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Abstract

Electrical resistivity is a material property that can be used for analysis of concrete durability and also can be used to determine
early age characteristic of fresh concrete. Electrical resistivity has developed as a new form of non-destructive testing technique.
In this study, an experimental study is carried out to determine the electrical resistivity of crumb rubber concrete exposed to
normal and coastal environment. Crumb rubber concrete (CRC) is a concrete in which sand is replaced with fine rubber crumb
obtained by shredding of waste vehicle tires. In this study, sand was replaced up-to 15% in multiples of 2.5% and then a set of
samples were kept for curing and exposure in normal environment and other set of samples were exposed to coastal environment
along the coast of Visakhapatnam, Andhra Pradesh. The result obtained indicated that CRC samples showed lower electrical
resistivity in the initial days and then resistivity increased at later stages. Chloride ingression test was also conducted on the
samples which indicated that crumb rubber concrete showed better resistance to chloride ion penetration. Overall, the result
analysis expressed that samples exposed to coastal zone showed lower resistivity, and CRC samples in case of both curing
methods and exposure cases showed better resistivity to electrical conduction and chloride ingression than normal concrete
samples. So as CRC shows better durability properties than normal concrete, it can be opted as a choice for concrete structures in
coastal areas.
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1. Introduction

Electrical resistivity is the ratio of applied potential
difference to the amount of current developed. Electrical
conductivity on other hand is the inverse of resistivity.
Conductivity of any material is its property to allow the
transfer of ions when subjected to any electrical field. In the
modern days electrical resistivity has been developing as a
non-destructive  testing method to determine the
characteristics of fresh concrete as well as hardened
concrete[1]. The main advantage of these type of testing
methods is its ability to provide a quality check in less time
using the same specimen every time without disturbing its
structure. The electrical resistivity of concrete ranges from
10°to 10" ohm-mm. The variation in electrical resistivity can
be used to differentiate between the behaviour of concrete
and their inter-molecular structure. The most common
standard method for determining electrical resistivity is
ASTMC 1202[2], often referred to as Rapid chloride
permeability test.

The main drawback of ASTMC 1202 is that it uses
artificial chloride penetration technique and determines the
chloride movement and permeability in concrete. However,

the naturalistic condition may defer from this artificial
penetration of chloride ion.

The concept of electrical resistivity has also been used
for development of novel sensors which can be utilized for
Structural health monitoring (SHM). Many cement based
and concrete composite based sensors have always been a
key-focus in SHM.[3]

Crumb rubber concrete (CRC) is becoming one of the
sustainable materials in field of construction industry as it
utilizes waste vehicle tires shredded in the size of fine
aggregate[4]. The use of waste rubber tire is relatively
inexpensive, and also reduces the impact on
environment.Every year the Indian tyre production increases
by about 10-12% and, an equal amount of tyre are being
discarded annually, creating major environmental
problems.India’s tyre waste account for about 6-7% of the
global total tire waste[5]. Globally disposal of tire waste is
one of the major issue. The main problem with the recycling
of waste tyre is the complexity of materials. Tyres for
different vehicle are made with a mixture of natural and
synthetic rubbers along with a various combination of
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structural reinforcing elements like metals and chemical
additives. So separation of different tyres with different
properties and their recycling through different process is a
tedious and costly job[5]-[7]. Attempts are being made to
recycle and use waste scrap tyres in various industries. In
the context of civil engineering also, presently, many
research is being done to include waste scrap tyres in the
form of crumb and chips in place of fine and coarse
aggregate. Thus utilization of waste rubber into concrete has
opened a new way of sustainably disposing vehicle tires[8]—
[11].

In the present study an attempt is made to utilize waste
rubber to concrete and also to check its performance in
normal and coastal zone using electrical resistivity method.

2. Experimental Program
2.1 Materials

The raw materials used in the study are Ordinary Portland
cement 43 grade, conforming to IS: 8112-2013[12]. The
specific gravity of cement was 3.15. Normal consistency
was 35%, initial and final setting time was 95 min and 170
min respectively. The properties of cement were measured
as per 1S-4031[13]. The sand used was obtained from the
banks of river Damodar, and was confirming to zone II as
per 1S:383-1970[14]. The specific gravity of sand was 2.62
and fineness modulus 2.81. Coarse aggregate used was a
mix of 10 mm and 20 mm in the ratio of 40:60 having an
average specific gravity of 2.65. Particle size distribution
curve is shown in Figure 1. Scrap vehicle tire were ground
into sizes between 0.075 to 2.36 mm. The specific gravity of
crumb rubber was found to be 1.12.
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Figure 1: Particle size distribution curve

Metakaolin confirming to IS 456-2016 was used 5% (by
weight) to improve strength properties of crumb rubber
concrete.

