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SUMMARY

Spider is a general purpose 3D post-processor for static artl/namic nonlinear nite element analysis
resultst.

Spider is an OpenGL implementation under Windows. There is m Unix implementation yet.

Spider can read post-data of any (properly written) nite el ement analysis program, as long as it
includes: nodal coordinates, element connectivities, anahodal characteristics (de ned as scalar, vector
or tensors of order two). In addition the Spider can display xy or x-y-z plots either coming form the
nite element analysis (through GnuPlot), or internally ge nerated. In addition Spider can compute the
FFT of a data set, resultant force and moment if stresses alog a line are being plotted.

Spider display regular meshes, shrink plots, vector and pricipal values plots (it will internally com-
pute the eigenvalues/eigenmodes of the order two tensors}jontour, carpet, and surface plots.

Three dimensional meshes can be sliced and provide two dimsional displays of the interior. Finally,
and in the context of a nonlinear analysis of concrete struatres, disks can display the smeared cracks.

Spider can also handle eigenvalue analysis results througthe display of animated eigenmodes, and
the display of their corresponding eigenfrequencies.

Finally, Spider can also display in real time (i.e. while an analysis is running) results of a dynamic
or nonlinear analysis. For dynamic analysis, accelerograsof selected nodes can be monitored along
with the corresponding deformed shapes. For nonlinear sta¢ analysis, deformation in real time can
be monitored. This feature of Spider is particularly useful for monitoring dynamic analysis which is
computationally intensive.

Spider has a mouse oriented, graphical user interface, whHicmakes the program easy and intuitively
to use. Hence, there is not a command prompt and no directiveto memorize.

The Spider input les are relatively straightforward to de ne, and can be read either as hinary or
ASCII les. Since Spider understands various data types andreads the labels used in the menus along
with the post data from the post le, the type of analysis a ni te element code performs does not a ect
Spider. The menus will be displayed with proper labels, and e the plots will visualize the data in the
formats described below. Hence Spider is not limited (or tiel) to stress analysis.

This document is broken in three chapters:

.pst File de nition for regular nite element analysis.

.rtv  File de nition for Real Time View of a lengthy dynamic analysis. In this case display is limited to
deformation versus time, and accelerograms.

.eig File de nition for the display of results of an eigenvalue aralysis.

The format of each of those les is separately described in tB appendix, in which an overview of the
system implementation is also described.

About 20% of Spider's development can be traced back to an itiial research grant from the Electric
Power Research Institute (EPRI), and 80% to a research grantfrom the Tokyo Electric Power Service
Company (TEPSCO). In both of them, Prof. Victor Saouma was the sole and principal investigator.

Spider was coded by Dr. G. Haussmann (based on an initial deV@pment by Mr. J. Hermanrud)
and extensively tested by the research team of Prof. Saouma.

Linitially, Spider was developed as the post processor for th e analysis program MERLIN, but has since been expanded
to be usable with any nite element analysis program.

Spider User's Manual



Chapter 1

Post-Processor .pst Files

This chapter describes Spider's functionality in viewing and displaying results of a nite element analysis.
It is assumed that the user has loaded apst le (which format is described in Appendix D.

1.1 Toolbar

Spider's main tool bar is shown in Fig. 1.1 The toolbar is composed of ve parts

HWERAP s widp | 2

[Ead e xR [P

Figure 1.1: Spider's Toolbar

File View
JE Open File. W Display regular mesh.
Copy Screen display. | Display vectors.
= Export display in .eps or .emf format. 2 Display contour lines.
Settings w Display principal values.
2 Reset view to original display. [ | Display carpet plot.
N Pick a node. 2_ Display surface plot.
= Display nodal data. L& Display shrink plot.
E Clear markers from the main display. - Control
€ Adjust center of zoom. g Control regular display.
™ Dynamic control. % Control vectors display.
Ll Program setting. W Control contour lines display.
- Help é Control principal values display.
2 Help % Control carpet plot display.
u Control surface plot display.
3 Control shrink plot display.
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1.2 File Operation
1.2.1 Open File

This allows the user to load a spider les (one with an.pst, .eig  or .rtv le extension), or to export
a graphical le.
Opening a le |2 will allow the user to select the le to be loaded by Spider Note, that whereas by

Open File 2 x|

Look in: I@single_buﬂress ;I - £ B

& bdam_3dbuttress.pst
2 bdam_3dbuttress_latrest.pst

File name: | Open
Files of type: Imerlin post files [~ pst) El ﬂl

merin input files (~inp)
merin post ascii files "asc)
All Files )

Figure 1.2: Open File

default Spider loads a binary.pst, eig, rtv le, it can also read their ASCII equivalent. In addition,
Merlin can recognize Merlin input data le and display the mesh.

When 3D .pst le are loaded for the rst time, Spider builds the winged and radial edge structures
(Section C.1.2). This computationally intensive task eliminates internal nodes, edges, and surfaces,

before the mesh can be properly displayed.
Hence, to accelerate subsequent viewing of thepst le, Spider stores this data structure as a

.pst-radial le.

1.2.2 Copy to Clipboard

enables the user to copy the current screen display into the lipboard as an extended metale le
.emf. This (rather large) le, can then be easily imported by applications such as Word, Power-Point,
or Adobe-lllustrator.

Note, this copy mode is much better than simply \printing the screen" content, as not only does
it automatically take care of background color, but it also create a scalableimage inside the intended

target document.
For 3D displays, it is advisable to switch the display mode toMeshrather than the (defaulted) setting

of Mesh, with hidden line

1.2.3 Export

E Exports current displays into either one of the following formats, as Fig.:
1. Encapsulated postscript le, .eps (best for IATEX).
2. Window Enhanced Meta le, .emf, (best for Word).
3. Bitmap .bmp.
4. Graphics Interchange Format, Gif

Spider User's Manual
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5. Joint Photographic Experts Group, .jpg , with quality control

1.3. User can select path and le name.

Export to File | x|

Output File name

IC:\T epzcosPhase-B\Huestions’kasho-20 -newmark-0 © Browse... |

(™ Save as encapsulated postseript (EPS]
' Save as Windows Enhanced Metafile [EMF)
@ Save as JPEG Image

" Save as BMP image EPEG Quality
 Save az GIF image i High
— | —

Cancel |

Figure 1.3: Exporting Files

1.3 View

View enables the user to describe one or more di erent type oflisplays. Hence, a vector plot can be
superimposed on a contour plot. Note that through the sliceflcut feature described below, part of the
mesh can be viewed with one type of display and one or more othgartitions with another type.

1.3.1 Regular Plot

Control of the regular plot is shown in Fig. 1.4.

Specify L.k

= Current increment

[|[Reqular Plot Properties X

Display mesh as Filed with mesh =

I~ Display Deformed Mesh Dyraics
Displey Backaiound mestas [Hane 2

= Last Increment
Deforralion

3
Amplification 5 J—I

L00e+0 3.00e+3 2 00e+3

= AllIncrements

% Custom Increments:

I~ Display Element Numbers

I~ Display Node Numbers _Incremens.. |

¥ Display Stress Failure

=l
TexGlze 4] ’

0 50 50 Close |

w10

Figure 1.4: Control for Regular Mesh

L provides control for the display of the regular plots.

Display mesh as in any one of the following format

Mesh displays the entire mesh, Fig.1.5.
Mesh hidden line

Mesh Outline displays only those lines separating di erent material graups, or those de ning
the boundary of the mesh, Fig. 1.7.

Displays 3D meshes with hidden lines removed, Figl.6.

Spider User's Manual
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Figure 1.5: Regular Mesh

Figure 1.6: Regular Mesh; Hidden Line Removed
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1.3 View 13

Figure 1.7: Regular Mesh; Mesh Outline

Filled Displays a color lled mesh. Color is either a single one (ustil in 3D to view with proper
lighting set-up), or multiple if the user asks for each mateial group to have its own color,

Fig. 1.8

Figure 1.8: Filled with Mesh

Filled with mesh ~ Same as above, but with the nite element mesh superimposed.shows the
mesh as a wire frame,

Display Deformed Mesh allows the user to display and control the deformation of the deformed
mesh. One may superimpose to the display the background mesks None, Mesh outline, Mesh,

Filled, Filled with Mesh.

Display Element, Nodes, Groups allow the user to display those numbers. If Display Group is
checked, than the element number will be color coded to re ecthe group to which it belongs.
Note: User may have to adjust the font size (through Setting$ and properly zoom in to properly

Spider User's Manual



1.3 View 14

visualize text display, Fig. 1.9. Note that if there are more than one node sharing the same
coordinates (Master/Slaves), then all node number are disfayed separated by a /.

Display Stress Failure  will display the failure mode (shear, traction or combined) for the non-linear
rock elements only.

Figure 1.9: Regular Mesh; Node & Element Numbering

Increments  User may want to monitor the evolution of the deformation by viewing the deformed mesh

at selected or all increments, this is possible by specifyim the increments to be viewed, Fig.1.10
Note that in this case, only the mesh outline is displayed.

