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Abstract. The study presented herein aims to investigate the durability related properties of rubberized
concrete. Two types of waste scrap tire rubber were used as fine and coarse aggregate, respectively. The
rubber was replaced with aggregate by three crumb rubber and tire chips levels of 5, 15, and 25% for the
rubberized concrete productions. In order to improve the transport properties and corrosion resistance of
rubberized concretes, SF was replaced with cement at 10% replacement level by weight of total binder
content. The transport properties of the rubberized concretes were investigated through water absorption, gas
permeability, and water permeability tests. The corrosion behavior of reinforcing bars embedded in plain and
silica fume based rubberized concretes was investigated by linear polarization resistance (LPR) test. The
results indicated that the utilization of SF in the rubberized concrete production enhanced the corrosion
behavior and decreased corrosion current density values. Moreover, the reduction in the water and gas
permeability coefficients was observed by the incorporation of SF in plain and especially rubberized
concretes.
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1. Introduction

Disposal of waste materials is one of the most serious environmental problems all around the
world. Waste tire is one of these disposal waste materials. Generally, burning the waste tires has
become the cheapest and easiest way to decompose them. The air pollution, however, caused by
the release of large amounts of green house gases due to combustion, makes this method so
unacceptable that it has also been prohibited by law in many countries (Siddique and Nail 2004,
Sukontasukkul and Chaikaew 2006). Utilization of the waste rubber as raw material for rubber
products is suggested by some researchers (Eldin and Senouci 1993a). The waste rubbers obtained
from the cryogenic milling of tires are also used in the hot mix asphalt pavements as a fine
aggregate addition (dry process) and binder modifier (wet process) (Siddique and Nail 2004).
Moreover, utilization of waste materials in cement-based composite materials as an additive has
been proposed (Rebeiz et al. 1992, Rebeiz et al. 1993, Rebeiz et al. 1994, Wang et al. 1994, Wu et
al. 1996, Segre and Joekes 2000, Soroushian et al. 2003, Wang et al. 2012, Al-tayeb et al. 2013,
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Issa and Salem 2013, Yung et al. 2013). In recent years, some researchers have attempted to use
the rubber aggregate in concrete by replacing with some part of natural aggregates (Gesoglu and
Glneyisi 2007, Issa and Salem 2013, Yung et al. 2013). In the literature, use of crumb rubber and
tire chips as rubber aggregates has found a lot of attention. In many studies, the natural aggregate
was replaced with rubber aggregate to investigate effect of rubber on the mechanical performance
(Eldin and Senouci 1993a, Eldin and Senouci 1993b, Lee et al. 1993, Eldin and Senouci 1994,
Topcu 1995, Savas et al. 1996, Toutanji 1996, Topcu 1997, Topcu and Avcular 1997, Li et al.
1998, Raghavan et al. 1998, Khatip and Bayomy 1999, Ali et al. 2000, Rostami et al. 2000,
Gineyisi et al. 2004, Gesoglu and Giineyisi 2007, Al-tayeb et al. 2013, Issa and Salem 2013,
Wang et al. 2013, Yung et al. 2013). The results in these studies indicated that the replacement of
the natural aggregate with rubber aggregate decreased the compressive strength. Siddique and
Naik (2004) discussed that the size, proportions, and generally surface texture of rubber particles,
and type of cement used in rubberized concrete greatly affected the compressive strength of
concrete mixtures. The studies on size effect of rubber particles revealed that the compressive
strength of concrete produced with only coarse rubber particles was decreased more than produced
with fine particles (Eldin and Senouci 1993a, Topcu 1995, Rostami et al. 2000).

Several studies showed that the reduction in the strength of concrete is because of adhesion
deficiency between the rubber particles and cement paste (Eldin and Senouci 1993a, Topgu 1995,
Gesoglu and Giineyisi 2007, Gesoglu and Giineyisi 2011, Rahman et al. 2012). For that reason,
surface treatment was applied on the rubber particles through immersion in NaOH before using in
concrete production in an attempt to enhance the adhesion between the rubber and matrix (Eldin
and Senouci 1993a, Raghavan et al. 1998, Li et al. 1998, Segre and Joekes 2000). Generally, this
method was used to modify the surface of the rubber particles through immersion in NaOH
aqueous solution for increasing its adhesion to the surrounding cement paste. Furthermore, it was
reported that by the utilization of ultrafine mineral admixtures such as silica fume, fly ash and rice
husk ash, the homogeneity of concrete was increased and the number of large pores in matrix is
decreased (Mehta and Gjorv 1982, Feldman and Huang 1985, Mindess 1994, Inthata and
Cheerarot 2014, Parande 2013). In the work of Guneyisi et al. (2004), silica fume was
incorporated to provide a denser interface between the cement paste and rubber aggregate. This
study showed that the mechanical properties of concrete containing rubber aggregate were
enhanced and the rate of strength loss was diminished by silica fume addition. Although there have
been many studies related with the use of waste tire rubber in concrete, the knowledge regarding
durability properties of rubberized concrete is still insufficient (Savas et al. 1996, Siddique and
Nail 2004, Gesoglu and Giineyisi 2007, Gesoglu and Giineyisi 2011).

