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2 ceramc, or graphite fibres in the construction of a boot sole in

t hi cknesses to prevent puncturing of the sole by high energy and high
velocity projectiles has not been nentioned or made feasible due to
problens in rigidity and bonding. 5 Summary of the Invention The boot
sol es descritwodehessshe prior art are insufficient agai nst bPCEHSGH0PO1
projectile protection when it is desired to conserve toe-to-heel flexion in
order to enable running, junping and to cl ear obstacles such as rope

| adders, rope clinbing, small steps, and with sufficient feel or
sensitivity to detagic, oxttmdmc fibtes in the copstmctionaf a boot sale issthicknessasttaiprevent; s,

2nd/ br ol yet herPsperidnBE Hi e by Y8 5aRS and I Dol bofBiles 1, 657 bEkn
protective nmat ementionsd ovhhade feisiblerdbeto problems émtigidife dnd homdimghout the entire

sole and is conposed of at |east one woven polyaramd (Kevlar) |ayer, the
density of which is less than or equal to 15 oz per square yard. I|ncreasing

densi ty andsaddigunfhiiy of &éTnbention of woven pol yaram d fibres increases
t he bl ast and fragrrent resi st ance. | s_alsp an object__of the. present
i nvention to provi de Thehost salgy QW Jothe BRAfATE G‘F?J msyificient T&"i‘é‘gbﬁﬁf

pol yarami d ( Kevlﬁs,écthél?%t&tﬁﬂ%wn ﬁﬁ@lﬁ&lu‘eﬁ tbi dhserieuide 16 hedl Mexivnt & @ﬁe:t e
poor intrinsic adhesion between the polyaramd fibres, graphite flbres and

the pol yur et han@na@aéum lemping andrq Gledrrgbstacles, suchgs ope 13 (1PBg, Slimbing,
pol yaram d 20 eﬁdﬁ W%ﬂ{n SutfiaR ted or geke{xﬁvla%daa&t I%Eli;é% phtS, masmg

and/or due to the re oose or coarse weave of the polyaram d

(Kevl ar) fil@res,starks Jol gnaneﬁlisamb preseab iraremmnmﬁdtm blagiandfeagmeneresisignte s

?Lgogeglgi ;gea\é:mo%é? {ﬁ%ﬁéogl é&y n%geq&gﬁ’gﬁli}ls%p Accor cf ﬁx?ﬂﬁmﬁp&ﬁb(ﬁﬂéd "
i nvention, pol yeprettive(tatoriziri) which/ the ngtenqahIStleed@detbrwahDﬂbmtlre sole aad ed
ot S P Y o B S
pol yaram d and pessythisreé toetises g .ursgaxac dacreasing densityhand additivnaldayers
e/ nt ervioden v %v%%?wrefwén%é St pikgpnd gl festal o sy
(Kevlar) fibres to inpisQ& adblg&tm :Kepmn irvestiqaCto \paovide al bastcsofrowithiigebdiane
material. adhesion between the various polyaramid (Kevlar) layers and/or graphite fibre bundles
in spite of the poor intrinsic adhesion between the polyaramid fibres, graphite fibres,
and the polyurethane. Due to the extremely thin coating of the various polyaramid
20 (Kevlar) and/or graphite fibre bundles prior to weaving and/or due to the relatively
loose or coarse weave of the polyaramid (Kevlar) fibres, the polyurethane is able to
penetrate between the fibres, allowing the various layers to be well bonded together,
thereby preventing the peeling apart of the sole in subsequent use.
According to the invention, polyaramid (Kevlar) and/or graphite fibres can be
25 coated thinly with polyester or polyether based polyurethane before they are woven
into the required mat form, this will greatly improve adhesion between the polyaramid
and polyurethane material.
Also according to the invention, polyester fibres, preferably poly(ethylene
terephthalate) (PET) fibres, can be interwoven with or between the (coated or
30 uncoated) polyaramid (Kevlar) fibres to improve adhesion between the polyaramid and

