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Abstract- This project work deals with effective utilization of
slurry sand from M-Sand manufacturing unit for economic,
environmental and technical aspects. In this paper, a
comparative study is done to study the properties of normal
bricks (made using cement and slurry sand) and light weight
bricks (made using cement, slurry sand and foaming agent).
To make the bricks of light weight for ease of lifting and
handling, foaming agent is introduced. Trial bricks of size
230x115x75 mm were tested with different proportions of
cement and slurry sand such as 1:2, 1:3, 1:4, 1:5 and 1:6.
Various tests like Compressive strength test, Water absorption
test, Thermal resistance test, Thermoshock test were
conducted on these brick specimens as per Indian Standards.

Keywords- Brick, Foam brick, M-Sand waste, Slurry sand,
Waste-product.

I. INTRODUCTION

Brick is one of the oldest building materials.
A brick is used to make walls, pavements and other elements
in masonry construction. Traditionally, the term brick referred
to a unit composed of clay, but it is now used to denote any
rectangular units laid in mortar. A brick can be composed of
clay-bearing soil, sand, and lime, or concrete materials. Bricks
are produced in numerous classes, types, materials, and sizes
which vary with region and time period, and are produced in
bulk quantities. Two basic categories of bricks are fired
and non-fired bricks.

A. Normal bricks

These are cement blocks made of Ordinary Portland
Cement (OPC), slurry sand and water. These bricks are also
known as cement solid blocks. Dry mix of cement and slurry
sand are mixed thoroughly and water is added to it. The
mortar is placed in the mould in three layers and each layer is
compacted with 25 blows with the help of tamping rod. These
bricks have wide range of applications in construction field.

B. Foam bricks

Page | 467

Foam bricks are also known as Lightweight Cellular
Bricks (LCB), Low Density Cellular Bricks (LDCB), foamed
bricks, cellular lightweight bricks or reduced density bricks, is
defined as a cement based slurry, with a minimum of 20% (per
volume) foam entrained into the plastic mortar. These bricks
are made with Ordinary Portland Cement (OPC), slurry sand,
foaming agent (animal protein based) and water. As mostly
no coarse aggregate is used for production of foam bricks. The
density of foam bricks usually varies from 400 kg/m3 to
1600 kg/ me.

OBJECTIVE

The main objective of this project is to make
economical and green bricks to maintain environmental
balance, and overcome problem of slurry sand disposal.

Il. MATERIALS AND THEIR PROPERTIES
A. Cement

The cement used for this study is Ordinary Portland

Cement(OPC) of 53 grade conforming to is 1226: 1978. The

various properties of cement are tabulated in Table 1.

Table 1: Properties of cement

ENO DESCRIFTION RESULT
1 Fineness of Cament B

2 Standard Consistency | 32%

3 Specific gavity 315

4 Initial s=tting tima 30 mins

5 Final setting time 10 hrs

B. Slurry sand
Slurry sand is  waste-product obtained from

manufactured sand when it is washed. There is a huge amount
of slurry sand is available.
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Table 2: Properties of Slurry Sand

SNO DESCRIFTION VALUE
1 Epecific gravity 242
2 Drensity 1426.67kg'm’

C. Water

Potable water with pH value 6.5-8.5 is used for
mixing and curing throughout the experiment.

D. Foaming agent

A foaming agentis a material that facilitates
formation of foam such as a surfactant or a blowing agent. A
surfactant, when present in small amounts, reduces surface
tension of a liquid (reduces the work needed  to create the
foam) or increases its colloidal stability by inhibiting
coalescence of bubbles. A blowing agent is a gas that forms
the gaseous part of the foam. There are two types of foaming
agent. They are

e Synthetic-suitable for densities of 1000 kg/m3 and
above.

e Protein-suitable for densities from 400 kg/m? to 1600
kg/ms.

For this experiment animal protein based foaming
agent was used, having a weight of around 800 g/litre. The
recommended dosage is 20 ml per litre of water.

