| MPREGNATED CLOTH Techni cal Field The present invention relates to a
cloth that has been inpregnated with a Smaterial that, when mxed with a
liquid, will set, or, in one enbodinent, will set when exposed to

radi ati on. Such cl oth has numerous applications. Technical Background WO
2005/ 124063 descri bes a shelter that includes a ground sheet and a 10
cover; the space between the ground dheet and the cover can he inflated by
punping air into the space to raise the cover and formthe shelter. The
cover is made of a fabric tha | ted with cenent; the fabric
may be a type of felt known aEW$&§ﬁﬂ€§EEbW§L§@ﬂ?is a | oose non-woven
fabric. I'mrediately before the interior space is inflated, the cover is

wetted with 15water, so that, after inflation, the cenent in the cover sets
and farrn&&bﬂ@.cﬁﬂ!!forrrs | WU shel | that acts as a sel f-supporting roof
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conprsi si nenatenal that)fwmpﬁfb&sﬂ ik esliquid] wil sk, o8 einforfdlgR@otiménty #ilnset( al so
called linking fibres) extendi ng between the faces that maintain the faces

in a spacéﬂ‘%@?ﬁosﬁfjﬂarﬁa@'ﬁﬁﬁﬂ angh£lafbinag euRIeHs ARPEERENS. ocated in the
space between the faces. The powder material is capable of setting to a
rigid or sem-rigid solid nass on the addition of a liquid or on exposure
to W radTet:hnmaslrElackgroumlpri se cerrent that will set to solid 25 cenent
or concre (o] t a uid. The anount of settable
mmtortal - WHOrRa0Y2R065 dastubrars SBefier BRHNOMIRS $oaroiios SHa%) ameA « he

mat g 2l BageS e shhc® HetRbEES tﬁ&@%lﬁm sRedtardd el &n bEGnEREE ByPet ween
the first and second faces. The fabric (w thout the powder naterial) nmay be
spacer fapumpingvairdnto thekspaoe tartdisedhemoyenbahg favatheabhelterTheha boveeness of
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a type of felt known as “wadding”, which is a loose non-woven fabric.

Immediately before the interior space is inflated, the cover is wetted with
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water, so that, after inflation, the cement in
shell that acts as a self-supporting roof for the shelter, which is particularly

useful in providing temporary accommodation in emergency areas.

WQO2007/144559 discloses a fabric comprising a pair of opposed faces and
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that maintain the faces in a spaced-apart arrangement and a solid powder
material located in the space between the faces. The powder material is
capable of setting to a rigid or semi-rigid solid mass on the addition of a liquid

or on exposure to UV radiation and may comprise cement that will set to solid
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cement or concrete on the addition of a water-based liquid. The amount of
settable material in the space in the fabric is such that, particularly when the
material has set, it occupies substantially the whole of the space between the
first and second faces. The fabric (without the powder material) may be
spacer fabric, which is known and commercially available. The thickness of
30 the spacer fabric is determined during manufacture by choosing an

appropriate length for the linking fibres.



appropriate length for the linking fibres. 2 US-4495235 discloses a flat
body containing a core made of cenent and aggregates placed between a cover
| ayer and a backing |l ayer. The |l ayers and the cores are needl e bonded
together prior to the hardening of the cenent so that the layers will hold
together in a defornmable state. 5 The term"cloth” or "filled cloth” w |
be used in the present specification2o denote a spacer fabric having an

i nternal space containing settable powder material. A "spacer fabric" is a

fabric hay ' f d.f. ted f ther b
space ana U5 94%52e5 i85, B0fel nBSY RSIATG: BreteaadR P hGREThERH the |
first and aggreyttes pRiced BeteeRa &S\ﬂérﬂa)}é}%rfd & Bhacking Ii}fi@roﬂfﬁefl%s lahda

spaced-apart arrangenent. The settabl e powder nateri al so
referred tie aaresnare'neadle bondeditpgethanprionts thechasdeningeafdhe a;ememmsm eact s
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auxi |3 aries and inert 15rrater|als such as fillers. One problemw th powder
filled cloth is that the fill spills out of the open edges of the spacer

fabric, cdi& tegma gieths afufillegd qlCHB” it beabsed & the Jepritt spasificadiende t he

cloth, an f i Q. t kes tile
i oo yer 1 PEVBR 5 PcRr S Paldng o iRl hecE R Hatilnd PERIE SR 7, |

| est U wenaieoa, Aar‘spaco:fetrefabntid:i’eiseaigebm@gaomgnalflrstbfacewrm/edserdmd fadee cloth
is used Additional.l so wdered fillers, par |cuI those havi ng a

Tl ting t SEPRIAEN T Ach; Qlher Tyt 4,37age 9ndiAse:NeR(SaSHRAKENG 1IBKBY of t he
spacigy fabpids eftBhdinyaiBvech IAB st Rnd bbb Eimat RGNS fi¥bhyng and

sealing difficult or 25 inpossible for two reasons: firstly, they remain as
powder s arst@mobgaqehe amrbacc&sﬂ -pbard errangesenht They séttakle powmgleasnatesalavillng

i al dl heat i f ffect
neat cutt P BRdssy (e be PR e dlamay doekiF fipth etesRl wefrefgsche
spacer fawﬂhcméInaumoi&itslewhe?metbaje@r\ﬁhlbﬂ vl Berrefe?fed®Pds BRArEAGRAtO WOr K

the cloth nust be cut mechanically and the 30 powder nust be fifst 'renoved
from the @dgdemaéerials Sbat &to, net pearemit theetlivoit.i € gt cauiiiskieshangongdr out in

t he jarea a,mfggggtm,t,,p d.he.edge using a vacuum then apply heat and pressure
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to séal the Taces. However the nultiple 3 steps in the process make it
time consunming and | aborious or require expensi ve and bul ky machi nery, al so
the process is often unreliable and sl ow d t he uirenment to have a

dust free QNG peolem Yrithepowder flled @ath isdhat tﬁ‘@ il SpI”S out of the open edges

of the spacer fabric, causing a mess during the manufacture, transport and

use of the cloth, and the loss of the fill in the edge region of the fabric makes
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and often the edge region must be removed when the cloth is used.
Additionally some powdered fillers, particularly those having a melting
temperature that is substantially different from the fibres of the spacer fabric,

for example cement and most fillers, make heat cutting and sealing difficult or
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impossibie for two reasons: firstly, they remain as powders and ciog the
melted plastic preventing it acting as a sealing material and secondly they
increase the heat input required for effective heat cutting and clog the cutting
blade preventing it from melting the spacer fabric fibres neatly. Therefore in
order for heat sealing to work the cloth must be cut mechanically and the
30 powder must be first removed from the edge being sealed; a preferred
method is to suck the powder out in the area adjacent to the edge using a

vacuum, then apply heat and pressure to seal the faces. However the multiple



S5A further problemwth filled cloth is that it is difficult to control the
anmount of liquid that is added during the setting procedure. If the anount
of liquid added is less than that required to conpletely set all the
reactive material in the fill, some of the reactive reagent will be wasted
and coul d have been repl aced by cheaﬁfr inert filler. Utimtely, a region
may remain in the mddle of the clot 10 that contains unset material,
resulting in a significant reduction in the properties of the cloth.

At hough b il Brodels! Ynakel il e Yohslihind BHd! 1BoNEUSL or e ¢l oth
comes into contact wth water 1 n use, e.g. because it Is exp ose to rain,

t hen the expgesiverangd alky meadhindry, aleo the pusmessl\t‘broéteglemmehablg angaslowc ul arl y
where the S I gu h 150pt i mum
the unser dHAtBhe fequiratipst @i e dudda futatiial sfifatw fedkaeaind

resul ting |n only slightly | ower than optlnun1nechan|cal properties. On the

other_ hand, if too nuch liquid is added, the consequences can be nmuch nore
severe, férfusthemmreblene \Mithl fl”eldB@}OtlbelSdbatvlérl?e gifficult to gortrairthe amourtovashed

out of th ce I heac d.instead wll

emai n w 0 DAL e g S uhe Brocedble: i BRR. ool of Ry ott o
the cl ot hisafdserthaatthangquiredviorgnslietésy st Ialn@héeéadtivbl matdiidl @Pihg fiuci ng

the density of the set naterial. ThIS can result in a high level of

porosi ty SAMenef therrgactive f?ﬁgcﬂﬂ%&\t' bwaﬁted;aﬁdr@yiﬂ bave bgesirgplaced it 1y
lover fi nehg Pm%mlﬁe{afﬂuﬂ{n?ae@, wmaﬁiﬁﬁﬁﬁqmﬁ&nk.aawthe%ﬁ&ﬁs whi ch
p c o)

I S undesira for application ethe acts as a bar
l'i qui0ds. Ehatt bentamisa undat ghatena) reéulpm: omi tay st@mﬁcastulrédumnoat rerthe

d bl i.bilit
[reozel ¢ hRIPRETIEGE HiRicioHb AIERORA oo HTHal . DS SRIG (RIS IR ovi des
| npr oveneghy tha cidth'c%%éé ﬁ&@géﬂl‘éc@ﬁzﬁﬁ%é}é M @éé’:ﬁé ﬂeﬁe@a&%l i'lsl Qepdseqt he

above problens. D sclosure of Invention Accor’ gtoafirst aspect of
t he presetn ramyetieinothe treagenti mayr becdee fulfyl st bheuse. More generally,
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particularly where the amount of liquid added is only slightly less than the
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optimum the unset material will be distributed throughout the set material
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resulting in only slightly lower than optimum mechanical properties.

