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ABSTRACT

This thesis was aimed to study the influence of free lime (fCaO) content in fly ash on
cementitious properties and durability properties (drying shrinkage of mortar, chloride binding of
paste, chloride penetration resistance of mortar and sulfate resistance of mortar) of paste and mortar
with fly ash and limestone powder (replacing in OPC type I). It was beneficial to select fly ash for
mixing in concrete work properly. The original fly ash from Mae Moh power plant was added with
free lime in order to get different free lime content of fly ash.

From test results, it revealed that the normal consistency of fly ash paste, the setting time of
limestone powder paste and paste incorporating cement, fly ash and limestone powder, the water
requirement (flow = 110+£5%) of limestone powder mortar, fly ash mortar and mortar incorporating
cement, fly ash and limestone powder were lower than those of OPC type I paste or mortar. The
normal consistency of limestone powder paste and paste incorporating cement, fly ash and
limestone powder and setting time of fly ash paste were higher than those of OPC type I paste. The
compressive strength of limestone powder mortar at early age was higher than OPC type I mortar,
but be lower than at longer age. While, the compressive strength of fly ash mortar at early age was
lower than OPC type I mortar, but became higher at longer age. The compressive strength of mortar
incorporating cement, fly ash and limestone powder was lower than OPC type I mortar. In addition,
it was found that drying shrinkages of limestone powder mortar and fly ash mortar were lower than
OPC type I mortar. While, mortar incorporating cement, fly ash and limestone powder had drying
shrinkage close to OPC type I mortar. The chloride binding of limestone powder paste was lower
than OPC type I paste while fly ash paste and paste incorporating cement, fly ash and limestone

powder had chloride binding close to OPC type I paste. For chloride penetration resistance of



limestone powder mortar was lower than OPC type | mortar. At early age, the chloride penetration
resistances of fly ash mortar and mortar incorporating cement, fly ash and limestone powder were
lower than OPC type I mortar, but be higher at longer age. Finally, the expansion in sodium sulfate
solution was found that OPC type I mortar was higher than that of OPC type V mortar. The
expansion of limestone powder mortar was similar to OPC type V mortar. It was also found that the
expansion of fly ash mortar and mortar incorporating cement, fly ash and limestone powder
depended on fly ash content and fly ash type. For example, mixture with small replacement ratio of
high CaO fly ash yielded higher expansion than those of OPC type I mortar and OPC type V mortar.
On the contrary, at higher replacement ratio of high CaO fly ash, the expansion of mortar became
lower than those of OPC type I mortar and OPC type V mortar. While, mortar with low CaO fly ash
at all replacement ratio had small expansion than those of OPC type I mortar and OPC type V
mortar. For weight loss in magnesium sulfate solution, it was found that weight loss of OPC type I
mortar was higher than that of OPC type V mortar. While weight loss of fly ash mortar was higher
than those of OPC type I mortar and OPC type V mortar. The weight losses of limestone powder
mortar and mortar incorporating cement, fly ash and limestone powder were close to OPC type V
mortar.

The results also revealed that the content of free lime (fCaO) in fly ash had no effect on
normal consistency of pastes, water requirement of mortar (flow = 110+£5%) and compressive
strength of mortar. But, setting time of paste was likely faster. The content of fCaO in fly ash had
no effect on drying shrinkage of mortar, chloride binding of paste, chloride penetration resistance of

mortar and sulfate resistance of mortar.

Keywords: Free lime/Fly ash/Limestone powder/Cementitious properties/Durability
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AgNO, Silver Nitrate

AlLO, Aluminium oxide

CaCoO, Calcium Carbonate

Ca(OH), Calcium hydroxide

CaO Calcium Oxide

CaSO, Calcium sulfate

CaSO,.2H,0 Gypsum or Dihydrate Calcium Sulfate
Ccr Chloride Ion

C,S Dicalcium Silicate

C,A Tricalcium Aluminate

C,S Tricalcium Silicate

C,AF Tetracalcium Alumino Ferrite
Fe,O, Ferric Oxide

fCaO Free Lime or Free Calcium Oxide
H,0 Water

H,SO, Sulfuric Acid

K,0 Potassium Oxide

MgO Magnesium Oxide

MgSO, Magnesium Sulfate

NaCl Sodium Chloride

NaOH Sodium Hydroxide

Na,O Sodium Oxide

NaSO, Sodium Sulfate

PO, Phosphorus Pentoxide

Sio, Silicon Dioxide

SO, Sulfur Trioxide

ACI American Concrete Institute
ASTM American Society for Testing and Materials
B.S. British Standards
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CSH
C-S-H
EDS
MH
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SCC
SEM
XRD

XRF
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Calcium Aluminate Hydrates
Calcium Aluminate Hydrates
Calcium hydroxide
Cogeneration Company Limited
Calcium Silicate Hydrate
Calcium Silicate Hydrate
Energy Dispersive Spectroscopy
Magnesium Hydroxide
Magnesium Silicate Hydrate
Self Compacting Concrete
Scanning Electron Microscope
X-Ray Diffraction

