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Abstract— Bricks are a widely used construction and building
material around the world. Conventional bricks are produced
from clay with high temperature kiln firing or from ordinary
Portland cement (OPC) concrete, and thus contain high
embodied energy and have large carbon footprint. In many
areas of the world, there is already a shortage of natural
source material for production of the conventional bricks. For
environmental protection and sustainable development,
extensive research has been conducted on production of
bricks from waste materials. This paper presents a state-of-
the-art review of research on utilization of waste materials to
produce bricks.
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I. INTRODUCTION

Brick is one of the most common masonry units as a building
material due to its properties. Many attempts have been made
to incorporate wastes into the production of bricks. For
examples there are rubber, limestone dust, wood sawdust,
processed waste tea, fly ash, polystyrene and sludge.
Recycling such wastes by incorporating them into building
materials is a practical solution for pollution problem. This
paper reviews the recycling of different wastes into fired clay
bricks. A wide range of successfully recycled materials and
their effects on the physical and mechanical properties of
bricks have been discussed. Most manufactured bricks with
different types of waste have shown positive effects by
producing lightweight brick, increased porosity and
improved the thermal conductivities of fired clay bricks.
Nevertheless, reduced performances in number of cases in
terms of mechanical properties were also demonstrated.

A. Bricks Developed From Waste Materials

Due to the demand of bricks as building materials, many
researchers have investigated the potential wastes that can be
recycled or incorporated into fired clay bricks. Owing to the
flexibility of the brick composition (Lynch, 1994; Dondi et
al., 1997a; Christine, 2004), different types of waste have
been successfully incorporated into fired clay bricks by
previous researchers, even in high percentages. From the
literature reviews related to the inclusion of waste materials,
they apparently vary from the most commonly used wastes
such as the various types of fly ash and sludge, to sawdust,
kraft pulp residues, paper, polystyrene, processed waste tea,
tobacco, grass, spent grains, glass windshields, PVB-foils,
label papers, phosphogypsume (waste used by phosphoric
acid plants), boron concentrator and cigarette butts. The
utilisation of these wastes will help to reduce the negative
effects of their disposal. However, the potential wastes can
only be recycled if the properties and the environmental

pollutant of the new manufactured brick meet the specific
requirements and comply with the relevant standards.

B. Objectives:

— To compare strength of bricks casted with mixture of
different waste materials and natural soil bricks

— To vary the percentage of Waste materials in bricks to
determine the strength performance

—  To compare water absorption value of bricks casted with
mixture of different waste materials and natural bricks
To develop an efficient way and to effectively utilize the
waste materials.

— To produce cost-effective bricks which a common
person can easily afford.

C. Materials Required:
Plastic, Cement, Fly ash, Sand, Water, and Glass

D. Properties of materials

1] Plastic

When exposed to ambient solar radiation the plastic
Procedure two greenhouse gases, methane and ethylene. Due
to its low-density properties (branching) it breaks down More
easily over time, leading to higher surface areas. The Supply
of glasses shall be of diagonal gases from virgin LDPE
Increase with surface area or time, with rates at the end of a
212day incubation of 5.8 nmol g-1 d-1 of methane, 14.5 nmol
g-1 d-1 of ethylene, 3.9 nmol g-1 d1 of ethane and 9.7 nmol
g-1 d-1 of propylene. In case of air it was incubated, LDPE
releases gases in air by ~2 times and ~76 times higher in
comparison to water for methane and ethylene, respectively.

SL Experiments Values
No.
1 Density @26°C 0.958
2 Elastic modulus 9
3 Tensile cube strength 8
4 Bending creep modulus 1
5 Tensile strength @23°C 2
6 Elongation at break (%) =600
7 Thermal conductivity 0
8 Ignition Temperature 3

