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1. Initial conditions and initialization:

set v°,6°and initial values of other material state variables;
d°=0,n=0,t=0; compute M.

2.Getf(f", At").

3. Compute accelerations:a" =M™f",

4. Compute kinetic energy and check energy balance.

1
5. Update nodal velocities: vz =y +1At"a" :

6. Enforce velocity boundary conditions:

1 1
If node 1 onT, :vinI 2 =\7i(x,,tn 2).

1
7. Update nodal displacements: d"* =d" FAL 2V 2,

1
8. Update nodal velocities: v =v 2 +%At”a“ .

9. Update counter and time: n <~ n+1t <t +At.

10. Output. if simulation not complete. go to 2.
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- Subroutine Getf(f", At")
0. Initialization: (f" =0,At,;, =).
1. Compute external nodal forcesf**" . which are global.

2. Loop over elements e
i. Gather element nodal displacements and velocities.

i. f*"=0.
iii. Loop over quadrature points &, .

1.1f n=0.goto 4.

1
2. Compute measures of deformation: D 2(&,),F"(&,).E"(&,)-

3. Compute stress " (&,) by constitutive equation.
4. f"" ="+ (B 6" WyJ),, .
End quadrature point loop.
iv. Compute external nodal forces on element f>“".
v fn _fext,n _fint,n
e T e e
vi. Compute At < IfALS, <At thenAt,, =AtS, .
vii. Scatter f_' to globalf".

3. End loop over elements.

4. At"= Atg,
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0 — Input data.
1- Determine convex hull.
2- Loop over all points of boundary:
2-1 Determine vertexes should be deleted.
2-2 Find new forming points.
2-3 Determine deleted vertexes neighbors.
2-4 Determine new vertexes.
2-5 Update list of elements.
3- Until mesh (refinement, coarsening, smoothing) is not OK:
3-1 Loop over all Elements to locate new points in them.
3-2 For all new points:
3-2-1 Determine vertexes should be deleted.
3-2-2 Find new forming points.
3-2-3 Determine deleted vertexes neighbors.
3-2-4 Determine new vertexes.
3-2-5 Update list of elements.

4- Determine useless Elements and remove them.
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(a) Project Gauss point variables to nodes.

h g hg*
A-n,,G = An,N

(b) Transfer nodal values from the old to the new mesh.

New Mesh
A 7

h+1An,N — h+1An,G
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Algorithm 1
1. Start.
2. Input data.

3. Mesh generation and initialization. (t =0,i =0).

4. Until t <t

Final =
4.1 Finite Elements analysis for i" time step.
4.2 Error Estimation.
4.3 If Estimated Error > Allowable Error :
4.3.1 Re meshing according to the estimated error.
4.3.2 Data transformation to the new mesh.
44 i1=i+1
4.5 Compute At for next time step.
Algorithm 2
1. Start.
2. Input data.

3. Mesh generation and initialization. (t =0,i =0).

4.Until t <t :

4.1 Err=0.

4.2 Until Err > Allowable Error:
4.2.1 Finite Elements analysis for i" time step.
4.2.2 Error Estimation. (Err)
4.2.3 If Err > Allowable Error

4.2.3.1 Re meshing according to the estimated error.

4.2.3.2 Data transformation to the new mesh.
43 i=i+1
4.4 Compute At for next time step.
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EXPlicit Processing

Do
Finite element analysis for current time step.
If (adaptive option = True):
Adaptive_Error_estiMate_for_eXplicit:
ACcuracy_ASSessment_for_eXplicit_code.
ADaptive_ReFinement_ChecK:
If (estimated error > allowable error):
Re meshing = True
End if
If (Re meshing = True) :
MESh_PRediction_for_eXplicit.
End if
End if
If (Re meshing = True), Exit EXPlicit_PRocessing to Generate new mesh.
Loop until current time step < total time.
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ACcuracy ASSessment for eXplicit code.

ACCuracy_ASsment_procedure_Control_parameter_reading_for_eXplicit.
Read-in the control parameters for accuracy assessment procedure.
KNORM - Type of norm used for projection error estimator:

1 - K-norm

2 - L2-norm

7 - Rate of plastic work norm

8 - Damage based fracture indicators
KPROJ - Projection type to be used:

1 - only local (element) projection to be used

Accuracy_Assessment_arrays & matrices_ DIMensions_for_eXplicit.

To get the dimensions of arrays & matrices and open records required
for projection type error estimators in explicit code.

Error_Estimator_Type_a_data Reading_for_eXplicit.

To read-in the data required for error estimator type A and set up the data
structure.

Error_Estimator_TyPe A _for_eXplicit.

