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Objectives

T

£ Why Physics based probabilistic model?

y PoF (Physics of Failure) models capture
material degradation and failure mechanism
and can be extrapolated to different levels.

y Probabilistic models can adequately represent
all of the factors that contribute to variability
(e.g. material properties , Inspection devices
accuracy, human errors, etc.)

Uncertalnty is Certain!




Problem Statement

Degradation of
pipeline due to

corrosion and fatigue

v

& ruptures
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LInweanted plant
shutdowns

Pitting and Fatigue leading to Corrosion Inside the Pipe

Fipe Failure - Ductile lran
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Corrosion-Fatigue in Pipes
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Pit Nucleation

T

Modeling Approach
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Pit Growth
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Crack
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Corrosion is Dominant
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Crack Growth
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Fatigue is Dominant
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The criterion for transition : — = | —
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Stress-Strength Interference Reliability

Models
T ...
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Possibility of
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Examples:
+ Damage-Endurance Model
+ Challenge-Tolerance Model -
+ Performance-Requirement Model Santo
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Probabilistic Fracture Mechanics
Approach to Fatigue
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Crack Size
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Modeling Outline

Critical
Crack size
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Crack Size "

These are the (N, a;

Simulation Results
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Empirical Model Development

T

Find the correlation of A & B with the physical
parameters of the pipeline:

+ Loading Stress “g”

+ Loading Frequency “v”

+ Temperature “T”

+ Flow Characteristic “C” {e.q., Ip, [CI], pH, ...)

Damage, D= f(v, £ &)

Dw e g cracksize,a

v, = vartables (e g T, e v [C17],0)
£ index of time (e.g M)
& = vector of modelconstants(e.g 5,4 5,...)
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The Proposed crack size vs. stress, cycle, efc.

i " ...
Harsh hioderate ze- Lewe|
Condition=s Condition=s Condition=s

Crack Size "a",m

M, Cycles

Lia) = LM, o)
M= IN(TCs;, T 19y TG

B 0182 0232 , 0248 A3 324 0377 ;. 0421 i (7105206, 0034 1
q=p- VN BT N

whera=cracksize v=loadfrequency=stresamplitudé =CurrenitensityN=cycleNa

10 2062 .0.024
L[:ﬂ:]zf[:ﬂ:]zgﬂl — exp [_21 2ﬂnﬂ_mﬁﬂ_sma:_F-u.zsa_@u.mwuz+3_53.34_F4.3??_J:yu.4:1_Nz ROy L .mjjz]
! = JERSTy
- F
3 B

56

)
P:%‘

I T = B [ . I — 1%
L

11
TryL

@ Copeyeright M. Modarres 2009 COPYRIGHT © 2009, M. Modarres




Data Collection

Corrosion-Fatigue
Testing

Data
Set-Up (In-House, ¥ Acquisition
Corest) %| _ Tower
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Data Collection
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Corrosion-Fatigue
Testing
Data {I".H nea Martactl
E‘ a1 ﬂ
5
B amrns w
: ¢
g e ROS #
Wumber of Cycles
ﬂﬁﬂ-ﬂ!}»}r
$
I e I N e E— ——— ¢
% Q
13 ) Y.

@ Copyright M. Modarres 2009

COPYRIGHT © 2009, M. Modarres




A,

Marginal A & B Longnormal Distribution

R S

Parameter Estimation

Mg =-59.34
O, = 741 103
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Hg = -34.524 Hep = 4.468
52
7, = 04686 0 = 1188
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Probability Risk Assessment Application
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Probability Risk Assessment Application

T

A harsh pipeline environment:

# Higher Loading Stress

Frequency of EXceedance for Each Observed
Humber of Pits in the Refinery Pipeline.

L

. The new frequency of exceedance for
the bulk pipeline is estimated to be

. 548 pits/25 yrs life of pipeline!!!! —

- Drastically Increased

_:.;]EHSIrP
o . -:I% ?{l,
1 2 ] i FoFrf T a a o
I EeSLLLLY T e . e f L
15 L Q
TRYLA

@ Copyright M. Modarres 2009 COPYRIGHT © 2009, M. Modarres



Conclusions

T

3 A simple physics based empirical model has been
proposed that could be globally applied to wide rage
of applications in pipes.

J The proposed model captured two main degradation
processes: firstly the pitting initiation site for
cracking and secondly the dominating fatigue crack
growth part.

 The physical parameters in the proposed model
reflect corrosion under aquatic environment

J Generic data helped in model development, and
Experimental data validated the proposed empirical
model through a Bayesian approach. S o
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