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The Fundamental Properties of High Fluidity Mortar with Activated Ternary

Blended Slag Cement

Ju-Ryong Bae', Tae-Wan Kim®*, In-Tae Kim’, Hyoung-Seok Kim®

Abstract: This research presents the results of the strength and drying shrinkage properties to study the effect of ground granulated blast furnace
slag(GGBES), fly ash(FA) and calcium sulfoaluminate(CSA) for activated ternary blended slag cement. The activated ternary blended cement(ATBC)
mortar were prepared having a constant water-cementitious materials ratios of 0.4. The GGBFS contents ratios of 100%, 80%, 70% and 60%, FA
replacement ratios of 10%, 20%, 30% and 40%, CSA ratios of 0%, 10%, 20% and 30% were designed. The superplasticizer of polycarboxylate type
were used. The activator was used of 10% sodium hydroxideNaOH) + 10% sodium silicate(Na,SiOs) by weight of binder. Test were conducted for
mini slump, setting time, V-funnel, water absorption, compressive strength and drying shrinkage. According to the experimental results, the contents
of superplasticizer, V-funnel and compressive strength increases with an increase in CSA contents for all mixtures. Moreover, the setting time, water
absorption ratios and drying shrinkage ratio decrease with and increase in CSA. One of the major reason for the increase of strength and decrease of
drying shrinkage is the accelerated reactivity of GGBFS with alkali activator and CSA. The CSA contents is the main parameter to explain the strength

development and decreased drying shrinkage in the ATBC.
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Flol e A7t AP Q= e B8 AHE
(Alkali-Activated Cement, ©]5} AAC)= OPCE TiAS 4=
+ 278 AME R ¥ 1 it} o= GGBFS =
& 7|40 & Sh= AotAjle] sk o] JAEE E)loto] At
o}, 3 TRk B2 SRS Abgole] AE AT 4
UL, B |S] TR Thdsth AACE eHd] St
(Rashad, 2013; Pacheco-Torgal et al., 2008; Provis et al., 2015;
Brough and Atkinson, 2002; Fernandez-Jiménez et al., 1999)
ofzt t7-4d(Bernal and Provis, 2014; Chi, 2012)°]| thgt A
&5 OPCe}H|Wsto] Z-26] Il s = AFE 7Rt 452
SIgtch

AACE ZFA] B4, e St 5, T =
S TRt Q919 o9l FkS W=THFernandez-Jiménez et al.,
1999; Atis et al., 2009; Ravikumar and Neithalath, 2012;
Burciaga-Diaz and Escalante-Garcia, 2013). GGBFSE 7|71
2 o= AACR] ] 243t &l 11 A|HE(Alkali-Activated
Slag Cement, ©]|5} AASC)+= 8 WHg Ad=4o] C-S-H
(Calcium Silicate Hydrate)©|CHPacheco-Torgal et al., 2008;
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Ravikumar and Neithalath, 2012; Escalante-Garcia et al., 2003;
Zhang et al., 2016). C-S-H+= OPC9] ettringite?t 28] A= =
= P 24 Tl o=t 1 Fx0f 4dFo] HeRRtK Garcia-
Lodeiro et al., 2011).

T3 FA+ B350 ool E/det=H v ddd dFrle
Al2]#A|o| E Zl(amorphous aluminosilicate gel)] §F-g-44E2
< TFETHGao et al., 2015; Puligilla and Mondal, 2013; Koh et
al.,, 2010). o= 4k GGBFSE} 15| s &Adsle
FAE Z].2-Z2]H(geopolymer)Z E2]7]% SITH(Puertas et al.,
2000; Jang et al., 2014; Marjanovié et al., 2015). A2 t}Z 7]
22 BT A EE o] Aol 5 7HI GGBFS2FFAE &
ARFAAC] Tt At 18w 3 Qick. 71 AY GGBFS2HFA
O] 2|ghgo]| whe ot Heta] B4 nMltE, v E
A Sof tig A7 A 42X 17 It Kumar et al., 2010; Chi
et al., 2013; Lee and Lee, 2013; Ismail et al., 2013; Nath and
Sarker., 2014; Wang et al., 2015; Lee et al., 2014).