On the other hand, if too much liquid is added, the consequences can be
much more severe, for example the fill may be converted into a slurry and

20 washed out of the cloth. Also, the excess liquid will not react and instead will
remain within the fill while the reagent sets; the liquid may drain out of the
cloth after setting, leaving voids in the set fill, thereby reducing the density of
the set material. This can result in a high level of porosity in the final set
product, which can result in a significantly lower final strength and also a

25 lower resistance to liquid ingress, which is undesirable for applications where
the cloth acts as a barrier to liquids. Furthermore a high level of porosity can
result in other undesirable properties, for example: an increase in

susceptibility to freeze/thaw damage and chemical attack.

30 The adding of the correct amount of liquid is time-consuming and requires the

use of trained personnel.



cloth that can be set to becone rigid or sem-rigid, the cloth conprising:
a first face; a second face separated fromthe first face by a space; 10
sel f-supporting linking fibres extending between the first and second faces
that maintain the first and second face in a spaced-apart arrangenent; and
a powder material located in the space between the first and second faces,
which material is capable of setting 40 a rigid or sem- 15rigid solid on
the addition of a liquid or on exposure to radiation, wherein, at one or

nore edgesrif l; 1 h i ; ﬂf‘ﬂﬂ : n y an

el astic errh?? P L%t%ngtu?\f%é?{n Eg&r\)tlc?%é (':rﬁngbé'% egs'égglgaa@[)ﬁh%ﬂgdgié&%{ el astic
yarn (whi ghovidés alsoluteinetorthe dboveproblenisedge yarn”) will normally be 20
shorter than the self-supporting linking fibres, thereby at |east partly
closing off the space at the edge of the fibre but, when stretched, can
have the $%8BIdstire UFiRVERtiohENdth as the rest of the connecting fibres in
the spacer—ftapbrtc put when allowed to contract under its own tension, it
achi éves the desired shorter length. The elastic yarn may stretch by nore

than 100%0f it.s_| h 25 i t _breaking.. This allows. t hi
to e used-eardin if St dthactisr M bredat ivetiar thesdis $oYickd s BEXBe! m ng
the rest @foth fatsdaRCss séBlerbetoné rifitcorestatitifgid Ctheldisthdonsisingbric, the

el astic yarn can be used in place of sone or all (and preferably all) of
the normal |inking fifiekfaggins with the el astic edge yarns being woven or

knitted in a stretche | 1] f | S en renoved from
t he machi ne used tor‘)"n%%?‘?ﬁ?&%gg?agtéﬁr?b?ﬁ‘& fﬁggﬁféﬁgbiqggg%’ast icity in the
edgel(yarns causes t kelffsupportirg tihRinbatisics eotehdindr Betwdanand sirsb apach ot her
at the edge of the cloth, thereby at |east partly closing the space within
the fabric at iSEgoR@fpaes that mm%a} theofirst and seceld facein aspaced@dani t he

space in the clpth dpt . Swhen the powder material is filled into the
space, it is const Pal ned to remain

a powder material located in the space between the first and

second faces, which material is capable of setting to a rigid or semi-
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wherein, at one or more edges of the cloth, the first and second faces are

connected by an elastic yarn that at least partly closes the space at the edge.
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greater) length as the rest of the connecting fibres in the spacer fabric but
when allowed to contract under its own tension, it achieves the desired

shorter length. The elastic yarn may stretch by more than 100% of its length
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without breaking. This aiiows the same machine to be used to form the edges
of the spacer fabric as is used for forming the rest of the spacer fabric; at the
edge(s) of the spacer fabric, the elastic yarn can be used in place of some or
all (and preferably all) of the normal linking fibre yarns with the elastic edge
yarns being woven or knitted in a stretched condition. After the fabric has
30 been removed from the machine used to make it, e.g. a knitting machine, the

elasticity in the edge yarns causes the faces of the fabric to be drawn towards



within the cloth and can less easily spill out of the sides. This aspect of
the present invention can be inplenented by providing an extension at the
edge of one or both faces that extends laterally beyond the 10 rest of the
face and that is connected to the rest of the fabric by the elastic yarns;
the elastic yarn at the edge of the cJoth then draws the extended portion
towards the other face, thereby at |east partly closing the space at the
edge. 15The extended edge may al so be | onger than the distance between the
two faces d ' ' ; ext ends
verti cal | ;/_:%g %g@?hg%ggb??ﬁg& ?ﬁgﬁ’t tr%?ést%yaagga%tt %{ag{s@hg@emg ouegoi ng to
add anyt hiwitii) the2faibinie ajdtaceelgesat eri al may be sell able on the addition of
wat er and in one enbodi ment nay conprise cenent, optionally Portland cenent
or high alum na cenment (the latter having the advantage that it provides
shorter sete parttdrmMl @BSue AP Bagesl cBahd dpactain! thes EloBaidhrishivat ot her
cenments) or a conbination of these Cenent with each other or wth other
cenert s. Whers the powdermatenall inddlediintoethe, spacg, isisnepnstrainetbtammgmaigat es,

fly ash, gl. be S| .Or cl fillers, chopped natural or
synt het i cg\"ﬁ'ﬁg&% agmaﬁ\ﬂgﬂ??ssns%%sgyislqglﬁ@ﬁtoﬁ@? S8t ace nodified sili ca,

pi gnents, anti fungal -agents and anti-radiation fillers. The cenent may be
conbined with additives customarily found in cenment or concrete

conposi t i dis aspget 8f fhetresent invgbtiongan3be rigwlemepted hy eviding @ded f or
exampl e | il P ARl BeSe Gisfiels? GOTPANAYShaLHBAKE ISBIRRHILRCHET | ©
acid, tartaric acid), suPfphate sources, plasticisers, accelerants,

r et arlder s restugfethepfaget ard #eatss cohnedtedge thediest f theé falyrinbg thevaslastic

repel l ent agents and di spersible paolyne 0 rs). The liguid used to set
t he cenent/@ 'Es?\/\@?e?b\ﬁ/ﬂﬁ)%rﬂa@/t e §Qﬁgvﬁ{@% gﬁ’%&%‘@? qdrieuys extendedodi f i ed
by the addit Leal j J l&baﬁ- ve

addi ti ves%hﬁaﬁp%ﬂarag? Eé O?ﬁ%?%.mgmgyfﬂrlgg%ﬁ F{)/ée}l% t '@ghef%%%ﬁapn@tg erial

may be onedgenponent of a nulti-part curable resin that cures when two or

nore |iquid conponents are m xed together, e.g. an epoxy resin system In

accordance with the first aspect of the present invention, the powder may

be g5V sqhiagktenddd &dgd malOaifhees asRd tRaPeré détahbe HutReentthe myention

relates to a way of controlling the amount of liquid added to the cloth.
faces such that when the extended portion is drawn up the edge extends

vertically above the face for a short distance; this has [were you going to add

anything?].
+ i ~N ~a
20 The powder material may be settable on the addition of water and in one

embodiment may comprise cement, optionally Portland cement or high
alumina cement (the latter having the advantage that it provides shorter
setting times and a more rapid gain in early strength than other cements) or a
combination of these cement with each other or with other cements. The fill

P e | £11 g

may inciude filiers, e.g. sand or fine aggregates, fly ash, glass beads, iow
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density or recycled fillers, chopped natural or synthetic fibres, lime flour, mica
insulators, surface modified silica, pigments, anti fungal-agents and anti-
radiation fillers. The cement may be combined with additives customarily
found in cement or concrete compositions. Thus a number of reaction
30 modifiers may be included for example lithium compounds, sodium
compounds, organic compounds (citric acid, tartaric acid), sulphate sources,

plasticisers, accelerants, retarders, super plasticisers, shrinkage reducing



At | east one of the first and second faces is porous to the setting liquid,
and the other face nmay be porous or non porous to the setting liquid or

i ndeed i nperneable to any liquid or gas. The linking fibres limt the gap
between the two faces and hence |limt the maxi numinternal volunme. The
liquid is added to the cloth and passes through one (or possibly both, if
provi ded) porous faces before soakingdinto the fill and reacting with the
reagent to cause the nfl-1..0- 4-- Lellni I LU act 1110-0 O I U U 011CCL.

