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What is OpenSees?

The Open System for Earthquake Engineering Simulation is:

* A software framework for developing sequential, parallel
and grid-enabled finite element applications in earthquake
engineering.

e It is written primarily in the object-oriented programming
language C++.

e C++ wrappers are provided so that legacy and new
procedures (elements, materials, numerical routines)
written in other languages C, Fortran can be used.

* Funding for OpenSees has been provided by:

— PEER (Pacific Earthquake Enginering Research Center)

— NEES (George E. Brown, Jr. Network for Earthquake Engineering
Simulation) through NEESit.

— NSF (National Science Foundation)

What i1s a Software Framework?

¢ A framework is NOT an executable.

* A framework IS a set of cooperating software components for
building applications in a specific domain.
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Why is OpenSees OpenSource?

Linus’s Law: “Given enough eyeballs, all bugs are shallow”.
Zero cost software attracts users!

Prevents community from losing software. (especially true in a
research community)

Allows Community to examine new ideas. (vital in a research
community were new ideas can be tested and validated by all
instead of being hidden behind some theory in a paper and limited
to researchers own test data)

Main Abstractions in OpenSees
Framework

Holds the state of the model
at time t and (t + dt) !

Moves the model
from state at time t to
state at time t + dt

Constructs the objects
in the model and adds
them to the domain.

Monitors user defined
parameters in the
model during the
analysis




Recorder Types in OpenSees

ElementRecorder
NodeRecorder
EnvelopeNodeRecorder
EnvelopElementRecordr
DatebaseRecorder
FilePlotter

Display

StreamHandler
FileHandler
DatabaseHandler

X11

OpenGL

VRML
MySQL
Oracle
NEES

What is in a Domain?

Truss
ZeroLength
ElasticBeamColumn

NonlinearBeamColumn(force, displacement)
BeamWithHinges

Constant
Quad(std, bbar, enhanced, u-p) Linear
Shell Rectangular
Brick(std, bbar, 20node, u-p, u-p-U) Sine
Joint Path
GenericClient

ExperimentalElement




Linear
Pdelta
Corotational

Some Other Classes associated with Elements:

p

Geometrlc Transformation

\Y

DGF-E—:&D-»

Element in Basic System

Other Classes associated with Elements:

Elastic
ElasticPP
Hardening
Concrete
Steel
Hysteretic
PY-TZ-QZ
Parallel
Series
Gap
Fatigue

Elastic

Elastic
12 Fiber —MM
TemplateElasto-Plasto
FluidSolidPorous

PressureMultiYield(dependent, independent)




How Do People Use OpenSees
Framework?

Provide their own main() function in C++ and
link to framework.

Use OpenSees interpreterS. These are
extensions of the Tcl interpreter for finite
element analysis which use the framework.

1. OpenSees.exe
2. OpsessSP.exe
3. OpenSeesMP.exe

What is Tcl
Tcl is a programming language.

It is a string based command language.
Variables and variable substitution

Expression evaluation

Basic control structures (if , while, for, foreach)
Procedures

File manipulation

Sourcing other files.

Comand syntax:

command argl arg2 ...

Help

1. http://dev.scriptics.com/scripting/primer.html
2. Practical Programming in Tcl and Tk, Brent B. Welch.




Tcl Interpreters

* wish and tclsh are tcl interpreters.

* Interpreters (Perl, Matlab, Ruby) are programs that execute
programs written in a programming language immediately.

* There is no separate compilation & linking.
* An interpreted program runs slower than a compiled one.

puts “sum of 2 and 3 is [expr $2 + $3]”
(oo}

sum of 2 and 3is 5

Example TCI eprocedures & control structures
for {seti 1} {$i< 10} {incri 1} {
svariables & variable substitution | puts i equals $i
>seta 1 set sum 0
>1 . . foreach value {1234} {
:set ba sexpression evaluation set sum [expr $sum + $value]
a
Sseth $a >expr2 + 3 }
>1 >5 set $sum
>set b [expr 2 + $b] >10
>3 >proc guess {value} {
global sum
«file manipulation if {$value < $sum} {
puts “too low
>set fileld [open tmp w] }else |
>7? i i .
ssourcing other fil
>puts $ileld “hello” sourcing other files if {$value > $sumj {
>close $filelD | >source Examplel.tcl | puts “too high
>type tmp } else { puts “you got it!”}
hello }
}
> guess 9

too low




OpenSees Interpreters

* The OpenSees interpreters are tcl interpreters which
have been extended to include commands for finite
element analysis:

1. Modeling — create nodes, elements, loads and constraints
2. Analysis — specify the analysis procedure.

3. Output specification — specify what it is you want to monitor
during the analysis.

Being interpreters, this means that the files you create
and submit to the OpenSees interpreters are not input
files. You are creating and submitting PROGRAMS.

