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(57) Abstract: A method for producing polyolefin material
fibres (12) is described, to be added to a mix used to form a
cementitious based article, said fibres (12) being adapted to
prevent explosion of said article in the case of fire, i.e. if
subjected to heat generated by a fire, the fibres (12) being
adapted to enable escape, from the article, of vapour formed
in this latter during the fire, each fibre (12) being obtained
by extrusion; according to the method, after its extrusion,
the fibre (12) is subjected to deformation such as to longit-
udinally create therealong longitudinal channels (13, 14, 15,
16: 19, 20) enabling the aforestated vapour to move or to es-
cape to the outside of the article. A fibre obtained in this
manner is also claimed.
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1
METHOD FOR OBTAINING FIBRES FOR USE IN FIRE RESISTANT
CEMENTITIOUS BASED ARTICLES

The present invention relates to fibres in accordance with the introduction to the
main claim.

In particular, the invention relates to fibres formed from polyolefins and in
particular polypropylene, polyethylene and polybutylene, fibres which are to be
added to the mix used for producing cementitious based articles.

With reference to the cementitious article industry, it is known that with certain
such articles (for example for constructing tunnel walls or paving) the cement,
concrete or mortars have to be reinforced to achieve appreciable mechanical
characteristics providing protection against impacts, abrasion, load stresses,
cracking and thermal stresses.

For this purpose it is known to use reinforcements of metal or metal fibres which
are incorporated into the article while pouring the concrete.

The use of such reinforcements (in the form of meshes, steel bars or the like)
can result in considerable costs, depending on the article or on the
characteristics which it is to possess.

This affects the finished article cost.

In addition, such reinforcements give resistance to the article only in the plane
in which the reinforcement acts or on each of its sides (in the case of three-
dimensional reinforcements).

Moreover, the use of such reinforcements allows the water contained in the mix
to evaporate rapidly, with consequent formation of capillaries therein which
themselves can cause microcracks and damage.

Cementitious articles are also known in which polypropylene fibres are used,

being added to the cementitious material mix to achieve higher mechanical
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2
characteristics: for example, resistance of such articles to impacts, abrasion,
cracking, and also thermal stresses.
Such fibres, used as an alternative to steel reinforcements and/or fibres, are
distributed fairly homogeneously, although randomly, within the article, to
essentially improve its resistance in three dimensions. The result is that the
article obtained in this manner is more compact and is not subjected, or at least
less subjected, to the formation of cracks and their extension with time,
consequently improving its impermeability.
In particular, said fibres are used as structural reinforcement for the article and
are able to ensure that, when a crack forms in this latter, the article possesses a
residual resistance in the sense of portability: its breakage does not take place
in a sudden fragile manner but in a ductile manner, after flexing.
These fibres have various uses, such as in civil and industrial paving,
prefabricated concrete elements, spray-applied concrete and cementitious
mixes used to form works intended to prevent concrete explosion in the case of
fire. They are also used for tunnel construction mainly to prevent explosion of
the concrete in the case of fire.
WO 2008/095211 describes the use of fibres in cement, concrete, stone or
similar articles, to provide greater ductility and reinforce such articles.
According to this prior patent, disc-shaped or lenticular bodies are associated
with the cementitious mix, they being positioned at the centre of each fibre or
bundle of fibres, wherein the disc plane lies substantially perpendicular to the
longitudinal axis of the fibre or of said bundle, said body presents one or more
apertures through which its associated fibre or bundle of fibres passes.
This prior patent does not confront the problem of the risks of article explosion
(such as a wall or floor) in the case of fire, nor does it confront the problem of

allowing escape of vapour formed in said article, such vapour being generated
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therein during a fire.

The fibres used in the article, which are provided with disc-shaped or lenticular
bodies, do not allow any vapour to escape along them as the described fibres
are not provided with channels therealong to create paths within the fibres
through which such vapour can move towards a zone of escape from the article.
The purpose of this would be to prevent pressure increase in this latter and its
possible explosion.

WO 2008/095211 only describes undulated fibres with longitudinal undulations
or with folded terminal ends. This prior patent does not describe fibres with
longitudinal channels for the escape of vapour therealong, such vapour being
generated within the article in the case of fire.

