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mechanical behaviour which is tough and ductile at the
15 same time.

Structural analysis of concretes has shown that
their. mechanical properties are intimately 1linked to
the presence of structural defects. Several types of
defects distinguishable by their size may be observed

20 in these concretes when they are subjected to
mechanical loads.

On a smaller scale, the defect called
microporosity is observed in concrete. This consists of
pores, called capillaries, emanating from the

25 intergranular spaces initially present in the fresh
| paste. Their size varies between 50 nm and a few um.

On the next scale up, microcracking defects are
observed. These are microcracks having openings ranging
from 1 um to a few hundreds of um. They are non-

30 coalescent, that is to say that they do not form a
continuous path through the structure. They are mainly
due to the heterogeneous character of concrete, the
aggregate having mechanical and physical properties
different from those of the binder/cement. These

35 microcracks appear during mechanical loading. This type
of defect is a major reason for the poor mechanical
properties of concrete in tension and for its brittle
character.
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has al so to 1 ncorporate ardness "aggregate into the
concret e conpddi® | RRCERES -

In order to improve the mechanical properties
of concretes, it has been proposed to replace the sand
of the cementitious matrix by other, higher-

15 performance, constituents, but the cost of the concrete
rises to an unacceptable level for it to be conceivably
used widely in civil engineering because of the
economic constraints which burden this field.

It has also been proposed to incorporate high-

20 hardness aggregate into the concrete composition, but
the amounts involved in order to achieve the desired
performance also increase the manufacturing cost of the
concrete excessively, given the high cost of such

aggregate.
25 It has also been proposed to improve, sometimes
spectacularly, certain mechanical properties of

concrete by incorporating into it a high content of
reinforcing fibres, namely, typically, a content of 10
to 15% by volume, but this content not only has a very

30 significant effect on the manufacturing cost of the
concrete but also makes its mixing, homogenization and
possibly its casting too difficult or too critical to
be applicable in civil engineering, especially under
the working conditions of a construction site.

35 Also, it has been possible to partially control
the microporosity by decreasing the water-to-cement
weight ratio and by using plasticizers. The use of fine
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m crostructural defects, etczg. hﬂi{ocgackin% i.tself haS'beenlgreatIy
reduced 10 by: - improving the homogeneity of the concrete;

for example by limiting the size of the
aggregate to 800 um;

- improving the compactness of the material

15 (aggregate optimization and optional pressing
before and during the setting phase);

- carrying out heat treatments after setting.

With regard to macrocracking, this may be
controlled by the use of metal fibres, but with the

20 operating difficulties mentioned above.

By way of an illustrative document of the prior
art, mention may be made of Patent Application
WO-A-95/01316 which relates to a metal-fibre-reinforced
concrete in which the fibre content is controlled and

25 the fibre dimensions are chosen in defined proportions
with respect to those of the aggregate particles.

This fibre-reinforced concrete comprises
cement, aggregate particles, fine pozzolanic-reaction
particles and metal fibres. The aggregate particles

30 must have a maximum size D of at most 800 um, the
fibres must have an individual length 1 of between 4
and 20 mm and the ratio R of the average length L of
the fibres to D must be at least equal to 10, the fibre
content being such that the fibres occupy a volume of

35 from 1 to 4% of the volume of the concrete after it has
set.

The concrete obtained exhibits ductile
behaviour or undergoes pseudo-work-hardening.
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Improved properties should be understood to
mean both mechanical properties that are superior to
those of known fibre-reinforced concretes and

15 properties that are at least equal to those of known
fibre-reinforced concretes, but these properties being
achievable on an industrial scale in a constant and
reproducible manner.

Another object of the present invention is to

20 increase the stress level at which the first damage
(i.e. microcracks) appears in the concrete and thus to
increase the range of use of the concrete, namely the
linear elastic behaviour of the concrete.

Yet another object of the present invention is

25 to improve the work hardening of the concrete beyond
the first damage by controlling the propagation of
macrocracks. The purpose of the invention is thus to
increase the range of use of the concrete beyond the
first damage by improving the ductile behaviour of the

30 concrete.

Another object of the invention is also to
improve, by a synergy effect between the cementitious
matrix and the fibres, the behaviour of the concrete
both with respect to the appearance of microcracks and

35 to the propagation of macrocracks.

“Cementitious matrix” should be understood to
mean the hardened cementitious composition apart £from
the metal fibres.
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the first damage by imptovaddithengucttiHe bglibyeeur odfthehd0 mewded e.
invention is the cementitious matrix, which allows the
concrete of the invention to be produced, and the

15 premixes which comprise all or some of the constituents
necessary for preparing this matrix or the concrete.

In its general form, the invention relates to a
concrete consisting of a hardened cementitious matrix
in which metal fibres are dispersed, obtained by

20 mixing, with water, a composition which comprises,
apart from the fibres:

(a) cement;

(b) aggregate ©particles having a maximum
particle size Dmax of at most 2 mm, preferably at most

25 1 mm; '

(c) pozzolanic-reaction particles having an
elementary particle size of at most 1 um, preferably at
most 0.5 um;

(d) constituents capable of improving the

30 toughness of the matrix, these being chosen from
acicular or flaky particles having an average size of
at most 1 mm and present in a proportion by volume of
between 2.5 and 35% of the combined volume of the
aggregate particles (b) and of the pozzolanic-reaction

35 particles (c¢);

(e) at least one dispersing agent;
and satisfying the following conditions:
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Thus, by virtue of a novel design of the
aggregate skeleton and of its relationship with the

15 reinforcing fibres, this approach solves the problem
posed with this rheology/mechanical properties
compromise.

The properties of the concrete according to the
invention are not appreciably changed if aggregate

20 particles (b) having a particle size exceeding 2 mm are
also used within the matrix but in a proportion which .
does not exceed 25% of the volume of the combination of
constituents (a) + (b) + (¢) + (d).

The presence of this aggregate class in such a

25 proportion may be regarded as a filler which does not
contribute to the mechanical performance of the
material in so far as:

- the D50 particle size of the combination of
constituents (a), (b), (c) and (d) is at most 200 um,

30 preferably at most 150 um; and

- the ratio R of the average length L of the
fibres to the D75 particle size of the combination of
constituents (a), (b), (¢) and (d) is at least 5,
preferably at least 10.

35 D75 particle size and D50 particle size should
be understood to mean, respectively, the sizes of the
screens whose undersize constitutes 75% and 50%,
respectively, of the total volume of the particles.
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(4) the anpunteldmdntmey parsichet haget béi at most 1 um, preferably at

'10 most 0.5 pm;

(d) constituents capable of improving the
toughness of the matrix, these being chosen from
acicular or flaky particles having an average size of
at most 1 mm and present in a proportion by wvolume of

15 between 2.5 and 35% of the combined volume of the
aggregate particles (b) and of the pozzolanic-reaction
particles (c);

(e) at least one dispersing agent;
and satisfying the following conditions:

20 (1) the percentage by weight of water W with
respect to the combined weight of the cement (a) and of
the particles (c¢) is in the range 8 - 24%;

(2) the fibres have an individual length 1 of at
least 2 mm and an 1/d ratio of at least 20, d being the

25 diameter of the fibres;

(3) the ratio R of the average length L of the
fibres to the D75 particle size of the combination of
constituents (a), (b)), (¢) and (d) is at least 5,
preferably at least 10;

30 (4) the amount of fibres is such that their
volume is less than 4% and preferably less than 3.5% of
the volume of the concrete after it has set;

(5) the combination of the constituents (a), (b),
(c) and (d) has a D75 particle size of at most 2 mm,

35 preferably at most 1 mm, and a D50 particle size of at
most 150 um, preferably at most 100 pm.

Conditions (3) and (5) apply to all the solid
constituents (a), (b), (c¢) and (d) all together,
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particl es. toughness of the cementitious matrix will be descrlbed

below in the part of the description pertaining to the
examples.

The toughness of the cementitious matrix is

15 obtained by adding to the cementitious composition
particles (d) of average =size of at most 1 mm,
preferably at most 500 um, these being in acicular form
or in the form of flakes. They are present in a
proportion by wvolume lying in the range 2.5 - 35%, in

20 particular in the range 5 - 25%, of the combined volume
of the aggregate particles (b) and of the pozzolanic-
reaction particles (c).

On account of their function to improve the
toughness of the matrix, the said particles will be

25 called hereafter in the description *“reinforcing
particles”.

The term “size” of the reinforcing particles
should be understood to mean the size of their largest
dimension (especially the length in the case of those

30 of acicular form).

These may be natural or synthetic products.

The reinforcing particles of acicular form may
be chosen from among wollastonite fibres, bauxite
fibres, mullite fibres, potassium titanate fibres,

35 silicon carbide fibres, cellulose or cellulose-
derivative fibres, such as cellulose acetate, carbon
fibres, calcium carbonate fibres, hydroxyapatite fibres
and other calcium phosphates, or derived products
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that their 20°C maturing (see below).

. The reinforcing particles in the form of flakes
may be chosen from among mica flakes, talc flakes,
mixed silicate (clay) flakes, vermiculite flakes,

15 alumina flakes and mixed aluminate or silicate flakes
and mixtures of the said flakes.
Mica flakes have given good results.
It is possible to use combinations of these
various forms or types of reinforcing particles in the
20 composition of the concrete according to the invention.
At least some of these reinforcing particles
may have, on their surface, a polymeric organic coating
which comprises a latex or is obtained from at 1least
one of the following compounds: polyvinyl alcohol,
25 silanes, siliconates, siloxane resins,
polyorganosiloxanes or products from reaction between
(1) at least one carboxylic acid containing from 3 to
22 carbon atoms, (2) at 1least one polyfunctional
aliphatic or aromatic amine or substituted amine,
30 containing from 2 to 25 carbon atoms and (3) a
crosslinking agent which is a water-soluble metal
complex containing at least one metal chosen from
among: zinc, aluminium, titanium, copper, chromium,
iron, =zirconium and 1lead; this product is more
35 particularly described 'in Application EP-A-0,372,804.
The thickness of this coating may vary between
0.01 and 10 um, preferably between 0.1 and 1 pm.
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polyorgan051loxane, Manalox 403/60/WS and WB LS 14 and
Rhodorsil 878, 865 and 1830 PX siloxane resins, all
sold by Rhodia-Chimie, and potassium siliconates.

This type of treatment is particularly

.15 recommended for reinforcing particles which are
naturally occurring substances.

With regard to the metal fibres, these may be
metal fibres chosen from among steel fibres, such as
high-strength steel fibres, amorphous steel fibres or

20 stainless steel fibres. Optionally, the steel fibres
may be coated with a non-ferrous metal such as copper,
zinc, nickel (or their alloys).

The individual length 1 of the metal fibres is

_ at least 2 mm and is preferably in the 10 - 30 mm

25 range. The 1/d ratio is at least 20, and preferably at
most 200, d being the diameter of the fibres.

Fibres having a variable geometry may be used:
they may be crimped, corrugated or hooked at the ends.
The roughness of the fibres may also be varied and/or

30 fibres of wvariable cross-section may be used; the
fibres may be obtained by any suitable technique,
including by braiding or cabling several metal wires,
forming a twisted assembly.

The fibre content is such that the fibres

35 occupy a volume of less than 4%, and preferably of less
than 3.5%, of the volume of the concrete after it has
set.
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matrix leads to a reduction "In  the )
performance, by synergy between these two properties.

The level of fibre/matrix bonding may be
controlled by several means, which may be used
individually or simultaneously.

15 According to a first means, the bonding of the
fibres in the cementitious matrix may be achieved by
treating the surface of the fibres. This fibre
treatment may be carried out by at least one of the
following processes:

20 - fibre etching;

- deposition of a mineral compound on the

fibres, especially by depositing silica or a
metal phosphate.

The etching may be carried out, for example, by

25 Dbringing the fibres into contact with an acid, followed
by neutralization.

Silica may be deposited by bringing the fibres
into contact with silicon compounds, such as silanes,
siliconates or silica sols.

30 In general, a metal phosphate is deposited
using a phosphatizing process, which consists in
introducing prepickled metal fibres into an aqueous
solution comprising a metal phosphate, preferably
manganese phosphate or zinc phosphate, and then in

35 filtering the solution in order to recover the fibres.
Next, the fibres are rinsed, neutralized and then
rinsed again. Unlike the usual phosphatizing process,
the fibres obtained do not have to undergo grease-type
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Am preferabl yotbett Plbr 1 [e{:LL cementitious matrix may be
achieved by 1ntroducing into the composition at least
15 one of the following compounds: silica compounds
comprising mostly silica, precipitated calcium
carbonate, polyvinyl alcohol in aqueous solution, a
latex or a mixture of the said compounds.
The phrase “silica compound comprising mostly
20 silica” should be understood here to mean synthetic
products chosen from among precipitated silicas, silica
sols, pyrogenic silicas (of the Aerosil type),
aluminosilicates, for example Tixosil 28 sold by Rhodia
Chimie, or clay-type products (either natural or
25 derived), for example smectites, magnesium silicates,
sepiolites and montmorillonites.
It is preferred to use at least one
precipitated silica.
Precipitated silica should be understood here
30 to mean a silica obtained by precipitation £from the
reaction of an alkali metal silicate with an acid,
generally an inorganic acid, with a suitable pH of the
precipitation medium, in particular a basic, neutral or
slightly acid pH; any method may be used to prepare the
35 silica (addition of acid to a silicate sediment, total
or partial simultaneous addition of acid or of silicate
to a water or silicate-solution sediment, etc.), the
method being chosen depending on the type of silica
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Preferably, the precipitated silica is

15 introduced into the composition in the form of an
aqueous suspension. This may especially be an aqueous
silica suspension having:

- a solids content of between 10 and 40% by
weight;

20 - a viscosity of less than 4x102 Pa.s for a

shear of 50 s™%;

- an amount of silica contained in the
supernatant 1liquid of the said suspension
after centrifuging at 7500 rpm for 30 minutes

25 of more than 50% of the weight of the silica

contained in the suspension.

