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Description

FIELD OF THE INVENTION

[0001] THIS INVENTION relates to reinforced con-
crete products.

BACKGROUND TO THE INVENTION

[0002] Polymeric fibres, tapes and meshes are used
as reinforcing in hydraulic matrices (also referred to as
cementitous matrices). They are the conventional prod-
ucts of the textile and plastics industries and are prima-
rily intended to be used for spinning and weaving, or
have been produced for other purposes. The problems
that hydraulic matrices, of which type 1 cement (Ordi-
nary Portland Cement) is an example, have in interfac-
ing with them have not hitherto been addressed to the
best of Applicant's knowledge.

[0003] The creation of polymeric reinforcing fibre,
tape or mesh of high tenacity, involves a draw down or
stretch ratio. This can vary in the range 5:1 to 15:1 for
extruded tapes and spun multi-filaments and up to 50:1
for solvent/gel spun multi-filaments. In both cases the
fibre produced has a smooth surface. Some polymers
from which the fibres are made are hydrophobic. For an
hydraulic matrix to achieve any significant mechanical,
frictional or chemical bond to fibres or yarns made in this
way is virtually impossible.

DESCRIPTION OF THE INVENTION

[0004] According to one aspect of the present inven-
tion there is provided a yarn for use in a cement mortar
matrix, the yarn including a core and a multitude of sta-
ple fibres forming a layer which envelopes the core and
provides an extended surface area and interstical spac-
es for infiltration by cement fines and hydrates, the sta-
ple fibres being spun around the core and attached to
the core, the staple fibres having sufficient freedom of
radial movement to provide said spaces and permit in-
gress of cement fines and the formation of its hydrates
in said spaces.

[0005] Preferably said core comprises two or more
core strands which are twisted together, portions of the
staple fibres being trapped between the core strands as
the core strands are twisted together thereby to form a
mechanical connection between the core strands and
the staple fibres. The strands of the core can have ad-
hesive between them.

[0006] Inone form said core and said staple fibres are
of synthetic plastics materials which weld to one another
upon being softened, the core and the fibres of the layer
being welded to one another at spaced locations along
the length of the yarn. In another form said fibres and
said core are adhered to one another at spaced loca-
tions.

[0007] Said layer can consist mainly of fibres with hy-
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drophobic properties intermingled with some fibres
which have hydrophillic properties. It is also possible for
said layer to include soluble fibres containing additives
for enhancing the properties of the hydrate crystals dur-
ing their formation. Alternatively the core and/or the sta-
ple fibres can have thereon a soluble coating containing
additives for enhancing the properties of the hydrate
crystals during their formation.

[0008] According to a further aspect of the present in-
vention there is provided a concrete article with yarn as
defined above therein as reinforcing.

[0009] The yarn can be used in the form in which it is
produced but cut into pieces, or can be woven to form
a tape or cloth which is embedded in the concrete ma-
trix.

[0010] By using two or more strands in the core, the
leading ends of the staple fibres which are fed trans-
versely towards the core during the spinning process
can be trapped by the core strands. As the staple fibres
are spun around the core and the core strands are twist-
ed, they become mechanically locked together.

[0011] Additionally the core strands can be coated in-
line with an adhesive of a type compatible with the ma-
terials of which the core strands and the staple fibres
are made. The staple fibres then also form a barrier
which prevents the adhesive from causing a length of
the coated finished yarn from sticking to an adjacent
length of the yarn.

[0012] The function of the core strands is to provided
the reinforcing. The staple fibres are there to provide the
means for the hydraulic matrix to grip the core strands.
The staple fibres offer a surface area several orders of
magnitude greater than the surface area of the core
strands. Furthermore, their interstices provide a void
space which can be infiltrated by the hydraulic matrix,
which as it crystallises envelopes the staple fibres, thus
forming a composite interface between the reinforcing
core and a cementaceous matrix.

[0013] The staple fibres preferably consist mainly of
hydrophobic material so as not to interfere with the wa-
ter/cement ratio which significantly influences the
strength of the fully cured cement mortar, or concrete,
in which the fibre product is used.

