\Lfﬁﬁ%bgs a net hod for producing

shock-resi st ant anel s, includin prayi ng a

Do, SHSIMBIGRIC RS BOVSiRK i BRVMN ST DR AN Rsireaibolyurethane
"onto a rel easeabl e substrate to a desired thickness,

wi higbeds mayHer empleyad as anfalisrnativedo pobiuceaimeonsthesting the

allowing the material to cure, and renoving the cured

papehekrarin ioadmgos tayer or iR@ns b ther matarian difettly &y ©i@ wall.

a building site, and are installed at the interior of

the gheugbssd invéhtlon Ao iM@INEY 4 fHdlHod RF i resi
DESCR T ny S AR oD, e TR & ethod R Prarping shock-resistant

be q . . . Con '
P ene el sPiarRR S W HRIT OIS, PO Bleq Rkl g material
el enents _are signated ., by like, reference, nunerals, .
anBniihe reRRSeqis UBSl Bt et oS, Wit & Withonk fiber or
producti on apparatus according to a,  preferred )

e icReitforgemant. theasaliewing thenmataiial ko eurez angd rgmoving the
substantially schematic view of the installation of a
sheugstepaneal dionathesubstiaiac Paaels are then deliveredftotahieuilding site,
structural wall of a building, in accordance with a

pr ehdrare thstatisatanbstinietiot bether saemiral waie of ths biildig.3
illustrates a shrapnel contai nnent panel in accordance

with a preferred enbodi nent of the present invention.

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 having a channel member

secured at its proiphery.



FIG 4 is a cross-sectional view of a panel having a
channel nenber secured at its proiphery. WO
waQo2@495 PCT/ US2004/ 010488 4 FIG 5 is a PCT/US2004/010488
cross-sectional view of two4abutting panels joined at
their edges by a panel fasteni-ng nenber according to
a preferred enbodi nent of the. present invention. FIG
6 i r ' ntd al |l i ' ;
st Cayaie oo Sdalr A ot g SRERRL Rk Bira ftieir edges
devel opnent. of .t he present invention. TAl LE .
DRRYCRPPIE LIRS ISring [RepriaT eers BR A HIEIFEdANbotiment of the
illustrated in FIG 1, a panel substrate 10 is
prpkeentonhyentiprovi ded as a nold surface onto which a
polyurea el astonmeric material may be sprayed in
pr odEi@. Byis Einesterhead stibstantiallyssotepmatic- view af dhe tegidayout
100 according to the preferred enbodi ment of the ‘
Pr&sRfuktd dimedtcoriancEREits tHis & wdieprhentidith preserddhéshtion.
as necessary, wth a rel ease conpound, in order-to
facilitate the renoval of cured panels fromthe.

SUBETARLED DESCRIPTION GH 4HEIPREFERREDMBODIMENTS

apprrcdatrorm equa pP Mt, a twWo-part, nign sollds,

I L . ' AlLaui ,
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application punp 24. Reservoir or storage tank 26 may
bepradudingdlasigasisiant o spEROe-Eetardirg pgnels 10faccording to the
el ast omer conposition through feed lines 28, 30, where

t herefercapembotisnentefthe pdesent iralendioB8 2 Themudbptrate 20 enaypbe
may either be manually operated so as to apply the

POk¥/2iE8 A dREEEd sy, QMEH atrble s BlidohBimds I avider idnfacilitate the
produci hg a panel. Alternatively, the spray nozzle

( MRSV B8P cR8 FatRILfom the substrate.

Employing standard, known, spray application equipment, a two-part, high
solids, elastomer composition is sprayed in liquid (uncured) form onto
subsirate 10. The spray equipment, for illustrative purposes, may include
spray nozzle 20, which is connected via flexible tubing 22, to an application
pump 24. Reservoir or storage tank 26 may be used to feed the components
making up the elastomer composition through feed 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 bé
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,



used may be nmounted to a carriage (not shown) of a

known construction that has drive neans for noving
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vertically, to ensure that $he conposition is applied

in an even thickness over the entire substrate. O her

spray application arrangenents are also feasible, WO
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Fi e e ol R M Bno a8 SRRV R 8, or

| a scal e producti.on, the spra cess W L.l

o 5 SERls PEIEHER, 18P spimpt8key vl B StRpithliaky completely

control and robotic el enents being used to control

t heutgipalede With saputer semtre]iang roketicslpsments being Heed to control
" sprayers and delivery of the nmaterial to be sprayed,

anthe sprayaqlipmenbfnaliding dhe moveThent s tiee barsiyers and delivery of

process will, however, likely remain the sanme. In a

pathie mdtarialyto headprayet] and ttk handling dfehe pagks. MYe same basic
further be - enhanced by including a reinforcing |ayer

