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Introduction

+ Populations of seismically active regions
grow denser

+ Greater odds for large-scale catastrophes
(Haiti 01/2010, Chile 02/2010,
New Zealand 02/2011, Japan 03/2011)

+ Improve knowledge and understanding of
~ the complex nonlinear response and
behavior of new and existing civil
~structures during seismic events |
= Experimental testing of structures Is the
cornerstone of earthquake engineering pm
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Comparison of Exp. Test Methods
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Quasi- Shaking

Static Table Simulation

Dynamics NO YES

| Strain Rate

NO | vES
- Effects I

v Large or NO
| YESi %(Iimited bytablé)f

§+ First Hy:)rld Simulation (Onlme Test) in L
1975 by Takanashi et al. =




Hybrid Simulation
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ybrid Simulation

Dynamic Loading:
= Seismic

= Wind

= Blast/Impact

= Wave

= Traffic

Static Loading:
= Gravity

= Prestress

analytically add nonllnear
geometric effectsto
measured reS|st|ng forces

‘analytical model of st‘ruétural
energy d|SS|pat|on and |nert|a

physical model of

~structural resistance
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"+ Model the well understood parts of a
structure In a finite element program on
one or more computers

+ Leave the construction and testing of the

highly nonlinear and/or numerically hard
to model parts of the structure in one or
more laboratories

+ Can be considered as a conventional

~ finite element analysis where physical
models of some portions of the structure
are embedded Iin the numerical model




Required Components

1. Discrete model of the structure to be analyzed,
Including the static and dynamic loading

2. Servo-hydraulic control system with static or dynamic
actuators

3. Physical test specimen, including a reaction-frame

N

4. Data acquisition system with instrumentation

_ Discrete FE-Model
with static & dynamic loading

Controller &
Dag System




What is OpenFresco?

"+ Open source Framework for Experimental Setup
and Control

+ Secure, object oriented, network enabled
“middleware” -- Pairs computer analysis software
with laboratory control systems and other
software to enable hybrid and collaborative

N

Computlng:
-+ Computational Drivers + Control Systems
= Abaqus ~+ STS family
= LS-DYNA + Flextest/CSI
= Matlab ~ + Flextest/Scramnet
= Simulink = National Instruments
= Ansys = Pacific Instruments
= UI-SimCor o= Abwin

=
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What i1s OpenFresco

+ Graphical user interface that Is designed
to simplify the running of hybrid
simulations

+ Guides the user through a step-by-step

orocess to define the key parameters in a
nybrid simulation

~+Plots test data and error monitors in real
~ time for checking the valrdrty of results

+Allows the user to perform ground motion
or free vibration tests ‘
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wnloading and Installing
Openkrescotxpress




ttp://openfresco.berkeley.edu

MUSERS DEVELOPERS DOCUMENTATICN REFERENCES COPYRIGHT

HOME Search
OpenfFresco (the Open-source Framework for Experimental Setup and Control) is an
environment-independent software framework, that connects finite element models with
control and data acquisition systems in laboratories to facilitate hybrid simulation of Menu
structural and geotechnical systems.
= Log in
Hybrid simulation is an experimental testing technique where a test is executed based on = Register
a step-by-step numerical solution of the governing equations of motion for a hybrid
model, formulated considering both the numerical and physical portions of a structural Downloads
system. In order for the earthquake engineering community to take full advantage of
this technique, OpenFresco standardizes the deployment of hybrid simulation and OpenFresco
extends its capabilities to applications where advanced numerical techniques are utilized, OpenFrescoExpress
boundary conditions are imposed in real-time, and dynamic loading conditions caused by OpenSees Navigator

wind, blast, impact, waves, fire, traffic, and, in particular, seismic events are considered.
Accordingly, the architecture of the OpenFresco software package provides a great deal
of flexibility, extensibility, and re-usability to the researcher or developer interested

in hybrid simulation. . . N
yp
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http://openfresco.berkeley.edu/users/express/
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DEVELOPERS DOCUMENTATION REFERENCES

