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Abstract-As construction in India and other
developing countries increases, the consumption of
energy and resources is also increasing in an alarming
way. Most of the developing nations have reduced the
usage of virgin materials in construction, due to
consumption of energy and resources is increasing in
an alarming way, so they focused on the environment
and safeguarding of natural resources and recycling of
wastes materials. Many industries produce lot of waste
products which is disposed into landfills. This material
can be used in construction industry as alternative to
conventional materials. Such practice conserves
natural resources and reduces the space required for
the landfill disposal of these waste materials. High
performance concrete appears to be a bettér choice for
a strong and durable structure. In this\project,
investigations were carried out on strength properties
such as compressive strength and flexural strength of
M40 grade of HPC mixes with different replacement
levels such as 05%, 10%, 15% and 20%, of marble
powder with cement and 20%, 30%, 40%, 50%, and
60% of foundry sand with fine aggregate by adopting
water-cement ratio of 0.42 and combined of both with
different replacement levels such as
(5%+20,30,40,50,60%),(10%+20,30,40,50%),(15%+2
0,30%). Conplast SP430 is based on can be used as a
super plasticiser for better workability for high
performance concrete. The HPC mix, grade M40
concrete is designed as per IS 10260-2009 Guide for
selecting proportions for high strength concrete
materials. Mechanical characteristics like Compressive
strength and Flexural strength were examined. The
result of these investigations demonstrates the strength
characteristics of marble powder, foundry sand based
concrete mixes. Based on the results obtained, the
replacement of 50% foundry sand separately and
marble powder 15% separately and combined both
(15% +20%) with 2% of super plasticiser which

superior strength characteristics was arrived. The
details of the investigations along with the results are
presented in this paper.

Introduction A large number of researches have
been directed towards the utilization of waste materials
which are easy available and cheaper in cost. For the
construgtion industry, the development and use of
waste S\ material is growing rapidly Construction
industry need huge amount of construction material
and continuous dependence on natural virgin material
will lead scarcity of the construction material and
increase in cost of material and construction. In recent
times, many researches are going on for improving the
properties of concrete with respect to strength,
durability, and performance as a structural material. To
overcome such situation researchers introducing some
substitution of material which is cheaper in cost and
easily available use of industrial waste in concrete. Use
of such waste material not only related to the energy
efficiency and environmental aspects of the cement
industry, but also improves the durability and life cycle
performance and costs of the concrete structures. This
study explores the possibility of replacing part of
cement with marble powder and sand with foundry
sand.

Material & Properties

Cement: OPC of grade 43 was used for casting all the
specimens should be confirming to 1S was used for the
present experimental investigation.

Fine aggregate: Clean and dry river sand available
locally was used. Sand passing through IS 4.75 mm
sieve was used for casting all the specimens. Specific
gravity and fineness modulus is 2.55 and 3.45
respectively.
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Coarse aggregate: Coarse aggregate passing through
20 mm sieve as given in 1S 383 — 1970 was used for all
the specimens. In addition to cement paste- aggregate
ratio, aggregate type has a great influence on concrete
dimensional stability. Specific gravity and fineness
modulus is 2.906 and 3.49 respectively.

Foundry sand: Foundry sand is high-quality uniform
silica sand that is used to make moulds and cores for
ferrous and nonferrous metal castings. Foundry sand is
a by- product of the castings industry typically
comprising uniformly sized sands with various
additives and metals associated with the specific
casting process. Foundry sand is the most essential raw
material and its importance is sometimes forgotten
amongst Foundry personnel. Foundry sand is as used
by Foundries is desired for its thermal resistance and
availability. Most metal casting sand (FS) is high
quality silica sand with uniform  physical
characteristics. Specific gravity of foundry sand is 2.44
and fineness modulus is 2.09

