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Nonlinear finite element analysis of a three-layer composite
beam considering double interface slip

Deng Jihua'  Sheng Xikai' Peng Jianxin' Wang Lei'  Shao Xudong’

Abstract; Taking three-layer composite beams as the research object, the finite element
analysis method considering the geometric nonlinearity of double interface slip is
studied. Firstly, the displacement governing differential equation of the three-layer composite
beam is established based on the basic equations of elasticity, namely equilibrium,
geometry and physics equations. The geometric linear element stiffness matrix with
“precise” characteristics in local coordinate system ( co-rotation coordinate system ) is
derived by direct stiffness method. Secondly, the transformation matrix between the
structural coordinate system and the local coordinate system is derived by the co-rotation
coordinate method of geometric nonlinear analysis, and the geometric nonlinear tangential
stiffness matrix of the three-layer composite beam element under the structural coordinate
system is established, and the corresponding equivalent node force matrix can be obtained

simultaneously. Finally, the rigid arm and force equivalence principle are used to consider

EEWE: HFEARFAI4S (52278142) . WImA A ARFEIES (2023])30019) FIRF P45 K fd e 15 4 42 16 R 4 0 00 =
FF il 3 4 (BHSKL21-06-GF)
EEEI: XPdkde, Wt #dz WA 2024-06-27

NRERAESE « 8 R EB = RA AR L R ERTHT 206E 1B ENEEIH $AS4H2% | 061



the eccentricity effect caused by the inconsistency between the point of concentrated force
applied to the three-layer composite beam & the boundary constraint point and the node of
the finite element model. Based on the above results, a finite element analysis method for
three-layer composite beams considering geometric nonlinearity of double-interface slip is
established, and the corresponding program is developed. Three typical examples of three-
layer composite beams are analyzed, and the correctness and reliability of the proposed
method and the developed program are verified by comparing with the calculation and test
results of existing literatures.

Keywords: three-layer composite beam; geometric nonlinearity; double interface slip; co-

rotational coordinate method; precise element stiffness matrix
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