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(57) Abstract: An apparatus and method are disclosed for producing a stream of short fibres which can be used for the purpose
of reinforcing a cementitious mix. One ore more strands (S1, S2) are fed between an acoustic horn (22) or heater and a drum (12)
carrying a plurality of anvils. The strand is weakened, but not broken, at each zone where it is subjected to heat. The strands (S1,
S2) pass through a bath (32) of cementitious mix and are coated. The strands (S1, S2) are then broken into fibres by pulling rollers
(18) and dropped into a mould (42).
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PRODUCTION OF FIBRES FOR USE AS REINFORCING IN CONCRETE

FIELD OF THE INVENTION

THIS INVENTION relates to the production of fibres for use as reinforcing

in concrete.

BACKGROUND TO THE INVENTION

It is well known to disperse fibres of synthetic plastics material in concrete
to act as reinforcing. Conventionally a strand (which can also be referred to as a
filament) is spun or otherwise produced and is wound onto a reel or stored in a creel.
Many hundreds of metres of strand are wound onto a reel or stored in a creel. To use
the strand as reinforcing it has to be cut into fibres of short length. Typically the fibres

have lengths which are between 20 and 60mm.

Cutting the strand is a problem as it has a thickness of only about 10 to 40
microns. Blades operating in the way that scissor blades do will not cut the strand
successfully. Most times the strand merely bends and passes between the blades.

The strand can be chopped using sharp blades but the blades must be sharp and

cutting efficiency drops as the blades become blunt.

In the specification of my PCT application PCT/US97/00362 (published as
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WQ97/26395) there is described a yarn which inciudes a core and a multitude of staple
fibres forming a layer which envelopes the core and provides an extended surface area
and interstical spaces for infiltration by cement fines and hydrates, the staple fibres
being spun around the core and having sufficient freedom of radial movement to
provide said spaces and permit ingress of cement fines and the formation of its

hydrates in said spaces. Such a yarn is known as a friction spun yarn.

A specific feature of the friction spun yarn of PCT/US97/00362 is that the
fibres are attached to the core at intervals along the length of the core. This inhibits
delamination, that is, sliding of the core with respect to the fibres. The specification of

my PCT application is hereby incorporated into the present specification.

As is explained in the PCT specification, a cementitious mix bonds to a

yarn of the type described above.

If fibres are used which are coated with inorganic additives, in the way
that the fibres disclosed in PCT publication WO97/26395 can be, then attempts to chop

using sharp blades are not successful as the blades wear too fast.

Another difficulty with current practices is that the fibres must be
dispersed in the concrete mix in a predetermined ratio with respect to the concrete.

Too little fibre will not have the requisite reinforcing effect. If too much fibre is used the
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cost of the reinforced article is excessive, the fibre being the most expensive

component in the mix.

The art has for some applications not progressed beyond simply weighing
the pre-cut fibres in a bucket and tipping the weighed mass of fibres into the concrete
mix. It is also possible to purchase pre-weighed bags of fibre. The bags are of a
material such as paper which disintegrates readily upon becoming wet in the mix
thereby releasing the fibres. Both these procedures can result in a “bird’s-nest” of
interwoven fibres which do not, despite mixing of the cement in a mechanical mixer,
separate fully, but remain as a clump in the mix. The aggregate in a mixer is relied
upon to mill the concrete mix. It is not, however, effective insofar as fibre masses are

concerned.

The present invention seeks to improve the known methods of
manufacturing synthetic plastics material fibres for use as reinforcing in a cementitious

mix.

BRIEF DESCRIPTION OF THE INVENTION

According to one aspect of the present invention there is provided a
method of producing a fibre for use as reinforcing in a cementitious mix which method
comprises weakening a strand at a zone spaced from the strand’s end, and pulling on

the strand to break it at said zone and produce a fibre.
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According to a further aspect of the present invention there is provided a
method of producing a fibre for use as reinforcing in a cementitious mix which
comprises drawing a strand from a supply, applying heat to the strand as it is advanced
so as to produce a weakened zone in the strand, and pulling on the strand downstream

of said zone to break a fibre off at said zone.