The density. of th fill material tra d bet ween fi.rst, and
second 1 actashls, PP SFREITH Adants, PR dibBerslis BBy pelcP iiRis)-aT g URBI4 3 o1
the grai ngseld fohsetr @RoCstheANE Watdr WhICY WBYy &id 8ba watet be wWatet thditHasal so to
t he packing of the fill, 25particularly the amount of space that is

occupi ed tBees mogdifiedihy theeaddiins ekether ekerioals whichgnay inclysie any pbthe voi d
fraction). [ [ [ dj ust rent of the manufacturing
condi ti onsadng{g %@gﬁe&tpéﬁ?ﬁwg@{%@wg@eagent s and other ancillary
materjals, especially the nature of the filler material, the specific
particle sjze di_striﬁ‘éti ons, densities and ranges of shapes of the

parti cl es,Aliggnaiednt sefiabigatiatenial gAY kg e cABPRAEHt of & mult-naEhce t he
void fractd it Fd wiHaat v 0 [Pa}4 &Pﬁpd@n?éi ‘midage the
fill has bdeugérllblyo{aé(}'eﬁ(; tg%gc%ésse“{yé@dW%AOr ﬁgnlguédr)i al 1t cannag% rlneave, hence
t he voi d ftogethiegre.gaan kpoky xesin aystehe |paicoordahcemvithf thetfirsteaspact afithiet i on of
the liquid, air .is displaced fromthe vojd fraction, .sone of the 5reagent
i s di ssol VEGSEH YRy %pﬁwgehﬁlﬁy{h%ﬂg\?%qtﬁgeI"i‘%ﬁf'al'causes t he reagent
to sygell. If unrestrained, this expansion will continue until the reagent

is entirely suspended or dissolved in the liquid. In accordance with the
second asp%tﬁ sefondnaspact oé the prasent iniention delateuteca avay dfecanjendiingoéieneen t he
two faces e.cloth | jmte y the linking fibres constraining how
far the ff@ﬁ%ﬁﬁﬁéﬁﬂggea%#e@%%acﬁi?tﬁ(i n the context of the setting of the
fill and the forces applied to themin such a process, the linking fibres
are of a fixed length). The faces rrafy be of a sufficiently closed
const r uct ireastanenefithadistand serandi faces s prrosade the settieg liaigeandor filler
even yhen galpatads B8 obIAN & ndiens@ s S Hi@bLifigiRDICoNRLEE, N the
swel Il ng of "the reagent’ antl so the increase in the ¥

impermeable to any liquid or gas. The linking fibres limit the gap between the

two faces and hence limit the maximum internal volume. The liquid is added
to the cloth and passes through one (or possibly both, if provided) porous

faces before soaking into the fill and reacting with the reagent to cause the
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The density of the powdered fill material trapped between the first and second
faces in the cloth is related not only to the material density of the grains of the

reagent and ancillary materials in the fill, but also to the packing of the fill,
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particularly the amount of space that is occupied by air due to the imperfect
tessellation of the particles (void fraction). It is possible by careful adjustment
of the manufacturing conditions and also selection of the reagents and other
ancillary materials, especially the nature of the filler material, the specific
particle size distributions, densities and ranges of shapes of the patrticles, to
30 control the packing density of the particles and hence the void fraction within
the fill that is loaded into the material. Once the fill has been loaded and



15volumo oft-. fill rnn ho rnritrre'd. Therefore, in this arrangenent, it
Is possible tolimt the quantity of the liquid that can be added to the
fill for a given area of cloth. This is primarily achieved by adjusting the
void fraction within the fill and setting the properties of the 11111%1119
nuicb, e.y.1CI i1t119111, atm ieba au uu Lilt %\udi any uu tilelll. 11Cb
within the fabric so that the space dvailable to acconmpdate the |iquid,

i ncluding an all owance for a small anmount of expansion that results due to

| aurd (: Reaaopaiearyshali SHGcr B hebeBahevrist bt Brtbe Rl Lo
quanti té Eﬁe %dﬂﬁt gg,hign&ggwu@i, Prels) , f egﬁal fs ]tlhe anount  of b: iquid that is
required to be added. By control o e follow ng variables in

manuf acturing, it is possible to produce a filled cloth where the void
rati o and e 8. Cant: 6ol : hd g Elable to be
occupi ed @V\%#e'h({)}?atﬁ? C %,O%L§$|§@6%g8ﬁrfp gln\éoé(?reﬂ%f: ,ﬁ&gﬁ%ﬁg g{# physi cal
propérti eseagfent kedissolkeddn theblisd antl laelditinally ittom lighidtdatisés theereagener i al s
wi th suitable physical characteristics including density and particle size

and shapetaswel.ilhupiestrainedgt '§ﬁépgweew"bﬁora)tfmt%\éntﬂ'éaaé%@g,ew h suitable

physi cal en%%ggadreg@gfasoﬂ mgédrof*éd;@\ tﬁﬁrﬁahrdv_ |¢aecm5hb@ \WhthSthéSe@BAd Shape

di stributions, contr e manufacturing process especially
| oadi ng t aspddtidf the prédsent arvention pthelkvotlens iof thespadanbetwecamethertval and S

control of the_ratiopof reagents and fillers within the dry fil I f for
Cvanm e ¢ faoes pLtae 5t S BRESTLY B8 finking BB, Sorstiambl ok fr e facekum amount
of lipqui deieBBIrmE¢ed BphR (RAHBEChE:E BF thl dettifg of BROMNAR tRefbrées Mat ter how
much liquid is present around the cloth it iS inpossible to add too nuch

10t o t he applad orthem irhsuch aprocesr; eninking fipresiacaof adtvedriengiby Thecl udi ng:

the 1 qui troes Al BB\ sqMERifcBEFa s ast inS0Bt BB PR BRRT i T er g the
properti epagdade6f thetreagért drdflller even when saturated in the liquid. Hence the

fabric can constrain the swelling of the reagent and so the increase in the
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volume of the fill can be controlled.
Therefore, in this arrangement, it is possible to limit the quantity of the liquid
that can be added to the fill for a given area of cloth. This is primarily achieved

by adjusting the void fraction within the fill and setting the properties of the
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within the fabric so that the space available to accommodate the liquid,
including an allowance for a small amount of expansion that results due to the
pressure exerted by the swelling of the fill during addition of the liquid (the

allowance for a given fill is governed by the stiffness and quantity of the

25 linking fibres), equais the amount of liquid that is required to be added.
By control of the following variables in manufacturing, it is possible to produce
a filled cloth where the void ratio and swelling is controlled so as to limit the
space available to be occupied by the liquid component:

30 e the arrangement, shape and physical properties of the linking fibres,

¢ the selection of the filler materials with suitable physical characteristics

including density and particle size and shape distributions,



2. The risk of errors fromuser mstakes is reduced significantly. 1C 130
Il me level in Lialliilly al iu 1.111uulletauy ube ale Lavin | b reduced. 4.
If additional liquid contacts the cloth, for exanple if it is set in the

rain, it will not alter the properties of the set material. 20According to
this second aspect of the present invention, there is provided a flexible
cloth that can be set to becorme rigi & or sem-rigid, the cloth conprising:
a first face; a second face separated fromthe first face by a space; 25

| f- ting linking fj t endi t the first and d f
That i ntaih osAeh of BeSRalRa SR IR Bl it ingerent: ana
a conpact ed poywgRidiAgUehsi®) ah@paiRie sieldiRl SRAREdIBRIMEERs, he first and

second faces, which material is capable of setting to a rigid or
30seni -ri gi de sochiedulaontiod obithél maoufasturing prpgess especiailynloading thedillf i r st and

the second faces, are substanti al. i vioys .to the powder material but at
| east one of tfﬂamq %orbeeqli |uﬁhge'f%%yly‘?"3fﬂnﬁgﬁ%%al{ﬁﬂ%|raé] the 9 anount and type
of reagent i EHRrSIVTRAE r&tb BONRRENTPAR fifkdrs witHin tiiedNofItMe and conpacti on
of the powder nmaterial are such that: W - OV = x LV

If for example the space available is controlled to be close to the optimum

amount of liquid required to be added to set all the reagent, then no matter

how much liquid is present around the cloth it is impossible to add too much
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1. The material can be immersed and (as in the preferred embodiment
where the liquid is water) will set underwater without significantly
altering the properties of the set material.

2. The risk of errors from user mistakes is reduced significantly.
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reduced.
4. If additional liquid contacts the cloth, for example if it is set in the rain, it

will not alter the properties of the set material.

20 According to this second aspect of the present invention, there is provided a
flexible cloth that can be set to become rigid or semi-rigid, the cloth
comprising:

a first face;
a second face separated from the first face by a space;

25 self-supporting linking fibres extending between the first and
second faces that maintain the first and second face in a spaced-apart
arrangement; and

a compacted powder material located in the space between the
first and second faces, which material is capable of setting to a rigid or

