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SUMMARY

This is the Interim Progress Report -1 on the above project that started on January 29, 2015 and terminates on July 28, 2015.  The total amount obligated to date under the above contract is $150,000 payable in three equal installments upon receipt and approval of two Interim Progress Reports and one Final Report.

The tasks within this SBIR Phase 1 Project are listed below. 
Task 1 – Review of B31G for X65 and Higher Grade Pipe & Fittings
Task 2 – Experiments for Preliminary Failure Criteria for Blunt Flaws 
Task 3 – Leak versus Break Predictions
Task 4 – Simulation of Natural Corrosion via Computation (SNC2)
Task 5 – Confirm Feasibility of SNC2 
Task 6 – Program Management, Coordination, Reporting, and Travel
Progress this reporting period in each of these tasks during is detailed below in the format recommended in the above contract.

Task 1 – Review of B31G for X65 and Higher Grade Pipe & Fittings

Work Performed During the Reporting Period:
Dr. John Kiefner, an internationally recognized authority in this technical area and a project team member, was involved in the development of original and modified B31G criteria and RSTRENG methodology for predicting the failure behavior of corroded pipeline and fittings.  He has completed the review of recent relevant literature in this technical area.  Attachment 1 provides a copy of the draft progress report which is still being reviewed and finalized with additional input from the project team.

Another project team member, Dr. Brian Leis co-developed the Z-L (Zhu-Leis) failure criteria to predict the burst strength of pipes under internal pressure loading based on their Average Shear Stress Yield theory of plasticity.  Two critical papers identified regarding this work are:
· Zhu, Z-K, and Leis, B.N., “Average shear stress yield criterion and its application to plastic collapse analysis of pipelines,” ASME International Journal of Pressure Vessel & Piping, Vol. 83, 663-671, 2006.
· Zhu, Z-K, and Leis, B.N., “Prediction and Comparison of Burst Pressure for Line Pipes,” Proceedings of the ASME 8th International Pipeline Conference IPC2010 September 27-October 1, 2010, Calgary, Alberta, Canada, IPC2010-31581, 2010.
Dr. Leis is to provide a review of failure criterion for corroded pipe that exists from prior projects he has conducted.

A critical review of this work by both Emc2 and Kiefner staff and its relevance to the current project is being conducted.  Along with other failure criteria the Z-L approach will be evaluated for predicting the failure pressure of corroded pipelines using experimental data on both SENT (coupon) tests as well as any full-scale corroded pipe experiments in Task 2 and Task 5.  

A review meeting was held with DOT-PHMSA, out subcontractors, and several people from industry (Hans Deep from PRCI, Aaron Schartner of TCPL, and Satish Kulkarni of Chevron).  The workplan and some progress were presented.  The feedback was that the efforts being undertaken in this project are complimentary to those being done by PRCI.  The analysis procedure being developed is also broader than B31G since it can handle variable axial stresses, as well as corrosion that might be more circumferentially oriented.  The automated system being developed would be a B31G Level 3 option, but it will eventually be a fully validated procedure.

The final summary of this task will be submitted to the COR when it is completed and included with the Interim Progress Report - 2.

Significant Findings, Problems, Delays, Inclusions, Events, or Trends:
There were no problems or delays in this task during the reporting period.

Technical Description and Schedule of Work Planned for the Next Reporting Period:
As stated above, the draft summary will be finalized after receiving any comments from the COR and included in the next reporting period.  The recommendations from this review will be incorporated in subsequent work below, thus completing this task.

Identification of Action(s) where the Government May Assist in Resolution of Problem:
There is no action or assistance currently required from the Government in this task.


Task 2 – Experiments for Preliminary Failure Criteria for Blunt Flaws

Work Performed During the Reporting Period:
The following activities were undertaken during this period. 

Selection of Pipe Materials for Experiments:  After a thorough review of the many grades and vintages of pipeline materials available in Emc2 archives and storage facility, the following two materials in Table 1 were selected for conducting the Single Edge Notch Tension (SENT) specimen tests.  Originally we had four X80 pipe options that were discussed at the recent review meeting, but only have enough budget to test one in the current project.  The one selected was the closest to SMYS, and also had about half the strain capacity in a uniaxial tensile test than the older X52 pipe.  The X52 pipe selected was fabricated about 1960.  During the Kick-Off Web-Meeting, it was also noted that even new lower-grade steels are being fabricated with strength levels much closer to SMYS than older steels, so some newer lower grade steels may not have the same margins that older pipe showed in corrosion burst tests.
Table 1 – Material property data for line-pipe materials selected for SENT tests 
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Figure 1 below shows photographs of the pipe material and the section to be cut for use in preparing the SENT specimens from the two materials.