polyurethane material.
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3 Al so according to the invention, carbon graphite fibres can be interwoven
with or between the polyaranmid (Kevlar) Tayers to rurther strengthen and to
stiffen the sole. Al so according to the invention, a woven |ayer of m neral
fibres, notably ceramic fibres or S-glass fibres, can be included into the
boot sole to WO96/268%1 fire wall 5 for protection agai nst PEHSGHN0ES
with tenperatures of between 815 and 1, 650 degrees Cel sius. Brief
Description of the Drawings The invention wi3l be better understood and
objects other than those set forth 10 above will becone apparent when

consideration is gi veAlsogcearding & theiinvegtion catboe graphite fibres can-be interwayen withc h

verti chl aross Ok PRUEETEE Bolfekiif (AP Ricr LRSS S S bOMETpd . ©

sol e.construction accalssi avgo:tdmgt toether iavention; aweoven dayer ki mineral fibres, Iﬁogub!}e

1-Ais an enlarg VI.e e cans Fi ur a
vertical cross- sgg H?rg%/f’ré:/g ﬁgrﬁﬁo?nhgﬁh{dg&mg mgr?gou{s%bc]xgaﬁ{b%t @F‘Yﬂi
sol e-constr ukti ouﬁo@romcmuuamndngaqsemﬂntcmpemnes cfibetwéeq 815 afid 4,650 dagrees
enl arged view of §he sole construction of Figure 2; Figure 3 is a vertical
cross-sectional Vi®WSof a boot having a third enbodl ment 20 of the sole
construction according to the present invention; Figure 3-A is an enlarged
view of the sole constructlon of Figure 3; Figure 3-B is an enl arged Vi ew
of an alternat i v8rsbDssciption of thei DEWIngs hat depicted in Figure 3-A; Figure

4 is a vertical CrOSSTﬁ@ﬁ%&ﬂﬁJ wifl 62"better @ndef@dod ! dBfecd Jtﬁ&”tﬂhﬁése set forth

enbodi mrent of the sole constructlon according to the present | nvention;
Figure 4-A 16 anaboneawijlobecpmeapparent whem consisisration is @iven to fthe-ifollawing; detailed

Gepi cted in Fi guf EegpUgtr St Suetf Bedipfil Makdf riflefcel B B el dbfingl

boot having a fi mderegmbodi nrent of the sole construction according to the

Figure 1 is a vertical cross-sectional view of a boot having a first embodiment
of the sole construction according to the present invention;
15 Figure 1-A is an enlarged view of the sole construction of Figure 1;
Figure 2 is a vertical cross-sectional view of a boot having a second
embodiment of the sole construction according to the present invention;
Figure 2-A is an enlarged view of the sole construction of Figure 2;
Figure 3 is a vertical cross-sectional view of a boot having a third embodiment
20 of the sole construction according to the present invention;
Figure 3-A is an enlarged view of the sole construction of Figure 3;
Figure 3-B is an enlarged view of an alternative sole construction to that
depicted in Figure 3-A;
Figure 4 is a vertical cross-sectional view of a boot having a fourth
25 embodiment of the sole construction according to the present invention;
Figure 4-A is an enlarged view of the sole construction of Figure 4; and
Figure 4-B is an enlarged view of an alternative sole construction to that
depicted in Figure 4-A.

30 Description of the Preferred diments
A boot having a first embodiment of the sole construction according to the
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4 present invention is generally depicted as 10 in Figures 1 and 1-A The
boot 10 has a standard shaped upper portion I1 and a conposite sole 13. The
conposite sole 13 conprises an outer polyurethane sole 14 having a tread
17, an internediate sole 15 into which is enbedded a | ayer of pol yaramd
fibres 18, aNpP®W1266550ptionally, an upper sole 16. The conpo¥CTEGCRHMOY boot
sole is made in a traditional nulti-stage nmould which is comopnly used in

