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(a) (c) (d)
4
/\\ 2r sin(m/n)
/‘f’“’f}%\
\wr."
S, = (Rcos®, / 2)(Rsin 6, /2) S. =%stin9i

Sy :ZSi:%RZN sin(lz\l—ﬁ) —7aR?—>as N -
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T, = nsin(m/n)

Extrapolatad by Wvnn-e

Exact r to 10 places

128
250

0.000000000000000
2.000000000000000
2.825427124746130
3.0614067455920718
3. 121445152258052
3.136548450545939
3. 140331156954753
3.141277250932773
3. 141513801144301

3.414213562373090

3. 141418327933211

3.141592658915053

3. 1415920653589780

3.141592053583733




Discretized approximation Sl e o 5 <
A 7 439("-."- e x. 1)

H
JF&@) =3 g lxslx,x,D
tull

A N X

Rayleigh-Ritz principle

« Approximation in the whole domain
 Higher-order continuous function

» Fewer base functions
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Discretized approximation Sl s o i <
A AR - A f(x) /a;- +ng (xe [:’rs'*xm])

Flxyn 2 (o +hx(x e[z, x,]))
=0

W

A Y5 }.\‘ & L K T
Another method l
 Pieces function approximation in sub-domain

 Linear or polynomial function

bj..lz-.o Ls‘j"‘ ui’ﬁ) LS"“L'“‘ o..l.i‘
 More base functions
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member

Roof Truss
support

joint/

Physical Model

IDEALIZATION &
DISCRETIZATION

Mathematical and Discrete Model
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il

/Finite Number\ /Finite Accuracy\

There 1s only The accuracy of
finite number of your analysis 1is
elements 1n your finite. Even for
analysis model, very fine model, it

not infinite. 1s not accurate

solution.
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I Trial function I Finite difference
method

[ Variational I Metho dofWelghted] T 010

method Residuals Liebman 1918
Rayleigh 1870 Gauss 1795 Southwell 1946
Ritz 1909 Galerkin 1915
Similar structure Biezeno-Koch 1923
replacement [ Continuous trial}
i 941 - —
ﬁr:y?eﬂ;()ffllgzm, function Varlable finite
Iy Courant 1943
Newmark 1949

dlfference method
_ _ Prager-Synge 1947
[DII‘GC'[ ContlnuumJ Zienkiewicz 1964 / Varga 1962
elements
\[ Present Finite J

Argyris 1955 Element Method

Turner et al. 1956
First coined by Clough 1960
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Finite Element method S9doe il o9,
Finite Difference method o ol 59,
Boundary Element method S sl e,
Finite Volume method spdoes > g,
Mesh Free method Ol s 5 9,<
Spectral method b g,
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1965 ASKA (PERMAS) IKOSS GmbH, www.intes.de
(INTES),Germany
1966 NASTRAN MacNeal-Schwendler Corp., www.macsch.com
USA

1967 ASAS Atkins Res.&Devel., UK www.wsasoft.com

1970 ANSYS Swanson Anal. Syst., USA WWW.ansys.com
SAP NISEE, Univ. of California, www.eerc.berkeley.

Berkeley, USA edu

1975 ADINA ADINA R&D, Inc., USA www.adina.com
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1976 NISA Eng. Mech. Res. Corp., WWW.emrc.com
USA

1978 DYNA2D, DYNA3D Livermore Softw. Tech. www.lIstc.com
Corp., USA

1979 ABAQUS Hibbit, Karlsson & www.abaqus.com

Sorensen, Inc., USA

1980 LUSAS FEA Ltd., UK www.lusas.com

1982 COSMOS/M Structural Res. & Anal. WWW.COSmMOoSsm.com
Corp., USA

1984 ALGOR Algor Inc., USA www.algor.com
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*ANSYS (General purpose, PC and workstations)
*NISA (PC and workstation)

« SDRC/I-DEAS (Complete CAD/CAM/CAE package)
 NASTRAN (General purpose FEA on mainframes)

« ABAQUS (Nonlinear and dynamic analyses)

* COSMOS (General purpose FEA)

 ALGOR (PC and workstations)

* PATRAN (Pre/Post Processor)

« HyperMesh (Pre/Post Processor)

* Dyna-3D (Crash/impact analysis)
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¢+ Static analysis ¢ Heat transfer analysis
= Deflection = Temperature
= Stresses = Heat fluxes
= Strains = Thermal gradients
= Forces = Heat flow from
= Energies =convection faces
% Dynamic analysis < Fluid analysis
= Frequencies = Pressures
= Deflection (mode shape) = Gas temperatures
= Stresses = Convection coefficients
= Strains = Velocities
= Forces
= Energies
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* Automotive industry

