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ABSTRACT

When reinforcing bars start corroding inside the concrete, it is difficult to arrest the
corrosion process without using any technique to protect the reinforcing bars against
corrosion. One of these techniques, is removing the contaminated concrete around steel
bars and cleaning them by using sand blast to remove the rust. Sand blast is not easy to
use especially in closed areas where it results in high pollution and may cause
suffocation to workers . Thus, a chemical agent was developed by chemical companies,
called rust - stop or rust removal to clean the corroded reinforcing bars instead of sand
biast.

The purpose of this research is to study the efficiency of the new material in removing
the rust and its influence on the bond between reinforcing steel and concrete. The
parameters studied in this research are the type of the chemical agent according to the
chemical composition of each company, the compatibility with the epoxy coating and the
efficiency of this material in protecting steel bars against aggressive media. Pullout and
flexural tests have been carried out and visual inspection was recorded and discussed to
determine the effect of the rust removal agent on the bond strength.
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INTRODUTION

Corrosion of reinforcing steel bars is
considcred thc most critical factor
affceting  the durability of concrete
structurcs. Reinforcing bars can corrode
before being placed in concrete, for any
reason, through out the period of
construction when the steel reinforcement
is  being exposed to  aggressive
environment without any protection or
inside concrete due to the chloride ingress.
Once the reinforcing bars start corroding
inside the concrete, it is difficult to stop
the process and hence the safety, load
capacity and design life of the structure
are significantly reduced with time.
Previously, several investigations have
been performed to  study  various
techniques for protecting the reinforcing
bars against corrosion and their effect on
the bond strength between the reinforcing
bars and concretc (1-9). Examples of these
tcchniques  are  coating  with  epoxy,
cathodie protection method, desalination
method, realkalisation method and
corrosion inhibitors . In case of epoxy
coating which is the most commonly
method used to protect steel bars, rust and
scales must first be removed around steel
bars using sand blast, then the epoxy is
applied to eover the steel bars. The
method of removing rust in this case is
difficult and causes high pollution and
also may causes suffocation to workers in
closed areas. A chemical product was
devcloped by chemical companies, called
rust — stop or rust removal, it reaets with
the iron oxidc, converting it into a stable
chemical compound (10).

The purpose of this research is to study
the efficiency of the rust removal material
in removing the rust and its influence on
the bond strength between steel bars and
concrete. The pullout and flexural tests are
uscd to cvaluate the bond strength,

2.EXPERIMENTAL
PROGRAM

2.1 Test Specimens

To achievc the objective of this research,
the test program was divided into four
phases. The first phase is weighing the
group of different diameters of corroded
steel bars before and afier brushing the rust
converter to show if there is a loss or
increase in the weight and to inspect the
steel bars surface after brushing the rust
converter. The second phase is to immerse
steel bars brushed with rust converter and
others without rust converter in saturated
sodium chloride solution, at ambient
temperature  for two  weeks. The
concentration of the salts in solution was
30000 p.p.m. Wetting / drying cycles werc
repeated day after day for two weeks and
visual appearance was monitored. The third
phase is the pullout test to determine the
bond strength. A total of 30 pullout
specimens were tested in ten groups. Each
group consists of three specimens (15x30

cm cylinder) with an embedded deformed
steel bar of 10 mm diameter at the center of
the specimens. The details of the studied
parameters are shown in Table (1). The
fourth phase consists of five group. The
specimen used in this phase is shown in
Fig. (1), which illustrates the configuration
and dimensions of the test specimen. The
specimen is a flexural beam separated in the
middie with the reinforcing bar (10 mm
diameter) crossing the gap. This test is
preferred over a direct pullout test because
it is more realistic and simulates the actual
condition in beams or slabs. The details of
the parameters of this phase are shown
Table (2).

2.2 Materials

Concrete was made of OPC, sand and
crushed stone (dolomite). The mix
proportions, by weight, for a cubic meter
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which were used to cast all the test
specimens were,

Cement ; dolomite :sand  : water
350kg 1180 kg 590 kg 180 liter
The compressive strength of concrete after
28 days was 440 kg/cm®.

Zinc-epoxy anti-corrosion  coaling,
which is commercially applied in

accordance with ASTM A 775 96, is used
to coat the steel bars after removing the
rust .

