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1 CONCRETE WTH A LOW CONTENT OF CEMENT FIELD OF THE
I NVENTI ON The i nventi on prolvl des a concrete with a | ow
content of Portland cenment,”as 5 well as preparation
processes of such a concrete and conpositions useful

for the ¢y IRE G 7 . NI CAL
BACK CON@ISE’gg \g'g’lrﬁnA ?;%‘%1@ @Wﬁﬁfﬁﬁg@@ﬁl@g‘l 4 of

concretes in the last few years have 10 led to the

F 13%19‘? rﬁ\I\FENf vative cenent fornul ations making
%—e—m—% in ultra-high-performnce
condheti®ention pbdwiddsi ¢dicise GithCOMIW esifibnteof Hor@atgt dbment, as
hese fornulati onsd%ener ally involve the use of extra

e PICRMSUPH PRI o $6" cefiiiretaniad eapostyaredseiifar the
lmﬁgﬁgma\q@ﬁ gpthggeeﬁ,rt,ggss&xanpl e fibers, organic additives
or so-cal trafine particles, generally smaller
than cenment grains. 15 For exanple the docunent EP
7 nortar conposition conprising,
T %18 dBE%T\ﬁ)nt sand with a dianeter from 80
m t TedhndiBgidah deydsprheisd @rthé field of 2ondrexe®th8Yast femt Yt ave
' S|I|ca V\Atglaa dlarreterfrom01to_ 0.5 mand a

m c
lec\/\SHtt er"émmeﬂbo BRYalye coypefdy formpulaiions ppaking it pessihlg (o obtain
ultfﬁﬂfgﬁ%@ﬁ@)l%né?\% YeomSretels hodidly By tc‘!ﬂsgm CBI%bl%tsélVee strbhgif €These
cenent. 20 The docunent 95/ 01316 describes a
foroasions gen@n@bm@ﬂ@nthcmlof Skitg matdyeds thesddaer taaeanent and
scFERB P B 058 o TS gl 0 Bl P
ult&iﬁlnh partioles, gens@lll lsshadstthar cdfmh@sgraﬁnsr nace sI ags) w t h
anet er ﬁf P;n rral | quantity of netal .
f i b Pk cAaPi§pthe oH%‘I”I“&Fnté dﬁél% [AESLTNERMde FIOFIRY sPFppesition
cm%gﬁﬁnéOoe@%e@?@rtﬁﬂ@'cl:m@x%a%ddt\lvﬁl$ aqﬁaxﬁétaefmﬁ% Eu'th@Sl maﬁ(m
e anorphous silica nay be present at a rate of
padigyinp yromeilghtto rféJOamm%ewtr@OLtSh@lcr@seh@nwnhamdlanmergfr@nrQ;ll to

5%3 aka ap\QngxefedﬂécI;{Bg g§ér}t org)rlééﬁglg T, I'I‘?le tr%?}o%?lﬁlé ¥%‘§5ﬁ?‘§§§% nly 10

rate of ative
to Jote bgzmmglﬁtreianmmam tdnmoamt.i n t hi s document ther ef ore
req r of cenent
ottt e ARR TA D 18 B Penh PRTFE cbmateg: wmprising

beﬁmlﬁﬂd%rﬂéﬂf Ysaftd Withad dibRelcR@f 180 tPL6F AR, sl @REnenEs with
di scl osed, with exclusively steel wool as netal fibers

pozzelnimsAgaUEotably araerpheusedikigrebitt wlspi fihash esdlassifamnes slags)
e 0 it S h

wilh o e, OGP TP B BBy EELP el Dk ptiqnaly

grap@depuhtn gowdéﬂ @vemgde sizapOi pm) arhbsmwldaslu:mthy:si oé wthec additives.

T RBPGRIoHT SlchMHAGE RIFE 4 THI fcf biocfise Byt e vohe
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 é)rganl c particle binder
with a dianeter from0.5 to 200 m as well as a
superpl asticizer or plasticizer. The docunent WO
fro%@(’) 48860 18! MO&@OQOC% b§ e :?'Q '}Plgﬁifet Ic%Re SRRl S &%amc
cenent and metal fibers as from20 to 60%
pawlev\lemgmwnl@ laagtiameter fomh@Sde@@Atum, rmtwq:lk aph sgpernlabtagizer or
es‘lgmants of a type of sieved or ground sand snaller in
pla jzet
I'ze"than 6 nmm elements with a pozzol anic reaction
smalThe rdolctﬂmsthWG lﬁ)amslzmnrelaes adlaacomreté lcakiposibe BMpsising
snal | er SI ze than and a dj sperskgq(\i agent. In
it

cemeRy aésééﬁﬁs berg pewe |a% oTR 20\ 100 %Dy, y£1ebt Eitiverta e peypent
mai € of 8RR klat Hl%ﬁfém@%f A t&ﬁ@@f*‘ﬁe\?e'dl driRodld &nli kA& in S:H% than 6
approxi mately 30% by weight relative to the Portla
mmefﬁemcnts Mrthaa p@lzatanmeﬂeyctmnmmadalﬁr mesipeethan tlhendto;mwrbagrm flaky
R B S Ta hR S ey G EEEaRERRAL U SPy e
elefnebar Wwith dgpeédralanfc ﬁaeuimnh& somliluedd by viret@s tsilaa & drfate of
fine eleggts Wi t 0zzol anic reaction smaller in

a
APRIPEENAGHY Yveiser st a%%&g&heé’ﬁéla&ﬂgﬁ@% ng agent. In
thergdif frQn@Rly IPmENHANE] &XaaRLURRNt WO PHP$EIBE! §dsPhbes a
conpri ses appr oxi mtely 30% of quartz flour and
comwp osinpedieoyin3oshgreiedigded asfleast: Iausmllfqua@tltry@lf atgavie fihgrs,

|ons bet We%ﬂs ‘i% di fferent

granu a{ eﬁafne S smalplgrsl% S? t’ﬂor a pozzg]a{glc I'CGaCtIOI‘l

fine el
Si'ze ranges are nor MUREIRER A
smlaneraml gizerthaw QoMani agd\it Oll:é@S@{éG)hspérsmgda@ﬁt okl g different
ot her concrete conposjtions.. 20 The .doc
megi gnefe&ief sth§ ‘i%'gg’ls’é’toé %P@ﬁé?%@ﬁ?%ma@mﬁ’% ﬁ%ﬁq“am flour
and\@;b;ﬁbxlhﬁﬁ‘el B@%'b%r \b@gﬁ cﬁ@ﬂﬁ&%rﬁgﬁ‘elﬁiﬁﬂghﬁzrceﬁ{eﬁm 3to7
are “added: sand lica fume with a

chaffaeaeemr@qr@orm ém@te@n Ith,fsshffmm Ppapclarsizntiahgrsniaryy not
| ast , | gast .
fur}%%%gﬁtaﬁg% e RE aPlafl? doﬂn%gr(t (Wéc@ﬂg%é?sol (Elg(ﬁlgsd?ﬁ other

e Sl ze ranges are represent
co@%etet:hﬁpdslﬁcﬁrﬁsr ent exarrpl es, it is noted that the

silica funme is i ] porit aredtothe
cembfit doptBeniget B3 AR gciihes i Fyrepiie SeaR, Tam cement in
whEUhOtB@ bR At 2ARRERXE BRLREY FRIPY 3 KE TRER, to Whi& are added: sand,
concrete. Analysis of the prior art shows: 1) that the

siligp fprRe wath aghagictarisic fimptgrdesschan 1 ¢ms gs @pfifaagiing agent and a
su&gﬂgﬁfc%r sgf\ﬁ@{hg?at l&zﬂ?tfm: aF F ZE rraﬁl Fé 9113 é%ﬁjéie%[eﬁafhc %ht of

cretes and does not gener to ord
theocbffeneet esmpdasdit 29 nétbdithaathe silive fame usmtd mirdonigywompared to the
ave a.relative hi t content
Fileine 1§ DEne Pl Shin L pR2oS L P BB T e 900 e per
3gﬁ@6n(ﬂaéf ormances in terns of conpressive strength
than the abovenentioned concretes, for exanple the
B25Amplysisof thegritor @ftsBoys: e. the conpressive strength

28 g?yﬁla@tﬂee(gptmuﬂtf& &Sth@YolnGfRtond 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 3360 kg per nB of concrete.
Mor eover, current European standards do not provide
cement |evels below 260 kg/nB for ordinary concretes.
f I
T B B P e Y ppfadly TB0e 360 ke
per g8 p!frmnbte@e fMprepvegh comesoburdpenni slendandssdé mnt provide cement
ct f3 ran in fact requires: a)
levglﬁsg)ﬁpo“f ?énﬁ;kgz ?Oeocrglrn I P61 of the raw neal that is
obt aowe dhdypraessaslifog cerhdi’r& p’raAMdﬂiBh etnd hfore \pﬁlrtﬁblaﬂiyeits prime
not abl y Ll nest one and % EI ring
coRfeRbT F YT h & TregPPoRpioy Tode gb eﬁ% o diPude t gnissinay The
pr&Mctﬁ&P&f%lmﬂeQr &k | irnﬂlct rtQ&@s&: two stages produce CO2, on
he one hand as a direct product of the decarbonation
and abprehicating m,dr deh;amnatsonaoiwe pavo deeat thef ist ¢gheained by grinding
conbu5|ont nthef| tage in
order 5 Py riendiE witbuF AP E ot he o
t hebef firifg bealhihiesing the Ricausn Hf SEPET @xipeRtet,YoBbWek 8y @hpid
15 C2 per tonne of binder for a standard B25 concrete
(based“¥Mi"gn average 850 kg of CO2 enmitted per tonne
Of gRERNo sl hiblisel COPVEN IR 67 Rind B o Urelll bibBindl e
performance concrete. Now, the high carbon di oxi de
decanfagigiiom sind rors then deet hend dca ibyrprpduse ezfstés @tmbustécms it is
imgg mer‘%t% ”S&egm PRRLL LOAS, Rt Rl BB
MU SRt Nt al™ s ol e Eh e, eztﬁmlpﬁg 5urrent
conraxemisioh lsudl]j tﬁa’efotr@rdablgda £ﬁ1ﬂﬁﬁmm0@q11ﬁld>)t1hﬁ&ly 860 kg of
strong need therefore exjsts for a process nakin

CQrassiting o §insieb e e Pér £oMireth ( 068 " FCIET §§%&g of

coaaém&ddFax kP CH SEMORS: akd1€his &s e&gngfeﬁk? foPr v hﬁfanlggh
satisfactory mechani cal properties in particular

peréfqmamadt emcraty t hose of existing ordinary concretes,

R B ey R ST S ARG g o
cerﬁdfrﬂ\&hd feSnc&etmc)ohipbatlommﬂsﬁﬂu&ga 2 oTRasSirpirmgodltprobism, and, in
om0.4 to 4% pref from@ftol?% of
the GHEPY SO 0% HEKSE (R RRPmopy PRTENISS o1 76 1 ange,
CONRAr bedr3Ondear thbefe eMstsfor P@Q)cé@sﬁahh?m faossilﬂé %‘Q/r&fuce
30 a specific BET surface area greater than
corforgsen With oregygedp pgsogiaigd) garbppndipxidg emissions, Pthet |saﬁdconcrete
f
TR i Ll R e W8T 5B O AR g o
exipt@g ordinmasy vdnereddsnint View OF Gs asedinttheecdi8uaioa ifidsmy 1l

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 um 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 mzlg,
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.tmto 100 mand with a specific BET surface area | ess
than 5 n2/g, 4 different fyomthe cenent; from25 to
50% preferably from30 to 42% of materials in the

medi um particle size range, conprising particles

wher ei ﬁlffel}@lt@%%@,@@eﬁ@ﬁ D90 are from 100 mto 5 mMm

and 5 - from25 to 55% preferably from35 to 47% of
mat er i 08 2hta p%| pregrrably feom 36 |te 427z of maaterels in the medium
conpr i t r

m chnjlﬁ%l&:gs?{ |1J81‘r}1é éll S){%'BS&S% ?8%12:?63 Qé‘n%redr% s l?gém%d {he%bos are
corrprl &iongt 00 pmlﬁmﬁﬁﬂxﬂ;"ﬂdcerrent 10 - a fine particle

par €1 GHBHSPS 40 PSHodrele Bt MHEas bR IR ich THPEHS thée larger

nass F’Rﬁ}ﬂ@kts‘li&r}aﬁ’ée E’&h?hs’slﬂ% P%@}%@we&lﬁ bR BI®IY gfedtér than 5
| ess t 0% and preferably from5 to 35% nore

preferamty from10 to 25% Advant ageously, the nass

P ORBE YRG0t Abh RGHL Sbgpalifg Tange 10 the

15 sal em X referably
from 5Pbﬂlaiid)%mékdvant ageously, the bi nder prem x

according to the.inventio rises jn mass
pr oporf‘?gﬁgamc FYISFRES 3 ‘gg%’ ET s y from 10 to

25% Ofp E’@Irahhél/ﬁgmﬁfemtran ge ds'@fTh&PaboRe 0% preferably
frome65 to 85% of materials in the fine 20 particle

si z& wairgethe anass -prépaotier of Bormyl qemenieimatbieyprémixmisslessothan
50‘% anod é)%fS\CC gefrr(!)rglss‘t? 3ot Iﬂ?oré'bxterf Bblg?rorrp %ITL %’I;‘?e size

0 one ad ous e nent of the
m xMwmt%eobsIQMB nperse moportﬁﬂmfrtﬂé Dlyrafige pheiclensigntangin the

the ultrafine parti Si era jses materials
saig hdspPrepyX 51 @Hgiago gg’é‘?jg n?é(%l i ca fumes,

| MRS MiSedoavNIethe, biRI& r&hl@b@‘c@rcﬁhé It& W 1@6&%@&&@5&% in

carbonates, pyrogenated silicas, natural pozzol ans,

mqgmmoeert@v@nes ground fly ash, ground hydrated or

car bongyees 81 sehe U i fo i 50 ror ARl shires o

Co- grin there ormor’ agueous suspénsi on.
Accor dimog 60 ta %)ﬁﬁs t preferay érmo diSnen85%f of meateniatd wr eheofine
bi nder remx a rding to the invention, the

m xt ur B ’f%rsleeé?ﬂ:?e %’Hgnt and fine particle size range)

conpri g8 2 to 200, MfrtfeRdly Fohes b 2095 U-h@BHSs in the ultrafine
conpri Is);rggle%%rétrgrcl:glees wherein the D10 and