This suspension is more particularly described
in Patent Application WO-A-96/01787. The Rhoximat CS 60
SL silica suspension sold by Rhodia Chimie is

30 particularly suitable for this type of concrete.

The cement (a) of the composition according to
the invention is advantageously a Portland cement, such
as the Portland cements CPA PMES, HP, HPR, CEM I PMES,
52.5 or 52.5R or HTS (high silica content).

35 The aggregate - particles (b) are essentially
screened or ground sands or mixtures of sands, which
advantageously may comprise silicious sands,
particularly quartz flour.
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. of the foll'owi hg processes:
fume, fly ash, blast-furnace slag and clay derivatives,

such as kaolin. The silica may be a silica fume coming
from the =zirconium industry rather than a silica fume
coming from the gilicon industry.

15 The water-cement weight ratio, conventional in
concrete technology, may vary when cement substitutes,
especially pozzolanic-reaction particles, are used. For
the needs of the present invention, the weight ratio of
the amount of water W with respect to the combined

20 weight of the <cement to the pozzolanic-reaction
particles has therefore been defined. This ratio, thus
defined, is between approximately 8 and 24%, preferably
between approximately 13 and 20%. However, in the
description of the examples, the water-to-cement ratio

25 W/C will be used.

The composition according to the invention also
comprises at least one dispersing agent (e). This
dispersing agent is generally a plasticizer. The
plasticizer may be chosen from among: lignosulphonates,

30 casein, polynaphthalenes, particularly polynaphthalene-
sulphonates of alkali metals, formaldehyde derivatives,
polyacrylates of alkali metals, polycarboxylates of
alkali metals and grafted polyethylene oxides. 1In
general, the composition according to the invention

35 comprises from 0.5 ‘to 2.5 parts by weight of
plasticizer per 100 parts by weight of cement.

Other additives may be added to the composition
according to the invention, for example an anti-foam



20 - fibre etching; - deposition of a mneral conpound on the
fibres, especially by depositing silica or a netal phosphate. The etching
may be carried out, for exanple, by 25 bringing the fibres into contact
with an acid, followed by neutralization.lXSitica may be deposited by
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may be uskE@ - (R2Si0). In these formulae, the radicals R, which may be
identical or different, are more particularly chosen
from among hydrogen and alkyl radicals comprising 1 to
8 carbon atoms, the methyl radical being preferred. The
number of repeat units is preferably in the 30 to 120

15 range.

The amount of such an agent in the composition
is generally at most 5 parts by weight per 100 parts of
cement.,

All the sizes of the particles are measured by

20 TEM (transmission electron microscopy) or SEM (scanning
electron microscopy) .

The matrix may also contain other ingredients
as long as they do not prejudice the expected
performance of the concrete.

25 The concrete may be obtained according to any
process known to those skilled in the art, especially
by mixing the solid constituents with water, forming
(moulding, casting, injection, pumping, extrusion,
calendering) and then hardening.

30 For example, in order to prepare the concrete
the constituents of the matrix and the reinforcing
fibres are mixed with the suitable amount of water.

Advantageously, the following order of mixing
is respected:

35 - mixing of the pulverulent constituents of the

matrix (for example for 2 minutes);

- introduction of the water and a fraction, for

example half, of the admixtures;



reference may be made on this subject to the treatnents 10 described in
the article by G LORIN entitled "The Phosphatizing of Metals" (1973),
Pub. Eyrolles. According to a second neanse {he bonding stress of the

fibres in the cenmentitiqus matrjx may_ b hiLeve ' oducing into the
conposition at |east 15 hes o#ﬁ(o’f h%xalﬁgﬁgo#\ngﬁgg @%ﬁ{ﬁgé 8s: silica

conpounds conprising - nmmsttgductidncaf ther eemaiindngd fragiigumEat@nat e,
pol yvi nyl al cohol in aqg Sgdgion, a latex or a mxture of the said
conpounds. The phrase "sili¢a conpound conprising npstly 20 silica"-

shoul d be understood hereixingrebfrsexample FPBdI8cNENERB8LA from anpng

precipitated silicas, siihtpod@ttion R OFeR Creidifbirédng €£9brekheand

Aer osi | type), alum nosilicates, foi exanple Tixosil 28 sold by Rhodia
Chime, or clay-type pr o"cf&l%t%‘g‘%%‘ﬂ%"i‘ nSPRFEFLYFNB8: derived), for exanple
smectites, magnesi umsimixhi@s(fsepexampes fiod pominotes)onites. It s

preferred to use t | east on recipitated sjljica recl pi ed
silica should be under'gl?%of%ﬁreetfo tﬁ%gﬁﬁgrgpfegcah%% EFﬁgde%éf/t?Wégﬁ
precipitation 209N and reeetCofosf thealtkald netebssrlyi d=x eoht@linantkei d,
general ly,gn i Qz[aé]ﬁ' L, s | e pH of the precipitation

medi um i r116par<%g|)£cu ar C%%%?Jé&in%??é%%?géh ghtly acid pH any nethod may
be used to prepare t heS@prisinghy (addi thaps bdeedcifourd 5 tiat ¢ARBUEERYI nent

total or partizpd $ifdhbapgeuseadlbbbORoOamdiicthtOtiipeitdt i egdwe agdehier or
silicate-soluti on 1stedl et ti’s e %’i?n’ thg r@t ho‘gilptelllgg Ghosen dg ggglengogn t he
type of silica&®sutts, g 8 4

constituents in the composition of the concrete.

15 In this case, the concrete is left to mature
at, for example, a temperature close to 20°C.

The maturing process may also involve a heat
treatment between 60 and 100°C at normal pressure on
the hardened concrete.

20 The <concrete obtained may be especially
subjected to a heat treatment between 60 and 100°C for
between 6 hours and 4 days, with the optimum time being
about 2 days and the treatment starting after the end
of the mixture setting phase or at least one day after

25 the onset of setting. In general, treatment times of 6
to 72 hours are sufficient within the aforementioned
temperature range.

The heat treatment is carried out in a dry or
wet environment or carried out according to cycles

30 alternating between the two environments, for example
24 hours in a wet environment followed by 24 hours in a
dry environment.

This heat treatment is implemented on concretes
which have completed their setting phase, these

35 preferably being aged for at least one day and better
still aged for at least approximately 7 days.
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nore particularly described in Patent Application A-96/01787. ~The
Rhoxi mat CS e®articularly well suited to products made of the
concrete according to the invention.
This is because metal prestressing cables
always have a very high, ill-used, tensile strength
15 since the brittleness of the matrix which contains them
does not allow the dimensions of the concrete
structural elements to be optimized.
Progress has already been made in terms of the
use of high-performance concretes; in the case of the
20 concrete according to the invention, the material is
homogeneocusly reinforced by metal fibres allowing it to
achieve high mechanical performance in conjunction with
ductility. The prestressing of this material, by means
of cables or tendons, whatever the pretensioning mode,
25 1is then used almost to its full amount, thereby
creating prestressed concrete elements that are very
strong both in tension and in bending, and are
therefore optimized.
The reduction in volume obtained, because of
30 this increase in mechanical strength, can produce very
light prefabricated elements. Consequently, there is
then the possibility of having long-span concrete
elements that are easily transportable because of their
lightness; this is particularly well suited to the
35 construction of large -structures in which the use of
post-tensioning is widely employed. In the case of this
type of structure, the solution provides particularly
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The concretes obtained according to the present
invention generally have a direct tensile strength R: of
at least 12 MPa.

15 They may also have a flexural strength R in 4-
point bending of at least 25 MPa, a compressive
strength R of at least 150 MPa and a fracture energy W:s
of at least 2500 J/m?.

The invention also relates to the cementitious

20 matrix intended for obtaining and for employing the
concrete defined above.

Finally, the  invention relates to premixes
comprising all or some of the constituents necessary to
prepare the concrete and the matrix defined above.

25

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph obtained from the bending
tests with the stress wvalues (in MPa) plotted on the
y-axis and the deflection values (in mm) plotted on the

30 x-axis for concrete specimens with a W/C ratio of 0.24
and maturing at 20°C, respectively with wollastonite
(curves 12.1, 12.2 and 12.3) and without wollastonite
(curves 11.1, 11.2 and 11.3).

Figure 2 is a graph similar to Figure 1 but for

35 concrete specimens of the same composition with a 90°C
heat treatment: with wollastonite (curves 10.1, 10.2
and 10.3) and without wollastonite (curves 9.1, 9.2 and
9.3).



t he needs of the present invention, the weight ratio of the ampunt of water

Ww th respect to the conbined 20 weight of the cenent to the

pozzol ani c-reaction particles has therefofg been defined. This ratio,
defined, is between ap rOXI ely 8 and 24% .preferab

- approxi mately 13 and ver® #n9tRPhy rr?’p‘?"?cg 1%ft‘?:t l@)&nﬁ?ﬁgs

: mater-to-cenenmnraébﬂcféteVVépachMehe usedatimg camposintsaaedordtaeglt o
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bending stress (in MPa) and plotted on the x-axis are
the values of the deflection (in mm).

Figures 5 to 7 show the porosity of concrete
specimens, this being determined by the mercury
intrusion technique: plotted on the y-axis 1is the
cumulative volume (ml/g) and on the x-axis the diameter
(in micrometres) of the pores.

Figure 5 corresponds to a concrete specimen
(Example 1) which has undergone 20°C maturing.

Figure 6 corresponds to a concrete specimen
(Example 2) which has undergone a 90°C heat treatment.

Figure 7 corresponds to a concrete specimen
containing wollastonite (Example 3) which has undergone
20°C maturing;

Figure 8 is a graph resulting from 2?°Si nuclear
magnetic resonance analysis of a concrete according to
the invention containing wollastonite and matured at
20°C (curve 23) compared with two same concretes having
the same composition but not containing wollastonite,
one having been subjected to a 90°C heat treatment
(curve 22) and the other having been matured at 20°C
(curve 24). It may be seen that there is 1little
difference between the two curves 22 and 23, as regards
peaks Q2. These peaks, relating to the double bonds of
Sio* radicals, are all the more intense the longer the
hydrate chains. It may therefore be concluded that
adding wollastonite makes it possible to obtain at 20°C

S,

t he

added

of
f a



resin, an oil or an enulsion, preferably in water. Mst particularly
sui tabl e are silicones essentially conprising Mrepeat units
(Rsi OG0.5) and D repeat units 10 (R2Si O)zg!ln these fornul ae, the radicals

R, wiich may be jdentical or, different, are_mgre partlcula chos n_from
anmong hydrogeﬁa ahéf‘elﬁ‘ﬁ?l GhRiR s EXtERFHAS| §f ThS §20& b%‘ﬁ{ea%(o st
met hyl radi calo}:hﬂﬂgad)reiwraedgo%e heabe t refa tmergat ofini &S a:@nmei’eie:bl y in

the 30 to 120 unt of such an agent in the conposition is
general ly at @h@%%?l &?%D %’[ per 100 parts of cement. All the-sizes
of the particles are n%ur@deySZQ anEwl tobrained| fnow &esten ol cklescopy)
or SEM (scg nn'Hkﬁnﬁr?ﬁt6@%%§EQ§C89yhntI§§tgﬁt rgtééiamﬂéso oI 3 & obRer

i ngredi entS as ong as 0 not prejudice the expected perfornance. of
the concrete. -axis armetb%néfraétu@srra?fbé'—h@otﬁ‘ﬂﬂ%tp‘é’éc&o&'cﬁg {Nhiny

process known érQit|19f<9ct'§é‘d| l&l ithd hexadtis espesi athy byales ndot hechel i d
constituents th water m ng. (noul casting, I nj ection,
punpi ng, ext W@Fetﬁ%i?teng’@) n‘g§ % gﬁ%ﬁ €har deni ng. 30 For
exanple, in order to mi@.pﬁé e16 hescangraph ot aiteds titonedestofof t tive
nater Adiin: JRSHERY CELERRN oihaes orficf ER SRt s Mkt SR ©
- mxing of trmp:he/eymzsns avastheuwalvesf afthaheatould {(dulr omeg! EFfbr 2
mnutes); - i fALAYII ALl e Rl eTx Ak @ T4ALt O TPhlues of the
displacement (mm) of the fibre.

Figure 11 is a graph obtained from tests of the

15 bonding of steel wires anchored in the concrete over
different lengths. Plotted on the y-axis are the values
of the debonding stress (MPa) and plotted on the x-axis
are the values of the anchoring length (mm).

Figure 12 is a graph obtained £from bonding

20 tests on a concrete according to the invention with and
without the presence of a defoaming agent. Plotted on
the y-axis are the values of the stress (MPa) and
plotted on the x-axis are the values of the deflection
(mm) for concrete samples with a W/C ratio of 0.24.

25 Figure 13 shows the particle size curves of the
sum of the constituents (a) + (b) + (¢} + (d) for
various concretes according to the invention.

Figures 14 and 15 give the properties of
concretes having different particle size distributions.

30 Figure 16 is a graph demonstrating the synergy
effect between the presence of bonded fibres and a
high-toughness matrix.

