1 [DESCRIPTION] [Title of Invention] CEMENT COWVPOSI TI ON, METHOD FOR

PRODUCI NG M XED MATERI AL AND METHOD FOR PRODUCI NG CEMENT COWVPCSI TI ON

5[ Techni cal Fi el d] The present invention relates to cenent
conposition, nmethod for producing m xed material and method for producing
cenment conposition. [Background Art] 10l n general, cement conposition is
produced by m xi ng several materials such as water, cenent, aggregate,

adm xture_ for_ can e and the like (for exanple, refer to Japanese Patent
No. 38444%%&@%%ﬁ0&ti on). O the above, cement is a nmaterial that emts a
| arge anounttf «cArborendiiexilde (002) when produci ng cenent 15 conposition.

And from i ie int, _J rdly i e t
CONMpPOoSi ti%&yaé%ﬁﬁﬁo 'ha%f%ﬁ%sﬁ%t %ﬁ%@g&g{; Pﬁ?%r%@é’%{rlAﬁhgﬁB
envi r onmave THAh efce (R DiOT@IGAIC EadviTX CoMeobarrosncr et e, such as bl ast
furnage SL@Q and fly .a ra can be added as an alternate to the reduced cenent
so that t %Jsﬁ']erﬁj‘t (Jf the cenent conposition woul d devel op even when
cenent usage i Thegdueseht ffGveatiion ddlsttle s Ratementti ¢@natarte]or Plkethpd
Japanese Pat ent .. 3844457, Speci f.i_catign 2 u r ayvent.
[ Techni ca O%r%%?de\‘%ln&%c}fnedding%e&éagmaggi Bnﬁghgﬁr ?ﬁg E%H%Qﬁgn}%%&g iton
pr oduct i cronrecEsisorcan be cut back by reduci ng the anount of cenent and
i ncreasi nthz,;t1 e Jv_armuCptArf m neral adm xture for concrete such 30 as bl ast
furnace stag a aolﬂy ash as an alternate to cenent. In this case however,
therd0i s a fearlnt ha¢nehel st cemghh aforpersriti cwonpoesictriodnogdullely degreage by
reduci ng LDge AIPHOL o0 o $E RN, A EULIRSY L0,40E 633805 Lodual A he afount
of cenent usage and using mneral adm xture for “concrete Such as ast
furnace stagcBStamdd the dstkead fan ek hat eafercémmpandw aterg Near t hat
the 2 ampynlyf SERLAL:RLWBH) ] VA ¥l 8B0LY, AMNGHSEUSL ala BLiEN Rhs vhi ch
are m xed. For exanple, there'is a case ere the amount of a specific
mat eri al ¢miexerbnedsy agaunt corpabed divxife daPunhen WIFEICTRE 6EMENS. | n
such 1& Caé@rp 5@9{160({1‘ S AnheAForh Rl e RALH PO £ A D& IRERSINR, 51 Wl haek 1

ous @/ m xed wh

honbgene [ en a wde variety of materials are m xed at a fine.
And this peesed sthatprasierh sforpasdddioni [List ¢ FR&ETappr 6pritatekeer éRgth

woul d not ,deyehop twhen, pradiciRg QRITERL ¢ oARASHE L ON. THdE: R8s enl nkvent i on
has been made 1 n view of the above 10 probl em and an objective thereof is

to provi dedebrEmEe dotpESNGreh ey hatichsae dphdtle Bir bt T Edudndy ftlive 28Rount

of carbon.gioxd dejfH s ansaardrdevel 09l fge Mgl &dd engldhtard anethehe
objective thereof is to provide a nethod for_producing m xed material and a

met had f of t peiodile Chgt ke FERENE PP 14 ot Hat ARt abrEepdrems CHF&dici ng
cenent colrl@g)%étig)nré@;@ga,e of reducing carbon di oxi de em ssions, devel opi ng
hi gh strength and securing quality as well. [Solution to Problenj An
aspect of [ghEa’b%%%e]i‘&St?]nventi on for achieving an objective above is cenent
conposi ti ppathat 1nedres-&00 parts by 20 wei ght of binder (B) including,
5-30 parts_by weight of cenent, 0-20 rt@b wei,ght %f, silica fume, 0-50
parts by wefght! of2R4RFSfs I, 2 Y 4\?-'753%9& d By SReiTgie ' bl ast f ur nace

sl ag;23nvat esuf¥ r g quoif vEbwnit ten80- 185 kg/ mB of water content per unit vol une
of concrehﬁ; aﬁ re]g e%éf%' and chem cal adm xture for concrete (AD) . 25
Wth such!C8RBRTCR %ﬁ) H?)]n, car bon di oxi de em ssions can be reduced and
hi gh strength caardasn deviel:oped asniwelilons during Idemesitpr efoepatalie itdmat t he
water (W of .the water content. per  unit. yolu of concrete i.n the cenent
conposi t | BhPFEC 100" PEGCETRgrHEPS CUt Pac tyhresuuc%lné’eﬁg%tamé)élr%co%%tcleglr?,nrtr‘garbon
di oxi de eandsiransazamdgoehé wdert péduceelr ahcdmigtt uster Engtdoroare tbe sderel oped
as . .3 Wth such ce conposj ti on, | oxl m sSj ons
can bedfu??hkélrasftegﬁ%él “&n Eﬁ?g%@gléfnatgﬁ aé%ﬁarbg‘l&%\?é g%egbaas(én\?\%ﬁe' ov%v‘?lng to
t he cenenthtentesd Iperewst,t thelnenmesoh Ceacrethet wiltdigt tdregtentdr @egement
conpositign Lng. | ] . t,.l.s b t e

conposi ti gﬁmgﬁﬁf%ﬂ?—é{a@%b&pg? ]ée%@éV\%%/gﬁgag{:g{'ﬁekggoggggépmr?gfez;r%g&eé]- 0
parts by %Weigherointtie alboee offl yedshing the amouni tdf suterdesge and
conposi tigp; : n n i r i gxl 1SS ons
and devel Doian Ry P pe B BRI g P A8 208" AR SRR

pr ef e¥abl enthéty tdwh esment atbaposieiion damsgnides hsre5ipart Sy W ghtheof the
above cenent. 15Wth such cenent conposition, carbon dioxide em ssions can
be nmuch nore reduced while further inproving the bal ance between carbon

di oxi de em ssions and devel opment of high strength. It is preferable that
the cenent conposition has a 20 water-binder ratio (WB), being the weight
ratio of the above water (W to the above binder (B), greater than or equal
to 35% and | ess than or equal to 45% It is preferable that the
28-day standard cured conpressive strength ranges from1l6 N/m2 to 70



material are not required. For this reason, storage space and the cost can
be saved. Further, cenent, silica funme, fly ash and 35 blast furnace slag
can be prem xed at plants and the |ike. Therefore, materials can be
accurately measured by use of equipnent at the plants and the |ike all ow ng
provi sion of binders that are versatile, that secures high quality and
retains uniformquality. Additionally, the use of prem xed bi nders nakes it
5 possible to reduce the nixing tine at re -m xed con e . <And
further, HRXEY Mt dRE° 'Wgﬁgg VSFyn8F68§?§ 3@089n§%Y§£§%tm§%§gE§%? f or
exanpl e, whXad arat erikad .t oFdee edaxed ewi thesei isfarcasw Whienpr ohenembucan be
pr oduced. An_aspect of the .present_ inventian,i for i ng

m xed naﬁggﬁaﬁp?ﬁg hﬁf%ﬂ“%?ﬁﬁu%?ﬁ%x%§3%9 ¥n%ﬂ§gﬂa§°§9g§%§ﬁ%§t%?sg&ggﬁgs by
wei ght ofotengntr rare rdfallseasin onectt ypeasfe ,nmathereali ssel Eéetedthronethhee

t ypes .of terial_.bei.ng O- rt I f..SkLi -50 ts by
weigh? of® Iéb%nﬁggﬁﬁf%%f-?égggfpg%lggbﬁ%%%géﬂgogghgl§E¥E#H§H3geés gg%

W th suchvametdiod dfomagreodadisngrei xédednatera atimd t Aadpsssisbbeesenproduce

m xed matey | h i n ; e 0 - ' sgheeted from
silica fUﬁ%égi?@‘géhéa ég%fgéfg%%rﬁg%% £§%%¥E§%é¥?E§%P%%§%%e %geg as a

bi nder sui¢abl @ fuirerprotutiaig o emernt2@oopwpositiion capabl e of reduci ng
carbon di oxi de .8/ SSi ' i rengt hand Secu i-ng guakbty as
wel | . And sincgﬁg%zﬁﬁggég ggygb?gkﬂggg%aggéﬁcenent aﬁgeat | east one type of
mat erlifal sedlebtredntramedikreavedme rddfyiaste andvbiasierairingeebsEagLer an
amount - approprd A& J B L1yl r.%%%%gccemoghbha@ capablkeo2549b naduci ng
carbon di oxi de em ssions, devel oping high strength and securing quality as
wel |, contal perensuid adeselesitorhsepasbrerytist erdngnaFherhebrarerival s are
not r?qwEﬁgreers?ftergro@i@éa&%e%m%@efaedpw@u@% 68l P&aFaUad 10¥nd
reduci ng the containers to be used. Further, cenent can be prem xed with at
| east oned 3B thgsk fofr pardrcangserBer b PTRAA ST19daie S Pl tasH Cah@ bl ast
furnace shagy@tif atendndohPssiiken FYaBUCh T LRGSO ndRIAHA si6andie |
accurately neasured by use of equi pment at the plants and_the |ike_all ow ng
provi si oneB#s A XY AEVEFPRLNEFECN StHerghl @ng seHatinpalired thi FhWEddl-i ty

and retai ngo vt f of mguatddyergonpared 35 with the case where all the
materials are m xed at readg-nixed 6 concrete plants. Additjonally, the

use of prenixed*bi AgeESt sthe possehite 1VHdIYE £RE MGy T %e 28

ready- ni xg@j EONLY €@ RleaNt weritt EBRbBSE t 1 bhndests iseiltiabkelas, pdafs exanpl e,
m xed material to be mxed with soil for sail rovenent. can be 5

