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1 Introduction of Finite Element Method '@ 1.2 Computation procedure of finite element method ‘@

Computational mechanics is the discipline concerned with the use
of computational methods to study phenomena governed by the principles of
1.1 DeVelOpment process Of ﬁnite element method mechanics. Before the emergence of computational science (also called
scientific computing) as a “third way” besides theoretical and
experimental sciences, computational mechanics was widely considered to
be a sub-discipline of applied mechanics. It is now considered to be a sub-
discipline within computational science.

1.2 Computation procedure of finite element method

1.3 Main contents of the book

1.4 Exercises HEHE . A

7 (computational mechanics) J&
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1.2 Computation procedure of finite element method '@ 1.1 Development process of finite element method‘-@:
B Numerical methods in computational mechanics B The treatment of “standard discrete problems”.
ERN¥ESX mﬁgﬁ #, KR TH M (finite element 1. The continuum is divided into a finite number of
method, FEM). B#i(discrete element method, DEM) » HR elements whose behaviour is specified by a finite
2 2 ¥ (finite difference method, FDM). JC ™ % ¥% (mesh-less number of parameters.
method, MLM), ¥ JB# R (extended finite element method, ——
XFEM). 1% TC(boundary element method, BEM). b5k :. %‘ﬁ :
(semi'analyﬁc methOds? %gﬁﬁjﬂi AEDHRRH T TA, 2. Asan assembly of its elements, the solution for the
AR R I M BAL A, TRETEREA complete system precisely follows the same rules as
fEBRA BT IR ISR, RN S )3 A th lied to standard discret. bl
SRR B F R I__oie_zi[:p ied to standard discrete problems.
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1.2 Computation procedure of finite element method '@ 1.2 Computation procedure of finite element method ‘@
1. Define the problem to be solved by the governing 4. Compute and assemble the matrixes from
differential equations. Based on the differential equations elements. The relationships in all elements are
in the analysis of continuous systems, the equivalent defined and assembled by the equivalent integral
integration form of the problem is constructed as virtual form of the problem; for example, the global stiffness
work, variational or weak form. matrix and load vector are set from each element

using the element location vector. In this way, the
continuous system is meshed and discretized to form
an approximate discrete system. In this way, the
differential  equations representing  continuous
systems are transformed into algebraic equations of
3. Define a set of mesh for the problem. This involves the discrete systems.

description of the distribution of nodes and elements and

the description of the boundary conditions.

2. Select the type and order of the finite element. These
elements and corresponding shape functions will be used in
the analysis of discrete systems, which will be substituted
into the equivalent integral form.
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1.2 Computation procedure of finite element method

5. Solve the system of algebraic equations. For
widespread static problems, the algebraic equations are
especially linear, which could be solved effectively by
some well-developed mathematical techniques or
specialized solvers. The solutions of the system of
algebraic equations are solutions on all nodes.

6. Derive the solutions of variables in the global
domain. Using the solutions on the nodes and the
solutions of displacement, stress, and strain
(derivatives of displacement) in each element domain
can be obtained by further applying the interpolation of
shape functions.

1.2 Computation procedure of finite element method

Continuous system | Discrete system

Continuous system
Differential equations ‘mﬁ:;:::::m Integral equation Discretization Algebraic equations
Lu=0 ’ G (w, w)=0 ‘ Ku=f

L: Differential operator G: Integral operator K: Stiffness matrix
w: Unknown displacement Weak form | Arbitrary function \ﬂ‘x;::\:::n J: Load vector

u: Unknown displacement u: Unknown displacement

o Computation procedure from differential equations to integral

equation and then to algebraic equations
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1.2 Computation procedure of finite element method

B Mining engineering——coal mining -

e Tunnel excavation ¢ 3D numerical model e Evolution of Y-stress
| =
| ;

o Y-stress field o Y-displacement field 36

m

o Slope excavation ¢ 2D numerical model e 2D structural mesh

o Y-stress field e Y-displacement field

1.2 Computation procedure of finite element method

B Rock mechanics

crack initiation and propagation

oy e R —

e Rock disc model e 2D numerical model

o Displacement field

1.2 Computation procedure of finite element method

B Petroleum Engineering: hydraulic fracturing

e Hydraulic fracturing

of tight shale reservoir

o Numerical simulation e Multiple wells fracturing
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1.2 Computation procedure of finite element method | e

B Civil engineering deformation of buildings

. ) e e Deformation of single-story
e Deformation of high-rise building . . .
industrial building 40

