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ABSTRACT

This civil engineering project aims to study the chloride binding capacity of cement
pastes with Mae Moh fly ash and fly ash from Rayong (BLCP Hunter fly ash and BLCP Hunter
Malavan fly ash) and use Portland cement type 1 as main binder. The water to binder ratic was
0.40 and 0.50. The replacement ratio of fly ash to binder was 0.30 and 0.50. The specimen was
cured in water for 28 and 91 days, then submerged in sait water of 5% chioride concentration
for 91 days. After that, specimen was pressed in order to get pore solution of cement pastes to
determine the chioride content. In addition, pore structure of cement pastes was investigated by
Mercury Intrusion Porosimetry (MIP) method. The water to binder ratio was 0.40 and 0.50. The
replacement ratio of fly ash to binder was 0.30 and 0.50. The specimen was cured in water for
28 and 91 days. Then, average pore diameter and total porosity of cement paste was
determined. Moreover, the compressive strength of cement paste with water to binder ratio was
0.40 and 0.50. The replacement ratio of fly ash to binder was 0.30 and 0.50. The specimen was
cured in water for 28 and 91 days.

From the experimental results, it was found that longer curing period of cement pastes
result in higher chioride binding capacity. But, when the water to binder ratio and the
replacement ratio of fly ash to binder are increased, the chioride binding capacity of cement
pastes decrease. The highest chloride binding capacity of cement pastes is from BLCP Hunter
fly ash. For the pors structure of cement pastes, it was found that longer curing period of
cement pastes result in lower average pore diameter and total porosity. Cement paste with
higher water to binder ratio let in average pore diameter and total porosity. The replacement
ratio of fly ash tc binder have been increased, average pore diameter and total porosity of
cement pastes decreased. The smallest average pore diameter of cement pastes is from BLCP
Hunter fly ash. For the compressive strength of cement paste, it was found that the water to
binder ratio and the replacement ratio of fly ash to binder is increased, the compressive strength
decrease. Furthermore, when the curing period is longer, the compressive strength of cement
paste increases. Finally, from the relationship of the results, it was showed that when the
compressive strength increases, the chloride binding capacity increases and the average pore

diameter and total porosity decreases.
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Types of Chloride in Concrete
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Quantity
Composition of seawater

(Ppm)
Sodium chioride 27,000
Magnesium chloride 3,200
Magnesium sulfate 2,200
Calciumn sulfate 1,100
Caicium chioride 500
Total dissolved salts 34,000




10

Thompson and Lankard (1997) nanainlassaisnaseguiiimmeninza 9199zifia
ﬂ’]’mLﬁa&lﬁﬂﬁwvtﬁﬁ]’mﬂ’]L‘I&@]‘ﬂﬂﬁﬂﬂi'&‘ﬂ'ﬁ W% ATIAGLTNE NNIBEEN Nsvianslaudaine nng
wisauaznasunalzedinlunawnIa nsannanvasnie nIanuLitesanTIAW Lazns

o & = i e 3 a I a A [ o
maolasaselsd Mdmaliininstudusiateduaivanan

2.4 AISUNTNTNABIAAD L5A LBLADWNTA
o & I3 @ ¥ A o ol P &1 @
Wassnaae lseiinasgusznaunanlwinneia 39 ldmseraunvesaselsdrudnly
& e ® & o - & s o aaa o, .
Twhevasnenniadailniidmiy asslsasmunsadnluiidjisennugaudsznausdsguad
v ﬁ = 1 \?: v i o
aawnsa e BINNAATINUAEANNAINHTDINAWNTH NINATILALNIISB ITHIH MALATIFINS
o - ¢ 4 N
AAUNIALRSUMEN W EBNTATINGS LauATUNINTuTa9aaa 196 A unTaF N1 TaLAAU lea1n
FURAGI 9 LT ANUUANEIIDBIANWLTUTY LsIaUh uaztsza W L Hudu uananiiuds
& Y ™ { a = A a & Y
w,aglmfuu,wuuLﬂ’ﬁamaana”l,ﬂLLa:ﬁﬁmmmaaamimﬂaammu Fa% NANEIAYTVOINT
=) Wi & @ o & o) + v & o &
unsnTuadaas lsddn lidsaneunIasutnuselaidn 4 na'ln aad

s R B ' d P = £y s [y
1. PILWT (Diffusion) aziinadenisiafaunvesnaslsdssawdnldislaseadnslne

i 8
L=

= r=9 o Q- { (=3 A’ = @/ L2
molurainaunIafizuen usetuindawneinas lsaasaulunalnitaziinainanududy las
ﬂaavl,sﬁﬁaauamwémnﬁnmﬁﬁmmLifu'ﬁ'mamaa%ﬁaaauga TUFsuSimnianud vt e

(=3 o o @ { oy . ; . . P2 @
ang lsdsaeusn dazifwllaungTanizeswesflad (Fick's second law of diffusion) TILFAIAI

o X
ANANTAI5
2
oC %t __ 5 960 2.3)
ot © 9%x
Py . e = 4 P a W
laaf C (x,1) fe Bumase anInuanIzezng x 3INRIAIUKEN

o =
fszozam t (lua/das)

C (x,1) fa  USunmassliabrzfszazmy x 9Nl vuan
fazpzia t (lua/has)
- 1 e a £ ; a
D, fo eduUsEENTMIUNTTeIARE LIG IUABUNTA
2
(v, )
x fie IEEINNAINRIEWHENTBINEUNTA (TX.)
£ Ao szmznenfwedyesalsa (@)

[ G d W d o ° o
it fraauasaunTh (2.3) mansausadlacnoaumsi (2.4) Fadudmeunerlug

299N TWANNHANANE (Error function)









