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1 CONCRETE WTH A LOW CONTENT OF CEMENT FIELD OF THE
I NVENTI ON The i nvention pr OVI des a concrete with a | ow
content of Portland cement,las 5 well as preparation
processes of such a concrete and conpositions useful
for the f , CHNI CAL
BACK S g X d i '.‘ d\e a R [,
concretes in the Iast few years have 10 Ied to the
devel opment of innovative cenment fornulations making
FIEL DpOE STHE ENVENGHON n - ul tra- high per f or mance
concfetes notably.in terns of ress
T ERrRfrkotides s RbiEEy AVBT eriHbol BT Seppnp, os
wemtae rﬁréﬁa%atidﬂ FrdeeskeOBf E&bhcerb‘%ﬁ&ree%d BGp&IRSRSuRAA/ Bf the
sand, which are for exanple fibers, organic additives
implengentafisnl afdhesa pracassene particles, generally smaller
than cenment grains. 15 For exanple the docunent EP
0518777 describes a nortar conposition conprising,

TheHNIeaA LACKagrRDOURMENt : sand with a dianeter from 80
mto 1 mm(in particular from 125 to 500

vi t r EsstisolaBicpladsiveiopmengs it the fmléﬁ&oer:rerqsdml@@isttfew ygars have
B BTNl SAEH IR ARG oy AR ALl o o

ultreihagﬁ-y@fdrmméeecmeﬁ noraBImietedm wfecraimp\f&s%/ Qicdgth. These

descr.i bes a concrete conposition conp r|S|ng besi des
fopgrlatientiewerdht nvelys ahwsr%ofae)araamreeakdrl aglgigiondo Agpepy and
I
agghdifite? oREREIsdvilch BRTEP bithSle TRRAS ofifni A or so-called
ultrhfugspartioley, lgeraeraililyasmalmr tHaassmiehiagrains.5 m a smal |

uantity of ne aI fibers Lonal | round uartz
q % XAPEG JBe Josumep F? gﬁ’cﬁl)’??mri@rsma o Bpa gemposition
co%ﬂ?%[ngaggéléésvﬁﬁﬂarﬁﬁceMt aJ3RE RRAUS dRlet& efrd?ﬁl?otiﬁn to 1 mm (in

present at a rate of 10 to 40% by weight relative to
partienlarcizomnt2S tnd0@ hen)gvistaods quiarositicp ovitte o, digineter ifitom §.1 to

sed i call resent, at .a rate of .40% b i gh

0.5 BFEnd € walPrriculs iR Srhiaicifher BiEmicsnni ) Teptintiy Oty 10
tot30PSb @ ReitRE-ative ie iiRf @R €qui res approxi mately 900 kg

of cenent per nB of concrete. In the docunent WO

95/ Olitw1 qocumenh YO B0 B Spdasriibasrp geoyetsjaeiipasitipp copwprising,

e | X TN .

beiRisPPEARH REmBRT s LR Sftier 8 150 6oy ind plghefs it
podzdlanie rpazion |(Adthlsly ra@eeplicns sﬂfEh ducelkefly 1hopbdidst fidnse slags)

descrj bed |n t he docunent 99/ 23046 are nore
with @ fiameter | ?Sd@%)toe%lmf“o c@ﬁhﬂwﬁ@%@r Imaetal, Hbers pfj qpgionally

Q)nat 5

DR R p Wt A iR ATF o hnd hafJARUEL OB er additives
Tlsd arorpheis diliest tay b present at a rate of 10 to 40% by Welght relative to the

cement, and the ground quartz powder, when it is used, is typically present at a rate of
40% by weight relative to the cement. The concrete composition in this document
therefore requires approximately 900 kg of cement per m® of concrete.

In the document WO 95/01317, a concrete composition very similar to the
preceding one is disclosed, with exclusively steel wool as metal fibers and amorphous
silica as elements with a pozzolanic reaction.

The cement compositions described in the document WO 99/23046 are more
specifically devoted to cementing wells and comprise, besides a hydraulic binder: 20

to 35% by weight relative to the microsilica binder with a particle size distribution
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fromO0.1 to 50 m and from 20 to 35% by wei ght

relative to the mneral or organic particle binder

with a diameter fromO0.5 t02200 pm as well as a

superpl asticizer or plasticizer. The docunent WO

99/ 28267 relates to_a concrete conposjtion conprisin .
fremlh i 50 4 A i 20 1 98 %oy WelE! etV '8 theBiesales T ganic

1Y Wil 2UlafRedrOrd D, £ §TB00 LndTBS Well & 2 SERANhG;

p%f‘%neﬁts of a type ofrsdl?evegﬁgr Srouny sandasrﬁlﬂrer N o
plastivizerhan 6 nmm el enents with a pozzol anic reaction

ST oo S Do 2 e g e

cdnftsit SXR TR SibetsNB wal &8RS 2@\"&'; BoR Wéi%hlal'%ia@ivﬁ Q@?LHS' dethent

are constituted by vitreous silica at arate of

mafrixr afigramtla] elerB%s b a wygiegiftsiaved at iguoantl sandhem#tar tih axzd than 6

cenent. In.a relativel iml manner. the docungnt
i gk iR AuDERoUE reacbl Rl DR St § gt A HURR PE Ry
elaments Relaleeth Size tRAST :mA; SH@d digperéihg tagedl IO HABkfnples, the
fibers, granular elenents smaller in size than 2 nm
elempts avidimernozzolenis 1gagiionzaE aenstitpied dy vireowsrailiceat janrate of

s AL SR P PR bt s R BA RE COrpocition

conphi aegel@pielyosimitdreing?ooted davanitm WOYD/58a681 describes a
approxi mately 30% by weight of silica fune relative to
congecte errppsitionHa i yp dralndsd ot lsastve small geardity peergagic fibers,

oy Fighs RS0 1 1y SRR 10 Xy RO e o
smdlleerin donahet @0cpmpasi at dast o2 dikerdog wyent [ERhO O fferent
915 dgscri bfés concrete prepared from cerent iog
m@ptiqngd eamples; the cREPESIEAN SOWPHSRS WPHFNaelY 3QGimol quarty flour
. . J o a
e Bpph ol B By SR of RAB fumcTeldv8d IR 2 L g
agenTha&adpmpogigner pétasen ctheediffgeth patigte aizel easges are not

t hr ee rticl I ze ranges ar r d..In.light
o matifediin &, 1afp acmony (WG ETERRER aso tbiteitit other
cotictet€@orhpRions, 1N @ mnority conpared to the 25

cement, the latter being typically present in a )

pr opbira degunesnt ZFpPB34 AbY alescribe® akgpnprste preparsfl from cement in

et e, alyvsis of t.he pri.or t,shows: . 1) that,th
wHRR b SO K bierBhe BB PSSt 7 TRIE il 4 Bhaca"Gane,
sitled Redeedith awhadsteribticediaingter Odss thdnr B g apefoh@inEpapeat and a

concretes and does not generally apply 30 to ordinar
supgrptastieizer, sughdthat)at dgast thegeipatticde §ig ranges are kemsessnted. In light of

th%%ﬁ%r@ﬁt%aﬁ??e@,si?grnrg;tﬂ l.thtetth sﬁ‘iicg I?urﬁﬁﬁﬁgtﬁa ngl?lg{/iﬁ%m‘llpéagesd to the

hus, even ard concretes,
cepond] thetatter being epidaily presensinef proporive o aprosintatelgOD0 kg per
ghgn t he abovenenti oned concretes, for exanple the
mMBOECANeHRe.of concretes (i.e. the conpressive strength

28 dRyAy&E bfthe Prist MY shswal | east 25
1) that the optimization of the formulations is specifically directed towards
the high or ultra-high-performance concretes and does not generally apply
to ordinary concretes; and
2) that all the currently known concretes have a relatively high cement content.
Thus, even if standard concretes, which provide less good performances in
terms of compressive strength than the abovementioned concretes, for example the

B25-type of concretes (i.e. the compressive strength 28 days after mixing is at least 25
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3 MPA) are examned, it is noted that the quantity of
cenent is typically 260 to 360 kg per nB8 of concrete.
Mor eover, current European standards do not provide

cenent |evels below 260 kg/ n3 for ordinary concretes.

Now, the processes for cenment production, and nopre
MBuv erecenaaningd, it is ngtedrtbat the guasity efieament & fynicelly 269 éo 360 kg
péreﬁlp %rfsdomn%tef %?1]%%!} &ﬂj}g{? %&bﬁ@ébdﬁan%@cﬁsdoo ﬂgt_ pr fde cement
production of clinket grains | act requires:‘a
leweks belai 269 laya’® decadinanyabohastesf the raw meal that is

obtai ned by grinding the raw materials, which are. )

not abPy [therREICEES Aacemeny progyghiey. Jnd, magp particularly its prime
SRR e o Ayt T GUETESER! ! ShRYBR e
ptodectameofleiinkerasaias i fastatquiresduct of the decarbonation

and qn the other hand as. a by-product of fhe . g
combs PrERaHatng @ecaﬁ%ﬁﬁ@tawf@% rav megpg wiq%m%%da@égﬁlwmg
order t@eh@h sfitdrii®s, WROMCHEhoBly 1R 12R1aAE CRY; Akl el
therefore reaches a m ni num of "approxi matel y 560 kg of

15 o2 fiwng poplikeohg Bhavheal dtar 1008CaendperdtuB? Followed by eapid
(based on.an average 850 kg of CO2 emitted per tonne

of ceme¥¥"and this is even greater for an ultra-high
per f PheRNGR {9RERb&uceNoOW,, dighehdridMhaar 4204 ditesprd@uct of the
em ssions in standard production processes of cenment
depatbonatierr ené asothsosther dard @eres bytpuedich ofrthe rcombustion that is

- enyl ragnment al. probl e nd, in ..2Q the current
e R i Aef M o e BB Al Tes A

St r oMhe B@&Fiohl1eve fldrefoexXteatifes fadmimmpioscegpromikaely 560 kg of
CE)gssible tq produce concrete with reduced associ ated

PEHIPTAE 8% PHderfar acstandard BRY cangrefe goased an an aypiggs grthke of

ti ‘ . Les, di . o
CORLITARY, o o SR 3, R0t i i
perfoririagee @incretes use in the construction industry. 25

SuU Y THE | NVENTI ON The jnvention therefare
pr ov 8@’5%; h*sgtca&b@ncdawsﬁ? §TyRglons Tigleadasd d’ﬁ%‘f‘{cPB‘h grocesses of
cdrh&nafld l@oﬁ&eé%nﬁﬁlﬁfigﬁs?wﬁtitﬁlfeomn%o? eh@irdnnf&ftal Problem, and, in

material's in the ultrafine particle size range,
theenpentgiontpxp are subjesttovtighea@nbic pamsliiecshan 1 m and/ or

30 a,specific T surfac rea greater,.than 6 [ q:

71 onfSienegased kel sRGR, B i o SR hkihg YiapfEth i produce
caRiROwith I RAuckdt assdoiMedPcabeh adibyidt r eisdidng, 0thél ¥aidOtoncrete

materials in the fine particle size range, conprising

pioxiding patisfagtesy anasharheal propesiing, anrbinprtieylar ¢quiyalent to those of

existing ordinary concretes, in view of its use in the construction industry.

SUMMARY OF THE INVENTION

The invention therefore provides a mixture comprising in mass proportions:

- from 0.4 to 4%, preferably from 0.8 to 1.7%, of materials in the ultrafine
particle size range, comprising particles with a D90 less than 1 pm and/or
a specific BET surface area greater than 6 m”/g;

- from 1 to 6%, preferably from 2 to 5%, of Portland cement;

- from 8 to 25%, preferably from 12 to 21%, of materials in the fine particle
size range, comprising particles wherein the D10 and the D90 are from 1

pum to 100 um and with a specific BET surface area less than 5 m*/g,



10

1

(&}

20

25

30

mto 100 mand with a specific BET surface area | ess
than 5 n2/g, 4 different fromthe cenent; from25 to
50% preferably from30 to #2% of materials in the

medi um particle size range, conprising particles

wherein the D10 and the D90 are from 100 mto 5 nmm

and 5 -dlffﬂemﬁsnktaesg%ntpr eferably from35 to 47% of

mat erl afdm! 75 {0k Br@fkabIP Hohd §0 & 3 of ATl in the medium
conprising particle erein the D10 Is greater than 5

r. The particatsizemamdes compprisinglpatieleh wheein theddikand the D90 are
conprisjng: - Porfland cement; 10 - a fine particle

si ze raﬁ@’g‘_lgg M9 %E’cﬂnéﬁ ve; and - an ultrafine

particl gogil Z£d 854e B?e“feﬁﬁlfy' f6H BPRY27%! Bf Whit&ihld Bfthe larger
mass proportion of Portland cenment in f_he premx is

| ess t hparticlsGizeampepcahpnisig parficlosrvheremn @89 1 0hisgeeater than 5
preferably from10 to 25% Advant ageously, the mass

pr oport of the ultrafine particle size range in the
15 sarh@liﬂ%ﬁwcﬁfalwm' es & bindeprémixOcotfffisiy: ef er abl y
from5 to 10% Advant ageousI@[;&? t he Di ndeﬂr;'gr prem X

accor di Reptleed eseentinvent i on conprises in mass

proportj o frombs to 9 ferabl.y from10 to

25% ofégger?wrgﬁﬁsgzcaerlrrg?ﬁe;as?a%%{?rlég&rﬁeoé) e’?agld%% preferably

f r om 65art 0ltr@Bfie paticleBize raresis idefifiddeabbvete 20 particle

size range, and - from2 to 20% preferably from5 to
10% owhightthe imass preportien of Perlend semgnty in; the drefixeis less than

SEAE prAGGBN A0 S1Q 39NE nAUY BIALROUSLEIPRGIFENt Of the

m Xt u prentx a g to the i'nventi on,
t he Aldvamidepeaslpaht ntlsepipsrionayfgle clorafine pasiclkaizangesin the

chosen 25 fromthe group conposed of silica funes,
sqigl ﬁ%@?%@mﬁbw&g‘%z tﬁb%é’b Brie?ea{ﬁﬁﬁ@m ? E‘hﬁé"pr eci pi t at ed
car baRaifRseeotMy.CHR r‘tﬁlg(féii f$$&£ ﬁ&oad?@%% Me RREARIPESmprises in

pun ce stones,” groun nd hydrated or
masy ropertiens:si | i ci ¢ hydraul i ¢ binder, and mi xtures or

co- gripds thereof, .in.dry formor agueous suspension.
Accor di ﬁmt%)w:"rsp}";l”{eifeﬁ%?l&!f%mrg@m 72{5/ mo%g’fmﬁﬁé Cﬁﬁ“%i“u re or
bi nder RERAMBKX to IDvAGHETEHHI floth 6B Etol §898NbT Aihtertdl€in the fine
m xture (Portland cenent and fine particle size range)

conpr i seBticle sigefangstansarticl e si ze sub-range,
conpri Sfrglgl P t2'0(%, epsre era%{yeh'gmt g] % Q%)%, aol}q'naterials in the ultrafine
particle size range.

According to one advantageous embodiment of the mixture or binder premix
according to the invention, the ultrafine particle size range comprises materials chosen
from the group composed of silica fumes, limestone powders, precipitated silicas,
precipitated carbonates, pyrogenated silicas, natural pozzolans, pumice stones, ground
fly ash, ground hydrated or carbonated silicic hydraulic binder, and mixtures or co-
grinds thereof, in dry form or aqueous suspension.

