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Abstract - Steel reinforcement corrosion is recognized as one of the major factor contributing to the performance 
deterioration of existing reinforced concrete (RC) structures. Corrosion in reinforcement triggers loss of steel reinforcement 
area and corrosion induced cracking and spalling of concrete promote reduction of concrete cross-sectional area. 
Reinforcement corrosion leads to deterioration of bond and anchorage between concrete and reinforcement directly 
impairing the stiffness, strength and deformation capacities of RC structural components. This paper presents a 
comprehensive synopsis of the research conducted in the area of seismic vulnerability of corroded RC structures such that 
the substantive findings of this study can be useful for researchers and practicing engineers to initiate their venture in this 
arena in future. 
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I. INTRODUCTION 
 
With numerous earthquakes occurring across the 
globe, seismic performance evaluation of existing 
Reinforced Concrete (RC) structures is of utmost 
significance. Over the past few decades, corrosion of 
steel reinforcement is identified as one of the major 
causes contributing to the inadequate seismic 
performance of existing RC structures. Corrosion in 
reinforcement of RC structures may be caused by 
carbonization, chloride ions, oxygen penetration, 
insufficient cover, etc. Expected damage in existing 
RC structures due to reinforcement corrosion is 
primarily dependent on the threshold levels of 
corrosion rate, corrosion amount, corrosion location 
and loss in cross sectional area of reinforcement bars.  
 
Seismic vulnerability assessment of Reinforced 
Concrete (RC) structures is traditionally conducted 
assuming that the structures are optimally maintained 
during their lifetime neglecting time dependent 
deterioration mechanisms adversely affecting their 
performance. Corrosion is a time-dependent 
phenomenon and thus, traditional seismic analysis is 
not applicable to seismic fragility evaluation of 
corroded RC structures. Time-dependent seismic 
fragility curves may be effective in seismic 
vulnerability assessment of corroded RC structures 
incorporating different parameters such as amount of 
corrosion, corrosion initiation time, rate of corrosion, 
etc. 
This research paper accumulates the existing research 
on experimental investigation, analytical modeling, 
retrofit strategies and vulnerability assessment of 
corroded RC structures. Excerpts from the study may 
be useful for researchers in initiating their academic 

venture in seismic vulnerability assessment of 
corroded RC structures. 
II. FAILURE MECHANISM OF CORRODED 
RC STRUCTURES 
 
Corrosion in reinforcement triggers loss of steel 
reinforcement area and thus, due to reduction of cross 
sectional area, the reinforcement bars in concrete 
become susceptible to buckling even before attaining 
their yield capacities. Corrosion in reinforcement also 
instigates corrosion induced cracking and spalling of 
concrete resulting in reduction of the concrete cross-
sectional area. Eventually, loss of steel reinforcement 
area and concrete cross-sectional area triggers 
reduction of load carrying capacity of structural 
members. Reinforcement corrosion leads to further 
structural distress due to deterioration of the bond and 
anchorage between concrete and reinforcement 
directly affecting the stiffness, strength and 
deformation capacities of RC structural components. 
Further, degradation of the bond strength causes an 
increase in the global drift ratio of corroded RC 
structures which is required to be incorporated in 
nonlinear seismic analyses. Corrosion of stirrups 
deteriorates the confinement behaviour and thus 
decreases the shear resistant capacity, potentially 
changing the failure modes from ductile flexural 
failure mode to brittle flexural-shear failure mode, or 
even shear failure mode.  
 
Additionally, transverse reinforcement is more 
susceptible to corrosion due to its smaller diameter as 
well as its position being closer to the concrete 
surface. Thus, corrosion leads to deterioration of 
confinement provided by transverse reinforcement. 
Moreover, during an earthquake, the energy 
dissipation capacity of corroded RC structures 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-4, Issue-6, Dec.-2017 
http://iraj.in 

Effect of Reinforcement Corrosion on Seismic Performance of Reinforced Concrete Structures 
 

43 

reduces causing more brittle behaviour. 
Consequently, corroded RC structures when 
subjected to strong ground motions exhibit 
inadequate seismic resistance culminating into 
progressive collapse. 
 