13

2.5 tTsRdINaNIZNUABNITUNINTNTIIARE bIA
o & & = ~ . _ &t ~
anyznsolumsinfivasalssuasnanninazinadaSunmass IanaIN1TaUNINGN
wihgaaunia 1ot T N FINANTENLIAE 8 ATINITUNINTUVAIARE 136 LALLA
s =3 = as A’ =
1. SeBZRNRINOUNTA aaTINIUNINdNvaInaa 30U T UAMUNTUUAZIZHZVDY
=l d‘ L7 Y o = = d' 1 A/ = U
AaWNIANRNRIRANETN  ANANTUIEIAEUNTA fa USinogwiwnagluiiterasnounsa 63
w;uﬁagvijimﬁaaﬁuﬁa:ﬁﬂﬁﬂauﬂ‘%@]ﬁuﬁﬁdawa’tﬁﬁmwmﬂmin%maaﬂaavlﬁﬁaﬂm
. N a A =) v ] g o @ L 4 e
Neville (1995) mm:a}:ﬂaummﬁumnmﬂ@ e lEIRnTENI AT N T WY aIn R bIeN
TEAUBDIRANLRSNDIANINEATINTW sn\ﬁ:ﬂmaunmvzmmmziﬁmmamwuﬁﬂuqmmwmaa
ABWNIA mﬂqmmwcumﬂaun‘%mﬁazmmmam:yzﬂauﬂ%‘@ﬁmaavl,ﬁ
9 o < o e 'Y A 4 o o
Soroka (1993) szpildannsznsaas liadanudvdwduiosas 0.4 Nrzpznikiaannin
a o & 4 = ~ . a Py P
Po9AaKNTA WL ANTULTEATUNTUIDIADUNTARARY wIoszueNiUSuainganiia nieas
a X { a X & o ' a ' ¥ o
LRNAWEAINUNTHD IR BN TALRN T HANIINUUEINL T samdwindauTng  uaz
28R AN TUUA SRR DD AN TUNINTUVDIARD bI6 ﬁmﬁaﬁmwz&mﬁwdaguéﬁmuﬁ
a & \ P - & v & a
N UL FIHR LR O ATINITUNINTNYDIAND b3A NN muu’lumsmuqmamﬂmmmﬂ%waa
AR LG azﬁaaﬂmaun‘%mﬁﬂﬁﬁ LLazﬁé”m']z%’mﬁwiagu%muﬁﬁmaaﬂummaqmﬁma%m
PS o o € = X =~ & s o
2. mummzﬂimmﬂjaqgummu@ muﬂszﬂammzﬂsmwnam&wﬁmm AvananalIuIh
ed o o PR A = el vl & & &
vasanaladidninUfisen WeyudlumdnldluSanmun fdansuisoifivinasalsdlealu
USanmsnn W ldaannsunsnduaaas é’aﬁua*@mﬁ’m‘ﬁn@iagw’ﬁL;Juﬁua:ﬂizmwﬂuu%muﬁaz
s [ L = & "3 ] A’ @ Qv o L7 = 1
L:ﬂumuaﬂqmmwemw%umuvl,waaﬂauﬂscﬂ smqmmwmﬂmwuaQﬂumim'lmauﬂmLmu
wszigowlunis
Soroka (1993) ENTAMIFYLREANNE WMUATIARFHY ANNAae lIeaRIZYTaNAE
s‘d‘ 1 [ 53 = o an [ [ 3 U a s 3
lsenligninifvlasnianaannl Jige laesiu udasalsaazidrdrvasniianmaions CA
Wanrnue nasiluniinansa’lsd (Friedels salt, 3Ca0.Al,0;.CaCl,.10H,0) WIalila®Iasans
fanaududngs azvhldifauasdousandanalsd (Ca0.CaCl, 10H,0) FauanusINITnlus
s (=4 J Qs =3 L%
ﬂnmuaaavlﬁﬁmaagwﬁmuﬁﬂa%@uauﬁ %zmuagnuﬂsmm C,A TN C,A ¥n AURINITO L
[ Pt o v ¥ o P ca o v & &
mstnfuasalaanazuinenylude muumgumuu@mwmmmmmlumiﬂﬂmuaaavl.w
] & i ' = 6‘:; 2/ =l Qs R 1 6‘1 o o
smrnlesdavezniainisuninduvetaaalsemaldlnaannIalitiasiiiuuazazvinls
LU TSN INIRANTaNT8an ban
3. shdarnennsianien Aemsniiqmaudfdadumagyioanudmwnunmsiaaiy
vpsanalsa LidresdudnwmenisdasiunTeniasliimaniaSugniandias Ivsuuundlu
. A - A € IR ' 5 & ¢V & a s
TS uasasaiuns s uafilainegrsuninarsaatrinnlwlasd loud uwaadsnlulase

o 2 = .
wacladoylnlasdrandnlssnnanseiiunis
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p : Y g
40 3 - , % e
N "
| { i i i i 1 H i
a0 394 32 33 3% 5 3B 4¥ 38

Reciprocal of absolute tempecature x 1 p3

Log diffusion coefficlent, em™/s

{ £ o 0 g’ 3 = ] s a & i
Eﬂﬁ 2.7 Na"uaaqmm;]mm:am’lmumﬂmﬁlwnmuﬁ@laauﬂs:awm’mm’naamﬁaﬂaavlﬁﬁ

4, ATWRNA
9 U

a ] ¥ o = P ¢ P [V ,
Soroka (1993) amwmum@méumuuﬁ%mmumuqquuLLazmmamwufﬁmw

oo 1

o =3 Qf i L= b 1 o _a 8/ Qv
ﬁNﬂiZﬁﬂﬁﬂWiLLWiﬁL%gﬂﬂaﬂﬂqi‘ﬁll nURINN/LY aaqquuwmm ULﬂ%Lﬂﬂ’J%ﬂzLﬂ%Lﬁ%@]‘N N

2 o

gﬂﬁ 06 lovlusmwermadow naaeaslsdldlunisiedeufidamninassunilugnmnoine
Huaans LLam:ﬁamwi’lé"m'm'ﬁmsﬂ%maaﬂaa"LssTﬁmﬁm%umm5@15’1@%’;%&1@@%&%@7
Khatib and Mangat (2002) ¥nn1InasaInaNanss waamsﬂuﬁqmmﬁgaLLazm'm%wu
dreanIunsnduaaanionasladine aun’%mﬁlﬁ“&@;Lmuﬁﬂ%mmgu%mm‘mmm lagldaa
FIUHANTIRAWTIR 3 SaTEIuHENTLAnaNITw SesaTEIuNENT 1 Iauuaswiluiag
Uszanss Uazsasannani 2 uss 3 idhaen 20% uas TR 9% Lmuﬁﬂ’%mmlﬁluéﬁmuﬁ
I@mﬁ’mﬁﬂmaﬁﬁ@;ﬂsmm MANIAL ’L"Eﬁ'@xiwmm{mai’a@lﬂ‘szmu 0.45 HAMINARDLUBINTLTD
ﬁ'lﬂf.i’ldl%"ﬁ’;d!ﬂﬂ”ﬂ%%") wud1 mydulugeduazdinanIznuagnanindaniTunInguuadnge
ARD IR LBABHNIA LLa:wamaaqmmgﬁﬁga LAZAN T WA FINANTENUA DA TUNINT AT BINNT
wiswfinaandansalsdluaennialulugrsfindyindaanalsdaug wiani dragnagiu
auwmniiyng wazlE3Idnstaden ﬁv'aﬁl,ﬁaamﬂmiﬂuLLﬁdﬁqmeﬁ@aa:dwalﬁm{ﬁﬁﬁwﬁwm
dethogaiely LLazﬂﬁﬁ%ﬂ'lVLaLmﬂﬁ'ugﬂﬁwﬁ@ HANTENUTEIN TN AEFINANTENUaL ALl
shathandyiunae idlugraaswniazmiunnduennianaslsfezansaielilines ua