[
pr oduded. ve1ght Oﬁﬂ®%@9eﬁré?ér%ﬁﬁ¥PQ%ﬁﬁ'rﬁ?@@dpﬁﬁggr?%ﬂﬁﬁ¥ﬁﬁhé) H{e8beh

et Eod fﬁoa@(? ngsliﬁj'sﬂgyn?vé@@ht_ﬂ&iig%ii@ica! ,sllunféax&}w ptara_ggllaggaémht o_fd flthg
such net hod for pr ing mxed material, it [S_poOsSsi t 0. prqvi de I xe
mat eri al ﬁ%@iﬁﬁ“ﬁﬁ%ég%tﬁgFEF %Wﬁﬁé§§:f§ Qhas gg?ﬁﬁ%f%fsgﬁitéﬁﬁﬁﬂ?éwm

pr oduci ngegefreant e€OMPOH 1185 Gapabl ef ofa t @t usimg:reardeon udiiaxivdd verd i ons,
devel opi ng hi gh strength and securin uality as well _ An aspect qf..the
present i g?%ﬁ??%%" £§9 eﬁ‘@?ﬁo@ f"o?n%Fgaﬂ‘&lcﬁ HES hat &S aev(%r? “at

| east2ne type withretuen @é@nael echedst toomf oterdopds oafl deetret ¢ sl ofpeicagy 5- 30
parts by weight of ce t, .0-20 parts b ight of silica f , 0-50 parts
by meightb%f9?$§C%%H?QE%E9RL%%¥%§%¢%(%%1&%ﬁgeyegppgﬁagg V&ﬁggce sl ag

i ncluding prem xing at |east one type of material w th aggregate when the
20 m xed material includes the one type of MRLEH ale sqlechad S oM g four
types of materials;” and prem Xing Fhe ral erial 'Whose anount to be mxed is
smal | er opetwmidr vebueet yHenofrerat enitdle wistenttheomae ek t abnwhodé Oanint i s
Iarge%)orkgyéh t he aggregate, when the m xed material includes the two or
nore types®of the 25 material selected fromthe four types of material.
Wth such net hdiiflosughoderedmy coimped 1 aber | @d sbat dieadtet sl s ypess gfan

mat eri al I r four .type erial i - y

wei ght ofggeﬁgﬁggaéf%%%%gg%ég%bh%éggﬁgg%?agﬁlé%g1?%§§SQH?)0 pgg{géﬁgumeight
of fly ash, 42-75 parts by weight of 30 blast furnace slag and aggregate in
a mxed state, df@fh%gﬂ@f&%g\@ thngthefematgel al SonAdk sidicqutihe vixed
material includes cerment and at |least two types of material ;selected from
si i c3 fufs, congrash, ipl Bhe FemenccInes i Hme dggriégdte ks Mamount s
appropriate for produci ng cenment conposition capable of reducing 35 carbon
di oxi de em ssions, devel oping high strength and securing quality as well,
containers such as silos for separately storing each of the materials are
not required. Therefore, storage space and the cost can be saved. Further,
at | east one type of material selected fromcenent, silica funme, fly ash
and bl ast furnace slag 5 can be prem xed with aggregate at plants and the
| i ke. For such reason, materials can be accurately neasured by use of



30 devel oping high strength and securing quality as well, can be easily
produced by nerely m xi ng binders produced by prem xing, and water. 10 the
met hod for producing cenent conposition. Wth such nethod for
produci ng cenent conposition, cenent cénposition that further reduces
carbon di oxi de em ssions and further devel ops high strength as well can be
produced. 5 It is preferable that the water (W is 100-150 kg/ nB8 of
wat er cont ent r..unit. vol u of concrete i for. pr: c

cenent conposit%}.suChcemégRW?ﬂpgﬁ% l%%tg%féﬁig%%ggg%fﬁgéﬁgﬁﬁﬁEgg
conposi t ilon fucehentreticeciuos hii gbns tiatg thucshéendeec T et es vl bowidioxi de
em ssions, SNl ULINE! OBE o dPYelans: ML gD, ALIENALI AS. #RL knGaN decRE pdUCed.
It Is pre erable that “Cenent Pcont en per unit volunme of concrete iIs 18-89
kg/ 8 i n ¢tdreemetdadpbdsoirt ipmodhedingg scerddnt 15 conposi ti on. Wth such
met hod. for produci ng cenent conposition, cenment conposition that
furthernmore reduces carbon di oxi de em ssions and furthernore devel ops high
strength as wellt ¢arphefpradie statstne ecniee tcepmpe s Ebhteitng@ardampt2¢ol une
of concre L thin the. epki ggpg Q8 tiop 45, i.n ke wet hod
for prod %%%%é%%éﬁ%gggngﬁsﬁﬁégﬁ? [ A %gﬁ%gggoés E?Qé%ts 0 }1g9e tioﬁ Wth
the presebntteixvent bk x@went conposition capable of 25 reducing carbon

di oxi de em ssi jﬁ%kﬁggcﬁ%\éﬁ'e E;%%E@%FB@& 2380 e t @ 2cARERGE NS OF

produci ng m xed material an or producing cement conposition
appr dpr i ap € dectbpr 8dosi fg cEmmionsoRpesiavToPrgIdblPE b 9k eduEneg e &RBon

di oxi de epissj, o q[ ARig high strength and securing quality as well
can be 30 provi ed? rief Description of Drawings] [Fig. 1]

Fig. 1 shows a diagramfor explaining the nethod for 35 produci ng m xed
material and the methed:d o, R edue NPe CRRAL cddp69MPOSH L REGOENRY tO
t he present invention. [Description of Enbodlnen%s] Exanpl es of
the presePRripvent7orol 12 Fé s s €™ er eunder in further detail .

In an exanpl e of; tiheuphesaeMnd BB%?E%QEioQ,eS@aVﬂHHd anowi bk &l g M eant he
concrete conposed of water, cenen fine aggregate, coarse aggregate and
the |ike, PAUEhBATEERBHET BhL6f LERE ST dSRROVILRGehRE &ﬁl%BEgWSFnbot h
reduci ng garbon &ioxidge &b SNMiss onsl arddeyelopi bg hiigh strength.as well.
I n anot her exanple of the present invention, description will be given on
the concrete conposed of water, cenment, fine aggregate, coarse aggregate
and éhe Iike,lbgiggsa @@@@Q%ﬂ%g?pqab&igﬂh@rqﬂmﬁﬁﬁ by orpoet BOEn 0fhgy oduci ng
m xed. material apd 15 a nethg or _pr.oduci nhg cement conposi_tion appropriate
for prbdubdhgr iRt cotpdsi t/dh oS ﬁrhé?sé’ﬁtlg%ﬁv ﬁt%ilcﬁ’nf)fc&g&bra@oéﬁe
reduci ng garben(wl ax deceabssé aisndstevi@)gQpigigalhieght Bhnesgtdywad tseqBri ng
quality as $egl. re at first, desgription will be given on concrete
capabl e of*fette? ng ¥arHorf Bioxide 'ssi ons 20 and devel opi ng hi gh
strength as welit is prefeddidlle thet aonrc?&téaplktandexanphecdicotpe epsasent

[ ti f t hat ) t I di oxid
educed ARG TRACP a ST P Ton Bhc 8t A0( B Mler c)°T KA G 1's | osser

amounts of carbon di oxi de was used as alternative material 25 to cenent. In
this way, carbopn di oxide em ssions,c be reduced when .producjn ongrete
by reduci ng thg{]%slasgé)rc?&eggl%ﬁérelt gggtrrgfé %%mep%gsclcg?peqsJl%l\/\%nvceigl,é%]’%grcse%ﬁs a
fear thatleascrene sirengtd wyped detraddetdue telthéededustin oa gfroc@nent
usage. 330G yen e Ci C in.th ent_.ex | es, r.ete which
hac t he RrEELEr e ot FDa e A RS B Bt et G e LA oF  car bon
di oxi de eandsiimestfomespopdeper t Tesi oforedecrbtle ahdtdeveladpine ldklsteengt h
into gcco d r.0 adi Lven, her . the 4
foIIdafngggépaﬁgiFi%?ﬁ%ﬁ£%%§%%Fe§%R€§%g?%§§,Q%nﬁﬁ}%ﬁ%ﬁst wé?géarrie out,

12 whose it xisatirefamdbilhe thiake tdief fuerldhtormadaich ®f heheapboivadicedicddnby
sanple nu : 3@% ; espond, o Lhecondi tizons and results
of each sgggngéﬁgyﬁ%e%@%I%%. ?%Tﬁgéédgﬂon thesrate of binder use As

menti oned above, the usage of cenent that emts |arge anbunts of carbon

di oxi de was redpcedsas, ayeh 33 ePassib! en@ndobindersdhati £Mihel essRnt
amounts of carbon dioxide were increased. In the present exanpl es, bl ast

f urnate sFagrosiyiash sapdtsrplanrifiife wepe tisdd RECHPRABLS. LNt &¢hat
since the binders affect the strength devel oped and the fresh properties of
concrete, as well as carbon dioxide em ssion, the bal ance of the usage _
ratio between cenent, blast water was studied. 151 n the present exanples,
portland cenent and sulfate resistant portland cenent as cenent, studies
were made on silica funme derived fromferrosilicon and silica funme derived
fromzirconia as silica fune, and studies were nmade on type-1 fly ash and
type-11 fly ash specified by JIS A 6201 20 as fly ash. (2) Study on