103rydtissillBoRsvet ﬁlﬂé???&lnaﬁw thelddhes, the outer or

‘inner surface of the panel 100, or which may be

di sp e j i : f

or oalit rbgtrculpfiEplsibiibd Bt W0 Bapels diagRirH o

bei ng_at iL.nterior of the nel .pref erabl,
 nENtARCed Py nGiding ageinforind BVPL 307 which Brav.he dimpsed at
substrate 10, and spraying the polyurea or other . X
speiharihe Aitaspoineer swiace alihenanet 106, or whichinay be disposed in
which is approxinmately one-half the thickness of the

f i thesindetrigranfdhe pahel. f Hie metiapof piodbcingesushrapedelpwith the

pol yurea is then rotated.or flipped such that the

poleinfoeaing fiagahdime asab Hteadreofand panel, inedy praféRdIY meRrle
the spray equi pnent. A second application or spraying

% gta%;ﬁ-.gog r¥iRFRRIngTEBrid H%t&%éé?a‘ir%t%w@tréé’ﬁ% tdfﬁ %ﬂfgg@réﬁng the

~is then effected, to produce a panel « _
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approximately one-half the thickness of the finished panel. The fabric 102
with the sprayed-on polyurea is then rotaied or flipped such that the polyurea
faces the substrate and the fabric 102 faces the spray equipment. A second
application or spraying of the polyurea onto the opposite side of the fabric 102
is then effected, to produce a panel 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
desired to have the 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 interior 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



reinforcing | ayer can be placed in intimte contact

with substrate 10 when it is desired to have the
woOayarooamsan exterior surface of the panel 100pCams2d0me10488

el astomer can be sprayed onéo the |ayer until the

desired panel thickness is attained. Wiere the |ayer

102 is to be in the interior of the panel 100, the

I a)fﬁfrtlébe e %ﬁ?&@ﬁaﬁ@éfsbr eddritbehs Qbﬁétfﬁbeaﬂ@thé\’iéy%r 102 is
t e polyurea being ‘sprayed through the |ayer to

20017 5y FsoBts PORSRR i7 BTpUBLRARES: EF I pdheffs then spraved to

rray be s ed onto the substrate, and the layer 102
P tﬁ%‘tﬁﬂ?&ed and the remal ni ng thi ckness of
the panel is then sprayed to | ete the panel
t he w@m%@wr@@e%ﬁﬁpme & reﬂtheep%umr@atenal has either
material has either partially or fully cured, the
| ayertially oyfplly sueedl, thelayehis sapasatedtfeomndhe anbistrates 0, and thus
forms a panel 100. The panels 100 may thus be
esserms algdaneide0- produced in an econom cal manner.
This can be acconplished in a true factory setting, or

in apRrpadis 100 mapkrahhd éséﬁrﬁi@"ﬂﬁe@% -pragiutéd ¥ an etcgnomical

construct ed at a building site that were foun

P e 0d at%’ 85{*%%%9"?%%“%“%? ity e f§°{99¥ sfthg: GfFER portable or
'.ﬁtniq SIEpIe Patevt“wét?ﬁgn? fot3 28 et 9% of R BRTe found to

the panels are to be secured are either left exlposed
dupﬁr@mﬁ’ﬁrﬁphd eeiisnicalar dasirgble fon apy saasaen- nganels 100 are then
retrofit, the cosnetic interior wall surfaces are

r efraneported &x pdaildingewhich ds taobe oulfittedevitit thase blast-resistant
structural wall. The panels 100 are cut to size, as
nepeAaskly, and are affixed to the interior surface of

the wall 104, preferably using any

Interior structural walls 104 of a building to which the panels are io be

secured are either left exposed during initial construction or, in a building
retrofit, the cosmetic interior wall surfaces are removed to expose the interior
surface of the structural wall. The panels 100 are cut io size, as necessary,
and are affixed to the interior surface of the wall 104, preferably using any
suitable adhesive, or by mechanical attachment. Because the structural wall
104 will commonly be formed either of block or poured concrete, suitable
mechanical forms of attachment may include threaded concrete wall anchors,
or screw and anchor sets, or nailing with an appropriate concrete-peltetrating
nail.

