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T, = nsin(m/n)

Extrapolated by Wvnn-e

Exact r to 10 places
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Rayleigh-Ritz principle
« Approximation in the whole domain
 Higher-order continuous function

 Fewer base functions
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A L) | ic) L4, +bx (xelx.x,])

Flsym (e +hx(xe[x. 5,0
=0

W

A Ny i & Y T X *
Another method l
 Pieces function approximation in sub-domain

 Linear or polynomial function

» More base functions
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member

Roof Truss
support

joint/

Physical Model

IDEALIZATION &
DISCRETIZATION

Mathematical and Discrete Model
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/Finite Number\ J L /Finite Accurac \

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

not infinite. 1S not accurate
solution.
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Finite Element method >S9l il o9,
Finite Difference method o o5 59,
Boundary Element method S sl <
Finite Volume method PREgpE S
Mesh Free method Ol gy 5 9,<
Spectral method b g,
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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
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Shells with flat elements
Shells with curved elements
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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. Chandrupatia and A. D. Belegunadu, 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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method
[ Variational I Metho dofWelghted] T 1010

I Trial function I [ Finite differenceJ

method Residuals Licbman 1918
Rayleigh 1870 Gauss 1795 Southwell 1946
Ritz 1909 Galerkin 1915
Similar structure Biezeno-Koch 1923
[ replacement J [ Continuous triaIJ
ﬁfﬁ:ﬁi’yﬁlﬁ?k Couranfllj;itlon Varlable finite J
Newmark 1949 dlfference method

_ _ Prager-Synge 1947
Direct continuum Zienkiewicz 1964 Varga 1962
elements

[ Present Finite J

Argyris 1955 Element Method

Turner et al. 1956
e L First coined by Clough 1960
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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.COSmosm.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 Sh&p@) = (3aS 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
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¢ Aerospace industry

= Static analyses

= Modal analyses

= Aerodynamics

= Transient dynamics
= Heat transfer

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

= Metal forming

= Crashworthiness
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