10 reducing agent. (3) Study on the anpunt of water usage Reduci ng

t he anobunt of binders, including cenent, is effective for reducing carbon
di oxi de em ssions. However, the 15 strength of concrete depends on the

wat er-bi nder ratio (weight ratio of thd water to the binder). Therefore,
studies were al so made on anobunt of water (water content per unit vol une of
concrete) in the case where the ambunt of binders was reduced. 20Exanpl es

Al th h d pt h t i t || f h

et ar o TErakhpras SF b RaE b avB e ThE PE e o OB T et Re"
exanples t35n<whkﬁnﬁalsou$eﬂ% and lessTablae trshowsl stped .facc. nﬁhethaks used
inth t 1.1ITEM.S

TAP WATER'T. 0 %ﬁ%@@%&i% R rﬁggbﬁoﬁfi% I\@éR%i %

WB SUPERNATANTT WAT ER ¢ SbUD@B:J,W’d'eER) H). 96 BiNBERrCPC2ORD MARM: IPORTLARD
CEMENTL. 3.16, SR S FATE RE TANT LAN I VE

( ELKEN} Ec;%dr)lezssng? 135 € LT %%%@g?%%ﬁé%éﬁ? FLY
ASH (JISA@QD@&tZ%&lOFAZTIMPEbvaLUrﬁﬁiﬁ¢Qﬂ@@ﬁ2ﬂ&$ﬂﬁuﬂ©o'GEB$H@REUNDB

GRANULATE T FUR SLAG 2.90  ANHYDRI TE 2.90 M NERAL ADM XTURE FOR
CONCRETE t%gf‘?_ %ADER 2.71

It 1s preferable that the above silica fume in the cement

10 composition is the silica fume derived from zirconia. And it is
preferable that the above fly ash is the fly ash that satisfies

the values which are specified for type-I fly ash of JIS (Japan
Industrial Standard) A 6201. Further, it is preferable that the
above cement is sulfate resistant portland cement. According to

15 such cement composition, the fluidity in the fresh property of

the cement composition can be improved.

An aspect of the present invention for achieving another

objective above is a method for producing mixed material including

20 producing 100 parts by weight of mixed material by mixing 5-30

parts by weight of cement, 0-20 parts by weight of silica fume,

0~50 parts by weight of fly ash, and 42-75 parts by weight of blast
furnace slag.

With such method for producing mixed material, mixed

25 material can be mixed with a proportion appropriate for producing

cement composition capable of reducing carbon dioxide emissions,

developing high strength and securing quality as well, to be used

as a binder. And the mixed binder includes cement, silica fume,

fly ash and blast furnace slag of amounts appropriate for

30 producing cement composition capable of reducing carbon dioxide

emissions, developing high strength and securing quality as well,

therefore containers such as silos for separately storing each

material are not required. For this reason, storage space and

the cost can be saved. Further, cement, silica fume, fly ash and

35 Dblast furnace slag can be premixed at plants and the like.



SD SLUDGE SOLI D ( RECYCLED POADER) 2.50 FI NE AGGREGATE PI T SAND FROM

KI SARAZU ( DESERT SAND) ( CRUSHED LI MESTONE) 2.62 (2.68) (2.68) COARSE
AGGREGATE CRUSHED HARD SANDSTONE FROM OVE 1005 ( CRUSHED LI MESTONE 10nm)
2.65 (2.69) CRUSHED HARD SANDSTONE FROM OVE 2010 ( CRUSHED LI MESTONE 20nm)
2.66 (2.69) CHEM CAL ADM XTURE FOR CONCRETE SP1 HI GH RANGE Al R- ENTRAI NI NG
WATER REDUCI NG AGENT 1100NT (H GH RANGE Al R- ENTRAI NI NG WATER REDUCI NG

AGENT VI TE 4100 . _SP2 HI RANGE WATER REDUCI NG NT 1200N
NPROVED TS0 5 . BRTRR AP RGRTER REGORFREALERIP 1 WAVENT ) 'O 187 A
Al R ENTRAG dNh NG AGENT tAERBDant s SndSTIRENGKH 4 NCREASERro€ixiOn2 fobifelersls
Qut of thgose in Table 1,, ordinar ortland, cenent. (OPC), .sul f . | st ant
portl and IS %r?tre(‘é‘%s,atsjiﬁ’cgh?ur’r%eé%ﬁ(ees Eaiﬁpq‘gﬁ(%lﬁﬂl??gsflefqagarl%a{dﬁ%%g%h
<zirconi agud SFR2), tAqE-tHilorfdlyl yash ] G620 > Ber{FEAd] , biypers mbjeasht

<JI SAG201> (F and ground gr.anul at.ed ast. fu

corr egson%o%%ﬁ?z%éetﬁirne erce(%?? %Aﬁ(&,nggcalﬁ%ﬁ %%rﬁfgyo%q%%%(éf%%%%%nggrci um
hydr oxi deAsd|futrtdren, B} xedmmtchriitee 6CaSa¥)e fémesttone lpowe dri(ldsk)s batd
strength ipcreaser. (S rrespond .t SRV c.an Ri is a
part of lf)f%? Oaﬁll%'d fg()rrar?)ﬁﬁaa é& ’bﬁgég dfﬁ?ﬁ%gieéisltg%.d\éogﬁéé@gﬁt% g%g%oéig t he
anmount of somt ermatoemeed: iqart he prresentiedexanpl es. Table 3 shows t he
principal ratios of each material m xed. The above naterials were m xed as

shown in Tables 2 and 15 3. Notethat, percentage (% in the "EXAVMPLE NO'
col urds i nTabl & 2spadt 31 hdé pates enitel mag i bl @f ishenedheat L¢IOPCPIYCINSR) to

t he bind : i . rat g, i-ncludi Rg-40% of
cement vvgéf}ff(ée %Cég“@%lﬁg %Clc%cgpﬁé 'sgogr%@ec%ggpurﬂeggﬁﬂg%%gﬁiag ?%Ong}()g!lgg ge_r?ént in
t hi s conpeaisonoexaaplet cof respontds 2odtae heashusnrativecoPicemERtigdage i n

B-type polg%igﬁge@ @ £H£@é6@yr%ésagfcrﬁ£€@£i£ﬂ'b%ilﬁrba@aa ol pelust id Al Shandar d)

I
R 5211). he C-type portla bl ast furnace sl ag cement, the m ninmum
rati o of eBrishtiGa f30% (Phs0 st ruMRY alSighst OF5T Y S h SRR~ I PRAE S

preseny exanpleynt s wei@ntealdQ i api ntained at less than or equal to
30% In other words, the anount of cenent usage is mnimzed as nuch as
possi bl e. 30 With _such method for producing mixed material, it 1is

possible to produce mixed material that includes at least one type
of material selected from silica fume, fly ash and blast furnace
slag, and that can be used as a binder suitable for producing cement
20 composition capable of reducing carbon dioxide emissions,
developing high strength and securing quality as well. And since
the mixed material includes cement and at least one type of
material selected from silica fume, fly ash and blast furnace slag
of an amount appropriate for producing cement composition capable
25 of reducing carbon dioxide emissions, developing high strength
and securing quality as well, containers such as silos for
separately storing all the materials are not required. Therefore,
storage space and the cost can be saved by reducing the containers
to be used. Further, cement can be premixed with at least one
30 type of material selected from silica fume, fly ash and blast
furnace slag at plants and the like. Forlsuch reason, materials
can be accurately measured by use of equii)ment at the plants and
the like allowing provision of mixed material that is versatile,
that secures high quality and retains uniform quality compared

35 with the case where all the materials are mixed at ready-mixed
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concrete plants. Additionally, the use of premixed binders makes
it possible to reduce the mixing time at ready-mixed concrete
plants. And further, binders suitable as, for example, mixed
material to be mixed with soil for soil improvement can be
produced.

It is preferable that mixed material produced by such method
for producing mixed material, is mixed with aggregate.

With such method for producing mixed material, it is
possible to provide mixed material having mixed therein binders
and aggregate, suitable for producing cement composition capable
of reducing carbon dioxide emissions, developing high strength

and securing quality as well.

An aspect of the present invention is a method for producing
mixed material having at least one type of material selected from
four types of material being 5-30 parts by weight of cement, 0-20
parts by weight of silica fume, 0-50 parts by weight of fly ash,
and 42-75 parts by weight of blast furnace slag including
premixing at least one type of material with aggregate when the
mixed material includes the one type of material selected from
the four types of materials; and premixing the material whose
amount to be mixed is smaller of two or more types of material
with the material whose amount is larger or with the aggregate,
when the mixed material includes the two or more types of the
material selected from the four types of material.

With such method for producing mixed material, at least two
types of material selected from the four types of material being
5-30 parts by weight of cement, 0-20 parts by weight of silica
fume, 0-50 parts by weight of fly ash, 42-75 parts by weight of
blast furnace slag and aggregate in a mixed state, can be mixed
with other materials. And since the mixed material includes
cement and at least two types of material selected from silica
fume, fly ash, blast furnace slag, and aggregate of amounts
appropriate for producing cement composition capable of reducing

carbon dioxide emissions, developing high strength and securing

‘0
9 LS
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each of the materials are not required. Therefore, storage space

and the cost can be saved. Further, at least one type of material

selected from cement, silica fume, fly ash and blast furnace slag:

5 can be premixed with aggregate at plants and the like. For such

reason, materials can be accurately measured by use of equipment

at the plants and the like allowing provision of mixed material

that is versatile, that secures high quality and retains uniform

quality compared with the case where all the materials are mixed

10 at ready-mixed concrete plants.