In this study, the effect of using rubber aggregate on permeability and corrosion behavior of
concretes was investigated. For that reason, two types of waste scrap tire rubber, crumb rubber and
tire chips, were utilized as an aggregate in concrete with three replacement level of 5, 15, and 25%.
Two concrete series with and without silica fume were produced with constant water-to-binder
ratio of 0.60 and cement content of 300 kg/m®. Silica fume was replaced with cement at
replacement level of 10% by weight. The durability performance of the concrete was determined
in terms of transport property and corrosion resistance of steel in concrete. The transport properties
of concrete were evaluated using water and gas permeability tests. To evaluate the corrosion rate of
concretes, the concrete specimens were exposed to 3% NaCl. The effect of using rubber aggregate
and silica fume on corrosion behavior of reinforcing bars embedded in concretes was performed
through linear polarization resistance (LPR) test. The results of the tests were discussed
comparatively.



Experimental investigation on durability performance of rubberized concrete 195

2. Experimental
2.1 Materials

The materials used in this investigation were Portland cement, silica fume, fine aggregate,
coarse aggregate, waste scrap tire rubber, and superplasticizer. Portland cement (CEM | 42.5R)
conforming to the Turkish standard TS EN 197-1 (which mainly based on the European EN 197-1)
and commercial grade silica fume (SF) were utilized as a supplementary cementing material. The
chemical compositions and physical properties of Portland cement and silica fume are given in
Table 1.

The fine aggregate was a mixture of river sand and crushed sand while coarse aggregate was
river gravel. The properties of natural aggregates are given in Table 2. Two types of scrap tire
rubber obtained from used truck tires castaway after second recapping. Crumb rubber having a
specific gravity of 0.83 is a fine material with gradation close to that of the sand and tire chips
having a specific gravity of 1.02 are produced by mechanical shredding and include coarser
particle sizes. The gradation of crumb rubber was determined based on the ASTM C136 method.
Nevertheless, it was not possible to determine the gradation curve for the tire chips, as for normal
aggregates since they are elongated particles between 10 and 40 mm. A commercially available
sulphonated naphthalene formaldehyde based superplasticizer was used to achieve a consistent
workability. Its specific gravity is about 1.18.

2.2 Mix proportions

Two control mixtures were designed at water-to-binder ratio (w/b) of 0.60 with the total binder
content of 300 kg/m®. 10% silica fume was used in the mixtures as partial replacement of cement
in order to examine the effect of silica fume on durability properties of rubberized concrete. To
develop the rubberized concrete mixtures, all mix design parameters were kept constant except for
the aggregate content. That is, the cementitious material content, w/b ratio, and aggregate volume

Table 1 Chemical compositions and physical properties of portland cement and silica fume

Material Portland Cement Silica Fume

SiO, (%) 19.73 90.36
Al,O3 (%) 5.06 0.71
Fe,0s (%) 3.99 1.31
CaO (%) 62.86 0.45

MgO (%) 1.61 -
SO; (%) 2.62 0.41
Na,O (%) 0.18 0.45
K,0 (%) 0.80 1.52

Cl' (%) 0.01 -
Loss on ignition (%) 1.90 3.11
Specific gravity 3.14 2.20

Fineness (m?/kg) 327 21080
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Table 2 Sieve analysis and physical properties of natural aggregates

Sieve size Fine aggregate Coarse aggregate
(mm) River sand Crushed No | No Il
sand (4-16 mm) (16-22 mm)

315 100 100 100 100
16.0 100 100 100 21.7
8.0 99.7 100 315 0.6

4.0 94.5 99.2 0.4 0

2.0 58.7 62.9 0 0

1.0 38.2 43.7 0 0

0.50 24.9 33.9 0 0

0.25 5.40 22.6 0 0
Fineness modulus 2.79 2.38 5.68 6.72
Specific gravity 2.66 2.45 2.72 2.73

