. | . Q056939
1 Description *159159* Cenent Cinker and Cenent Containing the Cenent
Cinker Technical Field The present invention relates to cenent clinker and
cenment containing 05 the cenent clinker, and nore particularly to an

i nprovenent in cenment for use in concrete of high str m ﬂ m' h
flowability, mass concrete, shrinkage cqnpensating coﬂMHM Mmm W wﬁcrete of
high resistibility which are enployed in~ the field of engirggti ng and
architecture or as building material {fhrough increnmental |aunching nethod
or wet formation of cenent slurry. 1 e@%%%%?%und Art Acconpanyi ng pronotion
of rationalization and energy saving in the field of construction and
wor ki ng techniques in these years, needs for cenent of I|arge variety and
conpl exity are i nEeemsitdginkerdand CenarteCentiasning thg Gempenedlidkerconcr et e of
hi gh strength and high flowability for use in high-rise reinforced 15
concrete buildings or buildings of concrete filled steel tubular colum
(CFT).  SugR.keimeNtidlg al so applied to so-called mass concrete for use in
concrete dans or concrete buildings of |arge sized nenbers. In order to

obtai n concrete @hehirgberst ingaation relewad @ém%ﬁ%ﬂhké@}ahﬁ cefent@OHtdiBEh g O be

decreased which results in an increase in viscosity of the 20 concrete” and
a | oss (% theeement elinken, emd morepartieddslytto 2n tnprdakertnintdeaterttifer use

Further - athBeiuate ST R Eeoedland Bdk A wabdind S14ur coverdier SkaBinte (o
amount of eaPBhsaiflg CHNGEAHS BSn@Btd %@%sis‘ﬁkﬁﬁéﬁ?&&? a ?hg@lﬁeedt fie time

of hydration reaction, whereby a dra I's pres

strengt h 2theiéell opemgineefing rmdsarchiteuterecrcrelbniddingymhberigf flastighf t her mal
hysteresis. of high ferrp rature;, Due to these drawbacks, it is generally

t he case tH%FtreW@Pgﬁl WF’F%H‘etb@%ﬁt‘VQ?afﬁﬂéﬁFl?nbﬁ cagedtslueryspeci fi ed
concrete strength of not nore than 45 *@0001* 2 N mR2 when enpl oyed for
constructing high-rise reinforced concrete buildings

10 Background Art
Accompanying promotion of rationalization and energy saving in the
field of construction and working techniques in these years, needs for cement of
large variety and complexity are increasing, and such cement is being applied
to concrete of high strength and high flowability for use in high-rise reinforced
15 concrete buildings or buildings of concrete filled steel tubular column (CFT).
Such cement is also applied to so-called mass concrete for use in concrete dams
or concrete buildings of large sized members.
In order to obtain concrete of high strength, the water cement ratio is
required to be decreased which results in an increase in viscosity of the
20 concrete and a loss in flowability which in turn leads to a drawback in that the
workability may be degraded, for instance, the pumpability may be degraded.
Further, a decrease in water cement ratio results in an increase in the
amount of cement and thus causes an increase in calorific value at the time of
hydration reaction, whereby a drawback is presented in that the strength
25 development of the structure decreases by the effect of thermal hysteresis of
high temperature.
Due to these drawbacks, it is generally the case that normal portland

cement can only be used at a specified concrete strength of not more than 45
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or CFT buildings. In other words, in order to achieve a specified concrete
strength of approxinmately 60 NNmm2, the water cenent ratio needs to be
decreased to approxi mately 30% which, however, results in a remarkably
hi gh 05 viscosity of concrete and a loss in flowability so that the
punpability may be degraded. Further, when using bl ended cenent, the
viscosity of concrete beconmes |ower thapn that of normal portland cenent
when both are prepared enploying the sane water cenent ratio. However

since the - - ed . 1S loferhqr to
that of novar aenef SHpIBREERl Rnshisfrint hghAREE IR chiet Phiflines
required ter GBT Buildings. Walh 6thaiewBils, iabider oradhigve RlspoaiGiddcoiBrttet han
that of normal portland cenent. This, in turn, results in an increase in

vi scosi t y dfergihcefcanpraximatedy $0fNiminénthe weterhiament taginygeedmiobai ned.
Consequent such bl ended c an b sed to obtain only a, 15 | evel of
strength efFFEATEHe %@rpﬁ%aw&bﬁrﬂn}“ﬁgr HP‘é{ﬁ&%éﬁ%‘Hﬁs 1 g re rkégb’ ﬁkg%t hat ,
when usg ; : i ' - S
over Than TR o coRBerp A GRIE T AODE I SThAY thEbuSAMMELPARSTRTTS g
the same vddgradeénent ratio, and their strength devel opnents are equal to
each other. Thus, it is capable to punp the |ow 20 heat gortland cenent by
a punp in a strdfexther.eyhen usang hlandgHeemandntheuiscesity abeoredre edvedoarss

t, d t] I I t i fi t t th of . t
AT LT R R G R e T
al so in Vvigw @fmé RateABSHEABBalih t HBwedbP difiéLtieAliven ofh ANANGSheRt offhe

However, even bg enpl oyi ng | ow heat portland cenent, the viscosity can
still ntd lended texieants infdeior éashat ofinormleport leen dsqrameit, éd obtaiar et e

strength is.sef to, be hi.gh as. approximtely 80 NN m®2 (approxi nately 25
%in a mt%%uwef@ﬁéﬁ@r%aﬁost,lgirﬁguw@éew g%‘gex: Fadek spment ﬁ%frl%géfe@.e

Th f W j e f. punps
Tna cond 1518ad6F et Ban RHIPGEL S AERIABLRIEE | IR S0t BESIRLR ™
presents adm aleebsonabisdogwpatondtetdith A sefficidit BdbwabilBHdHeng s | ower

than those of nornal Eortland cement or blast-furnace slag cenent. In
order to soRietaiped drengraientlyeasch blended cearent ¢an bhased heobtdinemdys as

e oot BB R Sl COALAAREY S Baf bPbRRALES Rl Phorhdfe PUT POSE  Of
In contrast to that, when using low-heat portland cement, the viscosity
of concrete becomes lower than that of normal portland cement when both are
prepared employing the same water cement ratio, and their strength
developments are equal to each other. Thus, it is capable to pump the low-

20 heat portland cement by a pump in a strength region being higher than that of
normal portland cement, and more particularly, at a specified concrete
strength of up to approximately 60 N/mm?2.

The use of low-heat portland cement is desirable also in view of the
decrease in the calorific value of hydration.

25 However, even by employing low-heat portland cement, the viscosity
can still not be sufficiently decreased, and when the specified concrete strength
is set to be as high as approximately 80 N/mm? (approximately 25 % in a water
cement ratio), its viscosity is remarkably increased. Therefore, it can not be
pumped by using a general pump and types of pumps and conditions for the

30 pumping are limited.

Low-heat portland cement presents an additional drawback in that its



05 However, while an increase in the fineness and the anount of SOS
contributes to i nprovenents in strength, it simultaneously results in a
drawback of increasing the calorific value of hydration and of decreasing
the flowability of cenment. In any case, in order to further inprove cenent
of high strength and 10 high flowability,in strength, it is required to
improve the flowability of the whole binder including cenent, to further
decrease the unit water content mhile mai ntai ning the flowability of
concrete, ar.t restrlct the c Ior alue ation of 1he whole

bi nder |ncllﬁéﬁ1$|]gs trengih 1 1gwers 69& ‘cl?réﬂ Iﬁortg’é\é?edﬁ%%?r BlastHarmageder .

15 Hovever, sl%%ggﬁghk' Ui 1$ttors%T\9et ﬂu@&%a%ﬁ@ﬁt Bgﬂre%oﬂelﬂa%E%Eg t}ﬂ'grt Bp&ach

other, and there exists a relations esetht

i mpr oved, tfgenestherweld adepe admhntchfefoeﬂt@md 303 hee UregasYforahs PutBosdrese
t wo subjects S|nultaneouslg In addition, it is difficult to achieve an
addi ti onal (%fdmlé'@Ylftﬁthedléé léhéiirﬁggﬂhe calorific val ue of hydration, and it

had not  heen pos ble b i_or .ar sol ve of thes bj ect s.
't shou™ be ot SAOYRER wFe,6 pfisadt o8 the eBe Bpdithg Aot F0E) “and
hi gh strenglhtAbatdeioitn phaRenidhth M 6@k Sit s%mwﬂebasltyh%%mtléuﬁdas of
concrete exhibit superior characteristics, they al so pfesent a drawback in
that they dmawheakeftihercagingt mlerlﬁhmaﬂnkagéhym&mndrmf idecrdaisixig the

vol unetric ﬁS qﬁgkea e occurs after initial setting of cenent by the
hydration rietg £P®LBbf . On the other hand, in case of a concrete

nember havi ng a 'mreggy B8E1h QPR A ARG 0Tk Al ANUrSERT AN G e e

menber i s accunulat roxim er to resu a .l se

of i nt erypalhighrfeyabilite in Btleejnlggh% ié k6qliiRBPes aﬂh![éli'@vd tlsd NewRbIASSST the
cooling process, a considerable tenperature difference occurs between the

exterior (pvheledrindenmayding Qerwm e fuxthen degreasa the ru)mhwat@am@cmtent of the
Cracks ar o WUE pERGERMRE PRE TobaBu B SRBR et & s el S lRees
While ther 3“???@2?‘.’@3‘2”&?I@Edﬁfﬁ%?‘i‘%%ﬁ%é?@r‘%{a”@?? SR Bnete g N0 20
concrete, tdevelopanent efethenbinderl ow cal orific value is considered to be nost
effecti \i% and ecci-lilgvrvneger flowability and strength are essentially conflicting with each
other, and there exists a relationship between these that if one is improved, the
other is degraded. Therefore, it is not easy to solve these two subjects
simultaneously. In addition, it is difficult to achieve an additional subject of
decreasing the calorific value of hydration, and it had not been possible by the
20 prior art to solve all of these subjects.

It should be noted that various types of concrete of high flowability and
high strength are being used in these years, and while these kinds of concrete
exhibit superior characteristics, they also present a drawback in that they
increase the autogenious shrinkage (phenomenon in which a volumetric

25 decrease occurs after initial setting of cement by the hydration reaction)
thereof.

On the other hand, in case of a concrete member having a large
sectional area, the heat of hydration of the cement member is accumulated in
the proximity of its center to result in a rise of internal temperature. During

30 its temperature rising process or cooling process, a considerable temperature

difference occurs between the exterior (portions coming into contact with open




An exanpl e of such cenent of low calorific value is blended cenent in

whi ch ground granul ated of blast-furnace slag and/or fly ash are adm xed to
10 portland cenment by huge anmounts. However, this bl ended cenent presents a
drawback in that the appearance of initial strength is small and thus
results in delays in renoval of fornms or 4n inferiority in view of
resistibility. Low heat portland cenent is enployed in order to solve these
probl enms, but since such | ow heat portland cenment is still not capabl e of

suf fi ci entl wirdardeiateast bPtRd51ae8d @bhérete ‘éxﬂlilb%usié pafialQta hWe?eby $0-
satisfactory effects in preventing thermal cracks: e problémo

aut ogeni ous called bhewealboeskahsoappd ycdur. nass concrete. That is, instances

are reported in i ch cracks occyrred which can not be sinply explained by
t he reason acconp 9??’?93‘%&9‘35}%8\/93 cyacks prsclakely tooeper, at needsiid be troased as and

It is pointefhQuh tAGk ihttehfls%?agéi%hear&g%toﬂ(@.Ogeni ous shrinkage | argely

i nfl uences the occurrence of sucC Fac osure of Invention 25 It is

an obj ecosof the Wleifb@flﬁeﬂemmdrﬂfhstﬁeﬁlﬂidéeoﬂﬂl‘év@ﬁﬁﬁgi%ﬁb%al g&%&%%hﬁ%éﬁﬁat

of hydration sinmultaneously with inproving the flowability of cenent an

mai nt ai ni ngcenqretrythe use of cemgnh of ey eaforiic valderis toniderdtbto bé mprstve
concrete of ﬂ-l h str&ngth and.high flowability in strength. It is another
obj ect of tHRECPFESRAL SFPAVERG%N to provide cement for concrete of high

strength and high I@M‘Ii i [Pol3 i1 -
viscosity at |ow ‘\i‘/fé%t er celr?e&ni%éuﬁ:gt% ibo, Qiogrl\&gtcrg %ﬁg@%%&%%ﬁ@%&%ﬁg%ter
recei vi ng t wdnclgrdiyst grasilatedofblast-urreaeudig ahdawtfboesh avs adstikédkage.

