Summary of PEER I-880 Testbed Meeting Held on November 7, 2002

Attending:
- Kunnath (coordinator)

- Eberhard, Fenves, Jeremic, Mahin, Moehle, Stojadinovic

- Graduate students

The primary purpose of the meeting was to reach a consensus on some of the key issues related to Damage Measures (DMs) and the EDPs required to adequately quantify the selected DMs.  Additionally, the draft outline of the testbed report previously circulated to testbed PIs needed to be finalized along with a timeline of deliverables.
The summary presented below does not constitute the order or sequence in which the issues were discussed.  Rather, the summary outlines the elements of the methodology in its proposed (and evolving) format and also reflects the proposed implementation plan.

Intensity Measures (IMs)

A suite of 10 ground motion records (comprising 3 components: Strike Parallel, Strike Normal, and Vertical) for each of the following three hazard levels have been provided by Paul Somerville: 

- Events with a 50% probability of exceedance in 50 years 

- Events with a 10% probability of exceedance in 50 years 

- Events with a 2% probability of exceedance in 50 years 

The provided motions represent site-specific hazard spectra and were derived from a probabilistic seismic hazard analysis of the I-880 testbed site.  Since the provided ground motions represent un-scaled free-field motions, it will be necessary to scale the records appropriately before using them in simulation studies.
The primary intensity measure being considered currently is the spectral acceleration at the fundamental period of the structure 
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.  This will entail magnitude scaling of the accelerograms such that 
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 will match the provided site-specific hazard spectra.
The following issues still need to be resolved:

1) Consideration of improved intensity measures.  This could mean using more than one IM to represent the hazard.
2) Development of aftershock data.  One of the proposed damage measures is the survivability of the structure in an aftershock.  This is also related to the issue of residual strength or the vertical load-carrying capacity or lateral force capacity of the structure after the main event.

ACTION ITEMS (responsible PI: Kunnath):
1) Proceed with 
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 as the primary intensity measure till a new measure is established in consultation with other testbeds. 

2) Coordinate with Allin Cornell and other testbed managers (particularly the Humboldt Bay testbed) to see if additional IMs need to be considered.  Alternative scaling procedures may be necessary depending upon the selected IMs, hence a decision must be reached as quickly as possible (target deadline: 01/31/2003).

3) Discuss the issue of after-shocks with Somerville and establish a procedure for deriving potential after-shock data from existing records (target deadline: 01/31/2003).

Simulation Models

The development of OpenSees simulation models is nearing completion at UC, Davis. Four models with increasing detail and complexity have been developed.  They are:


Model I: 
Single column representing a half-height section of Bent #16 


Model II: 
Model of a single bent (Bent #16)

Model III: 
Model of an entire frame (4 bents) without interaction with adjacent frames 


Model IV:
Model of three frames with frame-frame interaction

Models II, III and IV will each have the additional option of incorporating soil-foundation effects through equivalent springs whose properties have been generated independently through separate analysis of the pile-soil system.  All models will also have additional parametric variables (choice of element and/or material models) that can be assigned by the user. 

Some elements of the models still need to be calibrated before distribution. 
ACTION ITEMS (responsible PI: Kunnath)

1) Complete testing of four simulation models.

a. Deliver Models I and II 
(target: December 02, 2002)

b. Deliver Model III

(target: January 31, 2003)

c. Continue calibration and validation tests of Model IV  (March 01, 2003)

2) Deliver preliminary Models I and II to Der Kiureghian and Terje Haukaas so that preliminary testing of the Reliability Simulations in OpenSees can commence  (November 25, 2003)
3) Prepare draft report of simulation models and sensitivity studies (April 01, 2003)

Measures of Damage (DMs)

Much of the discussion during the breakout session focused on the DMs and EDPs.  One source of concern was the fact that CALTRANS may be looking for damage measures at the system level while the ongoing calibration studies at Washington (Eberhard) were dedicated to estimating damage in the bridge piers only. Given the need to proceed with the evaluation study and the lack of physical data to calibrate system response, it was decided that the primary damage measure will be based on damage to the columns.  
The following qualitative measures of damage were selected:

(a) Component Level – COLUMN DAMAGE


I
Initial shear cracking


II
Onset of spalling


III
Onset of bar buckling


IV
Significant strength degradation

Two additional measures will be investigated, though their use in the evaluation study is tentative since it depends both on the success of the calibration and the availability of the model in time for the simulation studies to progress.