PN PR ~ & ' =
Fan Ny UNWNUSU U UTLURALNIEIW A UNTA
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Qs  av

5. TANIWLBIADKNTA dauﬂsznaumaaﬂaun%LLmqm'ﬁQﬁﬁliﬂuﬁmmﬁnmyﬂu
Tasesiweslnst Wafinszdures §iselaestu anumansalumsunsnduaasaanlsdas
AARY %aa:lﬂm‘%aijaﬂaun'%ﬂvl,ajﬁmsgzyL%’Uﬁﬁwhifu mngzyl,ﬁﬂﬁjﬁ:ﬁmaaﬂg’jﬁ%m"l,mm%m:
Waswldauszszania dlasnnmsanasmssansiuwesinlienumansadurwldifiad win
dunawnzalimn miunsnduesasslsdiazann  wananimnnisvinliaeunsausinl

P « W ¢ o &
LNEEINE NISULNTNTUUDIAND LIAISLNAYN

2.6 ANAFWITAAUANARS LI

luthatunssanuunlanainaunialaiuman indnflsfasnuingesuussvesinglag
sonuuulilasieesansasiwminfiannssi ldagslseani wet lisnansaszy lddlassath
fm:ﬁmqmﬂ"ﬁmﬂﬁmwﬂml@ S e flaseeeessuFenannfiszaanTe
FouUTNUA 1 LT UIRT ﬂ'fjamn'éammw"ﬁaa‘[maa%ﬁmaun%@La‘%umﬁnﬁfummﬁmmmmﬁém
Ingj Ao LéammWﬁﬂﬂﬂﬁﬁ%ﬂﬁaﬁUam*’i?w,l,a:l,éauamwmnmmniamaamﬁnLa‘%u

anabsasiursontladu 2 dezian ﬁaﬂaavhﬁﬁgmﬁuﬁ'n"lﬁ gru1soudalaidn
viinanaslsevsananslsdfignifuinaamahyfissmaeiiuazmemomn uazanalsddase
Lﬂumsa:mﬂﬂaavbﬁﬁagﬂwﬁaa'jnwaaﬂauﬂ‘%@]mu'ﬁml,w%vlﬂﬁaﬁﬁﬁmmm‘fuﬁﬂ@‘i’m’jﬂﬁ Und
wansSalunsuninazlinnseunmzasunialianimiudnags asananntaasenlodlosan
il anaalansaszunidr v lianudnanslueeuninansanszase lsdlasaudmeinni
szt ldunuilaasaniodlonan doiwiansalsnseszuntidn i fadunisvesningdu ud
Mlwanuidunse-a1a (pH) 2e9nannIaTol PRANLEINAARIARLTENIM 9 3NN61 pH B8l
aawndaluRfilszanm 12.5 sziliimdnigugniawlddaauns

Fe —> Fe +2 (2.5)
2¢ + 1/20, + H,O0 -3 2(OH) (2.6)
4Fe” +6(OH) +30, —> 2Fe, 0 + 3H,0 2.7)

o “ A Fa A - a &
mmuﬂsmmﬂaavhﬂaiﬁ:magluﬂaunmmmmﬂﬁuvlﬁ’[mma MNANIIATITHANY
BT UDBIARE L3R LT B9 UBIRDUNT ﬁm%uﬂ'%mmﬂaa"l,s@’ﬁgnﬁm.ﬁumvlﬁmnaunﬁ 2.8
Cﬂxed = OcﬁxedCtot (28)
LRZRINNSOMIUSUNUaa L3R AR LHaNFUNNT 2.9
Cfree = Ctot'Cﬂxed (29)
= = [
Ciee A8 USuNtuanalsaoass
Cres B USwmaaalsdngmifiunn

Cu Ao ﬂ’%mm‘maaﬂaa%ﬁﬁmmﬁmﬂudﬁaﬂaxmuﬁmw’tﬂ*’uamﬂw‘fjmuﬁ

ooy QB AUNALABINNSHATLARD 136 (Fixed Chioride Factor)
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gk SausaLiunnaas bsd T lduinaaslsasaszfiazites vnlilasiztrsaaunsa
=Y ~ =l QU J
memanumqmﬂmmmumu

2.7 lassaselwsedneinsunsnannsa
ﬂauﬂ‘%mLﬂufﬁqﬁlﬁﬁuashol,l,wé%mﬂumuﬁaa-’f’mﬁ"ﬂﬂ VU DU §EWAK 81875 o
glasd (Hudu lunssanuunlassfuneunia wanananuaansnluns@uniusimnanue
2a9laTiaIung mmﬂumué’aLﬂuqmauﬁ?}ﬁmﬂﬁmmaﬂaazmmﬂ Tz ldarununis
2849 aun‘%mzi‘fmgﬁumséﬁumu et ldeesa vl Aesuaredslaseainann
Fouaaday ﬂauﬂ%Lﬂui’aqwamﬁeﬁ'wﬁammzLf]u{aqﬁﬁmww;u ﬁ‘[mm%’nszﬁumgmﬂ
(Microstructure) TW1AG1INH LLﬂaL%w%’ﬁLﬂ@]"lmmmLﬂ%i’ﬁ@gﬁﬁmmmuﬂmum YUAT UG
wasiiulavsarofiszdumalulasues wesanaunmauaziurin i aunia o massqu
fadtwas nsfnwilavadsrauaynavasfunainadsadnioddy inmzdilndala
wn@nssuzanesauszaawnia U3unatvailnsd (Pore volume) WRENITNIZNUUMATEIINTS
(Pore size distribution) 1usutsznausziuaRMeNERaIITUGNEE LT G nziinase
RULANIIUABAIWUYBITLUUGLNRS (T% ANRI N1TAY ANTHAGT NITTURI LEZAMUNITI
Judu ausdavssnaundadenudaiuilosastunsdiuaslasaholnsdudumdined
Lﬁaﬁﬂﬁﬁaun%ﬁﬁ’]ﬁagﬁu AMANUIRETULazaansBuHw S TudasaalSunaTuAS
walwssludlndingd lasnishiagUaslosiu (Pozzolan) m’L"ELmuﬁ’Lqu‘fmu@Tundau
\Raaan TRy saUSinasuazamneaslnssludundinas na inmavinauzesizguaslamu
3 2 fufe drungagasherilanshslnsluduudvaduiniu usssufisesnu§izmu
wasifonlaasenlodfeuaaidondiinalointe unsliuSunasuazsmalnseluandined