According to a particular embodiment of the mixture or binder premix
according to the invention, the mixture (Portland cement and fine particle size range)
comprises:

- a first particle size sub-range, comprising particles wherein the D10 and

the D90 are from 1 to 10 um; and

- a second particle size sub-range, comprising particles wherein the D10
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the D90 are from1l to 10 m and - a second particle

Si ze sub-range, conprising particles wherein the D10 5

and the D90 are from 10 to P00 m and in which the

first particle size sub-range conprises Portl and

cement. According to one alternative enbodi nent of

the ni xangrige B0grhaem 19taddQ imkccording to the

| nventd QRwhit e 'ﬁr?ftgéftﬁ:%é b0l §db§ﬂm§§@dﬁ?¢ﬁseﬁp%%@ €ement.

particle size rang conprises particles erein

t he Acddidmgdtot bree BEn@ive émisodithentoof2thenmixdareoordbingdert premix

one,.advant ageous epbodi nent of the m xture or hinder
SEOBTG1o s TR e BEYIe 8 ey Sl BUe s genee)
cGifick BERicRIGHREei BT Y arBheDDBafe rGRASER0EEM T ¥

ash, pozzolans, |imestone powders, siliceous powders,

| i meAceatlimgumons aliyantageosd emybodim@ntrof/the migbwe ot hindehpremix

m.xture ,or prem.x as _defined above conprises: - .
aﬁasﬁﬁ?eéinsboasn&ﬁ i, PaRF 395, g COBTT T Genftel dgerial
chdsBR o By RSYVHREZ018s, limeSBhd pRgkrs, MRRbuLPSIvEra dimd) eatcium

Portland cenent, fly ash and |inestone powder; or 15
sulfagyslagand cenent, fly ash and slag; or - Portland

ceme L] 0 0 r and sl ag; ~or, 5 Portl and .
cononfvattBIeR e PRALR N ni B teaiie oRE OB sy ng
to one Poreland eaidnt ahdfy Akhgtodr € or bi nder prem x
conprises  Portland cenment and fly ash and does not
conpr i storélprgicement apd Bngstage PAVesEOTenbodi ment, t he

m xt ur ' ] onprises Portland cenent
and sl Z%agfﬁlzd%gént%(?%%r?gri se fly ash.

Advant aBertlasd gemdnineflyasktand dinwstone powderpoen x as

defi ned_above al so conprises: - a plasticizer 25 -

opt i onalP¥landcemend By 3hspd sk87 ¥y an ai r- entrai ni ng

agent apglhi9hd GemdRl 1EE& epn .Qf a retarder.

According to or% a’c}vant a{%g)gﬁg e d?)%%"rgnt of the binder

prem x Bartlaed cemesht, fibashelimestenqpopder tndslagf

plasticizer js from0.05 to 3% .preferably from.0.1 to.

b, oo ifiPesloo ané STptdiRey 455 niGfufe s Bt BroyR compises
PotRAd t&hdR and Ay laligakPdces Abt &InRe shigem x. 30 The

invention also provides a mxture conprising: - a )

bi ndépcqﬁh@gq' to aBe cahodidenih dhee mixture or binder premix comprises

Portland cement and slag and does not comprise fly ash.

Advantageously, the mixture or binder premix as defined above also
comprises:
- aplasticizer
- optionally an accelerator and/or an air-entraining agent and/or a
thickening agent and/or a retarder.
According to one advantageous embodiment of the binder premix as defined
above, the proportion of plasticizer is from 0.05 to 3%, preferably from 0.1 to 0.5%
expressed as a mass ratio of dry extract of plasticizer to the mass of binder premix.
The invention also provides a mixture comprising:
- abinder premix as defined above;
- amedium particle size range as defined above; and
- alarger particle size range as defined above.

Advantageously, the said mixture comprises, in mass proportions:
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- a nedium particle size range as defined above; and

- a larger particle size range as defined above. '
Advant ageously, the said m>»ture conprises, in nass
proportions: 6 from10 to 35% preferably from15 to
25% of binder premx; from25 to 50% preferably from
30 to 4from WértoPale prefereblydramméS e %enef hinder pesneixsi ze
range; Aot 34 AMGR hRAIRG RAELE1ERbY, bf BRI A B Hedium
of materrals 1nth arger particle Ssirze range.

Accor di pgtitle sireerangh;aint apan S 63506l prefeiabdy fiohe3s to 47%, of
abovenenti oned m xture: - the nedium particle size
range cBaisFirlsdn thedargenpatiele szep@ggand; and - the

| ar ' ' ' .
or g Ape 8 6 bfe 24safisk A Tn ORI 670 48 R Eon T Rl
to one the\naniivy patticleasideadngrecuimpofses send abdioe free sandnaxdl

m xt ure 10 the spacing coefficient of the skeleto
{6t he. therer Pt leotir Faoee GOmPASc Fasreqales AnLe areveh apd/or

to 1. 0.p%¢esiaﬁg@phhggm%§o provi des a conposition of
wet concrete, conpriSing: - a mxture according to

t he Anvwdingdn onmiadeshtagephs emhediment abthadbavemagtionsd mixture,
oo e RN B B BRRESh St TR 6 Bom

omabgrg.als in the wultrafine particle size range as
defi ned above; - from25 to 150 kg/nB, preferably from
50 t Shamyertipmradso providenr edrapesifign of Wet gan@etet pMm@EIng:

kg/ nB, . . ; .- fr 00 600 kg/ n8B,
p?ef er a%&ﬁftg{%ir%%%@%ﬁ%ﬁvég}oﬁﬁ&é e@n‘é erit gl s in gt he

fine- pawhiegl e size range as defined above; - from 600

to 1200 kg/ nB, preferably from 700 to 1000 kg/ nB of

mat eAdsiHageppsly {be piid compeation ef wetspperele LAEpIISes:

def i ned : f ef :
from 808@@81\{%? O%)Oklggg?%‘éq%?fe{r?g%%ﬁl&gll 18?9{05%) lliﬁfnt r?g B‘Fag%%a}esr in the
par ti cl eltafineparticlggizasarchefas definababoee; and -

O oo L s B BB 3 Sy

accel er ahreaBd09keA?, 8 Porilhd Aiddd agent and/or a

t hi ckeni ng agent and/}gr a retarder. 30 Accordjng to

one advaemaooH08rkgdi, peeferably from H0rtp $9Dtkigim” off magetials in
the fine particle size range as defined above;

- from 600 to 1200 kg/m’>, preferably from 700 to 1000 kg/m® of materials

in the medium particle size range as defined above;

- from 600 to 1300 kg/m’, preferably from 800 to 1100 kg/m® of materials

in the larger particle size range as defined above; and

- optionally, a plasticizer.

Advantageously, the said composition of wet concrete also comprises:

- an accelerator and/or an air-entraining agent and/or a thickening agent

and/or a retarder.

According to one advantageous embodiment of the composition of wet
concrete according to the invention, the W/C ratio, where W designates the quantity
of water and C the quantity of Portland cement, is from 1 to 2.5, preferably from 1.3
to 1.5. Other possible ranges for the W/C ratio are for example: from 1 to 1.3; from 1

to 1.5; from 1.3 to 2.5; and from 1.5 to 2.5.
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concrete according to the invention, the WC rati o,i

where Wdesignates the quantity of water and C the

quantity of Portland cenment/ is from1l to 2.5,

preferably from1.3 to 1.5. Oher possible ranges for

the WCratio are for exanple: from1l to 1.3; from1

t ot . Acqording 1030w agvairiegeeusn embodapent . of7 theacempesition tof wet

vapi: OHS : | ment e bt f .

o PR AR EHR BT v B s Ol Al Blaniey
ofvivater alll @e dieonaindsy dhmatptialt int e moiktusai(Portlamdl cBneriteand fine

PANGC Fi7Rangshrt (om0 (0 04 R Hab o i o0 8% Glhggpossible
rapgcgf B 211;9 Vyz/farfaﬁb Qrel%rtega&pfe? fmq ggrtfopm‘; bR P1 g@?g;@;% from

i
Bratio are for exanp romo0.1to
0.18 tm9.85;lantddran 832 t6 O 0. 18 to 0.45; and fromO0.32 to

0.4 The W d WB rati . t abl dj ust.ed
aceor WC RS VR alies pedorbis ot aF g arbng LG 0Ftegamount
of RARAD hlfcﬁhnz\fllm Trﬁé&ﬁﬁibﬁﬁ)mﬁ/yﬁ&. _ ilt}p}i\%\?/éf%t Bf c&RémNhe ratio

the ratio | also'be relatively | ower. Routine

wilkslsprize Iglativepye lowar. Routihedesting thyea arersoni $HillaDin the art will

et er n,ne _t he, apount of r.as related to.the a t
aditinc i amainh B WAlS af rRs ete puing pECemghty e S Rasine
pROETBOST mb%mpaﬁﬁ@ﬁ,cﬁcﬁ&dh% fohtBe COMPFESitd MteenBil RBSEURements of

neasurenents of the sanpl es. Advantageously the

the 63pPI§s-t i on of wet concrete according to the invention

SOASERERD IR AR OcPLELREL L RO e enion
conmirises frdmosl wi 189 110’, preferablyaiidm §0aud 5@ Wad tinornpreferitdy from

conposi tion of wet concrete according to the
93 InvSatlmarofiwater. se| f - pl aci ng concrete. The invention

U RBEn 5 Y 50 DS 8IS MEAMART & COBATGLS| A conort
acvordingomoehemabition i§ o eelf-plictng cb@&reteg/ N8, of 20 Portl and

ce t and having a conpressive strength greater. than
o SHsAMVERION fysken BTOVies @ SACEe ﬁ?‘%P%ﬁE‘thﬁ%FnaF%% dgss than

or e 3
190080 prEBABI fes G VT kB Pheteplerdli £ 3hth 60 18 T0 kg’ of

e
P@rﬂsmi et aled havingb cerwpresdivisiraigthegtetonibre beefal théMPa 16

cOo sition defined above. 25 T invention.further
PO BRGbbS oBf Pt ARSPhsntl 14 ax MBbaeldhyy HlseliE han or
equaDid 300MPg, 2BAys afiéBnixiigef erably from 20 to 40 kg/ nB

of materials in the ultrafine gartl cle size range as

def | Hrednuersipa;also preyidessansoiesioih hadgrpdgoagreiofdhe composition

] corresponding to a quantity of Portland
deg%%g%%&%f 25 to 150 kg/ nB, preferably from50 to 120

kg/ rithe invention further provides an object of hardened concrete, comprising:
- from 10 to 100 kg/m’, preferably from 20 to 40 kg/m® of materials in the

ultrafine particle size range as defined above;

- Portland cement hydrates in a quantity corresponding to a quantity of
Portland cement of 25 to 150 kg/m?, preferably from 50 to 120 kg/m’,
more preferably, from 60 to 105 kg/m>;

- from 200 to 600 kg/m’, preferably from 300 to 500 kg/m’ of materials in
the fine particle size range as defined above;

- from 600 to 1200 kg/m?®, preferably from 700 to 1000 kg/m® of materials

in the medium particle size range as defined above;
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30 nore preferably, from60 to 105 kg/nB; - from 200
to 600 kg/ nB, preferably from 300 to 500 kg/ n8 of

materials in the fine parti8cle size range as defined
above; - from600 to 1200 kg/rrB preferably from 700

to 1000 _kg/n8 of nateria t he nedi um &)a

si ze- r afigl 69 tgelf3pﬁé<g/r@b@rﬁéera@y frem $08 ¢ 11 km}o of materials
kg/ nB, pr 0 0 of materials

in the atﬁéga‘?&? X’ft{c{ g‘}er%) arsa%e%gg%lét%a}gﬁl ned above.

Acc oAdwr@mg OtoOdAe aaﬂvamag@ﬁ@ u&nbcrdirménmlﬁt thef OH]EK& obj}mndened

of hardened concrete according to the inv [
CUSEL? ﬁ@c%g@gft F%h@veB?IOQ h‘ge SRRE 6A° 916%8? rl? %y the
blhgelflﬁ%pﬂgt ?31 fer ffﬁ%ﬁ?@:ﬂ%fﬂbom 0.7 to 1.0.

Advant ageous ect o ardened concrete _
accoAdvanyageousﬂnethe robgaact o hardshalrvsorshete Rkagding ge she avention

400 refera ss tha 00 m after O S.
KRS SRHOBee R (O B SeATH BBy Aot abaroan o ish o ier 86°4ys.

pr epphirventid ﬁlﬁh&o;?%‘?ﬁi'e& b QReth@f fobRhe FR ?&faﬁ&? of a compos1t10n

conprising a step o - mxmgamx ure according
of wettdoacietpvontprisimgva stép efat er. The i nventl on noreover

provi des. Eé)r 9Cess for P ghall on ?h conposi tion

of wet REHRS &FUXQEsAsEoding o theinyen 'ng a

bi ndeke Rivefition AREVE P@vides tanﬁoway%ﬁpx@parm&hof a composition

materials in the nmed um partl cle size range as
omﬁqwe@remmnsmaewmfs inthe larger 15 particle

size ra d

oo enoBRE R BT BrEnR R Grai 10!t Shycnfibl Sfl Rilckls in the

CONPOSi ﬂneamm pﬁm‘d&t sigonaigt s definédliabgve, Anitbgals in the larger

i nvention, the anmpbunt of Portland cenment used is |ess

t han 15erriigle size raseere Aalined abevaandwiaten 20 kg/ nB, mor e

pr ef ﬁE@o%ﬁ‘lF td g% B8bbntRoof tlﬁ Hﬁ:esszi%r Eﬁ?aﬁaﬂ&??ﬂa%ﬂmposition

nor eover ovi des a process S preparation of a
of:wnqmamtetmcondfngmtthe:mner[tmethemrfmunswﬂgoraam ement used is less

-3fro to 100 / referablly from 20 to
T B R R R e N A R R R ST
kg/aige as defined above; - from25 to 150 kg/n8,

preferably from50 to 120 kg/n8, nore preferably, 25
f r onTBO inventi@bmicrgoer pifovides tal proekss dorepreparatidnr ofre 20Wppgition

‘ﬁ%tcﬁ refe ablt%/P om 300 to 500 kg/ nB of
F'ePrdry c‘IO PIFHE & 5'7e %ﬂ Y&l e size range as defined
above; frothl1@ba00 kigAn’l peerlsblyBom 208 @0 &lgfnit’, of afitefRB in the

to 1000 kg/nB8 of materials
ultrafine particle size range as defined above;

- from 25 to 150 kg/m’, preferably from 50 to 120 kg/m’, more preferably,
from 60 to 105 kg/m> of Portland cement;

- from 200 to 600 kg/m’, preferably from 300 to 500 kg/m’ of materials in
the fine particle size range as defined above;

- from 600 to 1200 kg/m’, preferably from 700 to 1000 kg/m’ of materials
in the medium particle size range as defined above;

- from 600 to 1300 kg/m’, preferably from 800 to 1100 kg/m® of materials
in the larger particle size range as defined above; and

- optionally, a plasticizer and/or an accelerator and/or an air-entraining
agent and/or a thickening agent and/or a retarder; with

- water.
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in the nedium particle size range as defined above; 30
- from600 to 1300 kg/ nB, preferably from800 to 1100

kg/nm8 of materials in the Parger particle size range

as defined above; and - optionally, a plasticizer

and/ or an accel erator and/or an air- entralnlqaﬁ?a gent,

and/ decosding ite Reh AdignigeoHs eahodnery of dheprgesss 10§ prgparation of

\9@{1&5%1&1 @F Qﬂ'ain@ﬂ:té Qcc8flﬁr;1£%vﬁ@tlﬁx%%§ tﬁé"ﬂﬁﬁf gqglt:arﬁted out
e process or preparati o of a conposition o

with racWEC eratia,cohete Ny demghht% It}m/qmmthnof tvater ringt iQ¢he guantity of

carrjed out, with , WdeS| ghates the

‘zfﬂawi gangenbefirqrad 4o 2§nar gr@ﬂ fr@&hﬁ? 5 Port | and

Ceneﬁ&qorélﬁg% énd Qd%mélﬁe&fseécn%o‘a ntgff Qﬁ@ ooeds Fortpreparation of
ment of the

