?096531 PLASTI CS MATERI AL MESH STRUCTURE Definitions The term

~"substantially uniplanar" can include material exhibiting sone biplanar
characteristics such as integrally extruded net where the'strand central
‘axes lie in two planes separated by about $0% of the strand dggghaﬁ.

) "rectangu?ar" i ncl udes square. The term "parall el ogran" incl ude¥

- T horbus- shaped, rectangul ar and square. The term”smaller” when p

. the openi ngs or recesses neans that the periphery is of shorter |
telup "orientated" ‘means nol eculPaASHICSI MATERBALLMESH ISTRUETUREAl , when an

orientated strand is referred fo, the preferred d|rect|on of orientation
i's longitudinally of the strand. The teérnms "unfix" and "biax" mean

uni axi al 1 y-stretched and bi axi al | y-stretched; respectively. The terms "N—S‘

red to
h. The

gﬁerm'

and "E-W nean "north south" and "east-west” and normally correspond to the -

“first 3hd secBﬁEEEEﬂﬂﬂﬂn ons, whi-ch are also referred to; These terns are -

used for convenience to denote two directions at right angles on a starting”

‘material or mesh structure. 2 Were "E-Wrows" are referred to, the rows
‘are those whi n «Op. Al i4qhq St rands
~in an E—Wrow?a%%hﬁt%g#s}te 3&@%%&9&4 E'ar? 1% ﬁiﬁi.ihg%é}éirat }"%n s

' be|r1g ~ some b1p1anar characteristics such .as 1ntegra11y extruded net where

the strand central axes lie 1n two planes separated by about 50% ,
of the strand depth.

The term “rectangular" includes square.

The term “para11e1ogram"'inc1udes rhdmbus-shaped,_rectangu1ar_and"7

square. -

The term “sma11er when referred to the Openrngs or recesses means

that the periphery is of shorter 1ength

'_ The term "orientated“'means moiecularly'orientated.' In general,
when an or1entated strand is referred to, the preferred direction

of orientation is 1ong1tud1na11y of. the strand.

The terms "uniax" and “bfaX“.mean uniaxia11yestretched”and,hiaxia11yestretched,

| respectively.

‘The terms "N-S" and "E-W" mean-“north;south" and "east-west" and
normally correspond to the first and second directions, which are
also referred to. These terms are used for convenience to denote

two directions at right ang1es'on'a'starting material or mesh structure.
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described, the first effective stretch isin the NNS direction and the

second effective stretch (if any) is usually in the EEWdirection. However,
dlractions are only notional, and the actual directions on a '

machi ne can be chosenszSU|tabIe - for example the N-S .

"can be machine direction: (NI» transverse dlrectlon (TO., or'any

other' stitable direction. The terns "thick" "thin" "and "thickness", refer

to the" dlnen5|on normal to the pl ane of the’ naterlal or nesh structure and
the t &there WEDW rows facnesref@rr% tappthﬁorpve& aregithepeiwhich iextaed pl ane of the\w’

f | f

he. mntid FoRiqirset on #{honat Hhe. {:'Bﬁii@éa ?ire; eﬁﬁiﬁ?ﬁkﬁ%ﬁégrlﬁe :r ’

: | T t t t :

| ?ﬁ?ﬁrkhigt?otrer#ﬂé%i% RS R ?'9"05%5? g faBaM cages ~ e

| Pa”"ii‘ék@n“i'%g Eh ! @i‘ﬁ&o'ﬁﬁet@h f'{]" 5@&?{&1'&9 il ussi ng where
0]

they isSue a aces’ e She have a "pin- cushi on"

'Crossmcgécena é’i"f&é‘tirv@' §€f§t€ﬁ‘9ﬁ? ﬂiﬂ 'l?"ﬂ%ga??;teiéet‘ilgtthﬁdipé&'iﬁﬁss or depth

w |l .be as neasured i nwardly .of 't ralse retch rati.os are either:
gi Ven Howevew, | titise” 8Trecbomst 8A0 @nly notfond1§Vard ehdiaceia0Ri Fidi8hs ands, they
are neasured by measuring the distance noved by the.respective ends of t he -
openi nysa anodudﬁion maictiénecah e shosemdas sﬁhtamat+oﬁoraeﬂmp$e rghesured after:
relaxation. =~ 3 "PP" is pol ypropylene and "HDPE" is high density .

pol yemhgldimectiﬁnecde}beelmhdns drection ﬂ@desbams#ersfeodrmdtbgn t he appl i cat i on

- (1D}, or any other suitab1e direction.

- The terms “thick“; “thin“_and."thickness";refer~to'the dimension
norma1 to the_plane of the_material'or mesh structure and the’terni
“widthf'refers to_the apprOpriate:dimension in the piane of.the'materiaI
or mesh'structure. 'The thickness of the'starting materiai or of
the mesh structure fs the distance between the extreme faces of the
material or mesh structure. The thickness or depth of a strand is
the thickness of the strand cross-section, but ignoring raised edges.

- Particu1ar1y if the original holes or depressions have no radiussing
where they issue at the faces of the sheet the strands wi11 have
pin—cushion cross-section, with raised edges and 1ower centres,

_the thickness or depth wil]_be as,measvred inward]y_of the_raised

edges.

'Stretch ratios are either given’ overa]l or “on the strands .--If'
they are given on the strands, they are measured by measuring the
_distance moved by the respective_ends of_the openings on either side

'. of the strand.. The'ratios_are as]measured after relaxation.
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pressure. Background of the Invention The present invention relates to
integral plastics material mesh structures and met hods of producing the
structures. (GB 20035 191A and GB.2 073 090A describe first generation nesh
structures, whi ch are respectlve[y bi ax ‘and uni ax..,” Al'though the first: :
generatlon structures have been successful ,commercially, it is poss to
“inprove their properties. .For _|nstance '?I entated PP has very “Jb
properties at |ow tenperatures, but is very-susceptible to cracking<e B
spkthlng i f bent al ong bend i nes runni ng parallel to the orientation;
increasing the stretch ratio in HDPE structures inproves the physical
properties, but stretch ratios on the strands in excess of around 8:1 gives
‘the sane CraC"‘PI"giQrpo‘i?ppr'i'Qn@ra%”"@IDPE" Hdr kiyar BddsIty i golyetigaené.abl e to
“increase the tensile strength, the Young s nodulus, the resistance to |ong
termcreep and rupture, the relative stiffness and the tensile force: per
~ metre width per kilogram the latter is a good paraneter.for neasuring nmesh
structures foflheaiepressdonsiaee endti ngressariiyt formedrhyythe agpl featiorwfarly in
‘just one direction. . 4 The Invention The present invention provides
structures aspeeasuresth in Clains 1:7, 14. -15,-17. 38, 39 and 40, methods,
as set forth in Clains 20. 21. 34, 36 and 41. and extends to a conposite -
structure as set. forthin 5 any of Cains 42 - 44. The remining C ains

set forth pr eEaeékrge_gque% rheeslr?\jenti]e |nvent|on

'-The present invention relates to integrai p1astics materia1 mesh
structures and methods of producing the structures. . GB 2 035 191A
~and GB 2 073 090A describe first generation mesh structures, which
'are_respective]y biax_and uniax. Although the first generation structures
have been sucCessfui commercia]]y, it is possibie to improve their | |
.properties. For instance, orientated PP has very good properties
at low temperatures, but is very susceptibie to cracking or. splitting
- if bent a1ong bend 1ines running para11e1 to the orientation,n '
eincrea51ng the stretch ratio in HDPE structures improves the physicai
properties, but stretch ratios on the strands in excess of around
'8.1 gives the same cracking or splitting problem. Furthermore, it
is'desirabie-to increase’the:tenSileVstrength the Young's moduius,
the re51stance to 1ong tenn creep and rupture, the relative stiffness
' and the tensile force per metre width per kilogram, the latter is
- a good parameter for measuring mesh structures for many uses where

high strength_is required, particularly in just one direction.

4\



The structure of Claim1 is a biax structure V\/nereas the-struct]tcj__résaiogs .

-Claims 7, 14. 15 and 17 are uniax structures. - The structuresto & i oh
(T 7 are in.general nmade fromsinlar starting 10 ma eala Mone

" howevef!s fler in the relation of the grid of primary hol esfor tﬁpress

| Y chi ng di rection. Thq normal .starting material for e

ct-0Ces
ftezz'ltjangul ar grid, and t he starting material is stretched in a direction’

substantially parallel: 15 to a side of --t?e' ?nr'l d:t_ tS:J(r:]g ?nta?;: ggsna;ﬁ(rjl glrz\._/
' ferred to colloquialtly as “square fornt. star _
' ?(ra]?e;(raetdné QI nRBnGLEHN 'ig t he specificatlon the st][uc';ﬂurets ﬁgtoglrjggd fr[]gmth.e_
-ostr :
ing material's being referred to as "square for
_ﬁfﬂr; gtartlng material for the structure of Claim17 has the 20 pri ry

rallelogramgrid, and the starting material is
ler 2tscﬁ2déj?lr%ggéu§% (rggc?'ftd'r?nsgﬁ ‘ia’l'éﬁfl%ﬂ%“ﬁ“b%ﬁsalaﬁe#e'{ Goathiliagomﬂmsoi the grid.

: | y. d as "di.amond forni
- Such startudn 1smue|;|jad S 38! £nd Qb hERol - &OLLQ ﬁlh ,
S?gl‘tl n mgt gl‘l als, and are.referred to as suqﬁ4 ¥?1 248%i%0%-c2}i on, the :

e he stcampo erratarotaks heisag Ffearigd to as
E“ruct lrjui,yf B:smjiéggfﬁlrg?mq ° z;(mStsrv tures of thesl nvention The .
10 QENc1aihb asran{a négq] ‘iliﬂﬁgﬁﬁfﬁ §P RS PgetRFDedar st rength

proovi si on.of only three stran

nged .so .
and i nptRatuses @fgthe dinvearion.uncti on, and the structur_es can be- arra.g |

that they rupture across the strands and not- at

The structure of Claim 1 is a biax structure whereas the structures
of c1a1ms 7. 14 15 and 17 are uniax structures. The structures of
"c1a1ms 7 14 15 and 17 are in general made from similar starting
10 materials which however differ- in the relation of the grid of
primary holes or depressions to’ tne stretching direction. The
normal starting material for the structures of Clainms 7. 14 and 15
has the primary holee or depressions on a rectangular grid. and the
'starting material is stretched 1n a direction substantially parallel
15 to a side of the grid. Such starting materials are referred to
'_-colloquially as "square form* starting materials. and are referred
to as such in the specification. the structures produced from the
starting materials being referred to as “square form" structures
.The normal starting material for the structure of c1a1m 17 has the
20__primary holes or depressions on a parallelogram grid, and the
.starting material is stretched in a direction substantially parallel
.to a diagonal of the grid. Such starting materials .are referred to
colloquially and as "diamond torm“ starting materials._and are _
referred to as such in the specification, the structures produced

25 from the starting materials being referred to as “diamond form®

s structures .

7of Cains 7, 14 and 15 has the primary. hol es or dépressions on a -

hd



the junctions, indicating that the junctions are stronger t han the strands.
The crotches bordering the primry and secondary openi ngs can all be
orientated, thereby ensuring that there is. a ring of orientated mat erj al
ar ound all the mesh openings; the whole str%cture i's then made up of rings
_of orlentated material, which can be very highly * orientated if desjxgd,
i nt ergonnect ed by Junctlons at which only three strands meet. Howe

‘al though each crotch between-adjacent strands can be orientated:in
dlmectlon rrunning round the crotch, there can-be in the crotch a zof
plastlcs material which is substantlally [ ess orientated than the

m d-poi nts of the strands which neet at the crotch, because such a zone .

i npedes the i Bii ZtiwdtuPés dft €wg Iaverdtdencrotch. The junctions thensel ves.
‘can be perel ycontinuations of the sirands, i.e. having no substantial area
~of ‘their own except for radiussing between adjacent strands, or nay be in
~the formwof 'triangular w denings. The biax mesh structures can f sui tabl e
"for a nunber Jhewsoyisiontof Qﬂhhrﬁhré%ulséirﬂ'}dsséh%hej“I“SFi%B}/‘"i% gee \EF@ht

structures, such as garden nettjn can. have.,a goo :
‘However , heaV|séFe"§FPlMdu?'&°°$aﬁt'l939' Gg s]'i i?'ﬁst‘ﬁﬁ tZ‘Q ru]cglgr sng nets

oS Tl A bl W A ???uﬂfﬁre] |
S anconenet PR, g bR DRl b Sticgheidn re
| p055| bl e .t ensigkpafdsgurihe é‘l‘&th@ﬂlb'or@é’ri'ng tHEGpHmaWVﬁde@edﬁnﬁegﬁ iopenings
| | | can ail be orientated thereby ensuring that there is a ring of orientated
materia1 around ai] the mesh openings; the whole structure is then |
made up of rings of orientated material, which can be very highiy
orientated if desired interconnected by Junctions at which only
.- three strands meet. However, a1though each crotch between adJacent
..strands can be orientated in the direction running round the crotch,
there can be in the crotch a zone of p1ast1cs material which is substantiaiiy
Tess orientated than the mid-points of the strands which meet at
'the crotch because such a zone impedes the initiation of a tear
- at the. crotch. The junctions themselves can be mereiy continuations
 of the strands, 1.e. having no substantia1 area of their own except
for radiussing between adjacent strands, or may be in the fonn of |

‘triangu1ar widenings.

The'biax'mesh'structures can be suitabie for a number of;uses;' It
is. particuiariy suitabie for very 1ight weight structures, 'such as
garden netting, and can have a good appearance. However, heavier '

structures can be prov1ded, for instance_for fishing nets or even _



- to prev nt'rutting,'but there should be sufficient strength in the
gctioh of traffic novement to prevent the nesh structure breaking up.

Ay‘ . ‘
3

Uni are Form Structures of theblnvention The uni ax squdre f.orm
stru $ can have high strength inthe direction of the strands w th

- contixugds orientated material extending fromone end of the structure to -
the other. Conpared to.the uniax structure of G 2 073 090A, the uniax
~square formstructures of the invention can be orientated to a nmuch greater
.degr ee by l,yi ng .much .greater oyerall stretch rajios, can.have |ower un
wei ght g?ﬁ‘\'i?gfﬁ?rengeﬁgf*l‘ "sttf’g??gf‘ﬁ_ ; aﬁr%@FErFWi% rég? é‘tsﬁn%gt ®d straighter
. load/e ' C. S, - : af e.l A Y E-. rs.in GB 2 .073
" 090A aé‘}ea%?%{"gér}re upé')e("g&%d?}'gésgglgng@ég%%%trénﬁu‘ghgglltgg\’/vh%aer? %g["zendi ng across

the st ; - Syt d Renfd¥ f \ kb fokding s
unor i eﬁl%liﬁ‘ggl&r?gg%mﬁ%i cﬁ%s%ﬁr;}/ﬁ%tf ?P cﬁ: t)%i‘c?ru_ ?sg\lgmtng gri entated -

. mat er'i grangh@rs@e bP! tFalFfitcmofareat] eIF ok Casphal ®reenforci Ayl thé MM gh&dtdi ng occurs
normal |y by bending the second strands at a |large angle to the orientation,
~whi ch. passibTottenstiat Figuries karepreduiired itnhehe aransieste aidectionhus the ‘mesh:
~structure can be highly-orientated wthout a great risk of splitting, and
can bete qpungvant hutkinggd but thareashbuld be lsufficdantisénengthoimadhei t hout a great

-danger of the mesh structure breaking up due to N-S folding or shear forces
_in thedivestian et ttrafificymavenant, ke prevenththeimesh sfqueturerbnedking uctures is -

for :
. Up.

