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Abstract: The enhanced performance due to the addition of steel within concrete elements has thrust 

reinforced concrete structures to be one of the most commonly used construction materials in the world. 

Reinforced concrete structures are exposed to a variety of deterioration mechanisms during their 

operational existence, each of which contributes to reducing their service life, durability, and load bearing 

capacity. The longevity of these reinforced concrete structures is strongly connected to degradation 

processes, whose origin is environmental and/or functional. Among these processes is the initiation and 

evolution of corrosion on the steel reinforcement. Steel reinforcement has direct effects on the durability, 

safety, and useful service life of a reinforced concrete structure. The reliability of an engineering design is 

measured by the probability that a design meets certain demands under certain conditions, or its resistance 

will be able to sustain given loads. The main focus of this study is to develop a reliability-based service life 

prediction model using the uncertainties characteristically recognized in the parameters included in 

established corrosion detection processes. Reliability algorithms, such as Advanced First Order Reliability 

Method (AFORM), were used to analyze the effects of key factors within both uniform and localized 

corrosion conditions on time- dependent reliability. The results clearly illustrate the decrease in reinforced 

concrete element reliability after exposure to corrosion due to the reduction in flexural capacity of the steel 

reinforcement 

 
Keywords:. Christian Mission, Anglican Church, Civilizing Mission, Romanticism, Eastern and Orient 

 

REFERENCES 

[1]. AASHTO LRFD Bridge Design Specifications. Washington, D.C. :American Association of State Highway 

and Transportation Officials, 2017. Print. 

[2]. Allen T.M., Nowak A.S., Bathurst R.J. 2005. Calibration to Determine Load and Resistance Factors for 

Geotechnical and Structural Design. Transportation Research E-Circular(E-C079). 

[3]. Almusallam A A. Effect of degree of corrosion on the properties of reinforcing steel bars. 

[4]. Construction and Building Materials 2001; 15(8): 361-368, https://doi.org/10.1016/S0950-0618(01)00009-5.  

[5]. Bastidas-Arteaga E, Bressolette P, Chateauneuf A, Sánchez-Silva M. Probabilistic lifetime assessment of RC 

structures under coupled corrosion–fatigue deterioration processes. Structural Safety 2009; 31(1): 84-96, 

https://doi.org/10.1016/j.strusafe.2008.04.001.   

[6]. Bastidas-Arteaga E, Sánchez-Silva M, Chateauneuf A, Silva M R. Coupled reliability model of 

biodeterioration, chloride ingress and cracking for reinforced concrete structures. Structural Safety 2008; 

30(2): 110-129, https://doi.org/10.1016/j.strusafe.2006.09.001.   

[7]. Bertolini, L., Elsener, B., Pedeferri, P., Redaelli, E., and Polder, R. (2018). Corrosion of Steel in Concrete - 

Prevention, Diagnosis, Repair (2nd Edition), John Wiley & Sons. 

[8]. Bhargava, K., Mori, Y., and Ghosh, A. K. (2011). "Time-dependent reliability of corrosion-affected RC 

beams—Part 1: Estimation of time-dependent strengths and associated variability." Nuclear Engineering and 

Design, 241, 1371-1384. CRC Press, Cambridge, England Boca Raton. 

[9]. BRITE/EURAM. (1995). “The residual service life of reinforced concrete structures.” Final Technical Rep. 

BRUE CT92-0591, Brite/EURAM, European Union. 



IJARSCT  ISSN (Online) 2581-9429 

    

 

       International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

                             International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

 Volume 8, Issue 1, August 2023 

Copyright to IJARSCT                   471 

www.ijarsct.co.in                                                   

Impact Factor: 7.301 

[10]. Bushman J B, Engineer P P. Calculation of Corrosion Rate from Corrosion Current (Faraday's Law). 

Bushman & Associates Inc. 2000. 

[11]. Cairns, J., Plizzari, G. A., Du, Y. G., Law, D. W., and Franzoni, C. (2005). "Mechanical properties of 

corrosion-damaged reinforcement." 256-264. 

[12]. Castaneda, Homero; Karsilaya, Aydin; Okeil, Ayman; and Taha, Mahmoud Reda, (2018). Publications. 26. 

https://digitalcommons.lsu.edu/transet_pubs/26. 

[13]. Castro-Borges, P., Balancán-Zapata, M., López-González, A. Analysis of Tools to Evaluate Chloride 

Threshold for Corrosion Onset of Reinforced Concrete in Tropical Marine Environment of Yucatán, México, 

J. Chem. 2013 (2013) 1–8. doi:10.1155/2013/208619. 

[14]. Cicek, V.: Corrosion Engineering and Cathodic Protection Handbook. Wliey, Hoboken (2017). 