30 semi-rigid solid on the addition of a liquid,

wherein both the first and the second faces are substantially impervious to the

powder material but at least one of them is pervious to liquid and wherein the



where: 5MW = the maxi mum vol unme of the space within the cloth (per unit
area of the cloth); thus M includes both the volune of enpty space in the
cloth before addition of the powder naterial, and an additional volune
resulting fromany expansion of the space due to the pressure exerted by
the swelling of the powder material 10 during the addition of the liquid
or during the setting of material. TRe additional vol ume may be nodified by
adjusting the quantity and stiffness of the linking fibres but wll

general ly e t. % b % _of: th me of
enpty spagg%luﬁit%éeé?%?h&bga eta{ﬁdtl}‘ ? i %%rﬁggctte ﬁesgﬁ’ﬁégrﬁ‘%‘fﬁ”ﬁ’i%ﬂ‘;ﬂtﬂg =
t he vol ungolaind Ared spatpactivh lof the pewdéanbtdriahiire suclethati ed by the particles
of the powder nmaterial, i ch volume does not include the vol une occupied
by voids within the“jg\évmé}/’rﬁ&téyi al (per unit area of the cloth); LV = the
vol ume of Jipwid (per unit area of the cloth) that results in the 20

maxi mum | ong term (28 day) conpressive strength, of the fill blend when
set; Sthis can MY detherathximpinr vaameyofdhe Spaoe withim tegeloth (per unit area

manuf act ur er/ bl enders rec ded ljquid tq r ent/blend ratio; and x =a
factor  betveen 0. 650hAtE S pa eI Helites b JAEvondus Samipty 3padE o 35 -
0.99, such as 0.87 in Gh@lclofiPbeforaMRbditibs | &T0tHe RRMiderUditeiNCapasgd Cenent
formul ation, where the liquid is water, the value of x used Is 0.89. 30In

ot her words, the cl afditionabvelnmegsultingdross poyiexpepsiopmidbe ispacetiue he

settable material apd,the nt of reacfant | h tt abl erial and
t he maxi num vol une g%tﬂ\t’%@ﬁgﬁgefeé(%ggdg)rye{%uéwe[hﬁgtgef tZ]%I ég\gd%r ﬁﬁiﬂﬁjm ned
10 agount of | i qui ddading e a@iaaiBROsiahediquid & Aulile tisdasrinanst rhlRkiaRnount i s
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mat ched to the liquid required to set the rea%ent. Thus it is not possible
in normal use to addheqsdditienal vplwmeimay keeodiitesk by adissting éhe pantity

5General ly, due to Lpgvi jati i E”%ﬂitf t UL ifiypns and
materials, there na?ngeétifﬁﬁéﬁt gﬁg{re?l{@lﬁﬁﬁsﬁq?ﬁ the ‘gglt p%h%]&ggountotrotﬁgl iquid
to be added, i.e. tbeder of opnoandinte.gf aboutuil 8%, esfuiheedolumes ef enfisty r eagent

fully; it is generall referable to err on t side of adding too little
liquid than too rrucﬁPg?g@. then&%k&ferre @@ql§0$9€§’@rwqeq BAELHan 1. In sone

a
Casq% hOV\Bver b{\vl I;StrQGﬁSkﬁam &f the enare within tha ~lath that ie Aacen 'cd b\l +!-\n

ni
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particles of the powder material, which volume does not include
the volume occupied by voids within the powder material (per
unit area of the cloth);

LV = the volume of liquid (per unit area of the cloth) that results in the

N
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blend when set; this can be derived empirically or from the
reagent manufacturer/blenders recommended liquid to
reagent/blend ratio; and

x = a factor between 0.65 and 1.1

25
The factor x may be less than 1, e.g. 0.85 — 0.99, such as 0.87 - 0.91. For
example using a particular HAC based Cement formulation, where the liquid
is water, the value of x used is 0.89.

30 In other words, the cloth is such that (and especially compaction of the

settable material and the amount of reactant in the settable material and the

maximum volume between the faces are such that) only a predetermined



10t o del i berately use above or bel ow the theoretical optinmm anount of
liquid. For exanple for certain applications it nay be desirable to have a
hi gh I evel of porosity and hence a ratio of liquid to reagent that is

hi gher than the optimum |In other instances a lowratio may be desirable

for exanpl e unreacted reagent can i limted self-healing properties to
a material as cracks can allow 15liq d to penetrate the set material and
react with the unreacted reagent held within the set material. In order to

achi eve thg, ;ﬂfﬁ?bf féui g%%r(bé é%do?nhéﬂéfe%' Jv%huﬂ%ﬁé%ﬁé{:]é( a¥18 R Fhoust is el atively

hi gh densit e clot i s conpacted

wi t hi n 20tfecliedta the liquichckstjuinedriotset trentaagleint.nichushikisl ncﬂmo&sabha mneagent

ratio, a h| h dens dry fill has .t he, fol | gy ng advantages: 1. The
dry fill alys 400%(@){ WﬁGQH@HPq&%Bﬂl'ﬂe['Woﬁ& &E’: when subjected to
ext er nal forces for exanple: vibration during transport. 2. The wetted

fill is less prone to novenent due to |liquid novenent when 25the liquid is
added, foGee»eaaﬂM dugfto imayitabteuvatistionadal ethryfagtpriag icagdivens endi ng onto one

of / or the us face(s rlal I r_fol ded,
Che dry. " BItGER B etrets ey iR Arplsh e RLRE dhusfn SRR o o Bk °r ecui «
in Weakenaddéd Sige. Qhe MiAPnUM dridurt F ligaideegalred $94et the réQQ@nthaﬁyBSt i@ denser
| evel of reagent will evolve nore heat per unit area which can

advant age@a@esallameﬁeéa@leéo efeon ecsife of adding t@@ |'ét|‘ﬁal51léd than foedBteldin to
occur at |8V\fheef %y ?&eratﬂ%lésts tﬁ%‘?ql ﬂl%e e %%Wevepﬁlsd&éésﬁét{e must

not be so ‘conpac ed as uce Pract to a val ue belo
t hatlQwher & ddsl&fei'ateﬁv use abbve bebtlospthecthebtdiical d)dmmmhm:homt @fllicmwl t he

desi red anpunt of quid to be accommodat ed or Sthat the fi é)artlcl es are

so cl osel f%ﬁéﬁ@&'q f%tceftﬁwméseﬂmﬁ ity Padestablgrto have a h'gh level of

porosity and hence a ratio of liquid to reagent that is higher than the optimum.
In other instances a low ratio may be desirable for example unreacted reagent

can impart limited self-healing properties to a material as cracks can allow
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Inmm-l to nenetrate the set material and react with the unreacted reagent held
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within the set material.

In order to achieve the desired ratio it is typically necessary to obtain a

relatively high density of dry fill within the cloth, i.e. the fill is compacted within
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dry fill also has the following advantages:
1. The dry fill is less prone to movement within the material when
subjected to external forces for example: vibration during transport.
2. The wetted fill is less prone to movement due to quuid movement when

the liquid is added, for exampie if the liquid is ad by spraying or
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jetting onto one of/or the porous face(s).

3. When the material is manipulated, or folded, the dry, or wetted but
unset fill is less likely to move, which may result in weakened area or
line in the set material.

30 4. In some cases a denser level of reagent will evolve more heat per unit
area which can advantageously accelerate the reaction and also

enable the reaction to occur at low temperatures.



liquid through the fill to such an extent that an insufficient quantity of
the liquid is able to contact the reagent elenment within the fill and hence
an insufficient fraction of the reagent is able to react. In practice this
undesirably high |l evel of conpaction is difficult to achieve in nost cases.
10 Al t hough WD 2007/ 144559 teaches thft the amount of settable material in
the space in the fabric is such that! particularly when the naterial has
set, it occupies substantially the whole of the space between the first and
second faces, it does not teach that the m x and density (i.e. degree of
conpaction) of 15the settable material should be selected that it conplies
with the Hizhoeald be moted tivad treodiyafill mesusetbe 0 compaoted dsetoneitrear t 0 cenent

ti d i mise th i cal t f, the cloth wh t b
ol di no. [RRCRIB fieghat (actas SRR Thehhe R INGrS rrinSuBeRBTEPasR. o ot
to be set wjRid e aéﬁ%rmﬁnpﬁh_e%%a Arh b Iialuﬂi-tohBE'%cdﬁﬁﬁ\%atéM'ér‘ e still

providing the desired 20physical properties. 'In the case of a cenent filled
cl ot B, whtheh the fill particlesartsf s closalyt packed $hatdbey restrct thegpassppefofed in WO

2007/ 144559,. .t he prese invention.generally requires a.,cargful. se]lection

o the 11 Tuid ehfauBPE o RieR s S RaEa st Bt RAR bR It

appar ent  fgr gTe WOc3Rfa6t I Ry einh eRintigit Withi§ 6iEfilyand hent@anahoycieat mul a. 25
The settable powder material and/or the liquid can include additives e.g.

f1 exi bl i z&aetion ebiRergaggahisable to react. Inmsacticer thisnwrdesiiablyt highdeval ©f t hat
are known J)H taEﬁor‘?‘fst 4 u Bré%ﬁ} 'Vgr]n%(gé? ctaQ Ssettabl e materials concerned,
edp ove. %JHR: ?g aree{ ﬁ

as descriB a arge enough to allow the nmaterial to be
pl agéd in the fabric. However, after the material has been placed in the
fabric, it is desirable to ke the first face sugstantially,i pervious to

the fill AbeYIRIVAPAM! tegshes Hiad he pROUSEQESalfakie AAiPHRLS Rat can
pe appli egod: AL I Suctrirat [Partiduiady (HERTRE MAYRA BV sdeibonded onto

the first ter the settabl'e materia een I ntroduced into the
fabric. Onecupiehsubstantiaibulhg wholef theé spacarbétvden thedastpand sedoridayer, whi ch
could fi ngacaegl,o’t id%%tsin%rt] tcl,ancht trﬁ%t ﬁwoenr%tlxr zlajrg idgrr;si{yn&lé.saégre%roft cuor}rr1lp(>aa|(lztiorr]ﬁJ of 10
15 the settable material should be selected that it complies with the above
formula and so can be used to control the water to cement ratio and so
optimise the physical properties of the cloth when set by avoiding the
possibility of adding too much liquid. This allows the cloth to be set in the

presence of excess liquid, e.g. under water, while still providing the desired
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generally requires a careful selection of the filling materials and a greater
degree of compaction than was apparent from WO 2007/144559 in order to

comply with the above formula.
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The settable powder material and/or the liquid can include additives e.g.
flexiblizers, foaming agents, fillers, reinforcement materials etc. that are
known in the art in connection with the settable materials concerned, as
described above.