Figure 1.10: Display of Deformed Mesh for Multiple Incremerts

1.3.2 \Vector Plot

The vector plot shows vector format post data using vectors gtending from each node in the mesh,
Fig. 1.11

Spider User's Manual



1.3 View 15

Figure 1.11: Control for Vector Plots

Post Value variable Type; Vector Plot will display all entities specied in the .pst le as tensors
of order 1 or vectors. For Merlin, this includes: Velocities Accelerations, Displacements, Applied
Forces, Reactions, and Residuals. Spider will determine ah plot the resultant of the 2 or 3
components.

Display mesh as Mesh outline, Mesh, Mesh hidden lines or solid lled.

Display min/max Spider will place two marker at the min/max locations, and the numerical values
will be displayed in the lower right corner.

Display legend to toggle the display of the \thermometer" which color codes the magnitude of the
vector length.

Post Value Range Type is by default set to linear, but for problems with strong discontinuity, the
user may select a logarithmic distribution.

Vector Scale slider allows the user to set the length of the vector. Note that if the scale is set to a
value too low, small vectors may not be displayed.

Arrowhead size provides control of the arrowhead to be in proportion with the rest of the graphical
display.

Automatic Value limits is by default set to on. However user can overwrite the lower ad upper
limits to better focus on a range of values.

Display Deformed Mesh allows the user to display and control the deformation of the deformed
mesh. One may superimpose to the display the background mesis None, Mesh or Mesh Outline.

Separate Groups allows the user to \pull out" all, one, or more groups through the slider for better
view.

Fig. 1.12is an example of the generated display.

1.3.3 Contour Plot

The contour plot can show any post data type, using contour lnhes, solid lled contour areas, or
shaded contour areas, Fig.1.13

Post Value variable Type; Contour Plot will display any of the followings: scalars, canponents of
vectors and of tensors, eigenvalues of tensors of order 2 (maminimum, and intermediate principal
values). In addition, Spider will internally compute the hy drostatic, volumetric, and von Mises
values associated with a tensor of order 2.

Spider User's Manual
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Figure 1.12: Vector Plot

Figure 1.13: Control for Contour Plots
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1.3 View 17

It should be noted that internally (through a ag in the .pst le, Spider distinguishes between
strain and stress tensors).

For a Merlin input le, the following scalar quantities are d isplayed

Tensors of Order 1 or vectors
Velocities vy, vy [v;]
Accelerations : ay, ay [a,]
Displacements : u, v [w]
Applied Forces : Fy, Fy, [F;]
Reactions : Ry, Ry, [R;]
Residual : Ry, Ry, [R;]
Tensors of Order 2 Strains wor vy [zl Mxys [xz s Myz]
Stresses © wx, yys [zl xyo [ xzs vzl
Scalar Vector length  without components:
Displacement vector length
Applied forces vector length
Reactions vector length
Residuals vector length
Eigenvalues of Tensors of Order 2 which are internally determined:

Principal strains  : Maximum, minimum, [intermediary]
Principal stresses : Maximum, minimum, [intermediary]
Volumetric strain "Vol = %
: — + +
Hydrostatic stress Hyd = —2—5—%

(1 2)%2+( 2 3)%+( 3 1)?
2

Von Mises Stress

Display min/max Spider will place two marker at the min/max locations, and the numerical values
will be displayed in the lower right corner.

Display legend to toggle the display of the \thermometer" which color codesfor the contour lines.

Post Value Range Type is Wire frame, solid lled or shaded. It is recommended to useshaded. the
user may select a logarithmic distribution.

Number of Bands Defaulted to 10, maximum is 29.

Automatic Value limits is by default set to on. However user can overwrite the lower ad upper
limits to better focus on a range of values.

Display Deformed Mesh allows the user to display and control the deformation of the deformed
mesh. One may superimpose to the display the background mesis None, Mesh or Mesh Outline.

Separate Groups allows the user to \pull out" all, one, or more groups through the slider for better
view.

Examples of contour plots are shown in Fig.1.14and 1.15

Spider User's Manual
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Figure 1.14: Contour Plot

Figure 1.15: Contour Plot; Separate Groups

Figure 1.16: Control for Principal Values Plots
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1.3 View 19

1.3.4 Principal Plot

The principal plot displays the eigenvectors of tensors 2, d ned in the .pst le, and internally
computed by Spider (which di erentiates, through a ag in th e .pst le, between engineering and
tensorial stains), Fig. 1.16

Post Value variable Type; is restricted to the eigenvectors associated with the tenss of order 2
given to Spider. For Merlin les, this corresponds to Principal Strains, principal Stress, and
Principal AAR Strains.

Component User may select one, two or three components to be displayednsultaneously.
Display mesh as Mesh outline, Mesh, Mesh hidden lines or solid lled.

Display legend to toggle the display of the \thermometer" which color codes the magnitude of the
vector length.

Post Value Range Type is by default set to linear, but for problems with strong discontinuity, the
user may select a logarithmic distribution.

Vector Scale slider allows the user to set the length of the vector. Note that if the scale is set to a
value too low, small vectors may not be displayed.

Arrowhead size provides control of the arrowhead to be in proportion with the rest of the graphical
display.

Automatic Value limits is by default set to on. However user can overwrite the lower ad upper
limits to better focus on a range of values.

Display Deformed Mesh allows the user to display and control the deformation of the deformed
mesh. One may superimpose to the display the background mesis None, Mesh or Mesh Outline.

Separate Groups allows the user to \pull out" all, one, or more groups through the slider for better
view,

Fig. 1.17is an example of the generated display.

1.3.5 Carpet Plot

The carpet plot is available for two dimensional meshes onlyIn a carpet plot, each node is extended
in the third dimension proportional to the post data value at the node. Thus the general trends and
also spikes in the data is easily visible. The carpet plot carbe shown as a wire frame, solid lled or a
shaded object, Fig.1.18 The carpet plot displays essentially the same data as the gtour plot:

Post Value variable Type; Contour Plot will display any of the followings: scalars, canponents of
vectors and of tensors, eigenvalues of tensors of order 2 (maminimum, and intermediate principal
values). In addition, Spider will internally compute the hy drostatic, volumetric, and von Mises
values associated with a tensor of order 2.

It should be noted that internally (through a ag in the .pst le, Spider distinguishes between
strain and stress tensors).

For a Merlin input le, the following scalar quantities are d isplayed

Tensors of Order 1 or vectors
Velocities vy, vy [Vv;]
Accelerations : ay, ay [a]
Displacements : u, v [w]
Applied Forces : Fy, Fy, [F;]
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Figure 1.17: Principal Stresses Plot

Figure 1.18: Control for Carpet Plots [2D]
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Reactions : Ry, Ry, [R;]
Residual : Ry, Ry, [R]

Tensors of Order 2 Strains "y, "yy, ["zz], "xy» ["xzs "yz]
Stresses © wx, yys [zl xyo [ xzs vzl

Scalar Vector length  without components:

Displacement vector length
Applied forces vector length
Reactions vector length
Residuals vector length
Eigenvalues of Tensors of Order 2 which are internally determined:

Principal strains  : Maximum, minimum, [intermediary]
Principal stresses : Maximum, minimum, [intermediary]

Volumetric strain "y g = -zt
Hydrostatic stress Hyd = %

(1 2)2+( 2 3)%+( 3 1)?

Von Mises Stress
Display legend to toggle the display of the \thermometer" which color codesfor the contour lines.

Post Value Range Type is Wire frame, solid lled or shaded. It is recommended to useshaded. the
user may select a logarithmic distribution.

Automatic Value limits is by default set to on. However user can overwrite the lower ad upper
limits to better focus on a range of values.

Magni cation ~ Through this slider, the user can control the magnitude of the (arti cially imposed)
third dimension of the mesh.

Fig. 1.19illustrates Carpet Plot.

Figure 1.19: Carpet Plot
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1.3.6  Surface Plot

Surface plot displays contour surfacesnside a 3D structure, whereas contour lines are displayed on
the surface of the 3D structure.

Surface plots has essentially the same capabilities as canir plots, Fig. 1.20

Figure 1.20: Control for Surface Plots [2D]

Post Value variable Type; Contour Plot will display any of the followings: scalars, canponents of
vectors and of tensors, eigenvalues of tensors of order 2 (maminimum, and intermediate principal
values). In addition, Spider will internally compute the hy drostatic, volumetric, and von Mises
values associated with a tensor of order 2.

It should be noted that internally (through a ag in the .pst le, Spider distinguishes between
strain and stress tensors).

