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Fig.3 Overall three-dimensional finite element model of the control section of the spillway
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Fig.4 Pier reinforced concrete finite element model
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Tab.3 Maximum stress value of the pier concrete
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Tab.4 Maximum stress value of the characteristic profile of the pier
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Fig.6 Damage distribution of the pier
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Reinforcement Design and Nonlinear Finite Element Analysis of Spillway Surface

Hole Pier of Tankeng Hydropower Station

ZHAO Lanhao', HAN Xiuyu!, HUANG Zhi?, MAO Jia'

(1.College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China;
2.China Harbour Engineering Company Limited, Beijing 100027, China)

Abstract: [ Objective] To address stress concentration at the connection between the gate pier and corbel
under large thrust of a radial gate, this study aims to establish a reinforcement design and nonlinear finite
element analysis method for piers, to investigate the influence of reinforcement on the mechanical behavior of
the piers, and to provide a theoretical basis for the reinforcement design and safety assessment of similar
hydraulic structures. [Methods] Taking the spillway surface hole pier of Tankeng Hydropower Station as the
study object, a three-dimensional finite element model was developed, and a reinforcement scheme is proposed
based on the linear-elastic stress graph method. The bond-slip behavior between reinforcing steel and concrete
was simulated using a single-spring joint element, and a four-parameter damage model for concrete was
incorporated. Nonlinear finite element analyses were performed for the spillway surface hole pier of Tankeng
Hydropower Station to investigate stress responses, damage evolution, and reinforcement forces before and after
strengthening. In addition, a crack-width check was conducted for serviceability verification. [Results] @
After reinforcement, the maximum tensile stress of concrete at the pier—corbel junction decreased, and the peak
damage index was reduced by approximately 25%, accompanied by a shrinkage of the damaged zone. @ The
reinforcement stress level remained low, with a maximum tensile stress of 24.97 MPa; the maximum crack width
was 0.032 mm, which is far below the code limit of 0.30 mm. The structure remained in a safe state after a
moderate reduction in reinforcement ratio. [ Conclusion] Reinforcement can improve the local stress state of
concrete and mitigate damage at the pier—corbel junction. The reinforcement scheme designed using the
linear-elastic stress graph method exhibits a considerable safety margin, indicating potential for rational
optimization of the reinforcement amount.

Keywords: pier; reinforcement; reinforced concrete bond-slip; single-spring joint element method,;
four-parameter damage model for concrete



	1  计算方法
	1.1  单弹簧联结单元法
	1.2  基于四参数等效应变的混凝土损伤模型

	2  配筋设计
	2.1  工程概况
	2.2  三维有限元模型
	2.3  力学参数和计算工况
	2.4  配筋方案

	3  非线性有限元分析
	3.1  钢筋混凝土模型
	3.2  混凝土应力分析
	3.3  混凝土损伤分析
	3.4  钢筋应力分析
	3.5  配筋方案调整

	4  结论