According To one a tageous e _
a poropessteorf oof wetecpmncﬁe aqonfing & themnm’tibil,dhe ofixingtis carried out

wibar W B Pl it o) G pteizrably Fpimits bo B alonhad Wtesignates
the qﬁfnﬁ[t?*élf)hafe&%mi ® &8 q‘i.@nt@c%e matdie Linhé aak GIRAFRtlarkd®ment

guanti water and Bt guantity of materials in
altdﬁénwam(dﬁ? 8iz¢ Poge). and cement and fine particle size

e grcsrde O B aRehSorR e UAGHER O o BERS0 Fefipftn of

a ESpdsiich Wt@bﬂ&eﬁe@c&chﬂl ]g_rtwmlh%huohhﬁleqrumttytoy water used
water used is,from60 to 180 1/nB, preferably from 80

istigom 50 to/1$8, Vmp pecipiablyeiren| 89 tor B9 198 traore 1@eferabigfrom 95 to
rding to one enbodi nent of the process for
preparation of a conposition 15 of wet concrete

accoAchonding @ bieerhbodimentosT, thé btbcessrfpf pepardtions bf £B@hposition
n or equal to MPa 16, hours after

S greater th
flrw%qqgcreﬁ&&e,?r ngdo the @N@lta%@e.%mewe stength omeaterthan or
e ERH BiPhaB Rl rePARagEt i on  of wet concrete
ccording to the inventron, the conpressive strength
i s ghAemrding 1tcha1ma embochmﬂaﬂ oftthe ﬁﬁ)chd%afpr prepératiadbbf/a composition
g&eater { han 28 days ter nixing. 20 The
| HFSARFISHE 60T H’&to OV Rt na%ﬁr"BE’QE?SLF’B trg}ggbgra?atsrﬁhan or
eRhl @ 2BaNPa Vﬁ&fe&%ﬁ%ﬂé&t@r thafy QUMPaSM‘&Jay@ aBECRLGHS,
casting a conposition of wet concrete accordlng to the
i nv ehhe iprgntion futhar pirevadese prpcesh orgisepasationtaf @rvest wet concrete,
cL9cess. érhe i nvention also provides a process for the
pﬁbﬁwﬁ% rPo? an object in 25 concrete, conprising a
st ep ofgastindrarcdaipositiod CONPES tonddéte AecortiingClonthie Gheention, or
according .to the invention or_ obtainable by the
pr ocesPhtRale by teabpyemerttioasd pIgsesSrent i oned

The invention also provides a process for the production of an object in

concrete, comprising a step of:

- hardening a composition of wet concrete according to the invention or
obtainable by the process for preparation of an abovementioned
composition of wet concrete, or of a composition of cast wet concrete as
described above.

The invention makes it possible to meet the need to reduce CO, emissions,
hitherto unsatisfied, by known concretes. Indeed, the quantity of cement (and in
particular of clinker) used within the scope of this invention is less than that which is
conventionally necessary. For example, for a formula according to the invention with

70 kg of clinker per m® of concrete, the CO, emission is of the order of 110 kg per
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conposition of wet concrete, or of a conposition of
cast wet concrete as described above. 30 The

i nvention makes it possiblel@o neet the need to reduce
CX2 em ssions, hitherto unsatisfied, by known
concretes. Indeed the quantity of cenent (and in

tope¢ ©f Bindst, whick IrenTrsenls ugedaction Bf almort 8% pk ther Copjemission
|
AL 0D b EBaIO L UL p RABHHE 07

redmatnt oo nhd\lirhé’chalﬁealkgelﬁfrn@héesk of thercontretf smdeCtlﬁt évention
the CO2 em ssion is of the order, of 110 kg per. 10
ProyidR®a GPNaFtcith 2 wprebaniedl sorparsiye atreraih gral than or equal to
CO2 emission conpared to a standard
Z%Q@%?pdég)%%ﬁ%gﬁfgﬁl e, while not inducing any
si grii'ife centrete radainéd adcardinghe thechwentoal aperliasr thenfodlswing
of the concrete, since the invention provides a
adVgpi@gSt e with a mechani cal conpressive strength
gr eal erjtd iiARvieF toeaiﬁ%'smh%f the RmfdiBmeRts %‘Ye?nﬁfde@ lconcrete is at
m xi ng. The concrete obtai ned according to the
i nvent iloast as gapdrasvebetfeo comparnag to astmadaré@éé type dftcencrete;
behavio to corrosion of. he rein enment.s i.n
el it orsekPteTcHEt bty el bR J555 a5 b B2s-type
better asRared to a standard B25 type of concrete;
10 - its r05|ty and perneability are | ess than those

of a sti inkageds lesy then thabata stardard Bﬂﬁéymmnmgcge i s

| h h d. B2.5
oot ARCisbisBhed o RART IRASiORTR teUBEIBEL s A st pos

a st andgtpaiofaib'ﬁcreteype of concr ete 15 The different
pur poses and advant ages of the invention are obtajned
ffegont pyppses gad advaatagen obthe dnyengpn prgeobtained by means

otf dﬁg gp uﬁiaﬂ?n B?ﬁlggﬂil}g rfc?rmu"mg)n a%?été/r b%d%%fy 9); meanst

opnmen er conposi tl ons av ng

conpar tthedéwdldpaadnit Oﬂbmﬂer dohokitibas hatisg a Cﬁrﬁpﬂ&ﬁ)ﬁl‘czﬂiz&tlon of
particl}esuze ran notably into a fine_ range,
medi umthe Aygéerials i sg@%ram@g@ ¢ siggrangess metalhy 1n %gﬁaenge a

whi ch allaws ?aQ, IOLHH} Eﬂg%ér & g;{}foﬁ?ﬁtﬂ n&ﬁgé %Fch allows

different part |
coeffi cnpelmlzaﬁontdfehtskmkatgnf thy differeriiipadalgs, and hlenmlzatlon of

presen i n. addi af .non- cenent

bi nder Ctﬁ%fpeqc %CQC%fﬁéﬁ%ﬂgﬁfﬁﬁéﬁ‘ilsmgﬁg B Bdgarticle size
range, thbipgddeddeeid BEdifiBd & tHeYcesent,edh R centedt bitRler materials
cenent the choice and proportions ‘of which are

opt i mi Zwstpngpeg to thchﬁnma;rtlg sigetremgs, mich ave theomgjority as related
el ement | an tion
parti mtg ]¥g| ér?éh el%t 81[%%%) Iiop @ﬁ‘oon%fvﬁ’g B unc?ptgéll;zed’
- the use of ultrafines, notably elements with a pozzolanic reaction, capable of
participating in the hydraulic binding function;
- adjustment of the water demand;

- optimization of the different additives.

BRIEF DESCRIPTION OF THE FIGURES

Figures 1a to Id represent the particle-size distribution profiles of various
materials used to prepare dry compositions according to the invention as well as
associated mixed concretes. The size in um is shown on the x-axis and the percentage

by volume on the y-axis. Reference may be made to the examples section for the
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- adjustnment of the water demand; - optim zation of
the different additives. 3 0 BRI EF DESCRI PTI ON OF THE
FI GURES Figures la to |d reptesent the particle-size
distribution profiles of various materials used to

repar ry co sitions, ordin o the.invention a
g iE o5 the buder B & FARBHT STETE s MU RS G SeHp prifle BT the
nﬁt@m Red tf&ee i 8o %ﬁrﬁﬁaeoleAPeFK 29eA Pyr KR! $8809 Figure

y-axi s. Reférence nay be nmade to the exanple
llspmmd@m tlfao of theendtdrialsresedi fogexampléin tha desnudd FAh’ebelow Figure

1aronedh ey ab e Brieais dses K rampls ot fis emilas A4 §7FA S
bélBw! ngrurg fa grdw}ﬁie‘é"ﬂiat bF the rn@aterlizﬁ’s We@‘fbld@(%n{pll'@& tRé fdrid@lae FC1,

material s used for exanple in the fornmula FA 3 bel ow,
Fﬁ?@uf@’b}?bv\brow des that of the materials used for

exa the Q r EA.S e

"o pridrha s ¥ Sl biey e & iaedri® fenlthii of o
typlial f:@mﬁbdlﬁ&l E'Cd mbftar &cokibrg Rethe ihvdntigh! (6n ﬁxel Bftf compared
phot ogr aph _t hat pr ovi des a diagrammati c representation

with astandasd B tmm%@@mwﬁmf 0 ly meitaren dbe skl nhe different
@Etl{eﬂﬁeﬂé h%%ﬁ&ﬁh tngo kﬁ];# lgﬁe% tﬁfér u%vhferé ﬁclﬁiteﬁ%gqglg right,
ﬂyhlehciim ﬂfﬁpemnei;(brpmes&ﬁt)ﬁ BeREGe! €, birl; Tl depwiciigs; B, water; F,
filler (Iimestone filler in the speci men on the right,
SiFyfuIss- i n the specimen on the left); B, cement; C

SandFléa're g&?}?&@ﬁ@%e Ehnrﬂﬁ Emeaured Bh'd Eéhcfré{g‘%écordmg to the

Fi gure 3 esents t age nmeasured on a

inyentgore(xg canp.medimtg awntrbbstandarxhﬁﬁ casnc(eté (m)n Fr'ba tlﬁnt imi dalys, is
a control st and 25 congret.e

shoggson the x- i’S‘S§H Hepggn V&%P@%&H“F ﬁ@n‘HF‘i*?E?Fs? o/haﬂn the y-
avigriation of the concrete, as a % on the y- axis.

DESCRI PTI ON OF EMBODI MENTS OF THE | NVENTI ON The

invention will now be described in nore detail and not

9 dil

Di stribution

k@% N provi des dry

nor t @he @m@&m thH Now Betde@crftféﬂrlhqﬁoﬂm ddtall @Bd @bt limited to the
various caonstituents, in the foll ow ng nass

follodtieg d4sSHREODS - from 1 to 6% preferably from2 to
5% of Portland cenent; - fromO0.4 to 4% preferably
fromO0.8 to 1. 7% of materials in the ultrafine
Mbutidnmfshezm@gggrangés om8 to 25% preferably from

12 t % of materials in the fine particl
’?he }n\?engon prov?des ry mortar composxtxor'?s En the f%rm of mixtures of

\lf

various constituents, in the following mass proportions:

- from 1 to 6%, preferably from 2 to 5% of Portland cement;

- from 0.4 to 4%, preferably from 0.8 to 1.7% of materials in the ultrafine
particle size range;

- from 8 to 25%, preferably from 12 to 21%, of materials in the fine particle
size range, different from the cement;

- from 25 to 50%, preferably from 30 to 42%, of materials in the medium
particle size range;

- from 25 to 55%, preferably from 35 to 47%, of materials in the larger
particle size range.

The materials that comprise the above mixture are present in the form of
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size range, different fromthe cenent; 30 - from25 to

50% preferably from30 to 42% of materials in the

medi um particle size ranget2- from25 to 55%

preferably from35 to 47% of materials in the |arger

particle size range. The materials that conprise the
Paihelon 1f nilay elpments of aneterigls.t Rle partigleptize) distribution makes it

p(ﬁ@l'bie' t%l e%ﬁabhéh S {161!1 @f {h eJo‘ﬁEEFt éxﬁs Iﬁ{to g@\teﬂl!“g%ﬁlc Té'ffe ranges”,

cle-size I'on na pOSSi

1£$ﬁt6bk8eﬁﬁalbysépaﬁa&ld@ﬁlp@ftniehﬁ const ituents into several
rticle size ranges' into essentially
'Elﬂi’ér theal %%Wﬁ%%‘%e ra‘Fﬁ%§ COFWé“tﬁﬂf’f afine particle

SI z iy an 1c°1esC\9Rﬁta'I59€)tlS§§ tHinl (fl ) particles with a

ess an 1 gmor (11) es vvlthaspecn‘lc
BET @iir f qxaetlcﬂcse\wﬂga spcefic BE’ﬁ lsuﬁacreﬁa/r@ greatéi uhal) 6 m?/g or

part es WI s than_ | nd. wt

P peclifh ¢ haIE FithaDbEIEs Wb il SrhRAN: ipedic BEE surface
fine partjrg] Gestbr@afh 8 corresponds to a group of
particles wherein the 10 D10 and the D90 are from 1l

gm tThelfige pantigledsitchmngp eoirtsponBEDd 8 \gréupcel parteles svhiersim the

DY AR D5 d3Earedriin drigt o 490 i E10CE SPHERET surfee g is les
thand hAg. B MEdum’ paide BifMdnge 2oB3ponsl té hegﬂoaﬁ QfT particles

article size ran8e corresponds to a

whereini the Psloméﬂ]@? PO s Dt 10 1 aeud gt At 1 ot prgicle size

ro PO BRR IR B, i MR R e padoG Bhealefan 5
par tThH 1990 edrécspordslte thetmﬂérb@tiw&f he Partioléd vireedibigibghion, i.e.
than the D90. Simlarly the D10 corresponds to the

0Ppiot themaginles| aregmalise thyay the PAL ang d 0t 9t Japgrri than the DO.

S U A0 L B s
i.@10% bfthDYartiates Hahe aBizkGnailier thas DD asl 90% Waven sizsdarger

h nﬂé' 20 I n other words: at |east 80% of the
tﬁ% MeiRi%s in the fine particle size range (preferably

at | BRshH1 @A thEDI% e ﬁlfeeﬂvax@'aﬁd e Ib?@a:ls sABWh &h the GAwies.

| east 99% have a size from1l 0 pm at |east
80% lof othﬂeWpaiSt picleast $Q%tdf dhmpdrtwtns parth¢ dine partzade size range

OFIREBGRIEF SEFotncit pielditivodiesTRaG ek e Foappe -

sigfrb@ Buiio BIO st 1e20%096 of e panidldsCihaBe itdiune particle size
| arger particle 25 size range Spreferabl)/ at Ieast 95%

rapge fyeisrably plelesst W34y mpp\preteral) >zet lea$tg&é5r tOIﬁzS?NCIS afigast 99%)
ha@g %essl’ ?ﬁ?&ldﬂo@% % ;ng%lg g{(e)lggét % 518@?}%% tlgegla}é)er particle
swfatahgecqlpeesfenablytdneea@i 93%br eecnpa IldastC99%)ShaX/e arstgedarger than 5 mm;
andp zrlcecfor({lri(gJ ltoyth%temboalsntlenst)s5 g{)rrersrgcgndmg to cases (i) and (iii) above, at least
90% of the particles in the ultrafine particle size range (preferably at least 95%, more
preferably at least 99%) have a size smaller than 1 pm. The four particle size ranges
(ultrafine, fine, medium and larger) then correspond to essentially separate size
compartments.

The D10 or D90 of a group of particles may generally be determined by laser
particle-size analysis for particles smaller than 200 pum, or by sieving for the particles
larger than 200 pm.