Zh5/d LA Z 9|0 E(Calcium SulfoAluminate; ©]5F CSA)
= BA =N OPCot Esto] theFoA ARG E] o] Al molch
CSAE F53F Cas ZES6HL Qlo] -8ESA] ettringite’S
‘gote] 2215 Z[sHA| shal Wi 3= AAAA Feet i
& F AL 53] 71E2] opCet of 2| 238 &9t
e Aol CSAE - Z|ghsto] A4S Aot A,
SAA EF O e A& 4 AATHPéra and Ambroise,
2004; Chaunsali and Mondal, 2016; Bernard et al., 2006).

AASC= Tt 2207} 2o tit A7} Al Qlet
J8u 155 AASC REELZ 0] gt A=At o2 ulg
Sth(Boukendakdii et al., 2012; Song et al., 2013). AASC I
& HEEE ] /S SOl By A, A4 g £39
E =3}, £5, HE 5 2 22 Al 48 5 s
Elis

237121 2] GGBFS® FAE Z135F AACY] 3t A2}
ol FAZ} GGBFS Mot gt & o & e Sdole S yehiet
31 S} Kumar et al., 2010; Chi et al., 2013; Lee and Lee,
2013; Ismail et al., 2013; Nath and Sarker, 2014; Wang et al.,
2015; Lee et al., 2014). =84 H 27| =t 554 Sol=
FFS vt T3 AZXSET FAS GGBFS 2] E4J0] ti2
Al ehdth webA 2 o= GGBFS®F FAS] 22t
o] ii-F HERE2 0] {54, 54, e H x5S Tl vjA|
= S AR A A9 A= arste] FAS] A|g
£& 40% ©Jot=2 SISI=T, o= 40% oV FA= -S4 A o]
Z7Flal 7] 2%t Yol Kumar et al., 2010; Ismail et al.,
2013; Nath and Sarker, 2014) 2 AFATE 7|22 slof &
oA B T A =0l A-85H] flRt it == A
Aok Qdttal metste] 40%0lskz A7gstAt. 9t GGBFS

S}FAE SoIRt 175 AACS] AAx45 A4S Q1o BAIQ]
CSAE A7 W= A|ghsto] x5 A aafet 4| 71%
SE A E 1A} 5.

& 97 125d 1 vREE(GGBES)E 7IHe = sk o
Ze] G/dst AME ] E2to] ofjA|(FA)Qt Zad 2 dFnu|o]
E(CSA)E et &/l AHdwA 111-5 AHIE(Activated
Ternary Blended Cement)2] 7] ZEAo] 3t Htolt}. o]&
foll 271 75748, 82, dSA= x5 59 I &
A& 4w 2 112} Stk GGBFS-FA-CSA 9] vlgu|o} o]of wp2
8, A 1Bl AxaS EAS HESH] 2445 | A4
A 115 REEE) Wit eE5AT 0] a2 R 5 5f
A}tk
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21 AREX=E

A5]o]| AF8E GGBFS, FA 18|11 CSA 2] AJE-2 XRFEA]
S 53] Table 1] YFERHQITH

ZHEA e ZHE(FM) 2.61, BHAZZIIE] D= 0.0026
g/mm’e] s Atgstrt. 4SS NaySiOs(sodium
silicate, Ms = 2.0, liquid type)2} NaOH(sodium hydroxide,
purity = 98%, pellet type) S 23oto] AR8-51% Tt EASHA| 2]
Fh= 2 A(binder) Z&FS] 10%E oFHTHNaOH 10% +
Na,Si05 10%). /211 = vt ol aigtael vje] 44 s
£ Algsto] 28sh 7 Aol 6AIZT RS & AL8otSct
H Ao AR8-H Z31A(superplastilizer)= Polycarboxylate 7|
o] 1% GEIAIR W= 0.0010440.00005 g/mm’(20°C7]
), pH 5.0+1.59] -2 24 o] Hajjo]ct,

