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Abstract

Chloride induced corrosion is the main cause of corrosion in reinforced conerete structures. Electrochemical chloride extraction,
also known as desalination, is applied to concrete structures containing ordinary reinforcement in order to extract chlorides from the
concrete. During this process, atomic hydrogen zenerated on the steel surface can cause hvdrogen embrittlement of the steel. High
strength steels, such as those that are used in pre-stressed conerete, are particularly susceptible to hydrogen embrittlement which, at
worst, can result in the sudden and unpredictable collapse of a structure. This paper presents the results of a series of constant exten-
sion rate tests conducted on 22 pre-stressed concrete specimens that had been subjected to elecirochemical chloride extraction. The
paper concludes that the risk of hydrogen induced brittle fracture due 1o electrochemical chloride extraction cannot be altered with
modification of the treatment parameters, such as current density or treatment duration. It was also uninfluenced by different surface
states of the steel (corroded or not corroded). Therelore, based on the findings of this study, it can be concluded that electrochemical
chloride extraction should not be applied to pre-stressed concrete.

2 2005 Elsevier Ltd. All rights rescrved.
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1. Introduction

Structures suffering from chloride induced corrosion
generally have high replacement costs and a desirable
remaining service life so that more expensive long term
protection and repair costs are justified. Traditional re-
pair of concrete structures consists of patch repair where
the concrete is mechanically removed from the structure
and replaced with repair mortar. This form of repair is
preferred for carbonated or physically damaged con-
crete with local damage to the concrete cover. Chloride
contamination of a structure is, in most cases, environ-
ment related and exists throughout the lifetime of the
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structure. Therefore, damage is likely to reoccur. Fur-
thermore, the removal of carbonated and otherwise
sound concrete cover is cost, time and labour intensive.
Where the concrete cover is still intact, the aggressive
environment permanent, electrochemical rehabilitation
methods are the best and cheapest repair solution,

2. Electrochemical rehabilitation

Four main types of electrochemical treatment may be
applied to a structure namely, cathodic protection (CP),
cathodic prevention (CPr), electrochemical chloride
extraction (ECE) and re-alkalisation (ReA). The
first application of CP dates from 1824 [1]. When CP
is applied as a rehabilitation measure to corroded
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reinforcement, the steel surface potential is adjusted to a
value where corrosion is reduced ["J] The current density
required for CP in concrete is between 0.010 and
0.020 A/m?* of the steel surface [3]. The application of
CP to pre-siressed concrete structures has been investi-
gated in the past [4,5], but it is rarely applied because
of the inherent danger of hydrogen embrittlement {HE).

CPr is used to suppress the initiation of corrosion of
reinforcement in aggressive environments and has to be
used from the start Df service Ilfc The potential of the
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side effects are reduced bond strength [16], altered con-
crete pore size [17], HE and HISCC failure of high
strength steel and alkali-silica reaction [18].

4. Definition of critical failure mode

During processes, such as CP and ECE, atomic
hydrogen is generated on the steel surface, It penetrates
the steel and may cause “hydrogen embrittlement”. Tihc
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