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A Experimental Study on the Strength Improvement of Ground Granulated Blast
Furnace Slag Concrete Using Recycled Aggregate Powder as Alkali—activator
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Jeon, Chan-Soo Ryu, Dong-Woo"

Department of Architectural Engineering, Daejin University, Pochen-Gun, Gyeonggi-Do, 11159, Korea

Abstract

Accordingly, this study, in order to use powder of recycled aggregate from production of recycled aggregate as an
activator of ground granulated blast furnace slag, the influence of added recycled aggregate powder on physical properties
of concrete induced ground granulated blast furnace slag were analyzed by hydration stages. The results of the study are
summarized as follows: Except for samples eluted powder of recycled aggregate 1%, all the samples were high alkali
suspensions with higher than pH 12.0. In particular, when eluted time was 5 hours, the sample eluted powder of recycled
aggregate 3% showed about 15 mg/] of calcium hydroxide that was not different from the amount of calcium hydroxide in
the mixing water eluted powder of recycled aggregate 5%. Hence, from this results, it can be considered that optimal eluted
powder of recycled aggregate was 3% in this study. When using mixing water eluted with powder of recycled aggregate,
compared to use of ordinary mixing water, it showed greater compressive strength in the entire ages, and in the sample
replaced with ground granulated blast furnace slag by 50%, its compressive strength was greater than that of the OPC. As
use of mixing water eluted with powder of recycled aggregate in concrete used with large amount of ground granulated
blast furnace slag was more effective for improving compressive strength than ordinary mixing water, it is verified that
powder of recycled aggregate had an effect of activator.
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Table 1. Experiment factor and tests of fine powder obtained
from recycled aggregates

Fine powder obtained from 1,23 4,5

Experiment recycled aggregates(wt%)
Factors Time of immersion(hr) 0,051,234
5, 12, 24
) 0, 05 1, 2, 3, 4,
ICP-OES mass analysis(hr) 5 12, 24
Tests pH measurement(hr) 05, 1, 3, 5, 24

Setting Time 5-minute intervals

Ol
—

L3} AAAIES wlolst 3 GGBS &%) £AZEES Al
o &Ze| A=A =AY S871s3E ARSI 53
FYE A99] 79 ufiglpoll 3haA) nlEde] H7t R
2 GGBS A[ghgo]| ke ZAES] ey EAS
4815t

ZAYE vigbEAY] - SAAHE 50%= 178513
on A 9ke- 300kg/m’E AAEITE GGBSY A
3h8-2 10, 20, 30, 50, 70 (%) AR Tolale] 27|
2 ZAUES] FVH, SHEE S5 A3t 2
EQ] Ao 3, 7, 14, 28 UoA EAEE 251
T}, Z32E vglE= Table 29} 7o, #a2|EQ] Ay

QIA} W =20 Tagple 33} Zth

o i

&

Table 2. Mix design of concrete

Binder Type of mixing Aggreg?te
W/B S/A water Super  (kg/m)

Specimen (%) (%) Water by plastlngar

°F V% Cement GGB§ Tap- led (kg/m”) Fine G
(kg/mS) (kg/m) water recycle Ine Goarse
aggregates

Control 300 - 150 - 850 1004
Control-3 300 - 150 850 1004
BS10 270 30 150 - 849 1003
BS10-3 270 30 - 150 849 1003
BS20 240 60 150 - 847 971
BS20-3 50 46 240 60 - 150 0.60 847 971
BS30 210 20 150 - 843 966
BS30-3 210 0 - 150 843 966
BS50 150 150 150 - 753 889
BS50-3 150 150 - 150 753 889
BS70 90 210 150 - 748 884
BS70-3 90 210 = 150 748 884

Table 3. Experiment factor and tests of concrete with fine
powder obtained from recycled aggregates

W/B(%) 50
S/A(%) 46
' Tap-water.
Experiment 3 > )
Factors  Type of mixing water Wart)%rwgérlrgtr)?:irnsg%nfgnjlne
recycled aggregates
GGBS(%) 0, 10, 20, 30, 50, 70
Slump(mm) o
Tests Air Contents(%) Each condition

