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Abstract
Cement concrete are designed to resist the disastrous surrounding effects such as high temperature variations, high humid
environments, coastal areas, industrial areas and other pollutant types. The major advantage of these materials is the replacement
of cement or other ingredients. The use of waste material can consume these. This can also improves the properties of concrete
in fresh and hydrated.
In the current study a set of experiments had been performed to compare the use of 3 different types of mixes formed by replacing
cement by silica fume, sand by steel powder and in third mix both the materials are used together for M25 grade of concrete.
Cement and sand were replaced in different proportions such as 10%, 15%, 20%, 25%, and 30% by these materials. The
ingredients are mixed in 1:1:2 proportions. The properties studied are 3 days, 21 days and 28 days compressive strengths and
workability by compaction factor. The main conclusions drawn are inclusion of silica fume increases the compressive strength
up-to a certain proportions and then reduces the strength, it also effects the setting time and consistency. Steel powder increases
the strength but reduces the compaction factor. Comparatively higher early strength gain (3-days) is obtained with steel powder
concrete.
Keywords: cement concrete, silica fume, steel powder, compressive strength etc
1. Introduction
Several researchers investigated the suitability of these waste
materials as construction materials by partially replacing
cement, sand or aggregate in concrete and mortar with these
materials.
Many works have been done to explore the benefits of using
pozzolanic materials in making and enhancing the properties
of concrete. Thomas and Shehata [1] have studied the ternary
cementitious blends of Portland cement, silica fume, and fly
ash offer significant advantages over binary blends and even
greater enhancements over plain Portland cement. Sandor [2]
have studied the Portland cement-fly ash – silica fume
systems in concrete and concluded several beneficial effects
of addition of silica fume to the fly ash cement mortar in
terms of strength, workability and ultra sonic velocity test
results
Lam, Wong, and Poon [4] in their studied entitled Effect of fly
ash and silica fume on compressive and fracture behaviors of
concrete had concluded enhancement in strength properties
of concrete by adding different percentage of fly ash and
silica fume.
Replacement of sand with waste powder as a fine aggregate
in concrete draws severe awareness of researchers and
investigators. The utmost compressive and flexural strengths
were experimented for specimens containing a 6% dissipate
mud when compared with ordinary mix and it has been also
instigate that mixing of waste powders up to 9% could
efficiently be used as a preservative material in civil materials
(Singh and Nanda ) [5].
With the addition of obtained waste marble powder the
characteristics of concrete steadily increases up to certain
bound. With the addition of Marble powder early strength
increase in concrete is elevated. It has been revealed that the
best percentage for substitution of marble powder with
cement and it is approximately 10% binder for both casted

cubes and cylinders (Valeria et al.) [6].
According to Hendriks and Janssen (2003) [7] there are
numerous alternatives for the reuse of recycled materials in
structures. For each alternative a number of scientific and
environmental aspects are applicable. Also, explains
numerous models which can be utilized to take the optimal
assessment. In common the world-wide used Life Cycle
Assessment can be applied as a multi-parameter model for
the ecological effects.
Khari et al. (1995) [8] explained that minimum essential
mixing time has been determined from the development of
the power applied to the tool during mixing. It has been
concluded that high w/c values resulted in short stabilization
times. In addition, the contents of silica fume and quartz flour
as well as the type of cement and super plasticizer affected
the stabilization time considerably.
Concrete prepared using recycled aggregates have been used
for many years in several countries which go ahead the way
in this concept (Kwan et al., 2012) [9]. Many major projects
have been completed in these countries with cheering results.
Its utilization is so widely spread worldwide, so, that several
countries have adopted it and are preparing regulatory
documents about its use.
Application of fine recycled aggregates in concrete improves
the properties of cement concrete. Several researchers
determined effect over most vital properties of concrete
compressive and tensile strength; modulus of elasticity; water
absorption; shrinkage; carbonation and chloride penetration.
For the long-term durability of reinforced or pre-stressed
concrete carbonation and chloride penetration are significant
properties. Experiments have been performed by preparing
concrete mixes with different rates of substitution of fine
aggregates with fine recycled aggregates obtained from crushed
concrete. Testing results had been compared with concrete of
same mix proportions without any recycled aggregates.
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Reuse of waste materials from construction industry is a
creative step towards sustainable and green construction
(Uygunoğlu, 2011) [10]. Usage of waste materials in
construction has been considered as good thought; however,
this thought has been not accepted widely between the
researchers. But, through proper concrete mix design the
concrete having recycled aggregate can achieve target
strength and is appropriate for broad variety of applications
in construction. Good knowledge regarding durability and
properties influencing durability is required for applying
recycled aggregate in construction.
Pacheco-Torgal and Jalali S, 2011 [11] presented important
information over the robustness and design methodology for
recycled aggregates. Parameters investigated in this study are
compressive strength, ultrasonic pulse velocity, shrinkage,
water absorption and intrinsic permeability. It has been
observed from results that the in recycled aggregates concrete
ultrasonic pulse velocity is higher, and it contains low water
absorption intrinsic permeability. By replacing 80% of the
total coarse aggregate with recycled aggregates and by
following mix design method proposed by the Department of
Environment, target crushing strength can be achieved.
Radlinski, Olek and Nantung [12] in their experimental work
entitled effect of mixture composition and Initial curing
conditions on the scaling resistance of ternary concrete have
find out effect of different proportions of ingredients of
ternary blend of binder mix on scaling resistance of concrete
in low temperatures.
Barbhuiya, Gbagbo, Russeli and Basheer [13] studied the
properties of fly ash concrete modified with hydrated lime
and silica fume concluded that addition of lime and silica
fume improve the early days compressive strength and long
term strength development and durability of concrete.
Accumulation of waste marble dust in cement has been
presented by Aliabdo [14], in this work cement mortar and
concrete composed by applying marble dust have been found
to be improved, with the addition of marble dust. Concrete
composed adding of marble dust as replacement of sand
reveals improved act compared to replacement of cement.
The chief idea of this investigation has been found to be
examine the opportunity of utilizing waste marble dust in
cement and concrete making.
The usefulness of waste marble dust as preservative material
combine together with cement is examined by Aruntaş et al.
[15]
. For this plan, waste marble dirt added cements were
attained by inter blending with marble dust with Portland
cement ashes at dissimilar combine ratios at different
percentages by weight. Standard cube size of mortar prisms
has been artificial with the obtained cements. On these mortar
prisms, strength tests have been accepted sample on different

