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Abstract: The currently paver block is used in outdoor usefulness application and also it is used in path road
and other Construction places. Paver block has low maintenance cost and without difficulty exchange with a
newer one at the time of breakage. The quality of concrete used to make paver block may be the major issue, so
that the strength of concrete paver block depends measuredly on quality of concrete. Thus an attempt present
Research study, work, Rubber Mould Paver Block (RMPB) of M30 grade of 60 mm thickness light traffic with
varying concentration cell/ml of Bacteria culture inclusion of Rubber Mould Paver Block (RMPB). There are
lots of bacteria available, and certain of it can be used in the construction industry for development of the overall
construction. Bacteria are used to increase compressive strength. So that type of Rubber Mould Paver Block
(RMPB) is cast. And finding optimum bacteria concentration cell/ml. To study the changes in compressive
strength of Rubber Mould Paver Block (RMPB)by the inclusion of bacterial Rubber Mould Paver Block (RMPB)
and without inclusion of bacterial Rubber Mould Paver Block (RMPB).
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1. INTRODUCTION

Rubber mould Paver blocks are the recent solution for low cost outdoor application. Concrete Paver
block is hard, unreinforced pre-cast cement concrete paving units used in the surface of the top layer
road. They are high strength concrete precast components in various shapes, sizes and colours to suit
the imagination of land architects and nature's essence. Through increasing its compressive strength it
can be used in heavy traffic area also. Rubber mould paver blocks are manufactured concrete product
that is independently located in a variety of arrangements and shapes as per the necessity. They do not
absorb water and can be located so that surplus water is taken away from the lawn and court area rather
than over-saturating it. This type of roadway will absorb stress, such as small earthquakes, freezes and
thaws, and slight ground erosion by flexing. Therefore, they do not easily crack, break or buckle like
pouring bitumen or poured concrete. Bacteria are used in the Rubber Mould Concrete Paver Block
improves resistance to abrasion and enhance quality of construction. [5]

The rubber mould paver block is being accepted widely in different uses where the convectional
construction of pavement using a hot bituminous mix or cement concrete work is not possible or
required. Interlocking concrete block has been widely used in many countries for quite some time
specific problem solving methods if pavement in areas where conventional types of construction are
less durable to many operational and environmental limitations. A decade ago Interlocking paver block
technology has been introduced to the construction production in India. [10]

Bacteria constitute a large domain of prokaryotic microorganisms. Typically a few micrometers in
length, bacteria have a number of shapes, ranging from spheres to rods and spirals. Microbial mineral
precipitation resulting from metabolic activities of favorable microorganisms in concrete improved the
overall behavior of concrete. The process can occur inside or outside the microbial cell or even some
distance away within the concrete. Often bacterial activities simply trigger a change in solution
chemistry that leads to over saturation and mineral precipitation. Use of these Bio mineralogy concepts
in concrete leads to the potential invention of new material called-Bacterial Concrete. [2]
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2. EXPERIMENTAL MATERIALS

Following are the experimental materials for the research experimental work

2.1. Cement

Cement basically acts as a binding material that holds all the other components of the block.The cement
available in the local market (OPC) Cement 53 grades Conforming to IS 8112: 2009 is used.

2.2. Coarse Aggregate

Natural Crushed Stone conforming to IS: 383 (1987) was employed. Coarse aggregate of size 10 mm
down having the specific gravity of 2.77 and fineness modulus of 5.732was applied.

2.3. Fine Aggregate

The natural river sand available in the local market is used as a fine aggregate. The fine and coarse
aggregates shall consist of crushed or uncrushed materials, which apart from the grading requirements
comply with IS 383:1970. The fine aggregate (Sand) belongs to grading Zone Il as per 1S: 383-1970.
Fineness Modulus of sand is 2.935. The specific gravity of fine aggregate is 2.55.

2.4. Water

The water shall be clean and free from deleterious matter. It shall meet the requirements stipulated in 1S
456:2000.

2.5. Microorganism

Following are two bacteria was used in experimental work

2.5.1. Bacillus Pasteurii

Bacillus species are aerobic, sporulating, rod-shaped bacteria that are ubiquitous in nature. Majority of
Bacillus species is harmless. B. pasteurii, a common bacterium naturally occurring in the subsurface, is
such an aerobic microorganism. Bacillus Pasteurii NCIM 2477 going to use for Rubber Mould Paver
Block product. Bacillus are a type of bacteria that can produce calcium carbonate (CaCQOs) as a filler
material and serve as a binding factor in concrete. Calcium carbonate (CaCOs3) can reduce capillary

pores of concrete and improve durability and compressive strength. Bacillus Pasteurii is also known as
Sporosarcina Pasteurii. [2]Figure 1 shows the Bacillus Pasteurii.