Further, when the mixed material to be produced includes
one type of material selected from the four types of material,
the one type of material and aggregate are premixed so that even
if the one type of material is of an extremely small amount,

15 premixing with the large amount of aggregate to be mixed allows
homogeneous mixing. And when the mixed material to be produced
includes two or more types of material selected from the four types
of material, the material, of the two or more types of material,
of a smaller amount to be mixed is premixed with the material of

20 a greater amount to be mixed or with the aggregate, so that even
if the two types of material to be mixed includes material of an
extremely small amount, the material of an extremely small amount
is premixed with the material to be mixed of a large amount or
a large amount of aggregate to be mixed, allowing the material

25 of an extremely small amount to be mixed homogeneously. In this
case, it is preferable that the aggregate to be mixed with the
one type of material is fine aggregate. And when producing
concrete by use of such mixed material, the use of already mixed
mixed material can reduce the mixing time at ready-mixed concrete

30 plants. Furthermore, suchmixedmaterial canbe produced as mixed
material suitable for, for example, mixed material to be mixed

with soil for soil improvement.

It is preferable that the cement is 5-20 parts by weight
35 and the fly ash is 5-50 parts by weight in the method for producing
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mixed material.

With such method for producing mixed material, since cement
is 5-20 parts by weight and fly ash is 5-50 parts by weight, it
allows production of mixed material usable as more appropriate

5 binders for producing cement composition capable of reducing
carbon dioxide emissions, developing high strength and securing

quality as well.

It is preferable that the cement is 5-15 parts by weight
10 in the method for producing mixed material.

With such method for producing mixed material, since the
cement is 5-15 parts by weight, it allows production of mixed
material usable as furthermore appropriate binders for producing
cement composition capable of reducing carbon dioxide emissions,

15 developing high strength and securing quality as well.

An aspect of the present invention is a method for producing
mixed material including mixing at least two types of material
selected from four types of material being 5-30 parts by weight

20 of cement, 0-20 parts by weight of silica fume, 0-50 parts by weight
of fly ash and 42-75 parts by weight of blast furnace slag.

With such method for producing mixed material, it allows
the provision of mixed material having mixed therein at least two
types of material selected from four types of material being, 5-30

25 parts by weight of cement, 0-20 parts by weight of silica fume,
0-50 parts by weight of fly ash and 42-75 parts by weight of blast

furnace slag.

An aspect of the present invention is a method for producing
30 mixed material including mixing at least two types of material
selected from three types of material being 0-20 parts by weight
of silica fume, 0-50 parts by weight of fly ash and 42-75 parts

by weight of blast furnace slag.
With such method for producing mixed material, it allows

35 the provision of mixed material having mixed therein at least two
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types of material selected from three types of material being,

0-20 parts by weight of silica fume, 0-50 parts by weight of fly
ash and 42-75 parts by weight of blast furnace slag. Such mixed
material is also suitable as, for example, mixed material to be

mixed with soil for soil improvement. And since the mixed
material includes at least two types of material selected from
silica fume, fly ash and blast furnace slag of amounts appropriate
for producing cement composition capable of reducing carbon
dioxide emissions, developing high strength and securing quality
as well, containers such as silos for separately storing all the
materials are not required. Therefore, storage space and the cost
can be saved. Further, since at least two types of material
selected from silica fume, fly ash and blast furnace slag are mixed,
at least the two types of material can be premixed at plants and
the like. For such reason, materials can be accurately measured
by use of equipment at the plants and the like allowing provision
of mixed material that is versatile, that secures high quality
and retains uniform quality compared with the case where all the
materials are mixed at ready-mixed concrete plants. Further, the
mixing time at ready-mixed concrete plants can be reduced due to
the use of premixed mixed material. Furthermore, mixed material
capable of, for example, being mixed with soil together with

cement for soil improvement can be produced.

An aspect of the present invention is a method for producing
cement composition including mixing mixed material produced by
the above method for producing mixed material, and water (W).

With such method for producing cement composition, cement
composition capable of reducing carbon dioxide emissions,
developing high strength and securing quality as well, can be
easily produced by merely mixing binders produced by premixing,

and water.

It is preferable that the water (W) equivalent to 80-185

kg/m?® of water content per unit volume of concrete is mixed in
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the method for producing cement composition.
With such method for producing cement composition, cement
composition that further reduces carbon dioxide emissions and

further develops high strength as well can be produced.

It is preferable that the water (W) 1s 100-150 kg/m3 of water
content per unit volume of concrete in the method for producing
cement composition.

With such method for producing cement composition, cement

10 composition that furthermore reduces carbon dioxide emissions and

furthermore develops high strength as well can be produced.

It is preferable that cement content per unit volume of

concrete is 18-89 kg/m3 in the method for producing cement
15 composition.

With such method for producing cement composition, cement
composition that furthermore reduces carbon dioxide emissions and
furthermore develops high strength as well can be produced, since
the cement content per unit volume of concrete within the entire

20 cement composition is small in the method for producing cement

composition.

[Advantageous Effects of Invention]
With the present invention, cement composition capable of
25 reducing carbon dioxide emissions and developing high strength
as well, and a method for producing mixed material and a method
for producing cement composition appropriate for producing cement
composition capable of reducing carbon dioxide emissions,
developing high strength and securing quality as well, can be

30 provided.

[Brief Description of Drawings]
[Fig. 1]
Fig. 1 shows a diagram for explaining the method for

35 producing mixed material and the method for producing cement
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composition according to the present invention.

[Description of Embodiments]

Examples of the present invention will be discussed
hereunder in further detail.

In an example of the present invention, description will
be given on the concrete composed of water, cement, fine aggregate,
coarse aggregate and the like, as cement composition of the
present invention, capable of both reducing carbon dioxide
emissions and developing high strength as well.

In another example of the present invention, description
will be given on the concrete composed of water, cement, fine
aggregate, coarse aggregate and the 1like, being a cement
composition produced by a method of producing mixed material and
a method for producing cement composition appropriate for
producing cement composition of the present invention, capable
of reducing carbon dioxide emissions, developing high strength
and securing quality as well. Here at first, description will
be given on concrete capable of reducing carbon dioxide emissions
and developing high strength as well.

With the concrete of an example of the present invention,
usage of cement that emits a large amount of carbon dioxide was
reduced and mineral admixture for concrete (binders) that emits
lesser amounts of carbon dioxide was used as alternative material
to cement. In this way, carbon dioxide emissions can be reduced
when producing concrete by reducing the usage of cement as much
as possible. However, there is a fear that concrete strength

would decrease due to the reduction of cement usage.

Given these circumstances, in the present examples,
concrete which has the material composition taking the balance
between reduction of carbon dioxide emission, fresh properties
of concrete and development of strength into account, was
developed through studies given hereunder. In the following

description, samples of concrete, onwhich tests were carried out,

63
4
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whose mix ratio and the like differ from each other are indicated
by sample numbers (Sample No.) which correspond to the conditions

and results of each sample in the tables.

(1) Study on the rate of binder use

As mentioned above, the usage of cement that emits large
amounts of carbon dioxide was reduced as much as possible and
binders that emit lesser amounts of carbon dioxide were increased.
In the present examples, blast furnace slag, fly ash and silica
fume were used as binders. Note that, since the binders affect
the strength developed and the fresh properties of concrete, as
well as carbon dioxide emission, the balance of the usage ratio
between cement, blast furnace slag, fly ash, silica fume, and
water was studied.

In the present examples, studies were made on ordinary
portland cement and sulfate resistant portland cement as cement,
studies were made on silica fume derived from ferrosilicon and
silica fume derived from zirconia as silica fume, and studies were
made on type-I fly ash and type-II fly ash specified by JIS A 6201
as fly ash.

(2) Study on additive

Studies were made on mixing of alkaline component, gypsum,
strength increaser, and limestone powder in order to improve the
strength of concrete.

Alkaline component is used to accelerate the hardening of
slag, fly ash and the like by the stimulation of alkaline. Calcium
hydroxide solution simulating sludge water was used as the
alkaline component in the present examples.

Additionally, although there are dihydrate gypsum,
hemihydrate gypsum and anhydride as gypsum, anhydride was used
in the present examples. Further, although there is anhydride
as a by-product (industrial by-product) when producing fluorine,
naturally produced anhydride and the like, natural anhydride was

used in the present examples. Note that, gypsum is a part of the
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aforementioned blast furnace slag.

Further, a strength increaser including
tri-isopropanolamine as its principal component was used in the
present examples.

5 Furthermore, studies on mixing of chemical admixture for
concrete (AD) weremade. Aschemical admixture for concrete (AD),
there are, for example, water reducing agent, high-range
air-entraining water reducing agent (superplasticizer),
air-entraining water reducing agent, and high-range water

10 reducing agent.

(3) Study on the amount of water usage
Reducing the amount of binders, including cement, 1is
effective for reducing carbon dioxide emissions. However, the
15 strength of concrete depends on the water-binder ratio (weight
ratio of the water to the binder). Therefore, studies were also
made on amount of water (water content per unit volume of concrete)

in the case where the amount of binders was reduced.

20 Examples
Although description on the present invention will be given
in further detail with examples, the present invention is not

limited to such examples.

