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Prospects of H2Pipeline projects in Austria
What Is done so far? What is understood?

Masoud Moshtaghi

Tenure Track Assistant Professor

Head of Steel Structures Research Group
LUT University

masoud.moshtaghi@|ut.fi

A trailblazer in the field of design and strength analysis of metallic parts
and components in Finland since 1974; towards testing and designing
novel alloys and structures for energy and other structural applications.
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A = . _ \) : + 8 master students
le Masoud Moshtaghi .3

, Tenure Track Assistant Professor
Head of Steel Structures Research Group

+ 10 Bachelor students

+ 3 technicians

Matti Koskiméaki
Research Engineer

Jani Riski

PhD student
Residual stress

Mahdieh Safyari

Post-doctoral researcher
Hydrogen embrittlement and

Kalle Lipiainen

Post-doctoral researcher
Mechanics of materials

additive manufacturing

Hamidreza Rouhani

Post-doctoral researcher
Finite element and machine
learning, hydrogen-assisted
fatigue

Antti Ahola

Post-doctoral researcher
Fatigue and stress analysis

Shahriar Afkhami

Post-doctoral researcher
Microstructure-mechanical
properties relationships

Donat Horvath
PhD Student
Hydrogen embrittlement

Kiia Gronlund

PhD student
Fatigue in variable
amplitudes conditions

Juho Havia

PhD student
Fatigue of welded aluminium

Pasi Tanskanen
Lecturer

Aleksi Harkonen
PhD student
Real-time fatigue monitoring

Sami Heinila
Lecturer

Dilip Neupane

PhD student
Weld geometry simulation
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Tero Pesonen Edris Dabiri
PhD student Lecturer
Finite element methods for (Metso)
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Keyactive projects

A Business Finland: FOSS#& Rossilfree Steel Applications I

A Business FinlandZaNeLis Carbonrneutral lightweight ship structures using advanced
design, production, and lifeeycle services

A Business FinlandAluWeld, Fatiguestudiesof welded aluminium structures

A Business Finlanddreams Database for Radically Enhancing Additive Manufacturing an
Standardization

A Business Finland: Viima, Rei@he fatigue studiesof the machines

A FWFAustrian Science Fund ESPRIDevelopmentof hydrogenresistanthigh-strength
steels

A HyGCEproject: Hydrogenand CarbonValue Chain in Finland

+ more than 50 smallscaleprojectswith national and international companies
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Carbon fiber composite

Dome protection
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Stress intensity factor | et

Y
k. 7 Crack growth
A different approach to estimate whether an existing crack/flaw will grow is by looking at the stress intensity factor (SIF) at the 2
crack tip. In your design classes you have already encountered the concept of stress rise due to stress concentrators. "
| @
: : N . | |
Under the assumptions of LEFM we can derive the stress field in a cracked body, leading to : Y
i a, . |
Y Y
@ <—I—>U z OD L
k N (m) ; Y
(3 _(m
Tij = ( )fij(e} + Z Apr™ 9i; ('9) (5) " Pipeline H,/CH,
\/; =0 (Internal pressure P)
(a)
with 7 and 8 being define at the orifin of the crack tip and counter-clockwise respectively. close to the crack tip, where r — 0
the second term on the RHS of (8.1) vanishes. As a results, the o o< 7~ /2 relation holds in general for any cracked elastic body.
] . . ) ] ] o ) . Initial crack
As you recall we can obtain the displacement directly from the stress field using the elastic constitutive equation to obtain the o
b N /' Propagated crack
strains and then integrating them to obtain displacements. This implies that the displacements at the crack tip will be RS o
roportional to 4/T. Rl [
prop VT i L
As we will see later, when deriving the crack tip fields, it is useful to replace k in (8.1) with K = kv/ 2. Y N
X
Moreover, we will add a subscript to K to differentiate between the different crack opening modes: Kr; Kir; Ky g\ o
oDi2 g
v




Stress intensity factor

lim oM = — fijl
r—0 9 Vo

When encountering a problem of mixed-mode, we can use superposition to find the stresses at the crack tip such that:
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Plain strain fracture

¢
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When we started discussing how to characterize a cracked structure we introduced the concept of a singularity dominated

region and extracted a single parameter from it K which we claimed can fully characterize the crack tip fields.
The value of K at which a test specimen fails is denoted K, and is a material parameter (i.e. independent on geometry).

¢ How can be concile the K approach to fracture arising from LEFM with the presence of plasticity at the crack tip we

discussed last week?

* What are the conditions for which the K approach still holds?
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Cracks and flaws cause gtress concentration

F
] ( K, =Yo~rma <
'. &
g | N e K, - Stress intensity factor 0
= |8 o - Applied stress £
2 a - edge crack length E
) FET nomina Y - geometric constant oK
T, X Tj.‘:
=N 1]
, 1 | \ Distance = I
E 3 e Thickness, B
Figure 6.17
K, - critical value of stress intensity Measuring Fracture Toughness: notch is
le machined in a specimen of thickness B
factor (fracture toughness) B>>a plain strain condition.
B = 2.5(K,/Yield strength)?
=Yo fm Specimen is tensile tested
f Higher the K. value, more ductile the metal is
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Plain strain fracture

The plastic zone estimates we dealt with beofre are used in teh ASTM standards (e.e. ASTM E399) as a criteria for the validity of

a K1 measurment.

