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Abstract— Reinforcement corrosion is a common cause of
deterioration of cement in reinforced concrete. The corrosion
mechanism involved and the consequent structural behaviour
of deteriorated reinforced concrete members have been
studied by several researchers. Nevertheless, the knowledge
obtained is primarily based on experimental investigations of
artificially corroded specimens whereas natural corrosion
may affect structural behaviour differently. This paper aims
to deepen the numerical understanding of the structural
effects of natural corrosion deterioration with a focus on the
remaining anchorage capacity between deformed bars and
concrete, as well as the investigation of possible links
between visual inspection data and structural damage.
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. INTRODUCTION

Current predictive models assume that the concrete is
uncracked. However, it is generally accepted that cracks,
which are normally present in field concrete, promote more
rapid penetration of aggressive agents (carbon dioxide,
chloride) and may thereby adversely affect long-term
integrity.

When dealing with corrosion in cracks, two different
mechanisms are possible:

—  Microcell corrosion; the anodic and cathode processes
take place only in the cracked zone. The anodes and
cathodes are very small and can hardly be separated. The
oxygen supply to the cathodes is through the crack.

—  Macro cell corrosion; the reinforcement within the crack-
zone acts mainly as an anode and the passive steel
surface outside the crack acts as cathode. The oxygen
transport to the cathode takes then place mainly through
the uncracked concrete area.

Converting corrosion rate to cracking and
delaminating rate requires assumptions about expansive
oxide growth and stresses required for cracking. Of course,
these simple time-to-cracking predictions are only indicative
and should be used with care. It is assumed an on-going
uniform rebar corrosion and an average rust expansion ratio
of 3 (relative to metallic iron), i.e. the volume of rust occupies
three times that of the original steel. Further, it is assumed
that 50 um section losses gives rise to cracking. This is in the
range of tests results reported by Broomfield [2003]. A
schematic illustration is shown in Fig.1. Based on these
simple assumptions and Eq. 2.6 (Vcorr=11.6-icorr), corrosion
rates can be converted to annual rust growths and the time
needed to cause cover cracking by the expansive oxides.
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Fig. 1: Schematic illustration of corroding rebar and
expansive rust: 50 um section loss of steel. Rust volume is
three times that of the corroded steel (150 pum)

A. Steel Corrosion

Electrochemical process during which coupled anodic and
cathodic reactions take place. In this paper will describe steel
corrosion models for uniform and localized corrosion.

Fig. 2: a) uniform corrosion b) pitting corrosion

1) Model of Corrosion 1
This model is used for the prediction of uniform corrosion.
The formula for the time related net rebar diameter d(t) in
exposure time t [years] reads
(t)={dip[di—0.0116icorrRcorr(t—ti)]
1) t<ti
2) ti<t<ti+di/0.0116icorrRcorr
3) t>ti+di0.0116icorrRcorr

Where ¢ is the uncertainly factor of the model [-], di
is the initial bar diameter [mm], t =ti + tp where ti is the time
to corrosion initiation, i.e. depassivation, and tp is the time of
corrosion propagation, parameter Rcorr [-] express the type
of corrosion. For uniform corrosion the coefficient Rcorr
equals 2. By the coefficient Rcorr also the effects of chloride
concentration, pH level or other conditions may be described,
whenever applicable. icorr is the current density (normally
expressed in pA/cm?2). For uniform corrosion, a mean value
can be considered as 1 pA/cm2 or calculated according to
(Petersson, 2004). This formula describes the dependence of
icorr on time derived on the basis of experiments for RC
flexular members as:
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2) Model of Corrosion 2

This model is used for localized corrosion. The studies by

Gonzales show that the maximum rate of corrosion

penetration in the case of pitting corrosion is 4-8 times that of

general corrosion. The depth of pit p(t)[mm] at time t [years]

can be estimated by the following equation
(t)=9[0.0116icorrRcorr(t—ti)]

Where ¢ is the uncertainly factor of the model [-],t
= ti + tp where ti is the time to corrosion initiation and tp is
the time of corrosion propagation. For ti < tp, p(t) = 0.
Corrosion current icorr 9 is taken as 3 pA/cm2 to mm/years
under the assumptions that steel (Fe) has n = 2 (number of
electrons freed by the corrosion reaction), M = 55.85 g
(atomic mass) and d = 7.88 g/cm3.

START

Time =0
¥

Chloride ion diffusion | Oxygen diffusion
1

Determination of
steel depassivation

If [C1] = [CH,, then B, = 90.7 mVidec )
It [CH < [CH,, then g, = iy =2Fg e

Determination of
limiting current density

Assign an essential B.C.

Pusegirr = Finar

Guess initial distribution of ¢ !
I

Construct natural B.C.'s Update the B.C. for oxygen
aj =ri Ly -
[haost 4y | an | e o 4FD,
! 1
Vig=0

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I Solve the governing equation I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Fig. 3: flow char to representation of corrosion in steel
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