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INTRODUCTION

Paver block was firstly introduced and
manufactured in the Netherlands in 1924 and led to
growth of paver block during probably World War
I. After that it was introduced in Holland in the
fifties as replacement of paver bricks and demanded
due to having boom in construction at that time. A
research was done by Shackel in seventeen and
eighteen on the performance of paver. A hierarchy
came when paver block shapes was developed and
various shapes and design curves were checked. In
India paver block was introduced by Bureau of
Indian Standards and research and development
work was started by Central Road Research
Institute (CRRI) on paver block in the nineties. In
this experiment the work is done to find out the
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flexural strength for paver block in which cement is
partially replaced with waste brick kiln dust at
different percentages.

EXPERIMANTAL STUDY

This experiment investigate about density variation
and flexural strength for paver block as per IS
15658:2006 in which cement is replaced by waste
brick kiln dust at various percentage 5 %, 10 %, 15
%, 20 %, 25 % and 30 % and comparison with
conventional mix that is 0 % of replacement of
cement also adding 2 % waterproofing
superplasticizer by weight of cement added at 7, 14
and 28 days.
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SELECTION OF MATERIALS AND ITS
PHYSICAL PROPERTIES

Cement

As per easily availability of and concerning to IS
8112: 1989 OPC 43 grade cement has been taken in
this experimental investigation. Physical properties
of OPC 43 grade cement is shown in table 1 below
as investigated in lab experiments.

Table 1: Physical Properties of OPC 43 Grade
cement

S.N. Name of Test Test Result
1 Fineness 6%
2 Consistency 30%
3 Initial Setting Time 80 minutes
4 Final Setting Time 325 minutes
5 Specific Gravity 3.16

Table 2: Compressive Strength of OPC 43 grade
Cement

As per IS In laborator
No. | 8112:1989 Combressive
S. NO. of Compressive P
Strength of cube
days Strength of in N/mm?
cube in N/mm?
1 3 23 24
2 7 33 344
3 28 43 44

Brick Kiln Dust

Brick kiln dust (B.K.D.) locally called “Rubbish” is
taken from brick production place near Motiram,
Gorakhpur (as shown in fig. 1) was used for partial
replacement of cement in all mixes as per design
consideration. The physical properties of B.K.D.
like fineness, specific gravity and optimum
moisture contain and dry density etc were obtained
through lab testing and process of finding physical
properties as per IS codes. The physical properties
of B.K.D. are shown in table 3.

Figure 1. B.K.D. for Partial Replacement of
Cement

Table 3: Physical Properties of B.K.D

S. Physical Properties Results

No.

1 Fineness modulus 3.67

2 Specific gravity 2.35

3 Maximum dry density 1.444

4 Optimum moisture 17
content

5 Shear Angle (@) 19.19°

6 Liquid Limit No

7 Plastic Limit No

Coarse aggregate

As per given in “IS 15658: 2006 Precast concrete
blocks for paving-specification” maximum size of
coarse aggregate in paver block should be 12 mm
nominal size. So in this study we consider only 12
mm nominal aggregate & its testing. The results of
tests are shown in table 4.

Table 4: Physical Properties of Coarse Aggregate

S. Lab Experiments Result
No.

1 F.M. 6.27 %
2 Specific gravity 2.85
3 % age of water absorption 0.7

4 Crushing value 22.33
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Fine Aggregate

As per IS 15658: 2000 the fine aggregate both river
/quarry sand and stone dust meeting the requirement
can be used in the production of concrete block
pavements. In this experimental study fine sand was
used. Its result of lab tests is shown in table 5.

Table 5: Physical Properties of Fine Aggregate
S. No. Lab Experiments Result
1 F.M. 3.19
2 Specific gravity 2.56
3 % age of water absorption 0.82

Superplasticizer

Superplasticizer Waterproofing Chemical which
reduces the ratio of water and cement and
confirming to IS 9103 has been taken in this
experimental study. Its properties are shown in table
6.

Table 6: Physical Properties of Superplasticizer

Figure 2: Water p Test Through pH Indicator
Paper Test

Mix proportion

In this experimental study mix design is prepared
for M-35 grade designation of paver block as per IS
10262: 2009 to find out the trail proportion of
materials like cement, water, fine aggregate and
coarse aggregate, superplasticizer and B.K.D. which
was partially replaced by cement by weight. Trail
mix proportion ratio for M-35 grade designation for
paver block is shown in table 7 as below.

Table 7: Mix Proportion for Trials

S. From Manuals Result

No.

1 Appearance brownish liquid

2 specify gravity 1.18-0.05

3 pH value 8.00t0 9.00

4 Normally Dose As per concrete
mix design

Water

Portable water is generally considered satisfactory
for mixing concrete used in this analysis. It has pH
value between7 to 8 tested at paper indicator as
shown in figure 2 below.

