CONCRETE FOR PAVING Field of the Invention The invention relates to a
concrete material for paving, of the type including a mx conprising at

| east cenent, aggregate, water. Description of the prior Art It i's known

t hat pavings for roads adapted to be travelled over by notor-vehicles are

made of a bitum nous mx usually referred to as asphalt, or --
alternatively - of a cement mx currently referred to as concrete. Concrete
general |y has several advantages as conpared with a bitum nous mx: in
towns it is nore integrated with the sdfMroundi ng buildings, froman
aesthetic and architectonic point of view, it has a great versatility of

shapes, colo r h Kyl and shows features of high strength and
duration in ;t:ﬁ%eﬁ@ tE.FE 't-?ﬂ:grﬁe%glr@}bsui tabl e both for town roads and

| ong-di stance roads outside the .tﬁ%'oftr;ré‘lﬁ Q!tﬁh resistance to efforts and

wear and the resistance to freezing, the fact that they do not
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| ong duration and a reduced nee servi cl ngs concrete

i er i al - adaph@oBrisiA) PG HRHELSGARhe! Rageneral for surfaces - such as

t hose of bridges or roundabouts - the qualitative level is required
to be highg Another inportant qggggrrfgﬁo,q)gﬂh@ﬁp@mrete materi al as conpared
with bitum nous mixes, resides 1n at_ for trnish of a road surface, on an
al ready prepatie@nswathat pRngs¥oFloags BdRARES RUS RIS é&é?gag?nétéﬂ\?é igé be

sufficient, whereas with a bitum nous mXx three passagés and three |ayers
are necessar r®made ofd et@gRous hiix iisuaf fefertdiB 2k phAI0 oPQafidmatilleyt hat Wwhil e

| aying of a bitum nous mx is an operation depending on the envi'ronnent al
condi tions, lbéazasenthix durrenilereferred to as concrete.
Concrete generally has several advantages as compared with a bituminous mix:
10 intowns it is more integrated with the surrounding buildings, from an aesthetic
and architectonic point of view, it has a great versatility of shapes, colours and
surface finish and shows features of high strength and duration in time. It is
therefore suitable both for town roads and long-distance roads outside the town.
The high resistance to efforts and wear and the resistance to freezing, as well as
15 the fact that they do not soften in the presence of relatively high temperatures,
combined with a long duration and a reduced need for servicing, make pavings
of concrete material adapted for airport runways and in general for surfaces —
such as those of bridges or roundabouts — where the qualitative level is required
to be high.
20 Another important quality of the concrete material as compared with bituminous
mixes, resides in that for finish of a road surface, on an already prepared road
bed, a single passage and a single layer can be sufficient, whereas with a
~ bituminous mix three passages and three layers are necessary on an average.

It is also important to point out that while laying of a bituminous mix is an

25 operation depending on the environmental conditions, because the bitumen



tenperature during laying off nust keep very high, concrete can be laid off
substantially in the presence of any environnental condition. In addition,
the bitumnous mx is a relatively polluting product and, as such, there
are nore difficulties for disposal thereof. Beside the above listed
qualities, concrete material for paving has sone drawbacks. From an
econom ¢ point of view, concrete has higher total costs than a bitum nous
m x. In addition, concrete is subnmtted to shrinkage phenonena on
hardeni ng, which gives rise to cracks—ard fissures. Mbreover, an inner
metal netting or reinforcenent is required to be buried in the concrete
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the rei nf or CoBRR BEAISH mkica RIBRAR bRl Ib3.G AR08 gekatl |y spaced
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and in pavings made of concrete materital 1n particular is represented by
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water fromrainfall and on the contrary, the nore are strong and
t ough, the marRvHdaRy are conpact and inpervious to water. Practically, for
di scharging the water fromrainfall and facilitate the traffic on a wet

surface, theFrdrokbh@sbiemiepprtbEiéw, cdheretSRaE hifedriati @rtaha®hf | ets, a great
surface roughness and a convex confornmation of the road surface to enable
di schar gi ng bituminous mix.
In addition, concrete is submitted to shrinkage phenomena on hardening, which
10 gives rise to cracks and fissures.
Moreover, an inner metal netting or reinforcement is required to be buried in the
concrete and also the paving must be provided with expansion joints practically
defined by gaps between compact clods.
As a consequence of the arrangement of expansion joints and above all of the
15 presence of a reinforcement, costs and times for laying of a concrete pavement
are relatively high.
If the reinforcement is increased, the expansion joints can be greatly spaced
apart from each other and even eliminated, but costs and times for laying of the
metal reinforcement are increased.
20 A drawback in pavings in general and in pavings made of concrete material in
particular is represented by the reduced draining capability of same: they are not
very permeable to water from rainfall and on the contrary, the more they are
strong and tough, the more they are compact and impervious to water.