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

Ssi ze sub-range, conprising particles wherein the D10 5
and the D90 are from 10 to 100 m and in which the
first particle size sub-range conprises Portland

cement 4ng de EWrO GohP1PREI 0B IHgr nat i ve enmbodi ment  of
the m xture or binder prem X ‘accor di ng to the

i nverd inowhich ke firstpagtide ¢iPe sub-rangde cempmnses odlahd gement.

part, ¢l e.size ran 5 ¢co r
Phe Ao Rl BGhar® FRERERED oD nTER PIBlGHL romix
acaiding @ ehetingatios, wehaisiuie (Rordind deeneiit Aidifite pirtiblenéRrrange)
prem x defi ned above, dntghe fine particle size range

CO’(’E‘BH?P@@E@%H@“%‘?‘“%‘&BF%P“ £ &0 o 9el) Whom 1 y

ash Ac@&ﬁ%&' 18'bhe eJdbEEﬁiée%ﬁ? cRBYEIRTR ofiHel RRAUE P BVRRF Eremxx
lime, calcium sulfate, slags. 10 Advant ageously,

as efinest ebwye, plneefmnﬂ mistlcd@fsnme@nsﬁb@ompump@nes es several matenals
ch&%h&éo?%ﬂg%%% zc‘;j}ans flm}ést% wdfgs Sé ﬁ) S gg Ser?,ggr}le,g:?%_ium
sulfaé tsl e d cement fIy ash and Ilmestone powder; or 15

- Portland cerrent fly ash and s]ag; or - Portland
cenméYivantpgeously e Mi¥HERer P&ﬁral&aséfgfm%# abovpGPIPHERY:

cement pofiladd 8SHent bh @8BSt rpPowder and slag. According
to one enbodi nent, thé m xture or binder prem x

conpri Belan®orméndaad Gwestane pendddr} 9r ash and does not

conpri §om%n€ge enqaﬁgglgr di g to one enbodi nent, the
m xture or e pr € Arx conprl ses Portland cement

and- sl pgrtland cdﬁe& fip hshcmiaPinies eonk Ippwas) or
Advant ageously, the m xture or bi nder prem x as
efrneBO%%B@eela@goﬂyeW Q% - a plasticizer 25 -

opt Lon%ﬁbén@@erﬁ&ﬁeﬂnﬁé@&r@pcﬁ'&f hd ﬁﬁlg @rf - entrai ning
agent and/or a thickening agent and/or a retarder.

Accor dPﬂ@laﬂ@C@n@taﬂwm Hgesare powdsdiangplagof t he bi nder
pre d J r
pl as Clc%rlggh r ?OI so E{ r om&%{?%lgm tn%%q or gféerr g@ld&f PR oCqmprgses

Pofllan&cemxijiraad sigchshanddomsst cahpriseafagdry extract of

pl astici.zer to the mass of binder X.. 30 The
Py BRI G GUPBRTR s CBRETE ofp P Gp@rems gomprises

PoRiand @EmBrtail X1ag@ Snd abéRA caRPN & 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 mediumparticle size range as defined above; and
- a larger particle size range as defined above.
Advant ageously, the said mXxture conprises, in nmass
proportions: 6 from10 to 35% preferably from15 to
25% ofrol NYRr3sor %‘F&férabf}ﬂ?&hzig ib 95%00/9 blﬂa&fp%érﬂﬁl y from
30 to 42% of materials’in the medium particle’size
r ange framd23 to A 25preteradysfrqm 80 do 4By of muerBds tmthd'medlum
n the | r r.a
Accor d%’%ﬁlc eoS%%)enléam dvarﬁl?{é(g[gozl?g%e#oﬁd?rﬁieﬁ%ﬁ%fﬁof’%25 t© 47%, of
abovermmdrmmed thd DeigeF particle sizeeamgedi um particle size
range conprises sand and/or, fine sand; and - the
| ar %@For&a}&tpepg ady a?@gﬁgwge@m?mgé@eg&@v%a%&t@ge%wtw
gravel yRnAéHim pRARRY §5 AN S3mpriRe sgHaavalor e S LAY
to one advant ageous enbodinent  of the abovenenti oned
m xt ur dhe langer phdickpsicé m@gco@ﬁﬁpmﬁ%mggrcgatetsh@dm«egrem rand/or
to the g)]%dsearnd}()%ﬁfrom 5to 1.3, preferably from 0.7
to 1.0P nven n a}so provi des a conposition of
wet Amemrxgtte onecmrpﬁmsgda;gs embodiniEnX bilthe abocanéehiuvged cmixture,
t he mvengl on, with - water, 15 Advant ageous Pr/
the; paciag cgef, smabﬂ? relden tethe biwer istfeom 8pilsh Preferaplyfrgm
0748 t® 100 kg/nB, preferably from20 to 40 kg/ nB of
materials in the wultrafine particle size range as
def Themvabtcmealso priovisies 2 50mposiGon kfg\ifmonm@f eoraprising:r om

50 to 120 or e f rabl m 60 to 105
kgl 18, Fol R B 4be ey, xed 980 800 kg/ 8,

pr ef er alatey, from 300 to 500 kg/ n8 of materials in the
fi n articl ze ran%e as defined above; from 600

R Y* F 8418 CABPYSIETD W@GOP?feTGGG‘W@?SﬂB of

mat eri gbt 10 i [dekRA] MBTRMIY HohE2 1240 kgﬂﬁ%f%tenals in the
defi ned above; - from 600 to 1300 kg/nB, preferably

f r om 8obrafipe maroglet@gderreng@fasmfle@d attoge; 2 5 in the |arger

parti ckﬁnfl?sz% fsﬁrl%?nasprgg,faﬁ,%@%ﬁ{%g) gol uzg:'\%/m more a{)r%ferably,

optiona irzer
conpos froimoto mfl()m:tg/mbbﬁPemIGndabaﬂemprrprl ses: -

i ckolPRA BB el dreeply peltd @%’%ﬁa@%pﬂéﬁga%als i
one aduRMmRiRAfKE §r0RAEERNefREd hb&econmposi tion of wet

- 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,
where W desi gnates the quan7tity of water and C the
quantity of Portland cenent, is fromt to 2.5,
preferably from1.3 to 1.5. Oher possible ranges for

t heAWo(;dﬁqgt {P oﬂé ead‘vgﬁtag&)@ dﬁ?ocﬁﬁq@ﬁ? of ttHe ]co po%ﬁlgm df wet

roml
commt@ pefiondjng ¢o dmemacmamt Ebgewas rGMMemW dmﬁgltat&s the quantity

R T I T p———

parfjti@nidet singe)f isViaing 0. 1000 . 55, tﬂ?@feﬂa[bgnfrbinw .08 dTBBer Ofles pbstible
the m xture (Portland cenent and fine particle size

ranges g the W/Bx Faé‘ﬁw ane fort xamples frogn & ke roaBil§: oo 6 1081 from

01913’845(?1&219&0&@53%'@'09455 ranges for the WB ratio are
for exanple: fromO.1to 0.18; fromO0.1 to 0.32; from

0. 18hg¢ W/O.ah8 ;W dhthtibs e r@>t®2y a«bu@edlaccofmag W e alndrédlzﬁlount

I R T R

wilWalsd Be lréli@vel AoWEY RYutieeMBdling Bina pertdno skivied lin @hs Qrb®ill
relatively |ower. Routine testing by a person skilled
detpriming, ghezgrpougt 1of WatST de reptsst ﬁ%tfteh%n% qhecmentykpepndygltrafine

parli€le@bLhe t&dﬂ&@ltl@ﬁoﬁi)rdﬁ{% ©HEbm g‘;‘ésﬁ@e Sﬂ%grﬂ h{eﬁgdr&ﬁents of

particles t he conposition, ordin
thesamplesessi ve strength neasur errents of the sanpl es.

Adv eously .t he co 05|t
e BREREY e ForGBTRREHO! B8 SinclSt FRBIPEGS e fryontion
compridds f@ﬁﬁé@f@mwﬁl? Pref8RblyofrdiaBOLbNBO 1B, eropt pleesratily Yrom
from 15 95 to 135 1/nB of water. According to one
95 gyl giovideembodi nent, the conposition of wet

CONKEE]Ging 36 ©RE gﬁ%tatgeodsr@nﬁdamﬁgﬁt' e cloﬁlp@mﬁ&'n bt ReA&dmitkte

concrete. "The invention further pI‘OVI des a concrete
accouhpo®i the owenmrpnsuassckﬁg)lacer!gscmh@tﬁ 150 kg/ n8,

pre r?tgfngtkor}e nl%’(htep rov %e%&ogér}cglﬁa%ge%eg g gf er[%ﬁnth% les%rﬂaan
150:13@!1@13 esieyabl § lese thgh 20 kg/ah e ndrd prefearabl@gfiéth 60ao 405/|Rg/rﬂ.36 of
hours after g]XI ng, and greater than or e uaI g%?
Porfjend cqpeay apg PV“%F‘@QF‘@FCS?H%FF%‘ &Gaiar thlaB 564 5’ a 16
honﬂ@)éﬁexaﬁﬁﬁﬁ% Mgl R8ater! than IoR\6§IM1i 18 rzsam Prefirhisl® Srédter than or
obj ect of Rardened concrete of the conposition

equabto HeMPabdi/days 28ermiixingavent i on further provi des an
b
Ol B Rk WY SRS CROG] Shi€ S RIERSY Afcrec bf A eABpbetion

definedtabeve. ul tr af i ne partl cle size range as defined

abo,r - Port a d ce nt dr ath in uantit
cor 'é"s‘ﬁd feerPreN ??tal"t‘é’lﬁo PyHened s lGerAmRYtSIings
to 150k@/ 1@8[0 woscphaPrdtefabBMiref 2000 U0t BBmaterials 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/m3 , 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 frz?m 300 to 500 kg/ nB of
materials in the fine particle size range as defined
above; - from 600 to 1200 kg/ nB, preferably from 700

to 100 p } T :
Si 26 a0 . ol R el 0B g marcrias
kg/ n8, iptheflagertpagtidle sine 8OQc aodde0 akgyenB8 of material s

|nthelar [ artlc size range a
Accorarsg g? g SRS ARRRERYE, 5T %t%e ?rr% Ehe ngteﬁt Oxel]‘aégfined
co@:freth&fcd@rﬂﬁ@ toCthiB GhedreioAg fher gabigg todetfiteent Y @R skdletoh g the
paci ng coefficient of the skeleton by the 5 binder
b“}d§r e 8550t preeraplydrase 8149 4¥¢om 0. 7 to 1.0.

Adv %@Q%Q%Ll?h tHeN6b; ORI q{ar&fne@ bREPR GG, %e{oethe mvent1 on

accordingto e |nvent|on shows shrinkage 1 ess
shaﬂ»@@Shmk@quﬁSftbmaMQ/umé&sprtﬂqmbl321(66}3 thAm P0G futném, @r @lesys
The. 4 nvent hgfgﬁ rther .provi

pre N eL 8%’6 &S no]ﬁt%o%?or\rzg? péeé)ﬁa%g{l ol? a composition

of GeNEYcfatd\¢praprEsigda §kp o0 - M xing a m xture according
to the invention with water. The invention noreover

pr ovi dBYXIAS BrYXRES 24caFding ke HOVPBHOOY B Weiposi ti on
of gt lmaaﬁ%rm:pwl&g aaﬂl%t:@s@ 8§ Pregamvh&{l ﬁ@ a%omposition

bi nder prem x according to the i1nven
Ofwatmafltéscompnmaﬁeldpﬁm partl cl e si ze range as
defi ned. abov mat er

i ze r IMgEe dconl mentedsoiin G (NI il m e

one enhedivifepartie size PhGE as sddfiaed pibepar bieaiblsOfn the larger
composi ti on of wet concrete according to the

i nvent PYHClesizg rangs asdetredhore apdivakhent used is | ess

tha RibBH Y ekl 1
pr e;A g%ﬁ@?%ﬁn%ggt gﬁaii?)g tﬂeep%ncﬁ % R}rﬁgr#%ental égg{lﬁsmm

of wer emngeate pacovdieRt the prveneys theofrmm phPertlandhcerfierd used is less

o TRERUA B B P GPPLLTL IRl o, 10

kgt . kg/nB of materials in the ultrafine particle si ze
ran&g as defined above; - from25 to 150 rrE .
pr efl BF AHIEPUPH HHAreqyct Br%ﬁs@g?rﬁﬁessrfﬁfréreﬁi‘ré‘fl Sbpyrompogtion
f(,vgpge PR Qordfls of mBghé:l and cenent; - from 200 to
° rlg/rrB Jr(ﬁreflﬂe%églgp frrnom 300 to 500 kg g/ B of

rrat eri fp® Jthto k%&ymn@rpfambmfr@msﬁ%t@ 40z edm” .28 nops¢riaheln the
above; B“if‘hf"?rg]“‘r@?gm e%g% s‘ﬁ%ﬂ@d abQ)rng erably from 700

to 100
- 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/m3 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/ nSB, eferably from 800 to 1100
kg/nB of nmaterials in the Targer particle size range
as defined above; and - optionally, a plasticizer
and/aQEordhedb Wik G dRAg BN ERbodhef b RBDFReN ﬂ)g_preﬁﬂﬁf@ﬂ)n of
and/ or a thickening agent and/or a retarder; wth -
a opEIpesition ofmsd cenanefe taecardiag dol Vininaigrs wus therbxaingrsrvarrigd out
L he sS_for aratiaon of a.conposition-~of wet .
witpoE VI EREE o, B SO0 Rl P Sk S RV e {hmaiy o
PotRind cetlepfromvil fol2. 5 péferabpifrem 1viheries.W desi gnates t he
quantity of water and C the quantity of Portland .
cemBtordimnggmone pgvantageops embedimeyt ¢f hap1ocgss for preparagion of

