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Nonlinear analysis method for frame structure with no
consideration of geometric stiffness

CHEN An-quan”'?, LIN Hang-wei'
(1. School of Architecture and Engineering, Neijiang Normal University, Neijiang 641100, China;
2. The Engineering Technology Research Center of Intelligent Construction and Building
Industrialization of Neijiang, Neijiang 641100, China)

Abstract: Based on the mechanical mechanism of incremental iteration, the characteristics of predictor,
corrector and equilibrium check are analyzed in detail. Combined with the rigid body rule, an accurate
formula for calculating the recovery force of element nodes in nonlinear analysis of frame structures is
established. Meanwhile, a refined plastic hinge model is utilized to construct the elasto-plastic beam
element and derive the elasto-plastic stiffness matrix, and the nonlinear analysis method for frame
structures with a clear physical concept and simple process is established. Through the analysis of typical
cases,it is demonstrated that using only elastic stiffness or elasto-plastic stiffness can address the
nonlinear response of the frame structure even without considering the geometric stiffness. The only
sacrifice is to slightly increase the number of iterations in the numerical calculation. The result proves the
reliability of the proposed method,which is the application of elastic stiffness and elasto-plastic stiffness
of frame structures in nonlinear capacity and post-buckling analysis.

Key words: frame structure; geometric nonlinearity; material nonlinearity;rigid body rule; refined plastic
hinge
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Dynamic response analysis of deep-sea mining riser
based on vector form intrinsic finite element method

XU Jing-chang'?*, ZHENG Hao’, YAN Hong-hao*!, ZHANG Ming’, WANG Ying-ying®
(1. Department of Engineering Mechanics,Dalian University of Technology,Dalian 116024 ,China;
2. State Key Laboratory of Exploitation and Utilization of Deep-sea Mineral Resources,Changsha Research Institute
Mining and Metallurgy Co.,Ltd.,Changsha 410012, China; 3. College of Safety and Ocean Engineering,
China University of Petroleum, Beijing 102249, China)

Abstract: A deep-sea mining riser is an important part of the collection and transportation system of
underwater metal minerals such as metal nodules, cobalt-rich crusts and sulfides. The complex marine
environment load has an adverse effect on the mechanical properties of the riser. The vector-form
intrinsic finite element(VFIFE)method is a new dynamic analysis method based on vector mechanics. In
this paper, the Matlab program based on the VFIFE is used to analyze the dynamic response of an
underwater 5000 m mining riser. The displacement configuration, axial internal force and bending
moment distribution of the riser under the conditions of wave and current are calculated,and the results
are compared with Abaqus and Orcaflex. The effects of mining ship motion, structural damping and
internal flow velocity on the dynamic response of the riser are further analyzed. The results show that
the movement of the mining ship will increase the lateral deviation of the riser and the amplitude of the
axial force at both ends. The structural damping will reduce the influence of the mining ship on the riser
and make the structure tend to be come stable faster. The internal flow will reduce the axial force at the
top of the riser,and the reduction is positively correlated with the internal flow velocity. It also shows
that VFIFE has high accuracy and feasibility in simulating the dynamic response behavior,and provides a

new and simple finite element method for the study of deep-sea mining riser mechanism.

Key words: deep sea mining;riser; vector from intrinsic finite element (VFIFE) ; dynamic response; wave

current load;Inward flow; mining vessel movement



