Computational Simulation

Frank McKenna
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Current Simulation Examples
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20-story Building with Base
Isolation and Rocking Core Wall

Marios Panagiotou
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OpenSeesPBEE

Bridge- Model for Performance-Based Earthquake Engineering
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Mackie, K., Lu, J., and Elgamal, A. (2010). User interface for performance-based earthquake engine _ nt bridge pilot
investigation, 9th US National and 10 Canadian Conference on Earthquake Engineering, July 25-29, Toronto, Canada

Lu, J., Mackie, K., and Elgamal, A. (2010). Performance-based earthquake evaluation of a single column bridge system, Joint
conference proceedings, 7th International Conference on Urban Earthquake Eng (7CUEE) & 5th Intl Conf on Earthquake Eng
(5ICEE), March 3-5, 2010, Tokyo Institute of Technology, Tokyo, Japan.
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OpenSees has been under
development by PEER since 1998.

NEES has supported maintenance
since 2003.

OpenSees is Simulation software
for structure and geotechnical
engineering.

Large group of developers and
users.

Open-source and royalty free
license for non-commercial use
and internal commercial use.

License must be obtained from
UC for software developers
wishing to including OpenSees
code in their applications.

Open System for Earthquake Engineering Simulation

Pacific Earthquake Engineering Research Center

http://opensees.berkeley.edu

USER

About | News

HOME

MESSAGE BDOARD

USER DOC

DOWHNLOAD

SOURCE CODE

BUG REPORT

To customize the
quicklinks, go to
Site Map

Calendar

DEVELOPER PROJECTS SUPPORT

Registration

Welcome

Welcome to the website for OpenSees, a
software framework for developing
applications to simulate the performance of
structural and geotechnical systems
subjected to earthquakes.

The goal of the OpenSees development is
to improve the modeling and computational
simulation in earthquake engineering
through open-source development.

OpenSees is in under continual
development, so users and developers
should expect changes and updates on a
regular basis. In this sense, all users are
developers so it is important to register.
More information on Open Source is
available.

The development and application of
OpenSees is sponsored by the Pacific

Earthquake Enagineering Research Center

through the National Science Foundation
engineering and education centers
program.

OpenSees has been selected as the
simulation component for the George E.
Brown, Ir. Network for Earthquake

Engineering Simulation in the NEESarid
System Integration Project Ongoing work to
integrate OpenSees into NEESarid includes

a web-based portal for simulation services

PEER NEES NEESit

SITE MAP

Register

For information about new releases
we encourage you to register with us

at the OpenSees Reqistration Center.

News
2006-12-01 New Examples
Manual released.
2005-09-01 Wersion 1.7.3
Released.
2006-08-25 Workshop
Presentation
Material Node
Available.
2006-06-06 Wersion 1.7.2
Released
2006-05-15 Copyright
Revised
2005-02-18 Wersion 1.7.1
Released.
2005-11-01 Server Running
Again.
Calendar
TEUG-UB- OpenSees Symposium

2006-09- OpenSees Developer



http://opensees.berkeley.edu�

OpenSees Goals:

*To use modern software technigues to evolve an extensible
finite element software platform for earthquake engineering
that would encompass both structural & geotechnical
engineering.

*To provide a common analytical research framework for
PEER researchers to educate students & share new
knowledge.

*To foster a mechanism whereby new research could be
disseminated to industry for testing and implementation.



Building Blocks for Simulation
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OpenSees Classes

FEM

Analysis

Convergence Solution
Test Algorithm

Domain \ CHandler | (Numberer

Fecorder \DataOutputHandler DataBase

Par&llel&Distribute I

Element Channel
MovableObject jl

I I 1

Integrator | SystemOfEqgn

Materia

sendSelf(Channel, int)
I —— recvSelf(Channel, int,..) TCP UDP MPI Database | ®@®
Reliability]
_ RandomVariable Random LimitState Spect Filt Correlation Modulating
l Positioner Variable Function pectrum rer Coefficient Function
Elemen | |
Probability Search Find MeritFunction
'S Transformation Direction DesignPoint Check
| | | | StepSize
ReliabilityDomain ReliabilityAnalysis > | | | | Rule
Gfun Find GradG RandomNumber
Evaluator Curvatures Evaluator Generator

Currently over 1000 classes (modules)



Contributions from Faculty/Students

The capabilities in OpenSees are in large part due to the
contributions of graduate students & their advisors from PEER

affiliated universities (ancj beyond)

a.