Table 1: Physical Properties of Cement

71 Sand

The silica material was utilized as a fine aggregate in
Concrete and mortars. Natural river sand is the most Preferred
choice as a fine aggregate material. River silica Sand is a
product of natural weathering of rocks over a Period of
millions of years. It is mined from the river beds. River sand
is becoming a scarce commodity now. River was The clean
water of superior sand is far superior for Construction
purposes than any other sand used in Construction. Quarrying
of river sand is an important Economic activity in India with
river sand forming a crucial Raw material to the construction
industry
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SL Texture composition (% by
No weight)
1 Coarse sand (4.75-2.0mm) 6.6
2 Medium coarse sand (2.00-0.425 73.6
mm)
3 Fine sand (0.425-0.075 mm) 19.8

Table 2: Properties of Sand
J) Cement
The manufacturing of Cement was conducted by heating
Limestone (calcium carbonate) with small quantities of other
Materials (such as clay. Tests were carried out on various
Physical properties of cement and the results are shown in
Test data of materials. Cement will act as a binding material.

SL No COMPONENTS PERCENTAGE (%)
1 Slog 35 to 39
2 Fe; 04 0.5t02
3 A0y . 20 to 33
R CalO S5tol6
5 MgO 1t05.5
6 S0y 0.5t01.5

Table 3: Physical Properties of Cement

41 Fly Ash

Fly ash is a residue resulting from combustion of pulverized
Coal or lignite in thermal power plants. About 80% of the
Total fly ash is in finely divided form which is carried away
with flue gases and is collected by electrostatic precipitator or
other suitable technology. The balance 20% of ash gets
collected at the bottom of the boiler and is referred to as
Bottom ash. Fly ash got into a fine powder in the comparable
to cement, however some particles have size less than 1
Micron in equivalent diameter.

SL No COMPONENTS PERCENTAGE (%)
1 Slo, 35to 39
2 Fe; 04 0.5t02
3 ALO; . 20 to 33
4 Ca0 Sto 16
5 MgO 1t05.5
6 S0y 0.5t0 1.5

Table 4: Chemical Compositions of Fly Ash

) Glass

The waste glass was first crushed by using a laboratory-type
jaw crusher and then ground in a ball mill in the laboratory.
The fineness of the waste glass was checked by dry sieving
through a 0.5 mm sieve. The brick clay was first crushed by
using a laboratory-type roll crusher with an opening of 1 mm
and then sieved through a 1 mm sieve. The particle size
distributions of the ground waste glass and brick clay were
analysed on a laser size distribution analyser (Master Sizer)
and the test results are shown. The majority of the clay was
made up of very tiny particles and a few very coarse particles,
which were calcium carbonate. The mean particle size (d50)
of the waste glass and clay were 21 and 6.45 pum,respectively

100
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70 —t Glass  —e Clay

Passing (%)
(42
o

0.01 0.1 1 10 100 10004

Particle size (um)

Table 5: Graph Diagram of Particle Size to Passing

Il. METHODOLOGY

1) COLLECTION OF WASTE MATERIALS - The waste
material should be collected from the factories waste and
hospital waste and industries waste and also food
packages and plastic bottles this will come under the
waste materials

2) BATCHING OF WASTE MATERIALS - Measurement
of materials for making brick is called batching. After
collection of materials we separate the types of waste and
remove any other unwanted waste presented in the
collected material and check that any water content in in
sample collected ten proceed for burning.

3) BURNING OF WASTE MATERIALS - After
completion batching the waste materials were taken for
burning in which the waste bags are drop one by one into
the container and allowed to melt. These would be done
in closed vessel because to prevent the toxic gases
released into atmosphere. These will be at the
temperature of 90-110 degrees centigrade.

4) MIXING - Mixing of materials is essential for the
production of uniform and strength for brick. The mixing
has to be ensure that the mass becomes homogeneous,
uniform in color and consistency. Generally, there are
two types of mixing, Hand mixing and mechanical
mixing. In this project, we adopted hand mixing. Until
the entire waste content required for making brick of one
mix proportion is added into it. Then these waste liquids
thoroughly mixed by using trowel before it hardens. The
mixture has very short setting bags are turned to molten
state; the river sand is added to it. The sand added is
mixed time. Hence mixing process should not consume
more time.

5) MOULDING - After completion of proper mixing we
place mix into required mould. In these projects we use
the normal brick sizes (19x9x9 cm). After 2 days remove
the brick from the mould and then done curing.