The physical and chemical properties of metakaolin are
shown in Table 1 and Table 2

Table 1: Physical properties of Metakaolin

Physical Property Value
Specific Gravity 2.6
Colour Off white
Brightness (% ISO) 80-82
Surface Area (m*/g) 15
Bulk Density 0.03 ~0.04
(glen)
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Table 2: Chemical properties of Metakaolin

Ingredient % by mass

Si0, 51-53 %
Al O; 42-44 %
TiO, <3.00 %
Fe,04 <2.10 %
K,0 <0.70 %
L.O.I <0.50 %
CaO <0.20 %
P,05 <0.20 %
MgO <0.10 %
SO, <0.05 %
Na,O <0.05 %

2.2 Specimen preparation and testing

M30 grade concrete was mixed as per [S: 10262-
2009[15]andIS 456[16]. Water-cement ratio adopted was
0.42. Crumb rubber was used as a partial replacement for
fine aggregate in the proportion varying from 0 to 15% in
multiple of 2.5%. The mix proportion of different mix are
shown in *CR — crumb rubber; *M — Metakaolin
Table 3.The crumb rubber obtained, was first soaked in 1 N
NaOH solution and then washed with clean water for about
30 min and air-dried at room temperature. The main purpose
of washing with NaOH was to improve the interfacing bond
between crumb rubbers and cement paste by etching the
surface of rubber crumb[17]-[18].
For each mix, sample cubes of 150 x 150x 150 mm were
prepared. Each sample consists of three specimens. After
casting the specimens were demoulded after 15 hr and were
taken to their respective place for curing. The compressive
strength tests was then performed according to IS: 516 [19]
at 7, 28, 56, 90, 120 and 150 days. Cube specimens were
also used for determining the electrical resistivity of CRC
but only 7.5RM mix cured in normal and sea water were
used as only that mix proved to be optimum mix.
(Maximum replacement of crumb rubber satisfying
minimum strength requirement)
Metal electrodes were fixed on the cube specimens on
opposite faces. 30V potential difference was applied on the
cube specimens using the electrode attached to concrete
cubes. The setup is shown in Figure 2. 30V was applied on
the cube specimens for 15 minutes prior to recording the
current measurement which was used to calculate the
electrical resistivity
p=[VxA]/(IxL)

p — Electrical resistivity

V — Potential difference applied

A — Cross-section area of sample

I — current measured; L- length of sample

For chloride ingression testing, Smm diameter holes were
drilled into the concrete cubes after their designated
exposure time (150 days). The holes drilled were up-to
depth of cover which is usually used in construction (Smm,
25mm, 40mm, 50mm, 60mm and 75 mm). The pulverized
concrete samples obtained after drilling were then subjected
to potentiometric titration to determine the percentage of
chloride content.
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Mix % by  Gravel Sand Rubber Cement Metakaolin w/c
weight (kg/m’)  (kg/m’) (kg/m’) (kg/m’)  (kg/m®)
CR+M

OR 0+0 1283 711 0 380 0 0.42
ORM 0+5 1283 711 0 361 19 0.42
2.5R 2540 1283 693.23 17.77 380 0 0.42
2.5RM 2545 1283 693.23 17.77 361 19 0.42
5R 5+0 1283 675.45 35.55 380 0 0.42
5RM 5+5 1283 675.45 35.55 361 19 0.42
7.5R 75+0 1283 657.68 53.32 380 0 0.42
7.5RM 7545 1283 657.68 53.32 361 19 0.42
10R 10+0 1283 639.9 71.1 380 0 0.42
10RM 10+5 1283 639.9 71.1 361 19 0.42
12.5R 125+0 1283 622.13 88.87 380 0 0.42
12.5RM 125+5 1283 622.13 88.87 361 19 0.42
15R 15+0 1283 604.4 106.6 380 0 0.42
15RM 15+5 1283 604.4 106.6 361 19 0.42

*CR — crumb rubber; *M — Metakaolin

Table 3: Mix proportions used in this study

Figure 2: Electrical resistivity setup

3. Results and Discussion

3.1 Evaluation of Compressive strength

The effect of crumb rubber on compressive strength is
shown in Fig-3. The compressive strength decreased with
increase in rubber percentage.It was observed that crumb
rubber content up-to 7.5% can be advantageously utilized
in concrete. Above 7.5% replacement the compressive
strength obtained
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Figure 3: Compressive strength result

was well below the minimum strength value of M30 at 28
days of age. Also the strength of concrete specimens
without metakaolin was less than that with metakaolin,
hence CRC with metakaolin can be preferred for future
studies. The effect of sea water curing on strength of
concrete was then analysed, Erreur ! Source du renvoi
introuvable. and Figure 5. It was observed that the
reduction in strength for concrete specimens without crumb
rubber content was more. Further the reduction in strength
was higher for concrete specimens exposed to coastal zone.
Fig-5shows that the percentage reduction in strength for
concrete specimens without any rubber content was
exponential in nature whereas specimens with rubber
content was linear.