1.2 Computation procedure of finite element method (§

B Civil engineering:

vibration of cable-stayed bridge

o TR EN BT

FMEITKH: £K4397.6m , EHRE
4444m , HFERE24.5K, HPRBHHS
FERE26.5K, WANER. KRR
BIHF. YL AREF. JLBWNF. JLDUEM
TLEE. S A WOGEMILE. MR
. AETRENEEIFSASESE
AR, BIEEI3.732570. LRHFEEF AN
ENRMERLEHBS, REMTEE
;g%mﬁﬁi%ﬂﬁﬁ, JB RZHFR it

o SERE R RS
o HOR DI AR 07 BT
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1.2 Computation procedure of finite element method '@

B Civil engineering vibration of cable-stayed bridge

o Frequencies

——

1 0.18459(HE)

2 0.28296(— B K ED)
3 0.36452(— K XFRMZ)
4 0.47058(— M RATFRED)
5 0.51384(3 RXIFHME)
6 0.58846(h FrkH %)

13 0.66620('%25)

32 0.77994(E X FRMZ)

46 0.82465(127)

50 0.84960( X FRIAE)

e 1%-oder mode

o 6™M-oder mode 42

1.2 Computation procedure of finite element method

B Structure optimization——Zhaozhou Bridge

X e Model and load
o Zhaozhou Bridge(BE M)

H R —EEERN RN ALY, _YEH
RFERE. RERFHERGHNT. BMF
RN it TR oLt B R HUR B B
» AET R R FK50.82K, ER37.02
X, $H7.23K, FRFI.K, HHRIISE
EETHERRE, BIRRERGYLRL.
Fﬁiﬂ%&%ﬁﬁ? “HIEER, ARMER
A7 .

e Bending moment
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1.2 Computation procedure of finite element method '@

B Mechanical Engineering - vehicle crash simulation

e Numerical model

FEREEB UK, XTI
AR LB TT VY, Rl R
7 LA B8 2 1 0 G A 5
ATERRTRIKI I IRl
By CLRIEFERDRLR 2 R
PR AT

o Flow field simultion “

1.2 Computation procedure of finite element method |}

B Aerospace——airplane and aerocraft

“i/\
0, '

{a

o Airplane simulation o REMERELEHNHMUL

K

e Aerocraft simulation
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1.2 Computation procedure of finite element method

B Aerospace——bird strike

B AR
1814¢ bird, 200m/s velocity

LRI A
o 1 mseckP) o 5msec(JkB)
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1.2 Computation procedure of finite element method %

B Biomechanics——organ

DOFREE, LRV
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1.2 Computation procedure of finite element method |§ !

bone

B Biomechanics

Distribution of contact
pressure in femur.

Maximum principal
stress in femur due fo
interference fit

o Model and mesh
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B Biomechanics shoes

FRRENENAER.
f# (&) EX!

1.2 Computation procedure of finite element method |

B Simulation of desk

J BB T B0 R A L E 58
£EE, KT LA,
WM A8 TR 1R
FERH, EHSTTRTH
BRANRLA -

> 1 A1

e Physical model

o Displacement o Von-Mises stress

1.2 Computation procedure of finite element method |}

B Simulation of chair

o Physical model e Numericalmodel ¢ Axial force ¢ Bending moment

51
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1 Introduction of Finite Element Method

1.2 Computation procedure of finite element method \§

B Simulation of dressing

1.1 Development process of finite element method
1.2 Computation procedure of finite element method
1.3 Main contents of the book

1.4 Exercises

e 3D virtual fitting system e Von-Mises stress

1.3 Main contents of the book 1.3 Main contents of the book

Chapter 1. Introductionof finite element method
H Contents | ’ |

-

Chapter 1. Introduction of Finite Element Method

Chapter 2. Fundamentals of |

elastic mechanics

finite element method

Chapter 2. Fundamentals of Elastic Mechanics

Chapter 9. Programs of |

Chapter 3. Weak Form of Equivalent Integration

i eSococoaseoaceeg !
i i “ha Error estimation | | Elasti
Chapter 4. Elements and Shape Functions ) . i | Chapter 8. Eror estima i astic
1 | equivalent integration ! 1| andadaptiveanalysis ! mechanical
i i i 0 ' theory
Chapter 5. Isoparametric Element and Numerical Integration y I l | .
- . . ! [Chapter 4. Elementsand |1 1 | [
Chapter 6. Finite Element Computation Scheme of Elasticity Problems 1 | shape functions i A | ! Finite H
' [ ] ! 1 element |
Chapter 7. Solutions of Linear Algebraic Equations | ! I methodology !
1| Chapter 8. Isoparametric ! | Chapter 6. Finite element [} ========= !
Chapter 8. Error Estimation and Adaptive Analysis 1| element and numerical ' 1| scheme of elastic mechanics. s
1| integration . J Finite
Chapter 9. Programs of Finite Element Method ) ! | ! element
1 Basic techniques ! i Computation schemes : program
54 e Structural chart of main contents and chapters 55

The End