It will also be observed that an important
characteristic of the present invention is to allow

35 concretes to be obtained which have improved properties
but which contain a markedly smaller amount of metal
fibres than in many proposals of the prior art. 1In
fact, according to the invention, amounts of metal



exanpl e half, of the adm xtures; - 16 - - mxing (for exanple for 1
mnute); - introduction of the renmaining fraction of the adm xtures; -
mxing (for exanple for 3 mnutes); 5 - |ntroduct|on of the

fei nforcing res d.the additignal const tuents; m Xxi fo anpl e
for 2 m nut es)éb‘?ﬂ%sc‘b c1eB8 Fﬂ@ﬂ & d@P&oé’§ Qfet%%%%n%b%rér{i]%éand
100[err] C for ctnhe there vwebass argf t oclodt arondehetd 0 alﬁ'seredseﬁthagi cahnd
properties. e ur h tygdn t ture
close to arrbl ‘?é%lsﬁn% é?gﬁtglggg\ﬁié’bg&(;%dgrges%“{ sg‘é %% ei ghé ‘;bby Vi rége of
t he choice of tﬂnmscmmueﬁte aﬁtehesebﬁ‘pughtla@nldflustG‘Mrm ethg sabove

In this cage, %nﬁf%%reta?réséﬁftléfér{@t Wee abta&ar Eéﬁm?é@esa heypRgat ure

close to 20[erT] mat uring process nay al so involve a heat freatnent
bet ween 60 an&Wﬁ@]@&haﬁéF | preRetkiesn ThéshSudrdsinshceitect 20

The concrete jgoBhaine@d f@y aBema fyeswcmbw , Sy eghedcheiaehast the
treat nent between 60 and 100[Ler between 6 hgﬁrs and 4 days h the

opti mumtime BEPPRELHSALS ghys nd:qqpé’stlrte’eﬁ%?l’? Sr ﬁowr%tteeraqu nd of
t he m xture sethei phaserovions isashisneompysatien.25 the onset of

setting. general , tfeat rrer}l{tamtplréess of ?cho 7f20ﬁoors %ﬁu%%fr %l en{hwthl n

t he af orefrenti oned
invention without in any way limiting it.

EXAMPLES

Constituents
In order for the full significance of the
15 comparisons made to be brought out, the same
cohstituents have been used in the examples and are
given below:
Portland cement (a): HTS (high silica content)

type from Lafarge (France).
20 Sand (b): BE31 quartz sand from Sifraco

(France) .
Quartz flour (b): C400 grade with 50% of the
particles smaller than 10 wmicrons, from Sifraco

(France) or €500 grade with 50% of the particles
25 smaller than 5 microns, from Sifraco.
Vitreous silica (c): thermal microsilica f£from

the manufacture of zirconium, of the “MST” type, with a
“BET” surface area of 18 m’/g, from S.E.P.R. (France).
Acicular-type reinforcing particle (d) :
30 wollastonite (CasiO?).
The product used is marketed by Nyco (Nyco

Minerals Inc., Willsboro, New York, USA) under the name
NYAD G, the characteristics of which are:
- size: 1l = 300 microns on average (50 microns
35 to 500 microns)
d = 20 microns;
- form factor: 1/d4d = 15;

- particle size distribution:



tenperature range. The heat treatnent is carried out in a dry or wet
environnent or carried out according to cycles 30 alternating between the
two environnents, for exanple 24 hours ima wet environnent followed by 24
hours’ in a dry environnment. Thi at t ig,1i nplenented on concretes
whi ch  have conpleted their< i%&tel?%q‘& %’H gg] ?%ese 35 preferably being
aged for at |east one day anck 00 €fS Mesh (i@)ad f®¥ at | east approximtely
7 days. - 17 - The addItI(N]§§5Cb§U&ésﬂo be useful when the
concrete is subjected to the af ot enent T oned eat fbatment. The concrete
may be pretensioned, by mwlaleive densityr: by . %onded t endons, or

post -t ensi gned, by S|ngle unbonded tendons or by cables or by sheat hs bars,
t he cabl e consisting of an assenbly of wires or conS|st|ng of tendons, The
prestressing, whether BS SEIAAN he = :
post -t ensi oni %11§Swiﬁébﬁ éy(a\pll sui ted to products made of the
concrete according to the 1 |ﬁn ntion S _because_net t i ng
cabl es al ways have a\Eﬁ%IQﬁ , ?I?s?ééﬁﬁ Y%ﬁsw?gf§?Fgﬂb€ﬁ ﬁggé ﬁggathe
brittl eness of the maiTh« whlTastoniaenNyemaBeshasmotn avenugd heize

. dimensi ong of(Dé(ﬂe ofogcreégoﬁéru‘si%al eLefPRLeche 18 R IdE ZPhng &

particle size of:

< 20 microns (%) : 100
< 10 microns (%) : 96.
Flaky reinforcing particle (d) : mica
15 (muscovite: hydrated silicate of Al and K).
The product used is marketed by Kaolins

d’Arvor, 56270 Ploemeur, France, under the name
Micarvor MG 160, the characteristics of which are:
- gize: 1 = 75 microns on average (10 microns
20 to 200 microns);
- thickness of the flakes: a few microns;
- particle size distribution:
< 0.160 mm (%) : 98
< 0.040 mm (%) : 30;
25 - relative density: 2.75.

Admixtures:

- ligquid dispersing agent X 404 from Mapei (Italy) or

SSP104 manufactured by Takemoto O0il (Japan) and

distributed by Mitsubishi or OPTIMA 100 manufactured
30 and distributed by Chryso;

- RHOXIMAT B 36 powder dispersing agent sold by Rhodia

Chimie;
- RHOXIMAT 6352DD anti-foam agent sold by Rhodia
Chimie; '

35 - RHOXIMAT CS60SL silica slurry sold by Rhodia Chimie.

Fibres: The metal - fibres are steel fibres
having a length of 13 mm, a diameter of 200 microns and
an ultimate tensile strength of 2800 MPa, supplied by



Progress has already been made in ternms of the use of high-performance
concretes; in the case of the 20 concrete according to the invention, the
material is-honmogeneously reinforced by.nefal fibres allowing it to achieve

hi gh nmechani cal _perforpmance.in, conjunction with ductility. T ssi ng

of this rrateriafﬁlé,%‘ediF r’rgﬁﬁigb’f“m&abl Sr t?’??fdo?@? \H‘Faetsee\}letyr’ tﬁggp%f%%és%oni ng

node, 25 is thkae ustatradiuoed tim i &8 famdurgnoofit ,2% hbyesolomesat | Age. a

prestressed C%Cirﬁterelea[ﬁmes éé‘ﬁ:thé”‘ré'em&é’ %f.foé‘.ng’??h in tension and in
er

bendi ng, and are=therefore optim zed. eduction I n volunme obtained,
because of 30 RueparatirmmRf itherongreke tese@rece®an produce very |ight

prefabricaged el ement st CopsequeRidi%s ! NEhe iopelr®A rihemdOssa bifoirt Yeied
havi ng | ong-span concrete elenents that are easily transportabl e because of

their |ight ned@nufipatyre jaf tegtaiecRs | cepfialeto ithels8509 cAndtiT i on
of large struciysfel driteMiher heitts erot ap0sh- bEnthenicemtiad neixdelof eripd oyed.

18T Favour SRy MiBs e ki #n'T oFRET! SEPRCLIYe R aPFortte e
and assenbly. EmmﬂﬂiROa)rtypm_wm_cas'_és_oﬂ.iareheapabid:grr er tmeloyseshﬁar_
o o e o940 iy A0Sl A R PR V! caices Shrinkage. Thi
associated with the véy aosrage, in all the examples, the amount of
entrained air is less than 3.5%.
Maturing
For the tests, two methods of treating the
15 hardened concrete were used, one with 20°C maturing and
the other with a 90°C heat treatment.
20°C maturing: The test pieces are demoulded
48 hours after casting. They are then subjected to a
treatment consisting in étoring them under water at
20 20°C for a minimum time of 14 days. The test pieces are
machined (if necessary, depending on the test to be
carried out) 26 days after casting, and the test is
carried out 28 days after casting.
90°C heat treatment: The test pieces are
25 demoulded 48 hours after casting. They are then
subjected to a heat treatment consisting in storing
them in an oven at 90°C for 24 hours in wet air and
then for 24 hours in dry air. The optional machining is
carried out 6 days after casting and the test is
30 carried out at least 7 days after casting.
Measurements
The measurements pertain to the mechanical
properties of the matrix, mainly the toughness, and to
the mechanical properties of the final material with
35 the metal fibres,” in bending, in tension and in
compression.
They are carried out with dimensions of test
pieces suitable for the corresponding measurement.



perneability of the product - highly advantageous in the case of durability
and mai nt enance of structures 10 over tine - nmean that this material may
validly be substituted for structures magg aof steel. The concretes obtained

according to the present invention gener Ig have a direct tensile strength
Rt of at |east 12 MPa. 15 T so have a flexural strength

Rf in 4- point bendi nThef méthedst oZ5 M¥surimgnuhesimegisiexngdli Rhef at
| east 150 MPa and fra ture.ener W of - at st 2500 J/nR. The invention
al so rel ates cgqe % “fatoﬂ%( i rflcillé"?%nded for obtaining and for
enpl oying the concret é‘hﬁeftﬁ@dsabwe cafmied youthein ndepeivh msndiag.t o

prem xes C@thlsg% &bk46§<2§8”901°f gb‘l@o&@@%t hﬁPeﬂBEcﬂé&‘le é’méo F?Lr spare

t he concrete an e matri x defi ned above OF THE
DRAW NGS Fi gue®etimens gr 85h OEEHBned‘EI?‘P‘BﬁY—He bé‘l’ﬂ%ﬁE ng A@@'SEWI t3r?9c"r?e3

stress val ues priokeltde)n! ot t8S:ER WhEhY adxi-sidpkd herdeflecibomadel wis (in
mm plotted on . the 30 , x- ax(_bs for concreteffem mens wwth a WC ratiq of

0. 24 and rraturtlhr?&eatpr 2 FEXpelftiEl ¢ it | GeEBRTt &%‘&EP\?QS Wit
12.2 and 12. 3@ a@ﬂammﬁd:owlsml I(pséamisﬁen( odtty@s withl, cddt Pnacds 1kild)..

the sams %onpg%ﬁa s SU I Pbarie 2aFaBnEs” R an oo ?*Seiactéﬂn”?rfi o
(curves 10.1, the Zloam‘:dh 1®J 3)heamhnmqﬁwmhe vepecistemi t e (curves 9.1, 9.2 and
9.3). The critical stress intensity factor K. is
obtained from the fracture load F and from the length
of the crack a at the point of instability (test in
15 displacement control mode, at 10°? mm/s, on a SCHENCK

universal testing machine) :

=—£;JEY
20
where:
1 represents the distance between the support
points (bending rig) = 200 mm,
d and w are the depth and the height of the
25 specimen, respectively, _
a 1is the length of the notch at the instant of
fracture,
Y is a shape parameter which depends on the crack
length (a = a/w).
30 In 3-point bending, it is preferred to use the

following Y parameter (J.E. Srawley, International
Journal of Fracture (1976), Vol. 12, pages 475 to
476) :

1,99 —a(l—-o)(2,15-3,93a + 2, 702)
(1+2a)(1-a)’?

Y=



- 19 - Figure 3 is a graph obtained by tensile tests on concrete speci nens
relating to untreated steel fibres, with a WCratio of 0.20 and a 90[err]C
heat treatnent, respectively with _ pggcipitated silica 5 (curves

20.1, 20.2 and 20.3) and wjthout grec pltat d Si |IC§ écur.ves Zg 4 arﬁ :
20.5). Figure 4 is a graphbsbt G oftPbe &Pﬁﬁ‘rt £RaY HPUE hr £ LHetS ens
with a WC ratdghatfidud5 anthea Fofrever | € hadoptedat fient esspestingl ythet h

surface-treated fibres 10 6.

Cfibres (curveOHENHESH GRTE %5 &X?%et% é:)%‘lesaée;%e %ﬁegi\}gl 322‘6(%? ﬁ?}tﬁeﬂdl ng

- stress (in MPahend ﬂbmeedlsplahemgnam s dragnams val tee of poi@tdef |@Et i on
(in mm. Fi gur%ﬁ%oll?t hoWehhedaas e%}i[c;ﬁﬁé)ftso eetfnﬂ-éla PSA! BENSgne this

being determne ner cury rusion technique: otted on the
y-axis is them-atlve vqurre (mM/g) and on the x-axis the di aneter (in

m cronmetres) of the pomgs. cfiﬁﬂé§l5s(i(¥ar1@§ Oré\léaéér&fafteSp@cClrﬁ@ﬁ 20

(Exanpl e 1) Wmch has under gone maturl n | correspon to a
concrete speciife %ﬁ‘ﬁfg t Mk Eh §§euﬁ&§g’&éﬁ§9"§n§0[céme@'h dfong

treatnent. Fi wetﬁecwdmmmﬁadxm adoenciet ehepespuEiowdnaraiing are
wol | ast onj Exa | ch,has un rr By ur gure
8is a grgbh E%%Tﬁ??‘ﬁga‘%qm%‘ifé?ﬁpﬁ Eiiengﬁagn f?g “5‘{ é‘]se(%nancé%%?@%s of
a concrete accef dihw tiggament cross-section: (w- a)xd
In plane strain, there is a simple relationship
between K. and Gg:

15 K?.(l_uz)
G i -5 SR A
¢ E

where:’
E is the elastic modulus,
20 v represents Poisson’s ratio.

E is obtained experimentally by vibrating a
prismatic specimen placed on two supports, based on the
determination of the fundamental frequency (GRINDOSONIC
method) .

25 Bonding

With regard to the bonding of the metal fibres
in the cementitious matrix, the stress is determined by
a test involving the extraction of a single fibre
embedded in a concrete block.