Compressive_Strength(day) 3. 7. 1428




Table 4. Physical properties and chemical composition of

cement
Setting time Compressive
_ Densty Fineness  (hrmin)  1gloss strength(MPa)
Pysical (gem?) (erBlg) ————— (9 Soundness ST STRVAT
properties Initial  Final 3day 7day 28day
315 3376 412 501 273 0.12 31.6 448 568

S0 Ay Fe0s Ca0 MO N0 KO SOs  lgloss
242 064 106 163 273

Chemical
oMposion 013 578 332 6229
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Table 5. Chemical composition of recycled aggregate powder

Chemical (fgmg’r? S0, ALOs Fe:0s CaO MgO SOs Ig.loss
Compo

~sition CO([]/“f”t 485 117 41 298 19 15 25
Table 6. Physical properties of aggregate
Maximum Fineness absorption  Solid  Unit volume
Type of aggregate size modis Density ratio volume  weight
(mm) (%) (%) (kg 2)
Coarse aggregate 20 680 289 148 5840 1.69
Fine aggregate 5 28 2% 233 64.35 1.68

Table 7. Chemical composition and physical properties of GGBS

Chemical " S0, AbOs Fe:O5 CaO MgO SOs Igloss

Compo

~sition Co(f,‘/t?m 3182 1748 052 4379 444 379 036
_ _ Flow Activity Coefficient(%)
) Fineness  Density Ratio
Physical - (om?lg)  (glem®) T 7d  28d  91d
Properties (%)
4,420 200 103 68 98 126
2.3.5 A FAEZSA

B A7) AMSE I ABRGAY 81t E4e

Table 81} 7t}

Table 8. Chemical properties of admixture

Main

Type Color Density Chloride Toxicity
component
. polycarboxul . . light 1.18
Superplasticizer ate-based liquid brown  +0.05 X X
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Table 9. Results of pH measurement

pH measurement

TP il 05n ih 2n  3h 4n 5n  1oh  24n
1% 99 115 118 119 120 120 119 119
2% 106 120 122 122 122 122 121 121
3% 8.15 10.7 122 123 124 125 125 125 124
4% 10.8 123 124 125 126 126 125 124
5% 10.9 124 126 126 126 127 125 125
14
13
'E 12 4 ; M O ———{—
g Y.
g
@ f —o—1%
g 10 —— 2%
. ]y’ 3%
z f 1%
. — 5%
7
] 05 1 2 3 4 5 12 24
Time of immersion(hr)
Figure 1. pH according to powder amount of recycled aggregate
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Figure 2. An amount of calcium hydroxide according to powder
amount of recycled aggregate
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Figure 6. Results of slump test
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Table 10. Results of compressive strength according
to curing age

Compressive strength(MPa)
Type

3day 7day 14day 28day
Control 12.12 20.31 25.23 28.12
Control-3 11.81 21.02 25.02 29.01
BS10 11.03 18.64 26.32 29.03
BS10-3 11.8 19.67 27.15 30.7
BS20 10.63 17.12 27.33 30.03
BS20-3 11.18 21.12 28.48 31.61
BS30 9.88 18.05 29.00 33.00
B30-3 12.26 21.45 30.78 35.9
BS50 7.01 13.09 20.27 25.11
BS50-3 9.79 16.30 23.87 28.55
BS70 454 10.19 15.07 19.56
BS70-3 7.34 13.85 18.75 23.71
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Figure 8. Results of compressive strength at 7day
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Type P.AI(%)
3day 7day 14day 28day

Control 100 100 100 100

BS10 91 R 104 103
BS10-3 97 97 108 109

BS20 83 84 108 107
BS20-3 R 104 113 112

BS30 82 89 115 117
BS30-3 101 106 122 128

BS50 58 64 80 89
BS50-3 81 80 95 102

BS70 37 50 60 70
BS70-3 61 68 74 84
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