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Date of Report: 1st Quarterly Report-December 28, 2020
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For quarterly period ending:  December 31, 2020
1: Items Completed During this Quarterly Period:
	Item #
	Task #
	Activity/Deliverable
	Title
	Federal Cost
	Cost Share

	1
	1
	Validate analytical model from PRCI MAT-8 report
	Validate Ramberg-Osgood model and strain hardening model
	5,106.48
	

	2
	1
	Validate analytical model from PRCI MAT-8 report
	Validate FEA simulation using in-kind contribution data
	5,106.48
	

	3
	1
	Validate analytical model from PRCI MAT-8 report
	Develop work scope for FE simulations based on limitation of MAT-8 work
	4,970.64
	

	8
	4
	Virtual Kick-off meeting with DOT and TAP
	Virtual Kick-off meeting with DOT and TAP
	10,810.56
	

	9
	4
	1st Quarterly Status Report
	Submit 1st quarterly report
	3,215.68
	


2: Items Not-Completed During this Quarterly Period:

All the activities below were started during the first quarter but not scheduled to be completed in the first quarter. 
	Item #
	Task #
	Activity/Deliverable
	Title
	Federal Cost
	Cost Share

	4
	1
	Conduct additional FEA as necessary
	Generate all necessary FE meshes
	25,595.10
	

	5
	1
	Conduct additional FEA as necessary
	Running FE analyses
	4,120.18
	

	6
	2
	Small Scale Mechanical Properties of Pipe Material
	Create technical drawings for all lab coupon specimen types
	4,316.92
	

	7
	2
	Small Scale Mechanical Properties of Pipe Material
	Machine lab coupon specimens (tensile, CVN, C(T), and SEN(T))
	63,217.63
	10,536.27


3: Project Financial Tracking During this Quarterly Period:


[image: image1]
4:  Project Technical Status
Item #1 Task #1 Validate analytical model from PRCI MAT-8 report - Validate Ramberg-Osgood model and strain hardening model

Ramberg-Osgood (R-O) model along with Heavisided Power-law and Mat-8 procedures were compared. 
Initially all three methods are compared and used to represent an X60 pipeline material.
The fitting parameters are shown below:

· Traditional R-O fitting
· 𝜖/𝜖𝑜 = 𝜎/𝜎𝑜 + 𝛼(𝜎/𝜎𝑜)𝑛   
· α = 0.604, n = 22.28 

· Heavisided Power-Law fit
· for σ≤σ𝒚 then σ/ε=E
· for σ>σ𝒚 then ε-εy = α(σ-σy)n  (plastic strain versus plastic stress)
· α=1.006, n=19.56

· MAT-8 Procedure
· α= 0.002/εo = 0.942
· n =1/(.0643RT3-.3813RT2+.8699RT - .5351), where RT = σUTS/σYS 
· α= 0.942; n = 14.22
We can see from the figure below that on overall, both conventional R-O and Heaviside power law model seems to capture the stress-strain curve behavior of the X60 material while the PRCI Mat-8 model even though it did a decent job to capture the elastic behavior, it over-estimated the plastic portions of the curve. 
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Figure 1 Comparison between different material models on X60 pipe material
In this program, in order to be able to develop a more accurate hydrostatic test prediction, it is paramount that we can capture the elastic-plastic transition region. When we look at the same figure more closely as shown below, it is noticeably clear that the Heaviside power law method is the best in capturing the X60 material behavior.
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Figure 2 Closer look of the difference between material models on X60 pipe material
The same comparative study was also performed on an X46 ERW vintage material data which is part of the cost match to the program. 

The fitting parameters for this material is shown below:
· Traditional R-O fitting

· 𝜖/𝜖𝑜 =𝜎/𝜎𝑜 +𝛼(𝜎/𝜎𝑜)𝑛   

· α = 1.027, n = 11.28 
· Heavisided Power-Law fit

· for σ≤σ𝒚 then σ/ε=E 

· for σ>σ𝒚 then ε-εy = α(σ-σy)n  (plastic strain versus plastic stress)

· α = 3.03, n = 5.82  
· Mat-8 Procedure

· α = 0.002/εo = 0.942
· n =1/(.0643RT3-.3813RT2+.8699RT - .5351), where RT = σUTS/σYS 
· α = 1.132, n = 8.05

In this case, once again the PRCI Mat-8 model grossly overpredicts the material behavior while both conventional R-O and Heaviside power-law models do a good job of representing the X46 material.
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Figure 3 Comparison between different material models on X46 pipe material
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Figure 4 Closer look of the difference between material models on X46 pipe material
Based on these findings, below are some preliminary conclusions/observations:
· Not much difference between Traditional Ramberg-Osgood fit and Heaviside power-law fit of X46 and X60 steels (Probably bigger difference if going to X80 steels).