a DAPBEIHLAY of XePBENFUY ABERGRRYS tRMRAQEH TN theThixikEis carried out
process for preparation of = a conposition of wet

withon B/ Btretiatroor @il ng 0149, pregerably drom 618 to 963 2riwhieregWi designates
carrj.ed .out wt VB ratio fromO.1 to 0. 4

e laphehiher 0 e olfy S3m Gl st dpenynd et

and|fiafpartiyleofzewaigey. and B the quantity of naterials in
the m xture (Portland cenent _and fjne particle size

r an@€5Ording 1AORE RHY HYRICEUDFHBO AU PSP AJEs REOCEH L0 PrAPATatigh of

a cbRBoRNiOF €8BwEQonPlRPRACBLd M t0he iR eFPEMAR duafBydr WREr used
concrete according to the invention, the quantity of

is framed0 1os &P l/mé, freferabéy from 8800 150rym’ pmefeprefrirgbly fom 86 to

13 9n§50 1/nmB8, nore preferably from95 to 135 I/ m 3.
ccording to one enbodi nent of the process for

pr e pac@tlingno ohe ambodipasit bf e prdcesOfor Wedpaadioa fo€ ta&omposition

according to the invention, the conpressive strengﬁnmnor

of WS GANSERACCPIARS torthe inyigation: shescqpppiesseyerbigreth 4 gep

eqilll ¥d AYPARARIUH Aiteri@ixige enbodi ment of the process for
preparation of a conposition of wet concrete

accocerdiggtto onpembadiarent ohthe pivecessolop Peaparajion of peagphsition

i e 4 € . ..nr
of 3 e ekl e HHH o ol RISLALEN drcater than or
equahwe2i MPa, preferitdy grpaey tida30aMPa 08 dsw dfer npxiepgar at i on

of cast wet_concrete, conprising a step. of: -

cas LI VAR HEEPR BTOH OB 2 RRECRSd P ER UL O A ELropRgte
Compﬂgﬁghgﬁgogr obt ai nabl e by the abovenenti oned

process. The invention also provides a process for the
pr oduc¢4sBRg @f campasiijoact of et Zonereigcaceprling: tnliei Wyvengioa, or

Step Ofpain ﬁ@%ﬂ“ﬂ‘]ﬁ AbvEmERIBY iphlcg{&. of wet concrete
accor di ng fo CRe 1 NVeRtTon of ¥ obt ai nabl e by the
pr odbs Snientioprapapatvid ofpraassabovéerembdened 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 possibl%oto neet the need to reduce
CX2 em ssions, hitherto unsatisfied, by known
e eed the u |ty of ce
orB 5B bR Pedl » BN o PR TR s
compatedittd eNstasddré B25t 1ps dfhaincidd, thlnéno&ﬂﬂuﬁngIeﬁislasilgr)dﬁcam
necessar For exanple, for a f or mul a according to the
redUpkRt @ o yiPFhanieg) IPgrEBIMANCEh 66 r the efonsEPte T Sibesh dhe. pyention
provites @ @neRS KRR Ihéc}ﬁfncﬁlh&n%rg%fveosftreﬂé@ éﬁ'gat&e{haﬁ- Qr equal to
tonne of binder, which represents a reduction of
25 MReo2t daye etemmixiee. OC2 eni SSI on conpared to a standard
B25 f..C e n any
si grrﬁli;'%/ %@3‘% e eg{?g{jlagﬁwg rlgt e %n%cﬂg% I%lsrg)er r?aﬁ((’:l%eosw ng
adwihtaighe concrete, since the invention provi des a
concrete with a nechani cal caonpressive strength

gr eat elts P05 eefEpston ¢f the reafoggsments laa%foa?qdeqoncrete is at

M Xi NQeadthe [gS&P&r &hef b@@ér@bﬁﬁ;%e@qg Qrsgl'nﬁﬁdtB‘QStt?ﬁe of concrete
i nvention al'so has the foll owm ng advantages: ts
behavi i6¥ pewsity pnd pewaeability are leed ﬁfaortbewecpftassuandard B25-type
rei nforo%%getconcrete is at |east as good or even

better corrpaired to a standard B25 type of concrete;

10 - i itsstpinkagd is Yesafthnpkat o akiahidrd BASetypessnctdian t hose
of a standard B25-t ncrete; - its shrinkage is

| ess t RaFFStSHRES & © %I\égfi%\ﬁibfgwsamsﬁsbe%éore%ﬁ & @&;standpgdsB25
resi stggggfg&lcgm oride diffusion is better conpared to
a standard B25 type of concrete. 15 The different

pur ploss didfesand parbesastang ad vaftagen of theviamerition asg ebtained by aepans

ST I

devel omﬂelﬁt(elﬁ;ﬁmhit fod Brndemmn;msttiom ha\hag' blegm@artmentalization of
conparﬁli.lnentallzatlon of (ﬁ materi al s |n 0. Se

part | MG TS RSB HoRT g ST (EPEEMOHDYY iy ing range, a

medi UMnb@EL rare] ar Bi€fer 'RARGE, ardNtn Alrikide’ %fdg@e whidhd @llows
whi ch al l ows 20 optim zation of the packing of the

di f f eremitmigalian efl 8g packine optherdilferenioprisles, i opprdangn of
coeffi fhb %Bécn?%ca)%ﬁ?méh%ltf me% elg%ngﬁ/th bﬂg - the
In It Aon-

presence, cement
bi nder thagiresenad, Sn aditiongo nkye temtdieof nmecepmerttltnhdz:rshataials
t.he ma

h t
cenont PSS 61 B TR GBS ORGSO AR Relonty as related

opt i M @afe cedRent the ol an@brpoltichk ioh @hichneé aftintized;
elements with a pozzol anic reaction, capable of

par t iheiusaof Agrafincs; Retahlydlements with idiafgolanie deactiam, capable of
participating in the hydraulic binding function;

- adjustment of the water demand;

- optimization of the different additives.

BRIEF DESCRIPTION OF THE FIGURES

Figures la to ld 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. g BRI EF DESCRI PTI ON OF THE

FIGQURES Figures la to Id represent the particle-size

distribution profiles of various materials used to
meQﬁiﬁg YrGhd BXmQQBP% Hafégﬁgaﬁoéfrgllt%gthhg % désntYlg nptrcl)f?l@ o‘}sthe

we as assocl ated m xe Phe Si*ze
maghialsnusod fcbrrfe&amp&xnnshami-nmﬂm Pet, démaaﬁa 7 biyFAd blEFTBWOFlgure

xis.  Reference

1 i % 8 o et PRI MR R E A pesiow: Figure

1c pRdveddsathgt. ofFihgUhftetidls tudets f&f&c\éhﬁ'ﬁeslri iR Prablaberofs 6ihea 5
materials used for exanple in the formulae FA1, FA 2,

belf-m( Figgre Hhprovisies Bat ofthgumaserialpussd dei rampichiatthe formylae FCI,
}g@g%ﬁ)v\psed for exanple in the fornmula FA 3 bel ow,
i gure Cc provides that of the materials used for
ex aFjguee i2nist & @hbdtoprph abatFHgodidos aFdhagramniael awprebdngutioa of a
Id rovidest of the terlasusedfr X le in
Pt PP O ROmEheg ey ety e hs IFE) Gombared
witRNO§ AP B25 gfe O BMPIRGIA 6F @YAGHR(bR heRERS EMAdifeRent
of a typical conposition of dry nortar according to
consfenig\aEhthedallowingt He fifles ﬁh)mf'ém aillegin thetspecimen QARG Heht,
NRO [
fy 3 i PR pBenBR TR herD POt C Sl ot fekfel Widter v
siliézifdn&rs (limestone filler in the specimen on the ri ght

y..ash |n t he specinmen on the |eft

sanBiEee Lispriertt 05 T anisouesd bhia fing i ggigraite to the
invEht§dH &) SorhPREES AR aToh6] stidaRKBIEcdRABIOUI TR tifhe, in days, is

concrete according to the invention (x) conpared with
shoyvncehiheot-axis and) thecimeasierl vpeation ofythe TaReretengs a i on the y-

idays, is 15 shown on the x-axis and the dinensional

variation of the concrete, as a % on the y- axis.

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

inven detail and not
DESCR t&{?dﬁ éMBMWS?ﬁE@E%@@ Di stribution

of The 1mhﬁ¢rc el Siofe bé AegRided IR mdre aletdiOand how lifeed db the

nortar conpositions in the formof mxtures of
follpxingdrsci® i t uents, in the fol | owi ng nass

proportions: 25 - froml to 6% preferably from2 to

5%of Portland cement - fromO0.4 to 4% preferably
o B the al - in the uItrafine
cle size ran e; m8t f
12 ﬂﬁ ﬂv@nnm} prr?aferldé s arcﬁ g&ﬁe pgf{hg f?mg (83 of

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 rmterlals in the

medi um particle size rangje2 - from25 to 55%

preferably from35 to 47% of materials in the |arger

[ T e I - o se .
A A e S e
posgsibde focdsgblish aeilvwmn tofiithe ainstitaptts b spedrelr fpattgcle sihe ranges”,
istribution makes it possible to

ie. é@tf’e?ﬁsfeflgﬁﬁyaseaﬁwe GOFPALM e constituents into several

TR, tHeGll@affezRrd AN YLS range is- Bnstithled opssenti al |y
separate conpartnents. hus the ultrafine particle

si z&) r anpieticles wshatP0essdhast 1 LTBOT i ) particles with a
mo(li)eSSpMaQs t]mmagge&ﬁé iSE nf‘fé&é n%? gﬁ\fg%llgf Ifhlaﬁ ?Qﬁzlé bt

BET surface area greater

par @iiix| egartgleh withBOD9D dess th;haih pin mnérvdthwe specifics BET duirfiace
BET surface are r6ea2t er than 6 n2/g. The fine

particl ergq‘ﬁrgaﬁe‘éﬁ‘ég B/$esponds to a group of

par The fige pairIEtie rdige chbbedpbdaisl atdreuddP padieles MaBrdin The
to 100 mgnd t he spﬂ%flc % surfaége Igrgeg is |less

D19 jgnd ths 1190 gre frome InwmitadPPam and despecfi Bigesurface area is less

LSRRGSR TR 0 B S Eipont055 | e 5y s

wherairt the [TH Osinzighe D9Agee Gronr quwnde Stroma Agndaha@langer particle size

articles, wherein the D10 is great t han mnm_ The
ran BTGP AL B PREUOHBEP CRro0 '8 Bpiep i 5 mm

par TheeD90 Sb#&pohdsitd ithS0t® PercéntBe of the pARPALDSizd Mietribution, i.c.
90‘%6““ cles are smaller than the D90 and 10% are | arger

refnthe HRartides, aregimalleg thap thgeDP) @nd oh0% spo kagert Han e DO
suﬂi%f} tBE B UolrfeSpdhlis 14 elepﬁﬁﬁ g&lcsmﬁé B8 il 1&1@ Wik Mribution,

10% of the particles ve a size s ['er than the
ie. DD% ahthe 309G dhesvieva assizeesnpadliey ran thdBMO aindk 9@ havd hessiz@ll@rger
tha r}h ﬂ? D90 are the Dv10 and the Dv90 as shown on the

ot vvlngs 20 I n other words: at |east 80% of the

par TheeD €8 ahdithe MO dré ehe[Iy 110 Ml @hSDZ90 899hg@n dpihe Eamaddsy
at | east 90% nore preferably at |east 95% or even at
ealdt OB oty @t IpasisPYk qfyBinPericifist’y hRGISrRATURIC SEgSAnee

( r@fgrébgf atl1B&t PBY, 'n%r@%réf&at)l@'eat ER 95%PR dvef |28 1685Z® %) have a
rangé (preferably at |east 90% nore preferably at

siz¢ &ranyt 1 952400 peh atleast &St oty partigseingthe imedivm paticBosize

m, t t t 09
rang%r(%rgfréaﬁ)m i %asét osm;%e rg%ée ?pr e I%trg yorae?' eﬁﬁ QFleast9%9/o )
havera gxefromt 1(]08,&13&0 99%0n; haleast H0% 6@thle§fagﬁ:ﬂest1hahb Brgemparticle
and, Zaccor h(; enbodi rren%iggor r espon L
siz e (retyrakhy d?%Sf § 4956 ¥en aldeasledp) h ags%seﬂe than 5 mm;
an(p%édr&]hg% tHe é]ﬁk%d%éﬁt@f:d)ﬁ’e%p@rﬁﬁﬁg fd @& Gﬁar[@ﬂg)eabove at least

épr eferably at |east 95% nore
o 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 pm, 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 m
The four particle size rangﬁ (ultrafine, fine,
medi um and | arger) then correspond to essentially
separate size 30 conpartnents. The D10 or D90 of a
be @EQHHingfi b?%ﬁetcrrgh T crSBpYE '%rﬂl#ayth%% E?r% s@enlgga ed by laser
l'aser particle-size anal ysi's for pg I'c es Shal | er
diffmeIWDMic;jmsizc randdysis isaiemgreher tHahehep@nt pactids sizk.awhjeh could
fal E%?ﬁ t m, Nevert hel ess, when the individual
Pt PEEPTERYY t 0 aggregate, their size should 13 be

det ThelspeifiOBEF REbEO el i aRRARYmest ofeRe tdidl rehlN®irface area
pparent size neasured by laser diffraction

of ﬁ)&rﬁamql@ thatAakesintoyaspeunt the presenes ebteliefst imgaulprdes; swiface or
i ch could falsify the
““?ﬁ?é?ﬁ?%?gkﬁﬁmfﬁﬁ e specific BET surface area is a
neasucedngt toghetaiternaovabmbedimesy thiae enagyrigaan 6vefapping from

s that takes_.into accqunt the presence of
0PGRS Pl TR S A G FANE aPess) i horgihan L0% of the
pa€idlék tih @, ulGAfnddMdOFd ¥ingddcrePedii Ry nfthyWRE ot LIMNAE s¥Be size

enbodi nent, there nmay be an overIaPplng from the
t

rangp 7 B thig C%sﬁethﬁadﬂitu@ne@ of the fae andaltefige yprgeaisigpgured by the
|

