PEER 2G02 Second Meeting Minutes

Date: February 15, 2005
Time: 10am to 4pm

Venue: Conference Room 19

Pacific Earthquake Engineering Research Center (PEER),
University of California, Berkeley
1301 S. 46th Street, Bldg. 451
Richmond, CA 94804-4698

Attendees:
Charles Ahlgren (PG&E), Yousef Bozorgnia (PEER), Brian Chiou (Caltrans), Youssef Hashash (UIUC), Annie Kwok (UCLA), Faiz Makdisi (Geomatrix), Neven Matasovic (GeoSyntec), Lelio Mejia (URS), Robert Pyke (TAGAsoft), Jonathan Stewart (UCLA), Joseph Sun (PG&E), Zhiliang Wang (Geomatrix), Rob White (PG&E), Zhaohui Yang (UCSD)

Minutes Prepared by Annie Kwok

1. Review of code usage exercise by Professor Stewart

· Objective: to ensure that the codes are usable to users other than the code developers  and to establish the protocols for selection of input parameters 
· All codes, user’s manuals and the current input parameter selection protocols were sent to the UCLA team last October. However, guidelines on parameter uncertainty, list of common errors and unreasonable results associated with those errors were not provided.
· Both UCLA and developers run codes for example sites. Parameter selection and use protocols would be refined as needed

· Reporting and response procedures for the code usage exercise: (4 steps):

1.
UCLA completes initial report and sends to developers;

2.
Developers provide feedback; factual errors in initial reports are corrected;
3.
Final report prepared and returned to developers with comments for code and user’s manual improvement;

4
Developer would indicate whether they agree with comment and will make changes; or agree with comment but will not make changes due to insufficient time and resources; or disagree with comment and would not make changes

We plan to finish all four steps for all codes by March 15.  
· Final report by UCLA and developer response would be posted on the project webpage. 

· User’s manuals should also include limitation of the codes 

· Common issues for all codes include definition of reference strain, input motion specification, layer thickness criteria and large strain damping.

· Reference strain issue:

1.
Reference strain is obtained from mo and Gmax for most codes. Issues: is it appropriate to use mo as shear strength? Does the shear strength represent the strength under earthquake loading? How should users estimate the strength, especially for soils at great depth? Is it appropriate to estimate shear strength using correlation e.g. with Gmax?

2.
Instead of using shear strength, reference strain may be obtained using Stokoe and Darendeli’s work (reference strain is strain at which G/Gmax is 0.5 and dependent on soil properties). Issue: does the hyperbolic model utilized by Stokoe and Darendeli (which has reference strain as its sole parameter) provide reasonable estimates of modulus reduction at large strain? Perhaps we could compare to some recent tests by Vucetic, but this is likely not an issue that we can resolve in this project. 
3.
In the final version of user’s manual, we should advise user to find reference strain from the parameters that has least amount of uncertainty. Therefore, there are two options to specify reference strain: (1) if shear strength mo is known, reference strain is the ratio of mo and Gmax; (2) if mo is unknown, then it is acceptable to estimate reference strain using th recommendations of Stokoe and Darendeli.
· Issue on outcropping/within motion
1.
All the codes are solving the equation of motion / discretized form of the wave equation. The wave equation would be solved directly only in frequency domain. Reflected and incident waves are not distinguished in these time domain solutions
2.
Based on Yousef Hashash’s preliminary work and Walt Silva’s recommendation, the group appears to be converging upon the use the full outcropping motion and elastic base when the motion is recorded outcropping. When the motion is recorded within, then that same motion can be specified as the input motion only if a rigid base is used.
3. 
Despite the apparent consensus in (2), there is still some concern about specifying the full outcropping motion. The verification work that will be undertaken subsequently will enable the recommendations from (2) to be verified.  

· Issue on trade-off between modulus reduction and damping curves. Two basic thoughts were discussed. First that that the ideal was of optimizing the curve fitting is to compare frequency domain equivalent linear solutions. Second, it is more important to get a good fit of modulus reduction curves than of damping curves. 
· All agreed on the need to specify limits on layer thicknesses. 

· User’s manuals should avoid referencing gray literature – needed materials from gray literature should be included in the manuals.

2. Presentation on D-MOD_2 by Dr. Matasovic
· Tables of reference strain and MKZ fitting parameters are available for selected materials (refer to Tables 2a and 2b on slides 3 and 4 respectively)

·  In D-MOD_2, viscous damping can be defined for each layer. Both simplified and full Raleigh damping formulations are available. 
· It may be necessary to investigate the effect of applying damping to halfspace.
· Newmark analysis may be used to verify the codes and examine the character of output time history from the codes.