Table 1 The chemical properties of GGBFS, FA and CSA

Component(wt.%) GGBFS FA CSA
Si0, 35.60 69.51 4.85
ALO 11.98 17.32 13.46
Fe,O 0.49 2.01 0.27
MgO 4.24 0.78 1.13
Ca0 43.16 3.97 49.84
K,0 0.33 1.15 -
SO; 3.93 0.51 29.17

Density (g/mm®) 0.00287 0.00231 0.00295

Fineness (m%/kg) 420 380 250

Ig-loss (%) 1.06 2.17 2.36
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A @A 2] Bl = GGBFS 100%E 7 E Z(control, G10) B
310 & 5131 FAS GGBFS 2] 10%, 20%, 30% 121 40%

7HA] 2251k CSAE GGBFS2] 10%2} 20% 1317 30%
7h2] A Attt =29 Bl(W/B)= 0.401H, 234
ZhEAfe] Aeha|= 1 10]h AFAIRT A ] vl gH]= Table 2

of Jefi it o714 AJA] o] F-2] “G = GGBFSE <Ju|s}
o] F]9] A= 2]ghe-& YEHALE “FP=FAS, “C"E= CSAS
oJnlotal off FAt F9] &b AgheE ofuith g &
G7F2C1-& GGBFS 70% + FA 20% + CSA 10% Bl[g-S oJn|gt
.t 9714 GOFOC4 A @ A= 40% CSA 2] =5to]| oJs) BE A
3 T 2447t Fof| TRt ko 2 AIRA|7F oRE]o] S o
o]ﬂ = e /\ 0404

= ct= T

Z}z}o) x| @halgatt 11—94-5011 w2} = E FHlekL 7] 24
Hjgke=A 9 A7 KS L 510991 AAE ‘:‘“ﬂ”_i Fgfotal, |
gt Ao B4 & Ao = 33T E1 HH% Stk o]
135 a5eHAe] TRt =32 Fol
7] fIgto]
5 24 h B9 A5 S (relative humidity; RH) 90+£5%,
23+2°C 9] geak57]o] BAstgrt 11 the BEES AlA
o}_Tl_ ZANG7IR] Aot S ot 2% 719 5kedls o i
ot 4= AL 50 mm x 50 mm x 50 mm A HAE
ARE5FI T, AZFSZ=L 40 mm x40 mm %160 mm AFHS AL

|31} SAA EHL KS L5103 W o7 a3t &
%‘é 371 15l WY& = Z(mini slump) A1, A=t A
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Table 2 Mix Properties
Level Ratio (wt %)
GGBFS FA CSA
GI10 100
GIF1CO0 90 10 -
GIF0C1 90 - 10
G8F2C0 80 20 -
G8F1C1 80 10 10
G8F0C2 80 - 20
G7F3C0 70 30 -
G7F2C1 70 20 10
G7F1C2 70 10 20
G7F0C3 70 - 30
G6F4C0 60 40 -
G6F3Cl1 60 30 10
G6F2C2 60 20 20
G6F1C3 60 10 30
G6F0C4 60 - 40
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A Z79S SlBliA= V-funnel §5HA17E A1E-& S=3513).0H
Z} .S EFNARC(2002)2}F EFNARC(2005)°1 AA1E 7]7]
oo aotalrt. ool 542 KS F 24249  thold
Alo]2] ¥ o]l whet -egetol 1 AolHsk= 91 97kA] S5
o} S-& A2 AT 28 AldAel tish KS F2518¢f w2t