E. Mould

The size of the mould is 230 x 115 x 75 mm. The
mould is made up of waterproof Plywood.

I11. CASTING OF SPECIMEN

The mould of size 230x115x75mm was used to
prepare the specimen. After 24hrs of casting the moulds were
removed and the specimens were cured in water for 28days in
room temperature.

Figure 1: Normal bricks
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Figure 2: Foam bricks

IV. TESTING PROCEDURE
A. Density test
The specimens (3 no’s) were kept in oven at 100°C
for 60 minutes and then weighed. The density of specimen

was calculated and tabulated in Table 3.

Table 3: Density of Normal bricks and Foam bricks

Eatio Normal .
(Cement: Slurry | bricks E:,T’ﬂ“
sand) {lez/m*)

12 127101 132073

1:3 195589 128040

1:4 124077 124512

1:5 1930 49 120472

1:5 120044 114234

B. Water absorption test

The specimen were (3 no's) kept in a ventilated oven
for one hour and weighed(W;), then immersed in water for 24
hours and weighed (W,). Percentage of water absorption (W,
— Wy)/ W; x 100. The percentage of water absorption was
calculated and tabulated in Table 4.

Table 4: Percentage of water absorption of Normal bricks and

Foam bricks

Eatio . Foam
(Cement:  Slurry E::}'] bricks bricks
sand) {im bi)
12 524 9327

13 657 1044
14 798 1137
1:3 216 13.1%
1:6 10355 1431

C. Compressive strength

In a compression test a material experiences opposing
forces that push inward upon the specimen from opposite sides
or is otherwise compressed, squashed, crushed, or flattened.
The test sample is generally placed in between two plates that
distribute the applied load across the entire surface area of two
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opposite faces of the test sample and then the plates are
pushed together by a universal testing machine causing the
sample to flatten. A compressed sample is usually shortened in
the direction of the applied forces and expands in the direction
perpendicular to the force.The compressive strength of
specimen after 7 days was calculated and tabulated in Table 5
and Table 6.

Tabla 3: Compressive strangth of the Nonmal bricks after 7 days

Compressive strenzth after 7
Ratio days (N/mm) }lenn.
5l 52 53 (N/mm®)
12 1581 405 400 1a5
13 434 92 | 422 439
1:4 336 329 336 333
1:5 238 242 246 2472
1:6 1.74 148 166 Tae

Table §: Comprassive strensth of the Foam bricks after 7 days

Compressive strength after 7
Eatio days (¥ /mm) }lenn.
51 51 53 (Mimm)
12 243 241 243 243
13 227 226 2.19 124
L4 | 179 | 18 | 18 151
1:3 14 132 156 1358
1:6 122 124 121 127

The compressive strength of specimen after 28 days
was calculated and tabulated in Table 7 and Table 8.

Table 7: Compressive strength of the Normal bricks after 28

days

Compressive strength after I3
Ratio | days (N/mm?) Mean

51 51 53 (Nimo')
1:2 11.04 1115 11.07 1108
1:3 212 a3 233 o728
1:4 1046 §ag G435 10
1:3 5.03 51 514 508
1:46 338 3483 358 3

Table 8: Compressive strength of the Foam bricks after 28

days
Comprassive strength after I8
Batio | days (ime’) Memn
1 =2 = ey
1:2 548 546 547 547
| L3 44 4354 459 458
1:4 372 374 N 372
1:5 307 il 312 R
1:4 147 147 15 248

D. Thermal Effect
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The strength of brick gets affected due to the increase
in temperature. To find the change in strength, the bricks of
age 28 days were kept at 100°c in an oven for 24 hours. Then
it is immediately tested in compression. The compressive
strength of specimen was calculated and tabulated in Table 9
and Table 10.

