Journal of the Korea Institute for Structural Maintenance and Inspection

Vol. 18, No. 2, March 2014, pp.117-125
http://dx.doi.org/10.11112/jksmi.2014.18.2.117

pISSN 2234-6937
eISSN 2287-6979

AT SUAFN mE Ue| BAS) S0 REl=0| Yo
AZSS0 i3t 715K 917

The Fundamental Study of Strength and Drying Shrinkage on Alkali—activated Slag Cement
Mortar with Different Entering Point of Fine Aggregate
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Abstract

This paper examines the fundamental properties of alkali-activated slag cement (AASC) activated by sodium hydroxide (NaOH).
The water to binder (W/B) ratio was 0.4 and 0.5. And concentration of activator were 2M and 4M. Five mix design of each W/B
ratios was considered. The NO mixture was KS L 5109 method and N1~N4 were varied in different mixing time, mix step and
entering points of fine aggregate. Test results clearly showed that the flow value, strength and drying shrinkage development of
AASC were significantly dependent on the entering point of fine aggregate. The flow value tended to decreases with delaying
entering point of fine aggregate. The compressive strength and flexural strength increases with delaying entering point. Moreover,
the XRD analysis confirmed that there were sustain these results. The drying shrinkage increases with delaying entering point of
fine aggregate. Futhermore, a modified mixing method incorporating all hereby experimentally derived parameters, is proposed to

improvement the physical properties of AASC.
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it dZe] GAJ3) AE (alkali-activated cement; AAC)
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et al.,, 2007; Yang et al., 2011; Song et al., 2012; Kim et
al,, 2013; Pacheco-Torgal et al., 2012). SA|7}A] thekst
AAC & A7 dapE ol glow, ofefdh dAvr=el 93|
geelA] 942 AACY] RES HAUST J3kalel st 4
IhEo] =4 Br8IA|aL 1tk (Moon and Shin, 2005; Li et
al., 2010; Bernal et al., 2011; Saout et al., 2011). SA|7}4]
ATANE BH AACY] YFs T ks vk Zlow
delx] Utk ellE 50, AACS TR XA AF,
A Tl 34, E3kA, g W, R 5 o

et 9Rl=0] AACE Sl FEs vxlE Aow dHA
Stk (Kim et al., 2012; Bakharev et al., 1999; Ravikumar
and Neithalath, 2012; Zivica, 2007; Escalante-Garcia et al.,
2003; Fernandez-Jimenez and Puertas, 2003). ©|2]3F T}k
3 QR1E0 ATE B3l AACY 5AE Folstal WEet
HAUFS rgete], SH3IsHAQl AIES] Alx7|es o
Y33 AR 2R A8 5 Qi Aest 2 Zeleh 1
Bk A7) e A AACS] PHEL B EE
A s} siA ] 540 WS ZFo] gholA it wh
2hA iAoz AACY] Hiel e ST vEst
Atk AACE Hie AAMA] A7ARE BH Ho]AE
(paste), = ZEF= (mortar), 12|31 FAZ|E (concrte)= 7

Tt e gk AACY] Higtel wsh o] elAA
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2 W ATARE v vheFe vl e eRlEs a1
alo] A7k o] FojA| L Qlrk AACS] v oY I 84
=7 S wiell Bet A AT sl o] FolxjoF &
Ao Pk & Al aeld EErEl] B9 F4
2 ES] wigellA ARGEE FoEAe dFs wiAlsta,
AAC FH|o]AES} mjele] EAS AuRal o5 Fal
STEER] ZAYE iRl 7xAks R E8staat sl

B AT FAS AACS dATelA nREwa W
(ground granulated blast slag; GGBS)= 100% ARg-3F &)
g3t &l AWE (alkali-activated slag cement; AASC)
o] EA] A = HAuS| B3 J3RIXIE dTtsl= Flo]
t} E3] M3 ATS ulEgoRE AASCE] B4l njA]E= o
2] < el mE =ulARl 7)1 SAC et
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—’—FBS]’O%, AASC-J E H?‘fl' 7]_11__ Z}'_u_i Z'"}\]B‘]'

A= el wE AASCe] Sl #E AR

2.1 A=

Aol ARgH w2EY T vk &) KAF AlE

S ARSIl o, S XRF 405 53l Table 10 LjE}
BlFel=s

Al ARHE ARSI, HE (FM) 2.62, Hi

0.0026 g/mm’, T5-& 1.320]c}h &£ el ARg¥ 47

B A= FABRIES (NaOH)o M, AFE AJoke =)

Table 1 Chemical and physical properties of blast furnace

SAFS] AFO R L (extra pure) A oo S
oAl EagtE B2 CALA] S é}‘:— Ao 71A)
ok ko] W% 0.0021g/mm’e) AlE-S ARg-sf