US 4,033,781 describes a non-metallic fibre reinforcement to be used in articles
of concrete, plaster or sand-lime mixtures. The fibres are added to the material
mix for the article during its preparation. This prior patent confronts the problem
of achieving a fixed bond with the matrix of said material in order to improve its
flexural strength and resistance to thermal cycles, but does not cite the problem
of creating a fibre by which resistance of the article to explosion during a fire is
improved, neither does it describe a fibre presenting channels therealong to
enable the vapour which forms in the article in the case of fire to move towards
a zone from which it can escape to the outside. The fibres described in this US
patent have a cross-shaped cross-section with end lobes in order to provide a
ratio of surface area to cross-sectional area which is much greater than fibres of
circular cross-section. Moreover, when this fibre is subjected to tension, the
lobes move towards the centre of the cross-shaped fibre to increase the
strength of the bond between the cement or similar matrix surfaces and the fibre
itself.

KR 20090056514 describes a fibre for reinforcing a concrete article with high
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4
elongation and a high abrasion resistance.

These prior patents hence do not confront the problem of reducing, in the case
of a fire, the risks of article explosion caused by the vapour which forms within
said article.

Fibres if this type are described in Italian patent 1324808 to which reference
should be made and which is to be considered as incorporated herein. This
states that these fibres are obtained by producing, by extrusion, units of the
required length, consisting of a substantially flat base, from a face of which
there extends at least one longitudinal rib having a cross-section of various
shapes, for example isosceles trapezium or triangular shape with rounded
corners. In the case of more than one rib, these are mutually equidistant, with
the base presenting longitudinal weakening lines arranged to enable said unit to
be separated into individual fibres, substantially all of the same shape.

These fibres are incorporated into cementitious mixes to increase the
mechanical properties of the article obtained from them once set. This normally
requires the addition of additives, in particular so-called superfluidifying
additives.

However, with known fibres, if said mix is cast in formwork, water contained in
the mix together with part of said additives migrate upwards or towards the
external surface during the time following casting.

It has been found that this migration reduces the porosity of a 2-3 centimetre
thick surface layer of the article obtained in this manner, this layer, in the case
of fire, having to absorb the flame effect. It has been found that, because of the
lower porosity, this layer can explode, hence compromising the characteristics
of the article as this layer is unable to enable outward migration (because of the
reduced porosity) of the pressure which is generated by the vapour generated

therein by the action of the heat (which transforms the moisture normally
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present in the article into steam).

It is known to use fibres free of oily substances or of surface sizes which
moisten the fibres; this use enables an article to be obtained which satisfies the
characteristics required by regulations regarding heat resistance. It has
however been noted that the addition of multifilament fibres contributes to a loss
of initial compression and flexural values for the article compared with a
reference concrete, especially if the proportions are high. This is because this
type of multifilament fibre when used in this specific application does not require
high mechanical adherence or tenacity characteristics, as their secondary
action is that of minimizing plastic shrinkage, while their main action is to be
able, in the case of fire, to form further escape paths or channels for the
moisture present in the concrete in the form of vapour generated by the action
of heat, hence avoiding the aforestated problems of fibres used with additives.
An object of the present invention is to provide a method for forming fibres of
polypropylene or the like and to offer fibres of this type by which the aforestated
drawbacks are overcome, and in particular which result in increased fire
resistance of articles in which they are dispersed.

A particular object of the invention is to provide very tough fibres of irregular
shape to achieve maximum adherence to the matrix while at the same time
providing the article in which they are dispersed with optimal resistance to
explosion in the case of fire.

Another object is to provide fibres of the stated type, possibly free of oil and
miscellaneous sizes, which are able to prevent loss of initial concrete values,
which are able to oppose as much as possible the formation of shrinkage
cracks and fissures, and which can significantly increase the concrete values
compared with a reference concrete.