" PresureDependMutiYield
Z.Yang & A.Elgamal
UCSD

Drucker-Prager

P-Y,T-Z,Q-Z UWashington
R. Boulanger
UC Davis

[ Start from main code ]

Update

!

floating elements, and

Check for dangling nodes,
element loads and masses

® Remove element

® Remove dangling nodes
o Remove floating elements
® Delete element/node loads

® Update nodal masses

structural
model,
time step
and
solution

I\ i

Intact structure

Nodal load

..!.!..l.!..l..t!;ﬁtejﬁil..l..l.!.!.!..

Floating element

Dashed elements have been
removed during analysis

M.Talaat & K.Mosalam
UC Berkeley

K.Patex, PMcKenzie, & P.Arduino

parameters
—_—— /

Dangling node

End,
back to
main
code



Some Elements:

QuickTime™ and a
decompressor

' Arash Altoontash & Laura Lowes
racy Becker & Steve Mahi Stanford
UC Berkeley

Many Many More & (apologies)



We are not done -

In addition to the need for new elements & materials,
We need new solvers, integration schemes and solutlon

algorithms.

Example: Newton-
Raphson (mainstay of all
finite element codes) is In
theory only good for
smooth functions.

We don’t have this situation -
our surface looks more like this

BUT WE DO NEED HELP SO PLEASE - Don’t forget to send
us new code for testing & inclusion (C++,C,Fortran, Matlab)




Has It Worked

In last 6 years OpenSees has been downloaded 38,000 times
by users in over 120 Countries

22 Sep 2010 - 22 Sep 2011

Map Overlay
Visits
Country/Territory Detail: 22 Sep 2010 - 22 Se
United States
" Visits
I AEEE
156,186 visits came from 177 countries/territories in the "All Visits" segment =~ ____

This country/territory sent 51.631 visits via 52 regions

It Is being used In Practice (dissemination of research) - WHY?
1. It has some routines not found in commercial codes

2. Graduate students learn to love it

3. ltis fast
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Ground-Motion File Manager:
GM scaling, Elastic & Inelastic Spectra

it Degenkolb Ground Motion File Manager = Ci/Projects/BuildingTel_ R20fATCBSngZ.-’NewPrOJectF|Ie gmp

ADegenkolb

= | & £

| Spectral Analysis

F|IE Help  Exit
| GroundMotion Files | Model Parameters
~GMFile Type: Elastic Model
PEERnga _:| mDﬂmpiﬂgRatiD(ﬂ:—|
0.05
GMfiles (Select all that apply): =
nelastic e
LoadExistingGMFiles addExistingGMFiles ~Cyls): - DampingRatio(s):
g 120062] @ smodvPTFn dt:[0.008 [o10203 Jo.02

2.000(3: [¥ smedTCU120Fn dt |0.005
1.?00(3: [¥ =medTCUO7EFn dt |0.005
2.200(3: [¥ smedMISFn dt: |0.01

’%ﬂxlll Nnnel

InelasticMultilinear —

rPeriod Info:
Tstart: |0.01 El:
Tend: [10.00 £

Number of Period Steps: |100 El:

PeriodDistribution: Legarithmic —l|

InelasticMultilinear Model

{BetaUnIoad:—||—Ducti|ityDamage:-||—Er1erg)rDamage:eregati\.reResponse:

]

rQutput Length Units:

Acceleration: g =

Displacement & velocity: in —l|

rSelect Models to Run:
¥ Run Elastic

¥ Run InelasticMultilinear

mare

Global Scale Factor:
{ 0.8600

B o 5y
pinchi: - pinch': T G

HD.B [l |[1:01 (033 |
s D%

i s |

rModel Basics:

Muodel Period: |D.U1 jl Maodel g: |386.D!} él
Model Mass:[1.00 3

Stop/Pause

rInput ground-motion units:

g —|

~Model Behavior:

RUN Model-Period Response

rRSPmatch09

Load Target-Spectra File |

~GMFile Head

Load Header File | [ Replace Headers

SAVE Scaled GMs only

SAVE EZ Frisk Project

Running: smodTCUO78Fn
Running: smodTCU120Fn
Running: smodyFTFn
..DONE Saving TimeSeries Files in the following Directory:

E..fPru]ects.l'Buncllnchl R2 0MATCE3BKg2/DegenGMFMoutput_B ®

...3aving TimeSeries Files
—_—

¥ save results
rReal-Time Spectral Response:

r

=N C\Windowsh\system32

In-house ground motions scaling and modification
Processing and interpretation of strong-motion records after

relevant seismic events (Mexicali,New Zealand, Japan)



ADegenkoIb
Simulation Validation — Loma Prieta

0.2 |
Absolute acceleration
0.15 1 — Recorded
0.1 I — Simulated
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ATC-83 Improved Procedures for Characterizing & Modeling Soil-
Nﬂup Structure Interaction for Performance Based Engineering




Solar Panels on a Flat Roof ...ss.

<) Animate Response E]@E

Displey Colormap | MATLAE Menu  File  Edit View Insert Tools Deskkop  Window  Help
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“To analyze 5 sec of wind history it took SAP2000 80
hours (and we did not even have the bolted connections
modeled then). With OpenSees (not using any parallel
processing capabilities yet) we can analyze 10 sec of wind
history in ~90 min.” [Andreas Schellenberg]




With Success Comes Problems
a.k.a - User & Developer Support

& & -

| ) ;." Q (L[ hupi//opensees.berkeley.edu/community/viewforum.php?f=5 Wy ( Q)
Most Visited = Getting Started  Latest Headlines ® Xcode/gFortran Plug... NEES - Resources: T... RTE Business: Irish B... Apple~ Amazon eBay Yahoo! News~ »
Select user @ || The OpenSee -

MessageBoard —

h BB The OpenSees Co

Advanced search

ting ™ communities

1} Board index < O| < Feature /Future Di

Fluser Contral Panel « View your posts G)FAQ fTiMembers () Logout [ fmk ]

[ Moderator Control Panel ]

Feature Requests/Future Directions

Moderators: silvia, Mederators

NEWTOPIC# | . Search this forum...

Mark topics read = 65 topics « Page 1 of 2 » n 2

7 We are collecting OPENSEES User-Requirements Data 1 1329 by yfeng [
'\fj‘ by silvia » 30 Dec 2009 04:38 pm 13 Sep 2010 09:59 am
ics REPLIES VIEWS LAST POST
— replace tel with python 6 431 by ethanehunt [
! by scotty300582 » 1B Jul 2011 01:56 am 22 Sep 2011 03:17 am
\ Nonlinear time history analysis 2 94 by avik
by avik = 01 Sep 2011 03:36 am 09 Sep 2011 03:23 am
Fiber section stiffness recorder 2 797 by win706nnh [
by dberello » 19 Aug 2010 06:56 am 06 Sep 2011 12:57 am
\ save as/print out feature 0 50 by Jamey [i
by Jamey = 04 Sep 2011 06:33 pm 04 Sep 2011 06:33 pm
InitialStress nDMaterial Subroutine 3 1596 by gasui602 G
! by avytin » 10 Apr 2009 06:27 pm 31 Aug 2011 07:42 am
\ Return Code in Exit Command 2 350 by oujing999 [
=/ by denavit » 10 Mar 2011 09:11 am 25 Aug 2011 12:11 am
/=, modeling and analysis of blast furnace - T by sreedharraoidd [

NEW for 2011: Web Based Seminar (http://neesmeetings.webex.com)
“Discovering OpenSees: Surfing the Waves of OpenSees”




WITH TODAY’S TECHNOLOGY IT DOES
NOT HAVE TO BE ONE SIMULATION TOOL

OpenFresco (Andreas Schellenberg, Yuli Huang, Steve Mahin)

Allows you to combine Open?ees, LS-DTYNA, Abaqus, and ANSYS
FE-Software 2: . l
- shell elements }
- concrete materials -

[~
[ -1 . - |
I I l
7 ///”T// LTl H f T TTTTTTTFFFFT I TFr7rsy FTFTTTITIITTiTivraFTy i FITTITTIFTiTiaiyys, BN
Generic Super-Element: Aanter-EIgment_
FE-Software 1: - send trial displacements - Impose displ.
- frame element - receive resisting forces ) a:_cquwe Eorces
- steel materials \ .
— ] ] -
Master | Slave

) | : ! b
ABILITY TO DO MULTIPLE SCALES

in Master FE-Software in Slave FE-Software




HOW GOOD ARE OUR

SIMULATION TOOLS?