[e3

©w

1 2=M

2 Ao efols 1fs REEEE £ 7E B B
74, AL ALY FAT|E A3 5o TRt &84S
2otalz} stoiet. dHl @yt YA+ a7ES st &
=8 HUSH I 7|20 2 280 + 10 mm7t EEE 519
£ olojd 3&5A || 8E FIYE X E o= Y
Helo] HaH7Y Aol Z32|E 233} 5ol 2§
7395 a1efste] Aokt Fig. 1-2 2t vligke] vy &+
oE 280 + 10 mm= FX[57] floff AFSH 23}A|19] gt
V-funnel S7A7HS BA 13* Aot
GGBFS 9] z|ghgo] faglol m2hFA 28&-2 57h =
SHILE A7) 9ol 179 Tr‘ig}XiH ol Z7skal, V-funnel
g;g Z7F51al Qlek. GGBFES 100%$1 G102] -53H4] ARS=F
S Z2F0) 0.2%0]th CSAE 2|&s}1A] -2 GIF1CO0,
G8F2C0, G7TF3C0 1811 G6F4C02] -G53k AFE=-E 0.4%,
0.5% 0.8% ~12]11 1.2%= 57515t T3 ZF GGBFS A2h&
W CSA 2] 2|ghgo] Z7Ietel ufet f-5 24| o) AR 5 }
slal gt} olE E9] GGBFS 70% A|&3t G7 series2] 73
SAJ 218+80] 0% 30%2 71l wat0.8% (G7F3CO)
1.2% (GTF2C1), 1.5% (GTF1C2), 1.6% (GTFOC3) & -S-5351A
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Fig. 1 Dosage of superplasticizer and result of V-funnel test
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1ol Z718kaL k. GGBFS90%, 80% 18111 60%Z 4]
S L] gl M GARE S HeITE V-funnel
A7re] BRI R ESHA ARl BTt dds] R

olt r I

]_
e HeRdeh F, cSAQ] Aghgo] ZUiglel ot
V-funnel -f-5HA|7F0] S7Fskal Q1T

GGBFS 2] %] 100%°114 60%7F4] ZAashH 744t oF gt
F FASFCSA7} 2| 8HeI). o]= 2|8 FARFCSA L] E/40] &+
FoHA 0] AFERT V-funnel ol GRS 1A= 9102 2H8
El=t

AP ATELS A HH GGBFS 2 FA 0] &5 Ak o] &4
3t B2 FAQ] Aghgo] S71etl w54 % S71sich
Wang et al.(2015)2] doli= B89 57t e
GGBFS-FA HigellA FAE 0%, 20%, 40%, 60% #|3F paste
Higte] flow Aol A 2/J3HA| 9] Frt ST ol FAS] 2|8
ol Z7tatol w} flow”t F7tok= AaE EATE Gao et al.
(2015)2] ATFATE FA O] 28801 40%, 50%, 60%2 Z7Ft
5 F5790] STk %S EXth. GGBFS2FFA 23} vl
ool -5 5442 vliety], Iz @A TReE, W/B H]
5ol wht ZeiA)7] ufiel ke AFgS Hol= A2 of
THNath and Sarker, 2014; Wang et al., 2015).

2 Aolli= FAQ] Aghgo] S7FsHH fado] Aot
/3% F-52HA12] ARgEFo] 7okl V-funnel FH= 7 Foh=
702 Uit o= 5 71 99& Azl & 4= itk A ¥
A= 10% o] SSAPE ARSE Y, dridoes
GGBFS 2] o] 7Hagte] e} 2/d k47t GGBFSE 27/33H]
7l Bt SEES7] iRolnh mEhA] drido R o A2
%ol GGBFSel| 1'5o] E/JetA7t 2k8ot= Gtz <ls)
GGBFS 2] se521g0] 715917 w20 |ck(Puiligilla and Mondal,
2013). T WA Q12 CSA Q] W2 4=5}2+-g-0 2 ISt F-54
Asto|t}. GGBFS7} fAsh= THE CSA Q] 2|3k SV o=
o], CSAE W28t @ wWE -§Z2 EAJo] St wbA
CSAQ] A$hs 371 27| 648 SX6ta, o= 579 st
£ ot 753 AF8Ee] 57} V-funnel 5T 5
P Edl=