UMOBET e TS 0 Al A ARG NS o

Specrflct hefayarmeas{md thérefcang@h taactivitys. bapatictlae in thls case, the

ti the f d.ult '
oo RET itk OEiep BPRRG 4V Mol RO P PreBY e
thaRalot in&y/k e4dvagia @utsiyo%eatéman Ba\fﬁz/g madlrﬂdre PRdferaBRegtAtbiCthan
sgrface area (and therefore high reactiv

80 pafg: iltcshrald mersoyasibs “@E&ééhatttw‘ema§ﬁé]<§l1‘ﬂ the \B@f)n&m%?c@ay also
ha¥¥ ﬁl%sé)grg%}ﬁ:dn%gahk% sﬁ‘rf&c}%ear% tvﬁlﬂgé Béen ANGE c'a§e where their

prefer ter an 0 nk/g, advantageously
IE@nehﬁeﬂmnhamnso ne/ g, and nore preferably greater than
p %%/ Pl ‘if aspagu S‘Sne?tﬁ?g%rtéanf"‘é rrr‘gofl‘ ra“geshdétf‘ér pHE LY the

spd@rfﬁ:‘ BETresdrtswa@rleﬁ Iaﬁd BEthys thef sazeeofahe @al\tﬁle@ Qﬁayeb!@fhat Whtieethe
case where their D90 is |less than m

|
ultgfing pagicles, FRMRIISE EEoid hydrptd hydeputi r?@qean@e@%é?aﬁ”&lg the
ultPfnY pQMlcie@%aysﬁﬁfé' d &i%e gﬁ-ﬂesdiﬁéxatﬁel \A%ﬁaf(ﬁ‘rhdsﬂé&tﬁct&irﬁwarea

si ze the particle ere the
thay fray évr: |0f1 thepsadariof|16Q m:tmﬁduﬁ: @nethg :poxmdy bl disematgrigly.dr aul i ¢

bi ng% he} gax{lc l§r gnt otfpﬁ 1 e&enir?l Qr?tlcglae[lfo'\x% tﬁec' %JB%szmn

have a fe order o
of Sidrrﬁlaﬂﬁe amﬁmmgmt: comyntendahe flhe pmtldlersmefraﬂgé(lnnﬁ/\xg) particle
_ e to the porosity of this material). Another
“ZﬁgﬂiﬁﬁﬁPﬁr enbodi ment of the present invention allows

t he_ subgiryf ipgHRR siff sublengdH, ¥oeki &Pk S 1EOwAIEINGREBAD and
and the fine particle size range into two particle 25

si ze sﬂﬁoﬁﬁh@@QItOIQlﬁmﬂ@ﬂ particle size sub-range,
consti h géc%ﬂd (f) artfOR glkec L&Sraﬁgg %hé?n&t@&’ oP f;Qm@ﬂ:g wherein the D10

and D90 are from 10 to 100 um.
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 froml to 10 pm and - a second particle size
sub-range, constituted of E%rti cles wherein the DO
and D90 are from 10 to 100 30 In this case, the
cenment belongs in particular to the first particle
S I | '
theSde né@néﬁﬁzgncl%as% ugargrtlé’et Q)?}fe%ﬁgf)ﬂg‘t legs?%%f:%? exfs}(gslt ﬁ)?ef%n%le)l%/ at least
95%i exen galebst 3% hae su;hzer froge 1§ po ef0odr @inl Wtidt adceﬂisrtg to this

0% npst pr.ef er abl east, 95% or eve
em@@@%ﬂﬁﬂ%.&‘ée I CQR i BATHEle Si7E HAgeSPT @a%ept@&/&mﬂrate
corhpRtriéitd: itled @frafife ﬂaﬁﬁe 1168 (BRCP[F)ABE tikk k€b-8dngE of the cement +
sub-range (preferab at | east 90% nost preferably at
fing sange migtweg el B 510 u@a,stbe gomwnd sabrsangef ke eqrpent tofinerange
| I [ 0 {
iR, 10 L. BB A 510 RS L a1 v rnes
(gremaehdn @hiny). separate conpartnents: the ultrafine
I th 1 . the. f b- f.ot
g bR B bt S RIS 2R i IR comen
an®e oind parRid ﬁikgﬁngé C&H}ﬁis%ﬁ pRitled whiefgh (RNYV andl BY04E from
(10 pm - 100 pm; the nediumrange (100 m- 5 ; and
1 tohd0 gy glérOth%Fn@@rds( geeudiag tohtdhis emhegimens ctbrledsh 0o of the
t
pariOfs BF bEAR'IrE BRM TP frdardCu bt Taf R0 s
90 antostcpreferatte la'elelasttm Biéh aridaslf)ge%ar}mvé aoine fidnll tod2®Em.
m .In. other word according to this enmbodinment, at
Thisemhodioent spreaReni i inEIcae BhergdheRETiGR B7¢ SaTeplior arofile
coﬂx%ﬁe@ﬁ didcBgtimat el Bixirg @ompRES ARb&af Ry ptiMedivith @S hmeter
% nost preferably at |east 95% even at | east 99%
fromadPetod 08k from | to 20 pm  This enbodi ment
or . .
G T Bt Eob A ARGl 0 cBiREepbfid 5 Spiffized packing
modesxbﬂ gmlrtsoatpparse]ss aTlnmstvenmorpallsd: |pa:d>\edesvmas hlescridhedimboar, the
rom?2 The differe
binieigrP s b SoBePerd L PEsenis s i Y B Ry hicsgatain

no efategial i ShdmeMant pLti@s sizd fehge UL Mdi€riblainSiBle Rir 83t pAREle size
as described above, the binder prem xes that

ranggyr ¥ b e cDIpdeTt PREEXSs e (PERdedh 0 g ymixget Wity majeripls in the
mefahe nd o4 géy Eam@l@ A %?@b\%fdr@ ok e tﬁ@%émnp?f E)%n% i&n of the

sl ze rang or materials in the larger par e size
cor@ﬁaw ange The sai d binder prem xes are intended to be
terials in a
oo EH0E D Pt pbfonbilf e B R el fffacterizea by 4
spaRingRat ficiennoOthe kkeetofi O Ciccbifder Rosipeikadirym X e ITB)@rélﬂ’e%ly
according to the inyention are characterized

frogp@diing € olter I kelsin” gfesighaes ke BesHalsyintthe "Eﬁdllf% rand larger
parﬁ@l@'@{iesrﬁﬁglef ﬁm& ‘BidderdedignRe € fir @Rt awell raneQnZtehﬁs in

skel eton" designates the materials in
thenﬁnﬁ @miadtjaﬂnm gerticle size range. The “spacing coefficient” m quesuon
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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particle size range, and the "binder" designates the
cenent as well as the rmte{~| als in the fine and
ultrafine particle size rag The "spaci ng
coefficient” in question therefore desi gnat es the
' o) f. n :
and, b GOMRE cEEntl et i Rl SiPBaREPR 191 s
possibie iod yasé lfm”rexdneplmabCEMU oparEMR 52 HIN toheR 08(PM (for marine

skel et mater alslnthe co OSI ions a
coSFTRg CamEUer HVES SBRER: (PLmaitG fom e AR afer. The
cerhdr® MaF BN thBIRS tyRd @i gh ERM SRRz thNTh isbiné hr%'tan@@sr tnbéBQ/ for

Cenment) of Portland cenents, 15 and notably fromt
the (MR yPai db PPisland icementicdops ngheempriie anie £linken buoi. nr.owded

et SEUERE B sy Rekal M SREIE, P e ol 2.

calc:iemerm:hi(sf olimeaetcneinc anshmuooiti ofi, upsubf 31%d Inathese) .caddse the

y be of the HRI h Initial Strength
oo E e bRt o B et SR B of
cliffReF, 1 [ehsCaERAYI IO RA SmAetials QFPEdumB W tRinCthe rabprbpla% pafticle
provi ded adm xed with at | east one additi onal
sizqraanee @§lg- (t¥pisyly Hel fiex phitigle, sigo Zangeafor the plagsgpmponent, the

i RARDeIENI R e thl 8 SHLE thmb DoAROAHPURL OF D to 37%

ese cases ovenen nts of cenent
nor Bhep bargdrquaktiald yize oarrgespay domprigehazgaemtmtandai gravel and/or
l{fﬁlli nk§/ V\hereaﬁ the additional materials are counted
peRflesntof flae 8R¥Fbpri at e particle 10 size range (e.g.
ty pTH@JnEMuH’%t riid18§iz® Adnlgk ela§ rdtabBy ENGIeis@id binedand.
e

component ultrafine particle size range for the
si | l@eaf%a@ﬂel@rﬁp?@rréme may gomprisghene| rrgele mrietiale Frossp fom

amé@%gﬁes énlg%g{r?faké ©1iA8A5d ?E&z%@,ﬂ gfhgéou%r E(Y\?Jierémﬁllngr calcium

I’'ne grave e nedi um particl e
sulfagen@e partiyulaog yishim io @rﬂprdrw @ aai-bydrated dorsgnslagsl 5 The

rt S P i ForbeeS o R g St B afve materials.

|'i Me$s pAEcHON idrestivigl th @R Wse mew.h thd: fRlowedd piodaets: fly
sul fate (| n particular gypsum.in anhydrous or

ashgdone: Ry HINGEERP PRY YR 2logFajfsslagrplencasy 8y ash pe pigestoge powder;
or ﬁg a3 lgEF§lagS&dhﬁlQSt HNRE %n?gﬁl% of ﬂ§' QQ‘I affone powdﬁr and

'S pa I cul ar nteresting to mx
slagerrent with the foll ow ng products fly 20 ash al one;
al one;

wdl
an dJ\{cco 1tgggtee e veﬁ?n% gl?e]'ﬁlnor a%hggns esraélée cormpr}ges Sfpy ash

(optibR@Bt anesgpoiatien it yet a)@';erorhatfehyls)i?oht dokdT@i8t @bRiprise slag.
powder and slag. According to one varjiant, the fine

Ac‘fpasimgcheO%q %emath@e iy theeling ppriigley, sizg JaRgeo AAMPYjses pslag
(opRSRaf Al AQBci%fidd wrt ye@tJﬁ%rr HRESALPDS) i tnot @E8MpASE fly ash.

corrprl se slag. 25 According to one alternative
Thesartvarnvarianth dinfii the tptt Gkl cosispizide pagrgies andrtpe inyeigirss [singe 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 material s)
but does not conprise fly ash. These two variants
limt the total CO2 cost of°the prem x and the

m xture, since the production of slag and fly ash is

: ' i 1.881.0ns, Thi s advantage in
en esftgr%egt’f’ ﬁf?ﬁ%‘%’ﬁ%%“?@“@%@%‘mr s particularly clear
as The teas ‘teheuntdi hysltatedisiliestus ihydra8lc bideeTmedbly dbggnates the
Itrafine particle size_ran may conprise materials
pro H?}égﬁscf’ Bﬁ%hﬁﬁ@wr?%%ﬁr%{?gg%np_ri sing silica funes,
I'i nRay @ﬁﬁdzﬁamﬁ&mﬂo@gwﬁarﬁsl_agtf%&ew thh ¥ &BantaBE&s1yPhd Alded to
car bonat es, pyrogenated silicas, natural pozzolans,
a npKiyrecer Weden @semigaseardingftd heasyventign opralgrapyata exgcentration of
i ul.i nder ng .m xtur 0
00330 38R B RBL (R3S 0Py RerBitol mafl Byt b SRt or
thegiisynienasi ohe Miaes dfebindérgiranixd Thy grasticzbrandyi iseed at saturation
hydraul i c bi nder" notably designates the roduct s .
or §8s rhepReY ‘t(}tiéa%‘ﬁtzﬁﬁé%ﬁls}?ﬁfeﬁ’%%ﬁz?s Adyndioinoiafg desired
quatitRof tiel Filfe, HObISURBERIIAS bh GHeie} alRY-pAMYANEGRRMN desired
be" added to 5 a"m xture or binder prem x according to
or néfe Sjumie MeRBeMEIte maka b posaibleatocdsaieranng tiei ype end qeargiy of
. 3%, pr f. 0.5% expressed as a
pla%rtgcslger%%e}?lslgguﬁ g%#‘%/édel&ﬁg afgfl%lg%\gm}'he pl asticizer to the
masOthet khowal addipyvenenadmikers| msy also befusethyithim ths étm@ivork
saturation _or not. The ?maunt of 4asti cizer is also
of et BIVARTRIY 95 SXARRIA HPERIASHCIEHS HEEEFalers: gihgniraipings agents,
thig]@gin@q,?g,ﬁ?,, rBatRR &c dependi ng on whether a self-placing
concrete is desired 10 or not. Slunp nmeasurenents make
it possible to determine the type and quantity of
CO@:r%%ti cizer that should be used in the fornulation.
r known additives or adm xtures may al so be used
Wi t The colerett r amendirg to die irtvention énpirepared floy nexagpthe above
.superpl asticizers, acceleratars, air-entraini :
misjiien &, (8 10Uk vy PIERIES Wb otiert BecCeste geptibeof
Portiafid ¢OMeAtah BGRE & Adah@QgédiRly RYELMah AB0I K/ Mf, gRefeRBIPEss
m xi ng the above m xtures or the above_binder

thapr i kede™ winpre Miafearbly Icampripest framet0 {d03kghr. tly msy also be
| ) i i S.. .
e GRS O ST e R SRR s e
wawln,rig tl'pberfeﬂe':vi;iglg?topnmmséis(redcf r omm_60_ to 102 I(;Bg]/c mesr L: may
"ot catremt o R oA ket RetrRab it Ac ™ gt EefRals i the

t he fonlkeihd\garBéloRRErAmpes: - from 10 to 100 kg/n8,
preferably from 20 to 40 kg/nB of materials.in the

ul t  af irA@ Fator 30 k/wy . Auetegahlpefrom 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;

- 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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25 - from25 to 150 kg/nB preferably from50 to 120
kg/ n8, nore preferably gn160 to 105 kg/ nB, of
Portland cenent; - from200°to 600 kg/ nB, preferably
from300 to 500 kg/ n8 of materials in the fine
CO&@&%jcle size range; - from600 to 1200 kg/ n8B,
preferably from 700 to 1000 kg/nB of materials 3 0 in
t heTh@diatﬁnilatsaintqueit&)ns degendiapg®; the phitieniabeMbodimkdBDhave the

kg/ nB, referab 00 to 1 OO of .materials
sane) P acRhsHsST Aot URE BpebeennHoritg Shoviit apiaiory 1o he
miRhRS bh€ bA@Er prekﬂfe@’%ccdr&ng '&Qﬁ%ﬁﬁ\%ﬂﬂoﬁs the mass of

materials to be used per g[groduced 17 concrete.