HOME

ental Setup and Control) is an
onnects finite element models with
b facilitate hybrid simulation of

OpenFresco (the Open-sourd :
environment-independent sd
control and data acquisition
structural and geotechnical {4

Hybrid simulation is an experimental testing technique where a test is executed based on
a step-by-step numerical solution of the governing equations of motion for a hybrid
model, formulated considering both the numerical and physical portions of a structural
system. In order for the earthquake engineering community to take full advantage of
this technique, OpenFresco standardizes the deployment of hybrid simulation and
extends its capabilities to applications where advanced numerical techniques are utilized,
boundary conditions are imposed in real-time, and dynamic loading conditions caused by
wind, blast, impact, waves, fire, traffic, and, in particular, seismic events are considered.
Accordingly, the architecture of the OpenFresco software package provides a great deal
of flexibility, extensibility, and re-usability to the researcher or developer interested

in hybrid simulation.

COPYRIGHT

Search

Menu

= Log in
= Register

Downloads

OpenFresco
OpenFrescoExpress
OpenSees

OpenSees Navigator
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HOME USERS DEVELOPERS DOCUMENTATION REFERENCES COPYRIGHT

OpenFrescoExpress Search

Wang to Jownloao? Xst SCroll Sown and SEMCE YOUr SYStam requiremants.

OpenfFrescoExpress is a simplified version of the OpenFresco middleware software that
can be used for projects inveolving only one or two actuators, meaning one or two Menu
degrees of freedom. One of the useful features of OpenFrescoExpress is its Graphical

User Interface (GUI) with a built-in help functionality. Through this GUI users can easily:

First, log in if
First, log in i
= Create a simple structural model with the desired mass, stiffness and energy ' ‘

dissipation properties by selecting from one of three template structures. Downloads , O u aI re ad
» Load any ground motion from the PEER ground-motion database or the CSMIP j -

database and generate pseudo acceleration and displacement spectra. OpenFresco
= Setup an initial displacement condition to perform a free vibration test (and evaluate OpenFrescoExpress : .

the effect of experimental errors on the response). OpenSees , ave an aCCO u nt
= Chose to connect to real laboratory controllers, actuators and data acquisition OpenSees Navigator ] '

systems or simulate the behavior of the test specimen to perform dry-runs and/or : ; -

jcan abaust hybrd simulaion. or register for a
= Watch the progress of the hybrid simulation in real time including graphs plotting the

structural response at each degree of freedom (displacements, accelerations &

forces) and error monitors tracking the accuracy of the test. 1"“” ‘ lil n eW aCCO u nt
y S v :

OpenfFrescoExpress can be useful to a variety of users from staff and students at labs

starting to use hybrid simulation, staff and students at labs that regularly use hybrid

simulation but desire a tool for quick demonstration of the hybrid simulation concept, and PEER
for users who are conducting simple tests that want to quickly and easily display useful

real-time test data without developing new recorders.

It can also be used as a virtual tool for graduate students and researchers who are not
at a laboratory who want to independently learn more about how hybrid simulation works
for possible use on a future research project. In this scenario, users dont need to be in a
lab or connected to the actuators to run simulations.

Download & Install OpenFrescoExpress

Want t0 a2 mare before JoWNIGRING? View SCresnchots of OpenfFres.




****** Download Files

Download & Install OpenFrescoExpress

Wan 20 see mare Detre Sownicading? View screenshots of OpenFrescobvess

For download instructions, click on the system requirements that match the computer
where you will install the software:

>Select OS platform 1. Download and install
Tcl/Tk 8.5

| PC (32-bit): |

PC (64 bit):

1, Install Tcl/Tk

;f you hgve .not installed Tcl/Tk on your cpmputgr, please download the Tcl/Tk I m po rtant: Insta” I n

C:\Program Files\Tcl
uninstall the version you just installed first. Download Tcl/Tk 8.5 2 Download and inSta”
MCR
Download
() Pownload OpenFrescoExpress for 64-bit Windows (exe fie, & H8) OpenFresco/xpress
and save in a
cai convenient directory

A 94720-1752 - (510) 642-3437 - peer_center@berkeley.edu .