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



sui t abl e adhesive, or by nmechanical attachnent.

Because the structural wall 104 will comonly be
woanmmmwd205t her of bl ock or poured concrete, suPCamiSe004/010488

mechani cal forns of attachnent nmay include threaded

concrete wall anchors, or screw and anchor sets, or

nailing with an appropriate concrete-penetrating

nail .. F{?& é illustrates a preferred enbodi nent of the

panBlils1i#, d<4iRositionedatiopposity sidassea.; tieniand back)ufshe panel.

enbodi nent, panel 100 is bounded at its periphery by

chatses! Fle i eFie channgliroembersiwhicinare prgferably tizele of stainless

panel 100 between two WO 2004/ 092495 PCT/ US2004/ 010488

7 rsiekf al@ i stidetupliyireinforethgatheqepess aethsl s{ 8dding stiffness

front and back) of the panel. (see FIG 4) The :

chawﬂ@étoﬂﬁﬁ’%@dﬂiomﬂ%b%eaéf%h%ﬁé%ré}%% e{@@@@ RPthe Ran?lhigqproves

stainless steel, aid in structural I nforci

1. . ' ' h to., | .
paean /oA Tl hdnsly SRS bl by, i
i h Liabilit f hani cal fast ,
sucteaingdhe pargis i the HlBooals,  secur i ng the panel s
to thrg: building walls. FIG 5 illustrates a further
panel Fkast WHsthgtesansther pgnel fpstaming memberel 26 istablevfor use

panels are to be joined to span a distance w der than
t hewhgr twio piangls atertglbe joined to shdjnaa distaredgeitlep thdmthe width of a
panel s are secured to the two rails 128, 130 of this

pansihglegetrehi Adjavembedges bfgve painélblape BBl toahe two rails 128,
fasteners. The rails 128, 130 are offset by a web

132136 4thid b@ﬁeltfaﬁeﬁgﬁalﬁﬁgﬁ%é@gg@te%tfifnag)‘if‘gfé%pa“&%hfa\g?eners. The

panels in essentiall ations

or A8 30 =r R 2B A el B Tk retin

be tiwgit\%dpangllseinfegssste%ﬂiaIrI])garqgeggg-rab%?tri]ngbseIast?cgzn%rh(iepq 'tl'lgn)e t*fahsetening
member 126 may be used in addition o, or in lieu of, the channel member
120 at the edges to be joined. The fastening member can be secured to the
building wall, as well, by appropriaie mechanical fasieners.

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. In situations in which the
explosive blast also causes the panels 100 to fracture, the kinetic energy

absorbed or dissipated by the panels will significantly reduce the amount

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



buil ding wall, as well, by appropriate nmechani cal
fasteners. An expl osive blast, or other type of inpact
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structural wall to fracture8and generate wall

fragnents of varying sizes, which are generally

referred to as shrapnel. The panels 100, with their

| TpEAVRA iRLIABYAL 'b?xﬂ??@gacréfiﬂﬁé béttst profetitdd a galnst a pnnmpal cause

char acteristics, effectively

O BB g 8 ?.egﬁyo'f L,
Ot G P S S B R SRR o e

the explosive blast also causes the panels 100 to
f r wetl ifself, paréculanywhereiastaned tabe walidomeghgsicphfasteners at

by the panels will significantly reduce the anmount
antheoperipreay obthe panslbr apnel that may enter the
interior of the building. WO 2004/ 092495
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thus better protected against a princi p? cause
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that the panel thickness be in the range of about 100
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t hi ckness will be about 180 m . Panel s thi cker than
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the possi'bl e i ncremental increase in shrapnel
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pané e ou wei g ed by the increased cost
The elastomeric material employed in the shrapnel-containing panels

preferably has particular cornbinations of physical or other material properties
in its cured state. Of particular significance are perceni 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. ltis