30 The tests were carried out on continuous steel
wire having a diameter d of 200 um.

When the wires are treated, they are carefully
degreased (alcohol/acetone) and then pickled (dilute
hydrochloric acid). A phosphatizing-type treatment is

35 then carried out (manganese or zinc phosphatizing).
Special care 1is taken at the finishing stage:
neutralization, rinsing and drying.



the invention containing wollastonite and matured at 20[err]C (curve 23)
conpared with two sane concretes having 30 the sane conposition but not
contai ning wol | astoni te, one having been sgibjected to a 90[err] C heat

treatnment (curve 22) and the other havi en nature 20[ err curve
24). It may be seen thdte t HaFES saF?tt?'Eg%‘?g‘F‘gre‘ﬁbe 45 t"%eeﬁmt h‘éo% %Qrves

22 and 23, as m&gﬂ{sis Bhe peoapdsiZiobhaseededks thleelﬁmmgasotlﬂaet cosdsd e

bonds of Si di cal ar e t re, int drate

chains. It rra;eztr‘%% &gpor'ge% a%%)‘ﬁ% ud:ecgl:t hgge%& Sﬂégﬁili‘gét %réé%’s(%t

possi bl e to olrad rtextsizBiler rjh@ wateﬁbcem@zlhymm@ thafhxesdt ahsPeRSef the

same ordercas that obt.@@e‘glpgs e%@,[egr e](fgﬁé{, b eaddmy Of q_ocqﬁ;p%él on
e

wi t hout vvo?lastonlt ure is a tai ne fromtests of the 5
bondi ng of tr@atté@qﬁedmweavéal@se@m vvrheé% upi Yt 8d Wi Viereal @R t he

val ues of then&&ﬂn{éﬂ(é@tmﬁ)kl\at anOrathd b £ egl. 1q&n/ﬁlbﬁ x-axis are the
values of the dlsplacerret g of the fibre. gure 10 is 18:h£bhl
obtai ned fromtests oflRhefPFCehdHRTILDr 16 BPAGHFED i ff &F €

di ameters. Pl did@te oBehBOry-auds tdlee ahepwabam&nof dhe thd | wone f()ﬁi:téh(kl\l)
and pl ot are__the | ues splac

of the fi i)ﬁg %ns&iéée}:ell |°2X:a &Faphsgﬁf:épﬁg frof te‘g?gs%fgl?he \Rgrrenérdl ng

of steel W resxtmiaomlin sdresaoncrete over different lengths. Plotted on
the y-axis are the valMgS sverage bonding stress is estimated from

the following simplified formula:

15 . =Fmax
¢ ol

where Fmax is the measured maximum force, ¢ is the
20 diameter of the wire and 1l is the embedment length.

Direct tensile strength: Ry

This is the value obtained in direct tension on

dumb-bell test pieces machined. from 70x70x280 mm

25 prisms, 1i.e. a working section of 70x50 mm over a

height of 50 mm. The carefully aligned test pieces are

rigidly mounted in the test rig (UTS) with a single
degree of freedom. '

30 Ry = Fmax
t—
70x50

where Fmax represents the maximum force (peak) in N for
a fracture taking place in the central 70x50 mm
35 section.
The test piece is fixed in the jaws of the
tensile testing machine by adhesive bonding and then
clamping by means of bolts.



of the debonding stress (MPa) and plotted on the x-axis are the val ues of
the anchoring length (mm). Figure 12 is a graph obtained from bonding 20
tests on a concrete according to the invemti-on with and w thout the
‘presénce of a defoam ng agent. Plotted on the y-axis are the val ues of the
stress (MPa) and plotted on the x-axis are the values of the deflection
(mm) for concrete sanples wth Blékdraht sbrehgbh24Rs 25 Figure 13
shows the particle size r h 0, n ) +
(c) + (d) for vari ousééo%(%re s%%%%%d?’%%?%e?hqrfn‘g%t%%ﬁ b ng%l c‘lrg and
15 give the p7opd@PxR8s om cpﬁéﬁ@@éschavﬁﬁg dPﬂﬁ@ﬁ@ntW&ﬂﬂﬁqgeﬂ%!z@all

di stribut '§nssu§%orts accoE&ﬂﬂ%e tﬂeﬁ khed WFAPH glanminshhat inmEp t N -spoer gy
ef fect between e presence of bonded fibres and a high-toughness natrix.

It will also B&2998&RAPe@ChASTAh G H9d&-ant characteristic of the present

invention is to allow 35 concretes to be obtai ned which have inproved
properties but which contain a narke?iiigyyghlfglannunt of netal fibres than
in many proposals of the prior aRf. cording to the invention,
anounts of netal - 21 - fibres of 2essdwfan 4% and pr ef erably of |ess
than 3.5%of the volune of the concrete after setting, and possibly
especial I’y of as low as 2% of the volume of the concrete after setting, as
illustrated i whefre éb@wen?pmaﬁqnuﬁsthﬂem@nimmm|§ﬂrceo(p§ak|ﬁccﬁﬁ@réﬂeS

havi ng N, 1 =210 mm and 1’ = 1/3 and d = w = 70 mm.

Compressive strength: R.

15 R i1s the value obtained in direct compression
on a ground cylindrical specimen (70 mm diameter/140 mm

height) .
RC:—f,—
w-
20
where F represents the force in N at fracture and d
represents the diameter (70 mm) of the specimens.
25 Fracture energy: Wg

We is the wvalue obtained by determining the
total area under the force-deflection curve in a 4-
point bending test on 70x70x280 mm prisms. The measured
deflection is corrected so as to determine the true

30 displacement of the specimen:

35 where F 1is the applied force, d&c is the true
displacement (corrected deflection) and dw is the

cross-section of the specimen.



| nproved nechani cal properties. This surprising effect is due, as far as
may be known, to the choice of the constituents of the conposition of the

concrete and of their proportions in thi gonposition. 10 The
‘exanpl es whi Sfal] o Ll ystrat ghi gyention Wi.tdhout, 1 s
limiting it. EAWREES-CORST O . e+ t= of

L L==]e made to be brought out, the sane
constituents have been used in the exanples and are given below Portland
cenment (a): HTS (high silica content) type from Lafarge (France)., 20-
Sand (b): BE31 quaByz waynef eemnarsspnac:&hemra%@%s Qhiraingd oiFom () :
CA00 gradegwi thh ROl (e RRLELCER Somdd Huedt@Nof 1@ hel ComSsitidd OM
Sifraco (France) or C500 grade with 50% of the particles 25 snaller than 5
mcrons, fromb&ve akgeny Vagdes sPPlea IPE): SPREr n@F nFREBsi11Ra WYt he
manuf ?ct u][e ofcettiztiani cbheOithibRt S |\/E'£\'r|et Vikean mbmhtaeaBFEép@uﬁaaaqf atlea Iof
18 n2/g, fromS.E.P. R . (France). Acicul ar-type rei nforecin parnticle
(d): 30 woll Se PEYS RBFTHESH l??edanel?&r%gtlé‘@gb?uRN&}l? Nyco
M neral s | nc. ,sukdrdishiorn, Nelvafdrdges)SA)resuldrinde nfamem NYABEB)gt hethe
charact er}t! o1t dh 37 Ge - $HES: cohefiBANRRCT 0BF, O VLSRG LD
m crons 3 to 500 mcrons = 20 m crons;

composition according to the invention.

The results of Examples 1 to 17 have been given

the 15 corrparﬁds)ns

in Table I below, which provides the composition of the
concrete specimens produced and their respective

15 parameters.

The amounts of the reinforcing elements (d) are
given in percentages by volume with respect to the
combined volume of the aggregate particles (b) and of
the pozzolanic-reaction particles (c¢).

20 The amounts of the other constituents of the
concrete (a, b, ¢, admixture, water) are expressed in
parts by weight.

The admixture used in these Examples 1 to 17 is
a dispersant.

25 The sand used is the sand BE31, the particle
size distribution of which is given in Example 24.



- < 100 US
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"ground"
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t he

(D50) of 8 mcrons,
< 20 mcrons (%

particle

87 < 325 US Mesh (%

particle 29 oOf

particle size distribution:

rei nforcing

The product used is the wollastonite NYCO 1250. The

| /d = 15;

(1/d) of 3 and a particle size of:
96. Fl aky

99 < 200 US Mesh (%

2:9. 5 Reinforcing

form factor:
Mesh (%9
density
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Adm xtures: - liquid dispersing agent X 404 from Mapei (ltaly) or SSP104
manuf actured by Takemoto Gl (Japan) and distributed by Mtsubishi or
OPTI MA 100 manufactured 30 and distrihutggf by Chryso; - RHOXI MAT B 36
powder dispersing agent sold by Rhodia Chime; - RHOXI MAT 6352DD anti-foam
agent sold by Rhodia Chime; 35 - RHOXI MAT CS60SL silica slurry sold by
Rhodia Chimie. Fibres: The netal fibres are steel fibres havgn§ &I ength of
13 mm a dianeter of 200 microns and an ultimate tensile strengt i of 2800
MPa, supplied by - 23 - Bekaert (Belgium. Wen they are presant, -t he
fibres are introduced in an anmount of 2% by volune, i.e. a B‘.’.gh? relative
to the cement of: 0.222. Preparation of the concrete test pi®c@s o3y

In the exanples, the operating nethod for the manufacture of et pi eces
consisted in using a high- turbulence mxer with rotation of tfge ontainer,
of the EIRICH RO2 type with a 5 |litre capacity, or of the EI'R HR08 type

with a 75 litre capagl tly aflg Nearl AP [MXEF prT HOBARY & PERRI ER
type. On average, injgdik [NeSq | 8% (SRS f8x 8% grtrai nBd=zaig is |ess
than 3.5% Maturing Forl tiee|Edsils, | t v |mBldpdd of LT eati fg t@ez,“
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15 hardened concrete were used, one with 200C maturing and the other with
a 90[err]C heat treatnent. 20[err]C maturing: The test pieces are denoul ded
- 48 hours after casting. They are then suljected to a treatmnent con5| stl ng

in storing them under ter_at 20 200C for i mum The
test pieces are nachi L i ?%&es%érygx %%ﬁl n[gE or?ntd; r?es{ 91 be carr| ed
out) 26 days afitdroutastohbastonitéke wesh |Elscarraﬂresed3 08hd2@ despecinens
casting. 90[eryl G el tacié@%ﬁﬁ&lla@@ﬁgﬂ:@?"Ethv‘%C S Al i@l ded

48 hours after en subjected to a heat treatnment
consi sting | n mqnearﬂf tifénthﬁ &@Umﬁsét cg‘i)[@rfc?@cr@tezm‘fom@ﬁwmg air

and then fg %ﬂamurﬁﬁfbéirysffhilaifhﬁegﬁitgnatrerr%wamﬂw I8y CipDeh it 6
days after castl ng and the test is 30 carried out aéll east .7 days after

casting. MeasUPERRYS T?le fBas RSN pertthauto WRd 1AsERRditedl  pfoderties

of the matri X Exmiglley $hQat @@@lmm with t Doyhaciewlanr adl Hapiites, of
t he final materla,l ' in _tension

met al, res,, _in endi n
and in conpr&& V\%?ﬁe)? a‘f%ncé’é‘??? ea”&a‘f’“\% tiﬂ?f‘?‘t%hs;rgﬁ %‘fe%?rétces
suitabl e for tire rouglesessdi(addiedsnr efentollastorkite) Tdaglsmdss ofhetlmet hods

of rreasur'wg .t&lﬁalticﬂi;gm}?ésofftﬁ&%mgt&fiﬂ?é OBhLLx are as fol | ows:
The toughness of concrete with metal fibres but
without wollastonite is 10 J/m2 (Example 9) and
increases to 27 J/m2 when 10% wollastonite is
incorporated (Example 10). '

15 The overall fracture energy results from a
cumulative effect of the energy expended by the matrix
(toughness G.;) and of the energy dissipated by the metal
fibres.

It may be seen that the presence of acicular

20 reinforcing particles, especially of wollastonite, in a
cementitious matrix of particularly low porosity,
enhances load transfer between the fibres and the
concrete, thus making it possible, by wvirtue of a
synergy effect, to take optimum advantage of the fibres

25 which are present in small amounts with respect to the
concrete, and thus to improve the ductility of the
material.

This combination of the porosity of the
cementitious matrix, of acicular or flaky reinforcing

30 particles and of metal fibres present in small amounts
with respect to the concrete constitutes an important
and novel aspect of the present invention.

The anisotropic reinforcing particles thus
exert a major role in controlling microcracking and

35 1load transfer between matrix and metal £fibres. An
improvement in the wmechanical properties of the
material in bending, tension and compression is also
observed.



The tests are carried out in 3-point bending, 5 using 40x40x250 or
70x70x280 nm notched prisns, i.e. specinens of SENB geonetry (the
ASTME  399-83 procedure). A notch with3z2 V—shaped profile i s made on

these prisms dry, usi a m | |ng utter. _equippe ] qggg

(precision disc with tlnﬁgﬁé o caT#E%%blatlve depth a qu?§§he

notch is 0.4 partdeles of (Exampdech; A heilgint obrovddsseci men) makked

critical stre y sta ained fromthe fracture load F
?&ﬁg?%%@%hE i%.%%@kt@%gﬁﬁegg

and fromthe he point of instability (test-in 15
di spl acenent control #bge usetoforeipfipycingn PRISGHEEK ohi FBRs AT i ng

machi ne) : 20 W&qnastlan&%rér S(Ei’@m &t anceahet wfvéuewrebtp@rnts
(bending rig) = 200 mm an

W e depth, and t ei%%é of theréf
speci men, resp &ﬁlﬁ@#@hn%$$SQQua %n&ﬁ¥ ¢hEuHﬁQ9|3t hs
fracture, Y i shanshapeheaicaiR &F wlcﬂmldapmmastdme:r ack length (a =

alw). 30 In 3-point.b nd| preferred use t.h follomﬁng Y
parameter (J.E. Srawﬁgﬁ' g&%%ﬁ Jgﬁrngp oFcﬁFg Fﬁﬁ% .12,
pages 475 to pakricle - 2§sults in a significant 1ncrease i

10 toughness; this increase is smaller  when the

acicularity factor (or size) is reduced.

