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ABSTRACT

The residuals from industrial will be used beneficially, especially in concrete, resulting in
reduction of environment problem. For blast-furnace slag, a waste from industrial, used as a binder
with a Portland cement in concrete, ensure of blast-furnace slag utilization.

This thesis aims to study the basic and durability properties of concrete with ground
granulated blast-furnace slag (GGBF slag). Portland cement type 1 (OPC) partially replaced with
GGBF slag and limestone powder were considered.

The results showed that the GGBF slag and limestone powder concrete had smaller
slump and slump loss when compared with OPC concrete specimens. While the compressive
strength of concrete made from GGBF slag and limestone powder was likely to be less than or
similar to that of OPC concrete. It was also found that the autogenous shrinkage and drying
shrinkage of concrete with GGBF slag and limestone powder was less than that of OPC concrete
specimens. While the carbonation depth of concrete made from GGBF slag and limestone powder
had more than that of OPC concrete. In addition, concrete specimens made from OPC partially
replaced with GGBF slag and limestone powder had superior resistance chloride penetration when
compared with OPC concrete specimens. Furthermore, in the sulfate solution, the expansion of
concrete with GGBF slag and limestone powder, except concrete with limestone powder, was less
than that of Portland cement type 5 concrete specimens. In case of in magnesium sulfate solution,
the weight loss of concrete with GGBF slag and limestone powder had more than that of Portland
cement type 5 concrete specimens. Finally, the GGBF slag can be selected to use in appropriate
concrete mix.

Keywords: GGBF slag, compressive strength, shrinkage, carbonation, chloride, sulfate
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N3N 1: ALO, / Fe,0,>0.64

C,S =4.071Ca0 —7.600Si0, —6.718AL,O, —1.430Fe,0, —2.852S0, (2.1)
C,S =2.8675i0, —0.7544C,S (2.2)
C,A=2.650A1,0, —1.692F¢,0 (2.3)
C,AF =3.043F¢,0, (2.4)

N3N 2: ALO, / Fe,0, >0.64

C,S = 4.071Ca0 —7.6005i0, — 4479AL0, —2.859Fe,0, —2.85250, (2.5)
C,S =2.8675i0, —0.7544C,S (2.6)
C,A=0 2.7)
C,AF =2.100A1,0, +1.702Fe,0, (2.8)

Aaaa ' 2’ Y = J J J
4) ez nahnuusmudilesanaud
Y

aaan ' J o o ' aaa o .
Ugasermuaiiszninyudwuaninienindgnserlawssu  (Hydration

I @ J aaa

v 4
Reaction) 1 ldinanwdou msned nagnsuiedrveunaa Ugnserlamssuiuegnu

adszneuluduFwuddaryiil§asowasiisninadeiu Tavifnserdenaraziiy

v
v o v o wa Y a S o
'JﬂWﬁuﬂ@]’Jﬂ"muﬂﬂ‘mﬁiJiJ@ﬂlﬂﬂLWﬁﬁﬂQiHﬁﬂTWWﬂTﬁ@ﬂLLﬂ%LLﬂJQ@]’JLLE’]}’J
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1. Ugnsen lawmssuveslasunadousamna
=) aa A’ o aaa [ :’ 1 Y a = ana
lasunaFougamaioilfsonuhezne lfinauaaidoudama laase
a J
(Calcium Silicate Hydrate, 3Ca0.28i0,3H,0 %30 CSH) tazinauaaidonleason lua (Calcium

Hydroxide : Ca(OH,) 130 CH) A4eunsf 2.9
2(3Ca0.8i0,) + 6H,0 — 3Ca0.25i0,3H,0 +3Ca(OH), (2.9)
2. Ugnsenlamsduved launaFoudang
Y
launaFonganaszirlfnsernuihdini lasunadeusamna uavy 14
nandasinnlgnsounilounufeo CSH uag CH deaunii 2.10
2(2Ca0.5i0,) + 4H,0 —3Ca0.28i0,3H,0 + Ca(OH), (2.10)
3. IR lawmssuvedlasunaiBouegiiung
Ufnsersznnainy lasusaiFenegiiiuaszimaiuesianuiinula nagild
INAANDA2961932A152 Aeaunsfi 2.11
3Ca0.ALO, +6H,0 — 3Ca0.ALO,.6H,0 @.11)
d‘ I ] Y a Aaaa 9 9 Y Y a = L=
molumsnie el gnsedeaulisas Tunszuiumskanuduuan
Tagdudh 1l uszninemsuaiiagu(Clinker) Tagd14u(Gypsum : Cas04.2H,0) vz i1l§dsen
9
fuunadeuegiiuane IMinasuDI9qv0en3 19N (Ettringite : 3Ca0.ALO,.Ca.S0,.31H,0)