days of curing.
Emre and Şükrü in 2015 [16] examined the blended cements
produced by using the building stone powder were out to
sulfate concentration for unusual properties. Prepared mortar
specimens had been cured under water for 28 days and then
exposed to several different extents of sodium sulfate
solution for large number of days. Performances of cements
had been determined by testing properties like compressive
and tests. In mixed binders exclusively cements produced by
substituting waste provides like strength data when compared
with ordinary Portland cement at the ages of different curing
days.
Shayan and Xu (2006) [17] studied the presentation of glass
powder in concrete in the real situations, a field examination
has been performed by means of a 40 MPa concrete
combination, including and considering a range of
proportions of glass powder in and as cement replacement.
Several blends were formed and most of the mixtures also
involves sand-size meshed glass collective substance, were
used to cast several concrete slabs. Concrete casted has been
tested for the compressive and separating tensile strength,
shrink and rise, ultrasonic pulse velocity, and permeability of
chloride. Basic models had been cut from the slabs of various
life spans for the same as well as for micros assessment.
Mixtures with glass powder blend showed acceptably when
compared in drying shrinkage and alkali reactivity. The
outcomes revealed that GLP can be incorporated into high
strength concrete at considerable proportions such as 20 –
30% to substitute of cement. Application of glass powder
provides for substantial well utilization of waste glass in
prepared mixes and noteworthy changes in the production of
harmful gases to environment.
Mehmet (2014) [18] discussed the result of chemical over few
good strength gains of mixed cement mortars in order to
expand a enhanced consideration for enhancement of
hydration and strength of newly mixed cements. Pastes and
mortars, containing the mixed blends and the ordinary cement
had been also formed and they had been cured within water
to pending tests. Experimentations including test of chemical
compositions of mixtures and strengths after different curing
periods have been performed according to standard codes.
2. Materials and methods
Fractional replacement of cement or sand in concrete with
waste materials affects variety of physical and chemical
properties of the concrete and mortar. In the present work,
several properties of concrete and mortar mixes are identified
to evaluate the effect of waste materials on the performance
of concrete. Following table 2, will presents theses
parameters along with testing techniques.

Table 1
Parameters
Significance
Compressive Strength
In 3 days concrete can gain almost 40% of the 28 days compressive strength.
(3 Days)
Compressive Strength 7-day test may be help to detect potential problem with concrete or testing procedure at the lab.
(21 Days)
In 7 days compressive strength is almost 65% of the 28 days strength.
Compressive Strength To evaluate quality and characteristics of concrete. Concrete mixes are recognised by their
(28 Days)
respective 28 days strength.
Time period available for the transportation and placing of concrete after mixing. It marks
Initial Setting Time
roughly the end of the period when the wet mix can be moulded into shape.
The final setting time is the point at which the set cement has acquired a sufficient firmness to
Final Setting Time
resist a certain defined pressure.
Workability represents the effort which is to be done to compact the concrete in a given
Workability
module.

