WD 2006/ 081319 PCT/ US2006/ 002695 EXPLOSI VE EFFECT M Tl GATED

CONTAI NERS AND ENCLOSI NG DEVI CES Cross Reference to Rel ated

Appl i cati oRgob&9Rdk19Thi s application is a continuation i

application Serial No. 10/834,165, filed April 29, 2004P?:'LTJ;%%E(}06/6&]}’6')5
contents of which are hereby incorporated by reference. Field of the
I nventi on [0002] The present invention relates to blast-mtigated
contai ner assenblies for use in densely popul ated areas, such as
refuse comtmicans mikbrbaxescaens! coinudey ces andrbbenc! biercas
well as to nethods for protecting pipelines from damage by

expl osi on. Background of the Invention [0003] It is an unfortunate

fact Fhé£o§§”§é¥éﬁﬂﬁieokbeﬁelﬁ%&@ﬂ@égi@céiﬁ&M@nce the course of
political—evenrs throu e use of _viorence. One infanobus neans of

i mpl enehfPOYl t hesBrisyi gPpdticaciprdnsies By Serhievghieddny Pt adddg boribs
wher ei ”aLBfﬁ’?aﬂdA sause the, gﬁﬁ%%tlgﬁvag&%a%ﬁgeﬁ have the

gr eat est olitical Tnpact, such in naf%boies or
trash centar@ecr@uemt@e@@wmpbpakat édrameamccmgce:wtﬁei blvamgfemdnes.-
are placed in areas of traffic so that the victinms will be affected

when thgigggiﬁ%eu£g§¥§g§%iokhe m ne. | ndeed, bonbs seem al nost to be
a weapo f sts. As is well known, terrorist
targets[ape2i ypi cald y pchesen ohnthetidasimsslefdsheico vblLaetah)itigaytetcb
such attack and are frequently, if not  purposef ul
ot hout SPEGAFIRT GTSoHHARS 144 1 H00HT POV or el (Bfeas, sueh
t her ef ore, e€uan aldntachkeve, terilorbstedar gﬁtldu;en@odaheceat amse the
public Ee%ctlon th lnass _ , , ,

as to methods for protecting pipelines from

damage by explosion.

Background of the Invention

[0C03] It is an unfortunate fact that terrorists often
attempt to influence the course of political events through
the usg'bf violence. One infamous means of implementing these
violent acticns is by étrategicaliy placing bombs wherein they
will cause the greatest devastation and have the greatest
political impact, such as by placing kombs in mailboxes or
trash containers in densely populated areas. Likewise, land
mines are placed in areas of traffic so that the victims will
be affected when the wvehicle traverses the mine. Indeed,
pombs seem almost to be a weapon of choice for terrorists. As
is well known, terrorist targets are typically chosen on the
basis of their vulnerability to such attack and are
frequently, 1f not purposefully, selected without regard for

human life.

[0004] Crowds of people can, therefore, be an attractive

ferrorist target due to the intense public reaction that mass



WD 2006/ 081319 - 2 PCT/ US2006/ 002695 nurder evokes. Containers

| ocated in crowded areas, such as nmail boxes and trash containers,
are also a ILye,targets for terkorists. [0005] Bec i Xes
and trash %%%@@%hg?é are so ubiquitous in densely popdﬁgﬁg%wgwggéf
it is nearly inpossible to nonitor all of these containers for the
presence of bonbs. Moreover, even though expl osive detection devices
are currently available, there remains a threshold bonb size above
whi ch detection js relatively ea I i i asi.ng

pr opor 1'% 95f658h% 'vwéﬁnﬁﬁ}ﬁéﬁgeﬁég?ggg g§e§¥$%ﬁ%éﬂhﬁﬁéfé %gggi%Fe to
nmoni t okamabbhexesnantrd srastorcennairser sreceahsd nuousd gt L {008 eBecause
m nes can be glaced anywhere, it is nearly inpossible to determ ne
if a rd&d REETBEERtTined or if all suspected mines have been

di sabl ed. Expl osive devices produce high velocity fragnentation
emanat i mgolsqt h fremtde deyisoxeasi agd andrisiom catesimdrs| oses t osthe
point of explosion, so- called secondary fragmentation. |n addition,
expl osiUpd AUdEPPEedNpRBRER &Y SHORK! Aeire S 4974t e "ERAF{cLBFPZ 84 g?
havi ng &, i 88t 1thals it$edeVidohakndir-6CeRkI RUkt yreBehbe ophpsinoal
properties of the material through which it _propagates, These shock
waves €Iy he pearent FAPRYD hi &%Wosaﬁﬁagidr?d:eﬁjfé%@nen%%v%ﬁm a5*
blast, Shackheavesatiayel atndee SPERd LIkt diddibeionamlitudsore

wi th higher pressure traveling faster than | ower pressures, and the
char actvericit | cstestiphe §bveneheih mhy Ofcesthr odiided PeRY sKBékDwadB

r opagat e I t t i i | -
propagat e eﬁa%%:&gg}o}ég&é%ﬁl he %PHEQeWQle he expkeskesd, ]9@@&1!1 ngrwek

under st 00 hese | aws, the conservation o ‘
ware feasible to monitor maillboxes and Trash containers
continuously.
(0008l Because mines can be placed anywhere, 1t 1is nearly

impossible to determine if a road has been mined or if all
suspected mines have been disabled. Explosive devices produce
high velocity fragmentation emanating both Zfrom the device
casing and from material close to the point of explosion, so-
called secondary fragmentation. In addition, explosive
devices produce shock waves that can be characterized by
having a rise time that d4s a virtual discontinuity in the
physical properties of the material through which it
propagates. These shock waves produce the potentially highly
damaging phencmenon known as blast. Shock waves travel at a
speed related +to their amplitude, with higher pressure

traveling faster than lower pressures, and the characteristics

~
L

th

the given medium. Once produced, the shock wave propagates
outwardly from the source of the explosicn, obeying well-
understood physical laws. These laws, the conservation of
mass, momentum, and energy, describe how the shock propagates
from medium to medium with the associated changes in velocity

and pressure. Shocks propagating spherically away from the



mass, nonmentum and energy, describe how the shock propagates from
mediumto mediumw th the associated changes in velocity and

pressure. SAPsksuRs@Pagati ng spherital Iy away fromthe 19
- 3 - PCT/US2006/ 002691 source of the explosion will ¥%%%Q%®%%%%3

pressure very rapidly. The decay in pressure generated mnthln or
close to structure is highly dependant on the geonetry surroundi ng
the explosion. Reflective barriers, tunnels, corners, and nmany ot her

struct walrJeat gr eseCcanieducs tag 1r adf.b@tlrvmb@bsgh@es%@@ LA L y
decays, and, in sone circunstances, locally increase pressure.

[0007] TR reHE3y HYaPraBFEre| Sencrakpdt AhENin ash ClesEpitacI KL ugtyTe

sai d to; protegl, Qs&%ﬂe'?ﬁan%xlglno%h\éeg%gﬁ\@@t:§ E@@four?dfﬁnjistﬂ@-r%l%%l%%n
pounds. Fbmever the protection provid by these containers is that

t he bIa%@fk%§MSFantb¢é€E%¥%cletuﬁaéésnotC@éﬁﬁrﬁparﬁﬂuhdewaﬁhe other
expl 051 ¥ ARG Lo Al AL0R A RLnalndleronal bon.  mevene snock

protecting agai nst an explosive event of this magnitude is a far

nor e chedtengiengysaskatdhan imeseiny epsurilEg anisets  t heoratbpt delayease

renalns |nt act [ 0008] Another terrorist target is pipelines which

carry BiT” anf gas. An extrene anmount of disruption can be caused by

destroying part of a pipeline. [0009] There are currently no

gui del i pex0Flor thmlrﬁmmu@actuaemslmﬁhfxpl@&aem nltrgaish@nmont&wmehs
e., _containers or encl o% rpg ces that _dra tlca qyc the

(i
hazar dotRCHHFECE 5 % FEHubl aRIFht &F nat? 05|on raac
there asife s artsept eds standasasdd or Hesévarg Othe C;ﬁ:l‘ditéctt:ain qrrcm‘lded

these dgyl%egseS%ﬂgﬁ§%j%ksthfslQyFntlégg blast resistant receptacle
does not come apart under the explosive loading from a large
internal detonation. However, protecting against an explosive
event of this magnitude is a far more challenging task than

merely ensuring that the receptacle remains intact.

[0008] Another terrorist target is pipelines which carry
0il and gas. An extreme amount of disruption can be caused by

destroying part of a pipeline.

[0009] There are currently no guidelines for the
manufacturers of explosion mitigating containers {i.e.,
containers or enclosing devices that dramatically reduce the
hazardous effects to the public from an internal explosion),
and there are no accepted standards for testing or

certification of these devices.

Summary of the Invention

[0010] It is an object of the present invention to overcome

the aforesaid deficiencies in the prior art.



[0010] It is an object of the present invention to overcone the
aforesaid deficiencies in the prior art. 4 WD 2006/081319

PCT/ USZOOG%O%@@%\#I 011] It is anot hgafi obj ect of the p.rltgqslggizf,%ém%%

i nvention e contai ners equi pped with bl ast-m

material in the tops or lids of the containers. [0012] It is another
obj ect of the present invention to provide containers for use on
ships, trucks and aircraft as well as in public places that contain

bl ast - mifoiogal i ng 1vatierishoined heptops of liwls phebhg:conkAINELS: o
[0013] 1t is another, obj ect of the present invention to provide

cont ai nEF8V&4%i FPREAWIE RS bPILLPRFY | YAER nELlABEariioating mpterial in

bottons tak thgscontBidelor [10R14onkbihara. further object of the
present invention to provide containers for use on ships, trucks and

alrcraft as__well_as for public places that contain blast-mtigating
mat eri allOPlAi ng tHe B&t tapmthsr t Aelieoht afndrs  pOOESRE| tinvengébn to

anot her ,Qbj;e6¢ ebnthenpresent Hﬂ%@W&HOQ%EQS,DEgﬁbgg Gt f?ﬂf%f%h%}

contain blast-mtigating materi al d and ining
si des ai@lbot £6nsi6f Pﬁblléonmdﬁ@éss tp@@leohtans sbﬂhhtamrmi@ﬂtlng

obj ect gétgpgapr§§qﬁgcat oqld oogrgﬁéc%%llgggs for the lids or

tops of containers lrc p aces |gate the effects
of an expl osive device in the contalners. [0017] It is a further
obj ect dPCLRAE prekent si rvweriticon tojepr ovitdechwaypresept otiegtenpipas wnd

pipelin%%o@ﬁgg]qﬂﬂﬁ%ﬁj&§%§e%qu9¥pgéphﬁ&hgn%ﬂast—mitigating material

lining the bottoms of the container.

[0014] It is a further object of the present invention to
provide containers for use on ships, trucks and aircraft as
well as for public places that contain blast-mitigating

material lining the bottoms of the containers.

[0015] It is yet another object of the present invention to
provide containers that contain blast-mitigating material in
the top or 1lid and lining the sides and bottoms of the

containers.

[0016] It is still another object of the present invention
to provide liners for the lids or tops of containers located

in public places to mitigate the effects of an explosive

device in the containers.

(0017} It is a further object of the present invention to

provide ways to protect pipes and pipelines from damage caused

by explosions.



WD 2006/ 081319 - 5 PCT/ US2006/ 002695 [0018] This is still another
obj ect of the present invention to provide ways to protect vehicle
tires fromylapmeass;zeaused by expl osi éns. [0019] Corr eCt oerius2006/002695
identification of the threat that a system nust survive I's crucial
to a successful design of an effective protection solution. Hazard
Managenent Sol utions, Ltd. conducted a review of terrorist threats
that have involved trash receptacles going back over the previous 30
years. g gcurreqnt sworst case it hrgalis, ases, A pr eykoushgl obaksent
experience ‘are: Steel pipe bonmb filled with ',z pound' of snokel ess
Powder inveRdiPNT thapaovhdegeay0R0] prhke ¢leseadrich aurfderasakarwmbylampse
Ltd h@%xﬁﬂ%%Pﬁyh%& 159? skze of device that finds its way into trash
cont ai ners, storica ?y, has been relatively small, since a small
device can be easily and inconspicuously dropped into a bin, perhaps
conceal b g} 3 PRREL-BAY QL analher s apPaEent, ATt el g Of Lfashyoron
However; @ t'en- pound "éxplosive charge i s not so easily dep05|ﬁh . f
f or med nudto sairspker és swchialchar geswoudsls havelesaigh anetaer edffesdven

i nches, and when combhined with timng  and power i.t  (TPU)

shr apné?* 4 PaEkadind - PP - woul }al)zeardr e|”ﬁ‘}a\?§%§\ﬁ%u| vt (lr?'Blshg Gh a
bul ky pagkagecdnt® aeckiash of eceptrael e i sharaupusitalt antbvand nvay vataw
attention. If a char%e of this size is %gken to,be a_credible

t hr eat , P ¥Eh = CoPRER 1hEr R Eh &GN ¥ e ﬁr@rﬁﬁéPuFt3§i§eﬁ5P'ru5P8re
under ¢&he-dmssioterexplkesitveckeadbhgegeser pt e dys spicdhzAl laigeience
charge,aégp size of the aperture in the trash receptacle could

® Steel pipe bomb filled with % pound of smokeless
® Powder
e 1 kg TNT bare charge
[0020] The research undertaken by HMS Ltd has shown that

the size of device thalt £finds its way into trash containers,
historically, has been relatively small, since a small device
can be easily and inconspicuously dropped into a bin, perhaps
concealed in a paper bag or another apparent article of trash.
However, a ten-pound explosive charge 1s not so easily
deposited. If formed into a sphere, such a charge would have
a diameter of seven inches, and when combined with a timing
and power unit (TPU), shrapnel and packaging, it would be
relatively bulky. Dumping such a bulky package into a trash
receptacle is an unusual act and may draw attention. If a
charge of this size 1s taken to be a credible threat, rather
than harden the bin to ensure that it did not rupture under
the massive explosive loading generated by such a large
charge, the size of the aperture in the trash receptacle could

be restricted to prevent deposit of such a large charge.



be restricted to prevent deposit of such a |arge charge. WO
2006/ 081319 - 6 PCT/US2006/ 002695 [0021] The present invention

provi des bl ast - mtlggatl ng containers ¢n which the blast mti )g ating
material | WOIZBUABEAY in the lids, sides, and/or tops off{IHE2006/02695
containers, or in the bottomof the contai ners, or in both the top
and bottom of the containers. These containers can include nail

boxes, trash or refuse contai ners, or containers for shipping goods
in ai rcraft shi p

, trains and/or trucks n,orde r
i ni i 460ddiage TROL hE-ERERE of "APBHCDoaPAoBRRF Bsi G hBLs oxt
cont ai RELS2¢AB e 1 Br QHided tMd MbTper trwwzsgafwngdemﬂa“ﬂg ts ashcaoed
mai |, which apertures are too snmall to e item suchgh a
t en- poufid [¥argels [ COZES  THRE Y| &s - W |C§tgttrlheg ‘F?rﬁ%ﬁgjé"qrosr’ tHe T4 ds"or
tops gdker Bet taEB-ght£OMN Al NessS GAbGoTinRe taps haak battenuar i tige

blast mtigating nmaterial such as, but not limted._to, BLASTWRAPTM
i nt egr aedainessa cBREAR neP MRS FT Gita KYTIGRE ARt PBEPFI sEFEs" stkch

as, but Nkl i o%%glhgrsKEVEéR(Ebntghﬁeréacﬁoﬁf thephbingr gxpasedito
the source of the expl osi on can be manufactured froma frangible

nat er i alirswelitas shbas, noraing ni ard a0, traaksi-n i BEA§ass PaAFERPDt TRE
pur pose. of, (s o finer ;b breachoranidly bBagantast ouibh. t henbhast

wav e an& bur ni ng etonati on pr oducts to mx wt
BLASTVRAREMicentsenhs. bEhpsorbheepriils alehomars €9t ﬁﬂ@posmmg trash

Xpl oSion-g14] 9309, cASSEtLe. [0 Yod Mg, sare, (gR Of ol hABGecaRche
used t & pristeet Bipes pi pelines Trom danage caused

expl osiatesy aEhe mlepepoundpq:tpertgme is wapped with bl ast- m t| gating
material, preferably BLASTWRAPTM which protects the pipe or
pi pel i ne from expl osi ve

[ooz21 The blast mitigating liners for the lids or tops

and/or bottoms of containers can combine a shock attenuating,
biast mitigating material such as, but not limited to,
BLASTWRAP™, integrated into a container made from a strong
anti-ballistic, such as, but not limited to, KEVLAR®. The
face of the liner exposed to the source of the explosion can
be manufactured from a frangible material such as, but not
limited to, a thin fiberglass layer. The purpcse cf this
liner is to breach rapidly in confact with the blast wave and
allows the burning detonation products to mix with the
BLASTWRAP™ contents. This concept is denominated the

explosion-mitigating cassette.