22 it 2 A

Bl mhE AASCE) 71249l S-S oty 98
MiEegle Tt o] Agsleich 4 BB 4
ShPER SRt ofr] Fue £A #8434 9 &
2% 5o Sguste wefshy, b 4ES i B A
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(W2)8] F 25 1dsisitt Be g 1251 v
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A A=A (SP)E ATA T2 0.3% T Zote] 94g
3k ZelS 93k & 5549 120410mm oS FAE &
al3ick wigH]= Table 200 YERASIT
& AEAe] BRI gebglel wet nEEe
oz SYsHAIE vlE] Folete] AlRtE e
= % 35l AASC gﬂo]/\E /\LEH7} ;q:tgl—_ ;\]7} =

[} R =S
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Table 2 Mix design of mortars by mass ratio

slag
Slag

SiO 29.67

AlOs 9.90

' Fes0s 0.68
Chemical ((;/z))mponents Ca0 56.03
MgO 1.99

TiO2 0.78

MnO 0.37

Ig—loss 0.34

Physical properties Blain (m%/kg) 420
Density (g/mm’) 0.0029

. Fine SP
7
W/B Water Binder Aggregate @
0.4 0.4 1.0 2.0 0.3
0.5 0.5 1.0 2.0 -
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F 2424°] tjoldAo]x] wo=r =43t
4 ANEAE 40x40x160mm =5 AR

>

sl WEGICE NIWHS NOS 2 Ak At 5SS K
T, T AANNEE 602E T F ALOoR 30% EFsh o s} %—
Fok ATAT TSI FHOE 0EF MBI Wol  x, Powak: 1829744 Sk
. N4 NoSF 22 v iee) AlRkoz FAAIE 90
M 0§ Ag 30% 5o AHAE FYsh $E50% 3. 4o} 2l pE
30x5 Wi F mhre] sk WhHolth =, 7 wighi e
xpo] 4 Ao T AZIQH], FAj o) F]IA7 el wh g el wHE AASCO] e B3-S AR S8 ¢
2} AEAE T8 A7EA] Ho|AE AdE7E fAEE Al Bk Aol E25, SAXRL SFAEE A% 1F
2 aE)ar FAl FS) A we REEES] 548 o I xS T S
ofR. 1A} St wig AIZF 9 WHHe] JHQE Table 301 1
ERISiTh 3.1 Z22 (flow)
Zy2)e] g el Wl ARE ERE T QIS 4
50x50x50mm o] EREEla, FE 579 40x40x160mm A o] 9l Al T AASC REER=] 549
2eo] Epdelo] AUIGE 1065%, 23020 FLFLTlo) @ @ ATIN 2] RS E2eE e
= F5 70+£5%, 23+2C 235
1Y (24h) S mes gl 5 ZQAA] 55 oA} Fig. 1= 54 57 Axolt} Fig. 1914, N0} Blws}
oIt} QHE7bE 7} 274 A (1, 3,7 Jelmogeheli] 3 O AWHHOE IEAZ FSIshe Aol Roldss Zw
Hel AR Ak o BEde AF&o}OﬂE‘r o]s) ghe AR O® AL gl RS o 5 gl 53]
Table 3 Summerized Mixing method
) Slow speed Medium speedg') Stop Medium speed
Method Ready (30sec) (30sec) (90sec) (60sec)
Place all the mixing water Add the entire
NO in the bowl thenvadd the qu'anuty' f)f sand (F) The mixer and let the mortar stand
slag to the water while mixing at slow
(W+GGBS). speed.
Place all the mixing water,
N1 sand and slag in the bowl The mixer and let the mortar stand
(WHGGBS+F)".
Ready Slow speed Slow speed Medium speed Stop Medium speed
Y (30sec) (30sec) (30sec) (60sec) (60sec)
Place all the mixing water Add the entire The mixer and
in the bowl then add the quantity of sand(F)
N2 . L. let the mortar
slag to the water while mixing at slow stand
(W+GGBS). speed.
Ready Slow speed Medium speed Stop Slow speed Medium speed
Y (30sec) (30sec) (60sec) (30sec) (60sec)
Place all the mixing water - . Add th? entire
in the bowl then add the The mixer and quantity of
N3 i let the mortar sand(F) while
slag to the water stand mixing at slow
(W+GGBS). ¢ neat s
speed.
Ready Slow speed Medium speed Stop Slow speed Medium speed
Y (30sec) (30sec) (90sec) (30sec) (30sec)
Place all the mixing water A(ili;;teit;n(t)}re
N4 in the bowl then add the The mixer and let the mortar stand | sand(F) while
slag to the water . .
(W+GGBS) mixing at slow
o speed.
1. W : Water, GGBS :ground granulated blast slag, F : Fine aggregate (=sand)
revolve the paddle at a rate of 140%5 rpm, with a planetary motion of approximately 62 rpm.
revolve the paddle at a rate of 285%£10 rpm, with a planetary motion of approximately 125 rpm.
S ASA R X 22| 3Es =28 M183 HM2=(2014. 3)