Practically, for discharging the water from rainfall and facilitate the traffic on a wet

25 surface, the following expedients are used: formation of offlets, a great surface



of the water present on the roads to the sides of the roads thensel ves.
However this type of drainage can be only used in a very |imted manner, in
order not to introduce too nmany unevennesses on the road surface and
because the road convexity nust be reduced to avoid the roads becom ng
dangerously slippery towards their sides. Therefore there is no drainage
that is really satisfactory and adapted to difficult <climtic conditions
and a person driving a notor-vehicle in the presence of a downpour and/or
of sleet must drive under conditions of3poor visibility also due to
sprinkling of water generated by other near vehicles and to a partial |oss
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sleet. Another inportant aimis to devise a concrete naterra avi ng

features of ffﬁéﬂ)ﬁd%ﬁ@é%it?@tﬂ%%e?&ﬁkéd%oﬂﬂhé'ro&ﬂﬁ%[yminggg gsyconpar ed

Wi th bitum nous m xes. he technical task nentione speci fied

are achi eved diypety ewrasteir siegeri al for paving, of the type including a
m X conprising at | east cenment, aggregate, water; and characterised in that

sai d cenment iTherdlo@th&BOSIAG deitagbandtisidally satRidetng ahe b¥RRed tomfbupdr ed and
fifty and four hundred and fifty kilos per cubic netre and that the ratio
by wei ght of difnetinedreiitione ahbie peesandriving a AbldB Vet the préddakaionpgd equal to
or lower than 0.35; in that an at |east ngjor

downpour and/or of sleet must drive under conditions of poor visibility also due to
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10 sprinkling of water generated by other near vehicles and to a partial loss of grip
by the wheels.

Summary of the Invention

Under this situation the technical task underlying the present invention is to
device a concrete material for pavings that can remedy the mentioned

15 drawbacks at least partly and therefore has improved features as compared with
those of known concrete.
Within the scope of this technical task it is an important aim of the invention to
devise a concrete material having a high draining capabiiity, so as to enable a
safer drive in the presence of rain and/or sleet.

20 Another important aim is to devise a concrete material having features of more
advantageous costs and still better quality as compared with bituminous m‘ixes.
The technical task mentioned and the aims specified are achieved by a concrete
material for paving, of the type including a mix comprising at least cement,
aggregate, water, and characterised in that said cement is in an amount

25 substantially included between two hundred and fifty and four hundred and fifty



portion by weight of said aggregate consists of a big aggregate obtai ned by
crushing of stony material and having substantially honbgeneous |inear

di rensions; and in that said m x conprises a glass yamof the AR type
resisting to alkali and textured in the formof continuous filanents.

Brief Description of the Drawings A detail ed description of a preferred
enbodi rent of the invention is now given hereinafter with the aid of the
acconpanyi ng drawi ng sheet, in which: Figure 1 diagrammatically shows the
structure of the new concrete to an eﬁﬂé?ged scal e. Description of thr
Preferred Enbodi ments Wth reference to the figure, the concrete materi al
conpri ses a ilos perioubleumiétrgand that thesaticByREIght GABE REfd o the%efient kN @ i rst
aspect of the invention cenent is included in anounts su%stantla |y ranging

bet ween two ubstertihilgnuairitaiey eqoal t6 otlowsHNH DB MhhE & ¥t I%éét iger cubic
metre and preferably between three hundred and fifty and four hundred kil os

per cubic mpbtien baveight of saidbggregsieeoksiewLfBYbIg b%bgate%stﬁwé‘d gied by UNIEN
199-1 197-2, for exanple. In addition, the ratio by weight of 'water to

cement i s maPishinged stoop siaterial ahd iaving elibstirdialy hbriv§encbl@eyrval ue of 0.35
and preferably included between 0.27 and 0.34. Said water/cenent ratio is
qual i fi abie dinansignsyanddnhatsaidanixceniprises a glase yamiof thedAR @bk |
concrete materials for pavings - typically oscillates in the nei ghbourhood
of 0.50, bei ipkalicanddtextursstindunfosm of oontinoous filaméftisand a  maxi num of 0. 55,
for exanple. As a result of the above, m x 1 appears very viscous and not

very fluid. In the conditiondii iptioniof the Drawingie! | owi ng, the

| ast - ment i -onEd feature oo
detailed description of a preferred embodiment of the invention is now given

~ hereinafter with the aid of the accompanying drawing sheet, in which:
10 '~ Figure 1 diagrammatically shows the structure of the new
concrete to an enlarged scale.