6) CURING - The test specimens after moulding were
allowed to dry for a period of 24 hours .The specimens
were kept in curing tank and allowed to cure for a period
of 28 days.

A. Tests Conducted On Bricks

1) Compressive Strength

The tests on Compressive strength of the specimen brick shall
be calculated for 3 aspects after 7, 14 & 28 days of curing.
The compressive strength of bricks. After the curing period
gets over bricks are kept for testing. To test the specimens,
the bricks are placed in the calibrated compression testing
machine of capacity 3000 KN (Kilo Newton) and applied a
load uniform at the rate of 2.9 kN/min. By obtaining the
maximum load shall be taken as failure of load with specimen
fails to produce any further increase in indicator reading on
testing machine. Compressive strength =applied max load
1000(N)/cross sectional area (mm?).

1) Water Absorption

Bricks should not absorb water more than 12% by its weight.
The bricks to be tested should be dried in an oven at a
temperature of 1050C to 1150C till attains constant weight
cool the bricks to room temperature and weight (W1).
Immerse completely dried and weighed (W1) brick in clean
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water for 24 hrs. At a temperature of 27+200C. Remove the
bricks and wipe out any traces of water and weigh
immediately (W2). Water absorption in % by wt.= (w2-
w1/w1)x100.

) Efflorescence Test

For this test, brick has to be placed vertically in water with
one end immersed. The depthof immersion in water being 2.5
cm, then the whole arrangement should be kept in a warm-
well-ventilated room temperature of 20-300C until all
evaporates. When the water in the dish is absorbed by the
brick and surplus water evaporates. When the water is
completely absorbed and evaporated place similar quantity of
water in dish and allows it to absorb and evaporate as before.
The determination of the brickwork after the experiment shall
find out to be % of white spots to the surface area of brick. If
any difference is observed because of presence of any salt
deposit, then the rating isreported as “’effloresced”. If no
difference is noted, the rating is reported as not “’effloresced".
41 Soundness Test

This sound is carried out to find out that a clear ringing sound
is produced or not when the two bricks are with each other
without breaking any of the two bricks. If the two bricks are
not broken after striking with each other and a clear ringing
sound is produced, then it means that the bricks are
sufficiently sound.

3J Crushing Test

This is the main test conducted to test the suitability of the
brick for construction work. This test is executed with the
help of compression testing machine. A brick is placed in a
compression testing machine. It is pressed till it breaks. Then
the compression strength of the brick is recorded from meter
of the compression testing machine. A brick after undergoing
compression test, this test is carried out for both fly ash bricks
and as well as burnt clay bricks.

B. Proportions of Material Used in Specimen Making

1) When Glass is Major Constituent
Proportion of Glass-Plastic Bricks Glass and plastic are the
major constituent of the mix proportions. From literature
support, glass and plastic with cement, fly-ash, and crush
sand are used as ingredients of the mix with various
proportions. From these materials, 5 mix proportions were
used and studied in terms of compressive strength and
percentage of water absorption. Table 6. Shows the details of
mix proportions used in the study.

| SE NGO (NS FNTN t\ T B 1 ( T 'IV) | ¥
M CEMENT " o | 10 ‘ 0 'In
CRUSIED SAND 20 |28 { 27
|3 'Y AsH 5 | 54 | 54 M
% GLASS W s I I 6
PLASTIC {3 | |2 {3 [

KEHLACKMENT
OF CRUSH SAND

Table 6: Ratios of Different Materials

All the proportions were taken on a weight basis.

Glass and plastic were taken in wet condition, i.e. slurry form.
Fly ash was taken from Shrinivasan Enterprises. In this
project, Penna53 grade Ordinary Portland cement has been
used in all times. Generation of glass powdered The glass
waste which was collected could not be used directly. Before

mixing with other ingredients, glass was converted into
powdered form of particle size less than 75 microns. First the
stickers, tableand other materials were removed. Then the
glass was Brocken into small pieces and all Brocken pieces
of glass was ground in grinding mill.

