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qhe=use=çf=high=calcium=fló=ash=frçm=brçwn=cçal=cçmbustiçn=in=Belchatçw=mçwer=mlant=in=
mçland=as=çne=çf=majçr=cçméçnents=çf=cçmmçn=cements=was=studiedK=qhe=strength=and=the=
éermeabilitó=çf=cçncrete=made=with=blended=cements=Cbj=ff=and=“Cbj=s”=was=inîestigated=
at= twç=assumed=wLc= ratiçs=MK4R=and=MKRRK=qhe=range=çf= inîestigatiçn= included=alsç=ternaró=
cements= blended= with= siliceçus= fló= ash= and= blast= furnace= slagK= Blended= cements= were=
manufactured=bó=jçint=grinding=çf=clinker=and=additiçns=tç=achieîe=the=target=séecific=surface=
çf= PUMM= cmOLg= EBlaineF;= the= rate= strength= deîelçément= çf= cements= fcOLfcOU= was= “medium”K=
bxéerimental= tests= were= éerfçrmed= çn= cçncrete= séecimens= tç= determine= strength= and=
éermeabilitó=érçéerties=adequate=fçr=general=aéélicatiçn=rangeK=qhe=influence=çf=new=blended=
cements= cçntaining= =calcium=fló=ash= çn= the=deîelçément=çf=cçméressiîe=strength=ué= tç=VM=
daósI=the=deéth=çf=water=éenetratiçn=and=the=cçefficient=çf=air=éermeabilitó=was=determinedK=

heywordsK= = air =éermeabilitóI =blended =cementI =calcareçus =fló =ashI =ternaró =cementI =water =
éenetratiçn==

fkTolarCTflk 

cló= ash= is= a= cçmmçn= cçméçnent= çf= blended= cements= and= cçncrete= mixtures= érçduced= in=
numerçus=cçuntries;= its=use=érçîides=a=significant= imérçîement= in=cçncrete=technçlçgó=due=
tç=imérçîed=enîirçnmental=érçfileI=reduced=cçsts=and=beneficial=material=érçéerties=attained=
bçth= in= fresh=mix=and= in=hardened=cçncreteK=qhis= is= a= îalid=statement= fçr= siliceçus= fló=ashI=
mainló=cçnsisting=çf= séherical=and=amçréhçus= grainsI= cçnfçrming=tç=BpJbk=4RMJNI= Apqj=
CSNU=class=c=çr=çther=similar=technical=standardsK=qhe=use=çf=highJcalcium=fló=ash=in=cçncrete=
is =nçt =sç =cçmmçnI =althçugh =it =has =been =studied =at =least =fçr =three =decades =Eaiamçnd = =and =
llekI= NVUUFK= ré= tç= a= certain= leîel= çf= cement= reélacement= with= highJcalcium= fló= ash=
cçnfçrming=tç=Apqj=CSNU=class=CI=strength=érçéerties=çf=cçncrete=are=either=better=than=çr=
cçméarable=tç=cçncrete=withçut=fló=ash=Ekaik=and=pinghI=NVVRFK=jçre=recent=inîestigatiçns=
éerfçrmed= in= burçéean= cçuntries= Emaéadakis= and= qsimasI= OMMRFI= Evildirim= et= alKI= OMNNFI=
Edibas= et= alKI= OMNPF= demçnstrated= alsç= adequate= strength= and= durabilitó= characteristics= çf=
cçncrete=cçntaining=high=calcium=fló=ash=used=as=an=actiîe=additiçn=tç=cçncrete=mixK=Because=
çf= high= cçntent= çf= actiîe= Cal= this= tóée= çf= fló= ash= usualló= exhibits= strçng= hódraulic=
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érçéertiesK=eçweîer=its=éerfçrmance=in=cementitiçus=sóstems=is=îariable=and=dçes=differ=frçm=
siliceçus=fló=ash=due=tç=significantló=lçwer=cçntent=çf=glassó=éhaseI=increased=cçntent=çf=plP==
and=diîersified=shaée=çf=grainsI=cçmmçnló=irregular=and=éçrçusK=

ft=was=suggested=bó=kaik=and=pingh=ENVVRF=that=future=research=effçrts=shçuld=be=undertaken=
fçr =the =use =çf =highJlime =fló =ash =in =éreJblending =it =with =mçrtland =cement =tç =create =a =new =
generatiçn= çf= blended= cements= fçr= wide= use= in= highJqualitó= cçncreteK= qhis= is= feasible=
accçrding=tç=burçéean=cçmmçn=cement=standard=BpJbk=NVTJN=but=it=has=nçt=been=dçne=at=a=
large=scaleK= Amçng=numerçus= tóées=çf=standard=blended=cements=an=adequate=definitiçn=çf=
Cbj=ff=and=Cbj=fs=tóées=cçntaining=high=calcium=fló=ash=is=includedK=mçssible=use=çf=highJ
calcium=fló=ashes= in= the=cçméçsitiçn=çf=cement=cçuld= result= in=a=number=çf=enîirçnmental=
and=technical=benefitsI=including=a=mçre=cçnsistent=érçéerties=çf=bindersK=