preferred that the elastomer exhibit an adhesion to concrete of 300 psi



(material cost), in a cost/benefit analysis. The
el astoneric material enployed in the

wehoamazis cont ai ni ng panels preferably has papPCrask@n/o010488
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percent elongation at break and tensile strength. The
el aainfAB AdleYe Miluke)n ' d
O el M B SBeaTaPld SBefor 190
at rﬁfﬁfmﬂﬁwgher end of this range, etc.., 400-800% The
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i nportant, whether the panels are constructed
sepahatrepipobpurethanedieds ican prpduce the demiragaphysicsl andanaterial
buil ding or other structure to be protected. It is '
pr gireperdidst Katraritly, alpasiicuiany prefiéied elastambeis marketed as
concrete of 300 psi WD 2004/ 092495 PCT/ US2004/ 010488

9 rEnvirolastic® ARM25; a0t &olids,| 3pre)-apphed, attoadie i urkq material
steel of 1200 psi mninum As noted previously,
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pol yur ea/ pol yur et hane h S can produce the sire
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Envi.rpl astjc(.r) AR425, a, 100% sol i ds, spray-applied, .
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natlapael resistantayvetaipeooi sogtingvang dping(sysémanat e
quasi - pol yner; anmine mxture with pignent), sprayable

mat eflihel Enideilaptield AR42E sypstbhyhasbeer testédirepanélspasduced
resi stant, waterproof coating and |lining system The
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framework io which the uncured elastomer will adhere in forming a panel
shape. The fabric reinforcement will preferably also contribute to the
structural integrity of ithe panel in resisting blast and in containing shrapnal,
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 testing 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.
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structure that |sto berelnforce I'n this jinstance,

t hofwaall susiace '6?3¥'|@F'H%$ §u%tl’@tél3@ elastamepwilfingheegions where
foreign materials, with the elastoner applied by
s pmagchagical attachmentenkamdsdhetashesion. enpl oyed in
sprayi ng the panels onto the panel substrate. The

el astghen iheaasysietnad tabave 2 faprit lor fibef igbrdin®element, the
sel ected to have a bonding strength or adhesion to

CoRfdRbRer fiay3890 PedfefBrN BEPa Al éﬁiﬂl@@oﬁﬁh%@ ré%‘drcmg

general Iy have a sufficient number surtace

| T I ROHL A V\t;;%heo%lﬁﬁ‘ﬁgsﬁlgﬁéd My tﬂle%mcfervﬂf the bid%mer layer is

regi ons

then spray-applied. Alternatively, the reinforcing element could firsi: be
positioned against the wall, with the entire thickness of the elastomer layer

then being applied thereto.

EXAMPLES
Testing of blast-resistant/shrapnel-containment panels in accordance with
the present invention have been co,ndu‘ctéd. The physical test Iayouf (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

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



mechani cal attachment enhances the adhesion. Wen the

systemis to have a fabric or fiber reinforcing
wehemmar49st he el astoner nay al so preferably beCcT/US2004/010488

partially applied, with thdireinforcing elenent then

bei ng positioned, and the remai nder .of the el astoner

| ayer is then spray-applied. Alternatively, the

r eisgliared-68 “6' ShERS, suehltHaf ihehrded walleSI02i fadipg theaxpidsive

the wall, with the entire thickness of the el astoner

| a¥fbrod WSUI&%O@sﬁﬁldggﬁe‘% Bﬁéﬁﬁ&urw&gé*nleﬁﬁ%ﬁi 8y generally

-resi st ant el -contal nnent panel's’i
accordance wth the present invention have been
cor\f‘fﬂ}ﬁ‘?%? wﬂgmahysi cal test layout (not to scale) is
shown in a_schemat|jc overhead viewin F|G, 6. FI G
6. apaBinAcl: 08l ShiGkhevDAHD s FiahEdodial fisnpss) were
to four (4% identically constructed concrete bl ock
madnsialjed af hetinigaior of tryge of arrwallawhilegdhe foudh yeall had no panel
circle fromthe explosive. The masonry target walls
202rining instatiéd uThe paneiy includedostaialess stesluhanagis P201,
whi ch together with the target walls formed a WO
20Q¢r@BAdIP thEIF /P ﬂ@ﬂé@,@ﬂﬁﬁeréﬁe&ﬁé@t@ﬂj@ﬁeﬁh&ﬁ the walls 202