Behavior of Reinforced Concrete Columns
Tests undertaken to validate concepts and numerical models used

In PBEE
BOO
O Experiment
H (=] medan
Em- x ¥ i
Em Test——— + || ERROR 1
S w AnalysisTo~I_, i |
B =) ; N
P ; ; % 2
- A i cov
£ 1 ] 3 D: 07 p'mm”ll
41 expert
teams g
participated

PEER-NEES RC Column Blind Analysis

Contest - 2010

Full-scale 1D tests of circular column -
Jose Restrepo, Pl (PEER, Caltrans, UNR,
FHWA, NEES@QUCSD, NEEScomm & NSF)



OUR PREDICTIONS MUST INCLUDE
MEASURES OF UNCERTAINTY

And | don’t looking at the response of the analysis
model when subjected to different ground motions

.| Variation of Yield Strength A36
r // f\"\ S [FEMA-355A]
LE':_ ¢ i ‘ == =Dual
: / /j \\\ In a digital world I shouldn’t need
7/ \Qx to go to a paper to find this!
ERERERRRIE Need to share experimental data.

Figure 4-7 Yield Point Histogram of A36 Grade Material

“The uncertainty is as important a part of the result as the estimate itself... An
Estimate without a standard error is practically meaningless” [Jeffreys (1967)]

“With such high stakes, we must insist that the predictions include, concrete,
guantifiable measures of uncertainty. In other words, we must know how good
the predictions are” [Oden, Moser, Ghattas (2011)]



Reliability]
RandomVariable Random LimitState Spect Filt Correlation Modulating
Positioner Variable Function P eclmm ! |er Coefficient Function
Probability Search Find MeritFunction
'S Transformation Direction DesignPoint Check
o | | | | StepSize
ReliabilityDomain ReliabilityAnalysis | | | | Rule
Gfun Find GradG RandomNumber

Evaluator Curvatures Evaluator Generator

[-880 PEER Testbed project

Optimization & UQ

p—
; " Toolkit for Large-Scale

DAKOTA allows analysis of fundamental science and
engineering questions with computational models:

= Sensitivities: What are the crucial parameters?

» Uncertainties: How safe. reliable, robust, variable is my
Load-isplacament cusve far transverssl displacemant of nods 15005 Parameters

. . 1 . . . + best performing design?

N ater values or models best Computational Model

* Black box
+ Semi-intrusive

tValues

DAKOTA analysis “strategies” rely on iterative
analysis with a computational model for the
phenomenon of interest

U ncertal r aod f o Strategies can be combined for more advanced
capabilities, e.g.,

— Model calibration under uncertainty

— Uncertainty of optima

o 68 [z 78 a4
2 Variable

bability of failure from

Sensitivity

e o " | of output values
-0.603 Element 141 _ Murtr:-rev_el paraHeIism.supports large-scale
Oy Broad deployment via open source model: applications and architectures
-0.538 Element 142 Ty Over 4,000 download registrations spanning -
-0.280 Element 151 Ty government, industry, academia Zug“.;ul'zl )
ratories

0.240 Element 142 fe

0.232 Element 142

0188 [ Blement [ 162 | o http://dakota.sandia.gov/index.html

||| W] =




The Generation of UQ requires
more Computation
(& It can be much much more)

| would argue that if your desktop computer represented the
state of the art, you are actually only using a slide-rule!



Technology is Changing ...
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Hardware
Your childs game (Wii, Xbox
Playstation) has more raw numerical

processing power than your desktop!
Nintendo Wit  61GFlops
Xbox360 355Glops
Sony PS3  2018Gflops
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1 / - u Transistors (000}
-: : . o Clock speed {MHz)
& Power (W)
Clock (ILP)
| |

75 1980 1985 1990 1995 2000 2005 2010

Intel Processor Speed
XeonE7Server 72Gflop

I7Desktop 55GFlop
I7Mobile 30GFlop
15Desktop 40GFlop
I5Mobile 22GFlop

Core2 Extreme 52GFlop
Core2 Quad 48GFlop



soc [rends in Parallel Computing

(according to Jack)

