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Parameter and design method for alkali-activated slag concrete mix

Yang Changhui' . Yang Kai', Pan Qun®, Chen Ke', Zhu Xiaohong'
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Abstract: This paper examined the effects of crucial parameters, including W/B, binder content, alkali
component, on compressive strength of alkali-activated slag concrete. Based on results obtained, the
statistical distribution and variance (standard deviation) of compressive strength results were estimated,
and the analysis results from experimental data indicated that the compressive strengths of AASC at the age
of 28 day fitted normal distribution and is inversely proportional to the liquid-solid ratio. The relationship
between W/B and compressive strength was established through regression analysis, the regression
coefficient of formula a, and a, is 0. 796 and 0. 897 respectively. As such, a simple mix design method for
alkali-activated slag concrete was proposed.
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Wi R E A B8 3R 2 55 B B 45 min,
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Table 1 Chemical composition of slag used in this study %
SiO; Al O CaO Fe; O3 MgO K;O S04 TiO; MnO loss
33.22 13.54 37.06 1.47 9.23 0.49 0.35 2.89 0.74 0.63
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Table 2 Properties of water glass

) X W/ n )

Si0y /% Na,O/% W FpE ‘ AL Ak %
(g+cm %)

29.54  12.40 48 1.46 2. 46 49.52

2 RBEERSHH

2,1 Wy BERRINMERENSGHNESHR
HE

A TR i ol LIVl 2 AR a2 W D o a1 2
A R) R < VR B3 70 s 5 BE 0 A R S H e sl v (R 7
25) . W T [RIACIR BE 4 8 R RO LR B R AT IR
A AT AL J7 2 W) — e o 1 a0 A R IUA
HHT . ¢ T 00 i TR 58 b ok B o A S = 21
B AR D, A% SCAE W 58 A R B 2L G R KRS L 2% 14
TR I TR R R R R A AT AR T 250K Vi
T5 2= SHUEMRE Z R SC AR LU T 6 IR BE R
A b T 022 5 ROk 45 o TG R R I YR R 1 Y
WAL 5 K B 35 (WG) fil NaOH, B R B &t 1L
% 3,

B1 25 T AR KRS L 45 4B 7K 358 Al NaOH
WO AT W TR B SR B A A AR G . N ] LA
Bl AR DFKE AT KB E
BBV TR 95 1 P R R B ] S 5 T NaOH 2h i
4y Gt 25 MPa DL b)) 5 2) 76 R 4L 9 5 14 °F



124 r REHRLE R HE A %39 %

B AT U TR 5 - B s 56 2 IR IE 25 20 A 5 3) 1E Bl 4
FRTR 25 AF T 0 a2 1 i 22 A 0T 5 4) B 2 73 28 T X
AT VA TR 5 b BT T 5 i 22 A Y 35 5 0 L K R U
KB T NaOH 3k B B0A™ i TR BE .
®3 WYERRLIES
Table 3 Mix proportions of alkali-activated

slag concrete examined in this study

R ERE #iE
FHK A/ ‘ i/ ¥/
RSy RHHE/ KK , R
g m %) (kgem %) (kgem %)
(kg»m3) HHO
122.5  0.35 755 1130 10
140 0. 40 745 1120 10
350 157.5  0.45 740 1110 10
175 0.50 735 1100 10
192.5  0.55 725 1085 10
157.5  0.35 660 1105 30
180 0. 40 650 1063 30
KB H
450 202.5  0.45 655 1065 10
(WG
225 0.50 635 1035 30
270 0.55 625 1025 10
192.5  0.35 570 1015 10
220 0. 40 565 1 000 10
550 247.5  0.45 555 985 10
275 0.50 545 965 10
302.5  0.55 535 945 10
140 0. 40 755 1130 10
157.5  0.45 750 1120 10
350 175 0.50 740 1110 10
192.5  0.55 734 1100 10
210 0. 60 727 1090 10
180 0. 40 660 1 080 30
a4 202.5  0.45 653 1065 30
. 450 225 0.50 645 1 050 10
(NaOHD) 247.5  0.55 635 1035 30
270 0. 60 625 1025 10
220 0. 40 575 1020 10
247.5  0.45 565 1 000 10
550 275 0.50 555 985 10
302.5  0.55 545 965 10
330 0. 60 535 950 10
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20
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Fig. 1 Effect of activator and W/B ratio on distribution