Routine to get all the information of error estimator type A on a mesh of
all elements grouped.
/ Calculate finite element norm of all elements. /
Loop over elements
Calculate finite element norm of current element.
Add this value calculate total of finite element norm.
End Loop
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PROJEction_eXplicit
Calculate the projected variable values on nodes.
/ All the projected values on nodes (of each element) are
calculated. These will serve as the ‘estimated exact' vectors (of
each element) to calculate the error norm of elements. /
Loop over elements
Element_ERror_Norm_Square_for_eXplicit
Calculate finite element error norm current element for explicit
code.
Add this value calculate total of finite element error norm.
End Loop
Total Value of norm = Total value of element norm + Total value of
element error norm.
/ Error norm indices of elements. /
Loop over elements
Index for current element =

errornorm(currentelement) x Numof elements
TotalValueof norm

End Loop
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PROJEction eXplicit

Loop over elements
Loop over nodes of Elements
POINT = Node of current Element
Value (POINT) =Value (POINT) + Value of Current Elements.
Num of elements(POINT) = Num of elements(POINT) + 1
End Loop
End Loop
Loop over points
Value (POINT) =Value (POINT) / Num of elements(POINT)
End Loop
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Element ERror Norm Square for eXplicit

/ Calculate value of norm at gauss points. /
Loop over num of Gauss point
Loop over nodes of Element
POINT = Node of current Element
For current Gauss point :
Value at Gauss point = Value at Gauss + Value (POINT) * Shape
function
End Loop
End Loop
Error norm = (Value at Gauss — FE Value at Gauss) * Volume of elemnt
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PROJEction eXplicit (new)

KPROJ = Projection type to be used
1 - only local (element) projection to be used
21- SPR Method with polynomial (1 xy)
22- SPR Method with polynomial (1 xy X2 xy y2)
If (KPROJ=1):
Loop over elements
Calculate element area/volume for weighting
Loop over nodes of Elements
POINT = Node of current Element
Value (POINT) =Value (POINT) + Value of Current
Elements * Volume of Current Element.
Tatal Volume(POINT) = Tatal Volume (POINT) + Volume
of Current Element.
End Loop
End Loop
Loop over points
Value (POINT) =Value (POINT) / Tatal Volume(POINT)
End Loop
End if
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DeTermine PatCh of a Point 4 or 7 (Point)

/ Routine to determine patch of a point.( 7 or 4) elements shall be detected as min.
no. of elements /
Loop over elements
Loop Nodes of Current Element
If (Point = Current node of current element) :
If this elemnts is not in list, add it to list
End if
End Loop
End Loop
If (num of elements in detected patch < (8 or 5)) :
Make a list of points in detected Pacth.
For every point in the recent list, find a patch.
All of the detected patchs make a new patch.
End if
If (num of elements in the new patch < (8 or 5)) :
Make a list of points in detected Pacth.
For every point in the recent list, find a patch.
All of the detected patchs make a new patch.
End if
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PROJEction eXplicit (new)

KPROJ = Projection type to be used
1 - only local (element) projection to be used
21- SPR Method with polynomial (1 xy)

22- SPR Method with polynomial (1 xy X2 xy y2)
If (KPROJ = 21or KPROJ = 22) :

Loop over all points
DeTermine_PatCh_of a Point 4 or 7
Set_Coefficient_of SPR_(3 or 6)

/ Calculate Matrix (A & B). Elements in the patch were be
usedto /

Find Matrix (a). (a=inverse(A)*B)

Get Cartesian coordinates of current point.

Recoverd value= (a*P[ 1 xy]) or (a*P[ 1 xyx2xyY])
End loop

End if

Set Coefficient of SPR (3 or 6)

Loop over all elements in the detected Patch
Loop over gauss points

Get Cartesian coordinates of current gauss point. (x,Y;)

Calculate distance of gauss point to the center of the patch. (p)
1
w ==

P
A:A‘"Wizl:)T (Xn yi)P(Xi1 yi)
B= B"‘WizpT (%, Yi)on (%, Y1)
End loop
End loop
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Adaptive Analysis of Nonlinear Dynamic Problems

Abstract:

Numerical simulation has now become an integral part of
engineering analysis and design processes. Verification and
validation of the reliability of the numerical simulation is therefore
vitally important in the engineering analysis and design processes.
This research is proposed to develop theories and methodologies
that can automatically provide quantitative information about the
reliability of the numerical simulation of dynamic nonlinear problems
by estimating numerical approximation error, computational model
induced errors and the uncertainties contained in the mathematical
models so that the reliability of the numerical simulation can be
verified and validated.

Software was used to simulate the models has an implicit & explicit
finite element code for analyzing the static and dynamic response of two &
tree dimensional models.

Simple averaging was used for error estimation in software. This option
was improved by using weighted averaging and super convergent patch

recovery (SPR) methods in this research.

Several tests have been performed to assess the performance of
the algorithm with respect to other theoretical/numerical approaches
as well as available in other references. Comparison of the
numerical results obtained from new scheme and traditional

methods shows encouraging improvements.
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