[C023] This same type of liner can be used to protect pipes
and pipelines from damage caused by explosives. The pipe or
pipeline is wrapped with blast-mitigating material, preferably
BLASTWRAP™, which protects the pipe or pipeline from explosive
shock.



shock. WD 2006/ 081319 PCT/ US2006/ 002695 [0024] In a simlar
fashion, the blast mtigating |iner can be used to protect vehicle

tires fromyarmegessaused by expl osi Ves, such as m nes. PSP/UEH}'U«%UE@%G
either part of or the entire inside of the tire is line

blast-mtigating material, such as BLASTWRAPTM so that, upon
contact with an explosive device, the blast mtigating material
absorbs the shocks produced and thus maintains the tire's ability to

suppor t; oaRd jcarrynavehigher kgggﬁinnghéxﬁﬂéﬂH“ﬂiﬁ%ﬁﬁ%qQ|YlQEeEh@an
present |nvent| on conprises a container such as, but not Ilmted to,

a mai | box, usedashoor pretese coWtiailter Ligaht afheRs daradmse qaysed by
ali rcrafﬁrx Lhueks, ShLEgl %% S h 95 and. eéaseﬂlﬂttﬂe%srpa@tt 'oQab&the

mat eri a |S|ncor porated int lid of e contai ner,
to t he drgp. ref Iﬁfeldﬂ)nt)él ngre dtnn:remg 1nariufr@cﬁt uv¥ &t her é@fasbmltlgatlng

Aternaduslan thadl ast @hhLeatine maperial. | aes, thgobott o el shhe

cont ai ner | n yet ano odi nenf t resent I nventi on,

bl ast nd:trlgatiiveg qlmst:ecre,al the Ikdxaattednmlda(mhng tﬂn@taloirﬁlandbb@rlvﬁomtbf%

t he contai ner, or .at bottom and/ or of, L he.c n
with a 18NS nBHOWFﬁ‘QbIaaré rlﬁutsl gatt R %erl éel 82% ﬂr}tt r pgses
of the sil{’l:@fiﬁ:fﬂ aapgpkkeeat/i anyehieatd osi ng devi ces” ref ers to deV| ces
whi ch conprise a portion thereof which is hollow, such as a pipe, or
a portion which is enclosed by an outer |ayer, such as atire.

Accor di pghA50 t he Thpr eseAtai A¥entd eumiReserenchesi fge savi ceslvcealmbe

prot eCtceocil.'m;):I:f:n_rsoer;1 gl ac'sgnstabwynecrovs(a{lrclhn t,h%u%n(::rllochIlr}L 1?':'29%8' tvg,t ha afnablll OX,
trash or refuse container, containers for use in aircraft,
trucks, trains, ships, and Dbuses. The blast mitigating
material is incorporated in the 1lid of the container, or is
fitted to the top of the container during manufacture thereof.
Alternatively, the blast mitigating material lines the Dbottonm
of the container. In yet another embediment of the present
invention, the blast mitigating material is located at both
the top and bottom of the container, or at both the bottom

and/or sides of the container, with a 1lid lined with blast

mitigating material.

[0028] For purposes of the present application, “enclosing
devices” refers to devices which comprise a portion thereof
which is hollow, such as a pipe, or a portion which 1is
enclosed by an outer layer, such as a tire. According to the
present invention, these enclosing devices can be protected
from blasts by covering the enclosing area with a Dblast
mitigating material such as BLASTWRAP™, in the case of a pipe,
or by 1lining the enclosing area with a blast mitigating

material.



mtigating material such as BLASTWRAPTM in the case of a pipe, or
by lining the enclosing area wwth a blast mtigating material. - 8
WO 2006/ 081319 PCT/ US2006/ 002695 (00274 One bl ast nitiaﬁfing s
material, WHPYNB4HYbe used in the present invention, MWhYEHP|04102693
described in nore detail in patent application 10/630,897, filed
July 31, 2003, is ideally suited to being incorporated in lids or
tops of containers and/or the bottons of containers because it is

fl exi bl ca G i act | re n . i i al,
uhi oh BO828 t he Tradenss i BRI L e Er s SIiE
sheet s taer anmgednboneroeartiohe otthieh dred {esaweibdyy anphorel idegacfl in
seans. a e it C hat . nelt ed get her r

j oi ned £%%8§§ %%P%gﬁﬁﬁéﬁéxﬁngko’%hg’sggggdaﬁglya?éanégggéol%sl G %%rn
cell s omsuitegdsses hairtdheisheepsrataatl ithd icel | s atepsecessesnthiaterar e

filled wth a shoc ttenuatin terial, such as, perlite. .The
assenbl ?ngzﬁrbzgecﬁﬁoﬁ%gmtshee egg?g%l%ﬁ?e %?%%“bseanﬁtgflst & }H’ﬁ and
mjthOUtChﬁSSeOEutLE? ShﬁCkxgbte?U?Féﬁ@b?@é@é&aJ.Th@éemhﬂﬁfFéBﬂtﬁﬁii?
because._t he sse i s mde o il e sheets, it n be adapte
Co fit PSARGI Shwi LRI oA TIARAL, aqardless 6F EHE Shapeobt HiRecs
cont ai nekrah§O28lonConbatnerchepr et et ednaccistidiy b9 the (presenty of
i nvention can be used for collection (refuse cans, namil boxes),

st or age SS8F8nspor T &% | oFE¥&hd TREk&RS ndolofcar §o16F8ner Bt | dhelted

mat eri alkogdeReas apMHRIiheeN.id Nehpdidgrdhe dHastyayi ti galel Ng: ARt efial
inthe top or |id and/or the bottomof the container, along wth
t her mal 3FR80PEEi B8R ARd ¥ afPEht c8lbwi pfy recesses in the sheets, and

the <cells are recesses that are filled with & shock
attenuating material, such as perlite. The assembly can be
cut to the desired =zize along any of the seams without loss of
the shock attenuating material. More importantly, because the
assembly is made of flexible sheets, it can be adapted to fit
snugly within a container, regardless of the shape of the

contaliner.

[0C28] Containers protected according to the present
invention can be used for collection (refuse cans, mail
boxes), storage, transportation, and packaging for carge or
energetic materiazl such as ammunition. Including the blast
mitigating material in the top or 1lid and/or the bottom of the
container, along with thermal insulation and fragment slowing
or stopping material will prevent sympathetic detonation and
protect against fast and slow cook off. This type of
container protection alsc offers a degree of protection

against a range of ballistic threats.

[0029] The top of the container can be 1in one or two

plieces. Bither the top is integral with the container and the



or stopping material will prevent synpathetic detonation and protect
agai nst fast and slow cook off. This type of container protection

al so of f er sygafess 86 of protection aéhlnst a range of
threats. [0029] The top of the container can be in one géhhgﬁﬁ&&nﬁh

nieces. Either the top is integral with the container and the - 9 WO
2006/ 081319 PCT/ US2006/ 002695 blast mitigating material lines the
top, or the top of the container is in the formof a lid which is

lined witihstthenitilgsting thgediing Miess akheBydd,nidg the repvabl ene
top or lid, with a blast mti at|n mat er i al t he bl ast na rai se the

top or GFBAE WIS hot “PEi oﬁtdﬁﬁ%rw F9036F heitly the

det onat imam sresiktganhes @@@eﬂﬂapnatw\mlﬂmﬁt e eRelERL1G %%Eo%kahld
initiates the next, and so on, in a chainlike reaction. ngathetlc
t

detonatﬁ&ﬁhl§-ﬁﬂéﬁﬁr6&&&9a69ngaﬁatﬁFéﬁﬁalth?gﬁlﬁﬁés§aVeré9éﬁ bei hep

initiated ingmaueriats Mt hif 4 oniaiaghe Thi s high-pressure event
can be caused by the inpinging of a shock wave or by the inpact of a

primary or secondary fragment from detonating adjacent munitions.

Usi ng pagkagihng pgod Q@Q@@ﬁgoﬁgheﬂa£90$h%e@ﬁ?%@”%ﬂkﬂyeg*%OQ@t@%gk%ng

prevent initiation a single unit so that oné un
off a cW@ﬂﬁ-Pﬁk@nﬁé§@t¥©nm®hﬁmgﬁlrﬁﬁxﬁﬂﬁaeaJthsnegaekagedsphenemﬂnha

[0031] E%%anqg&eOEEaEgigﬁs t@gﬁ%ﬁ%ﬁéﬁt fHéé%%d%Eo% g@'%pgsﬁroguct of

anmuni tion or other energetic rei1n he event of
such as aa firtedfigle. hPalckagt sgumunievions berdngt higri tscted expl osiceesal

2G0Tl 00 19,1 B8 PLSRRILoL0YEL N, Ll HEEYSL L DEen ETIUA! 0o
by the impinging of a shock wave or by the impact of a primary
or secondary fragment from detonating adjacent munitions.
Using packaging produced according to the present invention
will prevent initiaticn of a single unit so that one unit will

not set off a chain-like reaction among the other units

packaged therewith.

[C031] Fast cock off refers to the initiation of a unit of
ammunition or other energetic store in the event of a flash
fire such as a fuel fire. Packaging munitions or other such
explosives according to the present invention will praevent the
ammunition or other energetic material from reaching an auto-

ignition temperature.

[0032] Slow cook-off refers to the initiation of a unit of
ammunition or other energetic material in the event of a
slower but more sustained thermal event, The insulating
material of the present invention is also a good thermal
insulator. So packaging muniticns or other energetic material

according to the present invention will prevent the ammunition



ignition tenperature. [0032] Slow cook-off refers to the initiation
of a unit of ammunition or other energetic material in the event of

a slower but nore sustained thermaigevent. The insul ati n}?J mat er i al
of the pr¥@atsP¥thtion is also a good thermal insul ACEUS2EEI2695

packagi ng nmunitions or other energetic material according to the
present invention will prevent the ammunition WO 2006/ 081319 - 10
PCT/ US2006/ 002695 or other energetic material fromreaching an

auto-ignition tenperature. [0033 al listic inpact refers .to.
i ni ti a®¥ ortdrTra eRFIICGIC altfbRT 13 on ToP ot het© g8l cau?rcac% érq%é%qi%ﬁ

t he ev,ﬁé]{ Hf.@ne inpact by a ballistic threat such as a bullet or

ot her hi g% vel ocity projectile. Packing nunitions or other energetic
mat erial according to the present invention prevents the ammunition

or ot h‘?ér oper getd g ymaterd ahohrem-eeacti R itheannienargehi off ashindn.
[ 0034] %e cont al ner and encl osi ng devi ce designs of the resen
i

t
i nvent ¢bnamddnésson her abbleri saaedchic skaterial uke &pe EHFBBbP $hlock

attenuat L ng. _”Bgera' al.n dhe ihd gk teRofad he LEONEAI BRI ot WaARDEd
around™ 217 hi Ny, “ei ther parti é’] l'y or conpletely, the enclosing |,
devi ceveTheishopkoieticgati ng Paakérd almurkiiions mef SFABFy TRSFTHS he
present invention is ..flexible t .. C ppedai-asi e the

vi rt ualySany. shape - 4% 'ttﬁe Eﬁ%clﬁ%ﬁ%tat ?ﬁggﬁﬁ%ﬁ g‘lggcan readily
be cut afmguanyiomesirr esklsiz ecnergéiape. nEhershdc Knett | HRd¢hrdmter i3l
can be enhapced_by incorporating fibers such as DYNEEMA(r) or
KEVLARERF*9F l?h%a%h%%gi ng to slow or capture casing fragnents,

bullets, or other ballistic threats. The use of flash suppressants
and [0034] The container and enclosing device designs of the
present invention address the above issues by skillful use of
suitable shock attenuating material in the 1lid or top of the
container, or wrapped around a lining, either partially or
completely, the enclosing device. The shock mitigating
material that is preferably used in the present invention is
flexible so that it can be wrapped inside virtually any shape,
and the shock mitigating material can readily be cut to any
desired size or shape. The shock mitigating material can be
enhanced by incorporating fibers such as DYNEEMA® or KEVLAR®
in the packaging to slow or capture casing fragments, bullets,
or other ballistic threats. The use of flash suppressants and
intumescent materials for protection against f£fast and slow

cook off is also central to the packaging of the present

invention.

[C035] The present invention can be used to line the 1id
and/or bottom of any type of container, or can be incorporated
into the container under the top layer thereof. By providing
a container in which the 1id or top and/or the bottom is

protected with a shock mitigating material such as BLASTWRAP™,



i ntumescent materials for protection against fast and sl ow cook off
is also central to the packaging of the present invention. [0035]
The presentyo nvgMik@N can be used tollire the Iid and/ g@wg%},%@g
any type of container, or can be incorporated into the container
under the top |layer thereof. By providing a container in which the
lid or top and/or the bottomis protected with a shock mtigating
mat eri al such as BLASTWRAPTM WD 2006/ 081319 - 1 1 PCT/ US2006/ 002695
t he conthd neforits ipieat ectsed pirbeBLa8d eviftin | g deveh:t hensc@at aimerhe
that must be, contained and mtigated to protect  structures, people,
or ot heFVtAHE abtea4r tPefbs PGut SPHetgred t RBAcamtaidered LERe W< 2N
encl osi Bgreemiess,| | pedpDE, WMAPPSthe M i1 Be S10CK ALtigats nguRBLELT Jlf
protects the enclosing device froman_event that nust be contained
and nit F3at et B0t ectt XS HE SenéRo§PAGCAENY céeBECPebited gt oti@ped
vul ner ahl en s r sed M 681 ¢4 St Ry WaGieRhbY - pJBB{:@ct,th%ﬁé'QﬁéP@sﬁfgt &ice
Drawi ngs [0036] Figure lais a top view of a trash receptacl®e fitted
accor di AECH 021 hevpriesehat i nveht boncof D3R Rnirel tndtsed & deratieaw
of the h pL.ac itt din

i nventi {8%@ ?%%%%%{ﬁgﬁ?%fggi égaﬁg?%ieé v?%w@gﬁg%nb%%?%%éﬁfkfaﬁﬁfﬂ&es
r ecept aéh etif¢ tigdiradaording to the present invention. [0039] Figure 3
is a side view of another enbodinment of a trash receptacle fitted
according to the present invention. [0040] Figure 4 shows pressure
/ dur at | BnielateforigtienrdettheoPrbirsis i njury. Detail ed Description
of the Invention

[003¢6] Figure la is a top view of a trash receptacle fitted
according to the present invention.

[G037] Figure 1lb is a side view of the top of a trash
receptacle fitited according to the present invention.