FA®} CSA 9] Z|ghgo| Z71etol et GGBFS 9| ol 74
star e wiet 1485 f-seAe] Y F7Fskal V-funnel
SHAIZIE F715kal Itk FA 9] 749 4=ke] @/do] AL3dell 717t
A EHol® B 502 554 ol ERol 2 AR A
Zsl ot thaAd]l FAZE 4R 15 R-83HAIE S4stod]
FESHA ARgEFo] 7SI TS CSAE WHE 27|45t
02 354 AotE fot] 135 FedtAe) ARgEel &
7Fstal V-funnel -RSHAIME S71019AE) O]+ CSAE ARERE
HietE0] 175 -5 3kA| A8t V-funnel -FoHAITHS AT
HH SIS &= Qlr}. =, CSA Q] 282 2|@hgo| F7 ekl wheh

ol

e SHolME 1s s AMeRkE S7HAZIAL
V-funnel 3-5HA17H& S7HAIZI0E

GGBFS 9] z]2hgo] FAdgt Z+zo] uligtolA] CSA 2] Z|2hg
o] 7P =2 wigEelA s A3t ARgEFo] SVl

V-funnel fr5HA7H] S71t 212 2141 & = Qi

32 SZARE

Fig. 2= v goll oh& -3 A A1 ES Yei| 2L Qlot. =] 24
ot &1 AMES] 39 SRR ] 9 Al 84= T
ottt 1=&e 1 nlEe] B, AR SRS &
T F, iR, =29 B, e 2 ARE A8
23 5 ofe] aglEe] oo ¥ Hh=TH(Rashad, 2013;
Pacheco-Torgal et al., 2008; Provis et al., 2015; Brough and
Atkinson, 2002; Fernandez-Jiménez et al., 1999).

GGBFS 100% i3] G102 22 110+, TZ0] 270803
T} CSAS AE5HA] 22 GGBFS-FAZ o]Fof Highs
(G9F1C0, G8F2C0, GTF3C0, G6F4C0)2 FA Z|ghgo] =715t
o B GGBFS A|ghe-2 H4) 287 T2 -§2AR o] F
FFakan QIe. olefet A F BAEHA el Ao,
& FAZ} GGBFSHrt /2t w7} Wol vk A4 d=d o] Ad
o] &=7| W&o ]chKumar et al., 2010; Jang et al., 2014; Lee and
Lee, 2013; Nath and Sarker, 2014; Wang et al., 2015; Gao et
al., 2015).

18 CSAE 2|2kt -3-do] kx| 1L JISIEt Fig. 201141
CSA A|gheo] S7tetel what 3 28ARR A Aaskal 213
t}. 70% GGBFS AAAE2] 73-4(G7F3C0~GTF0C3) FAC] A]
28] 30%01141 0%= 745HH CSA L] A12h&-2 0%01141 30%
2 Z7lek=d| S Ao wha A ZH4slal Qi ol 2 A3}
F4 oA dAgh =, GTF3C0 < GTF2C1 < GTF1C2 <
G7F0C302 7FAgItt.
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Gl10ETt w2 =28 Yepd AlgdAl= G7F0C39] 705,
G6F2C22] 110557} G6F1C39] 75500 22| 7-9-= G8FOC2
012355, GTF1C29] 258, GTF0C32] 15053} G6F1C32] 150
Holt}, 243 FZo] Gl0Xth w2 gk FAS] 2|$H-&0]
10%°]5}0]1L CSA k&0l 20% olAkel Higtolct. whabA
GGBFSETHIT A 0 2 g3} Hkgo] =2 FA Q] X|ghgo] b
1, 7] opkeAo] FHoll CSA Q] Z|ghgo] 2= S
AR 24, T2 BF A4Sk

33 AFL=

Fig. 3+ ZF 11-4-5 B2E2 vigle] o2 57 5445
2 HojF1 9t} G109 1, 3, 7 281 28 Ae= 247+ 17.6
MPa, 20.27 MPa, 29.39 MPa12] 1 38.93 MPa°|t}.