Figurel. Bacillus Pasteurii
(Source: http://lenta.ru/news/2007/03/07/stone/)
2.5.2. Bacillus Cereus

Bacillus cereus is gram-positive, rod —shaped, aerobic, motile, beta haemolytichacterium commonly
found in soil and food. Bacillus cereus going to use for Rubber Mould Paver Block.Figure 2 shows the
Bacillus Cereus.

shutterst.ck

Figure2. Bacillus Cereus
(Source: http://lenta.ru/news/2007/03/08/stone/)
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2.6. Other Additives

Under special conditions, admixture at around 7 per cent of cement by weight is added for high early
strength.

3. DESIGN MiXx

Design Mix of M30 Grade with 60 mm thick Rubber Mould Paver Block (1S: 456-2000, IRC: SP: 63-
2004).As shown in Table 1 and same was used to prepare the various test samples inclusion of bacteria
concentration cell/ml. The design mix proportion is shown in Table 2.

Tablel. Design Mix of (M30 Grade) 60 Mm Thick Rubber Mould Paver Block (Is: 456-2000, Irc: Sp: 63-2004)

Cement F.A C.A Admixture Water
410 685 1160 7 155
1 1.67 2.83 0.017 0.38
F. A. = Fine Aggregate, C. A. = Coarse Aggregate
Table2. Inclusion of Bacteria Concentration Cell/MI in Rubber Mould Paver Block
Sr. Cement Bacteria F.A C.A Admixture
No concentration (%)
Cell/ml
A 410 0 685 1160 7
B1 410 10° 685 1160 7
B2 410 10° 685 1160 7
B3 410 10’ 685 1160 7
B4 410 10° 685 1160 7
B5 410 10° 685 1160 7
C1 410 10° 685 1160 7
c2 410 10° 685 1160 7
C3 410 10’ 685 1160 7
C4 410 10° 685 1160 7
C5 410 10° 685 1160 7

F. A. = Fine Aggregate, C. A. = Coarse Aggregate

Where, A is without inclusion bacterial Rubber Mould Paver Block, B1 to B5 is Bacillus Pasteurii
bacterial Rubber Mould Paver Block and C1 to C5 is Bacillus Cereus bacterial Rubber Mould Paver
Block

4, EXPERIMENTAL METHODOLOGY
4.1. Testing Methodology

Rubber Mould Paver Block concrete contains cement, fine aggregate, coarse aggregate, bacterial
culture Distilled water and admixture is used in the Rubber Mould Paver Block. Bacterial culture
Distilled water inclusion of the Rubber Mould Paver Block with a suitable concentration of bacteria,
respectively 10°, 10°, 107, 108, 10° cells/ml. For compression test there were four members of paver
block has been cast. After about 24 h the specimens were placed at safe place and water curing was not
needed. The respective specimens were tested after 7,14 and 28 days for compressive strength tests.
[11]

4.2. Compressive Strength Test Results [I1S 15658:2006]

Compressive strength tests were performed on compression testing machine using paver block samples.
Four samples per batch were tested with the average strength values reported in this paper. The block
has been stored in 24 £ 4h in water maintained at a temperature of 20 + 5°C. The bearing plates of the
testing machine shall be wiped clean. The specimens are aligned with those of the bearing plates. The
load would be applied without shock and increased continuously at a rate of 15 + 3 N/mm?/min until no
greater load can be sustained by the specimen or delamination occurs. The maximum loads applied to
the specimen were noted. [11]Figure 3 shows the setup of compressive strength testing machine. The
compressive strength results are compiled in Table 3.
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Figure3. Setup of Compression compressive strength testing machine

Table3. Comparative Experimental Results for Compressive Strength Test for M30 Mixes, Without Inclusion of
Bacteria Rubber Mould Paver Block and With Inclusion of Bacteria Rubber Mould Paver Block.