[0014] The staple fibres can be a blend of fibres, a
small percentage of the total having hydrophillic proper-
ties, enabling them to retain sufficient water to ensure
that the hydraulic matrix in contact with them is fully
cured.

[0015] Soluble fibres, or fibres that have a soluble
coating, can be included to release additives into the
hydraulic matrix that enhance the properties of the ce-
ment hydrate crystals as they form, without affecting the
properties of the bulk of the matrix. One example of a
performance enhancing additive is silica fume. This can
change the ratio of the hydrates produced during hydra-
tion in an advantageous manner. Another additive is
gypsum anhydrate, which when in contact with cement
hydrates, can cause expansion. Other additives, and
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their effect, are known to those skilled in the art.
[0016] While dosing via soluble fibres is a preferred
method, the additives can also be infiltrated into the in-
terstices of the staple fibres and retained there by the
use of a soluble coating. Sodium alginate is the pre-
ferred coating.

[0017] The staple fibres are preferably applied to the
core yarns by a spinning process. An example of such
a process is friction spinning as developed by Feher AG
of Linz, Austria. Adhesive can be applied in-line imme-
diately prior to the spinning process. The staple fibres
then also serve to prevent the adhesively coated strands
from sticking to each other. This could be a problem
were it not an in-line process. The friction spinning proc-
ess therefore has to be customised to meet the needs
of the method of production of the yarn according to the
invention. The use of multiple adhesively coated strands
that converge at the point where the staple fibres are
being introduced adds an adhesive bond to the mechan-
ical interlock that occurs between the core and the sta-
ple fibres.

[0018] The friction spun staple fibres can be more
loosely applied to the core strands if the core strands
are coated with an adhesive before the friction spinning
process takes place. This is of particular significance in
the case of high tech fibres, where high interlaminar
shear forces have to be transmitted through the inter-
face layer of staple fibres into the ultra strong reinforcing
core. Such forces can exceed 1 GPa.

[0019] A suitable adhesive can be made from a hot
melt adhesive by dissolving it in a suitable hot solvent
and allowing it to cool. A room temperature volatile gel
is thus produced. This can be coated onto the core
strands. The solvent volatilises leaving a thin layer of
hot melt adhesive gel. The solvent can be recovered and
condensed for reuse. The hot melt adhesive can also
be formulated to become the carrier of the matrix per-
formance enhancing additives mentioned above.
[0020] After the staple fibres have been friction spun
onto the surface of the adhesively coated core strands,
the composite core can be heated. This softens the ad-
hesive thus heat setting the friction spun fibres to the
surface of the core and at the same time creating a
ridged surface of adhesive on the core strands along
which the staple fibres will, once in the cement matrix,
not be able to slide.

[0021] Yarn made in accordance with this invention
provides interstitial spaces into which cement and its hy-
drates can flow and mechanically interact with the staple
fibres. In some cases additives are included which
chemically interact with the cement and/or its hydrates
to create a preferred interface, selectively using the hy-
draulic matrix in which the interactive strands, or prod-
ucts made from them, are used to enhance the matrix
where it is to become the interface with the interactive
fibre strands.

[0022] Yarn made in accordance with this invention
comprises two or more components each with its own

10

15

20

25

30

35

40

45

50

55

well defined function.
[0023] The yarn can have:

A high tenacity core, to carry the load, the core com-
prising one, two or more polymeric core strands or
alternatively multi-filaments;

one or more layers of staple fibres spun onto the
core;

a mechanical locking system between the core and
the staple fibres;

an adhesive bonding layer between the core and
the staple fibres;

an adhesive that includes additives to react with the
hydraulic matrix;

hydrophillic fibres forming a portion of the staple fi-
bres;

fibres coated with a water soluble adhesive that dis-
solves releasing additives into the cement as it hy-
drates;

inclusions in the extended surface layer of the fibres
to react chemically with the hydrating cement in or-
der to create a preferred topical matrix.

[0024] The surface layer of staple fibres is preferably
applied to the high tenacity core by the process known
as friction spinning, for which Feher AG, of Linz, Austria
supplies suitable equipment.