VuAIveIeyNIa lnsunaenogivg deaunsi 2.12

3Ca0.ALO, + Ca.SO,2H,0 — 3Ca0.AL0,.Ca.SO, 31H,0 (2.12)
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aaa o a 4
4. Ugnsenlamsduveaunnswaaifenozgii Tues 154
aan q‘/ a 4 =8 [ aan
Ugnsenlamsduvesaasnadouszgi Tues lsilianyuzadionuljnsen
1 Aa 9 1 =\ 9 o aaa 9 1 o aaa a dgl
VDI C,A LUANATIN Lm%llﬂ'ﬂiﬁﬂuiﬂﬂﬂﬁ‘ﬂ”I‘]Ji‘]ﬂifﬂuﬂﬂﬂ’ﬂ Iﬂﬂﬂﬁﬂ"lﬂg]ﬂimﬂzl,ﬂﬂ"l]u

Tugedu Tagazilgnsendudiau deaunsi 2.13
4Ca0.ALO,Fe,0, + Ca.50, 2H,0 — CaO.(Al,0,.Fe,0,).3CaS0, (2.13)

A ~ 5 [~ s @ @ QsJ‘ aaa ' ~ J
ieannuduudl C,s Wueosnllszneuran aaiuillgnseseninauduud

Y
v o 4 7 aan U

Y aaa 1 @ oy 4 09)1 <
ﬂ‘Uu’lﬁ\iﬁaﬂ‘]elﬂlgﬂﬁﬁlﬂﬂﬂaﬂiﬁnigﬁ'ﬂﬂ C,S nuun ‘?QU’Nﬂﬁx‘]ﬁnﬂiﬂquﬂaﬂﬁfﬂm'ﬁﬂ C,A a1y

4
= 1 A

Aaaa a < ] y a :J‘ a J
Ufnserzinaduedissiasa lugiusn nazszanauilosninmsinasundouveonselon
d' =\ 9 9 dg} d' Q' a =
waznmsiaIsazareianutuIuuInYuLilesnnmsiuvesdeouLaaFon taz laasen
<o Y (aaa 7= a £ A Yy v
lyai1dgaseranas uazmaaliamwnaIdans 191 i oaNududuvesasazaIogIne
Aaaa a g 1 <3 OBJ} o a A
CH vzanwan nazlinsenves C,S uag C,8 9121Aniund19321a1529na359 M ldina CSH iwuun
-4 Aaa o a Jd 1 I ] a
Ju audel§nsenves C,A naz C,AF ilduenselainlaowilu unadeon TuTuda Irloglivg
a [ a @ 14 an [ o aan
wazimadslsznovunaFouda Iiegiua uazdalvlie 1sn uaadousamnadineinlgnsen
9 [ 4 '
ao Ui 1¥ina cSH mnvu uazveetn 1)1y Tnsamzie s namnnvuazien Teadaiuuas
a = [ d%‘
INANSIANIZAUUY
2.1.2 FaqilosTyau
@ . . A @ A A J v g aa
Jaqiow Ta1u (Pozzolanic  Materials) A9 Jargiilevnllsznouvaniuganay
4 a o L) o @ I a
pon 9@ (Si0,) egiitiowenn laa (ALO,) Haz/miomessnoon lud (Fe,0,) swmuiluilFua
vo 19 év @ @ u’zj = A A A 3 Y
lidinndesas 50 Tagiminvesidaiug evvzlinuantialumageutszaiunio binld
19 o Aaaa =y ~ 4 Yy a I ~
uadesansoinlgnsemaniinuuaaden leason lad uaunailuaisdsznovvosaaidon
an A = a = EZ a 3 =
Famna lawsa (CSH) uaz/misunaiFonogiua lamsa (CAH) nazdaudnos Teaatiaiud
o Aaan [ (% 1 < 091; [l
anuausolumsinlgnserman ualudadiumanlag o vieasales Teaiuunaiu
1 o Aaaa AN Y A 4 o Aaaa ~ (= 1
Tiamnsodlgasemaad lditiesnesadseneulumsinl§asendl bieaweasvuaums
Anlgnsenlos Trau
a 2 = a A a d‘ a d? a
1) yitavesTaqios Ivaruesy Taaulaosrila Ao ¥HANNAYUIDINIUTITUTIA
Y
(Natural Pozzolan) ttazos Iea1uaailas (Modify Pozzolan) Us1oazdeansil