t he pol yuret hane shoe soling industry. The pbl yester and/or pol yether-based
pol yurethane is first ,injected int conposjte sol e noul avity to form
the outer (| ower Presgit QR 518 YS‘E%“%FFSHV‘E@“’EE)I andﬂ;,& cally in the
range of 500 to 2000 {Hd BécR10]has Alstafidard SHEDEd upeir poltont1andaddompatite! f3¢ MPU! d
for the outer (lower) sole, one thick |ayer of polyaramd (Kevlar) woven
fibre material 13he sompesitegoledd somprises an Outer pokyurethiang, sale lﬁgww&htrp%hm@ in
the nmould cavity; %ﬂfed 1.0 ( | rd yafdni d
wi th pol yester arllrg or %gmégg}@gt‘ﬁ@@ g%é%%éf;ﬂfﬁé?gpri olraq:tlﬁgéﬁe?%\%‘ﬁg.
The coat of Jol yaptaenatincanseppeesole 36f aci | it at e good adhesion with and

penetration by polyurgih whi | 1.1 is . | '

density of the pol yariﬁ?g&ﬁiﬁﬁ&?@ﬁg&g{ﬂg%lgg{e 1§Ly1§§%§?e§é’y%ﬁ?wm
preferably 15 0z ipesmmoplpusedyinrthe pdlpurethamchshot golirfg mdusty. pol yar ami d _

of bundl es-of pol yar a FEeRPbARUB PBDeREreass Fptrefsthae 3o ekt st i e
to Y direction (thiposite solRmisiMitavity a6 for the dute (Iower) soledddudidthanitSdedsityist he

toe-to-heel _direction. The thickness of the l.ayer of the polyaramd |ayer
18 is at | ed&t oNpicallydpihe rapgs ef 3004 §‘gl(§‘?311 i nches, using Kevlar 49 in

7100 derni er bundles wffehrenfival dfGheddp platsSdfitReibild #r tHSalel(1dWer) sl o dhidkU'S
19 mllion PSI with a 0.07 inch di ameper olyaramd fibres. After placenent
of the pol yaram @M%?%POIIWWBF)@W‘ESHJPW matsriglot8.jg Pl‘*ﬁ%%%‘?PHEﬂ‘%‘gél%
i's injected intogbRespukel rdiithd h thORoRidiaby t he outer (lower) sole 14 at
the base of the sol'e to formthe internediate sole 15. The pol yuret hane
after injection 30  ThepolyatamidKeviarhfilere matsrisl ean beqreeopted With pelyegtgpand/or
kgimferr]. Qye tQuifePEAEE pRlynfthaBl pHBE (P VbVt HRE Bodt ¥ Pofifbuiie QLtFEs td1€

pol yaram d

facilitate good adhesion with and penetration by polyurethane which is injected into
the mould cavity.

The density of the polyaramid layer 18 is at least 5 oz per square yard,
preferably 15 oz per square yard, for each ply of woven polyaramid material.

20 This thick polyaramid layer 18 preferably consists of bundies of polyaramid in
crowfoot or leno weave with 70% to 90% in the X to Y direction (that is
perpendicular to toe-to-heel), and 10 to 30% in the toe-to-heel direction.

The thickness of the layer of the polyaramid layer 18 is at least 0.07 inches,
more typically 0.11 inches, using Kevlar 49 in 7100 dernier bundles with tensile

25 strength of 43,000 PSI and modulus 19 million PSI with a 0.07 inch diameter
polyaramid fibres.

After placement of the polyaramid layer 18, polyester and/or polyether-based
polyurethane is injected into the mould cavity containing the outer (lower) sole 14 at
the base of the sole to form the intermediate sole 15. The polyurethane after injection

30 into the mould has a typical density of < 1000 kg/m’.