25 <Materials used>
Table 1 shows specific materials used in the present

examples.
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Table 1
ITEM SYMBOL PRODUCT NAME DENSITY
W1 TAP WATER : - 1.00
WATER | w2 HYDROXIDE SOLUTION 0.135% 100
W3 SUPERNATANT WATER (SLUDGE WATER) 1.00
OPC ORDINARY PORTLAND CEMENT 3.16
SR SULFATE RESISTANT PORTLAND CEMENT 3.20
SF1 SILICA FUME (ELKEM-EGYPT) 2.20(2.12)
SF2 SILICA FUME (ZIRCONIA) 2.23
BINDER FA1 TYPE-II FLY ASH (JISA6201) 2.25
FA2 TYPE-I FLY ASH (JISA6201) 2.40
6aBs BLAST PURNAGE SLAG 290
CaSO, ANHYDRITE 2.90
MINERAL LSP LIMESTONE POWDER 2.71
ADM%;URE SLUDGE SOLID
CONCRETE Sb (RECYCLED POWDER) 2:50
PIT SAND FROM KISARAZU 2.62
AGG’;}ES atel S (DESERT SAND) (2.68)
(CRUSHED LIMESTONE) (2.68)
o CRUSHED HARD SANDSTONE FROM OME 1005 2.65
COARSE (CRUSHED LIMESTONE 10mm) (2.69)
AGGREGATE CRUSHED HARD SANDSTONE FROM OME 2010 2.66
G2 (CRUSHED LIMESTONE 20mm) (2.69)
HIGH-RANGE AIR-ENTRAINING
: WATER REDUCING AGENT 1100NT
SP (HIGH-RANGE AIR- ENTRAINING
WATER REDUCING AGENT VISCO CRETE 4100)
CHEMICAL
ADMIXTURE | oo, HIGH-RANGE WATER REDUCING AGENT _
FOR 1200N IMPROVED
CONCRETE SP3 AIR-ENTRAINING WATER REDUCING AGENT ~
SIKAMENT J OR JS
AE AIR ENTRAINING AGENT AER50 -
sl STRENGTH INCREASER: C X 0.2 or 2% -

Note: product name anddensity in parentheses indicate those used

5 for the Sample No. 11 mix proportion, to be described later.
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Out of those in Table 1, ordinary portland cement (OPC),
sulfate resistant portland cement (SR), silica fume <Elkem-Egypt>
(SF1), silica fume <zirconia> (SF2), type-II fly ash <JISA6201>

5 (FAl), type-I fly ash <JISA6201> (FA2), and ground granulated
blast furnace slag (GGBS) correspond to the binder (B). And,
calcium hydroxide (Ca(OH),) in calcium hydroxide solution (W2).
anhydrite (CaSO4), limestone powder (LSP), and strength increaser
(SI) correspond to additive. Note that, anhydrite is a part of

10 ground granulated blast furnace slag.

Table 2 shows the amount of material mixed in the present
examples. Table 3 shows the principal ratios of each material
mixed. The above materials were mixed as shown in Tables 2 and

15 3. Note that, percentage (%) in the “EXAMPLE NO” columns in Tables
2 and 3 indicate the ratio of the cement (OPC) or (SR) to the binders
(OPC(SR) + SF + FA + GGBS).

Further, concrete including 40% of cement was used as the

20 comparison example. The ratio (40%) of cement in this comparison
example corresponds to the minimum ratio of cement usage in B-type
portland blast furnace slag cement (JIS (Japan Industrial
Standard) R 5211). In the C-type portland blast furnace slag
cement, the minimum ratio of cement is 30% (the maximum ratio of

25 slag is 70%). In the present example, this cement ratio is
maintained at less than or equal to 30%. In other words, the

amount of cement usage is minimized as much as possible.

30
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Table 3

EXAMPLE NO RATIO (RATIO TO BINDER: %) y\(;;;;g ? ;? &'ﬂ% ?rzg?géggﬁg
OPC SF FA | GGBS Ca(OH),| CaSO, | LSP Sl
xamm e aosy | 40| o | o | 60 |ar3|46]l 0| o | o | o
5% 1 5 5 15 75 40.7 | 455 | 0.05 | 2.26 0.3 0
2 8 1] 50 42 40.7 | 447 | 0.05 | 1.25 0.3 0
8% 3 8 0 50 42 40.7 | 447 1 0.05 | 1.25 0.3 0
4 8 20 30 42 40.7 | 446 } 0.05 | 1.25 0.3 0
5 10 0 20 70 373 | 476 | 0.00 | 2.11 285 0
6 10 0 20 70 40.7 | 476 § 0.05 | 2.11 19.4 | 0.02
10% 7 10 5 15 70 373 | 476 } 0.05 | 2.11 194 0
8 10 0 20 70 40.7 | 476 } 0.06 | 560 | 194 0
9 10 5 15 70 373 | 476 | 0.05 | 2.11 19.4 | 0.02
10 156 0 20 65 40.7 | 476 | 0.05 | 1.97 18.3 | 0.30
1] 15 2.5 17.5 65 40.7 | 476 | 005 | 1,93 | 19.3 | 0.03
12] 15 2.5 17.5 65 40.7 | 478 1 0.05 | 1.93 | 254 0
131 15 2.5 17.5 65 40.7 47 005 | 1.94 | 16.0 0
14y 15 2.5 17.5 65 40.7 | 46.3 } 0.05 | 1.95 7.6 0
15§ 15 2.5 17.5 65 40.7 47 005 | 194 | 160 0
15% 16§ 15 2.5 17.5 65 35 47 0.05 | 1.84 0 0
17] 18 2.5 17.5 65 45 47 0.06 | 1.94 | 28.1 0
18} 15 2.5 17.5 65 40.7 47 0.05 | 1.94 | 16.0 0
19] 15 2.5 17.5 65 40.7 47 0.05 | 194 | 16.0 0
20f 15 25 17.5 65 40.7 | 471 0 1.94 | 16.0 0
21} 15 2.5 17.5 65 40.7 | 39.7 0 1.97 0 0
22{ 15 2.5 17.5 65 40.7 | 50.6 0 1.97 {1079 0
23t 20 0 30 50 373 | 4786 0 149 | 255 0
241 20 0 30 50 373 | 476 0 1.49 | 30.6 0
25; 20 0 20 60 373 | 476 { 0.05 | 1.79 19.3 0
26§ 20 0 20 60 40.7 | 476 } 0.05 | 1.79 19.3 | 0.40
20% 271 20 5 15 60 373 1 476 1005 | 1.79 } 193 0
28 20 0 20 60 37.3 1 476 § 0.05 | 1.79 19.3 | 0.04
29 20 2.5 17.5 60 373 | 476 } 005 | 1.79 | 193 | 0.04
30} 20 0 20 60 407 | 476 § 0.05 | 1.79 19.3 | 0.04
311 20 2.5 17.5 60 40.7 { 476 1005 | 1.79 | 193 | 0.04
32| 30 0 20 50 373 | 476 0 1.49 | 254 0
30% 33] 30 5 15 50 373 | 47.6 0 149 | 254 0
34} 30 0 20 50 407 { 476 | 0.05 | 1.49 | 183 | 0.60
a5) 30 0 20 50 407 | 476 | 0.05 | 149 19.3 | 0.06

5 In table 3, the water-binder ratio (W/B) is the ratio of

water (Wl + W2 + W3) to binder (OPC + SF + FA + GGBS). And the



0 1.49 25.5 0 24 20 0 30 50 37.3 47.6 0 1.49 30.6 0 25 20 0 20 60 37.3
47.6 0.05 1.79 19.3 26 20 0 20 60 40.7 47.6 0.05 1.79 19.3 0.40 20% 27 20
5 15 60 37.3 47.6 0.05 1.79 19.3 0 28 20 0 20 60 37.3 47.6 0_05 1.79 19.3
0.04 29 20 2.5 17.5 18

fine aggregate ratio (s/a) is the volumetric ratio of fine
aggregate (S) to aggregate (S + Gl + G2). Note that, CaSO; is
a part of GGBS.

5 <Conditions for Manufacturing Concrete>
Table 4 shows the conditions for mixing concrete. Table

5 shows the conditions for manufacturing (mixing method) concrete.

Table 4
SAMPLE NO.
| 1~4,12~22 5~11, 23~35
TARGET SLUMP 21£2cm(122.5) 15¢m OR HIGHER
TARGET AIR CONTENT 45+15% 4.50%
10
Table 5
SAMPLE NO.
1~4, 12~22 5~10, 23~35 11

FORCED BIAXIAL MIXER | FORCED BIAXIAL MIXER FORGED UNIAXIAL

MIXER USED HORIZONTAL MIXER
(CAPACITY 60L) (CAPACGITY 60L) (GAPACITY 60L)
MIXED 60L.”BATCH 60L~BATCH 50L./BATCH
AMOUNT L
DRY MIXING DRY MIXING DRY MIXING
10 SEGONDS 10 SECONDS 30 SECONDS
AFTER (W+SP) INJEGTION AFISSE(:)V';SOFI’:SD AFTER GEMENT INJECTION
MIXING TIME 60 SECONDS 270 SECONDS 60 SECONDS
AFTER (W+SP+3D
AFTER SCRAPING P

30 SECONDS
(210 SECONDS)

180 SECONDS

15 <Items Tested>
(1) Test on Fresh Property of Concrete (Sample Nos. 1-35)

As a test on fresh property of concrete, slump, air content



60 37.3 47.6 0.05 1.79 192 0.04 30 20 0 20 60 40.7 47.6 0.05 1.79 19.3
0.04 31 20 2.5 17.5 60 403 47.6 0.05 1.79 19.3 0.04 32 30 0 20 50 37.3
47.6 0 1.49 25.4 0 30% a3 30 5 15 50 37.3 47.6 0 1.49 25.4 0 34 30 0 20 50
40:7 47.6 _ 0.05 1.49 . 19.3 0_60 19

and temperature after mixing were measured. The testing method

of slump and air content were performed in conformity with Japan

Industrial Standard (JIS) A 1101 (BS 1881 Part 102), JIS A 1128

(BS 1881 Part 106), respectively. Additionally, concrete
5 temperature was measured with a thermometer.

