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Experiments on the durability of subway concrete under multi-factors
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Abstract: Based on the comprehensive consideration of the complex climatic characteristics and corrosion
environment along the metro line, simultaneously considering ultraviolet radiation, wet and dry cycles,
freeze-thaw cycles, sulfate and magnesium salt corrosion, a large cycle indoor test is designed and
durability tests are carried out on 5 kinds of concrete including 3 water binder ratio and 3 fly ash
content. The durability of the subway concrete is evaluated through the apparent phenomenon, compressive
strength value, the relative quality evaluation parameters, the relative dynamic elastic modulus evaluation

parameters, and the comprehensive damage assessment parameters. The damage degradation mechanism of
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concrete under multi-factors is analyzed by means of X ray diffraction (XRD) and scanning electron
microscopy (SEM) with considering the quality and dynamic elastic modulus and the micro image. The
results show that concrete specimens under indoor large cycle have complex physical and chemical
reactions, generate expansive products, i. e. ettringite and gypsum crystals, and products without
cementing performance, i.e. M-S-H. And the same time, they are subjected to the combined action of
temperature stress, expansion and contraction stress, swelling pressure and salt crystal pressure and take
on the erosion characteristics of initial strengthening, preliminary deterioration and accelerated degradation
later. The comprehensive damage evaluation index of quality and dynamic elastic modulus can more
objectively and accurately demonstrate macro performance and microstructure of concrete. The durability of
the specimen with water cement ratio of 0.35 and fly ash content of 30% is the best.

Keywords: subway concrete; wet and dry-freezing and thawing cycle; sulfate corrosion; magnesium salt

corrosion; durability
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Table 1 Performance indexes of P.042.5 ordinary portland cement

HEELE I A] / min U2 E LR/ MPa YU/ MPa
JE B R
1 &t 2Lt 3d 28 d 3d 28 d
KR 192 243 s 17.9 47.3 3.85 6.51
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Table 2 Performance indexes of fly ash and rust inhibitor
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Table 3 Main corrosive ions and concentrations of groundwater in underground water of Lanzhou Metro Line 1
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Table 4 Specimen number and proportion

o H IR KB HE/ (kg e m *) s g/
G KK Ny

I kR o 1 7R ke H b 7k WokF RHEEF mm
SJ1 0.25 30 350 110 1 153 621 125 8.6 40 170
SJ2 0.35 30 315 99 1111 681 158 3.2 36 210
SJ3 0.45 30 280 88 1092 728 180 1.1 32 190
SJ4 0.35 45 246 167 1111 681 158 4.9 36 220
SJ5 0.35 15 383 32 1111 681 158 2.7 36 220
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