The method can comprise advancing the strand continuously, weakening
the strand at a succession of spaced zones, and pulling on the strand to break-off a

succession of fibres.

According to another aspect of the present invention there is provided a
method of producing fibres for use as reinforcing in a cementitious mix which method
comprises weakening a strand at a plurality of zones spaced apart along the length of
the strand, winding the weakened strand, unwinding the weakened strand and pulling
on the unwound, weakened strand to break it at said zones thereby to produce a

plurality of fibres.

The strand can be fed through a cementitious mix to coat the strand with

the mix before breaking the strand into fibres.

In one form of the method said strand is weakened by passing it between

an anvil and an acoustic horn. In this form the method can include the step of rotating a



10

15

WO 01/32341 PCT/ZA00/00207

5.
drum which has a plurality of anvils thereon so that the anvils move in succession past
said horn, and passing the strand between the anvils and the horn to weaken the strand

at said plurality of zones.

In another form of the invention said strand is weakened by passing it
between two elements which heat said strand and also apply pressure to the strand to
thin it. In this form the method can include the step of rotating a drum which has a
plurality of anvils on its periphery so that the anvils move past a fixed shoe, and feeding
the strand between the shoe and the drum so that each anvil grips the strand between
itself and the shoe as it moves past the shoe, the strand being heated and compressed

by the shoe and the anvils to weaken the strand at said plurality of zones.

The fibres can be fed into a cementitious mix as they are broken off.

According to a still further aspect of the present invention there is provided
apparatus for producing a fibre for use as reinforcing in a cementitious mix which
comprises means for drawing a strand from a supply, means for applying heat to the
strand at a zone spaced from the strand’s free end to weaken it, and means for pulling

on the said strand to break it at said zone and produce a fibre.

One form of the apparatus includes a rotatable drum with a plurality of

anvils on its periphery, heating means past which said anvils move as said drum
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rotates, means for feeding said strand between said anvils and said heating means so
that the strand is heated, and means for pulling the heated strand away by said feeding

means at a speed faster than it is fed forward by said feeding means.

The apparatus can include a vessel for containing cementitious mix and
guide means for guiding said strand through said vessel before it reaches said means

for pulling on the strand.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, and to show how the
same may be carried into effect, reference will now be made, by way of example, to the

accompanying drawings in which;

Figure 1 diagrammatically illustrates apparatus for severing a strand into short
fibres using heat and pressure;

Figure 2 diagrammatically illustrates apparatus for severing a strand into short
fibres using an ultrasonic horn; and

Figure 3 diagrammatically illustrates a plant for producing moulded articles.

DETAILED DESCRIPTION OF THE DRAWINGS

In Figure 1 of the drawing reference numeral 10 designates a reel or creel

on which or in which, there is a strand S which, depending on reel or creel size and



10

15

WO 01/32341 PCT/ZA00/00207

-7-

strand thickness, can be many hundreds or even many thousands of metres long.

A drum 12 having a plurality of lobes 14 running along the length thereof,
and circumferentially spaced from one another around the drum, is driven in the
direction indicated by arrow A. An arcuate heated shoe 16 is positioned adjacent the
drum 12, there a being minimal gap between the surface of the shoe 16 and each lobe
14 as it moves past the shoe. The shoe 16 is heated by means of an electrical heating
element. In addition to heating the strand the effect is to thin the strand at the zone of

the strand which is between the shoe 16 and the lobe 14.

The lobes 14 form anvils which grip the strand between themselves and

the shoe 16.

A pair of rollers 18 is provided immediately adjacent the drum 12 and
shoe 16. The position of the rollers 18 is such that the leading end of the strand, as it
emerges from between the shoe 16 and one of the lobes 14, enters the nip between
the rollers 18. The linear speed of the peripheries of the rollers 18 is greater than the
linear speed at the periphery of the drum 12, and the spacial arrangement is such that
the leading end of the strand enters the nip just before the lobe and the shoe move out
of co-operating relationship to free the strand. The pull exerted by the rollers 18 on the
strand breaks it at the zone where it has been weakened by being thinned and heated.