X-Ray Fluorescence
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Sounaznumuasmsnansouvesmsazaredamlaiunaig
a. Yuduuddesauaud Uszanii 3

YuFmuddesauaud Uszianii 3 wSeyudmudesauauduiadanga
(rapid hardening portland cement) 1fuyuGnanlihdsgaluszezusn Wanwdeulumsi
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A1 (low heat portland cement) Gl,ﬂﬂ’ﬂllﬁﬁluglumi‘VlWﬂg‘]ﬂiﬁﬂulami"]ﬂJGﬂiﬂﬂLWﬂ%Nﬂiiﬂﬂ! C,S
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s s s { s 4 4 o
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.. = J dyd a o v & & A o
(sulfate resisting portland cement) ﬂummumﬂﬁzmmunﬂimm C,A 101N AIUUIUNITN
Ugnsernudganaldtosas 14lunuaeunianadvedlunliindonsomsazaresava uay

a Asa <
VINIUNUAUIAY

A ! A a 7 7 S A
AT NN 2.1 muﬂizmuwmﬂmmﬁucﬁmuﬂﬂ@i@mauﬂ%uﬂmm [13]

silavejududay dautlszneumanil Govay)
1N 1U ASTM CS C,S CA C,AF CaSO, CaO MgO

Type I (Normal) 49 25 12 8 2.9 0.8 24
Type II (Modified) 45 29 6 12 2.8 0.6 3.0
Type 111

56 15 12 8 3.9 1.4 2.6
(High Early Strength)
Type IV (Low Heat) 30 46 5 13 2.9 0.3 2.7
Type V

43 36 4 12 2.7 0.4 1.6
(Sulfate Resistant)

I3 =1 = 4 4 4
2.2.1.2 anlszneumaniivesfusudilesataus
4 4 J J
panlsznoumuniivesyudinualesauauailsznoudrearsdsznoy
4 1Y 4 a L4
pon lyandn uazarsiszneveen ledses Usmaaisdszneviszianesnlad laglszua
A s s s Yy 3 o A & A ~ s s
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HaUANIIBaZIDIAAT
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f. ﬁﬁﬂizﬂﬂll@ﬁ]ﬂblclfﬂ‘ﬂaﬂ (major oxides)
o % 1 4
a151dszneveenladvdn 1dun uaatFeuson laa (CaO)
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U

Fanou'laoonlad (Si0,) ogiittiowsanlud (ALO,) nazeInoon luq (Fe,0,) oonlednguilll
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v. a151sznoveen ludsea (minor oxides)
4 1 o 4
a151szneveenleases 1dun uunilideweonlod (Mgo) oonlud

(% [ o
voedanla (Na,0) az(K,0)) uazdgamles lnseonlad (S0,
Fo a2 . A 3 o

wenanidaldwlanlasunazdivlsznovduditasdluziveanis

Y [ [
qaderinniiniloa91nmskT (loss on ignition) taznnd liazatelunsauaza1g (insoluble

residue)

a3eh 2.2 USinaasdszneuiszaneen lad laslszuaven)ududiosauanud [14]

asilsznovilszinnoen las Zouaz Taenimitin Fode
uAaFeNo0Nn lad (calcium oxide) 60.0 - 67.0 Ca0O
Fanouoon w4 (silicon oxide) 17.0-25.0 Si0,
ogilioween lus (aluminium oxide) 3.0-8.0 ALO,
lopousen lus (ferric oxide) 0.5-6.0 Fe,0,
Falos Tasoenlaq (sulfer trioxide) 1.0-3.0 S0,
Lluﬂﬁ!%ﬂuﬂﬂﬂ“l%ﬁ (magnesium oxide) 0.1-04 MgO
danlan (alkalies) 02-13 Na,0
Innuilonoonlad (titanium oxide) 02-13 K,0

o w = (4
2.2.1.3 mslszneudfyue1fuduud

Jd =~ g o aaa = v o ]
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¥, launadousama (2Ca0.8i0, 13 C,9)
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lannaFougamaiivaregluuy Tasigugilnd C,s azeglugiud

s an =) an A o I <3 =1 wa A o Aaaa o
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fl. "lmuﬂmc?fﬂmgﬁmm (3Ca0.ALO, %30 C,A)

~ a A o 1 I = ~ 1 o Aaaa @
lasunadeuogiiug Tanvuzglsraiudeud@mesu hgnseny

Y
o A o v

Y @ o v a [ 1o
idinnuguusannuaziIinedaiui (flash set) Mmswmusdusanielu 1992 Tu uadia
1 9y o a A~ @ a = a = J =
Aouded Usinadiomisuny ¢S uaz €8 TasilSunalasunadeuegiiig luijudmudasil
Uszmmiosay 709 15
= a J A
1. naszunadonegi Tuvles 1sd (4Ca0.ALO, Fe,0, 1130 C,AF)
= a Jd <3 . .
warunadenegil Tues 15siegluanmarsazaronii (solid solution)
A o aaa Y g’ o 9 1w [l < 1A = 1o o 1 9 o o 1
werinlgnsenuihegi ldmadnealedinsaasinielu bifui uaddsneuded uazdinn
a a J ~ J
A TandSinaveunasunadeonegi Tuvles 159 lusjudnudeziitlszanafosas 5 81 10
o a c?;’ a = 4 4 4
mafalsnumssznouna 4 wila lujusmudlesauauaaiunise