Table 3 Concrete mix proportions (kg/m®)

Mix ID SFORO SF10RO SFOR5 SF10R5 SFOR15 SF10R15 SFOR25 SF10R25

Cement 300 270 300 270 300 270 300 270
Silica fume” (%) 0 10 0 10 0 10 0 10
Silica fume 0 30 0 30 0 30 0 30
Water 180 180 180 180 180 180 180 180
SP™ 45 4.8 4.9 5.5 5.8 6.3 6.8 7.2
Gravel 968 964 920 915 823 819 726 723
Sand 923 919 877 873 785 781 692 689
Rubber
content™ (%) 0 0 5 5 15 15 25 25
Crumb rubber 0 0 14.8 14.7 44.3 44.1 73.8 735
Tire chips 0 0 18.2 18.1 54.5 54.2 90.8 90.4

“ by total weight of binder; ™ SP: Superplasticizer; ~ by total volume of aggregate

were kept constant. Tire rubber was used as a replacement for an equal part of aggregate by
volume. The rubberized concretes included both types of rubbers (crumb and tire chip) with three
designated rubber contents of 5, 15, and 25% by total aggregate volume. The rubber content was
divided equally between the crumb and tire chip. For example, for 50% rubber constituent, crumb
rubber replaced 50% of the sand volume and tire chip replaced 50% of the coarse aggregate.

A total of 8 concrete batches was produced. Each batch was mixed according to ASTM C192
standard in a power-driven revolving pan mixer. The details of the concrete mixtures were given in
Table 3. The control mixtures were designed to have slump values of 15+2 cm. The
superplasticizer was used to achieve the specified slump at each concrete mixture. Three
150x150x150 mm cubic specimen, three @ 150x300 cylindrical specimen and three ¢©100x200
mm cylindrical specimen in which 16 mm diameter steel bar was centrally embedded were cast
from each batch and compacted by a vibrating table. Test specimens were demoulded 24 h after
casting and were tested after 28 days of water curing period.



Experimental investigation on durability performance of rubberized concrete 197

2.3 Test methods

Water absorption by total immersion was measured according to ASTM C642-06 (2006). It is
calculated by drying a sample to an unchanged mass, sinking it in water for a particular time and
assessing its increase in mass as a percent of dry mass (Khatip and Clay 2004). In this study, the
specimens were immersed in water for three days and then taken off from water to measure
saturated surface dry weight (W;). After the measuring of saturated surface dry weight, the
specimens were placed in an oven till a constant mass was obtained. When the specimens reached
the constant mass, the weight of the specimens were recorded (W,). Water absorption for each
sample was calculated by using Eq. 1. Test was conducted at the age of 28 days with three
specimens for each concrete mixture, and the water absorption value, presented here, is the
average of them.

WA(%):[MJxlOO ®

2

The CEMBUREAU method recommended by RILEM (1999) was used to investigate the gas
permeability of the concretes. The photographic view and schematic representation as well as the
detail of the testing cell are demonstrated in Fig. 1. A disk specimen having 50 mm height and 150
mm diameter, which were cut from the mid portion of @150x300 mm cylinder, were used to
measure the gas permeability of the concretes. Oxygen gas was utilized as the permeating medium.
The gas permeability coefficients were determined by applying the inlet gas pressures of 150, 200,
and 300 kPa. Apparent gas permeability coefficient is average of these coefficients as
recommended by RILEM (1999). After 28 days water curing period, the specimens used for the
measuring of gas permeability coefficient were dried in oven and at each 6 hours the specimens
were weighed till weight change was less than 1%. Then, they were kept in a sealed box till
testing. Two disk specimens were tested at the age of 28 days and the average of them was
reported as a test result.

For each differential pressure, Hagen-Poiseuille relationship for laminar flow of a compressible
fluid through a porous media with small capillaries under steady-state condition was used to
determine the apparent gas permeability coefficient K, which can be calculated using the modified
Darcy’s equation:

__2PQLu 5
 APE-PH) @

where Kg is the gas permeability coefficient (m?), P, is the inlet gas pressure (N/m?), P, is the
outlet gas pressure (N/m?), A is the cross-sectional area of the sample (m?), L is the height of
sample (m), { is the viscosity of oxygen (2.02x10° Ns/m?), and Q is the volume flow rate (m®/s).
The water permeability of concretes was measured with respect to TS EN 12390-8 (2002). A
500 £ 50 kPa downward pressure was assigned on the specimens for 72 hours. After 72 hours, the
specimens were split from the center point. Then, the largest penetration depth of water is
measured in mm. When the concrete likely to come in contact with moderately aggressive media,
the water does not penetrate to a depth of more than 50 mm. Whereas the water penetration depth
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Fig. 4 Photographic view of the potentiostat/galvanostat test set up

is not more than 30 mm if concrete is likely to come in touch with aggressive media. A
photographic view of the water permeability test equipment is given in Fig. 2.