Uniax Square Fdrmlstructures*qf-the Invention

| The'un%ax'squafe f&rmugt;@cﬁurésucaq hav§ High étfength;ip”the'direction-
“of the_sxréndg'ﬁith cdptinuOU§.orieﬁtafgd materiaI_eXtenqing'frﬁm. L

~ one end of the sffd;turé to tﬁg other, .Compared.ﬁo'the uniax-struCturé
of GB 2 073 OQOA,jthe'hniaxgsjuare forﬁ:struétﬁreﬁ bf_the anention
ca_n'.be' _orr'lentat_éd to a muc;'ﬁ 'g'r-éat_:ér"deg'r'-_ee by a'bplyfing mt_xch ,gr,'ea_ter_‘._
overal]-stretch rétio;,_cén haVé IAQer unii-weiéﬁts, highef fensile”
Strengths,'grgater ;reep resistanc§ and Stfqighter load/éxteﬁSion :
cufves.. A Qréat advantage is tﬁat'thé:E#ﬂ bars in GB 2_073.09OA .
are interruptéd, there.bejng_no continuous_Eéw partﬁ'extending across
the structure. Thus the structure can be foided N;S_withédt fdlding
unorieqt&ted material (which js vgny dfffiéuTt) or fdlding driehfated _
material along fold lines parallélziﬁ_the brfentdtion;.the?qudingf' o
océurs_normajjy_by_benQing the.secdﬁd étranﬁs at a I;rge angle to |
the dfientationé yhich'dOés'not_greatIy risk sp1itting'thé'§ecoﬁd'_
strandé. Thus'the mesh sprdctuéé can be_ﬁighly_drientatéd,ﬁithdut '

a great risk of splitting, and can be roughly handled in use and |



5 strengthening or reinforcing cement or concrete to formconposites.
‘Cement is defined as a mixture formed of actual cement and an aggr egat=e not
exceeding 5 mmin particle size, which aggregate could be for inst
*sand, fly ash or |inmestone powder . Ooncrete is a 10 mxture forne :
actual cement, an aggregate as above and a | arger aggregate which € up
to-20 Mmin partlcle size. The mesh structure can have a stiffness of the
orders-of the matrix, and thus can be used not only as a crack:-control

terial but also aaia db stmeyrﬂmunenemnmterqaiat pamgerded the mesbtlul us is
M enough. In particular, as-a.crack-control material, the nesh -
structures can perstFﬁF&‘é‘ﬂ/\éFFa'&’sWsPEe‘F“e él‘?d"h%l\félti%qaﬂfvéﬁﬁ%@é%ﬁaf t hey
~do not ‘corrode and ;50.g@NRe a0 BnouUt er faces of the cenment or”concrete.
20 Furthernore, they are particu arly useful. in situations where the
cerrenfv‘or concrete nust. resi st expl osions or heavy inpacts. The uniax -
square mesh.structures can al so be used for -enmbanknment and cuttin

'st abi l'isation. | nAnqtRengsecgof she BRiaY [fauare fors, %‘%“5Fb\ﬁﬁj§%§ood _
tensil e strength PreRghLiRhiRG" ol Veinbb EiAGPERmdIN brVElfliacedts Wekh 85 good

~rupture and creep properties. Uniax Di"amond Form Structures of. the
| nvention .. -composites. Cement is defined as a mixture formed of
"actual'cement and_an agg:egate not_exceeding s mm in
particle size. which aggregate ccuid be for instance
sand, fly asn or”limestone powderc Concrete is .a
10 e-mzxture formed of actual cement, an aggregate as above_
"and a large: ‘aggregate wnich can be up to 20 mm in
pa;ticle size. The mesh structure can have a stlffness__
- of the crder of the matzix, and chus can be used not
only as a crack control material but also ‘as a
15 reinforcement mater1a1 prcv1ded its modulus is high
enougn. In pa:ticular. as a ctack—control-matetial,_ the
meen structures canlperfocm'as well as e;eel. and have
the advantage'tnat they do not.cd:rode and so can be
nearer outer faces of the cement or conc:ete
'Zo'ﬂ"Furthetmore. they are particularly useful in sxtuatlons.

‘where the cement or conc:ete must :931st explos1ons or

gheavv.impacte,'

Tne uniax sqna;e mesh structures can also.be used for
embankment and cutt1nq stabillsation. ‘In this
25 connectzon. ‘the st:ucture can provide good tensile
| strength propert;es per unit width per unit weight, as

well as good tupture and creep properties.



'The uni ax di amond form structures can have an excel | ent appear ance and good
tensile progperties in the direction of the strands, and can thus be used
~for instg for sun-shading material, crop-shading nets or even enmbankment

st abi | i'st Preferred Enbodi ments The invention will be furthér
descri bed way of exanple, with r&f erence to the acconpanyi ng dr aWi ngs,
of which: +Qures la to | d show schematically four stages-in the’ production

of a biax square form mesh structure in accordance with the invention, _
form ng a uniax mesh structure as ‘an intermediate product; Figures 2a'to ng
show, on a l.arger scale, three stages in the producti-on of the biax:

- StruCt Ui ax FHGHGRE Forh s%sauémezfofaiﬁe p¢éABa along the lines IID - 11D °
I E - 2q and .2h show two al ternative
uni ax structures Flgure 2| shows an alternatlve bi ax structure; = 9¢ 3y

~ Figures 3a’ ‘and 3b show two stages in the production of a different biaX
squar é nrrermmsaﬁambnweﬂomestrootlﬁekacamenamoheexcemverﬁ ﬁit_’de%r3ﬁce$h0VV5 a second -
. mesh opening of the structure, on a yet larger scale; Figures 4a to 21b _
show f Landhgorodsqen;tiée fmiopelsltiastimgheradieec'aﬂoa aflctheruia-nnds raad ures produced .
therefrom and al so some bi ax structures produced therefron1 Figures 22a
to 22c C@Rothuschemsed far jnstanee for symsshadingamateotalst crop-shadingi ax. di anond
form mesh structure in accordance wth the invention, formng a uniax nesh

~struct d‘reésa&" 8Yen ﬁ!!"b’rﬂ'iﬁﬁi“ht%%ﬂdéﬁ%@"-

Preferred Embodiments

' The invention wi11 be further described hy way of examp1e, with

. reference to the accompanyi ng drawi ngs, of which'-

Figures 1a to 1d show schematica11y four stages in the production
.of a biax square form mesh structure in accordance with the invention,

forming_a unfax mesh.structure as ‘an intermediate product;

Figures 2a to 2¢c shou, on a 1arger sceie, three stages in'the oroduction
of the biax structure, Figures 2d 2e and ZQ are sections along the
Iines IID - IID IIE - IIE and IF - IIF in Figure 2b, Figures 2g

and 2h show two aiternative uniax structures, Figure 21 shows an

.a1ternative biax structure,



Figures 23a to 23c show three stages in the production of the biax dianond
formstructure, on a larger. scale, while Figure 23d shows a slightly,
i fferent startlng mat eri al and Figure 23e shows a second nesh opentng\o
the structwre, on a yet -larger scale; Figurgs 24a to 27b show various:
further dianmond nesh starting materials and uniax structures produced-
‘therefromas wel | as one' bi.ax structure produced therefrom Flgure 28

I f h f t tart r

55 s on o ek HE 38, AR BRESTY, 4h *tigfef‘qﬁtgéﬂﬂtnepte“a weht 50°) s

_ ti | t t th th

Cvent i ont Solshectifh, AP TBRREIELY o FB eI iy AGhOEGqIACI | )
reinforced in %merdsréeanmtbn tr??enmavgrtﬂn@nmae urd, I & §@tltareews&51ecal

-sectlon,throug a cenment or concrete ock reinforéed I'n”accordance w'th
_the invention. Flgures la to Id and -22a to 22c are schematic. Figures 2b,
2d, 2e, 2g, 2h, 21, 3b, 3c, 4b, 5b, 16b, 17b, and 23b were drawn from

5 aboratory samplguses t%ougtilbashoat funthewwarmtfodn ataptingt ineteni atsh and the
sanpl e. The renmmining” Fi gures showi ng uniax or biax structures are

theor etical .  |uniakestresturesi peodeceditberefirion, landeal sahsane bhaW saructunes
profile of the structure extend up and.down the sl ope, following the line
of maxi frum gr aRnogueed itherefaomy | ght angles to conventional contour |ines.
Al the starting material shown in the drawi-ngs are strictly uniplanar,

Figures 22a- to 22¢ shou'schematicaily three stages in the production
.of a biax diamond form mesh structure in accordance W1th the 1nvention,

forming a uniax mesh structure as an intermediate product'

__Figures'23a to 23c'shou three'stages in the broduction of the-biai
diamond form structure, on a larger. scaie whiie Figure 23d shows

_ a siightiy d1fferent~starting materiai and Figure 23e shows a second
mesh 0pen1ng of the structure, on a yet 1arger scale; '
Figures 24a to 27b show various further di amond mesh starting matertals
and uniax structures produced therefrom as we11 as one biax structure

produced therefrom-

" Figure 28 shous.exampies of holes'or depression shapes for the starting

- materials;
Figure'ZB-shows an arrangement for the edge of the starting materiai;

Figure 30 is a vertica1 section through an embankment stabi]ised

in accordance with the invention'- '



having flat, parallel faces, and the uniax and biax structures pr oduced
therefromare strictly uniplanar. Square Form Starting Materials and
) ¢ Figure la shows a starting material 1 conprising a.regul ar

primary holes or depressjons 2 having their -centres on a
~ubstant|ally parallelogréﬂlgrld and, between the primary hol es-
sions 2, secondary holes or depreSS|ons 3 having their centres on
substantial ly t he same gri-d but displaced al ong the di‘agonal of the grlq\'y

at | eaSiguAPBI oK HRVEFI AR dectivh ¢hSoudRCE roal VpPaéd19ePhiforesd hol es or
depressions 2 which are "adj acent in the diagonal’ = sense. Thus there is a

. secondiar ycdurdence wiltiprihesinventiony amdke centre of groups of four adjacent
primary hol es or -depressions 2. More specifically, the grid shown in.
Figure la i's ‘a square grid; The perlphery of - each secondary hol e or&#*

~ depressi on in the starfin | is substanti al the same =

di st afdgure 331 the L’)%"r‘?iﬁﬁia %S%:’mbgﬁﬁ’ Qlfém?%’ijp"n%céﬂe W‘H‘ary hol es- or
depressions 2. The startin s-stretched N-S. i.e. in a : :
di rect"eéﬂp‘ﬁéFQIiI’ch‘EQT géﬂbft?‘ﬁh&“ﬁf‘l: Reforming. the uniax mesh structure
of Figure 1b. This uniax mesh structure is shown as having first nmesh 10.
openi ngs 4 and ‘second nesh openings 5 whi'ch are substantially snaller. The

uni ax Fiigeressia utot tlldeand522ald:n 220 areseteda tit. f #igures 2be 2d| 2e,nesh structure
of Figure |c, and this biax mesh structure is thén stretched again N-S.

forni fg.t#s Bj_aﬁbsﬁs,bcﬁhr éﬁiflqhsgh?k) pad 228 weye QWNgftﬂ!lhllaW‘ﬁMWat i on. on-

‘stretchi I S i al.
samp ese ougﬁ var at ons were no{eg across the width of the sample.

. The remaining Figures showlng uniax or biax structures are-theoretical;'
In the respective Figures, the-lines-which indicate the profile of
| 'the structure extend up and down the slope, follow1ng ‘the line of

B maxfmum grad1ent, i. e. at right angles to convent1onal contour llnes.s

All the starting material shown 1n the drawings are strictly uniplanar,
having flat, parallel faces, and the uniax and biax structures produced

_ therefrom are'strjctly uniplanar.

Square-Form Starting Materials and Structures- ' | . o “

: Figure la shows a starting material 1 comprislng a'regular pattern [o
‘of primary'holes or'depresslons é'having'thelr centres on a'notional -
substantially parallelogram grld and, between the pr1mary holes _
or depresslons 2, secondary holes or depressions 3 hav1ng their centres

- on substantially the same grid but d1splaced along the diagonal of

~ the gridnby-at least approximately half the distance.between_the f_ 3

primary holes or depressions 2 nhich are adjacent.in_the diagonal:;-

\f\



‘orientated strands, GB 2 035.191A and GB 2 073 090A, nentioned above, can
be referred to. "However, Figure 2b corresponds to Figure Ib. and s
‘that after the first stretching operation (the ex_act_ stretchi ng cong
~are as for structure 5. of the Table bel ow) . - there are zones- 6 0
unorientated material and further -crotch 1zlones 7 of materi al which is _
either unorientated or |less orientated than that of first strands 8, the
zones® 6 and 7 -bei s@ssubsimaﬂttihaté ySthie@kmﬂathawlem Qwanei@nSBahdthmwienge
i Rclined surfaces él ndllmcatgdf ¥ 3 Qad ma eWhg sesymlrrlrserzge or:th t he
~orTéntated zones. 8t %8%%% e St AfjEcy f‘ﬁe pseé’lfl cHs&™ T 1T ustrat ed.
" the cent res of thEpeZﬂnBSalﬁyhame gzhe sﬂawﬁkinessgtﬂ’e Iahesstaqdarreggmr. er'nhal .
Ref erence can be mm ?(% to Figures 331 ei t he profilges f t he .zones 6
o 7 Aot ual tni BRrEbes bk RAGE s EonBS, fille' O, abripablon s EF sBe e S
milimetres. Fhengies: & od Qubenatiailgl theaindgi Aant €0 (LAPPATIPhaEY of
t hough mnuld not  be éssential in all cases. Junctiqns or, interconnecting.
-.portions are fornBFHy* the)fournearaft, PrEBALY (hqlRR GF, APRARSEIIEnE ut ed..zones O
the zones 9 provide the E-Wends. of the interconnecting portions 6, 9.  The

first strands 8 are connected -to the Junctions by short forks, |egs -or
second strands 10The staghing matecial,lis praetehed Nafn dred 13 h@LEeFTdB end

ri ght ‘through thepdssghi @8Sa wide io2t Ele QPIECE0 ARy WnbONALx fiesit st arIdSoB.
~The material of the transverse bars (between the rows of primary holes or

depr essi ons' 2) haSifH5e Hhl yTHECHPIGK MRt IS Gt 1h48°YH 281 Fa¥ERT FEtE BAFY ed
out to f 0" m t heg S@E&ﬁﬂq§t4r @ﬂﬁ%eé&d ﬁm S@&ﬁﬁgs st ﬁl?:.@ilsare substantially -

smaller

_The uniax- mesh structure is then stretched E-W., forming the blax
mesh structu:e of F1gure 1c, and this biax mesh structure is then

st:etcned again N s._fo:ming tne biax structure of Figure 14.