Y o . [~ ~ dy
w1189 1ngasn1sf LI Bogue’s Equation Tagniuilu 2 nsdiail

N3N 1: ALO,/Fe,0, > 0.64

C,S = 4.071Ca0-7.6008i0,-6.718A1,0,-1.430F¢,0,-2.85280,  (2.1)
C,S = 2.867Si0,-0.7544C.S (2.2)
C,A = 2.650A1,0,-1.692F¢,0, (2.3)
CAF = 3.043Fe,0, (2.4)

N3N 1: ALO,/Fe,0,>0.64

C.S = 4.071Ca0-7.6008i0,-4.479A1,0,-2.859F¢,0,-2.85280,  (2.5)
C,S = 2.867Si0,-0.7544C.S (2.6)
CA = 0 2.7
CAF = 2.100ALO,+1.702F¢,0, (2.8)

J J

aaan U g’ @ = J
2.2.1.4 Ugnsensgrnaihnuusuuailesauaua

aaa 1 Jd v 3’ ~ ' aaa o .
Ufnsemuniiszninudmuanuinienilgnser lemsdu (hydration

. o Y a Y 1w < 4 Aaaa o d%‘ (Y
reaction) ‘Vni“lﬂﬂﬂﬂ’ﬂllif]u NITNDAT LASNITUUIAIVDIUNTH ﬂgﬂ‘iaﬂamwumu@aﬂu

= ] o aaa Aa A 1w aaa o ' IS
a1sisznenluudnudagszinlgnsenazionswadenu Taglgaserdanainaziily
) ) EZR o’:j a [
Yhmuadduagaauidveanaan luanmwaraanuaz i)
n. UgnsenlaassuveslasunaiBousames
=~ ana Lﬂ' o aan % oy 1 Y a = an
lasunaFeuganaiionilgasornuihezne lfinauaaiBousana
a J
loiasa (calcium silicate hydrate, 3Ca0.28i0,3H,0 %30 CSH) wazinaunaitonlanson las
(calcium hydroxide : Ca(OH,) 130 CH) A9aums 29

2(3Ca0.8i0,)+6H,0 —>  3Ca0.25i0,3H,0+3Ca(0OH), (2.9)
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¥, Ao lawmssuveslaunadondans

Y
AaAan [ o 9 1

launadeugainarzinlgnsonuiinn i lasuaadousamne uag 18
a o o aaa A v A @ =
HagfmNINUYNTeUMUBUAUAD CSH ttag CH A3aun1sn 2.10
2(2€a0.8i0,)+4H,0 —>  3Ca0.28i0,3H,0+Ca(OH), (2.10)
Aaaa o ~ a
a. UgnseonlamsruveslasunaiBouegiing
aAan 1 09’ % = = a d? 1 % S v
Ugnseszninaihn lasuaaiBenegiiuaszifatiuedisiuinula
° 9 S W 1 < [ A
pagi IMmaane@I0g19390139 Agerunsn 2.11
3Ca0.ALO,+ 6H,0 —> 3Ca0.ALO,.6H,0 2.11)

A g 1 Y a Aaaa 9 9 Yy a =y SR
melumsnieiAnl gasendeaulnmas lunszuiumsnanudmuaa
1A ™ J < a ) o
Taguamdr 1 lusgninamsuaiiiaifu (clinker)  Tagdldu (gypsum : CaSO4.2H,0) 921
k4
Aaaa [ a U a % a 14
UgnsernuunaiFevegiiua noliinasuuieqgueanonsalon (etringite
3Ca0.AL,0,.Ca.S0,31H,0) UUAIUDI0YMA IATuAaITonogiiug Aeuns 2.12
3Ca0.AL,0,+Ca.SO,.2H,0 —> 3Ca0.AL0,.Ca.SO,.31H,0 (2.12)
Aaan o a 4
1. AT lamsduveunnsunamonezai Tumlos 154
Aaaa o a o =% ]
Ufnsonlamssuvesnaswnaouozgil luvles lsnlianyuzadieny
UfATeves CA uanadnd uazlinamieuninmsinlgnsendesndn Taemsinljnsenns
a dy [] 9 o aaa v A ) [ ~
ey lugean Tagazinlgasonualdy deeaunisn 2.13

4Ca0.ALO,Fe,0,+Ca.SO,. 2H,0 —>  Ca0.(AL,0,.Fe,0,).3CaSO0, (2.13)