qhe=çbjectiîe=çf=the=inîestigatiçn=is=tç=studó=the=érinciéal=érçéerties=çf=cçncrete=made=with=
new=blended=cements=cçntaining=high=calcium=fló=ash=aîailable=in=mçland=in=large=quantitiesK===

bumbofMbkTAi 

MaterialsK= bxéerimental= tests= were= éerfçrmed= çn= cçncrete= made= using= new= blended=
cements= cçntaining= high= calcium= fló= ash= frçm= Belchatçw= mçwer= mlant= in= mçlandK= After=
mçnitçring= the= cçméçsitiçn= and= érçéerties= çf= ash= during= NU= mçnths= a= reéresentatiîe= lçt=
Eqable=N=and=OF=was=selected=fçr=further=useK=qhe=cçntent=çf=jglI=plPI=Calfree=is=mçderate=
and=the=lçss=çn=ignitiçn=is=lçwK=mhósical=érçéerties=are=reéresentatiîe=fçr=rather=cçarse=ash=in=
cçméarisçn=tç=these=used=in=kçrth=AmericaK=pince=the=cçntent=çf=Cal=>NRB=the=strength=çf=
the=fló=ash=binder=shçuld=attain=the=cçméressiîe=strength=çf=NM=jma=fçllçwing=BpJbk=NVTJNK=
cçr=îariçus=lçts=çf=high=calcium=fló=ash=the=cçméressiîe=strength=was=between=O=and=R=jmaI=
nçt=eîen=clçse=tç=NM=jmaK=Cçnsidering=the=high=cçntent=çf=actiîe=silicaI= this=tóée=çf=ash=has=
bçth=éçzzçlanic=and=selfJhardening=érçéerties;=the=case=when=bçth=reactiîe=Cal=and=pilO=are=
greater =than =NRB =and =ORB =reséectiîeló =seems =nçt =tç =be =cçîered =bó =the =standard =
classificatiçn= accçrding= tç= BpJbk= NVTJNK= keîerthelessI= multicçméçnent= cements= were=
manufactured=bó=grinding=mçrtland=cement=clinker= tçgether= with=góésumI= high=calcium=fló=
ash =EtF =and =selected =mineral =additiîes =Eqable =PFK =mrçéerties =çf =siliceçus =fló =ash =EsF =and =
grçund= granulated= blastfurnace= slag= EpF= were= in= cçméliance= with= burçéean= standard=
requirementsK  

Table NK  Chemical composition of high calcium fly ash  

ilf= pilO= AlOlP= ceOlP= Cal= jgl= plP= hOl= kaOl= Calfree=

OKNO= 4MKUU= NVKMM= 4KOR= ORKVT= NKTP= PKV4= MKN4= MKNP= NKMT=

 
Table OK  mhysical properties of high calcium fly ash  

péecific=graîitó=
=gLcmP=

cineness=
B=

purface=area=EBlaineFI=
cmOLg=

drain=size=dEMKVF=GF=
mm=

OKSM= 4SKP= O4MM= OPKR=
GF=laser=diffractiçn=éarticle=size=analósis 

Mix design and specimensK= Cçncrete= mixes= were= designed= using= natural= sand= MJOmmI=
crushed= améhibçlite= aggregate=OJU= mm=and= crushed= grançdiçrite=aggregate=UJNS= mm=with=
wLc= ratiçs= MK4R= and=MKRRK= qhe=assumed=slumé= was= between= N4MJNTM= mmK= qhe=amçunt= çf=



suéerélasticizer= EeotoF= was= adjusted= tç= maintain= the= target= sluméK= qhe= cçméçsitiçn= çf=
éreéared=cçncrete=mixes=is=shçwn=in=qable=4K=