It is st'¢l ant%‘gcfr obj eﬁt of the present inventjon to provide cenent for
mass cont? ePer cRRENHPY hugsrupruntset fHevevess thisdilended gement pressnitag t o

05 t her mal t | ri . LN order tg,achi,eve these.
obj cct st norAFBRIEHE Rl RS SN ORI opntl AR BN aheiip i
A1203 and Fédia§sgnntaiovallof foref®nin ifbrkeity #h Qisebf t&ighily05 to 0.62 by
A1203/ Fe2O3 ratio. It is known that 3CaO A1203 (hereinafter ' referred to as

"C3A') in 10 cenkaw-kediipsirtlandicgmentds anidoyedacoidertty sohieghebeatoldbms,
%ﬁL?;L?Br ?ﬁlgt %%{ggr%gf:g%v?r%ergtop%%ﬂ%ghi cglﬁ{ieqqet igg?i'llp ﬁgf ca-g.]gl%rlg ];) g&fﬁc\ll\elpn%Ty
15 decreasing the calorific value, it can not exhibit satisfactory effects in
preventing thermal cracks.
The problem of autogenious shrinkage does also apply to mass concrete.
That is, instances are reported in which cracks occurred which can not be
simply explained by the reason accompanying the above described

20 temperature differences, and it is pointed out that it is possible that

autogenious shrinkage largely influences the occurrence of such cracks.

Disclosure of Invention

It is an object of the present invention to solve the problem of
preventing heat of hydration simultaneously with improving the flowability of
25 cement and maintaining a long-term strength thereof in order to further
improve concrete of high strength and high flowability in strength.
It is another object of the present invention to provide cement for
concrete of high strength and high flowability that exhibits high flowability

and low viscosity at low water cement ratio, high strength development even



heat portland cenent or |ow heat portland cenent, the anmount of contai ned
C3A is decreased to approximately 2 to 4 % by weight as conpared with 9 %
by weight contained in normal portland cenent. 15 The only interstitial
mat eri al cal cul ated by the Bogue cal cul ati on when A1203/Fe2O3 ratio
(hereinafter referred to as "IM of tise cenent clinker is approximtely
0.62 is ferrite (C.}AF), and no C3Ais calculated on estimatory basis. By
further decreasing IM the interstitial material changes to ferrite of 20

C6AF2 conpadidrireveiaingl fhernhel hjsefdiad, a9fd £w aMMaR! dfi Rtogdyioali tting C3A
whi ch exhi bits high hydration reactivity, high calorific “value of
hydr ati on, Shir{j?k%ésorpti on anount to chem cal adm xture when enployed as

concrete as well ;as | .argest, anpunt aut ogeni ous shrinkage, it is
possible to inpr 3@%5 ?@é%&ﬂ%‘b‘? JP‘ftyooffdﬂlFﬂ Hrﬁg%fbtc’rné@%‘opﬁé PERBide cesrentfor 25
aut 0geni ousn &4y doHEARR thA® edhi Y j hange of
the ferrite conposition ferongﬂggélA P‘to %gggp%%%%ﬂgggs ég??%tgcenent
decr eas@$ ithermel ciaeks anfl dytdgahioms shmihliager oves in the flowability

t hereof. Since %AF has an anount of autogenious shrinkage second as |arge
as 30 that of C3Aordewita achigue bhesei duectshihierimegenvinvession ischaehaterizedy

above’ chandB iR Me Zneldl BFRTON Ead Hou Bifarmie i tntomnt Gikeranrsebanbe

invention OGS t€bB2ASS AlJOSPEIOL @itfPMPOsi tion by decreasing IMin the
cement clinker is a nore effective nmeasure to solve the subjects than

obtai ned by the é&fisktowh thatBCrOMAII0NGheeBihaf refersb@ub ds besAotiad t he
el ongati on of conpressive strength of nmortar is insufficient in case the
i nt er st %0 §pMeat exhidity Bighehydradioss regetivitymbégh beehof hydration ahe largexi nity

of 0), so Lim t val.ue | M has _been set. to 0.05. . Possible
reaszjns fotralat%éﬁetsxng‘laéeQ}}i\%1 }(ﬁg%"gg%o SZ.CQ%er‘gPSZ VY}IH%‘F Baphipeiunng gadegate;  as
"C2S") duehbat pbAaRs cben®b doww eak ipetlhal Sefentl I a 'ogggﬁi‘ SotAdn &) SO

| arge 10 sized crystals of C2S owing to a decrease I1n Al anount 1 n the

cenent cl i fléris deeeeased to2proximeately B thet Yripuwdightrd g hgredr Wit Mg by
process to _cenent. In the grese{]t ig}vn%]tion, it is preferable to set the
amount of SGHER FaRfal 1} BorBat porg ¢RMARY-ght . When the anmpunt of C2S

containgq in theTh@MRiN iflehBHEG] hitbRaPciRThted by the Bogue calculation when

Al203/Fe20s ratio (hereinafter referred to as “IM” of the cement clinker is
approximately 0.62 is ferrite (C4AF), and no C3A is calculated on estimatory
basis.

By further decreasing IM, the interstitial material changes to ferrite of

20 CgAF2 composition and further to that of CoF composition.

By omitting C3A which exhibits high hydration reactivity, high calorific
value of hydration, high adsorption amount to chemical admixture when
employed as concrete as well as largest amount of autogenious shrinkage, it is
possible to improve the flowability and to decrease the amount of the

25 autogenious shrinkage.

As a further advantage, accompanying the change of the ferrite
composition from C4AF to C¢AF2 by the decrease of IM, cement decreases in the
heat of hydration and improves in the flowability thereof,

Since C4AF has an amount of autogenious shrinkage second as large as

30 that of C3A, and the autogenious shrinkage of CsAF: is relatively small, the

amount of autogenious shrinkage is further decreased by the above changes in



15 35 % by weight, the anmount of contained C3S relatively increases,
whereby the heat of concrete increases, the strength devel opnent after
receiving thermal hysteresis decreases, and the strength per anmount of

adi abatic tenperature rise (strength per rise of adiabatic tenperature by
1 C) of concrete does not becone |arge than conpared to that of |ow heat
portland cenent. 20 On the ot her hand, when the anmount of C2S exceeds 75 %
by weight, the strength devel opment speed is delayed, and the specified
strengt h cg&ampesitidmw obt ai ned. Further, the strength per anount of

adi abati c tenperg%gre rise of concrete does not becone |arger than that of
| ow heat port | andt PBRBREOMERRPETS theptesaRbintensonadiatishanges enfrardeur e

rise for c - . ' x1:0f resistibility of concrete
ngai nst t herReRidiEby 8oRARLAY A IR BkeF B0 Biss et tivR ansrimire
cracks becaomsslveahgesubjodiethahebtaihed by tHeadhick of SihFRW ittt DeAMI stress
of concrete becones larger. That is, the resistibility against thernal

cracks B&comes | &F gloul neted theelomgation eSeompussbe strebgtdr of portarded

t hat the st th. s identjcal, 30 and when the.tensile strength becones
| arger, pr E)I\E/&l'q‘gkgiﬁgtnﬁé_fl c?ﬁ%u?%g}tﬁﬁ?t_ltlgfméé%régp lérigr‘ill‘.f’eﬁ’ﬂ:tfg@mpo / (IM: in
condi t10ns thobrikiniey BY0RI thaeths ter ity 0RNE! ANTEHAA!3h &S S0 QAR OTES

| arger when the calorific value of concrete becones [arger. ife dtail ed

eval uat i on Pobsibés rertsoni Ifoi yhiefare enflueh@sagnR080 ¢ BEOIereflFedrSrehGe8g t6 0 be
perforned by thernal stress analysis enploying, for 0 5 instance, the
finite el eBBnC2pBtdusdto changeRdn sobidpahition réte ofenimtridiemienys ahd atenirge e

itself i t, th | k h t th i i f

i abat 18 PURISUTATEoE S Sving Lo'8 R reroRin A5 e b v I b rng chigkepn

for this i sHdaby (88Sk |h%r§tt6%%r@uﬁﬂ?ﬁbﬁﬂfg’{}‘?@%ﬁ%ﬁiﬁ%é?{b%@ to BlRehE! ! el at ed
I elnt n

to each other. 10 It is further possi e pre rnventionto
include 2 to 25 ¥aibhe presegittinvéntidy, inshpedfemmliarns iset tte ShbRNAQT cHPEnsdan

20 [tmin t C ound .containing a cement clinker in which the
amount of RES08 SRHE HoJoBY e4ERE 05 10 0. 62 in AL203/ Fe28 ratio. The
reason why the pgygd ] f Lh.ever included, shoul d not 15
be nore than 20 F{mlﬁs}?et ﬁie’{lt%%ﬁ?ffaﬁéﬁ Cgﬁp%nﬁgrlﬁ;@ﬁece%ezng Cglpk%tls %F@ﬂ?ﬂan 20
j Am can15b85f% byedeight vebenamenrnbf garthind 6 ;Shelaekisly HerbhQualiertdy the

| mproves VVLtthO g conicrr]((a:treeiif:i'enagsets,ht%evsi1:?6(3:1%g',§ti}1t(i/ev(zzlljoepntrlecz)nilc ;Jlfl’tlelf:3 Leceefi\]:iicgtthermal
hysteresis decreases, and the strength per amount of adiabatic temperature
rise (strength per rise of adiabatic temperature by 1 C) of concrete does not
become large than compared to that of low-heat portland cement.

20 On the other hand, when the amount of CzS exceeds 75 % by weight,
the strength development speed is delayed, and the specified strength can not
be obtained. Further, the strength per amount of adiabatic temperature rise
of concrete does not become larger than that of low-heat portland cement.

The strength per amount of adiabatic temperature rise for concrete is

25 employed as an index of resistibility of concrete against thermal cracks.

The resistibility of concrete against thermal cracks becomes larger
when the ratio of tensile strength to thermal stress of concrete becomes larger.

That is, the resistibility against thermal cracks becomes larger when
the thermal stress becomes smaller, provided that the strength is identical,

30 and when the tensile strength becomes larger, provided that the thermal

stresses are identical.



The reason for setting the adm xing amount of fly ash to 2 to 25 % by
weight is that no sufficient filler effect can be obtained in case this
mxing 20 amount of fly ash is less than 2 % by weight; on the other hand,
the strength devel opment speed is delayed so that no specified strength can
be obtained in case this amount exceeds 25 % by weight. Further, it is

al so possible to adm x, instead of fly ash, 10 to 60 % by weight of ground
granul ated of bl ast-furnace sl ag whose specific surface area 25 by blaine
is 5,000 to 10, o0Bheneppditignsrior huildpeg até esuichhcheatevaldpmbhiail merest t he

ol ag is 11 HeCeopS foplR Wktn Ui RlrioGa e PReoHaB o bRronits kaFGoRD iy -
i i t hout W hi i illee effect. .On the
ot her  and, when | T exeeae: §bsatoRs arp a S e eind hFEhial “agent

used for olsracks mepds topecpdrifexmedvby khbithial ytrofs §ﬁ@l_§frs_£§@mb§)y@9€,5foﬂer ably
increased and is thus,.unecononical. 8 Wen the adm xi ng anount of
bl ast - f @gné’é%taéllc%’gt ¢ efementmethod butovhen gonpiaging theoresistibitity of

fill ff - ' the strength .devel opnent speed i
oo ayed"so A e PRt Rl R ol
?)r(lct?ﬁespregent itﬁ%ﬁ%ﬁ r[)isslpler%ilﬁgngggﬁ% :ps ytl?sedg]%or (? € purpose of

securing the fl oWeideasyn fiyr thds spthisti tegsile gt gPR nidcdoagp@ksive Wt ViR h
cement ratios so as bo decrease the yield value of the cement paste. The
conposi ti oﬁr%FmErﬁgtﬁ §B@|a§f‘rﬁ’§h%ent is not especially limted, provided

i tai . i i . t t.i cl 0.and .a C rcially
avai | abF Qi gher Mriscur BN ARRISG i SHEGke R hVein 10 siaaR e Pauci ng
agents may wetglktpf Oy adh oY AgureRRNiNInbhE10tETBRA 20f h NG PESRER cdrﬂﬁgﬁ'ﬁa on

to concrete of high strength and high flowability, the adm Xing proportion
of cenent, coRitagning agemeyhchskanth vihdgetlss amoane nif Als®eandtFeedpeaet al b5y

limted. - b1 A.$eln nost effective when the cenent of the present
i In\r?entei onH?‘\’sAﬁ\%ﬂ é&%?%@ﬁdﬁ%@e of high strength and high flowability
having a water ceEBRbabdt Wh PRERle 5780 BRSS! S 8&%@da§bou 'élicrhhcg:t he

viscosity of concrete remarkably increases.  “As discussed so f e the

cl i nkerlzohpasirei thantl uverthaetlytashboef 2Paktidb stz & bR hyre A haBL AR Bin

[ r t invention has nande jt possible to .
ratio, t hebg filed between cement partlrgfles whereFl))y the flowability improves without

increasing the viscosity due to filler effect.

The reason for setting the admixing amount of fly ash to 2 to 25 % by

weight is that no sufficient filler effect can be obtained in case this mixing

20 amount of fly ash is less than 2 % by weight; on the other hand, the strength
development speed is delayed so that no specified strength can be obtained in
case this amount exceeds 25 % by weight.

Further, it is also possible to admix, instead of fly ash, 10 to 60 % by
weight of ground granulated of blast-furnace slag whose specific surface area

25 by blaine is 5,000 to 10,000 cm?/g.