[0025] A preferred embodiment uses a plurality of
core strands, the strands being fed in a cone to a nip in
order to catch the leading ends of the staple fibres as
these are fed transversely towards the nip. With the
leading ends of the staple fibres trapped between the
strands of the core, spinning serves to bind them in
place. Twisting of the core strands enhances the bond.
[0026] The staple fibres reinforce the cement inter-
face and transfer the load on the concrete product into
the core strands. A load usually results from the bending
or flexing of the cement matrix or concrete product in
which the yarn is used.

[0027] The staple fibres, when wound onto the core,
resultin a permeable layer of fibres. This makes the yarn
suitable for gas treatment, an example being fluorina-
tion, and equally suitable for treatment by irradiation.
The latter can additionally be used to modify the prop-
erties of the adhesive by the process known as cross
linking. The fluorination process is known to create a po-
lar surface on certain polymers that can improve its ad-
hesion to hydraulic matrices.

[0028] Failure of the presently used polymeric fibres
is usually by "pull out" from the concrete. Under load,
they. increase in length and reduce in diameter thereby
freeing themselves from the largely frictional grip of the
concrete.

[0029] The yarns of this invention are gripped me-
chanically, and in many cases chemically, by the hydrau-
lic matrix. If the final product fails it is because the matrix,
the interface or the fibres themselves have failed under
load as pull out of the interactive fibre strands under load
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is not possible.

[0030] During hydration of the cement, the crystals of
hydration become the matrix in and around the staple
fibres and are modified by additives in or around those
staple fibres, so as to become an enhanced matrix.
Products made using the methods taught in this appli-
cation can be internally reinforced and also reinforced
to the outer surfaces of the product.

[0031] Replacing steel reinforcing systems in chosen
applications by yarn according to this invention enables
thinner, lighter cement based products to be made. Ac-
celerators can be used that would cause the corrosion
of steel, enabling moulds to be more productively uti-
lised.

[0032] Bulk concrete products according to the inven-
tion are less prone to cracking. Furthermore because
the physical properties of the cement matrix interface to
the yarn is enhanced, the toughness of the bulk matrix
is improved and the deflection under load with respect
to steel reinforced concrete is reduced.

[0033] The deflection of a conventionally reinforced
beam under load leads to cracking of the tensile, or flex-
ural, face of the beam. The greater the deflection the
wider the cracks. Cracks that are uniform and fine can
self heal. The yarn in accordance with this invention re-
distributes stress resulting in more but finer cracks. This
leads to more durable concrete.

[0034] Yarn, tapes and cloths made in accordance
with the teachings of this application are more desirable
than steel for the purpose of reinforcing cellular or light-
weight aggregate cement based products because steel
reinforcing is generally incompatible with the significant-
ly reduced compressive strength of lightweight con-
crete.

[0035] The reinforcing core of the yarn can be man
made synthetic textile yarns or natural textile yarns. Ex-
amples are rayon, nylon, polyester, polyethylene, poly-
propylene, carbon, Kevlar, gel spun polyethylene or zir-
conia glass high tech fibres.

[0036] Allof these fibres can be characterised as hav-
ing a surface requiring chemical, gas, corona discharge
or irradiation treatment to create a surface to which a
chemical bond can be achieved by an adhesive matrix.
Epoxy or polyester resins are examples of adhesives
that will bond after such treatment. However, these
treatments do not yield a surface to which a water based
matrix such as cement, or its hydrates, can either inter-
lock mechanically or significantly bond chemically. Fur-
ther these process are not normally used in the textile
industry. This leads to multiple handling, increasing the
cost of the end product. Such fibres cannot therefore be
used as reinforcing unless they form part of composite
yarns as described herein.

[0037] Cement and similar hydraulic matrices are by
their nature used in bulk as low cost matrices. The cost
of any required additive or reinforcing is a factor in de-
termining whether or not they would be used. This does
not, of course, eliminate such treatments from being
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used when there is a commercially or technically valid
reason to do so.