Due to the penetration of the polyurethane into and through the polyaramid
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PCTLSX6/ 00001 5 | ayer 18 good adhesion is achieved between the outer
(lower) and sole 14 and internediate sole 15 wth the polyaram d Tayer 18
sandwi ched in between. At this stage, the upper portion 11 can be directly
attached to the pol yurethane conposite sole 13 conprising of the outer
(lower) and | MOS62e685 at e soles 14, 15 or a 5 third upper BOTEGIHBIMAN be
added on top of the internediate sole for enhanced confort. In this latter
case, the outer (lower) and internediate sol és 14, 15 as descri bed above
are left in the uId ca ?%y and pol yest er and/o&hf %ether-based

pol yuret hane is | Ay c18 gopd, adhesion Vﬁda\PFWS‘Fe“ pter ((logyer); and splet 14 and
i nternediate sol Qnéaned%msbae 180bth 15 P63 iRy | 18GahdtvitA idbeie®t hOd
with the preferred 15 oz er sq uare yar olyaram d | ayer 18 is

effective in providindM tﬁhlaﬂaga m&gmsmllésats dizestly attashedytosthe polyatethane | e
with a velocity ca‘o st o513 ddm fasﬁg FIE FECopd qa&rﬁ@mﬁ@%&e; k@xu%an

order to enable ru I'ng, junpin ear es suc

| adders, rop& cl |thbﬂng>eande§mnb€sa®p¢pnmmdf@mnmskt!d:&menmmronﬁotthe
sol e in subseque

the sol e construction é‘éiLg?s& W& opisT | gr esent | nve ?eg(r\ﬁ?gs g‘ngﬁsg?%%?nii’?

in Figures 2 and de Aeft I1m mdmmu!ﬂnmttyrmdtpolwser and/okyolyeﬂt&mbaed baly&retHaaeSiﬁne
reference nunber .as u bove, 'the so 3 has further

pol yaramid fibre ‘ﬂﬁf‘&& %ferfBB‘PﬁSP‘éffyed ‘F?‘fé' ﬁ’ (51[‘c Memed? ]ISS depi ct ed
in Figure 2-A the out/shdeGbR 13Madtraceordih mmm&amﬂmqmmbwfmli bbre

18. The int s{)madl ate sole 15 would t&#cal I y have bet ween. 2 and | ayers of
pol yarami d fYbr e, PehiSAPRre HaEk pplyyamid 8 s teftsriivg mrﬂfﬁiﬁ’émga@“ﬁtsmgl‘f&ﬂ‘\“

Figure 2-A To fa:egmﬂieqefsbegrﬁﬁlp?oaanamcatﬁ%d@ dFi1950 8%, 2t 8136 cdnsbrved good
| ayers of the 25 geebéaramd woven | ayers 18 are placed into the m)ul d
cavity which forgetth exipn i erder Yo enable runpingyiumping 9ed torflear jobstagles sigh as
consi st preferabl Y, MR T,
fibres are woven t gieaflﬁa% %g@?cl)@rﬁng%%?ﬁ e s,Qf/ ﬁaQéldBig mg‘Les PE’?C %ﬁ%
nore typically, dbsubsequedtiusenches t hick.

15 A boot having a second embodiment of the sole construction according to the

present invention is depicted as 20 in Figures 2 and 2-A.

In this embodiment, where like features have the same reference number as
used above, the sole 13 has further layers 18 of polyaramid fibre material incorporated
therein.

20 As is depicted in Figure 2-A, the outer sole can have up to two layers of
polyaramid fibre 18. The intermediate sole 15 would typically have between 2 and
6 layers of polyaramid fibre, with three layers being a typical number as is shown in
Figure 2-A.
To fabricate the sole as depicted in Figures 2 and 2-A, 2 layers of the
25 polyaramid woven layers 18 are placed into the mould cavity which forms the outer
-(lower) sole 14.

The polyaramid layers 18 consist preferably of polyaramid fibres being of 0.01
inch diameter. The fibres are woven together to form a layer less than 0.06 inches
thick and, more typically, about 0.04 inches thick.