When the specific surface area by blaine of the blast-furnace slag
powder is not less than 5,000 cm?/g, the blast-furnace slag is filled between the
cement particles whereby the flowability improves without increasing the
viscosity due to the filler effect. On the other hand, when it exceeds 10,000

30 cm?/g, the amount of dispersing agent used for obtaining a specified

workability of concrete is considerably increased and is thus uneconomical.



sol ve the probl em of preventing heat of hydration while inproving the
flowability of cenent and nmaintaining a long-termstrength thereof which
the prior art was not capable of solving. Consequently, conventional

probl ens of | ow heat portland cement and probl ens which occurred when

addi ng, for 25 instance, fly ash can be solved, and there can be provided a
clinker conposition suitable for concrete of high strength and high

flowability. Further, there.can be obtaiped concrete of high, s{rength and

high flowabili t)Wb\?ﬂE]iﬁe admiping2HeYRt Pirg%éfé'i%wl%%e ¥ Pewder dTipssithaat | ow
wat er cengRte, (At 9 ARd ' - gcbl. t ' - { Y t even
after 30mrigc{gib\§/’i dxglg?mﬁb?%kﬁ%ﬁ%%ﬁ%@gﬁg%c%gﬂﬁ Q%%é/ﬁg??a rgie%gengéggg Ssible to

work with dewelopiremfspbedts delagedtsh thaand spegificlll ey@iithi dan Wé bhtaAns@eci fi ed
concrete strength of approximately 80 N mR without the limtations in
types of pUHs Brs gmeiHexceeds 60 hby weightddition, there are no

restrictions for aggregates, capabl f .bei ng used., . Whereby, concrete of
hi gh st Peéngth angf %?%}ﬁgf)%%gqﬁWF%(%ndléggﬁ%gBgeﬁtj“}/rgh%f”é%ﬁeﬂgéﬂ‘.’e%@'
anount of aut ogemiguksrsBil hB&RAGS 1A 184 8% PRrEIREFA8EGrinkithd ﬂo%bihg; Byt
that the occurrence of cracks acconpanyi ng t'he autogeni ous shrinkage °can
be prevent dikpeasighgtdemerdspatiched att pwewa tdrecamemtosestibs sthassto flecrehsotise of

concrete of , high strength and high flowability can_be hjighly pronoted. 10
Further, r 85’%%3’%‘1’“? p a‘eaﬁﬁipﬁ%‘i P%&ér nhﬁle(ﬁo%“il?ﬁ phtlke G1SREFENE agent it ur es

is inprove e . i SSd Lo cr t.h
amount. of - a5y PRI LERE, prbBfed tho R R TR D AR BB AP Bt
general hy daddriycon aRibiallyng aiRible highMeh @dyatéNRIARInE h2EKE drdighe _
decreased in an econom cal way. 15 Brief Description of Drawings Fig. 1 is

a graph shdanggAd weben rastuched aeentsimvazbe employed. hydrat i on/ conpr essi ve
SO, OF Tt 5 SESRIRE LB EhY B o s S ARET,
of nortar g63agiPRndHipBtfRlwaRitdothe d’éﬁhﬁﬁh% prop&tiondof Bméntawditeph show ng
a relation between I M and heat of hydration/conpressive strength of nortar
( C3S appr oRigeagates 86d disneramgyhgonts aEe guot 4speciallyliamitedholomgvar rielisat i on
bet ween 1|5Mmaor1°, e%%i% Jﬂe%%ﬁe%?ner?tp & t%)éi pr}%tsgxll in%%n(t)/fo%%svg)ip%gh)tb concrete
of high strength and high flowability having a water cement ratio not more
than approximately 30% at which the viscosity of concrete remarkably
increases.
As discussed so far, since the clinker composition has been set to be
20 0.05 to 0.62 by Al2O3/Fe203 ratio, the present invention has made it possible to
solve the problem of preventing heat of hydration while improving the
flowability of cement and maintaining a long-term strength thereof which the
prior art was not capable of solving. Consequently, conventicnal problems of
low-heat portland cement and problems which occurred when adding, for
25 instance, fly ash can be solved, and there can be provided a clinker composition
suitable for concrete of high strength and high flowability.
Further, there can be obtained concrete of high strength and high
flowability which exhibits high flowability and low viscosity at low water
cement ratio and which also exhibits high strength development even after

30 receiving thermal hysteresis.

Accordingly, it becomes possible to work with concrete of high strength



Fig. 5 is a graph showing a relation between IMand pad area (C3S 25
approximately 15 % by weight). Fig. 6 is a graph showing a relation between
IMand nortar flow (C3S approximately 35 % by weight). Fig. 7 is a graph
showing a relation between I Mand pad area (C3S approximately 35 % by
weight). 10 Fig. 8 is a graph showing a relation between IMand nortar flow
(C3S approximately 55 % by weight). Fig2 9 is a graph showing a rel ation
bet ween | M and pad_ area _%CSS_ approximately 55 % by weight). 05 Fig. 10 is
a graph shawidyehdlpwakility s5th aspetifiedteogerdte stregigth vf approximanelys 80 Best

Mode for Vi .Qut _.the .l nvention Enbodi pents of the present .invenfion
will be e%/ﬂhgﬁlﬁoﬂ‘éitﬂ‘ﬁfl{‘g}t?noﬁé&%y% Wnp$ 0f PuEn {ipR$-s

cement cli s AMET ' i . | ' L.thin an

Gl ectric f oy Rt theRETIRE PinitHoRd B hERlogaPAEEMRHIe of bhAfE WAL 1
furnace andVheapbg| yormveteeef highapeengthrandhigheflywabilityean dwviyig:
conpositions of , Enbodinents 1 to 12 and clinker having conpositions of
Conpar a@?v@l%ﬁﬁq"é? 1 to 9 have been obtained as shown in TabI2es % t003|?;.
11 Table 1 Cheni gal L4 f. Clinkern (%Db ight) S i A.l e
203C a OMyON a 2 an%‘g‘?%’f%ée‘?%ﬁgﬂﬂu_ B Ginse cph 50 83 ?%%Segoﬁ‘bﬁ} £hS ve
Exanpl e 22¥%eudt 8Batofhid debubkbne ﬁ'&%s%@émﬁgg%%ﬁo%ﬁ%ggﬁi&% AQ-Ephadi ment

227.92.35. 462, 51. 00. 42 Enbodi ment 327. 91. 36. 8t Enbodi nent
427.70. 57. 982 be preveutp dCangdhatresistibyityptan B2 impooviel. 3@hwr] fGActiens of

concrete of high strength and high flowability can be highly promoted.

10 Further, resistibility against thermal cracks in mass concrete
structures is improved, with the result that it becomes possible to decrease the
amount of any other measures for preventing thermal cracks which had been
generally used in a combining manner. Whereby, thermal cracks can be

decreased in an economical way.

15 Brief Description of Drawings

Fig. 1 1s a graph showing a relation between IM and heat of
hydration/compressive strength of mortar (CsS approximately 15 % by weight).
Fig. 2 is a graph showing a relation between IM and heat of
hydration/compressive strength of mortar (CsS approximately 35 % by weight).
20 Fig. 3 is a graph showing a relation between IM and heat of
hydration/compressive strength of mortar (CsS approximately 55 % by weight).
Fig. 4 is a graph showing a relation between IM and mortar flow (C3S
approximately 15 % by weight).
Fig. 5 is a graph showing a relation between IM and pad area (C3S
25 approximately 15 % by weight).
Fig. 6 is a graph showing a relation between IM and mortar flow (CsS
approximately 35 % by weight).
Fig. 7 is a graph showing a relation between IM and pad area (C3S
approximately 35 % by weight).



Tabl e 2 Chem cal Conposition of Cinker (%by weight) S

i 02A1203Fe2BCaOVgONa20 Conpar ati ve Exanpl e 425.44.72.765. 01. 20. 40

Conpar ati ve Exanpl e 525. 34. 04. 064. 41. 20. 39 Enbodi nent

525. 53. 25. 263. 91. 20. 38 Enbodi ment 625. 52. 66. 063. 71. 20. 41 Enbodi nent
725.51.57.563. 31. 20. 42 Enbodi nent 825. 401%8. 963. 01. 20. 37 Conparative
Exanpl e 625.50.29. 362.91.20.43 12 Table 3 Chemnical Conposition of dinker
(% by weight) S i,.02A.1 2 0 3F e 203C a, OMy a 20 Comparati ve Exanpl e
723.55. 12. 966. 31.5‘“3%).2&8 T8rRh shoving=a aplatiorgberweenolM sawl mortsy, fhow €S

Enbodi nment : 9 - Enbodi ment 1023. 82. 76. 265. 11. 30. 40
Enbodi nent a?%%%ﬁéllgtglfﬁ%%f%{%‘g%éﬁg Enbodi nent 1223. 70. 69. 064. 31. 30. 38

Conpar ative Exanplig ®DR3a §0a9 shéwirfela 381 a4iorDbe thte sV Glridied abayy (OGS
conpositions of Enmbodinents 1 to 12 and Conparative Exanples 1 to 9,

gypsum was 2appBedmRtelnSafobntveight). o by wei ght by S03 conversion, and by
es of cenent having

m Xi ng d crushig .using.atest mll, 21 t
di ffere?’? C3S an%%‘t@&n%gf%flﬁéﬁ%w% W@H?e%inﬁ)tSrﬁfﬁé}tgge%Hg@gr{q § are
shown in Tghl@mid to 6. Table 4 Mneral Conposition

Best Mode for Carrying Out the Invention

Embodiments of the present invention will be explained hereinafter.
(Test Example 1)

10 Crude materials of cement clinker were admixed by using a test
specimen, fired within an electric furnace at 1,450 C for 1 hour, taken out
from the electric furnace and rapidly cooled in open air, whereby clinker
having compositions of Embodiments 1 to 12 and clinker having compositions

of Comparative Examples 1 to 9 have been obtained as shown in Tables 1 to 3.



| M by weight) C 3 SC2S Conparative 14701. 75 Exanple 1 Conparative 18661. 09
Exanpl e 2 Enbodi nent 116680. 62 Enbodi nent 217670. 43 Enbodi nent 316680. 19
Enbodi ment 417670. 06 Conparative 16 680.01 Exanple 3F1 13 Table 5 M neral
Conposition (% by wei ht)IM C3 SC 2 S Conparative36461 74 Exanple 4.
Conpar ative37441 00 Exanple 5. Enbodi ggnt 537450. 62 Enbodi nent 637450. 43
- Enbodi nent 736460. 20 Enbodi nent 836460. 06 Conparative35470 02

Table 1
Chemical Composition of Clinker (% by weight)
SiOo, Al,0; | Fe,0O, CaO MgO Na,O
Comparative 28.0 42 2.4 63.5 1.0 0.38
Example 1
Comparative | - 3.8 3.5 63.4 1.0 0.36
Example 2
Embodiment 1 28.0 2.9 4.7 62.7 1.0 0.40
Embodiment 2 27.9 2.3 5.4 62.5 1.0 0.42
Embodiment 3 27.9 1.3 6.8 62.3 1.0 0.38
Embodiment 4 27.7 0.5 7.9 62.0 1.0 0.40
Comparative 27.8 0.1 8.3 61.7 1.0 0.52
Example 3
Table 2
Chemical Composition of Clinker (% by weight)
Sio, Al,0; | Fe,O, CaO MgO Na,O
Comparative 25.4 47 2.7 65.0 1.2 0.40
Example 4
Comparative 95.3 4.0 4.0 64.4 1.2 0.39
Example 5
Embodiment 5 25.5 3.2 5.2 63.9 1.2 (.38
Embodiment 6 25.5 2.6 6.0 63.7 1.2 0.41
Embodiment 7 25.5 1.5 7.5 63.3 1.2 0.42
Embodiment 8 25.4 0.5 8.9 63.0 1.2 0.37
Comparative 25.5 0.2 9.3 62.9 1.2 0.43
Example 6




Examle 6. Table 6 M neral Conposition (% by wei ht)IMC 3 SCI' S _
Conpar ati ve53271 76 Exanple 7. Conparative54270 98 Exanple 8. Enbodi ment
955260. 61 Enbodi ment 1054270. 44 Enbodi ment 1154270. 22 Enbodi nent

1253280. 07 ConparativeS 6250 02 Exanple 9. 05 The fineness of cenent has
been set to 2,900 to 3,000 cnk/g at spegific surface area by blaine. The
heat of hydration and conpressive strength of nortar have been 14 neasured
for each of the clinker of Enbodinments 1 to 12 and Conparative Exanples 1
to 9, and their ratios have been caIcT£@$%p. Measuring of heat of hydration
has been perforned in conpliance with R5203-1995. 05 Measuring of

conpressi ve strength of rt.ar. has been perfornmed in conplifance wtirJl S
R5r2r81- 1992 The measure EEEﬂlt@méP%“%%ﬂgéhﬂ era3h BE weigh$) 9. Table 7 Heat
of Hydrati pnConpressive r.eqgt hHeat -of dratijon (J7rg)af
Mor t ar Conpessive Stren q% 12(?2 MoFt g?OIVﬂweSV@YJV\Aé\fﬁ\V \18%4\%1%wl yNa,0
Comparative
Example 7 23.5 5.1 2.9 66.3 1.3 0.36
Comparative 23.6 4.2 43 65.7 1.3 0.42
Example 8
Embodiment 9 23.7 3.3 5.4 65.3 1.3 0.38
Embodiment 10 23.8 2.7 6.2 65.1 1.3 0.40
Embodiment 11 23.7 1.7 7.6 64.8 1.3 0.43
Embodiment 12 23.7 0.6 9.0 64.3 1.3 0.38
Comparative 23.5 0.2 9.6 64.5 1.3 0.41
Example 9

To the clinker having compositions of Embodiments 1 to 12 and
Comparative Examples 1 to 9, gypsum was added by an amount of 2 % by
05 weight by SO3 conversion, and by mixing and crushing by using a test mill, 21
types of cement having different CsS amounts and IM were adjusted.