v oo e

AARY WELAHAYN NI WINRaARIGIE DUNITEI I RIRNINAAEIREN TN LY 898U a LR
, aen ~ RN @ = e '
AOUENUANIINTBATNIBIABUNTA UddUnTTdIutasnfnwnavassslasloauee
Tﬂsda'?nomaaﬂaun‘%m:ﬁuam&mﬂ

IS b (14

‘[ﬂim‘i’f’]q‘[ﬁﬂ%@ﬂ'ﬁmLﬂuﬁqmquﬁmmwumm adfThazYaInaI N ML Aa

[ ]

SuarpdanauninInieasay uazdifinansznuiimagsemasiausinaunia laseainalngs
TaIIBITNUGNEAUIzna U8 TN 2 1l falwseantlaanT (Capillary pore) HUMWIALEWEN
audnandzndns 0.01 & 10 lalaswaes usslwssvaaas (Gel  pore) Adurugudnataidn
tUszanm 0.0005 119 0.01 lalasiuat Inssasifiawaiinnia 0.0005 lulaswaes Ao udulnss
warwalinann uszilulwssszahoudu TessnwaanirlulnseluseBamiten favwmevas
Twm‘lmﬁu‘[mag‘s:mw 0.0005 4 0.0025 lulasiwas fesndulnsaasvwainlassninia
luiwsaagluanwwgﬂeﬁ’nﬁﬁa waziflavwnalwsafintwin 0.0025 89 0.01 lulasiuas Foiudn
Insslspwalng (wSalwssentaaFuuwaidin) T,@Uamwmaaﬁﬂu‘[wnﬁmﬁaﬁaga fwsulns

UaaINVMATIRAIN9 0.01 19 0.05 lulasuastadudulnssandaaduwianaislaugninaas
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wilussdsrathunans wazsllatlulwsalasFamalng (0.05 89 10 lalaswas) wuisilu
! = s 2/ v ¥ A’ - Qs Qv
Inssazagluanndas: anududanaslwasluiagumaii sxioraumsnszasdiuazsuniazas
a o A Aol o e A A @ v
msifialnsslan He3Thainezldiudia Mercury Intrusion Porosimetry (MIP) migadulat ns
gadululazau uaznislindesganssmiuuudidnasou (Sem)
. . A P @ @
2.7.1 Mercury Intrusion Porosimetry (MIP) Aamafianislunsiansnszanaavaslngg
T899 mmmﬁ’umuguﬁnmaLLa:m’mwgumﬂlwaa%mmﬁwaﬁ waziiuselamilunslduang
s v d' & =l |A = e/ Q4
32827IMTINVIanay nszauianiizifuluwesldfmasiaslulasues lasldusen
d = P t o aan s ~ . . 9 o o
611\1Lﬂwua\'lmmmﬂmmﬂgmmnwaaLﬁmn"ﬁu@ (Non-wetting material) ELENE (TRl
v s i =% [ d' s :‘ v na' J
ﬂsammﬂﬂlma@;ma 9 lagasrazaunisanasvadlsonluwmwlnsiiees oanusuilsiinie
- =1 1} 1 dﬂ = e/ 1 1 Q‘ J =
SadvaslwsatasisfauiTadaudsanadllidesanad uazsdinasomMsRNIRIaILSInasla g
29UsanNunsninll ﬁa;daﬁvl.ﬁ%'m:uamﬁamsﬂszmUﬁwaaﬂ%mzﬂma gﬂLLuumamﬂmw
o s 1 oo L2y A/ Qv A’ [
209IWTY LAZRINNTDSIUININTZ LT 09w A In T lundaz i lainoTn nisasrasaiinslwly
AINFUNNTVES Washburn NaNVSUAUTUBIAINAY (P) andalan llulnsitasinsnuiadud
=7 =l 9/ Qv J
audnand (d) I@mﬂﬂwswgﬂmmsxuaﬂ 2 ldrunisaed

—4}/0056
P = —— (2.10)
d
Lfﬁ] P = ﬂ')qllﬁ%"ﬂaﬂﬂ'ﬁLWﬁﬂ%Nmawﬁﬂiaﬂ
Y = usssdaw091)s0n (Surface tension of mercury)
0 = yuFudFIznIleniunilnsizesing

d

il

mumLﬁmhuﬂuﬁﬂawamaaiwsaﬁaaiqa

ATUFNR U EN T ANUENANNUYBS Washburn LL;ZT'j’fLumsﬁLﬁ@IwmLmunﬂ"nﬁm:
Vl,aiﬁé”ﬂwm:mawaﬁuﬁﬂu‘[wsumam:uaﬂ LL@imimﬂ:n@uam;aiﬁna:gﬂlﬁumsﬁqmmms
N92ANUAIVDIVUIA LW TITB 9T %aLﬁ@mﬂmsﬁ’]mmmé’umaaﬂsamanawnIWia"ﬁaa'jN
hAuussnazanuaunsad lululns Tumslgiaaasmsensia msifisanuduiu lag
mmwaa‘[wsammmﬁmamﬁﬁnn@waamfmﬁuﬁlﬁwﬁu TimoandonuUTinasvasilsandild
wnuitFanasuadlngs wananiinnsesaiaudastasnnudulen aldanudunniszning
YSunaslnsanunmsnszansawiavadlnsinadead1aiauiu (A B. Abell, K. L. Willis, and D. A.
Lange. 1997) lauiaSasiaandils a:ﬁﬂ"nmTua%ilwﬁuw‘i"m'j'mmwﬁumsmﬂwmuﬁa 414 MPa
(60,000 psi) TaNUTUGINEITINTaNAN lansanidr U lulnsed sudawe 7.5 um 89 1.7
nm ﬁagjﬂﬁ 2.8 ﬁl$LLET@IUﬁx1ﬂ’]EFT@]ﬂTBY]L°1T’]§IWT\'] RINITORIUNAMNERNTIN AB UBLAAAINNAK
auiianuduuII e taliusanaanainlngs wnAnTIuFaaafednLIFUNIIN BC th finnw