VersaSTAT 3 a potentiostat/galvanostat with an optional frequency response analyzer (FRA)
contained in a single unit was used to polarize the steel at a rate of 0.1 mV/s. Corrosion current
density values of each mixture were calculated and presented. The test set up is schematically
illustrated in Fig. 3. This test was applied to the concretes containing 10% silica fume and 5%,
15%, and 25% rubber aggregate as well as control samples. S420 reinforcement bar which is
classified according to TS708 (2010) was used in this test. After 28 days of initial water curing, all
concrete mixtures were immersed in 3% NaCl solution. Corrosion rate monitoring through linear
polarization resistance method was carried out over 36 weeks of exposure. The photographic view



200 Erhan Giineyisi, Mehmet Gesoglu, Kasim Mermerdas and Siileyman fpek

of the potentiostat/galvanostat test set up was also presented in Fig. 4.

Corrosion current density (ler) Value of greater than 0.3 zA/cm? indicates active corrosion,
while a value less than 0.1 xA/cm® means negligible corrosion (Rodriguez et al. 1994). Therefore,
threshold criterion for corrosion initiation was selected as value of 0.3 uA/cm?. Direct current
(DC) linear polarization resistance method with lower potentials was used to measure the
corrosion current density. The resistance to polarization (R,) was determined by conducting a
linear polarization scan in the range of + 25 mV of the open circuit potential at a scan rate of 0.1
mV per second. The Stern-Geary Formula (Eq. 3) was used to calculate the corrosion current
density (leorr) (Stern and Geary 1957) and ‘B’ in Eq. 3 calculated by the formula given in Eq. 4.

leorr=B/R, 3
B= (8..5:)/(2.303(8.+5.)) (4)

where B is a constant based on the anodic and cathodic Tafel constants (5, and f;) and R, is
polarization resistance (Stern and Geary 1957). The value of B was taken as 26 mV considering
steel in active condition (Maslehuddin and Al-Amoudi 1992).

According to Faraday’s law, corrosion rate (CR) in mm/yr can be calculated by applying the
following equation (Eqg. 5) (Ismail and Ohtsu 2006).

CR=3.27x ;o E.W./d (5)

where EW is the equivalent weight of steel in gm and d is the density of reinforcing bar in g/cm?®.

3. Test results and discussion
3.1 Water absorption

Water absorption of the concretes measured at the end of 28 days of water curing is
demonstrated in Table 4. The variation in water absorption values range between 3.7% and 6.0%
with respect to silica fume and rubber content. The water absorption values significantly decreased
by the inclusion of silica fume as seen in Table 4. Increasing the rubber content, however, resulted
in progressively increasing of the water absorption values. When the effect of increasing of rubber
content investigated in the both concrete series, concrete with and without silica fume, almost
same trend can be observed. Altough the concrete with silica fume shown the better performance
than concrete without silica fume for water absorption, as the rubber content increased, the
difference between water absorption values of concrete with and without silica fume decreased and
almost same values were observed at the 25% rubber content level. For the lower rubber content
level, the effect of silica fume could be seen obviously. For example, water absorption value for
plain concrete was measured as 4.1% while water absorption value for silica fume concrete is
3.7%. This indicates an significant improvement in absorption of concrete beacause of silica fume
addition. A similar result was also observed in the study of Nili and Afroughsabet (2012). They
reported that the concrete with a w/b ratio of 0.36 had about 1.8% water absorption, however, as a
result of the use of 7.5% silica fume in concrete, water absorption was dropped to approximately
1.3%.
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Table 4 Water absorption, water permeability and apparent gas permeability coefficients of plain and silica
fume based rubberized concrete

Water absorption, Apparent gas permeability

Mixture 1D %) Water permeability, (mm) coefficient, Kx10™, (m?)
6SFORO 4.11 47 1.35
6SFOR5 5.20 62 2.35
6SFOR15 5.56 111 NA"
6SFOR25 6.06 150 NA
6SF10R0 3.73 25 0.83
6SF10R5 4.15 40 2.06
6SF10R15 5.07 85 NA
6SF10R25 6.03 150 NA

“NA: not available

3.2 Gas permeability

Table 4 illustrates apparent gas permeability coefficients of rubberized concretes with and
without silica fume. As it can be clearly seen from Table 4, the gas permeability test was
conducted till 5% rubber replacement level. Due to high porosity of 15% and 25% replacements of
rubber at both concrete series, the gas permeability test failed. Namely, due to very fast flow of
oxygen through the specimen, the reading could not be taken from the volumetric gas flow meters.
The gas permeability coefficients ranged from 0.83x10™ to 2.35x10° m?.