[0038] Insome casesitisdesirable toapply two layers
of friction spun staple fibres, the two layers being spun
with opposite helixes, ie by being applied from the op-
posite ends of the core. This makes it possible for the
grip of these fibres to the core to be enhanced.

[0039] The extended surface area of the fibres of the
composite yarn provides a fibrous surface. This acts
partially as a filter allowing only the finer more reactive
cement particles and the hydrate gels to enter the inter-
stices of the friction spun fibre layer.

[0040] During the hydration of cement, a solution of
hydrate gels forms. This solution is composed of water
and products leached from the cement by the water. Cal-
cium hydroxide and calcium silicate hydrate are two ex-
amples. The latter is the preferred matrix or binder.
[0041] The staple fibres are wound in a spiral semi-
hoop wise fashion. The volume between the core and
the spirally aligned fibres, the adhesive, or specially
manufactured fibres, can be used to carry additives that
can enhance one or more properties of the cement hy-
drates. Examples of such additives are sodium and cal-
cium silicate, gypsum, ettringite, rapid hardening ce-
ment or pozzalans such as pulverised fuel ash, or silica
fume. Other additives will be known to those skilled in
the art.

[0042] One or more of these additives can be used to
cause an interaction with the hydrating cement. As an
example, the formation of calcium hydroxide can be
suppressed in favour of the formation of calcium silica
hydrate. Silica fume is known to be a suitable additive
in this regard. Further in the presence of, for example,
gypsum anhydrate the cement hydrates can be caused
to expand.

[0043] The expansion that takes place does so within
the confines of the annular space between the inside
faces of the staple fibres and the core and has no effect
on the bulk of the concrete within which the fibres are
being utilised. The additives can be present in soluble
coatings on the fibres or in the adhesives used to hold
the fibres in place on the core, or as particulate matter
infiltrated into the interstices of the fibres and if neces-
sary held in place by a soluble material.

[0044] During the expansion of the cement interface
matrix, the annularly aligned fibres constrain radially
outward expansion, causing the crystals of hydration to
press against the reinforcing core of the composite yarn.
This leads to an enhanced grip of the core strands by
the matrix.

[0045] The concept of selectively dosing part of a ce-
ment matrix by the incorporation of fibres as the carrier
for an enhancement additive has many practical appli-
cations, not necessarily limited to the use of such fibres
for reinforcing. In this way a direct bond can be estab-
lished between the hydrates and the extended surface
area of the staple fibres, between the hydrates and the
core and between the fibrous-cement hydrate compos-
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ite layer and the cementaceous matrix of the product in
which the cement forms the binder or matrix.

[0046] By positioning preferential additives so that
they only enhance the matrix in contact with the fibres,
the full benefit of adding the additives is gained, without
having to add the additives to the bulk matrix. There are
two reasons to prefer this. Firstly, only the matrix in con-
tact with the fibres is the subject of enhancement. The
bulk matrix is not necessarily enhanced by such addi-
tives as the fibres are typically a small fraction by volume
of the total mix. To modify the bulk mix, for an effect only
benefiting the fibre interface, is both counter productive
and expensive. Using the extended surface of the rein-
forcing yarn to selectively alter the characteristics of a
bulk cement mix where it contacts the fibres, restricts
the reaction between the additive used and the cement
to where it is of the most benefit in so far as the reinforc-
ing effect of the fibres is concerned.

[0047] Interactive fibre strands such as are described
in this application adsorb water, due to reduced surface
tension, before the cement hydration process com-
mences. With the exception of natural or hydrophillic fi-
bres they will not absorb water and so will have little or
no effect on the critical water/cement ratio.

[0048] During consolidation of the cement matrix ei-
ther by vibration or by vacuum table or other techniques,
water carrying with it cement particles penetrates into
the friction spun layer of fibres. Intermixing of the parti-
cles of cement with the additives contained in this area
takes place and the chosen hydrates form.

[0049] The calcium silicate hydrate gel from the ce-
ment particles can be encouraged to form within the
cross-section defined by the outside of the core and the
outer extremity of the friction spun layer of staple fibres,
namely.in the area partially filled with the prechosen ad-
ditives. The normal hydrate ratio is of the order of 60%
calcium silicate to 40% calcium hydroxide. The ratio can
be altered to, for example, 80:20.