shape, such that the target walls 202 facing the

ex@sﬁﬁ(\’/&crn aérg:g'nofﬁégtgné‘@’e sone degree of structural

rein cement, ey_genérally would in a building.
el | AT RANRER rd € isERalety S AR Fal kRS of Te0 mil

three of the walls. while the fourth wall Ba,d no _panel

or of PRIYNEEa matenial dEnvirplastiarARé2phrving @ fapHF feipiycement layer
steel channels 120 surroundi ng their peripheries, and
wedisppeediteereinn Fhdhemncenstivictionakdedailsadl the pamelsisiengs follows:
concrete anchor fasteners.

TABLE |
Panel Elastomer Fabric Reinforcement
A AR425, 180 mil Technora T200 fabric,
0.5 0.25" grid opening
B AR425, 180 mil Technora T200 fabric,
0.5x0.25” grid opening
C AR425, 180 mil Twaron T1000 fabric,

0.25x0.25" grid opening

The explosive charge 200 comprised 42 blocks (52.5 Ibs.) of C-4 explosive
configured to generate a uniform blast overpressure on the face of each target
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
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.



Al'l of Panels A, B and C were produced at a nom nal
t hi ckness of 180 m | of polyurea materi al
wWOBmaioonioasti c(r) AR425) having a fabric rei nf eCTRISEIOY/010488
| ayer disposed therein. Fuether constructional
details of the panels are as follows: TABLE | Panel
El ast omer Fabri c Rei nf or cepent AR42 180 m |
Techlilial Pesbexplasion %S%V@'%Sdew'egfh% tBpdnPrfepted wall (no
AR425, 180 mi| Technora T200 fabric, 0.5x0.25" grid

oppameigsecerematermbsmﬁerequiaﬁirophm@w%@l failure, with virtually
0. 25x0. 25" grid opening The explosive charge 200

conpimé sethedéorvretekaf dith2r the tzsget wall 202 oethe minfoecing legs 204
- configured to generate a uni form bl ast overpressure on

t hehapgth Rachabddtie bagd bf tRBvalll FraigeiEms of thedlvall, or
C-4 explosive is equivalent to 67.2 pounds of TNT

Th&@gﬂ%ﬂ%apﬁéq Eg%‘(@h t WRiE f&fn%‘ FROEE féet’tq?éﬂ ﬁ’d“ﬂﬂje bRl (ie., to

allgn center point o each wal

hei ght). The expl osive charge vvas
, '@gﬁrw OB&%WQF% creat i ng a peak inci dent
over ressure of 17.67 refl ected S
of -5l cantis, thodnEsdardaielB e fizceaTels ibaleciat the interior

Initial post-explosion observations reveal ed that the
unpurface terdainad staneing, puitte someviiat varying lpvelsi efrdamage to the
suffered catastrophic structural failure, with

Vi ednigkteyblooksieRedionseatarhich éeetanfetavalh202 wWas joiregieto
wal | 202 or the reinforcing legs 204 remaining in

%ﬁ‘?ﬁoﬁﬁﬁ@! d-s@ozpéﬁﬁeé}{edttB %uW@f Jthe ﬁbéﬁtﬂ@rﬁbge Otﬁué &?the stresses

rapnel,” caused by the blast were found up

10 RfichE Bt R JBf?'nté BE th&blast.! TRe 'tallggt walls themselves contained
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
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. Itis 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 interior of the wall).

In contrast, t

he three

target walls having the panels installed at the

wono@roops surface remai ned standi ng,
varying | evel s of damage t d3the
Regi ons at which the target wall

W th
concrete

S ONPENAIS2004/010488
bl ocks.