TheThgagaantiy of |rn1xmge§1ateons r@fbns gpmgaisd toHee stgadaril conerete,

frof P8 R RSl om3OTR SS0 A it B3 T 95 % 135
I/mrtiof twaters Tae WIS ndiex, “piem’rW(d&lgramruﬂe n@aitity tdfievater and B the
Th t t d .
auisiipBF Ben (msriafhcon e GHRGTE BN GO FofmBguFlrasice
rang fi@rtﬁ&leﬁbré F&ﬁlb&pcérﬁ aredtd émndﬁmrc%n&reﬁ%f eh@k M/pfcraﬂgnfrom
to 135 ? The WB ratio, where W

0.1ge @%areé@rablwefrcqu é?nlt& tpy) % Quethe othen dagl, ttllrfeW/GJam ivRere W
des?%na@s Qﬁj@ gf \v% er a% d {ll;% c{HaéttA r& CQ: Qhf llf‘g%afé?gﬁ%tln the

Sl ze range here oré'r
case mfrsaandalrdt amarcﬁct aimdab dhe: tsmn ejuantltamf desnehy fiac ad presémtOMhe

WiErRs STt soRy o Do, okt R oAb LR g bPes the

quaithd txiak 1¥\@h§fed3cﬂﬁ| &ntgfwc&%mmﬂay itkeiC E5EMNe, ushifl mixing
greater than in the case of standard concrete, due to

pertqdendhmafi¢ldquantity of cement that is present. The WC
r at Agcdr mgr&)f %E@bé_%b(;dfrﬂgﬂt theP cg gosﬂg { oprc%tmgrre?eblfé/rmulated

mXxinhg i1s carried out using
acoouhwgm theniabentioneare therestlo @f @useoahplen mpmnglzatlﬁn pe theodifﬁerent

the field rding. to one enpodi nent
PARBRSEs e GRoEsnd: bRtRG, Al SoRu Al r“&“rrﬁ‘bf) (1 PHEr to
gudrfteNt btimizb® bhkineSithbicef oft pariRleeXsifPt il Zaoicen dIf the
the different paraneters invaolved (choice of

admgfusizaBen). APnEaH dweialen ofhenHERe dRYMErpUS  ¢Rappangnts indeed
parg 5@”&6&&%&&6&#6@% E&lw&é}h?i Qs OFSiIRA! funfeds e&é.‘) Zfad an

ch0|ce turiza optim ze
omhydaéhmwmdmhanistry ( numer ous conponents i ndeed

par g int reaction t.0 powd fl
Raning bpRifhenlh e gl G g, MOREY e S0 chap e ey have
muﬁﬁﬂ@ﬂﬁhctﬂih@ KRy i ABMHeSroM oﬂfaeeuﬁﬁa&as‘ bawveb@@fticles, a role
notably the silica fumes, may have
providing héterogeneous 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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mul tiple functions, nanely a filling role of free

spaces between particles, role 25 providing

het er ogeneous hydrate nucl eation sites, an adsorption

role of the alkalis and the calciumthat are attracted
lesp%agbgogg{,g}]ace silanol groups and a pozzol anic role.

The concrete conpositions obtained according to the

i nvBrefdray hte eoncretep axcariimgnectha mieatiop asphnidi @sself-placing
co&reggserably at |east as good even better conpared to

st%¥dard B25 types of concretes, notably in ternms of

28- dayncreik e6ssideed ol NG, whed @hé SlibpR@lueShédsiieddBing the
and durability kinetics. In particular, according t

AbTES b G FRSHEE 181ENS Hiens huaErONE R Hdsbimpsamber 1981) is a
leas; 1{52 %bgﬂe?er%l? %% fehst 138 Al ﬁec%HéjetetiQ cé"n*@e?%dlg%&%[af?placin g

ing, and greater than or equa
whenr gfeespadaidyvadyreciatgeeatarithan 650 eguididr the cBicrites (ardi8indmyperal less

f L xi ng... M shri nk ft 80 i
thaf} §08 ey stiaripe BuBe ERERS BT RARE ratBraD) Foideateygnd
GuldaBResyoRS&Tf meﬁ&c@zfn? [GIplcyete, BN ARO CFebhnesy 266N pding3t o

the invention are fluid or self-placing concretes. A
conEhequantity fsuicakyssd 1@ Breparefthgconcigiepccoring fothe invention

. i i
s AR TR U it Agoiory Bo ARPETS SN BOS BE Fohdere
whigth mhleasit pbSOblemto prlef epeabicylaatsayisgsin 1BMhsnofi CR> emissions.

CoBERd0 Gaiela R clarop e abonndh A Dot MGt 200

kg/trdndd defheg Netaticrdi® a6cordifigno 889 inhtiGc cotslinhg fod ekb@ple 70

operating procedure described in Specificatjon and,
kg/myi a‘élqlﬁggr frapkeseitt Pegsiacta npakeofeyiBgse  in EFQaremissions  of

0% z | of t 3

P ERRHELY O eyl Rt AL B RS0 ke of
clinkevsntsedn is nuch | ess than that which is necessary

to prepare a _standard B25 type of concrete, ..whic

R e S
method;CHtee iy disitiomBardeiagpladréshet @ oAcreef ajinC sreBibaihal, sutinas

that . contains 95 kg/nB of |inestone and 260 kg/ nB of
COnSEREIN clembh EPEPETIBSHIE Y CleB e f T PHEENt i on

contai ning for exanple 70 15 kg/ nB of clinker makes it

possi bl e to nmake savings in CO2 em ssions of
EXAMPIES mat el y 80% These savings may reach nore than

BN Mg Dalt TG oGl DB idrw RS el B fONCT St @

accordi ng & TREPIRvent i on may be cast accoro%ng to

the usual nethods; after hydration/ hardening,

har dened concrete obj ?‘CE s are obtained, such as 20
Ex 1, {889 M0€ngi neering structural elenments

or Phdgiricle EISAMERES of tHeRliffehOYyiwtir L8 ¥BlafRdiUsiigsd Malvem

the invention without limting it.
MS2000 laser granulometer. The measurement is carried out by the wet method
(aqueous medium); the particle size must be from 0.02 gm 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



10

15

20

25

30

25 Exanple 1: |l aser granulonetry nmethod The particle

size curves of the differe powders are obtained

using a Malvern MsS2000 | asér granul oneter. The

measurenent is carried out by the wet nethod (aqueous

PeidUhent e from0.02 mto 2
Obrrm T?')eher‘?lgﬁttﬂggﬁir%lel&s?%&g?%%}léé by a red He-Ne | aser

(632 finyt racrurenizint és diemd@n@e!tsminn) thd sempleawithahefoll@ing

optical nodel i.s the calc i on trix of
a5 RS s . et St B el oSl esounds,
ob§@k&®dni Bmiti fréth CAItH | 10 90 UTheabardplp USAInEP@REd 0o a?@DPave an
rpm.a stirrer speed of 800 rpm and a noi se

Ob%%@flew@hﬁly dreater thag 10 fp.tfder dpiliptionosf thet ohaswaters . the
me-gg‘tﬁ@mteﬁlels ch¥d 61Rtf81n§' g}’au% bte@?e hQﬁﬁ"ﬁerg%n Vil Ihd Bdadu@ement
 east equal 0% that a decreasi ng
sete&tpdhentThal duratrane of (olne rreesureroéy rie UM s NGB0 |da°fméhon images

ano4edh JF U RPN AT 1o rEierms Pt oA o o A S of

poWdédmiyiee dgHidroavaed shoad deeikeh sito BeddaAns peed 2000 rpm
stirrer speed 800 rpm absence of ultrasounds,

obs dheme pesiend measuremen is garrigd 9t with vieasques (witheut emptying
thd GHIHOPHE @92,‘2 epf%a i Qet EYS0APmD HRRBRH At 1@90 t%é]dé,%&a%unds are

greater After stabilization
empibsicatr Q0Vo@0 witts). Tea segimaenmaingained for Sdmowtesf then ghe initial

paitfelrd SRR AEET ohTHE s 2900 dumoiuny PSR oBtrte of

ultehisbdridaCtAtaRe ENRGRED s abatérdiny ;bdssxbh:ealﬂbﬁwmeca measurement
particle size diagram the fact that part of the

is Iﬁé‘éﬁﬁoa P 543400 lﬁ’éﬁiﬁeﬁ“ahﬂ?d)b@ 1§ GBI VBRI WETSARATE SRS to a
dela@ I%Hmekdﬂé@;gcﬁ:%?‘BSJhltra%Qn;I'a%Be@xo%ecOnd measurement is
carried out with ultrasounds (wthout enptying the
t anEpch Tivesypempnisisersgedted gedeaat 128OGor yamfy tthee sibility jofighe
resu}t% ]‘H‘%od c@ 1suéeatllli)ﬁaz o Q&‘gr %h \go t%egsdorgtb%l % 0:}0 F_]tandard
sarhple (Sfﬂ'zicb?IL‘IQ giicpnfet eﬂﬁcrame stmedisa@anm cptveYis skpe\@d. All the

2000 rpm .stirrer eed. 800 m absepce of
megRUTPET gien Wy they deSerefiqgt angh the Waﬂ?cgﬁwss gRyrespond to the

valRessithh&d Rith uRBRBLRR) . a neasurenent 15 is made for 30
s (30000 i mages anal yzed). This second neasurenent

corresponds to a de-agglomerated powder by ultrasonic

e
devFoepowdaalwithr atsardn g) efndere yetacdy g\]mnératseﬂfel techrhxyuermcadlsect

of .a .standard sa éSl fraco Cl.O sil |ch for which
visgAP) 3 SSEFITERHOB P UE SPXeripuived AT fabeptioment and

colTRAS T AEEPHrHcId ¥iEthel dbtdiltal i ?@)r ER¢H @pRAed! f)(l)'\ﬁderresp@;;ﬂcﬁﬂ]ly
va

ranges correspond to the ues obtained with
drigd! by psesinail. thiowahngl dsyipg aver iba tepparituettess han X0 G aer wnder

AR 90 ORERRN  AB RN B s e
usadli: rpectaration 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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25 visualization by scanning el ectron mcroscopy is
used (W th nmeasurenent and_ counting of the particles
on the obtai ned imge). Eatf sanpl e of powder is
optionally dried by passing it through a drying oven

sur?{/cg,g ﬁ:ﬁﬁ;{ge LRl TL 3 te*@:@xi ? Qig:c ec&n %%fnp] %\é@g? garrr}lﬁ{n gb ¥ind

at1 on. ernati ve ne

sprplkdipgr"ﬂlet :hmfasan@hppmlr\elth tieatbubjer @¢al athegve aipe atiyasjudly be
Iob I bserve th powder | oner ati.on
sortfcent T pERery oy BRSO | FReEts BERGH ot G1aimed By the
adHeBide deéli@fdrﬂov‘éh %&Q@pﬂ{g thE bideR, B upp&!shR is (Ml Sined Wa@heally,
surface aspect, etc.) In the preparat|on on adhesi ve
on taalpaéd surfage: APptismakive the semRlenisdightly blownveiths adisy air spray to
re e an g&%%i& 4t 91@:%9}}) f\f)gedp %cﬁ{ﬁe&[lgqg&pls%?ﬁe‘a%% sel f

adhesive con uctive tape i
s ur Aagrephxﬂdshlmgc a usahtm@aparé Iul& mpderont it ibeleaxainwnk dthasol,

nkl ed o rface, ing. a ion to the
theidaps boreuhed Broh acpaishife e G S RECAhY Koproxitatety
10 €A1 dtkhé @ﬁbpefm&l ﬁétﬁlﬁaﬁﬁthﬁsoéﬂs@ ReEndY tshmtrB&udée YR laBeak&dethe

adhesi ve tape may equal l%bﬁd@ﬁa pplied on the powder to

powsderd iei marvecm%g@sée@bsa bheekerrheing pleerdoip arhaltrasonic
tanégf?\:??déft téﬁ)f?agn'rlrc;\?/ L?E@t e(g t\% Pt%s%@ﬁ’ % thné%'uSﬁ Kot uf C}pagounds is
comsinnédhoace Gutadociddr wf thehpowdarpis econgpléte gTﬁhéryakfeWV\mrom tolfi the

a dry air s noyve an rticles that are .
suBeriep 7 caiPlea s Rieptd PF D dtoani FIesk ThE raging Ta Carried ou
usifg APRHidrBpiPLRS br IspatiRme In tRdd BPaVJRd tsB@inHRRBAIHeRoméda, the

is cleaned with ethanol, the surface is polished with
samplipg| iiss triarripdp @8t eas ( FapidlpxasmpossiHpK AYThoun P RPiRGrEstisng  the
sus?)gs)ns?cﬁ?r ota CEEF fsutfigr? EZ é)%ga}téd _clbté'ug%;lynb%\gim%m%‘%ﬁg bﬁ;cﬁemﬂl:r an
infrabsd langg The dgpmitadlﬁllm rmt*dbdvertylfmebe&ﬂw@gan}gangmobﬂon it

ras in der. to obtain | ow
mugrbetatteh LR G a5 FASAEVE ThERist S PP canadt Poas’ Yne
insGf#ietenfy e&ame@ exdeld Pm&)&tdn(lﬁe OhrficBes RavsIed bly Iappaiiihe thiock,
Then a few drops of the suspension are sanpl ed and

thegipagredrigee tSHéalgﬁawﬁw%chhlw@ a hayd surkaes| PRgenally cihe srmple is
r opi {

g, PIHEL UL a5 P BEL, & SmERES Faritle SRACbrc] Badly, and

metadifzatienl isoutriedsoutapi dl y as pOSSI bl e, w thout stopping

sti susp nsi on.

