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Abstract: This paper discussed the properties of styrene butadiene rubber (SBR) latex modified concrete with
silica fume as partial replacement of cement. The latex modified concrete using SBR latex were prepared
with various polymer-binder ratio and 30% GGBS(Ground Granulated Blast Furnace Slag) contents, and
tested for compressive strength, flexure strength and elastic modulus. Latex contents were varied as 5, 10 and
15 percentages by mass of binder (cement and GGBS). The effect of the polymer-binder ratio and GGBS
content on the properties of latex modified concrete was examined. It was concluded from the test results that
the compressive strength and elastic modulus decrease with polymer binder ratio and flexural strength
increasing with polymer binder ratio
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I. Introduction

Latex modified concrete (LMC) has been a popular construction material due to its excellent properties
in comparison with ordinary concrete. It is produced using latex in order to improve its workability, strength and
durability. However there are a few studies about the use of latex with ground granulated blast furnace slag
(GGBS)

Latex is colloidal dispersion of small spherical organic polymer particles in water. The particles are held

in suspension in water by coating their surface with a surfactant. Latex modified concrete (LMC) is made by using
composite binder of inorganic cement and organic polymer latexes have a network structure which consist of
cement gels and microfilms of polymers.
Latex is polymer system formed by the emulsion polymerization of monomers and it contains 50% solid by
weight. Since mechanical properties, hydration process in cement and durability of concrete are highly dependent
on the state of microstructure. Previous research studies have shown that the polymer as modifier is promising in
improving micro-structure of concrete. Consequently the properties of LMC are improved over the conventional
concrete.

Introduction of latex in concrete has been provided to improve mechanical properties, physical and
chemical properties. Suitable latex formation greatly improves the fundamental strength property of concrete.
Latex modified concrete has already found wide range of practical application and proved to be a versatile building
material exhibiting superior performance over conventional concrete.

Ground granulated blast furnace slag has been used widely as a mineral admixture for the purpose of improving
long term strength, water resistance and chemical resistance.

In this present investigation the effect of adding SBR latex on mechanical and durability properties normal
concrete and GGBS based concrete have been investigated. GGBSwas added to latex modified concrete because
adding latex can reduce the compressive strength of the mix. The purpose of adding GGBS is to improve the
properties of the LMC. The latex modified concrete containing styrene-butadiene rubber (SBR) are prepared with
various latex percentages (5%, 10%, and 15% by weight of binder) and fixed GGBS content (30% partial
replacement by weight of cement). Compressive strength, flexural strength studied at 7,28,56,90 days of age. For
the selected mix, elastic modulus of latex modified concrete beam with and without GGBS was investigated at the
age of 28 days.

1. Properties of the Materilas
« Cement: Ordinary Portland cement of 43 grade confirming to IS 8112:1989.Physical properties of the
cement are shown in Table 1.
« Ground Granulated Blast furnace Slag (GGBS):GGBS supplied by Toshali Cements,
« Andra Pradesh. Specific gravity 2.95
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Table IPhysical Properties of cement

Property Value
Specific gravity 3.15
Initial setting time 75 min
Final setting time 200 min
Compressive strength at 28 days 48.4 N/mm?

Fine Aggregate: Natural River sand passing through 4.75mm IS sieve having fineness modulus 3.12, specific
gravity 2.61 and confirming to Zone I11 of IS 383:1970.

Coarse aggregate: Crushed stone with a nominal maximum size of 20mm having fineness modulus 6.86 as per
15383:1970.

Polymer Latex: Styrene Butadiene copolymer Latex manufactured by Fosroc India limited.

Colour: Milky white emulsion pH: 8.5

Specific gravity 1.01

Total polymer solids: 50%

Materials addition and replacement:

o Latex -5%,10%,15% addition
. GGBS - 30 % replacement of cement
Mix Design

In this study concrete Mix Msp was considered as control concrete (C).The mix design for the above
grade of concrete as done based on 1S10269:2009 for the workability range of 50-75mm. The control concrete
mixture was comprised of Portland cement, water, coarse and fine aggregate. The mix proportion of control
concrete is presented in Table 2.

