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Table (1) Statistical proppeties of corroded vriables
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Table (2) Comparing the simulation on the cofiecient of variation for initiation time and corrosion rate (icorr(1))

&5 3 (To) Saus o Oled dDo) o pon sla0 s SLasl s 13 ) ([So) 5 sla it 12 O Sl 5 55 ol 5 sl (F) Jr

(icorr(l)) AJL:JLA ;JJP

Distribution Probability function D To oore(1)
(x?)  Paramters (%) Paramters x? Paramters
Gamma f () =V L T(OJexp(cwx) 982,17 'i::%ﬁ 45731 'Viggi 1663.8 ‘V‘zgg
Gumbel 100 = el —en- 2] 43151 Bjjg:gg 1643.4 5121% 966.6 Ejg‘l‘
Lognommal 6,00t oenl 24| gsros O ammes TON usamr 0%
Normal £,00 = ng exp[— SN 17238 ‘:;2%21 34533 111251'_‘248 2685.9 Ezgfg
Weibull TR 0‘2‘:1 exp[_%y] 2058.2 §:§88551 1464.0 5‘:215% 3742.3 E‘:‘Z‘gg

Table (3) Probability destibutions and their parameters for corroded variables including threshold chloride concentration
(D), initiation time (T) and corrosion rate (icorr(1))
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Abstract:
Corrosion of steel bar has a complex process which leads to the reduction of cross section of steel bars and
degradation of concrete structures. Corroded steel bars are among the most important issues in durability of
concrete in the marine structures. Important effects of corrosion are seen in the damages made by corroded
concrete structures including all kinds of structural and non-structural damages. Structural damages are more
important because of the reduction of the safety factor of the structure in response to the applied external
loads. These failures include reduction of bars’ cross-section and changes in the mechanical behavior of
steel. Corrosion includes two processes: (1) corrosion initiation and (2) corrosion propagation. The corrosion
initiation is related to the time when corrosive ions reach to the surface bars and chemical features are
activated. Propagation is related to the time during which the structure loses its capability, subject to the loss
of the cross-sectional area of reinforced steel bars, reduction of bond, and crack initiation and propagation.
The predicted models of life-service of a reinforced concrete structure should contain two processes of
corrosion. In new structures, the initiation time of corrosion and insurance for the whole time of corrosion
initiation time is more important. Whereas, controlling the corrosion propagation must be regarded for
existing structures.
In this paper, statistical characteristics of the chloride diffusion coefficient, corrosion initiation time and
corrosion rate including the best probability distribution function and its parameters are investigated based
on Monte Carlo simulation of pitting corrosion data. The distribution function parameters of the corrosion
variables i.e. the chloride diffusion coefficient, corrosion initiation time and corrosion rate were calculated
using the Maximum likelihood method based on mathematical pitting corroded model. The model contains
corrosion initiation and corrosion propagation processes. The probability density functions such as: Gamma,
Gumbel, Lognormal, Normal, and Weibull were used in the statistical analyses of corroded pitting
parameters. The best probability distribution function was selected using chi-square method. The Lognormal
distribution function obtained the best probability function for the threshold chloride concentration, the
corrosion initiation time and the corrosion rate. The corrosion initiation time depends on four basic random
variables such as: compressive strength of concrete, concrete cover, threshold chloride concentration and
surface chloride concentration. Thus, statistical effects of these random variables on corrosion initiation time
are parametrically investigated using 10000 Mont Carlo simulations. It is obvious that increasing the
concrete resistance leads to an increase in the corrosion initiation time and standard deviation of the density
function. The concrete physical and mechanical characteristics are effective variables on the corrosion
initiation time but the threshold chloride concentration and the surface chloride concentration are insensitive
variables on the mean of corrosion time; however, they lead to significant changes in standard deviation of
the corrosion time. Finally, Various bar diameters such as: ®8, ®12, ®16 and ®20 were investigated in
time-dependent area of the corroded steel in concrete beams. Amount of the cover is important variable in
corroded cross section of bars. Also, increasing bar diameter and decreasing corrosion period led to a
reduction in the rate of the bars’ cross section.

Keywords: Probabilistic analysis, Mont Carlo simulation, reinforced concrete beams, pitting corrosion