III. EXPERIMENTAL INVESTIGATIONS OF 
CORRODED RC STRUCTURES 
 
Ma, Che and Gong (2012) conducted experimental 
investigation of seismic performance degradation of 
13 RC columns under combined cyclic lateral 
displacement excursions and constant axial load after 
being subjected to accelerated corrosion tests. The 
control variables were the steel corrosion loss ratios 
ranging between 0% to 15.1% and the axial load 
ratios varying from 0.15 to 0.9. From the 
experimental results, strength and stiffness 
degradation models, ductility and energy dissipation 
capacities of columns were proposed. Experimental 
results revealed that higher corrosion levels and 
higher axial loads cause less stable hysteretic loops 
with more severe strength and stiffness degradations 
and worse ductility.  
 
Goksu and Ilki (2016) tested six RC columns under 
different levels of accelerated corrosion process 
causing different levels of damage ranging from 
slight to severe. After that, the columns were 
subjected to constant axial and reversed cyclic lateral 
loading to determine the adverse effect of corrosion 
on drift capacity of the columns. On the basis of 
experimental results, the deformation capacity of RC 
columns was calculated as a function of corrosion 
level for reliable seismic safety evaluation. Since 
existing seismic analysis and design documents do 
not contain specific guidance on response prediction 
of corroded RC structures, main objective of this 
study was to raise consciousness against misleading 
seismic evaluation of such structures due to improper 
consideration of reinforcement corrosion. 
 
Ou and Nguyen (2016) studied seismic performance 
of corroded RC beams where the corrosion was 
induced by the electrochemical accelerated corrosion 
method to reinforcement at various locations in the 
beams. Experimental results indicated that with 
increase in corrosion level in tension reinforcement, 
beam failure mode changes from flexural shear due to 
crushing of core concrete to flexural tension due to 
tension reinforcement fracture. Corrosion in 
longitudinal tension reinforcement affected the yield 
drift, yield load, peak load and ultimate drift when the 
failure was due to fracture of tension reinforcement. 
Corrosion in compression reinforcement adversely 
affected the yield drift. When the failure mode was 
flexural shear, corrosion in transverse reinforcement 
posed negative impact on the yield drift and ultimate 
drift. 
 

Yin, Yang, Ye and Li (2017) performed a corrosion 
test followed by low cyclic loading on seven RC 
columns of which two were the control specimens 
and the remaining five were strengthened with 
Textile-Reinforced Concrete (TRC). The 
experimental results indicated that TRC 
reinforcement can effectively reduce the effect of 
chloride ions on steel corrosion and delay the 
development of cracks in concrete. The hysteresis 
curve, initial stiffness and deformation capacity of the 
columns strengthened with TRC are superior to those 
of un-strengthened columns in the same corrosion 
environment. The displacement ductility factor of the 
strengthened columns decreases with the increasing 
corrosion ratio while the constraint efficiency of the 
TRC increases.  
 
IV. ANALYTICAL INVESTIGATIONS OF 
CORRODED RC STRUCTURES 
 
Yalciner, Sensoy and Eren (2012) evaluated seismic 
performance of a corroded, 25-year-old high school 
building in Turkey as shown in Figure 1 using 
SAP2000 software (V 14).  
 

 
Figure 1:  Analyzed corroded high school building (Yalciner 

Yalciner et al.) 
 
In the structural model, bond-slip relationships were 
quantified as a function of different time periods for 
non-corroded structures (t = 0), existing structures (t 
= 25) and 50-year-old structures (t = 50). It would 
incorporate time-dependent slip rotation into the 
global structural response by modifying the target 
post-yield stiffness of each structural member. 
Nonlinear push-over analyses and incremental 
dynamic analyses (IDA) for 20 earthquake ground 
motion records were respectively conducted to define 
the time-dependent plastic hinge properties and to 
quantify the performance levels of three different 
time periods as a function of corrosion rate. The 
research results indicated that bond-slip relationship 
between concrete and steel is crucial in non-linear 
seismic response of corroded RC structures. 
 