[0038] Figure 2 13 a side wview of an entire trash
receptacle fitted according to the present invention.

[6039] Figure 3 is a side view of ancther embcediment of a
trash receptacle fitted according to the present invention.
[(0040] Figure 4 shows pressure/duration data for the onset

of blast injury.

Detailed Description of the Invention

[0041] There are four distinct aspects of an explosion
inside a trash receptacle, mailbox, pipe, or other such
enclosing device that need to be managed effectively if
members of the public in the surrounding area are not to be

injured. These are:

1. primary fragmentation from the casing of the device
cor from materials in contact with the explosive

charge



[0041] There are four distinct aspects of an explosion inside a
trash receptacle, nail box, pipe, or other such enclosing device that
need to be managed effectively if —nmenbers of the public in the
sur roundi nY OHEPILHE not to be injured. These are: 1. HT{rgfa)/o02693

fragnentation fromthe casing of the device or frommterials in
contact with the expl osive charge WO 2006/ 081319 - 12
PCT/ US2006/ 002695 2. secondary fragnentation fromthe break up of

t he contai ner under expl osive | oadi or the el i on. of

adj acent ar?rcle§@?ﬂn? %ycgﬁﬁgpﬁEE?gg%g ngmblgg% is%ikér |°§uﬂﬁb
fromthe firebal bofibsiesk [ 0042ErAny egppbesiren mltdagdthigng cont ai nies
or enclosing device nust stop_the pripmary, fragnentat.ion fr.om

escapi ng, as th?%c?éef?ﬁﬁﬁﬁi$ﬁu%ﬂlﬂ?@8g?a¥51fﬂ S ptibl F&S FHE 3Rt ai ner
or enclosing device also nust not cone apart under expl osive

| oadi ng, which breakipngsapart would add to the lethality of the
device. In addition to these two criteria, it is essential that the
air blast, flash and fireball be effectively_ rmanaged, as each can be
equal |y |etHal . Ahee®nat apnePubriek| s AdraevtcetPREEi s desi gned
nmerely not to come apart will funnel the blast and fireball out of

the open end nuch like a cannon. This focusing effect can have
cat ast r 6P condeguensrsofbpn buid B $ysi rehd GRS NG uStur 8C1CFHBE3)

oy e K L o S 1 20t
may be tmjured byenprémethsan tbmeadf tohdde public. The container or
enclosing device also must not come apart under explosive
loading, which breaking apart would add to the lethality of
the device. In addition to these two criteria, it 1is
essential that the air Dblast, flash and fireball Dbe
effectively managed, as each can Dbe equally lethal. A
container or enclosing device that is designed merely not to
come apart will funnel the blast and fireball out of the open

end much like a cannon. This focusing effect can have

catastrophic consequences for buildings and other structures.

[0043] Blast injuries are traditionally divided into four
categories: primary, secondary, tertiary, and miscellaneous
injuries. A patient may be injured by more than one of these

mechanisms.

[0044)] A primary blast injury is caused solely by the
direct effect of blast overpressure on tissus Air, unlike

Lo

water, 1is easily compressible. As a result, a primary blast



mechani snms. [0044] A primary blast injury is caused solely by the
direct effect of blast overpressure on tissue. Air, unlike water, is
easily comyessékhey As a result, a p#imary bl ast VO ZOF L0835 13
PCT/ US2006/ 002695 i njury al nost always affects air-fil J Structures
such as the lungs, ears, and gastrointestinal tract. [0045] A
secondary bl ast injury is caused by flying objects that strike
people. [0046] A tertiary blast injury is a feature of high-energy

expl osi o ryThi1sol¥Pa1Qbyh Nh B ¥cBE CArs-sharapeerberhk-¥s thepugh ke
air and stri ke other objects. [0047] M scell aneous bl ast-rel ated

i nj uri esUEHvoMiESs aPF J8pREPLITFETINAL dARSEd by expl osions. For
exanple, the collision of two jet airplanes into the Wrld Trade
Center created a relatively |oworder pressure wave, but the
resultliﬁpqﬁre ald ssgendeny BoRpPaApsRIRTY | £ THEARSANS L3 0ouobTREtS

patient; 5bg(g%yﬂggn %gFggtve to the center of the explosionis a
critic E factor ermning the extent and severity of the

injuries sustalned The prinary causes of blast injury are as

foll OWS C[&QIA'Q] :E]hq:eqltl?i% %Ctt 191f g'aats %V t%s.:%uro% Orﬁgtﬂ %‘thé?gy

Si nce a I's easily conpressi Ie by ssure e water 'S not
this ovwxgﬁQ§mnnme al nbist s altyapss aﬁﬁecmxuzyr-dqddr@d whtnuctherpess fly

s he HESt Eorkien SHA &1 CpP FRbes Ry, This [ncludes o

pul monary contusion, systemc air enbolism and free

radical ; &iﬁﬂCIat%lscellaneous blast-related injuries encompass all
other injuries caused by explcsions. For example, the
collision of two Jet airplanes into the World Trade Center

created & relatively low-oxder pressure wave, but the

resulting fire and bullding collapse killed thousands.

[0048] The patient’s location relative teo the center of the
explosion 1s a critical factor in determining the extent and
severity of the injuries sustained.

The primary causes of blast injury are as follows:

[0049] The direct effect of blast overpressure on tissue.

Since alr is easily compressible by pressure while water is

not, this overpressure almost always affects air-filled
structures.

. Pulmonary barotrauma (damage to tThe lungs caused by

pressure), which is the most common fatal primary

blast injury. This includes pulmonary contusion,
systemic air embolism, and free radical-associated
injuries such as thrombosis, lipoxygenation, and

disseminated intravascular coagulation (DIC). Acute



injuries such as thronbosis, |ipoxygenation, and disseni nated

i ntravascul ar coagulation (D C). Acute - 14 W) 2006/081319

PCT/ US2006/ 002695 = Respiratory Di striess- Syndrone (ARDS) g

result of 61?%%%”Fdng injury or of shock from other bo d;”’?”ﬁ@?%eb

Acute gas enbolism (AGE), a form of pulnonary barotraum, requires
special attention. Air enboli nost commonly occl ude bl ood vessels in
the brain or spinal cord. Resulting neurol ogical synptons nust be

differentiated fﬁgn%%gg%%lfn und£=§§ms '%r%%gquRDSL %ﬁgtbgag sult

barotrauma is no ST wat expl osi on n-air ast
injuries Al t hough kheeccouamgugwmdqy|srab£e@m@@kmﬁmqmew@hwmrb®@m
of the tract be injured. The ear is the organ nost
susceptlble to prPﬁéF ®blast injury. Acoustic barotrauma comonly
consists of. tynpaqake n@g@ra@mb&ﬂmﬁnrupﬁnme, @r Mwrst edr dpufmonary

Henot ynpanum ( bl eedi ng of the eardrum erforation als
been report ed. O§§F8F§a%%?snﬁﬁﬁu158ﬁe%ﬂﬁcﬁﬁg Fﬁﬁg GRSR) f %%turgogr

di sl ocation may p@e€UkoWhbilyeby¥chigh-BDes@yvexpbDsi bnsthdherain or
secondary causes of blast injury are: |Injuries used by fI% ng .
obj ects strlk|ngspﬂﬁéﬂvFah%}SRESW%%§EJ§§E%ﬁﬂé@}cﬁ§cﬁéﬁP = al"d <
responsible for theriBhorkiyq ofrhasyRl WigecknerBay: explosions. For
exanpl e, the gl ass facade of the Alfred P. Miurrah
Intestinal barotrauma is more common in underwater
explosions than air blast injuries. Although the
colon usually is affected most, any portion of the
GI tract may be injured.

. The ear is the organ most susceptible to primary
blast injury. Acoustic barotrauma commonly consists
of tympanic membrane (TM) rupture, or burst eardrum.
Hemotympanum {(bleeding of the eardrum) without
perforaticn also has been reported. Ossicle {a small

bone in the inner ear) fracture or dislocation may

occur with very high-energy explosions.

The secondary causes of blast injury are:

° Injuries caused by £lying objects striking
individuals.
. These secondary mechanisms are responsible for the

majority of casualties in many explosions. For

example, the glass facade of the Alfred P. Murrah

P =L Lo I

Federal Bullding in Oklahoma City shattered into
thousands of heavy glass chunks that were propelled
through occupied areas of the building with

devastating results.



Federal Building in Cklahoma City shattered into thousands of heavy
gl ass chunks that were propelled through occupied areas of the

bui | di ng wisidneglanast ati ng resul ts: MD2006/ 081319 - 1 Borius2006/002695
PCT/ US2006/ 002695 MIlitary expl osive casings (e.g. hand grenades?

are specifically designed to fragnent and to nmaxi m ze damage from
flying debris (shrapnel). Civilian terrorist bonbers (e.g. Aynpic
Park in Atlanta) often deliberately place screws or other smal

metal objecis ar@upgdiibgi Ex¥YESPORS EOsiM €asey. Seeandgranilast are
injuries. The tertlar¥.causes of blast injury: These injuries are
4

caused by indivigearsti¢sihy denieiRf Re BF3omARf seRfkitRy BEheRize
obj ect s, generahgﬁagéo?§§h?gﬁggﬁyg%b§§QI@ghggﬁﬁel*MIess t he

explosion is of extrene energy or focused in sonme way &e.g.
through a deor ofihaied), texrpeistn wertdeaser tieapy bPESRIG) GRyk N

usually is very Agigggﬁf()o%qgnexﬁgf¥ﬂéygt%quo acel© g%gﬁg Wh¢?other

secondary blast i'njurres, this <category a nt ed nost of the
paedi atric casuahtiesnenalkbahories Gropndlhded waisaaohbgho Lncreedee
of skull fractures éi§g£tug#g% 17, children with open brain injuries)
and | ong- bone infﬁ?|% it u&ingjtraunﬁtic anputations. [0050]

M scel | aneous bl ast-related injuries (other injuries generated by

t he expimesiter:iake eauses &y Hiwesd dkljowkng: Toxic inhal ations and
exposures, radiation exposure,

. These injuries are caused by individuals £lying
through the air and striking other objects,
generally from high-energy explcsions.

. Unless the explosion is of extremely high energy or
focused in some way {(e.g. through a door or hatch),
a person with tertiary blast injury usually is very
close to the explosion source.

v Together  with secondary  blast injuries, this
category accounted for most of the paediatric
casualties in ©Oklahoma City. There was a high
incidence of skull fractures (including 17 children
with open brain injuries) and long-bone injuries

including traumatic amputations.

[(0050C] Miscellaneous blast-related injuries {other injuries

generated by the explosion) are caused by the following:

’ Toxic inhalations and exposures, radiation exposure,
burns {chemical or thermal)

° Asphyxiation in £ires (including carbon monoxide
'cO] and cyanide [CN] poisoning following incomplete
combustion), and dust inhalation, including coal and

asbestos exposure



burns (chem cal or thermal) Asphyxiation in fires (including carbon
nonoxi de [CO and cyanide [CN] poisoning follow ng inconplete
conbustion), and dust inhal ation, _ingluding coal and asb

est 0s
exposure VBO28B6B584319 - 1 6 PCT/ US2006/ 002695 Cr ush G WAE4 6% m
col I apsed structures and displaced heavy objects Mrtality/ Mrbidity
Mortality rates vary wdely. Injury is caused both by direct bl ast
overpressure (primary blast injury) and by a variety of associ ated

factors. Mirtality is increased n_explosions_occ i se
confined spaces ¢! teéPPYFISE b Oﬂboﬁ%?ﬁ%%ﬁs%$ uﬁﬁékg&éfég. %ﬁﬁ%
mne injuries arg spssRe aledywobheathi gh risk of bel ow and
above-the- knee anputations. Fireworks-related injuries pronpt an
estimated 10,000-12, 000 .ED visits in the United States annually,
with 20c2%ed i hvOIRERiG it her the eye or hand. Presence of tympanic
menbrane (TM rupture indicates that a high-pressure wave (at | east

6 psi pr.40.kPahkﬁ%§iié;sggﬁegnqaggnggégglaQij&yhﬂgﬂ@hﬁgm@eﬁﬁus
organ injury. Theoretically, at an overpressure of 15 fsi or 100 kPa
(the threshol d floy Hungctnpdryt PNErPBHEEFWER y (PRI EsP I hthevRiur Y

recent |sraell casg p$ell sl 40 cLublian i elbi.of terrorist

bonmbi ngs contradicts traditional beliefs about a clear correlatjon

bet ween t he«presenoceadfcTMimnj umgrgaded when explosions occur 1in
closed or confined spaces (e.g. terrorist Dbus
bombings) or under water. Land mine injuries are
associated with a high risk of below- and above-the-
knee amputations. Fireworks-related injuries prompt
an estimated 10,000-12,000 ED visits in the United
States annually, with 20-25% involving either the
eye or hand.

. Presence of tympanic membrane (TIM) rupture indicates
that a high-pressure wave (at least 6 psi or 40 kPa)
was present and may correlate with more dangerous
organ injury. Theoretically, at an overpressure of
15 psi or 100 kPa (the threshecld for lung injury, TM
routinely ruptures; however, a recent Israeli case
series of 640 civilian victims of terrorist bombings
contradicts traditional beliefs about a clear
correlation between the presence of TM injury and
coincident organ damage. Of 137 patients initially
diagnosed as having isolated eardrum perforation who,
were well enough to ke discharged, none later
developed manifestations of pulmonary oxr intestinal
blast injury. Furthermore, 13 patients with

pulmonary blast injuries had no eardrum perforation.



coi nci dent organ damage. O 137 patients initially diagnosed as
havi ng i sol ated eardrum perforation who were well Cnouggh tC be

di schar ged,woangedier devel oped mantfestati ons of pul MBR % 28 002695
intestinal blast injury. Furthernore, 18 patients with “pulnonary’

bl ast injuries had no eardrum perforation. WO 2006/ 081319 - 17

PCT/ US2006/ 002695 Bl ast Injury Threshold [0051] The case of ten
pounds (4.54Kg) of TNT equi val ence detonated inside a container wll
now be Qs (i@,F,@gY TRB=spOoOLMds of TNT |i berates on detonation around
19 million Joules (M) of energy. This is a huge anount of energy to

dissipate in a few thousandths of a second. Sone trash receptacle
manuf act%rls cl Zhm Rge &fergs i BORk®en (6ub4ld) t AE BNAste By VaLRBCS

def or matdqn .l it he, £ ege (ﬂd%nt§ﬁﬁgke &8 culati opashoyss:ddialy. Ten

pt

def ormation of the steel <:‘f)lin w Il only account for a tiny portion of
t he 19 pihraleidfaBlE. lTherpérai Adedebpnahecrmarqynd Wil Imidiltipey Jpales
transm d thr hen.si des_ a ogk oL+ wented,.qut Jthrough the
open engﬁoe)cﬁg%xé) Ing t ﬁreﬁlosgej?ls n%u?ﬁagf Kltoﬁetclgnt 1ia?lﬁnle:?vt he pressgre
wave wiid expdnd tthemealdths theé pr essiamal.onSenehetrasie nsfcapiiacle

shock wave and begin (L_:,L .Spr.ea ut dJIS S@%ferr{ cald Yor Opy,LMRAGLL N

, Of ) qting

with tl‘f%arbur%alf%&rae%gur? %tlﬁle t%ragccee&eé: e the blast” wave w Han%e Y

refl ectieek f tefivthet surr f ace theandrétemiddlaest abhpbh chdebf.atson shabke,

hem’spheriCﬁAaer | ast , wav ery.simlar to that, generat dg) a .y

’ j

t en- pountfc ma é‘PBnggeB%anﬁﬁﬁ? 0054}t o?nlaﬂcahcacrod’lélecas arge a

ten pounstscidie €f f eseés10f Md hevdireniid.| e neghagidde ofi tthe energy

over pressure devel oged. Scal,i n% of the ten pound. charge gi ves }Ehe

foH<mMW&ﬂl either be transmittad through the sides a shock or
vented out through the open end. On exiting the open mouth of
the container the pressure wave will expand to equalize the
pressure on either side of the shock wave and begin to spread
cutwards spherically. On impacting with the ground arcund the
receptacle the blast wave will be reflected from the surface
and it will establish itself as a stable, hemispherical blast

wave, very similar to that generated by a ten-pound charge

detonated in air.