(2) Compressive Strength Test (Sample Nos. 1-35)

Test specimen of ¢ 100 x 200 mm (150 x 150 x 150 mm) was
made, then compressive strength was measured after water curing
at 20°C (68.0°F) (23°C (73.4°F)) and at 50°C (122.0°F)

10 respectively in conformity with JIS A 1108 (BS EN 206).
(3) Drying Shrinkage Test (Sample Nos. 5-11, Sample Nos. 23-35)

Test specimen of 100 x 100 x 400 mm (75 x 75 x 285 mm) was
made, and after underwater curing until 7 days of material age,
shrinkage change (length change) due to drying was measured in

15 conformity with JIS A 1129 (ASTM C 157).
[Note] the standards and dimensions in parentheses above were

applied to Sample No. 11.

<Test Results>
20 Test results on the fresh properties of concrete are shown
in Table 6.



35 30 0 120 50 40.7 47.6 0.05 1.49 19.3 0.06 18 fine aggregate ratio (s/a)
is the volunetric ratio of fine aggregate (S) to aggregate (S + d + &).
Note that, CaSO4 is a part of GES. 5 <Conditions for Manufacturing
Concrete> Table 4 shows the conditions2@or m xing concrete. Table 5 shows
the conditions for manufacturing (m xing nethod) concrete. Table 4 SAMPLE
NO.  1-4, 12-22 5-11, 23-35 TARGET SLUWP 21 2cnm(12:L-2.5) 15cm OR H GHER
TARGET Al R CONTENT 4.51.5% 4.50% 10 Table 5 SAMPLE NO, 1-4, 12-22 5-10,
23-35 11 M XER USED FORCED BI AXI AL M XER ( CAPACI TY 600 FORCED BI AXI AL M XER
(CAPACI TY 60L) FORCED UNI AXbAE HORI ZONTAL M XER ( CAPACI TY 600 M XED AMOUNT
60L/ BATCH 60L/ BATCH 50L/ BATCH M XI NG TI ME DRY M XI NG 10 SECONDS AFTER

(WSP) | NI DS.AELER.SCRARPLNG..30. .SECONDS, ..

EXAMPLE No.|  SEUMP CONTENT | TEMPERATURE
cm % °c

COMPARISON
EXAMPLE 45 23 21.5
(40%) '
5% 1 215 7.0—58 216
2 235 2.2 21.6
8% 3 21.0 3.6 22.0
4 20.0 3.8 21.5
5 21.5 1.1 20.7
6 22.0 2.1 22.3
10% 7 22.0 23 213
8 20.5 2.1 21.9
9 11.0 3.3 22.8
10 20.5 1.8 22.3
1 245 2.9 250
12 22.0 4.6 20.5
13 21.5 5.2 208
14 22.0 6.0 20.6
15 22.0 53 209
15% 16 215 54 213
17 19.5 5.5 210
18 22.5 6.0 205
19 22.5 6.0 20.6
20 23.0 8.6—6.0 22.0
21 20.5 1.5 19.3
22 0 3.6 19.0
23 240 1.7 20.8
24 200 2.5 20.8
25 9.0 3.1 22.9
26 18.5 2.1 22.6
20% 27 17.0 2.9 234
28 18.5 25 22.1
29 15.0 2.8 22.9
30 8.0 2.8 229
31 13.5 2.5 23.4
32 22.0 24 21.1
0 33 22.0 2.2 21.0
80% 34 16.5 2.5 230
35 16.0 2.0 23.1
5 As shown in Table 6, whereas the slump value in the case

of the comparison example is smaller than the target value (15cm,



(210 SECONDS) DRY M XI NG 10 SECONDS AFTER (W+SP+SI) | NJECTI ON 270 SECONDS
DRY M XI NG 30 SECONDS AFTER CEMENT | NJECTI ON 60 SECONDS AFTER ( WSP+S1)

| NJECTI ON 180 SECONDS 15 <ltens Tested> (1) Test on Fresh Property of
Concrete (Sanple Nos. 1-35) As a test 2dn fresh property of concrete, slunp,
air content 19 and tenperature after m xing were neasured. The testing
met hod of slunp and air content were perfornmed in conformty with Japan

st 1 2, 5 gdac ()] 9o A RO B ABRLPaEi J0R): (S ACLigR (BS 1881

Part 106)7, " T1res dcfive onal contrete re was neasured
with a tHaEmporetes. {2)20orpresdinvet StilengtthiTeshe (1Sanpt @ INb6Se 1aBF3t Test

speci nen 010 0 xc1 ep-then ssive
strength \a%suerfeggéré%g)%% 'i%reﬁ Q%&%reéﬁoﬁ 'ng5 §9' %T%%%S%F??%%éﬁﬂ ) and
at 50C( 122.10&XxcéedtéspeTtdsteiplion. conf obheryasidsh JhS pXeBEDS ¢BISUEN206) .

3) Drnyi r'n!q_aeg_e : S - - - 35 e

gp)eci r%n%cﬂodo X O&Bﬁf&(ﬁﬁn’%@( ?g’é{)‘}({ ;Eéx%%§g§?%bﬁm§§§%gg; a%%a-aﬁ%r
under wat erespurtisngnuat ¥ Icontgaysant emmmiadiunsgecre almahl itileagemehahge

I th ' din 15 f it ith JIS A 1129
(leng i%%]%%ﬁe%& dryipg was measured in conformty w

(ASTM C t he standards and di nensions in parentheses above
were applied to Sanple No. 11. <Test Results> 20Test results on the fresh

properties of e@nCLehe. are,shown jinyTable, Gianfiable 61 EXAVPLENO §5UMP cm
Al R CONTENT % TEMPERATURE oc COVPARI SON EXAMPLE (40% 4.5 2.3 '21.5 5% 1
21. 5107, Ol8sstgower  ghatgyps i Aypneder i ifipem, 6l ppomia 429l gves ga
higher slump value than standard silica fume (derived from
metallic silicon or ferrosilicon), as silica fume. The
comparison result between Sample No. 15 and Sample No. 19 showed
that sulfate resistant portland cement achieves a higher slump
15 value than ordinary portland cement, as cement. The comparison
result between Sample No. 15 and Sample No. 20 showed that, type-I
fly ash specified in JISA6201 has better fluidity than type-II

fly ash specified in JISA6201, as fly ash.

20 Next, results on the compressive strength test are shown

in Table 7.



21.5 10%5 21.5 1.1 20.7 6 22.0 2.1 22.3 7 22.0 2.3 21.3 8 20.5 2.1 21,9
9 11.0 3.3 22.8 15% 10 20.5 1.8 22.3 11 24.5 2.9 25.0 12 22.0 4.6 20.5
13 21.5 5.2 20.8 4 22.0 6.0 20.6 15 22.0 5.3 20.9 16 21.5 5.4 21.3 17

19.5 5.5 21.0 a 22.5 22
Table 7
20°C COMPRESSIVE STRENGTH 50°C S‘?r%"é'sgiasm
EXAMPLE NO 2
(N/mm” (MPa)) (N/mm? (MPa))
{ DAY | 3DAYS | 7 DAYS | 28 DAYS| 56 DAYS| 7 DAYS | 14 DAYS | 28 DAYS
COMPARISON |
EXAMPLE(400%)| 639 | 230 36.0 58.5 - 710 ~ 78.9
5% 1 - = 116 6.6 o . = -
2 — —_ — — — — -— —
8% 3 = = 116 79 . - = =
4 - - 13.0 19.8 - - = -
5 1 705 185 245 321 - 791 - 335
6 | 586 227 314 | 450 - 372 - 436
10% [ 7 1 9726 212 280 | 397 - 422 - 53.6
8 | 1240 | 227 275 345 - 319 - 381
o {1020 | 262 35 1 47.4 - - 51.7 55.7
10 | 634 | 284 415 574 = 387 = 533
111 1330 | 312 | 423 50.2 Z - = -
21 - [ - - 31.2 - - - -
3] - - = 302 = - Z -
a2 = z - 28,6 - Z Z -
151 - - 192 | 268 304 = = -
15% | 161 = - 225 | 279 317 - - =
17 - - 18.7 24.9 273 - - -
Bl - = 73.9 332 | 364 - - =
19l - - 231 31.6 348 - - =
ol ” 231 313 - Z - -
21 = - 19.9 301 - - = -
22 | = 140|205 Z - Z =
231 311 6.8 26.2 335 = 350 - 415
24 | 478 7.4 | 250 35.0 - 33.0 - 38.3
25 | 730 200 40.9 56.1 - 511 = 55.8
56 | 507 28.4 26 1 635 - 550 - 594
20% | 27| 854 | 295 421 57.9 - 60.5 = 67.8
28 | 924 324 | 455 63.2 = - 634 68.2
29| 886 314 | 449 60.6 - - 65.6 69.7
30 |_6.80 2538 36.7 513 - - 485 51.6
311 769 280 376 | 508 - - 539 57.8
32 1 705 254 | 390 B4 1 = 558 - 63.4
s00 L2331 696 297 454 | 625 = 70.1 - 76.7
32 1 517 293 53.0 §9.4 - 58.8 - 75.2
a5 | 778 27.9 142 643 Z _ 68.6 75,6

As shown in Table 7, among the present examples, compressive

5 strengths close to that of the comparison example were achieved
when the cement ratio was greater than or equal to 10% even though
the usage of cement was less than the comparison example.
Particularly, favorable compressive strengths were achieved in
the cases where the cement ratios ranged from 10% to 20%. Further,

10 even when the cement ratio was less than 10%, compressive



6.0 20.5 19 22.5 6.0 20.6 20 23.0 8,6-46.0 22.0 21 20.5 1.5 19.3 22 0
36 190 20% 20 24.0 1.7 20.8 24 20.0 2.5 20.8 25 : 9.0 31 22.9 26 18.5 21
22.6 27 17.0 2.9 23.4 28 18.5 2.5 227 29 15.0 2.8 22.9 30 8.0 2.8 22.9
31 135 2.5 234 3096 32 23

strengths greater than or equal to 16 N/mm? (MPa) were achieved,

which are lower than that of the comparison example. And the

compressive strengths at 20°C (68.0°F) (23°C (73.4°F)) of the

present examples (Sample Nos. 1-35) at 28-day material age ranged
5 from 16.6 N/mm® (MPa) to 69.4 N/mm?® (MPa).