AU 9 auTndIwIsinpmauedlnTs NINTEINFIBI U E I INT wazlwsamilagia
aMowan
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Armound sdsorbed
o=

} H i

t 1.0 o 1.0 4] in
Relative pressure, PIFy
A
v v 7
b+
ol
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]
£
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% 1 i _/ §
| 1.0 ] 1.0

Relative pressure, £15,

307 2.9 lalmnenvamsgaduns 5 wile (z3 1wl FNaemud, 2553)

:
=

lalomenafian 2 vivassenaaziSanda lalsmnannistuuy Gnusad wSouvULes

ki

(Sigmoid or S-shaped) LflugﬂLLuu"LaTSﬁmammigquﬁvl,;iﬁgwgw%aﬁ‘agwﬁ’uﬁﬁgw;mm@1
Ing) %aawLﬁ%’uﬂﬂ'ﬁ@@%ﬁ“Lﬁ’%ﬂ'}ﬂﬂ% (Muttilayer) 310 lalainanasiusiiman B azuaadis
msgwﬁmmu%mﬁm (Monolayer) i'fmﬁ%aﬂmﬁni mmfuﬁmmﬁugoi{uﬁqLﬁﬂmsgwﬁuﬁ
doiflasnnsuusnaoly LLaza:Lﬁ@migﬂﬁuLa’%muyiﬂiﬁmmﬁuﬂaﬂgo 9

lalanansiian 3 LﬁugﬂLLu:u"uaamig@%’uﬁﬁz,m?iqgmﬁéam:wj'mﬁ'agwﬁuLLazéﬁgﬂ
kST LwiLmﬁagmijwﬁ'sgﬂgwﬁuﬁmﬁuﬁﬁauﬁwmn it iiienisrusa i
ﬁagﬂg}wﬁuﬂ'auﬁm‘sg}@sx?u'i?ul,l,sna]:m‘%aaugiri

lelosmayaiian 4 wulumiﬁﬁmmmaqgwguﬂizmm 15 ~ 1,000 BIRATON AITNTH
Yaans AN W nasLl s L dwLR e W LLamlﬁLﬁuimﬁWL‘%mLﬂT’]Laulugw;u uasnsiURon
sreupaInTIidaa ALt uan LﬁuwammnmimuLni,umzﬂugwgmaaﬂnamﬁa (Capillary
condensation in pores) 1l#1Aa Loop Iuuunsw lasdnwmenslugransnazniawivlals
MeNLULR 2 %aqmﬂﬁm‘[ﬁhﬁaq@ B LLamﬁaﬂﬁg@‘Fu%uLL’inasmamqjjstﬁ

lolanoyssiaf 5 m:wulumsﬁﬁLmﬁag@izﬁdonuLaqamaoﬁ”mﬁuﬁwawawﬁo
way lasfisnwaaslolamanuuud 3 uelolamesuoud 5 aanIniiantIaauuiluIngy
Ifussiiagnyuiiinmnalng elelomauuuud 5 ddwimmAuinaldomiasantu m
g]wﬁu%uﬁ 2 m:gnﬁ%ﬁﬁuﬁauﬁ%mﬁﬂLa%aawg‘irﬁ:



20

m‘sﬁwmmv{uﬁﬁﬂ@Umm'rmmLﬁﬂ'§ (Langmuir equation)

sun1suaniosisnadigiuie LﬂumsgméffuLmu%v'mﬁml,ﬁwffu uaziflunisgadudly
dadjismnnindgeduuazdignaady lagudszdunisasfiimigeduiisnwmziniionin
e Fungansaminiildansumsesssdieslasizluunanlalomassian 1 suns
sluuude

P \ 1
— = — (2.11)
\% Vin BV
= ar o o s -1 ' '
VvV = ﬂ‘ill’](ﬂiﬂ'ﬁ%](ﬂ‘ﬁﬂ’lla\‘]LLﬂ‘Ii‘Y]Qﬂ%]WHU (mmol g ) AaRWILAIB
o o o o« .
VBINIRATUNANAAUELDE (P/po)A &
' o & a . -1
Vi, = ﬂswwmmsg}mmmmumm (monolayer capacity, mmol g )
= dahl
P o= anuei

3 o o g

@hwuﬁﬂn:"l. 1BINAIMUIUNUTVAIRUNTT

S = VLG (2.12)
& da
S = WWhih (mg)
L = guslaniles (Avogadro’s number, 6.02><1023)
J dl s s -
S = wuwmmmmaﬂmaqamgngmu (m2 mo|ecuie1)

aunnsesnsndvsslemiunnilaennlelomey sgnelsforuaunisunndosded
suydgIudIna1ena ldinanzauiudgaduTie

m3fnaiuiinnleg3taan (BET)

ihasannusslumsiienisgeadunisnaenin szadonuussluninfienisaiuuiu
(liquefaction) fatlhusaNwAa3INaS (Van der waals force) ﬁofumsgﬂﬁumamUmw(‘ﬁt\mu
R IIEEATINA LAY %a"l.ajﬁ‘hﬁ@mwn:mig@%uLLuu%mﬁm (Monomoleccular layer) LARINTD
Lﬁ@@iaiﬂamﬁummwﬁumemﬂ%u (multimolecular layer) mawaoma'sﬂﬂﬂquﬁuﬁ'ﬂﬁ

ﬂqwﬁma\‘lﬁﬁﬁ (Braunauer Emmett and Teller, BET) Lﬂ%mﬂﬁma&lmﬂﬂqwﬁmadLLad
ot Aesnansnifianisgaduuuuna o uuﬁuﬁaﬁiajﬁgww lelazgunislidn aslanndgn
N %ums@@%u%uuua;mza;J;’Luamwam;aﬁuvl,amamﬁ"a ﬁuﬁaﬁmﬁmss:mUmao%quLaqa