15 Por background information on stretcniss'plastics materisl to form
.orientated strands, GB 2 035 191a and GB 2 073 O90A mentloned _:
above, can be zete::es_to, However, Figu:e 2b corresponds to Figu:e
1b., and'snoﬁs tﬁat sfte: the first st:etchzqq_ope:atlen (tne_exact o
stretching cenditions a:e'as for’strueture 5 of the Tasle below),

20 there are zones 6 of.unotientated mate:ial_aﬁd_fu:ther crotch zones

7 of . mate:isl which'is'eithe: unorientated or 1ess o:ientated than
that ‘of first strands 8. the zones 6 and 7 being substantially
thicker than the strands 8 and havinq inclined surfaces (1ndicated

: by_the shade lines) whete they merge with the o:ientated 2ones 0t

25 :tne sttands 8. 1In the - specific case illustrated. the centreés of the
zones -] have the thickness of the starting mate:1a1 Reference cen

. be made to Figu:es 2d and 2; for the’ profiles_of the_zones 6 end 7.
Actual thicknesseslat ya:idus:poihts on Figure 2b are shown in
millimetres. Tﬁefzcnes 7 are beneficial, actihg.as.tear stdppers,*

30 though woq1d.net be essehtlal in.all cases. Junctions or

intetconheeting portions are formed by



10 being substantially shorter than the first sfrands 8. Arelatively high

h ratio has been applied to codti nuous bands of nmaterial which extend
'y NS right through the structure, a band being forrmed by a first

St A

8 A0

Fi gur e gle eghds ick ne 1 pHcohhidBt 10

coul d be drawn out -by. al

. ot FiRNENG at thé":?(i) .Zﬂg €8rapdbut this

( _ Ing - tarting naterial ave w der second .
strandsg hQe cdnecfid! €o %e?;tun%ﬁaﬁsebflt'(sw{ o §,?|'-'|e§§ drl s¥@fdaDhdan N-S A

bend |ine wthout great.risk of cracking.  On fleXing, the zones 6 do not -

~ bend asig.heyt @i Bl BeSEEul thatd ehe bri\entatddt vmes & @Rterd Fagiis tAbugend roughly

‘at [err] to-their longitudinal axes. Figure 2h shows ‘a slightly different,
HDPE, uthieajunctdbnssandcitnteeconnect thasaligded fii osk tstteardsg8s e TRa starti ngws

material, the exact conditions being as for structure 4 of the Table .bel ow.

| t has madenifloaficthehtiranswexsedbars: dbetwegncthet nows of rardmarye hohesHDPE ( hi gh
density polyeth¥lene£; an averall stretch ratiqo of 5:1 to 8:1, preferably
7:1 to @ depressions dphascery only beerianientatedmbtas dnjeffeetetch ratio
woul d qnl X be .about

presen&Fe Te

z

" His Bscbiing biddareyy ofeBREs aofed ST IR ot e i

4.5 1 if th d i ngs. or, I 3 .
it Jorm give1econd ‘705 el Pesadc GaBH SLios ected 1o, o

Short ortd bl Rlastinfuily Sobser sndf cHBCrAREBRML AR BBl Cnhea

line i sfghkeihetbiPMitfo Wa8heer! &ip17Ed 'td 8o4Ruous bands of mater{al

. which eXtend'geﬁeralIy N-S right tﬁfough the structufe,-a band being
formed by a first strand 8, a seéﬁnd strand 10, a zone 9, h.second
strand 10, a first strand 8, and so on as indicated by the dashed

| line in Figureigg, sectibnéd in Figure 2f; there 15'3“5119ht_1ump

:_or;th1Ckening at the idnés'9 but this‘cbdid be.dfaﬁn out hy'aitefing
thg.starting mateffé] to_havg wider_sécohd strands 10, In-spife'
of this,ithe:structﬁfé Cah.be f1exed'about.an-NeS_bend:1iné Wifhout | __._
great. risk of craékipg, On flexing, the zoneg's'dq ndt'bénd;aﬁ'they
are discontinuous E-W, ahd'the'SécOnd.straﬁdgulo bend fbugh]y at

45° to their lqngitudinalzaxes.'.

Figufe-zh.shdhs a'sTightly different, HﬁPE, uniéx mesh stfucturef_ |

' whigh_ﬁas.madg.from ihe'FiQure 2a starting material, ihe exactt¢ondftiohs
being as for structure 4 of the Table béldw.._It'has_Béén'fouhdltﬁat

_'1h order tb'prOduce ;hiﬁ strﬂétﬂfe in HDPE (hiéﬁ'dénsigy_pbjyéthylene), -
an oVéréTi sfretﬁh fatioiof-SQiuto 8:1, préfér&ﬁly_le to 8:1,1¢an -
be applied (the:p6ssi$]e'méximdm-oyéraIIJstretch ratio would only
be about 4.5;l.if the seéondany-bpehings.or recesses 3?Qere dqt'present).
The centre portion ﬁf the'Stiandﬁ 8 will have béén-sabjgétéd_tq_é

stretch ratfo of 12:1 to 15:1.



In Figure 2h the second strands 10 have stretched significantly less tha
the first strands 8. = However, substantlaIIQ simlar stretch ratios ca
obt ai ned on the strands 8, 10 (| ea the strands 8, 10 can be orientate

substantially The setond dagasd) 10y reurdthek-eshoirtenithgn G £ hrlodsscalised ;
depressions 2, 3 so.that the width x of the zone which forms the strands 8 -

(Fi gur.e 2a) i sbyougmbyHnPﬁumaeadtme\PRi.t hTbé dakked dieme \i swhakeln &tongsa thaad
strands 10;.in practice it is found that 2y should be rather less than x
béeatise of thereferred teapevedi vi-ded at “the secondary hole 3. I't should be
‘noted in respect of the uniax structure of Figure 2b that there is a o

tendency to shorten I n the E-Wdirection on stretching, and the second mesh o

' 5 dt h. is incl yd d fo hom/th t this
% SRR 2 Rue e, B ke s Bt g Bl S 8% up

et urea o ﬁé,t?tég“fﬁ%%?taﬁ%s"éidc@n%r. s S FRERR R 5P vﬁgﬁtm ed
first strands apRACHaf | Ib@s gﬁgtﬁn&rexta%w@e geaenatt yu1e sthgatt

dlrectlon the first stran one row are deneral

~ respective firgo @tnrs@obw&ﬁtteahe BEbtah O Shers ey aeg?@e) leaﬁaeatbwctufeSﬁ
~also conprlse orientated second strands. 10, each end of ™ each flrst strand 8

forking into apptihingfofsehemdles loxndigpréSsionshe, 3t soIahit cthel widthex oFonpri se
E-Wrows of interconnecting portions 6, 9 conprising either unorTentated
zones 6 .or zondhke Bomwdﬁchrfamsm}hteasﬂnaaﬂsﬁ KE@rerZa?)nﬁatrmdgMyadouH'ie _'
.md-points - 14,

md-p the width of the .zone x.which forms the. strands 10; in practice 1t
is found that 21 shou1d be rather 1ess than X because of the stress

: being diVided at the secondary hole 3.

| It'should be noted in resoect'of the unfax structure of Figure 2b |
'that there is a tendency to shorten in the E-W directton on stretchtng, |
and the second mesh Openings 5 can decrease in width. Figure ZQ

is 1nc1uded to show that this can occur to such an extent that the
second mesh 0penings 5 close right up in the middie, or even become

closed slits. _

In general terms, the_uniaxlstructuresiof figures 2b, Zd andiZgjcomprise . -
E-W rows of spaced.'Orientated'first strands 8, each first strand
8 extending genera11y in the N s direction' the first strands 8 of
1 one row are generally aligned with respective first strands 8 of
'the-next row (see Figure 2e). The structures also comprise orientated
second strands 10 each end of each first strand 8 forking into a
. pair of second strands 10. _The.structures further,comprtse E-W rows |
of interconnecting portions 6, 9 comprising either unorfentated zones'

6 or zones 6 which are substantially less orfentated than the mid-points



st' strands 8; each interconnecting portion 6, 9 is generally

the NNS direction with a first nmesh opening 4 forned between two
{1/ghds 8; respecti-ve E-Wenkk. 9 of the intérconnecting portion 6, 9
£ the ends. of two second strands 10 which fork fromtwo adjacent
ands 8 of the same E-Wrow, the respective E-Wends 9 of each

interconnecting portjo areal so-connected to. twp second, strands 10-f
. whi crofi she fins éftka’quoﬁy t%ﬁhf'1"rt§f'c%'l“§ﬁtl‘5"98p?ﬁt’9ﬁeﬁo’néxis genena vvy of first

i eSedhe’ ek @chg@gn 4, A5 BRUAI5a£50 AT Al Vodeb© 20 acenis

first? I nt rco g por |ons 6, 9 of

adi acgl ehrell EMRAOT, Phéfe wﬁty%dwwo Smﬂerfceﬂﬁe&wnd strands 10

f or ki ng irst stran e. second nesh openi ngs:
5 ar drefdwee, '91nﬁ?@@m'thaduegmnbfwhsémawam florwiicht fords 8 in the -
irection, bounded in part by apair of second strands 10 which fork
' f rom from twdda@fackht R8T Jtands 8Sbf athd SameFEolirew2theorespepbivds to Fi gure
1c. The second nesh opening 5 has changed shape. The zones 6 (Figure 2a).
have Bxlcend$r Svef @ach immemonsect-jmdspmiorl' loe &caresamohammebte;h stretched aut
(either just before or just:after..the zones 6). .The only thicker zones
r e b0 w0 secondsseands 1 which dndtur forke from dwa firsk $5984s ngs 5, which,
havi n already ‘been oriepntated to formthe zones 9 during the first '
stret&m n@‘%ﬁ%h?r@rﬂ’(‘@@fﬂ&s?kﬁ)ﬂ'a%q | .be forned of orientated materi al

whi ch * however is not as much orientated as that: of the strands 8, 11. The -

overall stretch ratio inparted in the second stretchlng operation (E-VV can

. be 7: 1Jhe firgsq: é)s\he S&Ai n&& r4etag£| l{o?lhdé)d %@?en?ti% ij‘b&% Edjsatcent

first strands 8 of the same. E-w row, two interconnecting portions
6,19-of adjacent E-W rows of interconnecting portions and foor second
strandsllo forking fromuthe ends of'the tmo'first'strands'a The )

- second mesh Openings 5 are formed in genera1 aiignment with respective
first strands 8 in the N-S direction, bounded in part hy a pair of
second strands 10 which fork from the end of the same f1rst strand
8. ‘ | | |
Figﬂre 2¢c corresponds to Figureilgy _Thefsecond mesh opening 5 has
changed shape. The ZQhQS_G (Figure Zé)_have been drawh-oht:into.,_.

_strands 11. The. :Ones 7 have been stretched_out (either just before
or just after the zones 6). The oniy'thickerizones remaining are '
zones 12 at the ends of the second mesh openings 5, which, having -
already been orientated to.form_the zones 9 during the first stretching -
operation'(Figure.zﬁ); wi11.be'formed'ofdorientatedimateriaﬂ_which »
however is-notpas,mUChtorientated;as that of the strands 8, 11.
-The_overaii_stretch_ratio imparted:in_the_second stretching'operation 3

(E-W)'can'be 7:1 if.thezomerali stretch*ratio-mas¢3:1.in the first



~stretching operation (N-S), firstly to allgn the strands 10 and then to~
orientate, thereby stretching the strands 11 to the sane stretch ra ‘
that of the strands 8, approximately equal stretch ratios in the s}
11, or even in all the .strands .8, 10 and 11, being preferred. In “.Jg
.produce the bi ax structure.of Figure 2¢ &8 descrlbed above, there s ould be
no restraint in the N-S direction when stretching E-W In general terns,

the mesh structure of Figure 2¢ has a pattern of general |y octagonal first

openi ngs 4 and second nmesh openi ngs.5 which are substantlally snaller than

e e, 4" SRR Rre bR R} e e M B S e

-common to ast{ éﬁggggéeﬁlgt&\‘;rﬁb“ﬁs#e@&ﬂ hm)u% 6N 1}5‘3%3' thges‘dhrdegsé'e%l?ﬁl by

ori entated are cofmon fo two first 'openi ngs. 4.

Each mi‘sh O%Egélng;‘%ha'i SF %ﬂd@%seﬂdr%kimét@} W3aaN & tRétthakatinsof

orlentated st ch are interconnected at respective

junctions atjpegrd sefandli &h 11)11|dr eéreansiiNathe stegids 8 10hendViE, jbetng i ons .
shown in Figure 2c, all three crotches are highly orientated in the -

di rection rprefevyeds odndortdee tu produce the bihax Bthtunetofoﬁisgurerc @8 the
crotches are highly orientated.in.the direction running round the crotch
but the t hi rdg¢scribedabiove prthene sheuld deanq sestnainbdinethe N-$ ridirec¥iest i on
‘running around the crotch and contains the thicker, less orientated zone
12. The thiveerstrefeing £-Wave been formed by the orientated E-Wsides of
‘the mesh openings 5 in Figure 2b condensing during the E-Wstretch while
'retalnlng sonme of the earlier orientation. The zone 12 is beneficial
because it atmtgemaaﬁeens the mesh ﬁmicsumoeftl-‘riguEe \atshasaaqmttérn;ptﬂ tting

down ' generaliy octagonai first openings 4 and second mesh openings 5 wh1ch :
are substantialiy smaiier than the ‘first mesh Openings 4 (see Figure
153.. The sides of the first mesh openings 4 are formed aiternateiy
by orientated second strands 10" which are common to a first mesh _'
opentng 4 and_to a second mesh opening_s and by orientated strands.
8, 11 mhich’arefcommOnito.tmo first'mesh'openings_4. Each mesh opening
4,5 is bounded'essentiaiiy'between”a plurality of orientated strands -

8, 10 11 which are interconnected at respective Junctions at each

of which only three strands meet. -

In the N-S junctions shomn in'Figureléc,'aii three-crotches are highiy S

- orientated in the direction running around the crotch._ In the E-w'
‘junctions, two of the crotches are highly orientated in the direction

: running round the crotch but the third crotch is orientated to a
lesser degree in the direction running around the crotch and F°9t?f¢5;'
the thicker, 1ess orientated zone 12. The'thicker iones 12'have

tﬂ been formed by the orientated E-W sides of the mesh openings 5 in

Figure Zg_condensing durtng ‘the E-W stretch while retaining some

~of the earlier orientatton. The zone 12 is beneficia1 because it

_ acts as a tear stopper and st0ps the E-W strands 11 spiitting down

A\



the piddl-e. However, the structure may be stretched a snall. anount again

f -\ up to 20% i.e. 1.2:1. overall after stressing. wi t hout - st ret chi ng,
5-\a)ii gn the second strands 10) in the original directioh (see Figure .
‘order to stretch out the zones 12 and produce highly orientated _
pl ast €s 5 material whose origentation .extends ri ght Ttound the second nesh -
.openi hgs or recesses 5 as well 'as right- round the first nesh openings 4. :
The 'bi &Re Pifdet uBEVIPE FEHU FEFISFURRABR YN BR] ST ERS R 2 A2kl FIOURE 38R SRAY but wi é.t/h

Ifess :\H,g dpeed 204 nk edumras w&asmeﬂd dredding! netrels slaeedamaearo the centr

of "a | abor.at or.

l.e. “There om nent E- .
Thi cknd&z3tase fé‘ PAFIRBAE PR NT) %ﬁé"’s ﬁf){/ﬁ *)lndmef’ﬂ%e‘(sfés’ 9Tﬁ%g’tﬂ’esi"3a and 3b
cOorr espoast to sthuls @8t [the atles] €2 @na peloduclchighiyr édimgraved @lisalicsl bei ng | o

di fferent Segq ndary hol es. or pres ns 3. till substantlauwy
spacgd "FF““ °ed e§“c?fty?"h§nr°§ds’pé%:q‘?’v’é’"ﬁot onare” o"?fég ogenlngi%h lie

bet vveerteesldeaﬁeatt "eldeas icightt ppunhghe G\Aestoheqbromtxyssml es or depressions 2.

. 15 The secondary hol es or depressions.3 are generally square with their:

sides aligned with the stretching directions. i.e. stated nore generally, :
t he sedBhdfY sHEICEY 0Pt Abpiresdi Wisnadle At tefohlati ol Bl @ice Asd THAVELR first two

0pPOSi higes NOLTeMRAER SRILAS tRAIsbSon@X{zCif sERUIRE Abbihgtteak i @Bt eean 66 2t O t he
direction of first stretch, and two further. opposite sides whose major

parts J@PUREUNAARPHnTRAFY 8 & BoSegPRoRiAngE RsW a3 iermentyi rBEFFBA® 8¢ second

st r el Karickb GoSivsaivdSsidun id sWidinktzdsn Fi gure 3c are not all of the same
t hi ckness, the strands 11 being thinner than the strands 8. 10 and there
- being a rapi d thickening at 13. In. addition, there are slightly thicker"
porti ommsgukds i3a 4ndellr cotrekmad ato tiveresolaend 1gfort b sxacetadttnyshauepmi ng S.

al though,Abl diBR3G2S Hl0lebiie?h616 bl laof ShahY S Xedlbpithy orientated in

the directian running
substantially spaced tron the edges of the respective notional zones 3' whicn

lie between and arze tangential to tne rows of primary holes or depressions 2.

