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// Research Question: Does hydrogen have an influence on
fracture resistance at fast testing rates?

74
7 - Fracture along a seam weld of pipe can be rapid (>100 m/s)

Crack velocity (m/s)
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Benamara, “Modelling crack propagation and arrest in gas pipes Time (s)

using CTOA criterion” https://hal.archives-ouvertes.fr/hal-02972687/document

Conventional fracture toughness testing is performed at slow
quasi-static rates - Limited data at fast rates in H,
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In absence of H,, testing rate can influence fracture toughness
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Will hydrogen influence this trend?

Ref: Wiesner and MacGillivray, 2000



P/Conventlonal thinking with H,...
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/ Testing motivation: structural integrity assessment utilizing
fracture mechanics-based analysis

— Rupture determined by
Critical fracture resistance (K,;)

flaw

ao S

Initial Number of pressure cycles, N\N
flaw

[
>
C

Evolution of flaw size determined by
fatigue crack growth (da/dN - AK data)

ASME B31.12 describes rules for hydrogen pipelines with
reference to ASME BPVC Section VI, Division 3, Article KD-10




/Fatigue and Fracture Testing at Hydrogen Effects on

Materials Lab

Compact Tension (C(T))

load cell

CT specimen

pull rod

primary chamber

bottom cover

balance chamber

Instrumentation
o Internal Load cell

o Clip gauge
o Direct Current Potential Difference (DCPD)

Fatigue: ASTM E647
o Load ratios (R) 0.1t0 0.8
o Frequency: 0.01 2> 10 Hz
o Constant load or K-control

Fracture: ASTM E1820 (Elastic-Plastic)

Environment
o Alir
o Pure H,
o Gas blends, e.g. N, — 3%H,
o Gas impurity mixtures:
e.g. H, + 10-1000 ppm O,




// Two pipeline materials were examined

74 Composition in wt. %
YS
/4 Grade|(MPa)| Year| C Si Mn P S \'4 Nb Ti B
X100 | 910 |2000s| 0.085 | 0.26 | 1.69 | 0.013 | <0.001 | - |0.047| 0.017 | 0.0015 X100
X52 | 490 | 1962 0.293 | 0.02 | 1.17 | 0.016 | 0.016 |<0.002|<0.005| <0.002 |<0.0005 Arc
 ASTM E1820 elastic-plastic fracture test (J-R curve)
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Determined fracture initiation (J;i.i0n) @nd fracture
resistance (Jo,) from J-R curves - converted to K ‘
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X100 fracture resistance (K g,) was rate-dependent
was less sensitive to rate




rd X100

” Even at high loading rates, effects of hydrogen cannot be ignored
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/Fracture surfaces still exhibit quasi-cleavage fracture at all rates
when tested in gaseous H,

A i 210 bar H, 210 bar H
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//)(52 showed more variability for K ;iiation @Nd Kjqu
% SmaII increase in KJQH W|th dK/dt
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Variability might be due to:

- Inclusions
- Smaller difference between air and H, fracture toughness

X352
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,//Summary

/" Two pipeline steels (X52 and X100) were subjected to fracture
testing in 210 bar H, at different testing rates

X100
* Increased K, at faster testing rates
Negligible change in fracture initiation (K,,i.i0n) With testing rate

X52

Small increase in Ko, at faster testing rates
Fracture initiation (K .i0n) €Xhibited more variability

Hydrogen still influences fracture even at fast testing rates &
should not be ignored

Gaps Remaining:
- Influence of delaminations on fracture toughness
- Role of inclusions in crack initiation




e

rd

7

//' Thank you for your attention!

Joe Ronevich
jaronev@sandia.gov

Additional HEML Team Members
James McNair

Brendan Davis

Keri McArthur

Fernando Leon Cazares

Robert Wheeler

Chris San Marchi
cwsanma@sandia.gov

Milan Agnani
magnani@sandia.gov

Acknowledgements: This work is supported by the U.S. Department of Energy, through the Office of Energy Efficiency and
Renewable Energy’s (EERE) Hydrogen and Fuel Cell Technologies Office (HFTO). Sandia National Laboratories is a multi-mission
laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC (NTESS), a wholly owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration (DOE/NNSA)
under contract DE-NA0003525. This written work is authored by an employee of NTESS. The employee, not NTESS, owns the right,
title and interest in and to the written work and is responsible for its contents. Any subjective views or opinions that might be
expressed in the written work do not necessarily represent the views of the U.S. Government. The publisher acknowledges that the
U.S. Government retains a non-exclusive, paid-up, irrevocable, world-wide license to publish or reproduce the published form of this
written work or allow others to do so, for U.S. Government purposes. The DOE will provide public access to results of federally
sponsored research in accordance with the DOE Public Access Plan.



mailto:jaronev@sandia.gov
mailto:cwsanma@sandia.gov
mailto:rshrestha@sandia.gov

o Microstructures
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X100 — Acicular Ferrite/Bainite