[0050] The calcium silicate hydrate that forms within
the layer of fibres crystallises as calcium silicate. Calci-
um silicate comprises fine, strong but brittle crystals
that, as they continue to crystallise, impinge against
each other and fuse together. During the crystallisation
stage they occupy the interstitial spaces of the staple
fibres forming a calcium silicate-fibre composite inter-
face.

[0051] Most cementaceous interfaces are brittle and
under shock or impact loads fail. A characteristic of the
fibre-calcium silicate composite interface is that it is a
composite with a mechanical bond both to the reinforc-
ing core and to the cement matrix. Any crystals that form
inside the spirally bound hoop like fibres, expand and
impinge against the reinforcing core. This effect is en-
hanced by the use of an additive such as gypsum an-
hydrate that can be within the friction spun fibre layer.
[0052] The fibres in the composite interface reduce
the brittleness of the calcium silicate, creating a pseudo
ductile interface layer.
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[0053] The interactive composite yarn described can
be used as produced ie in yarn form, or woven into a
tape or cloth suitable for use in beam or sheet type ap-
plications. The yarn, when is used as it is produced, can
be cut into pieces of some chosen length. Longer
lengths are required for use in large aggregate mixes
and shorter lengths for use in grout type mixes. The
shorter the yarn is cut the more its friction spun staple
fibres will benefit from the adhesive bond to the core of
the composite yarn.

[0054] Interactive yarn, cloth etc can be cut using a
laser or hot air gun. This also serves to fuse the ends of
the staple fibres together and in the case of a thermo-
plastics core, to the core. This is beneficial in the ab-
sence of an adhesive bond between the fibre outer layer
and the core.

[0055] During mixing, the fibres can be uniformly dis-
persed throughout the mix. They serve to prevent de-
mixing during pumping and placing and segregation un-
der vibration. Because the mix remains mixed it is easier
to obtain site test results that compare with those ob-
tained in the laboratory.

[0056] The reduced surface tension around the
strands causes free water to be adsorbed from the con-
crete mix thus preventing the formation of surface pud-
dles which, when they evaporate, reduce the water-ce-
ment ratio. The water adsorbed by the strands remains
available to the cement throughout the hydration proc-
ess.

[0057] Reinforcing interactive composite yarns made
with a high elongation core can be pre-stressed by, for
example, 20%. At practical diameters this results in a
reduction of about 10% in the diameter of the reinforcing
core. Once the fibrous cement mix has hydrated and the
prestressing load is removed the staple fibres and the
cement hydrates prevent the core from recovering its
original length. The tension in the yarn is therefore con-
verted into a compressive force in the concrete. The fi-
bres in the mix help to contain the force following the
release of the pre-stressing force even if, for example,
the product is cut through between the places at which
the yarn is anchored. Tapes and even woven cloth can
be prestressed in this way, enabling load bearing beams
and floor panels to be precast. Tapes and cloth have the
advantage that they can be cut to fit and maintain the
load bearing properties of the whole beam.

[0058] Tape and woven cloth made from the interac-
tive yarns described can be dipped into a fluidised bed
containing a cementitous powder. The powder infiltrates
the friction spun layer of stable fibres. As the tape or
cloth leave the fluidised bed, they can be wrapped in a
layer of impermeable material such as polyethylene film
to keep the dry cement mixture in place. Alternatively a
non-woven finely textured tissue can be used. The later
can remain in place as a component of the end product.
[0059] The subsequent use of such preimpregnated
materials need only involve their being wetted and al-
lowed to drain, prior to being used in a mould or against
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a former for moulding. Pre-impregnated materials are
suitable for hand or machine lay up into sheet-like struc-
tures. Alternatively they can form the surfaces of a cel-
lular or normal density sandwich panel.