For a Merlin input le, the following scalar quantities are d isplayed

Tensors of Order 1 or vectors
Velocities  : vy, vy [V;]
Accelerations : ay, ay [a,]
Displacements : u, v [w]
Applied Forces : Fy, Fy, [F;]
Reactions : Ry, Ry, [R;]
Residual : Ry, Ry, [R;]
Tensors of Order 2 Strains %G My [zl My [y Mzl
Stresses ' ywx, yy, [ zzl, xys [ xzv vzl
Scalar Vector length  without components:
Displacement vector length
Applied forces vector length
Reactions vector length
Residuals vector length

Eigenvalues of Tensors of Order 2 which are internally determined:

Principal strains  : Maximum, minimum, [intermediary]
Principal stresses : Maximum, minimum, [intermediary]
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"+ "as

Volumetric strain "Vol = 3

1t 22+ 33
3

Hydrostatic stress Hyd =

(1 2)2+( 2 3)%+( 3 1)?

Von Mises Stress
Number of surfaces Controls the number of internal contour surfaces.

Display overlay mesh  as None, wire frame outline or wire frame.

Display legend to toggle the display of the \thermometer" which color codesfor the contour lines.

Post Value Range Type  Linear or logarithmic.

Automatic Value limits is by default set to on. However user can overwrite the lower ad upper
limits to better focus on a range of values.

An examples of surface plot is shown in Fig.1.21

Figure 1.21: Surface mesh

Note: Continuity of the individual patches into a smooth surface is not always satis ed unless a very
ne mesh is used.

1.3.7  Shrink Plot

The shrink plot shows the mesh with each element shrunk by a fetor. This is useful to see if there
are holes in a mesh, or to check connectivity in the presencef interface elements.

Shrink plots, Fig. 1.22 enables the user to control the shrink factor (through a slicer), whether
elements are to be displayed as wireframe or as solid, and wtheer node and element sizes should be
displayed (size controlled by a slider), Fig.1.22

An examples of shrink plot is shown in Fig. 1.23
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Figure 1.22: Control for Shrink Plots

Figure 1.23: Shrink mesh
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1.3.8 Smeared Crack Opening

Spider can also display location, orientation and opening bsmeared cracks, Fig. 1.24 The data is
supplied through the .pst le as a scalar quantity (crack opening), x y [z] location, and direction of
the normal to the crack.

Figure 1.24: Display of Smeared Crack

1.3.9 Reinforcing Steel Stresses/Strains

Whereas there is no explicit commands in Spider to display rimforcement stresses, those can be generated
by the nite element analysis program and passed to spider asn x vy plot.

1.3.10 Vertex Info/Mesh Plot

This powerful feature enables the user to

1. Extract all known values associated with a node.

2. Plot variation of a scalar quantity in terms of increments.

1.3.10.1 Nodal Values

Spider loads the.pst le containing all the scalar, vectorial and tensorial (ord er 2) associated with each
and every node. It internally computes the eigenvalues (pmcipal) associated with the tensors of order 2,
and all this data is accessible for display. If the user wants textual display of all those values associated
with a node, then:

1. Select . This will enable the pointer.

2. Click on one or (at most) two separate nodes.

3. SelectView, and then Vertex Info/Mesh Plot , Fig. 1.25

4. Select Use Recent Picks (alternatively, user can directly enter the node number in the
appropriate box).
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Figure 1.25: Vertex information

1.3.10.1.1 Full Nodal Information SelectPrint Vertex One Info and/or Print Vertex
Two Info, and then Spider will display inside an (editable) Notepad dl known data associated with the
respective node, Fig.1.26

Note if more than one node is selected during one session, newdal information are not appended
at the end of the existing le, but rather placed on the top of the le. Furthermore, the notepad le can
be edited and saved on disk.

1.3.10.1.2 Value vs Increments Allows the user to generate a gnuplot (x-y) for the
selected scalar associated with the selected node in termg all the increments. This is most useful in
nonlinear analyses.

Furthermore, user can, Fig. 1.27.

1. Select multiple scalar values to be plotted by Enabling tte Multiplot option.

2. Stack those plots, Fig. 1.28 Note that x-y coordinates can be read at the bottom left correr.

3. Save the data associated with those les into a disk ascii le.

4. Display the data as Grid (Excel format), Fig. ?? such that data can be easily exported to anxls
le (through CTRL-Q.

5. Modify the Y Axis range

6. Select a Log scale for the Y axis

7. Plot the Resultant and rst moment (useful to convert stre sses into force)

8. Plot the FFT of the selected data

9. Request additional gnuplot options
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Vertex number 1 of 1: Pick node data - Mon Jul 25 10:39:29 2005

Pick data Node id: 95 Increment number: 1 X-coordinate: 0.18 6105
Y-coordinate: 0.817043 Z-coordinate: 0

Scalars
Vectors
Displacements:
Displacement_u: -0.000180527 Displacement_v:
-0.0006695153 Displacements vector length 0.0006934268

Applied Forces:
Force_x: 0 Force_y:
0 Applied Forces vector length 0

Reactions:
Reaction_x: -1.607872e-016 Reaction_y:
-8.777701e-016 Reactions vector length 8.923748e-016
Residuals:
Residual_x: -1.607872e-016 Residual_y:
-8.777701e-016 Residuals vector length 8.923748e-016
Principal Strains Minimum vector:
vector_u: 2.993032e-005 vector_v:
-0.0002328966

Principal Strains Maximum vector:
vector_u: 7.360876e-005 vector_v:
9.45971e-006

Principal Stresses Minimum vector:
vector_u: 2.620028e-005 vector_v:
-7.837194e-005

Principal Stresses Maximum vector:

vector_u: 0.0005629875 vector_v:
0.0001882106
Tensors

Strains:
Epsilon_xx: 6.919327e-005 Epsilon_yy:
-0.0002297911 Gamma_xy: 7.813746e-005

Principal Strains:
Minimum: -0.0002348119 Maximum:

7.421412e-005

Principal Strains Minimum vector:
vector_u: 2.993032e-005 vector_v:
-0.0002328966

Principal Strains Maximum vector:
vector_u: 7.360876e-005 vector_v:
9.45971e-006

Volumetric Strains:

Volumetric Strains: -0.0001605978
Stresses:

Sigma_xx: 0.0005256337 Sigma_yy:
-1.465462e-005 Tau_xy: 0.0002033485
Principal Stresses:

Minimum: -8.263544e-005 Maximum:
0.0005936145

Principal Stresses Minimum vector:
vector_u: 2.620028e-005 vector_v:
-7.837194e-005

Principal Stresses Maximum vector:
vector_u: 0.0005629875 vector_v:
0.0001882106

Hydrostatic Stresses:

Hydrostatic Stresses: 0.0001703264

Von Mises Stresses:
Von Mises Stresses: 0.0006389526

Figure 1.26: Sample of Nodal Values Displayed inside Notegh
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Figure 1.27: Plot Options

Figure 1.28: Sample of Gnuplot Generated Stacked Plot

Figure 1.29: Plotted Data Saved in an Excel-alike Grid
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1.3.10.2 Values Along a Line

If the nodal value distribution of a selected scalar along two arbitrary nodes is desired, then the user
should

1. Select two distinct nodes.

2. Select Use Recent Picks (alternatively, user can directly enter the node number in the
appropriate box)

3. Select the scalar values to be displayed along the two seleed nodes.

4. Plot the curve, Fig. 1.30

Figure 1.30: Plot of Selected Scalar Between Two User-Seled Nodes.

Note that user can also:
1. Select multiple scalar values to be plotted by Enabling tke Multiplot option.
2. Save the data associated with those les into a disk ascii le.

3. Display the data as Grid (Excel format), Fig. ?? such that data can be easily exported to anxls
le (through CTRL-Q.

Modify the Y Axis range.
Select a Log scale for the Y axis.
Plot the Resultant and rst moment (useful to convert stre sses into force).

Plot the FFT of the selected data

© N o o M

Request additional gnuplot options.
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Figure 1.31: Nodal Value Displayed on top of Contour Line.

1.3.10.3 Values On Contour Plots
User can display on top of the contour line the node number andcalar value of a selected node through

Note:

1. If user changes the scalar value to be displayed (such as xienum instead of minimum principal
stress) those values are automatically updated.

2. Selected values are displayed along the thermometer on ¢hright.

3. Values will be cleared from the screen through selectionfo

1.3.11 Dynamics

This section is associated with the display of real time datartv les. Please consult Chapter3.

1.3.12 Deconvolution

Deconvolution of seismic record is an essential part of a \god" dynamic analysis where the rock is
massless. The underpinning theory for deconvolution is desibed in Appendix B.

Deconvolution can be performed either for data les (rtv ) coming from Merlin, or from other
external ascii les (not yet implemented.) To perform a deconvolution of a seismic record (with Merln
les), the user should:

1. Select the original surface seismic record.

2. Perform three (two in 2D) separate dynamic analysis. In eah one of them only one component
of the surface seismic record is applied at the base of the fadation. In a Merlin Analysis, user
should specifyRealTimeViewto monitor the accelerations of (at least) two nodes:
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Figure 1.32: Deconvolution of Seismic Records

(&) Node | at the base of the foundation where the input seismic recordd applied.
(b) Node O (output) at the top of the foundation where the original seismic record was measured.

