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ABSTRACT

This study is aimed at invesligating cracking tendency due to shrinkage of binary and temary binder pasles containing fly ash (FA) and
limestone powder (LP). Two types of fly ash having low CaO and high CaO contents were used in this study. The effect of particle size
of limestone powder on cracking tendency was studied by using two types of limestone powder having fine grain and coarse grain with
average particle sizes of 5 and 13 micron, respectively. The control mixture included only Ordinary Portland Cement (OPC) while the
binary mixtures were prepared by blending the OPC with FA, and OPC with LP. The temary mixtures included OPC, FA and LP. Water
to binder ratio of 0.35 was used. In this study, uniaxially restrained shrinkage test was performed to check cracking tendency of the
pastes. Cracking age and crack width of pastes were measured. Moreover, unrestrained shrinkage fest was performed to siudy effects
of type of binders on tolal shrinkage of pastes. Test resulls revealed thal cracking ages of binary binder OPC-FA pastes with any type
of the tesled fly ash were extended while crack width and tolal shrinkage were reduced when compared lo that of OPC and OPC-LP
pastes. The cracking age of OPC-LP pastes was shorter than thal of the OPC and OPC-LP pastes, however crack width and total
shrinkage of the OPC-LP pastes were smaller. The ternary binder pastes could extend cracking age and reduce crack width and total
shrinkage when compared to that of the OPC paste. Fly ash pastes (OPC-FA} seems to have longest cracking ages while ternary
binder pastes give lowest lotal shrinkage and smallest crack width especially the lemary binder pastes with high CaO fly ash and coarse
grain limestone powder.

Keywords: Uniaxially Restrained Shrinkage, Binary Binder, Ternary Binder, Fly Ash, Limestone Powde
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with Binary and Ternary Binders

- L =1 g’ I-‘: - =
ik l'l'il'ﬂ‘lﬂla‘ﬂtl.«| y ITHATT IMNH%'BH:, I.IGIH‘“W{ l'ﬁ"l&l’!ﬂ'is 5 anin @i muiiqa‘

"indnwnySyanin medimnulom ansdmantumand
uminmnasmaluladvaenatyys pkpre@hotmail.com

2 in3s gudadtnalulafmirnesiraussiigein (CONTEC)
soiumalulafduumadiuss uminmausssuenaas warangkana@siit.tu.ac.th

: Hiwmaamasd meinimnmalom assdmniumens

umnIngndtinaluladnmanssyyd pitisan.k@en.mutt.ac.th
‘ensamansd medmisnssuuazinalulailom sontwmeluladuwnmasturs

AMINENALTITNANENS sommuk@silt.tu.ac.th

unAada
unmﬂuﬁl.ﬂumsﬁnmum'h'{um'ﬂ.ﬁmauuﬂni‘nLﬂaomnmwﬂﬁ'wm-‘ﬁ'muﬁmnﬁﬁwaui'aq
Urmusasriiauazmurile daguizau 2 vila fe Judaudnuidiess ua: Yudiuudiung
t!uﬁu uazigguszanu 3 vila Aa gu‘:’fmwfwﬁuﬁ'mﬁ"mauua:mp!uﬁu fudsfidnenszney
léhe viievesidisey (dheesfidysinm cao §9 uaz idaepniUsinm Cao @) unswiie
vaaue:!uﬁu (m;éuﬁwﬁmnnﬁr_m GH m;!uﬁwﬁnumu) BsvmmessumImasuuyie
F3unuéiea (Uniaxially Restrained Shrinkage) w"wmmqmmmmnni‘ﬂ uszaNuUNNIVaITOY
WA URSYNMIINAREUMINARITINNIRAS (Total Shrinkage) uuu"l.ﬂgnﬁni:a iRafnwn
um'fﬂ‘uun:Lﬂ%uuLﬁuuuamawﬁwaﬁaqﬂs:mudammﬂﬁ'wm%mmﬁwaﬁ’ﬁmui’mg
Usmusiug mnuammmanmaa%muﬁmaﬁﬁﬁwmni’sqﬂﬂmu 2 w80 wut Wheaona 2
wiia 1?1ﬂLﬁ'nmﬂqwanmﬁmauuﬂm’w. ANTUIAANANTNVBITOLLANTII URERAMITHANT
Lﬂatﬁuuﬁuguimuﬁﬁfm dqumrjluﬁwf;fa 2 viia Mlvmmaduszswmeanunitsuedsas
WANTIBAR u.ei:auumni'ﬂ':LﬁﬂEﬁmﬁmﬁuuﬁugﬁmmfﬁm usTE WL RN A NHEY
Jaguzau 3 rila nammaseuRle wuin Boomeseliifnsesuanitngine Taavisamun
V89388UANTI? un:mwsm”aasmLﬁmﬁuuﬁugu&uuﬁm FeBudnadninsudasy 3
ﬁ:aamnﬁmaﬂunnﬁﬂﬂ"ﬁﬁqﬂ ﬁauﬂ'ﬁ'muﬁlwﬁﬁﬁumi‘ﬁqﬂf:mu 3 TRaTLaamMINaa] e

