[DESCRIPTION] ENHANCED PROTECTIVE FILMS SYSTEM AND MOUNTING METHOD THEREOF
Field of Invention Embodiments of the invention relate generally to an enhanced protective film
system, which can protect facilities and infrastructure against high impact events, e.g. explosions and
attacks, and more specifically to a window protection system and a mounting method thereof.
Background Buildings are often blast-resistant to at least a certain extent against high impact and
dynamic events, e.q. car-bomfs, mortar and rocket attacks. Buildings can have the blast-resistance
enhanced. T 'P&%f%éﬂ?é“&% is required and often mandatory in certain locations for various reasons
such as risks of terrorist attacks. As window installations cover a major part of the facade of buildings,

one importaEERECCHIY PROASEANHILI FINGTS Y HIaVC AN ST UNTINES MR TRIIProtection
for the windows. Existing blast-resistant windows systems are problematic as they either do not offer
adequate Iem%%'?ection or they destroy the aesthetics of the buildings upon installation, or they
make windows lose there transparency.

Field of Invention

Embodiments of the invention relate generally to an enhanced protective film
system, which can protect facilities and infrastructure against high impact
events, e.g. explosions and attacks, and more specifically to a window

protection system and a mounting method thereof.

Background

Buildings are often blast-resistant to at least a certain extent against high
impact and dynamic events, e.g. car-bombs, mortar and rocket attacks.
Buildings can have the blast-resistance enhanced. This enhancement is
required and often mandatory in certain locations for various reasons such as
risks of terrorist attacks. As window installations cover a major part of the
facade of buildings, one important aspect of blast-resistant buildings is to

provide sufficient reinforcement and protection for the windows.

Existing blast-resistant windows systems are problematic as they either do not
offer adequate levels of protection or they destroy the aesthetics of the

buildings upon installation, or they make windows lose there transparency.

Detailed Description
The objective of this invention is to provide an enhanced protective film system

and a mounting method thereof.



Detailed Description The objective of this invention is to provide an enhanced protective film system
and a mounting method thereof. The enhanced protective film system according to the invention is
installed in conventional window panels and provides protection against high velocity air blast impacts
causing glazing debris hazards. For the above purpose, the enhanced protective film system comprise
two transparent film layers, wherein, the first layer 1 is a layer of flexible film with appropriate tensile

strength andTigepBaiaadJuelrpigwibintEysiedbagaayding o dbmposstiionds imstate@ ayer of film

with higher tensile strength. Said first layer is the polymer material layer (polymeric material) generally
tnat refers 16 SRR NGRS A P B3 ORI RGBT TG0k VFIBCDAR thin

film-like procgl ' % g) I terial layer is a layer of transparent film with
tensile streng %&é’@nﬁg@ﬁrgﬁg g@lggmf % ﬁgérbﬁ:gekne%rg%angation. It is to be understood that a polymer
is a substance composed of molecules with large molecular mass composed of repeating structural
units, or monomers, connected by covalent chemical bonds. Suitable examples of polymers that may
be used in eRhotlimertiowe therposmtithreireibdacbdt pretactiventied toyqietycadmpase, petyethylene
terephthalate, polypropylene, silicone, and polyvinyl butyral. The polymeric sheet selected for use
should be releanepareibie) ilayerss e in, dbk fitshireb ey eiont fiapkitediaeiksths measured

by tensile strength and eloné;_ tion. The relatjvely flexible Polym r material Ia%er is able to resist tearing

due to impa@BAFBRT S HRNSIRCFERBRER A4 M OBTGRRIERE RIg I9aR bl SPERNG KRV blast,
Said secondjqy el RRIRF Y 2 (1L ¥ GR ISP AR AP YeMhe hgth.

Said first layer is the polymer material layer (polymeric material) generally that
refers to any polymer material that may be cast, extruded, rolled or pressed
into a wide thin film-like product up to 8mm in thickness. Said polymer material
layer is a layer of transparent film with tensile strength greater than 2000psi
and 100 percent elongation. It is to be understood that a polymer is a
substance composed of molecules with large molecular mass composed of
repeating structural units, or monomers, connected by covalent chemical
bonds. Suitable examples of polymers that may be used in embodiments of the
invention include, but are not limited to, polycarbonate, polyethylene
terephthalate, polypropylene, silicone, and polyvinyl butyral. The polymeric
sheet selected for use should be relatively flexible, i.e. not rigid and able to
absorb energies from impact/shocks as measured by tensile strength and
elongation. The relatively flexible polymer material layer is able to resist tearing
due to impacts from shattered or broken fragments of the glazing in the event

of an explosive blast.

Said second layer of protective film layer (high tensile strength film) may have
one- or multi-layer and each layer is manufactured from polymeric material.
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one- or multi-layer and each layer is manufactured from polymeric material. 2 Examples are polyester,
polyester terephthalate, which include, but are not limited to, biaxially-oriented polyethylene
terephthalate (boP ET) polyester films, polycarbonate, polystyrene and polymers of acrylic such as
polymethylmethacrylate. Each layer of protective film layer selected for use should have high tensile
strength, greater than 9000psi to increase rigidity of the window protection system. The protective film

layer should Xeon @sasf®oryasiely nalyesieeicserhtaaiaie uphic. astHdRickUT IRsg iR ctive film
layer provides addjtional tensile strength and deflection reduction capapility of the window panel. Said
enhanced pITHER ORISR HETHE FRNFIEY RIRISHERTREIR (Rarord @l oSt o
structure is irmly wi the first la er materi er) the second layer
(protective fﬁ’ﬁ@@%@?ﬁn@mer ﬁ? l?egs? ésﬂ%:fh eggléfs oé%%v(\%o ayeég attét%’c‘e to vs\’/%llr%&ow rames or
SUPPOItiNG SHYIGHAENGIEheMlSHI R StRREh MaKIeh T BrotetEcame M pirsiE Y de gglected from