3. Select Deconvolution,Data Format Merlin, and Dimension 2D or 3D.
4. Select the type of data Iter

(@) Low Pass
(b) High Pass
(c) Band Pass
(d) Band Stop

along with the lter order.
5. For each componentlx ( whereK = X, Y,or Z)

(a) Use Browseand select the.rtv  le corresponding to the analysis in which I« was applied.
(b) Select the input Node and the Output Node

6. Plot

(&) Any of the acceleration history, or their FFT.
(b) Any of the transfer function or their inverse.

7. Perform a Deconvolution.
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Figure 1.33: XY Plot From Finite Element Analysis Program

1.3.13 X-Y Plot

The .pst le may contain Finite Element Application Data (X- Y) data to be plotted (as de ned in
Sect. D.3.2.4). These labelled x-y data set can be plotted in Spider, Fig.1.33 through Gnuplot. If no
Application Data are de ned in the .pst le, this entry is gre yed out, if not, the user can

1. Select theData (label is de ned by the user who wrote the .pst le), and the data set (whcih
usually corresponds to the increment).

2. Y axis can be reset by user (as opposed to automatic determinain of min. and max.).
3. Plot X Y for

(&) Current increment (loaded by Spider).

(b) All increments (one plot for each increment) superimpo®d or stacked.
(c) Custom Increment (such as increments 1, 5 and 18).

(d) last increment.

Y axis may be plotted on a Log scale,
FFT or smoothed FFT of the selected data set may be plotted.

Resultant/moment (for stresses versus length) may also & determined.

N o &

Display the data as Grid (Excel format), Fig. ?? such that data can be easily exported to anxls
le (through CTRL-Q.

8. Additional Gnuplot commands can also be manually speci al.

1.3.14 XYZ-V Plot; 3D Cracks-Joints

In 3D structures when cracks or joints are present, it is oft& desirable to visualize relative data such as
opening, sliding, or internal pressure. Those data can be qplied by the nite element analysis code in
the form of x 'y z coordinate and a corresponding scalar value. By extension, user may submit to
Spider such data which are not necessarily associated with erack.

Spider provides the capability of accessing this data set trough the graphical user interface shown
in Fig. 1.34

When this option is activated, Spider will display the mesh autline with all data sets, and the data
set selected by the user (10 in this case) will be highlightedFig. 1.35 Spider will use the distinct (and
unstructured) data points and t them into a grid with a user s pecied resolution (10 in this case).
Actual data points used may be displayed or not. The shaded stiace can be displayed with or without
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Figure 1.34: Control Panel for the Display of Surface Plots Associated with Cracks/Joints

Figure 1.35: Spider Display When user Selectgyz v data Set
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Figure 1.36: Example ofxyz v 3D Plot of two Data Sets

Figure 1.37: Plot Title, without and with Labels

hidden lines. User may also specify a at reference plane at given v value (such as a critical crack
opening). This will enable the user to easily determine if pat of the plots violates a certain criteria. As

in other plots, data can be either saved into a le, or displayed in a grid (excel alike) format. Shading
and greyscale are also possible.

User can specify the camera angle, set the limits of the values and specify if a log scale (to avoid
distortions caused by singularities) is required. Contourlines may be superimposed on the surface or
projected on the base. A key aspect of this feature is Spiderhality to project the user supplied data
points into one of the major planes ¢ y,y zorx z). Itwill doits best to determine the optimal one,
however the user can overwrite Spider's guess. Again, mujpiot is possible, and the user can provide
additional Gnuplot commands, Fig. 1.36

1.3.15 Show Title

This will simply display the title, the Increment No., and fo r each type of plot (contour, vector, carpet,
principal), the corresponding scalar being plotted, Fig. 1.37.
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Figure 1.38: ToolBar

Figure 1.39: Statusbar

1.3.16 Focus View

Rotate and scale with respect to a point selected by

1.3.17 Reset Camera

will recenter the display inside the window.

1.3.18 Clear Points of Interest

Will cleat the picked points from the mesh, similar to

1.3.19 Toolbar
Display the toolbar, Fig. 1.38

1.3.20 Statusbar
Display the statusbar, Fig. 1.39

1.4 Options

1.4.1 Increments

, can also be activated from

Increments, Fig. 1.40 allows the user to select the load increment to be viewed. Oce selected, the

graphical display is automatically updated.

The Animate/Stop button allows the user to view a continuous simulation of the mesh as the load
is being applied. Hence, all plots (contour, vectors, and dters) will be updated as Spider loops through

the increments.

Figure 1.40: Option: Increments
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1.4.2 Groups

In the mesh de nition provided to Spider, each element is asgned a group number. The group typically
include all those elements with the same element type and saenmaterial model. Hence, the Group
Option, Fig. 1.41 allows the user to select those group identi ers to be displged. When a group is

Figure 1.41: Option: Groups

selected, the min/max and \thermometers" are automatically updated to consider only those groups
currently displayed.

1.4.3 Settings

The Settings Option, Fig. 1.42 allows the user to control a number of control parameters in Pider. In
particular

Figure 1.42: Option: Setting

Colors for background, mesh, deformed mesh, low and high of the \themometer".
Caption Text Size  controls the font size (all of them).
Annotation Size  controls the size of the marker identifying user selected ndes.

Force legend endpoints to power of 10 rounds the legend end point to power of 10 which may
facilitate data interpretation.
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Normalized Principal Stress Components allows the user to normalize the maximum (positive)
and minimum (negative) principal stresses with respect to auser de ned value:

Disable No normalization (default).

Manual scaling allows the user to specify the maximum and minimum normalizng values (typ-
ically the tensile and compressive strength).

Use limits of current increment normalizes with respect to the maximum and minimum of
the current increment (hence the legend upper and lower bouds will be +/- 1.

Use limits of all increments normalizes with respect to the maximum and minimum of all the
increments.

Factor of Safety Settings  Mohr-Coulomb or von Mises, see AppendixA, Fig. 1.43

Figure 1.43: Factor of Safety Parameter Setting

1.4.4 Cut Mesh

Cut Mesh, Fig. 1.44 (restricted to 3D meshes) allows the user to slice the mesh to many layers,
and then display contour lines on the surface of those cut plaes. When rst invoked, a grey disk is
displayed (its size is irrelevant, it can be adjusted to properly identify the cutting plane) and its location
orientation can be adjusted with the appropriate sliders. The user can then select the number of cuts,
and the spacing between plots. Then, theApply button will instruct Spider to perform the desired
operation (for complex 3D meshes this operation is computabnally intensive). Fig. 1.45illustrates this
capability of Spider. Note that in this gure the \cutting di sc" is displayed.

1.4.5 Split Mesh

Split Mesh, Fig. 1.46 allows the user to split the mesh into two or more subgroups, ach one with
di erent view characteristics. When rst invoked, a grey di sk is displayed (its size is irrelevant, it can
be adjusted to properly identify the cutting plane) and its | ocation orientation can be adjusted with the
appropriate sliders. Once the disk location corresponds tdhe desired boundary between two di erent
plot regions, user must select theAdd plot layer . Then, a new entry is added to the display list. At
that point, the user can select any entry from the list, and adust its display characteristics, Fig. 1.47.
Note that in this gure the \cutting disc" is displayed, and w e rst have two groups (maximum principal
stress shown on the left, and minimum principal shown on the ight. In the second case we have added
a third layer showing principal plots.
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Figure 1.44: Option: Cut

Figure 1.45: Example of Cut Mesh

Figure 1.46: Option: Split
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Figure 1.47: Example of Split Mesh

1.4.6 Lighting

Lighting can also be controlled, Fig. 1.48 This feature is critical for proper 3D viewing. Lighting can
be enabled or disabled, and the lighting position can also behown. The user has control on both the
ambient and di use lighting, as well as on the orientation (but not location) of the light via its euclidian
angles.

Figure 1.48: Option: Lighting

1.4.7 Separate Group

This option enables the user to \pull out" all, one, or more groups through the slider for better view,

Fig. 1.49
User may want to select only selected group of elements, Figl.50
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Figure 1.49: Regular Mesh; Separate Groups (GUI and E ect)

Figure 1.50: Regular Mesh; Selected Groups
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Chapter 2

Eigenvalue .eig Visualizer

Some nite element analysis are limited to an eigenvalue ongsuch as in Stability or modal dynamic
analysis). In those analysis, the only relevant quantity to be displayed is the eigenvector.

Spider, recognizeseig les as one resulting from an eigenvalue analysis, and allowhe display of
the eigenvalue, Fig.2.1. Once the le has been loaded, the user must select the dynarmiicon () and

Figure 2.1: Eigenvalue Control

then select the desired eigenmode. The mode shape is then pliayed, and the user has control on the
deformation factor and can simulate the vibration of the structure. User can also control the animation
speed.

