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1. Introduction

This paper carried out an experimental investigation on the behavior of RC beams containing corroded
reinforcement. Results from earlier studies demonstrate a consistent association between the corrosion level
of reinforcements and carrying capacity of beams under static loading test (Dongetal,, 2011, Wang et al.,, 2015).
So far, however, there has been little discussion about the simultaneous effect of stirrup spacing and corrosion
level of reinforcements on crack patterns at failure and failure mode. Therefore, the main aim of this study is
to investigate the behavior of corroded beams with different stirrups spacing in several corrosion levels.
Evaluation of the corroded beams was carried out the crack pattern due to loading, residual ultimate strength,
and the failure mode of the beams.

2. Methodology

Twenty RC beams of 100x150x1500mm were evaluated after performing an accelerated corrosion test
under sustained load according to (Malumbela et al,, 2012), as shown in Fig. 1. The beams were divided into
three main groups according to the type of reinforcement corrosion, S: stirrup corrosion, T: tensile rebar
corrosion, and W: stirrup and tensile rebar corrosion. Two different stirrup spacing (3.5cm and 7.0cm) and 4
different degree of corrosion (0%, 5%, 10%, and 25%) were considered in each group. After the accelerated
corrosion process was completed, the beams were subjected to four-point loading.
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Fig. 1. Schematic setup of the accelerated corrosion process
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3. Results and discussion

The results are discussed in terms of crack pattern, failure mode, and residual ultimate strength of corroded
beams at different corrosion levels in each group:

3.1. Group S

The results of this study show that as the corrosion level becomes severer, more than ten percent, the failure
mode of the beams with corroded stirrups may change from shear type to bond failure. Ultimate strength
reduction in specimens with stirrups spacing 3.5cm is 25% more than those with stirrups spacing 7.0cm in
corrosion level of 25%. This unexpected result might be explained by the fact that the corrosion cracks are
interfered by decreasing the stirrup spacing from 7.0cm to 3.5cm in severe corrosion level, and as a result the
confinement effect on the bond behavior is decreased.

3.2. Group T

The failure mode of beams in group T (corrosion of longitudinal reinforcement) could change from shear to
shear-flexural in the corrosion level of 10%. This result could be due to the decrease in the longitudinal rebars
section. In this group, the ultimate capacities of corroded beams are nearly similar in both of specimens with
two different stirrups spacing (3.5cm and 7.0cm) up to 10 percent of the corrosion level. By increasing the
corrosion level (in corrosion level = 25%) the ultimate capacity of a corroded beam with stirrup spacing 3.5cm
is more than that of with stirrup spacing 7.0cm. As shown in Fig. 2, the failure mode of the specimens with
stirrup spacing 7cm in the corrosion level of 25% change to bond failure.
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Fig. 2. Crack patterns at the failure of the beams in group T
3.3. Group W

The results obtained from beams in group W indicate that the failure mode of all corroded beams in
corrosion level of 5% is shear. However, with increasing the level of corrosion (in CL=10%), the failure mode
of beams with stirrup spacing 3.5cm and 7.0cm change to shear-flexural failure and bond failure, respectively.

4. Conclusions

The present study was designed to determine the simultaneous effect of corrosion level of reinforcement
and stirrup spacing on the behavior of reinforced concrete beams. The failure mode of corroded beams may
change by decreasing the stirrup spacing, although this will depend on the degree of corrosion. The use of
transverse reinforcement with low spacing can increase the bond strength by controlling the crack widths and
maintaining the bonding of concrete surrounding reinforcement. Of course, it should be noted that in
specimens in group W, the decrease of stirrup spacing led to a decline in the ultimate strength capacity.
Corrosion cracks interaction is a factor in reducing the confinement of longitudinal reinforcements. At the same
degree of corrosion, the maximum deflection of corroded beams in the T group is more than thatin the S group.
So that in corrosion level 10%, the maximum deflection of the corroded beam in group T is 65% more than that
in group S.
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