(00523 For a charge as large as ten pounds the effects of
the bin will be negligible on the overpressure developed.
Scaling of the ten pound <charge gives the following

estimations of pressures and physiclogical impact on the human

body:

Distance from Bin Injury to 70Kg Human
9 feet Severe burns

17 feet Onset of lung damage
18 feet First degree burns
28 feet Rll eardrums burst
43 feet Onset eardrum rupture
98 feet Completely safe




estimations of pressures and physi ol ogical inpact on the human body:
Distance fromBin Injury to 70Kg Human 9 feet Severe burns 17 feet
Onset of lung danage 18 feet Firstidegree burns 28 feet All A
eardruns b¥EYHE1H8et Onset eardrumrupture 98 feet CIiplBIE(A)20&af e
- 18 WD 2006/081319 PCT/ U82006/ 002695 [0053] It should be noted
that these figures are for free field hem spherical blast. The
possibility of injury will be significantly increased where there

are conplex reflections as, found.in _the. case qf an_expl gsi ifnside
o bui | dRGS1 The Hat 8010 ohe | HETHR FABI o AB50e A Boon Sodatbl o
from aznunherQf spiclh £f@rent1 saur cesnaopadd b iRauly ©doperisiyExplldsibee
Engi neeri ng" andpf romthe graph sho bel ow obt a{g}t{adngggzéiho%s as

Jour nakiehiflaeninet | IS ¢here there are comp

(http: /f/og%c 1hMyneduliouppakh4e2bFesush Bassidass. himding 0084 datacan
be seen fromthe data in the table that if thiem tf‘tr%’?[{ei on_ of trheo
bl ast iggveot iconsieddrdde &PaVEporttame e hATSFP e & 1¥8HEa ep

det onat ed .i n i ne rdECeAER PaspnetibeeBnginagethg”
ef f ect id\}gffﬁ%ﬁgogé%yﬁ%ﬂrﬁo aréﬁbrrany ki nds of cr o&ded envi ronnment s t hat
trash receftacl eseapckrnidisokededry aeproyed FHParddSt is

instructive to consider the data on blast injury given above wth

L-efﬁre%%%rtn%lt g%%il[lg%bﬁdic;q ash J:;eceptacl es are deployed in areas of
9
(http://maic.jmu.edu/journal/d.2/Focus/Bass/bass.htm).

[00541 i+ can be seen from the data in the table that if
the mitigation of the blast is not considered, an important
part of the threat from an IED detonated internally in a trash

receptacle has not been managed effectively.

[0055] There are many kinds of crowded environments that
trash receptacles and mailboxes are deployed in and it 1is
instructive to consider the data on blast injury given above

with reference to them.

[0056] Trash receptacles are deployed in areas of high
footfall, often inside structures, where the blast environment
is complex and multiple reflections will form. This 1is

probably the worst in-air scenario for blast injuries.

00571 The answer to this conundrum may lie in the choice
of charge size which can be claimed to be safely mitigated
against charge sizes as large as ten pounds are simply not
manageable in scenarios where people regularly approach within
a few feet of the target bin. If the charge size is reduced

then the possibility of managing the blast and fireball is



footfall, often inside structures, where the blast environment is
complex and nmultiple reflections wll form This is probably the
wor st i n- aiyp 56ERA%L,0 for blast injd® es. [0057] The an;&ﬁgsﬁgﬂhgk§
conundrummay lie in the choice of charge size which can be éialnéd
to be safely mtigated against charge sizes as |arge as ten pounds
are sinply not nmanageable in scenarios where people regularly
approach within a few feet of the target bin. If the charge size is
reduceg %Q%eaher@@%ﬂdmt QfonEaBagk Nghs henbl asds iand fdareball is
WO 20067081319 - 1 9 PCTI USZ006/ 002695 i ncreased. The fol | ow ng
consi deie thergapsization reducing the charge size: For six pounds
TNT Distance fromBin Injury to 70Kg Human 7.4 feet Severe burns
14.5 f%eg g@§e%09£d%uﬂgrdanage 15 feet First degree burns 24 feet
b 6 fe

Al eardruns rst et Onset eardrumrupture 83 feet Conpletely
safe For three pg i I

ST yeeTfr UL RLTES I-yjogé. Yk 70 Kg Human 6.3
feet Severe burng 11 feet Onset of || ung damage 712 feet First degree
burns 19 feet A Scargeums burst |2%-deebu@Bsel eararum rupture 65

qafe
feet Conpletely ‘%'4.5 feet Onset of lung damage
15 feet First degree burns
24 feet All eardrums burst
36 feet Onset eardrum rupture
83 feet Completely safe

For three pounds TNT

Distance from Bin Injury to 70Kg Human
6.3 feet Severe burns
11 feet Onset of lung damage
12 feet First degree burns
1% feet Al eardrums burst
29 feet Onset eardrum rupture
65 feet Completely safe

For one pound TNT

Distance from Bin Injury to 70Kg Human
5 feet Severe burns
8 feet Cnset of lung damage
10 feet First degree burns
13 feet All eardrums burst
20 feet Onset eardrum rupture
46 feet Completely safe
[0058] It can be seen that if the charge size is lowered to

three pounds the damaging blast radius 1s reduced but not



For one pound TNT Distance fromBin Injury to 70Kg Hunan 5 feet
Severe burns 8 feet Onset of |ung danage 10 feet First degree burns
13 feet Al eardruns burst 20 feet 20nset eardrumrupture 46 feet
Conpl et el y WX1U86950H883 |1t can be seen that if the char geCEIPa0G Y2695

| owered to three pounds the damaging blast radius is reduced but not
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receptacle. Pressures of this nmagnitude will alnost certainly cause
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significant issue that must be addressed. The top of a
litterbin in, for example, a train station, would Dbe
approximately 8 feet (2.46m) from the celling. For a ten pound
charge the roof structure will experience significantly more
than 380 psi reflected blast pressuxe. This does not take
into account the significant blast focusing eifect of the
receptacle. Pressures of this magnitude will almost certainly
cause catastrophic failure of the structure. As discussed in
much of the literature on blast, the majority of fatalities
are not caused by the direct effects of the blast wave on the
human body but by the catastrophic failure of the structure
that the victims occupy or by the wviolent translation caused
to them. This was tragically illustrated by the bombing of
Alfred P Murrah Building in Oklahoma City.

[0060) Without going into detail in this note, it is worth
pointing out that many buildings are extremely vulnerable to
blast and catastrophic failure can result from a relatively

minor explosive event.

[0061] There are three accepted methods of effectively
managing internal explosive Dblasts: total containment,

controlled venting and blast mitigation.
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appropriate for passing trash through.

[0064] Blast mitigation is an effective approach. DBlast
mitigants such as BlastWrap™ have been shown to reduce blast
overpressure by as much as 97% with distance and are regularly
used in reducing the effects of explcesions. However, even
allowing for such significant blast attenuation, in the case
of a twelve-pound charge, approximately 8 feet of mitigation
will be required to reduce the blast attenuation to a degree

that could be considered safe for the general public.

{G065] The driving facteor in the endeavor to develop a
trash receptacle or other container or enclosing device that
can protect the public from the devastating effects of a
terrorist bomb is not whether the receptacle stays together
under explosive loading but how the blast and fireball can be
reduced to levels that are no longer a significant threat.
This being the case, the strength of the trash receptacle can

be reduced and, 1f ultimate receptacle strength is reduced,
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resistant waste bins or either such containers or enclosing
devices. Theres are also no restrictions placed on buyers when
purchasing this technology. This makes it important to ask the
right questions and exercise good judgment when purchasing and

deploying a technelegy of this nature.

[0068] This is wvery true and is very good advice that the
explosion resistant trash receptacle manufacturing industry
needs to take to heart. There are, however, standards that
exist in the other countries that define the methecd and threat
for testing explosive proof bins (notably “Specification for
Bxplosive Testing of Litter Bins” by Dr R Lacey, M J Pettit of
the UK Police Scientific Development Bureau). The details of
how to obtain this report can be found at the Home Office

website at the following link:

http://www.homeoffice.gov.uk/crimpol/police/scidev/publications.html

[0069] it is believed that the standard threats suggested
within this note are a plastic explosive charge surrounded by

various trash items and steel balls to represent “worse case”
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bl ast proofed bin nust be able to withstand an internal blast froma
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hazard from the explosive device. The bin must stop all of the
fragmentation from a steel pipe Dbomb filled with 250g
smokeless powder or a standard military issue hand grenade,
whichever is found to be the more severe threat. Blast
pressures must be lower than potentially lethal beyond three
feet from the edge of the bin. Flash and fireball must be

contained within the bin.

CHEMICAL EXPLOSIVES: TYPES, CHARACTERISTICS, ETC.

[0071] Chemical Explosive - A compound or mixture which,
upon the application of heat or shock, decomposes oOr
rearranges with extreme rapidity, yielding much gas and heat.
Many substances not ordinarily classed as explosives may do
one, or even two, of these things. For example, a mixture of
nitrogen and oxygen can pe made To react with great rapidity

and yield the gaseous product nitric oxide; yet the mixture is

not an explosive since it does not evolve heat, but rather
absorbs heat. For a chemical to be an explosive, it must

exhibit all of the following:
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heatllggigg%jua same action occurs: a burning combustible forms a

gas.

2. Evolution of Heat - The generation of heat in large
quantities accompanies every explosive chemical reaction. It
is this rapid liberation of heat that causes the gaseous
products of reaction to expand and generate high pressures.
This rapid generaticn of high pressures of the released gas
constitutes +the explosion. It should be noted that the
liberation of heat with insufficient rapidity would not cause
an explosion. For example, although a pound of coal vyields
five times as much heat as a pound of nitroglycerin, the coal
cannot be used as an explosive because the rate at which it

yields this heat is quite slow.

3. Rapidity of Reaction - Rapidity of reaction distinguishes
the explosive reaction from an ordinary combustion reaction by
the great speed with which it takes place. Unless the reaction
occurs rapidly, the thermally expanded gases will be
dissipated in the medium, and there will be no explosion.

Again, consider a wood or coal fire. As the fire burns, there
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explosives, which detonate, and low explcsives, which
deflagrate.
[0072] Pressure Burst -~ If a liguid is sealed in a

container and heated, the liguid will vaporize and pressurize
the container. If this process is continued, the pressure will
rise until it exceeds the strength of the container and the
container will burst. The pressurized gas will then escape.
The higher pressures traveling faster than the lower pressures

will result in a blast wave with a calculable TNT equivalence.

{0073] Low Order Explosion - Low explosives change into
gases by burning or combustion. These are characterized by
deflagration {(burning rapidly without generating a high
pressure wave) and a lower reaction rate than high explosives.
The overall effect ranges from rapid combustion to a low order
detonation {generally less than 2,000 meters per second).

Since they burn through deflagration rather than a detonation

wave, they are usually a mixture, and are initiated by heat
and reguire confinement to create an explosion. Gun powder

(black powder).is the only common example.
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[0075] Fuel/Air Explosion - High explosive materials
contain the oxygen that they require for detonation within
their chemical structure. A fuel/air explosion occurs when a
chemical, which on its own will not detonate, is mixed with
ambient air and is initiated by an event of the appropriate
energy. The air provides the oxygen that is required to
maintain the detonation oxygen balance. Fuel/air explosions
are characterized by their power, which can be orders of
magnitude higher than TNT. An example of this kind of

explosion is the propylene oxide/alr reaction.

10076] Detonation - BAlso called an initiation seguence or a
firing train, this i1s the sequence of events which cascade
from relatively low levels of energy to cause a chain reaction
to initiate the final explosive material or main charge. They
can be either low or high explosive trains. It is a chemical
reaction that moves through an explosive material at a
velocity greater than the speed of sound in the material. A
detonation is a chemical reaction given by an ezplosive

substance in which a shock wave is formed. High temperature
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(the shattering effect of an explosion). Examples include
primary explosives such as nitroglycerin that can detonate
with little stimulus and secondary explosives such as dynamite
(trinitrotocluene, TNT) that require a strong shock (from a

detonator such as a blasting cap).

(00781 EXPLOSION SENSITIVITY: Explosives are classified by
their sensitivity, which is the amount of energy to initiate
the reaction. This energy can be anything, from a shock, an

impact, a friction, an electrical discharge, or the detonation

of another explosive. There are twe basic divisions on
sensitivity:

[0079] Primary Explosives - They are extremely sensitive to
shock, friction, and heat and require a small quantity of
energy to be initiated. They are mainly used in detonators to
initiate secondary explosives.

[0080] Secondary Explosives - They are relatively

insensitive to shock, friction and heat and need a great

amount of energy to initiate decomposition. They have much
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(0083] Heat - Sensitivity is expressed in terms of the
temperature at which flashing or explosion of the material

occurs.
EXPLOSION CHARACTERISTICS:

[ooe4i Pressure - When a force acts perpendicular to a
surface, the pressure (p) exerted is the ratio between the
magnitude of the force and the area of the surface: pressure =
force/area, and may well be expressed using other terms such
as  bars, atmospheres or dynes. Pressure is used to
characterize cne of the maln parameters, sometimes known as

the intensity of the blast wave.

[0085] Overpressure - The pressure measured above the

ambient pressure at the time of measurement.

00861l Shock - A shock front is a virtual discontinuity in
the physical properties of the gas through which it 1is
passing. The shock thickness is of the order of ten mean free
paths, which for a gas at standard temperature and pressure is

approximately 100nm or close to the wavelength of light. This
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change in tine. It  can be neasured in Newton x Secon (Nse)t
and is equal to (causes) the exchange in momen um ween the
explosive charge and the target. It is the integral of the
positive portion of the pressure/time history (unless stated
otherwise). Structures are generally more sensitive to the
effects of impulse rather than peak pressure. This is due to
the quarter wavelength of the natural frequency of the many
structures of interest being longer than the duration of the

blast wave.

{0089] Quasi-Static Pressure =~ A ©process taking place
relatively slowly so that all the intensive variables can have
definite values through the entire path taken by the process.
Such a process is called a guasi-static process. Quasi-static
pressure occurs in situations where the duration of a pressure
event from the liberation of gas and/or heat from an explosive
event is significantly longer than the response time of the
structure. The loading can be treated like a static or guasi-
stabic event. This is a common phenomencn for internal

explosions in poorly vented structures.
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[0081) Afterburn - Post-detonation, aerobic combustion of
fuel rich species as detonation products mix with the
surrounding air. Some explosive materials are noft oxygen
balanced and produce fuel rich detonation products. The
burning of these products increases flash and will produce
quasi-static pressure, if confined. After burn is a
significant issue for confined explosions and can initiate

post-blast fires.

[0052] Fragmentation - The breaking and scattering in all
directions of the pieces of a projectile, bomb or grenade or
the breaking of a solid mass into pieces by blasting.
Fragments generated by a cased explosion can have a very high
velocity (>2500 ms) and are potentially lethal at long
distances from the site of the explosion. This is one of the
dominant threats to personnel from a cased explosion.
Fragmentation can be difficult to effectively deal with and

reguires a high mass solution or expensive lightweight

ballistic protecticn.