Knowing the &, of our material, and after measuring the K. from an experiment, we will use

K
a,B, (W —a) > 25 (i)

Ty

as a criteria for accepting our test result.

K,
)
Ty
@ Stress
c
i -
Sheag lips 3 l
k st Made
= K ___________
L Mye
3
]
Q
Flane siress B E
= LL

Thickness, B



Mixed mode fracture | KTy

Mixed-mode scenarios will often be found in heterogenous structures (multi-phase materials, weldements,

coatings, composites etc.).

And the displacements:

"ﬁ P Kr [r 6 Kip [r [, 6
-6 Ul = —— | — — (g — [ — ~ (e —
/_}J Uy 5\ 2o {cos 5 (k — cos 9)] + on \ 22 sin 5 (k — +cosf)

= Kr [rv [. 8 K [r %
2 uQ:Z_}:‘V% {sing(ﬁ—cosﬂ)l—l—i /= [—cos;(r;—Z-l—cosQ)]

21 \ 27

Q
L
L]
L]
L
LI
L]

0
iti - ack tip fi 0
We can use superposition and obtain the crack tip fields as v ctrens
c
i
- O
Ky 91 . 6 26 +KH _92+ ) 26 g
= cos — [ 1 — sin —sin — —sin — COS —COS — .
o 27r 2 2 2 vV 27T 2 2 2 /| ’_K Mode

K; 0 629 Kp [ 8 6 20 =i rame

T9g = cos —| 1+ sin —sin — + Sln —COoS —COos — -1 Eocrrs

Vo 2772 gl 22 2] 3 | s
K;{ 9_9,29]+Kﬂ[ 9(1 _9,29)' E

19 = cos —sin —sin — cos —| 1 — sin —sin —
\ 27r 2 2 v 27r 2 2 | -
Thickness, B



Elastic-Plastic Fracture Mechanics &e Whersiy

J Integral -'

As you all remember we previously discussed energy methods in the context of fracture mechanics.

1.00E-02

: . . 1.00E-03
G |, the energy release rate was used when we discussed the stability of growing cracks. 3
The strain energy concept, proposed by Shih was used for defining the crack growth direction under mixed-mode conditions. g 1.00E.04 L
3 g

E

We will now introduce another energy related concept which will allow us to estimate the fracture toughness and resistance §
curves of cracks, while avoiding some of the limitations we discussed previously, resulting from the plastic zone size. 5 1.00E-05 4
o £

Nguyen et al 1% MIX X70
= + = Chaundy et al. X70 10 vol-% mix
- = Ayerage of mix values

h /
PR T H, - two stage
1.00E-06 + k
1 // === H; - ASME

. B : ——
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A
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— T
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The J integral is defined as :
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Elastic-Plastic Fracture Mechanics & Shersiy

CTOD - Crack Tip Opening Displacement

Using Irwin’s crack-tip plasticity model, Wells was able to show that the CTOD () follows: A
] ............... k= I - (O
4G ke I B = g S A R Ed
0= —— 1 o T ITR = —Zd—]
T Oy " e s
A similar result is obtained following the strip model: g ;
G /T ——TTs
5 /
maoy .—Elastic
and m assumes a value of 1 for plane stress and 2 for plane strain. ; >

da

While not entirely accurate, this assumption allows us to measure the Crack Mouth Opening Displacement
(CMOD) and using similarity of triangles obtain the CTOD.

r(W — a)

)
"W —a)+a CMOD

dcrop =

The experimentaly measured CMOD is decomposed into an elastic and plastic part (similar to the way you

would for a stress strain curve) and thus:

K? r(W —a)
mo, B’ r(W—a)+a

dcrop = b + 0, = dcMoD




Hydrogen pipeline test in Austria: measurement of tdughness  r
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ASME B31.12 features a nonlinear correlation (in log-
scale) between crack growth rate and SIF range. ASME B31.12

suggests a characteristic design da/dN curve for hydrogen
pressure under 20 MPa (200 bar).
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LUT Steel Structures, Member.of Standard Cohmittee o L =

x Prof. Masoud Moshtaghi is a member of the Standard Committee at NACE and API for hydrogen pipeline
testing procedures.
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Hydrogen embrittlement in martensitic steels . LUT
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Multiscale microstructural Multiscale hydrogen mapping & sim H-assisted crack path
characterisations v (Gaseous and electrochemical hydrogen) W and fracture studies
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Hydrogen embrittlement in steels e ot
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Martensitic steel design for steel pipelines in elastic loading
regime in the high-pressure gaseous hydrogen condition
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Weld joints (SAW, FCAW and SMAW) of pipelines: towards hydrogen-resistant steel pipelines A University
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Hyvdrogen embrittlement in ferritic and F/P steels

u Multlsrfale mlgros.tructural Vv Multl_scale h_ydrog_en W H-assisted crack path and
characterisations mapping & simulation fracture studies
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