Nevertheless, when the individual particles tend to aggregate, their size should
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preferably at |east 99% have a size smaller than 1‘

gm The four particle size ranges (ultrafine, fine,

medi um and | arger) then cor¥®spond to essentially
separate size 30 conpartnents. The D10 or D90 of a
group of particles may generally be determ ned by
b¢ defermingshby tlcumrslmzcéosanw,;&‘f@ thafrthy apparait size snaghired by laser
0B R B Ul MR BGE 2088 cou

fapsifytth€intsgpieeationt 0 aggregate, their size should 13 be

determ ned, by el ectron m croscopy, giv that th

appaﬂéenfpegi lfeBEPé é%’if’f‘“éc?fﬁﬁylsl LRERSUTRGL ng'ﬁ tofpl real Surface area
e

oigtgl% bt cges zllﬁaggak@ cou 3@ lﬂfégfﬂe‘%ﬁtraLefé bRt ftids E&k face or

1ntemzﬂ|cpvme.‘atand)poro§‘1luye specific BET surface area is a

measur enent  of thﬁ total re surface ar

5 of the
par tAGIOBENE ,on¢ AlfuBativh onaimER URFCTaY B8 Ry eHppping from
the &ide8 0% thd g%rgglék o e fie at?d"ﬁ]‘tﬁﬁﬁe ?dn geé Nt Erﬁfi‘l: than 10% of the

cavi ties, orosity. Accor di ng one alternative
p@hﬁommnmltratﬂmeraedmy ereamesov@r\debptpaﬂ be flocated initke same size

repiy SRR, Cad RE s SButertne s uiEfing' kil it RRpured by the

sﬁébf%a}ﬁE’D esuﬁa@b hieAStHeANB8find F&ﬁ@lé& IBéﬁngthﬁk’é/ tHa€ hbee ?ﬂieelﬂtrgest
in the sane size 10 range. In this case, the

spgridici wekaro aresf (and, éhcfrf:ﬁcree high nghetivaty).nla paah@}éars dn &his gpesy the

oIS S0, SRSl AL OB e

thanln0 ,akdeantigodsly hesabdraha H0 at/g; eadiriové paeferablp greater than
agticular, in this case, the specific BET surface

8 mefg B shewld megeasier by gotr:qlm tftaheleunatmaah; Hethe yHgpding gange may also
g

e e St BET b MeCval BRTGRRHTRL S where their
D96 is86ssrtRdrg] pint shoul d m)r eover be noted that the

materials i e ultrafin e m | so

pr ef eR¥ e@?ﬁ.cesesvz f§dﬁ? Hﬁ@%&F é&g \flglF J%‘%geémfu 'y E& the

| t
ST e ine DR Bl T, ful ey AR, ot te
ulbyﬁnm eartmbe@pmpmsegfowdrﬁydwahhmaalmbmdcr Oy thisecxginple, the
rtic the 20 ul t.rafine

o BrrBEled iy TavE R ActOR R Ont faf ProBeifif Glfee area
thhimib& o £tha BRle of | BEmBst(B@ fotRe ParoitycdBEisTteria) e a

size of the order of 1(% m for a specific surface area

t hatARghenparémlarigmbedeent of theqoeseny igverdion allows the subdivision

o B B TEL S Ao RN P v v prict

sisedubi-rdhgdson of the mixture conprising the cerrent and
the fine partlcle Size range into two particl

si ze sublishpryBsle sizegulpange, wﬁ@quaqd@fya%@lwﬂwreaﬂg@ D10 and
consti tyd@ele Hor® 1S 16 |uES afrer €i n the DO and

- asecond particle size sub-range, constituted of particles wherein the D10
and D90 are from 10 to 100 pm.

In this case, the cement belongs in particular to the first particle size sub-
range.

In other words, according to this embodiment, at least 80% of the particles in
the first particle size sub-range (preferably at least 90%, most preferably at least 95%

or even at least 99%) have a size from 1 to 10 um, and at least 80% of the particles in
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D90 are from1l to 10 m and - a second particle size
sub-range, constituted of particles wherein the D10
and D90 are from10 to 100 ¥ 30 In this case, the
cenment bel ongs in partlcul ar to the first particle

si ze sub- .rang n r \Wo acc ing to thi

thg, FERRAGRARCIE 317e] gﬁn@o@%ﬁra@eﬁtdsﬁ Bbfhe Ahsh reefadly at foast
9§%ré\1enp£rlkéis?|9@°/®' Eﬁresé”%d'eaf?&ﬁ {Prefieoabhy sah Ac@&%ﬁng to this

% nost preferably at |east 95% or ‘even at | east

erﬁB@@lmhaw ¢heaangxtpe écmmnsts t50pamclg rejzeanaugest ol £ astenBddy edparate
the particles in L 14 second pafrticle size

ccpprings s hinnge s fasleh Pggobe st EurErBRE L gempent +
ﬁh@?&%@e niRfEEVeimat 10 RAFthd gg@onﬂ' U rFhgs iof Thef ééﬁﬁ@nlq fire range

m Still accordlngtot enbodi nent

mmtwteL(ﬂ@ HoompPQ peag; the prediung raelgs (100 pandgemmt axsi the larger range
e i a eparate conpartnents: the ultrafine
%a% gﬁ %E%" han 1 nm; the first sub-range of the

ce WEAEcoi‘dlﬁg fib BRe BRIV offibdenérk, e mikfirébomphsing eedethent
sub-range of the cenent + fine range _mxture (10 m -

andothe fine parislensien 1aRee comprises potiples whereimihe DiQandH90 are from
r t

PP R AOSr GRRL feOA0 O oPSERAL 00 0 B of e

patcenbf canehttdieffmaeigain ihel finesparticle 3izg &aﬁgmmprefs:ebly at least

0articl es Mﬁi{)ei theoDlo and D9Q ar from 10 1 to 2%0
9re, TRsiRIREeFa aStagéc/bP‘é‘f%@ least ORYa) hakpadizedm laio 20 pm.
f
Th iR oot b S50 e B Bl PRI o

ccﬁﬁ;%sesmshscpnmﬁmya Heymadturk easipriSslalmestmonpartid as tvith A%giameter
ze from1l to 20 m This enbodi nent

freﬁrﬁégﬂghé‘épto the case where the particle-size

di st ThddifeRht RiBbiinRntCAIBiBICHoRe @bﬁ@s‘@ﬁhd 'EBJb}BtYrszﬂ‘ 9ack1ng
m xture conprises alnost no particles wth a

mQQeSf phgraG oropartcesn memvdmtidnealemtprcemﬁnsd asrdnsogbed above the

scribed above corr ndtoo ni ckin
S TGS ST SOFTPRIGE otk R o S1oB3p PBY MED. contain
néfattiakih MRImadiaiEparfidl€ siz8 raHde! nd? merkdSint thé'llarger é)artlcle size
correspond to these m xtures for dry nortars,

rapgg. c hhe s#ifl binderripreminesr arg  igtended: ke baanixgh Wik tmmréals in the
m%rﬁﬁl LA 9& r”&{m t?{e %!ng 36k 0By R HRE tinfRO5E Bl%hgraﬁblg%f the

range. prem xes are I nten
concratel Wit h materlals in the nmedium and |arger

artjicle size range befor or a the tjime of
Br ep%rﬁgeﬁlﬁ}s the BRdires gfeqr figyesion, are rharcierigee by 2
SIAE grcgéf?ﬁleh??f {Ag skélé’t@{ﬂ)}lhe SE@ﬁrQ:B ﬁgédefr h&Hs RY1.8. preferably

spacCing coetficient o eto e bi nder
fromn7 ite €ld0.f Tleni‘'skektdnd designatps dieemmlnyls in the medium and larger

particle size range, and the “binder” designates the cement as well as the materials in

the fine and ultrafine particle size range. The “spacing coefficient” in question
therefore designates the ratio between the volume of binder and the pore volume of
the skeleton. This coefficient is calculated notably from the vibrated porosity of the

skeleton.

Choice of materials

In the compositions as defined above, the cement is Portland cement chosen

from among the standard CPA-type (Artificial Portland Cement) of Portland cements,
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25 fromO0.7 to 1.0. The "skel eton" designates the
materials in the mediumand | arger particle size
range, and the "binder" destgnates the cement as well
as the materials in the fine and ultrafine particle
size ran The "spacing.cqoefficient"” in question

250 8pi8b B Boeibp GRmeRs dergitedindhe duieRsan SiPoE] BRI L. T s
pgés[bgf Ito 3¢ @xaglgélg Y EIE offC I}%E esS4 Q) %ﬁcﬁ‘ ‘or ngo marine

coefficient i1s ul ated notably trom the vi brat
caristrastidng cemehther PNMES skeaileat @or. méiine canstriictiomt sulfad¢dswhter). The

the comositjo as def.i ned.ahove, e cenent is
CEBFL | %@Iﬁéﬁ&éﬁ igh ﬁe@%ﬁn@hﬁ-ﬁe sQg waptanges, notably for
bl Glal t 3 . .
OSP4 gl ORL A PO LETRBAL ke BB B provied
adisixed ivoig ai Feasthenebadditeah nisteriad 45lalg, BNiceofinte, pbrzdlan, fly ash,

ible to.. : | ML 2.5 N R
RSB ek R R 6B PBeRory Tt T RSB
aidvemeABondACIEAMNSS bLEThR mdtd phAicARrYadotredpond 6 the emBiits of

may be of the HRI type (High Initial Strength). In i
ckufen Whereasmibe additionalngtetials a5 count@Ewithingihe appiepriate particle

P £ SRR R ARIREE S By bR oMol

uliifige paticlesiAtGangd fot th sliivaBump eampbet, efd.y ash,
cal ci ned schist, lime etc.) in an amount of up to 37%
I n t Rbedargerspasticle isiee ramep AL SOTPTiE 2gaTeRAYSsangfor cgrAah and/or

icul correspond to the anmounts of
p%ffi{l@s dfdr \tlat;lg Igngvley

nker, as the additional materials are counted

Wi t hiThe tedivappartigle isit earga mhdyalotablP canprésersand er firge gand.
typical Ly the {i ne particle size range for the slﬁ
conpiﬁ% fie parisle siFq 1aRgs MEY SAMPFiss RN PLBOTeRgfErRlS © S5 from

ax%ioh%cﬂ’y fagire SABRAY S inest6hE -tp)owd&ll? IREQRS B?Hérk,c 9iﬁle§ic§ﬁium
range ‘nay c%nprlse aggr egat es and/or grage and/ or
syédvd(ie pardicdlan gyfsumeingnhydrbus drtsemirhgldrnatedfam), slags.si ze

ran may not.ably. conprise sand.or fine sand. 15 The .

f P ot parord ke e SomRinetiasd Rdianels ok Spfhe sbpus Miterials.
mat efiiabstieNad § hitle@ifg BMRGhd Lom@s RithBE Za1ANAg products: fly
| i mest one powders, sillceous powders, |ine, calcCium

ash gleng; er {imestene ppwdgralonsy puslag pleneirmybirash gnd dimestone powder;
1= d sl ags. wor oot fidl )

of Beet M ShEey BBl s ier RSIHUEDE oy 4y Bltorepowder and

slagterials. It is particularly interesting to mx the

cement with the follow ng products: fly 20 ash al ong;

or | PeeydiBgetopalRsarianto ke fine RIrHgle agizh dangsr cqmprisgg Hfly ash

BT SRR Sk, AR 8ty o comorie s
Apgcandmg tondne ltemative varigliththet finerpartiche isezet rangd @ofnprises slag
((R)%E)}lglf); 1en zsiés%)giatrigr{] %v?thc)geqp({thesrer%atfelrizls)aIsnr}t does not comprise fly ash.
These two variants limit the total CO; cost of the premix and the mixture, since the
production of slag and fly ash is associated with CO, emissions. This advantage in
terms of limiting the CO; cost is particularly clear as far as the first variant is
concerned.

The ultrafine particle size range may comprise materials chosen from among
the group comprising silica fumes, limestone powders, precipitated silicas,

precipitated carbonates, pyrogenated silicas, natural pozzolans, pumice stones, ground

fly ash, ground hydrated or carbonated siliceous hydraulic binder, and mixtures or co-
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(optionally in association with yet other materi al §)
but does not conprise slag. 25 According to one
alternative variant, the fik¥fe particle size range
conprises slag (optionally in association with yet
other materijals) but does not conprise fly ash. These
grings theseq aWt‘kYIfWﬁQTQQ‘#éOQS(ﬂlﬁ?en@eQ cost of the prem X

d é b
2an Tttt Chithfid 1SURGR §ifouPhafiulc BRGR" rolafl Al the
productt é¢sosibef inlthevdddungnt FR 20085920st is particularly

clear as far as the first variant is 30 concer ned.

The MY ptandand pasliqize| (er wipswlastipiger) may adyappgously be added to
a Hﬁﬁtﬁfe' cﬁ‘lb'ﬁldép Bl%ﬁﬁx faE&?&lﬁw&e 1ﬁ\téﬁt19ﬁ PrefaBIPt la%ofntration of
[1Tca funes, |iInestone powders, clpitdated silicas,

0. 95 GEB% patferdblyai okt &s0.5py lemmemdead asmasiscratsq ofidyuexdtact of

ozzol.ans, pum ce stonpes, ash und .
R Pl eia T A Tprscn Rl Do birP AR 26T PRy U1 R AL sappfion
orThot! Uhe Sanffun€ @f %stl&fzbﬁ gsalkd Fc‘i%%%meﬂ MhsOd )fuﬁc‘ﬁbﬁn df'the desired

aqueous suspension. The term "ground hydrated
q@hty ofcibe pastg.anctably clepénditeg on whethbt y seléplagimgt aoncreteeis desired
LS descr n, the docune FR. 2708
orgh n ‘BF%%‘F“&?“S%’F‘&{‘%} %"di}ﬁtéptf’é"sﬂﬁ“@ﬂ%e t?‘f %ﬁ%ﬁla“ quantity of
pl@éﬁéfﬁ&fr aaesisaldbd@edilee foenulfich. M xture or bi nder
prem x according to the invention, preferabl
conc@tier knqwh adshitives qymdmixtangs mavedleg be u§ﬁdfw6%m0hfz fragework
of0 h% Y@ﬁfzg)ére?@eg)ia%éﬂ@ sﬂ@esl—é]fagtgctlie?s ochca@éto%(t %Lﬁ-gﬁtrﬁfungt&%nts,
thmlkamhgagm, rémdeRetaised at sat ur at| on or not. The
anmount of plasticizer is also determned as a function
of the desired quality of the paste, notably
%g_)g& pdi ng on whether a self-placing concrete is
ed 10 or not. Slunp neasurenents nake it pOSSI bl e
t o dBteecorcnete taeortiingetoathe muentiont i preparpd &t mixingrthe above

t hat shoul d_be used in the farnul ation. O her known
MEFE 9 d8° é’P"Yﬁj?ﬁj‘P}é’FﬁrPé‘?ml’fﬁ? vahs 3 afse. ﬁgélawﬁaf%.tﬁet%@mty of

PdriiaE¥Rhdnt R4t ik NSed RVRRAMFoubI9 1M 160 kg/m®, preferably less
super pl as{l cizers, accelerators, air-entrainin
%omey @lse be

thatgéﬂ@ &e/m1, inerk e fetpbiy comprised ofrem ) to é@fck
e BBy TR e Pt L B i BIRRALGLAN e
waegmm%mwlhg\pﬁ;@moﬂsn t hi s case t he quantlty of

Portl and cenent that §s used i s advant agi(eou | ess

t harr 1500mdPrg 108 5 Rpforablyrone @0tp 4A kepy™ pigmaterials in the

e prAbSSAdem g |om €0, 0 10° Ko/, 1t ey
i ngr-edifesth 25ub t150 dgfrh’, Qréferabnitioni S0hot 126 kghat,enoreipteferably
the fol OWI6B% %é)gor . fnPortland cement;
- from 200 to 600 kg/m®, preferably from 300 to 500 kg/m® of materials in
the fine particle size range;
- from 600 to 1200 kg/m>, preferably from 700 to 1000 kg/m® of materials
in the medium particle size range;
- from 600 to 1300 kg/m’, preferably from 800 to 1100 kg/m’ of materials

in the larger particle size range; and

optionally, a plasticizer.

