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Tab.1 Mix ratio of concrete kg/m®
IR L 7K KU B K WA kG
0. 35 187 427 107 638 1041 5.34
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Tab.2 Compressive strength and elastic modulus of

early frozen concrete

R YRR E /MPa AL /GPa

BZ/h  —5C —9C —5°C —9°C
1.5 32,24 33. 66 29. 2 32.4
4.0 30. 35 27.05 22.5 20. 2
8.0 38.12 36.05 41.1 39.8
24.0 44,14 41,57 44, 2 43.6
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Fig.1 Concrete compressive strength and elastic modulus

change under different freezing time
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Fig.2 Pore space distribution of concrete under

different freezing time conditions
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Fig. 3 Distribution of pore structure characteristics

of early age frozen concrete
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Fig. 4 Change of average pore structure characteristics of

concrete at different freezing time
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Fig. 5 Correlation between pore characteristics vs.
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compressive strength and elastic modulus
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Pore Structure Characteristics of Early Frozen Concrete and Its Correlation

with Macroscopic Mechanical Properties
QU Chun-lai"*, LIN Rong-peng' *, LIU Shi-wei'*, SU Hui'?, WANG Xiao-yang'
(1. School of Water Conservancy and Hydroelectric Power, Hebei University of Engineering, Handan 056038, China;
2. Hebei Key Laboratory of Intelligent Water Conservancy, Handan 056038, China)

Abstract: Early freezing of concrete is common in the construction of water conservancy projects in northern China.
Early freezing damage induces the deterioration of mechanical properties of concrete structures, which seriously affects
the safety, stability and service life of engineering structures. Through laboratory uniaxial compression test and CT scan
test, the influence law of freezing time and freezing temperature on the mechanical properties of concrete was analyzed,
the three-dimensional pore structure of concrete at different freezing time was reconstructed, the pore distribution and
pore structure characteristic parameters of concrete at different freezing time were studied, and the correlation analysis be-
tween mechanical properties and pore structure of early frozen concrete was carried out. The results show that with the
delay of freezing time, the porosity of concrete test blocks increases first and then decreases, the average pore surface area
decreases first and then increases, the average pore diameter increases with the trend of quadratic parabola, and the aver-
age pore shape factor increases first and decreases then increases and decreases. The correlation between the average pore
surface area and the compressive strength and elastic modulus of early frozen concrete is the best. It is suggested that the
average pore surface area should be preferred to construct the mesoscopic damage index of early {rozen concrete. Relevant
research results provide support for revealing the macro and micro damage mechanism of early frozen concrete.

Key words: early exposure to cold; concrete; CT scan; pore structure characteristics; correlation analysis