Description of thr Preferred Embodiments

With reference fo the figure, the concrete material comprises a mix 1 including at
least cement, aggregate, water. | |

15 in afirst aspect of the invention cement is inciuded in amounts substantially
ranging between two hundred and fifty and four hu_ndre:d and fifty kilos per cubic
metre and preferably between three hundred and fifty and four hundred kilos per
cubic metre. l‘
Cemgnt is of a type known by itself, as defined by UNI EN 199-1 197-2, for

20 example. '
In addition, the ratio by weight of water to cement is maintained substantially equal
to or lower than a value of 0.35 and preferably included betwsen 0.27 and 0.34.
Said water/cement ratio is qualifiable as low or very low since this ratio — in
already knoWn concrete materials for pavings — typically oscillates in the

25 neighbourhood of 0.50, being included between a minimum of 0.40 and a



surprisingly appears to be a quality. To conpensate for the reduced
fluidity and pronote the necessary workability of the m x w thout adding
water, provision is made for addition thereto of at |east one fluidizing
additive of the type having a pozzolanic activity. Pozzol anas are

pyrocl astic rocks, practically volcanic tuffs consisting of very small
granules. The fluidizing additive is provided in an anount substantially
equal to or smaller than 10% by wei ght of the cenent anmount and is

sel ected fromthose known in the cenmepb-field. It may consist of a
so-cal l ed superfluidizing agent or a nulti- conmponent powdered additive
based on supgriilei Flos AFeRLSlel t MYy be based on naphthal ene and/ or
mel ami ne and/or acrylic pro uctg.'lt is herein nmentioned the known
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addi tives of ferent types can b ,” such as accelerating agents,

retarders, aip y1RI¥drAIBhE BoRGRAYLEIn tﬁé%ri%mr%,e*fhgﬂfiistbr*éi}tiﬁ@@& fafurégRect of the

invention, at |east one hmjor portion by aggregat e consi sts

of a bi g aggregRismgl pedistebeVguliyshi ng of stony material. The aggregate
is of the crushed or splintered c%ype to give the same an uneven shape as

much as possity empiikstd fbha FAREAIGAMBAN Srohiofdihe nhees,%sﬁﬂmﬁ%méwh the
y enno

invention. In nore detail the big aggregate 2 substanti al’l ies at

| east 80% by themptWwithouk alidiRg WaRr ora@sibe @ah8d e abiditiciineRYE Br AndRdy 100% of
the aggregate. The big aggregate 2 has well defined particle sizes: each

el enent has idne flnmdmgmditiv@emthed?/ps@néﬁmﬂa potRaritesdtivity eP@28lahss f@se of
riddling - bigger than five mllinetres. In addition, the big aggregate 2

i s chosen w tyreetdstic tazils, gnactisalystolrsnicatity corlaiding eneny smeail GRIRGIeans. each
el ement has a maxi num | inear dinmension not only bigger than five
mllinetres, Thetluaizng addiiveds provisiedéresan amoant substantidily @qual to or smaller
10 than 10% by weight of the cement amount and is selected from those known in
the cement field. It may consist of a so-called superfluidizing agent or a multi-
component powdered additive based on superfluidizing agents. It may be based
on naphthalene and/or melamine and/or acrylic products. It is herein mentioned
the known RHEOBUILD ®TDS only by way of example and for completeness.
15 Other additives of different types can be added, such as accelerating agents,
retarders, air-entraining agents, pigments, etc.
In another aspect of the invention, at least one major portion by weight of the
aggregate consists of a big aggregate 2 obtained by crushing of stony material.
The aggregate is of the crushed or splintered type to give the same an uneven
20 shape as much as possible, which is advantageously suitable in accordance with
the invention.
In more detail the big aggregate 2 substantially embodies at least 80% by weight
of the whole aggregate and it may even embody 100% of the aggregate.

The big aggregate 2 has well defined particle sizes: each element has its

25 maximum linear dimension ~ the decisive one in case of riddling — bigger than



and a m ni num val ue, and the maxi num val ue and m ni rum val ue diverge | ess
than 50% from a suitabl e predeterm ned average val ue. By way of exanple it
is pointed out that if the big aggregate 2 is selected from porphyries,

| i mestone, basalts and the like, a particle size having an average val ue
of about twelve mllinmetres can be selected, wth the individual elenents
havi ng the maxi num | i near di nmensions preferably included between ei ght and
fifteen millinmetres. Alternatively, an average val ue of about thirteen
mllinetres can be selected and in thi§-<ase the particle size of the
aggregate may have maxi num linear dinensions preferably included between
ten and sixt qRA Mihlckdgtres. If the big aggregate 2 is selected from
siliceous materials such as quartz, tridymtes, cristobalites and the
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it is obtained by crushing, are advantageous because ey give rise nore
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1, contrary to what is usually required from concrete materlgls. In

particul ar, ttheh SPRBGANE SuiabRArElStbAniREd Svdtb§y @lte t he bi g aggregate 2 from
conpacting and this feature is safeguarded in an original manner also in

case of  posBybkay shexasPRat BipoRitdtbsutagdiraBabig.agifticate PR dRtRifan hand is
provided in a mninmmanmunt and substantially equal to or |ower than 20%

by wei ght of dohhyries,dimaktonagigisaianed theniké agpartiéibiskePRgRY Bhavbgeher m ni mum
anount of further aggregate nust have
value of about twelve millimetres can be selected, with the individual elements

10 having the maximum linear dimensions preferably included between eight and
fifteen millimetres.

