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Autogenous Shrinkage of Concrete Containing
Blast-Furnace Slag
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ABSTRACT

Concrete with low water to binder ratio (W/B) is prone to large autogenous shrinkage. Early age cracking
of concrete would be caused by tensile stress induced by large autogenous shrinkage under restrained
condition. Therefore, it is necessary to measure autogenous shrinkage to control the early age cracking of
concrete. An objective of this study is to investigate the effects of W/B and blast furnace slag (BFS) on
autogenous shrinkage of concrete. Autogenous shrinkage of concrete with various W/B ranging from 042 to
027 and BFS contents of 0, 30 and 50% were measured. Test results show that the autogenous shrinkage of
concrete increases as the W/B decreases, and all BFS concretes showed larger autogenous shrinkage than
OPC concretes with the same W/B. Moreover, the higher BFS content, the larger autogenous shrinkage.
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Table 1 Physical properties and chemical compositions of cement and blast-furnace slag
Physical properties Chemical compositions (%6)

Materials . . . 2 - *
Specific gravity | Blaine (cm”/g) | SiO: ALO; | FeOs3 Ca0 MgO S0O; LOI
Cement 3.14 3,199 21.70 4.99 3.32 62.36 2.12 237 0.82
BFS 2.94 4,266 31.59 14.61 0.43 42.38 2.12 2.98 0.02

*Loss on ignition

Table 2 Mix proportions of concrete

Mix Mix W/B | s/a Unit weight (kg/m® Admixture (Bxwt %)
no. type (%) | (%) A C BFS S G HRWR AE
1 OPC 400 - 783 972 0.70 0.015
2 BFS30 | 42 45 280 120 780 968 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 43 318 136 726 977 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 41 368 157 668 976 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 39 435 187 604 959 1.35 0.020
12 BEFS50 311 311 601 954 1.25 0.020
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Table 3 Slump. air content, compressive strength, and Young's modulus of concrete

Mix (Slump|Air content Compressive Strength (MPa) Elastic Modulus (GPa)

no. | (cm) (%) 1 day | 3 days | 7 days |28 days{90 days| 1 day |3 days |7 days |28 days[90 days
1 18.0 4.7 19.6 36.1 42.3 46.1 50.8 187 25.5 271 31.0 324
2 180 438 10.3 272 392 449 51.7 6.8 18.1 26.2 30.4 326
3 185 5.6 5.2 222 35.7 446 52.3 6.1 17.3 24.0 30.2 32.7
4 18.0 38 17.0 29.8 372 505 53.8 20.1 26.1 29.9 314 33.0
5 180 4.2 5.1 195 302 51.8 55.8 109 23.6 282 323 335
6 16.0 37 24 14.8 213 54.1 55.6 7.3 20.8 26.6 314 33.3
7 18.0 2.1 304 39.3 55.0 60.0 70.6 26.3 26.9 30.8 32.7 36.1
8 185 1.8 11.8 405 574 64.3 745 14.1 279 301 339 36.7
9 20.0 2.8 10.0 354 549 66.7 749 11.3 22.4 29.9 34.1 36.8
10 | 180 2.2 311 544 63.3 714 83.7 26.3 314 338 35.7 38.1
11 | 190 1.5 - 527 70.3 726 86.9 - 30.9 348 36.1 38.6
12 | 195 1.7 - 46.2 69.2 762 89.2 - 28.7 34.1 362 389
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Fig 1. Autogenous shrinkage of concrete with ages
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