A further object is to provide fibres according to the invention which enable said



10

15

20

25

WO 2013/190460 PCT/IB2013/054987

6
results to be obtained at low dosages, which have good dispersion and which
satisfy the static requirements such as portability after initial cracking to hence
enable an article to be obtained which remains safe after formation of initial
fissures.
Another object is to provide fibres which although giving high mechanical
strength to the article, are also able to reduce explosion risks in the case of fire,
and which are able, in particular, to allow escape of the vapour formed within
the article, of whatever type, by the steam generated during a fire.
These and other objects which will be apparent to the expert of the art are
attained by a method and a fibre in accordance with the accompanying claim 1.
Other characteristics of the invention are specified in the dependent claims.
The fibres according to the invention are conveniently obtained in conventional
manner by extrusion, in particular by using a die having an aperture shaped
such as to obtain a fibre of the required length consisting of a substantially flat
base, from a face of which there extends at least one longitudinal rib of suitable
cross-sectional shape, such that in the case of a single rib, the required fibre is
obtained on cooling. Several fibres can be formed by equidistant longitudinal
ribs connected together by their base, longitudinal weakening lines being
provided, adapted to enable the individual fibres to be mutually separated.
The present invention will be better understood from the accompanying
drawings, which are provided by way of example only, and in which:
Figure 1 is a perspective view of an embodiment of the invention comprising in
this specific case two fibres joined together in separable manner, the shape of
these fibres being that obtained at the extrusion die exit, before gravity and
drafting deform them to cause them to assume their final shape on cooling;
Figure 2 shows how the cross-section of each of the two fibres of Figure 1 is

deformed after cooling and separation from the other fibre;
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7
Figure 3 is the cross-section through a fibre variant before deformation;
Figure 4 shows how the cross-section of the fibre of Figure 3 is deformed after
cooling;
Figures 5-8 show other possible fibre cross-section variants before deformation;
and
Figures 9 and 10 show graphs of traction and flexural tests to which articles
obtained with fibres according to the present invention were subjected.
In the figures, corresponding parts are indicated by the same reference
numerals. With reference to Figure 1, a group or unit 10 presenting two fibres
12 is obtained by extrusion, it being shown in this figure with the shape it
possesses as it leaves the die exit; in particular the fibres 12 have not yet
undergone the deformations due to gravity and to drafting which take place
before cooling, hence the cross-section of the unit 10 is the same as that of the
die used. The unit 10 comprises essentially two fibres 12, each consisting of a
base 21 and a longitudinal rib 22 which rises from the base 21, with a widened
free end 23 and a cross-section similar to a mushroom. This unit is thus
defined by a plurality of fibores 12 each consisting of said base 21 and the
corresponding rib 22. As described hereinafter, the fibres are arranged to be
immersed in a cementitious mix both to increase the mechanical strength of this
latter and to reduce explosion risks in the case of fire.
When cooling has taken place and assuming that the two fibres 12 have been
separated from each other (a weakening line 11 having been provided for this
purpose between adjacent fibres in the unit 10), each of the two separated
fibres, which will now be indicated by 12A, will have a cross-section such as
that shown in Figure 2. From this figure it can be seen that while the relative
base part 21 is substantially undeformed, the rib 22 has instead undergone

deformations, for which it will be indicated by 22A; in particular, during the
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deformation, its free end 23 has been bent or squeezed towards the base 21,
such that the deformed rib 22A presents on its two sides four longitudinal
channels 13, 14, 15 and 16 disposed symmetrically in pairs. In this specific
case the perimeter of the cross-section of the channels 13-16 is closed (i.e. the
deformed free edges of the free end 23 of the fibre 12 rest on the part 22K).
It has been found that the channels 13-16 of the fibres 12A contribute
effectively, in the case of fire, to discharging to the outside of the concrete
article containing the fibres 12A and obtained from said mix, the pressure due to
vaporization of the moisture present in the article. Except for the particular case
in which said channels discharge directly at the article surface because one of
their ends opens in proximity to that surface, the remainder of the channels
enable the vapour to be conveyed towards the microcracks always present in a
cementitious article.
At the same time, the fibres 12A obtained according to the invention and
provided with said channels are able to effectively bind to the cementitious mix
to hence strengthen it mechanically.
It should be noted that the unit 10 can be formed from any number of mutually
separable side-by-side fibres, or from a single fibre.
Figure 3 shows the shape of the cross-section of a second fibre example,
indicated by 18, as it leaves the extruder, while Figure 4 shows the cross-
section of the same fibre of Figure 3 once cooled and deformed, here indicated
by 18A. From Figure 4 it can be seen that the fibre 18A also presents two
longitudinal channels 19 and 20 disposed symmetrically, the cross-section of
which has however an open perimeter. However, the longitudinal opening of
the channels 19 and 20 has a width (for example from a few hundredths to a
few tenths of a millimetre such as to prevent entry into the relative channel 19,

20 through this opening, of the constituent solid materials of the cementitious
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mix to which the fibres 18A have been added, said channels 19 and 20 hence
performing the same function as the channels 13-16 of the fibre 12A.

