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1. ABSTRACT:

Cement Concrete is the most frequently used manmade material in the construction industry. The basic
materials used for manufacturing concrete includes cement, sand, coarse aggregates & water. So, it is essential
to utilize industrial by - products and waste products instead of concrete, which has many advantages in
achieving sustainability. Waste materials like glass powder from glass manufacturing industries can be
grounded and used as an alternative for cement as it has high silica content, thus making it potentially
pozzolanic. Other materials like Vermiculite which is a low-density material obtained by exfoliating rock can
be used in concrete. It can be used as replacement for fine aggregate, owing to its specific properties such as
light weight, improved workability, fire resistance. This project work aims at studying the effects of replacing
cement and fine aggregate by glass powder and vermiculite respectively in M25 grade concrete. Concrete
cylinder and concrete cube specimens with 5%, 10% & 15% of vermiculite by the weight of cement / cylinders
with 5%, 10% & 15% of vermiculite & other set of cubes with 5%, 10% & 15% of Glass powder were casted.
The main aim of this research is to study the workability, compression strength, splitting tensile strength for

various proportions of vermiculite and glass powder are compared with conventional specimens.
Keywords: Concrete, Vermiculite, Glass powder, Compressive strength, Low density, improved workability.
2. Introduction:

Environmental pollution is the main problem associated with rapid industrialization, urbanization and increase
in living standards of people [1]. Waste reduction and reuse have recently become the most preferable methods
in management of solid waste [3]. Waste glass powder is a rejected product obtained from Glass industry [1].
This can be used in the reduction of cement usage in concrete. Vermiculite is extracted from exfoliated rocks
[3]. These are fine particles used in concrete as it has similar properties of fine aggregate. These materials are
eco-friendly [4]. The Expanded demand for cement mortar is met by partial cement & sand replacement [2].
Substantial energy and cost savings can outturn when industrial by products are used as an admixture in mortar
is known to pass on significant upgrade in workability and durability [3]. It is estimated that the production
of cement shall enhance from about from 1.5 billion tons to 4.2 billion tons [2]. Most of the expansion in

cement demand will be met by the use of additional supplementing cementing materials, as every ton of
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Portland cement clinker production is connected with a similar amount of CO2 emission [4]. Vermiculite is a

hydrous phyllosilicate mineral. It under goes significant expansion when heated [5]. Exfoliation is a process

that occurs when the mineral is sufficiently heated and the effect is regularly produced in commercial furnaces

[5]. Extensive commercial vermiculite mines currently exist in Russia, South Africa, China and Brazil [4].

3. OBJECTIVES OF THE PROJECT:

e To study the feasibility of using vermiculite & glass powder in concrete

e To study the variations in workability of concrete using vermiculite & glass powder in

concrete.

e To study the variations in compressive strength of concrete using vermiculite & glass powder

in concrete for 7, 14 & 28 days.

e To study the variations in Split tensile strength of concrete using vermiculite & glass powder

in concrete for 14 & 28 days.

e To evaluate the advantages & disadvantages of using vermiculite & glass powder in concrete.

4. MATERIALS:

Cement: Ordinary Portland cement of 53 grade (BIRLA) conforming to IS 8112-1989 is used. The basic
properties of cement were tested and the results are as mentioned below:
Table 1 — Initial test results for Cement

Test conducted Result obtained
Specific gravity 3.15
Standard Consistency 35%
Initial setting time 55 mins
Final setting time 2hr 50 mins
Fineness 3.53%

Fine aggregate: In this experimentation, Manufactured sand of size below 4.75mm conforming to zone II of
IS 383-1970 was used as fine aggregate. The basic properties of FA were tested and the results are as

mentioned below:

Table 2— Initial test results for Fine aggregate

Test conducted Result obtained
Specific gravity 2.60
Water absorption 1.45%

Coarse aggregate: In this study, natural crushed stone with 20mm down size was used as coarse aggregates.
These aggregates were tested as per the regulations described in IS 383-1970. The basic properties of CA were

tested and the results are as mentioned below:

Table 3 — Initial test results for Coarse aggregate

Test conducted Result obtained
Specific gravity 2.735
Water absorption 0.39%
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Vermiculite: Vermiculite is a low-density non-structural construction product. It is insulating (both thermally

and acoustically) and intrinsically fire resistant. It is normally made simply by mixing exfoliated vermiculite

as the aggregate, with cement and water, plus additives such as plasticizers if required. 10 kgs of vermiculite

was procured from India mart for the research work. It was tested for specific gravity which was found to be

24.

Glass Powder:

Water: Water is the most important ingredient of a concrete as hydration of cement is possible only in the

presence of water. It helps in creating a bond between the cementitious materials and the aggregates. portable

water confirming to the requirements as per IS 456-2000 which is free from salts and impurities is used for

washing aggregates, mixing and curing purposes.