30
The settable material is preferably added to the space through pores formed

in the first face of the fabric, in which case, the first face will have pores that



Secondly, the first face may be made of, or include, an elastoneric yarn so
that the upper face can be stretched to enlarge pores within the face to
allow the settable material to be introduced into the fabric but, once the
materi al has been added to the fabric, the stretching forces can be

rel eased, to close the 15 pores to size such that the settable materi al
cannot readily escape through the fitst face. Thirdly, the first face can
be treated after the settable material has been introduced into the fabric
to close raf@l E'énd@fghtt'i')ealidv& the frﬁé’t@nal':ﬂf b& (Pln tHe fa%r%o Rewel&l, e to
treat the tirs face by applying a seallng teri such as an adhesive or
t 0 subj ecaftehthef matarial hae beengaeshin ﬂheefabmant lstdﬁs‘lnabllq/ta)lmabarﬂne fitsty cl ose

th I PVC b [ '
Serapery 1359 HORATEEIY o TSP, B e L RBUR A b He 4 O200E TR0 oo Sor
radi at i ve JBg&isSseéVerfGbcihifuld BvRIcain bidafslied! to! achidveethid.r st face can be

knitted fromfibres that will shrink when heated, thereby enabling the
sett@ble materials to be introduced through a knit havi ng pores

cett abl o FUPUETEMulilie” h8Y AT ABSRbAGRS kS ohE Thet el Hhero Pl St e e
heat ed, enthtefdUsdsBedreditediuaed intoateifabrit.n©rd bues ldyer @GOIUFWWaf/@fd ose
the pores so as to substantially prevent the particles of settab

mat eri al sef‘?@lﬁ’i%s‘é%p?n&amprBrQchJﬁ‘fﬁfhé’t’h'Gh §PUlh dingh ARPlisAERB AR dBE nay al so
be used. 555 ably substantially inpervious to the
settabl e %Qﬁ%rl a@'ﬂqncfj?%@ blsthj[ﬁlh? “ﬁp does not fall through the second face
wheri0added through the 5 first face. However in order to assist in the

enetratiqn to the ace, e se face r ef er abl oro
Do he | | Saeandiyp e frst B i, BB ate ‘ofnal aie. L ElASarBRE: HRaT S any

I ncl udes goitGRe %bbﬁ@ac’é garf Be Mttt &td Qﬁlal'gélFbﬂest\ﬂltﬁiﬂrtﬁérfééeetd)hlﬁowm

allowing material "particles to pass throu nevert hel ess the second
face has p‘m settalilematedal todd mtrgduced rréo ahtetfabi@ dnenes the matarial has he

space, it po |bIet revent the @l | al Lin out t he
second fa@g Usqd'rs‘i%datr(?ytth aBH% ﬁ]& %t[ﬁr} ‘gmgl E‘i?sss%qp gﬁor\‘? 16088 thé
15 pores to a size such that the settable material cannot readily escape through

the first face.

Thirdly, the first face can be treated after the settable material has been

introduced into the fabric to close the pores of the first face. For example, itis
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adhesive or to subject the first face to solvent treatment to fully or partially
close the pores. In one example, a PVC paste may be applied (for example
using a scraper) to the first face and cured for example by heat, e.g. by

means of radiative heaters or hot air blowers.

N
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Fourthly, the first face can be knitted from fibres that will shrink when heated,
thereby enabling the settable materials to be introduced through a knit having
pores sufficiently open to allow the particles to pass through; after the settable
material has been introduced into the fabric, the first face are heated, e.g.
30 using heated air, causing the fibres to contract to close the pores so as to

substantially prevent the particles of settable materials from escaping.



As al ready nentioned, the second and in sone cases the first face of the
fabric may be such that the liquid can penetrate into the space through the
15 faraa tin rantart tha aattahla paw4,-r matarial within tha spaces euch
liquid penetration can take place either by including pores within the face
(as di scussed above) and/or by nakin? the yarns of the first and second
faces froma material that can be welded by the liquid concerned and
therefore the liquid mﬁll be mﬁcked through the first and second faces to
come into,contact..narl LI JULCLJIC 1L 101.el 1C WwWILL I11 |
CP e e r AHMBREGR o 1 BV e ! p“lcEF'“E?s ’EQ}SaFSP CYSEA LILLI | between fibres
within the first and second faces can assist in providing liquid to the
settable material. Suitable materials for use in formng the first and

second f adBg sesenddace ispprejeriabhysubsiantially dnpeevieufctastner satiable matealal t o
use when Lhe,sehbaf §q 8o a@aﬁl|'nt§'r%%§h‘éd§éco%%%%t e@ng nggagm%pgﬁ'thsm

chem cal resiStance | ONS coa whi ch can

provisde r fiishffaceeHowever, imordet toraiseist ah ;the poenetidtipheot liqdid MYE thebr es,
whi ch have the advanta e of being relatively easy to bgnd using chem cal or
thermal bePRF&Ghe gerPRE laee efprfequaey RQIAUSH EO Us%kﬂu'df@phﬁ@tq>.5ﬁkﬁwglh bres in

the fabri¢nhgseyrebic FQ gy re%“tflz‘;\hﬁ Al% Silddihg the®: they
(?Mprem en n di'ng

shoul d be sufficient tant to under f rces ten
liquid to penetrate but not allowing materlal particles to pass through. If

nevertheless the second face has pores that are too large to retain the
10 material within the space, it is possible to prevent the material falling out

through the second face using any of the measures discussed above.

As already mentioned, the second and in some cases the first face of the

fabric may be such that the liquid can penetrate into the space through the
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faces to contact the settable powder material within the sp
penetration can take place either by including pores within the face (as
discussed above) and/or by making the yarns of the first and second faces
from a material that can be wetted by the liquid concerned and therefore the

liquid will be wicked through the first and second faces to come into contact
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between fibres within the first and second faces can assist in providing liquid
to the settable material. Suitable materials for use in forming the first and
second faces include:

e polypropylene, which is the preferred material to use when the settable

25 material includes cement, as it has excellent chemical resistance to
alkaline conditions;
e coated glass fibres, which can provide reinforcement to the set
material;
e polyethylene;
30 e PVC fibres, which have the advantage of being relatively easy to bond

using chemical or thermal bonding.

A mixture of fibres can be used.



to crush the fabric, to maintain the spacing between the faces when the 5
settable material has been | oaded onto the first face to feed the materi al
into the fabric. The density of the linking fibres, i.e. the nunber of
yarns per unit area, is also an inportant factor in resisting crushing
forces while the material particles are being added and so maintaining the
spaci ng between the faces and in rest4icting the novemrent of the materi al
particles once they are trapped 10 between the upper and | ower |ayers. The
Finking fibres are generally nmade of the same material as the faces, as

| i sted above. Cenerally the linking fibres are a nonofilanment as this

provi des trhe ItHka®} BBtesSini theNRbsic dre s&f-bumsurtiAgtand Shaag Bedanficiemlyh t he
present invention, that the linking fibres 15~ ¢, not diyidc the sp.cc

wi thi n t hetiffals. they whouldhbe suffisientynigsistantaoceending andee ferses iterding uch a
| d.al
RN T o S R G R L L

the stren C once

the Sett abkgalietraaietial hasbeba lsadéd onenthd firsafaasd tee‘dothleanatehal irde. . .. .. 4
LVHU 1JuuucU Il RU LI IC 10U 1. WUL Il bl 1TULITUI 1Ul L/CJU 1111C G b
LU 1011 uthe fﬁibf'f 1ihe depsity pf the, linking §'Pf%tﬁ1dﬁoﬁh%é‘é'mh?ff9id/@§"5 ESpHBital | y
preferred t y

provi de sﬁorter s%tea)t% ﬁgb%ﬁgggﬁra%a%n%é:@ rapl glngaf?ﬁéﬁsﬁmegérﬁgﬁﬁéer%t h t han

ot her cenpattles?aEnbeihgratdeainand soandintainiag medsndmmg batween thebfaess ar e
pr ef er abl f a spacer fabr Wi t h ores in the

1
P ret anatuld feftrictha By movarment St thhnsitselBerElesPice thikere BAPRRY Cecond

facqpi s PrehfdaPine Tpper dddiwer 15kvdrst TretipRMgt fltek idré igdndffllySRatiBa) the
pores in the second face are smaller than in“the first face'to allow the

settabl e tiwaernenma&rlaélasﬂb\ebfaceea as listhacablovent Generally gbe dinkingdilyas t he
relativel he fir ace apesig{lﬁent the material falling

out of th&8% 36‘3?'?: 8[]5%5 'H%PE%V@% hpaq:rga %loth of the pr esent

i nvention can be rranuf actured and caused to set at will any time |ater by
the addition of the liquid, e.g. water. The fabric can therefore be nade at
one | ocat itdd mppeABRH aeeprdanes wiitheihel esentdnvenlinst dhat thedinkingsiaes o set by

the,addi t hon of &oel i d,, which gaméoagﬁuppmu,edmhpp,au.yem,ﬁ LReLgby
reduci ng the bul KVPRat Ut be fransporte'd “The fabric Inpregnated with the

sol i d powdempattierts isincebsudl exdiblstoranduicialloe dratkiedo ropaddtedwithin f or

transport, ) : :
the fabric and so reduce the strength of the fabric once the material has set.