The maximum gas permeability coefficient was observed for SFOR5 while the minimum was
measured at SF10RO0. The utilization of SF enhanced the resistance of concrete against gas
permeability as in water absorption. For example, the plain concrete without SF had gas
permeability coefficient of 1.35x10™ m?, it was dropped to 0.83x10™® m? as a result of SF
incorporation. This may be attributed to the improved pore structure of the concrete as a result of
contribution of SF by micro-filling and chemical effects (Al-Khaja 1994, Alexander and Magee
1999).

3.3 Water permeability

The variation in the water permeability of the plain and rubberized concretes is given in Table
4. The lowest water permeability value of 25 mm was achieved at SF10R0 concrete while the
maximum 150 mm was observed at SFOR25 and SF10R25. Although the effect of SF could not be
seen at 25% rubber content level, significant improvement in concretes containing lower rubber
content as well as in the plain concrete was observed by addition of silica fume. For example, in
the plain concrete without silica fume, water permeability value of 47 mm was obtained, when SF
incorporated, this value dropped to 25 mm. The similar enhancement was achieved in rubber
content of 5% and 15%. The plain concrete with silica fume is convenient to be used for the most
of the structures under severe chemical effects. However, the plain concrete without silica fume
and containing rubber had the water permeability values range from 40 mm to 150 mm. At this
level of w/b ratio of 0.60, the utilization of rubber significantly increased the permeability depth
and this makes concrete weak against chemical actions.

Due to the surface characteristic of rubber particles, the adhesion between rubber particles and
matrix is low. This situation causes plenty of porosities. The porosities in concrete result in high
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permeability characteristic (Gesoglu and Giineyisi 2011). The higher porosity of concrete, the
higher the water permeability. Moreover, in the literature many researchers recommend surface
treatment of rubber particles to enhance their adhesion to the surrounding cement paste. Besides,
utilization of tire chips, which has longitudinal shape and particle size of more than 4 mm, causes
porosities in the concrete. Also, it has been suggested that utilization of ultrafine materials in the
rubberized concrete production provides an increase in homogeneity and a decrease in the number
of large pores in cement paste (Eldin and Serouci 1993a, Segre and Joekes 2000, Topgu 1995).

3.4 Corrosion resistance

The variation in corrosion current densities (lcr) Of the rubberized concretes over 36 weeks of
3% NaCl exposure are shown in Fig. 5. Before the exposure, the corrosion current density was
observed in the range of 0.14 to 0.24 uAlcm? for all concrete mixtures. During 36-week NaCl
exposure period, increasing in the corrosion current density was observed in all concretes.
However, the lowest I, values were pointed out in the concretes with silica fume based
rubberized concrete. Utilization of rubber in the concrete caused increasing the corrosion current
density values. Before chloride exposure, increasing the rubber content from 0% to 25% resulted
in 41.2% and 42.9% increment in corrosion current density for plain and silica fume incorporated
concrete series, respectively. Nevertheless, after 36-week chloride exposure period, increasing
rubber content resulted in 66.7% and 70.6% increment in corrosion current density values for plain
and silica fume incorporated concrete series, respectively.

As seen from Fig. 5, after nine-week chloride exposure, slight decrease in the corrosion current
density values was observed in almost all mixtures and slight fluctuating was monitored at the
beginning period of the chloride exposure. When the whole periods of corrosion current density
were regarded, the continuous increasing could be seen clearly. Similar fluctuation in corrosion
current density was also observed in the study of Kayali and Zhu (2005). They carried out an
experimental study on chloride diffusion and corrosion activity of reinforced silica fume-cement
concrete slabs subjected to partial immersion in a 2% chloride solution. They observed continuous
increase in I values with slight fluctuations. Similarly, in the current study, the corrosion current
density values began increasing after exposure and the highest values were observed at the end of
36-week chloride exposure. The highest values were obtained in 25% rubber content in concrete
with and without silica fume as 0.58 and 0.60 A/cm?, respectively.