Alternatively, an average value of about thirteen millimetres can be selected and
in this case the particle size of the aggregate may have maximum linear
dimensions preferably included between ten and sixteen millimetres.

15  If the big aggregate 2 is selected from siliceous materials such as quartz,
tridymites, cristobalites and the like, an average value of about 16 or 17
millimetres may be provided and in this case the particle size of the big
aggregate 2 may have maximum linear dimensions preferably included between
about eight and about twenty-five millimetres.

20 The homogeneous and important particle size of the big aggregate 2 as well as
the uneven shape of same due to the fact that it is obtained by crushing, are
advantageous because they give rise more easily to voids, cavities, passages,
apertures, pits passing through mix 1, contrary to what is usually required from

concrete materials.

25 In particular, the homogeneous particle size prevents the big aggregate 2 from



| i near di nensions equal to or lower than two mllinetres and it preferably
consists of nere sand. In this way the sand, or the aggregate equival ent
thereto, keeps m xed and joined to the cenent and does not constitute a
partly independent filling material, |ike the big aggregate. On the
contrary, it is part of a mxture 3 consisting of cenent, fluidizing
additive, sand and water having the above stated features of high
viscosity and, as such, tending to adhere to the big aggregate 2, as shown
in the figure, leaving therefore w de sgaces or porosities 4 within the mx
1. For better defining, froma quantitative point of view, the different
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aggregate 2 is selected with a particle size having nmaxi mum || near

di mensi ons i mabardRAcRgbNERuariotHovidtdharl tWolrRiflidliek lahdRigr&erabiyeNMBIsE 10 -
Cement : kgi nB73 - Big aggregate (8-15): kg/ nB81410

of mere sand.

In this way the sand, or the aggregate equivalent thereto, keeps mixed and

joined to the cement and does not constitute a partly independent filling material,

10 like the big aggregate.

On the contrary, it is part of a mixture 3 consisting of cement, fluidizing additive,
sand and water having the above stated features of high viscosity and, as such,
tending to adhere to the big aggregate 2, as shown in the figure, leaving
therefore wide spaces or porosities 4 within the mix 1.

15 For better defining, from a quantitative point of view, the different components
hitherto indicated and the porosity level 4 obtained, some non-limiting examples
of the concrete material in accordance with the invention are reproduced
hereinafter with reference to the concrete content by weight of: cement, big
aggregate 2 (without humidity), sand (without humidity), water (possibly included

20 the water from the aggregates), water/cement ratio, fluidizing additive.

Also the wet density of the concrete material is indicated. This value is wet- -
measured, i.e. with a green jet, and is very useful to ensure exactitude of the
laying off procedure.

It is also pointed out that in all examples the big aggregate 2 is selected with a

25 particle size having maximum linear dimensions included between eight and



Sand: kg/ n8115 - Water: kgl nB128.5 -- Fluidizing additive: kg/rn38 - Wt
density of concrete: kg/ n82034 - Water/cenent ratio:0.344 - (Obtained

por osi ty24% EXAMPLE 2: - Cenent: kgl nB75 - Big aggregate (8-15): kg/ nB1478
Sand: kg/ n882 - Water:kg/ M3125 - Fluidizing additive: kg/ n87.5 - Wet density
of concrete: kg/ nB2068 -- Water/cenment ratio:0.333 - Cbtained porosity25%5
EXAMPLE 3: - Cenent: kg/nB870 - Big aggregate (8-15): kgl n81400 -

Sand: kg/ 882 - Water:kg/ n8100 - Fluidizing additive: kg/n81.5 - Wt density
of concrete: kg/ nB2230 - Water/cenment rat8i-o:0.270 - Obtained porosityl7%

fifteen millimetres,

EXAMPLE 1:

— Cement: kg/m® 373

— Big aggregate (8-15); kg/m® 1410

~ Sand: kg/m* 115

— Water: kg/m?® 128.5

~ Fluidizing additive: kg/m® 8

— Wet density of concrete: kg/m?® 2034

— Water/cement ratio: 0.344

— Obtained porosity 24%

EXAMPLE 2:

— Cement: ka/m® 375

— Big aggregate (8-15): kg/m?® 1478

~ Sand: kg/m?* 82

—Water: kg/m® 125

— Fluidizing additive: kg/m® 7.5

— Wet density of concrete: kg/m® 2068

~ Water/cement ratio: 0.333

~ Obtained porosity 25%
5

EXAMPLE 3:

— Cement: kg/m° 370

— Big aggregate (8-15): kg/m® 1400

— Sand: kg/m® 82

— Water: kg/m?® 100

~ Fluidizing additive: kg/m® 1.5

— Wet density of concrete: kg/m?® 2230

— Water/cement ratio. 0.270

— Obtained porosity 17%




-9 EXAMPLE 4: Cenent: 365 - Big aggregate (8-15): kg/m 1532 - Sand: kg/n8
121 - Water: kg/nB 105 - Fluidizing additive: kg/nB 1.64 - Wet density of
concrete: kg/nB8 2310 - Water/cenment ratio: kg/ nB80.287 - Cbtained porosity9%
EXAMPLE 5: - Cenent: 370
-
EXAMPLE 4:
~ Cement: kg/m® 365
— Big aggregate (8-15): kg/m?® 1532
— Sand: kg/m® 121
— Water: kg/m® 105
— Fluidizing additive: kg/m® 1.64
- Wet density of concrete: kg/m® 2310
- Water/cement ratio. 0.287
— Obtained porosity 9%
EXAMPLE 5:
— Cement: kg/m® 370
— Big aggregate (8-15): kg/m* 1546
- Sand: kg/m?® 117
— Water: kg/m?® 104
— Fluidizing additive: kg/m> 1.67
— Wet density of concrete: kg/m?* 2240
— Water/cement ratio: 0.281
-~ Obfained porosity 13%
5 EXAMPLE 6:
— Cement: kg/m® 370
~ Big aggregate (8-15): kg/m® 1543
-~ Sand: kg/m® 108
—Water: kg/m? 108
— Fluidizing additive: kg/m® 1.74
— Wet density of concrete: kg/m® 2120
— Water/cement ratio: 0.291
— Obtained porosity 15%




- Big aggregate (8-15): kg/m 1546 - Sand: kg/n8 117 - Water: kg/n8 104 -
Fluidizing additive: kg/nB8 1.67 - Wt density of concrete: kg/nB 2240 -
Wat er/ cenent ratio: kg/ nB0.281 - Cbtained porosityl3% 5 EXAMPLE 6: -
Cerent : kg/mi 370 - Big aggregate (8-15):kg/nB1543 Sand: kg/ n8108 -

Wat er: kg/ 8108 - Fl uidizing additive-kg/nB1. 74 - Wet density of
concrete: kg/ 82120 -- Water/cenent ratio:0.291

— 10—
EXAMPLE 7
- Cement: kg/m® 380
— Big aggregate (8-15): kg/m® 1510
— Sand: kg/m? 133
— Water: kg/m?® 108
— Fluidizing additive: kg/m® 1.71
— Wet density of concrete: kg/m® 2330
— Water/cement ratio: 0.284
— Obtained porosity : 11%

From the examples it clearly appears that the obtained porosity 4 is very wide

and varies between 9% (Example 4) and 25% (Example 2) of the overall volume
5 of mix 1. In any case it can be submitted to wide variations depending on the

amounts of the different components.

The wet density of concrete varies in the Examples between 2034 (Example 1)

and 2330 kg/m® (Example 7) and it is provided that it may also be included

between 1900 and 2400 kg/m?, depending on the component amounts.

10  In afurther aspect of the invention, a further component is added to the
components described in detail above, which further component is capable of
having a decisive influence on the features of mechanical strength, cracking
reduction and mix expansions, and is also capable of promoting a homogeneous
arrangement of all components and of the porosity itself.

18 The concrete material for pavements in fact comprises a glass yarn of the AR
type resisting to alkali and textured in continuous filaments.

This glass yarn is dispersed in the mix in the form of filaments and is identified
with 5 in the figure.

in more detail, the glass yarn 5 is defined by filaments having a diameter of



- (btained porosityl5% 10 EXAMPLE 7 - Cenent: kgl rn380 - Bi g aggregate
(8-15): kglnB81510 - Sand: kgl 8133 - Water: kgl n8108 - Fl ui di zing

additive: kgl nB1. 71 - Wet density of concrete: kgl 82330 - Water/cenent

rati o:0.284 - (Obtained porosityll% Fromthe exanples it clearly appears
that the obtained porosity 4 is very wide and varies between 9% (Exanpl e
4) and 25% (Exanple 2) of the overall volunme of mx 1. In any case it can
be submtted to wide variations depending on the anounts of the different
conponents. The wet density of concretelvaries in the Exanpl es between 2034
(Exanmple 1) and 2330 kg/nB (Exanple 7) and it is provided that it may al so
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to the conp i n detail above whi ch further conponent is
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of the AR type resisting to I and texture I NUOUS |Iarrents

Thi s gl asss yahewWatldHeHRR Cigshisdliohhe m x in the formof filaments and is
i dentified

