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Optimization of Cathodic Protection on Offshore Structures

H. Moharrami , M.T. Shahrabi Farahani and H. Shourabi

Faculty of Engineering, Tarbiat Modarres University, Tehran, Iran

Abstract: Marine structuers are one of the most important and susceptible facilities in Iran due to corrosion. The two methods
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of Cathodic Protection, namely, the cathodic protection with sacrificial anodes and cathodic protection using impressed current, are
widely used for corrosion protection. According to the former, sacrificial anodes are installed at several points in the structure.
Position of the anodes for achieving the required protection is a problem that engineers are very much interested in, and only
empirical methods have so far been used to defermine these positions. Empirical rules, however, might cause either overprotection or
underprotection. A major goal of this research is to develop a systematic way for analysis and automated design of Cathodic
Protection systems that not only deliver almost uniformly protected structures but also minimize the costs. To this end, a Genetic
Algorithm (GA) routine is used to determine the optimal position of anodes on the structure such that a uniformly protected design
with minimum cost is achieved. The percentage of protection in each design has been taken as its fitness criterion. To figure out the
situation of corrosion protection on the structure, the entire offshore structure with its complex system at anodes and surrounding
electrolyte is modeled and analyzed by a finite element algorithm. Employing GA gradually modifies the generation of designs. The
design which completely protects the structure and whose cost is minimum is introduced as the optimum design. To show the
capability of the proposed method in achieving the optimum design, two examples are offshore presented.

Keywords: structures, Corresion, Cathodic protection, Optimization, Genetic aigorithms
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1. sacrificial anodes 4. direct coding
2. impressed current 5. fitness
3. genetic algorithm 6. cross over

1. Fleck, R.N. ‘“Numerical Evaluation of Current
Distribution in Electrical Systems,” MSc. Thesis,
University of California, 1964.

2. Doig, P., and Flewitt, P.E.J., “A Finite Difference
Numerical Analysis of Galvanic Corrosion,” J. of
Electrochem. Soc. Vol. 126, No. 12, pp. 2057-2063,
Dec.1979.

3. Helle, H.P.E., Beek, G.H.M., and Ligtelijn, J.T.H.,
“Numerical Determination of Potential Distribution
and Current Densities in Multi Electrode Systems,”

VAP e ) asled Y7 Jl (Il

s s cBli 1 015 o L Clody o
S b g lie pl s Ol (b Dol sk 4
slias 5 Al asT ledir Ly und go calins gla ie
SRS IS L (63l gy Al b e iley o Lai]
A Obodr andl 5 el (Jle ol (gl S5 o) S
S S5 (0 -9) JSL8 el st o3l 555
slowl Cblis o g 5 LT slws Oles Lol cpl (g5, » g
oo 0 ol g S das e DL ) S ) el
53 4,y L8a glakl sl oK1 o e 4 das e 0L Jle
2 T ol Slen S 03 e 5 el Sl b g 0
S osbw 5l cblis ol ot sl S1as o5le (6,
ol slaul 15T dslas blis oi5 ny Sl 0 IS
D 03 0ss b e 4l Sl e adl el
Lbo s ol ekl g3lu aug 5 Jubos l5l ozils

Spdal g (Sae sl L3L SKasl ST lax 5 e

6;:54’&:5_*
i Bl slaas Les S a5 Blas 5 sl Ll

Md&i)l.@}; e_}ﬁ)z cr_}JJMJ)J JLI&Q‘}J«M\L.«A\

ML ej‘j

7. mutation

aals
Corrosion/NACE, Vol. 37, No. 9, pp. 522-530, Sept.
1981

4. Fu, J.W., “A Finite Element Analysis of Corrosion

Cells,” Corrosion/NACE, Vol. 38, No. 5, pp. 9-12,
May 1982.

5. Kasper, R.G., and April, M.G., “Electrogalvanic
Finite Element Analysis of Partially Protected
Marine Structures,” Vol. 39, No. 5, pp. 181-188, May
1983.

Y


https://dorl.net/dor/20.1001.1.2251600.1386.26.1.4.1

[ DOR: 20.1001.1.2251600.1386.26.1.4.1 ]

6. Brebbia, C.A., Boundary Element Method for
Engineers, Pentech Press, 1980.

7. Danson, D.J., and Warne, M.A., “Current
Density/Voltage Calculations Using Boundary
Element Techniques,” In Proceeding of NACE
Conference, Los Angeles, USA, 1983.

8. Strommen, R., et al, “Advances in Offshore Cathodic
Protection Modeling Using the Boundary Element
Method,” NACE, Material performance, pp. 23-28,
Feb. 1987.

9. Telles, J.C., Wrobel, L.C., Mansur, W.J., and
Azevedo, J.P.S. Boundary Element for Cathodic
Protection Problems, Computational Mechanics
Publications: Boundary Element VII, Villa Olmo,
Lake Como, Itally, 1985.

10. Adey, R.A., and Niku, S.M. , “ Comparsion between
Boundary Elements and Finite Elements for CAD of
Cathodic Protection System,” BETECH Conference ,
South Australian Institute of Technology Adelaide
Australia , Nov. 1985.

11. Adey, R.A., and Niku, S.M., “Computer Modeling of
Galvanic  Corrosion,”  Proceeding of ASTM
Conference, Phoenix, Arizona, Nov. 1986.

12.Brebbia, C.A., and Niku, S.M., “Computational
Application of Boundary Element Methods for
Cathodic Protection of Offshore Structures,” OMAE
Conference, Houston, USA 1988.

13.Fu, JW., and Chow, S.K., “Cathodic Protection
Design Using Integral Equation Numerical Method,”

al

Corrosion Conference, NACE, Huston, Texas, USA,
March. 1982.

14. Adey, R.A., and Baynham, JM.W., “Design and
Optimization of Cathodic Protection Systems Using
Computer Simulation,” Proceeding of NACE
Corrosion conference, Orlando, USA, 2000.

15.Ruiz, A., Manzano, C., and Alonso, B., “Formulation
and Mathematical Model in Cathodic Protection,”
Private Communication with the Author at the
Department of Mathematics, Polytechnic University
of Madrid, Spain.

16.Ruiz, A., Gavete, L., Alonso, B., and Camara, A.,
“Simulation and Numerical Results for Cathodic
Protection Using Infinite Elements,” Private
Communication with the Author at the Department of
Mathematics, Polytechnic University of Madrid,
Spain.

17. Zienkiewicz, O.C., and Cheung, Y.K.K., The Finite
Element Method in Structural and Continuum
Mechanics, Mc Graw Hill, London, 1976.

18. Shreir, Corrosion, Vol. 2, Third edition, BH
Publication, 1993.

Gl S (555 1 B Chlix (gl gz o osE N
J_ISJ L;lm b LY .L;J)‘ w“)ls P QQL_“J}LL}J &LLJA
AYAY (e C,.yj_'“ J&Kls (P Lo

20.Goldberg, D.E., Genetic Algorithm in Search,
Optimization and Machine Learning, Addison —
Wesley, MA, 1989.

VAP e ) aled YF Jle (Il


https://dorl.net/dor/20.1001.1.2251600.1386.26.1.4.1
http://www.tcpdf.org