The reason for better performance of CRC samples may be
due to the reason that fine rubber crumb being hydrophobic
and fine in nature blocked the interconnected voids and
made concrete impermeable which prevented the entry of
sea water moisture to enter the interior of concrete, saving
the strength and integrity of concrete. Further, metakaolin
being much finer and having cementitious property made
concrete more hard and impermeable, which was the reason
for CRC samples with metakaolin content to give better
results.
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Figure 4: Comparison of compressive strength in different
exposures
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Figure 5: % Reduction in strength with time of exposure.

3.2 Electrical resistivity of Concrete

Electrical resistivity better demonstrates the performance
durability aspects and environment friendliness of concrete.
It also gives an idea of transport properties of CRC in early
as well as hardened stages. Fig-6 and Fig-7 shows the
electrical resistivity response of concrete samples. It was
observed that when exposure time of more than 28 days
was considered the resistivity of CRC samples (7.5%
replacement) showed higher resistivity than normal
concrete samples. Similar result was posted by Shuaicheng
Guo et.al [18].Moreover the samples exposed to sea water
curing showed lower resistivity value than the samples
cured in normal potable water. The reason may be that due
to exposure in sea water salt particles settled on the surface
and penetrated into the voids of concrete cubes might have
enhanced the conductivity of concrete.

Fig-7 indicated the test result of resistivity up to 28
days, and it showed a controversial result in which CRC
sample gave lower resistivity than normal concrete
samples. This might be due to the fact that CRC samples
take time to dry from inside and the interior structure of
CRC samples remains wet up to 14 days, which was
observed while performing compressive strength test. This
presence of moisture content might have enhanced the
conductivity of the concrete and hence gave lower
resistivity value.
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Figure 6: Electrical resistivity (exposure 150 Days).
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Figure 7: Electrical resistivity (exposure 28 Days)
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Figure 8: Chloride ingression at 150 Days of exposure

3.3 Chloride ingression test

Chloride ingression test was performed using
potentiometric titration technique to find out whether the
test result obtained by electrical resistivity which showed
that CRC samples had lower permeability was correct or
not, so that in future electrical resistivity results could be
directly used to decide the transport properties of CRC. The
test result of Chloride ingression is shown in Fig-8.

It was observed that chloride ingression in sea
water cured samples was more than those cured in normal
water. The amount of chloride ingression decreased with
increase in depth from the surface of concrete samples.
CRC samples (7.5RM-SW and 7.5RM-NW) showed lesser
amount of chloride ingression than normal concrete
samples. The chloride ingression was tested after an
exposure of 150 days, as amount of chloride ingression at
early ages is very low to determine and is insignificant. The
amount of chloride ingression for CRC reduced by 25% for
samples taken from depth of 25 mm (cover adopted for
most of the concrete structures), when compared with
normal concrete samples. This shows that CRC samples has
better resistance to transport properties and hence can have
better durability and can be very well utilized for concrete
structures exposed to coastal zone.

4. Conclusions

The test results of present study indicates that there is scope
for utilization of waste crumb rubber obtained from scrap
vehicles tires into concrete as CRC (Crumb Rubber
Concrete). Based on the test results obtained from this
study the following conclusion can be made:
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CRC can be made by replacement of sand with
crumb rubber up-to a percentage of 7.5% with use of
Metakaolin as supplementary cementitious material. The
obtained CRC will have good strength with very less
compromise in strength properties. The reduction of
strength when exposed to coastal zone or sea water curing
in natural environment was found to be less than normal
concrete samples, which indicates that CRC can be used
advantageously for concrete structures along coastal zone.

Electrical resistivity and Chloride ingression tests
done to find the transport properties of moisture into
concrete and also to determine the permeability
characteristic of concrete also gave positive response to
CRC. It showed that both resistivity and chloride ingression
was less for CRC samples (7.5 R-SW and 7.5R-NW) as
compared to normal concrete samples. Though resistivity
below age of 28 days indicated lower resistivity value of
CRC, but it was due to the inner moisture content which
takes time to dry because of the hydrophobic nature of
crumb rubber and not due to ingression of outer moisture
content. So, overall from electrical resistivity, chloride
ingression test and comparison of reduction in strength due
to exposure along coastal zone, it can be concluded that
CRC is a better option than normal concrete for use in
construction along coastal areas.
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