Marble Powder: Marble is a metamorphic rock
resulting from the transformation of a pure limestone
composed solely of calcite (100%CaCQs3). Chemically,
marbles are crystalline rocks composed predominantly
of calcite, dolomite or serpentine minerals. The main
impurities in raw limestone (for cement) which can
affect the properties of finished cement are magnesia;
phosphate, leads, zinc, alkalis and sulphides€A large
quantity of powder is generated during®the cutting
process. Leaving these waste materials\t0~ the
environment directly can cause environmental
problems. Using marble powder in concretes and
results about strength and workability were compared
with control samples of conventional concrete. Marble
powder can be used as filler in concrete and paving
materials and helps to reduce total void content in
concrete. Marble powder can be used as an admixture
in concrete; so that strength of the concrete can be
increased Marble powder can be used to improve the
mechanical and physical properties of the conventional
concrete. The possibility of utilizing MP as
cementiitious material in the production of concrete
will also induce a relief on waste disposal issues. Now-
a-days the demand for cement is quite high in
developing countries owing to rapid infrastructural
growth which results supply scarcity and the cost of
material is increased, if we use the waste material in
the production of the concrete the construction cost
decreases.

Super Plasticizer: Super plasticizer CONPLAST SP
430, complies with IS 9103-1999\and ASTM C-494

was used.

Water: In this project, casting and curing of specimens
were done using potable water which shall be free
from deleterious materials. Water plays an important
role in concrete production (mix) in that it starts the
reaction between the cement and the aggregates. It
helps in the hydration of the mix.

Mix Design:

In this investigation concrete mix design (M40) was
designed based on 1S10262-2009.This code presents a
generally applicable method for selecting mixture
proportion for high strength concrete and optimizing
this mixture proportion on basis of trial batches. The
method is limited to high strength concrete production
using conventional materials and production
techniques. Mix proportioning details are given below
in table 1

Table 1 Mix Design

Unit of ceme Fine Course Wate | Admixtu
bateh nt aggrega | aggrega | r re

te te
CubeMet | 388 635 1307 163 3.88
er
content(k
9)
Ratio of 1 1.64 3.36 0.42 0.01
Ingredien
ts

Method of Experiment: It is important that the
constituent material of concrete remain uniformly
distributed within the concrete mass during the various
stages of handling and that full compaction is
achieved, and making sure that the characteristics of
concrete which affect full compaction like consistency,
mobility and compatibility are in conformity with
relevant codes of practice. The tests were carried out in
accordance with relevant IS Standards. The aggregates
were tested for physical properties such as specific
gravity and particle distribution test. The fresh
concrete was subjected to the slump test followed by
casting of concrete in moulds for further
investigations. All the mixes were prepared by mixing
the concrete in laboratory along with water and super
plasticizer. For compressive strength studies cube
specimens of size 150 mm x 150 mm x 150 mm, for
flexural strength studies, beam specimens of size 150
mm x 150 mm x 700 mm studies were prepared. All
the specimens were cast and cured for 28 days as per
standard curing methods.

Preparation for various proportions
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This experimental program is carried out in four
stages.

In stage 1, | have a design reference mix was prepared
(without foundry sand and marble powder) 4 cubes and
4 beams with reference mix concrete have been casted

in batch 1.

In stage 2, | have partially replaced cement by MP
(Marble powder), varying percentages 5, 10, 15, 20%.
In this stage percentage of cement is reduce up to 20%
by MP and remaining 80% Cement is used. In stage 2,
a total no. of 16 cubes and 16 beams are casted in total
4 batch (2 to 5) mixes.

In stage3, Natural fine Aggregate is partially replaced
by FS (Foundry Sand) varying from 20% to 60%. In
this stage percentage of sand is reduce up to 60% by
FS and remaining 40% Sand is used. In stage 3, a total
no. of 20 cubes and 20 beams are casted in total 5
batch (6 to 10) mixes.