@19 iALERsInITATuLKY uazlizuyfginediswitdnTunnsgeduTwusn (First
¥ o . . & o & A & o
monolayer) 2:lEWA3NUNNTANTY (heat of adsorption, AH) FansumIgaduruiiaesdulyl szl

[V ; . i o < et sl &
WHIWNNTAILLU (Heat of liauefation, AH,) Tsgumslasnallaas D8 (BET) Asaunis



21

P 1 (©C-1)P
= + (2.13)
VP, -P)  V.C V, CP,
P, = anuewloduen
V,, = ﬂ%&l’l@]iﬂ’li@@]‘iﬁlJLLUlJﬁ%Lﬁﬁ’J (Monolayer capacity)
C = dreft (C = exp) [(AH-AHY(RT)

Waldaunswen {PAV(P=P)I} iU P/P, a2 Il duassanud [(C-1)/V,C] Lazaaun
{PIV(P-P)l} 38 1/(V,,C) T9azm V,, 1ot
Inlzaidndnyasransian aa aaTunlelaineuriiad 2 usnainitdaaglai

sunsuandoslananuaud g ussanantnabunelalamansiien 3 lalunsdininisgaduriusn

(monolayer adsorption) AN TewaEAIIATAILWUY (liquefaction C<1) Wifia euIn LT
[) A’ ‘:lﬂ U v Y 1 L= ﬂ'/ =y ] Qs v
mmmmwwnmmﬂmaaga"l,a‘[mmaw"l,@LmemﬁsgmwuLLsnLnﬂvl,@?"l,muu‘lirﬁ UAZEIRINNTD b
ﬂumsmgwgu“m m"lmms@@snum@mu n T (n FURRTALIWIATDITNTH) Iaasguniy

Vv ex=(n-t1x" +nx" T
m
(1-X)+(C-1)x-cx"

&« & = & ‘ Py . &
ammimﬂuzmmumvl,ﬂ ma:a@]gmﬂuaumsmuﬁﬂ% (Langmuir) 18 n = 1uazille

V =

— e X = PIP, (2.14)

gun1sianiille n = 0

as da A A aa v o ' P ° Y da v a

73089 @ET) Wwitafeulinuniunnigalunmsdmmiuiag lagldnanns
T sunATURLLsS wamsAmIna V., azanenwlaanswitusdianenidunmsdan

AUTERIN (PIVIP,P] 10 PIP, a9 leduasslusasanaduduing P/P, sewing 0.05 f9 0.35

Taoil

ANNT fia  [(C-1)V,.C]

9099 s [1V,.C]
armmlmi"uaaaq@éTmLa:@'nwfszL@T Vo = 1(3090+80TW) URZIINA1 V, 810130

SIUBITWANNWN BN 09813670 89 Lo LT AT UATUa DS
< ™ o Vel a < w & Ada '
TuanudinaTansgadunim pnwazliinisgadulurunanid TR LR PR Te e

Ao s
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o 3 - o '3 s & o o =
A1719N 3.1 a\‘.lﬂlli‘:ﬂalm’mLm.l"uad‘]alwm&m@lﬂaiﬂLLG%@‘]J?:LJ‘IYM 1 (‘ﬂ“’] : a“qﬂuﬂauﬂi@‘lwﬂ )

asndeznaumitad Cement
(% by weight ) Type |
Silicon Dioxide ,SiO, 20.2
Aluminum Oxide,Al,O4 5.9
fron Oxide, Fe,0,3 3.2
Calcium Oxide, Ca0 64.1
Magnesium Oxide ,MgO 1.0
Sodium Oxide ,Na,O 0.1
Potassium Oxide ,K,O 0.4
Sulfur Tricxide ,S0; | 2.6
l.oss on Ignition ,LOI 1.2
Tricalcium Silicate ,C;S 49
Dicalcium Silicate, C,S 25
Tricalcium Aluminate, C,A 12
Tetracalcium Aluminoferrite, C,AF - 8

3.1.2 "‘;’aqﬂasﬂﬁﬁmu (Pozzolan)

o

‘Ya@;ﬂaﬂsnmmﬂui’aqﬁﬁ%am nIadantsainiuasdlznaunan Imnﬁ’;"l,ﬂuﬁﬁaq

U4
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ﬁw*.ﬁamm%uﬁL'v‘\imwaﬁa:mmmﬁnﬂﬁﬁ‘%mﬁmmaLé?jﬂuvlamsaﬂvlmﬁﬁqmwgﬁﬂna dalifia
a’m%auﬂs:mﬂ%ﬂ%aﬁﬂmamﬁlumiﬁmﬂsxmu fo wAaTFnuTane lawmsa(Calcium silicate
hydrate)l.ﬁwf"fu L%Uﬂﬂ@ﬁ%mﬁﬁ@%uﬁ’j’l UjAsendaslaafin (Pozzolanic reaction) Faluns
maauluﬂ%ﬂm%‘?@qﬂamimmu 3 e fe 1dResudNng gﬂﬁ 3.2 \thaassza4BLCP-
Hunter Eﬂﬁ 3.3 uazliNNayIz8aIBLCP-Hunter Malavan Eﬂﬁ 3.4

\aee (Fly ash) Lﬂui’a@lwamﬁmﬂumwaaUVL@TﬁLﬁmmﬂn’lsLmrhuﬁu'lu'[iamuwﬁm
nvzuali luudaztlasiivsunondassiindulzanm 3 fududetl LLa:Li‘Juffaqﬂaﬂﬂmmuﬁ
Bonlsnwadauninans ms’l"ELﬁwaaumuwamzﬁﬂﬁqmauﬂammauﬂ%mw‘i’wfu'[wmm:

2HNIHIE AN RSN IR TINUNI WA TUNTATNU AR L6 WATDLREY aomﬂ“ﬁﬁmamﬂufaq
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Yaloau fe Tuargusng azlimdsnen






A9 3.2 sadlsznaumataluandiasy (Fly ash) (AN : el luaszeeg)

Chemical Mae Moh fly ash BLCP fly ash

Compasitiens {%) oPe {(FAMM) FAH FAHM
SiG, 19.87 394 65.15 61.64
AlL,O, 4.87 17.93 22.08 21.86
Fe,(Oy 3.55 12.92 417 5.85
Cal 65.03 1219 1.25 213
Mg 2.52 2.99 0.68 1.47
80, 0.73 3.03 0.18 0.24
MNa,(2 0.02 1.36 0.02 0.02
L0 0.45 2.50 1.08 1.1
T, 0.26 0.34 1.00 0.87
PoUs 0.07 0.20 0.35 0.33
Lo 2.28 .17 3.78 4.09

a3Wh 3.3 ausudamineamnaadidiasy (Fly ash) (A : TselWialue szee)