of compressive strength restuls

FEA T £ AR A TR T i e i 5 — 5
SR B 2 g5 TR TR L 5 B O 25 R
210 95 Y0 B A X R . AR B 2 Bl vT . oK B 5 Oy
B (P B TR B R PRS2 Ak 4.5
MPa, 5 %38 1R 5 50 5 B 7 25403 5 04l 50
NaOH B, §T RS 1 )7 224 1. 3 MPa, Bg A% 3855
TREE PSR Jy 221 1 oAb, Bl 4L o A ) A
K B X A 785 Y B - R S B A 22 5 I 5 AN B
8o 33X e B AR AL 43 Fh 28 AN (H 52 e Bie R 5 B 1 {E, %t
Houk sh e R w3 . KBRS OR 0 BT R TR
BEEPUERERSITRESEX AL ELE
P Gy A AR BIE 5 R I ol 9% NaOH., 4 i
B (9920, B B oA R, B, HG T R R
E TP iR B B RN



P KA, By R L RA AR TS &I Tk 125

o B LE v IS AR A R R S W (A 3
JrR) .

=
=3
1

7.0

]
=3

o
(=3
2
—
[~ (=3
(=] (=]
o0

3.0r

95% Confidence Intervals for StDevs
3
)
Z

28 dHiJEEE/MPa

A & L,
W% 04 o5 5oz 05 05 AN A o
KB HLI% KB H1% A o
(a) BRA15Y: K BEHE (b) BR414} : NaOH o At
0 2
A

B2 WASMKKILETERELIREREAEZENZEMN
Fig. 2 Effect of activator and W/B on standard devation

a
S
7/

0 L L L L , L ,
of compressive strength results 03 035 04 045 05 055 06 065

. . H: @ Waterglass A 711::&05 "

2.2 KRR EMEBHENHT ERELIRE — — Z¥E(Water glass) R=0.93 — Z#:(NaOH) R?=0.851 2
3% FE Y &2 i 3 AEAREASIZHTHY ERELEES

A B0 3 R OB - I LR K I e 2% R
i ﬁ;lj §§ E ?ﬁ[] {% E }K/A\ :—ttﬁﬁ fE“’ [2-3. 14] . H ﬁfj‘ s 3§ T (]},ﬁ @* Fig.3 Relationship between compressive strength
S TR O R AR L Sk B 0 Y O and W/B for alkali-activated slag concrete
A L A I T 3 R R . i
MR K B L T R G R L AR R B Rk B oof !
5 NaOH BRI BRALSY 75 3 A I A4 ek Tt K P ol
S 5 AR R R L SRR RS g ]
HECIRBE L RIRRE A IR ). g s

3 4t T PTRRBALL S A R UK B (A ERE T )
b BE 19 4 PF F 950 38 B 400 0 7 0% 4 B 41 43
AT B 5 385 16 958 -F- 1 3 I 9 B ot /K I B 38 L i .
- LA R OC R BOR T 0. 85), X F 3% Ji 1 PSS o s s wm w w e w0 w
BE SURICIEAE 0. 38 ~0. 65 J0 B Y- 4t I 52 % 5 ()WORETEAFRR  (b) WORE S HMICER
K BE VU )R 77 76 — A 2 X 10 i R o =i ol
I R . BiE L 4 BT A R L I )
4 E LT A FTR AR, BRI NOH o 2sf :i.;je
SR LR E MR % (5 MPa LD AT 3 3 TS
B WO AL(10 MPa DL % 2 th FRidlz iy &7 g”?éf?&fT
2 SERTECCULIE 20 T FL . 5% 2% S AR A 5 0 75 4% o] g T
A6 ELE 5 53 5 7 0000 T 000 B E T BT 45 S 1 1 ' A
DE R

A0, 24 e BRI R A 350 kg/m? B i S e o0 wm m o
550 kg/m® ], GRAT i VR B - 0 R 5 B S A IR (i (c)NaOHEZZEIERMKE  (d)NaOHFRZE 5 HMME X &
REEMRIEIE Sy 7 MPa) . R i 18 G FF AR A B4 BEERELEESAREENLRBENS
AR R RTHE R L TR B 1 5 7 FH K o I I E A R Fig. 4 Analysis of residuals for regression relationships
TS, 30 K 1 R AR S BT i R e 1 LB DA between alkali-activated slag concrete

T TR R R BER R T I T R 0 B R R . AR A (activated by WG and NaOH) and W/B



126 + REHR YL KB LTE

% 39 %

W78 B 22 B, A8 B S 5 5 5 K IR b 2 4R
KFR AH IR I I I R B ARE R A K B B U Kk
BF 0 5 55 K RS B A OC R (0. 93) BB i T
NaOH 3 % (IR % + (0. 85), L4 BFEAR T 2.
Pt e 9 B I 7K e b AR Ak 3 L L T e 5 B 5 K RS L A
SN AR 5 T 7K 3 B TG ) AR R 4 A Y B
IR GE L.