[0083] Secondary Fragmentation -~ Material close to the

explosion can be propelled by the Bblast and projected some
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[0095] Ground Shock - Shaking of the ground by elastic
waves emanating from a blast: usually measured in inches per
second of particle velocity, where the charge 1s close to, or
in contact with the ground. Low frequency ground shock can
produce significant damage tc structures at large distances
from the site of the explosicon. Ground shocks can become
enhanced by reflections from varying density layers deep in

the earth.
MITIGATION MECHANISMS:

[0096] Irreversible Changes - The laws of conservation of
mass, momentum and energy for a shock wave imply that it is
difficult to reduce explosive effects rapidly. The energy of
the explosion must Dbe dissipated through irreversible
processes such as drag, turbulence, friction and viscesity.
With BlastWrap™, this is achieved, in part, through crushing

of porous media and entrainment into & two-phase flow.

[0097] Two Phase Flow - The flow of two mixed materials of

different phases (i.e., particulate in gas, liquid droplets in
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(BlastWrap™) which in turn is entrained into a two-phase flow.

This mechanism allows energy tc be dissipated through viscose

drag. Structural coupling is the negative aspect of this

mechanism.
[(0099] Shock Multipathing -~ The speed of sound for any
material is given by: a’? = Be / p, where “a” is acoustic

velocity, “Be” is the bulk modulus of elasticity and “p” is
the density. The implication of this is that shocks travel at
differing velocities in different materials. In a material
containing two phases, this causes the shock £front to be
“smeared” and spread out over time due to the differential in

the acoustic velocities of the two materials.

{00100] Flash Suppression - It 1s possible to reduce the
flash output of an explosive device Dby reducing the
afterburning of the detonation products in alr. This can be
accomplished by quenching the event or by interfering in the
combustion process. Quenching 1is -achleved by the rapid
liberation of water into the £ireball or the combustion
processes can be disrupted by the use of advanced fire

suppression materials.
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speed, pressure, and particle velocity relative to the shock

impedance of the material through which it is propagating. At
the interface with a material of different shock impedance,
the laws of conservation of momentum energy and mass are
obeved and the shock 1s transmitted with little or no loss. If
a shock attenuant is introduced between the two materials and
the transmitted shock 13 significantly reduced, the assembly

is said to be shock decoupled.

[C0103] While it is known that if an explosive charge is
surrounded with any type of dense material (for the purpose of
this application, materials having a density of 1 gram/cc or
more), there is a reductiocn of blast over pressure generated
by an explosive source. This is due to the energy of the
explosion being partitioned between the blast wave in air and
the shock propagating in the dense material surrounding the
xplosive charge. The disadvantage of using dense materials
for blast wmitigation is that the energy and momentum are
conserved and the material 1s moved away from the site of the
explosion at considerable velocity, thus doing damage at =z

distance remote from the origin of the blast. This increases

the potential damage of the explosion. Reduction in blast



order to devel op: fuel, oxygen, heat and tine. If any one of the
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[00105} Figure la shows the inside of a lid 10 of a

container which has been fitted with BLASTWRAP™ 11. Figure 1b
shows a side view of the 1id taken along line A-A. The
BLASTWRAP 11 lines the inside of the lid around the bottom of
the side of the lid. The top of the 1id 10 may take any
shape, and may include a tTop ring 20 and a bottom pan 21.
However, a convex top provides more blast mitigation in the
center of the top, and is particularly well adapted for
containers to be placed outside so that rain can fall away

properly.

[C0106) Figure 2 shows a view of a container 12 taken along
line A-A of figure 1 in which the inside of the container as
well as the 1id is lined with BLASTWRAP™ 13.  BLASTWRAP™ 13
can also line the inside of the cover as well as the inner top
of the lid. The filled pockets here are shown as sguares, but
the filled pockets can be any convenient shape, including

circles, ovals, rectangles, etc.

[00107] For example, a trash container approximately 31

inches wide at the bottom and approximately 16 inches high can



the potential damage of the explosion. Reduction in blast - 34 WO
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[00109] In an embodiment illustrated in Figure 2, the top of
the cover 14 is lined with six inches of BLASTWRAP™. Above
this 1is a space of about iIwe inches that can also be filled

with BLASTWRAPR™.

(00110} In ancther embodiment, the btop dome 16 can be
lowered by one inch or more. Reduction of this area would
slightly lower the center of gravity and provide additional
BLASTWRAP™ for the rest of the top. However, this means that

less BLASTWRAP™ is available above the locus of the explosicn.

[00111] In another embodiment, the cover can have an cpening
16 at the top of the container. This opening serves as inlet
for the trash into the container. A deflector chute can be

incorperated in the opening 16 in order to slow rain from
entcering the can as well as act as a guide for the trash
entering the top can opening and down into the can liner. A n
encroachment/interference 17 is located below the doughnut
ring 18 in the trash can. Additional BLASTWRAP™ can be
located at this point, or the entire inner liner of RLASTWRAP™

can be lowered to the inner liner of BLASTWRAP™ in the can.



circles, ovals, rectangles, etc. [00107] For exanple, a trash

cont ai ner approximtely 31 inches wde at the bottom and

approximately 16 inches high can — 3% ~WD 2006/ 081319 )
PCT/ USZOOGWG%ZQ%@@]“Be protected with BLASTWRAPTM by | i iGT§"eHE 75} om
circunference of the trash container with BLASTWRAPTM whi ch is
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trash container. The top of the trash container can be lined with

about six.igches [ 09108]nd5 gute 3 shows i uipped
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BLASTWRASTNWS] 001707 1 ¢ NBROLHEE Sk |"’lnsxe\r%nt“,“lsftlr%’lejaeﬁtlé1 d%?fceeff%‘ can be ”
| oner ed,day ane dmehcdr deneinBeduehiornoioshng deeacewubdcostimhtty
| ower the center of gravity an rovi de additional . BLA or
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which materials have the advantage of Dbeing sufficiently
flexible +to enable them to line any shape container or
container lid. However, other suitable materials can be used,

which are preferably lightweight materials that also possess

excellent thermal insulation and fire suppression properties.

[00114] The following is a list of blast-mitigating material
that can be incorporated between flexible sheets to form
pblast-mitigating assemblies for use in the present invention.
This list is by way of illustration only, and is net intended
to be an exhaustive list. One skilled in the art can, without

undue experimentation, add many other suitable materials to

this list.
® Perlite
o Vermiculite
. Pumice in all forms
] Agueous foams
° Aerogels

° Syntactic foam
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assenblies for use ipn,the. pr nt_.invention. This list is by way of
il Iustratio%rﬁﬂP??F §R8P?§B%§?§%%1%§%§ed to be an exhaustive |ist.

One skilled in the arkoga8q Mdd¥uiy undue experinentation, add many
other suitable materials to

® Foamed steel

. Foamed titanium

° Aluninum armor plate

° Steel armor plate

° Aramide fiber such as KEVLARE® or TWARON®

® Polyethylene fiber such as DYNEEMA® or SPECTRA®
° Polybenzobisoxazoles such as ZYLON®, a high-

performance fiber developed by TOYOBO
comprising rigid-rod chain molecules of poly

(p-phenylene-2, 6-benzobisoxazole)

. G-LAM® nanco-fiber
* Ballistic nylon
° Extremely hard material such as ceramic and

bhoron carbide

» class fiber
e PYROK® and other dense, cement based fiber
boards

Flash and Fire Suppressants

° Chlorinated compounds



this list. Perlite Vermculite Pumce in all forns Aqueous
foanms Aerogels Syntactic foam- 37 WD 2006/081319

PCT/ US2006/ 002695 00115] Any poroms,- crushable material that )
rapi dly r e}@8YEH3ck pressures with distance [00116] PANUSHPEII04T
that exhibits shock attenuation and thus blast-mtigation properties
by virtue of two-phase flow. [00117] A nunber of different types of
materials can be used wth shock or blast-attenuating materials to

enhance their effectiveness, parti le_lgdarl y with respect to stopping
fragments. A |ist. of BEGERNARERr FAIRCY Y %as fol | ows: Fragment St oppi ng

Material s Foaned alum Foaned sitRelcoreaped titanium Al umi num
arnor plate St eel gﬁ%wp g%e Aram éfe%aefi ggr such as KEVLAR(r) or

TWARON(r) Pol yat hyl ere afli hgdrsucdesas DYNEEMA(r) or SPECTRA(r)

Pol ybenzobi soxazol es such as ZYLON(r), a high- perﬁor nmance beernot
devel oped by TOYOBO Zd&wpdi siegadi gicd™Peyd eRai n hGt-88alds &F pol’y
(p- phenyl ene- 2, 6- benzahi;3@%azotg) sodium bicarbonate, potassium

bicarbonate, sodium carbonate and potassium
bicarbonate

o Iron pentacarbonyl

° Melamine® based materials

o Borates such as zinc borate

® Low melting point glasses

° Material that generate smothering gaseous

products such as hicarbonates, carbonates, and

sodium tetrachlorate

Fire and Thermal Barriers

° Silicon based additives

° Borates such as zinc borate

° Inorganic alumino-silicate resins

e Nano-composites

° Expandable graphite

° MELAMINE® based materials

° Ammonium polycarbonates

® Polyurethane foam

e phosphorus containing compounds

s Intumescent paints, intumescent coated fabrics,

and other intumescent barriers
° Endothermic mats and wraps
© Siliceon RTV foams

° Fireproof resins and polymers



G LAMr) nano-fi ber Ballistic nylon o Extrenely hard material such
as ceramic and boron carbide dass fiber. PYROK(r) and ot her

dense, cengih.Rae69;f 1 ber boards “FBdsh and Fire Suppr e s
Chlorinated conpounds - 38 WO 2006/ 081319 PCT/ US2006/ 0B5 R Huezcs

Brom nat ed conpounds Phosphorus contai ni ng conpounds Met al
hydroxi des . Al kali netal conmpounds, including but not limted to
sodi um bi carbonat e, potassium bicarbonate, sodi um carbonate and
pot assi um bicarbonate Iron pentacarbonyl Melam ne(r) based
materials Borates such as zinc borate LOM/neItlng§%%|nt | asses

Mat er i aPOLhal geher at BrShotFRE | FRPYRSETUs “hr bidkicPs th Hgvention,

bi carb Hét nQb %}a%%.n angsr s0dium hebeashhosat e dtiveenand) Shesral
Barrlers |con ased a d|t|ves Borates such as zinc borate
Inorgaﬁheeasunqu{gﬁiﬂ@&te pest ngreferably in combination with a

fusible salt, such as borax pentahydrate, borax decahydrate,
poric acid, alumina trihydrate, and calcium hydroxide. One
skilled in the art can readily ascertain which fusible salts
can be used to ©provide fire resistance/retardance in

combinaticn with the perlite.

{00119] The most preferred combinaticn of blast-mitigating
material incorporated between flexible sheets is a combination
of powdered perlite and boric acid. This combination, as well
as combination of perlite with other flusible salts, within 2
milliseconds gquenches the fireball. produced by an explosicn

and prevents post-blast fires.

[00120] Powdered periite is denser material than
conventionally available perlite, as powdered perlite is
perlite that has been crushed to form a powder. One example

of this is Perlite-PF60, which has conventionally been used for
filtration. This denser material sliows down fragments and
increases blast mitigation. By using P60 perlite rather than
horticultural grade or expanded perlite, the volume of the
insulation can be reduced while not sacrificing blast
mitigation properties. For example, tThree inches of P&0
perlite is the equivalent of abut 5 to 6 inches of

conventional horticultural perlite.

[00121] any type of container can be protected according to
the present invention, including but not limited to rubbish
bing, trash receptacles, mailboxes, mall storage containers,

including enclosing devices, and the like. The blast



Nano- conposites Expandable graphite MELAM NE(r) based material s
Ammoni um pol ycar bonat es Pol yur et hane foam Phosphorus containing

conpounds _| ntumescent paints, intud@seent: coated fabrlcs
ot her intufEsEYE Hdrriers Endothermic mats and wraps ?ﬁt@%ﬂﬂ”ﬁﬁv

foams Fireproof resins and polyners - 39 WD 2006/ 081319
PCT/ US2006/ 002695 [00118] In a preferred enbodi ment of the present
i nventi on, the bl ast-mtigating material incorporated between

flexible gets is perlife, e eferabl ¥ bp copbi nation it h &
fu3|bI§u§é9F lgﬁcnm%gé%%%ax 6%%{aﬁgar§te borax decahydrate, boric

aci d, @Inu:r:rbaangr i dpdiraxt e isangreateiasin Hydrmoxade. t@ftéas sRifl | REEF e

art can readil certaln whi ¢ usi al Lan { t 9, PESYL de
fire ré@ﬁ§?ancépg arGaNEE n gggnbfﬁgﬁﬁin%ﬁﬁ the %??e 8[00119]

The nosthwpreheened, cpabtmaﬁlmn&pfihla&baﬁntlgampnghenateppaﬁltlons

i ncor porated between fl X|ble eets |s a conblnat er edy
per it &h&nd T&ﬁ??:%ﬂﬁ%?a fi s %% 5i%n, PR e %gg cgikﬁngflon of

perI|tqdﬂlghngghe§n$usﬁﬂkﬁ~satfsctmwé§NIfﬁbm nekplggnmnﬁswqménuhesh¢he
fireball produced by an e &oshgléar gg Erevg % posthghgst fires.

[ 00120]cPéwrdBEEd P¥rPiteddsi e f&rFaf onvent i onal 1y
avail able perlite, as powdered perlite is

Experimental

[00122) A series of tests were conducted at a firing range
in California to investigate the effectiveness of BLASTWRAP™
in mitigating air blast and fireballs from high explosive
charges. Trials were conducted against a range of fiberglass
cylinders and rings, oil pipelines and trash receptacles.
High quality pressure data were recorded to evaluate the
performance of the various systems in terms of physiological
damage to the human body. Video records were also made to

monitor the development and propagation of the fireball and to

determine the effectiveness of BLASTWRAP™ in extinguishing the

fireball.
Instrumentation
[00123)] Two channels of instrumentation were used. The

pressure transducers were PCB Model 113AZ1 (High Frequency
ICP® pressure probe, 200 psi, 25 mv, 0.218 inch diameter
diaphragm, acceleration compensated), piezoelectric type with

built in charge amplifier with the following specifications:

s Sensitivity: (+ 15%) 25 mV/psi (3.6 mvV/kPa)
® Low Frequency Response: (.5%) 0.5 Hz

° Resonant Frequency > 500 kHe



perlite that has been crushed to forma powder. One exanple of this
is Perlite-P60, which has conventionally been used for filtration.
Thi s denseky@Bi&hd: 3y S| ows down fragierits and |ncrease§CP%§§%ﬂuzﬁh
mtigation. By using 260 perlite rather than horticultural "grade
expanded perlite, the volunme of the insulation can be reduced mhlle
not sacrificing blast mtigation properties. For exanple, three
inches of 260 perlite is the equivalent of abut 5 to 6 inches of
conventi onal horglculéigégrfggg|da%nekgg;2110£@y éaggaéﬁ(?%gn;ainer can
be protected according to the present invention, including but not
limted to rubbieh bissght riasitir edeppacl 8s21nai | boxesy) mai |l storage
containers, including enclosing devices, and the |ike. The bl ast -
40 WO 2006/ 081319 PCT/ US2006/ 002695 mitigation materials can be
such t hatyibhe Comhai@aée@runemcbmﬂrumgmﬂﬂnﬁriweqycm@mtﬂddéronﬁabm6
types of pressure wages, both acou tlc n hoc ves, in_al
gaseoud' L EBNAFSEmERED gt dtHsarf y1i n® ﬁb at XatHdsphef g pressure

condi ti:QRs. hi@%%ﬂﬂ@@ﬁwéﬂélﬁkﬂdﬁﬁéaﬂﬁﬁﬁdmﬁSs{ﬁﬁﬂéﬁd thelpybbpcuandy
bui | di ngs and ot her structures fron1eprOS|ons wiithin the containers

by mit iAgebienghufet 91 e PS THRIE D si BRs. EEGSr | HEntAl YT0033%1°A
series jof £@SLs Wene1condyctgd,@te a i NG dangetuieaCaki tornni,a ko2
investigate the effectiveness of BLASTWRAPTM in mtigating air blast
and fi resballieof rerhehi ghT}éS(pﬁ)éﬁ% WERafgesPr It Al §SHRY e dc ditECRelTY
agai nst_.a ral evgﬁtgg i aiyldinder:s apdipkpgs, oil pipelines and
trash receptac es I g ality pressure data were recorded to

eval uate the

[00125] Blast pressures were calculated using the blast
scaling laws <tabulated in the curves in TN 5-885-1, “The
Fundamentals of Design for Conventional Weapons.” Previous

research has demonstrated that these curves are as accuralte as
any for medium sized charges in the middle distance. The TNT
equivalent for C4 in terms of pressure Iin TM-5-855-1 is given
at 1.37, which is higher than often taken but appears to fit

will with the data in the experiments reported herein.