Table 9: Thermal effect on Normal bricks

Compressive strength after T5
Ratio | days (N/mm’) Mean
51 52 ] (Wi
1:2 109 1083 102 1091
1:3 22 203 a2 215
1:4 fog 586 585 §2
1:5 50 503 497 5im
1:4 332 3354 352 333

Table 10: Thermal effect on Foam bricks

Compressive strensth after 1T

Ratio | days (N/mm?) Afean
51 52 53 (/)

12 535 542 54 538

133 43 435 448 451

14 368 3462 3464 345

15 30 306 303 303

1:6 14 141 245 242

E. Thermoshock Effect

The strength of brick also gets affected when the
concrete is exposed to high temperature like fire and then due
to sudden cooling. To find the change in strength, the concrete
cubes of age 28 days were kept at 100°c in an oven for 24
hours and then immersed in water for a few minutes and then
tested in Compression Testing Machine. The compressive
strength of specimen was calculated and presented in Table 11
and Table 12.

Table 11: Thermal effect on Normal bricks

Compressive strength after I3
Eatio days (N/mm} ll_enn .
51 51 7] (Mimm®)
12 1054 1086 1084 T
1:3 21 2 a1 204
S Ll 67 687 581
1.5 492 494 408 305
1:6 33 331 35 T3
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Table 12: Thermal effect on Foam bricks

Compressive strength after I3

Ratio | days (N/mm’) Mean
51 5 5 (/mo’)

1:2 532 333 532 532

1:3 442 439 447 443

14 36 335 362 kR

1:3 198 192 288 183

1:4 132 137 134 134

V. RESULT AND DISCUSSION
A. Density test at an age of 28 days
From the Table 3, it is observed that the density is in
decreasing order for higher mix ratios. It is also observed that

the density of normal bricks is greater than that of foam
bricks. The variation in density is presented in fig 4.

1:2 1:3 1:4 1:5 1:6
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Figure 4: Density of Normal bricks and Foam bricks
B. Water absorption at an age of 28 days

From the Table 3, it is observed that the percentage
of water absorption is in increasing order for higher mix ratios.
It is also observed that foam brick absorbs more water than
normal bricks. The variation in percentage of water absorption
is presented in fig 5.
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Figure 5: Percentage of water absorption of normal bricks and
Foam bricks

C. Compressive strength at an age of 28 days

From the Table 7 & 8 , it is observed that the
compressive strength is in decreasing order for higher mix
ratios. It is also observed that the compressive strength of
normal bricks is greater than that of foam bricks. The variation
in compressive strength is presented in fig 6.

O
) .\
2

Ratio

Compressive strengthin MPa

—8&—NORMALBRICKS —@—FOAMBRICKS
Figure 6: Compressive strength of Normal bricks and Foam
bricks

D. Thermal effect at an age of 28 days

From the Table 13 and Table 14, it is observed that
due to thermal effect the compressive strength is decreasing
from its original compressive strength. The variation in
compressive strength is presented in fig 7 and fig 8.
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Figure 7: Variation in compressive strength due to thermal
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Figure 8: Variation in compressive strength due to thermal

Table 13: Percentage reduction in compressive strength due to

I I I 1
1:2 1:3 1:4 1:5 1

Ratio

effect in Normal bricks

Ratio

NORMAL
TEMPERATURE

1:2 1:3 1:4 1:5 1

effect inFoam bricks

thermal effect in normal brick

6

6

Compressive strength [ 8¢ Reducthion in
Rafio (MN/mm*) COmPressive
[ Formasl Thermal | strensth
Temperature | effect (im &)
1:2 1108 1084 126
13 3 913 140
T3 TR0 ER 133
15 308 501 157
1:4 3460 353 124

Table 14: Percentage reduction in compressive strength due to

thermal effect in Foam brick

Compressive strength | 8¢ Reduchon in
Ratia (MN/mm*) COMPressive
| Normal Thermal | strength
Temperature | effect {im B}
1:2 547 538 144
133 4358 451 1353
1:4 imn 3465 188
T3 ERL] ELE] 2138
1:6 248 242 242

E. Thermoshock effect at an age of 28 days
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From the Table 15 and Table 16, it is observed that
due to thermoshock effect the compressive strength is
decreasing from its original compressive strength. The
variation in compressive strength is presented in fig 9 and fig

I e
1:2 1:3 1:4 1:5

Ratio

10.