The strand remains hot, and hence soft, for a short period of time after passing
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between the shoe and lobe and is vulnerable to breaking during this period of time by a
pull exerted by the rollers 18. Hence each time a lobe and the shoe thin and heat the
strand, the rollers 18 rip a fibre of the requisite length off the end of the strand. Both

ends of each fibre are slightly flattened.

Whilst the fibres can be stored for later weighing and addition to a
concrete mix, this can lead to the “bird-nesting” problem discussed above. Itis
preferred, therefore, that the fibres be fed directly into the concrete mix as they emerge
from between the rollers 18. In a practical form the apparatus includes a plurality of
reels or creels 10 each feeding a strand to the drum 12. By running the drum and
rollers for a predetermined period of time a stream of discrete fibres enters the mix and
cannot become intertwined. The time for which the apparatus runs determines the
mass of the fibres that have been broken off and thrown into the concrete mix. The
apparatus can therefore be mounted directly onto a mobile cement mixer and the fibres
broken off and dispersed into the mix on the way to the building site. A simple
programmable controller with a read out of weight or fibre count can be used to preset

the running time of the drum.

The spacing of the lobes determines fibre length. Fibres of different
length can be obtained by using drums with lobes that are differently spaced to those

illustrated.
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In Figure 2 the drum 12 has a plurality of strip like anvils 20 which extend
in the direction of the length of the drum. An ultrasonic horn 22 is provided adjacent the
periphery of the drum, there being minimal clearance between the anvils and the horn.
In the gap between the horn and that one of the anvils that is passing it, the molecular
structure of the strand is vibrated at a frequency such that the strand heats up and is
thus softened and weakened. More specifically, the ultrasonic horn can operate at a
frequency of, for example, 20000Hz. The horn changes shape when power is applied
to it contracting and expanding in the longitudinal and transverse directions. Simply by
way of example the horn can have a width of 20mm as shown by dimension B in Figure
2. The anvil 20 can have a width of Tmm in the same direction. [f the linear speed of
the strand is 500 metres per minute, which is 8.33m per second, then each portion of
the strand which is between an anvil 20 and the horn 22 will be there for 0.002
seconds. During this time 40 cycles occur at the horn, and this results in 40 “hammer
blows” on the strand. As the strand cannot conduct the resulting heat away, localized
heating over approximately 1mm of strand occurs. This destroys the linear orientation
of the polymeric chain. Experimental work has shown that a polyester strand which
required a 15kg pull to break it before it passed between the horn and anvil will break if

subjected to a pull of 1kg.

The form of apparatus described with reference to Figure 1 of the drawing
can be used with any strand which will soften and flatten under heat and pressure. For

strands such as glass and carbon fibre the weakened zones can be created by
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subjecting the strands to the effects of an ultrasonic horn, as shown in Figure 2, or
pulling them around an edge which bends the strand so far that it is over-stressed and
fractured. For example, the strand can be passed between toothed wheels. [f the
strand of glass or carbon fibre has a polymer coating, then breaking of the strand to
produce a fibre requires a second stage during which the strand is heated, and the
polymer thus softened, at the zone where the glass or carbon fibre has been broken,

before the short fibre length is pulled off.

Two or more strands can be bonded together during the heating and
softening procedure by causing the strands to be in contact where heating and
softening takes place. Double fibres of this type enhance bonding. If the fibres are
additionally given a false twist, the twist tends to force the strands apart in the mix

thereby forming loops and enhancing bonding.

The strand described in the specification of PCT publication WO97/26395
is particularly suitable for use as concrete reinforcing fibres. The preferred method of
welding the core and staple fibres at intervals as described in the published
specification is to use an ultrasonic horn and a drum with lobes as described above. By
pulling on the end of the strand it is possible to bond the sheath to the core and break-

off the length of fibre required in a single operation.

Sources of heat in addition to heated shoes and ultrasonic horns are hot
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air guns, electrically heated wires, electrically heated tapes and lasers. If a strand is fed
transversely to the strands being fed around the drum, and welded thereto, fibres

having a T-shape or an I-shape can be produced.

