[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.g. car-bombs, mortar and rocket attacks.
Buildings can k A9 dsistance enhanced. This enhancement is required and often
mandatory in certain locations for various reasons such as risks of terrorist attacks. As
window instagiaANeD" PROAFCAVE e /1S asesaf il dings MOUKIPN@ WV RSPE O
blast-resistant buildings is to provide sufficient reinforcement and protection for the windows.
Existing blasteg 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 windowdeldetiarentieBparency.

Embodiments of the invention relate generally to an enhanced protective film

system, which can protect facilities and infrasiructure 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-bombs, mortar and rocket aitacks.
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 upen 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 ofTfrexitddihcedifretppliveridne sgatsto siconrgingubal thiglinyerdamag)inetahegtion,
the second layer 2 is.compaosed of at least one layer of film with higher tensile strength. Said

first layer is tf@PEHRIAhIBHIM BRI B AN SeVidER RN YliRey AnptRsh NaBrglodhy air
polymer mat%gi%ﬁ?’#%iﬁ%é%@ﬁﬁg%%ﬁ@%%ﬂra essed into a wide thin film-like

product up to mer 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 struattriieusigsver proposae ibiccenhaorall byrewaientithe AYigiQm isp SRt dve

e L b S et et
butyral. The plymBHG ENBRERE ISR R B QsntE i%?d}’uq%ﬁ',erh'eeséb‘l}r{ég@y@?d

able to absorb'energies from impact/shocks as’"measured by tensile strength and elongation.

The relatively2fie>dblapsdgthef anddasnb iy eyisr b ito withi stigearingndile strénmyiacts 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

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 undersiood that a polymer is a
substance composed of molecules with large molecular mass composed of
repeating structural units, or monomers, connected by coﬁalent chemical
bonds. Suitable examples of polymers that may be used in embodiments of the
invention include, but are not limited to, polycarbonaie, 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 mulli-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 (boPET) 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 systsamiae pretgetiyestim kglgesieoierepbdhalateswbicheiatiusly tlauispegenttand

can be up to Q.6mm thick. The protective film layer provides addition sile strength and
oflontion 1od BB on A e R o SRR PR A RIS BB LR SO Ll
further includ ' ent Said reinf (ﬁﬁ% t stpyctuge.iscon d firraly
with edges olﬁtilgéflgr};%ggger’ (po?&rlﬁwrﬁwga&%ria?%%r) gé thegs,ecgi\d Ig/cﬁh(gr:)ro?e‘g:}ct%\ﬂ/e filé;g

layer), in ordegyolgrifetyBueihacigracnf Haehwaysyispoaahine tivwindew Selmmsdrsupperting
structure, e.g. walls, in a stable manner. The reinforcement structure may be selected from
the group cors$istilsh rve digipiessitesalippain, armptesioan COORRsetPdnerrRse disiaidying
cables, cable catcher system (steel cable system) or anchoring device. Said anchoring device
nclud. but A ARG P I GEES AL RARIR Y& AR R AR ISR (sucr
as anchoring Sereve i AwSFRSSIRChBAIRYVCR S8 [ARPIEMATEMIKS PRY BIBRRAVESAFRMAYE) OF
square nail 18. Said anchoring device can be used individually or jointly with metal/plastic
strapping or @nglddeteelddibenglectistifirstrangisenandiddigetito rethatiorfrespeability of the
supporting/waliigrt%structure or reinforcement structure. The reinforcement structure may be

installed on opiPESIHgPSIRls of a window panel in either vertical or horizontal orientation or
around the entire perimeter.

Said enhanced protective film system further includes reinforcement structure
3. Said reinforcement structure is connected firmly with edges of the first layer
(polymer material fayer) 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 caicher 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.
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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

h bles b bedded in th ting structure in a direction t ing th
it or lengii 6 GO QIFEGTEHs o e (el PANGR 5Pt R AMERG g MOV Ry

be provided tg faale Me‘?@mg@f: SVELAERIRIGHHY P SPHRIO e eiRLreRn et

structure. It receives the impact blast loads from polymer’material layer and protective film

layer(s) and teaiséelrnttrei sypaeirifasbia thers Yprp sy Watl istascibiseshbiovaherassaithd
polymer material layer, protective film layer(s) and reinforcement structure are coupled by
anchoring sySttRAtaiifevinsionn aanlandosingmaimmessigraibaniericanit efevaticsier

load f he wi . I ' d bsorb and dissi hock
i the event TNALER AIRUEREANC AP pFBVITELS o UKD Rl R 7 s bt Feea.