the group consisting of metal/plastic strapping, angle steel, combined anchors, anchoring cables,

cable catchestrysitimafstcleigtatie sisteinengt s ngreziag thewvi @0 ®pdi dodhoreasdaviditndfide, but are
not limited to, fasteners as illustrated in FIG 5, including fastening screw (such as anchoring screw 14,
crossing scréfve Y8ngemntappreisorevstisanthe aseiestiverélinilzyer saoule alap 88 leastikenchoring

device can be used individually or jointly with metal/plastic strapping or angle steel to couple the first
and second IS/EIL WRRERA R ESTEAD SR DRI TSR Gle OPRRIOESHE R tFe. The

eorcenel SRS AR eleCFRARORRY e ALR HBIRRLELBA B O

e entire pe
window panel.

Said enhanced protective film system further includes reinforcement structure
3. Said reinforcement structure is connected firmly with edges of the first layer
(polymer material layer) and the second layer (protective film layer), in order to
keep such edges of the two layers attached to window frames or supporting

structure, e.g. walls, in a stable manner.

The reinforcement structure may be selected from the group consisting of
metal/plastic strapping, angle steel, combined anchors, anchoring cables,
cable catcher system (steel cable system) or anchoring device. Said anchoring
device include, but are not limited to, fasteners as illustrated in FIG 5, including
fastening screw (such as anchoring screw 14, crossing screw 15, self-tapping
screw 16 and masonry screw 17) or square nail 18. Said anchoring device can
be used individually or jointly with metal/plastic strapping or angle steel to
couple the first and second layers to window frames, supporting/walling
structure or reinforcement structure. The reinforcement structure may be
installed on opposing sides of a window panel in either vertical or horizontal
orientation or around the entire perimeter.

3



The reinforcement structure can be connected simultaneously with said polymer material layer and
protective film layer and make them attach to or embed in the supporting structure (e.g. wall) that fixes
the window frames and supports the window panel and window frames in either horizontal or vertical
orientation or around the entire perimeter of polymer material layer and protective film layer Generally,
the reinforcement structure (e.g. anchor cables) may be attached to or embedded in the supporting
structure bordering the window panel, e.g. one or more anchor cables may be embedded in the
supporting stél?Jcture_ in a direction traversing the width or length or. both directions of the window

panels. One OFEPNINOESRRIY dBVIILIR gL oV RS ESLpTMHEARSOHRYic Wi r S8 protective
film | i j he, | | ial
Im layer(s) é‘t)%@ﬁé?'maﬁgﬁﬂl%%&gﬁ%ﬁg;@é%@ﬁ&?ﬁﬁ %g%‘; %P#ﬁaké) qﬁgrﬂomé)&{y{qeégnatena

layer and pr ve film layer(s e impac the supports or wall structure. The

above said pafyhaRy MMl hRrting QtecER B FURED) AR AREYIHEMRRbRIHaEs HRcoupled by

anchoring system or adhesive, and used in combination to significantly reduce the transfer load from
the window gapebidsstizp avitiap st patieieamadvindbso freamskdis eithtr stwoidontatrgy vethieaevent of
impacts. This invention further provides a mounting method of said enhanced protective film system.
The blast-reSHeMHalANdOW RGIUGES e wHiTewRsstyaigieref iR Witeihdeatprsteddyerfiidndystem is

installed on its one side, or both sides of the glazing, wherein, said first layer (polymer material layer)
and second R.{%?‘(BY&%HR\)é‘Bf% Yerf ?jhé &?&?arl?é%tera%%bavmw&@ o %\ﬁﬁ&é\n?%hy. The first

ayer s close i e Usharent panelhulpdan bat. andlis secaniinver b semsprom the

transparent pa e glazing surface of the window bo ayer er material

layer). Said QigcRRf BhFRINTIEEMRRE SFUFIbFE AlibRopnbaneedrRERasEVerfilbe gustem isoupled with

said first and second layers, and is attached to the structure supporting said window body or is
embedded iz tippsttingtuserscippertingssaiitadiolovraodysomgntfranvesiiol saidevigttowrbdyh Further, for
a higher level of protection, the left and right edges of the window frame may also be secured to the
reinforcemeireetiongeqatitaoningenbleanatoviener depaigiranehaijsgicgiiassitnay be understood
that one or more edges may be secured to reinforcement structures (anchoring cables). The first layer

is juxtapose @ BIAE NI SR YRIR I HRUWSGHE 14965 s 0Lk YL P a Mo BYRHDUISIHES the first
layer The alr giaps LN (15 EFIMEISE LSl Romer MBI AMAYF 808P AR B fimepyer system
are sealed to prevent air from enteririg such Tayers.

material layer and protective film layer(s) and transfers the impact blast to the

supports or wall structure. The above said polymer material layer, protective

film layer(s) and reinforcement structure are coupled by anchoring system or

adhesive, and used in combination to significantly reduce the transfer load

from the window panel to supporting structure and to absorb and dissipate

shock energy in the event of impacts.

This invention further provides a mounting method of said enhanced protective

film system.