30 A polyester and/or polyether-based polyurethane is then injected into a

composite shoe sole mould cavity to form the outer (lower) sole 14 such that its



30 A pol yester and/or pol yether-based pol yurethane is then
Injected into a conposite shoe sole nould cavity to formthe outer (I ower)
sole 14 such that its WD 967 26655

PCT/ S&36/ 00001 6 density is typically in the range of 500 to 2000
kg/mferr]. After renoval of the top plate of the nould for the outer

(1 ower) sol ewiglgsrmgessurther 2 to 6 | ayers of the sane pol yar 20T8G$60001ar )
woven naterial 18 as enbedded into the outer (lower) sole 14 is placed onto
the outer (lower) sole 14 which remains 5 6 in the base of the nould

cavity. At this stage a polyester and/or polyether-based pol yurethane is
injected into tmmlsdm%}g'tWQWﬁﬁf Oi%pglkﬁ'ﬁi ate sole 15 such that

the pol yurethane has ’?“%'ry’gjf‘ﬁ%‘ o‘i’%iobé’prlﬂétoﬁ tHeCRBuld $oF iR duter (Bw;er)tlgné 0§, a

penetration of the poly ane into rough the pol yaram
| ayers 18 good afiirtber 2to 6 lyers of hesame polyaamid (heviag: wovenmeaserial 18 asjembedded

I nternmedi ate sol g 4, 15 Wi ' tﬂeﬂé‘ﬁé L GAEH rhfai

bet ween. At thi smg")té&é’}n]éfH%%‘gps}e’{rge%ﬁghﬁg%@%gcan és(wé)(s:ﬁ%%ttacﬁg@m%

t he pol yur eshaneinctherpaseidf ehesmbatd kavionpri si ng of the outer (lower) and

I nternmedi ate soles 14 D or a third, upper Do r :

i ncl uded for enhancedA'cé'fFf%‘?&e.a ﬂﬂ?%mré““f’@’ po@ﬁ%ﬁr%%&g%%wéﬁﬁ’%ﬁ%ggﬂter
and i nter medi at eghs Ghéifid caRG o Hormh e ftcifiediatecsdievE) such thatrthé polyuretiage ivasia d

cavity and by injecting posllglester and/ or pol yet her-based pol yuret hane onto
the internedi at etypisakdensity of £, 400KH W -nade according to the above nethod is

even more effective ipudidiePefibtrdtion It the Pollylirdthidhid) inté @6d Hiroughetht palyatdntid

first enbodi ment due to the nultiple 20 polrﬁaramd Igég{*i. In a third

embodi ment ¥ t hlayess 18g0pd adhesionds arbieyed hetween t opter daw W@‘d‘eisﬂes

relation to sol eg, daplgh 6 jdlydEhfid 15! 18 BfeRidECid BikREesoVen Wi th pol yester
els h

(PET) fibres and t’he boot e I n the sane nmanner as descri bed

above. The use of i ntAt thisstagepthe paperpotioanid q@mb_yé'gp@}y attpghey tg thepelyusthane o
oL o7 ne SR B 13 B GRS B0 i i ane
superi or adhesi othilie tuppanpglyirytharet Soie @6 aanl bedhsludadefor. enhanced comfort. This is
15 achieved by allowing the outer and intermediate soles (made by the process above) to
remain in the mould cavity and by injecting polyester and/or polyether-based
polyurethane onto the intermediate sole 15.

A shoe sole made according to the above method is even more effective in

providing blast and fragment resistance than the first embodiment due to the multiple
20 polyaramid layers.

In a third embodiment of this invention, the polyaramid layers 18 as described
in relation to soles depicted in Figures 1 and 2 are interwoven with polyester (PET)
fibres and the boot sole is made in the same manner as described above.

The use of interwoven polyaramid and polyester (PET) fibres has the advantage

25 of further increasing the adhesion of the polyurethane material to the embedded
layer(s) 18. This being due to the intrinsically superior adhesion between polyurethane
and polyester.

In a fourth embodiment of this invention, the polyaramid layers 18 as described
in the embodiments above are further interwoven with carbon graphite fibres having

30 12K TOW and a tensile strength of 470,000 PSI and modulus of 35 million PSI with

the boot sole 13 being made in the same manner as described above.