Generation of crushed plastic he plastic waste which
was collected could not be used directly. Before mixing with
other ingredients, plastic was converted into granular form of
particle size less than 4.75mm. Then the plastic was crushed
into crushing machine.

1) When Plastic Is Major Constituent
Using different materials for plastic brick
— Polythene
— High Density Polymer (Nylon66)
— Plastic Bottles
— Plastic Wastes
— River Sand(4.75mm)
— Red Soil Cement
Different composition with plastic-
Trial 1 - Some small samples —
— Comp.1 Plastic Bottles Crush (50gm) + Red Soil

(50gm)

— Comp.2 Plastic Bottles Crush (50gm) + River Sand

(50gm)

— Comp.3 Plastic Bottles Crush (50g) + Stone Crush

(50gm)

—  Trial 2- Standard Size Bricks —
— Comp.1l Plastic Wastes Crush (0.750kg) + River

Sand (2.kg)

— Comp.2 Plastic Wastes Crush (0.750kg) + Red soil

(2.kg)

C. Preliminary Tests on Specimen When Glass Is a Major
Constituent

General The testing of the materials was an important study
for the fitness of material at desirable location in the structural
system. All the tests were carried out with BIS specifications.
As per IS: 3495 (Part 1 to 4)- 1992 recommendation,
compressive strength and percentage of water absorption
were examined.

11 Compressive Strength Standards

Bricks Brick is one of the building elements used in the
construction of a wall and the wall is a compression member.
So the use of good brick indicates how much amount of
compressive strength it has. This test is carried out as per the
guidelines given in 1S 3495-1992.Compression test is the
main and important test for bricks. This test was carried out
by a Compression Testing Machine (CTM). This test was
carried out on the 7 and 28th day from the date of casting of
brick. shows the compression test being done. The bricks
were then tested under a uni-axial compressive force using
200 tonne compressive testing machine. Since the
longitudinal deformation rises more and more, the plunger of
the CTM comes out of the cylinder in a fast manner. When
the brick failed at the higher load, the brick did not fully
collapse. Due to presence of granular plastic the bricks may
show brittle failure and collapse suddenly. Hence greater care
should be taken while testing.
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1) Water Absorption Standards

The specimen of each proportion taken for water absorption
test. Initial weight taken as wl. Then the dried specimen was
immersed completely in clean water at a temperature of 27 +
2°C for 24 hours then the specimen was removed and wiped
out to remove any traces of water with a damp cloth. Later,
the specimen was weighed after it had been removed from
water as W2. The percentage of water absorption by mass,
after 24 hours immersion in water was noted and the average
of the result of each proportion was noted.

D. Effect and Performance Evaluation of Glass-Plastic
Bricks

1) Result of Density of glass-plastic brick:

Sr. No. Specimen Density
(kg/m”)

L A | 1730.32

2 B 1752.76

3 C 1738.01

= D 1834.21

5 E 1911.17

Table 7: Density of brick
1) Density of Different types of Bricks

2000
3800 Density (Kg/m?3)
1800
EEE
1600
1 2 3 4 5
Mix Designation

Fig. 1: Density of brick
) Result of Compressive Strength:

Sr. No. Specimen N/mm*
I A 493
2 B 4,55

T 3 (] 348
4 D 421
5 E 4.8
Table 8: Compressive Strength (N/mm2) result after 7 days

Sr. No. Specimen n/mm’
| A 8.22
2 B 6.85
3 & 5.85
4 D 6.80
5 E 7.23

Table 9: Compressive strength (N/mmz2) result after 28 days
Following graph shows variation of compressive
strength of glass-plastic brick:
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Fig. 2: compressive strength of different types of bricks
4] Result of Water Absorption:

Sr. No. Specimen Yo
1 \ A 10.05
2 B 8.22
3 (& 8.23
4 D 8.76
5 B 8.27

Table 10: water absorption result after 7 days

Sr. No. Specimen n/mm2
I A 12.23
2 B 10.91
3 C 11.54
4 D 8.72
5 E 781 |

Table 11: water absorption result after 28
Following graph shows variation in water
absorption of glass-plastic brick:
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Fig. 3: Water absorption of different types of bricks

E. Field test on glass-plastic brick

The following visual tests and field tests be carried out on
glass-plastic brick to ascertain good quality bricks for use in
works.

