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Corrosion Bar
Degree  Diameter Reference
@) mm

20 10 Lin and Zhao[13]

4.85 10 Mansoor and
Zhang[26]

5.0 10 Mangat and Elgarf[27]
11.0 10 Chung et al. [28]

9.0 10 Berra[29]

7.8 10 Al- Sulaimani et al.[6]
16.1 12 Abosrra et al.[30]
3.88 12 Imperator and

Rinaldi[31]
12.46 12 Cabrera [12]
20.75 12 Almusallam et al.[32]

15 12 Stanish et al.[14]

25 12 Tondolo[33]

13.7 14 Wang et al.[34]
18.75 14 Yalciner et al.[35]

2.2 14 Chung et al. [1]
9.0 14 Fang et al. [25]
30.0 14 Lee et al.[36]

20.0 16 Castel et al.[37]
3.77 16 Rodriguez et al.[7]
20.0 16 Blomfors et al.[38]
10.44 16 Zhao et al.[39]

Table 1. Corrosion range and rebar diameter used in
experimental Research from literature.
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Abstract

Reinforcement corrosion in concrete structures is considered as one of the main important issues that
degrade the durability of RC structures. The concrete environment has a high alkali content (pH = 13) which
protects the steel reinforcement against corrosion. Corrosion of steel rebar begins in case of reduced alkalinity
of the concrete environment in the presence of moisture and oxygen. One of the most important effects of
reinforcement corrosion is to reduce the bond between concrete and rebar. Chloride and carbonation induced
corrosion caused a reduction in reinforcement cross-sectional area, reduction in bond strength, cracking and
lamination of concrete cover. Corrosion produces materials that contain more volumes than the materials used
in the corrosion process, and this increase in volume causes changes in the bond strength as well as the
appearance of cracks. Bond strength enables the force transfer from reinforcing steel bar into concrete and
guarantees the composite manner of reinforced concrete structures. The main mechanisms affecting the
transfer of forces between rebar and concrete include adhesion, friction, and anchorage bonding. In ribbed
bars, the anchorage bond caused by mechanical locking between the concrete and the rebar ribs plays the most
important role in bond strength. Many empirical models have been developed to estimate bond strength during
the corrosion propagation period. The experimental results are different depending on the test conditions and
how to prepare the samples. Models presented by different researchers, even for the same basic assumptions,
have fundamental differences in the predicted bond strength, which causes uncertainty in the choice of model
and results. In this paper by regression of existing empirical results, some different models are presented for
each bar diameter. This study uses laboratory results that have the same initial assumptions; for example,
concrete samples having the same dimensions and compressive strength. The reinforcement diameter and
corrosion current density are two basic variables in bond degradation models that have been considered for
investigation of uncertainty in proposed models. Based on the results, the bond reduction during the corrosion
propagation is exponential and the effect of the uncertainty of the corrosion current density is greater than the
bar diameter. The effect of uncertainties on the coefficient of variation of the results is more than the effect on
the mean. The bond reduction for the smaller diameter bars was lower than the larger bars such that for 10 and
16 mm diameters at 15% corrosion, the bond to primary bond ratio was 0.46 and 0.28, respectively. The
regression of existing experimental results shows that the uncertainty of the residual bond prediction model is
lower for smaller bars. This is due to the effect of the ratio of concrete cover to rebar diameter as the rebar
diameter increases. When the same corrosion current is induced inside the bars, because the same mass of the
bars is corroded, the corrosion rate of the smaller bars is greater than the larger bars. The standard deviation
of the residual bond strength during the corrosion expansion period is almost constant. The coefficient of
variation of the bond strength depends on the average bond strength, so this parameter increases over time.

Key Words: Reinforcement corrosion, bond reduction, probabilistic model, chloride ingress, concrete
durability
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