2. Install MATLAB Compiler Runtime libraries
ODownIoad MCR Installer for 64-bit Windows (.exe file, 352 MB) 3




L/
of file to save to..

ter name of file to save tc

) Enter name
C
“. ‘,i@" (5 C

New folder

nenFrescoExpress

Organize v

& Downloads A Name
4# Dropbox
&0 MCRInstaller_4fcc3815¢falc.exe
4 Libraries
[3 Documents
& Music
=/ Pictures
=) Subversion
a Videos

q% Homegroup

1% Computer
&, Local Disk (C))

Date modified

8/19/2012 5:39 PM

eeeem——— 3 e
Save files in convenient directory

==
Pz

Type

Application

=)
-4
- @

Size

361,095 KB

v 4 |

LU

?. Neatarnrl

File name: OpenFrescoExpress_4fdb8254dd479.exe

Save as type: [Bimuy File (*.exe)

\ “ Hide Folders




Install Matlab Compiler Runtime

-
4\ MATLAB Compiler Runtime Installer E‘m

To install MATLAB Compiler Runtime 7.17 on your computer, click Next.

N

h
4\ Folder Selection = | &

MATL | Specify installation folder !

name | Enter the full path to the installation folder: M ATLAB
R2012a

Restore Default Folder ]

WARI
1984-

Space available: 157,794 MB Space required: 894 MB

) MathWorks'
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Start OpenFresco

-

"

| = =) I&]\
AT . | : . '
@Uv » Computer » Local Disk (C:) » Program Files » OpenFrescoExpress v { 45
File Edit View Tools Help
Organize » /=) Open New folder e A7)
 Favorites - Name ’ Date modified Type Size
Bl Desktop &0 MCRinstaller_4fcc3815efalc.exe 8/19/20125:39 PM  Application 361,095 KB
& Downloads 4\ OpenFrescoExpress_4fdb8254dd479.exe 8/19/20125:41 PM  Application 7,684 KB
¢+ Dropbox
4\ C:\Program Files\OpenFrescoExpress\OpenFrescoExpress_4fdb8254dd479.e;
-J Libraries Starting OpenFresco Express

| Documents

@' Music

k- Pictures

Subve

B videos

*d Homegroup

& Computer
£, Local Disk (C

\ﬂ OpenFr
Applicat

1 item selected

Please be patient, this may take a while.

rsion

24
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'Read and Accept Copyright

Copyright & Disclaime

N

Copyright & Disclaimer

OpenFrescoExpress has been developed with support from the Pacific Earthquake Engineering Research Center
(PEER).

Please acknowledge the use of OpenFresco and OpenFrescoExpress in any resulting publications. It can be sited as:
Schellenberg, A., Mahin, S., and Fenves, G. (2009). “Advanced Implementation of Hybrid Simulation,” Report No. PEER
2009/104, Pacific Earthquake Engineering Research Center, UC Berkeley, California.

COPYRIGHT & DISCLAIMER:
Copyright © 2006 and 2012. The Regents of the University of California (Regents). All Rights Reserved.

THIS SOFTWARE IS PERMITTED TO BE USED, WITHOUT FEE AND WITHOUT A WRITTEN LICENSE AGREEMENT: (A) BY
EDUCATIONAL, RESEARCH, AND NON-PROFIT ENTITIES FOR NONCOMMERCIAL PURPOSES ONLY; AND (B) BY OTHER ENTITIES
FOR INTERNAL PURPOSES ONLY. PERMISSION TO INCORPORATE THIS SOFTWARE INTO COMMERCIAL PRODUCTS MAY BE
OBTAINED BY CONTACTING THE UNIVERSITY OF CALIFORNIA.