ov st AaliOF i EERTI B8, ropbin hdtihhal Bk Pesidleter garbon
undetfvh@nin@ dTHeasEM mhé8udaeas itéedisfdatiBdrais in B onenyiohalNBanner

not show ng any accurmul ation, it nust be scarcely
kngwmstopt eersan skilledinfscieye. Ot herwi se, the sanpl e cannot

be used. The insufficiently retained excess powder on

the surface i's rennved by tapplng the bl ock, 20 the

ei3: Me ol sutfy e'-y a hard

Sur&@ R o 1 o R Bl B oL

sanhysiél bVT)ov'WﬂBi* of KRt fal1bwgtrh &8 id t&kcﬁna()fll ©®.Dg¥or an estlmated specific
Metallization is cagried out Sp raa/lng a

w O
SUTFASE RS9 HeRQE ﬂ(%}r Q:Iélr/goQ)’S g for an estxmate specific surface area of 10-

30 mY/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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under vacuum The SEM neasurenent itself is carried
out in a conventional nmann r 25 known to a person
skilled in the art. Exanpl&-3: Measurenent nethod of
the Specific BET surface area The specific surface
S LI
me%{lﬁ‘r@mgt ctap g?sgh'}‘b&)gfs ;rPe‘ah"l'gag | g:la%\sM gﬁ ﬁlgeglgth9§ar%glﬁ el§r31 g\@ded to
theOcell: tthxe @rcziugt fmmst am b tai haat ebhrspm:nﬁllanetémfrsmr fha(:tep of the
area of nor r an esti mted
opGiyEe of b€ ShiT+ 106 e Iore e etrl. + FhySrion Brpample). The
me@SiréiiBit @6l sPfaddi oh Sdhaees difdahe SandPle R 'Tézél%ass%d 5]3&assmg
for an estimated specific surface area of é}
pargmetsrs &R 30sminihy edfos Fertiand cemgnt gypsuat egzesdlans; §-1p200°C for

o i3yl oy S, 0L SARGH! AL 368 AT

coritive almhmae Tok ¢eleissaapidlg. cldded Rith aeappercatat deglsking. The

o GRRE B Yerehuiaed 15 e ot M HE e ot gk o ithe the

stopper! BBS mabPo¥ BB 8amplel ik BBlafled lbyQbirARinkzARe Bfasé HBthe cell from
opening of the cell. The assenbly is weighed (cell +

thegnass of hegell +<legpised sample  neasurement cell is placed

on dn anpy d S

oo iSRaNE 00 W ka1 B TRER R BRACRRg iy on the
mea@mEnént ugyp’fhmanquzqﬁ haBecBmhd P00 A 31680.40%, msashrem;:nt

. fumes, fl ash, h-al uni na cene | i mest one;

is RGE St e fsDRabon s T raE R, The SO 4, EIVER [ Gmpdrgiy g this

casé| 188 @6n rhdareaosulqnmeﬁn F;érﬁﬁ edeg@%scng*he Bbﬁara@@&ﬁéa@bﬁés the
is wei ed and the result noted welgning 1s

pregaire pleidic seferanpe prdlin ‘hieh t@tﬂ@p@fbﬁte lwhte'twggatmn Y4per pressure
I C I
P B s MAELE: BB el e AR L iRl e

resa]miagycsrvs o fthetsé meaanph@ts $s thiedsocpetrani iectherut. Imftl’(eetneasurement

| aci.ng it on nt un e anal yzer
P Ko sy of ke VaRe e 60 Shrn o et e adhcestiegheph 8t s
vol@ﬂxetlmleaacﬂ@ercmﬁiear@uatvunlh&ﬁ@g%@fdae/thteraaa@aﬂpl e at a given
in this case the tenperature of |iquid

erat ure,
ni {T?B@ Breviougly caloplpsed mppse0 aﬁlsasﬁwplfswr?@%%ﬂ @52 Prameter. The
spalfRSBRTEsRfact BE dbRIAERES G oriWard\By Gihelihf ?é§§19f1 t}%rﬁ the
is at its saturation vapor pressure ~and that of
exmpampngl calrve.i Thehbbtainked ovapradvcinty  otandedd odd:)mt@narfmm 10

mep QRS o 8 ice ot 8 o} A T Sk HAEE Gl T 7 T itained

repRSduCRdsisty standind deO0RIDA drom t10 eleireieatsdagl cspanefofiti .9
cell: a measurenment of this volunme is therefore

™ lgatRePify BHRCTAEeR ThO W2 mPpeamgiob i FETIGh 8Py EYY 199 Wesks on a
refRERY AHEIN. PRICY H£da BBRPIQE chfiRd SRIWiG the rEREAES dhuAtina
a parameter. The “specific BET surface is determ ned
supfied hp theghanudaceurbyy | i near regression fromthe
experinmental curve. The obtained reproducibility
standard deviation from 10 neasurenents on a silica
Exivhple 4aihikkav niddéinlswedi fi c surface area is 0.07. The

obtai ned . . . .
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 CEM1 52.5 PEMS Le Teil cement: 0.84 m*/g BET or
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reproduci bility standard deviation from 10

measurenents on a cenent o; wth a 0.9 25 n2/g

specific surface area is 0 62. A control is carried

out every two weeks on a reference product. Twice a
year, r nr t fere .
A o oy PRESIR it CR CRM A R ot AT ETEBER pppiicr
raw nmebafiarge);s used 30 The followi ng nmaterials are nore

articul arl edlnth n artjcle

gl Ze r ﬁegga‘){’ﬁ%sg% qgeo aaﬁ'br(égﬁt“g?o@ﬁoﬁ ‘%g?gﬁa gi dance:
aggr egabesm¥s wyt (s@ppll}@}fmmgk) SupBRLAM. @@Eﬁ2rgCBETSdsa 11er
range: Honfl eur sand (supplier Lafarge); - cenent

CPA CEMfame) Br Siouenas Tl nearBRT (sopBiEriyresshBeE); brnegt@ne
St Pie te / .
sET (Shpgi arts Eﬁaeeé??é‘e@%reﬁéeé PRERE e, 8RBT, Qypier
ash ( aPswemtaieas AXorrBL.208: 64fh¥ gBESL(rsdmreeOmy]a)SZ n2/ g

Coupor HBRInG paRle 582 ipsetp B iaes olsey Jeaed SErhereafier

(suppIE%mS‘m;rl@IquQeﬁ}/ BEmest one powder (al so denoted
FC hereafter) M khart:~ 4. 66 n8/ g BET (supplier

Pr oWhe pailtislesiye gistribution prajily ofpicgmereTialssiseh (asedetamjrgd by

f (
las bR AG RN Br ARSI 3 B! 59 L4V RgERm g by
vidébpapaid-sied¢ enslyses fdr pariclesitwidna pnedni dise g:featehehan 200 pm) is
material s_used (as term ned. | aser particle-siz
repgh pl at FgRralt ioi o S EieRS e s TR G Ripro sk the
mafBrRRAn@Y%epath@ SArREH dizLlfpedl ze anal yses for particles
with a nmean size greater than 200 repr esent ed
in K @}mggamﬁest aéhatgfollaw, Hing admigkire, ﬁeéma 180, is also used as
RRAY on of the materials into separate
pla%grtl c%g{ﬁjs%?@égnr%ggﬁges 15 In the exanples that foll ow,
an adm xture, Premia 180, is also used as plasticizer
Ex O per pl as ICI pam Exa I £ 5 .concrete formul ati ons
XUBRE Py grGie Torpn REPERRY BEBY T hph in Figure 2

pr ovhédﬁlsot@grﬁgwﬁnilgam 2 9&&@&5@mm;hlv@myﬂt%@rarmwl@msua&anon
of a dry nortar according to the invention and a

of ey APty acepreing tarbrinyemsn angredry mypigarpf dhsoytendsrd g@%’ type.
Th:& ﬁ@ﬁ%@%ﬂ%@ﬁ%@ %b&é?vé%ﬁgftﬁgrlé@gc@d%g a?ﬁﬂﬁ%étgfﬁt%%’lm@dry

ry nortar accor vent i and
mogtaaatéargingftobihadarertoamend ,th¢ iquentim dof bnlntifﬂrafqenent fine and

Ly 40% t
BB Flas oM MRS Troffo bl BoRRE APBe G the
inveRidn2 comphred qo' @y thndabd moahe fTHeSqdaﬁﬁitlyQﬂ"dyatam@ raduced, 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



25 new ul trafne range appears. The fornul ations that
follow are formul ati ons ofzgoncr ete conpositions
according to the invention; based on fly ash. The
materials used are those described in Exanple 4. Each
CeRldfber correspondsHT§5?!5eLﬁass of material used (in 44,54
kg) to prepare 1 nB of concrete. 30 Fornula FAI '
Fineaanger range CassiBASup@po53. 70 Medi um range Honf | 883.80
sghd 953. 70 23 HT. .5 LT 74.20 Fine range
kg m§lfﬁne%epozz SSS?S%EEt]jeP’r%S@?ﬁe range SF El kem 971U 3179
PlasticiZ& Pl astici zerP®medrig0 180 6. 00 Water 100.00 6.00
Forrmula FA 2 Larger range Cassis 10-20 676.20 Cassis
Wager10 350. 22  Medi um range Honfl eur sand 874.77 CendfR-00
HTS 52.5 LT 72.21 Fine range FA Superpozz 354. 06
U trafine range SF El kem 971U 30.95 Pl asti ci zer
Forppdartd 2180 4. 54 Water 100.00 Fornula FA 3 Larger
range Cassis 6-10 953. Medi um range Honfl eur san
Lar§§%. & Cenent HT %gﬁlsgg'LlP 74.20 Fine range FA 976'20
Cordemai s 374.95 dskisatione range SF El kem 971U 31. 3§p.22
Pl asticizer Prema_ 180 12.00 Water 110.00 Fornul a87F4A7

Megiymfag8¢ range CaddPrlesrsapdoss. 70 7
Cement HTS 52.5LT 72.21
Fine range FA Superpozz 354.06
Ultrafine range SF Elkem 971U 30.95
Plasticizer Prémia 180 4.54
Water 100.00
Formula FA 3

Larger range Cassis 6-10 953.85
Medium range Honfleur sand 953.85
Cement HTS 525LT 74.20
Fine range FA Cordemais 374.95
Ultrafine range SF Elkem 971U 31.79
Plasticizer Prémia 180 12.00
Water 110.00
Formula FA 4

Larger range Cassis 6-10 953.70
Medium range Honfleur sand 953.70
Cement HTS 525 LT 74.20
Fine range FA Sundance 296.00
Ultrafine range SF Elkem 971U 31.80
Plasticizer Prémia 180 6.00
Water 100.00



Medi um range Honfl eur sand 953.70 Cenent HIS 52.5 LT

74.20 Fine range FA Sundaage 296.00 U trafine range

SF El kem 971U 31.80 Pl astiCizer Premi a 180 6.00

Water 100.00 24 Formula FA 5 Larger range Cassis
FolRald®663. 15 Cassis 6-10 343.38 Medi um range
~ HonfTeur sand 857.93 Cenent HTS 52.5 LT 70.19 Fine
Larggngmg€A Sundance G86is4®-20U trafi ne range SF El kem 663.15

971U 30.08 Pl asti iazer6 i’(gem' a 180 6.00 Water 100. %% 38

Formul a FA 6 Larger®¥8nge’ Cassis 6-10 953.70 Medi uri™
Medangeartdenf | eur sanHoffehir ééhd Cement SPLC 52.5 R 74. 2@57.93

Fi ne range FA Superpozz 353.80 Utrafine range SF
Cemepem 971 U 31. 79 Hl%lsasgtﬁ kTzer Prenmia 180 6.00 Wate?0-19
FintQ9n Q0 Formul a FARA d,ahgRE range Cassis 6-10 953. 7? 6.49

Medium range Honfl eur sand 953. 70 Cenent HIS 52.5 %’
Ulggigoangs ne range $HAESepe¥’pdzz 350.30 U trafine rang@o08

SF .El kem 971U 31.
Pk\?\g%‘é?‘ 103.50 For

10 . Pl icizer Prema 180 10.00
nﬂﬁeg“?:gﬁ% Larger range Cassis 6-10 000

wH&4. 00 100.00
Formula FA 6

Larger range Cassis 6-10 953.70
Medium range Honfleur sand 953.70
Cement SPLC52.5R 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



Medi um range Honfl eur sand 954.00 Cenent HTS 52.5 LT
102. 00 Fine range FA Supe&gozz 329.00 25 Utrafine
range SF El kem 971U 32. 00 | asticizer Premia 180 3.50
Water 130.00 The followi ng fornul ati ons are

Ui iuhatd ons of cogg iR, §9ffposi tions according to
{ﬂi iﬁ@%ntion, based oﬁ%??nestone powder or |InESt0n82DO
Pldstitizar . Formul a F(Rrébaa ¢80 range Cassis 6-10 950. 00 3.50

di um range Honfl eur sand 950.00 Cenent HTS 52.5
Waly% 00 Fine range FC M khart 1 90.00 FC BL200 304. 03;0-00
Utrafine range SF El kem 971U 30.00 Pl astici zer
Premia 180 8.00 Water 100.00 5 Fornula FC2 Larger
r angBe cdlewing doppulggansgare dagsylgtigns) Of 3aoncede  egppasitions

