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Hybrid Simulation
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€ Hybrid simulation is an experimentally based
method for investigating the response of
structure to dynamic excitation using a hybrid
model

€ A hybrid model is a an assemblage of one or
more physical and one or more numerical,
consistently scaled, substructures

€ The equation of motion of a hybrid model
under dynamic excitation is solved during a
hybrid simulation test




We Talked About...

%

& The basics

€ Sub-structures and sub-structuring

@ Similitude relations

& Errors and accuracy

& Integration algorithms

€ OpenFRESCO implementation

& OpenSees Navigator user interface

& OpenSees (Silvia Mazzoni and Frank McKenna)
& Examples (by Tony Yang, Andreas Schellenberg)
€ MTS hardware implementatin (Scott Jiran)

& Use of video and data
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We Could Have Talked About...

& Force and mixed DOF control
& Varieties of predictors and correctors

& More integration algorithms
= Explicit, but stable
s Fancy implicit algorithms
& Real-time testing
= Modern servo-hydraulic controllers
m Fast hardware
= Different configurations and data flow
= Analog feedback and open-loop tests

@& New developments in the framework
& New frameworks being developed

€ Complex non-linear multi-sub-structured hybrid
models and simulations all over the world
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New Directions:
For Hybrid Simulation Developers
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& To achieve widespread adoption:
s Develop stable and portable implementations
s Develop good user interfaces

& Develop measures of test quality:
= On-line indicators of simulation error
m Post-experiment evaluation tools

€ Improve simulation methods:
= Better algorithms and models
m Better communication protocols and faster data flow
m Better integration of physical and computer worlds
m Go faster! (maybe faster than real-time?)

& Make hybrid simulations acceptable as benchmark
tests

s Develop a portfolio of proof-of-concept simulations




New Directions:
For Hybrid Simulation Users

" @ Adopt hybrid simulation:

= Plan and conduct research using it in combination
with other experimental and analytical tools

= Use the rigor required to design hybrid models to
elevate the quality of research
+ Similitude, error analysis, result interpretation
@ Boldly go where no one has gone before:
= Develop new structural concept

= Investigate complex interaction

where hybrid simulation may be the only
experimental method that can provide an
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Is Hybrid Simulation Good for ME?
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/ € Hybrid models enable:

= Investigations at large scale for realistic
excitations

= Integration of sub-structures to achieve high

levels of complexity at (hopefully) a fraction of the
cost

= Control of scale, time, interactions and accuracy
@ Hybrid simulation:

= Glves a better view on the response of structures

= Enables a rigorous examination of the value of an
experiment with respect to research goals

= Makes small laboratories look big!




Follow-up:
http://opensees.berkeley.edu
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Follow-up: http://nees.berkeley.edu
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Upcoming!
George E. Brown, Jr. Network for Dec.11-12, 2006
Earthguake Engineering Simulation NEES Hybrid Simulation
(MEES). Our specialty is modeling Workshop
X large-scale structural systems and A kom led fry Hozulag
Contacis experimental evaluation of their Stojadineviowil gresent the
course material and
respanss torearthquakes. e participants will conduct a
. ] cuntlnut_a the \ung_Berke}ey trad\t\_un real hybrid simulation
of pioneering new experimental and numerical modeling and evaluation experiment using the
methods. At nees@berkeley you can certainly do conventional tests nees@berkeley Equipment
using our configurable reaction wall facility and a versatile array of Site.
actuators. However, we are very proud to have developed new hybrid
simulation methods that combine physical and analytical sub-structures Currently in Progress
into a hybrid model of the entire structure using our state-of-the-art Hybrid Simulation of Base
digital controllers and networks, the OpenFresco interface framework, Isolated Structures
and the latest finite element models built using the OpenSees analysis PI: Steve A. Mahin (UCB)
framework. We invite you to test your new ideas at nees@berkeley. After accomplishing shaking
table tests, the test structure
has been moved to the RRW
experimental facility in 3 new
test setup for hybrid
simulation. The test setup

Events

nees@berkeley is also a place of discovery. Here, you can see how
earthguakes can affect structures. We have many videos of experimental
testing on hand and several Iaboratory demonstrations ready to run for
middle- and high-school stude_nts. We also run research experience consisting of Facion Eomes
sessions during the summer. Contact us to arrange your visit to Snd 6 actuators has heen
nees@berkeley. assembled and the project
crew is dealing with

instrumentation. The tests

Announcement are scheduled to start in
December 2006.

2006 November 08 — NEESR Proposal Assistance
The NSF deadline for George E. Brown, Jr. Network for Earthquake
Engineering Simulation Research (NEESR) Proposals is 2007 January 30.
The RFP is available at http://www.nsf.gov/publications/pub_summ.jsp? R‘;Zﬁiﬁ,ﬂ:;{;gg? Esﬁésgn;m
ods_key=nsf07506. If you are interested in using the nees@berkeley

Columns Based on NEES & E-
Iab, please feel free to contact the following individuals:

September - October 2006
NEES TITech and UCB Jaint

Defense Collaboration
Pls: Steve A.Mahin (UCB)
Bozidar Stojadinovic boza@ce.berkeley.edu Testing Information Kazuhiko Kawashima (TITech)

The tests have been finished
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Thank you!

Development and operation of the nees@berkeley equipment site is
sponsored by NSF.

http://nees.berkeley.edu

Contributions to this workshop from EVERYONE at nees@berkeley
are gratefully acknowledged.
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