Preferably the glass yarn 5 is that made by Saint-Gobain Vetrotex and produced
with the trademark Cem-FIL® and presently used for construction of buildings
and of several different elements made of cement.
The glass yarm 5 is provided in high amounts, even substantially equal to or
10 _!ower than 50% by weight of cement. However, to limit costs, the yarn weight can
be contained between 5% and 10% of the cement weight.
As shown in the figure, in a diagrammatic manner, the glass yarn 5 is dispersed
so as to form a netting or microreinforcement that not only does not eliminate or
reduce the porosity 4 of the mix, but on the contrary stabilises the different
15 components, avoiding compacting of same at the bottom and also avoiding the
porosity 4 being an element of weakness in the concrete.
From tests carried out it appears in fact that the concrete has a high strength. In
particular it has been noticed that even in the cases of maximum porosity (24%-
25%) in Examples 1 and 2, the resistance to combined compressive and bending
20 stress is of about 50 kg/om?.
In addition, in an extraordinary manner, the draining power in a vertical direction
of one dm? of concrete surface in Examples 1 and 2 is greater than eight litres of
water per minute.
The invention achieves important advantages.

25  In fact a concrete material for paving is obtained that has optimal features under



with 5in the figure. In nore detail, the glass yarn 5 is defined by
filaments having a dianmeter of preferably about fourteen m crons and any

| ength, equal to or smaller than sixty mllinmetres, for exanple. This yarn
due to its big diameter produces no dangers connected with breathing even
if it is cut into small pieces and is of mninmmlength, based on the rules
of the Wirld Health Organisation. Preferably the glass yarn 5 is that made
by Sai nt-Gobain Vetrotex and produced wth the trademark CemFIL(r) and
presently used for construction of buidtiiags and of several different

el ements nmade of cenent. The glass yarn 5 is provided in high amounts, even

substantial ly, . | ower than 50% by wei ght of cenent. However, to
limt costs, Tﬁﬂp@e{?tﬁ%&gl&ght can be contained between 5% and 10% of the

cement wei ght), déaitig#%’ﬂaiupestm Fsiagl'i{gef'esi%t?n@e %tﬁgéﬁéwe%ﬁeﬁ)ﬁggﬁgg%ﬁt he glass

yarn 5 i s di sperse SO as to rormda netting or ?'t hat not

only does nOtetf.:tliwéfia'?@ rgdigtlgr}af] é‘f%ﬁ%ﬂ%}ég fd} roﬂéijetegméteﬂglsg?ﬁ ggk%ﬁlﬁgag({y on the

contrary stabilises t ent components, avol i ng of

sane at the %ﬁ?ﬁ@rﬁ‘iﬂﬂe@fnstl@e ﬁHerahﬁiét&g ptahetheprﬁj’évg E?l]i(%(?té l@giar}gd%deqlpg nt of

weakness in the concrete. Fromtests 'cafrie appears in t that

the concrese didgo tdWigh coiteRMbRY adgpefa?%rﬁg fbggs}/&lati\?}e I@?%?ﬁm%%&%%@‘é t hat

even in the cases of maxi num porosit t he
resistance t g @efbbfRfosigPr essi ve and bending stress is of about 50
kg/cn2. In addition, in an extraordi nary manner, the draining power in a

vertical dir agigion duie 0 thepiBseibe 6PMRIIME nfittbfcdibrebMeRtaHRhEs winhand 2 is
greater than eight litres of water per mnute. The invention achieves
i mpor t ant adveagylagegamn, the cracking and expansion phenomena are reduced.

Above all the metal reinforcement can be completely eliminated: the

10 microreinforcement obtained with the glass yarn 5 withstands the tractive efforts
and efficiently counteracts disintegration of the concrete.

The absence of a metal reinforcement also helps in an important manner in
reducing the laying costs and times.
In addition, the concrete acquires a very high draining capability thanks to which

15 the problems connected with the state of the roads pointed out in the introductory
part are overcome.

The draining capability even higher than eight litres of water per minute on each
square decimetre of surface is obtained as an effect of the different technical
solutions described in detail.

20 In short, they are: arrangement of a high amount of big aggregate 2 of irregular
shape and homogeneous dimensions, elimination of aggregates of intermediate
particle size that can become compacted in an independent manner in the free
spaces between the big aggregate, a low water/cement ratio, so as to obtain a

viscous mixture 3 capable of spontaneously adhering to the big aggregate 2,

25 leaving wide empty spaces, and the presence of glass yarn 5 connecting the



In fact a concrete material for paving is obtained that has optinmal
features under nmany points of view. In addition to features of
versatility, resistance to the applied efforts and to wear, etc. that are
traditional by thenselves for concrete materials and have al ready been
mentioned in the introductory part, the new concrete has a reduced cost,
due to the high content of big aggregate and to its relative

| i ght ness-in-weight, as a result of porosity. In addition, due to the
presence of the inner mcroreinforcenenti3ebtained wwth the glass yarn, the
cracki ng and expansi on phenonena are reduced. Above all the netal