· Probably Ramberg-Osgood fit good enough for vintage lower-strength steels.
· The MAT-8 equation for estimating the stress-stain curve hardening exponent gave higher exponent than actual data. The next question is how this will affect the J value (driving force)? Because Jp = aPn , therefore if n is already high, then Jp might not change much with higher n values.
Item #2 Task #1 Validate analytical model from PRCI MAT-8 report - Validate FEA simulation using in-kind contribution data

FEA sensitivity study using different material models were conducted.
16” OD, 0.248” wall thickness pipe geometry with a constant depth (canoe-shaped) OD surface flaw were modelled. The flaw geometries are shown below:

· a = 0.162” (a/t=0.653) and a=0.102” (a/t=0.411)

· c = 1.5” (both a/t=0.653 and 0.411)
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Then the J values (crack driving force) were calculated using different combinations of material input models using FEA and MAT-8 procedure.
The different combinations and its input parameters are shown below.
For FEA, different tensile material properties parameters and model were used:
· Tensile Test Data (input stress versus plastic strain in ABAQUS)

· Heaviside Power-Law Fit based on tensile test data 

· X60: α = 1.01, n=19.56

· X46: α = 0.227, n=6.85

For MAT-8 procedure, different exponent n values

· Conventional R-O fit

· X60: α = 0.604, n = 22.28 

· X46: α = 1.027, n = 11.28 

· Mat 8 procedure (using a function of σUTS and σYS)

· X60: α = 0.942, n = 14.22 

· X46: α = 1.132, n = 8.05

J at crack initiation (Ji) were obtained from SENT test
· for a/t = 0.63 
Ji: ~0.16 in-kip/in2
· for a/t = 0.41 
Ji: ~0.50 in-kip/in2
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Figure 5 Comparison with Elastic limit of 63.7 Ksi 
[image: image8.png]J, kip-in/in2

0.2

0.18

0.16

0.14

0.12

Jel (FEA)

Jpl (FEA, Test Data)
Jtot (FEA, Test Data)
Jpl (FEA, n=6.85)
Jtot (FEA, n=6.85)
Jel (MAT-8)

Jpl (MAT-8, n=8.05)

Jtot(MAT-8, n=8.05)

Jpl (MAT-8, n=11.28, ROFIT)
Jtot(MAT-8,n=11.28, ROFIT)

0 01 02 03 04 05 06 07 08 09

% Elastic limit

1

1.1 1.2




Figure 6 Comparison with Elastic limit of 33.0 Ksi
Based on the comparative study on these two materials (as shown in Figure 1 and Figure 2), the MAT-8 crack-driving force equations seems to works well.
Item #3 Task #1 Validate analytical model from PRCI MAT-8 report - Develop work scope for FE simulations based on limitation of MAT-8 work

From item 1 and 2 above, we have basis to use the Heaviside power law or conventional R-O model in future FEA runs. We are expecting pipe donation in early 2021 where additional data sets will be developed and then another round of comparative study based on the donated pipe material will be performed.
Once the comparative study on the donated pipe material is completed, then curve fitting of H, b, G functions will be developed for different pipe material and sizes (different R/t ratio). 
Item #8 Task #4 Virtual Kick-off meeting with DOT and TAP 

Kick-off meeting was conducted virtually on November 4th, 2020.
Additional virtual meeting was held on December 8th, 2020 per request by TAP members to have a deeper technical discussion. 
Item #9 Task #4 1st Quarterly Status Report

The first quarterly status report has been submitted.
5: Project Schedule  
The project is on schedule.

The listed items not completed during this quarterly reporting periods are scheduled to start but not completed.

[image: image9.png]Quarterly Payable Milestones/Invoices - 693/K32010010POTA

Quarter #1

Quarter #2

Quarter #3

Quarter #4

Quarter #5

Quarter #6

Quarter #7

Quarter #8

Other Milestone

Total Project Amount

Remaining Amount Not Yet Invoiced

B Actual Invoice

BProjected Invoice