[00126] There are two modes in which blast pressures are

conventionally measured:

° free field spherical air blast
. Hemispherical reflected blast
(001273 Free field spherical air blast is captured within a

[,

charge is fired high above the ground and is not close to any
reflecting surface. Hemispherical reflected blast is captured
when the charge is in contact with, or close to, the ground or
other reflecting surface. The wmeasured pressure for
hemispherical blast can be twice that of free~filed pressure,

although it is usually taken to be about 1.8 times greater.



performance of the various systens in ternms of physiological danage
to the human body. Video records were also nade to nonitor the

devel opnent and Propagati on of the fkreball and to determne the
ef f ect i ven¥EUHFISBITASTWRAPTI | i n exti ngui shing the fi riéJay§2006/002695
Instrumentation [00123] Two channels of instrunentation were used.
The pressure transducers were PCB Mddel 113A21 (H gh Frequency

| CPOR pressure probe, 200 psi, 25 nv, 0.218 inch dianeter diaphragm
accel eration conpensated), piezoelectric type with built in charge
anplifier with the followi ng specifications: Sensitivity: (+ 159 25
mv/ psi [68188nV/ kiRa) anLow PneguericyorRespbhse: sphswicals Hzre t

Frequency > 500_kHz - 41 3 UsS20064 O 9 ;

El ect r PEGFSEBRNERY ot?e RY @o%g%?{aTP%chacg |1:'C)g%-légfftg ?\'Nlétlgg% 2?7%3 0.1
0z (6.0Q00k.70@E24]rothe pesespheirt cand baapli. f i @hiver ehREB ivbdelt 48BD06
with three grain settings, x 1, x10 dx 100, T r r I e

hi st or ifé@lwgré F@@Bﬁﬁé‘ag%mrb %a%ti%%ggr?adt PC | Aptop 3851:;%@;&1’ ibd'gtbeé@lll
Audi tiQpn saktware. through an Edirol UA-1X USB audio interface. All
records were 16 bit and captured at a 44.1 kHz sanpling rate. The

system was calibrated using a | aboratory standard voltage supply and

di gi talpygbbret ety [{3Q1238koBl-astnPs estiiRs baer ehead bl atied ussngndthe
blast 'scaling |laws tabulated in the curves in TN 5-%@5-1 ng
Fundamsmsaii®lef tDespgfcf bheChhosht FEREPT¥BLHONSSYC Privi DUt Feseditn

has denpnsthated Jhat these Guryes angras @eCuraiL@s were fired
approximately 18 inches above the ground, the blast was
neither spherical free field nor hemispherical reflected in
nature. Consequently, the blast pressure records captured lie

somewhere bhetween the two extremes.

[00130] The pressures for smaller charges were calculated as
free field spherical blast waves, not in the hemispherical
mode . This is because the desert floor was relatively soft,
and consisted of loose packed sand, which is far from an ideal
reflective surface off hemispherical measurement. It 1is
considered, however, that as the charge size rises and the
intensity of the blast increases that the blast wave

approaches a hemispherical mode.

[00131] An absclute value for pressure was not obtained in
the experiments described herein, as the experiments were
designed to compare the effects of Dblasts with Dblast

mitigating materials.



any for nmedium sized charges in the mddle distance. The TNT
equivalent for C4 in terns of pressyre_in TM5-855-1 is given at

1. 37, whi clvd soduisgher than often taken “but appears to fjdruWobdonidot h
the data in the experinments reported herein. [00126] There are two
nodes in which blast pressures are conventionally neasured: Free
field spherical air blast Hem spherical reflected blast [00127]
Free field spherical air blast is captured within a charge is fired
hi gh aljooe32he dHounmthtandails meedclosetewdt @y vwanst laecthiond °¥ar f ace.
Hem spherical reflected blast is captured when the charge is in
contact with, or close to, the ground or other reflecting surface.
The neasured prassur eyifer zhenmﬁﬂheahﬁﬁét@&aSU4caﬁm@me$mmdghtMﬁbaﬁ
free-filed pressure although it is usually taken to be aboutt

ti mes greater. - 9ABSF006 10819 ﬁé¥ﬁ6§§%66lod§6§§‘ 28]13% an
illustration, the Spft@ﬁlcq.@lessre%e fO'.'Sedncﬁé§$SUlI825011;1@1!&1@5})0&1&@ ®f75TNT
at 15 feet is 3.4 psi, but rises to 4.7 psi for a hem spherical
blast. Wiile this is insthashe full 1.8 magni fi cation factor that is
usual l'y used, but sti]ll an Creas 9.l ALt e

descri bed hereln it %Ma o ééq 6§§1%PEEQQ%§ Lgegfhgﬁcgég ﬁi&ﬁ”&?ass
receptacles, etc. 30 fietr chjflirtteera:leserfomt oblniclamek g svend thatnehe

charges were fired tely 18 _inches ve the ground, the
bl ast was neither sgﬁpﬂf nq# de flngeﬁo?n%2%1§:herlcal refl ect ed

in nature. Consequenido',mé{@:@o%styra@@%wmfe%wﬁlmm wiedhl i e
sonewher e between the two extrenes.

® One 4 feet by 4 feet multi-ply KEVLAR® blanket
® One American Innovations Trash receptacle
° Three 7 feet long sections of 24 inches

diameter o©oil pipeline

o Several containers of BLASTWRAP of various
sizes

[00133] The following explosive materials were used in the
experiments:

° C4

° Smokeless powder

o Blasting caps burning fuse
[00134] The fiberglass cylinders were custom made for these

experiments and were laid up by hand using a fiberglass mat
and Ashland Hetron 922 wvinyl ester resin. The choice of
materials was made on the reguirement for fragment stopping.
The base of the cylinder was filled to a depth of & inches
with concrete and tied in by the inclusion of three 0.5-inch
diameter steel rebars. The concrete base was included to
ensure that the pressure and fireball did not vent via the

base, as well as tc provide a realistic surface from which the



[ 00130] The pressures for smaller charges were calculated as free
field spherical blast waves, not in the hem spherical node. Thi s i's
because the desert floor was rel ati-védlky-soft, and consjsted of |oose
packed sanavo%%?’% W¥s far froman ideal reflective sur?%%%g%‘f(‘f””%”“
hem spherical neasurenent. it is considered, however, that as the
charge size rises and the intensity of the blast increases that the
bl ast wave approaches a hem spherical node. [00131] An absol ute

val ue fg@f presgupe was,ngt QQE%E'@C' I phidie expeardymnt s.escrihata
herein, as the experinments were designed to conpare the effects of
bl asts wirhsprasin i iqdtingdgrraterials. - 43 WO 2006/ 081319

PCT/ US2006/ 002695 [00132] The materials used for testing were as
follows: N ne 24 inch dianeter, 14 inches high fiber glass first
responddfCiBnhs iThe hifeestt hiekrmskes: rOngs i netres, 18d625:-d nthes,saawd
0.75 inches T\/\elve3 i hch d|a t y i S g i her
cyli ndergele;l‘”% *Thit Ecehsese Hp t%% Qgpg (t}ﬁ % Qéeacﬁ}sltahn%
2.5 i nchescrdt® weters of Fragl i te antl -bal I'i stl c cI oth One 4 feet
by 4 feet multi-ply KEVLAR(r) bl anket One Anerican | nnovations
Trash receptacle Three 7 feet |long sections of 24 inches dianeter
oi | pi pgbones) Seveial otbntdddens<af iBLASEVRAR:6f deacikbisd Iséz@s were

second hand sections of o0il pipelines. The wall thickness of
the pipe was 3/8 inch, and the tubes were capped at the ends
with 3/8 inch steel plates, welded into place. The entire
assembly was filled with watexr. Filling the tube with liquid
replicates the oil filling in a pipeline and makes the wall

significantly harder to breach.

[00137] A total of 24 tests were conducted over a two-day
period.
Test 1
[00138] A charge of 0.7Z2-pound Cr calculated to have a TNT

egquivalence of one pound TNT was prepared and placed centrally
in a 36 inches internal diameter by 36 inches high fiberglass
cylinder. The cylinder had a wall thickness of 2.5 inches,
and the charge was suspended centrally inside the cylinder 18
inches above the desert fioor. There was no concrete base in
this cylinder. The pressures for this charge were calculated
as a bare charge in air at 15 feet, and were expected to be
approximately 3.9 psi. No BLASTWRAP™ was applied to this

cylinder.

[00139] After setting the charge, the fiberglass cylinder

remained intact, with no discernible damage.



[00133] The follow ng explosive materials were used in the
experiments: C4 Snokel ess powder _Blasting caps burning fuse

[00134] Th&ddsh@sed@ss cylinders were custom made for tﬂ@ﬁ?@ﬂmwmzmﬁ
experinments and were |aid up by hand using a fiberglass na and ;

Ashl and Hetron 922 vinyl ester resin. The choice of materials was
made on the requirenment for fragment stopping. The base of the
cylinder was filled to a depth of 6 inches wth concrete and tied in
by the i€ u&i on of three 0.5-inch dianeter steel rebars. The

concr et gobase;wasrihnel yded ta.,ensyre fha e pressure and_firebal
did not vent via the base lagnwelﬁiagk?o%g%gvi e %F?%%?i§$9% sutface
from whit®RheReof BEASHER2PU6ME813091PET/ US2006/ 0026952 1 bhiaste way eand

coul d retkeg} i ' iL.nterpal. stresses on the
sem?fT_ érEyfﬁﬁﬁﬁitﬂg% LHYEM DAL

cylinder. [00135 e first responder rings Wwere made to the sane
specification as the cylinder, but they were not fitted with a

concr et [ 6] i_l__pipes, used in the tests described
belom1m29g§§§%cong ﬁaﬁ&ggggﬁﬁgﬁs §¥f%ﬁ§%ﬁﬁ FERFHBEY THERRGEH ThFRKkA¥ss
of thedpppermiisis/@&nayeh, and the tubes were capped at the ends

with 3/8 inch steel plates, welded into place. The entire assenbly
was filled with water. Filling the tube with liquid replicates the
oil filFeag Bn a pipeline and makes the wall significantly harder to
breach.[589}§f] qjtotal o& 24 tests were conducted over a two-day

nis “shot was identical to Tests 1 and 2 except
that, along with three inches of BLASTWRAP™ applied to the
internal diameter and the base, a three inches thick

BLASTWRAP™ top was added.

[00143] The fiberglass cylinder remained intact with no

discernible damage.

Test 4

[00144)] This test was identical to the previous three tests
except that the only blast mitigation applied was three inches
of BLASTWRAP™ applied as a top.

[00145) The fiber class cylinder remained intact, with no

discernible damage.

Tast 5

[00146] This test was identical to the previcus four tests
except that three inches of BLASTWRAP™ was applied as an
internal liner to the base and top. The charge weight was

increased to the equivalent of 5 pounds of TNT.

[00147] There was no discernible damage to the cylinder.



period. Test 1 [00138] A charge of 0.72-pound Cr calculated to have a
TNT equi val ence of one pound TNT wa;gPrepared and placed centrally

in a 36 inghes internal diameter by imches high fiberglass .
cylinder. Yﬂﬁwngfﬂder had a wall thickness of 2.5 inc JUS20689%Pre

charge was suspended centrally inside the cylinder 18 inches above
the desert floor. There was no concrete base in this cylinder. The
pressures for this charge were calculated as a bare charge in air at
15 feet, and were expected to be approximately 3.9 psi. No
BLASTWR%PT%Igas applied to this cylinder. [00139] After setting the
char ge, R i berglass cylinder remained intact, with no discernible

damage. (004581 WO 2006/ Hfi310 PCHLIS2006/ 002625+ Teskx2-500449] Jhiss
was identical to Test 1 gxcept that three inches of BLASTWRAPTM was
appl i ed"f8 tRE i%?ﬁ%%i-aﬁ&%ﬁ%e RS [REBE VEl enfie tey | nefemdsorot
this shetir.[ 00141] The fiberglass cylinder remained intact, with no
di scerni bl e damage. Test 3 [00142] This shot was identical to Tests 1
and 2 except that, along with three inches of BLASTWRAPTM applied to
the i niEPRAP] di Az “ad nphéiggsenible Waradadies ishicol inder.
BLASTWRAPTM t op was added. [00143] The fiberglass cylinder remai ned
intact wkklh no discerni bl e damage.

[00150) This test was identical to Test & axcept that three
inches of BLASTWRAP™ was applied as an internal liner, base
and top. The charge weight was increased to the egquivalent of

10 pounds of TNT.

[00151] There was no discernible damage to the cylinder.

Test 8
[00152] This shot was identical to that of Test 7 except

that there was no BLASTWRAP™ applied. The charge was the
equivalent of 10 pounds of TNT

[00153] This fiberglass cylinder was the same one used for
Test 1 and had experienced eight detonations with no
discernible damage. These shots include two 5 pound and two

10 pound TNT eguivalents.

Test 9

[00154) This shot was a calibration blast to provide a check
on the instrumentation. The charge was equivalent o 1 pound
TNT and was positioned on a post two feet above the ground No
BLASTWRAP™ was applied. Pressures were measured at 15 feet.
As previously discussed, there is potential difficulty with
predicting the pressure for this type of shot, the charge set

up 1s not conducive to measuring either hemispherical or



Test 4 [00144] This test was identical to the previous three tests
except that the only blast mtigations;applied was three inches of
BLASTWRAPTM @ppbiiaghivas a top. [00145] The fiber class cytif@8henues
remai ned intact, with no discernible damage. Test 5 [00146] This
test was identical to the previous four tests except that three

i nches of BLASTWRAPTM was applied as an internal liner to the base

i ght i ased to the equivalent of 5
pounds. SP TN Co0B1ATE - TheFeaedt hot t SRR TR cedamdge 1 o cemination
cylinderaf -tH6 pMA0RE/ OBA3 119 RCHilde2006/,002695,. . Jests %%Egé%_s\kﬁgq. S

shot was i.dentical to Test 5, except that there was not
The chaj‘@&%\‘f\’&é” FHNREeNthe 0T8O pSFHESTEE EENTexjOORMD] THewerwasthy,

di scernithlee slasmgerd otthRe Gyispders hest 4 [0 h This, Lest, yas
i dentical to Test 6 except t hat th?seea1 i ncheés %%%%LIXS%%H\A&SI wn
appl i ed S86P5n i AbeYHBY |1Hdle bayddennd top. Muahamge awei ght wast,

i e equ yval e 10 p ds_of TNT._ [00151] . The S
o aocrorBrgRg s Rl ChLe Plc kit PORN Bl el (751 0910 & DehoP o
i dent i cdPe68 PHRaAEtofreResds7 wxoepthatt halte t heserwasn e BASTWRARTMias

appl i edqolhgochagge dAS theecgaulyg) ent; of; 10 Rounds, of INT - e

experimental setup.