Similar observations may be made in the case of
the other mechanical propefties. Thus, the use of
acicular wollastonite markedly improves the £flexural

15 strength: compare Example 11 (no acicular wollastonite)
with Example 12 (with acicular wollastonite). The same
applies to mica-type reinforcements: compare Example 13
(without mica) with Example 14 (with mica).

In general, the 90°C heat treatment has a

20 favourable effect on the flexural strength, which is
thus improved.

However, even with 20°C maturing, the flexural
strength is increased by introducing acicular
wollastonite (compare Example 12 with Example 11, the

25 latter being carried out on a composition without
wollastonite) .

Moreover, adding acicular wollastonite
substantially improves the tensile strength both with
20°C maturing and with 90°C heat treatment: in this

30 respect Examples 11 and 15 without acicular
wollastonite (control) may be compared with Examples 12
and 17 with 10% acicular wollastonite.

On average, a +25% increase in the intrinsic
direct tensile strength of fibre-reinforced concrete is

35 observed because of the addition of wollastonite.

In all the examples, compressive strengths
greater than 150 MPa are obtained for concrete
compogitions having W/C values of less than 0.27.



In the case of non-linear behaviour (ductile behaviour), the force F
adopted for estimating the toughness corresponds to the end of the |linear
part of the f orce-di spl acenent diagtagyy - the poi nt of 5
instability then corres(g%)nds to the inifiation of 'thﬁ crack. . The crléi cal

strain energy rel ease YEXEOVRT ray W EATUG I 1 ASACERBTT or LR R ERPRE sRent
curves, as |ongnpsotde cthatuhbfibrmbsydo the wedmriacls ptopersies eof0

renoved and t di ssj energy is expressed in terns of the |iganent
Cross-secti on&%%%ﬁ%ﬁtﬁ%bl ane strain, there is a sinple relationship

“between & and Gc: wherBhig advahbageeysi Gempeffl uss 23lustrated &y ekbats
Poi sson' s gati 5 ésiﬂbivg%aﬁé EXRBL CRE MR Y Y MW ﬁr@o%%galyp

speci men placed on two supports, based on the determ nation of

fundanent al f reRRRHRY (CRIMNPOSAYXE 9kt ) . o5 three test pieces of
Bonding Wth reg¢fetd® EbRpb8neiBsasolviithe fMBirds f (Wyes=i v.ae fedepdrLi ous
matrix, the stress s determned by a st_1invol vi.ggngge xtracttio 011;1 a
single fibre dMEdR) ntg‘agoﬁd?eet%nbragik.p%”dlts 1 ‘f’ﬁg tH_ wg’F%
carried out ontkenpresensesbeehbseneehadfi ng imfdiranipieepakfcdO) A thben
e el AL, SR AR Wi Cetgneedbageotabpcel sl o,
35 then carriwelbastogiemganeceondingnctphoBpamplei nid, give widely
shifted curves {curves 11.1, 11.2 and 11.3),
corresponding to a large scatter in the bending
results. In contrast, with compositions containing
15 wollastonite, namely 10% acicular wollastonite,
according to Example 12, the three curves (curves 12.1,
12.2 and 12.3) obtained are very close together and
almost coincident, which means that the scatter in the
mechanical properties of the material is almost
20 completely eliminated.
The same observations apply to the graphs in
Figure 2 relating to test pieces of concretes without
wollastonite according to Example 9, (curves 9.1, 9.2
and 9.3) and with wollastonite according to Example 10,
25 {curves 10.1, 10.2 and 10.3), the concretes tested
being concretes with fibres with a W/C value of 0.24
and a 90°C heat treatment.
Ekample 17 relates to a concrete comprising both
acicular wollastonite and treated fibres. It may be
30 seen that the best performance in terms of toughneés_
and of flexural strength is obtained for this concrete.
Thus, it is better than the concrete of Example 10
which comprises only acicular wollastonite - and
untreated fibres - and better than the concrete of
35 Example 16 which comprises only treated fibres and not
acicular wollastonite.



Special care is taken at the finishing stage: neutralization,
rinsing and dryi ng. - 26 - The wires are enbedded in 4x4x4 cm concrete
bl ocks. The conposition used is the sane # that used for the machanl cal

test pieces (bending, gonpressi,on_ _and te SIOI’] h ter/ce ratijo is
fixed at 0.25. 5 The IRAteore B Qﬁ}% %é‘tglggﬁgﬁflge are

extracted by pwdgmgem t hatrisi ngreaaliryvedsmls t es¢subt madm nelr(lﬁﬁbﬁbm() at
a rate of 0.1 nn1 ge force exerted is neasured via a suitable force

" sensor and thepef TEReht of the wire (wth 10 respect to the-

speci men) is rreasurIeid iyi scleamlextappament y Seomorthghecuyeeagein

bondi ng st gessFi@féLé,e ”?ﬁ:fcgméiéﬁi heFfl.@h%:‘QWGng(Eﬁdarﬁ@l'éc 18d 41 M fard 57

Frax where F neasu maxi mum f or ce is the 20 di aneter of
the wire and | EXamplR 3hbEBAERt eridid. cape ebf ts@ﬁﬁllﬂ@ns?t R EPRCTetShi s

is the val ue apiehdied walgiaée@hltenswnlew @a%éiaiy ibeslchikhR@ESonly
machi ned, fro 70x70x280 mm 25 E]I section of 70x50 mm
over & hei ght of BE° nPAFRECER: S8 1SS FRep Heated RAHRRH i g
mounted i n t hechestothgr ( UAShdw t bha saﬂg!lletldﬁgreﬁ ofwélmmmlﬂé)—type
ﬁRt: Frax 18X50re1nforc1ng particles to the composition of these
concretes surprisingly leads to a low porosity,
including in the case of concretes subjected to 20°C
maturing.
The addition of wollastonite thus makes it
15 possible to achieve good densification of the concrete
(reduced porosity), this being so even in the case of

the normal 20°C maturing conditions.

EXAMPLES 18 - 23: influence of the nature of the fibres

20
The above Examples 15 and 16 illustrate already

the influence of the improvement in fibre treatment.
Thus, Figure 4 shows the improvement in the
fibre/matrix bonding obtained by a surface treatment

25 (phosphatizing) of the fibres (curves 16.1, 16.2)
compared with untreated fibres (curve 15.1), the fibres
being incorporated into a matrix as defined in Table I,
in Example 15 (untreated fibres) and Example 16
(treated fibres).

30
Example 18 - Treated or untreated rods

This example relates to zrod-bonding tests
carried out using the general method indicated above -
except that the steel wires are replaced by steel rods

35 having a diameter d = 5 mm.

These rods are introduced into specimens of

fibre-free concretes.



where Frmax represents the maxi mumforce (peak) in N for a fracture taking
place in the central 70x50 mm 35 section. The test piece is fixed in the
jjaws of the.tensile testing machine by adhesive bondi ng and then clanping
by neans of bolts. 27 - Flexyral stren ﬁh: Rf Rf is the val alned
in 4-point bending on TRk 7 GOFRS Wsﬁ’&tlg TetORT e MdtinPEYE gn 5
supports accorwkitght ois hes NEGLIBwdd1 and NFP 18-409 standards and ASTM C
1018. 10 where Fmax represents the maxi num force (peak force) in N, 1 = 210
s mMmmand 1' = 1/3 and d = w = 70 mm Conpressive strength: Rc 15 - Rc
" is the val ue obtai ned HTS drextlardnpemestonlon a ground cylindrical

speci nen (20 nn1d|amﬂ&gf]&%&fg@@glgfiicamhgrgzg represents the force in N
at fracture and d represents t dianeter (70 mm) of the specinens. 25

Fracture energy: W WC4Q0 qyanfd fd BHtaithetPby deternining the total area
- under the force-defl ecggdn sami@e 1aa 4- point bending test on 70x70x280 nm
prisns. The neasured d flectlon | rrected so as to deternmne the true 30
di spl acenent of the sd§b$ = soPias content): b0
water: 0.25

10

The bonding tests were carried out on rods, one
being made of untreated steel and the other made of
steel treated by manganese phosphatizing according to
the general protocol mentioned above except that these

15 are steel rods and not steel wires.

With the untreated rod, the average bonding
stress measured is 10 MPa while with the phosphatized
rod it is 15 MPa.

Example 19 - Treated or untreated steel wires

20 This example relates to tests of the bonding of
steel wires - and not of rods - carried out using the
general method indicated above. The rods are introduced
into specimens of fibre-free concretes having the same
composition as that of Example 18.

25 The bonding tests were carried out on wires,
one of them made of untreated steel and the other of
steel treated by =zinc phosphatizing according to the
general protocol mentioned above.

The results are given in Figure 9. It is clear

30 from this example that the surface treatment carried
out (phosphatizing) leads to a very high bonding level:
the shear stress increases from 10 MPa (standard wire)
to 25 MPa (treated wire).

Example 20 - Use of precipitated silica to

35 improve bonding

This example is intended to illustrate the
improvement in the fibre/matrix bonding obtained by
modifying the composition of the cementitious matrix of



35 where F is the applied force, 8c is the true displacenent
(corrected deflection) and dwis the cross-section of the specinen. - 28
- EXAMPLES 1 to 17: influence of the rel ifg@rcing el enents (d) By way of

‘compari son, t resul ts, optai,ned_from 5 _concr .| igh onsty f uents
of the conposi '%}Pslﬁa 8 pB¥n WEFEER AN S o §%§r§l%$t%gé§1 sitlﬁﬁ\ﬁ%‘l’cﬁéﬂééertai n
constituents laiel beehrori theihg esiged afihy & heohichese, Witk bowireatednt ed
so as to brin fa t pri,skfg S resl Lh894 44 A 24 USi NG

the 10 conbi gnaet%llé(}n f@%]fségthgitﬂcc)ans‘?ﬁﬁ{e}%?gg O(;ff daa concraete (c}(f)?rrpog?tion
accordi ng to theat hreatment Ble 3 ts of Exanples 1 to 17 have been given

in Tabl e Igbel ow, Whi eiher pubdesst RELOBREGH 10N Pighhe SOngHesle ispegi nens
produced and their respective 15 paraneters., The. amounts aof. the
reinforcing elSHaR% sr?RBO‘ﬁ'?'"eu@ v'%theiﬁu&?ﬁeﬂp’é@églegyl%lauﬁ@%%l@ reffect to
the conbi ned i uge 7&f7xkBe cagtegat pipeaet i fdesa( pearitheri blfie concrete
onsti fuent s 9F Thebantreobine 3, SBereared: areel JrBrFs, Fhs RS o
parts by wei gkif wiicladnast beenusediifiedeser Exappinedified, 1 by iadding
di spersanio Z%n amount g@e t%féndsfffgai §utngn§§ng %Iﬁi‘f es’ t9'6‘?)' &L
from Rhodia Chimie equal to 1.9% as dry-weight
equivalent with respect to the cement (i.e. 0.65% by
weight with respect to the concrete).
Figure 3 shows the stress to fracture,
15 expressed in MPa, plotted on the vy-axis and the
displacement, expressed in mm, plotted on the x-axis.
Curves (20.1, 20.2 and 20.3) give the results for three
test pieces with silica and curves (20.4 and 20.5) for
two identical test pieces without silica. It may be
20 seen that the scatter in the results is appreciably
reduced. Furthermore, the energy dissipated after the
maximum stress is considerably increased.
Example 21 - Influence of the fibre diameter

This example is intended to illustrate the
25 influence of the fibre diameter on the fibre/matrix
bonding.

The composition of the cementitious matrix is
that of Examples 18 and 19. Steel wires having
diameters of 100 and 200 pm were introduced into this

30 matrix, these being anchored in the matrix over a
length of 5 mm.

The results appear in Figure 10. For an
anchoring length of 5 mm, the bonding is clearly higher
when the diameter of the wire increases from 0.1 mm to

35 0.2 mm.



size distribution of which is given in Exanple 24. 29 - 30- - 31 -
Conparison of Exanples 1 and 2 (specinens w thout wollastonite) with
Exampl es 3 and 4 (specinmens with 17% acicipar wol | astonite) shows an al nost

‘twofold increase in t t oughness of _a.concrete not, cont.ainin
fibres. Sinmilar resultg‘iﬂ%uf%bggi-nbdlﬁgi& 5 g enhdELA n

W t hout wol | asteargttle) wWith Exanple 6 (a specinmen with 10% aci cul ar

wol | astonite), again fQr.a cqr i 1 h | S.. Jhisyq LN

t oughness (addition of'ﬂ{mjb Iaés)’%{rn‘?%‘%) V\"Ldgepginﬁsé%él)é _hetal_o f%%%%@%ﬁg{% t he
nature of the isdHsmncaheofoudheessidbreonanaheniinch nbeRgthi bods biipe

Wi t hout “@'“%%H¥E}fht£fk Bhadidg? (Exanple 9) and increases to 27

J/m2 when 10% wollastonite is incorporated (Exanple, 10). 15 . ,

The overall fracturefRRenEPFPOsiEder: LF 1 £5f %e‘E‘?ﬁr‘g’r%’t? FREEdX ofSt he

ener gy expendathdy tbe maEkbamplebougnessndy )1and gtekle aniefegy dhasingt ed

by the nEtalféfgégkers of 100 and 200 um were introduced into this

matrix with various anchoring lengths.

10 The results appear in Figure 11. For a wire
having the given characteristics, the bonding level
(bonding stress) is constant for anchoring lengths
ranging from 5 to 15 mm.

Example 23 - Addition of an anti-foam (or

15 defoaming) agent

One means of increasing the bonding of the
fibres also consists in adding an anti-foam/defoaming
agent to the concrete composition. Thus, Example 16 has
been repeated by adding 1% of an anti-foam in solid

20 form (powder).

The results appear in Figure 12. A gain is
observed at the level of maximum stress (peak) and
especially a greater fracture energy due to a better
quality of fibre/matrix interface.