The SENT specimens will be machined from the sections shown in Figure 1 in coordination with Kiefner & Associates.  The standard industry accepted procedure for SENT testing is described in “Recommended Practice DNV-RP-F108 – Fracture Control for Pipeline Installation Methods Introducing Cyclic Plastic Strain, January 2006.”
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(a) X-52 Material   				 	(b) X-80 Material
Figure 1 Materials to be used for SENT Testing from Emc2 Archival
The plan is to machine at least eight (8) SENT specimens from each of the two materials per the sketch shown in Figure 2 below.  Each of the specimens will have a unique value of notch acuity shown in Table 2 below.  However, the notch aspect ratio (depth/wall thickness) will be fixed at 0.5.  Additionally a strap tensile test specimen and round-bar specimen will be tested.

Table 2 – Proposed Notch Acuity (tip radius and diameter) for SENT Specimens
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Figure 2 – Sketch of SENT specimen and details of notch area

Significant Findings, Problems, Delays, Inclusions, Events, or Trends:
There were no problems or delays in this task during the reporting period.

Technical Description and Schedule of Work Planned for the Next Reporting Period:
During the next reporting period the SENT specimens will be machined and tested and the experimental data reduced for further evaluation in Task 5, along with the results from Task 4 to establish the feasibility of the proposed project idea. 

Identification of Action(s) where the Government May Assist in Resolution of Problem:
There is no action or assistance currently required from the Government in this task.
Task 3 – Leak versus Break Predictions

Work Performed During the Reporting Period:
Per the discussions during the kick-off conference web-meeting, this task has lower priority during this feasibility study.  Hence, it has been on hold pending further progress in Tasks 1, 2 and 4. 

Significant Findings, Problems, Delays, Inclusions, Events, or Trends:
There were no findings, problems or delays in this task during the reporting period.

Technical Description and Schedule of Work Planned for the Next Reporting Period:
This task will be initiated only after Tasks 1, 2 and 4 have been completed either late during the next reporting period or during the final few months of this effort. 

Identification of Action(s) where the Government May Assist in Resolution of Problem:
There is no action or assistance currently required from the Government in this task.


Task 4 – Simulation of Natural Corrosion via Computation (SNC2)

Work Performed During the Reporting Period:
The first step in this task is to review the entire database of burst test results available for corrosion type defects in line pipe and identify one specific case that would be of interest for developing a finite element (FE) mesh to model accurately the “naturally thinned” areas and assess the ease of automating the creation of the FE mesh.  For this purpose Emc2 is working with Kiefner and Associates, where they have identified eight (8) possible cases for this task.  There are four criteria being used to select the case as follows:
· The burst tests data are available with detailed measurements made of the corrosion prior to the burst test, 
· The material properties, specifically the entire stress-strain curve from a tensile test is available.
· The corrosion profile is reasonably complex to demonstrate the efficacy of the natural FE mesh procedure and captures the geometric discontinuities and proximity of the various corroded regions, and
· The existing ASME B31G and RSTRENG methodology for predicting burst pressure were not deemed satisfactory. 

It is not clear as yet if at least one of the eight (8) cases selected from existing datasets will meet all the above criteria is available.  Emc2 staff will review these cases with Kiefner and Associates to determine which of these would be most suitable to establish the feasibility of the SNC2 approach.

Emc2 has extensive experience in building custom finite element mesh generators for complex structural and failure analyses.  Once the above case is identified, it is expected that developing a meshing procedure for natural corrosion should be relatively straightforward, given the existing capabilities.
Finally, if this project progresses to a Phase II effort, we will want to conduct confirmatory corroded pipe/elbow burst tests on more recently made line-pipe steels (newer than 2000).  Some samples may be offered by industry (TCPL staff asked if they supplied samples would their source be held proprietary – the answer was yes).  However, in the event that appropriate pipe samples do not exist, then we may need to make up samples.  Simple flat-bottom machined flaws used in past PRCI analyses are not desirable.  The corroded area needs to be complex, and have irregular wall thinning.  Aaron Schartner of TCPL was contacted to see if he can provide detailed high-resolution corrosion pigging data for us to review.  Kiefner and Associates (through APPLUS) may also provide information on the roughness of service corrosion flaws.  To address the potential need to create rough-bottomed corrosion flaws, we have started to investigate the use of waterjet cutting machines to create a rough-bottomed simulated corrosion flaws in pipes.  Waterjet cutting is well known and used for cutting pipe and can be track-mounted on a pipe, but we would like to use the process to give a variable thickness profile rather than just cut through the pipe.  