A ~ (5 3| J [ Y 3 aan 1
osnnuauual ¢,s  WuesAlszneunan duiuilgnserseniig
~ ¢ v g’ = 9 o Aaaa [ o g’ =& 3 < Aaaa
YuFuaniihawanyacanenulnsensznine s 1 Funasiansamuilgngen
aaa a & ' < [ 4 a :/l
Y09 C,A $10 Unse19zinaduedesias1 lugiwsn tazazanauiloannmsimatunioves
a 4 d‘ =1 9 9 42’ di Q' a =1
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< o Y (aaa L= a ] B d' Y 9
naz leason loai1ngnseranas uazmaalanmwardanaranile ilonnududuues
Aaaa a 4 [ a3 3 o
A158za10gINe CH vzAnkan uazll)nse1ues C,S uaz C,S 1xnaiungesins1onnse il
a A d?} 9 aan o 9 a 4 = I
A CSH  1umniiu awdelfnsenves LA uag CAF i lduensa laasmily
[ a a ~ @ a [ 4
uamdon Ty TudaIdogliuauazinaaissznouuaaBonda Ilogiiiua nazda Tvie 151
4 ]
uaaFeusanadinainljnserde li ldine csH wndu uazveredn 1 lu Inswaziiied

a d? A =KX o a = [ d?
ﬂiiﬂmnWﬂﬂluﬂZﬁffJNIﬂdi‘Nﬂulla%LﬂﬂﬂﬁﬂﬂlﬂWgﬂu"Uu
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2.2.2 YagileaTyary
o [ A 4 o <
Ao Taa1u (pozzolanic materials) A0 TaaNioindsznounanilu
an J a s Ia J @ <
Fanouoon luq (Si0,) ﬁ)gmﬁﬂnaaﬂ"lcm (ALO,) uaziiolassnoon lad (Fe,0,) 3wty
[ Y k4 1
Ysunalddinidesaz 50 Tastiminvesidaiiug enszlauauialumsvontseaiu
1< [ o Aaan ] 4 a I
w30 1in 1d nadesaunsoinlgsemaniinuuaadon laasen lod ududaduaisdsznon
= Aan A = a = Y
yoaunaiFengamnalamsa (CSH)  waz/mIounaiFouogiitualamsa (CAH)  uazdugdi
a QBJ} =\ o Aaaa =1 1 [ [l <3 o’/’
os Tyauriariulanuasalumsinlgasomanil ualudadiumanlas faw 11303
1 ] o aaa 4 4 o aaa 1
Yoa Tamuundiu hidunsoinlfnsemmanii 1didesnnesdlsznoulumsiilgnseiila
~ 1 o Aaaa =y
eanodovuIUMIURATeow Tyaiin

2.2.2.1 siavedTaailes Iyaiu

= a A a d' a dgl a
Hoa Toyauliaosria v FUANNAUUOIAINEITUIIA (natural pozzolan)
Y
wazdos loaruanuilas (modify pozzolan) Us10az108aAIH
Aa & a
n. Yoar Ty uNAAUUIBINUTTTUTIA
A a dgl a 9 1T a A
Yoo TyauNNATUIDINUFTTUIA (natural pozzolan) 18un Auauam
a a a 14 a a
(shales) AUl (Tuft) 18191911 (volcanic ash) Wugi Tami (pumisite) Hu Toriamaos
. a qg;} a Aad a . d' a dg’ a
(opaline) MU (shale) HUIFTA (chert) WU (limestone) Vo TraIUNAAYLIOININTTIUFIA
A g ) 9 9y o '
Wedeansth 1l 14y sedestinnuaneu
. Yoa Taruaauilas (modify pozzolan)
o a a ¢ J
doxTwamaaudaunannvuiunmswanlulssnugaamnssuguilu
9 ' v Y
HaWaoe'la (By Products) natnaninmiadlafzihles Taauninatuewnysulgegunin
' A Ao Y d? £ I Y &3
Tagruvurumsrnaangudoudugelaouinvzituvuiumsw vl Hagiiudes Teaiu
@ { Y g a a an
aaudasiny1dun idaee (fly ash) lavinmawusomaslumswdanszualiih $anmu
Aa [ J o I
(silica fume) 92 1AW InMInaalanzdaanes uazazniwaI0gunan (slag) 14910N13
I [ 9
aguvan wuau

2.2.2.1 Ugnssndes Tyaruvediagos Tyau

@ wa 4 K<) 1 o
Taadow Teauernliauauiialuniadontszaunie hin1d uadeeii
aaa Y J a <
UgnsermuniinuunaiFoulaason las (Ca(OH),) pannmduaisilsznevves
= Aaa A = a 1 A d‘
upaFeuFaINa laasa (CSH)  waz/mio uaaifouszgiiua laiasa (CAH)  na1ife 1l
J o Aaaa o 2’ a Aaaa M & a o Jd I
Yudwuannlgnserduii vzl fnserlamsyu sz ldndaduaiduaislszno
= s & = o’dy ~ o Aaaa v Aaa o .

