PEER IM-EDP Meeting of April 26, 2002

Objective:  Identify ground motion Intensity Measures (IM) that “best” correlate to meaningful Engineering Demand Parameters (EDP), which in turn can be related to reliable Damage Measures (DM) for implementation of the PEER Performance Based Earthquake Engineering (PBEE) methodology.  

The meeting’s specific tasks are to develop a refined list of promising IMs, to standardize the manner in which IMs will be evaluated, and to attempt to resolve some of the difficult issues we identified at the January 17, 2002 breakout meeting at the PEER annual conference.  Other tasks identified by the participants in the morning session could be added if there was consensus to do so.  The primary findings from the January 17, 2002 breakout session at the PEER Annual Meeting are shown on the last page of this document.  

At January’s meeting, the working group tentatively agreed that work could be divided into these areas:  (a) Building or Short Bridge, including site response and SSI, (b) Long-Span Bridge, including site response and SSI, (c) Networks with Multiple Structures, (d) Liquefaction and Lateral Spreading, and (e) Seismic Slope Instability and Permanent Ground Deformations.   They identified these IMs as promising:  Sa(T1), Various Spectral Combinations, Various Spectral Vectors, PGV and Pulse Period, PGA, PGD, Arias Intensity (Ia), Cumulative Absolute Velocity with a 5 cm/sec2 threshold (CAV5), Response Spectrum Intensity (SI), and Significant Duration if combined with another parameter.   

Schedule and Participants for the April 26, 2002 Meeting: 

	Session
	Time
	Activity
	Speaker

	Morning
	9:00-9:05
	Introduction
	Jon Bray

	 
	9:05-9:20
	Share Key Insights
	Joel Conte 

	 
	9:20-9:35
	"
	Allin Cornell 

	 
	9:35-9:50
	"
	Jonathan Stewart

	 
	9:50-10:00
	BREAK

	 
	10:00-10:15
	Share Key Insights
	Helmut Krawinkler

	 
	10:15-10:30
	"
	Steve Kramer

	
	10:30-10:45
	“
	Walt Silva

	 
	10:45-11:00
	"
	Greg Deierlein

	 
	11:00-11:10
	BREAK

	 
	11:10-11:25
	Share Key Insights
	Bojidar Stojadinovic

	 
	11:25-11:40
	"
	Jon Bray

	 
	11:40-11:55
	"
	Norm Abrahamson

	 
	11:55-12:10
	"
	Paul Somerville

	 
	12:10-13:00
	LUNCH

	Afternoon
	13:00-16:00
	Discussion of Key Issues, including:

1. Develop list of most promising IMs and EDPs (Bray)

2. Agree to standardized manner to evaluate IMs (Cornell)

3. Plan for reporting researcher’s findings from

their IM-EDP analyses (Cornell)

4. Scalar IMs vs. Vector IMs (Conte)

5. Plan for PEER testbeds and other research (Deierlein)
[Discussion Leader is shown in parenthesis]


Summary of Discussion of April 26, 2002 Meeting:

Each participant summarized the primary aspects of their work.  Allin Cornell discussed procedures for studying alternative candidate IMs, and his current recommendations are delineated at the PEER testbeds crosscutting web site located at http://www.peertestbeds.net/Crosscutting.htm.  Joel Conte’s work, which is also summarized at this web site, was especially helpful for understanding how a vector of IMs may be developed and evaluated.  Others discussed specific findings from their studies on the ability of various IMs to estimate important EDPs for their particular problems, which included from bridge response, nonlinear building response, liquefaction and seismically induced permanent slope displacements.

In general, most found that the spectral acceleration (calculated for a single degree of freedom elastic model at 5% damping) at the fundamental period of the system being analyzed worked well and is the default IM for most problems.  Some combinations of spectral acceleration such as the one introduced by Cordova et al. (2001), i.e. SaC = Sa(T1)[Sa(2T1)/Sa(T1)]0.5, where Sa is the spectral acceleration at the fundamental period of the system, T1, were promising as well.  Some promising vectors of IMs, such as that introduced by Conte et al. (2002), i.e. the vector IMT = [Sa(T1), FEh*=100] {see PEER testbeds web site for definition of the second parameter}, were also identified.  

These types of IMs are dependent on the characteristics of the system being analyzed, such as the fundamental period of the system.  Several researchers noted the advantage of using a non-system specific IM for studies that involved many systems of various characteristics.  For liquefaction, earthquake-induced cyclic shear stress ratio, which is tied closely to the peak ground acceleration (PGA), and cumulative absolute velocity integrated with a 5 cm/sec2 lower threshold (CAV5) were promising IMs that are just a function of the ground motion.  For problems involving the response of short period structural systems (T1 < 0.5 s) and for some slope stability – ground displacement problems not involving liquefaction, Arias Intensity (Ia) was found to be promising, and a new attenuation relationship for this ground motion parameter was distributed at the meeting (it is available to PEER researchers by contacting thaleia@uclink4.berkeley.edu). 

Finally, the issues of efficiency and sufficiency were discussed (see Cornell’s summary at PEER testbeds web site and the paper by Luco and Cornell (to be published in EQ Spectra in 2002)), and both the stripes method and the direct regression “cloud” method (evaluation based on the results of dynamic analysis of a system for many non-scaled recorded ground motions) were found to be acceptable ways of moving forward.  Efficiency (Luco and Cornell, 2002) was determined to be more tractable and more important than sufficiency (Luco and Cornell, 2002) in evaluating prospective IMs.

Notes on the Intensity Measure Breakout Session

PEER Annual Meeting

Jan. 17, 2002

· Testbeds will not provide definitive answers as to the best single IM for all future use by PEER or the profession.  

· The preferred way to compare IM’s is to use “stripes”. (i.e., for each IM, scale records to the same IM level, do nonlinear runs, and compare their dispersions, with secondary recognition of possible difficulties with respect to “sufficiency”

· The most efficient solution is to use the same runs on records scaled to the same first-mode Sa to test all IMs. However, it is not yet clear that such runs can be effectively used to study other IMs.

·  The second most efficient solution is to provide the same records in their original unscaled condition, and then apply the “cloud” method (i.e., a regression of response on IM) to estimate the dispersion.  This is equally applicable to all IMs, it will take one additional set of 60 runs, and it is somewhat less desirable as a method to compare IMs (due to questions of the form of the of the regression model used).  

· For each record, it should contain the list of IM values and the list of EPD outputs.  Standard IM values (e.g., Sa, Ia) can probably be provided by an individual; other more exotic IM values should be provided by the proponent.

· The lists of preferred IMs and EDPs to be studied for each testbed need to be compiled. For the Van Nuys testbed that group asked for these EDPs: individual peak story drifts, max peak story drift, average peak story drift, and individual floor PGA’s and PGV’s; all in both E-W and N-S.  

· A standardized procedure for evaluating efficiency and sufficiency of IMs needs to be agreed to and documented for others to use.























