da &£ a
1. Yoxs T unnauuoIn s ssuIa



12

A a dgl a Y 1T A A
Yoa Tya1unaluoInIussTUIA (Natural ~ Pozzolan) 1AuA AuAUAIY
a Y . a a 14 .. a a A
(Shales) et riugu1 1l (Tuff) 181909111 (Voleanic Ash) Hugiilam (Pumisite) Wy Torianians
a qg: a Aad a { a ¥
(Opaline) ¥U%UY (Shale) NUIFIA (Chert) wuﬁ,u (Limestone) o TyaruMnaUUIDIAY
a A g ° ) Y o '
533099 WoAvemath 1140 szdeuinnuanou
2. Yox Toaruaauas (Modify Pozzolan)
@ a a ¢ g
Yoa Tamuaauauiannvuiumsnaalulsesnugaamnssuguilunanaos
F4 v [ 4
18 (By Products) n3otnaainmsaslanvzihlos TaauimaduesnlSulgsguninlaoniu
a Ao Y d? £ 3 9 o @ =
yurumsnaafgudeutudeIasuinizduvuiumsen lud dagindes Tvauaaudasiny
Y
laun 1d1ave (Fly Ash) Taninmswugomaslumsuaanszua lwdh $8n19wu (Silica Fume) 92
P a o s o < Y <3 <3| Y
launnmisnanTavzdanosd uazazniumaguwan (Slag) ldanmsngunan Wudu

2) dgnsentles TaruvesiagilosTaain

@

Sagues Tvauoninuauiialumsdoudizaiunio lunla uddessilfnsen

=) =~ 4 Yy a 3 ~ an
‘mwmﬂmgﬂawaullamaﬂ”l%ﬂ (Ca(OH)Z) Lgmmmﬂumﬁﬂﬁzﬂammuﬂm%umamﬂ%mw

a

U 4 d o aaa o 09/
(CSH) uaz/M3e uaameuezgiiualansa (CAH) nande Weludmudinlgnseduii w

a o d

a Aaaa M £ 9 I = s & =
nalgnsen lamssu devz ldndaaduaiiluasdsznovunadonlenson lad Faunadoulons
Jd Y { o aaa v Aaa J 9 a J o
on lyatlisiiignsenusanoulaoen laa (si0,) tazegiiitionoon loa (AL0,) Tuiagiow

a I { 1 Aaa a
Tau adluasilsznevnFenimaafoudana lamsa (CSH) vazunaFouegiinig lawsa

o W d! d' Y 09/‘ dyd A di aan d' a dg’ dy
(CAH) @ua1aU Gﬁﬂﬁﬁﬂixﬂﬂ'ﬂ‘ﬂhlﬂ‘ﬂﬂﬁ@Quuﬂmﬁuﬂﬂiuﬂﬁl‘ﬁiﬂl}ﬂizﬁ”lu ﬂ;]ﬂsmmﬂﬂmuu

[
= =

' aaa IS [
i5on11 Unse1)os Tya1u (Pozzolanic Reaction) ajthiluaunisniunilla deaunis 2.14

2.15

o) (4

Tunsaiiiaaesleauidulsznoundnmaniiiluganoulasenlad (sio,)

9
v A

Ugasentlos Tyauamnsadouiluauns 1aaail

3Ca(OH), +28i0, —3Ca0.25i0,.3H,0 %30 (CSH) (2.14)

{ o ' o I~ a %
lunsainiagdoaleamidivlsznounanmuniifuegiifionoon loa (ALO,)

2
=

Ugnsenles Tvauamnsadouiuauns 1dd
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3Ca(OH), +2A1,0, - 3Ca0.2AL,0,3H,0 %30 (CAH) (2.15)

2.1.3 Hanuyu
a . <3| [l a 4
HIULjU (Limestone Powder) 1Huwanaos ldainnisdostiu e ldlugaainnssu
a =\ 4 a =l <3 a g a o 1 dy
nantjudiuauazgaaMnssuMInaanounsanauas e IaeUnaudneiuuswauannmaii
o <3 9 a L= (] ng a =\ A (] 1
Unazgnneuny i luusnauvasiudesiv Taswaiuulvasymamasedluszying 100

