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1: Items Completed During this Quarterly Period:
	Item #
	Task #
	Activity/Deliverable
	Title
	Federal Cost
	Cost Share

	4
	2
	Improvement of Indentation Crack formation Strain Estimates
	Completion of first set of FS test data
	$30,540
	$7,535

	7
	6
	Project Management and Reporting
	Quarterly Status Report submitted
	$3,500
	$700

	SUBTOTALS: 
	$34,040
	$8,235


2: Items Not-Completed During this Quarterly Period:

	Item #
	Task #
	Activity/Deliverable
	Title
	Federal Cost
	Cost Share

	6
	2
	Improvement of Indentation Crack formation Strain Estimates
	Completion of the analysis of FS test data and first set of the FE model data
	$32,240
	$7,235


3: Project Financial Tracking During this Quarterly Period:

 SHAPE  \* MERGEFORMAT 



4:  Project Technical Status –
	Item #
	Task #
	Activity/Deliverable
	Title
	Federal Cost
	Cost Share

	4
	2
	Improvement of Indentation Crack formation Strain Estimates
	Completion of first set of FS test data
	$30,540
	$7,535

	The objective of the task is to compare dent indentation strains with existing methods, such as ASME B31.8 Appendix R strain criterion, and the Ductile Fracture Damage Indicator.  Available data sources for comparing dent strains include dent samples found in the field, lab-created dent samples, and finite element dent models.  Table below outlines the variables used in different full-scale test projects
Full Scale Test Variables

Variable

Variations

Details

Material

5

 2005 vintage X52 and X70, 1950’s and 1970’s vintage X 52, 1990’s vintage X 70 

Pipe OD

2

24 inch, 20 inch & 18 inch

Indenter Size

8

2 inch, 4 inch, 8 inch, 12 inch, 24 inch, 48 inch semi-elliptical end cap indenters and 4 inch axial bar and transverse bar indenters

Restraint Condition

2

Restrained and Un-restrained

Indentation Pressure

Several 

Pressurized and unpressurized

Indenter Travel

Several

1% OD to 20% OD

FE models were developed for each test variable in full scale dent testing. These models were developed and validated against full scale test data. The validation included comparing FE model data with full scale tests for dent profiles, indentation strains, cyclic strain ranges and fatigue crack locations and orientations. The validated FE models were subsequently used to develop unity plot of ASME strain with FE model strains for the full-scale tests. Figure 1 shows the unity plot for strains during dent formation (Indentation Strain) and Figure 2 shows the unity plots for strains at mean pressure after dent formation. strains value computed using ASME approach consistently underpredict strains at mean pressure compared to FE strains. The data shown in Figure 1 and Figure 2 includes both restrained dents and unrestrained dents. Restrained dents are the dents where indenter is held in place during pressure where as for unrestrained dents indenter is removed and dent is allowed to elastically rebound and then also experiences rerounding due to applied pressure.

[image: image2]
Figure 1 - Dent Formation Strains _Full-Scale Tests


[image: image3]
Figure 2 - Dent Strains @ Mean Pressure

Figure 3 and Figure 4 show the restrained dent and unrestrained dent data separately. Figure 3 compares FE strains for restrained dents after indentation and after application of mean pressure. Since for restrained dents the indenter is held in place there is not a significant change in dent shape. As can be seen that for restrained dents there is not much variability in strain between dent formation and after application of mean pressure except two outliers. Those two data points are for dents created using axial round bar and may be due to multi-peak dents. The FE models are currently being evaluated to confirm the validity of the data.  
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Figure 3: Restrained Dents_FE Strain Comparison after dent formation and At Mean Pressure
Figure 4 compares FE strains for unrestrained dents after indentation and after application of mean pressure. Since the indenter is removed after dent formation there is a significant change in the dent depth due to elastic rebound and pressure rerounding. As can be seen that for unrestrained dents dent formation strains, from FE models and ASME approach, are significantly higher than the strains at mean pressure. Since dent shapes provided by ILI tools are measured at some pressure they may not provide accurate estimates of strains calculated by ASME approach for unrestrained dents.  
Both the full scale test data and data from hypothetical models will be further evaluated in detail for restrained and unrestrained dents to confirm the observations described above. 

It should be noted here that there was no cracking observed in the full scale test data shown above during indentation or after application of maximum pressure for both the restrained and unrestrained dents. 
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Figure 4: Unrestrained Dents_FE Strain Comparison after Dent Formation and At Mean Pressure


	7
	6
	Project Management and Reporting
	Quarterly Status Report submitted
	$3,500
	$700

	This document is the quarterly status report.  




5: Project Schedule 
The project is underway, and the researcher BMT Canada has dedicated some advance time to this work.  However, Item 6, Task 2 is not formally complete due to a few experimental tests remaining to be analyzed (~75% completed). These will be completed next quarter. 
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[image: image10.jpg]FE Strain @ Mean Pressure
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[image: image11.jpg]ASME Strain @ Mean Pressure
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[image: image12.jpg]FE Strain @ Mean Pressure
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[image: image13.jpg]ASME Effective Strain
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