" 15 The secondary holes or depressions 3 are- generally sguare with tneir sides_
aligned with tne stretching directions. i.e. stated more generally, the
secondary holes or depressions 3 are non-circulat and nave a first two_
'opposite sides whose najor parts extend generally at :ight engles to the
direction of first stretch, and two further opposite sides ‘whose major parts

20 extended generally at right angles to the direction of second stretch. The='
strands 8, 10 and 11 in Pigure 3c are not a11 of the same. thicknese. the
strands 11 being tninner than the strands 8,_10 and there being a rapid .
thickening at 13. In addition, tnere are slightly thicker portions 14 in the
crotches at the cornere of the second nesn opening 5. althougn a11 these

25 crotcnes are still relatively highly orientated in the direction running

around the crotch.

Pigures 4a to Bb show ste:ting materials and uniax nesh structures made
theretrom. the contouring of the’ uniax nesn structures being indicated witn
snading: No detailed. description is necessary The effect of having tnelslot'

30 hole 3 B-W in Pigure Sa is to have a more_marked zome 7 in the unjax strnctnre [

'(?igure §b). This could be —



- structures nmade therefrom the contoeuring of the uniax nmesh structurg
. being-indicated with shading. No detail ed descrlptlon I S necessary
effect of havrng the slot 30 -hole 3 E-Wilid Figure 5a is to have a nore
marked zone 7 in the uniax structure (Figure 5b). This could be . 17
advant ageous if a biax structure is being forned. In order to f or m bi ax
structures, it is not necessary that a structure |ike the uniax structures
- of_Figures Ib or 2b be formed. The biax structure of Figure 2c is forned
byt he rout AYABAIeRTdfise bdax | stueture| ks Reins faedser nitted during the

second (E-W stretch. Furthernore, there was sone E-Wcontraction during

T h®orodnet 01 order, Eh T dflan e BRRS, Y IE R DELSBn EhEP o SullBRREL 0O

(v tha kP apduifis saeReE pPFGue 1B dob FoimedTithe bt oi ve

- substanti al | rarnt. een noted that even w th pronounced .
t hi ckeni ngs st'ruéﬁﬁ'@ of PElsFeS 28 nist Fermednss the (Foulershowk bechdisr uis a danger
that in sone circunstances tHé E-Wstretch can pull .the second strands-10
ri ght apart m-sdrarakatiotnhﬂad ipemti tted dud$nd the segond (E-WHIseretchli Fudthdrimone) y
‘can be-avoided using the starting materical 1 of Figure 2a. -According to
the overal | theretwas somei b—bapphtmdtidmduuingehheatfﬁost durSpaseetchghihidibwn t he
si des .of ‘the secondary ‘hol es or depressijons 3, ust reach the secondary

hol es or derﬁ"éblﬁ*bhsgfs*‘ 6?"%9%15’@*'@\% tge%riap'ls'hdan quuétm!‘,oﬁt yrou‘ld
be more convenient to carry out the first stretch (N-S) in the M

faround'the crotch. Figures 4a to 8b ShOM/starting'nateriaIs and uni ax "-sh

and the second stretch (E-W) 1n the TD. Th1$ would g1ve substantia11y

full restraint.

It has been noted that even with pronounced thickenings or tear biockers
~in the zones 7 (Figure 2b), there is a danger that 1n some circumstances
the E-W stretch can_pu11 the second strands 10 right apart and Sp]it
the first strands 8 up their middle. This difficuity can be avoided
using the starting material 1 of Figure 2a. According to the'overali
stretch ratio app1ied ‘the orientation can pass right down the 51des |
of the secondary hoies or depressions 3 or ‘Jjust reach the secondary
holes or depressions 3 or cause the second’ strands 10 to be oniy
-ipartiy pulled out, or even stop short of the second strands 10 SO
“that they are not formed.- The latter two pos51bi11ties can enable
a good biax mesh material to be produced aithough the stretching | _
is not baianced (more E W than N- S) The unbalance_can be somewhat

corrected hy a further N-S stretch.

Better contrg]:can however'be'proyided:if'the E-W pitching of the -
~ primary holes or depressions 2 is smaller, as shown in Figure 9a.

The reduced E-W pitch prevents the first strands 8 disturbing_the



partly- pulled out, or even stop short of the second strands 10 so that they
are not;formed. The latter two possibilities can enable a good biax nesh

: natery- >t be produced, although the stretching.is not bal anced, (nore E-W .
than*ﬁdglb The -unbal ance can be sonewhat corrected by a further NS, -

stret etter control can howevel8be provided if the E-Wpitching of the

pri mar )0l es -or depressions 2 is smaller, as shown in Figure 9a. The .
-reduced E-Wpitch prevents the first strands 8 di sturbing the .18 EEW
bar because the first strands 8 are t 0o ‘narrow to pul | out the zones (A
i ndi cpiieGanbetauddaheehiest AtrandeBf atdto@imareow ROORAI out lthelit t 0 the '
‘overal | stretch ratio on-the first strech, but good biax structures (rather
| i ke tzénmeseindichtedias ,@c)Thﬁamaberifad)rﬁmlﬁrfchemfmcmniises reflimit The area. '
stretch ratio I's reasonably good. =~ For instance, the overall stretch uatlos-
- on t hto fthesavesalil sdrekeh 51%& enéé'ecﬁirssesveeharbutm@dr biaxestnugdunes gi vi ng

an area Str h ratio For so appllc tions, the | ack of. balance
in the %ggFuWLﬁFe"fOEiﬂiﬁ?l sehcan be ge P'E):I' 8 n$eCong sHetdspond to

Feduc §9e§3$r€€fh P’ s M4E BT chost: 045, 8Ranedica B BBRIS 4 MSnocan
oL SEeRen lcTod ) e PR ghf s EDLP SbrBlcnbl S4roh 3, ey ACT) cveq oven

with.a larger he pri pressions 2. .Fi gures

11la tpestEetﬁJe@w GitAd A9 AFaCELrdteh WHtsh ¥ 21468' EgYedomé TappiiTca¥

and the uniax structutes.  These need not be described in detalf "However,
t hey tﬂd Dadkr aFebdliante i thie b@h:e%teucmerﬁﬁaemme.

Figures lqg.and-lqg'correspond.to Figures 9a andeqb,”but'in the case .
of Figure'ng,'the'distance ¥ has been reduced by having slots for
the secondary,ho]es orddepressions-3..,Though not~shoun,'this uouldr -
enabie.the effect of Figure_sg;to7be;aChievedﬁeven'with’a']arger*

'E-W pitching of the primary_hoies or depressions 2.

'Figures 11a te 15b show starting materiais which are designed for
‘uniax. structures and the uniax structures. These need not be described
in detai1._ However,_they i11ustrate that third hoies or depressions
15 can be pieced between adjacent primary ho1es_or_depressions.2
in the same row, in.effect dividing each first strand 8 for part - '
of 1ts iength into at 1east two s1de-by-s1de portions 16 which extend
in the N-S direction. |

Figures 16a to 21b 111ustrate starting materials which are primari]y
for forming uniax mesh structures and the. uniax mesh structures
formed from those starting materiais. The Figures need not be described

in detail. “However, in genere1 the bar between the secondary ho]es

6ﬂgruct11res S



into at least two side-by-side: porti.ons 16 which extend in the N-S
‘di.rection. Figures 16a to 21b jllustrate starting materials which are.

pri marily for forming uniax mesh.structurgs, and the uniax nesh structures
~fornmed fromthose starting materials. The Figures need not- .be described
in detail. However, in general, the bar between the secondary holes
19 _or depressions 3 s vveakened or reduced in mass by further holes 17.

In effect, tbe depressions dhis wealeenedt be reflucadndn maskchy furthepriwdesons 17
form ng further mesh openi ngs 18. In this case, each interconnectin

portion 6, 9lherfeLffpet, 6h¢ )ba(f‘V\bt@é@'E%stSsr AheFurthen H@°§e€6rﬂ$95?-‘rsdgﬂl% 10
forking fromtwo adjacent fir ttand e, sane E-W
int elrcg'r'mect }%gfom}r{g gp]rt@eglnejs& 2 ﬂgﬁsnr]rg Be%sfsﬁsﬁ’ ro%ﬁ?ﬂbecﬁ"égnd

15 can be pl aced between adj acerit pri rriary'hol es or depressions.2 in the
same row, in effect dividing each first strand 8 for part of its -@ o
-‘-“

o §"F < gonepatiian o1 rSRE Wi r@zp@rv S%ein%rsvﬁﬁst B O SR Rl "
4 and the fugg %rkr@f]gr&mnb W jacent i‘ﬂ'stthFﬁ'aﬂastS ! e SHRCE-E ofcess 17 s

preferabty formed menbrane can be . left 1nt openi ng

18. 1t woul ghdqnt&RBnAdtAing 3eorticH 8% HAVERG oRNorR0E1de0R ﬁ:«%tnﬁespowmh@d on
one side with the respective interconnecting portion 6,9 of the next E-W

row by nmeansé4adndt uw thersthel| 3ideatisd Ifertheermesht opendng 8. d Ther twtscdrhecting:
extending in the NS direction. The second and further nesh openings 5, 18
are in E-Wrpoﬂioea&;hQsmlgenm‘lhn\a'lrigneﬂ ﬁartlutﬂ-rﬁgdéeemﬁdn aﬂdhfthetﬁ'brStnesh
openlngs 5, 18. The
- mesh opening 4 and the further mesh opening 18. 1In this particuiar :
case, a recess 17 is preferab'ly formed, and a membrane c_én be left
in the further mesh openi ng 18. - It wod'l“d be seen that each interconnection
; portion 6,9 is connected on one side with the respective interconnecting
portion 6, 9 of the next E-W row by means of two general 1y ‘parallel,
orientated third str_an_ds- 19 extending in the N-_S direction. ‘The
~ second and further mesh'openings S; '18_ are in E-W rows, each such
‘row having _a'Iterna.tin__g 'second and further mesh openings 5, 18_'.' Ihe .
~ second and further mesh openings 5, 18 are'seperated by respective

further strands 19.

The. starting material of Figure 1_93_ 'i'1'|ustr'at_es that the secondary
hole 'or depres'sion-need not be' in "tne'ce'ntre, and can be divided,

two secondary holes or depressions 20 being shown in the middle of
the group of four primary holes’ or depressions 2._ The second mesh

opening is Tikewise dwided i nto _two,_ shown as 21 i n Figure 1.9_9_.

-



nd further nesh openings 5, 18 are separated by respective further
9. The starting material of Figure 19a illustrates that the

hol e or depression need not bein the centre, .and can be di vi ded,
idary. hol es or depressions 20 bei ng shown in the mddle of t he

. group of four prinmary holes.or depreggions 2. The second nesh opening is

|'i kewi se divided into two, shown as 21 in Figure 19b. 20 In the conplex

starting negeichdl cdaipllk GBYal ¢ 28k mattgeigloloe gl so e s pdiQwn. or could be

somrewhat bigger or could be.a slot aligned NS as Tn Figure 4a or aIrgned\_J
E-Was- in ¥¥§ut¢ bpyassshopap| o Teuld gie- mng'tafabiﬁegr ves-‘details of the -

D Sompar ot I e e Lt R B S S0 her cho et ructures

‘a conparative exanp I'n Jaccordances with
2'to 5 are&-@specrn Vetryre 5al0 accordance with Fi gures 4h. 5b. 2h and ;E,
descri bed above. In each case the holes (structure 1) or the primary holes

2 (structures 2 to 5) in the starting material. passed right through t-he
-startings metagleal , were circulFar and were on a square grid witha pitching
15 in each -direction equal to- doubl e t he draneter The di ameter of all the
holes was 12.7 mm In the case of structures 2to 5. t he secondary hole 3

passed T ghthe following Table gives details of the production of
'five ditferent uniax_square-form ‘structures. Structure
1 is.a comnarative eranple.in accordance with GB 2 073
O90A._whereas 'structures 2”to 5 are respectively in
10 accordance with Figures 4b, Sb. 2h and 2; described
' above. In each case the holes (structure 1) or the f-
B 'primary holes 2 (structures 2 to S) in the starting.l
'material passed right through the startinq material
were. circular and were on a square grid with a pitching
15 in each direction equal to double the diameter The:
diameter of all the holes was 12.7 mm. In the case of
structures 2 to 5, the secondary hole 3 passed right
through the starting material and its centre was
equidistant from the centres of the primary holes 2
20 around it. The length of the maJor axis of the |
| slot-shaped secondary hole of structures 2 and 3 uas 6.3
nm. The length of the minor axis of ‘the secondary holes
3 ot structures 2 and 3 and the diameter of the
secondary holes 3 ot structures 2 and 3 and the diameter E
.25 of the secondary holes 3 of structures 4 and 5 was 3. 175h'
mm. All the startinq materials were stretched at 99°C.
The relative stitfness in (gigaPascals = Newtons/m -
x lo ) was calculated at 40% of peak load, and

corresponds approximately to Young' s_modulus. ‘N are

30 Newtons. KN are kiloNewtons.

-



t hr ough t he starting natefial and its, centre was equidistant fromt
centres of the primary holes 2 20

a.oNnd it.

-

- The length of the maj.

of . the. sl ot - shaped secondary. hol e of -structures 2 and 3 was 6.3 mm e
l ength of the minor &xis of fhe secondarly holds 3 off strugtures 2 and. 3 and
the dianmeter of the §$ %Bdary hol es 3 of] strugture gs 2 -apd 3 .and the
di aneter 25 of the seﬁ? ar yi hal es 3°of.stﬁucturgs,z,ang'ﬂ m@s.3.175 nm
Al the starting nmate & &8 wera stiretchdd &t [ler®] Theaieljative stiffness
i n i gaPascal = New @ﬂ’ﬁer rl x ljo ) was cal dul ated at™ 40% of peak load.,
and corresponds apprDX|ﬁhter,t0fYoung“s moduljus. N are 30 Newtons. KN
are kil oNewtons. 272 The Tablfe 1TTystratgs thel|superiority of
the structures of :th ent} on ovier,,, thosg of 2,073 090A. The good
properties of -struct > arfe felilevgd tlo He duegto|orpenfating the second -
strands 10 to subst aft I'y thg sanefdedref ag tHe flir& jtrands;B. In5 " .
general: terns.. the plifery hjol es A wer e on a dqquarelgrid at 2w pitch and of -
W dth (E-N) and | eh'g"h"g?g)- W—Trre—seqgomdary—trotey—3wete significantly S
smal [ er - having a wi mc nd fengtH of wid. - | : -
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‘Dianpnd Form Starti.na Materi al s and Structures For Figures 22a to 22c. the
ng material 1 has a pattern of 10 primary and secondary hol es or

|ons 2. 3 of dianmond form The perlphery of ‘each secondary hole or .-
“on 3in the starting material 1 is- substantially the sane di st ance
e iperiphery of each of #he four nearest primary. hol es or depre55|ons
. The st h I u ) rdeSudeDidel &le Y Stretched in the
-15 NS %‘?{é{:bt | %r]im%rg{) Scﬁh%g&ﬁﬁﬁoqbrguézfﬁgi of ‘|’g°8r°te‘ b where the inclined
zones 22inventdon PNet lthoadi eyGRE 673 PAwedhe taed iPRdueFties i nary hol es or
depress'S’%ﬁc&:b@vgrebﬁgﬂa%rgGb%qe%toﬂigﬂﬁtiwgne bidoph s3kdRdS 23. - The NS

zones 24 between.the -secondary hol'‘es or depressions 3 adjacent primary .
hol es orl%&preakesaptially Kis 82890899799 a8 hp Kidse §E7ARES iBnt JPshort, - second.

strangds ginefdibgerss, cwtpe{mme@;.ed Jaye toh'£'§&fa:3Qﬂ‘@§ U zbbalE 26 of
~unorientated material which ori ay I n _the zones- 27 between the

. secondar3Pdng 8dth, (BgH}and Jepgrd 8&' ﬁhé tFFBe S8repeath PP gh¥&%ri mary holes or
~depr essi oigaiAcadtly @alied; davingtd ebach davesagtn othgne is-a band of orient at ed
25 plastics material which passes from one strand . 23. al ong the end or -

edge 28 of .the |nterconnect|ng Junctlon contalnlng t he bl ob 26. along t he.

