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Expected: Shear Zone Recent Modeling Research on Cutting
(U. of Central Florida, Texas A&M, etc.)

Secondary deformation zone (SDZ)

Metal chip
Primary deformation zone (PDZ) _ ‘
Workpiece «
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2015: Micromachining 2022: Planing-Induced Microfracture
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- Planing-Induced Microfracture

6

 Material is stretched and then it fractures

* There is a fractured ligament on both sides that protrudes from the cutting plane
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- Planing-Induced Microfracture in Action
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legh Plpe Toughness -
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Movement
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In Elasto-Plastic
Contact Mechanics,

What Does Steady State Means?

No Longer Path Dependent

ABAQUS /Explicit 6.4-1 Mon May 02 22:46:20 Eastern Standard Time 2005




—~

REX2024
- Proof of Concept for the Method
9
Step #1: Introduce microfracture Step #2 e,

Scan Ligaments
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According to Oh [1], there is a correlation between the fracture toughness (K;.) and the toughness
measured using the area under the tensile stress-strain curve up to the elongation at break (Ky):

(ch/ay)z =« (Kf/ay)z

* Kr can be estimated using the yield strength, ultimate tensile strength (5,,), and elongation at break (s):

| Ke = & ko, + (1 —-k)ay], 0<k<1

« Hypothesis: the ligament height (LH) is linearly proportional to the elongation at break considering the
material within the stretch passage is subjected to predominantly tensile stress and stretched to failure:

g=a*xLH+b
* Proposed correlation between K;. and ligament height:
Kic/oy = Cq * [k + (1 - k)au/ay] * LH + C3 /0, + C3

[1] Oh, Gyoko. "A simplified toughness estimation method based on standard tensile data." International Journal of Pressure Vessels and Piping
199 (2022): 104733.
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The direct measurement: Indirect measurement:
Fatigue pre-cracked Impact Energy

Starting position

swing Hammer
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X-Axis = Direct Measurement

Using same pipe samples
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B. Island Removal
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e Field Implementation: Two Complementary Tools
In-Field Test Matrix 4 N
NDE Process
Deliverable:
Seam Toughness

2 HSD Test Areas \

J
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Tests -> BTM on the Body HSD on the Seam HSD on the Body
(Results) (Strain to Failure) (Hardness Variation) (Yield & Tensile)

NDE Process

Deliverable: Body
2 BTM Test Areas Toughness
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« BTM is approximated twice as accurate as NDTT.

 Preliminary result from a validation test of 30 vintage pipe samples shows
an average predicted K value within £20% of the average tested value.

* Typical practice of taking lowest value of 3 measurements to be discussed.

A prototype unit is developed and will be used in upcoming additional
validation work and field trials.

« HSD and BTM are complementary tools for a complete solution.

« The HSD today (field procedures) includes the ability to receive a report for
the 85% shear transition temperature & conservative upper shelf.
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: _ Improved strength
° 7))
General Learning Moment 3: | @ and toughness
fracture toughness and material £
strength are two different properties =
o
* In-situ minimally invasive tests to . Alloy 2
determine pipe toughness is R—
becoming available. oy

: : . Strength
|t is a considerable and collaborative

effort.

* Many opportunities to engage in 2024
Industry validation programs, PHMSA
BAA, field pilot projects.
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