5. METHODOLOGY:

Collection of materials

-‘

Initial material testing for Cement, FA, CA, Glass powder &

Vermiculite
L ]

Concrete mix design as per IS 10262-2009

Mixing of the concrete ingredients

Workability determination using slump cone method

Casting of Concrete cubes & cylinders

Curing the specimens for 7, 14 & 28 days

Testing for hardened properties like compressive strength &

split tensile strength

Interpretation of test results & Conclusions

‘-‘-‘-‘-lhl.‘

6. RESULTS & DISCUSSIONS

6.1 Workability of concrete using vermiculite only

Slno | % variations | Slump in Results for Workability by
in Cm Slump Cone Test
vermiculite §

1 0 25 :

2 5 26.5 i

3 10 24.5 . A

4 15 27.5 el
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6.2 Workability of concrete using vermiculite & Glass powder

Slno | % variations | Slump
in vermiculite | in Cm
& glass
powder
1 0 25
2 5 28
3 10 27
4 15 27.5

Results for Workability by
Slump Cone Test

% VARIATIONS IN VERMICULATE WITH GLASS POWDER

6.3 Compressive strength of concrete for 7 days using only vermiculite

Slno | % variations | Compressive
in vermiculite | strength in
N/mm?
1 0 27.11
2 5 20.44
3 10 18.22
4 15 12.88

Compressive Strength of Concrete
for 7days

COMPRESSIVE STRENGTH IN N/MM2

5
% VARIATIONS IN VERMICULATE

6.4 Compressive strength of concrete for 7 days using vermiculite & Glass powder

Slno | % variations | Compressive
in vermiculite | strength in
& glass | N/mm?
powder
1 5 21.96
2 10 20.35
3 15 20.16
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6.5 Compressive strength of concrete for 14 days using only vermiculite

Slno | % variations | Compressive N
Compressive Strength of Concrete for
in vermiculite | strength in = 14days

N/mm? s
=
1 0 19.11 =
&
2 5 18.66 -
3 10 18.22 Z
4 15 17.33 =

o 0 5

% VARIATIONS IN VERMICULATE

6.6 Compressive strength of concrete for 14 days using vermiculite & Glass powder

Sl.no | % Compressive
’ p Compressive Strength of Concrete for
variations strength  in e 14days
. ’ =25
n N/mm =
Zn
vermiculite 5
2
& glass % 10
>
powder 2 s
&
1 5 20.88 3 0
= 10
2 10 1777 % VARIATIONS IN VERMICULATE WITH GLASS POWDER
3 15 11.55

6.7 Compressive strength of concrete for 28 days using only vermiculite

Sl.no % variations Compl‘eSSiVe Compressive Strength of Concrete
. . . . for 28days
in vermiculite | strength in g
N/mm? -
1 0 24.79 g
2 5 17.14 g
3
3 10 16.96
0 b1
4 15 14.43
% VARIATIONS IN VERMICULATE
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6.8 Compressive strength of concrete for 28 days using vermiculite & Glass powder

Sl.no | % variations | Compressive

Compressive Strength of Concrete for

in strength  in ) 28days
vermiculite | N/mm? i
& glass g
&
powder .
1 5 21.94 é
2 10 20.78
3 15 20.36 ,

% VARIATIONS IN VERMICULATE WITH GLASS POWDER

6.9 Split tensile strength of concrete for 14 days using only vermiculite

Split Split Tensile strength for concrete
- . 2 . cylinders
% variation in tensile S S ARVE
Sl.no 9 ' 2

vermiculite strength in =
i~
N/mm? Z
1 5 3.41 £
2 10 2.82 =

3 15 1.83 2 4

% VARIATIONS IN VERMICULATE

6.10 Split tensile strength of concrete for 14 days using vermiculite & Glass powder

.. . Spht Split Tensile strength for concrete
% variation in . cylinders
o tensile 14days
Sl.no vermiculite & ) :
strength in
glass powder
N/mm?

1 5 2.54
2 10 2.12
3 15 1'83 % VARIATIONS IN VERMICULATE WITH GLASS POWDER
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6.11 Split tensile strength of concrete for 28 days using only vermiculite

Spllt Split Tensile strength for concrete
% variation in tensile CYNRGEES
Sl.no LR
vermiculite strength in
X
N/mm? 5
&
1 5 2.86 o
2 10 2.74 £
3 15 2.69

10
% VARIATIONS IN VERMICULATE

6.12 Split tensile strength of concrete for 28 days using vermiculite & Glass powder

o . . Split Split Tensile strength for concrete
Y0 variation in ) cylinders
o tensile I 28days
Sl.no vermiculite & ‘ A
strength in E
glass powder , z
N/mm &
1 5 2.53 o
2 10 2.49 2
10 L)
3 15 2'37 % VARIATIONS IN VERMICULATE WITH GLASS POWDER

7. CONCLUSION

In this study, because of scarcity of sand, vermiculite in exfoliated form is used to partially replace fine

aggregate at 5%, 10% and 15%. The addition of vermiculite improves the thermal insulation of the concrete,
while glass powder enhances its pozzolanic reaction, contributing to better compressive strength and
durability. Sustainability and Weight Reduction. Utilizing these waste materials not only promotes
sustainability but also results in a lighter concrete mix, which can be advantageous for specific structural
applications. The optimal mix proportions found during the investigation indicate that up to 5% vermiculite

and glass powder replacement yield the best results in terms of strength and durability.
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