202 was joined to

reinforcing | egs 204 appeared to suffer the nost

dafBgR 1.0 fadfentl%odtd BEARR, the HULEAAe Mrgkhigag | o nts
ng,'géeqigggggg'-”if‘” ki :E‘La%ﬁ,( ;f!ifl.m Listance fram wall (f)
of _the panédls reveale thm‘ q?‘n@ll areas df_a mar dha
pai nt coafing on thelinterior4surfaces df the paﬂbﬁ
had spall e or been khocked of 8, presungbly by 54
concrete fgagnents inpacting tHe oppositg side of41.Be
panel  durgng the expfosion. Ligitle or nd plasti 41
d,rornatlog and no fracture pf— perforation, of 3e
TR A e el A A R
of né&l s framnrn H-s—of—t t-ar geI wal-s —wer 4
f ound h9h9nd ea(‘h of | t he tpqi 1nanp| s. Tables 2- '%19
ptesent dafdl@ relating| to wall3.4fragnents |(shrapnel9
f pund subsddquent to the test. bt |s to bg noted tthb
np data i g92provided relativegffo "Di stande from Wal"
f or The wahBS having fhe panelfs secured [thereto,qgn
t hat—mone of the fragments passed through The panets.
WD 2004/ 092495 PCT/ US2004/ 010488 13 Tabl e 1:
Eri%HE[]és A T thﬁv%ﬁbaﬁéﬁ?q "D 110
49 2 rmmgnt‘No Mass (0z)

1 .9

2 1.1

3 1.1

4 2

5 i

Table 3: Fragments contained by Test panel T1403
Fragment No. Mass (0z)

i 5

2 2

3 1.2

4 3

5 X

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




3.354 4.141.5 5.341 6 1.7 33 7 13.0 30 8
1.524.4 91.119 10 3.4 19 11 .5 18.5 12 6.7 19
wWQ2004/022409 Tabl e 2: Fragnments contai ned by TesPCpaseio4/010488
T1402 Fragnment No. Mass (o#) 1 .9 2 1.1 3 1.1 4 .2
5.1 Table 3: Fragnents contained by Test panel T1403
Fragment No. Mass (oz) 1 .5 2 .2 31.2 4.3 5.1

It can thus be seen that the present invention provides an economical
means of greatly enhancing the safety of workers and/or equipment or 6ther
objects located inside a building or other structure which is A.subjected to an
explosive blast or other form of large impact, which would otherwise send
shrapnel of pieces of the wall projecting through the intérior of the structuré.
The system of the presentiinvention can readily be retrofitted into existing
buidings and structufes, especially when the pre-sprayed panel version is
employed, or can be installed in any new building or structure being
constructed. The finished interior wall may have an appearance substantially
identical to an interior wall not outfitted with the system of the present
invention, and thereby ho compromise is made with regard fo workgilace
aesthetics.

While principally disclosed as being useful in shielding the interior of 2 wall
and containing shrapnel therefrom in the event of a blast or other impact, the
sysiem 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
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 regarded
herein as being encompassed by the terms, “blast resistant”, and as used for

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



6 .1 7 2.1 8 .6 Table 4: Fragnents contai ned by Test

panel T1404 Fragnment No. Mass (oz) 1 .8 2 1.3 3 5.2
wWORVREOA9992495 PCT/ US2004/ 010488 14 It can t RAT/US2004/010488

seen that the present invention provides an economi ca

means of greatly enhancing the safety of workers

and/ or equipnent or other objects |located inside a

bui | di,n ot her structure which i bi.ected to an
excpl Ao Mgelad SEsStRE oA PrividesEler NSl BEv Ry Bpses.
wouyl d, ot herwi se send, shrapnel of pieces of the wall
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system of the present, invention can readily be

r etesdimet apparanitogarsons gf otslinaty rsidl inrtide attrupoinustadying this
especi ally when the pre-sprayed panel version is
enmpistyeslire Owitisout departirej froetthel spirtrandnsepeLofltie Plesent
structure being constructed. The finished interior
walidvaiiynhave an appearance substantially identical

to an interior wall not outfitted with the system of

the present invention, and thereby no conpronise is
made with regard to workpl ace aesthetics. Wile
principally disclosed as being useful in shielding the
interior of a wall and containing shrapnel therefrom
in the event of a blast or other inpact, the system
and nmet hod of the present invention, particularly the
systemin panel



form is believed to provide high Ievels of resistance
to penetration therethrough in nore focused or

woOaoemlwzes | npact situations. As such, the paRerTA&S204/010488
the system are expected to 16e suitable for use as
arnor "plate"” in applications that require energy
absorption and resistance to penetration against, for