Table PK  The composition and physical properties of blended cements 
containing high calcium fly ash t GF 

qóée=çf=cement=

jain=cçnstituentsI=B= mrçéerties=

Cement=
clinker=

cló=ash=
plag=

p=

péecific=
graîitóI=
=gLcmP=

purface=area=
EBlaineFI=

cmOLg=

plP=

cçntentI=

B=
t= s=

Cbj=f== V4KR= J= J= J= PKNM= PURM= OKUO=
Cbj=ffLAJt= UMKV= = N4KP== J= J= PKMR== PU4M== PKNN=
Cbj=ffLBJt= STK4= OUKV= J= J= OKVU= PTRM= PKNP=
Cbj=ffLBJj=EsJtF= SSKS= N4KP= N4KP= J= OKVP= PTRM= PKNP=
Cbj=ffLBJj=EpJtF= SSKS= = N4KP== J= = N4KP== PKMP== PTOM== PKPP=
“Cbj=sLA=EpJtF”GGF= 4TKV= OPKV= J= OPKV= OKVT= PUMM= PKPP=

GF=data=çbtained=at=fnstitute=çf=Ceramics=and=Building=jaterialsI=hrakçw=
GGF=nçt=defined=in=BpJbk=NVTJNI=therefçre=written=here=between=quçtatiçn=marks=

Table 4K  Concrete mix design xkgLmP] 

peries=designatiçn= Cement= pand== Crushed=
améhibçlite=

Crushed=
grançdiçrite= eoto= tater=

Cbj=fLMK4R= PPS= SMS= SST= SOV= MKUU= NRP=
Cbj=ffLAJtLMK4R= PPS= SMR= SSS= SOU= NKSS= NRO=
Cbj=ffLBJtLMK4R= PPS= SMR= SSS= SOU= OKMV= NRP=

Cbj=ffLBJjEsJtFLMK4R= PPS= SM4= SSR= SOU= NKS4= NR4=
Cbj=ffLBJjEpJtFLMK4R= P4M= SNO= ST4= SPT= NKPS= NRR=
Cbj=sLA=EpJtFLMK4R= PPT= SMS= SST= SOU= NKTV= NRP=

Cbj=fLMKRR= PNP= SNT= SSN= SPS= M= NTO=
Cbj=ffLAJtLMKRR= PNP= SNR= SRV= SP4= MKPR= NTO=
Cbj=ffLBJtLMKRR= PNO= SNR= SRV= SP4= MKTM= NTO=

Cbj=ffLBJjEsJtFLMKRR= PNO= SN4= SRU= SPP= MKRS= NTO=
Cbj=ffLBJjEpJtFLMKRR= PNP= SNT= SSN= SPT= MKRM= NTO=
Cbj=sLA=EpJtFLMKRR= PNO= SNR= SRV= SP4= MKRM= NTO=

 

ptandard= NRMmm= cube= séecimens= were= cast= fçr= cçméressiîe= strength= testing= and= water=
éenetratiçn=testingK=pquare=slabs=RMMxRMMxNMMmm=were=cast=fçr=air=éermeabilitó=testingK=qhe=
séecimens= were= subjected= tç= standard= mçist= curing= cçnditiçns= in= a= climatic= chamber= at=
teméerature=çf=OM=°C=and=relatiîe=humiditó=çf=VRBK=plabs=fçr=air=éermeabilitó=testing=were=
remçîed= frçm= the= mçist= chamber= at= the= age= çf= ON= daós= and= stçred= in= dró= labçratçró=
cçnditiçns=at=oe=çf=RMJSMB=and=teméerature=çf=OMJOO°C=until=testingK=

Test methodsK=qhe=fçllçwing= test= methçds= were=aéélied=accçrding= tç=burçéean=standard=
érçceduresW= = the= cçnsistencó= bó= sluméI= the= cçméressiîe= strength= çn= cube= séecimensI= the=



deéth=çf=water=éenetratiçnK=qçrrent=air=éermeabilitó=testing=was=éerfçrmed=fçllçwing=pwiss=
standard=érçcedure=Eqçrrent=et=alKI=OMMTFK=
=
TbpT obpriTp 

qhe= influence= çf= cement= tóée= çn= the= cçméressiîe= strength= deîelçément= ué= tç= VM= daós= is=
shçwn= in=cigKNK=qhe=O= daó= strength=çf= cçncrete=was= fçund= tç=decrease=dçwn=tç=4RB=with=
decreasing=clinker=factçr=fçr=wLcZMKRR=but=fçr=the=lçwer=wLc=the=strength=decrease=bó=OOJPUB=
was=recçrdedK=At=the=age=çf=OU=daós=the=differences=in=strength=due=tç=changing=cement=tóée=
were= diminishedW= a= decrease= bó= = nçt= mçre= than= PMB= çr= eîen= an= increase=bó=NOJNSB= was=
fçund= fçr=wLcZMKRR=and=MK4R= reséectiîelóK= As= it= cçuld=be= exéected=the=VM=daó= strength=çf=
cçncrete= with= blended= cements= was= equal= çr= sçmewhat= Eué= tç= NRJNUBF= higher= than= the=
strength= çf= reference= cçncreteK= lnló= fçr= wLcZMKRR= the= strength= çf= cçncrete=cçntaining= twç=
tóées=çf=ternaró=cement=was=lçwer=bó=abçut=NPBK====