THIS SOFTWARE PROGRAM AND ITS DOCUMENTATION ARE COPYRIGHTED BY THE REGENTS OF THE UNIVERSITY OF
CALIFORNIA. THE SOFTWARE PROGRAM AND DOCUMENTATION ARE SUPPLIED “AS IS". THE PACIFIC EARTHQUAKE
ENGINEERING RESEARCH CENTER (PEER), UNIVERSITY OF CALIFORNIA, BERKELEY, FUNDING AND SPONSORING AGENCIES, AND
ANY ORGANIZATIONS AND INDIVIDUALS WHO CONTRIBUTED TO THE DEVELOPMENT OF THE SOFTWARE AND
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OpenFrescoExpress

Release 1.0: May 2012

Developed by

Andreas Schellenberg, Ph.D., P.E. Carl Misra, M.S. Stephen Mahin, Ph.D.
Dep. of Civil and Env. Eng. Dep. of Civil and Env. Eng. Dep. of Civil and Env. Eng.
University of California, Berkeley University of California, Berkeley University of California, Berkeley

OpenFresco Express is supported by funds from

The Pacific Earthquake Engineering Research Center (PEER)
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Select
Structure

Period is
Immediately
calculated

Select &
Assign
Damping




Select Type

—— of Loading
Saine Load Ground

Motion File
et S it | _—
File (C:\Program Files\OpenF rescoExpress m

S e I e Ct dat ool You can click on this button to find

ground motions from PEER or CESMD,

. i Scale Factors ) or you can upload your own file.
L O ad I n g Amplitude 386.1 Note that unrecognized formats require
r 1 the time step to be input manually.
Time » 1.0 |

Click on any
plot to see
more detalls

=

| l 1 | | | l |
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Period [sec]

Version 1.0
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File | MATLAB Menu
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Pseudo Acceleration Spectra
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Displacement Spectra

/

1V

Display SD1

MATLAB Menu

File
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Simulated ExperimentICroI y

S ———

CO

Experimental Control

L

Select
Simulation

THIITIT

Select

Select DOF
ExpControl

u.ng_LJ_uqumh_J_iAJJ__J_LLLL_LL_J_JJ

biua

ﬁ,. pen




~_Simulated Expeintlrol

|
m= ‘

Experimental Control SEleCt
UniaxialMaterial to
Simulate Control

L

'SimUniaxialMaterial /

1

Material Type...

Material Type...
Elastic
Elastic-Perfectly Plastic

S e I e Ct Steel - Giuffré-Menegotto-Pinto
Type of
Material

(15 0 A 0 0o A AL A 10l A

|
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~Simulated ExperimentICroI

T s

I

Experimental Control

L

Input
Material
Properties

Define Control 'SimUniaxialMateriaI

Number of Actuators

i l ] ] f
i
[ |
‘ ] 2 !
1 i = ]
| 3 | 2
] ! ] i} !
i | D

Choose Material Steel - Bilinear

B 41 et e L I

Yield Strength (Fy)

>

Initial Elastic Modulus (E)

stress or force

Strain Hardening Ratio (b)

©®
i1
-
T

ﬁ,. pen
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~_Real Experimental Contr

Experimental Control

Select
Real Controller

Select
ExpControl

_L_Jl-._l..l..____li_...__l___lli___l.__Il_. .___.___‘J_.._.__.‘I_[_..L.._._.l.____li.__.i_ ‘

Select
Type of
Controller

AT (i

AT EE | IR

)
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o

- Real Experimental Contr

Experimental Control

L

Define Control | '}

Configuration File Name OpenFresco_mNEES ‘

Configuration File Path AC:\Users\Andreas\.Documents\MTS_CSI\OpJ

w0 Y SR

Ramp Time

Browse for
Input MTS CSI

Ramp Time config file

1 .
_l_u_J_LL___:lL__L_l_J_LL_l__I ; Rl
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Analysis

|
. — =

SeIECt - . | < 016903
An a I yS | S Write TCL File ] i efnw.;e x@m*%\%ﬂﬁwﬂfw
[ Generate Report ﬂ\

Wauld vou like to animate the resnonse?