Karapetrou, Fotopoulou and Pitilakis (2013) 
developed time-dependent seismic fragility curves of 
RC frames considering performance degradation over 
time due to aging effects. Chloride induced corrosion 
was taken into account based on probabilistic 
modeling of corrosion initiation time and corrosion 
rate. Two dimensional incremental dynamic analysis 
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(IDA) was performed to assess the seismic 
performance of the initial un-corroded (t = 0 years) 
and corroded (t = 25, 50, 75 years) RC fixed base 
frames designed based on different seismic code 
levels. Time-dependent seismic fragility curves of a 
mid rise moment resisting frame were developed for 
immediate occupancy (IO) and collapse prevention 
(CP) and shown in Figure 2. A significant increase in 
seismic fragility of the structures was observed over 
time due to corrosion, highlighting the importance of 
considering the deterioration effects due to aging on 
the seismic vulnerability of structures. 
 

 

 
 

Figure 2:  Time-dependent Seismic Fragility Curves of a Mid 
Rise Moment Resisting Frame for Immediate Occupancy (IO) 

and Collapse Prevention (CP) (Karapetrou et al.) 
 
Zhang and Li (2014) studied the effect of corrosion of 
stirrup on seismic fragility of RC columns. From 
analysis results it was concluded that the RC columns 
with severely corrosion damaged transverse rebar had 
lower seismic capacity, smaller seismic ductility and 
brittle failure modes. From Pushover analysis results, 
it was observed that transverse rebar corrosion level 
above 10% may reduce the seismic capacity of 
columns by a great extent. Further, stiffness, ductility 
and energy dissipation capacity declines with increase 
in corrosion level. Additionally, transition of failure 
mode from flexure failure to shear failure was 
observed when the corrosion level of stirrups 
increased. 
 
Research papers by Bhargava et al. (2005, 2006) 
aimed at proposing analytical models to predict time 
for cover cracking in RC structural components due 
to rebar corrosion. Ranjith, Balaji Rao and Manjunath 
(2016) investigated the structural degradation of 
concrete structures due to reinforcement corrosion, 

primarily when the rebar in the concrete is exposed to 
the marine or aggressive environment. Bazant’s 
model, Morinaga’s model, Wang and Zhao’s model 
and IRC model were thoroughly studied to predict the 
service life of corroded RC structures. Further, 
parametric studies were conducted to study the 
impact of cover thickness, corrosion rate, increase in 
diameter of the bar, perimeter of the bar, etc. in the 
service life of corrosion-damaged RC structures. 
 
V. RETROFIT STRATEGIES OF CORRODED 
RC STRUCTURES 
 
Li, Gong and Wang (2009) studied the effectiveness 
of simultaneous application of carbon fiber-
reinforced polymer (CFRP) sheets and steel jacket to 
upgrade corrosion-damaged RC columns under 
combined lateral cyclic displacement excursions and 
constant axial load. Effectiveness of different 
strengthening techniques, effects of degree of rebar 
corrosion, axial load, CFRP sheets and steel jacket 
were included as variables in this study. 
Strengthening of corroded RC columns with 
combined CFRP sheets and steel jacket was effective 
in enhancing the seismic performance of the columns 
and yielded lower strength degradations in the 
hysteresis response. However, the corroded RC 
columns strengthened with combined CFRP sheets 
and steel jacket behaved better than those 
strengthened only with a single material.        
 
CONCLUSION 
 
Post-earthquake reconnaissance survey has revealed 
inadequate seismic performance of existing 
corrosion-damaged RC structures. This research 
paper synthesizes existing research on failure 
mechanism, experimental and analytical 
investigation, retrofit strategy, vulnerability 
assessment and time-dependent seismic fragility 
evaluation of corroded RC structures. Carbonization, 
chloride ions, oxygen penetration, insufficient cover, 
etc. are potential reasons of corrosion in 
reinforcement of RC structures. However, extent of 
damage due to reinforcement corrosion is solely 
reliant on the corrosion rate, corrosion amount, 
corrosion location, corrosion in longitudinal or shear 
reinforcement, loss in cross sectional area of 
reinforcement bars, etc. Consequently, corroded RC 
structures when subjected to strong ground motions 
exhibit inadequate seismic resistance culminating into 
total or partial progressive collapse. 
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