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Signal Fitness-for-Service™

* Fracture mechanics analysis

* Fitness-for-service assessments
e Hydrotest exemption

e Flare boom strut connection

FEACrack™

e 3D crack mesh analysis

e Crack mesh introduction

e Steam drum ligament cracking
Turbine shaft fatigue crack growth
e Crack mesh challenges
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What is a fithess-for-service (FFS) assessment?

« Multi-disciplinary engineering analysis of equipment to determine
whether it is fit for continued service

« Assessment of equipment containing flaws such as pitting,
corrosion, and cracks

 Resultisrun as is, repair, monitor or replace equipment

Cracked nozzle Pitted pipe
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Flaw and Damage Conditions
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Brittle Fracture
General/Local Thinning
Pitting, Grooves

Known Flaw Fracture
Analysis

Limiting Flaw Analysis
Monte Carlo Probabilistic
Analysis

Limiting Load Analysis
Fatigue Crack Growth
Creep Crack Growth

Local Thin Area (LTA)

Fracture

Pitting



5/20

American Petroleum Institute APl 653
requires hydrotest after repairs but
permits use of FFS to exempt from
hydrotest

Abagus FEA model includes repaired
sections

Hoop and Bending Stresses extracted
at locations of new welds used In
critical flaw calculations with

Signal Fithess-for-Service™

Critical flaw sizes must be greater than
maximum allowable crack size



Shell courses
of varying
thickness use
Abaqus S4
shell elements

Repair details

Hydrostatic pressure
loading with GRAV, HPn
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Peak hoop stress occurs
/at edge of new repair
near bottom of tank wall

Peak bending stress >
occurs at the bottom of
the tank wall fillet weld
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Predefined load
distributions including
tabular through
thickness stress

Library of component
geometry, crack shapes
and orientations
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Range of crack sizes is greater  Fajlure Assessment Diagram
than minimum specified

Critical crack
sizes fall on
FAD curve
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Offshore flare boom 3D brick mesh of critical

truss subjected to — connection used axial
Abaqus wind loads stresses from global
truss model

Fatigue crack growth
predictions made at critical
section using tabular weight
function primary stress input in

Signal Fitness-for-Service™ _
Fatigue crack growth results
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3D crack analysis software

* Generate 3D crack meshes for Abaqus
* Post processing, crack front results
Crack mesh basics

Analysis examples:

e Steam drum

e Turbine shaft crack growth
e Custom crack front

Crack meshing challenges
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Crack face —

Symmetry plane—

Crack front

/

Use a focused crack mesh

* Necessary to compute J-integral in
Abaqus: *CONTOUR INTEGRAL

Compute stress intensity K,
* Fracture assessment
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e Fatigue analysis



Inserted 1 to 4 cracks per model Yi-symmetry model

o User-defined geometry method
Full-width and corner cracks

Use Abaqus *TIE
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Compare K, results for each ligament crack front
K, values more accurate using the actual geometry
Single long surface crack underestimated maximum K

Steam Drum K Results
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Thick-wall cylinder mesh
o External surface crack

« Determine operation life for a given
Initial crack size

Fatigue analysis automatic
remeshing method:

1. Generate 3D crack mesh, FEACrack™

&

2. Solve FEA model, Abaqus, get J, K

&

3. Using K, update crack growth and c;, a

. _ dq;
Paris equation: — = C(AK. )™M
dN ( L)
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Fatigue crack growth

Fas(:tigue results: crack depth vs. time
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Complete animation available
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base
HAZ  \weld

Ci, &

Semi-elliptical Custom crack front

Semi-elliptical: standard crack shape for fracture
mechanics, enter c,a crack dimensions

Custom: enter table of c,,a, values; can start as
semi-elliptical and grow to arbitrary shape



Case studies: many crack sizes

Crack shapes
o Semi-elliptical, through-wall, custom shapes
« Aspect ratio: small to large, shallow to deep

Variety of component geometry
 Cracks located on curved surfaces, curved crack face

Meshing cracks in an arbitrary geometry

The focused mesh pattern at the crack front
« Higher crack front mesh refinement

* Required for J-integral, requires brick elements
« Sorted crack front node set data

And...
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Correct node constraints for symmetry
* Crack front and symmetry plane nodes

Include residual stress in the crack mesh
e Can use interpolation method

Post processing, extract and tabulate results
 Lists of J and K results along crack front, compare cases

The sum of the challenges makes crack
meshing and analysis a time consuming task.

Using FEACrack ™ with Abaqus, an analysis
takes minutes instead of weeks.

19/20



Signal Fitness-for-Service™
* Fracture and fatigue analysis software

FEACrack™
« Automatic 3D crack mesh analysis software

Quest Reliablility is an Abaqus Alliance partner

Please contact us for:
 Technical details, demos, software
e Consulting services

E: info@questreliability.com
P: +1-303-415-1475

20/20