protective filrp gystgve ﬁlﬂ?IQ}??‘C?&‘%%’H&WW%@h?ﬁ?@éﬁ%r\ﬁ’é‘ﬂ%w&?@&ﬁ@ﬁgf &dBfes)

enhanced protective film system is installed on its one side or both sides of the glazing,

wherein, saidhfiagt by exttgubigchéo oaembkidged) anthseagrubléingr §pratiecaviediteriageihare
parallel to a transparent panel of the window body. The first layer is close to the transparent
panel of wind¥Rds¥PERR): tfeds R PR’ SEFEPAIERMIB THY tih frakaddsshil dhehe
glazing surface of the window hody by the first layer (the polymer material layer). Said gne
o of renfonHEnT B L B e T MR R R G

and second laygegionadds aiEaGiiRed® thafICOrR: SHPRRGHE CapRishiRA MR 9iP be
embedded in the structure supporting said window body or in frames of said window body.

Further, for aphiihdedete| efypetdtgopotinésic dayer ghnddoretectitee filimdayei(amtonihg also
be secured to the reinforcement structure (anchoring cables). However, depending on

applications, ri?igfﬁﬁoﬁé”ﬁﬂae‘?gﬂﬁwﬁla{toﬁ%cﬁfvﬁﬁ)r@%dﬁ%%)blﬂéfs&ﬁ%df@%iH‘FBYE?e%ent
structures (a'ﬁ‘?gl%%glﬁg%%@gt c?tgf:?itv‘@'igp;Eﬁ@ﬁ%@gﬂ%@?&ym@mﬁgﬁ%a-gt]?osﬁl%ond

layer is juxtaposed to a outsl e air gaps the perimeter
of said polymgppéterief lasrsandipreteThyeabiondoysidsysipmeant sragdl49d] eenaivérom
entering such layers.
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 mentidaetlosetiidhiertranspangmt qeant aftivd ndimvio eeine andtithetrecionah hse ésto or
adhered to at least twq opposing sides of said first and second, layers, is attached to the

structure supPoPEE e RMaBY BERIPRE ERTHRAMRh fife SlPaErS RS A e DRRIW
body, or is ergh %@%@ et r@rgf}e@%wxﬁgp%@ﬂgylﬁgg method of installing

embodiments o??he enhance m system va epending on the blast load. A
simple overview is described as follows.

Said one end of reinforcement structure of the enhanced protective film system
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 understoed 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 first step is to form 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 panel to be protected. This is accomplished through various forms of cutting and
shearing as well as the A second step is to then create fastener holes (hereinafter referred to
as holes) for leysivjig) tistdwid dosthehsirs dhrgsapmogtitigetbe indowm atmlialisagrobedderthén
protective film layer to the edges of the window frame, i.e. the holes are drilled at the edges of
the window friifhEIrRRIfoROBPEIRR e MmN RO & SeBivfRgsintedpnss ghdne
locations on W%&@?BBE mer 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 madéhsrioreibossadliagsiioptaenbadimests ofdoetierepisdrpiotretvegdmatitsiem
window frame are secured, by mounting screws or other means, to the supporting structure or
reinforcemenY &R HFRSCH B LIR ST Io7El AR AY STARN 2 EREHRT L a5 4 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/Cleer stspestivediltmttay eslgivesr sepspateht/olccombiiadr méifdhistesyis ghier the
clear polymer material layer and the clear protective film layer, either separately or combined,

are secured @P@EVINNbRNeAHESHAYar ubthartiativels ershatendeiers ponjessiventitarial
layer and the, protegtive film layer, as well as the gaps, between the layers and the trapsparent
window pandiigh Q08 B8R AT LSRR B G AR AR St AP POl Eh g
the layers. FopdhigBUifepSiim 8RJIGAS SHENIRS RN ARPASCHAN B1RYBE. aRPiE ds
Optionally, the air gaps may be sealed using aluminum sheet. Various suitable types of

fastening scrawso(epdisheaschrgsrinewadbelistaoping ofe @z ttioge vanoh asiheaeitp lisandalvasbers

are illustrated in FIG 5. It is to be understood that other types of fasteners may be suitable.
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.

Athird 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.



