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Business and Activity Section
(a) Generated Commitments
      This project is being performed in partnership with  Applus-RTD and  PG&E.  PG&E are providing $100k towards the project, of which $50k is being utilized by Applus-RTD to support a masters student (Ms.Smart) and $50k is being provided to ISU in the form of matching funds.  In addition Applus – RTD staff are directly engaged as technical consultants to the project, they are providing access to data in a pipe sample properties data base.  These data include micrographs as well as various tabulated strength properties.  

(b) Status Update of Past Quarter Activities  
 
Brady Engle  (PhD student – Engineering Mechanics) has continued to work on the project. During this quarter Brady passed his qualifier oral examination.  This past period has seem  Lucinda Smart (MS Student – Mechanical Engineering), who is an Applus – RTD employee on maternity leave.   She has continued to work on here MS thesis, which was circulated for comments and she expects to graduate in Fall 2015.
This project scope remains as set out in the proposal and it is comprised of four tasks:

Task 1:  Select a class of pipeline steels (e.g. carbon steel such as A53 or A106, or alloy steels such as 4130) for the initial proof-of-concept study (this project).

Task 2:  Conduct a literature search for materials data, the state of the art for materials characterization and also any empirical relationships, which can be used to identify the microstructural parameters and alloy elements that are the most important in determining the mechanical properties of the selected class of steels.

Task 3: Select NDE measurement techniques and perform proof-of-concept measurements to evaluate their use to characterize the microstructural and other parameters of interest. 

Task 4:  Evaluate the NDE approach against direct measurements (tensile tests, impact tests) of the mechanical properties.

In this quarter activities have focused on Task 3, performing some proof-of-concept measurements, as well as expanding the sample set.

Sample Set
Additional samples continue to be sought and plans have been developed for small samples to be cut from these and machined to remove the curvature and provide polished surface conditions. This regular geometry simplifies the ultrasonic measurements and allows determination of material response, without the added complication of the effects of curvature and surface condition (roughness/coatings).  This simplification in geometry will give us a way to demonstrate the effects of these conditions and ensure that they are being accounted for properly.

Statistical analysis of pipeline properties related to chemical composition and microstructure

Significant progress was made in terms of displaying and correlating relationships between microstructural and chemical parameters and strength parameters. A draft paper which consideres these corerelations is in development.    It appears that some of the project observations are contorary to some ogf the conventional wisdom reported in the literature 

A metric/parameter that takes microstructure and chemical composition into account with the goal of this parameter being indicative of yield/tensile strength has been proposed. An initial formulation is showing promise, and work continues to add a more rigorous statistical approach that will be applied and the development of additional parameters was explored.

Nondestructive measurements
Ultrasonic measurements were performed that considered velocity and attenuation in the various grades of pipe.  It was shown that velocity variation larger than that due to wall thickness variation could be measured and there can be attributed to material elastic property variation.  It is found that surface roughness adds significant variability to attenuation measurements.  More consideration has been given to the data provided from the ultrasonic measurements, including when using non-normal and shear waves.   Some progress was made in getting a research Barkhausen system available for use in the project.  A combination of ultrasonic and Barkhausen measurements will be made on a set of samples during the next month, and additional machined samples will be prepared.

Work has continues with regard to developing and demonstrating a suite of measurements that we anticipate will correlate with strength and toughness properties. Three ultrasonic measurements have been previously identified: velocity, attenuation, and backscattered grain noise. The velocity is related to the elastic moduli of the material, which itself can be used to find the stiffness. The velocity can also be used to determine the degree of crystallographic anisotropy in the material. This may be important in determining  the degree of anisotropy in the strength and toughness parameters of interest. The attenuation and backscattered grain noise are affected by the size and shape of the grains, which in turn has been shown to relate to yield strength (using the Hall-Petch relationship) and potentially other strength and toughness properties. The attenuation and backscattered grain noise may also show a relationship with the quantity of inclusion content present which could in turn affect strength and toughness; this will continue to be investigated further in the next quarter. 
Synergistic activities.


Team members attended and participated in one conferences using non-project funding.  Dr. Bond provided a keynote presentation for the SPIE Smart Structures & NDE meeting [Bond (2015)].  There was a trade exhibition which provided valuable information on  measurement capabilities for potential pipeline use.
(c) Description of any Problems/Challenges – No specific problems this quarter.
An ongoing challenge is to obtain an adequately diverse and well characterized sample set.   The memo being used to assist in sample collection is given as Appendix A.
(d) Planned Activities for the Next Quarter 
Further ultrasonic and electromagnetic experiments will be performed on samples already received, and additional samples will continue to be sought.   

A remaining goal for this next quarter is to have gathered additional and sufficiently diverse sample set to provide both (a) a training set and (b) samples for “blind” tests, using both ultrasonic and electromagnetic measurement methods to them
Ms. Smart will continue slowly to edit/review her MS thesis [Smart (2015)] and she expects to complete her MS and formally defend the thesis Fall 2015.  
The students will continue to work to gather information needed for the literature searching and state-of-art assessments, and consolidate information in respective draft theses.
Opportunities to present and publish research will be considered and appropriate opportunities identified.

Conference calls are being held monthly.  
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Appendix A.

The ultimate goal of this project is to show that nondestructive techniques can be used to estimate values of yield strength, tensile strength, ductile-to-brittle transition temperature, and toughness for a pipe sample with unknown properties. To accomplish this goal, methodologies must be developed to show and understand the relationships between nondestructively measured quantities and the strength properties of interest. This process will require a well-curated sample set on which measurements can be performed.
 
The ideal sample set would contain samples that are well-characterized in terms of their grain size (such as ASTM grain size number), microstructure, and composition, and are representative of the full range of materials found in the field. Samples should have measured values of yield strength, tensile strength, transition temperature, and toughness, with the expectation that because these samples cover the full range of grain size, microstructure, and composition, these strength properties should themselves be varying over the full range expected to be found in the field. Samples should be free of paint and coatings, or the paint and coatings should be removable. Samples should be from straight pipe and not bends to facilitate the ISU work.
 
Samples should have the following to be useful for this project:
1.) Measured yield strength
2.) Measured tensile strength
3.) Measured transition temperature
4.) Measured toughness
5a.) Measured grain size, such as ASTM number
5b.) If no grain size is known, we will need permission to cut/polish to perform grain size measurements
6.) No paint/coatings or the paint/coatings must be removable
7.) No samples from curved sections of pipe
 
If you have pipe that meets 6 and 7, but without measured properties, we are still interested as we do have some capability to destructively measure the properties we need. 
 
Any additional information regarding the microstructure is helpful, such as measured values of percent ferrite or micrographs. In general, we think newer pipe should have smaller grains (larger ASTM number), while older lap welded or seamless pipe should have larger grains (smaller ASTM number). 
 
Regarding sample size, we are flexible on the length and diameter, though the weight should preferably be less than 50 pounds.
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