madmimnsaulum ausdmnsumsad aninsoinaluladrounssgys




msUs=audgimsiaonssulosiidoda ason 16
umdnelasuhaa | 18 — 20 woqumau 2554 NCCE| 6

o a _d = 3 £ B a d & da =
ANTUAAUT) IﬂULQ‘W"I:’HL&IIWILﬂﬂﬂﬂﬂﬁ'n'lﬁﬁzﬂﬁzmu 3 rianuruLaasNdUTIL CaO gﬁ

[ I & o i w w va o & g v
nﬂﬂﬂﬁi““u'ﬁ“ﬂ“U’?U’a:ﬁ?ﬂﬂﬂﬂ?’lﬂﬂ?’\ﬂ’ﬂaﬂ?ﬂﬂuﬂnﬂjiﬂﬂﬂﬁ‘ﬂ ﬂﬂu”ﬁﬂ'ﬁ“ﬂﬁﬂﬂmﬂﬂﬂ

-

e | d e - B L L [ 2
malmnm:wau'hmmﬂuﬂ fa Iﬁﬂﬂﬂﬁﬁuﬁﬂﬂﬂ’lﬁﬂﬂitmu WwNnu 0.35 yimmMsunzuuun
o o e o 1 g [} ° L A =3
E)'lq‘ﬁt&lu@ﬂ.ﬂﬂ{ 1 AWRLUIINIVAROAIDET LL&:Y’I'}ﬂW71’151&01]ﬂqﬂlu“ﬂﬂﬂ']UﬂMﬂﬂqm“J;m
& o a
21+2°C un:m’mﬁuauwﬂf 72+5%

ABSTRACT

This study is aimed at investigating cracking tendency due to shrinkage of binary and ternary
binder pastes containing fly ash (FA) and limestone powder (LP). Two types of fly ash having
low CaO and high CaO contents were used in this study. The effect of particle size of
limestone powder on cracking tendency was studied by using two types of limestone powder
having fine grain and coarse grain with average particle sizes of 5 and 13 micron, respectively.
The control mixture included only Ordinary Portland Cement (OPC) while the binary mixtures
were prepared by blending the OPC with FA, and OPC with LP. The ternary mixtures
included OPC, FA and LP. Water to binder ratio of 0.35 was used. In this study, uniaxially
restrained shrinkage test was performed to check cracking tendency of the pastes. Cracking
age and crack width of pastes were measured. Moreover, unrestrained shrinkage test was
performed to study effects of type of binders on total shrinkage of pastes. Test results
revealed that cracking ages of binary binder OPC-FA pastes with any type of the tested fly
ash were extended while crack width and total shrinkage were reduced when compared to
that of OPC and OPC-LP pastes. The cracking age of OPC-LP pastes was shorter than that
of the OPC and OPC-LP pastes, however crack width and total shrinkage of the OPC-LP
pastes were smaller. The ternary binder pastes could extend cracking age and reduce crack
width and total shrinkage when compared to that of the OPC paste. Fly ash pastes (OPC-FA)
seems to have longest cracking ages while ternary binder pastes give lowest total shrinkage
and smallest crack width especially the ternary binder pastes with high CaO fly ash and

coarse grain limestone powder.

ﬁ'lﬁ'lﬁ'ty: Uniaxially Restrained Shrinkage; Binary binder, Temary binder, Fly ash; Limesione
powde
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