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Tab.2 Orthogonal test factors and level table of

early frozen concrete
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1 0. 45 0 0
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Tab.3 The mix design of concrete
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Tab.5 Significance evaluation of RSM response
surface method model
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Fig.1 Error iteration diagram
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Tab. 6 Significance evaluation of RSM response

surface method model

A € MSE € RMSE €MAE € MRE R?
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Fig.5 Regression fitting curve of GA-BPNN and RSM model
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Tab.7 GA-BPNN and RSM-BBD test optimal ratio
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Fig. 6 Contour map of RSM-BBD optimal ratio

strength of early-frozen concrete
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Tab.8 Comparison between prediction and experimental

value of optimized dosage intensity
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Research on Strength Prediction Model and Ratio Optimization

of Concrete Damaged by Early Freezing
XU Cun-dong"**,XU Hui' ,CHEN Jia-hao"*, LI Zhun"*,ZHAQO Zhi-hong'* , WANG Hai-ruo' , REN Zi-hao'
(1. School of Water Conservancy, North China University of Water Resources and Electric Power, Zhengzhou 450046,
China; 2. Key Laboratory for Technology in Rural Water Management of Zhejiang Province, Hangzhou 310018,
China; 3. Henan Provincial Hydraulic Structure Safety Engineering Research Center, Zhengzhou 450046, China)
Abstract: In view of the problem that hydraulic concrete buildings in cold regions are vulnerable to early freezing inju-
ry during pouring construction and may affect the later healthy service, in order to study the strength damage law of early
frozen concrete and optimize its ratio, Box-Behnken (RSM-BBD) response surface method was used to optimize the exper-
imental design. The RSM response surface model was established by taking water binder ratio, fly ash content and air en-
training agent content as variables. A GA-BPNN strength prediction model was constructed to predict the strength of ear-
ly-frozen concrete accurately. Compared with the RSM model, the results show that the GA-BPNN has more accurate
prediction performance and can optimize proportion design more efficiently. The goodness of fit R* and average relative
error ey by the GA-BPNN strength prediction model are 0. 998 5 and 2. 13% , respectively. The relative error between
the predicted value of the optimal strength ratio and the experimental value is about 1%. The application of GA-BPNN
strength prediction model can realize the efficient optimization of concrete freezing strength and its ratio.
Key words: response surface method; genetic optimization; BP neural network; ratio optimization; early frozen con-

crete