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. 7 Furthermore, certain terminology has
been used for the purposes of descriptive clarity, and not to limit the invention. The
embodimentsAaiod fiésastep dtsdribecedpeseblivuindovoivaiteraccesesurgdnnBasenidgthe
above mentioned structure and design, the enhanced protective film ra/f%tem according to this

invention is cSFEEME Bf RSREARPHsdRHIRG SHERALUBAFHS HIEH SRl loBRem R AL UeilRes
glass debis aaRdERRA e ALOU GRS AUAFERAR IS AR EBISITUEiER B duent of

an explosion."More partic polymer material la exible, 1s capable

of withstanding shagefstRnekenrners edheswindnceanriavben Ba airbisishbmpactescurs.
The protective film layer provides additional tensile strength and deflection reduction capability

of the windov@pR@@iNdT IsKipartarg effasrmsia syindrgistidipplpaiérieiatatérifieafimeadimieaed
anchoring system that significantly reduces the transfer load.from the window panel to the
Strocture an PR T Ao 4 6 IR A 5 Wil il Rt e Ry,
embodiments.gf e davention 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

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. 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). 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 usinq:a mechanical fastener. .
urthermore, 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 aitached to the supporting structure in the event of an explosion.
More particularly, the polymer material layer, being relatively ilexible, 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 understoed
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. 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 installakitin 8Btiraalbaaairpadialotiew fimingvaieddodbrlargaditineRiseiion and the
test of its property. FIG. 1 to FIG. 3 shows a blast-resistant window of the enhanced protective

film system attSrdifgtePe MAAIgHTaH0R M5 S- RIGRERR ST o HER RS AN DRty
and an enharégﬁgo%r@gmi\é?}wg}ﬁy&%%_wmch 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 reinforcerpgRt $BYUStdrgial 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. 8 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



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 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 staustace (eallpide. Dhetpolyrobimeaatenaliduge éyararibpareepaiatedf dreto Sienm
thickness. The tensile strength and elopgation of the polymer material layer are 7600psi and

308% respeclitBRPAEAL AP LY e WNFP K LARE 81 T A aRRSEhRAfRIF A0t R IRALERS h
yer) i  Uepsgeiep g ygrit e i ess ol e i feng

and elongation are respectively. The reinfor is composed of

steel cable sygiehoeeMBribkgsiteicenid i/ shdierdradainish andsindietnns desigpdrtihge

perimeter of the polymer material layer and the protective film layer are sealed by a rubber

washer or HS#ideigsa/evaltp T8rm 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.

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 devicé 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



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 and the protective film
layer to the edges of the window frame. The holes are measured and marked accordingly at
the appropriasadbtiatipnstectiteciiolayer todteriabizge btk tivinpmteirtiveefifintageled hen the
suitable holes are drilled as required by the engineering design. Alignment of the drilled holes

must be assURRRPBIRS BRI AGIHINNGNCAOHLS SNRIRARSYFRIIpDR/AR R ARV ERGy er
s Juxtaposed Py i&’y%rﬁﬁj}j%eé}%(fea&ﬁg(ﬁﬁi%ﬁﬁﬁ%mﬂ%ﬁ%&ﬁ}; AoRLIICafEd™

layer is located outside an taposed paralle € polymer mate ayer. ors on the

two opposingzedeesired ym&@wﬁb&r@@&&gm%@{m@m I6r tHeedrRistoremsansirpeture
(steel cable and extrudate) is anchored to a supporting structure (wall) 10. A screw is installed
on the reinfor@eshieradpictuceifstaliationf thigasabiorindow. 3) Sealing: after securing the
polymer material layer and protective film layer on the window panel, the air galps around the

perimeter of the polﬁﬂﬁ 'riath%y@?[_éiﬂ't?'flh@ﬁ%'i@étiw ?ﬂrﬂﬁa&@?%?@%eéial% Bled ﬁﬁ’b@gr

e AR A s T AR

aesthetics of gz teatalladias.and juxtaposed parallel to the polymer material layer. Anchors
on the two opposing edges are secured 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/oroken 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 abseorbs and dissipates the shock energy when an impact is
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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 significanggeedcdhehentansted [perddtome thiwspsiem poesrdingdosthistimeeaidnalssorbs

and dissipates the shock energy when an impact is received. The enhanced protective film
system accordfRGRPtRE iR %)97 iﬁéﬁﬁgjéﬁoﬁpgsiéiﬁ?ﬁ?ﬁﬁ%rﬂlﬂa dﬁ@ﬂ%s?ﬁﬁﬁh GG

el ST T

supporting structure | an explosion. Example 2:the installation of

protective filngipysiers ncerydnghtafthe iaxgokimand 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. The blast-resistant window includes a window body and an enhanced protective

film system, which is composed of a polymer material |ayer 1, a protective film layer 2 and a
reinforcoment SR SN TSR Bt G AAGre B VAR B TR g
(anchoring deMice) G Bd The rebepgs 5}%‘% layer is juxtaposed parallel to a
transparent panel (glass) 6 of the window panél. 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 juxta&osed parallel to the polymer material layer. The polymer material