In the literature, the corrosion behavior of steel bar embedded in concrete according to the
value of the corrosion current density result have been discussed discretely. The current density
values which are greater than 0.3 zA/cm? have been stated as indicative of active corrosion by
many researchers (Andrade et al. 1990, Al-Amoudi et al. 2003). However, in other study of
Andrade and Alonso (2001), the corrosion behavior according to the value of corrosion current
density stated as low for corrosion current density between 0.1 xA/cm? and 0.5 xAlem? and as
moderate for the values range between 0.5 and 1.0 zA/cm?. The values greater than 1 xA/cm? and
less than 0.1 xAlcm® were regarded as high and negligible, respectively (Andrade and Alonso
2001).

Based on the aforementioned information gathered from the technical literature, it can be
concluded that there are several comments for corrosion resistance of concrete which is carried out
according to LPR test. The corrosion resistance was defined discretely by each author. These
remarks taken from literature were presented to get an idea about the corrosion behavior of the
rubberized concretes dealt with this study. Besides, while the results obtained from this study can
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be classified as moderate class for one author, they can be classified as high class for another
author. For instance, while concretes including 5% and 15% rubber content and plain concrete
mixtures fall into the low class at the end of 36-week chloride exposure period, concretes
containing 25% rubber content falls into the low class till 25-week chloride exposure period and
moderate class after 25-week chloride exposure period according to Andrade and Alonso (2001).

0.8
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Fig. 5 Variation of corrosion current density over 36 weeks of 3% NaCl exposure



204 Erhan Giineyisi, Mehmet Gesoglu, Kasim Mermerdas and Siileyman fpek

m Before Exposure After Exposure

B

———

Corrosion rate (x10-3), mm/yr

=R E

- e -

6SFOR0  6SFOR5 6SFOR15 BSFOR25 6SF10R0 6SF10R5 6SF10R15 6SF10R25

Concrete mixtures
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The variation of the corrosion rate for different mixtures is showed in Fig. 6. As seen in Fig. 6,
corrosion rate were significantly increased after 36-period of chloride exposure. The corrosion
rates ranged between 0.0020 and 0.0028 mm/yr for plain rubberized concrete and 0.0016 and
0.0023 mm/yr for silica fume based rubberized concrete. After 36-week chloride exposure period,
these values ranged between 0.0042 and 0.0070 mm/yr and 0.0039 and 0.0067 mm/yr for plain
and silica fume based rubberized concrete series, respectively. Addition of the rubber to concrete
and increasing its content caused significant increment in corrosion rate whereas incorporating the
silica fume into rubberized concrete enhanced the corrosion rate. Silica fume utilization improved
the corrosion rates of rubberized concrete as 18%, 16%, 19%, and 17% for rubber replacement
level of 0%, 5%, 15%, and 25%, respectively.

4. Conclusions

Based on the findings presented in this study, the following conclusions can be drawn.

o The water absorption of rubberized concrete was observed to be decreased by utilization
of silica fume. However, at 25% rubber content level, silica fume had a tendency to lose its
effectiveness.

° The gas permeability coefficients of rubberized concrete were also reduced by silica fume
addition. Moreover, after 5% rubber content, gas permeability test failed due to high amount of
porosity.

. Water permeability of rubberized concrete reached the 150 mm, which is the dimension
of test specimen, in both concrete with and without silica fume at 25% rubber content. However,
silica fume had distinguishable effect on water permeability of concretes containing less than 25%
rubber content.
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. Corrosion current density values of the concretes seemed to have close trends with the
aforementioned findings. The minimum corrosion current density values were measured in
rubberized concretes incorporated with 10% silica fume. The values obtained for plain rubberized
concretes were greater than silica fume based rubberized concretes before and after exposure.

o After nine-week NaCl exposure period, the corrosion current density values started to
decrease with some fluctuations. Although decreasing in the corrosion current density was
obtained with slight fluctuations, there was continuous rise in the corrosion current density when
whole chloride exposure period was considered.

° The rate of corrosion was adversely affected by increasing the rubber content. Utilization
of tyre in concrete production increases pores in concrete. These pores in the concrete are ways for
penetration of water and oxygen to concrete. When the number of pores increases, the penetration
of water and oxygen to concrete also increases. This situation adversely influences the corrosion
resistance of the concrete. However, the use of silica fume enhanced the corrosion resistance of the
rubberized concrete.
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