Tournal of Engineering and Applied Sciences 14 (22): 8237-8242, 2019

ISSN: 1816-949%
© Medwell Journals, 2019

Durability of Tyre Rubber Concrete Modified with GGBS and Silica

'Sulagno Banerjee, “Aritra Mandal and *Jessy Rooby
'Department Civil Engineerieng, Elitte College of Engineering,
"Department of Civil Engineering, Techno International Batanagar,
*Department of Civil Engineering, Hindustan University, Padur, Chennai, Tamil Nadu, India
connectZsulagno@rediffmail . com

Abstract: Disposal of tyre rubber suit a gigantic dilemma in India day by day. Researchers are trying to use
waste rubber in civil engineering project from many days back. Crumb rubber replaced fine aggregate is a
common practice now a days. Researcher already replaced upto 20% chipped rubber with coarse aggregate
earlier and found that 5% replacement is optimum but that lack some strength from conventional concrete. In

this research programme researcher have tried to mimmaise that gap by adding extra 5% micro silica of the weight
of cement and have also replaced 40% cement by GGBS. To check the durability against acid and salt, cubes,
cylinders and prisms are casted to test compressive strength, tensile strength, flexural strength after immersing
in 5% by volume of sulphuric acid and 5% by weight of sodium chloride salt. Water absorption test, mass

loss/gain test are also observed after 56 days.
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INTRODUCTION

Now a day’s, sustainability is the main factor for
research. For environment impact researchers had tried to
use waste products as much as they can and recycling of
waste product 15 the main key for research. In this
particular research programme waste tyre chipped rubber
15 recycled as coarse aggregate which acts as 5%
replacement of conventional coarse aggregate. For being
more eco friendly 40% cement is replaced by GGBS and
extra 5% micro silica 18 being added to enhance the
strength. To check the durability against acid and salt,
cubes, cylinders and prisms are casted to test
compressive strength, tensile strength, flexural strength
after immersing in 5% by volume of sulphuric acid and
5% by weight of sodum chloride salt Water
absorption test, mass loss/gain test are also observed
after 56 days.

Objective and past research: Concrete 1s the most used
material in construction liable for the depletion of natural
resources and increases the scarcity of the mgredients
such as cement, steel and aggregates, consequently, there
1s a demand for these materials in the commercial sector.
Further,mining of river sand causes severe environmental
damage by lowering ground water table and
disintegration of rock strata causes landslide and

earthquake. Engineers are anxious to overcome this
problem with other alternatives. Many researchers have
attempted to identify the subsidiary use of the traditional
matenials. Emiroglu et al. (2012) found slump depends on
rubber content and gradual decrease in strength with the
increase of rubber. El Gammal ef al. (2010) tested
concrete with 10-25% crumb rubber replacement along
with silica fume and rubcrete. Tayeh (2013) found
satisfactory performance against impact load and bending
load with increased in percentage of sand replacement by
the crumb rubber. Helme et @l recommended 25%
substituttion showed compressive strength within
allowable range for most applications of concrete of the
control mix design. Naito et al. (2013) found unit weight of
CRC decreases linearly. Richardson et ad. (201 1a, b) found
concrete strength reduction 1s an indication of air
void/crumb spacing which offers freeze/thaw protection.
Richardson et al. (2011a, b) concluded addition of 0.5 and
1% rubber crumb by mass of concrete to replicate levels
of air entrainment that will provide freeze thaw resistance.
Naik and Siddicque (2002) found that it is possible to malke
relatively high strength rubber concrete using magnesium
oxychloride cement which gives better bonding
characteristics to rubber and sigmficantly wnproves the
performance of ruberete. Vadivel and Thenmozhi (2012)
found grade of concrete plays the major role in the
ductility performance of rubber replaced concrete.
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Fig. 1: Rubber aggregate

Table 1: Rubber properties

Parameters Units Standard specs

Acetone extraction %% 5-10

Ash contetnt %% 4 Max

Bulk density glee 0.30-0.45

Sieve anatysis passing 40 mm sieve %% a9

Sieve anatysis passing 2 mm sieve % 1
MATERIALS AND METHODS

Experimental investigation

Materials used

Cement and aggregates: In the present study ordinary
portland cement of grade 43, confirming to IS: 8112-1989
was used for preparing the concrete. The specific gravity
of cement was 3.15.

Fine aggregate: Natural River sand passing through
4.75 mm IS sieve 1s used for making concrete. As per IS:
383-1970 Natural River sand was categorized under
grading zone 1. The specific gravity and fineness modulus
of sand is found to be 2.65 and 3.05.

Coarse aggregate: Coarse aggregate was passed through
80 mm sieve and retained on 4.75 mm sieve confirming IS:
383-1970 was used for concreting. The specific gravity
and fineness modulus of coarse aggregate 1s found to be
2.695and 7.7,

Water: Clean potable water free from suspended particles,
chemical substances, biological elements, etc. i1s used
both for mixing of concrete and curing.

Rubber aggregate: This study has concentrated on the
performance of a single gradation of rubber prepared by
manual cutting (Fig. 1). In this study 5% of coarse
aggregate is replaced by this chipped rubber. The
maximum size of the rubber aggregate was 40 mm. The
properties of the rubber used as aggregate is given in
Table 1.

