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Pores Evolution and Characterization of Hardened Cement Mortar with Different
Water/Cement Ratios under Capillary Suction of Deicing Solution Freeze-thaw Action
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(1. Hubei Key Laboratory of Theory and Application of Advanced Materials Mechanics, School of Science,
Wuhan University of Technology, Wuhan 430070, China;
2. Shanghai Electric Wind Power Group, Shanghai 200241, China)

Abstract: The hardened cement mortar samples with different water-cement ratios were prepared and subjected to salt freezing
experiment (CDF freeze-thaw). The microscopic images and three-dimensional pore structure of hardened cement mortar with
different freeze-thaw cycles were investigated by X-ray tomography. The evolution process and mechanism of meso-structure in
freezing-thawing cycle were analyzed. The variation law of pore parameters of hardened cement mortar under the action of CDF
freeze-thaw cycle and the influence of water-cement ratio on the freeze-resistance of mortar sample were investigated. The results
show that the freezing-thawing microcracks develop along the porous interface between cement aggregate and fine aggregate, and the
reduction of water-cement ratio can reduce the interfacial porosity, thus improving the frost resistance of cement-based materials. The
cement mortar with a water-cement ratio of 0.30 has a stronger frost resistance. The freeze-thaw damage evolution and crushing
process of cement mortar can be characterized by fractal dimension curve.
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Table 1 Composition of cement mortar samples with
different water/cement ratio m/g
Water/cement ratio Cement Sand Water
0.40 144.4 2327 57.8
0.35 144.4 2327 50.5
0.30 144.4 232.7 433

m is mass.
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Fig. 1 Development of micro-cracks in samples with different water/cement ratios under freezing thawing cycles (FTC)
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Table 2  Pore parameters of mortar samples under
different freeze-thaw cycles
Water/ Pore volume Pore surface Mean pore Porosity/
cement ratio x10%/um’ x10%/pum? size/um %

0.40 8 99.584 26.266 24.590 2.126
18 221.595 49.490 22.365 4.705
28 506.907 58.231 28.001  10.756

0.35 8 118.035 49.532 15.530  2.520
18 174.252 52.528 18.879 3.701
28 479.944 75.347 31.469 10.178

0.30 8 4.036 2.130 12.008  0.086
18 13.252 8.331 13.638 0.280
28 21.787 13.757 12.053 0.460
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