V
Residual cracks


VI
Loss of axial capacity

Marc Eberhard will provide EDP estimates corresponding to the afore-mentioned damage states.  
Additionally, the following measures of damage arising from considerations of system response and soil movement will also be investigated from an analytical point of view.  Some of these measures (such as the potential for impact between decks due to longitudinal movement can be inferred from data such as available clearance and gap details) can be reasonably estimated.  The purpose of listing these DMs is to ensure that appropriate EDPs are monitored.
(b) System Damage Measures

1. Relative movement (and rotation) between adjacent decks

2. Relative movement (and rotation) between joint and abutment

3. Yielding of longitudinal and vertical restrainers

4. Failure of shear key

5. Residual lateral displacement

(c) Soil-Related Damage Measures

1. Relative displacement of foundations (at pile cap)

2. Residual displacement/rotation of abutment

3. Embankment failure

4. Pile-cap rotation

ACTION ITEMS (responsible PI: Marc Eberhard)

1) Provide expressions from regression analyses for use in I-880 columns related to drift and peak strain at onset of spalling and bar-buckling
(target: December 20, 2002)
2) Develop expressions for drift and peak strain at initiation of shear cracking and significant loss of strength
(January 31, 2003)

3) Complete written report (Chapter 6 – April 01, 2003)
Demand Parameters (EDPs)

Presently, Marc is investigating the following 3 EDPs which reasonably characterize the state of damage for a typical I-880 column based on a comprehensive evaluation of experimental data:

· Drift (tangential displacement at inflection point)
· Ductility (ratio of peak drift to yield drift)

· Peak compressive strain in extreme fiber

Following an extensive discussion on probable EDPs and their availability in OpenSees, it was decided to adopt the following EDPs for use in the I-880 testbed simulations:
Primary EDP:

Peak tangential drift at contraflexure point in element

Secondary EDPs:
Peak compressive strain in extreme concrete fiber

The following EDPs will also be monitored in the likelihood that additional DMs will be used later:

· Relative rotation at frame-to-frame joints
· Displacement and Rotation at pile-caps

· Deformations (and derived strains) in restrainers

· Forces in shear key

ACTION ITEMS (Responsible PIs: Fenves, Kunnath) 

1) OpenSees module to compute tangential drift at inflection point 
(Fenves, Scott:  January 10, 2003)
2) Validate models to check computation of system EDPs 
(Kunnath: February 28, 2003)

Uncertainty Analyses

Since Der Kiureghian was unavailable, his student Terje Haukaas provided input into the discussion.  The reliability routines in OpenSees developed at UC Berkeley were functional and available for use.  The tasks at hand were to identify the critical uncertainties and then to carry out the OpenSees simulations to derive component and system fragilities.

1) Deliver OpenSees models for reliability analyses (Kunnath) 
2) Commence reliability analyses

3) Complete written report (Chapter 7)
ACTION ITEMS:

1) Identify critical uncertainties

(Der Kiureghian, Kunnath: December 20, 2003)

a. Use sensitivity studies being conducted at UC Davis to identify those variables that are most sensitive to demand

b. Select material, modeling and other critical variables

2) Carry out preliminary studies on a simple model

a. Kunnath will deliver preliminary Model II (November 25, 2002)

Additional details on this task is still evolving (discussions are ongoing between Kunnath and Der Kiureghian)
Decision Variables (DVs) and Loss Modeling

Due to lack of time, the discussion on loss modeling was limited.  Boza Stojadinovic expressed interest to contribute to this section.  It was decided that Boza come up with a list of DVs appropriate for the I-880 project.  At that time, a meeting will be organized with CALTRANS engineers to review and finalize the DVs to be selected for the project.
ACTION ITEMS:

1) Compile list of DVs related to loss modeling (Stojadinovic: December 20, 2002)
2) Set up meeting with CALTRANS
(Porter)
3) Loss Modeling
(Stojadinovic: Date?)

4) Complete written report on loss modeling and simulation (Stojadinovic: Date?)

Appendix

Note: A more detailed itemized listing is being developed in consultation with the individual PIs responsible for each chapter

DRAFT OUTLINE OF I-880 TESTBED REPORT
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1
Introduction





Porter





1.1 Background





1.2 Objectives

(Link to Highway Network testbed)

1.3 Scope

2
Methodology





Kunnath


01/31/03

2.1 Choice of Intensity Measure


Kunnath/Cornell

2.2 Performance Metrics



Eberhard

2.3 Uncertainty considerations


Der Kiureghian

2.4 Outcomes (format)

2.4.1 Fragility curves, etc.

3
Hazard Analysis




Somerville


complete

3.1 Uniform Hazard Spectra 

3.2 Ground Motions

3.3 Improved Intensity Measures


Cornell?

3.4 Effect of Site Effects



Pestana

4
Modeling and Sensitivity Analyses


Kunnath


4.1  Soil-Foundation Models



Jeremic

4.2 Modeling the Structure

4.2.1 Bent Models

4.2.2 Frame Models

4.2.3 Frame-Frame Interaction

5
Simulation of EDPS




Kunnath

5.1 Response of Simplified 2D Models

5.1.1 Pushover Analysis

5.1.2 Time History Response

5.2 3D Response

5.2.1 Pushover

5.2.2 Time History

5.3 Influence of Soil-Foundation Interaction

6
Characterization and Evaluation of Damage

Eberhard

6.1 Experimental Data Base

6.2 Derivation of Damage Functions

6.3 Development of Fragility Functions

7
Reliability and Uncertainty Analysis


Der Kiureghian


7.1 Damage Probabilities


8
Loss Modeling




Stojadinovic


8.1 

9
Current Practice vs. PEER Methodology

CALTRANS

9.1 CALTRANS Methodology

9.2 Critique of PEER Methodology

10
Summary





Kunnath

11
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