=2 &£ g A 1w Y a ' A Y o
AN lliJIﬂiLiJ@li G]NL‘ﬂu"’UuWﬂﬂﬁﬂJTﬁﬂﬂﬂﬁ’ﬂﬂlﬂﬂﬂmﬁ1ﬂ13ﬁ3ﬂ3$EUWEJEIENLL'Jﬂa@iJ Uazen

v
ll 1 a 1

Y
danansznuaeszuumuaurislavesdnegordeluusnalndifeunasdosiuraliiy

Y U
v

v A

dnsomsduyuludszmalneiimiosiiinisnaned 2 unaslugdrenudie mile
a aa o @ = a A a a J o [ ~
wuulaTadiandanaaszys vaznsiuiuanmilesiuiurialalalui Sandanmgoanyys
Taofiuuriialalaiidn (Dolomitic) Hazlala'lus (Dolomite) Faagludmaniiuasueiua
(Carbonate Rock) Taeiiun1svemaiiosdsznouueas IaTa lusiegluilSumdesas 10 54 50
wiadluimulszianlalaian luvazitismavewsTalaluinndidesas 50 agdaiilu
wutulszianlalaluilagesdseneumaniiduluajuesiuyuazilsenoudieansisznou
= J = J A J

younaIFeneen lad (Ca0) uparfoNAIT oI (CaCO,) tazuuniiFanuniiusiun (MgCo,)
J ST A A~ wva o @ A = I 1 aaa a

Falefeglugdvesasdsznovilgueauiaiuiaqnesi liiesliaol§asenail (nert

v E4
Materialttaz 189104 1asil§se1maunil (Reactive Material) Hs1oazidonasil

= =

1) Jaqueed liteslaelfnseuad

{ o 1 [ 4 4 1 1
Tunsaindimathdiuvesidamosuldmaunuuduua sxlidiurieannisna

Y
A

[ = 4 c?/’ = va 1% ~ (B 1 o Aaaa A KR o 9
Avoatfudiua fNetiiiesnn guauiavesiageen liies haemshilgisomanil Seild
E4 ' ]
dosmnluFal5unasddu nazdaamuanuanso lumsaumunisiansouiiodnn
@ = 4 = v 1 1 @ = 4 J
asFaladndle Tuvazi@ernune1vainanenuaIN1To lun1s T unsveIdNuAIN A
= 4 == 4 o Y
a51szneuveLAaIaNAIS UBIUA (CaCO,) tazuuniifoun1svoa (MgCO,) 01999147
<3| A [ 1 aaa = ] <] @ 1 z 09; <3
Wuarsdszneun lidedhaelfisemaunil edralsnmwarsdszneudenanisdoaiug
A o Aaan a2y Y Y] 1 =\ =) =\ A
awsanezinlgasemaailld dunasiszneoudinaninnuazideauniisame wazvse
Trwasnuanudousielumsisalfisomanil dsaumsi 2.16 uazaumsi 2.17

CaCO, + H,0 + heat — Ca(OH ), + CO, (2.16)
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MgCO, + H,0 + heat — Mg (OH ), + CO, 2.17)

@ A 1 Aaaa =
2) Tergiieshdelgnseuad
lunsaindimsihdiuvesiagiieshaenisiilgasermanivldnauie

= 4 =\ 4 A g o Aaaa o
‘wmmuﬂummuﬁ ﬁ’ﬁﬂigﬂﬂﬂﬂl@%!ﬂal%ﬂwﬂ’ﬂﬂul“]fﬂ (Ca0) “VIWi’é]ﬂJGlUﬂﬁ‘V]TIJ;]ﬂiﬂ1%$ﬁ’lﬂJﬂ’J

Y i
v o v A

VU AITUNITN 2.18

Ca0O + H,0 — Ca(OH ), (2.18)

[

£ = 4 A A 9
«mmamﬂu"lamﬂﬂ"lw (Ca(OH)z) NINAINTUNITU

J < o
wAul awnsaldhfuasds
9 o Aaaa a Y ] = 1% = S a
aulunisinlgasendes Tearinld wmRerduunaidouleason laalidunananain

Aaaa o J
Ufnso lamssuvestjudiuug
@ 091’ ) a @ o 1< 4
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9 a 1 1 d' o F [ ] =1 a A :xl Y =\
mazayluns lFnunsru)uanumaaee e lgsuiuedaiilssansnimiiuaeall
= A a A = va a o A ~ % % Y
MIANMUNVALNONI VDI ANTALAZ WY ANI TNV LT TN TZ AU FINUANAA VOTAT
A AA o o ' Y 1o o ) a a o
uazaounia NdrunanveIagaenanlinivanoumainnlslusandsdae 11
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MINATOU HAAIAINIT19N 3.1
3) AIN13gUAI (Slump) UATAINITYAAIAINITGUAD  (Slump Loss) YBIABDUNIA
% % I ! s s s ! ! o
Yududdesanaudlsznni 1 & Judmudlesanaudalsziani 1 unuidieaznium
< = = 4 4 s A Ay a a s s
aguvanuaazden Yudwudilesauaudilsznni 1 unundrgnaiuyuy wazyuduudilese
J A Ay o <] = 1 [ a o
tauAlsznni 1 unuUNAIBALNTUINIDQIHANUAAIDEATINNVFITUY Y NTTMINUIINTFIY
ASTM C 143 A10n51onadoumsguaa lasidadunduuesnouniai iy lunisnagon uaag
% d’
AN 19 3.2
o v w o 1 <3 o
4) MINAABUMAIDAUITLAVYDIADUNTANANALNTUIAIDQURANUADLIDEA 111N
o v w [ . = ~ J J s A
NAFUN1a99A152q8 (Compressive  Strength) YoIABUNTAYUTMUAYDTAUAUATZIANT 1

