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Single-spring joint element method based on mixed coordinate system

ZHAO Lan-hao LI Tong-chun NIU Zhi-wei YAN Tian-you
College of Water Conservancy and Hydropower Engineering Hohai University ~Nanjing 210098  China

Abstract Based on the traditional double-spring joint element method a new method—single-spring joint element
method based on the mixed coordinate system was proposed for bond-slip problems of steel bars and concrete. The
single-spring joint elements were arranged along the tangential direction of the solid elements for concrete and the beam
elements for steel bars to simulate the tangential interaction. The tangential stiffness was determined by the relationship
between the bond force and slip. The solid elements for concrete were solved in the global coordinate system. In order to
establish the relationship among the normal direction degrees of freedom the beam elements for the steel bars were solved
in the local coordinate system. The deformation compatibility between concrete and steel bars was ensured by means of
the establishment of restraint equations of the normal degrees of freedom overcoming the difficulty to choose the normal
stiffness coefficients and it was available to arbitrary layout of beam elements for steel bars in concrete. The validity and

accuracy of the proposed procedure was demonstrated by numerical examples.
Key words mixed coordinate system single-spring joint element reinforced concrete bond-slip
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