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1 Introduction

Reinforced concrete is very used in civil construction how structural element. Consequently,
the incidence of deterioration in this type of structure is increasing, mainly problems related
with corrosion (Bossio et al., 2015). Necessity to better understand this degradation process,
in order to improve the quality and performance of structures, resulted in the microstructural
study of steel bars at 70-year-old that aged naturally. For this, were used scanning electron
microscopy (SEM), energy dispersive X-ray spectroscopy (EDS) and mechanical tensile test.

2 Methods

Three steel bars (37-CA class) composed the sample, that were cut to 10 mm (0.39 in.) in
length and metallographic preparation was performed to preserve the corroded edges. SEM
was used to analyze the samples general structure, allowing the visualization of grains and
grain boundaries. EDS Linescan technique allowed the comparison of samples chemical
composition between the grains not corroded in relation to the corrosion products layer. And
tensile test was performed to analyze the material behavior during the test until its rupture. It
is possible to compare to the minimum resistance required by the standard.

3 Results

Through microstructural analysis was possible to observe the homogeneity in specimen grain
structure, as well as two distinct grain tones, some grains are lighter than others,
characteristic of different phases. Figure 1 (a) shows the presence of corrosion product layer
formed, with irregular edges wear, as well as different corrosion depths from 62.38 um to
381.20 um. And Figure 1 (b) exhibits the variation of main chemical elements, checking the
variation in oxygen and iron concentration, from the center to the corrosion layer. A high
concentration of iron and an insignificant amount of oxygen were found in the non-corroded
region, and upon reaching the corrosion layer, the iron concentration drops abruptly and the
oxygen concentration increases. In addition, several micro-cracks were seen in the corrosion
layer, showing the material's fragility.
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Figure 1. SEM image (a) of corrosion product layer (b) EDS Linescan image.

Mechanical tensile test obtained the bars strength limit, following ASTM E8.E8M: 2016.
Comparing the results, strength values ranged between 338 MPa and 385 MPa (around 12 %).
Regarding the minimum elongation, a difference was greater, 23 %. Standard ABNT EB
3:1939 defines the minimum strength tensile of 370 MPa for these steel bars (37-CA class).
Only one specimen comply with the standard resistance and other one comply with the
minimum elongation of 18 %. Then, no specimen fully complied with the standard.

4 Conclusions

The corroded layer in different depth shows an irregular corrosion process of the bars. In this
layer, several microcracks were found, confirming its fragility. By EDS test illustrated the
difference between uncorroded and corroded region, with the greater presence of oxygen from
the corroded layer. And mechanical tensile test indicated no specimen fully complied with the
standard resistance and minimum elongation. Steels bars exhibited advanced state of
corrosion. These results showed the high degradation in steel after 70 years of natural aging.
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