In a fourth enbodi nent of this invention, the polyaramd | ayers 18 as
described in the enbodi nents above are further interwoven with carbon
graphite fibres having 30 12K TON and a tensile strength of 470,000 PSI
and nmodulus of 35 mllion PSI with the boot sole 13 being nade in the sane
manner as descri bed above. WD 96/ 26655

PCT/ S&6/ 0000Wo»s6/2és8s use of i nterwoven carbon graphite fi brerctissosiobml
advant age of further increasing strength and stiffness and of inproving
wear resistance. In a further enbodi nent of Zhe invention depicted
generally as 30 in Fl_?%es 3 and 3-A boot sole 13 is nade as descri bed
above except that, gse phinterwoven, earbesr gEphite fm@aéws@r ariﬁaetag¢ tof dfartlesr
conposite ceram sl i nternmedi ate
sole 15. The V\ovg{r?méger g?l%d&)&&g?%?m?s&pr Vﬂge‘% corrprl sed of 0.05 inch
di aneter ceramic fibrisa furtlhr énbodimeRifothe mvbmmmdeamed gentrakiy a$H 30 mgF)gnmn

toe-to-heel di r e erbATE wB e ' e & desfiufel S BR AL abltoBp A B .
t oe-t 0- heel Xi r ewbvarceranhic fibres\of compositeberdndpolyaramid fibrés3 1narelizlueled irt@ the

above the pol yaram d é’lKevI gr | ayer(s) 18 (see Figure 3-A). In an
alternative arra picted in Fi gure 3-B, a thin (0.025 inch)

\d

conposite |ayer 32 of Thewown depahiy Fibreiader is Prefera %ﬁfpﬁbdmfomosi:ﬁhldmeaér
standard bidirectional _weave can be enbedded in t &ger sole 16. 15
The boot sol e i nEEAB BRreh¥ith70% 199 of the F%?BF@"% B EYeROIsR SFAvEfoot

fibres 32 al | owsof iho Weflebi teOrl YOliRLAG (pEpendléRRqS the%é—fb—l?eeicﬁf@é&éx@tah& %nth
resi stance of 1,650 degrees Cel sius durlng the very brief duration of

blast. In al® urt k% te38&defasramia fibess in Hiedos-toskest diseetion, Thizdayenis mcségd lne

i gures 4 4 A auh GERARGEsbE vkl P e Oy ) T8 (e Figtud 3T

cerami ¢ fibres, anhatenatdeamanggientfastdepiced IGFagme BfB)rﬂetbmaﬁOd)Zﬁom cpmposmc

oot o-heel di rolVEas of S Roniethib SRt ePRRERRLOM §f wiiald igiectiona

toe-to-heel di rewba\&manlhe etitbieddtdeid tixenumiwsolauer rredl ate sol e above the

(0. 025 1 moy L ayer 42115 o5k bolE incormerifng o Eronosie SaF b Aefanlic PN e Firetar o

bi directional saB2allgRays wotcish SERREHadgasses, w1th a temperature resistance of 1,650
degrees Celsius during the very brief duration of the blast.

In a further embodiment 40 of this invention, a layer of composite S-Glass
fibres can be added into the middle or upper sole 14, 15 (see Figures 4, 4-A and 4-B).

20 A layer 41 of 0.05 inch diameter ceramic fibres, where 70% to 90% of the S-
Glass fibres are woven into a crowfoot or leno weave in the X-Y direction
(perpendicular to the toe-to-heel direction) and with 10% to 30% of S-Glass fibres in
the toe-to-heel direction, is embedded in the intermediate sole above the polyaramid
(Keviar) layer(s) 18 (Figure 4-A). Alternatively, a thinner (0.025 inch) layer 42 of

25 S-Glass fibres preferably having a standard bi-directional satin weave can be embedded
in the upper sole 16 (Figure 4-B).

The boot sole 13 incorporating the layer of S-Glass fibres 41, 42 allows for
protection against hot gasses with a temperature resistance of 815 degrees Celsius for
the very brief duration of the blast.

