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Business and Activity Section
(a) Contract Activity
The main focus of the 9th quarter was creating the controlled fatigue damage and accompanying nonlinear ultrasonic β measurements to fill out the matrix of the five groups of experiments. Additional work was accomplished on model development and validation.   
(b) Status Update of Past Quarter Activities (Ninth Quarter Activities)
Performed multiple interrupted fatigue tests, initially using the fatigue tension test machine in the Georgia Tech Structural Engineering and Materials Research Lab (SEML) and completed Groups 1 tests and partially completed Group 2 tests in the approved test matrix described later in this report. There was unfortunately a mechanical failure of this testing machine in late November, and we have pivoted to using a different fatigue testing machine in the Georgia Tech Mechanical Properties Characterization Facility (MPCF). We will complete these fatigue tests in this facility in the 10th Quarter. In the meantime, work continued on model development and validation. 

(c) Cost share activity
No cost-share activity this quarter. Georgia Tech personnel partially supported on this project in the 9th quarter include: PI Laurence Jacobs, Dr. Jin-Yeon Kim (Doctoral Level Research Scientist) and Mr. Hengyu Yang (Doctoral Student). 

1. Background and Objectives in the 9th Quarter
1.1 Background
Ongoing research activities focused on single monotonic loads tension tests and fatigue load tests to determine the standard relationship between remaining life and the measured nonlinear parameter β in X-70 steel pipelines.  

Objectives in the 9th Quarter
Understand the fundamental differences between monotonic and fatigue experimental results and the accumulation of plastic damage. 

Group 1 test result
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From the result of Group1 test, we can find the trending of growing Nonlinear Parameter  with increasing of plasticity deformation. Further insight will be gained after completing and comparison with the test results of Group 2 - 5.
2.  Experimental Program in the 9th Quarter
2.1 Experimental design
  After two in-depth conversations with our industrial partners Mark Piazza (Colonial Pipeline) and Sanjay Tiku and Aaron Dinovitzer. (BMT Fleet Technologies) and PHMSA approval we are first investigating one material to determine the standard relationship between remaining life and the measured nonlinear parameter. Considering the year of manufacture of different legacy materials available, we choose X-70 steel pipelines to make tests first because they are the relatively newest material and with the least variance of material property.
· [bookmark: _Hlk60931311]Group 1: Repeated monotonic loads on 3 or 4 tensile specimens. First, make baseline nonlinear ultrasound (NLU) on each specimen. Apply monotonic plastic strains in steps from minimum to maximum (e.g., 1% -8%). Then make NLU measurements. Repeat the same procedure on all 3 (or 4) specimens. These experiments' objective is to compare the effect of the different magnitude of plastic strains on one specimen (Baseline specimen is the same). Comparing different specimens allows for the evaluation of the effect of strain cycle on measurements, if any, as well as variability in measurements. These Group 1 tests were completed in the 9th Quarter.
· Group 2: Single monotonic loads on ten tensile specimens. Make baseline measurements, subject each specimen to a single monotonic plastic strain level only, and then make the NLU measurements. These results will determine the effect of the magnitude of one monotonic strain level. Comparing these results with Group 1 specimens (of similar strain magnitude) provides the strain cycle effect. These Group 2 tests were partially completed in the 9th Quarter and will be finished up in the 10th Quarter.
· Group 3: Fatigue load Group 2 specimens.  Subject selected specimens in Group 2 to fatigue cycling taking intermittent NLU measurements (e.g., every 20% of fatigue life). Each fatigue test will provide information on the effect of fatigue (accumulated damage on measures). A comparison of different specimens will provide information on the effect of the extent of pre-strain on measurements.
· Group 4: Repeat group 3 specimens with Vintage X-52 pipe material.  Now we can examine this typical ferrite pearlite microstructure. 70% of North American pipelines are pre-1970's vintage, and this steel will be more representative of that material.
· Group 5: Determine the influence of flat versus round specimen type (if necessary).  If Group 1 – Group 4 tests have been carried out on machined flat rectangular specimens, then some of the experiments with Grade X-70 (Group 1-3 material) should be repeated with pipe curvature intact to understand the effect/application of the technique on curved surfaces and its effect on the scatter band/repeatability/performance.

2.2 Model Development and Validation 
Began implementation of Machine Learning algorithm combined with a simplified physics-based dislocation model [1] for model validation. 
3 Future work
[bookmark: _GoBack]Tenth Quarter work will finish remaining tests in Group 2, plus all tests from Groups 3 and 4 in the revised testing plan, the relative parameters corresponding to the material fatigue or corrosion will be extract by machine learning algorithm. The research objective is still constructing a predictive model for the measured NLU parameter to determine what are the fundamental differences, at a material level, that affect the change/reduction in remaining fatigue life for mechanical damage from a dent (or mechanical damage), combined with a gouge or corrosion.
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Influence of monotonic plastic strains on nonlinear acoustic parameter
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