3. Presentation on DEEPSOIL by Professor Hashash
· A good fit of modulus reduction and damping curves may be obtained by comparing the results of equivalent linear finite difference  analyses performed using the “true” materials curves and the “fit” curves from the modified hyperbolic model. 
Matasovic: It may be impractical to expect users to perform the additional step of equivalent linear analysis for the purpose of optimizing curve fits. 
Hashash: should be reasonable for practice if the analysis is made easy by the code (i.e., just a matter of a few mouse clicks). 

· The damping at large strain is usually overestimated by the modified MKZ model. 

This is the limitation of modified MKZ model.

· Full Rayleigh damping formulation should be used especially for deep soil profile. To select the modes for defining the viscous damping matrix, we have to look for a good match of linear time domain and frequency domain solutions. Generally, we would want to match the first five modes of Fourier transfer function and response spectra of the corresponding periods. This can be done visually in DEEPSOIL but we may want to think whether there is a quantitative way of doing this.
· If only outcrop motion is available, elastic base should be used; if within motion is available, rigid base should be used;

4. Presentation on SUMDES by Dr. Wang 

· Model parameter hr for the bounding surface model (Wang, 1990, model 6 in SUMDES) would be 0.7726 if reference strain is defined as G/Gmax = 0.5. So the model becomes calibration-free.
· Dr. Wang also did the exercise for which reference strain is obtained from shear strength. In this case, hr would be obtained from the utility program HRW6NEW.EXE.
· Dr. Wang suggested that there are two ways to better fit the damping at large strains. One way would be to define a backbone curve that does not have strength limit.  The other way is to use the generalized Masing rule with damping correction.  

5. Presentation on TESS by Dr. Pyke
· Effective stress analysis was used for the Treasure Island site.
· Damping reduction factor is for plotting purpose only. 

· There is a huge spike in the surface response spectrum at period T=0.18s for Gilroy 2 from Dr. Pyke analysis. Not clear why this spike is so strong. 
· There was spurious noise in the high frequency range for the surface spectrum of Gilroy 2 site before a 25 Hz filter was applied. This noise may have been generated by the scheme for low strain damping. 
· It is suggested to use the two layer problem for code verification. This is particularly effective for studying the outcropping/within issue for specifying input motions. 
6. Presentation on Opensees by Dr. Yang
· Dr. Yang suggested to perform an initial analysis with arbitrarily chosen frequencies, see the dominant frequencies, then do a second analysis with the viscous damping matched based on the frequencies from the first analysis. The target damping ratio for the viscous damping formulation should match the low strain damping.
· The spikes in the response spectra may be sensitive to the choice of viscous damping.
7. Verification plan discussion led by Professor Stewart

· Element test for verification of stress-strain behavior should be performed as a first step to make sure that the constitutive relationship used in each code works reasonably. For most codes, it would be easier if strain is specified instead of stress. It was agreed that a more specific plan for the element test would be prepared by the PI team in consultation with Professor Kramer. This proposed plan would be made available on the project website and project participants may provide suggestions for modification of the plan for a specified period.
· The purpose of verification at very small strain conditions is to verify the solution to the equation of motion, verify the integration algorithms used, verify the appropriate input motion specification protocols (outcropping/within), and investigate the effects of alternative viscous damping formulations. Sine wave pulse and broadband inputs will be used. Both constant and varying Vs and small strain damping profiles will be used. Both purely elastic and elastic damped halfspaces will be used. Linear frequency domain solution will be taken as exact solution and compared with the time domain solution.
· Verification at small to medium strain condition would be performed with vertical array sites. Liquefaction sites (e.g. Port Island) would not be used. Kiknet sites may be used but we need to send request to Dr. Aoi for Vs data with higher resolution (we are seeking input from Walt Silva on what sites to use here).

· The ability to handle large strain condition is the motivation of using nonlinear code. Therefore it is important to perform verification at large strain. We need to think about what data we should use for this verification. Centrifuge data is a choice but not preferred. We may invite some representatives from UC Davis to give us a talk on centrifuge testing and data in the next meeting.
· Goodness of fit may be based on a modified version of the Anderson (2004) criterion as well as Newmark analysis. A subset of the original Anderson criterion may not be necessary for engineering application, including Arias intensity, energy integrals, and energy duration.
8.
Other Issues

·  Next meeting will be in summer 2005
· We will attempt to complete the code usage exercise by March 15. Completion means posting of final reports with and developer responses to our comments.
· Plots of absolute spectral acceleration and pseudo spectral acceleration against period for the input outcropping motion calculated by UCLA team and all developers are on Figures 1 and 2 respectively.
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Figure 1 Plot of spectral acceleration against period
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Figure 2. Plot of pseudo spectral acceleration against period
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