GGBS: GGBS which 1s near white m colour 15 a high
quality product, manufactured from a by-product of the

Table 2: GGBS properties
Characteristics Values
Specific gravity 2.90

Bulk density (kg/mr) 1220.00
Surface area (m*/kg) 416.00
Tnsohible residue (%) 0.14
Moisture content (%o) 0.14
Loss on ignition (%) 0.19

Table 3: Mix proportion

Target mean strength
Grade of concrete (N/mm®) W/C ratio
M 25 31. 60 045

Mix proportion
1:2.20:2.73

Table 4: Result of workability test

Dosage of superp-
lasticizer (weight Slump  W/C

Specifications of cement %6) (mm)  ratio
8¢ (Control concrete) 0.00 100 045
S8CR 3 (Control concrete +5% Rubber) 0.50 90

8GR 0 (40% GGBS replaced cement 0.25 85
concrete with no rubber and silica)

SGR 5 (40% GGBS replaced cement 0.50 95

concrete +5% rubber +5% added silica)

steel or iron making industry. In this study 40% of cement
is replaced by GGBS. The physical properties of GGBS

sample 13 shown m Table 2.

Glenium 51: Glemum 51 superplasticizer 15 used for
higher workability. In this study 0.5% of cementitious
material is used as glenium. Tt is an admixture of a new
generation based on modified polycarboxylic ether.

Typical properties:

»  Aspect: light brown liqud

s Specific gravity : 1082-1142 kg/T. at 20°C
« pH:6-7

s Chloride content : = 0.10% by mass

s Alkali content : = 3.0 % by mass

Micro silica: Micro silica 18 a very fine pozzolanic,
amorphous material, a by-product of the production of
elemental silicon or ferrosilicon alloys m electric arc
fumaces. The specific gravity is 2.63. It 1s odourless white
coloured powder with a pack density of 0.76 g/cc. In this
study micro silica as 5% by weight of cement 15 being
extra added.

Mix design (as per IS 10262-2009): Based on the trial
mixes the final design mix was prepared for M25 grade of
concrete as per IS, 10262:2009. The concrete mix
proportions were shown in Table 3.

RESULTS AND DISCUSSION

Tests for properties: The workability test, durability
against acid and salt were carried out to determine the
durability and workability.
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Fig. 4: Flexural strength against acid in MPa (56 days)
Fig. 7: Flexural strength against salt in MPa

Workability test: Slump test was conducted using slump

cone apparatus to determine the workability and it is specimens was determined in a universal testing
shown in Table 4 (Fig. 2). machine of 200 tones capacity and it is tabulated in
Fig. 3-7.

Compressive strength, flexural strength and tensile

strength: After immersing in 5% by volume of  Compressive strength, flexural strength and tensile
sulphuric acid for 56 days, the compressive strength, strength: After immersing in 5% by weight of sodium
flexural strength and split tensile strengths of the chloride salt for 56 days, the compressive strength,
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Fig. 9: Percentage of water absorption

flexural strength and split tensile strengths of the
specimens was determined in a universal testing
machine of 200 tones capacity and it i1s tabulated in
Fig. 6-8.

Water absorption test: The specimens are dried in an
oven for 24 h and at 100°C temperature and then placed in
a dessicator to cool. Immediately upon cooling the
specimens are weighed. Then, they are emerged in water
at 23°C for 24 h or until equilibrium. Specimens are
removed, patted dry with a lint free cloth and weighed and
the result 1s tabulated in Fig. 9.
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Fig. 10: Unit weight of materials in (kN/m”)
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Fig. 11: Reduction in umit weight (takmg SC as
100%)

Unit weight: The unit weight test is a measure of the
weight per cubic meter of freshly mixed concrete and it 1s
the tabulated in Fig. 10 and 11.

Weight loss/weight gained: To conduct this test, 5%
by volume of sulphuric acid and 5% by weight of
sodium chloride were mixed with ordinary potable
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Fig. 12: Comparision of weight of cubes immersed in
acid
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Fig. 13: Percentage of weight loss in acid solution (H,SO,
1mImersion)

water. The cubes which were cured for 28 days were
then immersed in these solutions. The cubes were
then taken out from this solution after 56 days of
exposure to solution and were surface dried. The
surface of cubes was cleaned, scrubbed and final
surface dry weights and percentage of increase and
decrease in weight were found and tabulated in
Fig. 12-15.
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Fig. 14: Comparision of weight of cubes immersed in salt
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Fig. 15: Percentage of weight gain in salt solution (NaCl
IITImersion)

CONCLUSION

When rubber 1s added the mixture becomes dry and
so, slump value decreases and hence, we have to add
superplasticizer inorder to get the desired slump value.
After 56 days immersion in acids and salts, the decrease
in compressive strength and flexural strength mn rubber
concrete 18 almost siumilar to that of conventional concrete
and the residual strength value is almost the same for
both concretes. After 56 days immersion in acids and
salts, the decrease in tensile strength m rubber concrete
1s almost similar to that of conventional concrete and the
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residual strength value of rubber concrete is a bit more
than that of conventional concrete. Weight loss in acids
is almost 1.6% less in rubber concrete than that of
conventional concrete. Weight gamn in salts 1s almost
0.75% less in rubber concrete than that of conventional
concrete. Durability study found that the voids of
concrete were filled with inert rubber particles that reduce
the permeability and increase the resistance against
severe attacks such as acids and chlorides. Hence, rubber
concrete 1s durable than the conventional concrete. Unit
weight of rubber concrete 15 much lower (3.70%) than
conventional concrete which will reduce the dead load of
self weight. Rubber concrete being less permeable, water
absorption 1s lower in rubber concrete.
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