unasonleason loa Fwaadonleason ladtiiosnhilisonuganoulaoon luq (Sio,)
a J @ a I { J
nazoqiiouwsonlyd (ALO) TuddqioaTearu iiaiuaisdseneumiSenia

= aa = = o % d! d'
upaeuFane laasa (CSH) uazuﬂawﬂmgmuﬁvlamm (CAH) muaay Faisisenoun
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v 9 9
a N

9)3 A va A aaa =~ A A ' aaa
Tanaesiiiguantialunsiyontszau Ugaserimnaiuiisondt Ygnserdos Teaiu

=

(pozzolanic reaction) ﬁ;ﬂgﬂuaumimqmmé} AN 2.14 D9 2.15

Tunsaimiaatos Tsamuidiulsenoundanmanidluganou laoon laa

q

E4
v A

(i0,) UfTentlos Txamuansadeuiuauns 1ddsi
3ca(OH), +28i0, — 3Ca0.28i0,.3H,0 %30 (CSH) (2.14)

= %

Tunsaiifagdes Tvauiidiudsznoundnmaniiflueqiiiivuoon lad

9
v A

(ALO,) UgAToles Temmamnsadowuaums Iadil

3ca(OH), +2AL0, — 3Ca0.2AL0,.3H,0 130 (CAH) (2.15)

2.2.3 101008
1 a [ I~ A 4
B0 Uiy 130 181800 (fly ash W30 pulverized) duiluensmauinluyudmua
) @ 4 ] % I~
smmanastesTsaruduaiizivssdes Tearuaaulasilssinnvil Wuranaos'la
[ a 4 I~ Y] a 1 a 4 4
(by-product) MnmswnuAmieiundsaulumssdanszua’liih suduiuaszgnimie
o 9 Y A as ' 9 1 9 =R A " Yy
OINAINUANNTOU 1 UAUNNVUIAA U1 WY IEANAIN AT TUTENIUAINULA
1 Y A A < 1 = %
(bottom ash) aU IO UAUNVUIAENNI 1 Juasou audadszua 200 Tunseu azaoelidu
9 =R A 4 Y v w1 . ... A 19 ¥ @
2INIATOUIUTYINIUDIADY Lmaﬁlﬂﬂzgﬂﬂﬂﬂﬂﬂu (electrostatic precipiation) LWEJUliJGlﬁ’E)fJﬂhlﬂﬂ‘U
4 I~ [ g { a
2 ImATauiinannIztlunanzaoiun Iagsauusa 15a v
2.2.3.1 sHavp U0y
1 4 < a Y
WIATTIU ASTM C618 utiitaseeaniilu 2 vilalaun
. 181298 ¥1UA F (Class F)
I 9 ~ Y 1 a 4 A A w A (Aa
Hwdasei laninmsmaudusouns lod uazdndia U5
QA . A a . /A 4
HATINVOIFAM (silica :  Si0,) HAzOQNU (alumina : ALO) uazesinoon loa

(ferric oxide : Fe,0,) ¥InN113 080z 70 uazlinuauiiaounuinszlyluuinsgiu ASTM C618 A

Y
v @

{ Q'J a a 4 c;
13191 2.3 Taenaliidranssiia F JiSunanadenosn laa (calcium oxide : CaO) 1 fa11u

2 Al =~ a A & k) =y o o [ . 12 A Jd a
WHPDLTUNDNFDHUII D1ADYLUAALFINAT TI1HITU S10, NINNUTAUKUIILASAIDTAY DIUHU

a = 1

o Ao a a = q Y Y Aa
Lmumﬂmmazuwuuauumumumqmﬂmmaaﬂwu SlO2 q\i

U

9 a

9. 191998 ¥UA C (Class C)
I 9 ~ 9 1 A a 4 ¥y a aw I 1 (=1
iWhudaesi lavinmswnamiuan lua vazduiyiimiudiulug &
Us1av09 Si0,+A1,0,+Fe,0, WINN113 0882 50 15118 CaO ga nazlinuantinouamnzylu
@ ~ 4 a dyd A A 1 & 9 =
WIATFIU ASTM C618 AIAI519N 2.3 101808 UANITINFDDNDEIIHUIIUD1ADILAAITINE
° Y 1a ~ Aa o Y a ~ A o o Y 9
a5 ALO, innnusaumiien Tashan luadsznonlidreaumiieand ALO, Avihldidaos

¥iia C UBNIING Si0, AT ALO, A1A1e
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A15190 2.3 ei,lj’fJﬁTViuﬂ‘ﬂNLﬂidJGUE]{IL{]J'I@’E]EJGIHJSJWH;?IU ASTM C618 [13]

Y o = %ﬁﬂ
FJofmuanual
F C
a aa o a o o
Haswvelsmadamenn lva egiiuieen lud naz losouoen laa
(Si0, + ALO, + Fe,0,) 06191, §ouaz 70.0 50.0
Famlos lasoenlud (S0,) ad19gs, Feuaz 5.0 5.0
a & Y,
Ysmmanuiugaga, Sooaz 3.0 3.0
Ea )
msgaderimiiniiosInmsm (LOI) 0d19g, Soaz 6.0 6.0
Ysinudan lagegauiloiiouii Na,0, fesaz 1.5 1.5

