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Abstract

Experimental Investigation is carried out to
evaluate the mechanical properties of latex polymer
modified concrete. The work estimates for different
grades of concrete such as M20, M30 and M40 with
varying percentage of 5, 10, 15 and 20 of polymer.
The addition of latex polymer shows the better
workability in low water cement ratio in designed mix
concrete and also reduces the water content in
polymer concrete. The addition of polymer by 5, 10,
15 and 20% results that there is slight reduction of
compressive strength in latex polymer modified
concrete for various grades of concrete such as M20,
M30 and M40. The mechanical properties are
analyzed and the results show that the optimum
percentage of addition of latex polymer is 5% in
compression. There is a marginal increase for split,
modulus of rupture and flexural strength.

Keywords: Compressive strength, Flexural strength,
Latex Polymer, Modulus of elasticity, Split tensile
strength.

I. INTRODUCTION

Concrete is a widely used construction material
for various types of structures due to its structural
stability and strength. The construction is the largest
industry in the nation and encompasses projects of all
scales like, highways, tall buildings, industrial
projects, etc. Cement concrete is the most extensively
used versatile material for the construction of large
infrastructure facilities. Ordinary Portland cement is
recognized as the most widely used construction
material even though it has a number of limitations
such as low flexural strength, susceptibility to frost
damage and low resistance to chemicals these
properties can be improved by using polymer
modified concrete.

Modification of Portland cement mortars
and concretes by addition of polymer latex, results in
composites with improved engineering properties.
These composites (known also as polymer modified
cements or polymer cement concretes) have higher
tensile and compressive strength, modulus of rupture,
abrasion resistance, ductility, bond strength and

reduced permeability. An important advantage of
these materials is that they can be produced by
conventional concrete technology, i.e. the polymer
latex which is a dispersion of about 50% solid
polymer particles in water is mixed with cement,
aggregates and water in ordinary mixers and the fresh
mix can be easily placed and compacted. The latex
usually applied is specially formulated styrene-

butadiene, acrylics, Polyvinylidene chloride and
Polyvinyl acetate.
In  practice, polymer latex-cement

composites are mainly used for repair of damaged
concretes and resurfacing of roads and floors, thus
taking advantage only of two of their improved
properties: bond strength and abrasion resistance.
However, the other characteristics of these
composites make them a potentially suitable building
material for structural thin elements or matrix which
could be compatible with various reinforcing fibres.
Principles of Polymer Modification

Although polymer-based admixtures in any
form such as polymer latexes, water-soluble polymers
and liquid polymers are used in cementitious
composites such as mortar and concrete, it is very
important that both cement hydration and polymer
film formation (coalescence of polymer particles and
the polymerization of resins) proceed well to yield a
monolithic matrix phase with a network structure in
which the cement hydrate phase and polymer
interpenetrate. In  polymer-modified mortar and
concrete structures, aggregates are bound by a matrix
phase, resulting in superior properties compared with
conventional cementitious composites.

I1.OBJECTIVE OF THE STUDY

1. To design for M20, M30 and M40 grade of
concrete with and without polymer.

2. To study the workability of concrete.

To optimize the dosage of polymer.

4. To investigate the mechanical properties of
concrete with and without polymer in varying
percentage such as 5%, 10%, 15% and 20% in
each grade of concrete.
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I11. EXPERIMENTAL INVESTIGATION

In the present experimental investigation
properties of Latex Polymer Modified concrete has
been studied. Studies have been carried out on
properties like compressive strength, split tensile
strength, flexural strength, modulus of rigidity and
modulus of elasticity of both ordinary concrete and
latex polymer modified concrete mixes with varying
percentages.

a. Cement The cement used has been tested for
various properties as per 1S 4031-1988 and found to
be conforming to various specifications of are 12239-
1987. The details of physical properties of cement are
given in Table 1.

Table 1 Physical Properties of Cement

,\?(I)l Description Values
1 Consistency 31%
2 Initial setting time 110 minutes
3 Final setting time 235 minutes
4 Specific gravity 3.20
5 Fineness of cement 4%
6 Compressive strength 57.90 N/mm?
at 28 days

b. Coarse aggregate The coarse aggregate is also
tested for its various properties and presented in
Table 2 and 3. The specific gravity and fineness
modulus are found to be 2.84 and 7.63.

Table 2 Sieve Analysis for Coarse Aggregate

Table 5 Specific Gravity and Bulk Densities of Fine Aggregate

Sl Fineness - . Bulk Der133ity
No. Modulus Specific Gravity (Kg/m®)

) Loose Rodded
1 2.76 2.60 1598 1732

d. Latex Polymer The locally available Sika-Latex
Power is used throughout the work. It is a synthetic
multifunctional rubber emulsion which when added
to cement mortar or concrete provides good adhesion
and water resistance properties. The specific gravity
of the polymer at 30°C is 1.02 and its colour is white
liquid.

e. Water Potable water is used for mixing concrete.

IVV. DESIGN MIX

The concrete mix design is a process of
selecting suitable ingredients for concrete and
determining their properties which would produce
concrete having certain minimum compressive
strength,  workability and  durability  with
economically. The following mix designs were
designed for M20, M30 and M40 grades of concrete
was done according to IS 10262 and the final
proportions achieved are given in the Table 6.

In  this  experimental investigation
programme, the specimens were cast to determine the
compressive strength, split tensile strength and
modulus of elasticity.

