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Study on Performance Degradation Law of Hydraulic Multi—admixed
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Abstract: To elucidate the degradation patterns of hydraulic concrete with multiple admixtures under dual freeze —thaw and
sulphate erosion effects, a systematic laboratory investigation was conducted using fly ash, silica fume, and gneiss rock powder
as mineral admixtures. The study examined the evolution of concrete mass loss rate, compressive strength, relative elastic
modulus, and gas permeability under varying admixture ratios, sulphate solution concentrations (0, 5%, 10%, 15%), and
freeze—thaw cycle temperatures (—5~25, =20~25, -35~25 C). Results indicate that concrete mass loss rate exhibits a
positive correlation with freeze—thaw cycle count and sulphate concentration, while showing a negative correlation with freezing
temperature. Compressive strength and relative elastic modulus significantly deteriorated with increasing freeze —thaw cycles,

rising sulphate concentration, and decreasing freezing temperature. The most severe degradation occurred at a sulphate solution
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concentration of 15% under a =35~ 25 °C freeze —thaw environment. The gas permeability coefficient increase accounted for

85.1% of the total increase within the first 40 freeze —thaw cycles, with density degradation concentrated in this phase. The

mineral admixture ratio significantly influenced concrete’s erosion resistance. The optimal synergistic effect was achieved with a

fly ash—silica fume ratio of 1 : 1. The ternary admixture system (fly ash—silica fume—gneiss powder at 1 : 1 : 1) demonstrated

superior freeze—thaw and sulphate erosion resistance by optimising pore structure, exhibiting a mass loss rate of merely 2. 1% —

3.5%. The research findings can provide reference for relevant engineering projects.

Key words: hydraulic concrete with multiple admixtures; salt—freeze coupling; performance degradation testing; multipleadmixture

mix design; degradation mechanism
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Table 1 Types of test materials and their physical and mechanical properties

45y Al L/ PAE S cdia
7K P - O B AERRER K R TR 380 m*/kg, PURNRE 43 MPa, HITHRIEN 7.4 MPa
4kt PR STIR/ MEERBER 2.9, FRE/NT 3.0%
MR NLARAETE AT Kitt 5~20 mm, FRE/NTF 2.0%
K SBTIM— T A HE A i R 7K 571 WK 21.6%, [ 17.9%
7K e [ kK ABFEHEA 193 mg/L
TEIR B4 0.1 wm, HREAL 20 000 m*/kg, “HALEESRKT 98%, MR N 0.65 g/em’
BAM K HRE AR BA2/NTF 0,007 Smm, HEETIF 290 m*/kg, FMHE 2 710 kg/m®
TR HEFREEN 0. 65 g/em’ | HET—E N 3 700 m*/kg
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Fig.1 Quality loss rate of water—retaining concrete with different
admixtures under varied freeze—thaw cycle counts
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Fig.2 Mass loss rate of water—cement mixed concrete with different
freeze—thaw cycle temperatures and mix proportions after salt erosion
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Fig.3 Compressive strength of water—retaining concrete with
recycled aggregate under different freeze—thaw cycle counts
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Fig.4 Compressive strength of water—based hybrid concrete with
different mix ratios after salt erosion under various freeze—thaw cycles
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Fig. 5 Relative dynamic modulus of elasticity for water—retaining
concrete with re—admixture under varying freeze—thaw cycle counts
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Fig. 6 Relative dynamic elastic modulus of concrete with different
freeze—thaw cycle temperatures and mix proportions after salt erosion
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Fig.7 Increase rate of gas permeability coefficient in water—retaining
concrete with re—admixture under varying freeze—thaw cycle counts
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Fig.8 Rise in gas permeability coefficient of concrete with different
freezing—thawing cycle temperatures and mix ratios after salt erosion
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