Testing
Compression testing
machine
Compression testing
machine
Compression testing
machine
Vicat’s Apparatus
Vicat’s Apparatus
Slump Test
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Compressive Strength
Out of many test applied to the concrete, this is the utmost
important which gives an idea about all the characteristics of
concrete. By this single test one judge that whether
Concreting has been done properly or not.
For cube test two types of specimens either cubes of 15 cm x
15 cm x 15 cm or 10 cm x 10 cm x 10 cm depending upon
the size of aggregate are used. For most of the works cubical
moulds of size 15 cm x 15 cm x 15 cm are commonly used.
This concrete is poured in the mould and tempered properly
so as not to have any voids. After 24 hours these moulds are
removed and test specimens are put in water for curing. The
top surface of these specimens should be made even and
smooth. This is done by putting cement paste and spreading
smoothly on whole area of specimen.
These specimens are tested by compression testing machine
after 3, 7 days curing or 28 days curing. Load should be
applied gradually at the rate of 140 kg/cm2 per minute till the
specimens fails. Load at the failure divided by area of
specimen gives the compressive strength of concrete.
The test specimens are stored in moist air for 24 hours and
after this period the specimens are marked and removed from
the molds and kept submerged in clear fresh water until taken
out prior to test.
Initial and final setting time
We need to calculate the initial and final setting time as per
IS: 4031 (Part 5) – 1988. To do so we need Vicat’s apparatus
conforming to IS: 5513 – 1976, Balance, whose permissible
variation at a load of 1000g should be +1.0g, Gauging trowel
conforming to IS: 10086 – 1982.
Initial setting time
Place the test block under the rod bearing the needle. Lower
the needle gently in order to make contact with the surface of
the cement paste and release quickly, allowing it to penetrate
the test block. Repeat the procedure till the needle fails to
pierce the test block to a point 5.0 ± 0.5 mm measured from
the bottom of the mould. The time period elapsing between
the time, water is added to the cement and the time, the needle
fails to pierce the test block by 5.0 ± 0.5 mm measured from
the bottom of the mould, is the initial setting time.
Final setting time
Replace the above needle by the one with an annular
attachment. The cement should be considered as finally set
when, upon applying the needle gently to the surface of the
test block, the needle makes an impression therein, while the
attachment fails to do so. The period elapsing between the
time, water is added to the cement and the time, the needle
makes an impression on the surface of the test block, while
the attachment fails to do so, is the final setting time.
Workability
The behavior of green or fresh concrete from mixing up to
compaction depends mainly on the property called
“workability of concrete”. Workability of concrete is a term
which consists of the following four partial properties of
concrete namely, Mixability, Transportability, Mouldability
and Compact ability. The slump is a measure indicating the
consistency or workability of cement concrete. It gives an
idea of water content needed for concrete to be used for
different works. Slump cone apparatus is required to evaluate
workability of concrete.

3. Results & Discussion
Experiments had been conducted to determine the suitability
of silica fume and steel powder as alternative construction
materials. Several Concrete mixes have been prepared by
replacing cement with these materials, to determine
compressive strength and slump values. It has been observed
from experimental results that compressive strength increases
up-to a certain point by replacing chief ingredients with
supplementary materials and workability decreases with the
increase in percentage of replacement. Setting time increases
with increase in percentage of replacement.
In the present study usefulness of silica fume and steel
powder as construction materials has been investigated
through laboratory experiments. Various Concrete blocks
have been casted using these materials to investigate
compressive strength and slump values. The results show that
silica fume may be used in concrete upto 15 to 20% of weight
of cement and steel powder can be used upto 15% for
optimum values of strength and workability.
Utility of materials such as silica fume and steel powder in
construction industry reduces the use of Portland cement and
thus reduces the construction cost.
In the present concrete mixes have been prepared by adding
these materials in different percentage. Concrete mixes
formed are tested for compressive strength and slump values
and compared with ordinary Portland cement concrete
values.
4. Tables and Figures
Table 2: Ratio of weight of each constituent (Kg) in concrete for
preparing mixes
Water
0.5

Cement
1

Sand
1

Course aggregate
2

Table 3: Proportion of ingredients for M1 mixes after replacing
cement by Silica fume
% Replacement
0
10
15
20
30

Weight of Materials (Kg)
Cement Silica Fume Aggregate Sand
4
0
8
4
3.60
0.40
8
4
3.40
0.60
8
4
3.20
0.80
8
4
2.80
1.20
8
4

Table 4: Proportion of ingredients for M2 mixes by replacing sand
by steel powder
Weight of Materials (Kg)
% Replacement Cement Sand Aggregate Steel Powder
0
4
4
8
0
10
4
3.6
8
0.40
15
4
3.4
8
0.60
20
4
3.2
8
0.80
30
4
2.8
8
1.20
Table 5:

Proportion of ingredients for M3 mixes after replacing
cement and sand

Weight of Materials (Kg)
%
Steel
Cement Silica Fume Aggregate Sand
Replacement
Powder
0
4
0
8
4
0
10
3.60
0.40
8
3.60
0.40
15
3.40
0.60
8
3.40
0.60
20
3.20
0.80
8
3.20
0.80
30
2.80
1.20
8
2.80
1.20
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Compressive Strength Test
Cement and sand in cement concrete has been replaced in 10,
15, 20, 30% with silica fume and steel powder respectively,
and in third mix both the ingredients have been replaced
simultaneously. Their compressive strength has been tested
after different curing periods such as 3 days, 21days and 28
days standard curing conditions. Results of compression tests
had been showed in table 6 0% replacement represents the
original OPC concrete mix. Hence, this table compares
concrete prepared by OPC concrete with concrete formed by
replacing cement with steel powder for concrete mix M1.
Table 6: Results of compression tests for M1concrete mix in MPa
S. No.

Days

1
2
3

3
21
28

0%
16.2
20.1
24.7

% of Replacement
10%
15%
20%
16.5
16.9
17.2
20.4
20.6
21.1
25.2
25.4
25.9

30%
16.8
20.7
24.9

concrete increases with the combined use of silica fume and
steel powder.
Table 9: Results of workability test
MIX

M1

M2

M3

Table 7: Results of compression tests for M2 concrete mix in MPa
S. No.

Days

1
2
3

3
21
28

0%
16.2
20.1
24.7

% of Replacement
10%
15%
20%
16.7
17.2
17.8
20.7
21.3
21.8
25.4
25.9
26.5

30%
18.2
22.3
27.1

Table 8: Results of compression tests for M3concrete mix in MPa
S. No.

Days

1
2
3

3
21
28

0%
16.2
20.1
24.7

% of Replacement
10%
15%
20%
16.6
16.8
17.1
20.5
20.8
21.1
25.1
25.5
25.9

30%
17.4
21.3
26.3

It has been observed that from above tables that
1. Maximum compressive strength is found at 20%
replacement of cement with silica fume after 3, 7 and 28
days of curing.
2. Maximum compressive strength is found at 30%
replacement of sand with steel powder after 3, 7 and 28
days of curing.
3. Maximum compressive strength is found at 30%
replacement of both cement and sand after 3, 7 and 28
days of curing.
4. Compressive strength of concrete mix increases with
high percentage when sand is replaced with steel
powder.
5. Compressive strength of concrete mix were increased
slowly when both the chief ingredients were replaced by
silica fume and steel powder.
6. Variation of compressive strength with change in
proportions of ingredients in all the three mixes has been
presented in following figures.
Slump cone test
Along with compressive strength workability of concrete is
major parameter required for testing the quality of concrete
mix, again by mixing steel powder and silica fume in cement
concrete in different proportions such as in 10, 15, 20, 30%
and performing slump cone test following results were
obtained. It has been observed from above table that slump
value reduces with the increase in values of percentage
replacement following changes are presented in following
figures. However, It has been observed that workability of

% Replacement
0
10
15
20
30
0
10
15
20
30
0
10
15
20
30

Slump Value
98
91
83
74
67
100
92
87
79
71
110
102
96
89
81

Setting time
Along with compressive strength and workability of
concrete, setting time of cement is major parameter required
for testing the quality of concrete mix, again by mixing steel
powder in cement mortar in different proportions such as in
10, 20 and 30% and testing setting time by Vicat’s apparatus
following results were obtained and from results it has been
observed that setting time delays by mixing the steel powder.
Table 10: Setting time of blended cement mix for M1 mix
S. No.
Initial
setting
time
Final
setting
time

Percentage of replacement Setting time (minutes)
0
32
10
36
20
38
30
42
0
608
10
615
20
622
30
627

Fig 1: Compressive strength test

Fig 2: Slump Cone Apparatus
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5. Conclusions
Following are the conclusions of the present work –
1. By replacing cement with silica fume in M1 mix
compressive strength increases up-to 20% and then
decreases with increase in percentage replacement of
cement.
2. Compressive strength has been found to be highest at
20% replacement of cement by silica fume in M1 mixes.
3. Slump value is decreased by increasing the percentage of
silica fume.
4. Compressive strength increases and slump value
decreases by increasing the percentage of replacement of
sand by steel powder in M2 mixes.
5. Hence, from above results it has been recommended to
replace cement about 20% with silica fume for higher
compressive strength and optimum workability.
6. Results indicate that compressive strength increases with
the combined use of steel powder and silica fume in
concrete.
7. Slump value is higher in case of M3 concrete mix when
compared with M1 and M2 mixes. However, with the
increase in percentage of replacement value of slump
cone decreases in all the three concrete mixes M1, M2
and M3.
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