In stage 4, | have replaced partially combined both
cement and sand by MP (Marble powder), and FS
(Foundry Sand) varying from (5+20, 30, 40, 50, 60%)
(10+20, 30, 40, 50%) (15+20, 30%) respectively. In
stage 4, a total no. of 44 cubes and 44 beams are casted
in total 11 batch (11 to 21) mixes.

Compressive Strength

Stagel Reference mix concrete A minimum ofytwo
cubes are casted in each batch for detegmining
compressive strength. Tests are performed at the
curing date of 28 days of the specimens. The
compressive strength tests results are shown in table
for the age of 28 days of the specimens.

Table2Test results of cube for compressive
strength of M-40 grade concrete reference
mix concrete in 28days

Mixes Yeof % of compressive
Batch MP Fs P
Stage strength
(n/mm?)
1 1 Moo 0 0 43.65

Stage 2 Partial replacement of cement by marble
powder In this stage, samples were prepared by
varying percentage 05, 10, 15, 20% of marble powder
as a part of replacement of cement in mix design in the

cube material then tested compressive strength. Tests
are performed at the curing date of 28 days of the
specimens.

Table3 Test results of cube for compressive
strength of M-40 grade concrete with Marble
powder = 05, 10, 15, 20%, Foundry Sand = 0% in

28days.
average
Stages | Batches Mixes Yoo Yeof compressiv
MP Fs e strength
(n/mm?)
Mos,o 45.71
2 05 0
Mio,0 45.88
3 10 0
2 Mas,0 47.4
4 15 0
Mzo,0
5 20 0 39.39

Stage 3 Partial replacement of sand by foundry
sand In this stage, samples were prepared by varying
percentage 20, 30, 40, 50, 60% of foundry sand as a
part,ofireplacement of fine aggregates in mix design in
the, cubé~material then tested compressive strength
aggregates in mix design in the cube material then
tested compressive strength, Tests are performed at the
curing date of 28 days of the specimens.

Table4 Test results of cube for compressive
strength of M-40 grade concrete with Marble
powder=0%, Foundry Sand = 20, 30, 40, 50, 60% in

28days
average
Stages | Batches Mixes | % of | 9% of co:i;e;:;ve
MP FS (n/mm?)
6 Mo,20 45.07
0 20
Mo,30 46.06
7 0 30
3 Mo,40 47.83
4 0 40
Mo,s0 47.89
5 0 50
Mo,e0 39.22
6 0 60

Stage 4 Partial replacement of cement by marble
powder and partial replacement of sand by foundry
sand In this stage, samples were prepared by varying
percentage of foundry sand as a part of replacement of
fine aggregates and percentage of marble powder as a
part of replacement of cement in mix design in the
cube material then tested compressive strength. Tests
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are performed at the curing date of 28 days of the
specimens. Flexural Strength Test:

Table5 Test results of cube for compressive Stagel Referenc_e mix concrete A minimum of two
beams are casted in each batch for determining flexural

strength of M-40 grade concrete with Marble strength. Flexural test are performed at the curing date

in 28days
Table8 Test results of beam for Flexural

st Batch ‘Z"erage strength of M-40 grade concrete reference
age atc compress R .
Sg es , Yeage | Yoage i\?e mix concrete in 28days
Mixes Marble | foundr
powder | ysand | Strength
1 Mos.20 4584 :
Stage 2 Partial replacement of cement by marble
05 20
Mos,a0 46.21 Average
12 05 30 Stage Batch Flexural
4 Mos,40 47.94 %of % of ?:]l}:itg
13 05 40 Mixes | MP | FS
Mos,s0 47.96
14 05 50
Mos, 60 4111 1 1 Moo 0 0 43.65
15 05 60
powder In this stage, samples were prepared by

varyingspercentage 05, 10, 15, 20% of marble powder
as aypart)of replacement of cement in the beam
materialthen tested Flexural strength. Flexural test are
performed at the curing date of 28 days of the