The blast-resistant window includes the window body where the enhanced
protective film system is installed on its one side or both sides of the glazing,
wherein, said first layer (polymer material layer) and second layer (protective
film layer) are parallel to a transparent panel of the window body. The first layer
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The method of installing the enhanced protective film system according to this invention comprises
that the first and second layers of said enhanced protective film system are installed parallel to the
transparent panel of window body, making the first layer close to the surface of the transparent panel
of window body and the second layer located the outside of said first layer If the enhanced protective
film system includes the reinforcement structure, the above mentioned method further comprises that
the reinforcef@iRsgrdetiie isranchareatipaneldabratnes e RedY, n26b PO sHegebdyEsaR first and

second layers, is attached to the structure supporting the window body, is embedded.in the structure
supporting (RERAFRISH HOU), B GRERAIGEN HAHR PAiRe BIAABILARBoRl A HRBSd of

installing en@gm%gggﬁgﬁq ﬂ%ﬁ%ﬁg%ﬁﬁ?ﬁt%ﬁg%ﬁ@gm varies depending on the blast load. A

simple overview'is step Is m’the relatively transparent/clear polymer
material layer (the above mentioned first layer) and the relatively transparent/clear protective film layer
(the above mentioned second layer), either separately or combined, to the required dimensions of the
window pané 4 o pretecté deififisderaectstplished tinheobnranaes forotsativeliiting psidishearing as
well as thermoforming.
is coupled with said first and second layers, and is attached to the structure
supporting said window body or is embedded in the structure supporting said
window body or in frames of said window body. Further, for a higher level of
protection, the left and right edges of the window frame may also be secured to
the reinforcement structure (anchoring cables). However, depending on
applications, it is to be understood that one or more edges may be secured to

reinforcement structures (anchoring cables).

The first layer is juxtaposed to the window panel. The second layer is
juxtaposed to and located outside of the first layer. The air gaps around the
perimeter of said polymer material layer and protective film layer system are

sealed to prevent air from entering such layers.

The method of installing the enhanced protective film system according to this
invention comprises that the first and second layers of said enhanced
protective film system are installed parallel to the transparent panel of window
body, making the first layer close to the surface of the transparent panel of

window body and the second layer located the outside of said first layer.

If the enhanced protective film system includes the reinforcement structure, the
above mentioned method further comprises that the reinforcement structure is
anchored to or adhered to at least two opposing sides of said first and second
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A second step is to then create fastener holes (hereinafter referred to as holes) for receiving fastening
anchors for securing the polymer material layer and the protective film layer to the edges of the
window frame, i.e. the holes are drilled at the edges of the window frame. The holes are measured and
marked accordingly at the appropriate locations on the clear polymer material layer and the clear
protective film layer, either separately or combined. Then the holes are drilled. A third step is

transferring {B¥esanie aidhehegéorine siaateriveposigdhe(wigdew hagyols farheddss dtpporting
structure, or the reinforcement structure) as required by the engineering design. Alignment of the
g hols R ST HIE B PRSP B AT B BRE S TR S AR TR P Lios of the
window fra AR RES: yd, by mounting screws or other means, to the supporting structure or
reinforcement structure (@anchor cable). The reinforcement structure (anchor cable) can be embedded
in the supporting structure. Edges to be secured can be a minimum of two opposing sides to a
maximum of the entire perimeter of the formed clear polymer material layer and the clear protective
film layer, eiffies septedetf orstalignedibadiftrestspistaéenthandedpoteaterenigtesgsteyer and the
clear protective film layer, either separately or combined, are secured to the window panel, any air
gaps aroundviitepdiftpendiog e hspiast inariasiajRieae e prinsasasinea Ry éellawsvell as the
gaps between the layers and the transparent window panel, are sealed to form a barrier with the
environment to prevent air from entering the layers. For this purpose, a sealant such as a

Siicone-basqghserlant 1194 SRR QRINMn e 2 aos, Al he sepled uFig i shees

Various suita ype astening screws onry screw crew, machine

bolt) and wagRe s affe lisHeatdn IB|(erp altdbti b HnUERs iPRRshaepiNEE BSD RIdAReNRTS may be

suitable. The above mentioned enhanced protective film system may include an aesthetic furnishing

utilizing shapeykarithtoabedseatanio neetadeoomd taly ter preivide adpanisteadyl appeatbimeiiadhe system.
Other embodiments will be apparent to those skilled in the art from consideration of the specification
and practicetbetheguieshidinenssms of the window panel to be protected. This is

accomplished through various forms of cutting and shearing as well as

thermoforming.

A second step is to then create fastener holes (hereinafter referred to as holes)
for receiving fastening anchors for securing the polymer material layer and the
protective film layer to the edges of the window frame, i.e. the holes are drilled
at the edges of the window frame. The holes are measured and marked
accordingly at the appropriate locations on the clear polymer material layer
and the clear protective film layer, either separately or combined. Then the

holes are drilled.

A third step is transferring the same hole pattern to the attachment system (e.g.
the window frame, the supporting structure, or the reinforcement structure) as
required by the engineering design. Alignment of the drilled holes must be

made prior to installation of the anchors.