exgﬂghq-,lwpgqmbl[yl§nal | er projectiles fired by rifles

an and guns, including use in

defeatin L def endi.n I nst, projecti.les ¢ r
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property is repardgd herei n as bei ng enconpassed by

t h8UHERR, COPPHESINTY esi stant”, and as used for ‘
"shrapnel containnment", as those terns are enpl oyed

her esprayg adayeroy 2n0zjastiomearsioeteral oa predefemnined thickness;
foregoi ng description has been provided for

il bpndtrati ve purposes. Variations and nodifications
to. the enbodi ments descri bed herein nmay becone

appa‘séeﬁriﬁ%sﬁi@r@%ﬁo@ai&fn@éﬁl_ﬁfrdf said Whili n the art upon
studying this disclosure, wthout departing fromthe

spirit and scope of the present invéntion. WO
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1. Ane I "provi ng bl ast resistance

<prafefis BonyropS aPeplid BEAYYfrera PERIPHR: polvurethane,

predet erm ned 't hi ckness; and securing said |ayer to
saPRdigpyisa/Relydretipngiybridy. A et hod as set forth
in CCaiml, wherein said elastoneric material is

3. A method as set forth in Claim 2, wherein said elastomeric material is a

polyurea material.

4. A method as set forth in Claim 2, wherein said elastomeric maierial has an
percent elongation at break in a range of about 100-800%, and has a tensile

sirength greater than about 2000 psi.

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 layer of elastomeric material
is produced in a cured panel form and is subsequently secured to said interior

or said wall.

7. A method as set forth in Claim 6, wherein said elastomeric material is
selected from the group consisting of polyurea, polysiloxane; polyurethane,

and a polyurea/polyurethane hybrid.



selected fromthe group consisting of polyurea,

pol ysi | oxane; pol yurethane, and a

woabosmzsas pol yur et hane hybrid. 3. A nethod as setr/uSeui10488
in Claim2, wherein said elldstonmeric material is a

pol yurea material. 4. A nmethod as set forth in Caim

2, wherein said elastoneric nmaterial has an percent

el @ngamethodtasleetddath in Glairarg evhidremosnid eldifordefliémateral is a
has a tensile strength greater than about 2000 psi.

5. pOlyiRéapshtafaset forth in Caim4, wherein said

el astoneric material has a percent elongation of

break in a range of about 400-800% 6. A nethod as set

- fogt t]!\'n‘ibtﬁba'a@*é YIS rEE Rirh ¥, Yo déh\‘;ﬂsﬁ?& F%s?&%@ﬂ@hileﬁerial has an

mat eri al uced Iin a cured pane orm an

7 BRAGRIT Roroa Gt Wep® i Ferg Sbnsl ok a0 ats a tonsie

elasto ic mterial is Iectedfromthe group

cosyPagt %re@ﬁerﬁgpg)@bggt 9 P& | oxane; pol yur et hane,

and a pol yureal/ pol yuret hane hybrid. WO 2004/ 092495

PCT/ US2004/ 010488 17 8. A nmethod as set forth in )

d d0mA methed esrset farth 1l Gleiro % Whereitsaid glastemaric material has a
pol yurea material. 9. A nmethod as set forth in Caim

7, peheardiatorggatibnedfdseakrir a cange ef aldutFO-800%per cent

el ongation at break in a range of about 100-800% and

has a tensile strength greater than about 2000 psi.

1011A AeidiRed as st fortipint Olairh 6Cwhiereid, saidetepl of spraging said layer
el astoneric material has a percent elongation of

br %? lds‘f%nﬂeﬁé‘ﬂ%eﬁél faRAet cd’rﬁﬁn%g/ r %ﬂﬁg éideld¥sndfc material

Caim6, wherein sai ep of spraying
Sa' ﬂté §¥§E5nc reinforcement layer.
12. A method as set forth in Claim 1, wherein said step of spraying said layer
of polymeric material comprises spraying said layer directly onto a surface of '

a wall of a structure.

13. A method as set forth in Claim 12, wherein said step of spraying said
layer of elastomeric material further comprises spraying said elastomeric

material onto a fabric reinforcement layer.