[15]. Dai H, Wang W. Application of low-discrepancy sampling method in structural reliability analysis. 

Structural Safety 2009; 31(1): 55-64, https://doi.org/10.1016/j.strusafe.2008.03.001. 

[16]. Darmawan MS, Stewart MG. Spatial variability of pitting corrosion and its effect on the reliability of 

prestressing wires. In: Der Kiureghain A, Madanat S, Pestana JM, editors. Nineth International Conference 

on Applications of Statistics and Probability in Civil Engineering, 1. Rotterdam: Millpress; 2003. p. 541–8. 

[17]. Darmawan, M. S. (2010). "Pitting corrosion model for reinforced concrete structures in a chloride 

environment." 91-101. 

[18]. Dolinski, K. 1982. First Order Second Moment Approximation in Reliability of Structural Systems: Critical 

Review and Alternative Approach. 

[19]. Drewett, J.; Broomfield, J.: An introduction to electrochemical rehabilitation techniques. 

[20]. Technical Note 2. CPA Technical Note (2011). 

[21]. DuraCrete. Probabilistic performance based durability design of concrete structures. The European Union-

Brite EuRam III Project BE95-1347; 2000. 

[22]. Ellingwood B. Development of a probability based load criterion for American National Standard A58: 

Building code requirements for  minimum design loads in buildings and other structures. US Department of 

Commerce, National Bureau of Standards; 1980, https://doi.  org/10.6028/nbs.sp.577.   

[23]. Elsener, B., and Angst, U. (2007). "Mechanism of electrochemical chloride removal." Corrosion Science, 49, 

4504-4522. 

[24]. Frangopol, Dan M., and Allen C. Estes. “Lifetime Bridge Maintenance Strategies Based on System 

Reliability.” Structural Engineering International, vol. 7, no. 3, Aug. 1997, p. 193. 

[25]. Geiker, M. R., and Polder, R. B. (2016). "Experimental support for new electro active repair method for 

reinforced concrete." Materials & Corrosion / Werkstoffe und Korrosion, 67(6), 600-606. 

[26]. Ghanooni-Bagha, M., Shayanfar, M. A., Reza-Zadeh, O., and Zabihi-Samani, M. (2017). "The Effect Of 

Materials On The Reliability Of Reinforced Concrete Beams In Normal And Intense Corrosions." Wpływ 

Stosowanych Materiałów Na 

[27]. Niezawodność Belek Żelbetowych W Warunkach Normalnej I Silnej Korozji., 19(3), 393. 

[28]. Gonzalez JA, Andrade C, Alonso C, Feliu S. Comparison of rates of general corrosion and maximum pitting 

penetration on concrete embedded steel reinforcement. Cement Concrete Research1995;25(2):257–64. 

[29]. Goyal, A., Pouya, H. S., Ganjian, E., Claisse, P. J. A. J. f. S., and Engineering (2018). "A Review of 

Corrosion and Protection of Steel in Concrete." 43(10), 5035-5055. 

[30]. Hasaan, J., Bressolette P., Cheateauneuf, A., El Tawil, K. Reliability-based assessment of the effect of 

climatic conditions on the corrosion of RC structures subject to chloride ingress. 2010. 

[31]. Heiyantuduwa, R., Alexander, M. G., and Mackechnie, J. R. (2006). "Performance of a Penetrating 

Corrosion Inhibitor in Concrete Affected by Carbonation-Induced Corrosion." Journal of Materials in Civil 

Engineering, 18(6), 842-850. 

[32]. Holicky, 2009. Reliability Analysis for Structural Design. 



IJARSCT  ISSN (Online) 2581-9429 

    

 

       International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

                             International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

 Volume 8, Issue 1, August 2023 

Copyright to IJARSCT                   472 

www.ijarsct.co.in                                                   

Impact Factor: 7.301 

[33]. Kaszyńska M.,Nowak A.S.,TargetReliabilityforDesignandEvaluationof Bridges, Proceedings of the 

Conference on Bridge Management 5, ed. Parke, G.A.R. and Disney, P. at University of Surrey, U.K., April 

2005, pp. 401-408.   

[34]. Kaukaas. 2018. Mean Value First Order Second Moment Method (MVFOSM). 

[35]. Koch, G. H. et al. Corrosion Cost and Preventative Strategies in the United States. Report No. FHWA-RD-

01-156, 773 (NACE International, Houston, 2002). 

