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ABSTRACT

The use of blast-furnace slag (BFS) in making not only normal concrete but also high—-performance concrete has
several advantages with respect to workability, long—term strength and durability. However, slag concrete tends to
show more shrinkage than normal concrete, especially autogenous shrinkage. High autogenous shrinkage would
result in severe cracking if they are not controlled properly. Therefore, in order to minimize the shrinkage stress
and to ensure the service life of concrete structures, the autogenous shrinkage behavior of concrete containing BFS
should be understood. In this study, small prisms made of concrete with water-binder (cement+BFS) ratio (W/B)
ranging from 027 to 042 and BFS replacement level of 0%, 30%, and 50%, were prepared to measure the
autogenous shrinkage. Based on the test results, thereafter, material constants in autogenous shrinkage prediction
model were determined. In particular, an effective autogenous shrinkage defined as the shrinkage that contributes to
the stress development was introduced. Moreover, an estimation formula of the 28-day effective autogenous
shrinkage was proposed by considering various W/B’s. Test results showed that autogenous shrinkage increased
with replacement level of BFS at the same W/B. Interestingly, the increase of autogenous shrinkage is dependent on
the W/B at the same content of BFS; the lower W/B, the smaller increasing rate. In concluding, it is necessary to
use the combination of other mineral admixtures such as shrinkage reducing admixture or to perform sufficient
moisture curing on the construction site in order to reduce the autogenous shrinkage of BFS concrete.
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Table 1 Physical properties and chemical compositions of cement and blast-furnace slag

. Physical properties Chemical compositions (%)
Materials Density (g/cm®) | Blaine (cm¥g) | SiO:2 AlO3 | FeO3 CaO MgO SOs; | Loss on ignition
Cement 3.14 3,199 21.70 4,99 3.32 62.36 212 2.37 0.82
Blast-furnace slag 294 4,266 31.59 14.61 0.43 42.38 212 2.98 0.02
Table 2 Mix proportions of concrete per m®
Unit mass (kg) Admixture (Bxmass %)
Mix no.| Mix type | W/B (%) -

Water Cement BFS Fine agg. | Coarse agg. HRWR AE
1 OPC 400 - 783 972 0.70 0.015
2 BFS30 42 280 120 780 968 0.45 0.013
3 BFS50 200 200 778 966 0.40 0.013
4 OPC 454 - 729 981 0.80 0.017
5 BFS30 37 318 136 726 977 0.50 0.015
6 BFS50 168 227 227 724 974 0.45 0.015
7 OPC 525 - 672 981 1.00 0.018
8 BFS30 32 368 157 668 976 0.85 0.018
9 BFS50 263 262 665 972 0.75 0.017
10 OPC 622 - 608 965 1.50 0.020
11 BFS30 27 435 187 604 959 1.35 0.020
12 BES50 311 311 601 054 1.25 0.020
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Table 3 Slump, air content, compressive strength, and Young's modulus of concrete

Mi Slump | Air content Compressive Strength (MPa) Young’'s Modulus (GPa)
o (mm) (%) 1 day | 3 days | 7 days {28 days |90 days|180 days| 1 day | 3 days | 7 days |28 days
1 180 47 17.0 29.8 37.2 46.1 50.8 55.3 187 25.5 27.1 31.0
2 180 438 5.1 195 30.2 449 51.7 53.1 6.8 18.1 26.2 30.4
3 185 56 2.4 14.8 27.3 4.6 52.3 54.3 6.1 17.3 24.0 30.2
4 180 3.8 19.6 36.1 42.3 50.5 53.8 60.7 20.1 26.1 29.9 314
5 180 4.2 10.3 21.2 39.2 56.3 57.8 60.8 10.9 23.6 28.2 32.3
6 160 3.7 52 22.2 35.7 57.1 53.6 61.9 7.3 20.8 26.6 314
7 180 2.1 30.4 39.3 55.0 60.0 70.6 73.3 26.3 269 30.8 32.7
8 185 1.8 11.8 405 57.4 64.3 74.5 75.2 14.1 279 30.1 33.9
9 200 2.8 10.0 35.4 54.9 66.7 749 75.3 11.3 22.4 29.9 34.1
10 180 2.2 31.1 54.4 63.3 714 80.7 85.3 26.3 31.4 33.8 35.7
11 190 15 - 52.7 70.3 72.6 83.9 86.5 - 30.9 34.8 36.1
12 195 1.7 - 46.2 69.2 76.2 36.2 89.6 - 28.7 34.1 36.2
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Fig. 1 Experimental results and predicted values for autogenous shrinkage of concrete containing

blast-furnace slag at various W/B's
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Fig. 3 The 28-day autogenous shrinkage of
concrete as a function of W/B
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Table 4 Constant, a and b, in Eq. (3)

Mix no. | Mix type | W/B(%) a b
1 OPC 3.365 0.132
2 BFS30 42 1.565 0.272
3 BFS50 1.331 0.327
4 OPC 1.718 0.258
5 BFS30 37 1.218 0.283
6 BFS50 1.198 0.310
7 OPC 1513 0.211
8 BFS30 32 1.115 0.271
9 BFS50 Q0.753 0.397
10 opPC 0.801 0.225
11 BFS30 27 0516 0.338
12 BFS50 0.456 0.344
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