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INSTRUCTIONS:
Project Managers and/or research project investigators should complete a quarterly progress report for each calendar quarter during which the projects are active.  Please provide a project schedule status of the research activities tied to each task that is defined in the proposal; a percentage completion of each task; a concise discussion (2 or 3 sentences) of the current status, including accomplishments and problems encountered, if any.  List all tasks, even if no work was done during this period.
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November 30, 2018
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  May 31, 2019
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  1




Project schedule status:

    _ On schedule	X On revised schedule		_ Ahead of schedule		_ Behind schedule

Overall Project Statistics:
	                  Total Project Budget
	    Total Cost to Date for Project
	          Percentage of Work 
           Completed to Date

	$142,000.00 (current contract)
$142,000.00 (total commitments)
	$74,250.00
	55%



Quarterly Project Statistics:
	               Total Project Expenses 
          and Percentage This Quarter
	     Total Amount of  Funds 
      Expended This Quarter
	         Total Percentage of 
          Time Used to Date

	8%
	$11,250.00
	55%





	
Project Description:

Conventional “pseudo-probabilistic” procedures to evaluate liquefaction triggering and its effects have been shown through recent research to produce estimates of liquefaction factor of safety at inconsistent and often unacceptable levels of risk. These errors are introduced through the incorrect assumption that using probabilistic ground motions in a deterministic liquefaction analysis will yield a probabilistic estimate of liquefaction factor of safety. The inconsistent consideration of liquefaction risk could contribute to undesirable performance or even collapse of various important structures such as bridges or retaining walls in the event of an earthquake. Conversely, the inconsistent consideration of liquefaction risk could also potentially contribute to the unnecessary and expensive over-design of liquefaction mitigation alternatives. Utilization of a fully-probabilistic or performance-based liquefaction triggering procedure, which considers both uncertainty in the seismic loading and the liquefaction triggering relationship, could effectively solve these problems. Furthermore, probabilistic evaluation of liquefaction triggering could potentially be taken into account when considering liquefaction effects such as lateral spreading or free-field liquefaction settlements. However, current performance-based liquefaction procedures (e.g. Kramer & Mayfield 2007) are quite complex and beyond the level of practical application for most practicing engineers. Additionally, available performance-based methods generally focus on using the standard penetration test (SPT). Increasingly, the cone penetration test (CPT) is becoming a preferred instrument for performing in-situ assessment of liquefaction hazard. Development of code-compatible simplified approximations of performance-based analysis methods for the CPT to assess liquefaction triggering and its effects could be a viable solution to overcome these challenges.

Objectives for this study include: 

1. Develop performance-based procedures for the CPT modeled after recent performance-based procedures for the SPT to compute the hazard from liquefaction triggering, lateral spread displacement, and post-liquefaction free-field settlement at select return periods (475, 1033, and 2475 years).
2. Develop simplified performance-based procedures for the CPT modeled after recent simplified performance-based procedures for the SPT to closely approximate the performance-based analysis results for liquefaction triggering, lateral spread displacement, and post-liquefaction free-field settlement at select return periods (475, 1033, and 2475 years).
3. Develop liquefaction triggering, lateral spread displacement, and post-liquefaction reference parameter maps in GIS format at return periods of 475 years, 1033 years, and 2475 years for each of the states participating in the study.

Contract tasks for this study include, regarding the participating states: 

1. Develop full performance-based liquefaction triggering procedure
2. Develop full performance-based lateral spread procedure
3. Develop full performance-based post-liquefaction, free-field settlement procedure
4. Develop a numerical tool that will allow the calculation of performance-based liquefaction triggering, post-liquefaction settlement, and lateral spread displacement
5. Derivation and validation of a new simplified liquefaction triggering procedure
6. Derivation and validation of a new simplified lateral spread displacement procedure
7. Derivation and validation of simplified post-liquefaction free-field settlement procedure
8. Development of liquefaction reference parameter maps
9. Comparison of simplified, conventional (AASHTO), and deterministic analysis methods
10. Development of a simplified design procedure that incorporates both performance-based and conventional methods
11. Preparation of the Annual and Final Reports
12. Dissemination of Results
13. Technical Advisory Committee (TAC) Meetings

Dr. Kevin Franke of BYU is the Principal Investigator for this research project.  The technical advisory committee (TAC) for the study currently includes representatives from UT, CT, OR, and SC state DOTs.




	
Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

Task 1 – 100% complete.
Task 2 – 100% complete.
Task 3 – 100% complete.
Task 4 – 100% complete. Shared the Year 1, Quarter 4 update report with the TAC for their review.
Task 5 – 80% complete.
Task 6 – 45% complete.
Task 7 – 80% complete.
Task 8 – No work yet.
Task 9 – No work yet.
Task 10 – No work yet.
Task 11 – 50% complete.
Task 12 – No work yet.
Task 13 – 30% complete.

Contract – No changes.


	
Anticipated work next quarter:

Task 1 – Completed.
Task 2 – Completed.
Task 3 – Completed.
Task 4 – Completed.
Task 5 – Focus on this task.
Task 6 – Focus on this task.
Task 7 – Focus on this task. Prepare the Year 2, Quarter 1 update report.
Task 8 – None.
Task 9 – None.
Task 10 – None.
Task 11 – Continue report preparation.
Task 12 – Begin preparation of two or three journal papers.
Task 13 – Consider holding another TAC web-conference to review and discuss additional results from the study.

Contract – No changes planned.





	
Significant Results:

[bookmark: _GoBack]Development of simplified liquefaction triggering (Task 5), lateral spread displacement (Task 6), and settlement (Task 7) performance-based procedures remains underway. Preliminary results demonstrate the development of reliable procedures for liquefaction triggering and post-liquefaction settlement for multiple models. Focus will shift to lateral spread displacement (Task 6) once the procedure for post-liquefaction settlement (Task 7) is completed and tested. This is because the simplified performance-based analysis procedure for lateral spread displacement using the CPT is anticipated to be very similar to the procedure for post-liquefaction settlement. All modifications to CPTLiquefY necessary for the program to be operated in batch mode for the development of reference parameter maps for the funding states have been completed. 


	
Circumstance affecting project or budget.  (Please describe any challenges encountered or anticipated that 
might affect the completion of the project within the time, scope and fiscal constraints set forth in the 
agreement, along with recommended solutions to those problems).

This project has also been affected by several delays in the availability and the functionality of the new USGS Uniform Hazard Tool used to obtain deaggregation values, thus the change in contract end date.  Now that the tool is available, the study is progressing at a good pace.  However, we discovered a bug in our analysis towards the end of January 2018 in the USGS offline deaggregation tool which required attention from the USGS to fix. We have received word that the bug is fixed, and we are in the process of modifying CPTLiquefY to be able to process the new USGS deaggregation output files. In addition, there was a 1 to 2 month delay last quarter in the research as the graduate student leading the effort on post-liquefaction settlement and lateral spread displacement gave birth to her first child, and was therefore away on maternity leave. She has now returned and is contributing to the research again.




	
Potential Implementation:  

While CPTLiquefY could be implemented in design, it is not recommended because it was developed to serve as a research tool. A simplified spreadsheet will be developed as part of the research later in Year 2 of the study, and will be useful for practical implementation of the performance-based methods in engineering practice. The procedures that are currently being developed will be those that will be implemented in this spreadsheet. 
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