7 Furthermore, certain terminology has been used for the purposes of descriptive clarity, and not to
limit the invention. The embodiments and features described above should be considered exemplary.
Based on the above mentioned structure and design, the enhanced protective film system according to
this invention is capable of resisting, absorbing and dissipating high impact blast loads, reduces glass
debris and keeps the window firmly attached to the supporting structure in the event of an explosion.
More particufaf8uiRestey i dhat dnsiaruse ofibiagvietawdiamsiaie, seedisshIBYomoithdiag ding
shattered/broken pieces of the window panel when an air blast impact occurs. Thfﬁﬁrotective film layer

provides ad AP RhSIBXHBREIal GenSLRBATEML SHITLAR LHilE YPHEMATH N WHES. The

primary effect. | y St I I ' I ring syst ignificantly
reduces theﬁ%fﬁsa‘%srr Fé\ﬁgéj}b?n %g&vﬁé&%ﬂﬁ%@%@ ?ﬁ@&sgt u%?ﬁ%qe?r?cgs rIalt%sor sggn%c}“dﬁgsggggt%s the shock
energy whenraghignpaghisingeitpieibigiabiigegRoHimeris pbihedRveatianmimnuh sk
impact/pressure in the range of 10psi-600psi. However, it is to be understood that modifications may
be made to embosimyesides e dnveationin iofrdsseeptivte germasiensif attég fiemmagacle drief
Description of the Drawings FIG. 1 shows an exterior view of a blast-resistant window. FIG.2 shows a
partial interigtolyeneoieaieil layetandviRgoviesr PIetectyrl inpaayenlfitocs sepasatelytios

blast-resistant window installation.
combined.

A fifth step is after the clear polymer material layer and the clear protective film
layer, either separately or combined, are secured to the window panel, any air
gaps around the perimeter of the polymer material layer and the protective film
layer, as well as the gaps between the layers and the transparent window
panel, are sealed to form a barrier with the environment to prevent air from
entering the layers. For this purpose, a sealant such as a silicone-based
sealant may be applied. Optionally, the air gaps may be sealed using

aluminum sheet.

Various suitable types of fastening screws (e.g. masonry screw, self-tapping
metal screw, machine bolt) and washers are illustrated in FIG 5. It is to be

understood that other types of fasteners may be suitable.

The above mentioned enhanced protective film system may include an
aesthetic furnishing utilizing shaped and formed sealant, metal, or wood to

provide a furnished appearance to the system.

Other embodiments will be apparent to those skilled in the art from
consideration of the specification and practice of the present invention.
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FIG. 3A shows a partial side cross-sectional view of FIGs.1 and 2 (the left side is an exterior view and
the right side is an interior view). FIG. 3B is a close-up partial view as indicated in the area A in FIG.
3A. FIG. 4A shows a configuration of a blast-resistant window according to one embodiment of the
invention. FIG. 4B is a partial side cross-sectional view of FIG. 4A using a mechanical fastener. FIG.
4C is a partial side cross-sectional view of FIG. 4A using an adhesive as a fastener. FIG. 5 shows
various fastening screws, nuts, screws and washers suitable for use in embodiments of the invention.

Furthermore, certain terminology has been used for the purposes of
descriptive clarity, and not to limit the invention. The embodiments and

features described above should be considered exemplary.

Based on the above mentioned structure and design, the enhanced protective
film system according to this invention is capable of resisting, absorbing and
dissipating high impact blast loads, reduces glass debris and keeps the
window firmly attached to the supporting structure in the event of an explosion.
More particularly, the polymer material layer, being relatively flexible, is
capable of withstanding shattered/broken pieces of the window panel when an
air blast impact occurs. The protective film layer provides additional tensile
strength and deflection reduction capability of the window panel. The primary
effect is a synergistic polymeric material and engineered anchoring system
that significantly reduces the transfer load from the window panel to the
structure and absorbs and dissipates the shock energy when an impact is
received. Notably, embodiments of the invention may withstand
impact/pressure in the range of 10psi-600psi. However, it is to be understood
that modifications may be made to embodiments of the invention to increase

protection against a higher impact.

Brief Description of the Drawings

FIG. 1 shows an exterior view of a blast-resistant window.

FIG.2 shows a partial interior view of a blast-resistant window of FIG.1, and in
particular to a section of the blast-resistant window installation.

FIG. 3A shows a partial side cross-sectional view of FIGs.1 and 2 (the left side

is an exterior view and the right side is an interior view).
8



FIG. 6 shows a configuration of a blast-resistant window according to another embodiment of the
invention. Mode of Carrying out the Invention The experimental methods described in the following
examples are regular methods without special instruction. Example 1: the installation of the enhanced
protective film system according to the invention and the test of its property. FIG. 1 to FIG. 3 shows a
blast-resistant window of the enhanced protective film system according to the invention. The

blast-resistafl @idHol& telasedin pattialvisydgsindisatesharibedapeatécivE findAystem, which is

composed o olymer material layer 1, a protectjve film layer 2, a reinforcement structure 3 and a

cover 5 contaChr AT R i s e HIEr GRAERE ¥ R BRRGH et By er 1

juxtaposed pe%%l%@ &E%Pﬁ?é"fﬁ%ﬁﬁ'@ﬁ_' (glass) 6 of the window panel. The protective film layer is
ide

located on the outs
FIG. 4B is a partial side cross-sectional view of FIG. 4A using a mechanical

fastener.

FIG. 4C is a partial side cross-sectional view of FIG. 4A using an adhesive as a
fastener.

FIG. 5 shows various fastening screws, nuts, screws and washers suitable for
use in embodiments of the invention.

FIG. 6 shows a configuration of a blast-resistant window according to another

embodiment of the invention.

Mode of Carrying out the Invention
The experimental methods described in the following examples are regular

methods without special instruction.

Example 1: the installation of the enhanced protective film system according to

the invention and the test of its property.

FIG. 1 to FIG. 3 shows a blast-resistant window of the enhanced protective film
system according to the invention. The blast-resistant window includes a
window body and an enhanced protective film system, which is composed of a
polymer material layer 1, a protective film layer 2, a reinforcement structure 3

and a cover 5 concealing the installation of the reinforcement structure 3.