] a U I a [V 1 [

wanNIZUaMERrHavsuiioueoniu 2 yiadanau §aeuise

a ] 1 vAa I 4
fnsnANULanANYeIdIulsEneutaz auaua luduanduBiug (cementitious)

3 4 o wa
uaganuilulesTeainu (pozzolan) 14410 1iosnnd 100w Class C Taona lazliquaniianis
I ~ ¢ A dgl wvAa Y a %] ~ ~ 4
Wudwudmuiiu vnpaautiades Teaiu msrzd 01y Class C tinazlinaadonoon lasq
1 [l c’o' 1 [ osal ) 1 a
(Ca0) gan113ovay 10 du Class F Huaadouoon lanaininiosaz 10 asiumsindiouiu
nlFluanuaeuniasssuaialy Act 226 (1987) Tauuziirh adsldndroudiv Class F lu
a :) ] 4 A 4 I
Ysmmiosaz 15 0925 Tanihminvesudwua vazansomudmiuiosas 15 0935 18l
AAg Y Y a A 1 Y a =Y I ~ 4
AsAN1HA01UTY Class C (HDIIANVI 101U Class C dzddnvazanuiluduud
1 A (A =% 4 1 1 a
I msgllsuaunadeuoon lva ganiudiniunu Class F

a [ 4 o = A [ 9 1 a 9y
MATTIURAAS A (Men.) MuuaseavdeaneInudassnouiuly

(%

o @ A 1 a A
dhudagrauiunselFunuuFwudundiuluneuniailsudwuddesauaudilufa

o]

=D

1% 1 ng a @ < QaJJ [
Yszaunan Tasulsrunaninuazsianuguanyuzmaad ey 3 Funanin daa1sg
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A15190 2.4 eﬁ'aﬁmummmﬁmmﬁmaamummgm N9N.2135-2545 [15]

¥
Y o = 3
Fammuamauni 2 FunanIn 2 2
FunUAIM 1 — — FunUAIN 3
¥ila n ¥ia v

YSundamennlad (Si0,) od1edn, Sovay 30.0 30.0 30.0 30.0
YSnauaaFoueenlud (Ca0) , Sovaz - 1o8n3110.0 | 81 10.0 -
[ I 1
Faos lasoonlad (S0,) ed1aun, fouaz 5.0 5.0 5.0 5.0

9
Ysnmanudugege egramn, Seoaz 3.0 3.0 2.0 2.0

v '

miqmuL?’fElﬁTHﬁﬂlﬁﬁNmﬂﬂﬁlm (LOD) 6.0 6.0 6.0 6.0
28139110, S08Az

9

E4
iaveludszma Ineaunsonyldne Class ¢ uaz Class F Aupgnu

oA o [ a 1 S <= =1 A ) 9
uraIu azdnyuznsn Uiy ed1elsnaaniidnentmiesno ozl 14 v

=~ 9 1 1 =\ 4 = [ A
ABUNTA ID1ADYITINLUUDIN N Neenlsenounmundl lag A9A15199 2.5

A 4 = 9 1 v
MITNN 2.5 f’)\?ﬂﬂﬁzﬂ't’)‘U1/]1\1LﬂﬁJm@QLﬂTﬁ@ﬂﬂ’]ﬂLlﬁﬁﬂ@’Nﬂ [16]

e pafisznoumiundl
AIDYNIN1ADY

Si0, | ALO, | Fe0, | CaO | MgO | SO, K,0 | NaO | LOI
THETRE 41.16 | 2230 | 1151 | 1527 | 2.70 143 | 293 1.66 | 0.0
32804 4524 | 2825 | 243 | 1180 | 074 | 3.63 | 066 | 047 | 296
MYIULY3 39.56 | 2099 | 937 | 1062 | 147 | 334 | 308 | 030 | 7.10
51915 3296 | 1381 | 6.69 | 2442 | 144 | 1056 | 238 | 0.6l 7.05
S1ER IV 4203 | 1897 | 444 | 491 1.01 | 19.68 | 0.8 0.72 3.65

¢ a v
2.2.3.2 23A152NOUMUANUDIL1ADY

4 = 9 ‘i?’ LY 4 = 1 a 1
pensznoumuniiveutiassiuedivesnlsenoumuniiuenuiy ua
o ¢ o 4 ¢ ¢
Tagna lilosAdsznoumaniiveudiassrzadrenuudiuudlosauaud Aelsznoudae
aa s . a J s IS J
Fan1eon lua (Si0,) ogiueenlua (ALO,) levousenlsa (Fe,0,) unaiBoueon lua (Ca0)
3 J o = S J J Y
iWuesAlsgneunan nazli uuniideuoonloa (Mgo) oonladvesdanila (Na,0, K,0) 1ay
o o J 1< J ycu -
Falos lnsoon lad (S0,) lussnilszneuses uwennniidelsznou ldrennudu (H,0) vaz
g’ @ § I