“kg/m>” is understood as the mass of materials to be used per m’ of produced
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- from10 to 100k g/ M3, preferably from20 to 40 kg/n8
of materials in the wultrafine particle size range; 25
- from25 to 150 kg/nB, pre¥érably from50 to 120

kg/ m3, nore preferably from60 to 105 kg/ nB, of
Portland cenent; - from 200 to 600 kg/ n8, preferably
CYCER'$-300 t o 500 kg/ nB of materials in the fine

part :
D et i el sh R Fiom, g the phlial BinBRtimenys have the
saniee chadétanistizardsi tose Shatehmng@n destribed @BGvet m 1d&8on to the
k / n8, ‘lpf)heferab from éoo to 1100 k%/m% of materials
UHUESH g pl&grrprs e]sgfzqgr pg Lo ﬁ]@Véntlg optional ly, a
pl asthe 'q&ﬁ{ttty o‘f Ghikth ’w%tei" hgl @é&k@@@oﬁ%a&ﬁ Qo "RSan@drd concrete,
material's to, be use produced 17 ~concrete.

frtlime60r@t 80 lan% prrerferqbls'sgwmrso td e1|5@ rl/dlil ngwmptef@alpiurftqn@ 8b & 135
VER SR elte B o Buter e Mo abair BF Sy B Sy 5 B he

qin¥ity o bl (Riaftd8ls OFF S mﬁc?eur@((?@ftﬁhﬂ Gehfent IClﬂi‘ﬁne partlcle size
invention. 5 The quantity of m Xxing water is reduced

rangenais dbereoraresiuggrtiegnapaserh tor @ tstandarflrconetsty, ead iBypidalp from

0.8 rég Iogiﬁggéfer%&gﬁ'o%? Otl\l(la%t té r%OSZ}_/dEBW PQIE(F W‘?b% id, Qlere W

debigriags ahe qudriey qf aater tayid & th&a);uant@mf dBrmiehe is gmatet ithay in the
of b| nder (materials of the mxture (Portl ag@ucerrent +
C3sp sbaalﬂﬁﬁdcmcgqtez éiuertarfb%)sWaul%la{lWé‘r%fanF i gresent. The

Y T s e 2 B e A oL 3481 57 e
ot heThdarixingtih eai¥e@ cutusing avb@rveniidnall esikgmn dorethetuseal mixing

ntit f water and C the quantity of cenent, is
p%?@df‘ g@‘ﬁﬁn in the case of standard concrete, due to

the ap&Jrling uf&moh yen?godﬁﬁ&ﬁntthé I?:@ﬁapb§t1@ﬁse%? onncere forkuffated
ratio i1s pre era from1t .5, nost preferably
adcorhng tcstheanYexﬁxonTahe the peiswlg o:f 2 @mprle)e dptiwizatien n§ th’,@ dlfferent

R T S AT IR ETER N (R

gERIRES | bptafze@f ﬁﬁa@&g efcﬂofc@r el ah@idle aGLOT #idOcHofcel N the
invention are the result of a conplex optim zation of

adrixtyfizetien)e raptingzedahetention | ehemisted @mém@é ggmponents  indeed
n c r d
PP AL RERY O Rot B8 90, d VR Rind g g
optirdizedoiatee dahaidie 20 adm xturi zati on) opti m zed
hydrati on chem strH‘e(nurrerous conponents i.ndeed

part 18§ pastityents; plotheatrpfing range,ptally dhe silisa fumep.ymay have
mftible Fildofs, 1ty & filling®Rfle P free spaces between particles, a role

providing heterogeneous hydrate nucleation sites, an adsorption role of the alkalis and

the calcium that are attracted by the surface silanol groups and a pozzolanic role.

The concrete compositions obtained according to the invention have
comparable mechanical properties, preferably at least as good even better compared to
standard B25 types of concretes, notably in terms of 28-day compressive strength,
setting, shrinkage, and durability kinetics.

In particular, according to one embodiment of the invention, the compressive
strength is greater than or equal to 4 MPa 16 hours after mixing, and greater than or
equal to 25 MPa, preferably greater than or equal to 30 MPa, 28 days after mixing.
Moreover, shrinkage after 80 days is advantageously less than 400 um/m, preferably
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opti m zed water demand. The constituents of the
ultrafine range, notably the silica funmes, may have
mul tiple functions, nanely &8filling role of free
spaces between particles, a role 25 providing
het er ogeneous hydrate nucl eation sites, an adsorption
kﬁ%ﬂ@nagouﬁémalkalls and the calciumthat are attracted
by tB&GHI A c%h’:r%ﬂ: lac%rﬁ Sioaflé éﬁreﬂﬁg& eaﬁhﬁ Jr%%a “placing
The concret’e conp i'ons obtai néd accor
contyered. i on have conparable mechani cal propertles
preferably at |east as good even petter npared to .

st anéacroaCIB%ls copedered tclmtnidivien thgsl a{supyv {45 measHredgising the

W %ethéf:feﬁag%tgndarc?WF 189, ofﬁycgrﬂlﬁﬁgl@%l) is at
an ura |net|cs n particular, ’accor

leastel SQnimmdplrcﬁanblyfat tehst 1i80\nent Amoncnetees comqndem&istwt&: self-placing

this reaterthn euI o 4 MPa 16 hours
whet B stsadh ueaﬁcgrgal%r 3 850 0 dor the susieics (9l Rpkgneral less
tlﬁﬁeﬁ‘O@rlﬁm)yac%lﬁﬁ%br eove e&'ﬁn ‘i‘)‘l‘@dedﬁx‘% R in %egﬁ%étzon and

after mxin |nkaeafter 80 d
GaiHebinessfge Sdé Cympe@mgt%mrd@ (EENAIRCpF ebirear B2, 1?8 19428ss
t han ﬁoo n1 ef er abl X t he c ncretes according to "

t ha" TG Sy ofdeRtenf e o pteDErertBn FarkriE aCDERRE ki e Figntion

isGAieH RELthas 110 Rhidleis Ql@cés@arg QOAEI' dphfé i@itatdB2S |t f concrete,
val ue neasured using the rams cone (according to

whith mpkascit m@ah@amdmmte pp@@cnlau sagingDat derpsr ofl G jenigsions.
C%xwakﬂqy ge?eQence {glét I}t#lggﬁam m Qm%mest ppe, and 260

crete 1s COI’]SI

kg/nﬁaﬁbbeﬁﬁinuea b@ogéte&t:afrdﬁlgaa tﬁé@n\l’éﬂhél@ lboﬁthmmgoﬂﬁreﬁchﬁ@le 70
and in general less than 800 nm according to the

k&/ﬁbr &f i slnkst ovalensr & doseblebi makesavings ciat (& gadssions of

§0r r F
B Falr 3010 T T AR RN BAE EhF ek iy 30 kem’ of
clirdeedistwsedhr epare the concrete accordlng to the
[ [ | ess_ than that I S necessar

|nveﬁé|on 1S nucg X 1
to prepaPRerde accprdingforbs Wﬁ@%fnary ?3éf accordifg dp the usua
nﬁ%@é‘* dfer mmklammtdenlggkﬁara&reetc%ﬁweér olgééfé BRSobtfinb& 'iBh as
C2 em $sions ar ed referénce B25 for rul

cqmavctmnﬂlqnm;s @5gingér stfucturatelanuanés errathe2z60  kg/ nB of

cenent, a concrete according to the invention

containing for exanple 70 15 kg/ nB of clinker makes it

EXeMPLOES to make savings in CO2 em ssions of

approxi mately 80% These savings may reach nore than

85% T he fohloyitgnexanies idestragy the keventien witbept ImpEng 8ncr et e

according to the invention nay be cast according to

t he usual nethods; after hydration/hardening,
Ekanplerethsergramdéctopinetiod ar e obt ai ned, such as 20

const uctlon el enents, engi neering structural el enent s
or ofRgpaticle size curves of the different powders are obtained using a Malvern

MS2000 laser granulometer. The measurement is carried out by the wet method
(aqueous medium); the particle size must be from 0.02 um to 2 mm. The light source
is provided by a red He-Ne laser (632 nm) and a blue diode (466 nm). The Fraunhofer
optical model is used, the calculation matrix is of the polydisperse type.

A measurement of background noise is first carried out at a pump speed of
2000 rpm, a stirrer speed of 800 rpm and a noise measurement over 10 s, in the
absence of ultrasounds. Then the light intensity of the laser is verified to be at least

equal to 80%, and that a decreasing exponential curve for the background noise is
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EXAMPLES The follow ng exanples illustrate the
invention without limting it. 25 Exanple 1. |aser
granul onetry net hod The part3cle size curves of the
different powders are obtained using a Malvern Ms2000

| aser anul oneter,. The rreasurerrent is carried out by
Oqtﬁl@e‘i’/‘éﬁa?ﬂl%@e cell densevmustediclgded -t he particle size

nUSt m.t T t )
ot AT e Tt B S 1 ol
patarelerst @ﬁﬁlpmmed 2660 iFpay B'WT@"PCCCB @00 prpmc absemoelef ultsasounds,

used ulatio x is of .the i sperse
°tts§}5réﬁ°1hq ?EH’% n{° 29"’2 R r BOwRLE doi “%g‘f 50 & to have an
otS‘si";‘ﬁIrah@ﬁj sﬁ%ﬂ%t da At LfHB‘l 30eRd Ader sEBPaliBMorans tdbﬁcﬁﬁitlon the

speed pmand a noi Se measurenent over 10 s, In
mbtwrenaadm;mcaned out farasduraiien bativeen uhmefsucghand thlben&smy:ment

sel g s TEE ol 31 feRetsiemtonniis offrS G20 P BudctioR infages
axﬁgfzks&)r DA IbRdisR] padticlo size ma@wﬁ@ the Blch@iavp&eof the ?)oﬁﬁﬂahon of

| enses nust be cleaned. A first neasurenent is th
pavader may beagglomeraied showd ke fakemintchaccpant]! owi ng

par er d 00.1 I I . .8 .
o TR e e R i G Bl Wl BRF FFRREY sprvine

thd Gankd. BHe pimpldpeed RNl & 2580 ipth [ 1B € BEreg 20 1660 e, MetvBowills are
5 obscuration slightly greater than 10 % A ter

egittggiaf L 9Quoi (3% “@Fts} Héisowsgisng Brmajptaineddor Aupisutes rhen thegnitial
pa‘}gi’t{xét'exesdarg lﬁ%e(f :g%ltu? ;ftq‘ spegcil %ﬁ@d ﬁﬁ’ﬁ rktt F@}g%l ﬁ@g%&, taﬁ&nce of

nmeasur enen
ultressinde nAnthei end 3T 19 s((fﬁ@fh(ihﬁb\&él anfy rp@edible rair bubbkes), a measurement

. anal yzed). | he obtalnedprtlcle size diagram th
151“2?2]? lehgd 55[9‘596 ghages @nﬂgﬁgp lﬁ)FFCBF n};g,%gperﬂﬁyrrsg)ongs toa
16}{{%%3,@@@% firSori@kigpriigh0 account. 10 Then a

second measurenent is carried out with ultrasounds
(Wi tBaht measpremany is triyeatednit) leasthisvigautp vepgethel stalsibity af the

2500 t he st t 1000 ultrasounds are
reSife LR 1 G gt LBt Ry Cogh MOt SGrRHY B TR b Prndard
salifPle ESifab3I a8, silidd§ Tort Q’ﬁlchﬁh& 5Bl diRALRBH &lrbe & RndvwdAll the

agai n: punp speed 2000 rpm stirrer speed 800 rpm

magEamantogiven | inrthe slesatiptiontandhibie amportdd 10ges corespend e the
?51% | es), a nmeasurenent 15 is made
0?85 d?%ﬁ}b@ a9 ag‘gs anal yzed). This second

measur enent corresponds to a de-aggl onerated powder

by uItrasonl c dlsper3| on. Each rreasurerrent is repeated
cample of d isualizati RIGLOSCOP

2222#553"% s, 481 s, Gl @? 3 %géﬁﬁfe%f PP FARHRGE of direct
visudlizatégn fbtyr seahhinlg tleetrai zwicrbissdpy utuseth (evithv easurement and
c4BF P arigs PHBE POBUEH S4P I GEG ol oNer is angenally
dryed BiePastiisat BRGudM 4 drjthd B@épkﬂtnag femperature less than 50°C, or under

vacuum or by lyophilization. Then two alternative methods to prepare the sample are

3

used: preparation on adhesive tape to globally observe the powder (agglomeration
effect, etc.) and preparation in suspension to individually characterize the particles
(size, shape, surface aspect, etc.)

In the preparation on adhesive tape, a metal block is taken and a double-sided
self-adhesive conductive patch or double-sided self adhesive conductive tape is placed

on its upper surface. Using a spatula, the powder to be examined is sprinkled on this
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Exanpl e 2: nmethod of direct visualization by scanning
el ectron m croscopy For powders with a strong tendency
to agglonerate, the techni qa@ of direct 25

vi sual i zati on by scanning el ectron m croscopy is used

(wth nmeasurenent and counting of the particles on
surfaec.opExing eaftanhiagelp. tEncshechasipliec dfeciiodeng jthe sampling and

R

apptie@hon txapowder tHhBe exuirl! Ghoadxicyss p@IdERdsott Rtained by the
(ﬁjﬁepar e the sanple are wused: preparation on, adhesive
pjae tape g @mvp@ by tappingdhe hl@clsdhﬂ 8PP Alglglinmemiainehvescally,

f f
off 6% guifpde; O3l 36 SahpRAs kLAY HRADT A b 3ry air spray 1o
resave ang paﬂpkes that eltedaa)ilyi ﬁxetihmqaneqamzammm cam<:dcd)IuES| ve
t Kk t ak d doub| e .
el 1A LR ockdR diid AT BiF WreIsenl 1 1s FlaRrsuith ethanol,
th@cmfﬁéevﬁ FOBRRRECHitH & }%cﬁfgﬁmgspﬁgﬂe st Cexc ﬂl{ﬂlé Pﬁ(&ﬂ)oqﬂ(p rox1mately

surface. 'Using a spatu o be examm
1¢ merdf |thel smpemsmrs li@@d, muthfsammeg et}halyolng; iatroduwed am atb@altdneThe

S iR PRt sl e e e et A ncanspagpric

taalé RSdri&r toambeain ot Saatly of the sus@%mﬁ dAﬁﬂldalﬁsn B@wﬂsoﬁrms is

be exam ned. The exces$ powder not retal ned kty
congiinued wace amdusthneaﬁﬂ@dp@ydetrap mong>l¢theTb¢me ewt dreps of the

s Rlonihe EybPeRanT hAoREEh b astbfeblockoaBe sum Bl spisd ou

usingl ym@répipEtedyr sPatula i \0ederNty Pd isédifentatidh phefomena, the
badly fixed, and netallization is carried out. A

saawEi i%e camsfék opks agseapidly @r opasilde; mathoys pﬁétmntﬁn stipring  the
sdasﬁ%lﬁ} %arﬁlg 11 {seth%}fg%p'orat i%g?igtﬁe{@L@ b%d?lg (}1)%? ?rgot%lé}MnHQr an

1nfx@-redlﬁmqf Tlhh aepdﬁitbé fisrh @ust bevidrgl fink Mot ihoSvm:ngrBj z&!‘chla[lhhon it
is introduced In a beaker. The 10 powder to be

mypiRersgargelysvigblada ;slilq yaksd @¥e, Otipravisso Mecermple FAINpY b igd: The
oot HABRA0Eesd Ao B R Ak SRy buBBPL ok,
the mpptﬁmd‘dcemcmmuatmd areticaldy) onfa hané sgﬁamde@pﬁi@aﬁwmhb etmaple is

. Then few.drops of. the us enS| n a led a
ighPE bt e S i Byt B RO aNge ta Risic g P& i, iy and
m@m]lzaﬁgﬁ{gg;aﬁqera[i(ﬁlrtopl pette or spatul a. In order to
avoi d sedi nentati on phenonena, the 15 sanmpling is

car rMetellizationds carpiediopt &y spms'mg)a dlownpf melten gaaspplon garbon)

ensi on. |

ulgcile(ijl %é&rlgl etaﬁ% oSrEQM gﬁ ﬁsprfnﬁnt 1 Te fCIIS ﬁgn}e% ugllrba gonve t1 al Jnanner
koWl @-d asonakilled Thehedgposi ted fil m nust be very f| ne

not showi ng any accunul ation, it nust be scarcely

visible to the naked eye. Ot herw se, the sanple cannot
ERfnHE 30MINem b SHAIFIERE SYedifid BEISHAACASS powder on

t SUrface 1s renobved Dy tapprng ti fock, 20 the

uppeThesspetdwesurfaceraren todithe diffeedrit |poazldb13s is crmaamrhda gl follows. A

surface ti.gn the sanple is th
samnply 9f° B Bf %?PQXWWS {iekepa Ol te|0 g %%?p esfiated specific
sRBEL ¥rea®PGhore than 30 m?/g; 0.3 g for an estimated specific surface area of 10-

30 m%g; 1 g for an estimated specific surface area of 3-10 m%g; 1.5 g for an estimated
specific surface area of 2-3 m%/g; 2 g for an estimated specific surface area of 1.5-2
m?/g; 3 g for an estimated specific surface area of 1-1.5 m%g.