Physical Mas Moh fly ash BLCP fiy ash
OPC
Compositions (FAMM) FAH FAHM
Specific Gravity 3.10 2.29 2.24 2.23
Blaine's Fineness (cmz/g) 3,350 2,836 2,860 3,030
Loss on Ignition (%) 226 0.14 3.78 4.09
Normal Consistency (%) 24.30 22.20 25.38 25.54
Initial Setting Time
108.89 139.98 147.34 148.40
{minute)
Final Setting Time
130.00 175.00 171.50 180.00
(minuts)
Flow Test (%) 111.95 114.58 112.20 112.55
Water Requirement (%) 49.49 48.69 50.00 50.69
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G nTTAIM I ATIEIBHENTINWEALWES (Mix design calculation)

Required condition

w/b = 0.50
fib = 0.30

Materials properties

Specific gravity of cement = 3.15
Specific gravity of fly ash = 2.3

Mix proportion {1 mi)

cement 1 kg 0.317 it

fly ash 0.3 kg 0.130 it 0.947 lit

water 0.5 kg 0.500 it
TudSnas 0.947 it % cement = 1 kg
Frsutlud3nes 1000 it 9 cement (2R kg

0.947
= 1056 kg

cement = 1056 kg

fly ash = 317 kg

water = 528 kg
Checking the total volume of cement paste

cement vol. = 335 it

fly ash vol. = 137 it

water vol. = 528 it

total vol, = 1000 it

Conclusion mix proportion (per 1 m3 of cement paste)

i

cement ge2 kg
fly ash = 198 kg

water = 528 kg
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wt.SSD. | Summation wt.dry wt.water Water Average
Mix designation sample weight of 3 sample in sample | content water
(@) disc (9) (9) (%) content(%)
43.53 36.02 7.51 20.85
C100W40 51.68 142.78 42.81 8.87 20.72 20.66
47.57 39.51 8.06 20.40
52.11 41.30 10.81 26.17
C100W50 44.72 143.91 35.31 9.41 26.65 23.70
47.08 38.99 8.09 20.75
50.58 40.82 9.76 23.91
C70FAMMS30WA4D 51.18 146.36 41.50 9.68 23.33 23.86
44.60 36.02 8.58 23.82
50.35 40.07 10.28 25.66
C70FAMM30W50 51.04 154.08 40.63 10.41 25.62 25.64
52.69 42.10 10.59 25.15
46.88 37.36 9.52 25.48
C50FAMMBOWA0 52.35 145.05 41.88 10.47 25.00 25.47
45.82 36.38 9.44 25.95
44.13 33.99 10.14 29.83
C50FAMMBOWS0 44.15 134.19 34.17 9.98 29.21 29.52
45.91 36.01 9.90 27.49
48.47 39.13 9.34 23.87
C70FAH30W40 53.58 149.42 43.22 10.36 23.97 23.79
47.37 38.32 9.05 23.62
50.91 39.43 11.48 29.11
C70FAH30W50 44.80 143.35 34.45 10.35 30.04 29.58
47.64 36.62 11.02 | 3009
47.28 37.55 9.73 25.91
C50FAH50W40 47.66 138.94 F 37.94 9.72 25.62 26.08
44.00 34.85 9.15 26.26 J
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wt.SSD. | Summation wt.dry wt.water Water Average
Mix designation sample weight of 3 sample in sample | content water
) disc @ ) (%) | content(%)

49.80 37.85 11.95 31.57

C50FAH50WS50 44.33 140.20 33.73 10.60 31.43 31.83
48.77 35.30 11.47 32.49
47.70 38.78 8.92 23.00

C70FAHM30W40 46.95 148.38 38.08 8.87 23.29 23.15
53.73 43.68 10.05 23.01
52.93 41.39 11.54 27.88

C70FAHM30WS0 50.20 151.35 38.85 11.35 29.21 28.42
48.22 37.39 10.83 28.96
49.19 39.44 9.7 24.72

C50FAHMB0W40 46.63 144.38 37.08 9.55 25.76 2524
48.56 38.865 9.91 25.64
48.14 36.29 11.85 32.65

C50FAHM50W50 47.23 144.47 36.08 11.15 30.¢0 31.86
49.10 36.97 12.13 32.81
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wt.SSD. | Summation wt.dry wt.water Water Average
Mix designation sample weight of 3 | sample | in sample | content water
@ disc (@) @ (%) | content(%)

50.06 42.29 7.77 18.37

C100W40 50.21 149.38 42.44 7.77 18.31 17.98
49.11 41.88 7.23 17.26
49.64 44.00 5.64 12.82

C100wW5s0 49.09 147.27 40.36 8.73 21.63 20.77
48.54 40.48 8.06 19.91
52.92 43.30 9.62 22.22

C70FAMM30W40 48.07 148.52 39.60 8.47 21.39 21.98
47.53 39.04 8.49 21.75
52.69 43.1 9.58 22.22

C70FAMM30WS0 49.71 149.67 40.41 9.30 23.01 22.62
47.27 37.98 9.29 24.46
51.70 42.54 9.16 21.53

C50FAMMS0WA0 51.38 153.89 42.31 9.07 21.44 21.66
50.81 41.69 9.12 21.88
47.64 37.84 9.80 25.90

C50FAMMS0WS0 4588 142.21 36.38 9.50 26.11 26.01
48.69 39.47 9.22 23.36
54.81 46.44 8.37 18.02

C70FAH30W40 48.45 150.41 38.78 7.67 19.78 20.91
49.15 40.27 8.88 22.05
52.14 41.83 10.51 25.25

C70FAH30W50 46.64 148.74 36.90 9.74 26.40 25.82
49.96 39.47 10.49 26.58
50.29 42.22 8.07 19.11

C50FAHS50W40 47.42 147.80 39.51 7.91 20.02 19.19
50.09 42.00 8.09 19.26
47.66 37.79 0.87 26.12

C50FAH50WSED 48.25 141.15 36.28 9.97 27.48 26.72
47.24 37.33 9.91 26.55
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wi.8SD. | Summation wt.dry wt.water Water Average
Mix designation sample weight of 3 | sample | in sample | content water
(@) disc {9) (@) (%) content(%)