Most of the regular features of Regular plots can be activatd for eigenmode display, in particular
group selection and lighting, Fig. 2.2.
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Figure 2.2: Example of eigenmode Viewing
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Chapter 3

Real Time .rtv Viewer

3D dynamic nonlinear nite element analysis can necessitag¢ many hours of computation. The Real
Time viewer allows the user to monitor displacements and acelrograms inreal time while the analysis
is taking place. Hence, through this immediate feedback, om can have the assurance that the analysis
is proceeding correctly, and that that there are no signs of d/ergence.

Similarly, upon completion of the analysis, the user can plg-back the structural response and closely
monitor key accelerations.

An .rtv le contains: nodal coordinates, element connectivities,and for each time step displacements
and accelerations at selected nodes.

Hence, Spider, recognizestv les as one resulting from a time dependent analysis, and atiw the
display of deformed shapes and accelerograms, Fig3.1. and then the user can control the graphical
display.

Increment allows the user to select the increment number. Once enteredhe deformed mesh is auto-
matically updated.

Animate will initialize the dynamic animation of the mesh. Speed and mesh deformation can be
controlled by the corresponding sliders. During animation the accelerogram is being updated. If
the analysis is running in the background, then the graph is ontinuously being updated. If the
analysis is completed, then a vertical line scrolls along tk time axis of the accelerogram to indicate
current accelerations corresponding to the deformed mesh.

Components to Display  allows the user to select one or more of the cartesian compongs of the
accelerations, and/or the root mean square of the accelerain.

Show Nodes permits the user to select the nodes which accelerations ar® be monitored.

Gnuplot will send current accelerogram to a gnuplot window for better viewing, and possible copying
into the clipboard (as an .emf le).

Time Limits  are by default set to tni, and tmax , but they can be overwritten by the user.

Use global min/max  allows the user to set the min and max accelerations in the acderogram fy axis)
to correspond to those of the current display, or of the entie data range. This greatly facilitate
data interpretation, and puts them \in perspective".

Display accel. Tex  will display textual information on the screen.

Display accel. bars will display bars on the screen corresponding to each of theaeleration compo-
nents. he bar is normalized to one unit as de ned below. It prwides a visual feedback on the
acceleration of various degrees of freedom.

Accel Bar magnify  is a magnifying factor for the bar accelerations. By defaultit is set to 1, but can
be increased to 10, 20, 50 and 100.
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Figure 3.1: Real Time Control
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Display as will include the acceleration units. By default it is none, but can be set to g, gal, m=s?,
ft=s2, and custom.

RT le allows the user to specify the acceleration units in the.rtv  le. Spider will then internally
perform the appropriate conversion of the input acceleraton to be consistent with the display unit.
For custom units, the user can manually set the scaling facta

Fig. 3.2shows the full display of.rtv  les, we note the textual information, and the varying therm ometer

Figure 3.2: Example of Real Time Viewing; Full Display

associated with each node degree of freedom acceleratiom Fig. 3.3 textual display was removed.
Finally, the two type of (GnuPlot generated) plots associated with an rtv le are show in Fig. 3.4.
Note, that this feature can also be used in static nonlinear poblems to simply monitor the deformation
of the mesh in real time.
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Figure 3.3: Example of Real Time Viewing; Partial Display
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Figure 3.4: Example of Real Time Viewing Accelerogram Plots
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Appendix A

Safety Factors

A.1 Mohr-Coulomb

With respect to Fig. A.1, Spider uses the following equations:

OA=(sig3+sigl)/2
AB=(sig1-sig3)/2
AD=-OA*sin(phi)
DC=c*cos(phi)
AC=AD+DC
sf1=AC/AB
sf2=(ft-OA)/AB
sf=min(sf1,sf2)
sf=max(sf,0)

A.2 \Von-Mises

For Metals, Spider computes the safety factor as the ratio ofthe von-Mises stress divided by the yield
stress.



A.2 Von-Mises
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Safety Factor= Min(SF1,SF2)

+S

cxcosf

Safety Factor
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»
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OAssInf

S

sig3=-1.626682
sigl=1.8165

phi=pi/4;

ft=2;

c=1,
OA=(sig3+sig1)/2
AB=(sig1-sig3)/2
AD=-OA*sin(phi)
DC=c*cos(phi)
AC=AD+DC
sf1=AC/AB
sf2=(ft-OA)/AB
sf=min(sf1,sf2)
sf=max(sf,0)
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AC _ AD+DC _ sinf +cxco$
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Figure A.1: Safety Factor for Cohesive Materials
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Appendix B

FFT, Transfer Functions, and
Deconvolution

Seismic events originate through tectonic slips and elasti waves (p and s) traveling through rock/sail
foundation up to the surface. Hence, the seismographs (usllg installed at the foot of the dam) record
only the manifestation of the event.

On the other hand, modelling the foundation is essential forproper and comprehensive analysis of
the dam, and as such the seismic excitation will have to be apfed at the base of the foundation.

However, Fig. B.1, if we were to apply at the base the accelerogram recorded orhé surfacel (t),
the output signal A(t) at the surface will be di erent than the one originally recorded (unless we have
rigid foundation).

Hence, the accelerogram recorded on the surface must be dewoluted into a new one | {t), such
that when the new signal is applied at the base of the foundatin, the computed signal at the dam base
matches the one recorded by the accelerogram.

B.1 Fourrier Transform

Fourrier transforms enables us to transfer a signal from thetime domain to the frequency domain.
Hence, the FFT takes us from the time domain to the frequency @main through the following
equation:

A
X() = x(t)e 't dt (B.1)
1
x(t) X)) (B.2)
while the inverse FFT takes us back from the frequency domairto the time domain through:
A
x(t) = X (1)e?'t dl (B.3)
1
x@y T x (B.4)

B.2 Transfer Function

In dynamic event, we can de ne an input recordi(t) which is ampli ed by h(t) resulting in an output
signal o(t), Fig. B.2. Similarly, the operation can be de ned in the frequency domain. This output to
input relationship is of major importance in many disciplines.
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Figure B.1: Deconvolution Graphical User Interface

- i(t) Excitation h (t) O(t)
=l B
T i H (m) —{ o

Figure B.2: Time Frequency Domains

The transfer function is the Laplace transform of the output divided by the Laplace transform of the
input.
Hence, in 1D, we can determine the transfer function as follws:

(1)
2. o(t) 7" O(!)
3. Transfer Functionis TF, o = O(' )=I(!)

1.0 T

B.3 Deconvolution
B.3.1 1-D

Extending our discussion one step further, we introduce theconcept of deconvolution which addresses
the dilemma posed above, and will now require one (or more) ite element analyses.
With reference to Fig. B.3

1. We record the earthquake induced acceleration on the suate aXt). and apply it as iqt) at the
base of the foundation.
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Figure B.3: Deconvolution De nition

2. Perform a transient nite element analysis.
3. Determine the surface acceleratiora(t) (which is obviously di erent from i(t).

4. Compute:

ity T

at) ™'

1) = AY) (2.5-a)
A(l) (2.5-b)

5. Compute transfer function from base to surface ag Fjo o = A(!)=19").
6. Compute the inverse transfer functionTF " ,.

7. Determine the updated excitation record in the frequencydomain

19!)
— 1 0 — [0}
I(')=TF o A() = mA () (2.5-c)
8. Determine the updated excitation in the time domain
i)™ ) (2.5-d)

B.3.2 3-D

In 3-D applications, the transfer function is a 3x3 matrix, each row corresponds to the response to an
excitation in a given direction, and each column correspond to the response in a given direction. Hence,
three separate analysis must be performed |2 If,’ 19 ¢ and for each excitation, we must determine
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the three components of the surface acceleration. Then we Wicompute the 3D transfer function:

2 Ax (1) Axy (1) Ax (1)

3
TFx TFy TFx |>9(!I) |>9(!|) |g(!|)
[TF1=4 TFyx TFy TFy, S =§ A|yyox(!(')) A|yy0y(!(')) Alyyz(fl)) Z (B.5)
TFyx TFy TFy An (1) Axy() An(l)
{z } ey T 12
TF0 A
Hence, the excitation to be applied in the frequency domains given by:
8 9 8 9
< Ix(V) = < A1) =
() =R AYC) (B-6)
(1) AN
while in the time domain it is 8 9 8 9
) :XE:; T < :Xﬁ;: B.7
y y
lz(t) Cola(t)

B.3.2.1 Simpli cation

The preceding 3D generalized procedure can be simpli ed if @ were to ignore the o diagonal terms

2 3 2 Axx (I) 0 3
TF)()( O 0 IX(I) |
[TF]=4 0o TFy O 5:§ 0 % 0 é (B.8)
0 0 TFy, 0 0 Azl
which will greatly simplify the inversion of the transfer fu nction.
8 9 8 9
< I(l) = < A1) =
() =[TRo Al AN (.9)
HOR CAY()
8 () 9 8 (O 9
< Ix(M) = < Iy =
() T (8.10)
() Col(t)
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Appendix C

System Implementation

Spider has been under (almost) continuous development forwer 12 years. It was rst developed on a
Sun/Unix workstation using PHIGS. It was then ported to a Win dow environment into Open-Inventor,
and nally rewritten in Open-GL. Its graphical user interfa ce has followed a similar path; rst written

in Open Look, then in Motif, and nally in Microsoft MFC.

