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ABSTRACT

This paper presents the experimental results on volumetric changes in ordinary portland cement concrete made

with various water-to-cement ratios (W/C's) ranging from 0.32 to 0.50 and cured in four different conditions. Curing regimes
employed in this work were designed to exhibit autogenous and drying shrinkage as well as swelling of concrete. The
concrete avoided any moist evaporation (Regime I) showed only autogenous shrinkage and the lower the W/C, the greater the
autogenous shrinkage. The concrete exposed to air drying conditions at 20+1°C and 60+3% RH after 6-day water curing at
20£1°C (Regime II) swelled and then started to shrink. The maximum swelling value of concrete developed in water curing
was between 15 and 40+10°, and the greatest total shrinkage (autogenoustdrying shrinkage) was obtained for the mixture
made with W/C of 0.32. The concrete let to air drying conditions (Regime III) showed greater total shrinkage compared to
the concrete cured in Regime II. The concrete exposed to air drying condition afler 6-day sealed curing (Regime IV) exhibited
slightly smaller total shrinkage than that of the concrete cured in Regime HI. Net drying shrinkage that can be derived from
the results of Regime I, III, and IV increased as the W/C increased despite of similar total shrinkage. This result indicated
that drying shrinkage governs total shrinkage of high-W/C concretes. In other words, a portion of autogenous shrinkage in total
shrinkage increased in low-W/C concretes. Therefore, it should be controlled in terms of cracking potential. Finally, total
shrinkage of high-strength and high-performance concrete made with low W/C can be effectively reduced by appropriate early

moisture curing.
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Table 1 Mixture proportions of tested concrete

Mixture no. 1 2 3
Type 1 cement, kg/m’ 336 454 525
Water, kg/m’ 168 168 168
w/C 0.50 0.37 0.32
Fine aggregate, kg/m3 77 729 672
Coarse aggregate, kg/m3 1038 981 981
HRWRA, C x % by weight 0.5 0.8 1.0
AEA, Cx % by weight 0.015 0.017 | 0.018
0 1h 24h 7d
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Fig. 1 Schematic representation of five curing regimes employed
in this study
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Table 2 Four curing regimes employed in this work and the corresponding shrinkage component

Curin; . . |Autogenous| Drying
regimge Conditions Swelling shrinkage | shrinkage
I Immediately after demoulding, the specimens were wrapped by adhesive O
aluminum tape to avoid any evaporation and then stored at a constant temperature of 20+ 1°C
I The specimens were cured under water bath at 20:0t 1°C for 6 days and replaced in O O O
temperature-humidity controlled room with 20+ 1°C and 60+ 3% RH
I The' specirpens were exposed to drying condition at 20+ 1°C and 60+ 3%RH over entire O O
testing period
v After sealed curing for 6 days, the specimens were stored in temperature-humidity O O
controlled room with 20=+ 1°C and 60+ 3% RH
\% The concrete cylinders were placed in water bath at 20+ 1°C until testing date Only for compression test
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Fig. 2 Development of ultrasonic pulse velocity of concrete
made with various W/C's during the first 24 hours
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Fig. 4 Comparison of 28-day compressive strength of concrete
cured in different condition
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Table 3 Comparison of shrinkage strain (x107°%) of tested
concretes at 28 and 90 days

Curing regime
W/C| Age
1 i i v

0.50 28 days | 22(7.1)"| 211(68.5)| 308 (100)| 240(77.9)

90 days | 48(11.1)| 357(82.3)| 431(100)| 378(87.7)
037 28 days | 124(31.7)| 257(67.5)| 391(100)( 329(86.4)

90 days | 172(33.2)| 369(72.6)| S518(100)| 458(88.4)
032 28 days | 190(38.4)| 329(66.5) 495(100)| 405(81.8)

90 days | 246(40.7)| 448(74.0)| 605(100)| 515(85.1)

* Ratio of the strain developed in curing conditions I, II, and IV
to that in curing condition III
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