
Annual Conference of the Prognostics and Health Management Society, 2010 
 
 

 1 

Detecting Corrosion of Steel Prestressing Strands Using 
Acoustic Emission  

Mohamed K. ElBatanouny1, Jesé Mangual1, Paul Ziehl2, and Fabio Matta3 

1 Graduate Research Assistant, University of South Carolina, Columbia, SC, 29208 
elbatano@email.sc.edu 
mangualj@email.sc.edu 

 
2 Associate professor, University of South Carolina, Columbia, SC, 29208 

ziehl@cec.sc.edu 
 

3 Assistant professor, University of South Carolina, Columbia, SC, 29208 
mattaf@cec.sc.edu 

ABSTRACT1 

America’s transportation infrastructure has been 
receiving intensive public and private attention in 
recent years, particularly highway bridges. Corrosion of 
reinforcement steel is a main durability issue especially 
for concrete structures present in coastal areas and in 
areas where de-icing salts are routinely used.  
 Acoustic emission (AE) is a promising method for 
detecting corrosion in steel reinforced concrete 
members. This type of non-destructive testing (NDT) 
method primarily measures the magnitude of energy 
released within a material when physically strained. 
The expansive ferrous product resulting from corrosion 
induces pressure at the steel-concrete interface creating 
micro-cracks which can be detected by AE sensors. In 
this study, five concrete blocks with embedded 
prestressing steel strands were built and tested under 
accelerated corrosion conditions to evaluate possible 
correlations between AE activity and the onset and 
progression of corrosion. AE data along with half-cell 
potential measurements were recorded during the test to 
determine the stages and the overall deterioration 
process. Afterwards, the steel strands were removed 
from the specimens, cleaned and weighed; then the 
results were evaluated vis-à-vis Faraday’s law with 
respect to the degree of corrosion present in each 
block.*  

                                                           
* This is an open-access article distributed under the terms of 
the Creative Commons Attribution 3.0 United States License, 
which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original author and source are 
credited. 

1. INTRODUCTION 

Recent studies by the American Society of Civil 
Engineers (ASCE) show that more than 26% of the 
nation’s bridges are either structurally deficient or 
functionally obsolete. While some progress has been 
made in recent years to reduce the number of deficient 
and obsolete bridges in rural areas, the number in urban 
areas is rising (Liu and Weyers, 1998). A $17 billion 
annual investment is needed to substantially improve 
current bridge conditions. Currently, only $10.5 billion 
is spent annually on the construction and maintenance 
of bridges (Almusallam, 2001). The ASCE Report Card 
provides a D average for America’s overall 
infrastructure quality, where deteriorating conditions 
and inflation have added almost a trillion dollars to the 
total repair cost and maintenance since the last report 
card was published in 2005.  
 Bridge structures were presented with a C average 
under the ASCE guideline, proving that most of these 
constructions have been poorly maintained, and are 
unable to meet current and future demands, and in 
some cases, unsafe. It is crucial to keep in mind that a 
healthy transportation infrastructure is the backbone of 
a progressive economy. Therefore, a clear need exists 
towards developing effective non-destructive testing 
methods and proper evaluation criteria assessment of 
the damage level and residual life of bridge structures 
in the United States.  
 Corrosion of reinforcing steel is the most common 
source of deterioration in concrete bridges. Concrete 
protects the reinforcement by passivation. A resistant 
oxide forms surrounding the reinforcement, where a pH 
of 13-14 may be found adjacent to the steel. Corrosion 
of the steel reinforcement may occur at  pH levels of 11 
and lower. In seawater environments the pH may reach 
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4. AE has the ability to detect the on-set of 
corrosion earlier than half-cell potential 
measurements which is one of the most 
common NDT methods used to detect 
corrosion. 

5. The presence of corrosion activity can be 
verified from AE data represented in wave-
forms, while the location where AE activity is 
generated can be determined using source 
location triangulation abilities.  

For future work, a generalized approach should be 
developed to validate the use of AE sensing in a field 
environment and to link AE data with different stages 
of corrosion. 
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