[0060] Interactive fibre strands can be used to create
satin weave or knitted cloths enabling articles with com-
plex curvatures to be made using these techniques. Pol-
ymeric fibres have the advantage of being non aggres-
sive and are therefore not harmful either to the hands of
the user, or to the environment in which they are used.
[0061] Cloth made from interactive composite yarn
acts as a filter. When used to line shuttering it provides
a mesh which prevents large aggregate particles from
reaching the surface of a shutter during casting. Fines
from the concrete mix penetrate the mesh and, flow
through the mesh in a controlled manner. The space
bounded by the shutter fills from the bottom up, the ce-
ment fines displacing air as the space against the shut-
ter face is filled.

[0062] If the cloth is displaced away from the shutter
by the denser cement and fine sand particles, this gives
the face of the pour a fines rich reinforced surface. This
reinforced surface is better able to resistimpact damage
and is less permeable making itideal for marine use and
for use in corrosive environments in general.

[0063] Material made in this way can be used after the
fashion of papier mache to create strong thin fibre ce-
ment mouldings, such as garden ornaments, floor tiles,
roofing sheets and boat hulls.

[0064] The methods described enable cement ma-
trixed mouldings with more than 10% of fibres by volume
to be made. This results in thin, light strong finished
products. Because proportionately less matrix is used,
additives can be incorporated into the cement matrix,
without having a major impact on the cost of the final
product. This enables products made using hydraulic
matrices to compete for market share with those made
from solvent based, or catalytic resin systems.

[0065] Reinforcing yarn with a friction spun surface is
particularly suitable for use in cellular cement and low
density aggregate cement mixes where traditional rein-
forcing, such as steel bars or meshes, are less effective.
The cellular/lightweight aggregate mixes develop insuf-
ficient strength to be able to grip steel reinforcing. The
larger surface area of the described yarn etc is more
suitable.

[0066] Cellular fibre or lightweight aggregate cement
mixes used in conjunction with woven cloth or tape
made in accordance with the methods disclosed in this
application are suitable as an alternative to wooden
joists or plywood. The cement composite fibre ply is suit-
able for use where marine ply would otherwise be spec-
ified and is particularly suitable for use as lost formwork.
Such a formwork remains in place as the finished sur-
face of the concrete.

[0067] A specific example of application is waffle or
trough type floors as it avoids the problem of having to
strip, clean and store large mouldings or shutters. A fur-
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ther example of use is as highway barriers. These can
stack for ease of transport, can be quickly positioned
and bolted together without the need for lifting equip-
ment. The hollow core can be used to hold a plastics
bag filled with water. A vent valve can be provided on
the bag to allow the water to escape at a controlled rate
on impact. Alternatively, the units can be back filled with
soil, sand, or concrete. In the latter case they can be
used with a weak mix as left in situ moulds, or with a
strong mix as re-usable moulds.

[0068] Figure 1 illustrates the preferred method of
producing a yarn in accordance with the present inven-
tion. The two strands designated 18 and 20 together
constitute a core designated 22. The strands 18 and 20
are fed on a converging path to a nip. At the nip the sta-
ple fibres 26 are presented to the strands and their lead-
ing ends are trapped between the strands. In accord-
ance with the present invention the strands preferably
have an adhesive coating 24 applied thereto just before
they reach the nip. The adhesive coating secures the
strands 18, 20 to one another and also assists in binding
the staple fibres. The staple fibres 26 themselves form
a cover for the adhesive coating 24. This prevents ad-
hesion between turns of the yarn when it is wound onto
a bobbin or the like.

[0069] The yarn produced by the process described
has a central core and a fluffy sheath of staple fibres.
Each fibre has the end thereof which was presented to
the nip trapped between the strands and the remainder
of the fibre is wound in a helical manner around the core.
Because each staple fibres is overlapped by a multitude
of other staple fibres, the end result is that the core is
entirely sheathed by a layer of staple fibres.

[0070] The staple fibres of the sheath are secured to
the core at intervals along the length of the yarn. This
can be achieved by passing the yarn through heated
rollers which make contact with the yarn at intervals of,
for example, 5mm. As each individual staple fibre ex-
tends for about 40mm along the core. it is thus attached
to the core at six to nine locations.