rei nf or cenent 4; o] . i pated: the m.croreinforcement obtained
with the gl ascgﬁ%rr‘ﬂ%‘gﬁw{ﬁghez)&ﬁﬁ%sge %theggp}%rbcf?rgéerﬁmg e %ar%dnf:ﬂﬂ“ éfl’"’?tiq{?ﬂ‘%nt ly

counteracts dérﬂﬂ&rﬁﬁ(hﬁk&ﬂﬂ%g{thie%%ﬁ&%”“ ete. The absence of a netal
elps 1 an

rei nf orcenent al'so important manner in reducing the |aying
costs and ti Ldd clret. i 1 a.ve hi dr ai ni ng
e R e G S T I O

capability thanks to ! ens conn ~of
roads poi nt eqnQyjg 4 rédéﬁ]ﬁl@ta{ ﬁ’lﬂﬁ?ﬁeﬁﬁ&cin@% sfbvﬁfofootﬁﬁzker;li-af Sﬂsrazr'é%'hng

capability even higher an elg Itre oéewa er  per mnut

squar e deck medthke BdttoptadPSISo hsti ' eqt j fferent
technical solutions descri %eglr@%ﬂg?gﬁf&% 'ﬁ%ﬁ%h%"?ﬁ%ﬁ'ﬁ%&g ar r angenent
of a high amyupbrgicetbeiaBEgE IREu BickbhingethabortsH2RE 231} homogeneous
di nensions, elimnation of aggregates of i1nhter ITEgl ate particle size that

can becone capRageREoshoREsity BHE BEMESRTto FRRE lor bfévéﬁ‘tedréih@ﬁ _spaces between
the big aggregate, a |ow water/cenent ratio, so as to obtfain a viscous

m xture 3 cappikdstbesh ROMHEERI4S a8 BEEAWOL iBe EH&&miQéSoﬁa@W&gé&ﬁ%@m | eavi ng
wi de enpty spaces, and the presence of glass yarn 5 connecting the
a kind of "stack effect”, i.e. an air circulation towards the concrete surface is
10 created that hinders adhesion or gripping of snow and ice to the concrete

surface, which adhesion would cause slipping of the vehicles.



different parts, thereby giving strength and preventing the parts from
stratifying and partly thickening at the bottom The effect of preventing
stratification obtained by the glass yarn 5 that encloses the big
aggregate like a mcroreinforcing cage so as to avoid thickening of sane
at the bottomand al so acting on the viscous mxture 3, is of the greatest
i nportance for drainage, because thickening at the bottom and a non-
honbgeneous porosity are sufficient to reduce or prevent draining. It has
been al so noticed that in case of snowt¥—-ice the wide porosity gives rise
to a kind of "stack effect", i.e. an air circulation towards the concrete
surface is created that hlnders adhe&noR Ms gripping of snow and ice to the
concrete surface, which adhesion mould cause slipping of the vehicles.
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conprising at |east cenent, aggre S2M% in that said

cenment is in @%Fﬁﬁﬂﬁ%!e%gp&ﬁéf}{t aﬁ?ﬁ/os A Gliged bet ween two hundred and

fifty and four hundrfed and 'per cubic netre and that the ratio

by weight of the V‘ﬁtcﬁérabl%rléé’tﬁn‘iﬁéf%%fd de?ne?l‘t'i%siﬁ%HtahﬁJqudﬁEm@éﬂﬁﬂ?de%qual to

or lower than 0.35; - in that an at |east major portion of said

aggr egat e §0rehbédh Wo htﬁd@d%rﬂm%ﬁatf&r%}ldr‘éﬁta% Rfg kmﬁ pferr\—,léth]b Prfétr%f st stany

mat eri al and having substantially honmobgeneous |1 near dinensions; -

that sai d manEaREtthe Ritiody Wit of tHelwdi) toPhe EtferiiR éL)bl%%nf@E/' rﬁélh@ﬂ'nedt 0
al kali and textured in the formof continuous filanents. 2. concrete

materi al as clgabne@riowerk@ing.45; wherein said gl ass yarn ( 5) | s provided in
an armount | ower than 50% by wei ght with respect to cenent.
- in that an at least major portion by weight of said aggregate consists of
a big aggregate (2) obtained by crushing of stony materiat and having

10 substantially homogeneous linear dimensions;

—and in that said mix comprises a glass yarn (5) of the AR type resisting
to alkali and textured in the form of continuous filaments.

2. A concrete material as claimed in Claim 1, wherein said glass yarn (5)
is provided in an amount lower than 50% by weight with respect to cement.

15 3. A concrete material as claimed in Claim 2, wherein said glass yarn (5)
is provided in an amount substantially included between 5% and 10% by weight
with respect to cement.

4. A concrete material as claimed in Claim 1, wherein said glass yarn (5)
is defined by filaments having a diameter of substantially fourteen microns and a

20 length substantially equal to or smaller than sixty millimetres.