A 3 cm’ or 9 cm® cell is used depending on the volume of the sample. The

,,,,,,,,
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nmetallization is carried out. Metallization is carried
out by spraying a flow of nolten netal (or carbon)

under vacuum The SEM neasufénent itself is carried

out in a conventional manner 25 known to a person
skilled in the art, Exanple 3: Measurenent nethod.of
meggirespenticell assempliisryaghed{reh+glass &b I rencthg sample ds added to
(R &d: % | Tt & ' AfHinSAer®foOfhk Q¥ of th
}% &glagp? g@ﬂ%o*ﬁ%r%ﬁ’%%ﬁﬁ% gﬁlﬁ&ﬁgﬁg massei sot aken:wﬁ o the
ofening of Qhé& cgllf The asseastily imtvedgisdetelli € gl®0 odrf aample). The

area of nore than 30 nR/g; 0.3 g for an estinate .
gk rRe: Celh e dospsing gt fhs G s udeuiised. Degassing
pSSinkttRd 8¢ FNBRI/A3C R PoAfRdReRRNO gyFsubt) p¥2idans! 35/800°C for

for an estimated specific surface area of 2-3 n2/g; 2
slges, silicarfumess,i fipegd highealumina eamdniclimestene; ahd ¥ B300°C for the

/qQ; ;3 f an.estinmat.ed .specifjc surface.area of.
olfech ipthy: Thelul s b0 coigerith s ipf Gaf Afehing The
adsB@bMOIsUWBIgRéd e tiEAERhIe nottde ATl weiphRgUis ediBiéd 6& Without the

assenbly is weighed (cell + glass rod). Then the

stoppgs| Eh¢ masgieletde sampletie obeined byrrabpagigdhe masy ohihe gl from
t t hap .o ik L er fromthe top of the
th%p%%sgﬁgthgfceﬁﬁed]e%%TSF%l saﬂr@%assen‘ol y is weighed (cell +
gl asTh¢ amhalysisaoPltiey .sathpR isTeiRSUcamedt otehfteri plapingCdon the

on a der&assi ng uniit and the sanple is de%asseo\i
measaeasigng. hBe analyzsr & the Beglman Gonber 34510 thegngasurement
isPRETon (0 BRUBri ARG byt e bPY giyh eperhly G is
cdse 30O CGerhperatube of dignidr nitrogbiiiena. 196R€. Tak lapparatuapmneldsyres the

closed _with a stopper after degassi.ng.. The assenbl
PresSUig Phhe e Tarace f Phoufich SiracBdbomin dis AN Yapor pressure
e fHat 8f 1RUdanId BV, WARK ﬁ{o%p%lumzﬂ Bf T8 ARE afeBjected. The

sanpl e is obtained by subtracting the nmass of the cell
refsultimg clietdf¢hase swasfrembs cethe adsotptimasisettiesaip e, mEdsarement

anal ysi.s of the s le,is, then carrjed out after .
PSSR RgS MECSARY 8 K0 £k el ect b Ariapipyegmang of this
vblafheBe theratdre CatHddut with :bR6n bERRe RagHKSEENt 1S based

on the adsorption of nitrogen by the sanple at a given

t enpEhapraviousiyrcalqylaied guseof e samplseisaantared af a [prepmeter. The

140 o = . t e .
sACRET drfes is HERInRdBvaBR YR PEARERE estiSioh Jrom the
experiddental Scw@é.UThei obtaindf OfeppsdeiBibility s@ndarl haévigtiont Hfom 10

sanpl e cell in which known, vol umes of adsorbate are .
meajuseneIds onpasilicagdth § 2hg Vg eecHic susiRse area as (0dnbhg Qbtained
ré&?o&u@%ilﬂ?%%ﬁﬁfdo&vﬁeﬁﬁhI'}?Jrﬂq1OlIﬂeelsth%ﬁ{é?%sdﬁ' £EAEnt of wit]?~I a09

rocess, it 1s necessary to know the dead space of the
mé4g $pecidicnmiaface ervans 0072.t A sontrobdlisineTied ouheverfdwe weeks on a

arried qut with helium befqr.e the analysis. 20 The .
rol ARt LS bt rSarrs CHRed i I e SR PEsneR aygnina
sibphied 8y eledhanuf®urespeci fic BET surface is determ ned

by the software by linear regression fromthe

Example 4: the raw materials used

The following materials are more particularly used in the following:

- larger particle size range: Cassis 10-20 aggregates and Cassis 6-10
aggregates (supplier Lafarge);

- medium particle size range: Honfleur sand (supplier Lafarge);

- cement: HTS CPA CEMI1 52.5 PEMS Le Teil cement: 0.84 m%g BET or
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experinmental curve. The obtained reproducibility

standard deviation from 10 neasurenents on a silica
with a 21.4 n2/g specific sé#face area is 0.07. The

obt ai ned reproducibili ty st andard devi ati on from 10
neasurenents on a cene of )
speci fiet Bwn’pa{eaecavreQPAsCBI\/ﬁﬂ 5ARcQﬂlﬁqn6I v 2 %2& BEd ((supplier
out evejyptwo weeks on a reference product. Twice a
year, a cortrol is carried out with the reference

al um-nafins tpp]picleesizbyaﬁgee fiyeashf @b uteroted ERAetanfiér) Sunelance:

bart 1 cufder %@ff (PP rasRiEs agerpoes: o A m P Clewpplier
Si ze rang@iof s o?déxga1g'o4 4 9§2¢§ Hrgs éﬁﬁﬂll&aﬁﬁk&ls@e)l@imestone

aggr egat es supp I er Lafarge um particle’size

range: plondérefatsosdendted SEQ ficreafter)aMikdge) 4.66 méigeBET (ssplier

St or PR PSR LAk 558 BT el C%8 ol g

BET (supmpfatifé pahiﬂl@rs&@) ranfd: NQLiPATIHE €alsd aendte@m héﬂexﬁer)
ash (al so denoted FA h ler eafter) Sundance: .

BET ( sulkeme?71LhRA’sged’/e BEFer pozz: 1. 96 er/g BET

n/, )
( SunBht Bhriclk- A sHhih pfRRUE STRS mafbripls B el giged by
156 patitedsiRr analVlskd i tpartfol &OwitR/a0mBaal siz6 Uk Ith&r 200 um and by

Provengal e SA) or BL200: 0.7 n2/g BET (supplier 013/
videe partickesipe apalyses f§r particles guith 8 meanasize, geeater 4hagp200 um) is

oH50LEA FFTIRESETE ) A STUATAN, s R ool S e

mnmdmrsnalo?oepaatép(aﬁazldﬁtefaﬁg@ed by laser particle-size
anal yses for partj clﬁlevm th a _nean size Iess than 200
9

pm aHu sy examples thalr follove -asy admugary Saminob8lydis 1aleq aged as
gggg eater than 200 pn) is represented

%ﬁ‘!éf‘cgﬁr Irlghéﬁlzlgg and highlights the
conpartnentallzatlon of the materials into separate

the exa_o €S that follow,

Ay h3 g Ohs plastici zer

or S‘FR@{a]%t {;19 inZﬁfgurE-z %Emh@es% coq@&ﬁ5&t<ﬁagr%mahétvisqan$zatmn
according to the invention The photograph Fi gure

oha duy mesamacsordingiodhe invienigernantaa ity mp@uaﬂfutlzgs d B@S type.

tar rding t.o the i.nventi qQn

T pRpPriop RissTepts S Bk R st oct BBl T B i the ary

moRER Atcdrding bdetheeihvEnidag ahe dte Qfﬂlab&ftya@mbmnemeﬁieyn 8fifé and
in the dry _nortar according to the |nvent|on and the
ﬁ]@éﬁg |r{u§geé} 1sb§m@p1m(am§ﬁ% greptep ip e dry mortar according to the

invention, compared to the standard mortar. The quantity of water is reduced, and a

new ultrafine range appears.

The formulations that follow are formulations of concrete compositions
according to the invention, based on fly ash. The materials used are those described in
Example 4. Each number corresponds to the mass of material used (in kg) to prepare 1

m° of concrete.

Formula FA1
Larger range Cassis 6-10 953.70
Medium range Honfleur sand 953.70



ultrafi ne ranges)

I's approximately 40% greater in the
dry nortar according to the invention, conpared to

the standard nortar. The quadtity of water is reduced,
and a 25 new ultrafine range appears. The
formul ations that follow are formul ati ons of concrete

CemgPlosi ti ons
'[;he mat eri al s

FﬂEI%gﬁl%ﬁ e 4.

or.nmul a FAl Larger
P{‘:aé"ﬁ‘ééerl—lonfl eur san

nunoer

ki

hose described in
&%8%?)§22t

esponds to the mass of
Uttedfereirahgeused (i n k®f Etkenp9Bphre 1 nB of concrete.
ssis 6-10 953.70 Medium
23 Cenent HIS 52.5 LT

accor]dirﬁézéolq he i nvention, based on flz/“'20

353.80

381.79

6.00

20 Fine range FA Superpozz 353.80 Utrafine ranggg.o0

SFc El kem 971U 31.79 Pl asticizer

Water 100.00 Formula FA 2 Larger
ssis 6-10 350.22 Mediumrange Honfl eur sand
ment HTS 52.5 LT 72.21

F676d12$A 2‘Ca

Premi a 180 6.00
range Cassis 10-20

Fi ne range FA

L@g@éfaﬁggz 354. 06 Uthgsaflioom range SF El kem 971U 30. 9676.20

Pl asti ci zer

M—é%ﬂ[r}l?%rﬁesand 953.

Cordenmni s

range

Fine range
Ultrafine range
Plasticizer

Water

Formula FA 3
Larger range
Medium range
Cement

Fine range
Ultrafine range
Plasticizer

Water

Formula FA 4
Larger range
Medium range
Cement

Fine range
Ultrafine range
Plasticizer

Water

Prem a 180 4.54 Water
3 Larger range Cass¢#sB-6tl0 953. 85 Medi um range
HTS 52.5 LT 74.20 Fi neg74.77
trafine range SF Liken )

Corhtht 31. 79 Pl asti cHTES2Rlem a 180 12. 00 Water

onfigEEl

FA Superpozz
SF Elkem 971U
Prémia 180

Cassis 6-10
Honfleur sand
HTS 525 LT
FA Cordemais
SF Elkem 971U
Prémia 180

Cassis 6-10
Honfleur sand
HTS 52.5LT
FA Sundance
SF Elkem 971U
Prémia 180

100. 00 Fornmul a FA

350.22

110. 0®2.21

354.06
30.95
4.54
100.00

953.85
953.85
74.20
374.95
31.79
12.00
110.00

953.70
953.70
74.20
296.00
31.80
6.00
100.00



Formul a FA 4 Larger range Cassis 6-10 953.70 Medi um
range Honfl eur sand 953.70 Cenent HTS 52.5 LT 74. 20
Fi ne range FA Sundance 296.2®% U trafine range SF
El kem 971U 31.80 Plasticizer Prema 180 6.00 Water
100.00 24 Formula FA 5 Larger range Cassis 10-20
F 1 ssis 6-10 343.38 Mediumrange Honfl eur sand
Cenent HTS 5 1bhbn70. 19 Fine range FA
L%%%rd‘gﬁ % 336. 49 u‘?r %‘?ilﬁéor ange SF El kem 971U 30. 08°0>1°
Pl asticizer Prem a 886is6-100 Water 100.00 Fornula F343.38
6 lLarger range Cassis 6-10 953.70 Medium range
fm Bgge sand 953. Abonfle¥REd SPLC 52.5 R 74.20 Fine85793
ck@bge FA Superpozz 8@ M trafine range SF El kem 7919
71U 31.79 Pl asti c}lﬁzsg?- %r ema 180 6.00 Water 100. 00
Firerangea FA 7 Lar gerFA 8ngdan€assi s 6- 10 953. 70 Medi un336.49
ange Honfl eur san .70 ment HTS 52.5 LT 73.50
U&f °fafife FA Supe?%gggge%.l Utrafine range SF 3008

PlRdkss8r 971U 31. 10 Rbhagtd ozer Prem a 180 10.00 Water 6,00

103. 50

Water 100.00
Formula FA 6

Larger range Cassis 6-10 953.70
Medium range Honfleur sand 953.70
Cement SPLC 52.5R 74.20
Fine range FA Superpozz 353.80
Ultrafine range SF Elkem 971U 31.79
Plasticizer Prémia 180 6.00
Water 100.00
Formula FA 7

Larger range Cassis 6-10 953.70
Medium range Honfleur sand 953.70
Cement HTS 52.5LT 73.50
Fine range FA Superpozz 350.30
Ultrafine range SF Elkem 971U 31.10
Plasticizer Prémia 180 10.00
Water 103.50
Formula FA 8

Larger range Cassis 6-10 954.00
Medium range Honfleur sand 954.00
Cement HTS 52.5LT 102.00
Fine range FA Superpozz 329.00



Formul a FA 8 Larger range Cassis 6-10 954.00 Medi um
range Honfl eur sand 954.00 Cenent HTS 52.5 LT 102. 00

Fi ne range FA Superpozz 329280 25 U trafine range SF

El kem 971U 32.00 Plasticizer Premia 180 3.50 Water
130.00 5 The follow ng fornul ati ons are fornul ati ons
Ubtrafggaangst e conposi 3 Eem ¥ddbr di ng to the invention, 32.00

on | i nestone r limestone filler. Formula

P%%%ﬁ%grger range Cﬁ§§¥@§£§€0 950. 00 Medi um range 3:50
WHoerf | eur sand 950.00 Cenent HTS 52.5 LT 70.00 Fine130.00
range FC M khart 1 90.00 FC BL200 304.00 U trafine

range SF El kem 971U 30.00 Plasticizer Prenmia 180 8.00
Wat e 0R118Q; : r e ' Oz "
01, b1 CudYing TR, ok \BERRRTAD oERRIcRS SHgsiions
a@®Eligg to te memhtit Bagd. di lifestheqRwder ordimestoye fHET.

