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Business and Activity Section
(a) Contract Activity
Impact of COVID-19 on the Contract: Georgia Tech closed campus and stopped all laboratory work on March 19, 2020. As a result, all laboratory ultrasonic measurements and the mechanical testing of samples has stopped. The investigators have subsequently concentrated on the modelling and simulation portions of the project as well as proposing a revised testing plan. The focus of the revised testing plan is on a fundamental understanding of our proposed nonlinear ultrasonic measurements to predict remaining fatigue life in pipeline materials. Please note that the research objective is unchanged, while the testing plan shifts to focus on depth of fundamental understanding as opposed to breath of understanding. 

This change was developed with our Industrial Partners, Colonial Pipeline and BMT Fleet Technologies. A copy of the scope change letter submitted to and approved by Mr. Joshua Around on May 20th is attached at the end of this Quarterly Report. 

Please note that we will continue to investigate these two research questions in “Sub-Task 1.2, Effect of mechanical damage, corrosion and the combination” using the capability of NLU in discerning “dent with gouge” and “dent with corrosion.” The dent with a gouge case will be represented by a concentrated/localized region of higher plasticity, while dent with corrosion will be represented by a thickness reduction and the associated increase in stress/plasticity. In addition, as we develop the model for the X-70 material, we will work to identify how the microstructure differences between the X-70 and the legacy materials will impact our nonlinear beta parameter predictions. The validation of this model will consider legacy pipeline materials with different steel fabrication processes/vintages.
(b) Status Update of Past Quarter Activities (Seventh Quarter Activities)
[bookmark: _Hlk44520912]The primary activities in the seventh quarter were on Task 5: Development of a predictive model for the measured NLU parameter, β. This work was carried out by our doctoral student, Mr. Hengyu Yang and developed a theoretical understanding of the relationship between fatigue damage and measured NLU parameter, β.    

(c) Cost share activity
[bookmark: _Hlk12372661]No cost share expenses this quarter. Held two technical virtual meeting with Fleet Technology and Colonial Pipe on in May 2020. Personnel services support/expenses from Georgia Tech: support for PI Laurence Jacobs and Hengyu Yang (PhD student) with an approximate cost of 10% total.

1. Background and Objectives in the 7th Quarter
1.1 Background
Ongoing research activities focused on theoretical modelling to develop the predictive model.  

Objectives in the 7th Quarter
Understand the fundamental differences between monotonic and fatigue experimental results and the accumulation of plastic damage. 

For monotonic load experiments, a predictive model is provided by Jianfeng Zhang et al. 's [1]. This comprehensive model shows the relationship between strain and nonlinear parameters in 304 stainless steel, as shown below. Our proposed Group 1 and 2 experiments described below can confirm the correctness of the model in X-70 steel and determine possible material property differences between 304 stainless steel and X-70 steel could cause the error.[image: ]
Fig (1) relationship between the absolute value of strain  and nonlinear parameter  with different models

[bookmark: _Hlk44521646]	For the fatigue experiments, there are two different predictions about the change of  with different material fatigue life. First is provided by Jin-Yeon Kim et al.’s [2], second is provided by Balasubramaniam Krishnan [3]. In Balasubramaniam Krishnan’s prediction, the Max  represent a through-transmission testing result. This test keeps the distance between transmitter and receiver constant, thus  is proportional to nonlinear parameter  as  and  remains unchanged. The major differences happen in the last 10% of fatigue life. We can focus on this area when applying fatigue tests.
[image: ][image: ]
Fig (2) two predictions about nonlinear parameter change comparison with fatigue life.

1. Experimental Program in the 7th 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) We realized it is hard to determine the fundamental law between remaining material life and nonlinear parameters by using four different materials simultaneously. It is much better to investigate one material first and 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.

· 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.

· 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.

· 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. Results and Discussions
This change in scope focuses on pipeline safety. Working with our Industrial Partners, Colonial Pipeline and BMT Fleet Technologies, we have tailored our experimental testing plan to obtain critical improvements to better predict remaining pipeline fatigue life. This in situ NDE technique will provide data that improves the accuracy of remaining life models. 

The theoretical differences between monotonic and fatigue loadings occur in the last 10% of fatigue life, so we will focus on understanding this region when applying fatigue tests.

3. Future work
Once the Georgia Tech campus and laboratories are reopened after the COVID-19, we will start on the new Group 1 and Group 2 measurements on X-70 material. It is anticipated that these tests can begin in mid-July 2020. 
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College of Engineering	
	Georgia Institute of Technology
	Atlanta, GA 30332-0360
	(404) 894-2344

May 19, 2020

Joshua L. Arnold
General Engineer/R&D Manager, Engineering and Research Division
USDOT, PHMSA
1200 New Jersey Avenue SE, Washington, DC 20590

RE: Request for a modification to the experimental plan of Contract Number: 693JK31850006CAAP; Predicting Remaining Fatigue Life of a Dent with Corrosion Using Advanced Measurements and Modeling

Dear Josh, 

As a follow-up to our email conversation, we would like to submit a scope amendment that continues to address the original topic area with a new testing plan. As we discussed, this shift is based on our first set of results. 

[bookmark: _Hlk44520354]We feel this new testing plan will produce more fundamental results, giving a more general understanding of the efficacy of our proposed nonlinear ultrasonic measurements to predict remaining fatigue life in pipeline materials. 

The research objective is unchanged, and we would now like to focus on depth of fundamental understanding as opposed to breath of understanding. 

[bookmark: _Hlk44521637]This change in scope focuses on pipeline safety. Working with our Industrial Partners, Colonial Pipeline and BMT Fleet Technologies, we have tailored our experimental testing plan to obtain critical improvements to better predict remaining pipeline fatigue life. This in situ NDE technique will provide data that improves the accuracy of remaining life models. 

We are proposing to spend the remaining 18 months on the following five groups of experiments on a single material Grade X-70.
 
[bookmark: _Hlk39934035]Group 1: Repeated monotonic loads on 3 or 4 tensile specimens. First make baseline nonlinear ultrasound (NLU) on each specimen. Apply monotonic strains in steps from minimum to maximum (e.g. 1% -8%) bringing it back to zero and then make NLU measurements. Repeat the same procedure on all 3 (or 4) specimens. The objective of these Group 1 experiments is to compare the effect of different magnitude of 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. 
Group 2: Single monotonic loads on 10 tensile specimens. Make baseline measurements, subject each individual specimen to a single monotonic strain level (0% -8%) only, and then make the NLU measurements. These results will determine the effect of magnitude of one monotonic strain level. Comparing these results with Group level 1 specimens (of similar strain magnitude) provides effect of strain cycle. 
Group 3: Fatigue load Group 2 specimens.  Subject selected specimens in Group 2 to fatigue cycling taking intermittent NLU measurements. Each fatigue test will provide information on the effect of fatigue (accumulated damage on measurements) Comparison of different specimens will provide information on effect of the extent of pre-strain on measurements. Particularly relevant for dents that see both the monotonic strain as well as fatigue damage. 
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 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 tests 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.

Please let me know if you have any questions. 
 
Thanks,
[image: ]
Laurence J. Jacobs,
Professor and Associate Dean for Academic Affairs
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