Their mineral compositions are shown in Tables 4 to 6.

Table 4
Mineral Composition
(% by weight) IM
C;3S C,S

Comparative
Example 1 14 70 1.75
Comparative
Example 2 18 66 1.09
Embodiment 1 16 68 0.62
Embodiment 2 17 67 0.43
Embodiment 3 16 68 0.19
Embodiment 4 17 67 0.06
Comparative
Example 3 16 68 0.01




Conpar ati ve Exanple 11762523073344. 718.636. 843. 837.413.58.37. 6

Conpar ative Exanpl e 21722302853234.215. 237. 344. 041.015.17. 67. 3

Enbodi ment 11642272833153. 816.538. 744. 843. 213.87. 37. 0 Enbodi nent
21462182602984. 515.236. 443. 632.414.37. 16. 8 Enbodi nent 31392002402844.
614. 735. 543. 430. 213. 66. 86. 5 Enbodi ment 141361922282754. 513. 533. 640.
530. 214. 26. 86. 8 Conparative Exanple 31391892222704. 211.325. 334. 433.
116. 78. 87. 8 15 Table 8 Heat of Hydrati onConpressive StrengthHeat of

Hydration/ (J/g)of MbortarConpressive StTeblgth of Mrtar
1WAWL3WLYIWAWL3W YIWAVA3W Y Conparative 2192733413588 327 343. 846.

VOt

926.410.07. 87. 6 Exanpl e 4 Conpar aMinered€xeapsatas7| 425. 643. 347 26 10 7

7 28374 Exanpl e 5. . Enbodi nent | 5186 Hylveigh®B347 %@5
142. 546. 826. 210. 37. 57. 1 Embodi ment 617 24630 1% 724 1. 945. 825. 79. 97.
26. 9 Enbodi nent 71582312792996 524 ~ 840 4 39. 56. 86. 7

Enbodi nent 8152228271 pa é\{e 389. 243. '24 A9. 8 F67.48 Conparative
1482232652956. 021. 2 ampie 45541 710 571 77. 6 Ex rm' Tabl e 9 Heat of

Hydr at i onConpr essi ve | 3‘%1% "ffl'-‘éeat of Kydrat|i on/yy

Embodiment 5 37 45 0. 62
Embodiment 6 37 45 0.43
Embodiment 7 36 46 0. 20
Embodiment 8 36 46 0. 06
Comparative
Example 6 35 47 0. 02

Table 6

Mineral
Composition
(% by weight) IM
C;S C,S
Comparative
Example 7 23 27 1. 76
Comparative
Example 8 54 27 0. 98
Embodiment 9 55 26 0. 61
Embodiment 10 24 27 0. 44
Embodiment 11 54 27 0.22
Embodiment 12 03 28 0. 07
Comparative
Example 9 56 25 0.02
05 The fineness of cement has been set to 2,900 to 3,000 cm?/g at specific

surface area by blaine.

The heat of hydration and compressive strength of mortar have been



(J/ g)of MortarConpressive Strength of Mortar 1WAWL3WLYIWAWL3W YIWAWL3WLY
Conpar ati ve 35140543044122. 741. 345. 948. 215. 59.89.49. 1 Exanple 7
Conpar at i ve33539041843221. 840. 245 49 15 9 9 8 714718 Exanple 8......
Enbodi ment 931837541141821. 739. 646. 048. 914. 79. 58. 98. 5 Enbodi nent
1030835638839921. 038. 344. 848. 514.1%9. 38. 78. 2 Enbodi nent
1128534336938320. 637. 943. 947. 313.89. 18. 48. 1 Enbodi nent
1227933535937119. 836. 342. 845. 314. 19. 28. 48. 2

Conpar ati ve26332834735917. 533. 738 40,15 .7 9 8 530909 Exanple 9...... 05 As
bei ng appar g}g ang%chqrreghq ?gﬁﬁreeén%emf é}m{oﬁém?%ttsi btopi2 h@égc))mparatlve
hydr at i on/ c @ixanesiss (8o St LDk 05 tidORIR bd in Enbodiments 1 to 12
as 16 conpar edli]?f;(;)1 t hose of Conf)ar é%]%)%e&r&égﬁpﬁ%g%&ét?g' 9, and effects of
preventing heat deapyringof beatorfiiydrigon haobedzps-formsabii @npliddee wighi 0 of
heat of hyer?éingO C ressive strength of nortar of materials aged 13
weeks and 1 year a?e Bl ler wwth IMin the range 05 of 0.05 to 0.62 in
each of o5he casesMeasitihef tdpRABYDLRhe RS 6HSr BRRHOXE PBlnted h % bY

i an

wei ght, approximately 35 % by we
g ppcomphance elvith JISR 201-19992.

The measured results are shown in Tables 7 to 9.

Table 7
Heat of Hydration Compressive Strength Igeat of Hydration/
J/g) of Mortar ompressive Strength
of Mortar

IW | AW [ I3W | 1Y | IW | 4W | 13W | 1Y | IW | 4% | 13w ] 1y

Comparative
Example 1 176 | 252 | 307 | 334 | 4.7 [ 18.6(36.8/43.8/37.4/13.5/| 8 3 7.6

Comparative
Example 2 172 230

Embodiment 1 | 164 | 227 | 283 [ 315 | 3.8 [ 16.5(38.7|44.843.2(13.8] 7.3 | 7.0

285 | 323 | 4.2 |15.2|37.3|44.0(41.0(15.1| 7.6 | 7.3

Embodiment 2 | 146 | 218 | 260 | 298 | 4.5 | 15.2(36.4|43.6[32.4|143| 7.1 | 6.8

Embodiment 3 | 139 | 200 | 240 | 284 | 4.6 | 14.735.5|43.4(30.2/13.6| 6.8 | 6.5

Embodiment 4 | 136 | 192 | 228 | 275 | 4.5 [ 13.5{33.6[40.5[30.2|14.2| 6.8 | 6.8

Comparative 139 | 189

Example 3 222 | 270 | 4.2 | 11.3125.3(34.4(33.1|16.7|88| 7.8




approxi mately 55 % by wei ght,
and pad area have been neasured for

as shown in Figs.
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1 to 3. Further,
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Exanples 1 to 9. 10 (Method of Measuring Pad Area) 200 g of cenent was
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Table 9

Heat of Hydration
(J/g)

Compressive Strength
of Mortar

Heat of Hydration/
Compressive Strength
of Mortar

IW | 4W | 13W | 1Y

IW | 4W | 13W | 1Y

1W | 4W | 13W | 1Y

Comparative

Example 7 351

405 | 430 | 441

22.7|41.3]45.948. 2

15.5| 9.8 9.4} 9.1

Comparative

Example 8 335

390 | 418 | 432

40.2 | 45,7 49. 1

15.4 9.7 9.1| 88

Embodiment 9 | 318 | 375 | 411 | 418

39.6146.048.9

1471 9.5 89| 85

Embodiment 10 | 303 | 356 | 388 | 399

38.3144.8148.5

147 9.3 87} 82

Embodiment 11 | 235 | 343 | 369 | 383

20.6(37.9(43.9|47.3

13.8 9.1 84} 81

Embodiment 12 | 279 | 335 | 359 | 371

19.8136.3|42.8|45.3

141 9.2 84 82

Comparative

Example 9 263

328 | 347 | 359

17.5(33.7|38.65|40.3

15,0 9.7 9.0 &9

05

As being apparent also from Tables 7 to 9, the ratio of heat of

hydration/compressive strength of mortar is smaller in Embodiments 1 to 12 as

the fl ow

1

stirred

hafry

y

L er,

and
of



Exanple 1 Conparative 2 5 347 Exanple 2 Enbodi nent 12 6 86 5 Enbodi nent 12
7 08 0 Enbodinent 12 7 28 9 Enbodinent 12 7 09 2 Conparative 2 6 58 4
Exanple 3 Table 11 10 Flow (m) P (dnea Conparative 25043 Exanple 4
Conparative 2535 0 Exanpl e 5 Enbodi ment 52706 6 Enbodi ment 62737 7

Enbodi ment 72758 3 Enbodi nent 82758 7 Camparative 2678 3 Exanple 6 | TH' S
SHEET HAS BEEN { REPLACED THI S SHEET HAS SEEN | REPLACED 18 Table 12 Fl ow
(mm) Pad Area (cm)

; compared to those of Comparative Example 1 to 9, and effects of preventing

heat of hydration could be recognized.
Especially the ratio of heat of hydration/ compressive strength of
mortar of materials aged 13 weeks and 1 year are smaller with IM in the range
05 of 0.05 to 0.62 in each of the cases in which the amount of C3S were
approximately 15 % by weight, approximately 35 % by weight and
approximately 55 % by weight, as shown in Figs. 1 to 3.
Further, the flow and pad area have been measured for Embodiments 1

to 12 and Comparative Examples 1 to 9.

10 (Method of Measuring Pad Area)
200 g of cement was invested in approximately 10 seconds into a 200
ml beaker with 70 ml of mulling water containing a water reducing agent,
intensely stirred for 1 minute 50 seconds with a hand mixer to adjust a paste.
This paste was poured by means of a spoon into a miniature slump
15 cone placed on a plastic plate, and the paste in the miniature slump cone was
well stirred by means of a micro-spatula and its surface was leveled. The
miniature slump cone was then raised after 3 minutes elapsed from the start of
investing cement.
The short diameter and long diameter of the paste extending over the

20 plastic plate was measured to calculate the pad area.

(Method of Measuring Flow)

Measuring of flow values was performed in compliance with JIS
R5201-1992.

That is, a sample was filled in a two-layered manner into a flow cone

25 correctly placed on a central position of a surface of a flow table that has been

well wiped with a dry cloth. Each layer was respectively rammed by 15 times
over the whole surface such that the tip portion of a rammer was put into
approximately half the depth of the layer, the defective amount supplemented

thereafter, and the surface leveled.




Conparative 25 538 Exanple 4 Conparative 25 845 Exanple 5 Enbodi ment 526462
Enbodi nent 627 575 Enbodi ment 727 781 Enbodi nent 827 388 Conparative 26 585
Exanple 9 Table 10 shows results of Enbodinents 1 to 4 and Conparative
Exanple 1 to 3, that is, belite cenment in which the ambunt of contained C3S
is 05 approximately 15 % by weight. Injzhe region of IMbeing 0.05 to
0.62, both the nortar flow and pad area becane large. This is nore
accurately shown in Figs. 4 and 5. Especially the pad area which is used
as an index of flgnadhiny I ' ), remar kabl y
increased in the pr OX|l|rlﬁnttg§/tPé)\?ﬁPY\V/l%%qt£e% %\%ngv%gﬁﬂ#%gaslya rggbrr%tr:élgétigﬁoe

di f f er enceslropping HyelSs ¢anes in Eisedintdenand the diadetarch fGontgherexpansidxefpl es 1
and 2. Further, Teible 11 shows ,resajts,of nbodi nents 5 t(i 8 and .