R4 8 3 VR B - T A L T AR DG 55—
201107 YR - BE 5 B 5 K e L ) 1 AR oG R ]
i 2 (DA E .

W aafb
2= Gl 1
B fcu.o +01a0(bfb ( )

s S0 R IR BE 4 O ) 58 . MPa; W/B Ry iR B +
IR s 1 R e B 28 d e Rb 4T JE 58 BT, MPas i
EERRL 28 d BEAD BT SR IE S, TR AT AR HECK B
I D i G By 7 1 12 ) (GB/T17671) 52 5 000 sy,
HVEES

H AT > & F 0800 78 TR E 1 /9 A ¢ 18105 7 0 %
A, AURBA PSS R R YA R
KB I B R 500 B BRI I AR B () 5
52.5 % fk R 46 AP SR AH T . AR (D FE 3
o T 7 B I 235 SR S X6 7K B 3 0k 1) R i VR O
B B A7 Al 2 M 1 43087 5 1 e 5 (D g Rl
ZH a, Foa, 433K 0,796 F1 0. 897 (3 . & I F 52
fic 28 d HiFE 5k FEAE 40~80 MPa 2 [] ff) fig ™ ¥ TR 5t
1.
2.3 WU BRRLIEAILEITAE

FEFUAR A I A 55 R 2 8 B AT b S A A
TR BE 1 0 R FURR ) o i TR BE A IR
Tk 5 E R EE LA it LR ) (JGT 55—
201D L AR L, LR BRI R (A K S5
H X 5EAS M ]G] 55—2011 HlE) -

L)W 78 B s T e BC SR X T i TR
Wt - PU R 3 AR IR R O 95 %6 R Ik L S T VR Bk
Pt e ok B2 ATl X (2O i

Seao = fax + 1,645 (2)

s S0 MIREE L SCELHUE IR JE  MPa; [ W IR EE
+ R B 25 (8, MPas o VR §E 1 30 E 58 B b
#E 22, MPa,

2) B 7 A 5 R R b TR B AR U 25 (o) AR
P 2B 1 00 o T 356 FH AT 9 R O 3k A B i VR O
AR 2 (o)

(DY EAE 1~3 4 H W[ — 5 [ — 5 B2

S5 GIR BE L A 5 R TR, HAAE 4LEOR /N T 30 B
TR B - 8 B o of 2 10 4% X (3D 715

Zf fai Mg,
- n—1
Ko MU BE L 08 BEARHE 225 fo A ¢ ALl
R MPas mi, A n 24K 09 58 B V- (. MPa; n
i A i 4B

(2) 76 B A MBS 1 DL T 5 T AR 4 A U 55
DA 1 S PE .l KB U R i TR B 4
JESREE (R 2% 4. 6 MPa(3 DK ST L s it
TR BE TR SR 7 22 T HMED

3 E R S RD P R B R AR B Y vk
P 7K B T 2 B IS RD SR EE () o T B 2
MOKBEESBECHR 1.5 B AERCY B AL BT B
3 J R S 4 it K 8 e e i R AR 6 O ok k)
(GB/T 17671) /1 42. 5 2% 7K I B 3K . 1 5% 24 1+ 384
5% B R 52. 5 R BER [ref],

4) ff 5 BB A TR BE KT AR SE TR B 1
PUE 58 B AR 2 KA 20 GROCD) i e B i TR 6+
W HE KIS L

5) B 8 B TR B T K & B KR
&+ FHK & 0B G B TR & LA i i R )
(JGJ 55201 1) H [y R o AR 85 KL 15 A6k 1 oy ol s 42
it T B SRR EE A8 L B K &

6 Bffy 2 B VA TR 05 1 A T IR BE A R R i e
B K 2 05 R (OB s A R

Mo

W/B
g R B ST T KA & kg/m® s m, AR
Be A Lo A o7 7 KR TR e £ K3, kg/m’

DR W EREE T HERA LS
B b8 O B R o e PR R TR BE R A iR
RG] 55201 D5,

B4V VRO M Al R T = R B R
SEJTORIREE T FEA Y o€ B (kg) » AT 2 350~
2 450 kg/m®,

3

4

My

3 &g

WEFE T AN RIC A He 2 8 ORI LG il 4 43 26
JEE S5 A A P D ) Rl 40 3 R 9B L 7 T 55 B2 O A R
575 Z2 R G 20T 4598

D) fff K B 38 5 NaOH 8% i B 7 i TR 5 +



% 4 H

M RAE, B SRR LR L AR B L R T R 127

PO 9 X AF B IR I3

2) AR IR o3 25 0 T B 7 VR 6 4 B 5 UK e
o SR OC R L OBk 22 3950 43 A A8 S0 95 0 O £F
B IEA AR UE B 8 7 TR RE 8 R 5 KR L 1 £k
PER R IMAT .