C.1 Program structure

Spider is built around three central data structures. The lowest level is the mesh variables, a structure
containing the mesh de nition and associated data. For two dmensional meshes the winged edge data
structure (Reference to Winged Edge paper) is used to repre&nt the mesh's topology, and for three
dimensional meshes the radial edge data structure (Referee to Radial Edge paper) is used to represent
the mesh's topology.

There are also other important structures, to hold information about the plot to draw and the
properties of the various possible plots.

Spider is written in a modular fashion, and parts of the code hat do not interact are independent of
each other.

C.1.1 The mesh variables

The mesh variables structure contains the data found in the hput and post les. This includes the node
and element de nitions, the post data type information and the post data, as well as the application
speci ¢ data such as the XY plot and fracture parameter data. Computed post data such as the principal
values and vector lengths are also stored in the mesh variab$ structure.

C.1.2 The winged and radial edge structures

The winged and radial edge structures contain a representadn of the mesh topology for two and three
dimensional meshes, respectively. Each is a hierarchicalracture where the basic elements are vertices,
edges and faces, and the topology of the mesh are representby the positional relationship of these
basic elements. The radial edge structure is a more complexrsicture, with more elements than the
winged edge structure, but the two are used in a similar faston in Spider.

Both the winged and radial edge structures are not as complet and general as described in (Reference
to Winged Edge paper) and (Reference to Radial Edge paper), @ithe problem of representing a nite
element mesh's topology is fairly straightforward.

C.1.3 Other structures

The are two additional structures, the plot variables and the phigs variables, that are important in
Spider.
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The plot variables is a structure containing the data speci ed by the user in the various plot properties
popup windows, as well as the various computed and temporarylata used when creating a plot.

C.2 General program structure

Spider is event driven, i.e. it does not have a main loop, but elies on user interface callback functions
to call the necessary functions to perform the actions desed by the user. The program is built as a
number of functions with a user interface layer taking care & the interface between the user and the
functionality o ered.

Spider can broadly be split into ve parts, the user interface functions, the drawing functions, the
graphics functions, the data structure functions and the utility functions.

The user interface functions handles the visible user intedace, and lls in the plot variables and
calls the drawing functions to create the plot desired by theuser.

The drawing functions takes the mesh, wing/radial, plot and Open-GL variables as arguments and
draws the plot according to the data present in those structues.

The graphics functions takes care of the interface betweenhie drawing functions and Open-GL.

The data structure functions o ers the data structures and operations on the data structures to
the rest of the code in the program.

The utility functions handle odds and ends, such as le checing.

Each of the various data structures are implemented as a sepate module, only dependent and
relying on lower level data structure modules. This makes tle data structures easy to maintain and easy
to change if there is a need.

For each of the various plots or other functionality in Spider, there are a number of functions that
implements the plot's property popup window and drawing routines, that are independent of other plots'
functionality. This modularity makes Spider easy to maintain and extend, as a new type of plot or other
functionality can be added without a ecting other plots or o ther functionality.
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Appendix D

.pst Post Data le Format

D.1 Introduction

Spider was originally developed as a 3D postprocessor for ¢h nite element code MERLIN (which is
primarily concerned with fracture mechanics analysis).

However, since its inception Spider was made as general as gsible (i.e. no labels/information
speci ¢ to MERLIN were \hardwired"), and hence it can easily be used a powerful and exible nite
element post-processor for virtually any nite element code and is not restricted to stress analysis. This
is achieved by transferring all relevant nodal information (including labels) via the generic Spider input
data le. It should be noted that in all cases only nodal values can be given (it remains the responsibility
of the FE code to determine nodal stresses from Gauss Points)

Spider's input data le is composed of various blocks of infemation, some of them listed only once
while others may have to be either repeated or not listed at dl

Spider accept its input in either binary or as ASCII data les . In those les, unless otherwise stated,

INTEGER is a 32-bits integer number
REAL is a 64-bits oating point number (i.e., double precision),
STRING is a variable length character string

The structure of the le is the same in both cases, however thee are dierences mostly in the
representation of the various data types. The following tade summarizes the various data types in the
le and their representation in the ASCII and binary format.
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Data Type | Description Format in Format in
ASCII File Binary File
INTEGER | Any integer type data | Integer value 4 bytes

without decimal
point, delimited

by any whitespaced
character.

REAL Any real type data Real value, delimited | 8 bytes
by any whitespaced
character. Don't use

D format in
in FORTRAN.
STRING | Any character based | String of characters, | String of cha-
data delimited by new line | racters pre-

characters ceeded by an
INTEGER indi-
cating it's
length.

Because binary data les can not be read from a di erent machne than the one which wrote it, and
since binary data les are much more compact than their ASCII counterparts, tools are available to
translate binary to ASCIl and ASCII to binary Spider les (he nce one can run a FE code on a Unix
workstation, and post-process results on a Pentium based nehine using compact binary data les).

D.1.1 Post File Structure

The structure of the unformatted output le is described in t he following diagram. The rst block is
always the le header followed by the incremental data blocks. The number of incremental data blocks
is unlimited, however there can be only one header block in th le.

FILE HEADER

INCREMENTAL DATA - increment O
INCREMENTAL DATA - increment 1
INCREMENTAL DATA - increment 2

D.2 File Header Block

The rst block in the unformatted output le is the le header block. It contains the title of the problem,
the de nition of the stamp used as a separator between blocksand a list of the post variables that appear
in the le as nodal post variables. The list of post variablescannot change for the duration of an analysis,
so an unformatted output le has only one le header block.

D.2.1 Title

The title is written to the unformatted output le as a variab le length character string of the type
STRINGThe maximum number of characters that can be expected for tle title is eighty (80). If the title
is a null string (i.e., contains only blanks) the length of the string is zero and no string or an empty line
appears in the le.
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D.2.2 Stamp De nition

After the title an INTEGERalue called astamp must be given. The stamp is a bit-wise coded integer
that will be used later in the le as a separator between blocks. When used as a separator, the stamp
appears in pairs. The value for the stamp probably should notbe zero as a pair of integer zeros or a
double precision zero might commonly occur in the le. In MERLIN, the stamp has all bits \turned
on", which is -1 on most machines. If another application wee to write an unformatted output le for
post-processing, the choice of the stamp is left to the proggmmer.

D.2.3 Post Variable List

The list of nodal post variables in the unformatted output | e contains a combination of INTEGER
and variable length character STRING. Each unique post variable appearing in the le is called apost
variable type . For example, displacements and stresses are post varialiigpes for a stress analysis. The
INTEGERIdentify the rank (i.e., scalar, vector, or tensor) and theorder (i.e., the number of components)
for each post variable type. An additional INTEGERwhich is typically a bit-wise ag, is provided to
allow for the speci cation of characteristic of a post variable type beyond its order and rank. In order
to allow for deformed structure plots when post-processingthe additional INTEGERs used to identify
displacements.

Immediately following the stamp de nition in the unformatt ed output le is an integer that indicates
the number of nodal post variable types in the le. This number must be positive and non-zero or
post-processing cannot be performed. A value of zero inditas that the le contains no nodal post
variables and a value less than zero is considered to be an err If there are no nodal post variables,
post-processing cannot be performed because the post-pmeasor does not recognize integration point
information and, therefore, does not perform an extrapolaton of integration point values to the nodes.
If the unformatted output le is written by a program other th an MERLIN, nodal extrapolation must
be performed by that program for all post variable types that are not already nodal values.

For each post variable type there is apost variable record  containing the information that de nes
it. The information de ning a post variable type is, in the or der of appearance, as follows:

1. Rank: An INTEGERdicating the rank:
0 Scalar
1 \Vector
2 Second order tensor

2. Order: An INTEGERndicating the order:

0 For a single scalar value the order would be 1 and for scalardt (i.e., a set of unrelated scalar
variables) the order would be the number of scalar list items

1 For a 2-D vector quantity the order would be 2 and for a 3-D vecbr the order would be 3.

2 For a 2 by 2 symmetric tensor the order would be 3; for a 2 by 2 ungmmetric tensor the order
would be 4; for a 3 by 3 symmetric tensor the order would be 6; adh for a 3 by 3 unsymmetric
tensor the order would be 9.