" second sRiamemd Pdtm g heriahg scedctyzeens. the uni ax dianond form

structures have orlentated fi rst strands 23. E-Wrows -of general ly -

parallel, spaced. orientated 30 second strands 25. each second strand 25

ext ‘endi nb""'l higupes RggstﬂF?,é.cttpe)ﬁta:uinngatenal 1 has a pattern ot

10 primary and secondary holee ot depzessions 2, 3 of diamond to:m

The periphezy of each eecondazy hole or depression 3 in tne starting
. material 1 is substantially the _same dietauce r:on the periphe:y ot
each of the tou: nearest primazy holee or depreesions 2. The
sta:tinq material 1 (see riqure 233) is initially stretched in the
15 N-s direction, p:oducinq the structure ot Figure 23b where the
" inclined zomes 22 (i. e. on the diaqonale) between the initial _
-prima:y holes or depteeeions 2 have been st:etched out into long.
first st:ands 23 .The N-S zones 24 between the secondazy heles or
depreeeieus 3 adjacent primary holes or dep:eseions 2 have been o
20 stretched out inco sho:t. second st:ands or ribs 25, 1nterconnected
by thicker zones or blobe 26 of unorienta:ed -a:erial which
~originally lay in the zones 27 between the eecondary holes or
depressions 3 and the adjacent“eiiqeed b:iha:y:holes or depieseiens'
2 in the N-8 ditectied._ ﬁoweve:; there is a band of orientated
25 piasﬁics maceria; which passes from,oee.etzand_z3; alodq theﬂend:o:
edge 28 of the inte:cennectinq:junceion containing the blob 26,

along the second strand 25, aqd;ee ou.’

_In general terms, the uniax diamond form structures have orientated
first strands 23, E-ﬁ goﬁi of qene:ally parallel, spaéed. orientaﬁed .
30. second’s;zande'zs. each second strand 25 extending in the N-§

.direction,



the respective second strands 25 of alternate E-Wrowus bei ng generally
aligned with one another. There are .al so E-Wrows of |nterconnect_,
y ;2

. portions 26, 28 which conprise unori ent ated zones 26 or zones 26
substantlally | ess orientated than the md-points of the first stfia
‘The i nterconnecting portlons 26, 28 nergegwith the ends of pairs of
adj acent second strands 25.in any E-Wrow of second strands 25. Pairs of
adj acent - second strands 25 in the sane E-Wrow interconnect the E-Wends of
twQ_al i gned interconnecting -portions 26, -28 in adjacent E-Wrows. The
second nesh dpemespectiversecoatIsthandsd@sl afyaiternate Ergorowschéing gemeraldws 26,
28 and two second strands-25. -The second nesh openings 5. are in E-Wrows.
The second médhgnedewilthngre anothex t ihene eare- AVs00Bei aows pEndatarconnectinged

wi t h-one. anot her, in direction. e respective second h openlngs
5 of s(ccessiPPEL °I95V@41 hgl_"ﬁé?'é @FB@@SH‘!&P" S%tac?GHsN!SFegf PR Z9%es I@-%

0SSN, VRSB ARAFAS: FRTARbET AR L T
Tovs. “which ingher RS0 R Shediopfecrifiy %w&r&gg@ 24 .nfrgs%hdered in

the N—S direction (see e zon Wwhere 't strand 23

merges. with 3h@3érhscdi‘ ﬁEir%nGFlza%fihéerFt' Qét?onhostr*&ﬁd?%eiHm&eElm?oﬂ'o'fgned

.second strand 25 nerges I rst mesh openi ngs are” bounded by t

pairs of firgeceid sBkmde25.a MAirs 6f adfaend s‘écbﬁdldﬁ:raﬁds @5 L1 thé damé- Wrow
f our |nterconnect|ng portions 26, 28 from adjacent E-Wrows and two -

i nt erconnect ERY roar intersorihect Xhef E-Nnentis ofetwo &1 Wnedv\ﬂltencmrtebﬁngm de of
the flrst mentioned -E-Wrows of interconnecting portions 26, 28.
_ portions 26 28 1in adjacent E-W rows.. The second mesh Openings 5
are each,bounded hy two interconnecting portions 26, 28 and two'second':
dstrands 25. The second mesh openings 5 are in E-W rows. The second
'mesh openings 5 of alternate E-w rows are genera11y aiigned with
one another'in the N-S direction. The_respective second mesh- openings,.
5 of sucCessive:E#N_rows:are staggered, as considered in the N-S
_ direction. The respective ends of each first strand 23 merge with :
the E-W ends 28 of two adjacent interconnectingﬁportions 26, 28 of
~ adjacent E-W rows, which interconnecting portions 26, 28 are:staggered '
as considered in-the N-S'direction (see Figure:ZZB) .The7zone where”
the first strand 23 merges with a particular end 28 is close to the
‘zone where the aligned second strand 25 merges. " The first mesh
,openings 4 are bounded hy two pairs of first strands 23, a pair |
of second strands 25 in the same E-W row, four interconnecting portions
| 26, 28 from adjacent E-w rows and two - interconnecting portions 26,

'28 from. the next E-W rows on either side of the first-mentioned E-W

rows of 1nterconnecting portions 26, 28.



24 Subsequently, the structure of Figure 22b or 23b can be stretched in the :
E-Wdirection the bl obs 26 being stretched out -into further short strands
- 29 (F’?b‘es 23c  and 23e with orientated naterlal runni-ng all- the way round -
- the sefomlary openings.or recesses 5, as well as all the way round the
[ esh openings 4 (see Figure283e). |f desired, the strands 29 can. be
stretched to the sane stretch ratio (on the strands) as-that for the _
'strands 25.. It is preferred-that the two dinensions indicated by arrows -in
Fi gures 23a and 24a shoul d be approxi mately equal , to produce strands. 25,
29 of approxi mat.ely equal Iength Flgures 24a to 27b illustrate further

di ampnd form.starti-n ter| and |ax sh structures ,produced
t her a¥Psgqpentyy cthe ég"“sc aéi b?cﬁﬂ'f@g%'ef’herefrom These -

S 4 50 grtﬂsgs'tﬁﬁt%?ﬁar R 1 P
greaEﬁért'\"s&agMEeﬁ '(Pie‘gtﬁ]%@“zatch ‘Qﬁ%rtﬁcoh tatddCand} r‘i@f YuhfY

depr essi ons el'ng ptlca i gures a and Cenera In gener al
termgty (the Wiy Péurid tREReEoTda? So;semﬁdseoﬁt@’cbsga gRlAY wéit as 25 can_be of

any suitabl e shape. and suitable shapes are di scl 0sed hereafter. . The holes -

~or  dapr enei ways rivndc Bherfa r$© meoh opehingses ofsdeneigire@3a) nggfcan be extrenely .
~small or even be sinple picercings with the sides of tThe holes touchlng |n
-t he desirmdng:heastnandt .29 Tare bepgratamest tofthe - same stretch ratio

(on the strands) asuthat for.the,strands 25.. It_is:preferred_that

the two dimensions indicated by arrows in Figures-23a and 24a should

be approximately equa] to produce strands 25 29 of approximateiy '

equa] iength

Figures 24a to 27b iliustrate further diamond form starting matertais '
and uniax mesh. structures produced therefrom, as well as some biax

mesh structures produced therefrom. These need not be described

in detai]. In Figures 24a,.25a'and 26a, the primary. hoies or depressionS'
2 in the starting materiai 1 have a substantiaiiy greater N-S direction
than the E-H direction, the primary hoies or depressions 2 being

eliipticai in_Figures 24a and 25a.
General

In general terms,'the hoies'or'depressions-in.the starting material



5 the stretched structure will depend upon the shape:. size. pitch and
pattern of the holes or depressions. upon the thickness of the stakling
material and upon:the stretch ratios.- It will be noted that t
second strands coul d be of equal length. but that it is preferfréfk
the second strands shorter than the fasrst strands. 10 Figure A8 Shbows
exanpl es of shapes of holes or depressions that can be used. For dianond
fornms, one can have elliptical or oblong primary holes or depressions 2 and
ci xcul ar secondary hol es or depressions 3 (Figure 24a) .or obl ong secondary
hol es or depressions (Figure 25a2_. the rraf'%?r axes of the ell igses bei.ng )
‘parallel to th@™nd 8F. WY IS YA BPe B FELEAPAP SPARP AT 1301 °*Fhi s avoids
wast i ng mat er i rdlcesotdr £NBIN @61dsher AeprdskiuhsMiiCh iazk doOzdrm timy E€3b@a.mesiRounded
ends or corners on.the holes or depressions iuprqQve the radiussing of the

o ot heS bet wehi® I* ABnt° STFSRGLY SPAlnes SURPF SARPLe RisrsPuss withither
.strands of - subsiaastoir adneyhgs adouticingt in amd sosdténd ahtaxnal .catie sgeangaeyothol e

or depressign 3.in._ 0...startin er.i preferably.has its pesiphery
subst ant i al ?y'tt%ﬁe&srétr;cg‘eéi.ssttrg‘lgﬂt_é'ée'f‘.'rlg}n eheg'{dp‘ae‘#"lnpﬁneer f/h%, ! esalgﬁ' 8?‘ E%‘hga our
near est pri nmarpathednest che hepeessidensesdions|. fugoherhe ehrigkidserof hd esamwing
depressions 15 ssenf or_ furth 5.0 . depr ian sent,.. these
can have any smua?%'g%?egngh%pﬁg. _&}ee. gé.“ggl Eﬁg‘%ﬁ, %Qﬁﬁgzr% g%t]ez %Sa%gi ‘E‘.‘-tS_E to :
the orientati orrdséerand 28rands deudibe ¢F3equaielafaipedutahahdt tigr medetdrdotgh 45
or 90 . .. = 26 VariQus ' Y. | opn..Sl zes e_used. ~.The hol es or.
depr essi ons pr%‘f%ér%gl Syglgl(l:‘glfg{/anggbsg‘tgg%trl grfal%ygt]%egg&?h%%a )% and nore
-p_r_eferably |l ess than 25% of the plan view =~ . - o : '

10 _Figﬁre 28 shows exémples of shapes of holes or depressions that can be.
.ﬁsed;f For QiamOndftoﬁms; one can ﬁa#e elliptical_qr]oblong primary holes
 0; dgpréssions 2 aﬂd'cizcula: seqonda;y holes_pt.dep:essions 3 (Piqﬁre
lzqg) or oblﬂgg secondary holes or depreésipns'(Fiéu:e ZSQi. ﬁhé majof
axes of the éllipsgs.being pétéllel to the ﬁajor diﬁénsions”of the

15 st;rtiné_mace:tal:-chis'avoids ﬁééting mﬁte;ial and enables the stér;iﬁg

N métegial to be nd:rqve;."Rounded ends oc corners on che_holes or --.
:dep;essibns'improve.ihe fadiussing of the ¢r6£cnes bétwéen adjédent
strands at the junctionms. To'p:oduce secbﬁd_étkands'ofisubéténtiéliy
.equal length-and oéientation. each seconda:y.hole.d: depression 3 in the

: 26"stattin§ material:f:éterablf:has its pe;iphe:yfsuﬁstqntia;ly the same -
distahce-trom the periphery of each of the foﬁr néarésc_pfiﬁary'holes or

' dep;gssions_z. it thété_are third holes or depressions_ls preseﬁt ot

' fﬁ:ther ﬁélgs or dep:éssiqnsjl? present, these can have any suitable -
“shape. e.g. as shown in Figure 28.  In addition to the orientation shown

'25° in Pigure 28, the shapes can be turned through 45° or 90°.



-area of the starting material. 5 In the specific case of the circular
hol es_shown in Figures la and 5a, in 4.5 mmthick HDPE, the larger or : .

A Rol.es 2 can be of 6 nmdianeter at 12 nm square pitch, the smaller -
ary holes 3 bei ng of for instance.3 nmdianeter or width or 2 ' mm
di ang or- 10 width. . For the forf&ion of the holes. punching is.

prefe - tartin e I s tubul ar ca e_punched in f{lat
formas a "‘4‘5§7°'ﬁ g‘f’iet‘ffogegrﬁﬂ%éﬁe? 498 8 |’ ?Jﬁ‘fr esg‘%ﬁ’s"qﬁén be formed by

- continuous o@:%&tﬂﬂs@&n@@Qé&éﬂﬁy%céﬂ%uéﬁdt@ﬁuiﬁwQ@sd tthhﬁ difficult tO\"l‘é
achieve accuracy.  The starting material can have holes 2, 3. 15, 17 which

f or m open .98he2nd MOEd rieardblyt Less (vhan 2H%.caf mvelmﬁri%m ons 2;- 3. 15.°

17 form ng cant es whi ch -rupture:-on stretchlng so that open
meshes ‘are afﬁaagéalrlﬁ for“’m%(jjiil at':ﬁéicll ‘nal structure. - Alternatively, abeast

t he depreSsions 3 which are to formthe second mesh openi ngs, can be

arranged such that they do-not gture right throug |'eavi ng a menbrane in
the final dJr ke Arecit °n°§ﬁ%I”P£c§§ Lireplag holes SholR ihat the 25 nenbrane

shoul d be rHsgn¥ey 12CNPSA,  [E . WOmk A%Gex HoBRS TRSNashéiGiures are
preferably substantially uniplanar, and in general a uniplanar starti ng

mat eri al wipcimdgy rm&e!lrﬂ ghanks opr@dm:tdimrsar- ek wadsquacaccor dance Wi t h
-thelnventhtch .

the smaller or secondary holes 3 beznq of for
instance 3 mm diamete: or width or 2 mm diameter or -

10 width. For the fo:mation of the holes. punching ie

| pteferred, 1f the etartan material ie tubular. it can -
be puuched_in flat form as a ‘lay-tlat" tube. Howeve:
holes or dep:eselone'oan'be;formed By coutiuuous caeting'
or emboselnq or obturatinq. thouqh it ie d1£ficu1t to.

15 achieve accuracy.

'Tue;eta:tlng maue:ial can haue_holee.zg 3, 15, ljuwhich_
form open:meehee_ln.;he final structure, or can have
dep:eesione.z. 3, 15, l?.foining contained membtanee
which rupﬁufe on:eeretching so,tnatlooen-mesnes are -

20 again formed in ohe £inal structu:e. Alternatively. at
least the depzeeeione 3 whioh ‘are to fo:m the second
mesh openings, can be a:tanged such that they do not’

'*ruptuze riqht tn:ouqn. 1eaving a memhrane in tne final
structuze. In such cases, it ie preter:ed that_the :

25 memoraue shoulo beguideaf oetueen the owo taoes. The

| mesh stzuctures are piefe;ably euoetaﬂeially'uhiplanar._
and in general a'uniplanat_eta:tinq material will form a
uniplana:'p:oduct when etre;cned-io accozdanoe wien ehe:

invention.