1 Eflop/s *

100 Pflop/s -
10 Pflop/s SUM e

1 Pflop/s #
100 Tflop/s Gordon

‘ £ *é—S sars o Bel
10 Tflop/s ~  Winners

+ "lgf:::s Jack's Notebook
omfoprs |30 @ S N I g 8 © o I o @ g
- Cores in the Top25 Over Last 10 Years

eHardware has changed drastically
while software ecosystem has - —
remained stagnant e }lMW
C Ity cod dfor “m. — H” Wtk

ommunity codes unprepared for JIUJ“'HU* ;[mi-q

s 1.4.--. v b i n

sea change In architecture




Cloud Computing (according to Steve)

Some people think the cloud is just

P 8, Ahard drive in the sky!

Cloud computing is internet-based computing ,
whereby shared resources, software, and information
are provided by computers and other devices on
demand, like the electricity grid. source: wikipedia

PC and Mac Demoted to a Device”



BEFORE YOU GET ALL EXCITED
Speedup & Amdahl’s Law

Time(1)
Time(p)

speedupec(p) =

Portion of sequential # of processors 5




Improving Real Performance

Peak Performance grows exponentially,
a la Moore’s Law

e In 1990’s, peak performance increased 100x;
in 2000’s, it will increase 1000x 1,000

But efficiency (the performance relative to Peak Performance
the hardware peak) has declined

o was 40-50% on the vector supercomputers
of 1990s

e now as little as 5-10% on parallel
supercomputers of today

100

Teraflops
o

Close the gap through ...

o Mathematical methods and algorithms that 1
achieve high performance on a single
processor and scale to thousands of

Real Performance

Processors orb o a1
« More efficient programming models and tools 1996 2000 2004
for massively parallel supercomputers Source: Jim Demmell. CS267

Course Notes



OpenSees Parallel Examples

100,000+ DOF Model

Total execution time (minute)

l

Implicit Integration

Mumps Direct Solver o 2 « & s 10 » 1

Number of processors

Made Up Continuum Model

Run el. size (m) Elements Nodes DOFs
=0 =— cnd wond Gme | 20 +— cnd to cad ome
|"|I. 2“ 54,[]2& 59,[]32 I.EEI,?EIH ,_‘J 15 T == idu:a'.l hpl.'mjuj; ; 18 K\l‘ == ?_En:al .‘-:;\_'L'dl.;p )
B 10 404,751 424,512 1,193,283 Sl L
= 10/ | S 10 N
C 5 3,130,301 3,208,822 9.307 563 p E. E
D 25 24615801 24028842 73515123 BN F°
CD 1000 2000 3000 1DE':JD 2000 3000
PEs PEs



set pid [getPID]

22: Pe%cE?de;glF;]lD [open "peerRecords.txt" r] Stee I B u i I d i n g Stu dy

set count O;

foreach gMotion [split [read $recordsFilelD] ¥n] {
if {[expr $count % $np] == $pid} {

7200 records
source model.tcl _
source analysis.tcl 2 min a record
240 hours or 10 days
Ran on 2000 processors
loadConst -time 0.0 on teragrid in less than 15 min.

set ok [doGravity]

set gMotionList [split $gMotion "/"]

set gMotionDir [lindex $gMotionList end-1]

set gMotionNamelnclAT2 [lindex $gMotionList end]

set gMotionName [string range $gMotionNamelnclAT2 0 end-4 |

set Gaccel "PeerDatabase $gMotionDir $gMotionName -accel 384.4 -dT dT -nPts nPts"
pattern UniformExcitation 2 1 -accel $Gaccel

recorder EnvelopeNode -file $gMotionDir$gMotionName.out -node 3 4 -dof 1 2 3 disp
doDynamic [expr $dT*$nPts] $dT

wipe

}

incr count 1;

1



Concrete Building Study

set pid [getPID]
set np [getNP]
set count O;
source parameters.tcl
source ReadSMDFileNewFormat.tcl;
foreach GMfile $iGMFile {
foreach Factor1248 $iFactor1248 {