=

=

cigure NK The development of compressive strength of concrete in time  



oesults= çf= tests= çf= water= éenetratiçn= intç= cçncrete= séecimens= are= shçwn= in= cigKOK= cçr=
wLcZMKRR=the=influence=çf=cement=tóée=çn=the=deéth=çf=water=éenetratiçn=was=quite=similar=as=
fçr=the=OU=daó=strength=Ea=mirrçr=reflectiçnFK=fn=twç=cases=çf=cçncrete=with=the=lçwest=OU=daó=
strength=the=éenetratiçn=çf=water=acrçss=the=whçle=deéth=çf=NRMmm=séecimens=was=recçrdedK=
cçr= the= lçwer= wLc= ratiç= the= éenetratiçn= deéth= was= frçm= NN= tç=R4mm;= the= éerfçrmance= çf=
cçncrete= with= Cbj= ff= AJtI= BJt= and= BJjEsJtF= cements= was= cçméarable= çr= slightló=
suéeriçr= than= the= reference= Cbj= f= cçncreteK= qhe= increased= water= éenetratiçn= in= cçncrete= =
with= Cbj= ff= BJjEpJtF= and= “Cbj= sLAEpJtF”= cements= can= be= assçciated= with= much=
incçmélete=hódratiçn=at=the=age=çf=OU=daósK===

 

cigure OK The depth of water penetration under pressure up to NKO Mma 

 

qhe=influence=çf= cement= tóée=and=wLc=çn=the=cçefficient=çf=air=éermeabilitó=kq= is=shçwn=in=
cigK=PK=qhe=aîerage=îalues= çf=R= tests=at=different= lçcatiçns=çîer= the=slab=surface=are=giîenK=
Because=çf=assumed=stçrage=cçnditiçns=the=later=age=çf=cçncrete=is=manifested=bó=érçgressiîe=
dróing=çf= séecimens= and= therefçre= sçme= increase=çf= kq= is= fçund=at= the=age= çf=SM= daós= in=
relatiçn =tç =OU =daó =resultsK =pimilar =effects =çf =mçisture =çn =the =results =measured =with =the =
qçrrent= methçd= ware= çbserîed= bó= oçmer= EOMMRF= and= aenarie= et= alI= EOMMRFK= qhe=
measurements=çf=cçncrete=surface=humiditó=using=tenner=érçbe=nçr=qramex=Cjb4=did=nçt=
reîeal =significant =changes =in =time =sç =the =results =at =the =age =çf =SM =daós =were =assumed =as =
reéresentatiîeK= oeferring= tç= the= air= éermeabilitó= classificatiçn= = Eqçrrent= et= alKI= OMMTF= the=
éerfçrmance =çf =cçncrete =at =wLcZMK4R =can =be =classified =as =“lçw =éermeabilitó” =since =kq =is =
within=the=limits=MKM4JMKN·NMJNS=mO=regardless=çf=the=tóée=çf=cementK=cçr=wLcZMKRR=there=is=a=
significant =influence =çf =cement =tóée =çn =kqK =qhe =use =çf =Cbj =ff =AJt =and =BJt =cements =
resulted= in= a= reductiçn= çf= air= éermeabilitó= cçefficient= bó= RPJTTB= in= cçméarisçn= tç= the=
reference=Cbj=f=cçncreteK=qhe=use=çf=Cbj=ff=BJjEpJtF=was=alsç=beneficial=–=a=reductiçn=
çf= kq= bó= OPB= was= fçundK= qhe= increase= çf= air= éermeabilitó= cçefficient= bó= abçut= NSMB= in=
cçméarisçn=tç=the=reference=cçncrete=was=fçund=fçr=cçncrete=cçntaining=Cbj=ff=BJjEsJtF=
and=“Cbj=sLAEpJtF”=cementK=qhe=éerfçrmance=çf=cçncrete=at=wLcZMKRR=can=be=classified=as=
“medium =éermeabilitó” =exceét =the =cases =çf =Cbj =ff =AJt =and =BJt =cements =classified =as =
“lçw=éermeabilitó”K=