Table6 Test results of cube for compressive
strength of M-40 grade concrete with Marble
powder=10%, Foundry Sand = 20, 30, 40, 50% in

specimens.
28days
= Table9 Test results of beam for Flexural strength of
avera R
Stages | Batches _ cdMaceNive M-40 grade concrete with Marble powder = 05, 10,
Mixes | %of | %0f lo g4 ofgth 15, 20%, Foundry Sand = 0% in 28days
MP FS
average
Mio,z0 44.92 Stages | Batches flexural
16 10 20 strength
Mixes | %of | %of | (n/mm°)
Mi0,30 45.15 vp | s
17 10 30
4 M10,40 45.72 Mos,o 45.71
18 10 40 2 05 0
Mio,50 42.08 Mio,0 45.88
19 10 50 3 10 0
2 Mis,o 474
Table7 Test results of cube for compressive 4 15 0
strength of M-40 grade concrete with Marble Mao.0
powder=15%, Foundry Sand = 20, 30, 40% in 5 20 0 39.99
28days
% of | %of average
Stages | Batches | Mixes | MP | FS Compressr']"e Stage 3 Partial replacement of sand by foundry
strengt sand In this stage, samples were prepared by varying
M2 23.04 percentage 20, 30, 40, 50, 60% of foundry sand as a
20 15 20 part of replacement of fine aggregates in mix design in
Mis,30 4113 the beam material then tested Flexural strength.
4 2t 15 30 Flexural test are performed at the curing date of 28
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days of the specimens.

Tablel0 Test results of beam for Flexural strength
of M-40 grade concrete with Marble powder=0%,
Foundry Sand = 20, 30, 40, 50, 60% in 28days

Tablel2 Test results of beam for Flexural strength
of M-40 grade concrete with Marble powder=10%,
Foundry Sand = 20, 30, 40, 50% in 28days

Average
Stages | Batches flexural
. strength
Mixes %of %of
MP FS
Mio,20 7.86
16 10 20
Mio,30 8.73
17 10 30
4 Mio,40 8.80
18 10 40
Mio,50 6.89
19 10 50

average
Stages | Batches flexural
Mixes | %age %age strength
MP FS
6 MO0,20 7.8
MO0,20 0 20
MO0,30 8.22
7 MO0,30 0 30
3 MO0,40 8.61
4 MO0,40 0 40
MO0,50 7.20
5 MO0,50 0 50
MO0,60 6.87
6 MO0,60 0 60

Stage 4 Partial replacement of cement by marble
powder and partial replacement of sand by foundry
sand In this stage, samples were prepared by varying
percentage of foundry sand as a part of replacement of
fine aggregates and percentage of marble powder@s'a
part of replacement of cement in mix dgsignyin“the
beam material then tested Flexural strengthy, Flexural
test are performed at the curing date of 28 days”of the
specimens.

Tablell Test results of beam for Flexural strength
of M-40 grade concrete with Marble powder=05%,
Foundry Sand = 20, 30, 40, 50, 60% in 28days

Tablel3 Test results of beam for Flexural strength
of'M-40@-grade concrete with Marble powder=15%,
Foundry Sand = 20, 30% in 28days

Jages | Batch nof | o6of | Gl
ages atcnes Mixes MP ES exural
strength
Mis,30 6.68
20 15 20
Mis,30 6.02
4 21 15 30

average
Stages | Batches flexural
%age %age strength
Mixes Marble foundry
powder sand
11 Mos,zo 782
05 20
Mos,30 8.41
12 05 30
4 Mos,40 8.63
13 05 40
Mos,s0 8.22
14 05 50
Mos, 0 7.44
15 05 60

Results & Discussion

As work is carried out in four stages, results of stages
are presented in graphical form. Tests are performing
on cubes & beams and their 28 days strengths have
been calculate. A comparison based on strength of
different mix proportions is carried out. A comparison
of strengths for 28 days are also formulated.