3. Flag: An INTEGERontaining the bit-wise ags used to identify \special casée' data for the post-
processor. Special cases would include directly and indiedly scaled vectors (e.g., displacements
are directly scaled and forces are indirectly scaled) or a tesor type (e.g., a tensor of engineering
strains must be di erentiated from one of true strains). The ag indicating that a vector post
variable is a displacement vector has a value of 2 (i.e., 10 bary), the ag indicating that a tensor
post value is a stress tensor has a value of 8 (i.e., 1000 bingrand the ag indicating that a tensor
post value is an engineering strain tensor has a value of 16.€., 10000 binary)

4. Keyword: A STRINGvariable is used to identify the post variable type in the nite element
application program when performing a restart. This charader string is called the keyword . It
is not appropriate to use a null string as a keyword.
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5. Label: A STRINGrariable is used as a menu label to identify the post variabldgype in the post-
processor. This character string is called thepost variable type label . If the post variable type
label is a null string, this post variable type will be ignored by the post-processor.

6. Component: A list of STRING that serve aspost variable component labels (i.e., the num-
ber of strings in the list corresponds to the order of the postvariable type). The post variable
component labels are used by the post-processor in the mendbkat \pull down" from the menu
item from the post variable type label. A null string is an acceptable label, but the post-processor
ignores all post variables that have a null string as their lebel. Labels are generally not used by
the nite element application program.

D.2.4 Block Separator

The le header block terminates with a pair of stamps which ad as an error checking mechanism. If
both of these integers are not equal to the prede ned stamp, a alignment error has been encountered
and reading of the unformatted output le will be terminated immediately.

D.3 Incremental Data

After the le header block comes the incremental data block,which is made up of several sub-blocks.
These sub-blocks include solution status parameters, nie element data, and the nodal post variables.
The incremental data block can appear in the unformatted oufput le an arbitrary number of times, but

it is not necessary to include an incremental data block for gery increment of an analysis. This section
describes the sub-blocks comprising the incremental datalbck, with the order of presentation for the
sub-blocks corresponding to their order of appearance on h le.

D.3.1 Solution Status Parameters

The rst sub-block in the incremental data block contains th e solution status parameters. Three param-
eters indicate the status of the solution for the current inacement:

1. The increment number INTEGER
2. The load factor (REAL
3. The time (REAL

The increment number is anINTEGERNd the load factor and time are REALnumbers. The presence
of the increment number in this information makes it possible to write only those increments to the
le that are of interest to the user. The load factor is used in conjunction with automatic load scaling
algorithms, such as the arc-length method, to indicate the arrent level of loading with respect to some
arbitrary system of applied loads. It is included in the le t o facilitate restarting of analyses that use
these algorithms. The time is the total elapsed time for trarsient analyses. It is also included in the le
to facilitate restarts.

D.3.2 Finite Element Data

Certain information related to the nite element method can be regarded as generic, such as nodal
coordinates and element connectivity. Because the topologand geometry of a mesh can potentially
change during the course of an incremental analysis, this fiormation appears in the incremental data
block of the unformatted output le. However, program dependent nite element data, such as a crack
surface de nition, might also change during the course of aranalysis. Program dependent data can also
be included in the le for use by the nite element applicatio n program, but this data will be ignored
by the post-processor.
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D.3.2.1 Mesh Size Parameters

The second sub-block in the incremental data block containghe mesh size parameters. Six parameters
indicate the size of the mesh for the current increment:

1. The number of nodes in the meshINTEGER
2. The number of corner nodes in the meshINTEGER

. The number of coordinates per node INTEGER

3

4. The number of elements in the meshINTEGER

5. The maximum number of nodes per elementiNTEGER
6

. The number of nite element application arrays (INTEGER

All of the mesh size parameters ardNTEGER Including the number of nodes and elements in the
mesh in this sub-block allows for consistency checking bet@en the mesh in program memory and the
mesh de ned in the le. If the number of nodes and elements in pogram memory do not correspond
to the number of nodes and elements in the le, the mesh de niion in the le must be read into
program memory. If there is no mesh de nition data in the le, reading of the le must be terminated
prematurely. The number of corner nodes in the mesh indicats to the post-processor how many of the
nodes de ne element corners. The information for the cornemodes must appear before the mid-side
nodes in the nodal coordinates and nodal post variables sublocks of the incremental block The number
of coordinates per node is non-zero only if nodal coordinatare included in the le. The maximum
number of nodes per element is non-zero only if element conatvity is included in the le. If the
number of coordinates per node is non-zero, the maximum nunmdr of nodes per element must also be
non-zero, and vice versa. If the number of coordinates per rde is zero, the maximum number of nodes
per element must also be zero. The number of nite element aplication arrays can be zero, indicating
that there are no nite element application arrays included in the incremental data.

D.3.2.2 Nodal Coordinates

Nodal coordinates are optional, appearing in the unformated output le only when the number of
coordinates per node is non-zero MERLIN writes the nodal coalinates to the le for increment zero,
and then for any other increment where the number of nodes chage or the coordinates themselves
change. By writing the nodal coordinates to the unformatted output le other nite element programs
can avoid having to convert their input to MERLIN's input le format for post-processing. The nodal
coordinates for each node are as follows:

1. The -coordinate.
2. The -coordinate.
3. The -coordinate.

Only the - and -coordinates are required for 2-D geometries rad all three coordinates are required for
3-D geometries. The -coordinate is thex-coordinate for plane stress, plane strain, and generalizk2-
and 3-D continuum idealizations and ther-coordinate for axisymmetric idealizations. The -coordirate is
the y-coordinate for plane stress, plane strain, and generalize2- and 3-D continuum idealizations and
the z-coordinate for axisymmetric idealizations. The -coordirate is the z-coordinate in generalized 3-D
continuum idealizations. All coordinates are of type REAL
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D.3.2.3 Element Connectivity

Element connectivity is optional, appearing in the unformatted output le only when the maximum
number of nodes per element is non-zero MERLIN writes the elment connectivity to the le for increment
zero, and then for any other increment where the number of elments change or the element connectivity
itself changes. By writing the element connectivity to the unformatted output le other nite element
programs can avoid having to convert their input to MERLIN's input le format for post-processing.
When writing element connectivity to le, only the nodes de ning the element are actually written. In
order to facilitate this approach, additional information is written to the le along with the connectivity.
The information de ning the connectivity for each element is as follows:

The element type (INTEGER
The element group ID (INTEGER
First node in connectivity of element (INTEGER

Second node in connectivity of element INTEGER

Last node in connectivity of element INTEGER

n is the number of nodes de ning the element, including mid-sile nodes, plus two. This information
constitutes an element connectivity record and all n values areINTEGER

The nodal numbering conventions for the various combinatims of nodes and geometric con gurations
are given in Figures??-?7.

Recognizable elements by Spider are shown in FigD.11.

Tables ??2,

The element group (de ned to be any subset of elements withina mesh that are of the same element
type and have the same geometric attributes and material prgperties) ID corresponds to a set of elements
of the same type with the same material properties.

D.3.2.4 Finite Element Application Data

To accommodate nite element data which is program dependety the nite element application data
sub-block has been included in the incremental data block ofhe unformatted output le. Finite element
application data is optional, appearing in the le only if th e number of nite element application data
arrays is non-zero. An arbitrary number of nite element data application sub-blocks can appear in the
incremental data block. Each nite element application data sub-block has three records: théneader
record , the array record and the label record .

The nite element application data header record identi es and describes the array. Seven parameters
are used to identify and describe the array:

1. The array name.<
2. The ag
3. The data type:

1 16-bit integer
2 32-bit integer
3 32-bit oating point
4 64-bit oating point

4. Number of rows NR), (INTEGER)

1The \odd" numbering system is meant to accomodate elements d e ned in the Merlin library.
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Figure D.1: Elements Supported by Spider
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Element Description
Type Number Geometry Formulation
of Nodes
1 2 2-D Reinf-rod Linear
8-10 3 Triangle Linear
11-16 6 Triangle Quadratic
2-7 4 Quadrilateral Linear
17-19 8 Quadrilateral Quadratic
20-22 9 Quadrilateral Quadratic
23 4 2-D Interface Linear
24 6 2-D Interface Quadratic
25 4 Tetrahedron Linear
26 10 Tetrahedron Quadratic
27 6 Wedge Linear
30-31 15 Wedge Quadratic
45 5 Pyramid Linear
46 13 Pyramid Quadratic
28-29 8 Brick Linear
32 20 Brick Quadratic
33 6 Interface Triangle Linear
35 12 Interface Triangle Quadratic
34 8 Interface Quadrilateral Linear
36 16 Interface Quadrilateral | Quadratic

Table D.1: Element Types Supported by Spider

XY plottable
XYZ plottable
fracture parameters

NR = (number of fracture parameters)

NR =2 (xy)
NR =3 (x,y,2)

5. Number of columns. NC), (INTEGER)

XY plottable NC 1 (number of data sets)
XYZ plottable NC 1 (number of data sets)
fracture parameters NC =1
6. Number of pages. NP), (INTEGER)
XY plottable NP 1 (number of data points)
XYZ plottable NP 1 (number of data points)
fracture parameters NP =1
7. Number of labels. (NL), (INTEGER)
XY plottable NR =2 NL = NC +4
XYZ plottable NR =3 | NL = NC +5
fracture parameters NL = NR

The array name is a STRINGand all other parameters areINTEGER The array name should not
be a null string. The ag denotes some special kind of applicdon data that can be recognized by the
postprocessor. The following table summarizes the speci@ypes of data currently available in Spider.
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Special Data Type | Flag Value
XY plotable 2
XYZ plotable 4
fracture parameters 8

The \XY plotable" data is a table of REALvalues that can be plotted in Spider using XY plots. If
this is the case the labels for the plot must be provided in thelabel record .

