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Main Objective Expected Results or Results to Date
This project was awarded to “The University of Akron” in order to develop * Pitting corrosion was modeled as hemispherical cavities in COMSOL Multiphysics®.
probabilistic pipeline performance evaluation framework based on multi-modal NDE * Guided waves were simulated in time domain and showed clear response due to
assisted by physical and mechanical modeling under interactive anomalies. variation in corrosion depths and number of corrosion pits. Monotonic increase in
Exposure amplitude of reflected wave from the pits was observed as the pit depth increased.
: .............. Hh ............ .................... t( .............. h ......... dt ...................................................................................... Std/..ﬂ ® A tOtaI Of 525 different burSt teSt results for isolated defect are collected; and
arsh environment (e.g., humidity, ress and/or .. ] ] . .
[ temperature, soil condition) J { Natural hazard ] [ loading J additional numerical analysis conducted from this study using ABAQUS.
e e e e e e e e e e e e e e e e e e e e e e .:::::::::::::::::::::::::::::::::::::::::-i .......-.....-.....-.....-.....-...................-.....-.............................-.....-.....-.....-.............-.....-.....-.....-..... ............................... o . P ro b a b i I i St i c m o d e I fo r m u I a t i O n i S C O n St r u Ct e d u S i n g ex i St i n g d et e r m i n i St i c
Risk N Trreat dentifoation ©.0.. comosion. prediction models currently adopted in practice as independent variables.
quantification SCC, external force, weather) Time=0.0025  Surface vo Mises stags (V) ” 7
: \_ ) - urface: von Mises strgss (N/m 1.5 %10 ‘ '
¢ \ 4 C . d I4.5 11 l ‘_‘:;;;fiﬁ(dg?ﬂ\‘lmm) |
[ Reduced capacity ] [ Demand J orrosion defects :5 S os| .'.-jl’, llm -
i 3 § 0 -""f-fll,f‘-*-f“x.:‘:,."l'.jlll || ’hllli..‘"g:"-.,:
. o e T 2.5 %-05» 1 .'?'-’}1 '”[ It |
g ) f ¢ 1t ) : ¥ . ;7 lIl'r Reflecti nl dueto a l’H' |f|
Consequence Probability Rl s 15 np Coimss’.ojp"?t '
qguantification of failure : |1 p | . | |
S J \ J . 0.5 “o 0.5 1 1.5 2
........... o L e . Time in seconds %107
DEGISION oy SCC defects Guided waves along the pipe [ T [ orcsgemein 1 x
making . ¢ § . i \ . | Defect Signature-5mm 0sl X* ) . " " )
| Risk mitigation, and Inspection, maintenance, repair, |’ = , i a 2o g S .
planning and replacement scheduling _ , si$ Eua—wmwwwmmww U\M 0-71 % 5‘* o |
N / N J Figure 2. Anomalies o5y \ 2 | 0el e b g L5 9 ook X _EXI;?tef'mtenta'test
. . . . . . ] . . -05: *Defect : < 5| | : * in literature
Figure 1. Quantitative Risk Management for Pipeline Considered in this Study s j waiEE Cos) %O e @R e * 4  Numerclestin
0.485 4 | | | = literature
= | oo i us 04| * %o Ko x l N .
0.47] | ime In seconds x10° ew numerica
PrOjECt ApprﬂaCh/ SCOpe T 10t . 031 H # X xi( * * *test in this study
. . . . . 22; : 4t T:C?ﬁ“;';mmmm- 0.2 } X MK K e X
This study will focus on three types of anomalies: isolated corrosion defect; 035 S | N R N
e o ° > 0.53] - -; |[ A r < S < :
isolated crack-like defect; colony corrosion defects; colony crack-like defects. oz e §, J 0 el
o defects E-z- H _ 200 300 400 500 600 700 800 900
[ Task 2 (Dr. Deng) Task 1 (Dr. Zhou) ¥ (3mm) | o, (MPa)
z;?:;b;;;tc:Fezhamtenzatlon ! 5""|Ge”e.r ate realistic corrosion &  simulated p,-;; [ S es_ i s 2 Figure 5. Numerical analysis for isolated
—— - cracking defect profiles _ , , jmeinseconds o ion defect: FE Analvsis in ABQUS .
[ dentification ]- ~* NDE system development «  Laboratory testing | Figure 4. Simulation models (left) and defect signals corrosion derect: nalysis in ABQUS (top);
* NDE modeling & validation «  Electrochemical simulation (right) showing effect of pit depth and number of pits new FE cases added to database (bottom)
. * NDE data processing (COMSOL)
R Acknowledgments
" Probabilistic fail dict del : c - :
IO DTSR AT eSS TS PIETEN EEER This project is funded by DOT/PHMSA’s Competitive Academic Agreement Program.

A 4 o :
[ Reduced ] - Failure pressure database

- -« Model development (corrosion, crack-type
capacty anomalies, in?eractivfe anomalies) o rasiS Or Huand) References
 Probabilistic time-evolution models for defect profile [1] Luyao Xu, Y. Frank Cheng, A finite element-based model for prediction of corrosion defect growth on pipelines,
-Quantites International Journal for Pressure Vessels and Piping
! s [2] A. I?emma, P: Cawley, M. Loyve, A.G. Roosenbrand, B. Pavlakovic, The reflection of guided waves from notches in
[ Proba_bility of ] - Reliability analys.ls | - Task 4 (Dr. Huang) pipes: a guide for interpreting corrosion measurements, NDT and E Journal
failure - » Impact of various physical quantities and:
~uncertainty sources on reliability Public Project Page

Figure 3. Proposed Major Tasks https://primis.phmsa.dot.gov/matrix/PrjHome.rdm?prj=840



	Slide Number 1