Test 10

[00155] A 1l.44-pound C4 charge, calculated to be equivalent
to 2 pounds of TNT, was prepared and placed centrally in a 35
inches internal diameter by 36 inches high fiberglass
cylinder. The cylinder had a wall thickness of 0.5 inch, and
the charge was suspended 12 inches above the concrete base of
the cylinder. The pressures for this charge, calculated as a
bare cﬁarge in air at 15 feet, were expected to be

approximately 6 psi. No BLASTWRAP™ was applied to this shot.

(001567 The fiberglass cylinder was broken into pieces,
although the throw of the pieces was limited fo about ten
feet,

Test 11

[00157] A C.72-pound C4 charge, calculated to be equivalent
tc 1 pound of TNT, was prepared and placed centrally in a 36
inches internal diameter by 35 inches high fiberglass
cylinder. The cylinder had a wall thickness of 0.5 inch, and
the charge was suspended 12 inches above the concrete base of
the cylinder. The pressures for this charge, calculated as a

bare charge in air at 15 feet, were eXxpected to be



[00153] This fiberglass cylinder was the sanme one used for Test 1
and had experienced ei ght detonations with no discernible damge.

These shots include two 5 pound and t4b = 1.0 pound TNT equi val ents.
Test 9 [00YEH"MHi¥%shot was a calibration blast to protdeS20o¢REek

on the instrunentation. The charge was equivalent to 1 pound TNT and
was positioned on a post two feet above the ground No BLASTWRAPTM
was applied. Pressures were neasured at 15 feet. As previously

di scussegprohenetedy pasent ipdi di f fNoc BIASTWHAP™ predi ahbipndetihg o this
pressur%ﬁg%r this type of shot, the charge set up is not conducive
to measuring either hem spherical or - 47 WD 20061081319

PCT/ US20061002695 spherical blast. There are two reasons for this:
exam’nati%gfl\ng f the pressure tinme histories showthe results to lie
about hdl i bef W erf 1 TS SexEy bide is texpéaeed. intmsdrt anity, no
the pressucerhipeehistogdses are both nearly Friedlander in shape,
showing little evidence of reduction at 15 feet, although a smal
reflection can be seen at around 0.0193s). These bl ast records show
t hat t heesghstpunentati on systemwas collecting data accurately
within the limts of the experinmental setup. Test 10 [00155] A

1. 44- pouii§1ed] chaflye, cearenl ateedt dnbshéquiteatemeas tro 2 pouritss ofong

TNT, wascprepared and.pl aced.c ak).y, i 35, . S j.nternal
di amet er, eb% 36 inches hi ghe“%irbg%’{eays?x’ i |iaar?de1rr?ﬂé?%’leﬁcy4%aﬁ“ SEhad &
wal | thi‘ékhess of The5 dngeh, ocindhet hrd rehavgee wah rsaspendethdl 2s t aediesd

above tm%t%?”%ﬁ%k%ngasgngfcaps were attached. The pipe have been

filled with * pound Hercules Green Dot smokeless powder. One
of the end caps had been dried to form a % inch diameter hole

through which a detonator was inserted to initiate the device.

[C0160] The charge was fired in the remains of the
fiberglass cylinder from Test 10, positioned within a large
steel plate lined pit. The remains of the tube were used, as
there were a limited number of 0.5 inch thick cylinders
available, and large areas of the cylinder remained undamaged,

and made useful fragmentation witness plates.

[(G0161] The tube appeared to have stopped most if not all of
the fragmentation from the main body of the pipe bomb. Fresh
and deep fragmentation patterns could be seen that matched the

jagged outline of the remains of the fiberglass cylinder.

Test 13

[00162] This test was the same as Test 12 except fhat the
pipe bomb was contained in a 24 inches diameter fiberglass
ring with a wall thickness of 0.75 inch. The ring was lined

with 3 inches thick BLASTWRAP™ and a cover of FRAGLITE™, a



the cylinder. The pressures for this charge, calculated as a bare
charge in air at 15 feet, were expecteg to be approximately 6 psi.

No BLASTWRAYT Mhew@asieappl ied to this shot. [00156] The ﬁbﬁ%&ﬂ%éﬁﬁms
cylinder was broken into pieces, although the throw of the pieces

was limted to about ten feet. Test 11 [00157] A 0.72-pound C4
charge, calculated to be equivalent to 1 pound of TNT, was prepared
and placed centrally in a 36 inches internal dianmeter by 35 inches
hi gh by Fiu8y £45Cy| trgerenthéteyrinadrlaniteta meadd fuvine YREEMaE, 0a5

inch, angigt %r@l&?ﬂ%o‘&@%t@%@%@qed e iches-ahqye th agcg)g%fegt awE’éée

of the cylinder. pressures for this charge, calcu a
bare chaitfe $T BErrepensd eet fowerel expeotiear t 0 Bee- udBerWiie of the

2006/08hﬁ&ﬁnﬁﬁT&H§2QQ@éQOgﬁFgoﬁgg?é%ﬁ%ﬂ%&ﬁk& %ﬁm%T@%bP“hq?E#§§§¥§£g M

was applied to this shot. erglass i nde
intact, W% h ¢ diktermrdtecdantlye. Testkd2 [ 06dB9] bThst change higed

inthis g 12 Jd.nc o section_of stee er pipe
havi ng gﬁ%?%%gﬁﬁzfgdiagé eg§§?$28g$%c 8%, P %e%nﬁgngfgf%% B?EglﬂeFEG
t hr eadedsirgndasd afdbedatedt ers fint pagveods capsaner exstrticached e 1Eheric
pi pe havg.heen . filled with pound Hercules Geen Dot snokel ess

powder. One of “t he end caps had been dried to forma 4 inch dianeter

hol e through which a detonator was inserted to initiate the device.
[ 00160] ﬁhﬁ6%?argﬁx¥§§n£{{§9 g? Hﬁ% H%E%inof¥oégx% the blast showed
that fragments from the pipe bomb body had penetrated through
the fiberglass ring. One end cap had also penetrated the
ring. The FRAGLITE™ anti-ballistic blanket totally failed,
and there was evidence of heat damage even through the blanket
was protected by BLASTWRAP™. It appears that FRAGLITE™ is
extremely temperature sensitive, and subsequent investigation

has confirmed that DYNEEMA® fabric has a melting temperature

of 15C°C.

Test 14

[001564) This test consisted of a 24 inches piece of steel
0il pipeline having a wall thickness of 3/8 inch. End caps

3/8 inch thick were welded in place, and the assembly was
filled with water to replicate oil. A two-pound C4 uncased
demolition charge was positioned against the side of the pipe
and detonated. The charge punched a hole through the side of

the pie, allcowing the water to partially drain out.

Test 15

[00165] This shot was identical to the previous shot, except

that a layer of BLASTWRAP™ had been introduced between the



fiberglass cylinder from Test 10, positioned within a |large steel
plate lined pit. The remains of the tﬁge wer e used, as there were a
limted nqug ?LIg S inch thick cylifders avallable and 9
areas of thne° &YPPH remai ned undanaged, and made usefgpusm”“m””“
fragnentation witness plates. [00161] The tube appeared to have
stopped nost if not all of the fragnentation fromthe main body of
t he pi pe bonb. Fresh and deep fragnentation patterns could be seen
t hat natehwebe hand j Aiggedipat | | e dfetthewaeoni ns1ed pheef ideengkass the

cyl i nder lggqﬂmb ﬁ%QO%QZL g?%g%tgst was the same as Test 12 except

t hat the was “con in a 24 inches dianeter fiberglass
ring wth a mall t hi ckness of 0.75 inch. The ring was lined wth 3

i nches tf@&ﬂ(GtBLAST%EARﬂtMWw Ragovbit fa tkBACLAETWhed BLASHRAR™ yas
2006/08 CI/U 2006/002695 gh ped flber fragment stopping
bl anket rracPe f F3mBYREENAPFFCESC AifGh Bl iy opol YRt eadd Thed not

bl anket hastieen {0l dbsk ki ceThankRd A esent egzﬁgttey{»- thg&han%ﬁt-
The undersi de of the blanket was lined with three inches of
BLASTWRAPTMHh&t® £6%aitBead the?ting to protect the blanket from bl ast
and high tenperatures. The pipe bomb was placed centrally within the
ring and detonated as in previous trials using an electric

det onat or® 1Td(§;l63] Exam nation of the ring follow ng the blast showed

t hat fragrmens fregythecpi,pe an@ d; pe ated oygh _the
fi bergl ass rtﬁ One end ¢ . had ggggyggﬁetgaggé{t%g ng{ H% h&#CePt

FRAGLI Témtant:gebaﬂ%sgtﬂﬁé‘d?% ahREETt otad | yepakted, wmu aheﬁamm:, 3
evi denceirﬂjhéﬁeafhlwg%x%\i%%.t hr%{héﬁeflbesﬁpl&?lpe was positioned on

the range. The 2 pound C4 charge was attached to the
BLASTWRAP™ protective layer and detonated. The charge did not

penetrate the pipe or cause any leakage.

Tast 17
[00168] The charge fired in this test was a 12 inches long

section of steel water pipe with an internal diameter of 2
inches. The pipe had been filled with s pound Hercules Green
dot smokeless powder. One of the end caps had been drilled
with a % inch diameter hole through which a detonator was

inserted to initiate the device.

[001629] The charge was fired in a 36 inches diameter by 36
inches high fiberglass cylinder having a wall thickness of 1.5
inch. A three inches layer of BLASTWRAP™ was positioned
between the pipe bomb and the cylinder.

[00170] Following detonation of the pipe bomb, it was found
that one end cap, the one opposite the detonator end, had
punched through the c¢ylinder wall. Delamination of the

cylinder wall caused by fragment strike was visible.



was protected by BLASTWRAPTM It appears that FRAGLI TETMi s
extrenely tenperature sensitive, and suhsequent investigation has

confirmed Ghpdpd¥NGEMA(r) fabric has a nelting tenperatprg 8293;6,(,%?699
Test 14 [00164] This test consisted of a 24 inches piece o? st ee

oi |l pipeline having a wall thickness of 3/8 inch. End caps 3/8 inch
thick were welded in place, and the assenbly was filled with water
to replicate oil. A two-pound C4 uncased denolition charge was
positi oned agai nst the side of the pipe and detonated. The charge
punched mskohe t hrough the side of the pie, allowing the water to
partially drain out, Test 15 [00165] This shot was identical to the
previ ous PSRdt] exEBpE temht iaVPhYRF of 2BRASTIRARTNEhads bpender filed

i ntrodugrdebeiween £ he -4 59 20064 081310. 006/ 002695, _ charge
and thezgpe. A fresh wat ern?l?/%%ed&)p%oe rep Jé]%gcrﬁ]t%%é rpjinpqé thateh‘éﬂ%lIP
been darf@gednegn0186] PhéSchange wassdelonadedyiand BheiBtASTRAPTM:

was foupdstrhgve pr ct [ from.hali had,not_ .. ..
produced any | eaks. Tﬁlteheeen%%cegggm%esrggtg?i gnt Fy I@%Pg@% “but 8?%@5@%5
remai nedacaraet. ofestche p00267ktThilsed et opetas: i deTitd cial atioed hatd i

Test 15, :6XREPt ¢t he. BLASTWRAPTM. | was replaced with a

t hi nner, 3 ?nc Iestaﬁl%le%k?mvctlahre?i on: E%tsﬁﬁﬁhﬂ esh PiFe WA FF&at i Bhrdd

on thecranged The Pipeund Tk qhigrqgeomes @4 $ apbeded Octhera BLASTWRARTM

prOteCtEKg E%XSra%QddggggggéSdasng 8?259§u9'9r9§£ using an electric
detonator. The major difference in this trial was that the

ring was wrapped in 21 layvers of FRAGLITE™ wound around the
ring by hand.

foo1721 Examination of the remnants of the trial fecllowing
detonation showed that no fragments penetrated the KEVLAR®
blanket. The fiberglass ring had been penetrated by numerous
fragments, including the end of the pipe. The fragments were
captured by the FRAGLITE™ wrap, but the whereabouts of the end

cap remain uncertain. No other fragments had escaped.

Taest 19

[00173) The charge fired in this test was a pound pipe
bomb. The charge was fired in a 36 inches diameter by 36
inches high fiberglass cylinder with a wall thickness of 1.5
inch. A three inch layer of BLASTWRAP™ was positioned between
the pipe bomb and the cylinder.

[00174] Following detonation of the pipe bomb, it was found
that one end cap, the one opposite the detonator end, had
punched through the c¢ylinder wall. Delamination of the

cylinder wall was visible.



penetrate the pipe or cause any |eakage. Test 17 [00168] The charge
fired in this test was a 12 inches long section of steel water pipe
with an internal diameter of 2 i nchés. ~The pi pe had bee v

4 pound HePONEY3E8en  dot snokel ess powder. One of t He Té#&”%g’ﬁ?)%ad
been drilled wth a 14 inch dianeter hol e through which a detonator
was inserted to initiate the device. [00169] The charge was fired in
a 36 inches dianeter by 36 1inches high fiberglass cylinder having a
wal | thipekpess of 1.5 inch A three inches | ayer of BLASTWRAPTM vvas
p05|t|oned betmeen t he pi pe bonb and the gy Ilnder 0017g] Fol

det onat ilBA% 6% théphﬁspet%%%wa'ft19\%%t¥‘%ﬁ}nd tqﬁ%f ond &xGRhp,

opposi t gyt heqgdetpnat ors epdendaden punched diy aiighe tﬁtﬁn}:ﬁ)ﬁhasndmlw@ded

Delanlnatlon of the cylinder wall caused by fragnent strike was

vi si bl ePy-bBaningD 6 /2061 FESPPETHUS2 0867 VB2695  Test 18 [00171] This
test involved a 1/2 pound snokel ess powder filed pipe bonb in a 24

I nches Cibﬁﬂ%ﬁr fiherglass rHdg.qping wak! tﬁlallgkmegf @25 drchuneps
lined with 3 inches thick BLASTWRAPTM he cover consisted of a
KEVLAR( cpramied- batt | sehetrabeer |tQIrO@ﬂhe|t<§ll¢t Hililesbyti thelfedrevrfetatred
The bl a Lini of . .t;hr i fc Bl T er

ar ea thghgécgggre beﬁglggs wa%ﬁ q%;aﬁ&ﬂﬁ%bgmasE§?§EB§8C3%$¥%.b%ﬁgéed
wi t hi n othe riTigaxaandeet (Hmteedd@?samzrnaml@w ois thealraggi nfrem effedths ¢
detonatorneThg | or difference in this trial was that the ring was
wwapped PREDY ?ayers of FRAGLI TETM wound ar ound t he

Tast 21

[oo177) This Test was conducted using an American
Innovations trash receptacle. A charge egual to five pcounds
of TNT was placed centrally within the receptacle. The sides

and base of the receptacle were lined with three inches of
BLASTWRAP™, and the top was covered by a 6-inch layer of
BLASTWRAP™.

[00178] Following detonation, the trash receptacle was

examined, and nc damage to the receptacle was found.

Test 22

[00179] This test was identical to Test 21 except that no
BLASTWRAP™ was deployed. A slight split was found in the
first internal steel layer at the base of the bin following

detonation of the charge.