Rust stop or rust removal (also called
rust converter) is primers with beige colour
designed to be applied directly to a rusty
surfaces. There are two  primary
components in a rust converter (10), a
tannin (usually in the form of tannic acid)
and an organic polymer. The organic
polymer provides a protective primer layer
since the conversion reaction occurs faster
in an acidic environment. The tannin is the
heart of a rust converter. It reacts with iron
oxide, converting it to iron tannate, a stable
blue/black corrosion product. This type is
that used in this research. Rust converters
are simple to use, they can be brushed or
sprayed on the surface of the steel (the
surface must be clean and dust free). Within
20 minules afler application, the converter
will turn any rust it touches into coal black.
The rcaction is completely cured after 24
hours or longer if the ambient humidity
exceeds 75% to 80% . Rust converters are
formulated to be used as primers. Unlike
traditional coatings, they must not be
sanded and they should always be followed
with a compatible topcoat (10). Two types
of rust converters have been used in this
program .

2.3.Specimens Preparation and
Testing
First, corroded steel bars of length 60

cm werc prepared. According to the test
program indicated in Tables (I & 2) the

rust is removed using rust convericr ol
wire brush, where the rust changed to a
black layer immediately afier brushing
with rest converter as shown in Fig. (2).
Within 20 to 30 minutes, this layer
becomes dry. After 24 hours, some of
these bars were coated with zinc-rich
epoxy or other layer of rust converter and
the others were uncoated. Then, the steel
bars were placed in the mould of pullout
or flexural test and the concrete was cast.
Twenty four hours after casting, thc
moulds were removed and the spccimens
were cured in water for 28 days, then they
were left in lab environment until the datc
of testing after three months. The steel
bars of the first and second phascs were
prepared as above. The ultimate loads for
pullout test groups were recorded at the
first slip or at 0.25 mm slip, which ever
smaller. The flexural beams were tcsted
under central load, and the load
corresponding to the first slip of the steel
bar was recorded where it represents the
bond failure load.

3.,TEST RESULTS AND
DISCUSSION

3.1 Visual Inspection

A group of corroded steel bars consists
of 72 pieces with diameters of 10, 12, 16
and 18 mm is weighed before and after
applying the rust converter. It was found
that by applying the rust converter (rust
removal), the colour of the steel bars
changed in a few seconds to the black
colour consisting of a very thin protective
primer layer. The increase in the weight of
steel bars after brushing with rust
converter ranged from 0.20 to 0.80 % .
Twenty four hours after applying the rust
converter, a group of steel bars coated
with one and two layers of rust converter
and other uncoated, is cxposed to wetting/
drying cycles in salted solution for two
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weeks, [t is observed that the rust is
existed over the whole length of the
uncoated bars, while spots of rust was
found on the bars coated with one layer
which may appcar at the weak points of
painting, on the other hand, therc are no
traces of rust on the bars coated with two
layers as shown in Fig. (3). Also, to study
the efficiency of this layer when the steel
bars embedded into the concrete, after the
pullout tests were performed the
specimens were split and inspected. It is
obscrved that for all specimens having
stcel bars coated with one or two layers of
rust converter, these layers were torn due
to the pullout of bars but the colour of
sieel bars is still black and there are no
traces of rust existence along the
embedded length of the bars. On the other
hand, there is no change on the surface
condition of the embedded length of steel
bars coated with rust converted and zinc-
epoxy. While with respect to the bars
where the rust is removed by wire brush,
the rust is appeared once again along the
steel bars. The details of the results are
shown in Table (3).

3.2 Bond Strength Results
3.2.1 Pullout Test Results

Bond stress is calculated as the average
siress between the reinforcing bar and
surrounding concrete along the embedded
portion of the bar. Table (4) indicates the
tvpe of failure of pullout tests for each
variable. It is shown from the table that the
fiiture tvpe of the tested specimens in the
pullout test is not constant for all the
studied variables. For corroded bars
coated with one or two layers of the rust
converter and followed with, or without,
epoxy coating, the failure was due to the
free end bars slip. But for specimens
having uncorroded bars, whether coated
with rust converter only or rust converter
and epoxy coating, the failure was due to

the fracture of steel bars outside the
concrete cylinder. At the same time, no
readings of dial gage was recorded at the
free end. This may be due to the increase
of shearing force which is generated at the
ribs of uncorroded bars compared with
that generated in case of corroded bars. In
both cases of failure, the ultimate loads
obtained at the failure of each specimen
are used to calculate the bond strength.