Stage-2 As explained before, cement is partially
replaced by MP in this stage and 4 batches are been
prepared. In each batch mix 4cubes and 4beams are
casted on which 28 days strength tests are performed

Compressive Strength Compressive strength test is
performed on 2 cubes of each batch mix for 28 days.
There are 4 batch mixes and each one having 4 cubes.
Of these 4 cubes, 2 cubes are tested for 28 days each.
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The graph shows the difference between compressive Of these 4 cubes, 2 cubes are tested for 28 days each.
strength of the specimen with reference and various ) )
percentage replacements with cement. Graph 3 Compressive Strength at 28 days with

reference mix and various %replacements FS with
sand. (20, 30, 40, 50, 60%b)

Graph 1 Compressive Strength at 28 days with Compressive Strength for 28 days
reference mix and various %replacements MP with S0 T3as 4507 460647834789
cement. 40

30

Compressive Strength for 28 days 20

10

VY R — 0 20 30 40 50 60
39.39 Replacement percentage %
30 i
Flexural Strength Flexural strength test is performed
20 .
on 2 beams of each batch mix for 28 days. There are 4
10
0 5 10 15 20

Compressive strength N/mm2

Compressive strength N/mm2
Fy
o

batch mixes and each one having 4 beams. Of these 4
beams, 2 beams are tested for 28 days each.

Replacement percentage %

Graph 4 Flexural Strength at 28 days with
reference mix and various %replacements FS with

sand.(20,30,40,50,60%)
Flexural Strength Flexural strength test is performed \C\
on 2 beams of each batch mix for 28 days. There are 4 5 Flexural Strength for 28 days
batch mixes and each one having 4 beams. Of these 4 % 7 -
beams, 2 beams are tested for 28 days each. @ % §7
£3s
Graph 2 Flexural Strength at 28 days with Q = , |
reference mix and various %replacements MP @ o 0 3 4 s e
Cement(5,10,15,20%) ° Replacement percentage %
A

Stage-4As explained before, cement is partially
Flexural Strength for 28 days replaced by MP and sand is partially replaced by FS in
this stage and 11 batches are been prepared. In each
batch mix 4cubes and 4beams are casted on which 28

6
days strength tests are performed.
Compressive Strength Compressive strength test is
4 385 performed on 2 cubes of each batch mix for 28 days.
There are 4 batch mixes and each one having 4 cubes.
5 | Of these 4 cubes, 2 cubes are tested for 28 days each.
0 5 10 15 20

Graph 5 Compressive Strength at 28 days with
reference mix and various %replacements MP and
FS with cement and sand 5%+20,30,40,50,60%

o

(3]

Flexural strength N/mm?

Replacement percentage %

Stage-3 As explained before, sand is partially replaced
by FS in this stage and 5 batches are been prepared. In o, Compressive Strength for 28 days

each batch mix 4cubes and 4beams are casted on 0 WW“““ .
which 28 days strength tests are performed. " - - - - -

NIEENEEN

There are 4 batch mixes and each one having 4 cubes. O Replaoent peoentage s 0 T

Replacement percentage %

Compressive Strength Compressive strength test is 2

performed on 2 cubes of each batch mix for 28 days.

Compressive strength
N/mm2
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Graph 6 Compressive Strength at 28 days with
reference mix and various %replacements MP and
FS with cement and sand 10%+20, 30, 40, 50%

Compressive Strength for 28days

50

44.92 45.1545.72

43,65 42.08

40 -
30

20 A

Compressive strength N/mm2

10 -
0 10+20 10+30 10+40 10+50

Replacement percentage %

Graph 7 Compressive Strength at 28 days with
reference mix and various %replacements MP and
FS with cement and sand 15%+20, 30%

Compressive Strength for 28 days

50

43.65 43.84

40
30
20
10
0

Replacement percentage %

Compressive strength N/mm2

15+20 15+30

Flexural Strength Flexural strength test is performed
on 2 beams of each batch mix for 28 days. There are 4
batch mixes and each one having 4 beams. Of these 4
beams, 2 beams are tested for 28 days each

