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Damage Assessment - MD-4

A Two projects are presented here:

A MD-4-1: Full-Scale Experimental Validation of Mechanical Damage
Assessment Modelsi Dent &Gouge defects: GDF SUEZ R&I Division

A MD-4-4: Improved Model for Predicting the Time/Cycle Dependent
Behavior of Dent+Gouge Damage: Battelle Columbus

A Other projects too, not developed here:

A MD-4-2: Full-Scale Demonstration of the Interaction of Dents with
Localized Corrosion and Welds: BMT Fleet

A MD-4-3: Improved Model for Predicting the Burst Pressure of Dent +
Gouge Damage: Kiefner & AFAA

A MD-4-5to MD-4-10: Strain in dents, Defects for inspection, etc.
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MD-4-1: Full Scale Experimental &=
Database for MD i Dent+Gouge

A Objective: Provide detailed Experimental Database on realistic
Mechanical Damage ndent + gougeo

A Detailed Experimental Database means:
I Material characterisation is very complete
I Replicate tests are performed to characterise the damage, burst test it, and
fatigue test it

i Avery detailed set of instrumentation was defined in interaction with the
modelling teams for both burst and fatigue tests

i Detailed post-failure investigations are performed on both burst tested and
fatigue tested samples

A Realistic Mechanical Damage means:
I Dent and gouge created simultaneously by excavator tooth impact
I Pipeis pressurised, representative of in-service damage
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nnnnnnnnnnnnn MD-4-1: Full Scale Experimental i,
Database for MD i Dent+Gouge

® Instrumented Defect Creation under pressure / Detailed Characterization

Dynamic, sharp tooth Deep gouge (single) Slower, worn tooth
W Instrumented Burst test (monotonic load)
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MD4-1: Dent+Gouge on Modern Pipe

A Project overview i Test matrix for modern pipes (1/2)

Pipe 1 : Modern X52 grade Pipe 2 : Modern X70 grade

" Full defect
characterisation

Burst test

® Fatigue test
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DOT # 339 + MD-4-6 -

PCI
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Dent + Gouge on Vintage pipe

A Project overview i Test matrix for vintage pipes (2/2)

DOT # 339

MD 4-6

Pipe 4 (older steel)

Pipe 3 (older steel)

Type 1 Type 2

Type 1 Type 2

Defect 4.1.1 Defect 4.2.1

Defect 3.1.1 Defect 3.2.1

Defect 4.1.2 Defect 4.2.2

Defect 3.1.2 Defect 3.2.2

Defect 4.1.3 Defect 4.2.3

Defect 3.1.3 Defect 3.2.3

APipes just

sel ect ed,

Full defect
characterization

Burst test

Fatigue test

wor k wi
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MD-4-1: Material Characterisation @
Modern X52 and X70 grades

A Chemical composition : low carbon < 0.05%, clean (%S < 0.005,
P%<0.010)

A Tensile properties : Isotropic - YS longi/YS transverse > 95%, UTS
longi/UTS transv >98%, almost X65 for specified X52 and almost X80
for specified X70

A Toughness : Very high : Charpy > 150J/cm?2 or 137 ft.lb at 20°C, high
Energy J-Curves

A Pre-strain effect on toughness : No significant effect for strain
range [0%, 8%]

A Cyclic behaviour : slight softening with cyclic load

Conclusion: Excellent Modern Steels
Isotropic, High Strength, High Toughness, Very ductile



Seoul 2011

termationlGasUnion Research Confetnce " " . Pipeline Research
Material Characterisation examples ===
J - Curves
Pipe Number 2
Speed displacement (mm/mn) 1,2 Grade X70
Temperature (°C) 22 Configuration T
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Defect Creation - Data gathered =

A Data on agression :

A Tooth Geometry, tooth trajectory incidence angle
A Time histories of Forces, Energy, Displacements
A Internal strain gauges (optional) vs. time

A Defect characterization :

A Defect Size (length, dent depth, gouge depth) by laser mapping
A Magnetic Particle Inspection results (crack detection at gouge surface)

AOnIy for defect X.Y.1 dedicated to destructive characterization:
A Residual stress determination
A Destructive metallurgical investigation :
A Microstructure under defect
A Micro-cracks: presence and size distributions
A Rough experimental estimate of plastic strain
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Defect Creation - Global Results

SD
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GUOF I\C2
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Defect Creation Examples of Detailed Results

DEFECT 1.2.2

X energy, Z energy and total absorbed energy versus time
Actual load factor : 0,73 S ———

Internal pressure (balr) 185 -I.I.Ill.

Total absorbed Energy (J) : 7676
Tooth type : ESCO

Diameter (mm) : 609,6
Thickness (mm): 7.9
Grade : X52

Pipe number : 1
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/ DEFECT 1.2.2

2D longitudinal profile passing by the deepest point of defect (pressure =0 bar)
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Internal pressure during defect creation (bar) : 85

Pipe N°: 1
Diameter (mm) : 609,6
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A Strains:

A 3or 4strain gauge rosettes at different locations along gouge edges

A 1 circumferential strain gauge at the gouge bottom

A Longitudinal and circumferential internal strain gauges under the defect (optional)
A Reference Strain gauges on pipe wall away from defect.

A Displacements:
A Opening Clip gauge over the gouge

A Dent dynamic profiler with multiple rods to record evolution of longitudinal defect
y
profile during pressure increase (optional)

A camera (optional)

(e
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Defect 2.1.2 7 Opening clip gauge
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1.1.2

1.2.2
1.3.2
2.1.2

2.2.2

GOF S\CZ pRCl'
Burst tests T Summary of Results .

133.3 132.77 146.0 Failure outside of defect in pipe
(LrE=eHz hlpEreEe 210, body (not in seamweld ERW)

110.3 132.7-146.0 Ductile Failure in defect

130.9 132.7-146.0 Ductile Failure in defect

185.1 185.4171 204.0 Ductile Failure in defect
(UTS=628 MPa-691 MPa)

193.5 185.4 - 204.0 Ductile Failure in defect

Defect Location at noon

i Burst Pressure at 133 bar

® Defect 1.1.2

Ductile Rupture in body at 5 Clock

13




QIGRC GDF svez PRCI

Seoul 2011

nternational Gas Union Research Conference

Pipeline Research

Burst tests: Examples of Detailed Results =i

€&—5trains from rosette vs pressure 1 2.2.2,
+ principal strains & principal directions
angles vs. pressure

Internal Pressure during defect creation (bar): 30 Pipe 1

Burst Pressure (bar): 130,9 Defect 1.3.2 Diameter (mm) 609,6
Thickness (mm) 7.9
Defect profile evolution versus pressure Grade X52

Profile evolution vs pressurei 1.3.2 “
Clear Bulging Effect for Deep Dents —_—
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