1) They possess sharp and square edges.

2) They are of shape and size as per standard.

3) When struck with each other, they produce clear metallic
ringing sound.

4) Fracture of good bricks show uniform and bright
compact structure without any voids.

5) They absorb minimum water when immersed in water.
The absorption should not be more than 1/6th when
immersed in water for 24 hours.

6) Good bricks are hard on their surface and leave no
impression when scratched with nails.

7) Good bricks do not break when dropped from 1 m height.
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8) Good bricks when soaked in water and dried; do not
show white patches or white deposits on their surface.

9) The good quality bricks could be gauged easily by the
percentage of bricks that get broken in transit and
stacking in the course of ordinary handling (2 to 3%).

F. Acid & Fire Resistance Test

Acid resistance test The acid attack was one of the primary
chemical deterioration conditions of building material for
many years. Brick was not a chemically stable material under
the condition of acidic environment. Acids came from the
external sources to the wall such as the earth surrounding
structure, groundwater, rainwater and pollutants in the air.
Flyash based glass-plastic building bricks also contain silica
and calcium. Silica is not attacked by acid, but calcium
readily reacts with acids. Mineral acids like hydrochloric,
nitric, sulfuric and chromic acids are some of the most
dangerous substances to the building material. Sulfuric acid
solution in sewage, wastewater treatment plants and hot
springs deteriorates building structures hard by reacting with
cement hydrates. The brick samples were placed in a sulfuric
acid solution (0.1N normality) for7days. The weight and the
compressive strength of the specimens were measured after
7days.

Fire Test A brick which is used for construction
should not flammable in open flame, so this test was carried
out for the bricks. This test was carried out only for fibrous
concrete bricks.

G. Cost Analysis

Cost is an important criterion in every material transaction.
This chapter deals with the cost of flyash based building brick
containing glass and plastic. The cost for the production of 1
thousand brick is calculated. From that cost of one brick is
estimated. The cost of all the ingredients, cement, fly ash,
sand and waste glass and waste plastic is also calculated.
Finally, the cost of the individual brick is compared to the
conventional building bricks and the results are described
here. Consequently, the cost of all the ingredients and
individual conventional building bricks existing in the month
of March 2017 rates in Jaysingpur,Taluka - Shirol, District-
Kolhapur, Marharshtra, India is estimated.

Sr. | Materinl | Quantity | Rate | Unit | Total
No | (Rs.)
| Cement 6.3 bug 300 /bag | 1890
2 Crushed | 972 kg 850 /m' | 354
| Sand :
Fly Ash | 885 0.4 kg | 552
4 | Glass | 3275 4 | /kg 1310
5| Plastic | 6.88 3 /kg 121
Total | 4127

Table 12: Cost Analysis
Considering labour Cost and tool and plant, =10% of total
material cost = 4127x10/ 100 Total Cost =Rs. 4540/- Cost
of one brick = Rs. 4.54/-

H. Comparison of Brick Casted From Waste Glass & Plastic

Density The Density of bricks casted brick was 1703.32
kg/m3 which is higher than 30.65% of conventional clay
brick. The conventional clay brick shows 1303.72 kg/m3

Density. This brick is relatively heavy than conventional
brick. 9.2 Compressive Strength From the compression test,
it could be seen that these bricks attained 8.22 N/mm2 .These
bricks resist the compressive strength more than 206.6% of
the conventional clay bricks. The conventional clay brick
shows maximum compressive strength of 2.58 N/mm2 . The
compressive strength of brick is much higher than
conventional clay brick .The strength difference among both
the brick 5.64 N/mm2 .Figure illustrate the behavior and
compressive strength of these bricks. 9.3 Water Absorption
The water absorption of these bricks was 12.23%. It was less
than 45.45 % of conventional clay bricks. The conventional
brick found 22.42 % water absorption. The conventional clay
brick absorb more water while the these brick absorb less
water. The difference of water absorption between
conventional clay brick and flyash based glassplastic brick is
10.19%. As per IS 3495-Part 2 water absorption of brick
should not be more than 20%. As we come to know that these
brick satisfies the recommendation made by IS 3495-Part 2..
Cost of these bricks were compared with conventional bricks,
which are available in market.

