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A Study on the Compressive Strength Properties of the Ternary Blended
Non-Cement Concrete using Ternary Diagram

Yu-Jin Jung', Young-Su Kim**

Abstract : To improve the problem of strength reduction of unary and binary blended non-cement concrete that occur at room temperature, comparative

analysis was conducted based on the slump and compressive strength properties of ternary blended non-cement concrete in which cement was replaced
with silica fume, fly ash, and blast furnace slag, and the following conclusions were drawn. The ternary blended non-cement concrete showed higher
compressive strength than binary binder concrete, and the slump reduction was less when 10% silica fume was mixed. In addition, the appropriate

composition ratio range of each by-product was suggested according to slump and compressive strength level based on ternary diagram.
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Table 1 Experiment factor and assessment

Alkali Activator Solution /

Binder (%) 30
Alkali - Activator NaOH Na,SiO;
2. &l g ratio (%)
Experiment Alkali - {Activator 10
21 Asle Factor Molarity (M) _
Silica fume :
H AT = AHMEE F712EAZ 100% X 81438 . i 10, 20
Binder composition
A, 24 8A, 3 EA PARE F) 2o o £} g} ) Fly ash, lastfumace slag:
S5 54L vebsta, AR EE TE €2 2 AR 50, 60, 70, 80, 90
28U == FEE 4 FUIEEA S e B E Slump (mm) Fresh concrete
A AR Assessment  Compressive Strength 3.7 14.98 da
(MPa) 1o I 2o ays
Table 2 Mixing design of concrete
Unit Weight (kg/m®)
Mixture ]gﬁdse/r i/a . Alkali - Activator S.P
(%) (%) SF FA BS Fine Aggregate  Coarse Aggregate ~ NaOH Na2SiOs (%)
(Solid) (Solid)
SF100 360 - - 759 838
FA100 - 360 - 762 842
BS100 - - 360 812 897
SF10 FA90 36 324 - 761 841
SF20 FA80 72 288 - 761 841
SF10 BS90 36 - 324 806 891
SF20 BS80 72 - 288 801 885
FA10 BS90 - 36 324 807 891
FA30 BS70 - 108 252 797 880
FAS50 BS50 - 180 180 787 869
FA70 BS30 - 252 108 777 858
FA90 BS10 - 324 36 767 847
SF10 FA10 BS80 36 36 288 801 885 % %
SF10 FA20 BS70 50 47 36 72 252 796 880 (28) (34) 1
SF10 FA30 BS60 36 108 216 791 874
SF10 FA40 BS50 36 144 180 786 869
SF10 FA50 BS40 36 180 144 781 863
SF10 FA60 BS30 36 216 108 776 858
SF10 FA70 BS20 36 252 72 771 852
SF10 FA80 BS10 36 288 36 766 847
SF20 FA10 BS70 72 36 252 796 879
SF20 FA20 BS60 72 72 216 791 874
SF20 FA30 BS50 72 108 180 786 868
SF20 FA40 BS40 72 144 144 781 863
SF20 FA50 BS30 72 180 108 776 857
SF20 FA60 BS20 72 216 72 771 852
SF20 FA70 BS10 72 252 36 766 846
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2.1.1 vi A
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and Yang, 2018). A/ EE AT ZdA 2= A7t & &
gholof A, RS 11 v TS AHS-S A o 243 A 9F 34
EACA A7 F2 10, 20(%) = EY3st] widsiATh
TG B A A AREE s AR EE 90kg/m’ W
o] 2A5}= 61.7kg/m* 2] H,09} TP EF 90kg/m® Wlol] &
A&t 56kg/m’ 2] H,O7F ARE-E| ATk A 1A 2 3 7FH
3} v §2 A= Table 1, 20014 YR SITE

2.1.2 NREAZ

E AT v WA vl g 24 4121 Aol A ES
I AP EF -80S ST vleh A, Al eF ¢E
DA E 2 E YAl Yt 287 st om 1
Zo] Fo A T3] 3BT A0S AN S T A
5 55t 387 1408 AA ST vl g A S BE FA
A= 0 100mm x 200mmZ Y3 FA| A& |2tk T3,

A T 247 SR Ao A T 7 A §F T Rt 520
+3CE FA S 5SS AT

22 ABRi=Ze| EY

2.2.1 ZA

B Ao ARSE FH2 ZA12] Aol 72 25 mm ©]s)
o] A& AHESEA oM, A= 5 mm ©|3ke] AR E A
|3ttt slld =419 S22 543-2 Table 33 2t}

Table 3 Physical properties of Aggregate

Type of Aggregate Coarse Aggregate  Fine Aggregate
Maximum size (mm) 25 5
Fineness modulus (F.M.) 6.5 2.95
Density (g/cm®) 2.65 2.6
Weight of 1,680 1,650

unit volume (kg/m’)
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Table 4 Physical properties of binder

Blast furnace

Type of Binder Silica fume Fly ash slag
Density (g/cm’) 22 225 29
Fineness (cmz/g) 200,000 3,680 4,486

Table 5 Chemical composition of binder

Comg;;ition Silica fume Fly ash Blasts lf;:lgrnace
SiO; 9221 61 27.56
ALO; 0.38 22.83 16.19
CaO 0.51 2.64 43.39
MgO 0.72 0.87 6.63
Fe,0; 0.09 5.57 0.86
K,O 0.23 0.96 0.63
Na,O 0.41 0.35 0.20
223 47 89