The polymer material layer is juxtaposed parallel to a transparent panel (glass)

6 of the window panel. The protective film layer is located on the outside
9



surface (a side of the polymer material layer that separated from the transparent panel of the window
body) and juxtaposed parallel to the polymer material layer The polymer material layer and the
protective film layer are anchored to the reinforcement structure 3, which is anchored to a supporting
structure (wall) 10. The polymer material layer is transparent and of up to 5.0mm thickness. The
tensile strength and elongation of the polymer material layer are 7600psi and 308% respectively

measured bypWieaes (3 ASidR1688 tTihensiyeenveriarial dayee teabrrerg@ied dreahspent
polymeric layer with the thickness of 0.175mm. The tensile strength and elongation are 35,000psi and
2006 respolARAFATAE AT ChiNEn b AR DSOLea ) ASORAE SRR o1 B Bkl cable 7
and extruda ! OH ce 4 im e, pol erjal layer he
protective filtrni] %@%%?a%ységaﬁéﬁ%b %ﬂ rﬁbelge}rqv%qaés)ﬁa!r lc% %S%ggé@%é%%%?% @b&?ré%er%v%iéthe
environmentiadpsreMA BB SaleEnsesRYBlSyT Be RARICIEEHSIESINS Wi adamENIng screw
or a bolt may be employed to couple the polymer and protective film layers. In this example, the
enhanced pritectivesfiweadydtem is installed onto one side of the window panel (interior). The method

of installation of the blast-resistant window is described as follows: 1)Creating holes: fastener holes
(hereinafter referred to as holes) are

The polymer material layer is transparent and of up to 5.0mm thickness. The
tensile strength and elongation of the polymer material layer are 7600psi and

308% respectively measured by means of ASTM638.

The protective film layer (the second layer) is a transparent polymeric layer
with the thickness of 0.175mm. The tensile strength and elongation are

35,000psi and 140% respectively.

The reinforcement 3 is composed of steel cable system comprising steel cable
7 and extrudate 8, and anchoring device 4. The perimeter of the polymer
material layer and the protective film layer are sealed by a rubber washer or
HS adhesive 9 to form a barrier with the environment to prevent air from
entering the layers. The anchoring device including a fastening screw or a bolt

may be employed to couple the polymer and protective film layers.

In this example, the enhanced protective film system is installed onto one side
of the window panel (interior). The method of installation of the blast-resistant
window is described as follows:

1) Creating holes: fastener holes (hereinafter referred to as holes) are
created for receiving fastening anchors for securing the polymer material layer

10



created for receiving fastening anchors for securing the polymer material layer 10 and the protective
film layer to the edges of the window frame. The holes are measured and marked accordingly at the
appropriate locations on the polymer material layer and the protective film layer Then the suitable
holes are drilled as required by the engineering design. Alignment of the drilled holes must be
assumed prior to installation of the anchors. 2) Installing: the polymer material layer is juxtaposed
parallel to a @afdparerieshee (iaskyer the thenhagaesaplieih e ménsiovs dirdin hgyBeieIctigted outside

and juxtaposed parallel to the polymer material layer Anchors on the two opposing edges are secured
o the romi AR ST AA FERALA e Gt AR LR (LR P TSUBRY Roinehored t

| | e el b8 chore
o window, 3BT T e o
window panels theygifetPB§ aiewsKbiReaaTEsseiy. tRRRRhEREoMREHIIBY&ies hgdpiesective film

layer are sealed by a rubber washer or HS adhesive 9 to form a barrier with the environment to
prevent air fassLentetipgdhelaystedlafiberoa tbevenéhisrstuck to the exposing part of the fastening screw
to enhance the aesthetics of the installation. Based on the above mentioned structure and design, in
the enhanced) protedtisdatlingy seen peboréihgnetgiiainiaveiors theisnoard matatal Idgefis flexible

and is capable of holding shattered/broléiriﬁ)ieces f the wingow panel when an im%?ct IS, received.

The protecti\t/@ﬂﬁﬂ%%ﬁ' Bﬂﬂﬁbéglaﬁati ?eﬁ(g'l QWeHthe n-ﬁrlfeﬁgefﬁ)ﬂ'?@dﬂeﬁo Xﬁbéﬁil_ity of the
e e 5 A SR P R A T e
dissipates theshCheOFPYIXIRN SYBIPERE iSecured on the reinforcement structure. The

reinforcement structure (steel cable and extrudate) is anchored to a supporting

structure (wall) 10. A screw is installed on the reinforcement structure for

securing edges of window.

3) Sealing: after securing the polymer material layer and protective film

layer on the window panel, the air gaps around the perimeter of the polymer

material layer and the protective film layer are sealed by a rubber washer or

HS adhesive 9 to form a barrier with the environment to prevent air from

entering the layers. Then a cover 5 is stuck to the exposing part of the

fastening screw to enhance the aesthetics of the installation.

Based on the above mentioned structure and design, in the enhanced
protective film system according to this invention, the polymer material layer is
flexible and is capable of holding shattered/broken pieces of the window panel
when an impact is received. The protective film layer provides additional
tensile strength and deflection reduction capability of the window panel. The
primary effect is a synergistic polymeric material and engineered anchoring
system that significantly reduces the transfer load from the window panel to the
structure and absorbs and dissipates the shock energy when an impact is
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received. The enhanced protective film system according to this invention is capable of resisting,
absorbing and dissipating high impact blast loads, reduces glass debris and keeps the window firmly
attached to the supporting structure in the event of an explosion. Example 2: the installation of the
enhanced protective film system according to the invention and the test of its property. FIG. 4A and
FIG. 4B show a configuration of a blast-resistant window according to one embodiment of the
invention. THedsikadeSREANANGSR PINREYE fiMdsysiesd\aaaardingrpaifiedyengetivis film system,
which is compos

of g polymer material layer 1, g protective film layer 2 an einforcement
Sttucture 3 FABTBIRIOILEIROR B APt AL HEHICE] DAY (AR RN 16, 45).