Click here = Optionally
to write Generate
TCL input Report
files
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eport/l nput summar

Analysis

_L R e gl by e

OpenFresco Express v1.0 19-Aug-2012 21:19:52

o File : OPFE_Report.txt
o Purpose: Summary of inputs for use with OpenFresco Express

Model Properties:

Type: 1 DOF Column

Mass [m]: 0.0200

Stiffness [F/L]: 2.8000

Period [sec]: 0.5310

Frequency [Hz]: 1.8831

Damping Type: Mass Proportional

Damping Value: 0.0200

Mass Proportional Damping Factor: 0.4733
Stiffness Proportional Damping Factor: 0.0000

AT M AT SO L1 081D L MY R SRR

o
o
o
o
o
o
o
o
o

Loading:

il

HPHITSE N




~_Analysis: Start Hybrid Simulation

T | ————

Analysis

L

Select
Analysis

Click here
to write

TCL input
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_Error Monitors: dispError and FFT

g4 Error Monitors

File Help | MATLAB Menu

['[! Displacement Eg; =

I Plots the eror between measured and command I
displacement over time. & positive ermor means
the measured displacements are greater than the
coresponding command values.

Displacement Error [in.)

Plots the fourier amplitude of the error and can be used to
identify the dominant frequencies in the error signal.

Fourier Amplitude [in./sec)

Frequency [Hz]




~Error Monitors: Subspace Plot

[ B Error Monitors [ ——c—]

File Help | MATLAB Menu

s

- Measured v. Command...E

Plots measured and command displacements.
|| A line at 45 degrees indicates perfect tracking.
Less than 45 degrees means the response is
undershooting, while more than 45 degrees
means the response is overshooting. |f the plot
traces out an ellipse counter-clockwise, the
response is lagging behind the command values.
Similarly, a clockwise ellipse indicates a leading
response.

]
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£
)
8
o
R
o
-
o
>
8
)
=

/

-2 -15 -1 -05 0 0.5
Command Displacement [in]
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File Help | MATLAB Menu

I
Real-Time
10-Times Slower

e
w

B e

<
~

r- Tracking Indicator E

Displays the area under the measured vs.
|| command displacement plot. & positive plot

indicates added damping in the system, and a
negative plot means less damping. Caution
should be taken when the response is negative,
as the system can become unstable. An
increasing ine shows response lead while a
decreasing line shows lag.

| : III
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o
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Time [sec]
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wm

. Assign
Select | ol | Masses

Structure

Assign Story

g AR A

Stiffnesses

. Select &
Pe I’I OdS are m1 8.39/4 m2 8.39/4

. . k1 1324 k2 1236 ASSi n
Immediately J

Period: 040864  0.1584 Dam |n
calculated ' —

0.015 0.03




' Define Loading: 1994 Northridge

e Select Type

Leating = Load Ground |
Motion File

Select
Loading

Click on any
plot to see |
more detalls |

| ._L41_1J;J___1JJJL‘JI_M_J4__11;H_._dlﬂh¢_u
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Ground Acceleration History
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MATLAB Menu

File

B Display AG1

PGA = 236.47
-------PGV =46.219
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Pseudo Acceleration Spectra
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Display SA1
File | MATLAB Menu




Display SD1

Displacement Spectra
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MATLAB Menu

File

—0.015% Damping
—0.03% Damping
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* efin Loading: Free Vibration

' Select Type

L1 L0200 i 10

Parameters

il

{000 0 E TR AR BT

Initial Displacement Mode 1 v} l 0.1 0.167

Select
Loading

10

é___Ju__L_;J_LLJ__u_u_J__L_JM_J_J__
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ExpeimetaISetup V

Experimental Setup

L
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~_Experimental Control: Story 1

S| e—— -
S— )

Experimental Control

[

(0O T 0 S L MMM L0 (S R R

Material
Define Control 7 v‘ P rope rties
| for 1St Story

Choose Material

Yield Strength (Fy)

Initial Elastic Modulus (E)

Strain Hardening Ratio (b)

Elastic-Plastic Transition

pen




_Experimental Control: Story 2 -

Experimental Control

L

Input
Material

Define Control ‘SimUniaxialMaterial = P ro p er t| es
Number of Actuators ‘ fo r 2 nd Sto ry