[36]. Liberati, E. A. P., Leonel, E. D., and Nogueira, C. G. (2014). "Influence of the 

[37]. reinforcement corrosion on the bending moment capacity of reinforced concrete beams: a structural 

reliability approach." Revista IBRACON de Estruturas e Materiais, Vol 7, Iss 3, Pp 379-413(3), 379. 

[38]. Liu T, Weyers RE. Modeling the dynamic corrosion process in chloride contaminated concrete structures. 

Cement and Concrete Research 1998;28(3):365-79. 

[39]. Markeset and Mydral. Modeling of Reinforcement Corrosion in Concrete – State of the Art. 2008. 

[40]. Marques, P.F.; Costa, A.: Service life of RC structures: carbonation induced corrosion. 

[41]. Prescriptive vs. performance-based methodologies. Constr. Build. Mater. 24, 258– 265 (2010). 

https://doi.org/10. 1016/j.conbuildmat.2009.08.039 

[42]. Nogueria et al. Probabilistic Failure Modeling of Reinforced Concrete Structures Subjected to Chloride. 

2012. 

[43]. Nóvoa, X. (2016). "Electrochemical aspects of the steel-concrete system. A review." Journal of Solid State 

Electrochemistry, 20(8), 2113-2125. 

[44]. Nowak, A. S. (1999). “Calibration of LRFD bridge design code.” NCHRP Rep. No. 368, Transportation 

Research Board, Washington, DC, 37. 

[45]. Nowak, A. S., and Collins, K. R. (2000). Reliability of structures, McGraw- Hill, New York. 

[46]. Nowak, A. S., and Szerszen, M. M. (2003). “Calibration of design code for buildings (ACI 318): Part 1. 

Statistical models for resistance.” ACI Struct. J., 100(3), 377–382.  

[47]. Okeil, Ayman M., et al. “Reliability Assessment of FRP-Strengthened Concrete Bridge 

[48]. Girders in Shear.” Journal of Composites for Construction, vol. 17, no. 1, Jan. 2013, pp. 91-100. 

EBSCOhost, doi:10.1061/(ASCE)CC.1943-5614.0000315. 

[49]. Östlund L. An estimation of γ-values. Bulletin du Comité Euro-international du Béton 1991(202): 38-97. 

[50]. Popov, B. N. (2015). "Chapter 1 - Evaluation of Corrosion." Corrosion Engineering, B. N. Popov, ed., 

Elsevier, Amsterdam, 1-28. 

[51]. Poupard, O., Aït-Mokhtar, A., and Dumargue, P. (2004). "Corrosion by chlorides in reinforced concrete: 

Determination of chloride concentration threshold by impedance spectroscopy." Cement & Concrete 

Research, 34(6), 991. 

[52]. Shayanfar, M. A., Barkhordari, M. A., and Ghanooni-Bagha, M. (2015). "Estimation of Corrosion 

Occurrence in RC Structure Using Reliability Based PSO Optimization." 531-542. 

[53]. Stewart MG. Spatial variability of pitting corrosion and its influence on structural fragility and reliability of 

RC beams in flexure. Structural Safety 2004;26(4):453– 70. 

[54]. The Concrete Society: Guidance on the use of stainless steel reinforcement. Concrete Society, TR 51 (1998) 

[55]. Turnbull, A. (1993). “Review of modeling of pit propagation kinetics.” Br. Corros. J., London, 28(4), 297–

308. 

[56]. Tutti, K. (1982). "Corrosion of Steel in Concrete " CBI Swedish Cement and Concrete Institute 469. 

[57]. Val DV. Deterioration of strength of RC beams due to corrosion and its influence on beam reliability. J 

Struct Eng, ASCE 2007;133(9):1297–306 

[58]. Val DV, Melchers RE. Reliability of deteriorating RC slab bridges. J Struct Eng ASCE 1997;123(12):1638–

44.   

[59]. Vu K, Stewart M G, Mullard J. Corrosion-induced cracking: experimental data and predictive models. ACI 

Structural Journal 2005; 102(5):  719-726.   



IJARSCT  ISSN (Online) 2581-9429 

    

 

       International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

                             International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

 Volume 8, Issue 1, August 2023 

Copyright to IJARSCT                   473 

www.ijarsct.co.in                                                   

Impact Factor: 7.301 

[60]. Vu K A, Stewart M G. Structural reliability of concrete bridges including improved chloride-induced 

corrosion models. Structural Safety  2000; 22(4): 313-333, https://doi.org/10.1016/S0167-4730(00)00018-7. 

[61]. Wong. 1984. First-Order, Second Moment Methods. 

 