Model Generation:

* Adds the modeling commands to the interpreter.

*BasicBuilder

model Basic —ndm ndm? <-ndf ndf?>

This command now adds the following commands to the interpreter:

node mass block2D
element fix block3D
pattern fixX patch
fix fixY layer
equalDOF fixZ fiber
pattern uniaxialMaterial

load nDMaterial

eleLoad section

sp geomTransf




Analysis

StaticAnalysis
TransientAnalysis

gy

Penalty RCM EquiSolnAlgo StaticIntegrator BandGeneral
Lagrange MinDegree Linear LoadControl BandSPD
Transformation NewtonRaphson DispControl ProfileSPD
handler type? args... ModifiedNewton ArcLength SparseGeneral
numberer type? argS . g;o(}}/gen MinUnbalDispNorm  SparseSymmetric
algorlthm type? args... KrylovNewton  TransientIntegrator
test type? args... Nowmark
integrator type? args... CentralDifference

NewmarkExplicit

f,
system type? args.‘;. AlphaOS
analysis type? args.. Newmarkiybrid
analyze args ... HHT Hybrid

Truss Example (/TrussExample/Truss.tcl):

model Basic -ndm -ndf 2

node 1 0.0 0.0

node 2 144.0 0.0

node 3 168.0 0.0

node 4 72.0 96.0

fix111

fix211

fix311 - -

uniaxialMaterial Elastic 1 3000.0 ' ' '

element truss 1 14 10.0 1 |

element truss 224 5.01 1|3000 |10

element truss 334 5.01 2 | 3000

pattern Plain 1 “Linear” { 313000 | 5
load 4 100.0 -50.0

}




Example Analysis:

Static Nonlinear Analysis with LoadControl

constraints Transformation
numberer RCM

system BandGeneral

test NormDisplncr 1.0e-6 6 2
algorithm Newton

integrator LoadControl 0.1
analysis Static

analyze 10

*Transient Nonlinear Analysis with Newmark
constraints Transformation
numberer RCM
system BandGeneral
test NormDispIncr 1.0e-6 6 2
algorithm Newton
integrator Newmark 0.5 0.25
analysis Transient
analyze 2000 0.01

Plane Frame (/LinearFrame/example.tcl):

model Basic -ndm 2 -ndf 3

nodel 0.0 0.0 l l l l l l l l B{ l4000kip
node 2 504.0 0.0 —

node3 0.0 432.0 Ala B

node 4 504.0 432.0 B

fix1111 B
fix2111 Y

mass 3 5.18 0.0 0.0

mass 4 5.18 0.0 0.0 Z §F§—X 42 3
geomTransf Linear 1 t

element elasticBeamColumn 1 1 3 3600.0 4227.0 1080000.0 1
element elasticBeamColumn 1 4 3 3600.0 4227.0 1080000.0 1
element elasticBeamColumn 3 3 4 5760.0 4227.0 4423680.0 1
pattern Plain 1 Linear {

load 3 0.0 -2000.0 -168074.0 <5

load 4 0.0 -2000.0 168074.0 ) g
) 5l l
source example.tcl section A-A  section B-B
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Gravity Load Analysis

# first source in the model
source example.tcl

# create analysis & perform analysis
constraints transformation
numberer RCM

system BandGeneral

test NormDispIncr 1.0e-6 6 2
algorithm Newton

integrator LoadControl 0.1
analysis Static

analyze 10

# look at what happened to node 3
print node 3

* We will call this file examplel.tcl for future examples

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.
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Cyclic Lateral Load Analysis

# first source in the model and do gravity load analysis
source examplel.tcl

# set gravity loads constant & reset time in domain
loadConst -time 0.0

# create load pattern for lateral loads
pattern Plain 2 Linear {

load 3 200.0 0.0 0.0

load 4 200.0 0.0 0.0

}

# do some cyclic analysis

foreach {numSteps stepSize} {10 0.1 10 -0.1 10 -0.1 10 0.1 10 0.1} {
integrator LoadControl $stepSize
analyze $numSteps

set time [getTime]

set disp [nodeDisp 3 1]
puts “Time: $time Displacement $disp”

* We will call this file example2.tcl for future examples

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.
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Any Questions?
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