The polymer ial ris | - n 6 indow panel.
The protect e e e A e S 3 e S o o
remote fromdhg dfarspaigiRaneltidhe xyinsiaynbody) and juxtaposed parallel to the polymer material
layer The polymer material layer 1 and the opposing edges of the protective film layer 2 are secured

onto the window frame 11 by the reinforcement structure 3. The extension of the reinforcement 3 is
embedded within the wall to securing the top and bottom edges of the polymer material layer 1 and the
protective filfxXague 2o therrsiediaion oftieieadangedduetelitefilmIsyFIaiuASSOTHadER® and right
edges of the Qﬁgl mer material Iraéer 1 and the ﬁrotective film layer 2 are sealed by sealant. The above

mentioned p SRURE ARG 1St BbIHREAREYer with the thickness of 3.0mm. The tensile

strength and elongation of the polymer material layer are 76000psi and 308% respectively measured
by means of ASTM D 638. The above mentioned protective film layer is a polymeric layer with the

thickness of BiZ3myp. ARG SIS SHERAECiSn#R YRR of a blast-resistant window according
to one embodiment of the invention. The blast-resistant window includes a
window body and an enhanced protective film system, which is composed of a
polymer material layer 1, a protective film layer 2 and a reinforcement structure

3. The reinforcement structure 3 is the mechanical fastener (anchoring device)

(FIG. 4B).

The polymer material layer is juxtaposed parallel to a transparent panel (glass)
6 of the window panel. The protective film layer is located on the outside
surface (a side of the polymer material layer that remote from the transparent
panel of the window body) and juxtaposed parallel to the polymer material
layer. The polymer material layer 1 and the opposing edges of the protective
film layer 2 are secured onto the window frame 11 by the reinforcement
structure 3. The extension of the reinforcement 3 is embedded within the wall
to securing the top and bottom edges of the polymer material layer 1 and the
protective film layer 2 to reinforcement structures embedded in the wall
structures. The left and right edges of the polymer material layer 1 and the

protective film layer 2 are sealed by sealant.

12



The above mentioned anchoring device may employ the anchoring screw 14, crossing screw 15,
self-tapping screw 16, masonry screw 17 or square nail 18 as shown in FIG. 5. In the enhanced
protective film system according to this embodiment of the invention, the polymer material layer is
flexible and is capable of holding shattered/broken pieces of the window panel when an impact is
received. The protective film layer provides additional tensile strength and deflection reduction
capability of e vahawe pamsionethip@dyinetimatariahacedges o wiedtygaméiratieecured to

reinforcement structures_ embedded in the wall structures, it would still be possiple to manipulate (open
o close) THEIGHHED O RTHRE (N A TRIE no RIAh ¥ PR A, o BB GBCIUTIRG window

panel (o enae,lond] yansfer foRANKIPAGIdesaied BB NI WARNGLIP e relafprcsmen

structure. As shown in e mentioned reinforcement structure 3 may be composed of
mechanical fgstepen (@gghoring device) and steel plate bar 19 13

The above mentioned protective film layer is a polymeric layer with the

thickness of 0.2mm. The tensile strength is 35,000psi.

The above mentioned anchoring device may employ the anchoring screw 14,
crossing screw 15, self-tapping screw 16, masonry screw 17 or square nail 18

as shown in FIG. 5.

In the enhanced protective film system according to this embodiment of the
invention, the polymer material layer is flexible and is capable of holding
shattered/broken pieces of the window panel when an impact is received. The
protective film layer provides additional tensile strength and deflection

reduction capability of the window panel.

In this embodiment, where edges of the window panel are secured to
reinforcement structures embedded in the wall structures, it would still be
possible to manipulate (open and close) the window. A suitable fastener
mechanism may be provided at the edges of the window panel to enable load
transfer from an impact received by the window panel to the reinforcement

structure.

As shown in FIG. 5, the above mentioned reinforcement structure 3 may be
composed of mechanical fastener (anchoring device) and steel plate bar 19

13



(metal clip). The steel plate bar 19 is installed on the polymer material layer and the protective film
layer, and on the two opposing edges of the window panel. The steel plate bar 19 (metal clip) and two
opposing edges of the polymer material layer and the protective film layer are anchored onto the
window frames by anchoring device. Other methods of installation are identical to those as shown in
FIG. 4A and 4B. For the installation of the enhanced protective film system in FIG 4C, the
reinforcemefifstalcalid (rheersiaraptata )1 denrstaehendhiader yeidmairél Jayeher

methods of installation are |dent o those as shown in FIG. 4A and 4 The blast-resjstant window
T S T 1B PRSI B L L B T TR oG TS DR UESE T M B panel

and provideq aRionl iensle Juenal a1 IRSeion (PRI S BaRIGT syuindppane.

Example 3: the installation o enhan protec |ve m system a e invention and the

test of its propsyiner | riaferiP ey @ Caniwialipfotd dibasinesiaianiav deerarear dReperanother

embodiment of the invention. The blast-resistant window includes a window body and an enhanced

protective filmisgsteiramieisivysarmhposgdielieaaBimer mettesdd lofyiesiabation pretéteivicilim layer 2.
The polymer material layer is juxtaposed parallel to a transparent panel (glass) 6 of the window panel.

