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ABSTRACT

Corrosion of steel embedded in concrele is a complex elecirochemical phenomenon, Out of many factors. stresses and
cracks in the concrata siructuras play an imporfont rola in the corrosion of structuras when the sfructures ore exposed fo marine
condifions. An alfempt is made to understand the behaviour of concrete structures under bending stresses. Evaluation of the
cofrosion of embedded stressed steel is done by monitoring the corrosion potentials by polarization technique. Appropriate
concrete beams were prepared by bending the reinforcement rods with the help of bolts and nuls. The strass level in the steel &
voried from zero to 23 N/mm?. These specimens were exposed fo marine conditions near Goon walers. Specimens were removed
pericdically af moenihly infervals and the sfudy continued for § months. They were subjected fo polarization studies. The valuaes of
corrosion potentials obtained show that sirass level points are vuinerable for severe corosion.

INTRODUCTION

Under the combined effacts of axposure to ocean
environment and heawy structural loading. there are a number
of olher deteriorating processes taking ploce. It s observed
that electrochemical comosion of the reinforcement raprasents
a savare thraat to the durabiity of concrata. This is mainly due
to the comosive environment ot the steel-concrete interfoce
coused by permeation of chloride and hydroxide ions which
raduce the alkalinity around the reinforcement thus lowering
corrosion resistonce of the concrete (Verbeck. 1978 and
ACI-222, 1985). These factors ore mainly responsible for the
formation of micro-corrosion cells leading to the formation of
anodic and cathodic zones. Further, these processes may be
accelerated by cracks in the concrete because these cracks
provide easy access to the comosive medium (Tuthi, 1978). The
crocks moy be widened by excessive comosion of the
embedded steel. The volume of the comosion product being
maore than the volume of steel ond so more space would be
needed. in order to provide for the exira space cracks would
develop. However. it may take a long fime to reach this stage.

In addition to these foctors, there exists another
important factor namely siress in the structural element arising
out of loading of the structure. Stress comosion cracking will be
more severe than the effect produced whan stress and crack
act separately,

In stressed steel, a small domage coused by corrosion
can lead to a serous loss in tensie strength as cormosion

continues at the anpdic area. The other possible factor may
be stress comosion cracking at its intergranular interface where
hydrogen gas may be absorbed cousing loss of ductiity and
cracking The result of this may leod to reduction in the
cohesive strength of steel.

EXPERIMENTAL SET UP

The performance of shressed and cracked concrete
beams was studied in the marine environment of Dona Paula,
Goa. Specimens of RCC beoms (size of 50 x 80 x 1000 mm) of
1:1:2 grade with water cement rafic of 0.45, cast using ordinary
Portiand cement, crushed gronite and river sand ware used,
Eoch beam was provided with two 10 mm diometer
reinforcement rods with o cover of 20 mm. Provision was mode
for using the ends as anode teminaks. The specimens were also
provided with o hole of diometer 20 mm ot each end for the
steel bolt to effect strasses in the beam (Plate 1). The
specimens were cured in potable water for 28 days. Then they
were grouped into four categories.

First sat: Beoms without stress and without crack.

Second set: Baams with stress ond without crack. For this,
stress level ot the centre of the beam was 27 N/mm’ with no
visible cracks observed on the specimens.

Third set: Beams under siress and with cracks. The stress
level at the centia of the beom was 59 N/mm’. At this level of
stress a crack width of 1mm was observed very near the centre
of the beam. Cracks were also observed on either side of the
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centra. The crack widih reduced from | mm at the centra to
0.3 mm ot a dstance of 100 mm on either side of centre.

Fourth set: Beams with crack but without stress. Thase
beoms were subjected to siress on account of which they
developed crocks, After releasing the stress, the crock depths
closed to some extent. The crack ot the centre was about 0.3
mm while other crocks were not visible to the noked eye.

Thase specimeans wera kept in the splash zone in sea for
a period of § months.

RESULTS AND DISCUSSION

The half cell potential values faken along the length of
the beam using silver/siver chloride electrode in saturated KCI
in respect of all the four sets of beams ot various stages of
axposure are shown in Figs. 1-6.

From these volues one con readily see that there is o
particular trend in the varation of potential along the bar. Half
ceall potentiak are on the increasea in all types of beams. But this
increase is again influenced by the presence of either sfress or
crack or both.

Cracks have played an impertant rele in the corrosien of
steal bars. In the absence of stress and crack, half cell potential
readings have increase rom about -550 mV fo about -568 mv
over an exposure period of 4-5 months, But this trend is higher
(-550 mV to -615 mV) when the bars were subjected to
bending stress of 23 N/mm’ at the centre of the beam with no
visible cracks on the beam. Further, these values of potentials
have increased when the stress level in the rod is ako
increased to 59.3 N/mm”. The change in values at this stage i
from -555 mV to -630 mV. it is also observed that the potential
towards the end where bending stress is negligible remained
mare of less at a constant level around -570 mV. From these
values it is observed that the bending stress induced in the steel
bar contiibuted to increase in the potential. These stress levels
might hove resulted in almost invisible hairine cracks. These
cracks will have on easy occess to comosive ogencies like
chiorine, oxygen etc. They adlso cause lowering of pH around
the embadded steal.

The variation is found to be marginal of the initial stage
of 3 day exposure. This may be due to ingress of ions into the
concraete through the natural voids present in the concraete,
This variafion has shown some difference for on exposure time
of 60 days or more. Stress levels ond cracks have played an
important role in increasing the comosion potentials. But this
trend has been amested to some extent between 30 and 40
days. The main reason for this sudden variation could be the
passivation of the sieel surfoce. A similor frend has been
observed when comosion was monitored by the change in
resistance when the exposure is continued beyond 80 days
and the frend continues on account of the aggressivenass of

both the stress and cracks (Patil, 1985 and Patil et al, 1988), At
this stage steel exhibits transpassive zone. The difference of
potentials observed after 150 days is quite large.

CONCLUSIONS

Based on the obsaervations and resulls of the present
investigation conducted in marine environment, the following
conclusions have been diawn:

1. Shessed ond crocked concrete beams are mora
vulnerable to comoson thon mere crocked concrete
beams. ’

2. Haoiline cracks in the concrete structre coupled with
opplied stress in the reinforcement enhances corrosion of
the embedded steel.

3. Reinforcement rods show active-passive and transpassive
bahaviour over the period of exposure.

4. Comosion potentials vary as a function of the bending
stress distribution. being the maximum aof madmum
bending moment point and least ot the support point
where the bending moment s zero,
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