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Main Objectives
1. Determine critical influencing factors on AC corrosion
2. Better understand AC corrosion mechanism with systematical consideration of 

different combinations of influencing factors
3. Probabilistically model time evolution of AC corrosion profile
4. Assess pipeline performance under CP and AC corrosion based on probability of failure
5. Optimize CP design under different combinations of influencing factors
6. Investigate the impact of various physical quantities and uncertainty sources on 

pipeline reliability

Project Approach/Scope

Results to Date

Figure 2. a) Corrosion rate (mpy) of C1018 steel under different AC and CP current density by 3-day weight-loss testing;    
b) Corrosion rate (mpy) of C1018 steel under different AC and CP current density by potentiodynamic polarization method.

0 -0.15 -0.4 -0.75

0

50

100

200

9.47 8.44 4.26 2.72

10.36 6.62 2.55 1.49

13.84 9.38 8.19 6.42

20.97 16.51 13.83 11.23

A
C

 c
u

rr
e
n

t 
d

e
n

s
it
y
 (

A
/m

2
)

CP current density (A/m2)

0 -0.15 -0.4 -0.75

0

50

100

200

3.99 3.18 3.07 2.6

7.13 6.58 5.42 4.15

9.53 9.52 7.91 7.01

13 12.3 11.7 9.46

A
C

 c
u

rr
e
n

t 
d

e
n

s
it
y
 (

A
/m

2
)

CP current density (A/m2)

Acknowledgments 
This project is funded by DOT/PHMSA’s Competitive Academic Agreement Program and 

guided by Industrial experts at Burns & McDonell.
Contract Number: 693JK32050008CAAP

Public Project Page: https://primis.phmsa.dot.gov/matrix/PrjHome.rdm?prj=900

Corrosion rate results

a) weigh loss measurement b) Potentiodynamic polarization method

Methodology for reliability assessment
The AC corrosion rate, r, can be model through influencing factors, x:

𝑟 𝐱 = Ƹ𝑟 𝐱 + 𝜎𝜀

where Ƹ𝑟 = predicted corrosion rate, 𝜎𝜀 = model error. Therefore, corrosion depth, 𝑑, can be
obtained by

𝑑 𝐱 =෍

𝑖=1

𝑛

𝑟𝑖 𝐱 ∆𝑡𝑖

where 𝑖 is the number of intervals for a year. The probability of burst failure, 𝑃f, of a 
pipeline can calculated by utilizing the First Order Reliability Method (FORM) as below:

𝑃f = 𝑃 𝐶p 𝐱 − 𝐷P ≤ 0

where 𝐶p 𝐱 = burst pressure capacity; 𝐷P = operating pressure

Figure 3. Corrosion rate of C1018 steel under different AC  and CP conditions obtained from multi-physics simulation.

Simulation results

Task 1: Identify key influencing factors in AC corrosion.

Methodology
1.A comprehensive literature review
2.Collect testing data from research publication or technical report

Task 2: Generate realistic AC corrosion profile

Methodology
1.Investigate AC corrosion by real-time electrochemical measurements
2.Investigate AC corrosion by 3-day weight loss measurements

Task 3: Numerical simulation of AC corrosion behavior and CP system

Methodology Multi-physics simulation using COMSOL

Task 4: Probabilistic prediction model of AC-induced corrosion and reliability assessment

Methodology Risk Criteria using Probability of Failure (Reliability)

a) b)

Figure 1. a) Electrochemical equivalent circuit for experiment; b) Schematic diagram for lab testing.

Experiment setup