Conpar at i véhegamhlesvas meaguredrigta gf?cm%mﬁesh Was To6eRRIZeE th B MAYTI Be rent

in which t . t al i L oxiJmt 9 ight. 15
A'so i1 t e L areeigh CFAREAEthenitd. SRR R SHIR e e BT O

appr oxi nes edxyredzedo0yyanpitabial niabbr b &ini®y dfahnd tobe addadeith AseINesane

| arger when [Mwere in the region of 0.05 to 0.62 as shown in Figs. 6 and
7, and especi al [Fhet meaparedaresults apreskawinyin Tahlead@doviiZen | M was in the
proximty of 0.62. Thus, remarkable differences could be seen between 20
Enbodi ments 5 to 8 and Conparative Exanples 4 and 5. Results of nornmal
cement type with the anmount of containgdi{3@ being 19 approxi mately 55 % by
wei ght are shown in Enbodinents 9 to 12 and Conparative Exanples 7 to 9 in

Tabl e 12. Flow (mm) Pa(grﬁzliea
Gompmade | 251 | 4
Comparstie | 555 | 4
Embodiment 1 268 65
Embodiment 1 270 80
Embodiment 1 272 89
Embodiment 1 270 92
Compamaive | 265 | 84
Table 11
+0 Flow (mm) Pa(g rﬁ%ea
Compane | 250 | s
Comparstive | 355 | 50
Embodiment 5 270 6 6
Embodiment 6 273 77
Embodiment 7 275 83
Embodiment 8 2795 87
Compamaive | 267 | s

TAIS SHEET HAS BEEN |
REPLACED




Also in the results of Table 12 (the anpbunt of contained C3S being
approxi mately 55 % by weight), both the nortar flow and pad area becane 05
| arger when IMwere in the region of 0.05 to 0.62 as shown in Figs. 8 and

a S -ﬁl 8y pad area renmarkably increased when IMwas in the
ERR TS i

pr oxi remar kabl e di fi@rences could be seen between
Enbodi Conparative Exanples 7 and 8. (Test Exanple 2) 10
By .using a material including cenment, fine aggregate, coarse aggregate,
chem cal adm xture and water, concret®able it er cenent ratios of 30% 25%
and 20% as well as unit water content of 175 kg/nB were m xed by using a
forced m xer with double shafts, its apw%tm)v SB@@IAP‘?aV\AiS measur ed
through two-point methpd by enploying a rotary|vide®heter, and its
conpressive 15 strengt h| Gamparativeed | n 5%' i apce \yéh JIS A 1108. The
amount of the autogeni opExsmmnledage flor Concrete of “a water cenment ratio
of 30% unit water conte@omyfardivekg/ B qug unlt cepgent content 580 kg/nB8
was neasured through "auEagerpleds shrij nk and| sel xpansi on testing

nmet hod for cenent paste r and concrete (df aft by the Japan 20
Concrete Institute (Cor Jgggtﬂ@a )% The?c®fent %Bh% terial used was
prepared by adding 1 % ¢ psum D 3 conver>| on to 7 :>orts of clinker
whose mi neral conpositi )-E la?démeélﬁt%m in2Ta® e 3 (Emdodi frents 13 to 16 and
Conpar ati ve Exanples 10t T2y —andcrusting the same. 25| As for the

fi neness of cement, it /\Emkmghme@t:? 100 o7 3,300 CMB/Y by| specific surface
area by blaine. As for thefine—aggregate—rtver—sand—froi Yasu-river

havi ng a specific gravi Emlafdithend 8vas u8ed.3 As| for 8tdhe coarse aggregate,
crushed stone from Takatsgki—haying—a—30—speetiie—gravity of 2. 70 was
used. 20 As for the di spEPEIRATALSENt, | FPROPEB ( franuBastur éd by FPK) which
is a high-range AE wat ent was used, and the anount of
addition was set to an anount at which the slunp flow value of concrete
was 605 cm As for_ the water, city water was used. 05 The test results are

shown in Tabl e 13ahipil@Erhowsgesulss pbEmpodimentnt taidsand Compaistwe13, in
cases of C%ﬂ@l%}?itellvgo 3, that is, belite cement in which the amount of contained C3S is

05 approximately 15 % by weight.
In the region of IM being 0.05 to 0.62, both the mortar flow and pad

area became large. This is more accurately shown in Figs. 4 and 5.

Especially the pad area which is used as an index of flowability when
containing a chemical admixture remarkably increased in the proximity of IM

10 being 0.62. Thus, remarkable differences could be seen in Embodiments 1 to
4 and Comparative Examples 1 and 2.

Further, Table 11 shows results of Embodiments 5 to 8 and
Comparative Examples 4 to 6, that is, low-heat to moderate heat type cement
in which the amount of contained C3S is approximately 35 % by weight.

15 Also in the results of Table 11 (the amount of contained CsS being
approximately 35 % by weight), both the mortar flow and pad area became
larger when IM were in the region of 0.05 to 0.62 as shown in Figs. 6 and 7,
and especially the pad area remarkably increased when IM was in the
proximity of 0.62. Thus, remarkable differences could be seen between

20 Embodiments 5 to 8 and Comparative Examples 4 and 5.

Results of normal cement type with the amount of contained C3S being



Exanpl es 10 and 11 in which I M exceeded 0.62, the decrease of apparent
viscosity was insufficient, but it could be seen that the apparent
viscosity remarkably decreased in Enbodinments 13 to 16 and Conparative
Exanple 12 10 in which IMwas not nore than 0.62. On the other hand, it has
been found that, in the Conparative Exafple 3 in which IMwas |ess than
0.06, the strength devel opnent was poor. Further, as being apparent from
Fig. 10, in the case of Conparative Exanples 10 and 11 in which | M exceeded
0.62, the appvygemadely Fhi bk apéghtlgrestmwe mBoabddimdnis 9 to Haantieen found

S R R SRR o WL v ot e (e
o 13 M 1 L AP g RS e, Vs CROTRER S MBER SRR NS
Conpar at i vepptethhatdly. 55 %30y #oght), both the mortar flow and pad area became
05 larger when IM were in the region of 0.05 to 0.62 as shown in Figs. 8 and 9,
and especially the pad area remarkably increased when IM was in the
proximity of 0.62. Thus, remarkable differences could be seen between

Embodiments 9 to 12 and Comparative Examples 7 and 8.

(Test Example 2)

10 By using a material including cement, fine aggregate, coarse aggregate,
chemical admixture and water, concrete of water cement ratios of 30%, 25%,
and 20% as well as unit water content of 175 kg/m? were mixed by using a
forced mixer with double shafts, its apparent viscosity was measured through
two-point method by employing a rotary viscometer, and its compressive

15 strength was measured in compliance with JIS A 1108.

The amount of the autogenious shrinkage for concrete of a water
cement ratio of 30%, unit water content of 175 kg/m3 and unit cement content
580 kg/m? was measured through "autogenious shrinkage and self-expansion
testing method for cement paste, mortar and concrete (draft)" by the Japan

20 Concrete Institute (Corporate Body).

The cement in the material used was prepared by adding 1 % of
gypsum by £03 conversion to 7 sorts of clinker whose mineral compositions are
shown in Table 13 (Embodiments 13 to 16 and Comparative Examples 10 to
12) and crushing the same.

25 As for the fineness of cement, it was set to 3,100 to 3,300 cm2/g by
specific surface area by blaine.

As for the fine aggregate, river sand from Yasu-river having a specific
gravity of 2.59 was used.

As for the coarse aggregate, crushed stone from Takatsuki having a

30 specific gravity of 2.70 was used.



Exanpl e 10 Conparative 37441.001.4378.894. 1 Exanple 11 Enbodi nent 1337450.
620. 6676. 592. 3 30Enbodi ment 1437450. 430. 5975. 991. 9 Enbodi nent
1536460. 200. 6176. 191. 6 Enbodi ment 1636460. 050. 6275. 590. 9

Conpar ative 35470. 020. 7871. 283. 4 Exanple 12 Conparative 36461. 742.
4695. 3112 Exanple 10 Conparative 37441.20001. 9892. 6109 Exanple 11
Enmbodi nent 1337450. 621. 2491. 7107 25Enbodi nent 1437450. 431. 2190. 6106
Enbodi nent 1536460. 201. 1990. 4106 Enbodi nent 1636460. 051. 0689. 9105
Conpar ati ve 35478 fayzhe cbﬁl&]rsn@agerzt EP300ILE (R aGufpetnatd be FFK P& hich is

4 113132 arative 37441._ QO0i mreasur abl 108127
Exapl o 115 BHISH T Ex S8 eacts UG RGOS B 300 cHish the B Und 97 4901 rS5,

4 5
46103124 @@mgrgﬁ% heftRGe ohh b eda nERAThES Lot G368 s 6028 cm.

As for the water, city water was used.
05 The test results are shown in Table 13 and Fig. 10.
As being apparent also from Table 13, in cases of Comparative
Examples 10 and 11 in which IM exceeded 0.62, the decrease of apparent
viscosity was insufficient, but it could be seen that the apparent viscosity
remarkably decreased in Embodiments 13 to 16 and Comparative Example 12
10 in which IM was not more than 0.62.
On the other hand, it has been found that, in the Comparative
Example 3 in which IM was less than 0.06, the strength development was poor.
Further, as being apparent from Fig. 10, in the case of Comparative
Examples 10 and 11 in which IM exceeded 0.62, the autogenious shrinkage
15 was remarkable, but it has been found that, in each of the remaining
Embodiments in which IM was not more than 0.62, the amount of the

autogenious shrinkage was remarkably decreased.



88 97 9842 Examle 12... 22 (Test Exanple 3) By using a material including
cenent, fine aggregate, coarse aggregate, chem cal adm xture and water,
concrete of a water cenent ratio of 25%and wunit water content of 175
kg/nB was m xed by using a forced mxgr with double 05 shafts, and its
conpressive strength was neasured in conpliance with JIS A 1108. As for
the cenent in the material used, 1 %of gypsumby SO3 conversion was added
to 5 sorts of clinker whose mneral conpositions are shown in Table 14
(Enbodi nrents 17 to 19 and Cbnparative,ﬁﬁﬁnﬁ%es 13 and 10 14) and crushing
the sane. As for the fineness of cenen was set to 3,100 to 3,300 cnR/g

by specifiic surface area by bivynRga] AS[ Tor {he Tine aggreg and
from Yasu- nigweg (having a specpéi os1f=15 vity of 2.4ppavast usdd a@ pféé\é 5r |t he
coarse aggregate, crushed st%% akdﬂ&uki h¥iscogjtya S ity
of 2.70 was used. As for the “cr agent ,(kgfM ght- ymiz 00 ured
by Kao Corpe+rati-ga)—whi-ch— (ES ,C Srange_Al_\Agt_\Aer redﬁ?l 2§ dagenPl daws |
used, and fhe eéﬁﬁﬁ?“ﬁweaddlmson was slef, 140 an anpgpt at mh|@m11heg§@unp
f | ow Val ue Of 2( ]recl-pa WS Rnl: cm-—As f or-Lt he wat er., Cli fV wat er was
used. Two fypes T’l‘ﬁ‘@; conditilonsdf |t hegtt est speggmen flor fghe 04, |
conpressivé st 1eABER st ng were prepared; la standard cdring [ h water of
20 C, and a si nilmboitietnads cibaﬂl ¢ cyFing0fgy [confi(ggng the stsrengt by af|t er
recei vi ng ther mp—2-5—hysterestsHna—whieh—theéetest specingn was laid ifdto a
styrol foain ¥@ss&mbolink@t 1£m i3 thi ¢kngss, 4dnhose dpage was fifsl gd wot.hy
styrol foam beads— nthe—sirpHf+ed—adi-abatde—eurnrg—redsurenept—of the
concrete {enper #mbodinwas 1%l sd6per f 6 ned0b30 Usi ng Ga6t her ngcoujsl &| Tests
results are showrTm Tabte—14—23

Embodiment 16 | 36 46 0. 05 0. 62 70.5 90. 9

Comparative

Example 12 35 47 0. 02 0.78 71.2 83. 4

Comparative

Example 10 36 46 1. 74 2. 46 95.3| 112

Comparative

Example 11 37 44 1. 00 1. 98 92.6| 109

Embodiment 13 | 37 45 0. 62 1. 24 91.7| 107

25 | Embodiment 14 | 37 45 0. 43 1. 21 90.6| 106

Embodiment 15 | 36 46 0. 20 1. 19 90.4| 106

Embodiment 16 | 36 46 0. 05 1. 06 89.9| 105

Comparative

Example 12 35 47 0. 02 1. 27 81. 6 94. 4

poopatative | 36 | 46 | 174 | immeasurable | 113 | 132

g;?;:f:tli‘{e 37 44 1. 00 immeasurable 108 127

Embodiment 13 | 37 45 0. 62 2. 87 104 125

20 | Embodiment 14 | 37 45 0. 43 2. 46 103 124

Embodiment 15 | 36 46 0.20 2. 41 103 122

Embodiment 16 | 36 46 0. 05 2.42 102 122

Comparative

Example 12 35 47 0. 02 2.98 88. 4 97. 2




e 14 M neral Conposition (% byConpressive Strength (N mm2) weight) _
;rﬁ/l?/axi mum Si nplifi e(r:ImTerrp. (C§ St andard Curi ngAdi abatic C 3 SC 2 SCuring 28
days91l days28 days91 days Conparative 50310.21761071199698 Exanple 13
Enbodi nent 1746360. 206799116101121 Enbodi nent 1836460. 19609111196. 7123
Enbodi nent 1918640. 20418511891. 2127 Copparative 11700.2135629383. 597
Exanpl e 14 As being apparent also from Table 14, there were caused no .
problenms in the case of Enbodinents 17 to 19 and Conparative Exanple 14 in
whi ch 05 the @estRxanfpled)t ai ned 2CaO Si 02 was not |ess than 35 % by
wei ght, but in the Conparative Exanple 13 in which this amunt was |ess
than 35 % by weByhising eanaterialtincfuding temeat] Bk g1BicAte, WasTJetd giirb ¥ elay
i ncreased, has . been (iound t hat the strength devel opnent afrter

recei vi ng ?ﬁ%ﬁh%ﬁ adpixfure.an viateycoperpte @f amwaier cemendtragio dfadids ;lﬂ:ﬂ t hgi 0
case of CofRafwhietSoR¥@Pdel #k@ﬁﬁ"&%& Hl(}gg'& bgmﬂg b Stggcggo%gérpvgﬁard@gﬂ%

exceeded 65 % by weight, the strtengt vel'opiren . .

del ayed05 ( Sleafts, Eaahits @oiprBysius stre ngtwtar hahshd imtiodgp SERMNithf JIREA f
aggr egat e, rse aggregate, 15 chemical adm xture and water, concrete o
a water ce ratio of 50% a unit water content of 175 kg/nB, and unit

cement content ohs IPUlUENES MeShieRll Y2119 & A eetnrhy o, th double
conversion was added to 5 sorts of clinker whose mineral compositions are
shown in Table 14 (Embodiments 17 to 19 and Comparative Examples 13 and
10 14) and crushing the same.