27 In general, but particularly in the case of internediate structurge
~where unorientated or .less orientated naterlal wh Il normal |y be pregd
.the Junctlons it is highly desirable, | east for thin materials, )
each Junctron t he thickness of each strand iS equal to or greater than its:
width, as thrs provi des a tear bl ock, t o 4%educe tearing or sMrttrng at or
fronithe junction, the dinensions belng measur ed -ei t her. where the strand
passes into the Junction or at t he mi d- p0|nt of. the strand. In gener al
tleris, it woul d be possible to-.carry out both stretching operatrons
si nul taneously. - Nonethel ess, the preferred way of. carrying out the

5y LR Wy U N g o

oper agion. Cv}]eresun%?ié gy (dhefess Brfjé?l %éﬁ maﬁ]eg?%vi'??tndmafg t the

~first stret I ng opera Jon.1s carri transverse thﬂ OI’ I h .

the machine ¢ &ﬁ&tjluﬁatrohsgncwtm'guwaeewme tdttiéastpf&‘?thﬁ?mhi?@rifaisSt
stretching operation is preferably carried out in the nmachine di rection.

Figure 29 shenat athehch fjanction] athee thivknéss bifngachestrand el Beter a
subst.antial ly straight selvedge can be provided by formi ng a wavy edge 30 =
“on each nar ggmeatér tthan dttarwiidth, rest ¢hisaprovildestaiteamdn] ock,hto sedduesiges do not
start.to stretch before the strands and are not over-stretched, .thus- :
avoi di.ng br etganirg andsrdlitbirupptwmgmnbttlereiusetipedgtheadimiom betrtgh ratio - -

than that of the strands.
- . measured either where the . strand passes into the junction or at the

“mid-point of the strand,

In generai terms, it wouid be possibie to carry out both stretching
0perations simu]taneous]y.- Nonetheiess, the preferred way of carrying
out the stretching-is to perform it in two Sequentiailstages while
not allowing the structure to decrease in Size along the direction .
'normal to the stretching operation. It is believed that in theory,
it does not matter whether the first stretching Operation is carried
out in the transverse direction or in the machine direction in a
- continuous piant, but in practice the first stretching operation :

is preferably carried out Jn_the:machine direction.

Figure 29 shows that for instance for fishing nets or garden nets, _'
a substantiaiiy straight selvedge can be provided by forming a wavy _
edge 30 on_each margin of the_starting material. In this way, the
se1vedges°do not start topstretch_beforeqthe strands and are not.
over-stretched, thns avoiding-hreakage and also appiving to the selvedge

" a lower stretch ratio than that of the strands.



28 The starting material is preferably not substantially ori ent at ed, though

nmelt fkQw orientation can be present. The starting material can be in flat
- form bul ar.  The preferred starting material is strictly 5  uniplanar.

by 5 means - that. ignoring any penbrane (WhICh may not . li'e on the

medi a gne), all zones of the start??lg mat.eri.al -are symretrical- about the

medi an P ane.l.l,xqi]c sEDPtin%t Jﬂgﬂrrgég, %taﬁ%gowf u,bsg bzﬁ?gflal departures

~ from uni planarity are no exc can have any -
sui tabl e thldﬁmzsateq:;r Qﬂbtdﬁ’dmblt | £ ot oiﬁﬁﬂhtﬂoxifiame in general terns a

“preferred upper limt is 12: a nmore preferred upper |imt be|n96rrm_'_--- '

- The startin ‘r?ﬁf@h aIThEaﬁtﬂfé%ﬁW’s‘GH%tbI"éin%ls‘t'ﬁ £ R ®F . such as for
i nstance HDRGpuige ! OtheﬂﬁﬁYrD@ls\t%EQYnf'ﬂzﬁtePﬁl agPAlNTREs Of HDPE and PP.

- and pol yam des. In general; substantial of that. part of. the st amng
mat eri al $hivnielandmi by mimhets gekane ;rm stigmdmingneny measksansoul d be '
subst anti al I()" at _the SEILY rE)era ure h)e ﬁgetchl ng_is .carried out at
To’n

B Y ﬁe s feogh < 899131 plap nWét e of the plastics. :

a tenperature a ove- econ

mat eri al buteneubeiAinigahdteriel e BPnReirioni NEbolei fe melPsn €xampl e, for
HDPE. - the preferred temerature range is 95 [err] and for PP, 25 the -
preferred t oh3Be Afuther ssAFSing naterjaln,c Howeyes, ngnml:tsélﬁhaialcan have a skin

on each faceGoplaldy ego,@r;_m%ux__?uwl_ae;, %.L@bg,lalﬁsgd.- To enable the

' 10'The starting material can have any suitable th1cknees.

' 'provzded it 1s at Ieast 0. 75 mm; in qene:al terms a
preferred upper limit is 12.5 mm, a mo:e p:efer:ed uppe:
limit being 6 mm ‘Theé startinq material can ‘be any

' sultable plastxcs materlal. such as for instance HDPE,

15 low denszty polyethylene. PP, copolymers of HDPE and PP,

and. polyamides '

In general. substantially all of that patt of tne
'starting material which is being subJected to the
'et:etching £orces would be substantially at’ the same

20 temperature The etretching is carried out at a 't
tempe:ature above‘tne second.b:der transition

temperature of.tne_plasties material but substantially -

beiow tne softening'peint.' For example; for HDPE, . the:

preferred temerature range is 95‘ - 110°c and for PP."

25 the ptefe:red temperature range is 98° - IZO‘C

The statting"material can have'a skin on each face

containlng an ultra-v1olet stabiliser fo enable the

mesh structure to be used for



mesh structure to be used for 29 | am nating, whether to one or nore |ike .
‘mesh structures or to ong or nore different materials such as fabric.gr

film the starting material nay have a speci al. l-ayer on one or bot} .‘es
This .layer may be of a substance such as | ow density polyethyl ene (o ‘@
ethylene V|nyI acetate which nmelts or becone® tacky.at a tenperatukels?
“which the main conmponent of the structure would not de-orientate. The
layer or layers could be produced by extrusion coating or coextrusion.

ARey St retchi i B! IHIRhIESH GA0 ofnala PRI el sBruBHIFES ofold KfiOw.

Although only at all unctirons in-the b

bi ax struct ureop iRPeediTHirdlt MAVEH A1HIGUEITS ﬁbﬁblmfﬂm ,Lethd13nakfinge -
strands neet. Retaining or Stabilising Particulate Mat erii al . Struct ures
general( ¥ in amspgrdancmyvhdve & spetfalenayem onagneber Ul fages s eThiilageror B
‘"stabiliSing particulate material of any suitable form such as soil.

earth, sand, chay berofjmaseistance isncharag ban densidy| palyetiyiene snrcetrws]em

t he' si de - of .a cutting or enbanknent, beneath-a road surface, runway.surface .
or railway tra¥knylbacrtata Vdﬂbhlmedtﬁg)"obeméatﬂk& atuaytemperatyre ois Wiished

“that the structure nay be suitaple for preventi retai'ning walls_ bein
forced out of pBRMaiR y,poyportqqé o the strugture wouﬂgnot de-orien?tate. The - g

_.1ayer or layers cou1d be produced by- extrusion coating or coextrusfon.

o”

After_stretching; the_stfuétures can be annealed ih,a manner well

~ known.

A1though only three strands may meet at'all the junctions in the
bulk of a biax structure, there may be some junct1ons at which more

than three strands meet.

- 'Retaining or Stabilising Particulate Material

Strﬁctures'genefaIIy'fneaccordehee'with'the invention'cen be used
for l-ret_ain"_lngb-r:'e_t‘abﬂi_sing parfichate material of any suitable |
_form;.suchlas'sbil,:earth;tsand, eiay or'graVeT,and in any euitabie_'
locations, such as on the'side,of a cutting or embahkﬁent,'beheath

~ a road surface, runway surface or reiiway tr6ck, beneath a building
or beneatﬁ a quaj;tit is eonsidereq.that the strueturetmay be suitable

for preventing retaining walls being forced out of position by the



30 pressure of particulate material behind them Retaining is a specific

instance of stabilising. The preferred styucture for retaining or
. abi-lising is the uniax square formstructure, e. g. of Figures 2a or 2b

n| ax diamond formsstructure, e3Q. of Figures 23a or 23b, though_other
- u§‘»Ctures could be used. The nesh. structure will normally be placed
ghly parallel to the surface of' the particulate material, e.g.
horizontal ly bel ow a roadway -or. inclined-if. near an enbanknent or cuttlng =
| sur f apressurgeof maykiculage pateni anbokindathams Retadaingsis dcePAETA. Asphal t U/

- Rei nf enent _Fi 1 shows a road having an asphalt |'ayer (aggregate -

' mxedio'\ﬁl%P?FedQB &jﬁé"&/er I'ying a substructure 33. - The asphalt layer 32
contains a single layer of uniax mesh structure 34 in accordance with the
invention, with-its E-Wdirection: (direction of higher orientation) _g;

t r anshher peéfﬁrnéd tsiteuctuse . forThetaintng opesﬂahgbimsﬁsbehde angax enough for the
asphal t - coated aggregate to | ock thro ‘up to 70 x 120 mmin size,
and tiwasedom ﬁé‘ﬁ'ﬁt‘ﬁ‘ﬁerﬁ-rggs"fafégﬁb‘r zge&ﬂ 524 |°R‘eWi§é digmpndi ent 1y | arge.

Qmporte(bnrme or nt - St pyctur Fi. gu sho mass 34 of 3 o
concr"S %?" 8 cﬁﬁﬂﬂ@?%%ﬁ—l"é‘yg&' ﬁ "WZ‘S g"ﬁ' E%\E"ﬁi'é "85 in accordance
unth ﬁyﬁg;&on As for asphalt reinforcement; the nesh openings in a
bi ax s uc shoul d be sufficiently large for the aggregate to | ock
through houever uni ax structures can be used and are preferred in sone
ci rcumst ances.

~ The mesh structure wili norma]ly be piaced roughly parallel to the .

surface of the particu1ate materia1 e. g. horizontaJiy be1ow a roadway
- or inclined if near an embankment or cutting surface - see Figure '

30 which shows 1ayers of mesh structure 31.

Asphalt Reinforcement

Figure 31 shows a road having an asphalt 1ayer (aggregate mixed with |

asphalt) 32 over 1ying a substructure 33. The asphalt layer 32 contains
a single layer of uniax mesh structure 34 in accordance with the

invention, with its E-Wldirection (direction of higher-orientation) |
transverse1y'of the road. The mesh opentngs must be 1arge enough

for the asphait-coated aggregate to lock through e.g. up to 70 x
120 mm in size, and the second mesh openings are preferably likewise .

sufficient1y iarge.

~ Composite Concrete or Cement Structures -

Figure 32 shows a mass 34 of concrete or cement having therein Iayers
of mesh structure 35 in accordance with the_invention, As for asphalt

: reinforcement; the mesh openihgs inia biax structure shoutd'be'sufficientiy
1arge for the aggregate to t0ck through;_however unfax structures

* can be used and are preferred in. some circumstances.



31 Cains 1. An integral plastics material mesh structure having a .
pattern of generally octagonal first_openings and second openings which are
~substantially smal:ler than the first openings, each opening .being bou ed_'

essential |y by a plurality of orientated stBands which are intercon eld T
at respective junctions at substantially each of which only three s s /.
neet; and the crotches between the strands -at the Junctions being - R
orrentated in the direction running around the crotch. 2. . The structure "

of \CVai m 1, mhereln at | east one of sai-d crotches, although belng ' _
orientated in ge di recti-on passing around the crotch conprises a zone of
pl astics mat er i ich is substantially |ess orlentated t han the

m d- poi nts of the strands neeting at that crotch. 3.~ The structure of .
'Clarntt*gr 2, wherein the strands which are common to a first. opening and -

to a second opgning aﬁefn%utjisatiaaia&%y m%@@r“'lta‘?rméshagt%‘tuﬁé AR W.ﬁﬂe?ﬁe

comon to two fl rst:openings. 4. he structure of any one of

~preceding O ai ¥, geHePs Fiyn ot uyoRdT Fiest wbemgaramdceecm oeriings fwhrat are -
openi ngs extend general [y longitudinally and transversely of the structure,
and the strandsubstanbially smahien tthanathei fisrtstomening,aredch opantngcbeihgopeni ng.
extend generally diagonally -of the structure. 32 5.. © The structure of"-
any one of C abeundpdt essent dyehxiatntungﬂituqag orientated strands which are

interconnected at respective Junctions at substantially each of which
-oniy three strands meet, and the crotches between the strands at__'
 the Junctions being orientated in the_direction running around_the

crotch.

2. - The structure of Claim 1, wherein'at'ieast one of Said crotches,e
aithough being orientated in- the direction pa551ng around the crotch
' comprises a zone of piastics material which is substanttatly 1ess o

orientated than_the mid-points of the_strands meeting at that.crotch.

3. The structure-of Claim 1 or 2, wherein the strands which are
'common to a first opening and to-a second opening are substantiatty '

shorter than the strands which are common to two first open1ngs. '

4, " The strhcture"of any one of the precedihg'ciains, hherein
the'strandslwhich are'comMon to two first openings extend'generaliy
_1ongitudina11y and transverseiy of the structure, and the strands
which are common to a first opening and to a second opening extend

;'generatly diagonaiiy of the_structure._

D R
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“which are common to a firSt'opening and to a second opening extend - :
general ly longitudinally and transversely of.the structure, and the strand
‘Wwhich are common to two first openings extend'generally di agonal ly of the

ructure. 6.  The struct.ure of qg% one of the preceding C ains, ,wherein
N the strands have been stretched % substantially the sane stretch '
naxlfo. 7. - An integral plastics material mesh structure, conprising.

of generally parallel, spaced, orientated.first strands, substantially

: h figst st diphg g RYA irst_direction: .sai d \/ -
Cc it R TR LR B e, B AT s PG ot~
di r ect iiicn 448 Ldmnsh B 8 3FSOpedify Al BPaNGechRldpehi g Aktaped with the - -
respective first strands of the next row, orlentat second strands, each

end of QRaAckaINY " Fong$ LA Tyoakid NG-ahsiers@lPfT td seAftire Slahanghe;  and hgws of
i nterconnecting partions conprising either unorientated zones or zones -
whi ch steandsbah foht apé |comhes To Otwoe i ¥stedpériiags téxtend geperally diagonadlyirst
strands, said rows extending generally- in said second direction, each - -

i nt-er cofinthe istouqtured on bei ng generally aligned in said first direction
wth a first opening formed between two first strands, and respective ends,
- in said second direction, of the interconnecting portions merging with the
ends, ig) sai ghéidtrlicElirecst iap. orel of iheSHELRE] g CIWME, Wieraiqa ork fromtwo
adj acent first strands-of the sane row, 33 the respective ends:of .each

i ntercanmeghe strandsthave béenosbrtobed tonsubistdntially the same stretch

ratio.
7. An integral p1éstics materiaj mesh structure; comprising: |

rows of generally_ﬁaraliel; spaced, orientated'f{rst strands;,substantia11y
eacﬁlf{rst s;rand extehdiﬁg'genera11y'iﬁ_éifjf;ﬁ ¢iréction and said

rows gxiending genera]1y fp;a seconﬂdergct1on:at Eight anéiesatof
said.ffrst dirgctidn, the firSt strands of one row befng generally

aligned with the respective first strands of the next row;

orientated second strands, each end of each first strand'fofking.

into a pair of sécond strahds; and

rows'ofuiptercpnnecting_pdrtions_éomprisiqg_éfthgr unofientated'zones '
for'zones_which;are.substéﬁtiaf]y ess prféht;téd_tﬁén the mid-points

of the first strand$? safd rbws_extending_geheral]y'in séiq sécpnd

direction, each iﬁtgréonneéting_pdrtjpn beihg:génera1ly aligned in

said first direction with'a ffrst ﬁpenihgffqrméd bétween.two.first- |
| sfrahds, and respective ends, in said secoﬁd direction; of the 1nterconnect{hgf
' portiqns me(ging'wifh tﬁe eﬁd;; in §aidrf1kst'dire¢ti6n; of two second

strands_which'fork from fwo'adjacent_firSt strands of the séme row,

T




-to tmo second strands which in. turn fork fronitmo first strands. of the next
- row of first strands; the first openings being bounded essentially b p
. adj acent first strands of the sanme row, two interconnecting portron.\Q'
adj acent_ rows of’ I nterconnecting portions &8 four- second strands fYy g
from the-ends of the two first stands, and second openi ngs bei.ng.formed In_

gener.al alrgnnent with respective frrst strands -in said first direction,
bounded in part by a pair .of second ‘str.ands which fork fromthe end of t he
 dape first strthedrespective gnds of reashuintesronmestings ponkioncaksocbeingf ¢angected

" strand is undivided. 9. - The structure of aim?7, wherein each first -

strand is divitedwe secprd stoandstwhichntn rturmf@rhtfnoeaeto fives ts s treandy -ofi de
portions which extend enerall% in said first direction.  10. ~ The.
structure of.atp Bed Of af thst7s$18nds: wherein each inter- connecting -
'portro mer ges. wi'th four second strands -which.in turn fork fromtwo .aligned .
- pairs of first strands, each second. openrng bei ng bounded essentially by a

i rands forking 1O SabsH DY Dol RO SOR SBRATIT S BoPRecfls FPRFY
- first-nenti oneg, th&éfofsareaeslne | Bo# 2itflo i fShcdhneeEiigOpr 1B WFcadfidanol WO

adj acent interconnecti ng port e structure any one
of dains 7 toeoRs dih%ﬁ‘ér‘%oﬁﬁédtih{'tp%rticﬁﬁnwtfbm seBofd sQFhridSrﬂﬁ‘ﬁiH\#th only

two :second strands, the second strands forking from two adjacent irst
str*ands int hefrannthe’enus of the two first stands, and second openings being
| formed in generai a1ignment with respective first strands in said
_first direction, bounded in part hy a pair of second strands which

'_fork from the end of the same first strand
8. The structure of Claim 7, wherein each firsttstrand is undivided.'