Y =) ~ J 4 J A Ay [ < = ~
AU ﬂ’e‘]uﬂmﬂ“ucmuu@ﬂaimauﬂﬂizmﬂw 1 UNUNAWASNT UMD ANUAATIDYA LUNUN



47

Y a Ay o 3 A ' 9 A ’q ¥
ﬂ'JfJW\‘]W‘L!“]J“L! uaztmuwmammmmaqﬂmaﬂumzmam’;muNmuﬂ,u ﬂ5$Qﬂﬁ1‘HN1ﬂ§§1u

89Ny BS 1881-116 NAADUA81AT09 UTM (Universal Testing Machine) #4010 3.1
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Tag AL, fie mmsvaduuuuie Gesaz)
= J @ ] G = [ 1 d'
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(A Study of Properties of Concrete with Ground Granulated Blast-Furnace Slag)

A wasd way Tagmd of unas®
L imangndemalu lags waanadyys 29 i 1 auniida-unsnen duanasnin sunefyis Jwdadysil
12110
E-mail: 'n _jetta@hotmail.com, :pitisan.k@en.mlutt.ac.th

ndag

u11ﬂ311|5;ﬂuﬂ1sﬁnmﬂmﬂuﬁ?ﬂlmmun‘%mmumnfummqaménmazt?)ﬂﬂ Taounuiiazniumoganidn
yaazBsAuazAiuuIed LU dles auavdilszamii 1

namsAnwmuhinwdesmaiweanadaaazniumogam dnuaazidsanazniuyy Hruniwes

Pudumddeiauaudlszionii 1 du uazszeznmimsnedve wnadnaAzns UMD N AnuAazBoAuaz iUyl

£l

' ' - - ; ' o - o 2 -
ﬂ1‘§1ﬂ']1‘!!?)&141!‘150]‘1«!&1]?]%6‘]“11‘145{1]5::Lﬂ“l’l“l‘] 1 é’au AIUMMIYUAMIVBINOUNIANTUAZNIULAD QAT an UAAz LR YALL

nafiutfuiiAnfesndweaudundlelauauddszonii 1 dam luvnziiddadnlsz dovesneuni anauazniuainga
< - 2 = .9 99 Y ' P PN e o o9 < '
manuaazBeauazaiivifu fuuahinhidniesndwesfudumdled auauddszianil 1 da venvniinuiimsa
@uuuni weaneun’ anauazniumag wdnuaazdoauazs i uiianiesn weaudumdleauaudis sani
1 49 uazgaenunneun; anauazn Mo gaanu Az sauazasiu g i mad MU N Ae wnae

Ts@1dnnn e suduudleanauddsznni 1 dau
My : aznfumnagandnunaziden nefiuifu iddalszde nsvadauuunta nsunsndivenaslsd

Abstract

This paper presents the study of properties of concrete with ground granulated blast-furnace slag (GGBF slag). The
Portland cement type 1 replaced partially with the GGBF slag and limestone powder was considered.

The results showed that the normal consistency of paste made with Portland cement type 1 replaced partially with
the GGBF slag and limestone powder was smaller than that of Portland cement type 1 paste. A paste made from Portland
cement type 1 replaced partially with the GGBF slag and limestone powder had delay of setting time when compared with
Portland cement type 1 paste. In addition, the GGBF slag and limestone powder concrete had smaller slump when compared
with Portland cement type 1 concrete specimens. While the compressive strength of concrete made from GGBF slag and
limestone powder was slightly to be less than that of Portland cement type 1 concrete. It was also found that the drying
shrinkage of concrete with GGBF slag and limestone powder was less than that of Portland cement type 1 concrete
specimens. Finally, it was found that concrete specimens made from Portland cement type 1 partially replaced with GGBF
slag and limestone powder had superior resistance chloride penetration when compared with Portland cement type 1 concrete

specimens.
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