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Study on Mix Proportion of High Performance Concrete Bridge in Marine
Environment at Cold Region

FENG Bo, LI Song-tao, QIAN Yong-jiu

(School of Civil Engineering, Southwest Jiaotong University, Chengdu Sichuan 610031, China)

Abstract. With the continuous development of regional economy and society, the construction of long-span
bridges in coastal areas is increasing. In order to solve the shortcomings of high performance concrete mix
design in the cold marine environment at present, the high performance concrete mix design method is
optimized based on the full calculation method. First, the problems of the full calculation method in
calculating the high performance concrete mix proportion are theoretically analyzed, and the formula of water-
binder ratio in the total calculation method is revised. Then, by designing multiple sets of control test, the
shortcomings of the high performance concrete prepared by the standard full calculation method in the marine
environment in cold region are pointed out, and the effectiveness of the improved full calculation method is
verified through the ratio test. The result shows that (1) the high performance concrete mix proportion
derived by applying the standard full calculation method in the control test can meet the requirements of frost
resistance, seepage resistance and carbonation, but there are problems of large sand rate and water-binder
ratio, so the correction factor vy is proposed for the water-binder ratio formula; (2) after comprehensively

considering the compressive strength of concrete, the total amount of cementitious material and the durability
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test of concrete, the effectiveness of the modified full calculation method is verified, and it is pointed out that

the recommended value range of the correction coefficient is 0. 85-0. 925, where the smaller the correction

coefficient, the smaller the water-binder ratio and the higher the resistance to carbonation and chloride ion

erosion; (3) combining with engineering examples, it is further verified that the high performance concrete

mix proportion obtained by the improved full calculation method meets the design requirements, its strength

value, impermeability grade, frost resistance and other parameters all meet the indicator requirements. The

research result expands the application of the full calculation method theory in the cold marine complex

environment, and provides some technical support for the bridge construction in China to step into the

deep sea.

Key words: bridge engineering; improved full calculation method; correction factor; high performance

concrete mix proportion; durability
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Fig.1 Compressive strength variation rule of C45
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K3 0.925 0.37 37.04 3.501 -0.370
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Fig.2 Carbonization depth trend of C45
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Fig. 3 Chloride ion diffusion coefficient trend of C45
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Tab.7 Relationship between C45 quality loss rate and freeze-thaw cycles
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45 K 0 25 50 75 100 125 150 175 200 225 250 275 300
T % %
K1 0.31 0 0.03 0. 06 0.09 0.14 0.20 0.31 0.55 0.77 0.90 0.97 1.13 1.26
K2 0.34 0 0.01 0. 05 0.16 0.19 0.27 0.38 0.61 0.82 1.01 1.36 1.52 1. 66
K3 0.37 0 0.02 0.11 0.25 0. 46 0. 65 1. 05 1.33 1.49 1.62 1.91 2.25 2. 64
K4 0.40 0 0.14 1.51 2.41 2.76 2.84 3.01 3.24 3.43 3.58 3.73 3.91 4.02
K5 0.43 0 0.39 0.94 2.38 3.11 3.53 3.65 3.68 3.74 3.76 3.94 4.48 4.99
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Tab.8 Trial mix result of C50 high performance concrete
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PEEAK €50 41 315 722 1039 97 73155
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Tab.9 Trial mix test result
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mm MPa MPa mm (X10" " m” s )
0.32 C50 185 45.9367.73 >P6 F300 7.2 4.62
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