Also, the comparison result between Sample No. 15 and Sample
No. 18 showed that, silica fume derived from zirconia achieves
higher compressive strength than standard silica fume (derived
10 from metallic silicon or ferrosilicon), as silica fume. The
comparison result between Sample No. 15 and Sample No. 19 showed
that sulfate resistant portland cement achieves higher
compressive strength than ordinary portland cement, as cement.
[Note] the temperatures in parentheses above were applied to

15 Sample No. 11.

Next, results on the drying shrinkage test for Sample Nos.

5-11 and Sample Nos. 23-35 are shown in Table 8.



22.0 2.4 21. 33 22.0 2.2 210 34 16.5 25 23.0 35 16.0 2.0 231 21
212cnm), anong the present exanples, those of (Sanple Nos. 1-4, Sanple Nos.
12-22) are alnost all within the range of the target value, and those of
(Sanpl e Nos. 5-11, Sanple Nos. 23-25) 24 nost all exceed the target val ue.
In other words, the present exanples 5 show better workability than the
conpari son exanple. And the results on air content and tenperature were

al nost the same with the conpari son exanple. The conparison result between
Sanmpl e No. 15 and Sanple No. 10 18 showed that, silica fume derived from
zirconi a achi eves a higher slunp val umidhar8 standard silica fume (derived

resul t bt Wﬂ ogh O No. 15 and SEENPEHRHANGE RSIBY t nat spitare |
resistant CamERAvREN @N@je%!&‘v@,fbﬂ@%}bﬁ@ galnred @mmsﬂ nary
portl and jeepprt——as—cereht— e bet . 15 and
Sanpl e Ng. 20 ®Mowed that, type-1 |fly ash specjfied in JI SA6201 has| better
resul ts i M ABESMI o1 ¥e 2t 7 Bgth 205 | a2 shout i i TebPe . 5% frabl & 7
EXAMPLE NO BRAMBORPRESSI VE STRENGIH (N ntn2 (MPa)) 50 C CCNPRESSIVE
S VNN N Th A T T RIS
11.6 16.4 - - |[8%Nna 0 -23 -125 -190 | -260 -306 -348
10% 7 0 -28 -125 | -181 | -246 -292 -334
8 0 -65 =79 -111 -172 -223 -302
9 0 -46 -88 -195 | -246 -325 -348
150 10 0 -88 -148 | -204 | -278 -310 -380
11 0 -70 - -120 | -140 - =170
23 0 -28 -74 =111 -185 —-236 -250
24 0 -28 -83 -125 -190 -259 =297
25 0 -51 -111 -181 -255 -288 -348
26 0 -61 -130 -181 =279 -307 —386
20% 217 0 -79 -130 -172 —269 -334 -385
28 0 -56 -139 -227 —292 -343 -375
29 0 -83 -129 -213 —268 -337 -374
30 0 -83 -148 -194 | -254 -341 -387
31 0 -60 =111 -171 -250 -333 -370
32 0 —46 ~-111 -162 | -241 -282 -287
0% 33 0 ~-74 -134 -167 —245 -278 -296
34 0 -60 -139 2217 —278 -353 -418
35 0 -102 -153 -232 | -302 =371 -418
5 Negative values of length change in Table 8 indicate that

the length had shortened with regard to the original length. On
the contrary, positive values indicate that the length had

extended.



- 11-.6 17.9 - 13.0 19.8 - 10%1na 22:7 . 24.6 31.4 32.1
29.1 45.0 37.2 43.6 812.40 910.20 28.0 39.7 42.2 53.6 flfl
26.2 35.1 34.5 47.4 31.9 - 38.1

25

As shown in Table 8, the length changes due to drying
(shrinkage amount) of the present examples are smaller than the
comparison example. In other words, it can be said that the
present examples are less liable to cracks than the comparison

5 example.

As mentioned above, usage of cement that emits a large amount
of carbon dioxide was reduced as much as possible and the usage
of mineral admixture for concrete (binders) that emits lesser

10 amounts of carbon dioxide was increased in the present examples.

To be specific, the ratio of cement tobinders was maintained
at a range from 5% to 30%, silica fume from 0% to 20%, fly ash
from 0% to 50%, blast furnace slag from 42% to 75% and water content

15 per unit volume of concrete from 80 to 185 kg/m® . Further, at
least one kind of additive out of calciumhydroxide (Ca (OH)2) being
an alkaline component, gypsum (CaSO,), strength increaser (SI)
and limestone powder (LSP) was mixed. Meanwhile, gypsum is a part
of blast furnace slag.

20 Additionally, concrete was composed of aggregate including
fine aggregate and coarse aggregate, water and chemical admixture
for concrete such as a high-range air-entraining water reducing
agent.

In this way, concrete emitting a small amount of carbon

25 dioxide during production but exhibiting excellent fresh

properties of concrete and high strength can be achieved.

In the examples described above, description on cement
composition was given taking concrete as an example however,

30 cement composition may be cement paste not including fine
aggregate and coarse aggregate as aggregate, or mortar not

including coarse aggregate.

<Method of Producing Concrete>

35 As explained above, the composition for concrete capable
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of reducing carbon dioxide emissions as well as developing high
strength has been made clear. The composition of such concrete
may be, for example as the silica fume shown in Table 3, of an
extremely small amount compared with the other materials and the -

5 ratio thereof including in the binder being 2.5% of the entirety.

As above, when material of an extremely small amount to be
mixed is included in the material to be mixed, there may be a case
where the particular material is not mixed properly depending on

10 the way mixing is conducted. For example, in the case materials
to be mixed are delivered through a narrow tube connected into
the mixer when each of them are directly injected into the mixer,
there is a possibility that the material of an extremely small
amount would stick on the inner perimeter of the narrow tube,

15 consequently few of that material would be delivered into the
mixer. Thereupon, description will be given on a method for
producing concrete, as in the present invention, having mixed
therein several materials, being appropriate for a case where a
material of an extremely small amount to be mixed is included,

20 and further being capable of reducing carbon dioxide emissions,
developing high strength and securing quality as well.

The method for producing concrete of the present invention
appropriate for concrete capable of reducing carbon dioxide
emissions, developing high strength and securing quality as well,

25 consists of mixing in advance (premixes) binders to be mixed with
water, aggregate and the like before mixing with a mixer.

Specifically, using sample No. 1 of Table 3 as an example,
5 parts by weight of cement, 5 parts by weight of silica fume,
15 parts by weight of fly ash and 75 parts by weight of blast furnace

30 slag were measured and mixed to make up 100 parts by weight of
binder, which is mixed in advance at plants and the like, as shown
in Fig. 1 (mixed material producing process S1).

Then, taking the mixed binder as 100, water of an amount
corresponding to 40.7, aggregate whose ratio of fine aggregate

35 is 45.5 are measured and injected into a mixer to be mixed in the
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mixer to produce ready-mixed concrete (ready-mixed concrete
producing process S2).

Then the produced ready-mixed concrete is placed into forms
to produce concrete members (ready-mixed concrete placing process
S3).

With such method for producing concrete, since cement,
silica fume, and fly ash of extremely small amounts included in
the binder are premixed with blast furnace slag of a relatively
large amount, even though cement, silica fume, and fly ash are
of extremely small amounts, an appropriate amount of cement,
silica fume and fly ash can be certainly mixed in concrete.
Therefore, concrete that is obliged to be added an extremely small
amount of a predetermined material and for example capable of
reducing carbon dioxide emissions, developing high strength and
securing quality as well, can be easily produced. At this time,
when the cement includes gypsum, strength of the concrete produced
can be further developed. Additionally, by having mixed therein
a chemical admixture for concrete (AD), the strength can be
further developed. Since the amount of the chemical admixture
for concrete (AD) included in concrete is extremely small, it is
preferable that the chemical admixture for concrete is injected
after mixing with the other materials and aggregate, similar to
the materials of the binder.

Further, as described above, by using mixed material that
has premixed therein several materials beforemixing in the mixer,
reduces the number of materials to be mixed in the mixer, thus
allows to reduce the number of containers for storing the
materials as well as eases the management of the materials.
Furthermore, since the number of materials mixed is small, work
at ready-mixed concrete plants can be simplified and also the use
of much homogeneously mixed mixed material allows the strength
of concrete to develop much higher.

The method of producing concrete described above, uses a
binder made by premixing cement, silica fume, fly ash and blast

furnace slag however, the method does not necessarily need to

8 -
20%



33.0 38.3 257.30 29.0 40.9 51.1 55.8 265.07 28.4 46.1 ME 55.9 59.1
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include the above four types of material. For example, mixed
material made by premixing 5-30 parts by weight of cement with
at least one type of material selected from three types of material
being 0-20 parts by weight of silica fume, 0-50 parts by weight

5 of fly ash and 42-75 parts by weight of blast furnace slag can
be used as the binder.

Further, a binder made by mixing cement with one type of
material selected from three types of material being silica fume,
fly ash, and blast furnace slag, and any one of the remainder not

10 used for mixing or all of the remaining material can be mixed
together with water and aggregate when mixing in the mixer.

Furthermore, mixed material made by premixing aggregate in
addition to cement, silica fume, fly ash and blast furnace slag,
can be used. For example, mixed material made by mixing sand as

15 fine aggregate out of aggregates, and one or more types of material
selected from cement, silica fume, fly ash and blast furnace slag
may be prepared to be mixed with water in a mixer. As shown in
Table 2, the amount of aggregate mixed is larger than that of the
other materials. Therefore, mixing with other materials, at

20 least one type of material of the four types of material in a state
mixed with aggregate, allows approximately homogeneous premixing
even if an extremely small amount of a predetermined material is
included. At this time, it is preferable that this material of
an extremely small amount is mixed with fine aggregate out of

25 aggregates, as described above.