As for the fineness of cement, it was set to 3,100 to 3,300 cm?/g by
specific surface area by blaine.

As for the fine aggregate, river sand from Yasu-river having a specific
gravity of 2.59 was used.

15 As for the coarse aggregate, crushed stone from Takatsuki having a
specific gravity of 2.70 was used.

As for the dispersing agent, "Mighty 3000S" (manufactured by Kao
Corporation) which is a high-range AE water reducing agent was used, and the
amount of addition was set to an amount at which the slump flow value of

20 concrete was 60+5 cm.

As for the water, city water was used.

Two types of curing condition of the test specimen for the compressive
strength testing were prepared; a standard curing in water of 20 C, and a
simplified adiabatic curing for confirming the strength after receiving thermal

25 hysteresis in which the test specimen was laid into a styrol foam vessel of 10
cm in thickness, whose space was filled with styrol foam beads.

In the simplified adiabatic curing, measurement of the concrete
temperature was also performed by using a thermocouple.

Test results are shown in Table 14.



tenperature rise thereof was neasured by using an air-circulating type 24
adi abatic tenperature rising test apparatus, and its conpressive strength
was nmeasured in conpliance with JIS A 1108. As for the cenent in the
material used, 1 % of gypsum by SO3 onversion was added to 7 sorts of
cli nker whose m neral conpositions af 05 shown in Table 15 (Enbodi nents
20 to 23 and Conparative Exanples 15 to 17) and crushing the sane. As for
the fineness of cenent, it was set to 3,100 to 3,300 cnR/g by specific
surface area by blaine. As for the fipge fagﬂegate, river sand from
Yasu-river having a specific 10 gravie§lk4 2 59 was used. As for the

coarse aggregate, cruspeqrst FOmT|Takat Suki| ravimyga —spectf+e—graw ty

of 2.70 was used. As fpp gagl Rgd slper sijng agent,; "PQZOLI S No. 70"

(manuf act ured by NVB) V\?‘l ﬁ a hi gh-range AE QGuipeessivediedngth @feni?) was

used, and |the anmount of dition|was set tlo be 0.25 %by wei ght to|the

anount of |concrete. As TOI’ el | Miximpmat er—was—tset—Fgst—resuH s

are shown in Table 15.| As hei ng [appar|dier-al€d (fy, m. 1888 15, PR %‘gs f
%% ar% b%ngand f e {han

Enbodi ments 20 to 23 Jg,¢hiehs! M wag not |ess

0.62, it has been 20 fpund |[that [the decrease gf—+idire—rot-riraENee—the
strength devel opnent, that | the fanount of adi qli#8deys |tHnjeer @28utags [ 91sdays
decr eased, | @batit¥e ' NE SLTeNgUhper | amount gf—adrabatictenperpture— i se
becane | ar|ggfmpldacont f adh 33 th@ 2tgse off Conpat@tilvel Bxanpl 6 17 i9$8 whi ch

I M was IersPs than 0. 05 [hd srrength devetopmgmt—dedreased—and—tHus
resul ted i|fmPodimeptdi et i|n he 2P engt HTper (amddnt| ofl6adj abtic 121

t enper at ur & When [us).no Ter s up to tihe—age-of —28days—en—the
ot her handeE l?‘i’%fnﬁ%‘téés ﬂs dg?rpa‘t‘-é?' ilve BRanplles %5 |anld116 i §6. hhi &38 1 M
S
1

[
exceeded ( tr a nt Of, _adi gbati Cc {enper@atrure frse
becane |arqE6“i‘2”°d %iéH E‘% iA%‘iBEE‘EI%J REPLACED 235T4bl H815 91.2| 127

Comparative
Example 14 0.21 35 62 93 83.5| 97

As being apparent also from Table 14, there were caused no problems

in the case of Embodiments 17 to 19 and Comparative Example 14 in which

05 the amount of contained 2CaO * SiO2 was not less than 35 % by weight, but in
the Comparative Example 13 in which this amount was less than 35 % by
weight, the amount of contained 3CaO * SiO; was relatively increased, and it
has been found that the strength development after receiving thermal
hysteresis is decreased.

10 On the other hand, in the case of Comparative Example 14 in which the
amount of contained 2Ca0 - SiOz exceeded 65 % by weight, the strength

development speed was remarkably delayed.

(Test Example 4)
By using a material including cement, fine aggregate, coarse aggregate,
15 chemical admixture and water, concrete of a water cement ratio of 50%, a unit
water content of 175 kg/m3, and unit cement content of 350 kg/m3 was mixed
by using a forced mixer with double shafts, the amount of adiabatic

temperature rise thereof was measured by using an air-circulating type



M ner al Conpr essi veStrengt h per ConpositionAmount of Strengt hAmount of (/o by
wei ght) | MAdi abati c(N m®R) Adi abatic Tenp. (% tenp. RiseRise (Nmm2/ O
CSC2S( CC) 7289172891 daysdaysdaysdaysdaysdays Conparative 36461. 7450. 315.
533. 250.80.310. 661.01 Exanple 15 Conparative 37441.0049. 815. 333. 651.
60.310. 671.04 Exanple 16 Enbodi nent 2032450. 6247. 215. 133.952.30. 320.
721. 11 Enbodi nent 2137450.4346. 915. 134. 152.60. 320. 731. 12 Enbodi nent
2236460. 2046. 214.934.052. 20.320.741. 13 Enbodi nent 2336460. 0546. 014.

834. 453. adiabdzie. terfueratdredisipgrtest eppaBUTS, dod HsTpmpIgsive sbrngth was0.

671. 10 Exanple 17.(Test,.Exa ng a mat I | udi t,
fine aggreﬁ%ﬁaéur?fgg?‘ §‘?em§ P&%ﬁ?@lﬁ %%’lﬂé gal adme>r<!t zlreI gcr:]duwli[\grcerren
conor ete of a veligr CONPimE L PuR nRiliahUAL 1L 0B B EaLITO! 175

kg/n8, and a uni cerre cont ent nB was nm X by“using a forced

m xer W t heglordikRnswat added e Tasoptinst ciinleainah@del miheneompositiorisseret her eof
was measured usi n%r;n air-circul ati n&o:ype adl abatic erature_ri si ng
test apPar shewn iankahle d 5c@mbeditends A0 ol Andde %‘@gﬁan los 5691 i ance

W|th JI'S A 1108, As he cement in the material used, 1 % of gypsum by
conve#ifaﬂd\ﬁﬁgs}é}&get €% sorts of clinker whose nineral conpositions

R e e e
set to 3, 18pedific 3ndfide ares hylblaine. ement, 1t was
As for the fine aggregate, river sand from Yasu-river having a specific
10 gravity of 2.59 was used.
As for the coarse aggregate, crushed stone from Takatsuki having a
specific gravity of 2.70 was used.
As for the dispersing agent, "POZOLIS No.70" (manufactured by NMB)
which is a high-range AE water reducing agent was used, and the amount of
15 addition was set to be 0.25 % by weight to the amount of concrete.
As for the water, city water was used.
Test results are shown in Table 15.
As being apparent also from Table 15, in cases of Embodiments 20 to
93 in which IM was not less than 0.05 and not more than 0.62, it has been
20 found that the decrease of IM did not influence the strength development, that
the amount of adiabatic temperature rise decreased, and that the strength per
amount of adiabatic temperature rise became larger.
In contrast, in the case of Comparative Example 17 in which IM was
less than 0.05, the strength development decreased and thus resulted in a
25 decrease in the strength per amount of adiabatic temperature rise when using
materials up to the age of 28 days.
On the other hand, in the cases of Comparative Examples 15 and 16 in

which IM exceeded 0.62, the strength per amount of adiabatic temperature rise

became larger.



specific surface area by bl aine.

Yasu-river

coar se aggregate,

Féﬂl%ﬁHEﬁ\TBﬁASmEyh‘ is an AE“water reducing agent was used, and
of adrERLAGED 05 was set to be 0.25 % by weight to the amount of

of 2.70 wa
(manuf actu
t he anpunt

As for the fine aggregate, river sand from
having a specific gravity of 2.59 was used. 26 As for the
crushed stone from Takat suki having a specific gravity

di sper si agent, "PQzCOLIS No. 70"

cenent.

As—foT
Table 16. Table 16 M neral Conpressi veSti,

The water, city water was used. Test results are shown in

1 per Conpositi onAnount

R

of Strengt hAnount of (/o by weight) | MA I c(N nm ) Adi abatic Tenp. (%
tenp. RiseRise (Nmm /() ®8&%&4E5( [C) 7289172891 dg sdaysdaysgaxaglaysdays
Conpar ati ve 46360. 2155, @kSpositR@. #51. | ABound&0. ‘?Pre@t VEX amploanids _
Conpar ati ve 36460. 2046. (%M.“Q,sg},tpS%M PAdiaRRO.| 74T TPR8 Exampldabade Tarndi| ment
2518640. 2032. 911. 132 153.80. 346 9sip. Rk [EmbNHBA 26 BIHANZGRFC) 37.
829.455. 1(¢. 311. 162. ]CB §0n§a§ative 408D. 211237 71L.2862491850.7 40 .280V Iy _52.
13 Exam |l e|19 10 As being®appaf&nt al $0 from[Taabd pddb,| diyd |tdags Copaeakilve
Exanpl e 18| Compafatiedr | M was {0. 2, by he unt. .o t € a0, ., b % was
| ess than |ZEsatpleyswei ght’,” i)t tras Z,‘%-zn f@gﬁd tlr‘ria{ ?322 g‘b':geig%haqjg%:" ment
speed becam€ombpasties but gl So resy d i lar.ger D t,adl abat |
Cbper at ur ¢ Bxiagls 16 o 90 LLSHLLEY 11 8 RIS s AEPED (A s A 3PRT o
Embodiment 20 37 45 | 0.62 417. 2 15.1133.952.310.32([0.72|1.11
Embodiment 21 37 45 | 0.43 46. 9 15.1134.152.60.32[0.73(1.12
Embodiment22 | 36 | 46 |[0.20| 46.2 |149(340(522/0.32]0.74/1.13
Embodiment 23 36 .46 0.05 46. 0 14.8134.4563.1(0.32}0.75|1.15
pomparative 35 | 47 |002| 45.7 |12.6(30.8|50.1[0.28(0.67|1 10
xample 17

05

10

15

(Test Example 5)

By using a material including cement, fine aggregate, coarse aggregate,
chemical admixture and water, concrete of a water cement ratio of 50%, a unit
water content of 175 kg/m3, and a unit cement content of 350 kg/m3 was mixed
by using a forced mixer with double shafts, the amount of adiabatic
temperature rise thereof was measured using an air-circulating type adiabatic
temperature rising test apparatus, and its compressive strength was measured
in compliance with JIS A 1108.

As for the cement in the material used, 1 % of gypsum by SO3
conversion was added to 5 sorts of clinker whose mineral compositions are
shown in Table 16 (Embodiments 24 to 26 and Comparative Examples 18 and
19) and crushing the same.

As for the fineness of cement, it was set to 3,100 to 3,300 cm?2/g by
specific surface area by blaine.

