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ABSTRACT: Corrosion of a steel bar may cause serious cracking in concrete cover due to expansion of
corroded steel. This affects greatly the serviceability as well as durability of concrete structures. It is
therefore necessary to determine realistically the amount of corrosion which causes the initiation of
cracking in concrete cover. The purpose of the present paper is to examine the amount of corrosion
which causes the surface cracking of concrete cover. For this purpose, a series of experiments have been
executed. The corrosion tests of a steel bar in concrete have been conducted and the strains on the surface of concrete cover have been measured according to various amounts of steel corrosion. From these
tests, the amount of corrosion which causes the initiation of cracking on the surface of concrete cover
was determined. The present paper proposes the appropriate cracking corrosion ratios which cause cover
cracking of reinforced concrete structures, which are important for accurate assessment of safety for concrete structures.
1 INTRODUCTION
During the last several decades, many concrete
structures have been built in severe environments
like sea and marine environments. Those structures are vulnerable to chloride attacks and may
suffer seriously from corrosion of reinforcing
bars. Accumulation of chlorides around a reinforcing bar will cause corrosion of the steel bar
in concrete when the chloride content reaches the
threshold value.
The cracking of concrete cover due to steel corrosion is an important and essential problem in concrete structures because it directly affects the durability as well as the safety of structures. Corrosion of
a reinforcing bar in concrete induces pressure to the
surrounding concrete due to the expansion of corroded steel. This expansion pressure induces tensile
stresses in concrete around the reinforcing bar and
eventually causes cracking through the concrete
cover.
It is therefore necessary to examine the amount of
corrosion or corrosion ratio for a reinforcing bar

which causes the initiation of cracking on concrete
cover. This may be dependent upon several factors
such as cover depth and concrete strength.
The main objective of the present research is
therefore to examine the corrosion ratio which
causes the cracking on the surface of concrete
cover. A series of experimental program has
been set up and main test variables are concrete
strength and cover thickness. Corrosion tests for
a steel bar in concrete have been conducted and
the strains on the surface of concrete cover have
been measured for various test series according
to the different amount of steel corrosion. The
cracking corrosion ratios of steel bars which
cause the initiation of surface cracking were then
determined from the present test results for various cover thicknesses and concrete strengths.
Reasonable determination of cracking corrosion
ratio is very important for the realistic prediction
of service life of concrete structures under corrosion environments because it is used to calculate
the cracking time of concrete cover.

2 DEFORMATION AROUND REBAR DUE TO
CORROSION
The corrosion-induced expansion in concrete generally induces tensile stresses and strains in the surrounding concrete. These tensile strains in concrete
increase as the corrosion of steel bar progresses. Further increase of tensile strain will cause cracking in
the surrounding concrete including the surface of
concrete cover during the expansion process.
The tensile strains on the surface of concrete cover
due to corrosion expansion are related to the corrosion
ratio wcorr of a steel bar in concrete, in which wcorr
represents the ratio of weight loss due to corrosion to
initial weight of a steel bar. The present study determines the corrosion ratios wcorr for various cases from
the comprehensive experimental study. Therefore, the
tensile strains on the surface of concrete cover were
measured for various corrosion ratios wcorr in the present study, and diagrams of strain versus corrosion ratio
have been obtained from those tests. These diagrams of
strain versus corrosion ratio enable to determine the
cracking corrosion ratio which causes the initiation of
cracking on concrete cover.
3 CORROSION TESTS FOR SURFACE STRAIN
MEASUREMENTS
3.1 Variables of tests
The surface concrete strains were measured as the
corrosion of steel bar in concrete progresses in order
to determine the corrosion ratio which induces the
cracking on the surface of concrete cover. For this
purpose, a comprehensive experimental program has
been set up to execute the corrosion tests of steel bar
in concrete.
Table 1. Measured material properties of concretes.
Elastic
Compressive Tensile
Test
W/C
Strength Modulus
Strength
Series (%)
MPa
MPa
MPa

Cracking
Strain
(x10-3)

N
H

0.125
0.131

0.55
0.45

27.5
40.3

3.10
3.93

24,821
30,019

The major test variables are the cover thickness
and compressive strength of concrete. The concrete
cover thicknesses varied from 20 mm to 50 mm. The
water-cement ratios of concrete considered here
were 0.55 and 0.45 in order to see the effects of
compressive strength (see Table 1). The test series
were designated here as the test series N for W/C =
0.55 (compressive strength fc′ = 27.5 MPa) and the
test series H for W/C = 0.45 (fc ′= 40.3 MPa), respectively. The test specimen identification H-4 represents the specimen with compressive strength fc′ =
40.3 MPa and cover thickness c = 40mm.
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Figure 1. Photo for accelerated corrosion tests.
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Figure 3. Strain values measured on the surface as function of
corrosion ratio for test series H with different cover thicknesses.

4.2 Effect of concrete strength
Figure 4 shows the increase of surface strain with an
increase of corrosion ratio for various concrete
strengths and cover thicknesses. It can be seen that in
the case of cover thickness of 20mm, the surface
strain versus corrosion ratio curves are almost same
irrespective of various concrete strengths.

Figure 4. Strain values measured on the surface as function of
corrosion ratio for cover thickness c = 2 cm and c = 4 cm for
various test series.

However, for thicker concrete cover of 40mm, the
surface strain profiles according to corrosion ratio
are much different among the different concrete
strengths, i.e., among the different test series of N

of concrete (see Table 1).
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structure and pore size distribution (water-to-cement
ratio, cement chemical composition, SF content,
curing time and method, temperature, mix additives,
etc.). In the literature various formulations can be
found to describe the sorption isotherm of normal
concrete (Xi et al. 1994). However, in the present
paper the semi-empirical expression proposed by
Norling Mjornell (1997) is adopted because it
Proceedings of FraMCoS-7, May 23-28, 2010
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The material parameters kcvg and ksvg and g1 can
be calibrated by fitting experimental data relevant to
free (evaporable) water content in concrete at
various ages (Di Luzio & Cusatis 2009b).
2.2 Temperature evolution
Note that, at early age, since the chemical reactions
associated with cement hydration and SF reaction
are exothermic, the temperature field is not uniform
for non-adiabatic systems even if the environmental
temperature is constant. Heat conduction can be
described in concrete, at least for temperature not
exceeding 100°C (Bažant & Kaplan 1996), by
Fourier’s law, which reads
q

= − λ ∇T

(7)

where q is the heat flux, T is the absolute
temperature, and λ is the heat conductivity; in this