[0071] The resulting yarn, as shown in Figure 2, has
spaced locations 30 at which the fibres of the sheath are
secured to the sheath. Between these locations the fi-
bres are spaced outwardly from the sheath leaving an
annular gap between the core and the staple fibres. It is
these gaps that the cement fines and hydrates enter
when the yarn is used for reinforcing purposes.

[0072] Figure 3is a diagrammatic cross section which
shows the strands 18, 20. It also shows the fibres 26.
Reference numeral 28 designates crystals that have
formed within the fibrous cover constituted by the staple
fibres 26. As explained above the product can include
an additive which promotes formation of the requisite
crystals.

[0073] Itis also possible to use staple fibres of differ-
ent types. Simply by way of example, 90% of the staple
fibres in a product can be hydrophobic, 5% can be hy-
drophillic and 5% can be of resorbable material.
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Claims

1. Avyarn for use in a cement mortar matrix, the yarn
including a core and a multitude of staple fibres
forming a layer which envelopes the core and pro-
vides an extended surface area and interstical
spaces for infiltration by cement fines and hydrates,
the staple fibres being spun around the core and
attached to the core, the staple fibres having suffi-
cient freedom of radial movement to provide said
spaces and permit ingress of cement fines and the
formation of its hydrates in said spaces.

2. Ayarnasclaimedinclaim 1, wherein said core com-
prises two or more core strands which are twisted
together, portions of the staple fibres being trapped
between the core strands as the core strands are
twisted together thereby to form a mechanical con-
nection between the core strands and the staple fi-
bres.

3. A yarn as claimed in claim 1 or 2, wherein the
strands of the core have adhesive between them.

4. A yarn as claimed in claim 1, 2 or 3, wherein said
core and said staple fibres are of synthetic plastics
materials which weld to one another upon being sof-
tened, the core and the fibres of the layer being
welded to one another at spaced locations along the
length of the yarn.

5. Avyarn as claimed in claim 1, 2 or 3, wherein said
fibres and said core are adhered to one another at
spaced locations.

6. A yarn as claimed in any preceding claim, wherein
said layer consists mainly of fibres with hydrophobic
properties intermingled with some fibres which
have hydrophillic properties.

7. Avyarn as claimed in any preceding claim, wherein
said layer includes soluble fibres containing addi-
tives for enhancing the properties of the hydrate
crystals during their formation.

8. Avyarn as claimed in any preceding claim, wherein
the core and/or the staple fibres have thereon a sol-
uble coating containing additives for enhancing the
properties of the hydrate crystals during their for-
mation.

9. A concrete product reinforced by yarn as claimed in
any preceding claim.
Patentanspriiche

1.  Werkstoffstrang zur Verwendung in einer Zement-
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mortelmatrix, wobei der Werkstoffstrang einen Kem
und eine Vielzahl von Stapelfasern umfasst, welche
eine Schicht bilden, die den Kern umschlief3t, und
die eine ausgedehnte Oberflache und Zwischen-
raume zur Beflllung mit feinen Zementpartikeln
und - hydraten bereitstellt, wobei die Stapelfasern
um den Kern herum gesponnen und an dem Kern
befestigt sind, wobei die Stapelfasern eine geni-
gende Freiheit fir eine radiale Bewegung aufwei-
sen, um die Zwischenrdume auszubilden und das
Eindringen von feinen Zementpartikeln und die Bil-
dung seiner Hydrate in den Zwischenraumen zu er-
mdglichen.

Werkstoffstrang gemal Anspruch 1, wobei der
Kern zwei oder mehr Kernstrange aufweist, welche
miteinander verzwirnt sind, wobei Teile der Stapel-
fasern bei der Verzwirnung der Kernstrédnge zwi-
schen den Kernstréangen eingefangen werden, wo-
durch eine mechanische Verbindung zwischen den
Kernstrdngen und den Stapelfasern ausgebildet
wird.

Werkstoffstrang gemaR Anspruch 1 oder 2, wobei
die Strange des Kerns Klebstoff dazwischen auf-
weisen.