Latex modified concrete (LMC): In this research latex modified concrete composition containing 5 %(
CL5), 10 %( CL10) and 15% (CL15) SBR latex by mass of cement were prepared by modifying control concrete.
Since the SBR latex used in this study contained 50%of water required to be added in the concrete was accordingly
adjusted. Some additional percentage of water to mass of binder also adjusted to maintain the slump between 50-
75mm. Additional percentages of water content adjusted (reduced) is shown in the Table 2. GGBS of 30% by
mass of cement added with latex modified concrete to explore the possibility of strength reduction which may
take place due to the latex addition. Three concrete mixtures were designed with latex modification and three
mixtures of latex and GGBS (CL5GGBS30, CL10GGBS30, and CL15GGBS30).

Table 2: Mix proportions of concrete

o o Cement | GGBS | FA CA wie | pg | Slump | % of

Z Mix Details ka/mé Ka/m? Ka/mé Ka/m? ratio ratio value in water

* 9 9 g 9 mm reduced

1 c Control 42573 | 000 | 6726 | 112242 | 045 | 000 50 0.00

2 Cis 5% Latex 42573 | 000 | 671.27 | 1121.05 | 040 | 005 55 5

3 CL10 10%Latex 42573 | 000 | 67040 | 111966 | 036 | 010 65 10

4 CLi5 T506Latex 42573 | 000 | 66956 | 111820 | 031 | 015 75 15

0, 0,

5 | cLsGeBS30 | ° /""Gé“Ge’é?O % | 20801 | 12772 | 6687 | 111677 | 040 | 005 55 5
CL10 10%Latex+30%

6 cpa e 20801 | 12772 | 6678 | 111532 | 036 | 0.10 70 10
CL15 15%Latex+30%

7 e e 20801 | 12772 | 667 | 11139 | 031 | 015 75 15

Note: W/B-Water binder ratio, P/B-Polymer binder ratio

Test Details

The weighed ingredients for the batch were mixed in a tilting drum type concrete mixture machine. The
test specimens for compression (150 x 150 x 150mm cube), flexural strength (100 x 100 x 500mm prism),and
modulus of elasticity of the concrete (150mm dia x300mm height cylinder),and 125x250x3200mm beams were
cast in steel moulds with mould releasing agent applied. The fresh concrete mix was filled in the steel mould in
three equal layers and each layer was well compacted using table vibrator. Before the initial setting time of the
concrete, top surfaces of the specimens were levelled using finishing trowel. The conventional concrete specimens
were demoulded after 24 hours of casting and then moist cured for 28 days. The curing of latex modified concrete
should be such that both hydration of cement and polymer formation take place yielding a strong co-matrix of
hydrated cement inter penetrated by polymer film. While the hydration process is promoted by presence of
moisture, film formation takes place only on drying. Therefore, the curing protocol for LMC specimens involves
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a combination of moist curing to promote cement hydration followed by drying to promote film formation. The
latex modified cement concrete specimens were subjected to 2 days moist curing, 5 days water curing and 21 days
air curing.

I1. Experimental Investigations
Mechanical Properties of Latex modified concrete:
Compressive Strength

The compressive strength tests were conducted on a compression testing machine as per IS: 516-

1959.The cubes 150mm size were tested at the ages 7days,28 days,56 days and 90 days. For each concrete
composition three specimens were tested. Average value of three samples has been reported as compressive
strength in Table 3.The compressive strength developments with respect to control concrete specimens at the age
of 28,56, and 90 days cured are presented in Figure 1.