30 As to the manner of usage and operation of the instant invention, the same

should be apparent from the above disclosure and accordingly no further discussion



in the'upper sole 16 (Figure 4-B). The boot sole 13 incorporating the |ayer
of S-Aass fibres 41, 42 allows for protection against hot gasses with a
tenperature resistance of 815 degrees Celsius for the very brief duration

of the blast. 30 As to the manner of usage and operation of the
i nstant invention, the sane should be apparent fromthe above disclosure
and accor di ngVQ962s65%ur t her di scussi on WO 96/ 26655 - PCT/SG96/00001

PCT/ S&6/ 00001 8 relative to the nmanner of usage and operation of the
instant invention shall be provided. Wth respect to the above description,
it is to be realised that the optinum dhﬁnsi onal rel at,i onshi ps .and
materials for thEIFNe© Be maner RfHags,and (opesapen \of Jhes instant \igyention shall jbg
size, materials, pafided, form function and manner of operation, assenbly
and use, are deered readily apparent and obvious to one skilled in the art,
and al | equival ent reMith respest s theaboye descriptions tit it tecbei fealised thatth¢ epémumd
described in thedﬁﬁ@ﬁ A1CARI HS%FFgr I RhERAS Kol th’Bar&NEP SEMHiolY d B
present invention. iggﬁef%ﬁdg? t he f‘gr@éoﬁng ios _coﬁasrlgdergga%s&ﬁo ’ug% F‘gcthlld\?e
only of the Jri nvanidtiops isf sizeQ materialseshiape; dorm,dunction andmannes pfoperationeasserably
nmodi fications an n il i . i . i rt, it
is not desired tgmfp%l’g& fﬁ%géeﬁv%%?ﬂo#ﬁf‘%ﬁf#{g %‘é}z‘ac q;g:(;%ﬁg rlu%‘fﬁlogl@aa%gema aﬁl
operation shown aquivalertcrelationshipsctoathoser illustyited imithe dramtings| andniescribedain thes
and equi val ent s gt BeibR ol b B HcBfpidd by e et Rbenton. ©

PCT/ SG36/ 00001 CLAl MSTherefore, Ahd faregoiripid cofisidpi®is illasttative Bily RF lteepridipley of
pol yet her - bgsed gt%liéure_t hane boot, sole colgqpri | nqi enbedded pratectjve
material chedt act & SERUOR, fyEther, figce,pyrasrpuy mpdifigations : Vit rpastily ioceyte
entire sole and d thasePkARd B thidl art 903 nBNAesiRUCRD Rty RE ARVEhioKaY! BE ) exact

| ayer, the density of which is less than or_equal to 15 ozrdper square yard.
construction and operation shown and described and accordingly, all suitable

modifications and equivalents may be resorted to falling within the scope of the

invention.



2. The sole according to claim1, characterised in that thﬁl '
material consists of one thick polyaram d (Kevlar) woven |aye ﬁmmﬂm ”"Il””"l
t hi ckness of which is at 10 | east 0.07 inches. 3. The sofle el di ms2 *
wherein the thick polyaram d | ayer consists of bundles of polyar am din

crowf oot or leno weave with 70%to 90%in the X-to-Y direction and 10%to
30% in the tOowWOoweR668®] direction. 15 4. The sol e accor di nBCT/8G%I0800M 1
characterised in that the enbedded material includes at |east 3 polyaramd
(Kevl ar) woven |l ayers, the thickness of eachrlayer being | ess than 0.06