Werkstoffstrang gemafl Anspruch 1, 2 oder 3, wo-
bei der Kern und die Stapelfasern aus syntheti-
schen Kunststoffmaterialien bestehen, welche
beim Weichmachen miteinander verschweillen,
wobei der Kern und die Fasern der Schicht an von-
einander beabstandeten Stellen entlang der Lange
des Werkstoffstrangs miteinander verschweif3t wer-
den.

Werkstoffstrang gemaf Anspruch 1, 2 oder 3, wo-
bei die Fasern und der Kern an voneinander beab-
standeten Stellen miteinander verklebt werden.

Werkstoffstrang gemaf irgendeinem der vorheri-
gen Anspriiche, wobei die Schicht hauptsachlich
aus Fasern mit hydrophoben Eigenschaften be-
steht, die mit einigen Fasern vermischt sind, welche
hydrophile Eigenschaften aufweisen.

Werkstoffstrang gemalR irgendeinem der vorheri-
gen Anspriiche, wobei die Schicht I8sliche Fasern
umfasst, welche Zusatzstoffe zur Verbesserung der
Eigenschaften der Hydratkristalle wahrend ihrer
Entstehung enthalten.

Werkstoffstrang gemaf irgendeinem der vorheri-
gen Anspriiche, wobei der Kern und/oder die Sta-
pelfasern eine losliche Beschichtung aufweisen,
welche Zusatzstoffe zur Verbesserung der Eigen-
schaften der Hydratkristalle wahrend ihrer Entste-
hung enthalten.
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9. Betonprodukt, welches durch einen Werk- cristaux d'hydrate pendant leur formation.
stoffstrang gemaf irgendeinem der vorherigen An-
spriche verstarkt ist. 9. Produit de ciment renforcé par un fil selon l'une

quelconque des revendications précédentes.
Revendications

1. Fildestiné & étre utilisé dans une matrice de mortier
de ciment, le fil comprenant une ame et une multi-
tude de fibres discontinues formant une couche qui 70
enveloppe I'dme et offre une zone de surface éten-
due et des espaces interstitiels pour l'infiltration de
fines et d'hydrates de ciment, les fibres disconti-
nues étant filées autour de I'ame et fixées a I'ame,
les fibres discontinues étant suffisamment libres de 75
mouvement radial pour fournir lesdits espaces et
pour permettre l'infiltration des fines de ciment et la
formation de ses hydrates dans lesdits espaces.

2. Fil selon la revendication 1, dans lequel ladite ame 20
comprend deux ou trois fils simples d'@me qui sont
torsadés ensemble, des trongons de fibres discon-
tinues étant emprisonnés entre les fils simples
d'ame alors que les fils simples d'ame sont torsadés
ensemble pour former une liaison mécanique entre 25
les fils simples d'ame et les fibres discontinues.

3. Filselon larevendication 1 ou 2, dans lequel les fils
simples de I'ame ont de I'adhésif entre elles.
30
4. Fil selon la revendication 1, 2 ou 3, dans lequel la-
dite &me et lesdites fibres discontinues sont en ma-
tieres plastiques synthétiques qui se soudent les
unes aux autres lorsqu'elles sont ramollies, I'ame
et les fibres de la couche se soudant les unes aux 3%
autres a des emplacements distants sur la longueur
du fil.

5. Fil selon la revendication 1, 2 ou 3 dans lequel les-
dites fibres et ladite ame adhérent les unes aux 40
autres a des emplacements distants.

6. Fil selon I'une quelconque des revendications pré-
cédentes, dans lequel ladite couche est constituée
principalement de fibres aux propriétés hydropho- 45
bes entrelacées dans des fibres qui ont des proprié-
tés hydrophiles.

7. Fil selon lI'une quelconque des revendications pré-
cédentes, dans lequel ladite couche comprend des 50
fibres solubles qui contiennent des additifs pour
augmenter les propriétés des cristaux d'hydrate
pendant leur formation.

8. Fil selon 'une quelconque des revendications pré- 55
cédentes, dans lequel I'ame et/ou les fibres discon-
tinues ont sur elles un revétement soluble conte-
nant des additifs pour améliorer les propriétés des
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