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Shrinkage Characteristics of bOMPa High-strength Concrete

with Compositions of Cementitious Materials
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Abstract

This study forms part of a research project that was carried out on the development and
application of high-strength concrete for large underground spaces. In order to develop
50MPa high-strength concrete, eight optimal mixtures with different portions of fly ash and
ground granulated blast furnace slag were selected. For assessments of shrinkage
characteristics, free shrinkage tests with prismatic specimens and shrinkage crack tests were
performed. The compressive strength was more than 30MPa at 7days, and stable design
strength was acquired at 28days. High-strength concrete containing blast furnace slag shows
large autogenous shrinkage, while large shrinkage deformations and cracks will occur when
mixtures are replaced with large volumes of cementitious materials. Hence, for these
high-strength concrete mixtures, the curing conditions of initial ages that affect the reaction
of hydration and drying effects need to be checked.
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Table 1 A€M Z2 stetd 2

J

OPC FA BS

Si09 21.3 52.8 34.3
Al2O3 4.7 22.5 12.7
Fes03 3.1 13.4 0.5

CaO 63.1 4.1 41.3

MgO 2.9 0.8 5.93

SOs3 2.2 0.4 2.53

K20 - 0.9 0.5
Na20 - 0.4 0.4

Loss on ignition 0.8 3.8 0.48
Specific gravity 3.15 2.13 2.91
Fineness (m®/kg) 341 348 453
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Table 2 H5=4 bjf §t|
) W/B S/a Unit Weight(kg/m?)
Mixture S Y
(%) (%) Water Cement (I) FA BS Fine Agg. Coarse Agg.
OPC 472 - - 842 855
FA10 425 47 - 833 846
FA20 378 94 - 825 838
BS30 36 50 170 331 - 142 835 847
BS50 236 - 236 830 843
F10840 47 189 824 836
F15S35 236 71 165 821 833
F20S30 94 142 818 830
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2.4.2 Ring Test
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5.45
5.57
5.06
5.67
5.75
5.30
5.29
4.85
(2009. 5)

=l

Tensile/Compressive
Strength Ratio(%)

56day
3.70
3.80
3.40
4.00
4.20
4.10
4.05
3.60

TASTCEEX] 133 A3

28day
3.50
3.59
3.07
3.55
3.82
3.90
3.96
3.46

3.30
3.24
2.69
3.30
2.65
3.10
3.00
2.76

Splitting Tensile Strength(MPa)
Tday

Table 3 MY LT Z

56day
67.87
68.20
70.50
73.10
77.40
76.50
74.30

67.20

28day
63.20
63.79
58.78
65.89
63.57
72.10
70.62
64.48

Tday
57.90

Compressive Strength(MPa)
56.14

31.27

x}7
42.67
47.87
42.71
39.63
39.20

a
—

32 H|T
oPC
FA10
FA20
BS30
BS50

F10540

F15535

F20530

Mixture
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Table 4 Hi & 7 eM Al7|(day)

. . Drying Shrinkage
Mixture Ring Test Crack Test

OPC 17.0 33.25

FA10 22.25 36.0

FA20 26.5 21.25

BS30 22.25 29.50

BS50 13.25 14.25
F10S40 15.0 17.0
F15835 17.0 15.5
F20S30 21.75 16.5
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