layer 1 and tHd@Hbang ey ds shew prastaveation plyeblasdreesistant winRRMBESOTNHEY

frame 11 by the Orﬁinfg[[ncoeo enqtﬁ r%?t%hre ?"v-gﬁ ]Oextqrﬁsiﬁ é)sftzpes{sﬁgﬁ ree! ent I.’rs1 é? %r{:psbedded
within the walPtS sgcuring hee[op And Boftdm ecpges 5t the polymer mﬂenéﬁayer"i &hd the

protective filry|ABHAIUEINE e BIRTEIBCHERSRIRDRATSESIR e ST e RS TN eft
and right edges of the polymer material layer 1 and the protective film layer 2 are sealed by
sealant. 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.
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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 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 0.2mm. The tensile strength is 35,000psi. The above
mentioned anchoring device may employ the anchoring screw 14, crossing screw 15,
self-tapping strewab®vmasentipretepolyimer syaiedaldayed as shpalirireeGagennvtite the
enhanced protective film system according to this embodiment of the invention, the &ohérrner

material layetiHBgHie And- 8 abie onSilin 5ttt &9 SN bk
ok . ; ; o d . > . H
bnd defioctiod g oAy B0 Ol R By R e or

the window pagatiare sggured 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

i t ' by the wind | to the rei t structure. As sh in FIG. 5, th
above mention AR CEIFEI R LIPS ey B8 dBNFboBed dPONAERUPIC Pacthbrthe
(@anchoring deyieR) S FERIAEREdrkile 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
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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 filnfregtboliin. Hite4d et eolaiafoacetfidntintiatledeofmibehaoivakiastateridIaymrld
also be replaced by adhesive 12, Other methods of installation are identical to those as shown

in FIG. 4A ardfSRNeH eiecive dikminxeindof 98 heWiMarPRRESE S A19es 81188 HapRERYE of

holding shatter rgken pieges of t ' [F=1g vide itional tensi ngth
and deflectio are%ﬁc?iﬁ% ggl%bﬂ@%%%ﬂﬁ%ﬁ%%@ I:g@ncw{%}lge §F%c1$e lm%?z%?ﬁl%n ngiﬂg
enhanced projgiiiver flaRYRIE TR RECARINAORAJBIAA M aBgdhearie it edopeidytidG. 6
shows a configuration of a blast-resistant window according to another embodiment of the
invention. Thwibkewikspembyanibaringldddsa Wiheéowdibegantinsiallshiencee [endicale

film system, which is composed of eépolxmer material layer 1 and a protective film layer 2.
to those as shown in FIG. 4A and 4B.

For the installation of the enhanced protective film system in FIG 4G, 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 blasi-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 instailation 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



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 and adhered onto the transparent panel
(glass) 6 of the window panel. The above mentioned polymer material layer is a polymeric
layer with thepdmeknzsthef Biodow. ddy)easilejsitengaedhsbelgtaidheopthypelymeaieri@terial
layer are are 76000psi and 308% respectively measured by means of ASTM D 638. The

above mentidRER FRECRAVE"RAABIRE NRRIAFER. RARS!IARTRE GHROANESIBRBY PRSI he
foxibl, is a8 o G Ch e o S e 4 B R T e

flexible, is capable o panel when an impact is

received. Therrirglefilgdayar Pragidenardispentirnaia sitengdiam b efiecinmeeiiction

capability of the window panel. In this embodiment, none of the edges of the polymer material
layer 1 and tiveatesieldayerfive laiger C08kNsEandic3e s arspastivainmeasitigd L¥ misedsa in

the wall structures, In this Cﬁgnfiguration, the use of fastQ[RjQ%”scr ws for secqringeﬁréel EExy%!}/mer

layer and the/protéiciVETim! A5 ARRR B AR ML BLRIES m layer is a polym
with the thickness of 0.2mm. The tensile strength is 35,000psi.