R e L

U trafine range SF El kem 971U 30.01 Pl astici zer

FOPr 12,180 7.07 Water 100.00 Formula FC3 Larger
——?%Qggi%333|s 10-20 661.84 Cassis 6-10 342.54 Medium
Lafg@pgmgkionf | eur sandafdh%-8¢ Cenment HTS 52.5 LT 70. 0850.00
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 525LT 70.02
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26 Fine range FC BL200 436.50 U trafine range SF
El kem 971 U 30.01 Pl asti c%ger PrEma 180 7.07 Water
100. 00 Exanple 6: concret® performances according to
the invention The perfornmances of the concretes
- ding to the i han are evaluated on the
Fm?gﬁ%wi ng points. ]g&(%ﬁ%gﬁpr essive strength. This is436'50
Ultrdas waret by pr oducShBlkeyl 9Hdri cal test speci nens wi 3ol
a.di ameter of 70, 110.0 60 mm and a sl ender ness
Plasigited o 2, recti'f;rfl{“l’f’g{%q%e latter according to the NEY7
wdtdk8- 406 standard, then |oading themup to failure. 1é$00
regards the | oading, the protocol involves
surroundi ng each sanple with two or three |ayers of

Ex&fibik 3POFfe1d ormbfc &L &30 He iRt | over plate of
§ chani cal

t esTheperfracianees ofithchcamcletasaeeadmigrtoltheciapadionyar©évaBadéd on
hE conformng with the standards NF P18-411 and
the JQBIWIng ROWES- confi gured for a force control of 1

MPal s, Cempreydid sﬁé‘ﬁﬁgﬁ.h?hisoﬁdﬂneﬂsuk&l b frafildE cylindrical test
according to the NF P18-406 standard and noting the
val ue WeCHNeas Moo diametes of 0] LkGon Bgomimhand Flendemess ratio
stren v -' . Vo dinyk & h

by thet BoReHBHE phe Flef SHIFARE (nCIN: FuRtole Ml Bk nen
Thi s | adegshemedpao faibst. Apegarirbe pradthge € @otkok mvolyes

ith the NE P 196-1 andar d i rismatjc | d
Wi th SERPYRIGE SR cambleo i oc BTET HSRE: GhCe Tonfage fave,
Uni  or dBnliifeig dnS URNEMCEChIRY T § 3RGA G0l Rekag emple

speci mens horizontally on two supports having a [inear
cont acmecini¢al ttAgingempchifre ¥iitheh Sorcqmarital cirppaitypeigd000 kN,
.Conf or{?n@&n’}% Q/ith hﬁe Ngm%g]cis% ﬁ§—4§t1 %H&i @ﬁﬁ), # e %@%gfeggor
in each test Specinmen. e test specinmens are rerove
f r om t &foreeadntts] oft h¥Parme eguyingrewtttbe Badingauprto éailuptiaccording

L BT IR RO N

experi t Tht herefi@RMalue WhhehdédiRiddersy) dBR@RE TRNforéd By the
store is maintalned at a tenperature of 20C 2C and
at a reruen Adhpifst eeydf 50% 5% - Durability

(measuggiiake. Afhid\RiilasBRl Of rdsY sHRFnERDrPGIER %Qﬁﬂohﬁ%&g};ith

The latter”is evaluated according to the AFGC test
Associ the INFnP HiS&rigstasdardi gsing prigoaiiemoiids | wils éxedx 16 or 7x7x28

Scient L f ok 150 S&ERBLE&in BAG UIRR i &9%E is RNGERY hidthging
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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27 des betons pour une duration de vie donne des
ouvrages") [<< Design of g ncretes for a given
structure's service life > ]9 These perfornances are
occasionally conpared in what follows to those of a

st anda C s .Qnt ¢ Q. | |l owng .
composy echsgRRE ot BulB ks abhdd debBuligh 1 PBgsien of
Cassi sc@cidiesAggn ghah esulde. d@rkge Iife »]Honf | eur Sand 0-4

847.00 kg/ SPLC CEM .52.5 Cenent 237.00 /[ n8 MEAC
oL 00 RETIPEPaSST 615 it L BHPaI At T9lghs 1o those of a
stafhidl BRE cBnddeté (cdilomBuitt\ e gb11dwithg @Omisedifidn:| t shoul d be

noted that the concrete chosen as the control, concrete
has Casskc Hh20 dgareeyiehi gh per f or mances 6808B%ekw to t he

st a@ggsqg_gg%%g’%g{egf ore a concrete t3§950§%?}3?35| ightly

| ower per nces than those of this con may
st i HonfleurjS2dd®ct 15 entirely sati sfadyongkghve result

TapPEEG TR 875 GecBhons i n parti cul 36 PRSI Bumer ous
f or M ACBINZ0EIARY those in Exanpl e 595 gopks m*

possible to obtain a conpressive strength greater than
or EhOaPPlay 209 ¥mEknizfeer 16 hours and gﬂ%ég/é‘il than or

equ o 25 or even 30 MPa after 28 sTable 1 -
corrr%aéésrsi ve strength (in MPa) up to ggxggﬁz‘g}?“n me: 16

houftsshbuite be 2dotbbuha  thie n@inc2Be dhyen Lomher obntidd). Snkfetd has

43 . F (.1 .83 6.00 34.37 FA 2 36.75 FA 3
excepjorlydigtnbairmyingss poraisd o dhstp)dab B0 ST pp paycet
haf 10 00128, 166 2 rfeshd oY 12) by BRI Al

. _ experiment carried out on a test specinen
entiplygniyiestery, for a

The 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

FA 3 (1) 3.79

FA5(2) 4.1 39.03

FA 6 (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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sl enderness ratio factor of 2; (2): experinent carried
out on a test specinen 110 gn1dianeter, for a
sl enderness ratio factor of°2. 5 The control is tested
on a test specinmen 110 nm di aneter, for a sl enderness
rat w: %Qgérﬂﬁen‘?f ca%ieq:‘%% tlﬁ{ asﬁegv%"‘rs@éc%n&%(%r 'nﬂgncﬁiafn ter, for a
carrie ut on another batch o enent, to nonitor
slendeenaso mpiodsgovef 3t rength of certain sanples on the
Iongﬁr ten-n. The.results 10 are.g%veF(in Tabl e 2, ‘
and Pn i RAET HATICH8E Op; FdStRFPHICR 1 Ut MiPafipEser for a
sleideEttsk eatid fagehain.cal strength simlar to that of very
good quality B25 concrete, or even better. Table 2 -
conphesitind is teser qinna (gsh sporperny bl By digmeger) fafia slepdeaness
: L month 2 nonths 3 nonths 4 nonths Control
nﬂ@%ﬁ%@%@?% 45.1 46.1 FA 2 32 44.9 49 53.9 FC3 32 39.8
45.1 44.8 15 The experinment conparing the shrinkage
of g ggncrete accordi%g.to tQ@ inventign Wi t h ghat of
a cORPYET SEIEIE SRRTHPET 8 2l He APURY| balch gL cenpy, to
mofR6PIhe &dmiphessive GHeRtB of Thaih Qhmpled ohAle (onget erm. The results
characteri zed by | ess shrinkage beyond two weeks )
arecgipimied apls & Fidaindigate ot neNeA timth e pigr Brmylagiont pequire a
' . (PN [ 0
melontch) SraUASIARRTE o of VDS 2ol gBRRY IS Bhelegbr qyen berter.
regards the durability study, the physical properties
f

qf t he concretes at ed accor,ding.to
ble 2 - compressive strengt] )b 1o afime limi

V U C C L)
B25 concrete, due to | ower water porosity
(appr ximatelvyv 10% for a concrete formula FEA2

appr oxi ek @pyth179% f @rmesithor o ndrypomhs conct moaths ong
Cogf%]‘a”ftc‘l 3|(%%| My, | anmizg g Tespectjygty Sptany 449238

ays dfter the nixing?'and | lower gas pefneability
FA(appr gxi mat3al y 5x10- 14402 for a cencretfe of 580r mul &
_EAZ_\(_jrcnc 1.1x10-15 nP for la standard B25 concre e,
FC3g days af t3r ni i ng)39-8orr gsi on4?-dst s al so44tfow t hat

the—Dbehavior 75 better conpared to a normal B825

concrete. 29 CLAIMS 1. A mixture conprising in nmass

pr offbe texpertmerftr cnmphrhgt the4¥hringage of abkyndreto naddoidliigo to the
. 1.7% of materials. in.the ultrafine. particle size . ..
‘“VF%%‘eV,V‘tI%HW{J?'%??P&"bg?? COREEe Rt Ve t‘i@deﬁuité A g Fompied in
Figg.ﬁ*ﬂg?whwdrhmea BRE Gk Y is GhBfadterisdd 6y28s SHrRkagt B&loAd thvbavkeks

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 5x107'® m® for a concrete of formula FA2 versus 1.1x10™"° 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.



froml to 6% preferably from2 to 5% of Portland
cenent; from8 to 25% preferably from12 to 21% of
fine particle size range erials, conprising
particles wherein the D10 and the D90 are from1l mto
100 mand with a specifd surface area | ess than
5 nk/g, different from#r%ééﬁg'léent; from25 to 50%
preferably from30 to 42% of mediumparticle size
range materials, conprising particles wherein the D10
land t Hembgorezompiisgin 0Gssiptopodionsty and from 25 to

5% pfRf oAkl M, [287eAdly Profty W8 &f 11784, 98 mARkihisCin€the ultrafine
si.ze range naterial %gﬁv%%”pr' sing particles where

. erelrn
particle fige 1878F- COMPFERE BRIUC 0 fesS Mapile APyt a specific BET
surfaceCRepgrestbngan 6 m’Rgrt1 and cenent; a fine particle size

range fipned i ' : d ultrafine
parti 51%2“ gi?ozél%r grﬁg%algg?%@ i%ﬁoeg%i oI nz%?“r#‘f;%.{en erein the
rmass [roopdia 2, peferdly framdl Zterddft, of fine pertiglessidgexrange materials,

compribig Satttdy whékante DICLAA AR YobI LNt @ BR% 109 €m and with a
refer nyfromtﬂl‘l%é?rl 5% The hi nder prem x

P 3.
specifi EE&S&%@@ e Py SHESTAN LN FReSM5Popor t i on of
the diont afitosS0g@arirefelablys from BANgE2Vd) of heediranpaxtidls size range
materizfl! gg?nﬁn glg % ggr%?cleg Rx%%?eﬁr?ﬁle)b ]BJ;R)@ t@e b@() J&%O/Prorﬂ 1 OEB% l%' Snﬁilg{, and
premx according to clarm2Z or 3, conprisSing in Mass
pr opofdtompAs: to 3% B ierablysiygmpiete . yofflawper particle size range
materia"fs'f_z%mgfisiﬁ’g phiidRd wherEmthe I 1008 gRBtd AP mnhr ef er abl y
from65 to 85% of materials in the fine particle
size range, and from2 to 20% preferably from5 to
210% oX bimd¢rgrreralxscommprising: ul t raf i ne particle size
range. i xture or binder prem x according to
one ofpogfaglgiérgmﬁ%o 4, wherein the wultrafine particle
si ze PRIHGPEIHYFSERELH AT diingd i ¢alny &andr om t he group
conpr iafiiulghfik lpafidle iz RAge 4J dBEREO RECIHANMIET S,
recipitated sili £as P;ﬁmd"i t at egd ggr bonat €S less than 50% and
FOYyEMNatEF BOPPIERL O WAL HHGrBEE 28I Bn BBl c&s than S0% an
preferaBlydnms 5 tgBo%nthofd grefesibly fpooulbto3pde.at ed or car bonat ed
silicic hydraulic binder, and m xtures or
co-grindings of the latter, in dried formor aqueous
3susperddF diidesprergix aprardingdoyFlaimp . BPergEY thsmasss proportion of the
ultrafina@anicth dige tapgoimahepretdifigtBorh 2tt6 26%, pregerably fidne 5mo X0%! e
(Portland cenment and fine particle size range)
conprises: a first particle size sub-range, conprising
4par t i dihedingeepemix a¢rerdngtagiaim her 3.000paiswefip Hiass progortions:
10 [ urRm 8081380 SgeRpsbIPAb 1 B 257 &f PUANhAB&Rent;
conpr Ifrsolrr{] %O Ft)g Bb!%;(,: Ip(ree era leyr rcl)r?l éSht% é%]"g, (%n rglatteplgls 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 carbonates, pyrogenated silicas,
natural pozzolans, pumice stones, ground fly ash, ground hydrated or carbonated silicic
hydraulic binder, and mixtures or co-grindings of the latter, in dried form or aqueous

suspension.



D90 are from 10 to 100 m and in which the first

particle size sub-range conprises Portland cenent. 7.

The m xture or binder pren‘?’ according to one of

claims 1 to 5 wherein the mxture (Portland cenent

and fine particle size range) conprises particles

wherein the D10 and the D90 are from1l to 20 m 8.

6I'he niTheuh&nge obbider priRiascadingrtdiong of eladme 1ab 5, wherein the
mixturé Lﬁ%lrtri'%d]c&n%nt? and%n%%lrt?clé ?1%6 rarn;gegec r1*1ts|es(%I € Size range

conpri ses one or re matéeria chosen fromfly ash,

pozzolaafiist particieesizcosid-1308%] exomprisingi pastitles poewgar the D10 and the
D90 art OBy 1 A cjudmmul phate, slags. 9. The m xture or

prem x according to one of clains. 1 to.?, congirhéi Eq

- Por @551y ¢ SI4H 3UG-TAP8GAPmPSISIng Ragiq§sapereia fan P10 and the
D90 arafrdnd 10mesttoOnen;powder; or - Portland cenment and sl ag;

or - P : : i : r;

" por TR, pyibi sB2 1B bt  BRpH AT AP meht

cenment, |inmestone powder and slag; or - Portland

7c€ mt? Nthe frhikns lor blddﬁ?ﬁkﬁﬁ? a@éﬁi\ﬁht iRE td %Glcfa o l@&jm&@ -1to'|§3 Qvgherein the
.om re or pre-m.x according to one of clai 0 9,
mixturg, el b aps 4170 PGB ES AHECY FomBSITS AHEIS, herein the D10
and thedo?fpare$fong 1 $6 2@pmll. The m xture or pre-m x accordi ng
to one of clains | to 9, conprising Portland cenent
and sl ag and not conprising fly ash. 12. The m xture
8or bi rdermigtuseriox beebPieniy aEerding tePone jofclpgmy 1ttg 71 wherein the
fine patidlé Rek raﬁwéﬂn?ﬁ@:@:or@ & mdfd flatelialsOfHOsON ok flFNash, pozzolans,
rat o _and/ or ,an ai r-gntraining g%ent and/or a

: | :
limestopig pERGFPrgfice QBRI St/ BHe SIPTR IR, 3025 3 e

bi nder prem x according to claim12, wherein the

9PT OPOFTikl i x Qe B I%éltnb@éc%gfdiﬁ /gstof(fngryf Craflns | ® §,0@0mprisin ;
preferably Trom0.2 to 0.5% expressed as a mass rafio
of dryoslandgemepranddlyashi @ zer to the mass of binder
Prem Portlahd cAmBhtdndgnes P posdargor - a bi nder prem x
accor qj t,0 one of. claims 2 to 13; a nedium particle
si ze ?Jgﬁgaéldé:gm%tﬁnﬁesg?gf W claim 1; and - a larger
par t i Foglasidzementnfje aghsandielientencipewskerion 1. 15. The

M Xt UPRBHAREAERTNY QstPAd dgldr |1 N Mass proportions:

- 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:
- a plasticizer
- optionally an accelerator and/or an air-entraining agent and/or a thickening

agent and/or a retarder.



