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A Study on the Development of Corrosion Prediction System
of Reinforcing Bars in Sea-shore Structure
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Park Seung-Bum Kim Do-Gyeum

ABSTRACT

Service life of concrete structures that are exposed to the environmental attack is
largely influenced by the corrosion of reinforcing bars due to the chloride contamination.
Chloride ions penetrate continuously into concrete from the environment, and chloride
diffusion velocity is governed by a mechanical steady state. In this study, a method is
developed to predict corrosion initiation of reinforcing bars in the sea-shore structures,
based on governing equations that take into account the diffusion of chloride ions and a
mechanical steady state.

As a result of this study, Corrosion Prediction System (CPS) is developed, and it can
be used to determine an optimal time for repair and rehabilitation actions need to be
taken. Futhermore, CPS assists the concrete mixing design and determination of concrete
cover depth in the design process of new structures by predicting of chloride
concentrations in concrete mixture, exposed to salt concentrations and service
environment.

Keywords : chloride, diffusion, prediction, corrosion, sea-shore structure, corrosion
prediction system. prediction method
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Freundlich binding isotherm :

Cb = (YC:J (15)
Linear binding isotherm :
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Table 1 Regression analysis results for error function by

Cady™

Term | Coefficient | Standard [rror| t-Observed

ms 0.00092278 | 0.000040014 23.059

m; -0.020777 0.0006429 -32.313

ms 0.17881 0.003580 49.936

mo -0.72907 0.008069 -90.344

mi 1.39621 (1.006247 223,486
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erf(p)=Klpﬁ+K2p5+K3p4+K4p3+K5p2+K6p
Ki = + 0.00946, Kz = - 0.10522
K; = + 043814, Ky = - 0.75950
Ks = + 0.15175, K¢ = + 1.10763 (23)
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Table 2 Regression analysis results for error function by the
present study

Regression Analysis Results

Multiple correlation Coefficient 0.9999993
Determination Coefficient 0.9999987
Modified Determination Coefficient 0.9965856
Standard Error 0.0003210
Sample No. 299
Term | Standard Error | t-Observed P-Values
Ks 0.000601 1843.572 0
K 0.002331 65.10739 2.7TE-176
Ky 0.003289 -230.93 0
Ks 0.002131 205.6384 0
K 0.000644 -163.51 6.4E-290
K, 7.34E-05 128.8718 4.8E-260
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Submerged Zone
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- Tidal Zone

Cwr = —0.3-C/W + 0.4 (32)

- Atmospheric Zone :
Cas = —0.3-C/W + 0.21 (33)

Table 3 Threshold chloride ion concentration

— Threshold Value
Researcher(s) Year Ke/m” 1% by Con'c wi.
Lewis™ 1962 0.7 0.030
Hausmann®"’ 1967 |0.2~2.8] 0.009~0.122
Berman™”’ 1972 0.77 0.034
Clear & Hay®' | 1973 10.6~0.9] 0.026~0.039
Clear™’ 1974 | 0.66 0.029
Stratfull™”’ 1975 | 0.66 0.029
Cady™ 1978 10.6~1.3| 0.026~0.057
NRC™ 1979 - 0.028~0.041
Browne™"’ 1980 | 1.33 0.058
Pfeifer™” 1986 0.5 0.022
Brian™’ 1987 - 0.014~0.022

Table 4 The critical threshold values™

Condition Cl % by Concrete Weight
W/C=0.3| W/C=0.4|W/C=05

Submerged Zone 0.33 0.3 0.225

Tidal Zone 0.15 0.12 0.09

Atmospheric Zone 0.12 0.09 0.06
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Table 5 Structural Properties™™*

Structure Name (.é\egaer) Fnc‘];;%r:gf:stal (kg;zmg)
RC Pile (1)* 30 | Submerged -
RC Pile (2)* 30 | Submerged | -
Gerjae Big Bridge®® 24 Tidal 164
Sumjingang Bridge™ | 22 Tidal 267
Samchuk Bridge™ | 29 Tidal 195
Yongdu Bridge™’ 17 | Atmospheric| 205
Sukpo Bridge™ 30 | Atmospheric| 187
Byensang Bridgeam 48 Tidal 155
Sangseo Bridge™ 33 Tidal 184
Jupo Bridge™' 24 Tidal 152

Table 6 Chloride diffusion coefficients

Structure Name De(10%cm?/s)
RC Pile (1) 0.9076
RC Pile (2) 2.2824
Gerjaedae Bridge 2.5712
Sumijingang Bridge 3.215
Samchuk Bridge 1.4894
Yongdu Bridge 1.213
Sukpo Bridge 1.1368
Byensang Bridge 1.085
Sangseo Bridge 1.0283
Jupo Bridge 1.44
1.4
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Fig. 4 Variation of Water soluble chioride profiles for RC

Piles
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Fig. 5 Water soluble chloride profiles for RC Bridges by
field data and CPS Analysis

Table 7 Predictions of corrosion times

B

2

Sumijingang Bridge

2

Structure Name

Corrosion time (Year)

RC Pile (1) 7.16
RC Pile (2) 2.85
Gerjae Big Bridge 2.53
Sumjingang Bridge 1.95
Samchuk Bridge 4.36
Yongdu Bridge 5.36
Sukpo Bridge 5.71
Byensang Bridge 5.99
Sangseo Bridge 6.32
Jupo Bridge 5.51
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