The protectile Mastgsrsbovdatad Ka the anesiR.

For the installation of the enhanced protective film system in FIG 4C, the
reinforcement structure (mechanical fastener) 3 could also be replaced by
adhesive 12. Other methods of installation are identical to those as shown in

FIG. 4A and 4B.

The blast-resistant window as shown in FIG. 5 and 4C is also capable of
holding shattered/broken pieces of the window panel, and provides additional

tensile strength and deflection reduction capability of the window panel.

Example 3: the installation of the enhanced protective film system according to

the invention and the test of its property.

FIG. 6 shows a configuration of a blast-resistant window according to another
embodiment of the invention. The blast-resistant window includes a window
body and an enhanced protective film system, which is composed of a polymer

material layer 1 and a protective film layer 2.

The polymer material layer is juxtaposed parallel to a transparent panel (glass)
6 of the window panel. The protective film layer is located on the outside
surface (a side of the polymer material layer that remote from the transparent

14



surface (a side of the polymer material layer that remote from the transparent panel of the window
body) and juxtaposed parallel to the polymer material layer and adhered onto the transparent panel
(glass) 6 of the window panel. The above mentioned polymer material layer is a polymeric layer with
the thickness of 3.0mm. The tensile strength and elongation of the polymer material layer are are

76000psi and 308% respectively measured by means of ASTM D 638. The above mentioned
protective filRRR§epistBganmien: Re@y)wairciHexideraedsriFra!Bhin. thee Rohgeseaigihak 35,000psi.

In this configuration, the polymer material layer, being relatively flexible, is capable of holding
shatteroctlor TR G TR0 MR 5 dFal OGS L PG O A0, Br0E A 0 B B Layer

provides adfianaliesils stigsath and detestianesuctia sanstilfyatine widowpegel In this

embodiment, none of the edges o ymer material tayer e protec IIm layer 2 are

secured to rejfERFREIBEBt STURMIESTRRDRIARE iRiap Al StYCEIERNOiDFOREoWajaRethe use of

fastening screws for securing the polymer layer and the protective film layer would not be required.
Industry Appinctdal Fagbodiments 76000psvantidd08% segpbbtivelparterdoyed by buddimgefand
structures as protection against blasts and explosions, in window, full height glazing assembly, and
curtain wallsAPH&) Br&38pdbe abavidingieteddpierie fifodaytie apelympaadaydien an
impact is recejved, and provide dditionalaxensile strength and deflection reduction capability of the

window pan¥(tTh!38dRISKNBSHE hiraHted K L8103 15 SEROEH Einolitiesits of the invention are

particularly advantageous in retaining the transparency of the window panel. Also, the installation will
not affect the aesthetics of the building and its interior Further, installation of embodiments of the

enhanced pripfegiye-HimGYaigoh nrRNiIVvaariaa e adgiionsdisrassiatively flexible, is
capable of holding shattered/broken pieces of the window panel when an
impact is received. The protective film layer provides additional tensile strength

and deflection reduction capability of the window panel.

In this embodiment, none of the edges of the polymer material layer 1 and the
protective film layer 2 are secured to reinforcement structures embedded in the
wall structures. In this configuration, the use of fastening screws for securing

the polymer layer and the protective film layer would not be required.

Industry Application

Embodiments of the invention are suitable to be deployed in buildings and
structures as protection against blasts and explosions, in window, full height
glazing assembly, and curtain walls. They are capable of holding
shattered/broken pieces of the window panel when an impact is received, and
provide additional tensile strength and deflection reduction capability of the
window panel. In addition to the enhanced level of protection, embodiments of
the invention are particularly advantageous in retaining the transparency of the

window panel. Also, the installation will not affect the aesthetics of the building
15



[CLAIMS] 1. An enhanced protective film system comprising two transparent film layers, wherein, the
first layer (1) is a layer of flexible film, and the second layer (2) is composed of at least one layer of film
with high tensile strength. 2. An enhanced protective film system according to claim 1, characterized
in that said first layer is a polymer material layer of transparent film with tensile strength greater than
2000psi and 100 percent elongation. 3. An enhanced protective film system according to claim 2,

characterizednfl tisainéaitPFirEUIARer i atalirifactafeNThad thenis-eé theseidaseeffrspiertvgroup

consisting of polycarbonate, polyethylene terephthalate, polypropylene, silicone, and polyvinyl butyral.
4. An enhangﬁﬂ DYSIERH VR '%SHFeéH'ﬁ%gﬁfgﬁq@%ﬁiﬂfi‘?%)ﬂ%\racterized in that said second layer is

composed of at least one layer of transparent film with tensile strength greater than 9000psi. 5. An
enhanced protective film system according to claim 4, characterized in that said second layer is
manufactured from the materials of polyester and/or polyester terephthalate.

