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Fig. 1 KGNN for mechanical analysis of RC columns
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Empirical Knowledge-guided Neural Network Method for Mechanical Performance
Analysis of RC Columns
LIU Zhenliangl’z, Ll Sucha02’3, ZHAO Cunbao""

(1.School of Safety Eng. and Emergency Management, Shijiazhuang Tiedao Univ., Shijiazhuang 050043, China;
2.Key Lab. of Large Structure Health Monitoring and Control, Shijiazhuang 050043, China;
3.School of Civil Eng., Harbin Inst. of Technol. (Weihai), Weihai 264209, China)

Abstract: The mechanical performance analysis of reinforced concrete (RC) columns using only experimental or numerical methods usually faces
challenges in balancing computational accuracy and efficiency, while purely data-driven methods suffered from poor interpretability and over-de-
pendence on available data samples. To address this issue, an empirical knowledge guided neural network (KGNN)-based RC column analysis by
investigating the fusion mechanism of empirical knowledge, test data and machine learning methods. A test database is firstly built based on 761
quasi-static test specimens. In succession, the influence rules of primary characteristics of RC columns on their mechanical properties are ana-
lyzed based on empirical knowledge to formulate mathematical representations. Finally, the test data and empirical knowledge were implemented
into the artificial neural network to develop high performance, explainable, generalizable KGNN model with only minor training samples. The
result comparisons of the proposed KGNN method and the pure data-driven neural network (BPNN) demonstrate that although the BPNN slightly
over the KGNN in terms of the load-carrying capacity prediction accuracy, with mean square error and correlation coefficient of 0.070 and 0.978
comparing to 0.108 and 0.942 of the KGNN. However, the results of the BPNN are not consistent with the empirical knowledge and further
causes overfitting problem since it fails to capture the relationship between the characteristics and mechanical properties of RC columns. Fortu-
nately, the KGNN method can not only quickly and accurately provide the mechanical properties of RC columns, but also present a higher con-
sistency with the empirical knowledge with greater reliability and practicality. Through this work, the neural network-based methods integrating
experimental data and empirical knowledge are expected to provide a novel analysis approach for RC structures.

Key words: RC column; physics and data driven neural network; empirical knowledge; mechanical properties; test database
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