25 _
EXAMPLES 25 - 29: Influence of the particle size of the
constituents of the concrete

Five concretes according to the invention were

30 prepared from constituents (a), (b), (c¢) and (d) having

various particle size distributions. These particle
size distributions are shown in Figure 13.

It may be seen that, for these 5 concretes, the

constituents (a), (b), (c}) and (d) satisfy the

35 condition: the D75 particle size is always less than 2

mm and the D50 particle size is less than 150 um. The

particle size distributions differ by the value of the



It may be seen that the presence of acicular 20 reinforcing particles,
"especially of wollastonite, in a cenentitious matrix of particularly |ow
~porosity, enhances |oad transfer between glage fibres and the concrete, thus
making it possible, by virtue.of a .syner effect, to take_qptimm

advant age of tRE*HBFesP tl:]\fﬁ‘.l‘iech pr 5N} i‘ﬁrsnBF‘ann{YHl“rF%‘ WK & pect
to the concret betwrdnt BOS o amgdr évennt.he ductility of the material. This
conmbi nation of the ' of he LLiou rix, qf acicular or
flaky reinforcing 30 gg?‘??%%? anar%f n@%‘gﬁpéé%?ggap??s%%‘ i%’l%erﬁaﬁl >
anounts with re3peiécleo ehBecoddptribubaonst ut Fhedr | wpopbait iong nave
aspect of tde gresgntihn 1&Nn.2 Th |§._Lg"&53g rel nf.qf ci £l t hus
exert a major rgol ein %oﬁ%}fi n2 mqggl'nbcrac I nglctalnc(%l 3§_Cg| gg‘%&gstaérés:f g?l
between mat ri RETSRACaHEL aPY f i‘fﬁgjéé"!‘e A¥ithpr 5¢SPEREt | 2 hethechgntdae
properties of tbmposieioal in bending, tension and conpression is also
observed. -32 - The use of m ca-type fl aky reinforcing
particles (Exampl e' 7) al so provi des a mar ked i nprovenent in the
t oughness. The use of reinforcing particles of the ground 5 wol | astonite
type (Exanple 8) has a positive effect on the toughness of the matrix, but
to a |l esser extent than in the case of acicular wollastonite.




The introduction of an acicular reinforcing particle results in

a significant I ncr ease in 10 toughness; this I ncr ease S

smal | er when the acicularity factor (@9 si ze) is reduced. Simlar
observations may be nade in the case of the other nechanical properties.
Thus, the use of acicular wollastonite markedly inproves the flexural 15
strength: conpare Exanple 11 (no aci culBablel2astonite) with Exanple 12
(with acicular wollastonite). The sane applies to mca-type reinforcenents:

vl ~ 14 l\ui—h mna\ R nnnnr

conpar e Exanple—13—tw-thott—rea—wth—bBcarple—34—(v al ,
t he 900C heat |t reat nenExampla 20 favouradl e} effect|] o7t he ftexu aI29

strength, which is t%}é(&m{oved Hove\6er eveﬂ w‘trbzgo, tur ngts e

P | PP~ 1 LY. SN ar

fl exural strepgth IHbleaocu e HAfedueHRg
wol | astonite corméﬁrTé} Bemguite (B) with| Ex23mpl e 28 he235 |l azzer &8 ng

t
carried out fon @ISTC%’I&‘?L%at'(%'"} W|t1oui0wp qﬁ)t_orlt%. /br 8ve -J,o

oy Tocor or

[
addi ng aci gut=at wottastontte—stbstatttal-+y P-aveshe
strength bot h{wi t ICP00CTwaruzi M) and Wit 7 oner?]c heat tieatment: mn tlhis
30 respect !Exar@ﬁgf saﬁ&_ mﬁgﬁi .l)ﬂ 3wt out ac gul /r \@)I I astlolnl tle
(control) may[beconparet—wth—Exanptes—=2 G-t
wol | ast oni te. | T a@e4bbe3 2and5¢b) hgr bas@ inti2t intrithsi ¢ diorect tensille
strength of f|bge- d%m%cggngo%yebe i 5435 | obger ved, gecahUSfoof the
addi ti on of wpHtastomte—tmat—the—exanptes; wrr;ress: E—StHeRgHhRsS
greater than| 1B MYA sard @b} Yl ned| f6r lconeretle dbnposi2lonk havi g
W C val ues of | | ek 3@ dnd’ - (b) 4 0 0 0 0 20
NYADG wollastonite (d) 5 5 5 5
BEKAERT fibres 2 2 2 2
OPTIMA 100 dispersant 3 3 3 3
Water 13 12 12 12 12
(*) SIFRACO

5 (**) SILICA and KAOLIN.

The various particle sizes are obtained by
varying the nature and the amount of the sands.
The compressive strengths and the flexural
10 strengths in 3-point bending for 3 different test
pieces of each concrete 25 to 29 are given in Figures
14 and 15.
It may be seen that, whatever the particle size
-distribution, and especially the value of Dmax, the
15 compressive strength remains greater than 150 MPa and
the flexural strength remains greater than 30 MPa.

EXAMPLES 30 - 33: Effect of the matrix toughness/fibre
bonding synergy
20 As indicated in Example 17, there is a

synergistic effect between the presence of bonded
fibres associated with a high-toughness matrix.

Examples 30 - 33 demonstrate this synergy. The
basic formula of these examples is given in Table 3:



-33- Moreover, introducing acicular wollastonite inproves the
uniformty of the mechanical properties of the concretes. This advantageous
aspect is illustrated by the 5 graphs in4&igure 1 which show, as indicated

previ ously, bending tests carrled t on thr t est piec crete
conposi tions with fibred 35 %0[ ﬁ??nﬁ?ﬁﬁlﬁgfeﬁhafngtﬁsrn al

poi nt's identiGﬁdlrﬁgﬂdnitéwnéheb¢im§epmesentabsence of reinforcing
particles of the 10 c | ton it t hout
_ 2 Al | 33 OnLhe dRfes The cQERAT! kpBSY!

wol | astonite, according 't girve 'wWw curve
(curves 1L:Molldﬁtdnlteuhblngjpﬁe$enbrrespondlng to a large scatter in

the bending results. |fh0%£a{nﬁ§f %h ‘E@f@o b'r%@ss goat %Béégl 1§1bres

wol | astonite, nanel aci cu astonlte accor gge
Exanpl e 12, ttfer%#% by v&ing c9h9§§h§211311192 MRLLRSLOmI tehAGtnHe RS very
cl ose togetherﬁgggﬁ&nnst coi nci dent, which nmeans that the scatter in the

nmechani cal propertles of th materi a al nost 20 |l et el
elininated. The sane obRer®/ é&plytbﬁ %éb§F§ph§rﬁn %FG%Ee él?%?%ting
to test piecesxdatcadicr Byyes zmﬂdto@hw@phasizﬂnge asedledistepriiccExabping 9,
(curves Q}é, 9.2 and 9.3) and with woll astonite according to Exanple 10, 25

“(curves .]”prﬁiﬁ and 10.3), the concretes tested being concretes
with fibres with a W Chealcencfetfie®4anadsabdecdehd &raf@egure.

The concretes of Examples 30 to 33 are tested

in 3-point bending, the results appear in curves 30 to

33 of Figure 16 and the key wvalues are given in Table 3

15 in which the compositions are expressed as weight
percentages relative to the cement.



'Exarrpl e 17 relates to a concrete conprising both acicular wollastonite and

treated fibres.
t oughness and of fl exural

*is better

It may be 30

mpl &,

seen that the best performance in terns of
strength is obgained for this concrete.
than the concrete of Exa Jbg V\/ryt
wol | astonite - and untreated fibres - “and be

Thus,

ch conprises only acicul ar
ter than the concrete of 35

Exanpl e 16 which conprises only treated fibres and not acicul ar

wol | astoni te.

-34 - The conbination of bonded fibres and a hi gh-

it

toughness matrix really does result in inproved performance. It is
clearly apparent fromthe curves in 5 Figure 5 (Exanple 1), Figure 6
( Exanpl eJ%). and Figure 7 (Exanple 3) that, in the case of specinens of
concrete t Aout—woll-astgrit-o—a—tewRer-osH-Y—i-S—aehev-ad—onrl-y—-H—ithe-
concret es arje®IB S ed t o-a-heat— ot Qﬁgﬂhn therShand thg3
addi tion of pRrEiandoeament gk reinflorcihg phetig 1 1
conposi tion itrepys-ailiea {5} ot og Qut‘-?@szi ng! \7/0.3259(1 1 0,325, aow0.325
porosity, i 1 etef suBBectdd t P.20[etrC B urilng.
The addi ti on Askcuier |wabtagnnise (W d)s Innke® jt |5 ible t8® achieveld.gbod
densi ficati ofapd tbhe concrete (reduced.4Borosit M215t hils bdiddg so _evgSi n |t he
case of the (Bdspexbarit(feiidsCeomient)iing QORI t | on9.01BXANPLER018B - | 230,018
i nfl uence of|{waber nefaire of the filresq,19 0,22 0,18 0,22
Untreated fibres (volume %) 2 2 0 0
Treated fibres (volume %) 0 0 2 2
Heat treatment (°C) 90 80 90 20
Yield stress  (MPa) 16 28 29 36
15 | Peak stress (MPa) 25 35 37.5 50
Deflection of the peak (mm 0,8 0.8 1 1.2
20 The best mechanical properties are obtained in
the case of the treated fibres and the matrix
comprising wollastonite of Example 33. It will
furthermore be noted that there is a significant work-
hardening effect and a damage mechanism by multi-
25 cracking (network of parallel microcracks) and not by

mono-cracking.



20 The above Exanples 15 and 16 illustrate already the influence of the

| nprovenent in fibre treatnent. Thus, Fi gure 4 shows t he

I mprovement  wo sg pBddbre/ matri x bondi ngp obt ai ned by BCBUFRa8g0R2E562t ment
25 (phosphatizing) of the fibres (curves 16.1, 16.2) conpared with
untreated fibres (curve 15.1), the fibr Lng incorporated into a matrix
as defined in Table I, in Exanple 15 ( ed fibres) and Exanple 16
(treated fibres). 30 Exanple 18 - Treated or untreated rods This exanple

rel ates to rody bondi ”Q:&rﬁsféﬁé?a{:éhgﬂsi?&!h?“%f‘gatBﬁr&%ﬁ%ﬁa'céﬁéﬂ”@&i&i’écat ed

above - except that the st wres are | aced by steel rods 35 _having a
di anet er makixThigs vhiely mekal nﬁ#@HGéeérﬁn@ém%n§hﬁa¥r}% LY ree

concr et es 5 mixdhng, Thﬁtﬂpﬁméﬁ on Df ddwpSPNEIH € whl @R tSotpyrisdght is
as follows: HTS Port and rreP MST vitreous silica: 0.325
%L% ’sl%?ﬁﬁxs 1. 43 di spe

C400 quartz fI3RFAEE rsant (solids content): 0.02
water: 0.25 10 (a) cement ;

(b) aggregate particles having a maximum
particle size Dmax of at most 2 mm, preferably at most

10 1 mm;

(c) pozzolanic-reaction particlés having an
elementary particle size of at most 1 um, preferably at
most 0.5 um;

(d) constituents capable of improving the

15 toughness of the matrix, these being chosen from
acicular or flaky particles having an average size of
at most 1 mm and present in a proportion by volume of
between 2.5 and 35% of the combined volume of the
aggregate particles (b) and of the pozzolanic-reaction

20 particles (c); _

(e) at least one dispersing agent;
and satisfying the following conditions:

(1) the percentage by weight of water W with
respect to the combined weight of the cement (a) and of

25 the particles (c) is in the range 8 - 24%;

(2) the fibres have an individual length 1 of
at least 2 mm and an 1/d ratio of at least 20, d being
the diameter of the fibres;

(3) the ratio R of the average length L of the

30 fibres to the maximum particle size Dmax of the
aggregate particles is at least 10;

(4) the amount of fibres is such that their
volume is less than 4% and preferably less than 3.5% of
the volume of the concrete after it has set.

35 2. Concrete consisting of a hardened cementitious
matrix in which metal fibres are dispersed, obtained by
mixing, witH water, a composition which comprises,
apart from the fibres:

©x €¢ L M 0§ =%

(a) cement;



The bonding tests were carried out on rods, one being nade

steel and the other nade of steel treated by manganese phos E!@l ”MILI"I
.according to the general protocol nentiongd above except that

steel rods and not te wires. Wth the untreated rod, the average bond i ng
stress measured is i]B MPASFRPPRLG PRYERSIERGsphati zed rod it is 15 MPa.
Exanpl e 19 - Treat efcpr pozzemaﬁﬁlcsreabt\tfones gﬁrtlcles Haw sngxanghe

d d
out “usi ng 1 he SeRarar iy RRAETARSC aeR asoa et o e BrehErStC A nio

speci nens of fimdse-0rBeuwoncretes having the sarre conposition as that of

Exanpl e 18g 25 (@) CSHStPFGQhE. teg% affle cYg i ed; i gn%Areﬁheone

of thentnade of untreated stee her of st eel treat zi nc
phosphati zi ng eeedreesg teft h&hgené\aélrlﬁrlot dhnsereRened %@%en Thzom

results are giyeichlaFi g eEaky tphstebiak IAVFimRM 4R average esifat okhe
surface treatnent carried out (phosphati zi | eads t@ a very hjgh bonding
| evel : the shedf @Pﬁgsg'ﬂﬁﬁr@% ?rFFSHFléihpé PgPEHHQFBHMFﬁ%)V?%PQ% Rba

(treated wire)bettweapl 2 X -ande3shk ptbﬁcrtﬂné atczﬂ:;\ts:tﬂed:avm&@ | B’ O¥Re
i brel nat i DA R, BAREACE oot R0 Be EonRererbRnts  Fraction
cementitious rneartikcbes (c);

(e) at least one dispersing agent;
and satisfying the following conditions:

(1) the percentage by weight of water W with

15 respect to the combined weight of the cement (a) and of
the particles (c) is in the range 8 - 24%;

(2) the fibres have an individual length 1 of at
least 2 mm and an 1/d ratio of at least 20, d being the
diameter of the fibres;

. 20 (3a) the ratio R of Othe average length L of the
fibres to the D75 particle size of the combination of
constituents (a), (b), (c) and (d) is at 1least 5,
preferably at least 10;

(4) the amount of fibres is such that their

25 volume is less than 4% and preferably less than 3.5% of
the volume of the concrete after it has set;

(5) the combination of the constituents (a), (b),
(c) and (d) has a D75 particle size of at most 2 mm,
preferably at most 1 mm and a D50 particle size of at

30 most 200 um, preferably at most 150 um.
3. Concrete according to Claim 1 or 2,
characterized in that the toughness of the cementitious
matrix is at least 15 J/m2, advantageously at least
20 J/m2.