M khart 1 100.03 FC BL200 336.78 U trafine range SF
E|k%w1 71U 30.01 Plasticizer Prema 180 7.07 Water
K : lrormul a FC3 Larger range Cassis 10-20 661. 84

Liestafigh- 10 342. 54 (qssis 6-10 950.00
Medium range Honfleur sand 950.00
Cement HTS 525 LT 70.00
Fine range FC Mikhart 1 90.00
FC BL200 304.00
Ultrafine range SF Elkem 971U 30.00
Plasticizer Prémia 180 8.00
Water 100.00
Formula FC2
Larger range Cassis 10-20 661.84
Cassis 6-10 342.54
Medium range Honfleur sand 855.84
Cement HTS 52.5LT 70.02
Fine range FC Mikhart 1 100.03
FC BL200 336.78
Ultrafine range SF Elkem 971U 30.01
Plasticizer Prémia 180 7.07
Water 100.00
Formula FC3
Larger range Cassis 10-20 661.84
Cassis 6-10 342.54
Medium range Honfleur sand 855.82
Cement HTS 525 LT 70.02
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Medi um range Honfl eur sand 855.82 Cenent HIS 52.5 LT
70.02 26 Fine range FC BL200 436.50 U trafine range

SF El kem 971U 30.01 Pl asti%%zer Prem a 180 7.07

Water 100.00 Exanple 6: concrete performances

according to the invention 5 The performances of the
F@,@@;ﬁ{fget es accordi ngr¢t g1obge 1 nvention are eval uat ed 0136.50
the follow ng points. - Conpressive strength. This is
Ulizadigg r&geby produmsr@EE(yml dH cal test specimens wit$0.01

ter of 70, Q0 60 mm and a sl ender ness

Plr%Satfjcll rlmof 2, rectlﬁil nga{ e latter according to the NF7O7
WRids- 406 standard, then 10 | oading themup to fail urel00.00
As regards the Ioadi ng, the protocol involves

surroundi ng each sanple with two or three |ayers of
mmwfommseammginmodwin@ﬁbomr plate of a

pres a cen rrp at chani cal testin
mac h’f %ngﬂlagceﬁg gme €529y Qg(t SNveriios aﬁ\levalua%d on
the FoMSWiRE pointd. t h the st andards NF P18-411 and 412), to

be confrgured for 15 a force control of 1 MPa/s,
car ryi ngompressive str@aﬂh nghigpist wedsardduby raodusing eylindrisal test

| bod TR M A 07 Ao LS Lo e Slendifgsg pacio

deducedotby, ﬂscufﬁmgﬂglet h@ref @é@o@dlhg tb e I\‘BIECHIISOI(I)60§taﬁd&ﬁ1 then
t est speC| nmen. Shrinkage. This is measured on test

speci melAadipg diswe &8 to GHiltae-r greardsihe aadinge therprptogakinyolves
t and Yl
gr alnoe(l Ir%‘ﬁ%h@gﬁge%g]?ons | n cn't)ql% ?fn:ﬂ?or mﬁ%il@op 61@)%‘;3 tape,

ensur ecceteriagriarg tg lowee Iilastofqums@armgmmenmmhgl teyplate
on two supﬁorts having a. linear contact wth the_ test
speci neRechaeal Jrgingrnaging wabn SRe-RENIERL TPt RIFEI0 KN,

15- 433, [ p

The t espo e Rl ARSARIAME PRsQRF dnk AT, REEFLMiured for
t hen neafuceroanbbofl BPast carednguiit thsloading up to failure according
retractonget initiall t hen at each chasen tjnme). ..
Thr ougHBUe R e andiist pkesie e velup f iaptd St falure
Foom i Mygpyl %etéﬂ%néﬁﬁall%oﬁ%@@@%dﬁeﬁ b}‘ @F\/ﬁ:ﬁ'ng 'tl?e force by the
mai ntained at a tenperature of C and

rel at i vasctiemofthe fesbspecisBsn 5% 30 - Dur abi | i ty

%-Ln;a-s urﬁﬁ'xenrl](tageo fTh\{\slaltserrrlea 0red O tdst %ngngens 15duced conf’on%%ng with

the NF P 196-1 standard using prismatic moulds with 4x4x16 or 7x7x28
or 10x10x40 dimensions (in cm). Uniform drying is ensured by arranging
the test specimens horizontally on two supports having a linear contact
with the test specimens. Measurement pegs conforming with the NF P 15-
433 standard are anchored in each test specimen. The test specimens are
removed from the moulds, then measurements are carried out using a
retractometer (initially, then at each chosen time). Throughout the entire
period of the experiment, the room in which the test specimens are stored
is maintained at a temperature of 20°C + 2°C and at a relative humidity of
50% + 5%.

- Durability (measurement of water porosity and gas permeability). The
latter is evaluated according to the AFGC test or Association Frangaise de

Genie Civil (see Scientific and Technical Document, 2004: “Conception
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|atter is evaluated according to the AFGC test or

Associ ation Frangai se de Genie Cvil (see Scientific

and Techni cal Docunment, 20047 "Conception 27 des

bet ons pour une duration de vie donne des ouvrages")

[ << De3| gn of concretes for a given structure's

ser vi cedgs jéons>jour pRe durajen fdgrvia dernse les oyriages » huPesign of

c:orrparegl0 ﬂeé@hf%} %Weh?ﬁﬁ‘%tgr% %J@ﬂﬁ@eﬁfeﬁ standard B25

concreteée contro Ow ng-conposition: 5
Cas STBes]:Q)eﬂBnﬂgg:Eegatmaﬁ&ﬁH@Q:ok&gfaféﬂ inGelsatifsll®wsLt those of a

ates 339.00 k Honf | eur Sand .Q-4 847.00
St&@‘?%%‘g% éPE@f@EI(&O@?%GW&FP@r&’ llowing gpmpesifian: VEAC BL 200
F| II Bss?ssl(p%hg%eggt éo Chrysopl ast 20354@GHe e 0.77

VWat er

/m3 I't should be note hat t he
concCeﬂssas@:ﬂ]Os?ggr@ateshe contr ol concret369lﬁaskg/m

Ct anBan RS Bl ol or o a concrete "t RALORKET i ght 1y

| onekpperdINBN6&SnidAan t hose of thi s g9@bkgimimay
still be judged 15 entirely satisfactory. he resul t

of t NEACHIr Z¥:Filler st rengt h measur emeri?s00 kg/shiown i n

for o SerBi MeapEhEs |0 Beample 5 hdrse T O

possyidig t 0 obtain a conpressive strqunbogﬂ'gﬁﬁﬁ er than
or equal to 4 MPa after 16 hours and greater than or

equalt should ber nated ibagothePepnsfete chogndas she zontredpeancrete has

KB U B O o S B 1T,
thaB has!:é‘llglxtl@llbwgr g&f&n%c@s%haﬂ thdseof(B)s Eond3] dfay/Sill Fhjudlged
(1) 3.79 FA 5 (2) 4.1 39.03 FA 6 (1) 5.61 8.13 FCl

eqtirely saggfagoryg FC2 (2) 8.30 43.10 FC3 (2) 4.67 6.63
38. Ofpe result of the compressive strength measurements is shown in Table 1

below: it shows in particular that numerous formulations among those in Example 5
make it possible to obtain a compressive strength greater than or equal to 4 MPa after

16 hours and greater than or equal to 25 or even 30 MPa after 28 days.

Table 1 - compressive strength (in MPa) up to 28 days

Time: 16 hours Time: 24 hours Time: 28 days

Control 10.3 15.2 43
FA1(1) 3.83 6.00 34.37

FA 2 (2) 6.03 36.75
FA3 (1) 3.79

FAS5(2) 4.1 39.03
FA6(1) 5.61 8.13

FC1 (1) 4.89 6.28

FC2 (2) 8.30 43.10
FC3 (2) 4.67 6.63 38.07
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28 (1): experinment carried out on a test specinmen 70
mm di aneter, for a slenderness ratio factor of 2;

(2): experiment carried out2%n a test specinmen 110 mm
dianeter, for a slenderness ratio factor of 2. 5 The

cont is tested on. . a test specl nen mm di neter
f or éﬁs CEPRILREHL scarrigd, opp OPaEt taﬁeczne%??& Aun damgient for a

Slmésg%tofbgtop@frfl ed out on another batch of cenent,

moni tor the conpressive strength of certain
san‘p{ZQ:s experinient | carvigelr otteom a Tese spesimiensl 10l mr diagitegnfor a
in Table 2 [hdicate that, over tinme, certain

nd
SIP?ﬂeﬁ‘EﬁsﬁquBrf%& ‘re a mechanical strength sinilar to
t hat TRd cd‘rﬁfo\f 19&@Qd%134 kst sfRERN&GP Y B diaPdet@Y &7 a slenderness
better. abl e - conpressive strength (in MPa) up to
raalotfaﬁ@rqf%t of 4 months 1 nonth 2 nmonths 3 nonths 4
nonths Control 36.8 39.8 45.1 46.1 FA 2 32 44.9 49
53.9 FC3 32 39.8 45.1 44.8 15 The experi ment
COMPAhOtAEr bdparddd ickpesitgént Q8 carrfednsilt &3re aB&T Bhteld of @embt, to
invention with that of a control B25 concrete has
mgpijeinthe gempgassive strengilh oas:@ﬂa;@ §pmpleg oprthe fangay term. Tie gesults
alfggélg%ﬁ dﬂ} \Aﬁ'égle(i() aﬂds 1n%?c%g . g £ tr%\%gqgg é ﬁgl 'uﬂlfﬁglqse acquire a
meétieinefabsteength similer tattBatQ)ff vl gooll Yjnslitg lBISéUoﬁcfe&, beeved Better.
appropriate for horizontal applications or massive
structures. As regards the durability study, the

TR §L-;{, ugrcbﬁ% Etdifetn Qh MBYS ub 206 bifteQfinit bP4 I u’%ﬁfd

L ne nventrT O are nmore 1 avolr a L han
those of a standard B25 concrete, due to Iovver wat er
porosit\l [ Aannr aovi fcl \1 1nO/nfnr a CC'\IC!'Q e fnrmﬂ a

FA2, afpr oxinpate] \ ] " 179m9whks an orldneahy b5 4BwEMSt o
@@ﬁ pay ar[% M XT{Ng, 3 —25 respggtlvel 896 gqa 4%

8IayQ af ter the m xi ng) and | ower gas per rreabl lit
Fappr oXi mat ey 5x |10- 14 92 for a cgncretp of s8er nmul a
EA2 verlsus 1 1x1015 nP for a | standard BRPS5 concrete

Fe8 dayqd afteé®2 nixilng).3%Brrosfi on #&dts al so $Aéw t hat

the—behavior—s better—conpared—toa normat—1B25
concrete. 29 CLAIMS 1. A nmixture conprising in nmss
pr opOhé ieRp&rimérntosdrihatingOthd Yshrivkedee bkl Yohdrew &cBrdi to the

1.7% of materials in the
1nvent10n with that of a control B25 concrete has given the results that are compiled in

Figure 3. The formula FA2 (x) is characterized by less shrinkage beyond two weeks
compared to a standard formula. Therefore, a concrete of this type appears to be
appropriate for horizontal applications or massive structures.

As regards the durability study, the physical properties of the concretes
formulated according to the invention are more favorable than those of a standard B25
concrete, due to lower water porosity (approximately 10% for a concrete formula
FA2, approximately 17% for an ordinary B25 concrete, one day after mixing, and
respectively 8% and 14% 28 days after the mixing) and lower gas permeability
(approximately 5x10'® m? for a concrete of formula FA2 versus 1.1x107°> m? for a
standard B25 concrete, 28 days after mixing). Corrosion tests also show that the

behavior is better compared to a normal B25 concrete.
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5 ultrafine particle size range, conprising particles
wth a D90 less than 1 pmand/or wth a specific BET
surface area greater than 6%2/g; from1l to 6%
preferably from2 to 5% of Portland cenent; from8 to
25% preferably from12 to 21% of fine particle size
range nmaterials, conpri@le%_l\ﬁrticl es wherein the DO
and the D90 are from1l mto 100 10 mand with a
specific BET surface area less than 5 n2/g, different

fromthe gepRilre ccf)rhﬁmlgélﬂlﬁas@%{épo?ﬁ&{ser ably from30 to
42% of nmedium partic mat e

conpti si ngomaPdi o 4%, \Mﬁ%ﬁe@b}y tﬁl‘i’é1 %180 t%dfﬁ%’he? [gg%erg),l% in the
ultrafine pQGicrd sddDraﬁgén”Honﬁﬁ}ﬁnfgr 1§Hﬂ1él5s with b0 pess filara | and/or

t 15
wih Bapraie BEd e kg et B Sy Bier €1 1 the DROC L s
gr eat er t fram 15torfith, pReferabhy fmharZ tpr5éfriof Podtapdicsinegf; -
Port| and oy f ] te] f
| gr o glnm %SWB) 2%6 br@f’erw I?% 26 ég*’@'ff gP ?ﬁe gémﬁfe §1£leef$nge
mgteriglsf Feraprising parsicles Whevgie rtlm EIO land ﬁb@@%rﬁ@ﬁpm bmrrofo 100

pRQht haith HﬁﬁtBET‘sdrPa%e ﬁfe%%s% theh 4 1%9/% &lm&nﬁﬁe{m {88 Bement;
preferabI%fromSt rep from10 to

55% 803 % BRHIE OPUPA 4O (3%, A g partile size

ranpe hitdtialsh ofiBSSing poupieleh ivdareir heoD 10 Bd tHet DU hreefrom 100 pm
to rtlclg size range in the premix is from2 to 20%
Ssa nyrom5to 10% 4. The binder prem x
accot di ngfrom 29 & 6%, erefdrablyofrpmi 3% ma 477%, reflarger particle size

RO PRl Somainie ke bRk DO Bt ab sl ) 1 ©

from65 to 85% of nmaterials in the fine partlcle

Si zg rangg,pigdd féhggncgm AsidR% preferably from5 to
10% of ter;{cﬂsmthe ul trafine particle size
3509t

range. &M%t ure or bi nder prem x according to
one of clafi®pirtitle stke raﬂg&aselbﬂnédm cdiinr Bfahde particle

size range ris materi al s sen f omthe group
conpri si n{* @?rg?ﬂ%p?ra?ﬂﬁ§lzelr?%§§f gﬁ@ &’l‘
pr ewhqmemathe thas$ broq)amonmfdbqudmﬂatewwm the ardmmwai; &ss than 50%
gﬂ,@fgg SEAESE haR$25HRUM ce stones,
gr oun rffllsho ar gé}gﬁjﬁéfgj rated or car%onat ed silicic
hydraul i ¢ bi nder, and m xtures or co-grindi ngs
3. The binder premix according to claim 2, wherein the mass proportion

of the ultrafine particle size range in the premix is from 2 to 20%, preferably from 5 to
10%.

4. The binder premix according to claim 2 or 3, comprising in mass
proportions:
- from 5 to 35%, preferably from 10 to 25%, of Portland cement;
- from 60 to 90%, preferably from 65 to 85%, of materials in the fine
particle size range, and
- from 2 to 20%, preferably from 5 to 10%, of materials in the ultrafine
particle size range.

5. The mixture or binder premix according to one of claims 1 to 4,
wherein the ultrafine particle size range comprises materials chosen from the group

comprising silica fumes, limestone powders, precipitated silicas, precipitated
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of the latter, in dried formor agueous suspension. 5

6. The m xture or binder prem x according to one of
clains 1 to 5, wherein the3fixture (Portland cenent

and fine particle size range) conprises: a first

particle size sub-range, conprising particles wherein
cdarbenal) pyrsogedndtéd silieBs, araturhlr poazblane, fiinice stonds,agmeodfly ash,

ehd b ol YRic SRR PRI it fiRs KO Bhfding:
of/ihe datter.Hm drip¢ Sarmypefragiedus suspeBsigyb- r ange conpri ses
Portland cenent. 7. The m xture or binder prem x
according.to one of clainms 1 to 5, 15 wherei he
m xPure (PBY (RXHEC O rRIRdeT RFEMI% RECHAPE 1) %nespgéianaﬁgle)to >
wherpr the esix{ues (Poetld ceidry Ridfirepartield Sizandgé)venippiear e

from1l to m_ 8., The mxture or binder prem .

accor di nga?%Sto?ﬁgé%lF ST 4G c?ogl,pns\ﬂﬁe‘wét?ﬂest ngerfe%gxe D10

arphtht DY0ers frem T wnifenmopargr i ses one or nore materials

chosen 1 9o pat A3 sBIAASL BBpribinEBEHRNS WIRHEIEHR D10

SI|IC€OUS§O ers, linme, calcrum sul phdte, slags. 9.

anghibe fa%rase &owr 10fed 0 xmiccor ding to one of claims 1 to

8, conprigad9n whiclPQhé | @80 paRRRNkiz8 Ndhblraiged BmpAses- Portland

Portland cenent and |inestone powder; or 25 -

CP¥™1 and cement and slag; or - Portland cenent, fly

ash and |inestone powder; or - Portland cenent, fly

ash,and s or - Partland cement. .|ineston r

a7l ag. TBY mithst of S SRl S qpaig B pRLBC REEE o 5

whenethethe amizitusd @yrtland@ehbnt afdefinvi pattinle sige ramge) erinxprises particles
j t.Qd AED =Y , conprising

“@g@?{tglﬁgﬂgea%%nt ag%aﬁlfgdnggﬁ&%%gnﬁot conpri sing sl ag.