The particle size of the settable material must be sufficient to allow it to be
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the first and/or second faces. Especially preferred are high alumina cements
since among other attributes they provide shorter setting times and a more

rapid gain in early strength than other cements.
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The first and second faces and the linking fibres are preferabiy part of a
spacer fabric, which can be formed with pores in the first and second faces by
the knitting process used to make it. The second face is preferably more
tightly knitted than the first face so that the pores in the second face are
smaller than in the first face to allow the settable powder material to be
30 introduced into the space through the relatively large pores in the first face

and prevent the material falling out of the fabric through the second face.



The fabric of the present application has many applications. Firstly, it
can be 10 used to formthe cover of a prefabricated shelter as described
in WO 2005/ 124063. However, it has wi der applications and, for exanple, can
be used: to forma track-way for vehicles, pedestrians or aninals; to
forma shelter by applying the fabri¢c to a framework; 15 to make formwrk
for casting concrete; to formbarri®ts, e.g. toline tunnels; to repair
or reinforce structures, e. roofs; to formfloors or danp proof

9.
st ruct ur e?pe cloth of the gré?erﬁ}ﬁhgéﬂog\gﬁ {ahmért\lﬁf‘dg é(ﬁ’sand cdlisell! t¥&det RNks and

unst abl e sl opes; pr o ences palir €xisting pipes,
i ncl udi ngwiluangdimetlater phy ¢lse cadditenc o she lquUIdn&il\gmeer ThHeo faibrroepamof

el enents of new exi sting structures e. S roof coveri.n
i i g § oiMeERIPIf B9 Tag8 & GhedPRAtPT dieisBaNES 52 AnplRs daeal ey AREFBIS. and
contain fb‘&se?jptd |s§t fbgf; 1 Gebfioh Sf the NGLILIC ARYiEH daﬁ”gé%r@héésloéélfb runways,

to reinforce sand ructures and protect themfrom da from't
el emént s ﬁm@msedummg dnel hullk thatvingbebe deanspadedodhe fabric |mpregnaie<li| ne

Pand 1111 v B8 A GaeL L ST 56, Mo ek Bart e RIGET ST TolEd b 7 7"

transport.

The fabric of the present application has many applications. Firstly, it can be

10 used to form the cover of a prefabricated shelter as described in WO
2005/124063. However, it has wider applications and, for example, can be
used:

e to form a track-way for vehicles, pedestrians or animals;
e to form a shelter by applying the fabric to a framework;
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¢ to form barriers, e.g. to line tunnels;
¢ to repair or reinforce structures, e.g. roofs;
¢ to form floors or damp proof structures;
o to reinforce earth structures, e.g. river banks and unstable slopes;
20 ¢ to provide flood defences;
o to repair existing pipes, including buried water pipes or to construct
new pipes;
e to fireproof elements of new or existing structures e.g. as a fireproof
covering or lining for chimneys;
25 e to form a hard surface, reduce dust hazards and contain fuel spills for
aircraft e.g. helicopter landing sites and runways;
o to reinforce sandbag structures and protect them from damage from
the elements such as wind and ultra violet degradation;
e to line ground works and prevent the leaching of chemical

30 contaminants eg. for land fill or secondary fuel containment works;



16 to forma waterproof lining for the contai nnent of water e.g pond,

canal lining and water storage or settling or septic tanks; to form
per manent awni ngs or roof structures; to line drainage ditches; 5 tin
nrrcuirlcsnn Pxfprnnl winthPrprnnf fnring frir hi lilrling@ to forman

i ntegral part of a durable gabion structures; to repair and/or reinforce
gabi on structures and protect t hem f} m damage fromthe el enents such as
wind and ultra violet degradation;; to formartistic or decorative forns,

or 10 X0 Torum Wi A RURSHAE b oF (BE L0 RBIEAG 60 BN B gy, PO o

pont oons. 1£° ¢t Setta eriral¥is se e aaditron o§ r, the

wat er can be addeal Ithirig bed atatérystoragehsr detfing ©reaptibtankst in a pl ace where
it will come into contact 15 with water, e.g. in a watercourse or outside

where it cart aBstarm peinanend awaingssPraoof struetUfRssi bl e to bury the fabric in

danp earth and, al. [ rb water fromthe earth, thereby causing the
settabl e mt'erfog"'#%gr%é?égﬁgie%t he cloth has set, the fibres al so provide

rei nfor cenent tPpidvdes ah eiktdrhal v?éhtﬁ@ﬁp?bbﬁfacﬁi@doﬁbbﬁ&iﬁ?é;i ally increase its
strength and, if the fill material becones cracked, it allows the cloth to

fail progressi tefoym amiriegral par of atcdusablegabien styctyyes;aki ng up | oad on the

cloth.. e to repair and/or reinforce gabion structures and protect them from
damage from the elements such as wind and ultra violet degradation;;

e to form artistic or decorative forms, or

10 e to form huiis and superstructure of fioating vesseis such as boats or

pontoons.

If the settable material is set by the addition of water, the water can be added
deliberately or the fabric can be put in a place where it will come into contact
15 with water, e.g. in a watercourse or outside where it can absorb rain. For
example, it is possible to bury the fabric in damp earth and allow it to absorb

water from the earth, thereby causing the settable material to set.

Once the cloth has set, the fibres also provide reinforcement to the set fill
20 material and substantially increase its strength and, if the fill material becomes
cracked, it allows the cloth to fail progressively (rather than catastrophically)

by taking up load on the cloth..

There is theoretically no limit to the thickness of the cloth, although it will
25 generally be limited by the manufacturing techniques used to produce it. A
typical thickness would be between 2 and 70mm, e.g. from 2 to 40mm, and
typically between 4 and 30mm, e.g. from 4 to 20mm. One important
consideration limiting the thickness of the material is the ability of the liquid to
penetrate through the interior of the settable material before the outer portions
30 of the settable material has set. A further limitation on the thickness comes

from the increased weight of the fabric with increased thickness and if it is too



There is theoretically nolimt to the thickness of the cloth, although it
will 25 generally be limted by the manufacturing techni ques used to
produce it. A typical thickness would be between 2 and 70mm e.g. from2 to
40mm and typically between 4 and 30mm e.g. from4 to 20mm One inportant
consideration limting the thickness of the material is the ability of the
liquid to penetrate through the intelor of the settable material before
the outer portions 300of the settable material has set. A further limtation

the thic . : . -
iogcr egsedhﬁﬁ@gﬁﬁéégé%ﬁ]gfy r@qt%&?glbpgg§$?§ﬂtt%é@b?ﬁéf t?]g;%gst%%géyﬁ‘r?\g%ﬁ%e abl e
t 0 suppor withiretheefaghit. of the settable material within the fabric. Brief

Description of Drawings 5There will now be described, by way of exanple
only, a fabric material in accordance with the present invention, by

ref er ence grR il GBI BPDradinlgewW ngs in which: Figure 1 is a diagrammtic
I 1lustrat a spacer tabric, Figure 2 is a cross sectional view through
t he Pabri dhemMiljumow bei describiesyrynwayief exampler anlypma fabricpmateridldbri c
according_to %ge enb: ditﬁrent of tthegpr.eseﬁt i ventiqn; and F(iﬂgure 4 is a
needl e di A5rUNERGY WY (DF RYSPRAT LECUPNs ki feterghce iguine sccepanying
Descri pti grawihgs faivdigh: ng tin tha nrrnmpnnying drnwi ngc, Fig, iro 1l
chr".”~:c erhammtie knittod o _ _ -
Figure 1 is a diagrammatic illustration of a spacer fabric;
Figure 2 is a cross sectional view through the fabric;
10 Figure 3 is a diagrammatic illustration of spacer fabric according to one
embodiment of the present invention; and

Figure 4 is a needle diagram for knitting the spacer fabric of Figure 3.