I nches, bonded together by the pol yurethane naterial. 20 5. The sol e
according to any one of the above clains CLAMMS erised in that the

polyaram d fibres conprising the polyaramid (Kevlar) |ayers are interwoven

wi th polyester (PET) fibres. 6. The sol e according to any one of the
above cl ai ns charfact eA Blest and, fragment resistarg POIYCStmfymlme&bﬂseﬂrP@Whom y

coated with poly At #
7. The sol e ag@%rgnﬁﬁ%g any onem%m?ﬂ:z ove c a?e?rsﬁélgﬁg?ﬂggtﬂé% ﬁ‘s\é%%
that the polyar ammbeddeb rthmugmthp rentirersplet dnd ip obl;amsadmﬂat(lmv boe yzowexymlysaranel

h
and fragment 1 osREUR L5 JBEoeteRESr iyt ISF vipn ox dongh 8 17 of wer sl oui
conpri sing enbedded protective material characterised in that the mat eri al

is 5 enmbedded t hr h the entire sqle, a S CO ed . of Ieast onhe
| ayer of woven pétyar 2RF doleiaecarding tegpimsl, q’!‘f@"ff@‘ﬁ%’r&/&é F%d mategial

than or equal to0 céfmise?ofP6he GiitiTobyarhid (KetRr)PRbvealayer,Ciht itkitiatesdef Whichhs Bl ¥
coated with oI yester and/or pol yether- based pol yurethane prior to weaving
of the pol yHt am deastQ:@7 inches. = 2 The sole according to claim 1,
characterised in that the enbedded material consists of one thick

polyaram d (Kevlar) woven |ayer, the thickness of which is at |east 0.07
i nches. 3. Thé. sol &hesole bhitlaing 2\wherein thet thisk polyatamid layer eansists| ofypundles of

consi sts of bundlpgﬁ'a%id in crowfoot or leno weave with 70% to 90% in the X-to-Y direction and
10% to 30% in the toe-to-heel direction.

15
4. The sole according to claim 1 characterised in that the embedded material
includes at least 3 polyaramid (Kevlar) woven layers, the thickness of each layer being
less than 0.06 inches, bonded together by the polyurethane material.

20 S. The sole according to any one of the above claims characterised in that the

polyaramid fibres comprising the polyaramid (Kevlar) layers are interwoven with
polyester (PET) fibres.

6. The sole according to any one of the above claims characterised in that the
25 polyaramid fibres are thinly coated with polyester and/or polyether based polyurethane

prior to weaving.

7. The sole according to any one of the above claims characterised in that the
polyaramid fibres comprising the polyaramid (Kevlar) layers are interwoven with

30 carbon graphite fibres.
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15 polyaramd in crowmoot or |Ieno weave with 70%to 90% i

direction and 10%to 30%in the toe-to-heel direction. 4. mumm"mm““'
according to claim1 characierised in that the enbedded material §néludes®
at least 3 polyaramid (Kevlar) woven | ayers, the thickness of each | ayer
bei ng 20 | ess than 0.06 inches, bonded together by the pol yurethane
material. 5. wooswesssol e according to any one of the above ®@carsGs6/00001
characterised in that the polyaranid fibres conprising the polyaramd

(Kevl ar) layers are interwoven with polyest®#® (PET) fibres. 25 6. The

sol e according to any one of the above clains characterised in that the

pol yarami d fibre& conphe seleaccerding tor anyrongi of thielpims 1 19 § rbaractgtised; igthat\thg en
with carbon grapkyj ' o1 r 0 LAbat ERbRikd 'fble® any one of
the clains 1 to %‘ﬁg%g{?%?l?lségm?ﬁ attkllft (tmﬁ-eﬁk%rrbedded gra erial includes at

| east one | ayer of carbon graphite fibres 10 8. The sol e according

to any one of th aborlﬁ ' ﬁ% leSECnk Rbdvaddiaiin Cnedbeddad jals
i ncl ude at Ieasts'one ayée%rléi(%%%m ?ﬁw{;ﬁes. 9. gl"ﬁﬁ sol e accoFl II’%SLB o]
cl ai m 8 chasact eembetided matekials ihdhadendt deastonef layer ©f minerali fthre of ceranmic
fibres. 10. The sol e according to claim8 characterised in that the

m neral fibres consist of S-d ass fibres.
10.  The sole according to claim 9 characterised in that the mineral fibres consist

of ceramic fibres.

10 11.  The sole according to claim 9 characterised in that the mineral fibres consist

of S-Glass fibres.
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