 



afpCrppflk 

qhe=çbtained=results=reîealed=quite=adequate=strength=and=éermeabilitó=érçéerties=fçr=general=
cçnstructiçn=éuréçsesK= ft=shçuld=be=nçted=that= tç=maintain=the=mix=cçnsistencó=fçr=blended=
cements=it=was=necessaró=tç=increase=a=suéerélasticizer=cçntentI=éarticularló=fçr=Cbj=ff=BJt=
cementK=qhe=increased=water=demand=çf=high=calcium=fló=ash=blended=cements=was=a=reasçn=
tç =çmit =Cbj =fs =tóée =cements =with =the =increased =cçntent =çf =ash =t =Edçlaszewski =et =alKI =
OMNNFK=fnsteadI=the=ternaró=cçmbinatiçns=sJt=and=pJt=were=included=and=the=water=demand=
in= such=cases= was= fçund= tç= increase=mçderateló=eîen= fçr= a= highló= reduced=clinker= cçntent=
dçwn=tç=4UBK===

=

=

 

cigure PK The air permeability coefficient of concrete at the age of OU or SM days   

 



qhe= adîerse= effects= çf= clinker= substitutiçn= çn= the= earló= strength= çf= cçncrete= were= quite=
mçderateI=exceét=the=case=çf=the=lçw=clinker=cçntent=çf=4UBK=qernaró=cçmbinatiçns=including=
high =calcium =fló =ash =and =silica =fume =are =knçwn =tç =be =effectiîe =alsç =at =the =age =çf =T =daós =
çnward=Eoadlinski=and=llekI=OMNOFK=ptable=éçsitiîe=effects=çn=the=cçméressiîe=strength=at=the=
latter= age= were= çbserîed= as= in= the= case= çf= using= high= calcium= fló= ash= as= an= additiîe= tç=
cçncrete= mix= Ekaik= et= alKI= NVVRFK= tater= éenetratiçn= tests= éerfçrmed= at= rather= high= water=
éressure=reîealed=quite=similar=material=characteristics=as=the=strength=dataK=As=far=as=the=air=
éermeabilitó= is= cçncerned=the=çutstanding=éerfçrmance=çf= cçncrete=with=Cbj=ffLAJt=and=
Cbj=ffLBJt=shçuld=be=nçticedK=puch=effects=çbserîed=fçr=t=cements=were=much=better=than=
using= unérçcessed= high= calcium= fló= ash= as= an= additiîe= tç= cçncrete= mix= EgçzwiakJ
kiedzwiedzka=et=alKI=OMNNI=dlinicki=et=alKI=OMNMFK=qhe=lçw=air=éermeabilitó=çf=such=cçncrete=is=
a= érçmising= indicatiçn= fçr= a= érçéer= resistance= tç= carbçnatiçnK= ft= is= cçntradicting= tç= an=
çbserîatiçn=çf= increasing=carbçnatiçn=cçefficient= alçng=with=the=increase=in=fló=ash=cçntentI=
reéçrted=bó=Ehhunthçngkeaw=et=alKI=OMMSF=and=çthersK=pince=the=resistance=tç=carbçnatiçn=is=
çf=érimaró=iméçrtance=fçr=durabilitó=design=çf=structural=cçncreteI=this=feature=requires=sçme=
mçre= detailed= inîestigatiçn= befçre= establishing= the= range= çf= aéélicatiçns= fçr= new=blended=
cementsK=

ClkCirpflkp 

qhe=fçllçwing=cçnclusiçns=can=be=drawnK=

NK kew=blended=cements=Cbj=ff=and=„Cbj=s”=cçntaining=high=calcium=fló=ash=frçm=
Belchatçw=éçwer=élant=exhibited=a=higher=water=demand=that=cçuld=be=cçméensated=
with= a= mçderate= increase= çf= suéerélasticizer= added= tç= cçncrete= mixK= qernaró=
cçmbinatiçns=with=siliceçus=fló=ash=çr=blastfurnace=slag=were=less=water=demanding=
than=additiçn=çf=high=calcium=fló=ash=çnlóK==

OK qhe= cçméressiîe= strength= çf= cçncrete= made= with= blended= cements= at= O= daós=
decreased=with=reduced=clinker=factçr=dçwn=tç=4RB=fçr=wLcZMKRR=and=bó=OOJPUB=fçr==
wLcZMK4RK=At=the=age=çf=OU=daós=the=differences=in=strength=due=tç=changing=cement=
tóée=were=diminishedW=a=decrease=bó==nçt=mçre=than=PMB=and=an=increase=bó=NOJNSB=
was=fçund=fçr=wLcZMKRR=and=MK4R=reséectiîelóK==

PK qhe= influence= çf= blended= cement= tóée= çn= the= deéth= çf= water= éenetratiçn= under=
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