Detailed Description
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rawings, Figure 1 shows a schematic knitted
spacer fabric having a tightly knitted bottom face layer 10, a more loosely
knitted upper face layer 12 and linking fibres 14 extending across the space
16 between the lower and upper face layers 10, 12. The spacer fabric is made

of knitted polyethylene and is commercially available from Scott & Fyfe as

Ermara ananar fahrina
Jitiil opavci Wi,

[\
<o

Settable material, e.g. cement optionally together with fillers and other
additives, is introduced into the fabric through pores 20 in the open-knit upper

face layer 12. The pores 20 arise through the knitting process during

[\
()}

manufacture of the spacer fabric. The cement can be placed on the spacer
fabric and will fall through pores 20 into space 16. The penetration through
the pores 20 can be assisted by placing the spacer fabric on a vibrating bed
and by brushing the fill into the pores, e.g. using a rotating brush. Vibration
also has the advantage of settling the cement within the space 16 to minimise

30 voids or air pockets that are formed.



spacer fabric having a tightly knitted bottomface |ayer 10, a nore | oosely
knitted upper face layer 12 and linking fibres 14 extending across the
space 16 between the | ower and upper face layers 10, 12. The spacer fabric
is made of knitted polyethylene and is commercially available from Scott &
Fyfe as nfla Fe, LI/UP 11111 OCL.Cl | CUJI Pia. Settable material, e.g.
cenent optionally together with fill¥s and other additives, is introduced
into the fabric through pores 20 in the open-knit .upper face |ayer 12. The
pores 20 i L3 1d Q&S ' U f the
spacer famhfeit?o%?%%]n%{r)\[h %gg%éeﬁ\%%a@%@ on %cgg{rg%&g’{:%rgnggﬁ#ifpg?%sn' G[\r)m8| | fall
thr pughdpgbae[rﬂfadew@ sipalier th&nfiiﬁ[)tae uppet fade gryeir !stuohghgt ﬂ@dpegeeszaraohpan be
assiste aci ng the spacer ric.on a vibratiing bed and by brushing
the fill ﬁiiff gty %B?EstP FEE%?"%S}P@%“?'O@'&PPN& B% m.cem%ﬁaff%rfa@nso has
the advani,gge of settling the cenment within the space 16 to minim se
30voids or air pockets that are forned. 18 The bottom face 10 has a

rel atively tight knitted structure and the pores in the bottomface are
smal l er than in the upper face.layer such . that the _pgres are sufficiently
arml | to. AErdTR Mlisditins oFSh mRiEced o the Baaeniof Rimhpar faRg /IS 5
After theqpaeehRld hathebasilicafibh @FHARA ddzt of PR pas@awARh is ienufired face

| ayer 12 is seal ed by the application of a thin coat of PVC paste which is
t hen cur ebyiheatisgtth@gutfaeesur f ace. 10Water can penetrate into the fabric

t hrough the pores in the bottomface 10; hydration of the cenment is aided
by the linking fibres 14, which can wick water into the interior of the
fabriigc.  wdtee cahaidhdtrnts ustongetfhprié #iroughand gdies seth@bbaoi facema;eri al

within the space 16 15is flexible and can be forned tq shape prior to the
i ntroduct T‘MﬁrQS'PnqudU? gemend ds aided bygtherlinkinaafibres il 4 H‘é!“%'bﬁé'é wick water

into the interior of the fabric.
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the material within the space.

The long fibres 18, together with the shorter fibres in the fabric, provide

reinforcement to the material, when set and prevent crack propagation.

[\
<D

Figure 3 shows a spacer fabric that can be used for making the cloth of the
present invention; except as set out below, it is identical to the fabric of
Figures 1 and 2, and the same reference numbers as are used in connection
with Figures 1 and 2 have been used in Figure 3 to shown the same features.

However, in the fabric of Figure 3, the edge of the lower face iayer 10 is

[\
(9}

extended beyond the edge of the upper face layer 12 by an extension 24
formed in exactly the same way as the rest of the lower face layer 10 except
that linking fibres 26 connecting the extension to the upper face 12 is made of
an elastic material which is stretched during knitting. When the tension is no
30 longer applied to the elastic linking fibres 26, e.g. by removing the fabric from
the knitting machine, the extension 24 is drawn up around the edge of the

fabric by the linking fibres 26 and so closes off the edge of the fabric. When a



The long fibres 18, together with the shorter fibres in the fabric, provide
reinforcenent to the naterial, when set and prevent crack propagation. 20
Figure 3 shows a spacer fabric that can be used for making the cloth of the
present invention; except as set out below, it is identical to the fabric
of Figures 1 and 2, and the sane reference nunbers as are used in
connection with Flgures 1 and 2 havel®een used in Figure 3 to shown the
sane features. 25 However, in the fabric of Figure 3, the edge of the | ower

e et ol K AL AR e 882850 She LR BE 2Rk BeF B 22"
| ayer 10 eytefthetdiddés of thieifaprici bres 26 connecting the extension to the

upper face 12 is made of an elastic material which is stretched during
knitting. Wen the tension is no 30 |onger applied to the elastic |inking

fib 26 : h
ext ensi on’ 753 oML pA T ritiestusdd BriqiRiie cide BFA facer 2
fibrés 26famid shoverl osEguse 3 Whereetl’gaenm’malryarrhsabseat to Vérem tlee ba& cfetheabl e

fill dded th h th 20 t )t |1
oLt of t hEPIRIdEDEE. & HePPuBRIR ete qip shawarSh e kBE AT Bt b1 BB es used

for knitty88d tdRredgR I%lﬁq‘%reﬁmre%ﬁoﬂmbwrfé‘%%r igr Figure 3 where the
normal yarns used to formthe bulk of the spacer fabric, e.g.

pol ypropyl ene, are shown by the letter "N’ whlle t he el astic used to form
t he |i nki Egam;gltﬂés 26 are shown by the letter "E'. Exanple 1 10A high
al um na c s | oaded t ho in. Figure 3 usi

U1 brigt on RN B TORA S TR AR ﬁgﬂﬁfa@acgﬁewa it 5 GR A wh9 Med ol o h.
Vater is Uﬁ%’tldrpaﬁc?brdé?\%g%Bﬁ'ﬁ’iquey’tﬁesrchseﬂ%bb@é"to Rithl AileyRioph: cement
ratio in this case iIs . The cloth has a porous face 10 of

suf fi ci en¥¥atetisassed tocﬂeetttlnencemmt t theptheveatical hptimium weteencerpemn@tloand al so

t he cenent_ .15 ovvder nce s.Q ter from assi hr,

i on 11 caln MY & o8 Bwd0Rl e fotfiala bl ARE ReRREBNE cont ed
face to ctlesedebhstriietidirtoasrerent tﬁeajrz\@enfeaﬁeew@eeahur&fﬁﬁtﬂéycéme@tfI | anent

pol yet hyl ene linking fibres. The hi alum na cenent is conpacted to give a

t ot dP dr yPawds epcesoakexbimwater diemn aaseoerﬂy@egh i ipleigrilicastt quaptitiebhet ween
L ot o YR BARERR L2 A o okt Ko e MigsaRcer
wat er t he26Vviehé tvag fadest dre linked iy ponofianizet polettyene Imklng flbres. The
high alumina cement is compacted to give a total dry density of 1.35g/cm® and
an average thickness of 7.3mm between the outer surfaces of the two faces.
20
The linking fibres are spaced, slightly bowed and of sufficient stiffness such
that after immersion in water the swelling of the cement powder between the
two faces is constrained to a 14% internal volume increase. When this
increased volume is entirely filled with water as a result of immersion this
25 represents a 10% increase in the weight of the material. In addition to the
increase in volume, the water also displaces air from the void fraction and
dissolves a proportion of the cement which results in a further 22% increase in

weight.

30 Continued immersion does not result in any further increase in weight.

Therefore, the cloth construction limits the water to cement ratio to 0.32 being



two faces is constrained to a 14% internal volune increase. Wen this
increased volune is entirely filled with water as a result of imersion
this 25represents a 10% increase in the weight of the naterial. In addition
to the increase in volume, the water also displaces air fromthe void
fraction and dissolves a proportion of the cement which results in a
further 22% increase in weight. 20 %Qightly below the 0.4 optimumto
provi de the maxi num 28 day conpressive strength. In other words, the factor
X in the { . 4 = : iale cloth

t hat can %M& égéwgbgodﬁ% °gf'§|ﬂ89 E)or p'?ggnje?trhiegrﬁé),“%%g %?%C(?Bhé)e%!g?ng: a
first facetreAgthetwbthdraasdsctherfatted xfin tve abevd forsiuld &c@ 3240.4=9pace;

sel f-supporting linking fibres extending between the first and second faces
that maintain the first and second face in a spaced-apart arrangenent; and
10a conpacted powder material |ocated in the space between the first and
second faces, which material is capable of setting to a rigid or sem-rigid
solid on the addition of a liquid, wherein both the first and the second
material is substantially inpervious to the powder material but at |east
one of themis pervious to liquid and wherein the anobunt and type of 15
reagent in the conpacted powder material, and the vol unme and conpaction of
t he powder material are such that:



W - OV =x * LV where: W = the maxi mum vol une of the space within the
cloth (per unit area of the 20cloth); thus MW includes both the vol une of
enpty space in the cloth before additiay of the powder material, and an
addi tional volune resulting fromany expansi on of the space due to the
pressure exerted by the swelling of the powder material during the addition
of the liquid or during the setting of material; 250V = the volune of the
space within the cloth that is occupied by the particles of the powder
material, which volunme does not incl GleAlM$: vol une occupi ed by voids w thin
the powder material (per unit area of the cloth); LV = the volunme of liquid
(per unit area of the cloth) that results in the naxi mumlong term (28 day)
conpressive strength, of the fill blend when 30set; and x =a factor between

0.65 and 1.1, {RLISABR. Fad ot L0l ks Jiess A e Soffco 0885 99

edges, the fi r&tﬂr@trfdoﬁe;r second 35 face includes an edge portion that
extends | ater aII P Leteczﬁ Lﬂﬁ qf ce and that is connected to the
rest of the fabr 80‘6‘% aPﬁée%?rQ tony e s ?Q?e YAPFRP%t astic yarn drawing 22
t he or each extselfdupygpriday finkig fﬂotmﬂl@oﬁr’@beﬁvb@n thiedicst ,antiBec@tafasds thenst
partly closi. The cloth of any