The fibres produced as described above can also be used for reinforcing
the material emerging from the nozzie of a shotcreting machine. There are limitations
to the lengths of the fibres that can be used in a machine of this type when the fibres
must pass through the feed hose. By adding the fibres in the vicinity of the nozzle,

longer fibres can be used than was previously possible.

The plant 24 illustrated in Figure 3 comprises a pair of creels 26, 28 from
which two strands S1 and S2 are unwound and fed to apparatus which can be of the
general form shown in Figure 1 or in Figure 2. Purely for illustrative purposes the
apparatus is shown as including a horn designated 22 and a drum designated 12. In
this form a roller 30 pressed against the drum 12 assists in pulling the strands, without
breaking either of them, off the creels and over the drum 12. Downstream of the roller

30 the strands S1, S2 are shown as having thick parts and thin parts.

A bath 32 contains cementitious mix 34, there being a roller 36 immersed
in the mix 34. The strands are coated as they enter the bath 32, pass under the roller
36 and emerge from the top surface of the mix in the bath. In another form the strands

exit through holes in the bath wall. By varying the hole size control can be exercised
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over the amount of mix carried out of the bath by the strands.

A single roller 38 and a pair of nip rollers 40 guide the strands to the two
rollers 18 which, in this form of the apparatus, are some distance from the drum 12

instead of being immediately adjacent it. The resultant fibres fall into a mould 42.

The fibres can pick-up enough cementitious mix to make it unnecessary to
add further mix to the mould. Alternatively cementitious mix can be fed to the mould as

the fibres drop in.

By moving the mould to different positions, the lay-up pattern of the fibres
in the mould can be varied. Some fibres can lay at 90°, or at 60° or both, to other
fibres. For example, by rotating and reciprocating the mould fibres can be arranged at
all angles with respect to one another. By moving the mould in rectilinear to and fro
movements in directions at right angles to one another, fibres can be arranged at 90°
with respect to one another. In another form there can be two or three fibre supplies

which are differently orientated to achieve the requisite pattern of fibres in the mould.

Fibres can be dispersed in the coating mix in the bath 32 so that they are

picked-up on the strands S1, S2 with the coating mix.

By counting the fibres into the mould a very accurate volume fraction of
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fibres is achieved and this can be fifty times higher than the volume fraction obtainable
by mixing. The product toughness and strength is dependant on the volume fraction
and the type of strand used. Bieed points in the mould allow excess mix to be exuded.
Usually only one face of a finished moulding can be seen. Cementitious mix can be

sprayed onto this face to form a coating so that the moulding is free of surface defects.

It is also possible to wind the strand immediately after weakening and
before coating. The strand is shipped to the end user in wound form. The end user
then feeds the weakened strand through a coating bath and thereafter breaks it into
fibres. Thus a winding apparatus is provided immediately after the roller 30. At the end
user’s facility, immediately prior to the bath 32, there is a stand by which the wound
strand can be carried. As the pre-weakened strand is unwound it is fed directly to the

coating bath 32 and then to the rollers 18 to break it into fibres.

The strands described thus far are flexible and soft and their general
characteristics are such that they could be used in weaving and knitting processes to
produce fabrics. The method and apparatus of the invention can, however, be applied
to rigid materials, and in particular to rigid materials which are sheathed in a synthetic
plastics material so that they have a rigid core and a sheath of material which softens

when heated. The rigid materials can be glass, carbon or graphite.

Insofar as such sheathed materials are concerned, the ultrasonic horn can
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be such that its effect is twofold. It shatters the rigid core at the zone to which
vibrations are applied and flattens the sheath at the same zone. The sheath thus
becomes thin and spread out. The pieces of shattered core remain buried in the
sheath. When the strand is pulled by the roliers 18, the strand breaks across the
flattened zone. Each fibre thus has flattened ends, the ends having the form of fish

tails.

It will be understood that strands which are rigid cannot be wound. Hence
the production of the rigid strand, its sheathing if necessary in a synthetic plastics
material, its passage past the horn and the breaking-off of the fibres must all take place

on in-line apparatus.

