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®1 BRHEARS EHESERAEKRENLE

Tab.1 Ratios between solutions of different methods to solution of Bernoulli-Euler slender beam

o

B Tk
3 4 5 6 7 8
FEM 1.16/1.09 1.10/1.08 1.08/1.07 1.07/1.06 1.07/1.06 1.06/1.06
DBI1 1.22/1.18 1.15/1.16 1.15/1.11 1.10/1.08 1.07/1.06 1.06/1.05
03 DB2 1.11/1.17 1.04/1.09 1.01/1.05 1.00/1.03 0.99/1.01 0.98/1.00
DB3 1.69/1.36 1.37/1.20 1.22/1.18 1.14/1.13 1.10/1.09 1.06/1.06
FEM 1.17/1.10 1.12/1.09 1.09/1.08 1.08/1.07 1.07/1.06 1.06/1.06
DB1 1.21/1.16 1.12/1.14 1.12/1.10 1.08/1.07 1.07/1.05 1.05/1.04
0-6 DB2 1.08/1.17 1.05/1.09 1.01/1.05 1.00/1.03 0.99/1.01 0.98/1.00
DB3 1.77/1.41 1.42/1.23 1.25/1.20 1.16/1.14 1.11/1.10 1.07/1.07
FEM 1.18/1.12 1.12/1.10 1.10/1.09 1.08/1.08 1.07/1.07 1.07/1.06
DB1 1.21/1.14 1.12/1.12 1.10/1.08 1.07/1.06 1.05/1.05 1.04/1.04
0.7 DB2 1.29/1.17 1.15/1.09 1.08/1.05 1.04/1.03 1.02/1.01 1.01/1.00
DB3 1.85/1.46 1.46/1.26 1.28/1.22 1.18/1.15 1.12/1.11 1.08/1.08
FEM 1.20/1.14 1.14/1.11 1.11/1.10 1.09/1.08 1.08/1.07 1.07/1.07
DB1 1.20/1.13 1.12/1.10 1.08/1.07 1.05/1.05 1.04/1.04 1.03/1.03
0.8 DB2 1.29/1.17 1.15/1.10 1.08/1.05 1.04/1.03 1.02/1.01 1.01/1.00
DB3 1.92/1.50 1.50/1.29 1.31/1.24 1.20/1.17 1.14/1.12 1.10/1.09
FEM 1.23/1.15 1.16/1.13 1.12/1.11 1.10/1.09 1.08/1.08 1.07/1.07
DB1 1.16/1.11 1.09/1.07 1.06/1.05 1.04/1.04 1.03/1.03 1.02/1.02
0-9 DB2 1.30/1.17 1.15/1.10 1.08/1.05 1.04/1.03 1.02/1.01 1.01/1.00
DB3 2.00/1.55 1.55/1.31 1.34/1.26 1.22/1.18 1.15/1.13 1.11/1.09
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Analytical solution of positive stress for main beam of deep-hole gate
considering effects by warpage and extrusion

CHEN Yingxin' , WU Siyuan®, LI Si*, WANG Zhengzhong', WU Shoujun'
(1. College of Water Resources and Architectural Engineering, Northwest A & F University, Yangling 712100, China; 2. College of
Civil Engineering, Tongji University, Shanghai 200092, China; 3. Shanghai Thousand Year Design Co. , Lid. , Shanghai 201108,
China)

Abstract; With the development of the high-head hydropower projects, the application of the deep-hole gates is
becoming more and more popular. In this situation, the design of the main beams of the deep-hole gates has already
belonged to the range of the deep-beams. If the pure bending theory of slender beams in traditional design is still
used, the calculation results will be erroneous. Therefore, it is necessary to give a concise and accurate method for
calculating the normal stress of the main beams of the deep-hole gates. In this paper, based on the superposition
idea and material mechanics method, considering warpage and longitudinal extrusion effects, a reasonable
mechanical calculation model is developed, and the analytical formulae for calculating the positive stress of the I-
section deep beam under lateral uniform loads are derived. And the analyses of the relative errors and applicable
ranges between the calculated results and the existing calculation methods and numerical simulation under different
span-height ratios and flange-web area ratios are carried out. Then the accuracy evaluation of different calculation
methods is given with case histories in the practical engineering. The analysis and calculation results show that
compared with the existing analytical methods, the calculation results in this paper have higher accuracy and wider

application, and can provide a technical reference for the design of the deep-beam structures.

Key words: deep beam; I-section; warpage; extrusion; uniform load