Magaydetimiiniie91nM51HT (loss on ignition : LOI) SiO,, ALO,, Fe,0, 1ag CaO 1ilu

4 v A (A =K 9 =R I v o va Y A
peAlszneuranulTuIMdITesay 80-90 JuiludimruaauauliAvo U0 IURY MIATTIY
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ASTM C618 MHMUANATINYD Si0,+ALO,+Fe,0, voutane 1Id1ad1iooaz 50 Derzeglu

a1y 1 1d

aaa =1 Y
2233 ﬂaﬂiEﬂ‘IﬂNlmﬁlﬁNm1ﬂﬁlﬂ

P
a =3

aaa { 1 < ' 2
Ugnsermuaiinnaiuluasunianiidiaeedudiunanaziiuain

aaa ) @ A t a o aaa J
Ufnsenlaiassu (hydration) A9erunsh 2.9 09 2.10 FunannmMsinseves udmudnay

Y

o _ o I ¥ = aa . A a
i ldlaasdsznevuaaFoudana latasa (3Ca0.28i0,3H,0 W30 CSH)  uagina

= J A @ 09.;} o d‘dyd 4 £ A
unadon leasonlea (Ca(OH,) %30 CH) nawnniuiagloslyaruluiiinediaos il

o

J an J . a J aaa @

pensznovvesFamonnlad  (Si0,) uazegivieenlyd  (ALO)  azingaserdu

= J g A A A aaa A a dg‘ dyd !

unarBon laasonlad (CH) Asaumsi 2.14 waz/mioaumsi 2.15 Ufnseimeduiizeni
9

Yoo Taaru (pozzolanic reaction) HaHanvelnse ez lda15lsznon

= an = a 1 = 5 aAan O'J
LLﬂﬁL“ﬁﬂN%ﬁLﬂﬂqﬁlﬂﬁﬁ (CSH) LLﬁZLLﬂﬂL“KﬂNﬂQNLuﬂVlﬁmﬁﬁ (CAH) LGHUL@]EJ’Jﬂ‘]J‘]J{]ﬂﬁfJ"IllaLﬂTD'u

2.2.4 Waiuu
a (] ' a 4
NQ‘H‘L!‘]J”L! (limestone powder) Wuwanaos1d (by product) namsdosriuiie 141y
a a J a = < J =
RAAHNITUHANUTILUA 1azRAaIMAIINMINANADUNIANANIASTY Tagaentlsznouniunll

1 ] a s
diulvnguesiuiyu azdsznoudreaisilsznovvesunatfouonn lad (Cao)

Y 1
v A 1

=\ 4 A A 4 &2 A
UAALFIUAITUDIUA (CaCO,)  UAZUUNULIFIUAITUDIUA (MgCO,) gaunaneglusives

U U

A va @ A A T 1 aaa S . @ A
mslsznountinuaviaiuiagaesn lideshael§aseuadl (inert material) waz iagiiosln

q

v
A9 NTEIM1UAN (reactive material) H318a1DEAAI

I A ~ 1 [ Aaaa ~
2.2.4.1 Taaunesi liles laeilfnseuadl

{ o 1 [ 4 J 1 1
lunsainimsthdinvesiagmosuldnaunuyudud azlidiurioan

Y
=

@ = 4 3 ~ va [ ~ [} 1 o Aaan =
MINAAI0Y UBud Netiiilonn aaauiavesiage i e haemsihlgasemanad
KX o Y S a a dd?’ o 1 A 9 Y] 1
v e lugalsnasayu vazdimeimivanuausalunmsdrimumsnaniou

A o a9 = v I [ 1 1 = J
tHeannaIsFandnae Tuyazi@eIiune19aInanonNaINITa IuNITSUUTIVBIHNUA
J = J ~ J [
mad 013152 NoVVAATINATUDIUA (CaCO,) HAZIUNUTINAITVDIUA (MgCO,) 81990
Y1 I A 1 1 Aaan = 1 1< (% 1 09/’ QSJ‘ I
Taniluensilsznonnlides hasdjnsemanil edrelsnawasszneudenanedesriun

A o aaa Ay vy [ U = = ~ N
awnsonvzilgnsemaniila duinansidszneudsnaniinnuaziBeauniisane taz/mie
Trwasnuanuseusislumsisalgnsermand deaunsi 2.16 uazaumsh 2.17
CaCO, +H,0+heat — Ca(OH) +CO, (2.16)