ﬁllo Materials Contents Ratios

1 Cement 372.5kg/m> | 1.00

2 Water 149 kg/m® 0.40

3 Fine aggregate | 1062.02 kg/m> | 2.85

4 Coarse 921.06 kg/m® | 2.47
aggregate

5 | Chemical 8.3 kg/m?® 0.02
admixture

5 Water-cement i 0.40
ratio

CASTING AND TESTING

ICBPs are used for masonry; paving blocks must be
dense. Equipment must be capable of a high degree
of compaction and satisfactory output. A
combination of vibration and pressure is the most
effective way of achieving compaction. There was
used mould of size 100x100x500 mm? for
production of prism. Vibrating table was used to
achieve the compaction to satisfactory samples
unless more cement is used. After moulding the
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prism of sample with different variation, samples of
prism were kept in the water for curing for flexural
strength test. Testing of flexural strength is done as
per concerning to IS 15658:2006 and recommended
as flexural test is done as per 1S 516-1959 Methods
of tests of strength of concrete.

EXPERIMANTAL INVESTIGATION
Experimental study was done on prism
manufactured in concrete laboratory of size 100 x
100 x 500 mm? in which cement was replaced by
brick kiln dust at 5 %, 10 %, 15 %, 20 %, 25 % and
30 % by weight and comparison with 0 % that
means conventional mix (CM) to examine density
variation due to change of percentage of cement and
effect on flexural strength. There was manufactured
total 63 prisms for testing as per 1S 15658:2006 and
some samples of prism size 100 x 100 x 500 mm?®
are shown in figure 3 as below which were
examined for density variation and flexural strength
as per IS code recommended.

Figlélre 3: Samples of Prism size 100 x 100 x 500
mm

Density Variation

Density variations were examined in this
experiment on prism of size 100 x 100 x 500 mm®
after casting at 7, 14and 28 days in which firstly
weight of each prism at every percentage of change
of cement with brick kiln dust taken and counted
average value for density variation in kg/m® as
shown in table 7 as below. As we know density is

defined as “mass per unit volume” that means how
much amount of mixture concrete is there per cubic
meter volume.

Mass

Density= Volume

Where,

Mass is in Kg and Volume in m®.

There is also shown average density variation of
prism for each percentage of change in cement in
table 7.

Table 7: Density Variation of Prism

% of | Density | Density | Density | Average
Cement | at 7|at 14 |at 28 | Density

Replaced | Days Days Days Variation
CM 234.20 | 235.00 | 236.00 | 235.067
5% 233.20 | 234.20 | 234.80 | 234.067

10% 238.40 | 239.40 | 240.00 | 239.267

15% 237.40 | 235.00 | 235.40 | 235.933

20% 228.00 | 229.20 | 229.80 | 229.000

25% 229.80 | 230.60 | 231.00 | 230.467

30% 228.20 | 228.60 | 228.80 | 228.533

Flexural Strength/Breaking Load of Test Specimens
As per concerning IS 15658: 2006 precast concrete
blocks for paving flexural strength is consider by
taking beam size of 100x100x500 mm?® .The
flexural test is done as per 1S 516-1959 Methods of
tests of strength of concrete. The load is applied
from top on the beam loading through a roller
placed midway between the supporting rollers as
such applied in the Figure 4. Actual loading of
beam is shown in Figure 5.

1/2=100 mm e 1/2=100 mm

N =200 mm
L =250 mm

Figure 4: Method of Loading Test Specimen for
Flexural Strength
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Where,

L = overall length of the beam parallel to the
longitudinal axis (mm)

| = overall length 50 mm

P = Load applied to the beam.

The load was applied on the beam without shock
and continuously uniform increased at the rate of 6
KN /mm? The load was applied until the beam
braked and the maximum applied loads were noted
down as shown in indictor of the test machine.

- -~

Figure 5: Actual Flexural Loading

Flexural Load

Flexural load for Paver Block at different
percentage of replacement with OPC 43 grade
cement with waste brick kiln dust 0 %, 5%, 10%,
15%, 20%, 25%, 30 % at 7,14 and 28 days are listed
below in table 8 and flexural strength in table 9.
Numbers of prism taken were 3 for each percentage
at each day of testing’s of flexural load as per
recommended in IS 15658-2006 .The maximum
flexural load P was shown as breaking load in
nearestto 1 N.

Table 8: Flexural Load in N

4 15% 13 19 21
5 20% 11 16 17
6 25% 8 13 15
7 30% 6 8 11

Calculation of Flexural Strength
The flexural strength of the specimen calculated as

follows
3Pl

Fo = Spaz

Where,

P = maximum load, in N

1 = distance between central lines of supporting
rollers, in mm;

b = average width of block, measured from both
Faces of the specimen, in mm; and

d = average thickness, measured from both ends of
the fracture line, in mm.

Fpy - flexural strength, in N/mm?.

Table 9: Flexural Strength in N/mm?