As for the fine aggregate, river sand from Yasu-river having a specific

gravity of 2.59 was used.



whereby the strength per anount of adiabatic tenperature rise of materials
15 nore than at the age of 7 days becane lower. On the other hand, in the
case of Conparative Exanple 19 in which the anount of contained 2Ca0 Si Q2
exceeded 75 % by wei ght, the anobunt of adiabatic tenperature rise becane
smal l er but the strength devel opnent speed becane sl ower, whereby it has
been found that the strength per anount<©0 of adiabatic tenperature rise of
materials at the age of 7 days becane 27 remarkably | ower. (Test Exanple 6)

By -using a materjal, including cenent, fine aggregate, coarse aggregate,
chem cal admi xt %%Oéﬁge\%%réﬁaggﬁ%aéﬁtﬁiﬁﬁh%ﬁ stone feam Jgkateis haingirage for

05 concr et ‘é‘iﬁ 2 tgho tio of 30% a unit water content of 175
kg/ n8, andgpae ungll% (‘:Igﬁent '@gﬁtﬁg%ﬁ&g’f 580 kg/ m8 was neasured through

"autogeni ous shis forahe dispdrsiakfagennaPOZOLIENDIT00 (HBh0ectfiyd BeNaIB) past e,
nortar and  concrete_(draft)" by the Japan Concrete Institute (Corporate
Body). As ‘VB?‘C%tlﬁél Borater sedp@ngagent wps ysed, and thegmgyntefadiitisns 10
conver s} 0 : ' j,neral conpositions are
shown ip}@% ge%dﬁ%gﬁz@%%%g{%%{% g{rll Crgfgéeiﬂéti ve Exanples 15 to 17)
and crushi ng t heAsforghe Asaténrcityheafer veessdof cenment, it was set to 3,100
to 3,300 cnk/g bf( speﬁific surface area by blaine. 15 As for the fine
aggregate, riverl&ShagSHEoMEeEONT 0y ErbIsaG ng a specific gravity of 2.59
was used. As for the coarse aggregate, crushed stone from Takatsuki having
a specific gravity of 2.70 was used. As for the dispersing agent, FP300UB
(manufactured by FPK) which is 20 a halgb-leange AE water reduci ng agent was
used, and-the ampunt of addition was set to an _anount at which the slunp

flow val fle of concretle WhseBd5 ¢m As for the WglShegGd t Y Sebeth paas usled.
The test [results are |shemmositiorFilg. 10AmoNst dei ngggppagent |&mmonteofom Fig. 10,
it has been found thgt(% liyiveigkt) cagg | 2dbec Conpagalhie Exddjsbesc Tenand 16
in which|l M exceeded [0.-62__the_|aut 0@}@%83% shrinkagé was RisefNfmm e, but
in each ¢f the remainiogs eohaiinents &nd Conpar(atZBve Exdmdl e| 128 il n9Whi ch
| M was n()tC nmore-than days | days | days | days | days | days
omparative

Example 18 46 36 0.21 5. 2 18.1)36.4|51.1]0.33]0.66/(0.93

Comparative -

Example 24 36 46 | 0.20 46. 2 14.9134.0(52.2(0.32(0.74]1.13

Embodiment 25 18 64 0.20 32.9 11,1321 (53.8(0.34|0.98(1.64

Embodiment 26 8 75 | 0.20 25. 3 7.8 129.4(55.1(0.31|1.16/2.18

Comparative - -

Example 19 4 78 0.21 23. 1 1.6 {24.8(50.410.07(1.05]2.13

10 As being apparent also from Table 16, in the Comparative Example 18

in which IM was 0.2 but the amount of contained 2CaO * SiO; was less than

45 % by weight, it has been found that the strength development speed became

faster but also resulted in a larger amount of adiabatic temperature rise,

whereby the strength per amount of adiabatic temperature rise of materials
15 more than at the age of 7 days became lower.

On the other hand, in the case of Comparative Example 19 in which the
amount of contained 2CaO * SiOz exceeded 75 % by weight, the amount of
adiabatic temperature rise became smaller but the strength development
speed became slower, whereby it has been found that the strength per amount

20 of adiabatic temperature rise of materials at the age of 7 days became



0.62, the anmount of the autogeni ous shrinkage was remarkably decreased.
However, the fact that a decrease in strength devel opnent occurs in 30 the
case of Conparative Exanple 17 has al ready been explained in the above 28
Test Exanple 4. (Test Exanple 7) By using the cenent of Enbodi nment 15 in
whi ch the anbunt of contained C3S is 3&% by weight, the anount of
contained C2S is 46 % by 05 weight, and IMis 0.20, concrete of a water
cenent ratio of %ﬁ% and a unit water content of 175 kg/ nB8 was m xed by
using a f ofBAkABlBAOWEE-h doubl e shafts, its apparent viscosity was
measured through two-point nethod by enploying a rotary visconeter, and
its conpressive strength was neasured in conpliance with JIS A 1108. 10 As
for the fi(Msadiaagsless) ri ver sand from Yasu-river having a specific
gravity of 2.59 was used. As for the coarse aggregate, crushed stone from
Takat suki havi ngBa usiees imateripl anclugding cangit, fiee apgrdgatis coarsetdgaregate,

di i t, EP300UB factured by FPK) which is 15 a_hi gh-range
AE vt or | T IBIAY AR BBT, 3HB ANt e JOROBRRIPEP ritggedat o ar
t ' t ngr, et e

vator, o SHcite WRnS WHer LNl E L B BTGP RSy Bl e M5 I 0

wer e enpl oyed a udit ceient cbassitiof &0 kgy/mishad Helsardd thdugh?Qutertbassi fi ed
fly ash of 30 m (3) Cassified fly ash of 20 m As for the ground
gr anul at edsibiiakeage anf sel-exragsiamiestiog meihag fomcementysste,wapdasmpidoyed.

() oamose, BANEE0 AuBach s MELSSHPEAE BURARG SR oY 75
ap oo ot ly, ARS8 Gl o oot s et igost s wcn b
Conpar at ¢ veorEeasiphexaLddded 827 savts dfedimka® whose mineral compositions are
shown in Table 15 (Embodiments 20 to 23 and Comparative Examples 15 to
17) and crushing the same.
As for the fineness of cement, it was set to 3,100 to 3,300 cm?/g by
specific surface area by blaine.
15 As for the fine aggregate, river sand from Yasu-river having a specific
gravity of 2.59 was used.
As for the coarse aggregate, crushed stone from Takatsuki having a
specific gravity of 2.70 was used.
As for the dispersing agent, FP300UB (manufactured by FPK) which is
20 a high-range AE water reducing agent was used, and the amount of addition
was set to an amount at which the slump flow value of concrete was 60+5 cm.
As for the water, city water was used.
The test results are shown in Fig. 10.
As being apparent also from Fig. 10, it has been found that, in the case
25 of Comparative Examples 15 and 16 in which IM exceeded 0.62, the
autogenious shrinkage was remarkable, but in each of the remaining
embodiments and Comparative Example 17 in which IM was not more than
0.62, the amount of the autogenious shrinkage was remarkably decreased.
However, the fact that a decrease in strength development occurs in

30 the case of Comparative Example 17 has already been explained in the above



05 set by changing types and m xing rates of chem cal adm xtures. Those
contai ning no chem cal adm xtures Conparative Exanple 20 (Cases in which
the chem cal adm xture is fly ash) (1) Mxing 10% of non-classified fly
ash: Conmparative Exanple 21 M xing 20%% non-classified fly ash:
Conparative Exanple 22 (2) Mxing 10%of”classified fly ash of 30 m:
Conpar ative Exanple 23 Mxing 20% of classified fly ash of 30 m:

Conparativ le.24 10 (3) Mxing 1% of classified fly ash of 20 m:
Corrparativieggggpéﬂegs 15 M xing 2% of classified fly ash of 20 m:

Enbodi nrent 27 M xing 15% of classified fly ash of 20 m: Enbodi ment 28
M xi ng 25% of classified fly ash of 20 m: Enbodi nent 29 M xi ng 30% of
cl assi fi ed(Tdsg Eastmple DO m Conparative Exanple 26 (4) M xing 10% of those
having a specifigc surface area by blaine of approximtely 4,500 cn®/g.:
Conpar at i ve ExanByeisie ks remestof Bmhasdment 4% ingwhidpihs dioustinf ace ar ea

by bl ai ne OXi ly 4, 500.cnR/q. : ratiy xampl e. 28 (5)
W xing 506 S CRATY hE %A Puneeplcnendir of eltaiod ois 46 % by

appr oxi 5! feiglty, AQM M 0.20, CORRBEALE ¥ %yt PERLER? alth b 9Boc' Ot ATufiRose
having a specific surface area by alne o approximately 5,000 ¢cn2/g.:
Embodi ment wate&nivent nfj1 3D kgih? weesaitedvingsiagsp baicéd enikur hdge daabr by

bl ai ne of _appraximately 5,000 cn?/g.: Enmbodiment 31 M xing 60% of those
havi ng a sPRELHiLES pPRredd VaseoaithyWwas measutad thyoyebvapeiny msethod s/ g. :

Enbodi nent ‘X1 0 i ecific surface area by.blaine
of 3:) app?%é }%ﬁg F"?r 0@’(?08{88%% E&’ g@glr%g%?%{lﬁ €ees%gga F%g%’owé‘%)m‘i\ﬂ%rﬁﬁ 1804 of
t hose havi cugnplispecivitlcJEIAf Bp@8.ar ea by bl ai ne of 30 approximately 10, 000

cn2/g.: Conparative Exanple 31 _
10 As for the fine aggregate, river sand from Yasu-river having a specific

gravity of 2.59 was used.
As for the coarse aggregate, crushed stone from Takatsuki having a
specific gravity of 2.70 was used.
As for the dispersing agent, FP300UB (manufactured by FPK) which is
15 a high-range AE water reducing agent was used, and the amount of addition
was set to an amount at which the slump flow value of concrete was 60+5 cm.
As for the water, city water was used.
As for the fly ash, the following three types were employed.
(1) Non-classified fly ash (JIS article).
20 (2) Classified fly ash of 30 um.
(3) Classified fly ash of 20 um.
As for the ground granulated blast-furnace slag, the following three
types were employed.
(4) Those having a specific surface area by blaine of approximately
25 4,500 cm?/g.
(5) Those having a specific surface area by blaine of approximately
5,000 cm?/g.
(6) Those having a specific surface area by blaine of approximately
10,000 cm?/g.

30 Embodiments 27 to 35 and Comparative Examples 20 to 32 have been



M xi ng 10% of those having a specific surface area by bl aine of

approxi mately 10,000 cnR/g.: Enbodi nent 33 M xi ng 30% of those having a
specific surface area by blaine of 05 approximately 10,000 cn®/g.:

Enbodi ment 34 M xi ng 60% of those having a specific surface area by bl aine
of approximately 10,000 cn®/g.: Enbodig%nt 35 M xing 70% of those having a
specific surface area by blaine of approximtely 10,000 cn2/g.:
Compar ati ve Exanple 32 10 Test results ar% shown .in Table 17. 31 Table 17

M xi ngAnpuiet by dinnging dypes memizmsiags of shemaesd MRS engt h

%9 Addi ti veAddi t4weDi :ngVi I 9 f - P C X
‘(J/Q/?jaysljaly\sf ni | &%gﬁeafﬁé%ﬁﬂgﬁscﬁﬁaéwggﬁp ge%&&%gﬁ%g‘r’% |\?§i@% (
4224(9 é) Ex atls8s 24 whickeRB @hainivg2m &kture felffy B¥RyPl € 22.. ConparativelOl 1

(1) Mixing 10% of non-classified fly ash: Comparative Example 21

05 Mixing 20% of non-classified fly ash: Comparative Example 22
(2) Mixing 10% of classified fly ash of 30 uym.: Comparative
Example 23
Mixing 20% of classified fly ash of 30 um.: Comparative
Example 24
10 3) Mixing 1% of classified fly ash of 20 pym.: Comparative Example
25
Mixing 2% of classified fly ash of 20 ym.: Embodiment 27
Mixing 15% of classified fly ash of 20 um.: Embodiment 28
Mixing 25% of classified fly ash of 20 um.: Embodiment 29
15 Mixing 30% of classified fly ash of 20 um. Comparative
Example 26
(4) Mixing 10% of those having a specific surface area by blaine of

approximately 4,500 cm2/g.: Comparative Example 27
Mixing 30% of those having a specific surface area by blaine of
20 approximately 4,500 cm?/g.: Comparative Example 28
(5) Mixing 5% of those having a specific surface area by blaine of
approximately 5,000 cm?/g.: Comparative Example 29
Mixing 10% of those having a specific surface area by blaine of
approximately 5,000 cm?/g.: Embodiment 30
25 Mixing 30% of those having a specific surface area by blaine of
approximately 5,000 cm?%/g.: Embodiment 31
Mixing 60% of those having a specific surface area by blaine of
approximately 5,000 cm2/g.: Embodiment 32
Mixing 70% of those having a specific surface area by blaine of
30 approximately 5,000 cm?/g.: Comparative Example 30

(6) Mixing 5% of those having a specific surface area by blaine of



(2) Exanple 23.. Conparative201 1 -- 489 Exanple 24.. Conparativell 2 --
415 Exanpl e 25.. Enbodi ment21. 21 100123 24 27. (3)Enbodinentl 51 . 10 9 5
121 666 28.. Enbodi nent251 . 10 88 117 6 27 29.. Conparative301. 10 84 108
582 Exanple 26.. ConparativelOl 1 -- 38830

approximately 10,000 cm?/g.: Comparative Example 31
Mixing 10% of those having a specific surface area by blaine of
approximately 10,000 cm?2/g.: Embodiment 33
Mixing 30% of those having a specific surface area by blaine of
05 approximately 10,000 cm2/g.: Embodiment 34
Mixing 60% of those having a specific surface area by blaine of
approximately 10,000 cm?/g.; Embodiment 35
Mixing 70% of those having a specific surface area by blaine of
approximately 10,000 cm?2/g.: Comparative Example 32

10 Test results are shown in Table 17.



2 0(4)Exanple 27.. Conparative301 1 -- 282 Exanple 28.. Conparative5l1 1 --
394 Exampl e 29.. Enbodi nent 101. 31 104126 02 30. (5)nbodi nent 301. 21 99
124 EO078 31.. Enbodi nent601. 10 88 122 867 32.. Conparative70l. 10 76 106
775 Exanple 30.. Conparativeb5l 1 --

