Journal of the Korea Concrete Institute
Vol. 26, No. 6, pp. 723~730, December, 2014
http://dx.doi.org/10.4334/JKCI.2014.26.6.723

nzsifa ojE2e| HSEIt AHE HojAES| 4 Dlxl=
Fekof| et A
USH" - ZHR" - O[BHS Y
Vgepdst diskel A%RA TS P Sdujsta BRICA A58

Effects of the Reaction Degree of Ground Granulated Blast Furnace Slag
on the Properties of Cement Paste

Dong-Yeon Kim,"

Hyeong-Kyu Cho,"

and Han-Seung Lee””

1)Dep'[. of Sustainable Architecture Engineering, Hanyang University, Seoul 133-791, Korea
?School of Architecture, Hanyang University ERICA, Ansan 426-791, Korea

ABSTRACT The usage of Ground Granulated Blast Furnance Slag (GGBFS) has been increased recently. Studies on the cement
hydration model incorporating GGBFS as well as the properties of cement paste done with GGBFS such as compressive strength,
hydration products and hydration heat have been the subjects of many researches. However, studies on the reaction degree of GGBFS
that affect the properties of cement paste incorporating GGBFES are lacking globally and specially in Korea. Thus, in this study, the

reaction degree of GGBFS using the method if selective dissolution, compressive strength, the amount of chemical bound water and

Ca(OH), were measured and analysed in accordance with water-binder ratio, replacement ratio of GGBFS, and curing temperature.
The results show that the reaction degree of GGBFS, the amount of chemical bound water and Ca(OH), in cement paste with GGBFS
were higher in conditions where the replacement ratio of GGBFS was low and both water-binder ratio and curing temperature were
high. Finally, the reaction degree of GGBFS was achieved at a value between 0.3 ~0.4.
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Table 1 Outline of experiments

spime [ Rt [ e T e
0.30PC 20| 0.3 0 20
0.30PC 60| 0.3 0 60
0.50PC 20| 0.5 0 20
0.50PC 60| 0.5 0 60
0.3S30 20| 0.3 30 20
0.3S30 60| 0.3 30 60 3, 7,
0.5S30 20| 0.5 30 20 28, 91
0.5S30 60| 0.5 30 60
0.3850 20| 0.3 50 20
0.3850 60| 0.3 50 60
0.5S50 20| 0.5 50 20
0.5S50 60| 0.5 50 60
*0.3S30 60 : 0.3 (W/B), S (GGBFS), 30 (replacement

ratio of GGBFS), 60 (Curing Temperature)

Table 2 Chemical composition and physical properties of the source materials (%)

. . Loss on | Blaine fineness . .
Materials | SiO, | ALO; | Fe;O3 | CaO | MgO SO3 KO | Na,O Tgnition (Cm? a) Specific gravity
OPC 19.29 | 5.16 2.87 | 61.68 | 4.17 2.53 092 | 0.205 2.49 3,200 3.15
GGBFS | 33.85 | 1479 | 046 | 42.63 | 4.84 2.65 | 0.446 | 0.248 0.02 4,500 29
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Fig. 1 method of experiment
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Table 3 Results of reaction degree of GGBFS

Age (Day)

3 7 28 91

0.3S30_20 0.166 0.204 0.262 0.282
0.3550_20 0.117 0.165 0.208 0.238
0.3S30_60 0.222 0.285 0.329 0.349
0.3550_60 0.132 0.178 0.229 0.262
0.5S30_20 0.184 0.236 0.316 0.341
0.5S50_20 0.139 0.198 0.255 0.275
0.5S30_60 0.253 0.340 0.369 0.380
0.5S50 60 0.151 0.230 0.295 0.307
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Fig. 2 Results of reaction degree of GGBFS
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Table 4 Results of compressive strength (MPa)

. Age (Day)
Specimen
3 7 28 91

0.30PC_20 54.25 62.72 71.84 74.66

0.3S30_20 52.07 58.84 68.84 71.56

0.3S50_20 46.94 57.93 64.56 70.88

0.30PC_60 55.75 66.73 75.58 76.84

0.3S30_60 54.35 64.76 76.12 78.30

0.3S50_60 49.32 61.60 67.35 71.56

0.50PC_20 29.05 32.99 43.98 46.60

0.5S30 20 22.99 32.59 45.07 47.24

0.5S50 20 21.12 32.86 46.70 49.05

0.50PC_60 33.37 38.37 46.87 50.68

0.5S30_60 32.04 37.24 46.63 51.56

0.5S50 60 34.22 38.57 47.11 51.97
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Table 5 Results of chemical bound water

Age (Day)
Specimen 3 7 28 91 3 ‘ 7 28 91
g/lg %
0.30PC_20 0.128 0.144 0.162 0.173 9.835 11.080 12.470 13.290
0.3S30_20 0.119 0.126 0.143 0.159 9.146 9.692 10.962 12.242
0.3S50 20 0.101 0.108 0.118 0.136 7.763 8.317 9.084 10.474
0.30PC_60 0.161 0.175 0.186 0.188 12.414 13.495 14.302 14.450
0.3530 60 0.137 0.148 0.161 0.168 10.564 11.384 12.416 12.896
0.3S50 60 0.109 0.113 0.136 0.144 8.364 8.667 10.439 11.057
0.50PC_20 0.194 0.212 0.234 0.248 12.936 14.119 15.569 16.523
0.5S830 20 0.172 0.189 0.220 0.240 11.453 12.569 14.694 16.019
0.55850 20 0.137 0.153 0.185 0.201 9.120 10.218 12.354 13.384
0.50PC_60 0.215 0.231 0.253 0.255 14.321 15.411 16.849 16.976
0.5530_60 0.197 0.208 0.228 0.237 13.138 13.880 15.230 15.787
0.5550_60 0.167 0.183 0.201 0.205 11.163 12.232 13.393 13.675
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Table 6 Measurement results of Ca(OH),

Age (Day)
Specimen 3 7 28 91 3 ‘ 7 28 91
g/lg %
0.30PC 20 0.127 0.135 0.148 0.158 9.743 10.350 11.391 12.132
0.3S30 20 0.094 0.097 0.097 0.095 7.244 7.485 7.459 7.340
0.3S50 20 0.061 0.070 0.067 0.066 4.662 5.391 5.160 5.077
0.30PC_60 0.172 0.187 0.206 0.227 13.207 14.416 15.813 17.433
0.3S30 60 0.084 0.097 0.100 0.098 6.494 7.489 7.713 7.560
0.3S50 60 0.047 0.053 0.059 0.057 3.603 4.064 4.542 4.364
0.50PC 20 0.176 0.203 0.211 0.232 11.726 13.514 15.088 15.491
0.5S30 20 0.126 0.132 0.142 0.140 8.424 8.794 9.500 9.319
0.5S50 20 0.087 0.089 0.092 0.089 5.830 5.913 6.119 5.907
0.50PC 60 0.253 0.264 0.285 0.300 16.890 17.627 19.030 20.014
0.5S30_60 0.122 0.133 0.137 0.137 8.132 8.837 9.144 9.121
0.5S50 60 0.062 0.072 0.077 0.074 4.143 4.788 5.115 4.945
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