3) 7K B 5 R W B I VR R L T O AR
FLFC A e v 77 v AT DL BRI 6 ik it
Tk AT A AKX B R E a0 B a, 435104 0. 796
F10.897,

Y SCHARR T 7K 3% 385 0 B T TS R 1 KRS L
HHUEBE LR ITE T BB R 5 (e Flay)
P TR BE A R R T i TR
B W T ER R ) v OC TR BE R & it 2 8
TEFEAHE RO BT E W 22 T 2P B .

S 23K

[ 1] GARTNER E. Industrially interesting approaches to
“low-CO, ” cements [ ] ]. Cement and Concrete
Research, 2004, 34:1489-1498.

L2 ], e ik S5REE LM JLat. B2 R
. 2010.

PU X C. Alkali-activated slag cement and concrete
[M]. Beijing : Science Press,2010. (in Chinese)

[ 3] CHOIJI, BANG Y L, RANADE R, et al. Ultra-high-
ductile behavior of a polyethylene fiber-reinforced
alkali-activated slag-based composite [J]. Cement and
Concrete Composites, 2016, 70:153-158.

[ 4 ] GARCIA-LODEIRO I. FERNAMANDEZ-JIMENEZ
A, PALOMO A. Variation in hybrid cements over

time. Alkaline activation of fly ash - portland cement
blends [J]. Cement and Concrete Research, 2013,52;
112-122.

5] BEL, Xz, RHMA. BB BRIR R I &M R
NP R SELT ], mERR R =4, 2004,32:311-316.
YIN S H, WEN Z Y, YU Q ]J. Study on reaction
products of alkali-activated carbonatites cementitious
matierals [ J]. Journal of Chinese Ceramic Society,
2004,32:311-316. (in Chinese)

L6 ] BRAa, WOk BBl oy iR 8 Lot s o5 )]
R A F AR, 1997, 69.5-6.

CHEN Y Z, PU X C, Research on the frost resistance

of a new type of alkali-slag concrete [J]. Low

Temperature Architecture Technology, 1997, 69:5-6.
(in Chinese)

[ 7] WANG S D, SCRIVENER K. #Si and Al NMR
study of alkali-activated slag [J]. Cement and Concrete
Research, 2003, 33:769-774.

[ 8 ] NAZER A, PAYA J, BORRACHERO M V, et al.
Use of ancient copper slags in Portland cement and
alkali activated cement matrices [ J]. Journal of
Environmental Management, 2015, 167.115-123.

LI mmE, XI5, xlg. mo K IR EE L1k m
R W LT, IREEL ., 2006,198:17-18,29.
YANG C H, LIU X F, LIU J. The research progress
of chemical admixture for alkali-activated slag cement
and concrete[ ] ]. Concrete, 2006,198:17-18,29. (in
Chinese)

[10] BERNAL S A, PROVIS ] L, GUTIERREZ R M D, et
al. Accelerated carbonation testing of alkali-activated
slag/metakaolin blended concretes: effect of exposure
conditions [J]. Materials and Structures, 2015, 48(3):
653-669.

[11] GUY M, FANG Y H, YOU D, et al. Properties and
microstructure of alkali-activated slag cement cured at
below and about-normal temperature [J]. Construction
and Building Materials, 2015, 79:1-8.

[12] RASHAD A M. A comprehensive overview about the
influence of different additives on the properties of
alkali-activated slag: a guide for civil engineer [J].
Construction and Building Materials, 2013,47: 29-53.

[13] GRAYBILL F A, IYER H K. Regression analysis:
concepts and applications [ M ]. Belmout, Calif:
Duxbury Press, 1994.

[14] NEVILLE A M. Properties of concrete [ M]. 4™ ed.
Harlow. Pearson Education Ltd,1995.

[15] PU X C.
concrete [ M]. Taylor and Francis Ltd,2011.

[16] e B LB A b A . JGI55-—20110S]. dbxt:
o [ g A Dl s A, 2011
Specification for mix propotion design of ordinary
concrete: JGJ55-2011[ S]. Beijing: China Architecture
and Building Press, 2011. (in Chinese)

Super-high strength, high performance

(% ZFH)