5. A concrete material as claimed in Claim 1, wherein said big aggregate
(2) constitutes at least 80% by weight of said aggregate.
6. A concrete material as claimed in Claim 1, wherein said big aggregate

(2) has maximum linear dimensions greater than five millimetres.

25 7. A concrete material as claimed in Claim 6, wherein said big aggregate



3. Aconcrete material as clained in Claim?2, wherein said glass yam (5)

is provided in an ampunt substantially included between 5% and 10% by .
weight wth respect to cenent. 4. A concrete material as clainmed in Caim
1, wherein said glass yarn (5) is defined by filaments having a dianeter
of substantially fourteen mcrons and a Iength substantially equal to or
smal ler than sixty mllimetres. 5. A concrete material as clained in daim
1, wherein said big aggregate (2) constitutes at |east 80% by weight of
sai d aggregate. 6. A concrete material-#s-clainmed in Caim1, wherein said
bi g aggregate (2) has maxi mnum |inear dinensions greater than five

mllimetres. g) %éa%srﬁg ﬁhﬁtlﬁegﬁﬁig{gipgilgngﬁivgﬂgﬁ{ qg%l \bg? gbﬁ’ld(ming? wherein said big

aggregate ( maxi num I MeNSTPOIs s than 50% from a

pr edet er m ”e‘inr@d’e?érﬁﬁr?ed"ﬁ)e#’fge \%‘Méb\ concrete material as clained in daiml,
gate ™ (

wherei n said bl g aggrega I's selected from porphyries, |inmestone,

basal ts and the |ige asibrd)afndiEnd BUBlarbdd i Eiaill 154 ir$H§ai§%PqS%®?§éagl Ly

i ncl uded between el ght an inmetres dnd al't érnat Bt ween

o and oL X s GblebieRohtorp iried, RALASE, Bl el Mo S doHalTlilufd 2L 1

wherein said big aggregate I's selecte omsiliceous matéerials such

as quart z,5 t GiheiTHirhBssions dubb@RAI L SudALehdls: %f{;ﬂﬂgaﬁgﬁiﬁa%ﬁ@m dgim | i near

di mensi ons substantially included between eig y-trve

mllinmetres. ghfl altémaMRgy BdtResM i 4rdl shderthiim@msi 1 G aim 1, wherein said
aggregate is nade of said big aggregate (2) for substantially at |east 80%

by weight and of agysEEASE Malishal BYclhiniRRAh CHIFEN WHRRSH SAlBiPsldraddy equal
to or smaller than two mllinmetres for the remaining amount.”"11. A
concr et e nat €2)iigbelasted framnatitbebils MaritlslsuchBe GBAMz, $itlyfhiRS HredBhfited S

and the like and has maximum linear dimensions substantially included between

10 eight and twenty-five millimetres.

10. A concrete material as claimed in Claim 1, wherein said aggregate is
made of said big aggregate (2) for substantially at feast 80% by weight and of
aggregates having linear dimensions substantially equal to or smaller than two
millimetres for the remaining amount.

15 11. A concrete material as claimed in Claim 1, wherein said aggregate is
made of said big aggregate (2) for substantially at least 80% by weight and of
sand for the remaining amount.

12. A concrete material as claimed in Claim 1, wherein said cement is in
an amount included between three hundred and fifty and four hundred kilos per

20 cubic metre.

13. A concrete material as claimed in Claim 1, wherein said
water/cement ratio by weight is preferably included between 0.27 and 0.34.

14. A concrete material as claimed in Claim 1, wherein at least one
fluidizing additive of the type having & pozzolanic activity, adapted to promote

25 workability of said mix is present.



made of said big aggregate (2) for substantially at |east 80% by wei ght and
of sand for the remai ning anount. 12. A concrete material as clained in
Claim1l, wherein said cement is in an amount included between three
hundred and fifty and four hundred kilos per «cubic nmetre. 13. A concrete
material as clainmed in Caiml, wherein said water/cenent ratio by weight
is preferably included between 0.27 and 0.34. 14. A concrete material as
claimed in aim1l, wherein at |east one fluidizing additive of the type
havi ng a pozzol anic activity, adapted-tt®pronote workability of said mx
is present. 15. A concrete material as clained in Claim 14, wherein said
fluidizing additi ' Su i.al l.y .equal to or
Y§. Aétﬂ'[&é%% 'n‘?ﬁ&ldl Bs 813 n%H)lH'BI?ﬁ f@%ﬁ%ad%ﬁ%nﬁ élyl Z0% o i al

| ower than 10% by 2 CerBAt AU as
Concrete mat Gt Jﬂ@?é’ﬁ% RaimSdi Pyl sl Saeie el 308N 1 s or
cubic metre igightQ¥iHd&Sment amount.
16. A concrete material as claimed in Claim 1, wherein for said mix (1) a
5 value of wet density of the concrete material substantially included between 1900

and 2400 kilos for cubic metre is provided.