113 records, 4 intensities

3 hour arecord, would have
taken 1356 hours or 56.5 days
Ran on 452 processors of a

i
if {[expr $count % $np] == $pid et 1t - 1
texprs $np] == $pidj { et Teragrid in less than 5 hours.
- - -
set inFile $GMdir/$GMfile. AT2 - -
set outFile $GMdir/$GMfile.g3; - 8N e
ReadSMDFileNewFormat $inFile $oUtFile dt NPS; St et e st
- . . -
wipe ::: : R L R
source GravityAnalysisScript.tcl - - - - .
-:-.-..-' ! - = = =
loadConst -time 0.0; - ...
wipeAnalysis - .- - - = .
-
source EQ_Recorder.tcl P rapr——
source EQAnalysisScript.tcl
if {$ok == 0} {
puts "Process $pid $GMfile x $Factor1248 FINISHED OK modelTime [getTime]]"
} else {
puts "Process $pid $GMfile x $Factor1248 FINISHED FAIL modeTime [getTime] desiredTime $TmaxAnalysis]"
}
incr count 1

}
}
}



OpenSees In the clouds using Open Science Grid

O Motivation André R. Barbosa, Joel P. Conte, and Joseé I. Restrepo, UCSD

» Perform parametric studies that involve large-scale nonlinear models of structure or soil-
structure systems with large number of parameters and OpenSees runs. @a ISEES

O Application example
» Nonlinear time-history (NLTH) analyses of advanced nonlinear FE model of a building
> Probabilistic seismic demand hazard analysis making use of the “cloud method”
= 90 bi-directional historical earthquake records (unscaled and scaled by a factor of two)
> Sensitivity of probabilistic seismic demand to FE model parameters

O Some numbers oo,
o84 |
Number of NLTH analyses per parameter set 180 00
realization S sl
020 .-
Average duration of NLTH analysis 12 hours o
Average size of output data 1.5GB Q‘\ T e
Parameters considered 6 e /{
] i Distance in NS }\/ﬁ% Distance in EW
Perturbations considered 4 diroction (m) diroction (i)
Estimated clock time  (180x12x[(6x4x2)+1]) 106,800 hours 30 days on
- T~ years on
Estimated output data  (180x1.5x[(6x4x2)+1]) 12TB Open Science Grid Desktop!




NEEShub .ﬁ,
* The power behind NEES at http://nees.org

« Maintained and developed at Purdue by NEEScomm
e Built using proven HUBzero technology (nanoHUb > 100,000 users)
* A science gateway for education and research in earthquake engineering

Cyberinfrastructure:
NEEShub

Through a browser engineers can:
» Upload and view experimental data
* Browse online seminars and courses
 Launch sophisticated tools using remote computational
resources (OpenSeesLab)



The OpenSeesLab tool:

http://nees.org/resources/tools/openseeslab

nSeesLab A==

>ollection of Tools for Structural/Geotechnical Engineers
that use the Open System for Earthquake Engineering Simulation

Is a suite of Simulation Tools powered by OpnSees for:

1. Submitting OpenSees scripts (input files) to HUB resources
2. Educating students and practicing engineers
3. Performing useful tasks



OpenSees Interpreter Tool

A | Application:
L ]
- Ll Cpensees Interpreter -
DETBEES st
OpenSeesz —— Open System For Earthguake Engineering Simulation

FPacific Earthquake Engineering Research Center —— 2,2.1

(o) Copyright 1993,2000 The Fegents of the University of Califarnia
All Rights Reserved
(Copyright and Dizclaimer @ http:/Awww,berkeley,edu/OpenSees/copyright html )

OpensSees > tar xBf A_Example,tar

OpenSeez » cd A_Example

OpensSees » zource Ex8,tcl

couldn't read file "ExB.tcl": no such file or directory
OpensSees » 1=

AR, tol

Example5Pl,tcl

Mode, out

analyzisz, tecl

madel , tel

peerfecords, txt

OpenSees » source AD.tcl

WARMING analyziz Tranzient dt tFinal - no LinearS0E specified,
ProfileSPILinS0E default will be uzed

Hode: 525
Coordinates : 1 1 10
Digps: O,00977277 0,00977277 —0,00409733
Velocities ¢ 0,0141832 0,0141832 -0,00873414
commitAccels: 0,128284 0,123284 0, 228457
unbalanced Load: O 0 0
Il

Simulation Time 192

OpenSees » cd ..