I. Test Results on Specimen When Plastic Is Major
Constituent.

1) Labrotary Test Curing Test:

o N compnciroy  WATER ABSORPTION
»-'SR'..NO.-. COMPOSITION TEST (After 24 hr.)
L Comp.1. 0
2. Comp.2. 0
3 Comp.3. 0
4. Red brick 5%

Table 13: Water Absorption Test
1) Compressive Test:

'SR.NO. COMPOSITION COMPRESSION(KN)

1. Comp.1. 15KN
2. Comp.2. 10.5KN
3. Comp.3. 13.50 KN
4, Comp.4. 15.50KN
5. Red brick 14 KN

Table 14: Compression Test
#) Laboratory Test Trial-2

3 | notringieg sell | Swisfied all miere s satisied |
| stuadand ot | orierla of crila of
| pran) | bk | durabilty | handaens

Bin ™
inding S mat natclagieg tell | Saouration Thereis
progerty sa supe |

| serend andd wifect the
tireak deravibty

comPL 97.50KN % 1« 99 ren £ 59

coMp2 KN satiefud critena

net e per
tandand stoe

Table 15: Laboratary Test Trial-2 Results

of hednes

I1l. RESULTS

On the basis of results obtained, the compressive| strength
doesn’t vary with certain relation with the percentage of
plastic in it, so we conclude that specimen A (1% plastic) is
best suitable. The optimized mix proportion is cement-
10%,fly| ash-54%, crushed sand-30%,plastic-1% of crushed
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sand,glass-6%. The load carrying capacity of the glass plastic
brick is 218.6% more than conventional| brick. But glass-
plastic brick can withstand the load beyond the ultimate level.
So it can be suitable in framed structure. The water absorption
of glass-plastic brick is| 12.23% which is less than clay
conventional brick and satisfies the 1S code recommendation
(1S 3495 Part-2). It is evidently concluded that the fly ash
based| glass-plastic building bricks can be used for the
construction of external walls, partition walls, compound
wall, basement, etc.

A. Test Results on Specimen When Plastic Is Major
Constituent.

1) Laboratory Test Curing Test:
SR.NO. COMPOSITION

WATER ABSORPTION

TEST (After 24 hr.)
1. Comp.1. 0
2. Comp.2. 0
3. Comp.3. 0
4, Red brick 5%

Table 1: Water Absorption Test
71 Compressive Test:

SR.NO. COMPOSITION COMPRESSION(KN)

1. Comp.1. 15 KN
2. Comp.2. 10.5KN
3. Comp.3. 13.50 KN
4, Comp.4. 15.50KN
5. Red brick 14 KN

Table 2: Compression Test
J#/ Laboratory Test Trial-2

| standandsae (192 | not ringieg Sefl | Soafied ol

mere s tished |
compeL 97.50KN % s MW a5 | seuadand ot | orierla of crials of ‘
| tren) | brvak L deradibty | handaen
| ?:}:“H :’:;‘ - | et rlagieg dell | Saouration Thereis
CoMP2 26K8 P A | dand affectthe satifd critera

| et per
| standard stoe

Table 3: Laboratary Test Trial-2 Results

| bireak derabibty uf heednes.

IV. CONCLUSION

The various wastes that are currently recycled in bricks
manufacturing have been reviewed. The effects of those
wastes on the bricks properties are reviewed. Enhance
performance in terms of making more environmental and an
economical brick neither consumes energy resources nor
emits pollutant gases gives an economical option to design
the green building. Certain bricks are produced without firing
which is an advantage over other manufacturing of bricks in
term of low embodied energy material. The study in turn is
useful for various resource persons involved in using
industrial or agricultural waste material to develop
sustainable construction material
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