Graph 8 Flexural Strength at 28 days with
reference mix and various %replacements MP with
cement and FS with sand 5%+20, 30, 40, 50, 60 %

Flexural Strength for 28 days

9 84T 863
8.22

Flexural strength N/mm2

0 5+20 5+30 5+40 5+50 5+60

Replacement percentage %

Graph 9 Flexural Strength at 28 days with
reference mix and various %replacements MP with
cement and FS with sand 10%+20, 30, 40, 50%

Flexural Strength for 28 days

Flexural strength N/mm2

0 10+20 10+30 10+40 10+50

Replacement percentage %

Graph 10 Flexural Strength at 28 days with
reference mix and various %replacements MP with
cement and FS with sand 15%+20, 30%

Flexural Strength for 28 days

7.96
6.58

Flexural strength N/mm2

0 15+20 15+30

Replacement percentage %

|| 4
| | <
)

Conclusion The strength characteristics of concrete
made with different type of waste materials are
discussed in the present study. The possibility of using
marble powder and foundry sand in concrete as a
cement and fine aggregate replacement have been
studied. The mixes of M40 grade concrete was
prepared with cement sand aggregate, foundry sand,
marble powder separately and combination of marble
powder and foundry sand as a cement and fine
aggregate. Additional super platicizer by weight of
cement. Based on the study discussed, the following
conclusions are drawn:-

Compressive Strength

Due to MP, it prove to be effective in assure good
cohesiveness of concrete. From the results, it is
concluded that the MP can be used as replacement
material for cement and 15% replacement of MP gives
an excellent result in strength aspect and quality aspect
and it is better than the conventional concrete.
However, there is decrease in compressive strength in
20% replacement concrete mix. The substitution of
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15% of the cement content by marble powder induced
higher compressive strength.

Foundry sand can be effectively used as fine aggregate
in concrete. Replacement of fine aggregate with
foundry sand gives good strength. As per our studies
50% replacement of sand gives maximum strength at
the age of 28 days. The compressive strengths were
increased with increase in the foundry sand in the
concrete mix up to 50% and reduction in compressive
strength of concrete specimen with replacement
percentage beyond 50 % is attributed to binders
present in foundry sand, composed of very fine powder
of clay and carbon, which results in a weak bond
between cement paste and aggregate. The replacement
of natural sand with used foundry sand up to 50 % is
desirable.

The maximum compressive strength was observed at
combined replacement level of MP and FS is found to
be (05+50%), (10+40%), (15+20%).

Flexural strength

The flexural strength of concrete for M40 grades of
concrete increases with marble powder up to 15%
replacement by weight of cement and further increases
in the percentage of MP leads to decrease in flexural
strength there was slight decrease in strength as
compared to conventional concrete.

The maximum strength was observed for the
replacement of foundry sand by 40% for 28 days
strength and the 7 days strength. The result for 40%
replacement of waste foundry sand shows, thatj the
concrete produce is an economical, sustainable and
high strength concrete. The maximum compressive
strength was observed at combined replacement level
of MP and FS is found to be (05+40%), (10+40%),
(15+20%).

Further, the cost of construction can be minimized with
usage of marble powder and foundry sand which is
freely or cheaply available and the environmental
pollution can be reduced by using marble powder as
replacement of cement and foundry sand as
replacement of sand in concrete.

Use of these waste material leads to sustainable
development in construction industry. It’s an
ecofriendly building material. The problems of
disposal and maintenance cost of land filling is
reduced

The best possible way of disposal of waste material
like marble powder and foundry sand can be by using
it in concrete, which will reduce environmental burden

A Dbetter measure by an innovative construction
material is formed also environmental effects from
wastes and disposal problems of waste can be reduced
through this research.

Making concrete using recycled materials (foundry
sand and marble powder) saves energy and conserve
primary resources and it is concluded that the more
material was reused, the fewer resources were
consumed which leads to a safe, sustainable
environment
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