'S‘iory 2

Choose Material >Steel - Giuffré-Menegotto-Pinto

| |
| WOa | il |

‘ )

1 i i | H

| : | ]

| 1

1 | - -

i ! T 3 ]

] i 1 = ]

Yield Strength (Fy) ' 600 /
Initial Elastic Modulus (E) ' 1236

Strain Hardening Ratio (b)

Elastic-Plastic Transition

(R0)

J...L__L__.l_L_.LJ_LIJ._L_LL_._l..L__Il___i_.L‘l__U.__hL_.__l___L...A_JJ_._Ll.LL&~L_l._Ji_Ji\
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Analysis

|
. — =

Select

. & o<
Analysis / Wi T i
[ Generate Report ﬂ\ :

Wauld vou like to animate the resnonse?

Click here = Optionally
to write Generate
TCL input Report
files
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- Structural Output: 15t Story

Structural Output: DOF 1

TN F ;




File | MATLAB Menu

Structural Output: DOF 2




 Error Monitors

| ) i—.‘ Vionito

File Help | MATLAB Menu

Error Monitors




“Animation of Model NN
SN ————

H File | MATLAB Menu

0.2




File | MATLAB Menu

Structural Output: DOF 1
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m USERS DEVELOPERS DOCUMENTATION REFERENCES COPYRIGHT

OpenFresco (the Open-source Framework for Experimental Setup and Control) is an environment- Search

independent software framework, that connects finite element models with control and data acquisition
systems in laboratories to facilitate hybrid simulation of structural and geotechnical systems.

Menu
Hybrid simulation is an experimental testing technique where a test is executed based on a step-by-step = Log in
numerical solution of the governing equations of motion for a hybrid model, formulated considering both + Register

the numerical and physical portions of a structural system. In order for the earthquake engineering
community to take full advantage of this technique, OpenFresco standardizes the deployment of hybrid
simulation and extends its capabilities to applications where advanced numerical techniques are utilized, Downloads

boundary conditions are imposed in real-time, and dynamic loading conditions caused by wind, blast,

impact, waves, fire, traffic, and, in particular, seismic events are considered. Accordingly, the architecture OpiaFreaco
of the OpenFresco software package provides a great deal of flexibility, extensibility, and re-usability to the OpenF rescolixpress
researcher or developer interested in hybrid simulation. OpenSees Navigatar
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Download documentation and software:
http://openfresco.berkeley.edu
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OpenFrescoExpress is a self-contained software package, induding a easy-to-use graphical user interface,
that facilitates hybrid testing of systems having up to two degrees of freedom. OpenFrescoExpress
addresses the needs of a wide range of users including:

laboratory staff and research students learning about hybrid simulation and starting to use this

experimental testing method.

staff and students at laboratories that regularly use hybrid simulation but desire a tool for quick

demonstration of the hybrid simulation testing method.

» researchers who are conducting simple tests and would like to take advantage of a graphical user
interface that quickly and easily displays useful real-time test data.

» graduate students and researchers who are not at a laboratory but wish to run the software as a pure

simulatinn tonl tn learn more ahot hyheid simulation and hes it works
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Summary & Conclusions

+ OpenFresco IS a simplified version
of the OpenFresco middleware software
for 1DOF and 2DOF systems

+ Easy to graphically setup hybrid model
+ Ground motion and free vibration HS

+Chose to connect to real laboratory
controllers, actuators and data acquisition
systems or simulate the behavior of the
test specimen to perform dry-runs and/or
learn about HS HEENE.
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Summary & Conclusions

+Watch the progress of the HS in real time
iIncluding graphs plotting the structural
response and error monitors tracking the
accuracy of the test

+For more advanced problems you can use
OpenFresco with the computational driver
of your choice

+ If you like to use a graphlcal user |
~Interface for more advanced problems try
OpenSees Navigator
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Questions?
Thank you!

The development of OpenFresco has been spohsdred ini parts by the
National Science Foundation through grants from the NEES
Consortium, Inc.

The development of OpenFresco /> has been sponeored by the
Pacific Earthquake Engineering Research Center (PEER)
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