D ecedi no ARG HST 8RB TR AePRr Bt 8o P OB haPdt od fnto 5 the
edges tf the f abrdmpac@dgnowdar platgiel IctatsdmstherSpad:d be:tv‘/veérinmesfei;tfansllsppmd i ng
linking f 'fal?cre%SWhch” rt]grlatl Iscap qgfo?gttyﬁftoog rlgt;l or ggr%’l r|g|d solid on the addition of

a liquid,

wherein both the first and the second material is substantially impervious to the powder

material but at least one of them is pervious to liquid and wherein the amount and type of

15 reagent in the compacted powder material, and the volume and compaction of the

powder material are such that:
MV -OV =x*LV
where:
MV = the maximum volume of the space within the cloth (per unit area of the

20 cloth); thus MV includes both the volume of empty space in the cloth
before addition of the powder material, and an additional volume resulting
from any expansion of the space due to the pressure exerted by the
swelling of the powder material during the addition of the liquid or during
the setting of material;

25 OV = the volume of the space within the cloth that is occupied by the particles
of the powder material, which volume does not include the volume
occupied by voids within the powder material (per unit area of the cloth);

LV = the volume of liquid (per unit area of the cloth) that results in the
maximum long term (28 day) compressive strength, of the fill blend when

30 set; and

X = a factor between 0.65 and 1.1 , for example a number that is less than 1,
e.g. 0.85-0.99 such as 0.87 -.0.91.

2. The cloth of claim 1, wherein, at said one or more edges, the first and/or second
35 face includes an edge portion that extends laterally beyond the rest of the face and that
is connected to the rest of the fabric by the elastic yarns, the said elastic yarn drawing



4. The cloth of any preceding claim wherein the settable powder materi al

conprises cenent, e.g. a cenent-based dry concrete m x i ncl udi ng

pl asticisers and 10 other additives. 9 The cloth of any preceding claim
wherein the first face has pores that are | arge enough to admt the powder
material into the space, which pores are at |east partly sealed or have

been reduced in size, thereby retaining the settapl e powder terial 15
ot thi n°t ha pagsh ckEnd i PRt i Rs e npetod The 8PSt BRI B | oas
partly seapack dth@edgabiahe cotlch as an adhesive, a heat curable material or
a layer of material applied to the first face. 20 7. The cloth of any
preceding claim wherein the first face is backed by a further |ayer such

afs a danp 3pr30fThb&|}cﬁm ob@%}ged:em&jﬁhiouwhbméﬂ }k@ldla?lﬁicﬁ:ﬁreg%@mcorpora‘i%d iAfke cloth
of any precedin aim .wherein the secon e i udes. pares that 25 are
suf f1 ¢inths,dgR o EAPIC S 1t Wags el kil 00 selisrePREIPE DR IR ot he

space but datih@wetrhanyassegstaffablie |iquid to cause the powder material to
set. 9. The cloth of claim8, wherein the extending edge portion is fornmed
on the second face. 30 10. A nethod of meking an inpregnated flexible
cloth as dl ai matheiciotianlargfpre¢edinggscldint, avh@reint the setiblo powdempmaterialg:

providing the fabric t[lavi nag a first (igce, a fﬂicond If(ﬁce 58 arated fromthe
first fac&OBPECSERIL e TEPELbBpR Vg eIk R T Y BPL RIS RIARY bet ween
t he fitost otired ageiiossd 35 faces and that maintain the first and second face
in a spaced-apart arrangenent; and 23 | oadi ng the space within the
fabric wwth a powder material, e.g. cenent, that is capable of setting to a
rigid or $em - fMhgictbtls of aryy wacddhey eaidi, ivhereirofhedirdtifaps lthslpored et ag larhe

settable material on the first face and vibratjng the fabric and/or
brushing BOREH Crasial ha PoripahakS B e e bR phiS Ad AL SR, m 10,
whi ch conpealedsr haadbaty rebecaddmdize citlersbl estaialngi thé eettdbde spedse ntdiertaigh por es
in the}gi rs%. ftﬁce and reducing the size of the pores or closing the pores
once the POMHer8iPHat eri al has been loaded, e.g. by partly or conpletely
sealing the pores, for exanple by applying a sealant to the first face or

2 cl'oth a8 ol ai BEqI oL Mo BToiE e reh SEr S ek SR PT d8%alli ng o
i quid tosutieashotbhégives atneat cunebls eldierdzl er payeest matedaliapbliddtosed first
face.
20
7. The cloth of any preceding claim, wherein the first face is backed by a further
layer such as a damp proof layer being impervious to liquids or gases.

8. The cloth of any preceding claim, wherein the second face includes pores that
25 are sufficiently small as to retain the powdered settable material within the space but
allow the passage of the liquid to cause the powder material to set.

9. The cloth of claim 8, wherein the extending edge portion is formed on the second
face.
30
10. A method of making an impregnated flexible cloth as claimed in any of claims 1
to 9, the method comprising:
providing the fabric having a first face, a second face separated from the first
face by a space and self-supporting linking fibres extending between the first and second
35 faces and that maintain the first and second face in a spaced-apart arrangement; and



15 13. A nmethod of setting a cloth as clainmed in claim1, which conprises
subnerging the cloth in aliquid to cause the settable powder material to
set. 14.Use of the inpregnated fabric ai3 any of clains 1 to 14,

- to forma cover of a prefabricated shelter, e.g. as described in WO
202005/ 124063; - to forma track-way for vehicles, pedestrians or ani mal s;

- to forma sh e fabric to a

for mior kT or - cRIRIE SRRV eyl §apPrd BaBERS oy soeenflianel s

25- ]EO I epapdble bf ge&hﬂ@‘tWa:@ufbﬂ’MMrg&sshohd .09.thé aodison efdl(quicbbmlfaho@tklfe orddanp
roof struc einfarce e st tures river banks an
Cinat abi e SPRARE Fiaterah I i Feidh e wBEv b LB TebHars g o1 1 ng

pi pes, i nehaielian ghidtiei fabricvat er pi pes or to construct new pi pes; 30- to
fireprg_)of el ements of new or existing structures e.g. as a fireproof
covering or lining for chimeys; - to forma hard surface, reduce dust
hazar ds and. cormhainmethowbf cSaDinHOszhQﬂh c@'m"pﬂseé loading thedhsdwdzogd eatdriahidiontge si t es
and runways;

nfore structures an rqt ect them
Fr om danmgBass tuoh@omsd dEieCraf 3he B BPRREREE fi'e 2oRR T ebsBadbeaat i on
pores once the powdered material has been loaded, e.g. by partly or completely sealing
the pores, for example by applying a sealant to the first face or by bonding a further layer

10 onto the first face.

12. A method of setting a cloth as claimed in any one of claims 1 to 9, which
comprises adding a liquid to the cloth to cause the settable powder material to set.

15 13. A method of setting a cloth as claimed in claim 1, which comprises submerging
the cloth in a liquid to cause the settable powder material to set.

14. Use of the impregnated fabric of any of claims 1 to 14,
- to form a cover of a prefabricated shelter, e.g. as described in WO
20 2005/124063;
- to form a track-way for vehicles, pedestrians or animals;
- to form a shelter by applying the fabric to a framework;
- to make formwork for casting concrete;
- to form barriers, e.g. to line tunnels;
25 - to repair or reinforce structures, e.g. roofs;
- to form floors or damp proof structures;
- to reinforce earth structures, e.g. river banks and unstable slopes;
- to provide flood defences;
- to repair existing pipes, including buried water pipes or to construct new pipes;
30 - to fireproof elements of new or existing structures e.g. as a fireproof covering or
lining for chimneys;
- to form a hard surface, reduce dust hazards and contain fuel spills for aircraft
e.g. helicopter landing sites and runways;
- to reinforce sandbag structures and protect them from damage from the
35 elements such as wind and ultra violet degradation;



24 - to line ground works and prevent the |eaching of chem cal contam nants

e.g. for land fill or secondary fuel containnent works; - to forma

wat er proof lining for the containnment afp water e.g. pond, canal |ining and
wat er storage or settling or septic tanks; 5- to form pernanent awni ngs or
roof structures; - to line drainage ditches; - to provide an external

weat her proof facipg for buildin orman_i ar.t a durabl e

Gabi on ot ruct ur &8 rBind e Rt pigvs! PeADIR gl FBA s Fibbaft st

protect them f nmmmlmgeorfdaqnmmdmmumhemm»ss such as wind and ultra violet

degr adat i on; E‘ﬁ orm rtls 0 folmlhulls and

Super st ruct ur o8 PGRY ARG U ibEplod it podansal & FRer S Rashecaa
and water storage or settling or septic tanks;
5 - to form permanent awnings or roof structures;

- to line drainage ditches;
- to provide an external weatherproof facing for buildings;
- to form an integral part of a durable gabion structures;
- to repair and/or reinforce gabion structures and protect them from damage from

10 the elements such as wind and ultra violet degradation;
- to form artistic or decorative forms, or

- to form hulls and superstructure of floating vessels such as boats or pontoons.