Figures (4a, b, ¢ & d) show the effect
of the investigated different parameters on
the values of bond strength. Fig. (4a)
shows the effect of rust removal method
on the bond strength values. It is observed
from the figure that the bond strength
value for the specimen CB (rust removed
by wire brush) and CA (rust removed bzy
rust converter) is 487 and 45 kg/cm®,
respectively where the reduction between
them is 7.6 %. For specimen PA
(uncorroded bar coated with rust
converter) where the failure was due to
the fracture of steel bars, the bond
strength value is 60.6 kg/em®. The higher
value of this specimen compared with the
values of specimens CB and AC is due to
the corrosion of steel bar ribs for these
specimens than specimen PA. The bond
strength values for specimcns CB, CA
and PA after coating with zinc-rich epoxy
which is denoted by CBZ, CAZ and PAZ
are 48, 47 and 58.8 kg/em?, respectively.
The difference between the bond strength
values of these specimens and the
corresponding  values of specimens
without epoxy coating is insignificant as
shown in Figs. (4a & b). The bond
strength values of spccimens CAA
{coated with two layers of rust converter)
and CAAZ (coated with two layers of rust
converter and one layer of epoxy) are 37.5
and 46.7 kg/cm®, respectively comparcd
with the value of 45 kg/cm’ recorded for
the specimen CA which is coated with
one layer as show in Fig. (4¢). Fig. (4d)
shows the effect of rust converter types on
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the bond strength values, where the
difference between the two corresponding
values is insignificant whether for
specimens coated with rust convertcr or
coated with rust converter and epoxy. In
general, from this discussion one can
extract that the values of bond strength of
coated bars with rust converter as a rust
removal does not significantly affect in all
the investigated parameters compared
with the value obtained for the specimens
having corroded bars, where the rust is
removed by wire brush.

3.2.2Flexural
Results

Five groups of flexural beams are
chosen and tested to determine the
realistically bond strength. Table (5) and
Fig. (5) show the values of the bond
strcngth results. The results indicate that
the bond strength values of corroded bars,
where rust is removed by wire brush as in
specimen BB then coated with zinc-epoxy
as in specimen BBZ, are 23 and 21
kg/em?,  respcctively. Thesc  values
represent 0.92 and 0.84 of the value
recorded for specimen with uncorroded
bar, BP, .

The samc behavior is observed for
specimen BA (corroded bar coated with
rust convertcr) and specimen BAZ
(corroded bar coated with rust converter
and zinc-epoxy) where the ratio between
the bond strength values of these
spccimens and that one of specimen BP is
0.88 and 0.90, respectively. This means
that, the difference between the bond
strength values of corroded bars coatcd
with rust converter and zinc-epoxy and
the value obtained for uncorroded bar
ranges from 16 % to 12 % and this
reduction is in agreement with others for
thc - coated bars (7) when taking into
consideration the corrosion of ribs which
took place. It is also observed that the

Beam  Test

difference between the bond strength
values of specimens having corroded bars,
where the rust is removed by wire brush,

and those wusing rust converter is
insignificant.
4. CONCLUSIONS

The following conclusions are drawn
from the expenmental studies of this
investigation :

| —The rust removal agent (rust convericr)
exhibited a higher efficiency in
removing the rust of steel bars. Wherc
it reacts with iron oxide, converting it
into iron tannate, a stable blue / black
corrosion product within few seconds
and it completely dries in 20 to 30
minutes.

2 —Rust converters can be used instead of
sand blast or wire brush in removing
the rust, they formulated to be used as
primers, but they must not be sanded.

3 —In case of corroded bars having scales,
these scales should first be removed.
then the rust converter is applied.

4 -To get more protection for corraded
steel bars, rust convertcr must be
followed by epoxy coating.

5 It is not recommended to use the rust
converter for more than one layer.

6 —Bond strength is reduced by 7.6 %
when bars are coated with rust
converter, while this reduction is
insignificant when the bars are coatcd
with epoxy.

7~The bond strength obtained from
flexural beam test shows a reduction in
the values for coated corroded bars by
12 to 16 % compared with that
obtained for uncorroded bars.
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Table (1) : Details of Studied Parameters in the Pullout Tests

Ne Specimen* Specification of Specimen
1 CB The rust of the bar is removed by the wire brush.
2 CA The rust of the bar is removed by the chemical agent.
3 CBZ The rust of the bar is removed by the wire brush, then the bar is coated with
zing-rich epoxy.
4 CAZ The rust of the bar is removed by the chemical agent, then, the bar is coated
with zinc-rich epoxy.
5 PA The bar without rust {clean) but painted with chemical agent.
6 PAZ The bar without rust (clean) but painted with chemical agent, then coated
with zinc-rich epoxy.
7 CAA The rust of the bar is removed by the chemical agent, after drying of this
layer another layer is painted.
3 CAAZ The bar of this specimen is cured as specimen CAA and then coated with
zinc-rich epoxy.
9 CA2 This specimen is as specimen CA but using a chemical agent from another
company.
10 CA2Z This specimen is as specimen CAZ but using chemical agent prom another

company

* each specimen consists of 3 cylinders.