Test 23
[0C180] This test was identical to Test 22 except that that
the TNT equivalent was replaced by a * pound smokeless powder

filled pipe bomb.



ring by hand. [00172] Exam nation of the remmants of the trial
foll owing detonation showed that no £4fagments penetrated the

KEVLAR(r) ) aok@tizivThe fiberglass ring had been penetra{f-.ggsgayﬁﬂmws
nunerous fragnments, including the end of the pipe. The fragnments

were captured by the FRAGLI TETM wrap, but the whereabouts of the end
cap remain uncertain. No other fragnents had escaped. Test 19 [00173]
The charge fired in this test was a 'l pound pipe bonb. The charge

was fired%¥1ld 365PRRhest eFabhet’d byedermphépes hv§h filber gldss was

cyl i ndereidhedckal | hthi knNesse Ofatkon oleN¢he Aifhree inch layer of
BLASTWRAPT' was positioned between the pipe bonb and the cylinder.
[00174] Foll owi ng detonation of the pipe bonb, it was found that one
end cap,pdsiergne opposite the detonator end, had punched through the
cylinder wall. Delamnation of the <cylinder wall was visible. - 52
WO 2006/ 3891329 PCYF/ UB82006/ GR69%: 1eTigstt2(2f 0047563 THi STHBStasaslaced

identic t.19 e at, t.he Li pder was .2.5 inches thick
and the%&n%gagggblé/ag ?&?@?}g Be}dt%%y lBﬁﬁ%?ngl?ﬁsgyeﬁg rlgtcﬁgfs tRaRrat
det onat crl.ame06176] Thespeglimief ohbhdwengatihe diriicahssshowed2t hatnthes,
end cap had.not netrated through the | 1. but .had penetrated, into
the fi b(%rng a‘sfgemﬁ gr%;% z%ag’utsb.sge?%%cﬁ] Sﬁ\ﬁ@ﬁjefﬁ boWicES Uift . CYhipder
was sonerbdekanimatcancadtd hpakearnff age: ofyihedepenetmad i Ofessure for
this charge calculated as a bare charge in gauges positioned
at a distance of 21.5 feet were expected to be approximately
15.2 psi. Three dinches of BLASTWRAP™ was applied to the
internal diameter of the cylinder and the ©base of the

cylinder.

[0C0183] The charge was detonated, after which a whistling
smoke erring ensued. Following inspecticn of the suite, the
fiber glass cylinder was found to have failed, but only to the
extent that it had split into two pieces and the cylinder was

moved sideways by about 6 feet.



Test 21 [00177] This test was conducted using an Anerican
| nnovations trash receptacle. A cha_r%«;1 equal to five pounds of TNT
was placed _centrally within the receptacle. The sides -
t he receptg&zgug\;@}?’égl ined with three inches of BLAST\/\F&%%%I“%%&%%‘B%:}E
top was covered by a 6-inch | ayer of BLASTWRAPTM . [00178]
Fol | owi ng detonation, the trash receptacle was exam ned, and no
damage to the receptacle was found. Test 22 [00179] This test was
i denticab01®4TestTixl msaapts biiathhe tBLASTY\RARTMhsas tepbeyed. A
slight split was found in the first internal steel |ayer at the base
of the bin follow ng detonation of the charge. Test 23 [00180] This
test was identical to Test 2o@pagialim&onfisancet he TNT equi val ent
was replaced b U .pound, snpkel ess powder . .filled pipe bonb. - 53
WO 20%@/188%’@%%/%%?56’3}3%%%“0‘{ rgﬁ'd EI%% | ocal i zed deformation
of the byidp 8% FXReLikenced, but no penetration of the bin. Test 24
.

[ 00182] CHalgEe BqUI [Cah@NT . [ g ca8WpOURdsf | INEssWas  Prraed TRt Tal | v
R H v H jekn H d g i i L Char
in a cy|indBfiv85 i nqlfEg™fi gh by 36 i hifes?i ntEfedl | Fiarret erSiardhe
cylinder had a wall tjhickness af 2.5 jnches, | and the charge was
hel hoant r Al las ilnet An +tha toavgl 1 ondiny Alhnova tha ~crhnecrnoto hgﬁe gf

Suspendvy w‘FIIL Tart y T I2~5I \¥ A3 LA ™2 del Il\flvsz AT \4'1 CIre A>3 22\1! AV S
the cyl [ader. _The pressure for [LB 2.6 4.1 32 0.68

3 1 2.5 L,13.C 1.64 4.1 60 0.22

4 1 2.5 C 2.3 4.1 41 0.45

§ 5 25 L,13,C 2.3 10 77 0.23

<] 3] 2.5 None 8.2 10 38 1.86

7 10 2.5 L.B.C 4.6 7 73 0.97

8 10 2.5 None 11.7 7 32 4.6

9 1 NA Nong 4.1 3.410 4.7 NA 1

10 0.5 None 4.3 6 29 1.53

11 1 0.5 L, B 2.5 4.1 40 0.54

12 1/21b pipe bomb 0.5 None NA NA NA MNA

13 1/21b pipe bomb 0,75 None NA NA NA NA

14 2.78 NA Noneg NA NA NA NA

15 2.78 NA 8, NA NA NA NA

16 2.78 NA 3" NA NA NA NA

17 1/21b pipe bomb 1.5 3" strip 2.2 NA G.41

18 1/21b pipe bomb 0.75 FR 3" 2.1 ? NA 0.37

19 1/21b pipe bomb 1.5 3" strip 1.9 ? NA 0.30

20 1/21b pipe bamb 2.5 3" sirip None ? NA NA

21 5 Al can LB C 2.7 10 73 0.34

22 5 Al can None 5] 16 40 1.54

23 1/21b pipe bomb Al can None 1.9 ? NA C.18

24 20 2.5 L, B, XC 5.1 i8.2* 66 3.49

Legend

= cylinder was lined with 3" BlastWrap
= cylinder had a 3" base of BlasiWrap
= cylinder had a 3" cap of BlastWrap



this charge cal cul ated as a bare charge in gauges positioned at a

di stance of 21.5 feet were expected.t£s he approxi mately 15.2 psi.
Three i nches) Dhe/BEASTWRAPTM was applied to the internabcfygiBl@beef
the cylinder and the base of the «cylinder. [00183] The charge was
detonated, after which a whistling snoke erring ensued. Foll ow ng

i nspection of the suite, the fiber glass cylinder was found to have
failed, ﬁgg g%y to the extent that it had split into two pieces and
the cyliffdéF has ‘Thovkd dicdeRBysUtRREHARY 6thast . the sphnageclogy or
2006/ 08131RiRETHYP200H1 002898 r£ D0184] sdherpes i ;]

are shown bel ow WCom%prgilal in %nfiédgggetéiggwf%:ﬁo%%i ngagtggggwgon
pi eces 6P%PREh&Afe WV Esund B9 oreandi aediskabar bilRe§art saNoying
Char ge size ENE1Q4dan ast-W e e Prgssure Pressyre Equiyv
Equi val ent Thi ckness dl\/ﬁlgnsﬁ!rlggltsﬁe Hg egﬂlql?éedﬁctl on%as/arcéj% aﬁ%ﬁﬁa%‘y“’e

| nches PSFMPsi Wikppuhd denagtBNorfercd, 2 thel 22v8n89on2 1 2Tbuk, Biie 8
4.1 32 : .5 3.,C/1 4 22,4125 C2.34,141
0 45 5 ke g?’%%‘?’“%s, neEnt3teg 7300, S3CR s s NGe B> o S e 7
10 2.5 EpeBLIiTdtBon 7aly@ved),. Fhd/BrlQn2 theNeieihk. Beldw32f41 Bowdd lofNA

None 4. ku3céilQaf 7s]l:\|§‘témé19t,2 0,2, None 4, 3 6 21’:90 1'<§e3fine and cover
whatever structural, physical, chemical, or electrical elemant
or structures which may now or in the future exist for
carrying out the recited function, whether or not precisely
equivalent to the embodiment or embodiments disclosed in the
specification above, and it is intended that such exXpressions

be given their broadest interpretation.



11 1 0.5 L, B2.54.1 40 0.54 12 1/216 pipe bonb 0.5 None NA NA NA
NA 13 1/21b pipe bonb 0.75 None NA NA NA 14278NANoneNANA
NA NA 15 2 7 NA NA NA NA 16 2. 78 NA 3" 21b
i e bonb 1%%0%”‘%9 Pp 2.2 NA0.41 18 1121 b e bonb 0. ;@7%@}"@}
NA 0.37 19 1/21b i e bomb 1.5 3" strip 1.9 ? NA 0.30 20 1/216 i e
bomb 2.5 3" strip None NANA 21 5 Al can L, B, C2.7 10 73 0.34 22
5 Alcan None 6 10 40 1.54 23 1/21b pipe bonb Al can None 1.5 ? NA
0.18 24 20 2.5 L, B, XC 5.1 15. Ref3g<hicéS Legend = cylinder was
lined with 3" BlastWap = cylinder had a 3" base of BlastWap =
cylinder had a 3" cap of BlastWap - 55 WD 2006/081319

PCT/ US2006/ 00288505 084 85}gidnedsinagd , b&auhdesspaod 14wt a-he/1-18636-8
phraseol ogy or term nol ogy enployed herein is for the purpose of

descriptjon ndn IJmtalon rials

carryi ng2| out 98. sc%ose § UReTTone npag?r%%ﬁ% 2 \K}errm!%% LS TR tg?ﬁ‘éﬂ?%e
forns vmthouwelépalmmgjjtmmagme i nvention. Thus, the expressions
"means to..." and "neans for..." as nmay be found the specification
above, nd/ or in the clains bel ow, followed by a functional
statement’, aF&-Fnt &idedece deffne gﬁEiEgoverDeP\ﬁﬁéﬁlé%r st ucEupagency

physi cal, chegsiicalneor eapeetdicial ebenenfoxicology and  Hyperbaric

Medicine. Carolinas Medical Center.



or structures which may now or in the future exist for carrying out
the recited function, whether or not precisely equivalent to the
enbodi nent or enbodi nents disclosed in the specification above, and
it is intended that such expressions be given their broadest
interpretation. - 56 WD 2006/ 081319 PCT/ US2006/ 002695 References
1. "Expl dsi#8ES Engi neering", Paul Cooper. |SBN 0-471-18636-8 2.
"Journal of Hazardous Materials", Vol 52-No.1, January 1997. | SSN

0304-3894. 3. FEric lLavorasonWBinEACEBr Repagdimid &fpEnErgency
Medi ci ne, Divisions of Toxicol ogy and Hyperbaric Medicine. Carolinas

Medi cal Centerisimg aCleAblSalbofteent ahnesidos, ndd 9aid g £4 9$i,ns
conprising a top, a bottom and sides, and wherein at |east one of

the top, drhe dotdremeo0r core ek thhe , sbdesnd So€ ol el &l fE’d%%%%%@Eh%
lined with a blast mtigating material in the formof an assenbly o

two flexid %ﬂtq%tlayarlri@a@ae%%e_a%%sttQ&Pédilﬁgng?‘%é 1;nad ;hy the

plurality of seans, the seans being arranged so as to formce

recesses fdyd he %9@%%SQ%5W28§EOEQE %Bgﬁggleagﬁge §N§%§E%§§%_%%£!S et

recesses are filled Wth ck attenuating naterd prisi 1g° -

S ot RR L T U TR L B LI
form 3. a-m:ean?goer& %ionearé %%C%Eag*imn%e&?sc!)%i %geg\éqeesr eiirp t‘:[hhee space between
the sheets, and wherein the cells or recesses are filled with
a shock attenuating material comprising perlite, as well as an
optional anti-ballistic material.
2. The container According to claim 1 wherein the
perlite is in powder form.
3. The container according to claim 1 wherein the
shock attenuating material is a mixture of perlite and a
fusible fireproofing material.
4. The container according to claim 3 wherein the
fireprocfing material is boric acid.
5. The container according to claim 4 wherein the
perlite is in powder form.
6. The container according to claim 1 wherein the
container is a trash receptacle.
7. The container according to claim 1 wherein the

container is a malilbox.



shock attenuating material is a mxture of perlite and a fusible
fireproofing material. 4. The contai m according to claim3 wherein
the fireproofing material is boric acid. 5. The container according
to claim4 wherein the perlite is in powder form 6. The contai ner
according to claim1 wherein the container is a trash receptacle. 7.
The contai ner accofdi ng™6 EParmiteihe¢errdite teohtaiter vingrgin the
mai | box. 58 8. The container according to claim1l wherein the top of
t he cont didferf $hs cemdpable Lieda apdotdeld ildid s arsbijicetleldy ior
partially lined with a blast mtigating nmaterial 1in the formof an
assenbl y afmalgg efliyerirbbershedily airafnget-ore blowsr mihelgstthes aaderial
joined by a plurality of seans, the seans being arranged so as to
form cel lis1 arther doesses ian bleespageot betaeEre:t el s harts,s anttawhenebne
the cells or recesses are filled with a shock attenuating materi al
conpri si ngreperthiet @rheas awel |5 cascanbeps i ghata anty -daldd=sid,C that eebak.
9. The container according to claim8 wherein the blast mtigating

materi al desirdy Rirxbugedokoperl ikberant ae1faisdbl-edddLnr oof i@ space
material. 10. The container according to claim9 wherein the

fireproofidig,de@t @hiedlhe® tRON h@daGhare Il c e LN ainer accoiding to
claim1l wherein the top of the container is conpletely or partially

l'ined witd 13 .bkash g?%%%%%iggtgﬁﬁgﬁiﬁé R0 AL PRl s ing perlite,

anti-ballistic material.

as well as an optional anti-ballistic material.

9. The container according to claim 8 wherein the
blast mitigating material is a mixture of perlite and a
fusible fireproofing material.

10. The container according to claim 9 wherein the
fireprcoofing material is boric acid.

11. The container according to claim 1 wherein the
top of the container is completely or partially lined with a
blast mitigating material and an optional anti-ballistic
material.

12. The container according tc claim 1 wherein the
blast mitigating material is a mixture of perlite and a
fusible fireproofing materiail.

13. The container according to claim 12 wherein the
fireproofing material is boric acid.

14. An enclosing device for mitigating explosiong

comprising an enclosing device completely or partially wrapped



12. The container according to claiml1l wherein the blast mtigating
material is a mixture of perlite and @ fusible fireproofing
material. 13. The container according to claim 12 wherein the
fireproofing material is boric acid. 14. An encl osing device for

m tigating expl osions conprising. an enclosing device conpletely or
partial |y’ BED G Hligged™ WA 1B aBR AT E R at T rrdﬂ%?@wa E
the formof an_assenbly of two flexible sheets arranged one over the
other amF§GIHed By @DlIUraiPle shesbanBrrehged cams Beind e reirped
so as to formcells or recesses in the space between the sheets, and
wherei n t3E delinedooyt ecgdswalacy PE| bedmai t hha sedoe Koaitrte muatanyggd
material conprising perlite and an optional anti-ballistic material.
15. The erclassitny idevi g ldecordicrgetosel annthd swihes ehatvdeen erted osi ng
device is a pipe which is partially or conpletely wapped with the
bl ast m tslgatisng amat ericaleinlGheTheléncbosragedeys cerachidriddgetth a
claim14 wherein the enclosing device is atire which is partially
or conpletelly ddmeedian iy acheastlntbingat ERggNBELTied .ank¥ .anfbtional
encl osi ng device according to claim14 wherein the blast mtigating
mat eri al drf ia HEIXLWE Ofmagperdiktie and a fusible fireproofing
material. 18. The encl osi ng device according to claim14 wherein the

perlite is in powders fOrfe enclosing device according to claim 14
wherein the enclosing device is a pipe which is partially or
completely wrapped with the blast mitigating material.

16. The enclosing device according to claim 14
wherein the enclosing device is a tire which is partially or
completely lined with a blast mitigating material.

17. The enclosing device according o claim 14
wherein the blast mitigating material is a mixture of perlite
and a fusible fireproofing material.

18. The enclosing device according to claim 14

wherein the perlite is in powder form.