35 4, Concrete according to one of the preceding
claims, characterized in that the particles (d) have an
average size of at most 500 um.



- 36 - Exanple 18 by incorporating a precipitated silica, th m
being used in a concrete with untreated netal fibres, with aﬁlﬂﬂ' mﬂmm,”"l
Q. 2 and a 24 h/24 h heat treatnent at 20Qg _5 The résults afe s

shown in Figure 3 which is a gra re roducm the curves obtained in a
tensile test oﬁ‘a 7x7x§8n6’ﬂﬁng tapcﬁ Pécidien F EBRcPEESSRHing 2%

by vol une of usla¢msed Gh&ﬂécﬁdabiﬁéd t:he It&u‘artl XthfeI Wha £thi dbss beg) gﬁ(ii;ll‘ :\/g\d
or not nodifie dd 10.__an_. anount i ca suspensi on

CS 960 SL frongﬁﬁ% o é’mé{?é‘it’t%‘ 1’9(9’%]; LG htT gﬁFvﬁfiBﬁFH%
respect to the- céﬁﬁnbf( |th© cdondHinedsy welwhe of t the eaggregavet para:an:dleet e).

Fi 3 h t S t
p: g?'[ :d onﬁS ?\I’Q%) %/\ngf’g Eﬁé pOE%SIEBESI grgg%rj‘ll?m ?xé rtgzzé'e 41&nm pI otted

on the x-axis.®€urves FQGCIetQO arogrding 3o gane PF?@ r%uth% pyecediag t est

pieces with sitlgamand cHE MR dlzed R dhay) R (O-d (eIdd Cqly)t est Jpi eces
wi t hout silica. be 20 efthat the scatter in the results is

appr eci abl y reﬁﬁf:86°ré6f19hé?m3ec &%e ~erfet gRHiAdid¥at 8B2Ret &Y hehpeg UM
stress is consfdemabmpnigneicddsetonita i ibrds, bakkitesceibiek hemﬁ'l@'i%e

| ded t t he 25 fl ce t he
fibre di andor S5BTBRe  BEFEFRALR x TSRIAR | APRThpostt bro; EREbide
cenentitious nfibrgsis té¢mtlwliogxanpires a;&lé.ndob& dsirdelatiiviees fiabireg,
di ameters of 109,854 ZPQbfgbmergaieiﬁﬁduﬁﬁgsbﬂéeethf§b§gs,”aégbéC1a&E§se

bei ng anchored iI.n the trix
hydroxyapatlte HAP flbres, calcium carbonate fibres or

derived products obtained by grinding the said fibres
15 and mixtures of the said fibres.

7. Concrete according to Claim 6, characterized in

that the particles (d) are wollastonite fibres.

8. Concrete according to any one of the preceding

claims, characterized in that the acicular particles
20 (d) have a length/diameter ratio of at least 3 and

preferably of at least 5.

9. Concrete according to any one of Claims 1 to 5,
characterized in that the flaky particles (d) - or
reinforcing particles - are chosen from among mica

25 flakes, talc flakes, mixed sgilicate (clay) flakes,
vermiculite flakes, alumina flakes and mixed aluminate
or gilicate flakes and mixtures of the said flakes.

10. Concrete according to Claim 9, characterized in
that the particles (d) are mica flakes.

30 11. Concrete according to any one of the preceding
claims, characterized in that at 1least some of the
reinforcing particles (d) have, on their surface, a
polymeric organic coating which comprises a latex or is
obtained from at least one of the following compounds:

35 polyvinyl alcohol, silanes, siliconates, siloxane
resins, polyorganosiloxanes or the product from
reaction between (i) at least one carboxylic acid
containing from 3 to 22 carbon atoms, (ii) at least one



| ength of 5 nm The results appear in Figure 10. For an anchdring | engt h of
5 mm the bonding is clearly higher when the dianeter of the wire increases
from0.1 mmto 35 0.2 mm - 37 - Exangge_22 - Influence of the fibre

anchoring length This exanp]le is,intended to_illustrate the influence_of
the fibre ancﬁEQY%%W%ﬁ&ﬁ$gin tﬁélgﬁ?FbFe/nﬁFrixq&9Wﬂ5ﬁf THE Y hposPti on

of the cenentidulsstsi it &d xambné hatontakEndngl €sxof83 2anh 26 Sidedn watems
havi ng di anmeters; of. .10 nd el re.l .Qqu ' [ f@%i'x
with various afe 0F+hb I%nﬁfﬁgglggkgkg]g%e%t $&%Q§%gh t%r%éEégré?n r%ure
11. For a wi reeteli oomphexgcoshathangcabr ilsgists onehanaiiildi elpsen efrom
(bondi ng stress)., _cqgég nt Fing; { S0ERS reHghe8, frem-omi@mlsS M
Exanpl e 23%- Aﬁﬁ?#?bn.o gh 5%9%? oam (or 15 def oam ng) agent One
nmeans of increbEPhg FHecHRHIMn@ndf1ead-fi bres al so consists in adding an

anti - foant def oggri ng ageshcieréhacesral fbe tePMR®si bhenofThille Hed®dendb has
been repeated Q{ addi ng 1% of an,anai-toan1'n sol.i.d 20 form(pgv\dgr%g The
resul ts appearCt#HE gur ePavacheyizfdi s1Bpsé H0g hPATRATE of PABRI N m

stress (peak) stwekess of the metal fibres in the hardened cementitious
10 matrix is at least 10 MPa, preferably at least 15 MPa.
13. Concrete according to any one of the preceding
claims, characterized in that the metal fibres are
steel fibres.
14. Concrete according to any one of the preceding
15 claims, characterized in that they have a wvariable

geometry.
15. Concrete according to any one of the preceding
claims, characterized in that the metal fibres are

fibres which have been etched for the purpose of
20 increasing the bonding of the fibre in the cementitious
matrix.
16. Concrete according to any one of Claims 1 to
14, characterized in that the metal fibres are fibres
on which has been deposited a mineral compound, such as
25 silica or a metal phosphate, for the purpose of
increasing the bonding of the fibre in the cementitious
matrix.
17. Concrete according to one of the preceding
claims, characterized in that the metal fibres have a
30 length in the 10 - 30 mm range.
18. Concrete according to any one of the preceding
claims, characterized in that the cementitious matrix
additionally contains at least one of the following
compounds, whose function is to increase the bonding of
35 the fibres in the matrix: silica compounds comprising
mostly silica, precipitated calcium carbonate,
polyvinyl alcohol in aqueous solution, a latex or a

mixture of the said compounds.

* c L M S *



especially a greater fracture energy due to a better quality of _
fibre/matrix interface. 25 EXAMPLES 25 - 29: Influence of the particle size
of the constituents of the concrete Five concretes according to the
invention were 30 prepared from constitTJe%s“(a), (b), (c) and (d) having
various particl®. size Costrebet iaamordiesetpardliaine 38ze chstacbetigsgd are

> pal , . the,
consti tuents. T thay) (Y 3118EY Sotfoundl a5 5 pRefaRStEkey pifice

constituents . _
D75 particl e sinereoduegdaysitiiess t¢emtenpmathdbehweBB0 Gattiaside SBzebys

| ess thgn 150 e gHbe RaplkGlseasi 8 dist rrﬁé_’&‘%é'sﬂnsqult@lf efe Yo Lie 2l Yge of

t he

satisfy

- nmaxl mum p trcle size,

or Dmax whPch %‘P?Jesw%‘f%e‘hf?@]@e[%???ﬁ?‘éﬁd 6 nm Concretes are
manufactured 20rom ¢heseete S apAIdridilngy Stée dlisitnt | DY i AsardbELFized
conpositions are

' in Tahle 2. T | t s expressed in
per cent age by Vbl Eﬂgwﬂ%ﬁ' %&f%&ﬁﬁa&%ﬂﬂgs@ﬁﬁﬂ%ﬁ%&#@éﬁd intoggtheTgp ¢

2 Exanpl e

10

15

20

25

30

35

composPBion 6 the fo2d of aR8aqueo@® suspension.
21. Concrete according to Claim 20, characterized
in that the aqueous suspension has:

- a solids content of between 10 and 40% 'by
weight; '

- a viscosity of less than 4x102 Pa.s for a
shear of 50 s7;

- an amount of silica contained in the
supernatant 1liquid of the said suspension
after centrifuging at 7500 rpm for 30 minutes
of more than 50% of the weight of the silica
contained in the suspension.

22. Concrete according to any one of the preceding
claims, characterized in that the 1/9 ratio of the
fibres is at most 200.

23. Concrete according to any one of the preceding
claims, characterized in that the maximum particle size
Dmax of the aggregate particles (b) is at most 6mm.

24, Concrete according to any one of the preceding
claims, characterized in that the aggregate particles
(b) are screened or ground sands or mixtures of sandé,
which advantageously may comprise silicious sands,
particularly quartz flour.

25. Concrete according to one of the preceding
claims, characterized in that the said aggregate
particles (b) are present in an amount ranging from 20
to 60%, preferably from 25 to 50%, by weight of the
cementitious matrix. )

26. Concrete according to any one of the preceding
claims, characterized in that the pozzolanic-reaction
particles (c) comprise particles chosen from among

D100
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Dmax ( nm) 0.6 1 2.5 4 6 HTS cenent (a) 23

23 23 22 23 MST silica (c) 10 10 10 10 10
C500 .quart z (b) 7 7 7 - 47 7 7 BE31 sand (b) ()

37 14 8 1 4/ 1.3 sand.(b)(* 0

0 0 BB o %‘7]2’-.%"“ s&ﬂB‘P?B?%i‘sy es‘t?‘:laﬁ}b 511S°§5 Bume'lofly as?"'BB 5/4

sand (b) () bladx -furndce slad. 21 0 SK 3/6 sand (b)(**) 0

g BEKAE%T fi br:%s' Z%g\y@%%g\ogjigg}g%ée t%d)ar?’ dne EfO%Wﬁ%gedigg °

' dispersant glaims, gharactgrized im that 3thet percentage by jweight )
12 52 of lgater # RRAGD Pespédct) £l I SOHoINEE! Neidhe \G¥ | EHS

particle sizes are obéglned by varying the nature and the anobunt of  the
sands. The corffiRaRt vkt 2BAgPhs tARd POFEFaduG-Heary 1akt Rawisles n(c)

3- poi nt bendlirm 11{the313d-l-fiﬁefén éest pieces of each concrete 25 to 29
are given in ures 4 and

seen that atever the particle
e ot bud i Con i aiiers) rotoralndr 52 drboane Pha i picedRid ) c
strength renauﬁha;msmuaharécueﬁiﬁbdﬁénamuathﬂtfisxpretensiengdh remai ns

greater thgn 30, WPe.” RUBRES, ooty B RS 1tk |85 TR |00 LapgheseL b e

bondi ng syner gy 20 ere
syner gi stic efdbctchawariesrizred pinsthe ot b%nﬁ@ﬂtftgn§$039§90|ated with a

hi gh-t oughness;grat ri x. c &Pt £S2880ra33gd P NSty abRet BiEeS theepS¥ced iy
claims, characterized in that it has a direct tensile'
strength of at least 12 MPa.

15 31. Concrete according to any one of the preceding
claims, characterized in that it has a flexural
strength in 4-point bending (modulus of rupture) of at
least 25 MPa.

32. Concrete according to any one of the preceding

20 claims, characterized 1in that it has a compressive
strength of at least 150 MPa.

33. Concrete according to any one of the preceding
claims, characterized in that it has a fracture energy
of at least 2500 J/m2.

25 34. Concrete according to any one of the preceding
claims, characterized in that, after it has set, it
undergoes maturing at a temperature close to the
ambient temperature, £for example 20°C, for the time
necessary to obtain the desired mechanical properties.

30 35. Concrete according to any one of Claims 1 to
33, characterized in that, after it has set, it
undergoes a heat treatment between 60°C and 100°C at
normal pressure.

36. Concrete according to Claim 35, characterized

35 in that the duration of the heat treatment is from
6 hours to 4 days, generally from 6 h to 72 h.

L




basic fornula of these exanples is given in Table 3: - 40 - In Exanple
30, the fibres are steel fibres, wollastonite not being present I n Exanpl e
31, the fibres are steel fibres, mollastoggte belng present. In
Exanmpl e 32, he fibre st eel flbre tr by

phosphat i zi ng, vvoI I ast%ﬁm?ggﬁgf'oﬁgl Rgthres diy cf?aéEx]g?E) Eﬁ%SprPﬁBCFF-BPes
are steel fibrasdtusst edf byrhs ncopbnepdaatacmc:gimg)l tastaanyr t enbeigf) the
present. The COREEES BRg AL £a SHIB), ect ed to a 90[err]C cure. The concretes of
Exanples 30 to 33 are ?est%g |Qn 3-point bending, the results appear i-n
curves 30 to 338 of Fi gRFemi¥esnd QAMPAESANGI ued lar eoyi vesoter Taifl e 8he5 in

whi ch thes Cm&it@é‘ﬁtsar Ehe@é(spéé_%?ed FRAS  WRlealr iRfY Ce'ﬁh@gesméﬁi:‘%c' ve

to the cenent. - Tabl.e Exanpl e No.