The \XYZ plotable" data is a table of REALvalues that can be plotted in Spider using XYZ plots.
If this is the case the labels for the plot must be provided in he label record . This option is not
available at present version of Spider and will be ignored un til this notice is removed.

The \fracture parameters" data are used to transfer the resuts from the fracture mechanics analysis
to Spider or PreMERLIN.

The data type must be either 1, 2, or 3; no other values are reamized. The number of rows, columns,
and pages must all be greater than or equal to one and their prduct should be equal to the total number
of elements in the array. In the case of special type of applation data as for example \XY plotable" or
\fracture parameters" data the rows, columns and pages havehe following meaning:

Application Data Rows Columns Pages
XY plotable NR=2
x,y) (number of data sets) | (number of data points)
XYZ plotable NR=3
x,y,2) (number of data sets) | (number of data points)
fracture parameters NC=1 NP=1
(number of parameters)

The nite element application data array record is the contents of the array. Since the header record
establishes the type and size of the array, it is possible toead the entire array record with one read
statement or to skip over it completely, as is done in the postprocessor.

The nite element application data label record is the list of labels for the application data array.
The labels are of type STRINGSince in most cases the application data block is ignored byhe post-
processor, the number of labels in the application data heaer record can be zero and the label record
can be empty. Only in the case of special types of data like \XYplotable", or \fracture parameters" the
labels has to be provided and the number of labels is determid as follows:

XY plotable NR=2 NL=NC+4
XYZ plotable NR=3 | NL=NC+5
fracture parameters | NL=NR

where the individual labels should be as follows:

XY plotable 1. menu label
2. graph title

label for x axis

label for y axis

label for data set 1

o 0k~ w

7. label for data set NC

XYZ plotable 1. menu label
2. graph title
3. label for x axis
4. label for y axis
5. label for z axis
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Test Problem | Title
6 Number of Post Variable Types
-1 De nition of the stamp

Table D.2: File Header Block

6. label for data set 1
7. ..
8. label for data set NC

fracture parameters 1. label for fracture parameter 1
2. ..
3. label for fracture parameter NR

D.3.3 Nodal Post Variables

The last sub-block in the incremental data block of the unformatted output le is the nodal post variables
sub-block. The nodal post variables sub-block is optional,appearing only when the number of post
variable types is non-zero. If there are no nodal post variales, post-processing cannot be performed
because the post-processor does not recognize integratiguoint information and, therefore, does not
perform an extrapolation of integration point values to the nodes. If the unformatted output le is
written by a program other than MERLIN, nodal extrapolation must be performed by that program for
all post variable types that are not already nodal values.

Nodal post variables are written to the le in post variable records . Post variable records contain
only REALnumbers. There is one post variable record for each node andaeh record is of the same
xed length. The length of the post variable record is the sum of the orders for the post variable types.
Post variables appear in the same order in the post variablee@cord as the post variable types and their
components appear in the le header.

D.3.4 Block Separator

The incremental data block terminates with a pair of stamps, which act as an error checking mechanism.
If both of these integers are not equal to the prede ned stamp an alignment error has been encountered
and reading of the unformatted output le will terminate imm ediately.
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132

vector order 3; scalable(displacement)

DSPTOT

keyword

Displacements

post variable type label

Displacementu

post variable component labels

Displacementv

post variable component labels

Displacementw

post variable component labels

130

vector order 3; non scalable

FRCTOT

keyword

Applied Forces

post variable type label

Forcex

post variable component labels

Forcey post variable component labels
Force z post variable component labels
130 vector order 3; non scalable
REACT keyword

Reactions post variable type label
Reaction x post variable component labels
Reaction.y post variable component labels
Reaction z post variable component labels
130 vector order 3; non scalable
RESID keyword

Residuals post variable type label
Residual x post variable component labels
Residualy post variable component labels
Residual z post variable component labels
2616 Tensor, 3x3 symmetric; Engineering strain
EPSNOD keyword

Strains post variable type label
Epsilon_xx post variable component labels
Epsilon_yy post variable component labels
Epsilon_zz post variable component labels
Gamma.xy post variable component labels
Gamma.yz post variable component labels
Gamma.xz post variable component labels
268 Tensor, 3x3 symmetric; Stress
SIGNOD keyword

Stresses post variable type label
Sigmaxx post variable component labels
Sigmayy post variable component labels
Sigmazz post variable component labels
Tau_xy post variable component labels
Tau_yz post variable component labels
Tau_xz post variable component labels
-1 stamp

-1 stamp

Table D.3: Post Variable List
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Solution Status Parameter

Increment

load factor

time

0

0.00

0.00

Table D.4: Solution Status Parameter

Mesh Size Parameter; No. of

Nodes | Corner | Coord. | Elem. | Max. No. FE application
Nodes| Nodes | Node | Elem. | nodes/elem. arrays
8126 | 8126 3 3300 6 0
Table D.5: Mesh Size Parameter
Nodal Coordinates
X Y Z
3.61 | 17.00| 431.00
16.45| 38.94| 479.00
15.27| 40.00| 481.50
15.27| 40.00| 486.70
23.10| 33.00| 479.00
Table D.6: Nodal Coordinates
Element Connectivity (one for each element)
Type | Group ID Nodes
25 1 311| 24 | 309 | 3938| O 0
25 1 310 | 311 | 308 | 3939| O 0
25 1 8 | 310| 307 | 3940| O 0
33 2 71 | 870| 2885| 72 | 923 | 3225
33 2 870 | 871 | 2886 | 923 | 924 | 3226
33 2 871 | 872 | 2887 | 924 | 925 | 3227
33 2 872 | 873 | 2888| 925 | 926 | 3228

Table D.7: Element Connectivity

Spider

User's Manual



D.3 Incremental Data

68

Displacements
Displacementu | Displacementv | Displacementw
134.658 19.01 52.20
138.585 75.48 5.05
Applied Forces
Forcex Force.y Forcez
7992.04 -601.90 -25.17
0.00 0.00 -0.0287
Reactions
Reaction_x Reaction.y Reaction_z
7992.04 -6901.90 -25.17
0.000000 -0.00 -0.028
Residuals
Residual x Residualy Residualz
0.00 -0.000 -0.00
0.000 -0.000 -0.00
Strains
Epsilon_xx Epsilon_yy Epsilon_zz Gamma.xy Gammaryz Gamma.xz
7.48294 10 ® | 2.53439 10 ® | -6.42840 10 ® | 1.34533 10 ® | -3.568 10 ® | -9.4764 10 °®
-3.98371 10 6 | 9.47294 10 & | -9.32848 10 © | 9.35271 10 © | -2.28563 10 © | 2.37651 10 ©
Stresses
Sigmaxx Sigmayy Sigmazz Tau_xy Tau_yz Tau xz
-1848.5 -9549.66 1978.7 3823.2 -1299.803 3920.30
-1490.52 -1770.0 -588.2 1562.9 83801.585 5327.77

Table D.8: Nodal Post Variables

Spider

User's Manual




Appendix E

.eig Post Data le Format

.eig les contain the result of an eigenvalue analysis (typicaly dynamic, but possibly stability) and
they can also be viewed by Spider which will animate the mode lsapes.

eig les can be ascii or binary.

The le format is pretty straightforward:

1.0
2. Number of Elements
3. Element connectivity
(a) Element.id, Element_Type, Node_ 1, Node 2,...
() ...
4. "Mode ", Mode_id, "Eigenvalue = ", | 2
5. Eigenvector
(a) Node.id, x-coord.id, y-coord.id, [z_id], mode_shapex, mode_shapey, [mode_shapez]

() ...

Note that there is no counter for the number of eigenvalues/éenvectors.



Appendix F

rtv  Post Data le Format

.rtv le, or Real Time View le, store the nodal displacement s, and some accelerations during a time-
history dynamic analysis. The le can be viewed by Spider boh during and after analysis. This feature
enables the user to monitor a lengthy dynamic analysis (suclas a 3D nonlinear one which may take a
couple of days), and visualize both the displacements and th accelerogram.

1. Number of Nodes, Number of Elements, Number of time increrants, Number of Accelerations
being monitored.

2. Nodal coordinates
(a) Node.id, x-coord.id, y-coord.id, [z_id]
(b) ...
3. Element connectivity
(a) number_of_nodes, groupnumber, Node 1, Node 2,...
() ...
4. For each time step
(@) Time stamp (can be an ascii character such as T=1.03 sec.)

(b) Accelerations at each of the points (as fractions ofg)
(c) Displacements at each of the nodal points.
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