Description Rubber Mould Average Compressive Strength
Paver Block (N/mm?)
Mixes
7 days 14 days 28 days

Without inclusion of bacterial RMPB A 20.80 25.27 39.64
B1 21.07 27.05 40.63

B2 22.77 28.21 42.68

Bacillus Pasteurii inclusion of RMPB B3 25.27 29.02 43.39
B4 2411 27.41 41.16

B5 23.13 25.36 39.82

Bacillus Cereus inclusion of RMPB C1 22.23 26.34 41.34

C2 23.93 29.02 43.30

C3 26.79 31.25 45.09

C4 25.09 28.39 4411

C5 24.02 26.07 42,50

Compressive Strength of Rubber Mould Paver Block M30 Grade Mixes
at 7, 14, 28 days
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Compressive Strength of Rubber Mould Paver Block M30 Grade Mix and
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Figure4. Compressive Strength of Rubber Mould Paver Block M30 Grade Mix and Rubber Mould Paver Block
M30 Grade Mix with Inclusion of Bacillus Pasteurii Bacteria in Different Concentrations Cells/ml
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From above figure 4, it can be said that the compressive strength of the M30 grade Rubber Mould paver
Block mixes increased with increase in days. Also compressive strength increases with increase in
bacterial content up to 10’ cells/ml concentration, after it further increase in bacterial content decreases
the compressive strength results, but it was higher than the without bacterial Rubber Mould paver Block
mixes. So optimum bacterial content for maximum compressive strength was 10" cells/ml
concentration. For 10’ cells/ml B3 mix shows 9.46 % increase in compressive strength compare to
without bacterial Rubber Mould paver Block (A) mix.

Compressive Strength of Rubber Mould Paver Block M30 Grade Mixes
at 7, 14, 28 days
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Figureb. Compressive Strength of Rubber Mould Paver Block M30 Grade Mix and Rubber Mould Paver Block
M30 Grade Mix with Inclusion of Bacillus Cereus Bacteria in Different Concentrations Cells/ml

From above figure 5, it can be said that the compressive strength of the M30 grade Rubber Mould paver
Block mixes increased with increase concentration cell/ml in days. Also compressive strength increases
with increase in bacterial content up to 10” cells/ml concentration, after it further increase in bacterial
content decreases the compressive strength results, but it was higher than the without bacterial Rubber
Mould paver Block mixes. So optimum bacterial content for maximum compressive strength was 10’
cells/ml concentration. For 10" cells/ml C3 mix shows 13.74 % increase in compressive strength
compare to without bacterial Rubber Mould paver Block (A) mix.
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Figure6. Optimum Compressive Strength of Rubber Mould Paver Block M30 Grade Mix and Rubber Mould
Paver Block M30 Grade Mix with Inclusion of Bacillus Pasteurii Bacteria and Bacillus Cereus Bacteria in
Different Concentrations Cells/ml
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From above figure 6. It can be shown that 28 days optimum compressive strength of M30 grade without
bacterial Rubber Mould Paver Block (A mix), with the inclusion of Bacillus Pasteurii Bacterial Rubber
Mould Paver Block (B3 mix) and inclusion of Bacillus Cereus Bacterial Rubber Mould Paver Block
(C3 mix). So comparison of three types of the specimen at 28 days optimum compressive strength and
concluded that maximum, optimum compressive strength of 28 days was 10cell/ml C3 mix. So
Bacillus Cereus Bacteria given more compressive strength than B3 mix and (A) mix. Also Bacillus
Pasteurii Bacteria given more compressive strength than (A) mix. Bacillus Cereus Bacterial Rubber
Mould Paver Block (10’ cell/ml) C3 mix shows 3.92 %increase in compressive strength compare to
Bacillus Pasteurii Bacterial Rubber Mould Paver Block B3 mix.

5. CONCLUSIONS
From the above experimental test, following conclusion are drawn:

a) Compressive strength of Rubber Mould Paver Block (RMPB) increases after inclusion of bacillius
pesturii and Bacillus Cereus bacteria in it.

b) Compressive strength increases as an increase in bacterial content up to 10’ cell/mlconcentration,
further increase in bacterial content shows decrease in compressive strength of concrete.

¢) For M30 grade of Rubber Mould Paver Block (RMPB), optimum mix is B3 and C3 with 10’
cell/ml concentration.

d) For M30 grade mix with inclusion of bacillius pesturii bacterial Rubber Mould Paver Block
(RMPB) there was a 9.46 % maximum increase in compressive strength compare to without
bacterial Rubber Mould paver Block (A) M30 mix. And For M30 grade mix with the inclusion of
Bacillus Cereus bacterialRubber Mould Paver Block (RMPB) there was a 13.74 % maximum
increase in compressive strength compare to without bacterial Rubber Mould paver Block (A)
M30 mix.

e) Comparison in between them with the inclusion of Bacillus Cereusbacterial Rubber Mould Paver
Block (RMPB) was Compressive strength more than with inclusion of bacillius pesturii bacterial
Rubber Mould Paver Block (RMPB) and Without bacterial Rubber Mould paver Block (A) M30
mix.
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