R 9. _ The structure of Ciaim 7 wherein each first strand 1s d1v1ded :.
| for part of its 1ength into at ieast two side-by-side portions which

-extend generaily in said first direction..

‘10. The structure of any one of c1aims 7 to 9, wherein each 1nter-
jflconnecting portion merges with four second strands which in turn
 fork from two aiignedfpairs.of_first strands, each second opening
being oounded'essentia11y hy a pair of'second_strands forktng.frum |
'one_first strand, ‘a pair of_second_strands forking from_another first'
_tstrand generai)y'a)igned with.the'first?mentioned firstfstrand in
said ffr;;tdirection; and'the ends_ofdtwoiadjacent,interconnecting._

.portions,p

A



 first di‘reCtion

the interconnecting portion having on one side, in said first direction, a
said first opening and on the other side a, third opening, the inter-

8cting portion being general ly-aljgned in.said first directign-with the .-
{f&h)opening and-with the third opeﬂﬁu; 12. 'The structure of Caimili,.

i éPaﬁa"C‘miﬂéf%ﬁ’é‘ﬁﬁr%L'an oo SRTaAS 3, B8 o Stad® ook ETPL;? o
ekpect conidHid o BRREEN pErls V0006t HEab BB BB
general | brBsAkb Ring b Sdiddtnt ¢ dﬁigeamanmandwgaﬂeewa”y insaid

secon pentngs being in rows which extend
"general | t r | | 19 sgcond
Gt e heRRedhreE R pgh 18R R ng e e B B R 1
respect iaveatdifi At opeiith. akB on theThtheit §idd Wr thiod epwninge thé fatarys 7 to
12, wherein each interconnecting portion has a central zone of plastics

mat er i alconimeatting pourtionr being genemnliyadigmed eihlgaildeﬁ’s-sd:rdime'caim than t he

m d-points of the first.strands, with ends, in said second direction, in

the for mith ther fins&l opening and \eithhohe shiied @bel”ms-cent ral..zone which are
orientated generally in‘said first-direction, and thereby provide .
conti nuous bands of orientated material running right through the structure '
. general l1g,i-n yRé Gthicturedof €Tafmwnl, amepebnrdcl omeercdnhecH nhi posttion rand, -a
second strand, -the end of an |nterconnect|ng portion, a second strand, a
first stneage:h onrniiesoidm in s @ ﬁe'stigiin'ectttunumith tv&ﬁsecond strands

which fork from two adjacent first strands in the same row, and is
connected on the other side with the respective interconnecting portion
of the next row by means of two generaily parallel, orientated third
strands extending genera11y in said first direction, the second and
third openings being in rows which extend generaiiy in said second
'direction, each such row hav1ng aiternating second and third openings,
"~ and the second and third openings being separated by respective third

strands.

13, The structure of any one of Claims 7 to 12, wherein each
_interconnecting portion has a centrai zone of plastics materiai which
is unorientated or. substantiaiiy iess orientated than the mid-points

- of the first strands, with ends, in said second direction, in the
| form of marginai zones on either side of the central Zone which are
orientated genera11y in said first direction, and therehy provide |
continuous bands of orientated material running right through the )
structure generaiiy in said first’ direction, each band comprising '
a first strand a second strand the end of an interconnecting portion,

- a second strand, a-first strand, and so.on, there being no abrupt

A g g
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changes i n thickness except possibly a thrckenlng mhere the band s
conpri sed by the ends of the intercqnnecting portions. 14. An-integral .
plastics mat eri al* mesh structure which' 5 has been uniaxially. stretched, -
conpri si ng: orientated first strands extending substantially in the 5
direction of stretch: orientated second strands form ng forked ends off
first .strands, the ‘second strands extending generally:in 10 the directi
- of stretch .interconnection portlons i nt er codhecti ng side- by-si de firs
surgnds by interconnecting pairs of adjacent-second strands, the
interconnecting-portions conprising plastics mat erial which is- unorlentated :
or -substantially 15 less orientated than md-points of the first strands, '
.~ the |nterconnect|ng portions being substantially aligned in rows extendlng
_jgenera Ly at ght angl es to.the direction of stretch, thereby form ng

|nterruﬁt ed. bar dithy COERERGEEyeXFePF gRRs Skl B2 t@%ﬂ?%"t@e&t’ie&r‘? of | 20." |
stretch; and . €3hei.n contin band of _hi.ghly orientated

| naterral runni ng rléﬁ goﬁﬁﬁpfhaegtﬁ ?B?ee e?%d?é% #%EqﬁfrﬂQ%ﬁ&hqﬂn of .
stretch, each S@d}d@%@q conprrsrng a first strand a second strand, an end
of an _ -

'_'14 An 1ntegra1 plastlcs mater1a1 mesh structure wh1ch

S has been unlaxlally stretched. comprzslng

orlentated flrst strands extendlng substantlally in the

d1rectlon of stretch.

-orientated second strands formlng forked ends on the
-frrst strands, the second strands extendlng generally in

10 the dlrectlon of stretchf

interconnection bortionsdinterconnecting-side—by-side.d
first_strands by interconnectdng.pairs'of adjacent
second strands. the interconnecting portions conorising
plastlcs mater1a1 whzch is unorlentated or substantlally

'Ts.less or1entated than m1d p01nts of the flrst strands.
the interconnect1ng port1ons being substantlally allgned
in rows extend1ng generally at right angles to the _

. d1rectlon of stretch thereby forming 1nterrupted bars

'extendzng generally at right angles to the dlrectlon of

. 20-stretch. and

U] D EER O



5 intéerconnecting portion, a second strand, a first strand, and so on. 15.
An integral plastics material nmesh structure whch has been unlaX|aIIy
stretched, and conprises a substanti al nunber  of spaced, parallel parts
‘Which run 10 substantially right across the structure substantial |y .at .
i\ angles to the direction of stretch, said parts conprising at |east:
regul arly spaced along their | engths which are unorientated or - .
tated only to a | ow degree, and §ald parts being discontinuous and 15~
grrupted by regul arly spaced mesh 3 peni ngs, each discontinuous |ength wuy
formed bei ng connected to the adjacent di scontinuous | ength of the sane
sai d. par?hﬁQeaheiQﬁnﬁ°%§&?qﬂ%ﬁﬂ§fnﬂﬁl@ﬁt&ﬂ&&IVSQEbHBFaSPFandS whose axes are.
inclined to Q%Q ot her but, whi ¢ d 20 generally n thﬁ direction.of - -
stret ch, "ahRE rFQﬂ“Nﬂﬁcﬂ+QHﬁﬂﬁ%fqﬁﬁ LUFLURESIRARERALY end conne Ted
to a respec cqnt I h o] opnect ed.
P€h§%%|§f§§ fﬂé;é¥’éq£§§§§ %Q%h.s%@ﬂ baga EQ§£:§99?§ g

t he ot her ated *at-"a j uncti on, unctrons of sald

di scont i 2 GHEAGE el nt a nctions of adjacent. sald.
Pi‘?é'@é’@iér?dgh{)&‘éhlghlyor dn ng?hﬂ e

37 di scontinuous part I'entate i rst) interconnecting
strargls ﬁmi&i&bﬁﬁbéﬁiﬁ&E§dntﬂdhtlxas@dunatsomaﬁﬁ shreiebe

strand and so on

15. An integrai'plastics naterialemesn strnctnre wncha
hasfbeen uniaxially stretcned. and.compriSes'a
substantial ndnber of spaced, para;iel parts wnicn'rnn
10 substantially rignt across the structnre substantialiy
at right angles to the dlrectlon of stretch said parts
.compr1srng at least zones regularly spaced along thelr
_lengths whlch are unor1entated or orrentated only to a
low degree, and sa1d parts belng d1scont1nuous and
15'1nterrupted by reqularly-Spaced mesh openings. eacn
dlscontlnuous length s0 formed be1ng connected to the
| ad]acent dlscontlnuous lenqth of the same sa1d part by
at least two nxghly orrentated (second) strands whose
axes are rnclined to each other_but_wnrcn ertend
20 genera11y in'the direction'of“stretch. and each.of which
h1gh1y-or1entated strands nas one end connected to-a' o
respective said dlscontinuous length and the other end
'connected to the other_h1gh1y-or1entated strand at a
junction, said jﬁnctions'of-said'discontinﬁons parts

'25. being connected to said junctions of adjacent said

* c L M S *



. 16. The structure of any one of Clains 7 to 16, wherein 5 . in the crotch
bet ween each pair of second strands where they fork fromthe respective -
first strand, or-in the crotch between each pai r of second strands mhere
 they are, connected t oget her at a said junction, there |s a 'zone whij ch
© substantially thicker than the first strands. 10 17. An integral A
_matérjal mesh structure, conprising: orientated. first strands; rows
_fgenerally paral |l el , spaced, orlentated seconq7strands 'substantlally each
nd strand extendlng 15  generally in a first direction and said rows -

fex endi ng generaig¥°h?}€%§§§2§gﬁﬂi{?%ﬂ&gﬂgﬁ-a ﬂﬁ@htﬁ@gheﬁfigsﬁ?'d first

~direction, the respec I'ternate rows being generally
aligned with ongngapkbghecersly 2k raddiestferdiingy @eneeeulmgiaomeons whi ch
_conprn§e unorientated zones or zones which are substantially less -+ 38
ori entated t handibecvionpof dscecihe first strands, said rows extending
generally in said second direction, and. respective: ends in said second _
direction, of the interconnecting portions ner gi ng with the ends, in said 5
first dlrectlon of . adjacent second strands in _any one row, and adlacent
second strands 15 tﬁgesgﬁﬁncgnre of any one of Claims 7 to 16 wherein

S in’ the crotch between each pair of second strands wnere

they fork from tne respective first strand. or in the

ki
crtotch between.each pair of second strands where £$>a:e

connected together at a said junction, there is a zone

which is snostantiatly'thiCKer than the first strands.

10 17 An 1ntegra1 plastics material mesh structure.

comprising
orientated first strands;

rows of generally parallel, spaced;_orientated second
strands, substantially'each second strand'extendinq
15 generally 1n a first direction and. said rows extending.
.generally in a. second direction at right angles to said
- first direction. the respective second strands of
: alternate rows being generally aligned wlth one another'

‘and
20 '_rows of interconnectlng portions which comprise
unorientated zones or zones which are substantially less

U



i nterconnecting the ends, in said second direction, of two interconnecting
portions in adjacent rows which are generally aligned in said first
direction, thereby 10 forn ng second openi ngs each bounded éssentially by

p- i nterconnecting portions and two second strands, the second openi ngs so
‘ned being in rows which extend generally in said second direction, the
Jond openi ngs of alternate rows of second openi ngs being generally <
al i gned wi th .one another as con5|d%%ed insaidfirst direction and the

/
¥ O

staggere6‘53n56ﬁ3¢ Ry F Ridrreings AL &be Sirsindtrasgéetive ends, in

said f h 1 d. h.the ends of |
Tt er confetd) KPR fg dardd tfﬁ%@%a s%feﬁs ﬁaétef.tﬁagpﬁi‘t?oﬁs.tm

o on, | kA ceg gg&q@?p&séw% YA &S LA, 3903, dgenln said fixg

di rection mng Tirst openings oun essential 'y by two palfe
of fi rstﬁ&é@@éﬁneat?&ea#&@foz&emﬁg At ihe! l&sasarr&nr g¥iqt he ends of.

four interconnecting portions from adjacent rows:of 39 |nterconnect|ng
porti oRs£apgdtt @Dr &8t PELPNECAd T 41V ¥t d EVPalde AaXlanyOvheof

“interconnecting portions on either side of the first-nentioned rows of
|nterconnewtlagdp@diacmnt second strands in the same row
1nterconnect1ng.tne ends. in said_second direction,.of
- two interconneCting'oortionsdin adjacent.rowsfwnich are
generally'aiigned'in said-first direction,-thereby
1Dform1ng second openings each bounded essentially by two |
'interconnecting portions and two second strands. tne -
second openings so formed being in rows which extend |
generally in said second direction. the second openings
of alternate rows of second openings being generally
. 15a11gned with one anotner as considered in sa1d first
direction and the respective second openings of
successive rows of second openings ‘being staggered as.
considered in said first direction, ‘and respective ends,'
in said first direction. of each first strand merging
20with. the ends of two 1nterconnect1ng portions of
| adjacent rows of 1nterconnect1ng portions. which
1nterconnect1ng portions are. staggered as cons1dered 1n
- said first direction. thereby forming first openings
bounded essentially by two pairs of first strands._a
ZEpair of second strands 1n the ‘same row._the ends of fourl

interconnecting portions from adjacent rows of )

I

espective second eni ngs of successive rows qf second qQpenings being «



- direction and thereby provide continuous bands of orientated material

5 18. The structure of Caim17, wher ei n each i nterconnecting portion has-
a central zone of plastics naterlal which is unorientated or is

substantlally less orientated fhan 'the nid- points of the first stran
“ends, in said second direction, in the formof 10 narginal zones on
side of “the central zone which are orientated generally in said first

- runni'ng rlght t hr ough 't he structur.e generalh? in said first dlrectlon_-eac
and conprising a first strand: 15 the end of an interconnecting portion,

's ond strand. {‘F'? %f'géctfaﬂ’adn&o S ngwgogbkgggoga#{f{l strand, and

so.on. 19. The s ere|% t he second

strands ‘are ori E&E@ia?s 1 £ on P Hlelx¥! lrymbhefZQn%aseoﬂﬁee%nespw@wﬁé st
‘strands,. 20. A hethod of producing an integral plastics material nesh -
structwure, conpshaséither side POWHE Tdratsweatabheal kywenopl anar plastics
‘starting material having a thickness of at |east: 0.75 nm and which
conprises a reglhterpannerving pontimms .hol es.-or depressi ons,. and, between

the primary holes or 5 .depressions, secondary hol es or depreSS|ons whi ch -

are substantlally smal | er than the primary hol es or

5 _18._The_structure of Claim 17, ‘wherein each
'interconnecting-ppzciqn has:a-cén;ral zcae df'plastics
macecial which is.uhoiiehtated or is-substaatially less
orientated than the nid-ﬁoints of the first strands,
with ende, in.séid.second di;ection. in the form of

-1D nafginal-zones on either_side*of_che.céntral zbne which
.are.orieAtated éenetaliy in'Said“first_direction and
thereby_prcvide continuous bands of orientated naterial
running :ight::hroﬁgh thdnsgructure qeneralif in said
first direction, each band cbﬁprising_a first.Strand;V

1$.tne end.of_an intercoﬁnectiaq.po;tion. a sécond.strand;
the end of an'intezconneccing portion, a fi;st'strand.

and so on.