As explained above, mixed material capable of being used
as a binder can be produced by mixing at least two types of material
selected from several materials of a proportion appropriate for
producing cement composition capable of reducing carbon dioxide

30 emissions, developing high strength and securing quality as well.
Further, the mixed binder includes at least two types of material
selected from cement, silica fume, fly ash, blast furnace slag,
aggregate and the like of amounts appropriate for producing cement
composition capable of reducing carbon dioxide emissions,

35 developing high strength and securing quality as well, thus does
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reduce the mixing time at ready-mixed concrete plants. And
further, with such mixed material, mixed material suitable for
not only binders but suitable as, for example, mixed material to

15 Dbe mixed with soil for soil improvement can be produced.

The embodiment above has been described on an example where
cement was included in a material however, at least two types of
material selected from three types of material being 0-20 parts
by weight of silica fume, 0-50 parts by weight of fly ash and 42-75

20 parts by weight of blast furnace slag may be mixed. A mixed
material produced by such method is capable of producing cement
composition by mixing 5-30 parts by weight of cement, aggregate
and water, and also capable of being used for soil improvement
by mixing with soil together with cement.

25

The examples described above are for facilitating the
understanding of the present invention and is not intended to
limit the present invention. Needless to say, the present
invention may be modified or improved without departing from the

30 spirit of the present invention, and includes equivalents

thereof.
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Claims

1. Cement composition comprising:
100 parts by weight of binder (B) including,
5-30 parts by weight of cement,
0-20 parts by weight of silica fume,
0-50 parts by weight of fly ash, and
42-75 parts by weight of blast furnace slag;
water (W) equivalent to 80-185 kg/nﬁ of water content per
unit volume of concrete;
aggregate (A); and

chemical admixture for concrete (AD).

2. The cement composition according to claim 1, wherein the
water (W) is 100-150 kg/n? of water content per unit volume of

concrete.

3. The cement composition according to claim 1 or 2, wherein

a cement content per unit volume of concrete is 18-89 kg/m?.

4. The cement composition according to any one of claims 1-3,
wherein the cement is of 5-20 parts by weight and the fly ash is
of 5-50 parts by weight.

5. The cement composition according to any one of claims 1-4,

wherein the cement is of 5-15 parts by weight.

6. The cement composition according to any one of claims 1-5,
wherein a water-binder ratio (W/B), which is a weight ratio of
the water (W) to the binder (B), is greater than or equal to 35%

and less than or equal to 45%.

7. The cement composition according to any one of claims 1-6,
wherein 28-day standard water curing compressive strength ranges
from 16 N/mm® to 70 N/mm”.
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8. The cement composition according to any one of claims 1-7,
wherein the cement composition includes one or more types of
additive selected from a group consisting of alkaline component,

5 gypsum, tri-isopropanolamine, and limestone powder.

9. The cement composition according to claim 8, wherein the

alkaline component is calcium hydroxide.

10 10. The cement composition according to claim 9, wherein a

welght ratio of the calcium hydroxide to the binder (B) is less

than 0.1%.
11. The cement composition according to any one of claims 8-10,

15 wherein the gypsum is natural anhydrite.

12. The cement composition according to any one of claims 8-11,
wherein a weight ratio of the gypsum to the binder (B) is greater

than or equal to 1.2% and less than or equal to 6.0%.

20
13. The cement composition according to any one of claims 8-12,
wherein a weight ratio of the limestone powder to the binder (B)
is greater than or equal to 0.3% and less than or equal to 108.0%.
25  14. The cement composition according to any one of claims 8-13,

wherein a weight ratio of the tri-isopropanolamine to the binder

(B) is less than 1.0%.

15. The cement composition according to any one of claims 1-14,

30 wherein the silica fume is silica fume derived from zirconia.

16. The cement composition according to any one of claims 1-15,

wherein the fly ash is fly ash that satisfies the values which

are specified for type-I fly ash of JIS (Japan Industrial
35 Standard) A6201.
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As shown in Table 8, the length changes due to drying (shrinkage anount) of
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words, it can be said that the present exanples are less |iable to cracks
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20  20. The method for producing mixed material comprising:
mixing mixed material produced by the method for producing

mixed material according to claim 18 or 19 and aggregate.

21. A method for producing mixed material including at least
25 one type of material selected from four types of material being
5-30 parts by weight of cement, 0-20 parts by weight of silica
fume, 0-50 parts by weight of fly ash, and 42-75 parts by weight
of blast furnace slag comprising:
premixing at least one type of material with aggregate when
30 themixedmaterial includes the one type of material selected from
the four types of materials; and
premixing the material whose amount to be mixed is smaller
of two or more types of material with the material whose amount
is larger or with the aggregate, when the mixed material includes

35 the two or more types of the material selected from the
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m xi ng cenent with one type of material selected fromthree types of
material being silica fune, fly ash, and bl ast furnace slag, and any one of
t he remai nder not 10 used for mixing or all of the remaining nmaterial can
be m xed together with water and aggregate when mxing in the m xer.
Furthernore, m xed material nmade by prem xi ng aggregate in addition to



chem cal adm xture for concrete (AD). 2. The cenent conposition
according to claiml1, wherein the 15 water (W is 100-150 kg/ n8 of water
content per unit volune of concrete. 3The cenent conposition according to
claiml1l or 2, wherein a cenent content34er unit volune of concrete is 18-89
kg/ n8. 20 4. The cenent conposition according to any one of clains 1-3,
wherein the cenent is of 5-20 parts by weight and the fly ash is of 5-50
parts by Meig¥t. 5 55;The cenment conposition according to any one of clains
1-4, wherdi maHe t is of 5-15 parts by weight. 6. The cenent
conposition according to any one of clains 1-5, wherein a water-binder
ratio (WB), which is a weight ratio of 30 the water (W to the binder (B)
is greater than or equal to 35% and | ess than or equal to 45% 7. The
cenment conposition according to any one of clains 1-6, wherein 28-day
standard water curing conpressive strength ranges 35 from16 N/m2 to 70
Nm2. 31 8. The cenent conposition according to any one of clains 1-7,
wherein the cenment conposition includes one or nore types of additive
selected froma group consisting of al kaline conponent, 5 gypsum
tri-isopropanol am ne, and |inestone powder. 9. The cenent conposition
according to claim8, wherein the al kaline conponent is cal ci um hydr oxi de.
10 10. The cenent conposition according to claim9, wherein a weight ratio
of the cal cium hydroxide to the binder (B) is less than 0.1% 11. The
cenment conposition according to any one of clains 8-10, 15 wherein the
gypsumis natural anhydrite. 12. The cenent conposition according to any
one of clainms 8-11, wherein a weight ratio of the gypsumto the binder (B)
is greater than or equal to 1.2%and | ess than or equal to 6.0% 20 13. The
cenment conposition according to any one of clains 8-12, wherein a wei ght
ratio of the |inmestone powder to the binder (B) is greater than or equal to
0.3% and | ess than or equal to 108.0% 25 14.The cenent conposition
according to any one of clainms 8-13, wherein a weight ratio of the
tri-isopropanolamne to the binder (B) is less than 1. 0% 15. The
cenent conposition according to anyone of clains 1-14, 30 wherein the
silica fume is silica funme derived fromzirconia. 16. The cenent

‘conposi tion according to anyone of clains 1-15, wherein the fly ash is fly
ash that satisfies the values which are specified for type-1 fly ash of JIB
(Japan Industrial 35Standard) A6201. 32 17.The cenent conposition
according to any one of clainms 1-16, wherein the cenent is sulfate
resistant portland cenent. 5 18. A nethod for producing m xed materi al
conprising: 100 parts by weight of m xed material by m xing 5-30 parts by
wei ght of cenent, 0-20 parts by weight of silica fune, 0-50 parts by wei ght
of fly ash, and 1042-75 parts by weight of blast furnace slag. 19. A nethod
for producing m xed material conprising: mxed material by m xing 5-30
parts by weight of cenent and 15at | east one type of material selected from
three types of material being 0-20 parts by weight of silica fume, 0-50
parts by weight of fly ash, and 42-75 parts by wei ght of blast furnace

sl ag. 20 20. The met hod for producing m xed material conprising: m xing

m xed material produced by the nethod for producing m xed materi al
according to claim 18 or 19 and aggregate. 21. A nethod for producing m xed
material including at |east 25 one type of material selected from four
types of material being 5-30 parts by weight of cenent, 0-20 parts by

wei ght of silica fume, 0-50 parts by weight of fly ash, and 42-75 parts by
wei ght of blast furnace slag conprising: prem xi ng at | east one
type of material with aggregate when 30 the m xed material includes the one
type of material selected fromthe four types of materials; and

prem xi ng the material whose anount to be mxed is smaller of two or nore
types of material with the material whose anmount is larger or with the
aggregate, when the m xed material includes 35 the two or nore types of the
material selected fromthe 33 four types of material. 22. The nethod for
produci ng m xed material according to any one of clains 18-21, wherein the
cenent is 5-20 parts by weight 5 and the fly ash is 5-50 parts by wei ght.
23. The nmethod for producing m xed material according to any one of clains
18-22, wherein the cenment is 5-15 parts by weight. 10 24. A net hod for
produci ng m xed material conprising: m xing at |east two types of
material selected fromfour types ofmaterial being 5-30 parts by wei ght of
cenment, 0-20 parts by weight of silica fume, 0-50 parts by weight of fly
ash and 42-75 parts by weight of blast furnace slag. 15 25. A nethod for
produci ng m xed material conprising: m xing at |east two types of



