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This course is a professional frontier course for master level students, which involves
basic theory, implementation and engineering application of finite element method.

The aim of this course is enabling the students to master the basic theory and application
technique of finite element method, and lay solid foundations for finite element analysis of
structural strength, heat transfer, materials forming and other engineering problems, as well as
develop computation programs.

The basic content of this course includes basic theory of finite element method,
implementation procedure, element models, finite element modeling, etc.; the special topics of
this course includes structural elements, thermal analysis, dynamic analysis, material
nonlinearity, geometric nonlinearity, contact and impact, etc..

Prerequisite courses: Mechanics of Materials, Matrix Theory, Computational Methods.
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Basic content
0 Introduction, basic elasticity (3 hours, in class teaching)
0.1 Introduction
0.1.1 Key points and characteristics of finite element method (FEM)
0.1.2 Development, present situation and future of FEM
0.1.3 learning and application of FEM
0.2 Basic elasticity (review)
0.2.1 Basic concepts of tensor
0.2.2 Stress analysis
0.2.3 Displacement and strain
0.2.4 Boundary conditions
0.2.5 Constitutive equations
0.2.6 Basic equations and principles
1 Basic theory of FEM: weighted residual method and variational principle
1.1 Introduction
1.2 Equivalent integral form of differential equation and weighted residual method (3
hours, in class teaching)
1.3 variation principle and Ritz method
1.4 Basic equations of elasticity and variational principle (3 hours, in class teaching)
2 General principle and presentation format of FEM for elastic analysis (3 hours, in class
teaching)
2.1 Introduction
2.2 FE formulation of 3 node triangular element for plane problems
2.3 General FE formulation with generalized coordinates
2.4 Characters and convergency of FE solutions
2.5 FE formulation of axisymmetric problems
3 Construction of element interpolating function (3 hours, in class teaching)
3.1 Introduction
3.2 1-D element
3.3 2-D element
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3.4 3-D element

4 Isoparametric elements and numerical integration (3 hours, in class teaching)
4.1 Introduction
4.2 Isoparametric transformation and transformation of element matrixes

4.3 Conditions of isoparametric transformation and convergency of isoparametric element

4.4 General format of isoparametric element for elastic analysis
4.5 Numerical integration method
4.6 Integration order selection in computation using isoparametric element
5 Some practice considerations in application of FEM (3 hours, in class teaching)
5.1 Introduction
5.2 FE modeling
5.3 Characteristics of stress calculation and treatment
5.4 Substructure method
5.5 Utilizing symmetry and periodicity of the structure
Special topics
6 Generalized variational principle (3 hours, in class teaching)
6.1 Introduction
6.2 Constrained variational principle
6.3 Generalized variational principle of elasticity
6.5 FEM of incompressible elasticity
7 Structural elements (3 hours, in class teaching)
7.1 Introduction
7.2 FEM for bar structures
7.3 Bending of plates
7.4 Shell analysis
8 FEM of heat transfer (3 hours, in class teaching)
8.1 Introduction
8.2 Steady-state heat transfer
8.3 Transient heat transfer
8.4 Calculation of thermal stress
9 FEM of dynamic problems (3 hours, in class teaching)
9.1 Introduction
9.2 Mass matrix and damping matrix
9.3 Immediate integration method
9.4 Vibration mode superimposition method
9.5 Stability of the solution
10 Materials nonlinearity (3 hours, in class teaching)
10.1 Introduction
10.2 Solution method of nonlinear equation set
10.3 Elastic-plastic constitutive relation
10.4 Incremental elastic-plastic FE analysis
10.5 Some problems of numerical method in incremental elastic-plastic analysis
11 Geometric nonlinearity (3 hours, in class teaching)
11.1 Introduction
11.2 Strain and stress components in large deformation
11.3 Presentation format of geometric nonlinearity
11.4 FE equation and solution method
11.5 Constitutive relation in large deformation
12 Contact and impact (3 hours, in class teaching)
12.1 Contact status
12.2 Contact conditions
12.3 Friction law
Analysis of application examples (3 hours, in class teaching)
Review and Summary (3 hours, in class teaching)
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(Enelish) The grade of this course is synthetically evaluated through the classroom questions and
Reql?il%eiients tests (proportion 20%) and practical projects (proportion 80%) of the student. The total score

is evaluated by letter grading.
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1. Xucheng Wang. Finite element method. Beijing, Tsinghua university press, 2003
R 2. Bofang Zhu. The finite element method theory and applications, China Water & Power
N Press, 2018
(English) 3. Pan Zeng. Finite element analysis and its application. Beijing, Tsinghua university press,
Resources 2004
4. Xianghuai Dong, Liliang Chen, Guilan Wang, et al. Computer simulation of materials
processing (2™ edition). Beijing, China machine press, 2006
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Note
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