13
11

o~

Compressive strength in MPa

NORMALTEMPERATURE

B THERMOSHOCK EFFECT

1:6

Figure 9: Variation in compressive strength due to
thermoshock effect in Normal bricks
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Figure 10: Variation in compressive strength due to
thermoshock effect in Foam bricks

F. Percentage reduction in compressive strength

Table 15: Percentage reduction in compressive strength due to
thermoshock effect in Normal brick

E,:_:f;m“ SWEBZ | 4 Reduction in
Ratio T 3 COmMPressive
Normal ) strength
Tempersture | *2°° | g 84)
effect
1:2 1108 1084 214
1:3 928 204 FEF]
1:2 T [E:}8 271
1:5 509 483 275
1:8 3460 350 278
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Table 16: Percentage reduction in compressive strength due to

thermoshock effect in Foam brick

f‘;’;]:ﬁ”“ sttt | Reduction
Ratia — Therms in compressive
Normal . strength
-
Temperature effect {in B)
1:2 547 532 174
1:3 458 443 326
1:2 32 T30 T30
1:5 310 2485 4584
1:6 248 134 565

G . Variation in compressive strength due to temperature

Table 17 and Table 18 shows the comparison of
compressive strength of normal
subjected to temperature effect respectively. From this it is
observed that even after thermoshock also the compressive
strength of normal brick is greater than or equal to 3.5MPa.
But in foam bricks the compressive strength is above 3.5MPa

only upto the ratio 1:4.

Table 17: Variation in compressive strength due to thermal

Compressive strengthin MPa

effect and thermoshock effect in Normal bricks

Normal Thermal Thermao
Eatio temperature effect shock effect
(N/mm*) (N/mm?) (N /mama®)
12 1108 1084 1084
I3 TIE ER EE]
14 700 520 §E81
15 508 501 483
146 340 353 350
12
11
10
0
5
6
: 1
3 .
1:2 1:3 1:4 1:5 1:6
RATIO

NORMAL TEMPERATURE
ETHERMALEFFECT
ETHERMOSHOCK EFFECT

Figure 11: Variation in compressive strength due to thermal

effect and thermoshock effect in Normal bricks
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Table 18: Variation in compressive strength due to thermal

effect and thermoshock effect in Foam bricks

Normal Thermal | Thermo
Eatio | temperature | effect shock effect
M/ mm*) MNmm*) | (N/mm?)

1:2 547 53% 532
1:3 458 431 443
1:4 3imn 365 359
1:5 310 303 285
1:6 248 142 234

=

I I Tn.
1:2 1:3 1:4 15 1:6

RATIO

NORMAL TEMPERATURE
ETHERMALEFFECT
ETHERMOSHOCK EFFECT

Figure 12: Variation in compressive strength due to thermal

effect and thermoshock effect in Foam bricks

VI. CONCLUSION

From the test results, the following conclusions were made

As density decreases, strength also decreases. Hence
density is directly proportional to strength.

Maximum water absorption of normal brick
specimen and foam brick specimen is well below the
allowable limit of 15%.

7 days compressive strength of the bricks is about 45
— 50% of the compressive strength of the brick
attained at an age of 28 days.

Minimum compressive strength and compressive
strength due to thermal effect and thermoshock effect
are greater than 3.5 MPa for normal bricks.

Minimum compressive strength and compressive
strength due to thermal effect and thermoshock effect
are greater than 3.5 MPa for bricks with foaming
agent upto 1:4 mix.

Percentage reduction in compressive strength due to
thermal effect is 1-2% for normal bricks and 1.4 -
2.5% for foam bricks.
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»  Percentage reduction in compressive strength due to
thermoshock effect is2 - 3% for normal bricks and
2.5 — 6% for foam bricks.

*  Normal bricks can be used for both load bearing and
framed structures.

« Light weight bricks can be used for framed
structures.
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