As already stated, Figures 5-8 show the undeformed cross-sections of other
fibres, 24, 25, 26 and 27 respectively, which after cooling and deformation give
rise to corresponding fibres having the required longitudinal discharge channels.
For simplicity the relative deformed cross-sections after cooling have not been
shown, however they then present the aforesaid channels obtained by
deforming the free end 23 of the rib 22 towards the underlying part which
supports it and which joins it to the base 21, this part being indicated by 22K.
As can be seen, at these ends 23, undercuts or recesses (towards the end) are
present in the sides of the part 22K to act as a facilitation for the deformation of
said end 23 towards the base 21.

Preferably the fibres used have a tenacity not less than 4.2 grams/denier,
preferably between 5.8 and 18 grams/denier and advantageously between 9
and 12 grams/denier.

The fibres were tested in different applications; even if what follows must not be
considered limiting the scope of this invention, those applications which were
most influenced positively were those relating to the formation of floor screeds,
mortars and thixotropic mortars, providing a valid control both of plastic
shrinkage and of the mechanical and physical performance of the finished
product.

In practical embodiments, the fibre of Figures 1 and 2 can be classified as
macrofibre as it has an equivalent diameter greater than 0.30 mm and presents
a recess in the upper part with an angle of 902, an angle variable in percentage
terms of £89%, advantageously between £70%. It is polymer-based and has a
minimum diameter equivalent to 0.31 mm, diameter variable within a

percentage range of +500%, advantageously within +250%. The fibre has a
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minimum count of 621.6395625 expressed in Denier, this count variable within
a percentage range of +500%, advantageously within +350% per single
filament. Its tenacity is between 5.2 gram/denier and 18 gram/denier, preferably
11 gram/denier, tenacity variable within a percentage range of £+40%. By way of
example, the breaking strength measured on a series of yarns having a
diameter of about 0.46 mm was 74 N, variable within a percentage range of -
34.6% to +60%, the tensile strength measured is 377 N/mm?, variable within a
percentage range of -2.2% to +70%, the measured breaking elongation being
49.8%, variable within a percentage range of +15 to -95%, the fibre E-modulus
being calculable on the expressed values and convertible into GPa.

The fibre type classifiable as microfibre on the basis of its diameter alone, i.e.
with an equivalent diameter less than 0.30 mm, is used both in industrial paving
and in mortars, and for cementitious articles produced for the prevention of
concrete or mortar explosion in tunnels. The fibre leaves the extruder with a
predetermined shape and is positioned on a cooling cylinder; the contact action
cools the molten material which undergoes deformation to present lateral
protuberances on the main body of the structure (for example as in Figure 2).
Cooling and initial drafting cause the fibre to further deform such that it is
squeezed onto itself, however the relevant parts remain open by subsequent
drafting action to finally create and maintain venting microchannels 13, 14, 15
and 16. In this manner a fibre is formed with a geometrical pattern such as to
obtain and maintain during all production steps at least one and preferably two
escape channels for the vapours generated by the temperature during a fire,
even before the formation of venting channels in the article generated firstly by
fusion and then by combustion of the fibre, which occurs at around 570°C. This
prevents increase in pressure of the vapour in its interior, by facilitating the