In this configuration, the polymer material layer, being relatively 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



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, erabddisnetesaf thatimentziallatopaftenlbelymdnintddes e hanetdningiehtve
transparency of the window panel. Also, the installation will not affect the aesthetics of the
building and &SN EYRREPNKSMIERRDIY BATIRIRISIRACST the enhanced protective film
system invention requires little additional space. [CLAIMS] 1. An enhanced protective film
system comprising two transparent film layers, wherein, the first layer (1) is a layer of flexible
film, characterized in

16



that said first layer is a polymer material layer of transparent film with tensile strength greater
than 2000psi and 100 percent elongation, and the second layer (2) is composed of at least
one layer of film with higher tensile strength. 2. An enhanced protective film system according
to claim 1, characterized in that said first layer is manufactured from the materials selected
from the gr%pA@mg&]isting of polycarbonate, polyethylene terephthalate, polypropylene,
silicone, and polyvinyl butyral. 3. 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 tensilg Srhah aLaalRiAean A LSen AR AR ERLAIIRS IediiSLem according
to claim 3, characterized'in that sai secon’g fayer IS manufactured from the materials of
polyester arigfeinp thedfissdagerd Phskeddvee offlenihlefivarmtedaprertizedire film system according
to claim 4 | T ' iS polvcar Jfo) styrene and
polymers oL e i e
enhancedspratgttigeditan Hstef0ees erdl 1§ieenynd ebogdiam sid She kecanddaiprd dhithat said

enhanced protective film system furthet includes reinforcement structure (3); said
reinforcemc%rﬁ}pgﬁ%%ﬂjr%ﬂg %%?H&f?é%‘ﬁfrﬁr{}‘ v‘Oﬂﬁ‘@S& tgp éwmg st éflrﬁd the second layers.

2. An enhanced protective film system according to claim 1, 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.

3. 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.

4. An enhanced protective film system according to claim 3, characterized in
that said second layer is manufactured from the materials of polyester and/or

polyester terephthalate.
5. An enhanced protective film system according to claim 4, characterized in

that said polyester is polycarbonate and/or polystyrene and polymers of acrylic;

said polyester terephthalate is polyethylene terephthalate.
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7. An enhanced protective film system according to claim 6, characterized in that said
reinforcement structure is anchored or adhered to edges of said first and the second layers.
8. An enhanced protective film system according to claim 7, 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. 9. A

b'aSt'reSiS&?ﬁB‘@Hﬁ%ﬂ\é‘é&%’ﬂ&@éﬁiUQﬁhﬁé«é@ﬂ‘%&@%%ﬂ%{?@ﬂcﬂ%{@éﬁid enhanced

protective film system according to any one of claims 1-8 is installed on one side or two sides
of transpatbatastatizrddn shid widsnhasicediroaterve filneyAtvmBirteeidtsdgindow according

to claim 9, ehisAGIElzed IDAAL PRI MILANd-SSRARCLIAIEIR I AT Ayfansparent panel

of the window body and are installéd the same side of transparent panel of the window body;
wherein, thithieddeyef ikedifktand thetsreerahispensnt 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. 11. A blast-resistant window according to claim 10, characterized in that
if the enhahéack pheteetive diientdeslitmsystintesdnding inf olaismbechissruetine] isaid
reinforcement sipeliie s anchoredds or adiered o said irst ang.secend ayers: said
reinforcentent Sructlre (e AlSo aftached to e SFaciie supportlnéet?'ne window body, is
embeddeaid the sitasilieysawpporting the window body, or is embedded in the frames of the
window body. 12. 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 o8.chnrthinbedrpritstaiedipasadieinicntbertiag sp akemt H)ahetaataviredow body, making

the first | ttach. tq the side of t t panel of window body and t d layer i
ccered ()8 08 YR TGP B TR P 1 GAR GRS Bl of tne window

body. metal/plastic strapping, angle steel, combined anchors, anchoring cables,

cable catcher system and anchoring device.

9. A blast-resistant window comprising the window body, characterized in that
said enhanced protective film system according to any one of claims 1-8 is
installed on one side or two sides of transparent panels of said blast-resistant

window.

10. A blast-resistant window according to claim 9, 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 method according to claim 12, 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. 14. A method of mounting an enhanced protective film system according to claim 7
comprising that the first and second layers of said enhanced protective film are juxtaposed parallel to

the transparan panebeianndmadiedycdsraking srithiing leyesadachdmthatiatsparent 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 AOINERILA YAV erfdmeinstreeientsithaeifersaerted e Biadiiided to at least two
opposing &igesaheaid Hrstand SSRRAHAY S Srislached {aidhe SUGULeGRPpPOrting the window

body, is embedded in the structure supporting the window body, or is embedded in the frames of the
window baxtys; 38 dAanédnesimerdsidictire tlaise dftacheddoehiz eduntthiatssaibriiethod further

comprisas, (At e, Aans, DEteen said st AN SRERNT 6 iR Y R dpB g ugen the favers and
the transparent win ow\banel are sealed.
is embedded in the frames of the window body.

12. 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 1-5 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.

13. A method according to claim 12, 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.

14. A method of mounting an enhanced protective film system according to claim 7
comprising that the first and second layers of said enhanced protective film 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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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.
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