14. A blast-resistant panel, comprising:
a layer of an elastomeric material having a predetermined thickness, and
fastener elements for securing said elastomeric material layer to a wall of

a structure.



of elastoneric material further conprises spraying

said elastoneric material onto a fabric reinforcenent
woOayar2a2. A nethod as set forth in Caiml, ROBUS2V4/010488

said step of spraying said®Bayer of polyneric

mat eri al conprises spraying said layer directly onto a

surface of a wall of a structure. 13. A nethod as set

f orftsh AbldStaesistbdi pahelray setFortH i Otainp14 sptiergimthesélagdtomeric

| ayer of elastonmeric material further conprises’

S PiAteRdl I%?éﬁjlseé ﬁ]%‘té’r@? ‘stectéTPFrSH file g’ﬁBhB c%nf;@ﬁﬁ%) ®f polyurea;

rei nforcement | ayer. . | ast-resi stant pane

BRI Rhe e %eéﬁd %@v%‘é&%@a@? ety o7
securing said elastoneric rraterial | ayer to a wall of

A DBk HARE rex Pt RaheliZs el aatm i Eiain . 0fTainseid Stastomeric

wherein the el astonmeric materi aI | ayer is a-material

sefmatedal iBRONWUER group consisting of pol yurea;

pol ysi | oxane; pol yurethane, and a

pol yurea/ pol yuret hane hybrid. 16. A blast-resistant
ﬁgl Ablastresistanhpanel@sssetfonh imbdaim e, Jartber comprlsmg a

eI astoneric material is polyurea. 17. A

bl shtinnelshehrier spaivel tasagepaheirdround aClezistra Jp@)rtlon of a
further conprising a channel nenber secured to said

papelippegundreds. | east a portion of a periphery
thereof. "'18. A blast-resistant panel as set forth in

Claim 14, wherein the elastoneric panel has a

H‘ :1 Skgﬁ.ﬁﬁaﬁit-g?élé‘t%nf FAS a%fsél%’r"t'ltl ntehifml, M;\r ti“%iﬁ e eRRtomeric

ast -resi st ant pane as set

= ﬁiaﬁéllﬁas WRRERN LSS RSN E lr&’?é OBPLbSut 100 mil to about 250 mil.

19. A blast-resistant panel as set forth in Claim 18, wherein the elastomeric

panel has a thickness of about 180 mil.

20. 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%.

21. 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%.

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

material has a tensile strength greater that about 2000 psi.

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

comprises a fabric reinforcing layer.



panel has a thickness of about 180 ml. 20. A

bl ast-resi stant panel as set forth in Caim 14,
woherawmosai d el astoneric material has a per cear/us2004/010488

el ongation at break in a raMge of about 100-800% 21.
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wh i d elastoneric teri has, .a. per cent

o1 2o ABR SRR o8 selRUE bt idde wBET 8B aic pane further
A bl ast-reS| st ant  panel as set forth in O aim 20,
\Ah@?f@PHS%%\?Ja@'(‘a@"afﬁ’EQm@ ay@ht erial has a tensile
strength greater that about 2000 psi. 23. A
bl ast -resi stant panel as set forth in Caim 14,
wh25 e iAnblesi-resisiart panel ah et fartnior Clains 24, digreip said fabric
reinforcing |ayer. WO 2004/092495 PCT/ US2004/ 010488
19reidfording lpgt is esnsttuptéd phardmidSibees. forth in daim
16, whereln said panel further conprises a fabric
reinforcing layer. 25. A blast-resistant panel as set
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| ayer is constructed of aram d fi bers. 26.

bl AShoréing MyPls BaMGudied BPbollBLfef fib8rsT al M 24

wherein's bric Tern crng layer is constructed
of pol yester fibers. 27. A systemfor inproving the

mor A Enaf EomoPedh s Bl o Mg BpRipriing:

sprayed onto a fabric reinforcing Iayer sai d one or

nore panel s having a,steel n ned a

por | phaPye CREIYBPATElS R EEDP! 3 sESlhere HAPR shsaved
fasten said steel channel and said one or nore panels

t ooatos fabrigf reideeeing layet ur e.

said one or more panels having a steel channel fastened around a

periphery thereof

a plurality of fasteners adapted to fasten said steel channel and said

one or more panels to a wall of said siructure.