- from10 to 35% preferably from15 to 25% of binder
prem x; from25 to 50% prgﬁerably from30 to 42% of
materials in the medium particle size range; and from
25 to 55% preferably from35 to 47% of materials in

Eiolr 2[Ih% 3}11} 1@ g%lg%%{%c%qrélﬁg.ég %Qurg lgow&gyrll%hgn B;:(c}pl{)rgiaon of plasticizer
is frommD.O6 @b 3%, prefei‘mbly’lﬁdnnm pPAaOLS% keeprasseé as angsssaatip bl d8sextract of
plasnc&@lntgtﬁ‘ef‘ﬁ{/a&roffb‘lrﬂﬁr and - the larger particle size

ge conprises a gregat es and/or gravel and/or
pebbl es and/or fine gravel. 17. The m xture accordi ng
j1710) ongﬁﬁxtgﬂe%ﬂ@ngm 5to 12, 14 to 16, wherein the
spacing.coefficient of the sk | et on by the bi nder is
From 0 W4eg Piens aicordigg A6 00 haling 24003 1 0. 18, A
conposirhedum@hartivdd sizoraope dedefmodr ¢lgimndy; and a m xture
accor [ [ 14 to 17, m xed

4 et G0 508 gl ElBethedin bibd “Conor et e,
conpr|3| ng: - from10 to 100 kg/ nB, preferably from 20

150 40 ThgmiTRwued ad¥Bidiid @l Saimnl 4, kemastl progdrtiogs: particl e

si ze ra f|n d.in cI 25 to 150
P B S RN
pr ef erfamhyZS for 600, @@efer@bl:yot‘romgwrﬁo 421% ,Rdr trlatemidlscanthet medium

rticl d QQgqto 600 kg/nB, preferably from 300 to 500
pa wﬁ(“%@“%% materials in the fine particle size ran

def i ndBPR A5 &9 &9 % RrefarrlhBom 39 do 15B0 ok griprialsgp é@ee%a&ﬂryamcle
size radige0m 700 to 1000 kg/ nB of materials in the nedium

particlc size range as defined in claiml; 32 from

600 to 1300 kg/ nmB, preferably from800 to 1100 kg/ nB

16f matlheiniktre accotiing toagngenf chams L¢3 @ K, 16 or dhgeheagin:

def i nggt mBdiahApRide s@@ thirge @0fbRARshYd arf/Y! f%tshﬁd Zaﬁfi
20. The corrp05|t| on of vvet concrete, according

¢l ai mtA% &ieen @5l SIZSi e -ComPrises GEareaist e oprag] andior
pebbleaand/@fitegiravehg agent and/ or a thi ckeni ng agent and/ or

a retarder. 21.- The conposition of wet concrete,

according to one of clains 18 to 20, wherein the WC

I7at i o, Thghapdurgyasearidggatoegng peé cbruaﬁtlu, tytool 2kt & lanwherein the
spacing ORadlaftiorf the Kbl By BB Einde£RBRIm 015%0 f1 139 Preterh®ly Zromm 0.7 to 1.0.

preferably from1.3to 1.5. 22. The conposition of wet

concrete, according to one of clains 18 to 21, wherein

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;

- 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;

- from 600 to 1200 kg/m’, preferably from 700 to 1000 kg/m’ of materials in the

medium particle size range as defined in claim 1;



WB rati o, where Wdesignates the quantity of water and

B the quantity of materials_in the mxture (Portland

cement and fine particle sf2e range), is fromO0.1 to

0.45, preferably from 0.18 to 0.32. 23. The

conposi tion of wet copcrete accordlng to one

¢l ai msfrol‘86?%t°2§300f1?g6'ﬁ1 éreterablyfggm BPAgo 1 H?Oelf%maﬁf {pateriglpin the
larger [Btidle sitdthnkt a8 definedan praghatadd y from 95 to 135 1/ nB of

wat er mosition of wet concrete, according

to onémﬁ?nmxhgﬁgg%ﬁg "o 23, which is a self-placing

concrete. 25. A concrete conposition conprising |less

2bhan 1% ckepBBiioPbelver RRkMte §c%%rd1ﬂ§fb cldigD1 &6/ @corﬁﬁ?{s?n
preferabh%ﬂ from60 to 105 kg/ of Portl and cenent

and haD2RTIH20F BHE P, 8“%”(13% Qﬁf‘@?‘@’&f athigkeamegeent and/or a
retardeequal to MPa 16 hours after m xing, and greater than
or equal to 25 MPa, preferably greater than or equa
to 30 MPa, 28 days after m xing. 26. An object of
Zhar derdg cempesiderobvet ¢racretpersirding to aecelrdiing 18do @Aewherein
the W/ef rdtb@iire $8 deQgridtes thé. l-ﬁlﬂﬁtyobﬂ Qater Qifndr@rtﬂ@ﬁﬁﬂqtlty of Portland
b

0 rom.10 to 100 kg/ nB
Cememp}sgf gﬁ?g%f g‘%ﬁﬁr%y?@r’h kA8 of materi gl sin the

ultrafine particle size range as defined in claim1;

285" 08 PP PUELE el B AR 6 53T 29, wheri
W/B ritig) W@efepWeﬁ@F%Ie’;? the awansity pbwatep apg Bnthe qugptety of materials in the

mixturd (BSr@smbéetment LAMRE pafticlel e kegB'is B3m 011081 04) préreRBB from
OlSto%%{ , preferably from 300 to 500 kg/nB8 of materials

. [ he fine particle size range as defined in claim

1; from600 to 1200 kg/ nB, preferably from 700 to 1000

259/ B 19f cHﬁl Sglhfz’#a Sf Jw@t &Jﬁ@rete”ﬁgdomg% sﬁ&i@c $ih%Q 8"t8P9 from 60

efined yom 600 to
to 180 b/r”éf @wéﬂ@wyfmm%tyoliod/mwrwefﬁsat&y f“ﬁ’Ht %? 10435 Iy’ qfjygater.

| arger particle size range as defined in claim1. 28.

Ihe Otl-Jhg %tﬂm%fomp & QF vr\}gtccgglgr]gger gcc%{c? Sg Pc%(g aﬁm l§|t<g§§ which is
asdfnhw&&ﬁmMEmaus fron10 5to 1.3, preferably fron10 7 to

1.0. 29. The object of hardened concrete according to
ne of clains 26 tq .28, havi.ng ri e leg
2200 i FORTEE SPRBPS/UPR SAMPRSiRE E@@hm fa%g Tprsfﬁ %Awss than
120 k@6, mopr peefsmblyorirgn efar@tlios nkgiin’ aof: dupdisidt canmenofandehaving a

compreggpg Et?%l%thcgrg?ng} t?%ﬁl tg{) l%ﬁe%g% nya 16 hom'lsxifggpﬁx %Xatng? 4(g,‘léea‘ff'e? than or

equal tq 25 MR, prefeiakly greater than or equal to 30 MPa, 28 days after mixing.

26. An object of hardened concrete of the composition according to one of claims
18 to 25.
27. 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’;



31. A process for preparation of a conposition of wet
concrete conprising a step__of: - mxing a binder
prem x as defined in one of3claims 2 to 13 with
materials of the nediumparticle size range as

defi ne | ai mpterials of the larger particle
si ze rfg‘i’fﬁg 00 651911‘&/@ > eetgbnkem; 300ce 20/ ke/mngf watesials in the
fine padtzcle aiheramlgeaedsﬁrfedrm pragpar ati on of a conposition of

wet c g arein th

quant Iot? PS II_.gg 191 eptgfe{a‘t‘bﬁ eg;’n%olqg %é&q E%n énaterl 3 in the
mediuggyapsle Sl?ﬁ%é@ abqiquleéslsclamh 120 kg/n8, and nore

pr ef er@bh%oo @@mﬂ gf’ foro B om0 tk gllmkg/%s of fhaterials in the

rocess for of a ‘conposi tion of ~wet
largerg EIF St TngRF E??thﬁc B of mxing: from10 to 100
kg/ nB, preferably from20 to 40 kg/nB, of materials in
he r
if; “Memag{g&%fﬁ%%hgé /% n@dré@ ac?tﬂ‘gg\éat% ﬁ?é&mﬂg%@&e@gé "Thacing
coefficigyt pfthe piseletop butas bipfst is froov.S o1 Bopretmatity e OF o 10,
Port | and cenent; - from 200 to 600 kg/nB preferably

rom to 50 of materials int

i{?art i c o &ﬂgﬁn%cmﬁtﬁ Gr e B ot of el 26 6 28ohaving
shrinkdg206ss kkya{nrrs)o pn/ed, erefldaipl yflesrth af0Z00 jon/b@ Cibtek 80 ddBysof

materials in the nediumparticle size range as

defined in claim1; 34 from600 to 1300 kg/ n8B, o

39k ef erAlprocess ompsaration pf @ccorpositiop fof et 6pREPts Compripiag a step
of: larger particle size range as defined in claim1; and

optional | | ast i el and/.or an ac er at °F

O OBk  BuRhEh hrEe BA, BRSSS SR A 94 o 17
with wated/ or a ret arder; W|th - water. 34. The process for

preparation of a conposi tion of wet concrete accor di ng

to one of clains 30 to 33, wherein the m xing

Harri ¢ PERAESSHHOT Praparationof @ coppposision of dt GPRATEIE CPPP@"S‘“g a step
of: quantity of water and C the quantlty of Portl and

ggme.?.:]e xgng% mdgl% %remnF étP agt]; ad 1%'(%1]@ of crl'gums% t0013 w1t§ matenals of
the megjaim pamelpetze TAEC S dpﬁge 0 cbwes L @fatfmaéa mh@@rm pgmcle size range
matené{l’s"'%Séf&ehhx?clﬁlr%'lﬁﬁd‘wfate@arr' ed out at a WB ratio from

.1 to 0.45, preferably fromO0.18 to 0.32, where W

deS| ghates the quantity of water and B the quantity of

38t er iBespriotest Her iprepatition (dPox tompaoksit@n®itwea wdnéreteeaccording to
claim Q?r(;rl §1| ewl?érgl? Irhgrlg.%)ltl 39[; P&qﬁn refenc u%ﬁ xspfegsp ﬁ{aﬁt i kg/m3 ,

0SI concrete accor

preferacbbaie?ﬁsth@u)lz(bkgm wden@‘p rprqfhr@bkyua@fﬂpwdétorrw\é@ &q lQﬁs@dmu S
from60 to 180 1/nB, preferably from

33. 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;

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

medium particle size range as defined in claim 1;



80 to 150 1/nB, nore preferably from95 to 135 11n8.
37. The process for preparation of a conposition of
wet concrete according to fie of clains 30 to 36,
having a conpressive strength hi gher or equal to 4 MPa
16 hours after —mxin he process fo

pr epar & 680 tx @OJWoﬂQfF@HIYJFOWOé‘bh]cqoelfgémaeéma?ﬁ“ﬁb in the
larger papticd@ ize einge hat¢finedln taim 1, h}&yl ng a conpressive

streng gp ?angzggrﬁ\%rnclezgrga%\d}og dn’a c@@{ & z?rrd%ragll Xlé ntg%\gmg agent

or equ
and/or pﬁln@l@@sﬂgragpntmné{smaa@ﬁamr,owla cast vvet concr et e,
conpriysitdld a step of; casting a conposition of wet
concrete according to one of claims 18 to 25, or
i kel y of being obtained by the process of one of
3dl ai mThd@récessSthr pAdparatioprofaesmpbsitiopbd diectomoret®hcadrding to one

of clangpbg% 3§)fwl?qui?1rtﬁé S’h)tu?lg n.:;DE ?d B& & a rsig%) rzg{o whe&awdgggléﬂgtes the

e acco
quantltzz |05Wr p8d Cghe guantity pf R@nﬂyn@ﬁerb@tn@ommtau%m%wrﬁyrablyefrom 1.3 to
1.5. process of one of clains 30 to 38, or a conposition of
wet concrete cast according to claim 39.

35. The process for preparation of a composition of wet concrete according to one
of claims 30 to 34, wherein 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).

36. The process for preparation of a composition of wet concrete according to one
of claims 30 to 35, 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’.

37. The process for preparation of a composition of wet concrete according to one
of claims 30 to 36, having a compressive strength higher or equal to 4 MPa 16 hours after

mixing.

38. The process for preparation of a composition of wet concrete according to one
of claims 30 to 37 having a compressive strength higher or equal to 25 MPa, preferably higher
or equal to 30 MPa, 28 days after the mixing.

39. 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

25, or likely of being obtained by the process of one of claims 30 to 38.

40. 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 25 or
likely of being obtained by the process of one of claims 30 to 38, or a composition of wet

concrete cast according to claim 39.