= Static analyses

= Modal analyses

= Transient dynamics
= Heat transfer

= Mechanisms

= Fracture mechanics
= Metal forming

= Crashworthiness

«» Architectural

= Soil mechanics
= Rock mechanics
= Hydraulics

= Fracture mechanics
Sl 0uSiily — lasl s olKiils 31

“* Aerospace industry

= Static analyses

= Modal analyses

= Aerodynamics

= Transient dynamics
= Heat transfer

= Fracture mechanics
= Creep and plasticity analyses
= Composite materials
= Aeroelasticity

= Metal forming

= Crashworthiness

Sgaome (sl b,
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Analysis of solids

Stress Stiffening \

Static Dynamics Large Displacement
Instability
Behavior of Solids
Linear \ ‘ Nonlinear Contact
Geometric Material
Classification of solids
Skeletal Systems Plates and Shells Solid Blocks Plasticity
1D Elements 2D Elements 3D Elements : .
: Viscoplasticity
Trusses Plane Stress, Plane Strain ~ Brick Elements
Cables Axisymmetric Tetrahedral Elements
Pipes Plate Bending General Elements

Sl 0uSiils - ylpal (exo olKisls

Shells with flat elements
Shells with curved elements

32
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Try to study FEA by:

Mathematical principle + Analysis modeling +
Software application

Try to use FEA by

Software + Practical problem + Self development
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1- Introduction To Finite Elements in Engineering

T. Chandrupatla and A. D. Belegundu, Prentice Hall, 2001.
2- A First Course in the Finite Element Method

D.L. Logan, 2011.

3- The Finite Element Method in Engineering

S.S. Rao, 2010.

4- A First Course in Finite Elements

J. Fish, and T. Belytschko, 2007.

5-An Introduction to the Finite Element Method

J. N. Reddy, McGraw-Hill, 1993.

6- Fundamental Finite Element Analysis and Applications
M. A. Bhatti, 2005.

7- The Finite Element Method Linear Static and Dynamic Finite Element Analysis
Thomas J. R. Hughes, Prentice-Hall, 2000.

8-Finite Element Modeling for Stress Analysis

R. D. Cook, John Wiley & Sons, 1995.

9- The Finite Element Method: Volume 1, Basic Formulation and Linear Problems

O. C. Zienkiewicz and R. L. Taylor, 2000.
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FEA & Structure
Beijing National Stadium (40,000 tons)

From Herzog and de Meuron, Arup, CAG.
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FEA & Structure
Beijing National Stadium Mode shape

DISPLACEMENT AN

0CT 5 2004
15:38:21 D ISP LACRIENT AN

STEP=1 OCT 5 zo4
SUE =4 =

STEP~L
3B =1

Uniz: KN Ten w € DEG RPa g=9.8w/ 3”2 — CAG Dmoign Syasem

H—RRE  First Mode

('_&rﬂ']ﬁfw Zdirection) iﬂlﬂﬂﬂﬂ Fourth Mode
DISPLACENEHT AN (& #iRz) Z-direction Bending)
. T :
 DIZTLACENENT AN
STER-1 ocT 6 2000
S0B =5 09:46:18

PREE Second Mode
(X-77 A3 X-direction Sway)
DISPLACEMENT AN

STEPsL 0cT 5 2004
SUB =3

Tait: KT Ton m € DEG KPa g=9.8m/='2 5 Design System

Uaiw: KN Tonm w C DIG FPa ¢=9.8m/2"2 - CiG Deaign Systén

BEARE Third Mode
(Y-77 M5 Y-direction Sway)

From Herzog and de Meuron, Arup, CAG.

WHEARE Fifth Mode
(H5:4#HE R Torsional mode)
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FEA & Structure
Beijing National Stadium Failure verification
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From Herzog and de Meuron, Arup; CA
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Failure of Key Elem
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FEA & Structure
Beijing National Stadium Truss column design

P H®HP4 #P5
Column P1 Column P2 Column P3 Column P4 Column P5 Column P8 Column P7

From Herzog and de Meuron, Arup, CAG.
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FEA & Structure

Beijing National Stadium Construction process

(@) ¥ () FHiRSHAH RS B4, ST IHEA R
(a) Installation of column base (e) Primary truss and inner ring truss are lifted panel by panel and jointed at high leve

(d) FEbRiE

(b) wheiB A LERLH
(b) Install the columns and facade secondary structure (d) Removal of temparary support

From Herzog and de Meuron, Arup, CAG.
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FEA & Structure
Beijing National Stadium Construction process

(o) RRIME KL (g) 7ok
(e) Install secondary structure of the top surface (g) Image on the completion of installation

5.2 RS89 B &% My
Figure 5.2 Key installation sequence of the steel structure

{f) LHLE AR
{f) Construct facade stairs

From Herzog‘and de Meuron, Arup, CAG.