Significant Findings, Problems, Delays, Inclusions, Events, or Trends:
There were no problems or delays in this task during the reporting period.

Technical Description and Schedule of Work Planned for the Next Reporting Period:
During the next reporting period one case from the eight possibilities described above, will be selected for the proof of concept of the SNC2 approach.  A natural corrosion FE mesh for the pipe and defect geometry, (with no idealization using the equivalent area approach such as those in B31G or RSTRENG) will be created and run using both the X52 and X80 material properties.  The results from these predictions when compared with the experimental data and burst test result information will establish the appropriate failure criteria for corrosion type flaws.  Blind predictions using the Z-L criterion will also be made.

Identification of Action(s) where the Government May Assist in Resolution of Problem:
There is no action or assistance currently required from the Government in this task.


Task 5 – Confirm Feasibility of SNC2

Work Performed During the Reporting Period:
This task is currently on hold pending completion of Tasks 2 and 4 above. 

Significant Findings, Problems, Delays, Inclusions, Events, or Trends:
There were no problems or delays in this task during the reporting period.

Technical Description and Schedule of Work Planned for the Next Reporting Period:
It will be initiated upon obtaining the results of Tasks 2 and 4 above.  The compilation of results from the two tasks and comparison with other experimental data will confirm the success of this feasibility study.

Identification of Action(s) where the Government May Assist in Resolution of Problem:
There is no action or assistance currently required from the Government in this task.


Task 6 – Program Management, Coordination, Reporting, and Travel

Work Performed During the Reporting Period:
The following activities were undertaken during the reporting period: 
· A formal Kick-Off Web-Meeting was held on March 20, 2015 with the COR and other industry participants invited where Emc2 and its subcontractors gave a detailed presentation on the proposed work to be undertaken.  Attachment 2 provides a copy of the presentation that have been marked “Confidential & Business Sensitive.”
· The first deliverable from this Project, a Technical Brief was submitted to the COR and the Contracting officers as stipulated in the contract.  Attachment 3 provides is a copy of this document. 

Significant Findings, Problems, Delays, Inclusions, Events, or Trends: 
There were no problems or delays in this task during the reporting period.

Technical Description and Schedule of Work Planned for the Next Reporting Period:
During the next reporting period, in addition to coordinating the work amongst the subcontractors, periodic conference call will also be held with the COR to review the progress and incorporate any feedback on this project.

Identification of Action(s) where the Government May Assist in Resolution of Problem:
At the COR’s request several representatives from the North American pipeline industry including PRCI were invited to participate in the Kick-Off Conference Call held on March 20, 2015.  The input and comments from these industry participants on the work scope were very helpful and will be incorporated, as appropriate.   The PRCI representative requested a copy of the Kick-Off meeting slides.  Emc2 is reviewing the slides with regard to any information that is proprietary and confidential for its business strategy and will decide to distribute the information at a later date.  

Also at the COR’s request a monthly conference call will be conducted between Drs. Wilkowski and Krishnaswamy and Mr. Merritt to review progress and indicate if any additional assistance is required from the Government in this effort.
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X52 36 0.390 58.06 1.12 76.06 0.763 1.46 1.23 16.01% 30.2%

X80 48 1.005 81.65 1.02 98.69 0.827 1.23 1.10 9.69% 14.8%
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Specimen 

ID

Diameter, in Radius, mm

A 0.006 0.076

B 0.015625 0.198

C 0.03125 0.397

D 0.0625 0.794

E 0.125 1.588

F 0.25 3.175

G

H

Spare

Unnotched strap tensile and round bar
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— Figure 2 — Sketch of SENT specimen and details of notch area.
Significant Findings, Problems, Delays, Inclusions, Events, or Trends:
There were no problems or delays in this task during the reporting period.
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