MgCO, +H,0+heat — Mg(OH),+CO, (2.17)
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Y] A J Aaaa ~
2.2.4.2 Jagiiedlneilgnseunil

aaa =

lunsainiimsthavvesiagiieslaemsigasermaniinldwan
d‘ = 4 = o ~ 9 o Aaaa
onaunuiudiuugd msilsznovvownaFonoon loa (Ca0)  Ansoulumsiilgnseorny
Y 1
TGNV AdaUN13N 2.18
Ca0 +H,0 — Ca(0H), (2.18)
1 2 [ A E4 <
Faunaden laason loa (Ca(OH),) MiRannaumsdesduil awisolniy
3 o Aaaa a [] [ PR a
asasdulumstilgnsenloslearin’ld isuduiduunadonleasen ladilunananin
Aaaa o J o § {
Ugasen lamssuvoafudmudasaunsi 2.9 tazaunsi 2.10
o a @ Y 4
mstuewsiuu uaziagos Tsamnldluguz Tagnaunuiudiuug
S| 4 v va A @ 4
valianndu 'l 1ol vl jenaauniatina uazanunanuvediagarontlseauluszozon
1 < a ~ 9 a [ 1 1 di
pd19 lsnaSunaimmnzaulumsidnunesiulu vazdagdosToaruanuaiaie e
o Y [ [l =1 Aa a 3 9 =\ = Q' a d' = 23 a
WinlauiuedniilssanimmiudesmsAnyuiuaumenudguauauas ngAnsu
[ A = J J JY o = Aa [ 3 Y 1o
voaTaquronllsz ey Fudmwead ¥asA1s uazasunIa NUAIUNANYDITagNITeeliIYa

noumi lFhugamndsdae 11

2.2.5 MIRANIVUUTS

MINAAMUDUAY (drying  shrinkage) tAAINMsNAOUNTABYIUA1IZEINAND

v
o o

[ Y v
anudud Mldaeunsauinumndudatueimagydaiuazinansvadl Taegiinisnada,

ke

9 ¥ P4
o ]

A a ' o A a Y Y o q ¥ A a ~ A R '
NMNNAVUUU ‘]J’]\jﬁ?ublll@'mﬂaTJﬂuqaﬂTWL@]?JMLQLLN?Tﬁ]gVITGlWﬂ@uﬂﬁﬁ!ﬂﬂﬂWi!ﬂJﬂﬂ%umuu’ﬂﬂﬂ

e

ﬂTiWﬂﬁ?LLUﬂLLﬁQLLE’I%ﬂ"lilmﬂ%}"l’.llﬁ’f)\ﬁnﬂﬂ"lﬁﬁﬂglj’JLL‘IJ‘]JLLﬁ}Q ﬁﬂahlﬂﬂ"l'ilﬁﬂ

[ [

URSINUMTINATeEANT LU UNaIaan Huae lunounsausnarInduiatuonal

ay o 1 dy 1 IS = . =KX a @ A = g’
ANUFUM druanusulugesnztlaats (capillary pore) WD WUNANITHAAIUDININFYLAYUN

4
=K K

832 (free water) Tlgoimalddrenmisszine Mldinaussdsiulugesitenzllaan Ysznou
[ a = A o 4' = :j 9 o dy = 3 ()
nuiuasvesneuninanad vionaalrauiloswnmsgadeli O1msuadiigndass Tuin

Y ~

Y Y A 1 A9 dy = 12 = dy Y I
ﬂ’)&liﬂﬁx‘lﬁﬂﬁ‘ﬂﬂgiﬂﬂ"lﬂﬂ mammuaﬂauﬂmmaiuﬂ HUMTFYLTIANINFU TDULANIIIN

=l ' o w =

a d? 9y 9y = oa/' dyl Y a [ = 3 ~ =
f]ﬁ]l,ﬂﬂ"lluhlﬂiﬂfniﬁlﬂiiuﬂﬂsh’iLﬂﬂ‘l"iu’JEJLL'H'QElﬂixi‘ﬂiJﬂWE’Nﬂ?WﬂWﬁQLLiiﬂﬂﬂlﬂﬂﬂﬂuﬂiﬁﬁlu

U
Y

YUY MIUANT1IMAANINMTHAAMDUUEIIZUANA WNAUMTHANS UV DN TANATIN
FIAINMTINA MILANIUVUNAIaAn zinalugiiaouniaeglugianardan aauns

{ a @ a @ A 3 o
!mﬂ%j'nﬁ!ﬂﬂﬂTﬂﬂWﬁﬂﬂﬁ?LlUUlLﬁ\i%%LﬂﬂﬁaﬁﬂWﬂﬂﬂﬁ)UﬂgﬁLLﬂN@nLLé’?
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a { o a 9 ] I a 9 4
2.2.5.1 “]JiL’JiLlﬁﬂJﬂ%%tﬂﬂi’EJEJLLG]ﬂiTJLLﬁ3“]1’3\‘]&’3@1’]ﬁLﬂﬂiﬂﬂll@]ﬂi?ﬁlﬁf]\ﬁﬂﬂﬂﬁﬂ@

VUL

v v
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Y % a I a a ]
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3 Y g % <] = Y =2 g a a g = Y = a S o
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= 1
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Qe
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v, danvazoynnveIiaqlszaiulagnIna18ve188189g4 (scanning
electric microscope: SEM)
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