Table 6 Mix Proportion (by weight) for M20, M30 and
M40 Grade of Concrete

Grade Cement Fine Coarse Wat Water

of Kg Aggregate | Aggregate }2 er Cement
concrete Kg Kg g Ratio
M 20 395.75 815.76 1266.69 186.00 0.47
M 30 502.70 609.33 1117.31 186.00 0.37
M 40 529.41 557.68 1165.83 180.00 0.34

Sl. No. Sieve Size(mm) Percentage of Passing

1 40 100.00

2 20 49.34

3 125 5.64

4 10 0.94

5 4.75 0

6 Less than 4.75 0

Table 3 Specific Gravity and Bulk Densities for Coarse
Aggregates
Size of Specific Bulk Density,(Kg/m®)
Sl.No. Coarse .
Aggregate Gravity Loose Rodded

1. 20 mm 2.80 1426 1671

c. Fine aggregate The fine aggregate is tested for its
various properties like specific gravity, fineness
modulus, bulk density etc., in accordance with IS:
2386. Sieve analysis is carried out and results are
shown in Table 4 and 5. The locally available river
sand was used as fine aggregate in the present
investigation.

Table 4 Sieve Analysis of Fine Aggregate

S| Sigve Cumulative
: Size Percentage of Remarks
No. .
(mm) Passing
1 10.0 100.00
2 4.75 95.76
3 2.36 89.24 The tested sand
4 1.18 62.60 belongs to Zone — 11
5 0.600 35.94 category.
6 0.300 4.31
7 0.150 0

V. RESULTS AND DISCUSSION

The data obtained from experimental
investigations on the compressive strength, split
tensile strength, modulus of elasticity, modulus of
rupture, rapid chloride permeability test results are
presented in the following sections.

a. Compressive Strength The compressive strength
for M20, M30 and M40 grades with different
percentage of polymers fibres for 7 days and 28 days
are presented in Table 7 and 8. The variation of

compressive strength is shown in Fig. 1.
Table 7 Test Results of Conventional Concrete for Different
Grades

Grade Compressive Strength, N/mm?
of concrete 7 Days 28 Days
17.50 37.10
M20 18.00 37.70
18.50 39.80
23.60 35.10
M30 21.50 48.40
21.60 46.40
34.20 51.00
M40 33.90 48.90
36.00 49.10
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Table 8 Test Results of Various Grades of Concrete with
various % of Polymer

Grade of Compressive Strength
i 2
concrete with Workability, N/mm
polymer
(%) 7 Days | 28 Days
0% 65 18.00 38.20
5% 22 24.70 38.10
M20 | 10% 25 23.36 41.17
15% 30 21.33 37.23
20% 35 20.60 31.87
0% 56 22.23 43.30
5% 18 28.30 41.20
M30 | 10% 20 28.80 42.70
15% 26 28.95 38.70
20% 30 25.25 38.40
0% 45 34.70 49.70
5% 16 32.60 42.20
M40 | 10% 18 31.70 40.33
15% 20 33.20 44.07
20% 26 32.90 36.43
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Fig.1 Compressive Strength for various Grades of
Concrete with various % of Polymer

b. Split Tensile Strength The split tensile strength
for M20, M30 and M40 grades with different
percentage of polymers at 28 days are presented in
Table 9 and Fig. 2.

¢. Modulus of Rupture of Beams

The modulus of rupture of beams for M20, M30 and
M40 grades with different percentage of polymers at
28 days are presented in Table 9 and Fig. 3.

d. Modulus of Elasticity

The modulus of elasticity for M20, M30 and M40
grades with different percentage of polymers at 28
days are presented in Table 9 and Fig. 4.

Table 9 Test Results of Split Tensile Strength, Flexural
Strength and Modulus of Rupture for Various Grades of
Concrete with Various Percentage of Polymer (28 days)

conGcrrae(tj: \(/)vfith Split Tensile Flexural Mo_dl_JIus of .
polymer StNr/emn?;?, S‘Eg?rr;%tg Elast:\slllg)g x10
(%)
0% 0.60 1.79 3.28
5% 0.62 2.05 3.25
M20 [ 10% 0.54 1.88 2.96
15% 0.62 1.73 2.80
20% 0.52 1.79 2.64
0% 0.64 1.62 3.17
5% 0.72 1.50 2.32
M 30 | 10% 0.70 1.34 242
15% 0.62 1.32 2.61
20% 0.62 1.59 2.99
0% 0.88 1.57 3.83
5% 0.90 1.54 2.55
M40 | 109 0.88 237 3.41
15% 0.80 1.75 3.34
20% 0.62 1.59 3.54
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Fig.2 Split Tensile Strength for various Grades of
Concrete with various % of Polymer
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Fig.3 Flexural Strength for various Grades of Concrete
with various % of Polymer
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Fig.4 Modulus of Elasticity for various Grades of
Concrete with various % of Polymer

V. CONCLUSION

In addition of latex polymer, the workability of
latex polymer modified concrete is greatly
improved.

The compressive strength is increased by 7.77%
for addition of 10% in M20 grade of concrete.
The compressive strength decreases for 5, 15 and
20% of addition of polymer in the range of 0.26 to
16.57% at 28 days for M20, M30 and M40 grade.
There was a marginal increase in split tensile
strength for addition of polymer when compared
to conventional concrete.

Flexural strength and Young’s modulus of latex
polymer concrete is improved when compared to
conventional concrete.

The mechanical property has been increased in
5% of addition of Polymer irrespective of their
grades.
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