2 Aol AHEE e &4 FASVES Bd
W] T ER(EE)S ARSSHATE &e] E49siAl
£ TARFEE(SIO; 28.8%, Na,O 9.0%, HyO 62.2%) % =5
98%0]’ 2] FAIUEF £THe AMESIoH, TSI E
F 2R BAFS 53 10M2] AU ES 89S A
z3lo] Ao A EFTH 1 : 1 HE&E E55te] 2447 5
R FYBHA 4ol =5 STk

olw, 10M2] FASPIEF T8 kg 0.314kge] 113
H(solid) 7} 0.686kg 2] HOE 73 ¥ o] 2] 2™ (Rangan, 2008)
THHIES 489 1kg 0.378kgel 1FE} 0.622kge]
H0% 745 Utk
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Table 6 Physical properties of superplasticizer 31 &8=
1.1

Kind of . . 3.1.1 4 4EA Y e 4=
.. High range water reducing AE agent _ _
superplastiizer HAAYANE ALST 1 BA ) £ 2R AT Fig. |
Main component Polycarboxylate 3} 2Tk 1ABAle] ¥ TE nasy 7 nEe Zajold|
Lype Liquid A, AP Fe0R B e Ve e s

Color Light brown

[e]
=
Specific gravity 1.05 o 2Aa7 E2100% X835k 749
7} <

3. Aledzan 9 &t ol Ag)7l Fo| A$ BU e} ol FEF Eo) i
AR 9] Fo] TVl Hol fr8d 1A Uehd o=
1,2, 34 8A ZAME 38| EC] &2z 9 7} AjF o) ¥ TeE =23, STl = 78 dAE AR =Y 9
& &=l ok A8 AT Table 734 2T @l 2fal) f-ggo] A, Fepel7h100% £
739- vlAAEAAd Eo] F718I] AEAIE F& gt uek 4
Table 7 The result of slump and compressive strength 301 7| Fol(Lee, 2014) EHE7} A S7FoHA 5 A
° 2 gotety n2&e 1 vjE o] 100% EJE A, 2L
Mixture Slump Compressive Strength (MPa) 2Ly v TH 584 guto] gAlEo] 9Jo] &
(mm)  3days  7days 14days 28days T&°] 27] W&ll(Kim and Kim, 2016) €527} 7P =7
SF100 65 174 208 223 23.1 Uehd Ao 2 Ao
FA100 110 73 106 137 155 2782A1NA EEM ciAlet RS T mlE e} FgHI
SF10 FA90 95 92 128 148 167 ii‘é‘ﬂﬂl njEgo] TUHE 21 AL A5 S| e
SF20 FA80 9 158 203 224 253 = 85~105mm = WYERSTE RS2 11 o] 10% E0E
SF10 BS90 9 189 251 305 357 73F €HEZE= 105mmeo ™, A2 T v]EEe] FAHE
SF20 BS80 80 193 276 311 343 o] T7VErE SHI= A&t AN =S L |
FA10 BS90 95 164 238 251 267 LS 70% SH8IAE 735 SHZI} v ST o] %
FA30 BS70 100 189 223 276 305 90%7H4] 100mmel] 24 £H2ZE Yehll= AS g1
FA50 BS50 85 146 178 209 241 T AR
FA70 BS30 95 126 153 182 219 3AEANA AE7EF 10, 20%) S EUTE 5 ZEtol <l
FA90 BS10 105 &1 121 143 155 Ao} nB2EY T wETe] FAu]gol mE S WElE
SF10 FAI0 BS80 90 151 257 341 366 Fig. 304 YERHATE A7t & 10% EYA 12S2H T 7
SFI0 FA20BS70 90 143 251 308 343 o] A& e S92 M= 90~105SmmE &
SF10 FA30 BS60 95 135 256 293 321 golol| A9} 12 &) 1 v R Te] A u] o mE ST W
SF10 FA40 BS50 90 188 321 404 439 S AR e As o UATE AT A7 &
SF10 FASOBS40 95 166 296 357 386 20% YA EH 2] M= 70~100mmE 12 EEY 1 1
SFIOFAG0BS30 100  13.6 282 353 375 4] FARE STl Wt S 27} A 8 W 70% S =
SFI0 FA70BS20 105 13.1 256 301 344 Je v £HZ S 70mmE LEESH I v 10% thy
SF10 FAS0BS10 100 142 228 264 293 30mm 74 AS & U
SF20 FAI0BS70 70 164 263 329 364 o|5 B3| 3 A FAWIE 38 E] £H == 27}
SF20 FA20 BS60 80 169 267 321 345 9 120 n)iEge] AN g FUIETE ol
SF20 FA30 BS50 80 225 322 378 403 ZHashE e o T AU o, ATt FY =2 U
SF20 FA40 BS40 90 202 303 351 376 9y vjEge] 7RIS STt IE EefolofA
SF20 FAS0BS30 90 174 286 330 365 TR &0 AR, Eo]s] gifo] Thaste] v 7
SF20 FAGOBS20 95 168 287 312 346 A3k Zlo]e} AE T

SF20 FA70 BS10 100 17.5 27.1 294 30.8
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Fig. 2 Slump of binary binder concrete with the BS replacement
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Fig. 3 Slump of'ternary binder concrete with the BS replacement
ratios
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