escape of a large part of the vapour through the microcracks present in the
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article without awaiting formation of the venting channels which form after fibre
combustion, hence reducing the "explosion" effect of the article due to the
vapour pressure. In all cases the voids created in the fibre cross-section are
between 3% and 30% of the fibre cross-section, preferably between 7% and
15% of the fibre cross-section.
By way of non-limiting example, for a fibre body having a theoretical denier
count between 1.4 denier and 599 denier, advantageously a fibre filament of
127.327 denier, with a count variable between -98.630% and +113%, preferably
between 12 and 40 denier per single filament, having an equivalent diameter of
0.1403 mm (diameter variable within a percentage range of -98.630% to
+113%), the tenacity is between 4.2 gram/denier and 18 gram/denier.
Preferably, by way of non-limiting example, this tenacity is equal to 9
gram/denier with breaking strength variable from -10% to +80%. Again by way
of non-limiting example, a filament having a theoretical count of 22.395 filament
denier, equal to an equivalent diameter of a yarn of about 0.0588 mm, has an
average single filament breaking tenacity of 201.555 gram, variable up to +80%
while, by way of non-limiting example, the average measured tensile strength of
a single end is equal to 727.06815 N/mm?, within a percentage variable up to
+80%.
It should be noted that the deformed fibre has the property of stronger binding
to the article of cementitious material, hence increasing its average tensile
strength.
In a further practical example, the fibre shown in Figure 7 is a microfibre. This
fibre can act at the structural level without creating that series of drawbacks and
costs which arise when using steel meshes and fibres, hence solving the
problems arising in the use of steel reinforcements in terms of production and

laying costs, and the problems of steel fibres and macrofibres related to their
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difficult workability. By way of non-limiting example, for a fibre body having a
theoretical denier count between 1.4 denier and 599 denier, advantageously a
fibre filament of 127.327 denier, with a count variable between -98.630% and
+113%, preferably between 12 and 40 denier per single filament, having an
equivalent diameter of 0.1403 mm (diameter variable within a percentage range
of -98.630% to +113%), the tenacity is between 4.2 gram/denier and 18
gram/denier, preferably by way of non-limiting example 9 gram/denier. For
example, a single filament, having a theoretical count of 22.9166 filament
denier, equal to an equivalent yarn diameter of about 0.0595 mm, has an
average breaking tenacity of 208.139 gram variable up to +80%, while, by way
of non-limiting example, the average measured tensile strength of a single end
is equal to 680.12 N/mm?, within a percentage variable up to +80%.
The invention can be applied in many concrete products, such as industrial
pavings, mortars or tunnel mortars, prefabricated articles and/or concrete
resistant to explosion due to the action of fire and intended for works in tunnels
where metal mesh and/or steel fibre reinforcement is currently used. This is
achieved by virtue of polymer macro and micro fibres of irregular variable
geometry, high tenacity and high adherence to the matrix. By adding these
yarns and filaments, effective intervention can be achieved in various sectors
and applications. The use of these filaments, based on the amounts added to
concretes, has enabled high CMOD values to be achieved such as to easily fall
within class T3 and beyond G3 of the Eurocode 2 classification, in terms of its
utilization, of its suitability for use, and of its portability.
Figures 9 and 10 show graphs of tests to which articles with different
proportions of fibres according to the invention were subjected, compared with
articles without such fibres.

In particular, Figure 10 shows a graph of flexural strength vs. displacement with
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two different curves (A, B) corresponding to articles (concrete prisms) obtained
with different percentages of fibres according to the invention. The curves A, B
relate to articles obtained with a quantity respectively of 5 and 7 kg of fibres with
an equivalent diameter of 20 mm.

Figure 9 shows the analysis of flexural tests under traction on small prisms (with
fibre proportion of 10 kg/m® and concrete of 510 kg/m®. This figure shows
various curves (D, E, F, G, H) corresponding test pieces of different cross-
section.