Table 3: Results of Compressive Strength

Average Compressive Strength N/mm?
S-No MIXDETAILS 7 Days 28Days 56Days 90Days
1 C 30.56 38.65 42.00 43.90
2 CL5 29.19 35.28 38.21 40.21
3 CL10 27.60 33.00 35.67 38.28
4 CL15 25.80 29.81 32.49 34.78
5 CL5GGBS30 29.52 37.62 41.56 43.86
6 CL10GGBS30 28.54 35.33 39.53 41.93
7 CL15GGBS30 27.05 32.35 36.00 39.21

FigurelFig.1:Compressive Strength DevelopmentFlexural Strength
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Mix details

Concrete specimens of size 100mmx100mmx500mm were tested under standard four points bending in flexural
testing machine. Specimens were tested at different ages. The flexural strength was calculated as the average of
the three tested specimens and shown in Table 4. The flexural strength developments of LMC and LMC with
GGBS at different ages with respect to the control concrete were shown in Figure 2.

The template is used to format your paper and style the text. All margins, column widths, line spaces, and text fonts
are prescribed; please do not alter them. You may note peculiarities. For example, the head margin in this template
measures proportionately more than is customary. This measurement and others are deliberate, using specifications
that anticipate your paper as one part of the entire proceedings, and not as an independent document. Please do not
revise any of the current designations.

Table 4: Results of Flexural Strength

SNo MIX DETAILS Flexural Strength N/mm?
7 Days 28Days 56Days 90Days
1 C 3.80 4.50 4.80 5.00
2 CL5 3.99 4.83 5.20 5.46
3 CL10 4.30 5.10 5.36 5.76
4 CL15 4.78 5.46 5.86 6.25
5 CL5GGBS30 4.44 5.42 5.88 6.28
6 CL10GGBS30 4.83 5.82 6.41 6.84
7 CL15GGBS30 5.42 6.30 6.81 7.36
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Figure.2:Flexural Strength Development
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Modulus of Elasticity

Cylindrical specimens of size 150mm diameter and 300mm height were used for the determination of
modulus of elasticity as per 1S: 516-1959.Concrete mixes with 10% latex content provided the average strength
development for both compression and flexural strength. Hence elastic modulus test was conducted for selected
mixes (CL10, CL10GGBS30) only. Specimens were loaded uniaxial in a compression testing machine and
deformations were recorded using dial gauge of 0.01mm least count at an interval of 10kN until the peak load.
Stress strain curves obtained from cylinder compressive strength test were shown in Figure 4. The elastic moduli
of the selected concrete mixes are shown in Table 5.

Figure 3: Stress Strain Curve
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Table 5: Elastic Modulus of Concrete Mixes at 28 days

S.No Mix Elastic Modulus N/mm?
1 C 33333
2 CL10 26666
3 CL10GGBS30 25641
V. RESULT AND DISCUSSION

Slump test
Slump test were performed on both control and latex modified concretes. However percentage of water content is
adjusted (decreased), from the results it was observed that, the addition of SBR increases slump. This shows that
SBR latex has plasticizing effect due to which workability of concrete increased and maintained between 50mm
to 75 mm.
Compressive Strength

The compressive strength of control concrete, latex modified concrete and latex modified concrete with
GGBS containing different percentage of SBR were presented. It was observed that the latex modified concrete
specimen showed 28 day average compressive strength of the order 35.28 N/mm? 33N/mm? 29.81 N/mm? at the
latex content of 5%, 10%, and 15% respectively. Latex modified concrete with GGBS showed average
compressive strength of order 37.62 N/mm?, 35.33N/mm?32.35 N/mm? at latex content of 5%, 10%, and 15%
respectively, while the control concrete specimens had average compressive strength of 38.65 N/mm?. It could be
observed from results that the compressive strength of concrete generally followed a decreasing trend with the
increase of the latex dosage. The compressive strength at 28 days decreased 8.71%, 14.61%, 22.87% at the latex
content of 5%, 10%, and 15% respectively. The compressive strength of latex modified concrete with GGBS
decreased 2.66%, 8.58%, 16.30% at the latex content of 5%, 10%, and 15% respectively at 28 days. A Similar
reduction trend was observed in compressive strength at 56 days and 90 days cured specimens. At 56 days 1.05%,
5.88%, 14.28%, 0.1%, 4.48% and 10.68% compressive strength reduction were observed at the latex content of
5%, 10%, and 15% of latex for LMC and LMC with GGBS respectively with respect to 56,90 days cured control
specimens. The reduction in compressive strength of latex modified concrete is due to the presence of rubber
content as soft inclusion in the cement gel particles and increase in air content of latex modified concrete. Latex
modified concrete with GGBS improved the compressive strength of concrete compared to latex modified
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concrete. Physical interaction occurred due to the GGBS, particles fill the existing spaces between the various