Table (2) : Details of Bond Test Using Flexural Beam

No Specimen* Specification of Specimens
1 BP Beam with one bar of 10 mm diameter where the bar without rust
(uncorroded)
2 BA Beam with one bar of 10 mm diameter where the rust of the bar is removed
by the chemical agent.
3 BB Beam with one bar of 10 mm diameter where the rust of the bar is removed
by the wire brush,
4 BBZ This specimen is as specimen BB and after removing the rust, the bar is
coated with zinc-rich epoxy.
5 BAZ This specimen is as specimen BA and after removing the rust, the bar is

coated with zinc-rich epoxy.

* cach specimen consists of 3 beams.
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_Tablc (3) : The Results of Visual Inspection

Specimen* Visual observation
CB There is a trace of rust spots in different locations along the steel bar
CA The rust converter layer is torn as a layer but the colour of the embedded length of
steel bar is black and there is no trace of rust along the bar.
CBZ There is no change on the surface of the embedded length of coated steel bar
(coating with epoxy)
CAZ There is no change on the surface of the embedded length of coated steel bar
{coating with one layer of rust converter and zinc-epoxy)
PA The rust converter layer is torn as a layer but the colour of the embedded length of
steel bar is black and there is no trace of rust along the bar.
PAZ There is no change on the surface of the embedded length of coated stee! bar
(coating with one layer of rust converter}
CAA The rust converter layer is torn as a layer but the colour of the embedded length of
L steel bar is black and there is no trace of rust along the bar.
CAAZ There is no change on the surface of the embedded length of the coated steel bar
(coating with two layers of rust converter and one layer of zinc-rich epoxy).
CA2 The rust converter layer is torn as a layer but the colour of the embedded length of
L steel bar is black and there is no trace of rust along the bar.
CA2Z There is no change on the surface of the embedded length of the coated sieel bar

(coating with one layer of another type of rust converter and zinc-rich epoxy).

Fiexural Beams

There is no change on the surface condition of the apparent part of steel bar which is
coated with rust converter or zinc-rich epoxy.

Table (4) : Type of Failure of Pullout Tcst Specimen

No Specimen Type of Failure
! CB Two samples failed due to slipping and one due to the fracture of bar
L outside the concrete cylinder.
- CA The three samples failed due (o the slipping of free ends of bars.
3 CBZ Two samples failed due to slipping and one due to the fracture of bar
outside the concrete cylinder,
4 CAZ The three samples failed due to the slipping of free ends of bars.
5 PA The three samples failed due to the fracture of steel bars outside the
concrete cylinder,
6 PAZ The three samples failed due to the fracture of steel bars outside the
L concrete ¢ylinder.
7 CAA The three samples failed due to the slipping of free ends of bars.
| CAAZ The three samples failed due to the slipping of free ends of bars.
CA2 The three samples failed due to the slipping of free ends of bars.

(0 CA2Z The three samples failed due to the slipping of free ends of bars.
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Table (5) : Bond Strength Values Obtained From Flexural Beam Test

Specimen Bond strelzlgth Bond strength of corroded bhar
Kg/cm Bond strength of BP
BP 25 1.0
BB 23 0.92
BA 22 0.88
| _BBZ 21 0.84
BAZ 22.5 0.90

Steel angle

Dail gage

AL.A#

1 L
¥ ¥

——
=

5.0 25 10 25 50

Y= high tensile steel (36/52), Dimensions in cms
Cross section of the beam {0x10 cm

Fig. (1) Typical beam specimen for bond test
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Fig {2} Corroded Steel Bars Atter Brushing With Rust Converter

Fig (3) Steel Bars After Exposing to Wetting/ Drying Cycles in Salted Solution
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A) Effect of Rust Removal Methed B) Effect of Zinc-Epoxy Coaling
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Fig.(4) The Values Of Bond Strength Obtained From The Puilout
Tests For Different Parameters
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Bond Strength,(Kg/cm?)

BP BB BA BBZ BAZ
Specimen Type

Fig.(5) Bond Strength Results Obtained From Flexural Beams Test.