53.14 44.89 B.45 18.91

C70FAHM30W40 49.29 153.38 40.47 8.82 21.79 20.31
50.95 42.88 8.07 18.82
52.42 42.77 9.65 22.56

C70FAHM30W50 48.41 150.08 39.19 9.22 23.53 22.55
49.25 40.19 9.06 22.54
44.27 37.54 8.73 17.93

C50FAHM50W40 47.02 139.07 39.17 7.85 20.04 18.98
47.78 40.36 7.42 18.38
46.73 36.60 10.13 27.68

C50FAHM50W50 43.53 134.25 34.20 9.33 27.28 27.21
43.99 34.60 9.39 27.14
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Average Paore
Mix designation Total Porosity (%)
daimeter (nm)
C100W40 59.74 20.86
C100W50 67.25 25.97
C70FAMM30WA40 67.77 29.85
C70FAMMB30WS0 61.80 22.05
C50FAMMS0WA40 73.16 35.56
C50FAMMS0OWSE0 77.08 39.74
C70FAH30WA40 55.55 40.35
C70FAH30WS0 73.58 37.47
C50FAHBOW40 45.72 23.38
C50FAH50W50 60.41 46.05
C70F AHM30W40 49.95 27.90
CTOFAHM30WS0 72.72 38.81
CH0FAHMB0W40 44.48 31.16
C50FAHM50WS0 55.05 30.98
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Mix designation Auerage Pore Total Porosity (%)
daimeter (nm)
C100W40 51.20 20.79
C100W50 67.83 28.53
C70FAMM30WA40 62.72 32.68
C70FAMM30WS0 57.89 26.52
C50FAMMS0W40 66.05 28.37
CH50FAMMS0WS0 67.89 37.47
C70FAH30W40 47.74 29.79
CT70FAH30WS50 56.35 29.22
- C50FAH50W40 35.62 2342
C50FAHS0WS0 43.36 36.56
C70FAHM30W40 46.93 33.26
C70FAHM30WS0 60.79 35.38
C50FAHMS0WA40 36.15 31.55
C50FAHMS0WS0 37.19 29.74
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3-1

Area Compressive load Compressive Average
Mix.Designation strength 28 days 2
(cm?) 28 days (kN) (kg/cm’)
(kg/cm?)
25.00 58.5 238.6
C100W40 25.00 69.9 285.1 259.3
24.50 61.1 254.3
24.55 38.1 158.3
C100W50 25.04 41.5 169.1 159.0
25.05 36.7 149.5
24.85 79.9 327.8
C70FAMMB30OW40 24.90 73.5 300.9 305.4
25.00 705 287.5
2475 61.6 253.6
C70FAMM30WS0 24.85 85.7 269.4 2554
25.10 59.9 243.1
24.90 64.4 263.8
CH0FAMMS50W40 24.90 68.3 279.5 275.8
24.85 €9.3 284 1
24.75 56.2 231.5
C50FAMMS0OWS0 25.00 56.0 228.3 225.0
25.00 52.8 215.3
24.75 80.0 329.5
C70FAH30W40 24.80 72.8 301.7 318.0
24.85 78.6 322.5
25.05 67.7 275.6
C70FAH30W5S0 24.90 69.2 283.1 288.4
24.85 74.7 306.4
24.80 58.2 239.3
C5H50FAH50WA40 24.65 54.7 226.4 228.8
24.75 53.6 220.6
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Compressive
Area Compressive load Average
Mix.Designation strength 28 days 2
(cm?) 28 days (kN) {kg/cm )
{(kg/cm?)
24.95 49.3 201.6
C50FAH50W50 2505 53.1 215.4 206.8
25.00 49.9 203.5
24.75 77.7 320.1
C70FAHM30W40 24.95 82.7 338.0 341.8
24 .95 89.9 367.4
24.75 88.2 363.3
C70FAHM30WS0 25.00 70.5 287.5 333.3
25.00 85.6 349.0
24.85 75.3 308.7
C50FAHMS0WA40 24.95 74.0 302.5 308.3
25.00 76.9 313.7
24.95 V77.1 314.8
C50FAHMS50WS0 24.75 75.0 309.1 301.5
25.05 68.9 280.5
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4-3

Compressive
Area Compressive load Average
Mix.Designation Strength 91 days 2
(cm?) 91 days (kN) (kg/em')
(kg/cm?)
25.15 160.1 652.8
C100W40 25.00 153.4 825.5 667.2
24.75 173.8 723.3
24.95 86.9 360.8
C100W50 25.00 95.9 390.2 363.4
25.00 83.3 339.2
24.75 108.6 445.67
C70FA-MM30W40Q 24.95 108.8 445.25 436.6
24.75 102.7 418.76
24.75 92.2 379.6
C70FA-MM30W50 25.00 95.2 390.62 3791
25.00 90.4 366.97
24.75 81.6 333.94
C50FA-MM50W40 24.60 87.6 358.8 367.4
24.85 99.8 400.3
24.65 76.5 315.2
C50FA-MM50W50 24.75 73.7 300.5 314.9
24.95 80.7 329.1
25.05 106.3 437.9
C70FA-H30W40 25,00 109.3 453.0 467.3
24.95 124.5 510.9
24.75 95.0 386.5
C70FA-H30W50 25.00 100.3 410.6 386.4
25.00 88.3 362.1
24.95 103.7 426.1
CH0FA-H50W40 24.75 89.4 369.8 411.7
24.95 106.6 439.1
25.00 62.7 256.0
C50FA-H50W50Q 24.65 65.9 267.0 258.7
2475 62.1 253.2
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3-4

Area Compressive load Compressive Average
Mix.Designation Strength 91 days 2
{cm?) 91 days (kN) (kg/cm )
(kg/cm?)
24.95 108.6 447.3
C70FA-HM30W40 25.00 121.2 495.0 4871
25.00 127.0 519.0
24.75 82.8 340.9
C70FA-HM30W50 24.95 89.9 366.6 367.4
24.95 96.8 394.7
25.00 113.4 465.2
C50FA-HM50W40 24.95 99.8 407.7 426.0
25.05 99.3 404.9
24.85 75.1 307.0
C50FA-HMS0W50 24.85 81.4 335.2 318.4
25.05 76.9 313.1
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