granules of cement and those between the cement paste and the sand, which act as a filler reducing porosity cement

matrix a densified structure and hence improvement in compressive strength. The decrease in compressive
strength due to latex addition can at least be compensated by 6.05%, 6.03%, and 6.57 % by the addition of GGBS
in latex modified concrete with latex content of 5%, 10%, and 15% respectively at 28 days.

Flexural Strength

Addition of 5%, 10% and15% latex in latex modified concrete increases the flexural strength to 7.33%,

13.33% and 21.3% respectively at the age of 28 days. The Latex modified concrete with GGBS showed an
improvement of 20.44% ,29.33%, and 40.0% at the latex content of 5%,10% and 15% respectively at the age of
28 days. At 56,90 days 30.67%, 33.54%, 41.88%, 25.6%, 36.80% and 47.20 % flexural strength improvement
were observed at the latex content of 5%, 10%, and 15% of latex for LMC and LMC with GGBS respectively. A
Significant flexural strength change was observed that mainly due to improvement in cement hydrate and
aggregate bond because of decrease in w/c ratio and the high tensile strength of latex films present in latex
modified concretes. Flexural strength depends mainly on the adhesion of aggregate grains and cement matrix. For
latex modified concrete, creation of polymer membrane has a double role, that is increase the adhesion between
the aggregate grains and cement matrix; and prevent progressive development of initial micro cracks due to its
elasticity.

Elasticity modulus

Stress strain characteristics of latex modified cylindrical specimens in compression obtained from load
controlled tests compared to the control mix. It was observed that the stress strain plot of latex modified concretes
were more deformability and similar trend to that of control specimens. The latex modified concrete and LMC
with GGBS showed lower moduli compared to control concrete. Consequently latex modified concretes provided

a lower elasticity than unmodified (control) concrete. Compared with control concrete the LMC and LMC with

GGBS showed 20%, 25% reduction in elastic modulus with 10% latex content at the age of 28 days. The

deformability and elastic modulus of the latex modified concrete tend to increase and decrease, with the addition

of latex.
V. Conclusions

Latex modified concrete and latex modified concrete with GGBS was developed focusing on the
workability and strength development. This study showed the effect of latex modification in mechanical property
of latex modified concrete. The main variables were latex content 5% to 15% and GGBS content of 30%. The
conclusions are as follows.

(i) Latex addition allows w/c ratio to fall by 0.05 to 0.15 without affecting the workability in all cases studied.
It is expected that such fall in w/c ratio should increase strength more appreciably in the lower wi/c ratio than
higher w/c ratio. But it is observed that concrete in the lower wi/c ratio has reducing effect of latex addition
on compressive strength that the corresponding reduction in w/c ratio cannot compensate this effect.

(ii) The reducing effect of latex addition on compressive strength of latex modified concrete could be attributed
to incorporation of soft rubbery material in the matrix.Maximum reduction of compressive strength (22.87%,
16.30%) at 28 days was observed at 15% latex addition in LMC and LMC with GGBS respectively. The
strength reduction is found to decrease with GGBS content and hence GGBS can be used for partially
compensating the strength reduction due to latex addition.

(iii) Flexural strength increased with the increase of polymer binder ratio. Maximum increase of flexural strength
was 21% and 40% at 15% latex addition for LMC and LMC with GGBS respectively at the age of 28 days.
Flexural strength increased with the increase of polymer binder ratio.

(iv) Elastic modulus decreased over unmodified concrete tendency is in agreement with increased deformability
of latex modified concrete over unmodified concrete. The elastic modulus reduces by 20% to 23% for LMC
and LMC with GGBS.
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