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Application of beam-spring element in inner flange bolt simplification

YOUJ ian]’z, JIANG Haocheng]’z, SHI Chaoming]’z, ZHU Jue"*
( 1.Zhejiang Provincial Engineering Research Center for the Safety of Pressure Vessel and Pipeline,
Ningbo University, Ningbo 315211, China;
2.Key Laboratory of Impact and Safety Engineering of Ministry of Education, Ningbo University, Ningbo 315211, China )

Abstract: The bolt contact behavior in the numerical model of the inner flange may easily lead to the non-
convergence of its calculation, which consumes a lot of calculation time. In order to balance the consumption
and accuracy of calculation, one of the main means is to build a simplified analysis model of the bolted
structures. In this paper, the multi-point constraint beam element method is improved, and a simplified bolt
method of beam spring element combination is proposed. The method uses beam element instead of bolt, uses
dynamic coupling constraint and spring connection to equivalent bolt contact, and applies bolt preload by
modified virtual thermal deformation method. The analysis time of this scheme is close to that of the multi-point
constraint beam element method, which is about 50% shorter than that of the full model. Finally, the simplified
method of beam spring element combination proposed in this paper is used to analyze the flange connection
node in the communication single pipe tower. Compared with the full model and scale reduction test, this method
is proved to have strong applicability in the inner flange structure.

Key words: inner flange; bolt simplification; beam-spring element; virtual thermal deformation method; scale
reduction test
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