Flexural | Flexural | Flexural
%  of . _ _
S No. | Cement |10ad in|load in | load in
o N at 7N at 14 | N at 28
Replaced
days days days
0%
: cm) |16 20 23
2 5% 14 19 20
3 10% 13 17 19

% of | Elexural Flexural | Flexural
S. C strength | strength
ement | strength
No. Replaced | at 7 days at 14 at 28
days days
1 0% (CM) | 4.8 6 6.9
2 5% 4.2 5.7 6.3
3 10% 4.2 5.4 6.3
4 15% 4.5 5.7 6.6
5 20% 3.3 4.8 5.4
6 25% 2.4 3.9 4.5
7 30% 1.8 2.4 3.3

RESULT AND DISCUSSIONS

Density Variation

For prism of size 100 x 100 x 500 mm®
manufactured in concrete laboratory at M-35 grade
(). The maximum density 238.40 kg/m® was
attained at the replacement of 10%, while the
minimum density of 228.20 kg/m* was attained at
30% replacement at 7 days of testing as shown in
figure 6.

(i). The maximum density 239.40 kg/m® was
attained at the replacement of 10%, while the
minimum density of 228.60 kg/m® was attained at
30% replacement at 14 days of testing as shown in
figure 7.
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(iii). The maximum density 240.00 kg/m® was
attained at the replacement of 10%, while the
minimum density of 228.80 kg/m® was attained at
30% replacement at 28 days of testing as shown in
figure 8.

(iv). Comparisons of density at 7, 14 and 28 days is
shown in figure 9 and it is showing that density is
varying and it attained maximum at 28 days for
each varying of percentages of cement with brick
kiln dust.

(V). Average density variation is shown in figure 10
where the maximum density 239.267 kg/m® was
attained at the replacement of 10%, while the
minimum density of 228.533 kg/m® was attained at
30% replacement.

Density Variation at 7Days
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Figure 6: Density Variation at 7 days
Density Variation at 14 Days
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Figure 7: Density Variation at 14 days

Density Variation at 28 Days
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Figure 8: Density Variation at 28 days

Comparision of Density Variation at 7, 14
and 28 Days
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Figure 9: Comparison of Density Variation at 7, 14
and 28 days

Average Density Variation
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Figure 10: Average Density Variation

Flexural Load

Figure 11 is showing the comparison of flexural
load of prism at 7, 14 and 28 days with different
partial replacement of the cement with brick kiln
dust. From the Figure 11 it can be concluded that
the addition of brick kiln dust as partial replacement
of the cement with 15 % is giving the slightly same
result as conventional mix that is 0 % at 28 days.
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Comparison of Flexural Load at 7, 14 and 28 days
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o
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Figure 11: Comparison of Flexural Load at 7, 14
and 28 days

Flexural strength

As per IS 15658:2006 precast concrete blocks for
paving flexural strength required for M-35 grade
should be minimum 5 N/mm? and flexural strength
of prism of size 100 x 100 x 500 mm?® manufactured
in concrete laboratory at M-35 grade has following
results

(i). After 7 days of testing, flexural strength of
prism at 0 % that is conventional mix (CM) near to
attained required strength but not attained strength
of 5 N/mm? at any percent as shown in figure 12.
(it). After 14 days of testing, flexural strength of
prism at 0 %, 5%, 10 % and 15% attained more
strength than required that is 5 N/mm? and 20 %,
25 % and 30 % not attained strength of 5 N/mm? as
shown in figure 13.

(iii). After 28 days of testing, flexural strength of
prism at 0 %, 5%, 10 %, 15 % and 20 % attained
more strength than required that is 5 N/mm? and 25
% and 30 % not attained strength of 5 N/mm? as
shown in figure 14.

(iv). In figure 15 comparison of flexural strength at
7, 14 and 28 days are shown. At 28 days of testing
maximum flexural strength was found near to 7
N/mm? at 0 % and 15 %.

Flexural Sterngth at 7days

\ ——Flextural
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Figure 12: Flexural Strength at 7 days

Flexural sterngth at 14 days
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Figure 13: Flexural Strength at 14 days

Flexural sterngth at 28 days
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Figure 14: Flexural Strength at 28 days

Comparison of Flexural sterngth at 7, 14 and 28 days
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Figure 15: Comparison of Flexural Strength at 7,
14 and 28 days
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CONCLUSIONS

(a). From above table 7, figure 9 and 10 and result
of density it has been concluded that maximum
density variation occurred at 10 % and minimum
density variation occurred at 30 % at 28 days of
testing.

(b). From above table 9, figure 15 and result of
flexural strength it has been concluded that using till
20 % of brick kiln dust as a partial replacement of
cement give the useful result and use of cement can
be controlled.

(c). From above table 9, figure 15 and result of
flexural strength it has been also concluded that
using 15 % of brick kiln dust give nearly the same
result as conventional mix.
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