11. The m xture or pre-m x according to one of clains

1t9 9, COMPmhiktRE or BindQ' preARE a6&FBINE tBN6heS bAGIARE 1 to 7,
ot.ct%ng.rly n? fly ash. 12. The m xture or bi nolier from fl
Wg?f@m € A1e PREHGIRSIES Tah8e COMPHPSS; g of mage materialychosen from fly
asho pEzoBingldimSilonepopldas] silitsos powplérs1ahe, \caRium sulphate, slags.

accel erator and/or an air-entraining agent and/or a

t hi ckeni ng agent and/or a retarder.
9. The mixture or premix according to one of claims 1 to 8, comprising:

- Portland cement and fly ash; or

- Portland cement and limestone powder; or

- Portland cement and slag; or

- Portland cement, fly ash and limestone powder; or
- Portland cement, fly ash and slag; or

- Portland cement, limestone powder and slag; or

- Portland cement, fly ash, limestone powder and slag.

10. The mixture or pre-mix according to one of claims 1 to 9, comprising

Portland cement and fly ash and not comprising slag.

11. The mixture or pre-mix according to one of claims 1 to 9, comprising

Portland cement and slag and not comprising fly ash.

12. The mixture or binder premix according to one of claims 1 to 11,
further comprising:
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5 13. The binder prem x according to claim12, wherein
the proportion of plasticizer is fromO0.05 to 3%
preferably from0.2 to 0.5%%xpressed as a mass ratio

of dry extract of plasticizer to the mass of binder

prem x. 14. A mixture conprising: 10 - a binder prem x
accof di ngaphastisizerof clains 2 to 13; a nediumparticle

si ze_rang fi ' ' X o Lar d/
particle @ﬁ’tizaozlaﬁgn%g%g%&%gﬁneg ?]rnalgln% ﬁlwltia?mlf% ﬁi Ete andior @
thigkenigg agent @pd/ar Agetader] ai m 14, in mass proportions: 15

- from1l0 to 35% preferably from15 to 25% of binder
preng x; from25 to 50% preferably from30 to 42% of.

mat &ti al sﬁ?firnq’k"a%f PHFBYF @ﬁg%gwgitel 19 %ﬁ Vhagig. thg pgoportion of
plastivine? 5s fromIROS tddB3%f prefahbly ffrodi0.350t005% EXpresded as a mass ratio

terjals.in the lLarger parti.cle size range. 20 16.
of iy exird Of Blastctey of M o SRBEF e 1. 5 to 12, 14
or 15, wherein: - the nediumparticle size range

conpy i sesA%ler@Q&%}%Si%ne sand; and - the |arger
g

particle size range cormprises a\%gregat es and/or gravel
and/or pebiadespramiy rcordingtogmgwérlaims?2 1713, The ni xt ur e

\{;\III: cordin g? hiRdRmepsticle st Mngh as defifedid clalmh 1t and 6,
ereln

Pe spacwg.coeffim ?_t gf t.he skel eton by

t he bi ndef [FgerPABicIsies rapgaasdetined fglaig} I from 0.7 to
1.0. 30 18. A conposition of wet concrete, conprising:

- a. mxtuke according,to.one.of .clains 1 .tq 12, 14
Cooy e Al SO R  Birg 4 in MK pinpRighS ot e
conct et e, fromnifrto Stig pr&rablyfframml 1 2861 00bindgr pBymix;
preferabl y,fr 95nt§056"/.9, é&fé&%lgﬁfr&ﬁl @Q.ttgr%?)b,sof Mhatéis in the

e as de

ultrafine partic Ssizeé rang ined i'n clarm1,
mediym pesti¢le sizsoangg/ #® preferably from 50 to 120 kg/ n8,

more. prefematy 1 55(0/5,%@9&&())9&@91535(&/ B, S miefihlk 3 ehe larger
32 from 200 to 600 kg/ nB, preferably from 300

cenent ;
p%&g(‘%eﬁﬂﬁ% of materials in the fine particle size
range as defined in claim1; from600 to 1200 kg/ n8,

pr 6{66. rabl ’¥hg ﬁl?xmuge%%cérgin%qg %ng gf C am?sfl, 5to 12, 14 or 15, wherein:
- the medium particle size range comprises sand and/or fine sand; and
- the larger particle size range comprises aggregates and/or gravel and/or
pebbles and/or fine gravel.

17. The mixture according to one of claims 1, 5 to 12, 14 to 16, wherein
the spacing coefficient of the skeleton by the binder is from 0.5 to 1.3, preferably
from 0.7 to 1.0.

18. A composition of wet concrete, comprising:
- a mixture according to one of claims 1, 5 to 12, 14 to 17, mixed with

- water.

19. A composition of wet concrete, comprising:
- from 10 to 100 kg/m’, preferably from 20 to 40 kg/m’ of materials in

the ultrafine particle size range as defined in claim 1;
- from 25 to 150 kg/m®, preferably from 50 to 120 kg/m’, more

preferably, from 60 to 105 kg/m3 , of Portland cement;



10

15

20

25

30

35

materials in the mediumparticle size range as defi ned

inclaiml; 5 - from600 to 1300 kg/nB8, preferably

from 800 to 1100 kg/nB of Haterials in the |arger

particle size range as defined in claim1l; and -

optionally, a plasticizer. 20. The conposition of wet

conc et e, framc290cto r6§0 thgy/mi, @rerfemﬂlycﬁrom 30010 560 kpim S)fngatenals
t ra8Rtf-ai ni ng agent and/or a

1nalﬁe ﬁ&gﬁlu‘ﬁ[ﬂ% sie r?r%y as élfﬂﬂe(ﬁn cld glr ler . 21, The
conposi t i gﬁmoﬁonéP BoRckene, Paftf@f@bb’ frgm d0Brie 4900 kg/m® of

mﬁieﬁhﬁ‘in%rﬁ&h@xﬁ particle é’i‘?@faﬁgé‘aé Jb?in\%ﬂi Eiafh @, Where W
desi gnat eﬁ t he quant ity of

h
of Port | afamcEARP, 1309 ke/am frqferaglyzsfrog): éf%%qtsgﬁm ke of

matefialsGn ﬂhe':_iarggﬁpart'lftle size iaQRgiat defindf in\bRiimdQ aad et e,
accordi ng lainms 18 to 21, wherein WB

ratio, %Rtbonﬁ\ﬁﬁé‘ﬁl 'SHES the quantity of water and B

the quantity of 20 materials in the mxture (Portland

" or ot SRpRRIEh of 3t [ depghding 16T0lml 160 or 19

C%@?ﬂﬁéﬁgtl on of wet concrete, according to one of

cl aims 18y QocdRerator 4rfAMBreH diRerkBfnidf ABent Fﬁﬁ%?ﬁ@fﬁbﬂerﬁﬁ@ﬁ%ent
m%? to 150 |/ nB, nore preferably from95 to 135

R 1514t er . 24. The conposition of wet concrete,
according to one of clainms 18 to 23, which is a

sel f-pl aci concrete,. 25, obj of h
conth ot o S PTEPRHHIGY T sArareleoPRRHEE i tareotame 18 to 20,
whérainnthe ¥¢/G mtidd whae. Widesignbies the @fanhgr afematedr amh@ rthe¢ guantity

I"&ﬁ' Lng. . = , ef grably from 20
ofo %d{%eﬂ%@té é@metg)lcba réfg&bggé{[ﬁljo tll‘gfl ne particle
size range as defined in claim1; Portland cenent

hy dIZit es The @orﬂlbk%ﬂidntdf WEldoRSrEfeN Qécﬁmlﬁgt@oﬁmlélhhé ®fto 21,
cement from pr ef er abl %‘Eqr om

wheels galiey/ Haere i) mgﬁ%%%ilpmltwqfa’m teforndoB £be; quantity of
mh@hglg in 3186/ mixtei (BORlahe ci&ﬁ&;ﬂ@ﬂ Eﬁxefgiﬁ&ﬂ@ 5iad® _katllgEI , @11raf.1 to
t als in the fine particle size
O'E‘Q’rpdggﬁ%’%ags@g{e%n&%'ai m1l; from 600 to 1200 kg/ nB,
preferably from 700 to 1000 kg/nB of materials in the

TEOLT Porhd AR SRS AR D Bl iy A5 0 22
R}@/qggtodeO 1/m prefera%ly frbmp80 to 150 l/m , more preferably from 95 to 135

/m® of water.

'_'TJ

24. The composition of wet concrete, according to one of claims 18 to 23,
which is a self-placing concrete.

25. An object of hardened concrete of the composition according to one of
claims 18 to 24.

26. The object of hardened concrete, comprising:
- from 10 to 100 kg/m®, preferably from 20 to 40 kg/m® of materials in
the ultrafine particle size range as defined in claim 1;
- Portland cement hydrates in a quantity corresponding to a quantity of
Portland cement from 25 to 150 kg/m®, preferably from 50 to 120 kg/m’, more
preferably, from 60 to 105 kg/m’;
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materials in the larger particle size range as defined
in claiml. 27, The object of hardened concrete
according to claim26, wher®&n the spacing

coefficient of the skeleton by the binder is fromO0.5

to 1.3, preferably from_ 10 0.7 to 1.0. 28. The Obj ect

of har denfdmcDOab&06 kginbpeifagblydfrand00fto SDAKg 2H haterials

inihe G OB BT e BRI E 95 26 P pr ocess

ess S 15 29. A process
for prepaframi 6@0 a6 b20@ohym§'1 u)refﬂrabl‘y from 60 ctoel @0 kg/m’ of

maf2BRfs éﬁ tHenedtur % TlE@ f%hEQa@%éﬁn’é& Y Saif® 1d ef ' n ed

accor |ng to on , 14 th

wat er, 20frgm. 600 gp ok309ske/ar [PF"%,fF)r&P]é{t frem §100at° 1100 kg/m of

maRNBR S tHedRrgef patBtlc GRB ¢aReQs AOfiidd ifiichim 12 step of:
m xi ng a binder prem x as defined in one of clains 2

to 13 with materials of the mediumparticle size
ranzfe as Thkd obyeck bfhha:rtlaierh c]o.ncrwd ecrdoediﬁg ob ctaiva 24, awlgeein the

sp%‘ &lglc%Fﬁic§én§§f @‘%ngc%]et n E & 1n?é¢'r 19 %ro'n? %% { oM. § ! }%{@P@ggbly from

prepaiat i om
0&@%@&S|t|on of wet concrete according to claim29 or
30, wherein the quantity of Portland cenment used is

| ess than_150 , kg/ nB, preferably less than 120 kg/
and?*$or e Eh%?@ﬁ‘émf)haf%ﬁ% cPR@etefacertlpg to pnes cl%z@ﬁr%é to 27,

ha¥énSshrinRagy 1865650 400 W/ RREREALON eSS than COMR@FH After 80Tdays.
wet concrete conprising a step of mxing: from10 to

100 kg/ nB, preferably from20 to 40 kg/nB, of

rmt 29.1 al sAiproceist éor pirépasdtionefpaiohipokitios iof et engeet@somprising
%? ped in claim1; 35 - from25 to 150 kg/n8,

pr erably fromb50 to 120 kg/nB, nore preferably,

from 60 tmixiogakgykivge o defined| ageetdmgrte rome of ckime 005 tte 12, 14

toGlGiOvJﬁﬂ/\fQ%er preferably from 300 to 500 kg/ nB of
maf eri a in the fine particle size range as defined

inclaiml; 34 from®600 to 1200 kg/ nB, preferably

fr030.700 AGrd&a9fdt Préparfion Brlaohipositivh of het emiidtetomprising
%%%tkcl e size range as defined in claim1; from600 to

kg/ n8, preferably from800 to 1100 kg/n8 of
mat er i al smixing haebindergprenpardsi ddfmediineonecaofyelaass defd h@dwith

mbfriGs A thd mé&fith particle size range as defined in claim 1, materials of the

larger particle size range materials as defined in claim 1 and water.

31 The process for preparation of a composition of wet concrete according
to claim 29 or 30, wherein the quantity of Portland cement used is less than 150
kg/m3 , preferably less than 120 kg/m3 , and more preferably, comprised from 60 to 105
kg/m’.

32. A process for preparation of a composition of wet concrete comprising a

step of mixing;:

- from 10 to 100 kg/m®, preferably from 20 to 40 kg/m’, of materials in
the ultrafine particle size range as defined in claim 1;

- from 25 to 150 kg/m’, preferably from 50 to 120 kg/m’, more
preferably, from 60 to 105 kg/m® of Portland cement;

- from 200 to 600 kg/m’, preferably from 300 to 500 kg/m’ of materials
in the fine particle size range as defined in claim 1;
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5 - optionally, a plasticizer and/or an accel erator

and/ or an air-entraining a ent and/or a thickening

agent and/or a retarder; 4 - water. 33. The process
for preparation of a conp05|t|on of wet concrete
according 10 to one of clalns 29 to 32, wherein the

m xing i sfromr 60G&do ol00akg/m’ V\bféfexablyofromhéf)@ t9/ 1000 kg/m® of

oAl PR A %Lg%@%%ﬁnm}éﬁ‘gﬁf rom s
to 1:5. 3fomTHRO fip ok399skg/or, prefprablat from (89 ao 1100 kg/m™ of

maRARRSH EHqurgelf S%éﬁéle 6128 ‘f;{r%(e &s BEmddh Rfhim 2 ahp One of
clains 29 wherein the mxing is carried oyt at

a WB rat %lqnalé)‘n ayplasticizer oalwé)r a5y ace el pranriandiog g Gurentgaining

agdnBahd/MehikWMidg ap @i ahd@sr 4 Rar@eaiditht y of water and B
t he quantlt% of materials in the mxture (Portl and

cenent and®fne particle size range). 35. The process
for preparation of a conposition of wet concrete

33 ;%tr :jlt NYT olg@g%g{x%s s %;argt o?lrc;ﬁaﬁ %ngtogltlﬁé gf %ﬁ%o‘?f-cfkté R&ording

topnefad) mémmy 2Prte ﬁﬂswh@remltbe) niiximg is pasried puteatear%Cyaticr, orhere W
de%ﬁgn‘éf?:s 1RPqubn B of3Bater s @ BRSFuah Bty d?ﬁ%?@fﬁﬁtdeﬁﬁnpffroﬁl 1to 2.5,

t concrete conprising a Step of; - casting a
Pr@ %oMoh3 8 Idet concrete accor di ng to one of clains
18 to 25 24. 37. A process for productl on of an

ob j ect onc ret conp
Hfiposi TRORGT S BUREIR L LeQOBP ARG of yebHierie atdrding
toairalafsla.’irﬁs 29 o 23| widfein the mixing is carried out at a W/B ratio from 0.1 to
0.45, preferably from 0.18 to 0.32, where W designates the quantity of water and B
the quantity of materials in the mixture (Portland cement and fine particle size range).

35. The process for preparation of a composition of wet concrete according
to one of claims 29 to 34, wherein the quantity of water used is from 60 to 180 1/m®,
preferably from 80 to 150 1/m?, more preferably from 95 to 135 1/m’.

36. A process for preparation of a cast wet concrete, comprising a step of;

- casting a composition of wet concrete according to one of claims 18 to
24.

37. A process for production of an object of concrete, comprising a step of’

- hardening a composition of wet concrete according to one of claims 18
to 24.