31
Table 17
Mixing Amount of Compressive
Rate of | Used Apparent Strength
X:/IO/)C ch;fl?t(i)\fr‘e Additive | Dispersing Viscosity (N/mm?)
(%) Agent (kgf* cm* min) | 28 91
(C x %) days | days
. Comparative
nil Example 20 0 1. 4 2. 41 103 |122
Comparative N :
O Example 21 10 1.4 2.22
Comparative 20 14 9 16 N _
Example 22 ) )
Comparative _ _
@ Example 23 10 1. 4 1. 98
Comparative _ _
Example 24 20 1.4 1. 89
Comparative _ 3
Example 25 1 L4 2. 1%
s mbodiment 2 L2 1. 24 100|123
(3) | panbodiment 15 L1 0. 66 95. 6 | 121
g;nb“iment 25 L1 0. 62 88. 7117
Comparative
Example 26 30 1.1 0. 58 84.2 1108
Comparative N _
- @ Example 27 10 1.3 1. 88
Comparative 30 19 [ 89 N 3
Example 28 ) ’
Comparative _ _
Example 29 b L3 L. 94
Eg‘b“‘ment 10 1.3 1. 02 104 | 126
(5) | oonbodiment 30 w 1,07 99. 8| 124
Panbodiment 60 11 0. 86 88. 7122
Comparative
Example 30 70 1.1 0.77 76.51106
Comparative _ B
Example 31 ] L3 .93
Smbodiment 10 L5 0. 92 107|130
(6) | goroodiment 30 1.6 0. 83 104 | 124
Egnb“iment 60 1.6 0. 67 98.8 | 117. 6
Comparative
Example 32 70 1. 6 0. 89 75. 31 101




393 Exanpl e 31.. Enbodi nent 101.50 107130 92 33. (6)E 301. 60 104124
nbodi nent 83 4. Enbodi nent 601. 60 98 117 6786 35... Conparative70l. 60 75
101 893 Exanple 32.. 32 As being apparent also from Table 17, in cases of
Enbodi ments 27 to 29 in which classified fly ash of 20 mwere m xed, the
apparent viscosity remarkably decreased,as conpared to that of Conparative
Exanple 20 in which no chem cal adm xtures were m xed, of Conparative
Exanpl es 21 and 05 22 in which non-classified cenent of fly ash were m xed,
and Conpar at i ve Asheimgl sgspat8ntatboXgoimnrTallecly, ¢h assds ofdimblodimentso?7 89 j Am
were mxed. . Even.in a case of m xing classifj}s%a fl‘%/ ash of 20 m, in the

n

case of Cophr &’W%C]Eﬁéifﬁﬂdeﬂf?@s}il ﬁﬁ%ﬁi% WaTe T 6}1 APRARIY RS Whan 204
rar oy o el 1 e ERSERRL TR SRR SRR MDAy, o 1
25% the syhRMMchaaYR] AdRERtuMasyérf itdd, of OdniharativeeExfapibs 2hendusi ng
bl ast-furnace sl ag powder, the apparent viscosity did not decrease in the
cases 005 Qfrpawliclv eombchagsifed eamantioPflyiash were mixed, and Comparative

Examples 23 and 24 in which classified fly ash of 30 um were mixed.

Even in a case of mixing classified fly ash of 20 um, in the case of
Comparative Example 25 in which the mixing rate was less than 2%, hardly no
effect of decreasing the apparent viscosity was achieved, and in the case of

10 Comparative Example 26 in which the mixing rate exceeded 25%, the strength
development was inferior.

On the other hand, when using blast-furnace slag powder, the apparent
viscosity did not decrease in the cases of Comparative Examples 27 and 28 in
which the specific surface area by blaine was less than 5,000 cm?/g, but in the

15 cases of Embodiments 30 to 32 and 33 to 35 in which the specific surface area
by blaine was not less than 5,000 cm2?/g and not more than 10,000 cm?/g, the
apparent viscosity remarkably decreased.

Even in a case of mixing blast-furnace slag powder whose specific
surface area by blaine was not less than 5,000 cm?/g and not more than 10,000

20 cm?/g, hardly no effect of decreasing the apparent viscosity was achieved in the
cases of Comparative Examples 29 and 31 in which the mixing rate of the
blast-furnace slag powder was less than 10%, and strength development was
inferior in the cases of Comparative Examples 30 and 32 in which the mixing
rate of the blast-furnace slag powder exceeded 60%.

25 Further, when the specific surface area by blaine of the blast-furnace
slag powder exceeded 10,000 cm?2/g, it could be recognized a tendency in that
the amount of high-range AE water reducing agent used as a dispersing agent

for obtaining the equivalent slump flow rate remarkably increased.



whi ch the specific surface area by blaine was | ess than 5,000 cnR/g, but in
the 15 cases of Enbodinents 30 to 32 and 33 to 35 in which the specific
surface area by blaine was not |ess than 5,000 cnR2/g and not nore than
10,000 cnk/g, the apparent viscosity remarkably decreased. Even in a case
of mxing blast-furnace slag powder whoss specific surface area by bl aine
was not |l ess than 5,000 cn2/g and not nore than 10,000 20 cn®/g, hardly no
ef fect of creasi ng the apparent viscosity was achieved in the cases of
Conmparativ ‘%&3%?@@@358 and 31 in which the mxing rate of the

bl ast - furnace sl r . %% d strengf h devel opnent was
inferior in the %g;%g’(%? E%@%lgﬁﬁ&g@%%?%%%@t? %eggéq, ROFHTC AL HRAL i ng
rate of thehdihial afitnirene oy apendsna®xs 8e8eeh @0 medt THLbAE0NRAR o he
specific surface area by blaine of the blast-furnace slag powder exceeded

10, 000 cnPWglt wateg santereof 1dddiginevaaminedibpapingia tfouded rhher anioh double
hi gh-r e wat er..reduci ng.agent used as a di spersing agent  for
obt ai n?(?l% % etséd?i?id\/lei’l3 8WP§?%%§FVS@EW@SFE?%W¥§ 11 copliancedvitBal IBTest

Exanpl e 8)AByogising a material including cenent, fine aggregate, coarse
aggregate, chem cal adm xture and water, concrete of a water cenment ratio

of 20% and a unAs forethercenceriteint thef maZriKoided, W ofigypduRybHSi03g a forced
m xer with doubl.e 05 sh(‘ﬁéis and its conpressive strength was neasured in
conpl i ancefORVERsion s7asiaddsl tong sps afiglinkemshose minezahedrepositionsede 1 % of

sumb } S de 5 rtg of .clinker whose m neral
ggﬂposi t%los?g)%g} ?Téﬁg%gﬁﬂggﬁxgefgs ?éﬁ%é@?ﬁ&ﬁ%%@nﬁ& PA%d crushing the
same. 1® As for A&&rfﬁhﬁqm&sﬁfof@@ﬁ%ﬁ%,sit}v&asvﬁ 98 100 538 00 &ﬂ-’-/é’b 00 cn®/g

by specific surface area by bl aine. or the fine aggregate, “rrver sand
from Yasu-SPegdic siadagepreadpeblaine. gravity of 2.59 was used. As for the

coarse aggregate rysh st one from. Takat suKki ving,a 15 specific
gravity 819 2970 %gorﬁlsgfn%%r&gaf%Jl%ﬁréa@%séﬂ&rfeﬂhgivermag/mg azpeoic
(manuf act wradithofKem9 werrpeigati on) which is a high-range AE water reducing
agent was used, and the anount of addition was set to an anmount at which

the slunp flow VA for the coarsecagdregats cB@éhedBtone from Takatsuki having a
15 specific gravity of 2.70 was used.
As for the dispersing agent, "Mighty 3000S" (manufactured by Kao
Corporation) which is a high-range AE water reducing agent was used, and the
amount of addition was set to an amount at which the slump flow value of
concrete was 60+5 cm.
20 As for the water, city water was used.
As for the chemical admixture mixed to the cement compound, 20 um of
classified cement of fly ash was used.
Two types of curing condition of the test specimen for the compressive
strength testing were prepared; a standard curing in water of 20 C, and a
25 simplified adiabatic curing for confirming the strength after receiving thermal
hysteresis in which the test specimen was laid into a styrol foam vessel of 10
cm in thickness, whose space was filled with styrol foam beads.
In the simplified adiabatic curing, measurement of the concrete
temperature was also performed by using a thermocouple.

30 Test results are shown in Table 18.



20 As for the water, city water was used. As for the chem cal adm xture
m xed to the cement conpound, 20 mof «classified cenment of fly ash was
used. Two types of curing condition of the test specinen for the
conpressive strength testing were prepared; a standard curing in water of
20 C, and a 25 sinplified adiabatic curigg for confirmng the strength
after receiving thermal hysteresis in which the test specinmen was laid
into a styrol foamvessel of 10 cmin thickness, whose space was filled
with styrol foam beads. In the sinplifliabld 1&di abatic curing, measurenent of
t he concrete tellpﬁl aturg: waajl & ig ,.ng _rlj_.g;e ?é :I\J'As:]:'rg a—thermocouple. 30
est resdylts are showh.in e : abl e _ .

& PERGTH| (% By M xi ng( N m2) | weil§RPFaaskieniiFs AR i o | of

Conposi tijonConpr essi ve &
N g N i f(ed ¥s ri ngAdiNBERdc curin
1MAddi tiyeTenp. Standardainplified (CMifing 121_ggm71n4 Example 36

weight,

28912891 |daysdaysdaysgays—eorpal Al VERAHKO) X an
Embodi meft 3746360. 201563104126 1001 19idEate0 38364604 191593!19911)#.1@
612196. 7124 Enbodi nent 3318?4%( 2013388%) 2 127 cEpmpar at I‘%‘%‘a'a 1C
11700. 21153364. 696. 783°51012Expnpl @ 40 As ppar ept_al 3o {CuETan] o
18, a satji sfactory coppreslsive 8 31 |28 91
' y P days days | days days
Comparative
Ezesr 36 50 | 31 |o21| 15 |z 129 102 | 104
Embodiment 37 | 46 36 10.20 15 63 104 [ 126 100 119
Embodiment 38 | 36 46 10.19 15 o7 95.6 121 96. 7| 124
Embodiment 39 18 64 |0.20 15 38 83. 21118 91. 2| 127
Comparative y
R I 70 |o2| 15 33 |64.6| 96.7| 83.5| 101

As being apparent also from Table 18, a satisfactory compressive

strength was obtained in each of the embodiments.
05 However, when the amount of contained 2Ca0 - SiO» was less than

35 % by weight, the amount of contained 3CaO * SiOs relatively increased, and
it has been found that the strength development was slightly decreased after
receiving thermal hysteresis.

Further, in cases in which the amount of contained 2Ca0 * SiOs

10 exceeded 65% by weight, the strength development speed was delayed.



strength was obtained in each of the enbodi nents. 05 However, when the
anount of contained 2Ca0 Si2 was | ess than 35 % by wei ght, the anmount of
contained 3Ca0 SIi2 relatively increased, and it has been found that the

strength lightly decreased after receiving thernal
hyst er eiiTﬁlS BHEEheAS BEENchses in which t3fe anpunt of contained 2CaO 5102
10 excegded GREPIMGCEDEI ght| the strength devel opment speed was del ayed. TH S

SHEET HAS-BEEN-35—REPCACED Clains 1. Cenent clinker containing A1203 and
Fe203 by 0.05 to 0.62 in A1203/Fe2®3 Claims. 2. Cenent containing a cenent
clinker with A1203 and Fe203 therein 05 by 0.05 to 0.62 in Al1203/ Fe2(3
ratio. 3. Cenent according to claim2, wherein a 2Ca0O Si02 content is

between 35 and 7% % i or.dy any..one .clainms 2
and 3, wherein sg'i depﬁchee\r%%;r(llg1 Iﬁlkgr é%%tg? ﬂﬁ%@@@&%ﬁg{@%&@-%ﬁ%ﬁéﬁp
accor di ng AbGafjeDyeratio. cl ai s 2 and 3, wherein said cenment is used in

concrete of high strength and high flowability. 6. Cement according to
clai m5, wherei n2safemeatspntdining x edmeint lelinket wifts AdoMyané FgbO; ofierciyy ash

whose pagty | ZR A,S_ Nnpt e~ than 20 .m 7. Cenent according to claimb5,
wher ei naéa%)gb(;eoegnteon@(s?smr@%gg&;ﬁzpﬁrﬁﬁo' 15 to 60 % by wei ght of ground

granul ated bl astgfu hfi rf ar b | aine is
5,000 to 10, 000 %m?ﬁ‘;ﬁ%%t%%@‘%&e ¥y ﬁ”ﬁf%ﬁ”@%%%%&%‘s%‘ad %ﬁgzh%ﬂ? Bility

conpr i si ngbétweenc¥IeNd 78C% WytwBigHtO any one of claims 2 to 7 and a
di spersing agent. 9. Concrete according to claim8, wherein a water cenent
ratio is not 20tnofemensiac@oding to any one of claims 2 and 3, wherein said

cement is used in mass concrete.
10 5. Cement according to any one of claims 2 and 3, wherein said
cement is used in concrete of high strength and high flowability.
6. Cement according to claim 5, wherein said cement is mixed with 2
to 25 % by weight of fly ash whose particle size is not more than 20 pm.
7. Cement according to claim 5, wherein said cement is mixed with 10
15 to 60 % by weight of ground granulated blast-furnace slag whose specific
surface area by blaine is 5,000 to 10,000 cm?/g.
8. Concrete of high strength and high flowability comprising the
cement according to any one of claims 2 to 7 and a dispersing agent.

9. Concrete according to claim 8, wherein a water cement ratio is not

20 more than 30%.