As can be seen, articles D and E show excellent deformation resistance even at
high loads, while the remaining curves show resistances which are in any event
much greater than those obtainable with articles without the fibres according to

the invention.
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CLAIMS
1. A method for producing polyolefin material fibres (12) to be added to a
mix used to form a cementitious based article, said fibres (12) being adapted to
prevent explosion of said article in the case of fire, i.e. if subjected to heat
generated by a fire, the fibres (12) being adapted to enable escape, from the
article, of vapour formed in this latter during the fire, each fibre (12) being
obtained by extrusion, characterised in that the fibre (12) is subjected to
deformation such as to longitudinally create therealong longitudinal channels
(13, 14, 15, 16: 19, 20) enabling the aforestated vapour to move or to escape to
the outside of the article.
2. A method as claimed in claim 1, characterised in that each fibre deforms
by gravity and by drafting after extrusion.
3. A method as claimed in claim 1, characterised in that each fibre presents,
at the extruder exit, a base (21) and a longitudinal rib (22) rising from said base
(21) and having a widened free end (23) positioned at the end of a part (22K)
which supports it and joins it to said base (21).
4. A method as claimed in claim 3, characterised in that the deformation
causes the widened free end (23) of the fibres to undergo squeezing towards
the base (21) such as to form at least two channels (13, 14, 15, 16: 19, 20) on
the sides of that part (22K) of the rib (22) which supports said free end (23).
5. A method as claimed in claim 4, characterised in that the deformation of
the fibre (12) generates at least one longitudinal channel (13, 14, 15, 16: 19, 20)
on each side of that part (22K) of the rib (22) which supports the free end of this
latter.
6. A method as claimed in claim 1, characterised by forming, by extrusion, a
unit (10) comprising a plurality of fibres (12) connected together via their bases

(21), between these latter there being provided a weakening line (11) for the
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separation of two adjacent fibres (12).
7. A method as claimed in claim 1, characterised in that each longitudinal
channel (13, 14, 15, 16: 19, 20) has a closed perimeter.
8. A method as claimed in claim 1, characterised in that each longitudinal
channel has an open perimeter.
9. A method as claimed in claim 1, characterised in that the longitudinal
channels (13, 14, 15, 16: 19, 20) are arranged symmetrically along the fibre
(12).
10. A method as claimed in claim 1, characterised in that, by virtue of the
extrusion, the fibre (12) is obtained with longitudinal undercuts which act as a
facilitation for the actual fibre deformation leading to the subsequent formation
of the channels (13, 14, 15, 16: 19, 20).
11. A method as claimed in claim 2, characterised in that after extrusion, the
fibre is cooled by its contact with a cooling roller at the extruder exit, said
contact deforming the fibre (12) such that its widened free end (23) is squeezed
towards the base (21) to form lateral protuberances which define the
longitudinal channels (13, 14, 15, 16: 19, 20), said squeezing being followed by
an initial drafting of the fibre, a subsequent drafting of this latter finally forming
and maintaining said channels for vapour escape.
12. A fibre of polyolefin material such as polypropylene, polyethylene or
polybutylene, intended be added to a mix used to produce cementitious based
articles, said fibre being obtained in accordance with claim 1 and being adapted
to facilitate venting of vapour from the article interior to the outside if said article
is subjected to a fire, the fibre comprising a base (21) from which a longitudinal
rib (22) rises, this latter comprising a widened free end (23) positioned at the
end of a part (22K) which supports it and joins it to said base, characterised by

presenting at least one longitudinal channel (13, 14, 15, 16: 19, 20) on each
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side of that part (22K) which supports the widened free end (23).
13. A fibre as claimed in claim 12, characterised in that said longitudinal
channel (13, 14, 15, 16: 19, 20) presents either an open perimeter or a closed
perimeter.
14. A fibre as claimed in claim 12, characterised by being connected to at
least one other identical fibre (12) via their bases (21), longitudinal
predetermined separation lines (11) being provided which enable the individual
fibres to be mutually separated.
15.  Afibre as claimed in claim 12, characterised by presenting a tenacity not
less than 4.2 grams/denier, preferably between 5.8 and 18 grams/denier,

advantageously between 9 and 12 grams/denier.



WO 2013/190460 PCT/IB2013/054987

1/3




WO 2013/190460

2/3

PCT/IB2013/054987

/

\\

N

»/
N
AN

\

i

e —

——

I

N
F———]

7 SN

~X

=N

w0
<
(a9
-
S
&
S
kS
L
N
-—
o

o O M~ © W < O N O« 0O

(ed) Yibusss jeinxayy Jo UoioeL|

Fig. 9



WO 2013/190460 PCT/IB2013/054987

3/3

A
10

ig.

(;WwyN) Yibusis jeinxayy Jo uonoes|



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings

