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Research on Damage Law of Cement Concrete with Low-calcium High-
strength Clinker under Freeze-thaw Cycles and Calcium Leaching
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Abstract: Using low-calcium high-strength clinker cement concrete and crushed stone as raw materials to prepare
low-calcium high-strength clinker cement concrete, freeze-thaw and solution immersion tests were conducted to
study the concrete’s performance under freeze-thaw cycles and combined freeze-thaw-dissolution conditions. Key
damage indicators, including mass loss rate, relative dynamic elastic modulus, and calcium ion leaching rate, were
measured to analyze the macroscopic damage behavior and microstructural deterioration of the concrete under both
single freeze-thaw and combined freeze-thaw-dissolution effects. Based on Weibull distribution theory, a damage
model was established to evaluate the failure probability of concrete under freeze-thaw-dissolution conditions. The
results show that compared to ordinary cement concrete, low-calcium high-strength clinker cement concrete exhibits
a higher mass loss rate under combined freeze-thaw-dissolution effects, but significantly lower reductions in relative
dynamic elastic modulus, calcium ion leaching rate, and microstructural damage. The evolution of the three damage

indicators for both types of concrete follows the Weibull distribution model, with low-calcium high-strength clinker
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cement concrete demonstrating superior freeze-thaw resistance and dissolution resistance under the same number of

freeze-thaw cycles.

Keywords: low calcium and high strength clinker; low-carbon concrete; freeze-thaw cycles; calcium leaching;

damage model; frost resistance; corrosion resistance
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Tab.1 Chemical composition of the two types of cement wl%
K e CaO Sio, AlO, Fe,O, MgO TiO, K,O Na,O SO, LOI
1K 55 v 5 BORE K TR 53.95 24.60 11.48 3.67 1.78 0.59 0.94 0.30 4.05 0.51
P-042.5/K 8 66.27 16.67 8.06 2.36 1.57 0.49 0.79 0.25 3.35 0.48
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Tab.2 Mix proportion of concrete

AR Kikgem™)  JKI/(kgem ) KRB/ (kgem )  BEA/(kgem ) WAKF/(kgem ™)
LCCiR#E + 190 543 634 1015 1.63
OPCiR #t + 190 543 634 1015 1.63
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Fig. 1 Preparation process of concrete
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Tab.3 Grouping of concrete specimens
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Fig. 4 Apparent damage morphology of OPC—FT group concrete
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Fig. 6 Apparent damage morphology of OPC—SWFT group concrete
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(b) OPC-SWFT4
E11 RELZ 45 KRB MIEIRMER BRI R

Fig. 11 Microstructural morphology of concrete after 45 times of freeze-thaw and dissolution cycles
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Fig. 14 Failure probability curve of concrete
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