16



6. An enhanced protective film system according to claim 5, characterized in that said polyester is
polycarbonate and/or polystyrene and polymers of acrylic; said polyester terephthalate is polyethylene
terephthalate. 7. An enhanced protective film system according to any one of claims 1-6,
characterized in that said enhanced protective film system further includes reinforcement structure (3);
said reinforcement structure is connected firmly with edges of the first and the second layers. 9. An
enhanced prctteﬁ_tjwvfgr]‘n system according to claim 8, characterized in that said reinforcement
structure is anchored or adhered to edges of said first and the second layers. 10. An enhanced
protective film system according to claim 9, characterized in that said reinforcement structure is
selected from the group consisting of metal/plastic strapping, angle steel, combined anchors,

anchoring céblés) eabhkncait pzo Biteenfdmdsystdror rogeisoey tdo Adiaparesistidmt layedew
comprising the window body, characterized in that said enhanced protective film system according to
any one of ciiifEein] thes finstaarer d Joseadries ohite sitlesibmiranshhie sepaneityesad) is
blast-resistant window, 12. A blast-resistant wjndow, according tq claim 11, characterized in that said
frt and se SRR 61 b AR Bh QI AIER U L0 BT MERDBBky and are mstalled the

same side of transparent panel of the window body; wherein, the first layer is adhered to the
transparent panel of the window body, and the second layer is adhered to a side of the first layer that

is separate fpom iherFamRY PbRRMGLOfiMesyéispMaReaing to claim 1, characterized in
that said first layer is a polymer material layer of transparent film with tensile

strength greater than 2000psi and 100 percent elongation.

3. An enhanced protective film system according to claim 2, characterized in
that said first layer is manufactured from the materials selected from the group
consisting of polycarbonate, polyethylene terephthalate, polypropylene,

silicone, and polyvinyl butyral.

4. An enhanced protective film system according to claim 1, characterized in
that said second layer is composed of at least one layer of transparent film with

tensile strength greater than 9000psi.

5. An enhanced protective film system according to claim 4, characterized in
that said second layer is manufactured from the materials of polyester and/or

polyester terephthalate.

6. An enhanced protective film system according to claim 5, characterized in
that said polyester is polycarbonate and/or polystyrene and polymers of acrylic;

said polyester terephthalate is polyethylene terephthalate.
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13. A blast-resistant window according to claim 12, characterized in that if the enhanced protective film
system includes the reinforcement structure, said reinforcement structure is anchored to or adhered to
said first and second layers; said reinforcement structure is also attached to the structure supporting
the window body, is embedded in the structure supporting the window body, or is embedded in the
frames of the window body. 14. A method of mounting said enhanced protective film system
according to/cldh ErdRnpAgiRyARCHNS: HE SYSRIN [apepsdingale amyanbedretaiciselfifim according
to any one of claims 1-6 are installed parallel to the transparent panel of window body, making the first
ayer attach SECLRIZ B oAl SR TR0 Uyt Y S 108 KOG o  side
of the first la ' r e f indo .method
according to@é?ﬁ%ﬁ&gﬂg?g@te@@g@ @thg? @W@t@ﬂ%ﬁ%éﬁ g%%%s'gsgﬁgpt{?ﬁtégaﬁﬁ@ﬁQMeen said
first and secgmg layges anghéherorRdPER8BRJAE IaysFs.and the transparent window panel are
sealed. 16. A method according to claim 7 comprising that the first and second layers of said
enhanced protective film according to any one of claims 7-10 are juxtaposed parallel to the transparent
panel of window body, making said first layer attach to the transparent panel of window body and the
second layePis/tieakaneed sicdastiye fily fypéethadecseng dee Glaim e chatapiddre@anel of the

window bodg' the reinforcement structure is anchored to or adhered to at least two o%g?sing sides of

said first and'ScERid FR/RIQTGEMRALSEYEH RS ARCIRECS P BRI BRI WRRRRS AR %R bedded in

the structure rtj indow body, or is embedded in the frames of the window body. 17. A
method acccﬁ?&lﬁg]%o%c%%fsrﬂﬁléﬁ aracterized in that said method further comprises that the gaps

between said first and second layers, and the gaps between the layers and the transparent window
panel are sealed.
10. An enhanced protective film system according to claim 9, characterized in

that said reinforcement structure is selected from the group consisting of
metal/plastic strapping, angle steel, combined anchors, anchoring cables,

cable catcher system and anchoring device.

11. A blast-resistant window comprising the window body, characterized in that
said enhanced protective film system according to any one of claims 1-10 is
installed on one side or two sides of transparent panels of said blast-resistant

window.

12. A blast-resistant window according to claim 11, characterized in that said
first and second layers are parallel to a transparent panel of the window body
and are installed the same side of transparent panel of the window body;
wherein, the first layer is adhered to the transparent panel of the window body,
and the second layer is adhered to a side of the first layer that is separate from

the transparent panel of the window body.
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13. A blast-resistant window according to claim 12, characterized in that if the
enhanced protective film system includes the reinforcement structure, said
reinforcement structure is anchored to or adhered to said first and second
layers; said reinforcement structure is also attached to the structure supporting
the window body, is embedded in the structure supporting the window body, or

is embedded in the frames of the window body.

14. A method of mounting said enhanced protective film system according to
claim 1 comprising the first and second layers of said enhanced protective film
according to any one of claims 1-6 are installed parallel to the transparent
panel of window body, making the first layer attach to the side of transparent
panel of window body and the second layer is adhered to a side of the first

layer that is separate from the transparent panel of the window body.

15. A method according to claim 14, characterized in that said method further
comprises that the gaps between said first and second layers, and the gaps

between the layers and the transparent window panel are sealed.

16. A method according to claim 7 comprising that the first and second layers
of said enhanced protective film according to any one of claims 7-10 are
juxtaposed parallel to the transparent panel of window body, making said first
layer attach to the transparent panel of window body and the second layer is
adhered to a side of the first layer that is separate from the transparent panel of
the window body; the reinforcement structure is anchored to or adhered to at
least two opposing sides of said first and second layers, is attached to the
structure supporting the window body, is embedded in the structure supporting
the window body, or is embedded in the frames of the window body.
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17. A method according to claim 16, characterized in that said method further
comprises that the gaps between said first and second layers, and the gaps

between the layers and the transparent window panel are sealed.
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