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Abstract: Concrete structures in hydraulic engineering are susceptible to damage from prolonged freeze — thaw cycles, leading to
a shortened service life. To investigate the effect of combined fly ash and silica fume additions on the freeze — thaw resistance of
hydraulic concrete, fly ash and silica fume were added at 30% and 40% by mass, respectively, with mass ratios of 2: 1,
3:1, and4:1. The variation patterns of concrete mass loss rate, relative dynamic modulus of elasticity, compressive strength,
splitting tensile strength, and abrasion resistance during freeze — thaw cycles were analysed. Results indicate that fly ash and
silica fume enhance concrete compressive, tensile, and abrasion resistance, with optimal performance achieved at 30% fly ash
content and a 2 : 1 mass ratio. With increasing freeze — thaw cycles, all performance indicators of fly ash and silica fume
concrete decreased. Among these, concrete with 30% fly ash/silica fume at mass ratios of 2: 1 and 3: 1 exhibited the smallest
mass loss rate and abrasion resistance loss. Concretes with 30% fly ash at a 2: 1 mass ratio and 40% fly ash at a4 :1 mass ratio
exhibited the smallest losses in compressive strength, splitting tensile strength, and relative dynamic modulus of elasticity during

freeze — thaw cycles. It is recommended that fly ash content be maintained between 20% and 30% , with silica fume at 10% .
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These findings provide theoretical reference for concrete mix design in hydraulic engineering projects. The research results can

provide a theoretical basis for concrete mix design.
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Fig. 1 Partical size distribution curve of cementitous materials
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Table 1 Main chemical components of cementitious materials /%

ok Si0, Ca0  ALO; Fe,0;  MgO S0, Na, O
JK¥e  19.40 61.80 7.10 2.60 0.90 2.70 0.50
WK 66.70  2.40 22.50 4.20 0.40 0.70 1. 10
BEK 91.60 0.45 0.67 0.53 0.18 1.16  0.37
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[ 52 2 Bk A4 R R R 480 kg/m’, UK K HE A
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Table 2 Concrete mix proportion / (kg/m*)
eIk KIE BBEK REK fir wha K
FOO 480 680 1020 168
F30-2 336 96.0 48.0 680 1020 168
F30-3 336 108.0 36.0 680 1 020 168
F30-4 336 115.2 28.8 680 1020 168
F40 -2 288 128.0 64.0 680 1020 168
F40 -3 288 144.0 48.0 680 1020 168
F40 -4 288 153.6 38.4 680 1 020 168
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Fig.2 Mass loss rate variation curve with freeze — thaw cycles
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Fig.3 Curve of relative dynamic modulus variation
with freeze — thaw cycles
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with freeze — thaw cycle count
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