100% GGBFS A|&A|2] G102} B 5le] CSAS *|gHs}A]
-2 GIF1C0, G8F2C0, GTF3C0, G6F4C02] A|JAIEL e
= A 1, 3,7 28|11 28 7t 74515t FA Q] X]g
£°] 10%°14 40% =2 Z7Ftel w271 1, 39 2 28U A
DE At A3k Bl Qlot. A FAE 233 AASC
O] &= FA A|ghgo] Y& 27| YehdthKumar et al.,
2010; Puertas et al., 2000; Jang et al., 2014; Marjanovié et al.,
2015; Chi and Huang, 2013; Ismail et al., 2013; Nath and
Sarker, 2014; Wang et al., 2015; Lee et al., 2014; Gao et al.,
2015; Deb et al., 2014). ©=FA7} GGBFS Hr} wre 245}
gk o2 QIel 7] f=elit-go] W7 wizef 2|t k344
228 FAoHA] Z1t o] ci(Puligilla and Mondal, 2013).

T3 Fig. 39] ATof|A FASF CSAZF oA x|ghe ufighof| A
T 7ol YA el §lo] FA Q] X2k 73 Zfste] &
FFS A= AR &4 o wEhA FA L] A|gha3 E0]al
GGBFS 9] 2ghe-3 T7M7IH 2= = Z23HE Ho
F3 ik ol#gt Av= GGBFSQ| #ghgo] Z7ishd
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Fig. 3 Compressive strength of each mixtures
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GGBFS9] =g} oJgt 2|Ust 2o vk d =4 o] F7tst
o] 7452 FAA|ZIKJang et al., 2014; Chi and Huang, 2013).

T18]31 FA+= Ca ©]20] F-5-5t 2ol 4] =3hit-g-/do] 2t
FEo] AFAS] ot Aol K Temuujin et al,
2009). GGBFS 2| 4=3}o| ool §-&% CaZl JthA o= §Hg-4
o] LY FA L] &35 SXIste] Aol F7 kol whet 7] 74
LAtef| FFS vl thKumar et al., 2010; Nath and Sarker,
2014; Puligilla and Mondal, 2013).

G10 Bt} =2 = CSAZH7HY 2 2|82 vighe A
A Sl A LERHTY. Fig. 4014 G9FOC1, GSF1C1, G8F0C2,
G7F1C2, GTFOC3 “18]11 G6F1C30] tlEd o & GloKh =
2 =S UERSITE o2 FA 2|8&°] 10% &= 2il CSA
7}20%0 1 X8k vfigtEolct. 21 73S LERH GOFOC1 2]
1,3,7 183 28 7 -2 712} 18.2 MPa, 22.8 MPa, 32.2
MPa “12]17 49.7 MPa ©]c}.

73 AARE ol 7] Aol CSAL] A18HE-2 GGBFS <]
FolAg-S Fxloto] e X0 FFS v|FInt. ol=gh 27
AFollAe]l CSA FotE7 282 Aol F7Idoll ot
GGBFS 9] a8t FrS v A4 o] 71ofgict 2
o] HejollA & o 100% GGBFSS £33t AASC Hrt
(G10) =2 735 "IAsk] fIsiA=FA 10% ©lst, CSA 20%
o x|get viigto] b A o= AY7Hert,

G10XETH =2 =5 eRd G9F0C1, G8FOC2, GTFOC3,
G6F1C3-2 =2 175 -521A| AM8=} V-funnel -5FA17E
S e Fig. 1), -SAATE 4A S =tk Fig. 2). ©]
E 59l CSAE 27| 95737 -SAAIR] 74 T8|an 7F 9]
S7tel FFS vl A o2 Tk ERHFA L] A9 2714
A AR S7F Al 73] SR Aol Y
n|z]= o2 A3zt

Water absorption (%)
N
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