32 33 %‘F?*WcEﬁeﬁga@gﬁ 37 or thelconcrete qccordlng tq one

1 Vitreous silofaClaims 1 to 86325 0. 325 0. 325 0, 325 Quartz
flour (b) 0,3 0,3 0.3 0, 3 Aci cul ar

wol | astonite (d) 0 0.24 0 0.24

AN R



sand (b) 1.43 1.215 . 1.43 1.215

Di spersant (solids content) 0.018 0.018 0,018 , 018 WAt er
(W) WO 99128267 () 19 0. 22 0.19 0. 22 URGTERPEG2552
. fibres (volune % 2 2 0 O Treated fibres
(volume % 0 0 2 2 Heat treatnment (OCT
90 90 90 90 Yiel df sfr3ss (MPa) 16
28 29 36 15 Peak stress (MPa) 25 " 35
37.5 50 Defl ection of the peak (nmm 0,8 0.8 1
1.2 20 Theyshest—rechani-c ' ' ' e—gase
of the treated fibres and the matrilx conprisin wol | astanite of
Exanpl e 33. I t wi [l furthernmore be noted|that there |is a signififcant
wor k- har deni ng ef f ecX0gmo—adamageTrEchant STy mur T - 25 cracki ng
(network of parallel mdrocracks nd ng y no- cr acki ng. WO 99/ 28267
- 42 - PCT/ FR3d/ 02552 A ~A23oncrete consisting of a
har dened cenentitrguégﬁq ' I ﬁz:res are di spersed, obtained

by 5 mixing, with ter,
fibres: (a) cenment¥ (2004

)nprlses apart fromthe

uvl Ily r1u/\| Irpulll palﬂt I Cl e

size Dmax of at noat 2 n |y at 13l mm (c
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nost 0.5 [err; (d) constituents capable of inproving the 15 toughness
of the matrix, these being chosen fromacicular or flaky particles
having an average size of at nost 1 nmand present in a proportion by
vol'ume of betWR8%2826% and 35% of the conbined vol une of the af§T&#RIs/E2552
particles (b) and of the pozzolanic-reaction 20 particles (c); (e) at

| east one dispersing agent; and satisfying the followi ng conditions: (1)

t he percentage by wei ght of water VVmAQb rékpect to the conbi ned wei ght of
the cenent (a) and of 25 the particles (c) is in the range 8 - 24%" (2)
the fibres have an individual length 1 of at least 2 mmand an |/d ratio of
at least 20, d being the dianeter of the fibres; (3) the ratio R of the
average length L of the 30 fibres to the nmaxinmum particle size Dnax

of the a ggpgate particles is at least 10 (4) the amnunt of fibres is
such thatqr dir voluge is legs than}4% and preferally I ess|than 3.p% of the
vol ume of thqg concrefle afterjit has|set. 35| 2. Condr ¢t e consj sting df
a har dened2g grert-t-gus—ratr—A—whii-ch—retal—H-bres—are—difsperse
obtained by nixing, Wth watér, a cgnpositi¢n which conpri ses, apaft from
the fibres; (ja) cenent; -(43 -
100
g f
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(b) aggregate particles;

(c)

pozzol ani c-reaction

parti

cl es

el ementary particle size of at nost 1 [err]m preferably at nost 0.5

g[errlm 5 (d)
t oughness of WO&IRRETI x,

particles having an average size of at nost 1 mm and present

constituents

capabl e

(0]

f i mpro

Vi ng t

he

havi ng

an

t hese being chosen from aci cul ar or PICIKERISH2552

in a

proportion by volunme of between 2.5 and 35% of the conbi ned vol une of the

10 aggregate particles (b) and of the po

ol &hi

ic-reaction particles (c);

(e) at least one dispersing agent; and satisfying the follow ng conditions:
(1) the percentadg b9 T WW TN 15 [LEeSpect [t.o.tne. cgmojned
wei ght of the cegnt (a) :and of:tHie partﬁbﬁési(cfﬁﬂslih tjie : ‘Fange {8:4 24%
(2) the fibres haﬁedﬂg%anL?Ld al::lengt B0 :of - at bleast: 2 Imn and: ad::FAd
ratio of at least 2 bei ng khe -di anefer: -of -t he-fibres;[:20:: - [.:43a)
the ratio R of CI e average;length ‘L:of fthe fibrgs:to the 575_parttgqe si ze
of the conbinati ob 0 gnsti-tupnts—ta) ) fto)——amdtdr—sat | east
5, preferably at east %Q;: (4):thE:anDumtxoﬂ tibfes:is:s cti:that tibedr 25
volume is | ess tha n g% qud preferatly | By than §50%of the vol ungof the
concrete after itSha (5) [:Ehe ‘conbf-nati-oh of:ihe tonstituentS:(Q),
(b), (c) and (d) has a O75 parfi-cl-e si zp-of: -at nbst 2 mm | preferall:yiat
most 1 mm and a D50 poZ th-et-e—size: e#_a%_SO' nsst_gou_[“"}{n".Pgeje{.bly at
nost 150 [err]m é% _ Ooncr ete acc:rroh ng Clalpm;;;lj ar-1 2,
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characterized in that the t oughness of the cenentitious matrix is at

| east
15 J/ nR2, advantageously at |east 20 J/n2. 35 4. Concrete according
to one of the preceding clainms, characterized in that the particles (d)
have an aver Y@ %2867 of at nost 500 [err]m -44- 5, CEGIERIR/02552

according - to any one of

particles (d) are present
25% of the conbi ned vot une of the aggrega

t he preceding cl ai ns,

in a proportion,by,
abe [pB t

cles 5

(b)

characterized in that the
olunme lying in the range 5% -

and of the

FIG.8

REPLACEMENT SHEET (RULE 26)

pozzol ani c-reaction particles (c). 6. Concrete according to any‘one of
t he preceding clai nsW&Haract efi.zed n -hal- The parfT.Crest{d) - ]
‘reinforcing part&tles - {of: aci gular: shape-are chd§éﬁ3fﬁon:annng B
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9. Concrete according to any one of Clains 1 to 5, characterized in
that the flaky particles (d) - or reinforcing particles - are chosen from
- anobng mca 25 flakes, talc flakes, mxed silicate (clay) flakes,
vermculite W%Rﬁé@?ﬁhl umi na flakes and mixed al umi nate or silPERFRI¥N25%%es
and m xtures of the said flakes. 10. Concrete according to Claim9,
characterized in that the particles (d) e Mca flakes. 30 11.

Concrete according to -any one of the preg({i :% clainms, characterized in
that at |east some of the reinforcing particles (d) have, on their surface,
a polynmeric organic coating which conprises a |atex or is obtained from at
| east one of the follow ng conpounds: 35 pol yvinyl al cohol , si | anes,

siliconates, si | oxane0f efsnTs—pmmmﬂ—Ur—‘Thﬂ product
fromreaction between (i) |at |east pne carbofylic acid containimg from3 to

22 carbon atoms, (ii) at Ieast one - 45 BT PUMLTS SFaProsPEASE FATATY ¢
or aromatic amne substitufed anyhe,| ‘EGREEEHITY 2PrBM 2 to 25

carbon atons and (i ||)OQ8 FOSSTTAKTRG aggnt which 15 a wat er-soflubl e net al
conpl ex containing at |eagt one netpl chosen|from5 anpng: zincf al um nium -
titanium copper, chrom urn iron, zjrgOnium and | ead. {12. Cdncrete
according to any one of % e precedi cl aj characteyrized in tthat the

aver age bondi ng stress 8 the netal |[A1brés | rdened cenentitious 10

matrix is at |east § MPa, prefer7y t |eagt 15 NRAMYHA v
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13. Concrete accor
characterized in that
according to any one o
‘they have awo39R8dsY e
t he preceding cl ai s,
whi ch have been etched
fibre in the cenmentiti-

ding to any one of the preceding clains,,
the nmetal fibres are steel fibres. 14.

Concrete

f the preceding 15 clainms, characterized in that
geonetry. 15. Concrete accordi ng t PCEAERBGESHS
characterized in that the netal fibres are fibres

for the purpose of 20
ous matrix. 16.

i ncreasi ng the bondi ng of the
¢b9brete according to any one of

Claims 1 to 14, characterized in that the metal fibres are fibres on which
has been deposited a m neral conpound, such as 25 silica or a netal
phosphate, for thez;puLpnse__nL_LncLeasLng_Lhe_bandLng_oi_Lhe_ﬁibre in
the cenentitious matrii. 17. :Concrete according to one ofl ‘the
preceding clainms, charfpcterized i-n that the:netal fibres have a 30 length
in the 10 - 30 mmrange. 18. ~:Concrete according to:-any one of} the
pr ecedi ng clains;achzva£$erized-kn-thaintheiceﬁenthtious-ﬂatrthH
addi tionally contmins pt | east one of the follow ng conpounds, ose
function is to i Rereask the bondi:ng of 35 the fibres in the matrfi x: silica
conpounds conprisgng npstly si i ca, prec¢ipitated :calcium |[carbonate,
pol yvi nyl alcoholminﬂthGOUS“sorQFron;”a'ragéX‘or’a‘nixrure'Uf‘tﬁe sai d
conpounds. q . : .
jj : . Steel wire (diam. 0.2 mm)
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- 46 - 19. Concrete according to Claim18, characterized in that the
silica conpound is a precipitated silica introduced with a content of
between 0.1 and 5% by wei ght, expressed as dry matter, with respect to the
5 total wei gm/oemazme concrete. 20. Concrete accordi ng t opPCr&Rgs/1352
characterized in that the precipitated silica is introduced into the
conposition in the formof an aqueous su Concrete
according to Caim20,- characterized 10§? 2 bhat t he aqueous suspensi on

has: - a solids content of between 10 and 40% by weight; - a viscosity of
| ess than 4x10-2 Pa.s for a shear of 50 s-1; 15 - an_ anount
of silica cont ai ned in the supernata t4L10u| of the sa
suspensi on after ihg,a{ 75d0 rpm f o f r &2t han 50%
of the weight of t iflica cbn aingd inf the 0 2.
Concrete accordin elo thgq precedir aradterized in
that the 1/0 rat resfis at nog . 28. ncrete
according to any e¢edirjg clfains,| characterizgd in that the
maxi mum particle 9 f thHe aggreggte pprtig¢les j(b) |is at nost
6mm 24. Concrlet to gny one ofl the| pregeding cliai ns,
characterized in t§at ate par%?cles (b) are(screened or ground
sands or mxtures [Rf cs | Whi advantjageoysl y fmy ¢onprli se si§i ci ous
sands, 30 articul aT uaf urf. =4
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25. Concrete according to one of the preceding clains,
~characterized in that the said aggregate particles (b) are present in an
anount ranging from20 to 60% preferably from25 to 50% by weight of the
"35. cenent i tywoumemtri x. 26. Concrete according to any odgnﬁamﬁﬁ@ﬁ”
precedi ng clains, characterized in that the pozzol anic-reaction particles
(c) conprise particles chosen fron1annngg3# 9‘47 - silica conpounds,
especially silica fume, fly ash, or blast*furnace slag. 27. Concrete
according to any one of the preceding clains, characterized in that the
per cent age by wei ght 5yef—w8 AR aspe o—ttre—eombimedmei ght of
the cement (a) and of rhe pozzotanic-reaction:particles (c).is ijn the 13 -

................................................

20% range. 28. ® nErietré accordi'ng t'o any oOne of the precedinjg clains,

characterized i gt hat 253: pr et eggsi oned.: # :29. - Concrete gccording to
any one of Clainms 1 to{pZz:charagterized:ifi'that it is :post-tensioned. 30.
Concrete accordi$g sl gne.oﬁ; . preceglg -cl & -ns,; .charact e zed in
that it has a difect t§E e strEFN Ofiy<; east 1zqoMPa. 15 34
Concrete accordifhig to @ Aine otg;fm preceig cl ai ‘characjer{ zed in
that it has a flI@xural {EFfngt h: 7 §- poi i Zndi ng L b rupture) of
at |east 25 MPa.$32200 bncr-et 7t cor di:gg 4o - any: 1 ecedi ng
IS X . B . . h
4} : /
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20 clainms, characterized in that it has a conpressive strength of at |east

{0 MPa. 33. Concrete accordi-ng to any one of the precedi ng clains,
Characterizgd in that it has a fracture energy of at |east 2500 J/n2. 25
34. CoreY@P¥286Tor di ng to any one of the preceding cl ai mECT/FR98/02552

characterized in that, @after it has set9/9 t undergoes maturing at a
tenperature close to the anbient tenperature, for exanple 20[err]C, for the
time necessary to obtai‘h the desired nechanical properties. 30 35.
Concrete according to any one of Clains 1 to 33, characterized in that,
after it has set, it undergoes a heat treatnent between 60[err]C and

100[err] C at nornal pressure. 36. Concrete according to C ai m 35,
characterized 35 in that the duration of the heat treatnent is from 6 hours
to 4 days, generally from6 h to 72 h. - 48 - 37. Cenentitious matrix
I ntended for the production and use of the concrete according to any one -of
the preceding clains. 38. Prem xes conprising all or sone of the 5
constituents12 eSSt FqrTrepgrm tHreT et X accpr g tio e et ST
or the concretee;ccording tjo fonje :E‘Jiééifjigt D B6
k;::f/”(/BZ ‘\
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