2. slow speed
3. medium speed
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Fig. 1 Flow test
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d3}

ARt A o] F]lo) oA ke 293t Hol
Eo} A=A g kS o] f1%k EF ARl S

a4 gkobd W= Ao s sk
3.2 A= EXM (strength properties)

Hige] e g5 %‘ 2 Fig. 2~Fig. 3° "}EM{O*E}

A 28Y 7K S 57 S T W/B Bl B
ol skl 57t 2Mel aME 7k ek —0—7}
RS & T ATk o= 718 AASC EEelME wHE
¥ BAAQl 4 (Vladimir Zivica, 2007; Fernandez-Jimenez
and Puertas, 2003)°.% A0 s=rt S7Fge] wet
VRS R gkeAdo] SXEQ] wiEow ddEnt.

Fig. 2614 W/B H]9} &/dslA| 9] wte #AIglo] ZH=A)
o] ForHlo] =oldFE USFAEE Tk Flo®E Y
EpsiT.

Fig. 3 4574520 ¥ishs wighg el zfolof] whe} viet
A o]t

W/B H]7}F 0.4%1 75 vig o] e h57e] Alol=
W/B H|7}0.5%1 Z-¢-ol vlaf oz oz A vepgtt o]
= W/B H|7} 52 AASCO| wigolr= =Ae] JFnt
At 12 S Flo]AES] 8 Hkgo] 25k #o]
AEO] fgfo] Aol ARl Ao g fekEth W/B BI7t
0.5¢1 A5+ A2 w57t aMY w7 oMY wjEch
RS E A vER Tt ek wiB HI7F 2 7% AASC
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Compressive strength (MPa)

Compressive strength (MPa)

2M NaOH 4M NaOH
20 —o—NO 204 —=—NO
—0—N1 —o—N1
—A—N2 —A— N2
15 15
—>—N3 5 ——N3
—t— N4 —*—N4
10 +——ppr—vr—"--t--r—-"-r-"—m7 10+t
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Age (days) Age (days)
(2 WB = 0.4
50 - 50
2M NaOH 4M NaOH
—0—NO —=—NO
45 { —O—N1 45 —_@—N1
—A—N2 —A— N2
. —o—N3 — ——N3
T A0 e &0 N
=3 2
= 35 = 35
S) )
c c
g 30 | g 30
[Z] 2]
o )
> >
3 25 / % 25
7] 1]
Y Y
2 / g
S 5] / -
S . S
(&) O
15 ] 15
10 T T T T T 1 10 T T T T T 1
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(b) WB = 0.5

Fig. 2 Compressive strength of curing ages
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(b) WB = 0.5

Fig. 3 Compressive strength of mixing method

Table 4 Relative ratio of compressive strength at 28days

W/B NaOH N1/NO N2/NO N3/NO N4/NO
2M 1.025 1.074 1.088 1.161

W/B=0.4
AM 1.008 1.065 1.077 1.108
2M 1.033 1.067 1.078 1.127

W/B=0.5
4M 1.005 1.057 1.086 1.137
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Fig. 4 Flexural strength of mixing method

3.3 XRD 24 (XRD)
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A : Corundum
S : Sodium
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(a) W/B=0.4, 2M NaOH
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(b) W/B=0.4, 4M NaCH
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Qe Q : Quartz
A : Corundum
a l s S : Sodium
— CLAMAS a2 e e a o oM
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i~ , M " N1
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(d) W/B=0.5, 4M NaCH

Fig. 5 XRD analysis at 28 days
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3.4 Z0|HH3} (length change)
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(a) W/B=0.4 (b) W/B=0.5
Fig. 6 Length change
Table 5 Summerized length change of different mixing method
W/B Age Length change (%)
. Dosage
ratio (days) NO N1 N2 N3 N4
7 0.0120 0.0117 0.0118 0.0245 0.0646
D1 28 0.0528 0.0353 0.0295 0.0886 0.0994
@m) 91 0.1058 0.0882 0.0825 0.1225 0.1468
W1 182 0.1234 0.1235 0.1178 0.1371 0.1646
©.4) 7 0.0117 0.0054 0.0127 0.0234 0.0353
D2 28 0.0529 0.0353 0.0530 0.0642 0.0706
“4M) 91 0.1284 0.1221 0.1231 0.1321 0.1425
182 0.1425 0.1435 0.1451 0.1588 0.1745
7 0.0117 0.0176 0.0176 0.0153 0.0117
D1 28 0.0412 0.0529 0.0470 0.0487 0.0586
M) 91 0.1065 0.1173 0.1227 0.1328 0.1517
W2 182 0.1322 0.1378 0.1381 0.1510 0.1782
0.5) 7 0.0293 0.0187 0.0293 0.0312 0.0412
D2 28 0.0880 0.0715 0.0821 0.0885 0.1059
(M) 91 0.1688 0.1637 0.1684 0.1853 0.1934
182 0.1921 0.1885 0.1910 0.2058 0.2275
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