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A generalized finite element method without extra degrees of freedom for
large deformation analysis of three-dimensional elastoplastic solids

MA Jin-wei”"**, BAI Ming®*, DUAN Qing-lin*"
(1. CAEP Software Center for High Performance Numerical Simulation, Beijing 100088, China;
2. Institute of Applied Physics and Computational Mathematics,Beijing 100088, China; 3. State Key Laboratory
of Structural Analysis,Optimization and CAE Software for Industrial Equipment.Dalian University of Technology,
Dalian 116024 ,China; 4. DUT-BSU Joint Institute, Dalian University of Technology,Dalian 116024 ,China)

Abstract: The generalized finite element method(GFEM)without extra degrees of freedom eliminates the
issues of the increased scale of a linear system and linear dependence, while preserving the standard high-
order interpolation characteristics. This results in advantages such as high computational accuracy and
good convergence compared with traditional finite element methods in elastic analysis of elasticity
problems. Simultaneously, it demonstrates promising potential in the nonlinear analysis of planar
problems. The extension and application of this method to large deformation analysis of three-
dimensional elastoplastic solids allow for further exploration of its performance in nonlinear analysis and
broaden the application of GFEM in the field of nonlinear problems. In the large deformation analysis of
nonlinear elastic and elastoplastic materials, this method is compared with traditional finite element
methods and commercial software. The computational results demonstrate superiority of this method in
terms of accuracy.

Key words: generalized finite element method; extra degrees of freedom; nonlinear analysis;
elastoplasticity;large deformation
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Deflection analysis of an improved composite box girder with
corrugated steel webs

LUO Kui"*, JI Wei*, WANG Xiu-yan"*"', KONG Xuan’, HAN Zhen-yong®"’

(1. Department of Civil and Airport Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106,
China; 2. College of Civil Engineering, Hunan University,Changsha 410082, China; 3. China Construction Sixth
Engineering Bureau Co. ,LLtd. , Tianjin 300171, China; 4. School of Civil Engineering, Tianjin University,
Tianjin 300350,China; 5. Tianjin Urban Construction Design Institute Co. ,Ltd. , Tianjin 300122, China)

Abstract: In order to accurately analyze the deflection of an improved composite box girder with a
corrugated steel web(ICBGCSW) , the deflection of the ICBGCSW is investigated using the finite beam
segment method. First, the element stiffness matrix of ICBGCSW is derived using the principle of
stationary potential energy by considering the shear deformation of the corrugated steel web(CSW)and
the shear lag effect of the box girder. Furthermore, the deflection analysis program of ICBGCSW is
developed based on the element stiffness matrix, and the accuracy and applicability of the proposed
method is verified against the measured and finite element values of the deflection of the model test
beam. Finally,the factors affecting the deflection of ICBGCSW are investigated. The results show that
the deflection values obtained using the deflection analysis program are well matched with the measured
and finite element values,and the error is within 2%. When the height-span ratio is less than 0. 069, the
thickness of the CSW and steel bottom plate has a greater effect on the deflection. When the height-span
ratio is greater than 0. 069, the effect of the thickness of CSW and steel bottom plate on deflection can be
ignored. The deflection analysis program developed in this paper is simple to use, and the deflection
values can be obtained by simply substituting the cross-section information and material properties of
ICBGCSW into the program. The research results can provide a simplified analysis method for the
deflection analysis of ICBGCSW,

Key words: composite box girder; corrugated steel web; element stiffness matrix; deflection calculation;

parametric analysis