If the strand is of a part treated nature, that is, it is in its Beta stage, then it
is usually pliable and can be wound for transport and storage. After unwinding it must
be heat treated so that it is cured and becomes rigid. Heat treating can be before or
after it is broken into fibres and the heat generated during application of the ultrasonic
vibration is sufficient to advance curing. Further heat, such as the exothermic heat of

setting concrete, can finalize..

The strand of WO97/26395, if made using a rigid core and a sheathing of
staple fibres, is particularly suitable, once it has been broken into fibres, for use in

reinforcing concrete.
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CLAIMS:

1. A method of producing a fibre for use as reinforcing in a cementitious mix
which method comprises weakening a strand at a zone spaced from the strand’s end,

and pulling on the strand to break it at said zone and produce a fibre.

2. A method of producing a fibre for use as reinforcing in a cementitious mix
which comprises drawing a strand from a supply, applying heat to the strand as it is
advanced so as to produce a weakened zone in the strand, and pulling on the strand

downstream of said zone to break a fibre off at said zone.

3. A method as claimed in claim 1 and comprising advancing the strand
continuously, weakening the strand at a succession of spaced zones, and pulling on the

strand to break-off a succession of fibres.

4, A method of producing fibres for use as reinforcing in a cementitious mix

which method comprises weakening a strand at a plurality of zones spaced apart along
the length of the strand, winding the weakened strand, unwinding the weakened strand
and pulling on the unwound, weakened strand to break it at said zones thereby to

produce a plurality of fibres.

5. A method as claimed in any one of claims 2 to 4, and comprising passing
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the strand through a cementitious mix to coat the strand with the mix before breaking

the strand into fibres.

6. A method as claimed in any preceding claim, wherein said strand is

weakened by passing it between an anvil and an acoustic horn.

7. A method as claimed in claim 6 and including the step of rotating a drum
which has a plurality of anvils thereon so that the anvils move in succession past said
horn, and passing the strand between the anvils and the horn to weaken the strand at

said plurality of zones.

8. A method as claimed in any one of claims 1 to 5, wherein said strand is
weakened by passing it between two elements which heat said strand and also apply

pressure to the strand to thin it.

9. A method as claimed in claim 8, and including the step of rotating a drum
which has a plurality of anvils on its periphery so that the anvils move past a fixed shoe,
and feeding the strand between the shoe and the drum so that each anvil grips the
strand between itself and the shoe as it moves past the shoe, the strand being heated
and compressed by the shoe and the anvils to weaken the strand at said plurality of

zZones.
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10. A method as claimed in any preceding claim, and including the step of

feeding the fibres into a cementitious mix as they are broken off.

11. Apparatus for producing a fibre for use as reinforcing in a cementitious
mix which comprises means for drawing a strand from a supply, means for applying
heat to the strand at a zone spaced from the strand’s free end to weaken it, and means

for pulling on the said strand to break it at said zone and produce a fibre.

12. Apparatus as claimed in claim 11, and including a rotatable drum with a
plurality of anvils on its periphery, heating means past which said anvils move as said
drum rotates, means for feeding said strand between said anvils and said heating
means so that the strand is heated, and means for pulling the heated strand away at a

speed faster than it is fed forward by said feeding means.

13. Apparatus as claimed in claim 11 or 12, wherein said heating means is an

acoustic horn.

14. Apparatus as claimed in claim 11, 12 or 13, and including a vessel for

containing cementitious mix and guide means for guiding said strand through said

vessel before it reaches said means for pulling on the strand.

15. A method as claimed in claim 1 and comprising passing the strand
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through a cementitious mix to coat the strand with the mix before breaking the strand

into fibres.

16. A method of producing a fibre for use as reinforcing in a cementitious mix
substantially as hereinbefore described with reference to Figure 1, Figure 2 or Figure 3

of the accompanying drawings.

17. Apparatus for producing a fibre for use as reinforcing in a cementitious
mix substantially as hereinbefore described with reference to Figure 1, Figure 2 or

Figure 3 of the accompanying drawings.
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