19. The strﬁctu:e'of-any one_of.claims'7 to 18, wherein
the second scrands'a:e o:ientaCed“to sdbstantiall? the

20 same degree as the first strands.

20 A method of pzoduclng an integral plast1cs mater1a1

fmesh structure, comp:iszng

| A O

”h,
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depressions; and stretching the plastics material to draw out and orientate
the zones between adjacent holes or 10 depressions to form orientated
strands which are interconnected at respective junctions at substantially -
~each of. which only three strands neet, the crotches between the strands at.
- gh\lJnctlons being orientated in the direction running around the crotch.-
: . A method of producing an integral plastics material nmesh struct uce,
I sing: providing a substantlally4@n|planar plastics starting naterial
avfng a thickness of at least 0.75 mmand which conprises a regul ar O/
pattern | a d s or
- “depressi gé] tl;)‘;V\%a’%&yare t%‘eﬁgtlﬁgpggﬁ%‘ra&%: Pg?g?egeg?ggg?gﬁs and are:
'subst ant i gd t&r BABINHFid A tHik KNsBRI0E Q@ 28a8k depschai gne; 41 .
stretching the material in a first direction-to stretch out strand- fotqr g
'zones betwiebrh asjmgridesrd mrga Lax eatserdepfepsimasyi hodesroent at ed s?ﬁands
and to stretch out strand-form ng zones between a primary hole or 5 ..~
depr essi odeprrssiontoraid.y ntiween theppsdsasy halesoPrentated strands,

| eavi thicker, substantlaluy unqri ent ated portions bﬁtmeen the primry .
hol es br depressions, secondary holes or depress1ons wh ch are :

_substantiaily;Smalierrthan_tne primary holes or

‘depressions; and o

s;retcning ihé'plastics mate:ia;;to draw out and
| orientaté the aones_batween adjaceat holes 9;_1
10 dep:essicnsi;o:fbrm{qrientatad-sarahda whiah'are-a
intercongegteQLaﬁ.aeSpeCtiva_juhatiqns at subséaﬁtially
each of Qpich only_thzae.sﬁrands meet, the crotches |
.betwéen the strands at the junctiods being'orientated.ih“

the direction running arpund the crotch.

15 21. A method of produclng an 1ntegra1 plastics materlal

mesh structu:e, comprislng'

'p:oviding a substantially uniplanar plastlcs start1ng
material hav1ng a thickness of at least 0.75 mm- and
whlqh comp:1ses-a'regu1ar patte:n.of-primaryuholes of
20 .dépressions and saconda:y holea 6r_depressions thCh are
| bétween the_ptimafy holes or-dépreséions.and are
.'substantially amalle: chan tha primarf holes or

depressions;

AR



‘tepressions in the stretching direction; and stretching the material in a
-second direction 10 substantially at right angles to the first directigun '
..to stretch out the thicker. substantially unorientated portions into '
further orientated. strands, -thereby forming a structure in which the™
~orientat’ed strands are |nterconnected at respective junctions at which only
~15°three- strands meet, the crotches between the strands at the junctions /.
. being orientated in the direction. runni ng a(pund the crotch. 22.. The nethodf
- of aim 20 or 21, wherein at least one of the crotches between t he strands

~ata junction %Qe%gﬁhhfﬁﬁe%ggé‘ﬁiﬁ £ 3514 O TR d Al ol skt etch

" substantially Iess orire e md-polnts of the strands neetlng at
that crotch.. 23¢ Eheaﬁatheémm‘; G ehes Herwdr aldyddencs 9rqndayy nodeas 42
or d reSS|ons are non-circul ar havi ng two opposite sides whose maj or '
. parts-¥eXtend gemeaalpt;salionsgbhnangtsentaecsawbafndssta:w reecisitzetchd. The
met hod of C aim 23. wherein the secondary holes 5 ° or depressions also .
have two furtheutogpesnieforubsgwhoses nbgtweqmra rhtanyl hpdecozl |y at right

~angl es to said second direction. 25. The method of O aim 21., wherein t he
secondary hoﬁ gepression and a secondary hole or depression into

b

orientated strands..leav1hg-thicker. substantially
hnorientated'portiOhs-betﬁeen the primarY-holes-or'

'depressions in the stretching direction; and

stretchihg_the'materiai-in a seccnd-directich*i
fﬂsﬁbstantiéliy at.rith.angles to the first'directicn.'to'
stretch'cut the thicker. substantially unorientated
.portrons into further orientated strands. thereby '
forminq a structure-in which the orientated strands'ere
interconnected at respective-juncticnslet which only
15 three_strands meet, ‘the crotches betheen'the strands at
- the juhctions being crientated in the direction running

around the crotch..

__-22t The'hethod.o£_91aim 20 or 21,'whereih at least one
_of.the crotchesfbetﬁeeh the strands at a-junction
f,zo_comprises a zone of plastics material which is
substantially less orientated than the mig- p01nts of the

strands meeting at that crotch

23. The method-of-glaim'zi. wherein the seconderYeholes

A



or depre55|ons are-general ly square. 10 26. The nethod of any one of
Clainms 20 to 25.- wherein the. primary hol es or ,depressions. have their
centres on a notional, substanti-ally parallelogramgrid and at |east sone
. ~of the:secondary holes or depressions. have their centres displaced al,ong a
- Qoonal of the grid by 15 approxi mately half ‘the distance between two
|§ CI8Y hol es or depressions which are adjacent in the diagonal sense.. =27.
¥et hod of O aim26. wherein the stegting material is stretched in two - :
diNv€ct i ons substantlally 20 parallel to the sides of the grids. 28: The o/

met hod of ol aégtgésimrftél Adie- G rgd1at] havihg Rl opposstetretched in two -

directions each making a substantial .angl.e with the sides of the grids. 29.
The net hogiaésauioseendiof pd nes Aicttend endranldiyn atr.hen.gnltdangn.es o
rectangul ar..  30. "The nethod of any one of Clains 20 and 22 to 29. wh QH
the starttogsabdeficgtidinectiamed in two directions substantially at. ght
angles to formthe orientated strands.. 31. The method of any one of Clalns
20 and 22 to 30, 10 wherein the starting material is stretched in a first-

dlrectlon and is subsequently stretched in a second
_ 24. The method of C a1m 23, whereln the secondary holes

5 or depressions also have_two_further opposite sides
whose major parts extend generally at. right angles to

- said second direction. -

25. The method of Claim 21, wherein;tnejSecondary holes

or depressions are generally square. =

10 26; Tne method of-any one-of“c1ains zo'ro 25' wherein'

| the prlmary holes or depress1ons have the1r centres ‘on a
notional, substantially parallelogram gr1d and at least
some of the secondary holes or depresslons have their
centres dlsplaced along a d1agonal of the grzd by

15 approxlmately half tne d1stance between two prlmary
holes or depresslons wh1cn are ad]acent 1n the diagonal

sense.
27} The method of Claim-zs;_wherein ;he'startinQ'
material is_Stretcned in'tno_directions-substantiallY

20 _narallel to the sides of-the'grids;

28. The method of C1aim.26,Iwherein'the_starting -

AR O TR
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“direction, to formthe orientated strands. 32. The nethod of C'aim 21 4
31, wherein the structure is. subsequently again stretched a small anpfint '
_in the 15 first direction. 33. The nethod of any one of Cains 20 t*ﬂ%ﬁl’
‘wherein the’ perlphery of each said secondary hol e or depression in the -
~starting material is. substantial ly- the same distance from the peri phery of
. .each, of - the four " nearest 20 primary hol es or depressions. 44 34. A
net hod of maki ng 't he structure of any one. of3 Cainms 7 to 19, conpri sing:
praovidi ng a substantially unlplanar pl astics starting mat eri al havi.ng a

thi ckness of aha't%@%l%@s%é@% % 14 ed tﬁﬁxss %arc‘i‘xg‘ﬂa% ngat ern of -

primary hol es or depressions et ween t e primary holes. or preSS|ons;
secondary hol egubstdapiaisangtehich tlie sﬂs&§65ftﬂﬁu14dﬁasprlnary holes or
depressions; and stretching the starting material in a single axis 10
'stre?bh“ng operation to formthe strands. 35. The method of O ai m 34,

"~ wherein the secondary hol es . or “depressi ons are-non-cicul ar , -having two
opposi te sides Z\ﬂhogaenajeshogaecsasmm ofrclaing 26 49 @f. shgirednto the

stretching direction. 15 .36. A nethod of naklng an |ntegral plastlcs
mat eri al . ) he grids are rectangular. .

5 30. The method of any one of Clalms 20 and 22 to 29. S
-'_wherein ‘the startlng materlal 1s stretched in two
d1rections substantially at r1ght angles to form the

' or1entated strands.

31. The method of any one of Claims 20 and 22 to 30,
10 whereln the starting material is stretched in a f1rst -
.directlon and is subsequently stretched in a second

d1rection._to :orm ‘the orientated_strands.

32. The method of Claim 21 or 31, wherein the'strncture )
_ is subsequentlyIagaln_stretehed a small amonnt in the

.15  first direction.

33. The method of any one of Claims 20 to 32..whereln_'
the_periphery_of each said'seeondar?_hole or'depressldn '{
in the'starting.material.is'snbstantiaIIY'the same l '
'dlstance from the periphery of . each of the four nearest -

20'_ przmary holes or depresszons.

* c L ] S *



mesh structure, conprising: prOV|d|ng a substantlally unlplanar plastics
starting material having a thickness of at, legst 0.75 nm and which

AP, Ses a regul ar pattern of primary holes or 20 depre35|0ns havi ng
Acentres on a notional, substantially parallelogran1gr|d and, hetween
45 primary holes or depre55|ons secondary hol es" or. depressions
. ‘are substantially smal ler than the primary hol es or depressions ard
~ haveé their centres approximtely dlspﬂéced al ong a diagonal of the grid by~
5 hal f the distance between two .primary hol es or depressions which are-
adj acent 3an Ahaethagon£ makiag; thedstruetuhengftauy saree tathg material - i n a’
single axis stretchin 'operatlon to draw the material out into a nesh
structheghiiﬂﬁ'PSFﬁg ri 6AMRLAELBYE ands 10 i.nterconnected - by
‘i nterconnecting portlons whi ch. conprise. unorientated zones or zones\which
- are substantially less orientated than the-strands, which mesh structd?e

COMP | S davitt P 13 AR 1995970 SBERRAE 1 5B THEEPO of O m363.

wherein e Seco hol e FOReT P EITHCEi T havi ng two

~opposi teﬁ&eaa%%%w ar caeekae%t 8BdaBCIEhE | 0. P4 dhuh HHa angles to the
stretching direction:

5. which comprlses a regular pattern of prlmary holes or

'.depresslons. and between the primary holes or
depress1ons. secondary holes or depressions whlch are

smaller than the_prlmary holes or depressions,_and

stretching the starting material in a single axis

10 stretehing.operation'to.form the strands.

f35.'Thehmethod of Claim 34, wherein the secondary.holes_
. or depressions are non-cicular, ‘having two oppoSite
sides whose major parts extend generally at r1ght angles

to the stretch1ng directzon.

15 .36. A method of making an 1ntegra1 plast1cs mater1al . R

mesh structure. comprising°

. provlding a substantially'uniplanar plasties startingl
"material hav1ng a thzckness of at least 0.75 mm’ and
whlch comprlses a regular pattern of primary holes or
20 'depresslons hav1ng their centres on a notional,

substantially'parallelogram grid. and.'between the

A



f 38. An integral plastics material nesh structure nade by 20 the met hod of
any one of Claims. . 20 to 37. 39. A, biaxially- stret ched pl astics mate

. mesh structure,. substantlally as herein described with 11111111 11 f/

*111111111111111 .46 reference to, -and as shown in, any one. of .Fi g&¥®”

‘1d, ‘2c, “2i, 3b, 3c, .22c, 23c, 23e, or 24c of the acconpanying draw\ag

A unlaxrally stretched plastlcs material nmesh 5 structure, substantlally

as herein deseribed with reference to, and gs. shown in, any one of Figures . *

lib,, 2b -~ 2f, 2g, 2h, 4b, 5b,” 6b, 7b, 8b; 9b, lob, 1b, 12b | 3b. . 14b, -15b,
1’60 17b, 18b, J:?.Bargoh%asbor239pre3§f’ons?5bser?&ﬁaﬁr wota0fort he

~acconpanyi ng -draw ngs met hod of produci'ng an integral plastles:

material - mesh abwet;uriansutﬁteﬁtaaélyusstmﬁnﬂeﬁmlmed tiNainh thef erence to
“the a onpanyi ng drawi ngs. 42. ‘A conposite structure condprising the nesh

- strucMire of ampgimaeyohoTkai o8 depoeddiemsl £83 thavi) their edntreshe 15
-ground .43.. A conposite structure conprising the nesh structure of any one
~of Claims_1 toaPpraxdmagely ddsplaced p%)l:%tl!qedarfhl%gQWerOfofth&smaldt bya4. A

| conposrte structure conprrsrng the nesh structure
_ 5 half the distan e ‘between two primary holes or

depre5810ns which are’ adJacent in the. d1aqona1 sense. and

stretchlng the startlng material in a single axls
stretchlng operatzon to draw the mate:1a1 out into a
mesh st:uctu:e compzlsing orlentated strands i
101nte:connected by Lnte:connectlng po:tlons which .
comprlse unorlentated 'zones or zones which are
'substantlally less ozlentated than the strands, which
mesh structure comprlses flrst openlngs and. second

.open1ngs.

1537 The method of c1a1m 36, where1n the secondary holes
or depre551ons are non-c1rcu1at, hav1ng two opposlte
f¢s1des_whose major parts.extend generally at rlght angles

to the stretching direction.

38 An Lnteg:al plastics matezlal mesh st:uctu:e made by

dQZDthe method of any one of Claims 20 to 37

39. h.biaxiaily-stzetched;plastios_material mesh

structure, substantially as herein described with -

* c L L S *.



20 of .any one of Clalns 1 to 19 and 38 to 40,

.concrete.

« M

L a6

. reference to, and as shown in, any oné of Figure lc. 14,

2g.\21. 32;'35. 229;-235.'23g._o:f243 of the

aécbmpan?ing draﬁinqs.n

40. A uniéxialiy-s;retched*plastiés material mesh

_strpc:ﬁre; suﬁécantiallytas_he:éin described with

reference to, and as shown in, any one of Figures 1b,

2b - 2£, 2g, 2h, 4b, Sb, 6b, 7b, 8b, 9b, 10b, 1lb, 12b,

'13b.. 14b, 1Sb., 16b. 17b. 18b. 19b, 20b, 21b., 22b, .23b.

10 -

25b, 26D, dr.27g bf_tne aqcompanying drawihgs;,'

41. Any method of produc1ng an integral plastzcs

fmate:xal mesh structure substant1ally as herein

15

20

descr1bgdﬁw1th-:eference to-the accompanying drawings.'

42. A composite structure comdprising the mesh structure

of any oneuof-ciaimsll'to 19_and'38'to 40,-buried3in'the

ground.

43. A composite structure comprising the mesh structure

of any one of claims-i to 19 and 38'to 46._incorporated-

in a layer of asphalt.

44. A composite structure comprising the mesh;étrhcture

of any one.of Claims 1 to 19 and ‘38 to 40, incorporated

in cement or concrete.

LRy g M

i ncorporated in cenent or

v