OpenSeez *» tar cBf A_Example.tar A_Example
OpenSees > |}



Parameter Study Tool

Application:
-3
- -y Y=y - Farameter Stud
ICIIDELD S /

]

Resaurce: |O5G

numFarameter: 3

bain Script: |fhomeddmbk/SteelBuilding ol

MHame:

File:

MHame:

File:

MHame:

File:

earthguake
fhomedfmkdistEarthgquakes

scaleFactor

fhomesfmmkslistFactor

Fy
fhomedfimkslistEy

4|k

.

About this tool

Simulate | new input parameters i
Duestions

Parameter Study Submission Tool

This tool can be used to perform parameter studies with OpenSees.
For each parameter, the user inputs the parameter name and the file
containinig all the values to be tried for that parameter. The user also
specifies a main file to run in which the parameter value is used. DO
MOT &551GN THE waLUE 1M THE MalM SCRIPT, othensise you will
ovenstite the value to be used from the parameter file.

Exarmple:

If numParameter is set to 2 and the main script contains the following 3
lines:

set sum [e=pr $vard + fvark]

set fileCut [open $yarddvarB out wi

puts HfileCut "§a + $h = $sum”

Then, if in the Parameter! box, we set the name to be vard and the
associated file has the number 1 and 2. &nd if in the Parameter 2 by,
wie set the name to be warB and the assocaited file has the number 3,
4 and 3, the output directory when we hit the submit button will contain
B files 13.0ut,14.0ut,15.0ut,235.0ut, 24.0ut and 25.0ut, each with a
differant message.

Ee careful, make sure the results go to different filename, when using
recorders use for example recorder Mode -file node$varagvarB.out ...

&lso only use the O5G (Open Science Grid) option Wwhen you have
large models to run as it can take from minutes to hours for your job to
actually start. The O5G option will place each run in 2 seperate
dirertnre Cnmnlain it woin dnn't like thisl
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Laterally-Loaded Pile Foundation
Chris McGann U. Washington

Lateral Pile Analy3|s
@J MERES o —

') About this tool
"
Duestions =

P 0= spring 4|
A 4
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o
ol

Eending Mament ({kMmy)

= \ Ground Level
1: Hesult:lF‘iIe Eending koment
% ™tz spring
.'.
e\, L 0
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o | D
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- MW~ a2 spring k
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210
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File Fropeties ]5|:|i| F'ru:uperties]
]
F: 3500
L1:1 : : :
LZ: 20 -1e+04 ]
fisHead: [ |no
diameter: 1 & results  Parameters..

Simulation = #£

| T
1e+04

rfixHead = no
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Site Response Analysis

P hub
3 Application:
=) - 2y - |Site Response Analysis =
T -
I, IJ >} -...-r:}“
) /=y about this tool
ESImUIatE \‘0") Questions z

Rezult: | Displacement Response Spectrum J L

[ —— OpenSees
roshake E
- = = ProShakeNL
k

'. ." ~ ::I'lr\- WAt U
OpenSees 2011 Challenge Winner

Chris McGann (UWashington)

1 result  FParameters




OpenSees Challenge 2012

At next years OpenSees Days Workshop (late August or early

Sept), | will award an iPod to the person (anyone other than
myself) who submits the best OpenSees powered app to
NEEShub. Winner will be judged by Workshop participants.



Vision for Computational

NEES

George E. Brown, Jr.
Network for Earthquake Engineering Stmulation

Task Group on Information Technology Vision
of the Board of Directors of NEES, Inc.

Information Technology within

the George E. Brown, Jr. Network for
Earthquake Engineering Simulation:
A Vision for an Integrated Community

MNEES

Tt *
. o
“ George E. Brown. Jr. Netwark for Earthquake Engineering Simulation " @rﬁ
f
b iy

Simulation

Computational modeling and simulation
is central to the vision of NEES to
transform the development of new
earthquake engineering solutions from
being primarily based on experiments to a
balanced use of simulation and
experimentation using computational
models validated by experimental data.

A close integration of modern
computational models and simulation
software with other NEES applications
and services will provide the earthquake
engineering community, and broad
engineering users, new capabilities for
developing innovative and cost-effective
solutions.
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Gederal Database ( )

decompressor.

Run Earthquake Scenario

Detects EQ - back calculates fault scenario,
rupture to rafters analysis & causes EQ alarm in
vUulnerabhle buildinas to sound!



Simulation Session Tomorrow

1.00-3.30
Boiler Room B



Any Questions?
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