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General ApproachGeneral Approach
Transition from linear to nonlinear analysisf y

– First assumption: linear analysis
– Indicate regions 

– Geometric nonlinearities and elastic limit of the material
Ch i t li f l ti d t i l– Choose appropriate nonlinear formulations and material 
models for this regions
Different formulations can be used together in a mesh– Different formulations can be used together in a mesh:

– Linear analysis assumption
– Materially- nonlinear- only formulationMaterially nonlinear only formulation
– TL and UL formulations
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General ApproachGeneral Approach
Principlep

The complete process of analysis can be linkened to
a series of laboratory experiments in whitch
different assumptions are made in each
experiments – in the finite element analysis these
experimants are performed on the computer with a
finite element program.
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Collapse and Buckling Analyses
Examples (1)

No collapse point Dynamic response
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Collapse and Buckling Analyses
Examples (2)

–β: represent the imperfection in the geometry and material
h l d l
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Collapse and Buckling Analyses
Linearized buckling analysis (1)

– Response calculated by an incremental analysis

– Definitions:

∆tR : Load distribution
τβ: Load multiplier

τβ∗ ∆tR: Load at time τ

– Interest in calculating the response of the structures as τ increases

– See Section 8 4 3 for specific algorithmSee Section 8.4.3 for specific algorithm

– Complete incremental nonlinear solution can be expensive
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Collapse and Buckling Analyses
Linearized buckling analysis (2)

– Calculation of the lowest buckling load

– Lowest buckling modes are imposed on the structure to simulate imperfections

– Calculation:
(1)

(2)(2)

– λ : scaling factor; when λ > 1 ?

– At collapse or buckling the tangent stiffness matrix is singular:
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Collapse and Buckling Analyses
Linearized buckling analysis (3)

– Substitution (1) on (3):

( )
– λi , i=1, …, n: Eigenvalues give the buckling loads (using (2))

(4)

– φi , i=1, …, n: Eigenvectors give the corresponding buckling modes

– Smallest positive eigenvalue:

– γi , i=1, …, n: Eigenvalues, all positive

9. November 2007 Daniel Caduff 9



FEM II

Collapse and Buckling Analyses
Results for the examples (1)
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– Good results if the precollapsse displacements are relatively small
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Collapse and Buckling Analyses
Results for the examples (2)

– Calculated Response using a load-Calculated Response using a load
displacement-constraint method

– Precollapse displacements are large 
l i h ti tanalysis very much overestimate 

the collapse load
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Collapse and Buckling Analyses
Results for the examples (3)

– Impose the buckling mode as an imperfection on the structural model:

– Calculated Response using a load-
displacement constraint methoddisplacement-constraint method

Collapse load smaller with structural 
imperfectionsimperfections
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Collapse and Buckling Analyses
General

– Incremental load analysis should include:

– Material nonlinearities

– Imperfections (1nd, 2nd, … buckling modes)

–Perturbations in the material properties

Find smallest load-carrying capacity for the structure

Dynamic solutions also 
may be considered!
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The Effects of Element Distorsions
– Elements must be of general straight-sided shapes with angular 

distorsion in order to provide mesh gradings and to mesh complexdistorsion in order to provide mesh gradings and to mesh complex 
geometries effectively Lagrangian elements are effevtive

– Using the lagre displacement formulations, the principle of virtual g g p , p p
displacements is applied to each individual element corresponding to 
the current configuration monitor the changing shapes of of each 
elementelement

– If element distorsions adversely affect the response prediction, a 
different and finer mesh may be required for the geometrically nonlinear y q g y
analysis
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The Effects of Order of Numerical Integration
– A higher integration order than that used in linear analysis may be 

required in the analysis of materially nonlinear response in order for the 
analysis to capture the onset and spread of the materially nonlinearanalysis to capture the onset and spread of the materially nonlinear 
conditions accurately enought.

– Newton-Cotes methods effective because the integration points forNewton Cotes methods effective because the integration points for 
stiffness and stress evaluations are on the boundaries of the elements
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Example 6.27 Bathe p. 638
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Example 6.27 Bathe p. 638
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