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EFFECT ON BLENDING OF SUPPLEMENTARY CEMENTITIOUS
MATERIALS ON PERFORMANCE OF NORMAL STRENGTH
CONCRETE
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Sustainability and scarcity in resources are the two major issues to be dealt within the present scenario by effective utilization
of alternative materials. In this present study, an attempt has been taken to study the effect of supplementary materials such as
fly ash and silica fume as a partial replacement to cement and steel slag and M-sand as a replacement to river sand on strength
and durability of concrete. In this study, concrete specimens were prepared based on five different mixes by varying the percent-
ages of these supplementary materials. Various mechanical properties like compressive strength, split tensile strength and flexural
strength were performed to ascertain the mix with optimum levels of replacement of supplementary materials for cement and
fine aggregate. Durability property like water absorption test was performed on the mix with optimum values of strength. Results
revealed that mix with higher percentages of steel slag, optimum level of silica fume and fly ash have shown higher strength and

lesser permeability in concrete.
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Introduction

Sustainability has also become an important area of
study in the field of construction nowadays due to
scarcity in construction materials and depletion of the
global environment. Usage of alternative materials
such as waste from industries, recycling the materials,
etc., would be an optimal solution to achieve the sus-
tainability in construction. Various researches have
been performed in and around the globe mainly focus-
sing on the mineral admixtures such as fly ash, steel
slag, ground granulated blast furnace slag (GGBS),
M-sand, etc., as a partial or complete replacement to
cement and aggregates. For instance, partial replace-
ment of cement by steel slag and blast furnace slag
powder has shown better mechanical properties when
compared to conventional concrete [1]. Also the rate
of CO, emission also gets reduced by partial replace-
ment with cement, which shows a better indication
for achieving the sustainable concrete. One of the ma-
jor drawbacks in the use of steel slag in concrete is
its higher porosity and also rusting property; it hap-
pens when it comes in contact with water due to its

porous nature. Perhaps other commonly used pozzo-
lanic materials like fly ash, a by-product from ther-
mal power plants can be replaced by nominal percent-
age and as well by the higher percentage by weight of
cement. Fly ash has the property of reacting at later
stages when added to the concrete due to its pozzolan-
ic activity. So concrete with fly ash at the curing of 90
days has yielded better mechanical properties when
compared to conventional concrete [2]. In terms of
its durability properties, fly ash replacement at 30%
with lower w/c ratio by addition of water reducers has
greater resistance to shrinkage [4]. But usage of high-
er fineness of fly ash reduces the slump loss as well as
increases the mechanical property of concrete. This
attribute is towards the pore filling ability of higher
fineness fly ash in the concrete [6]. Despite increas-
ing the operational cost in the manufacturing of high-
er fineness fly ash, usage of alternative material like
silica fume would be an optimal solution. Addition of
silica fume of fineness up to 30,000 m?/kg up to 10%
had increased the strength of the concrete [3]. Such
increase in strength of concrete by addition of silica
fume is due to its higher fineness value which fills up
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the voids, thereby improving the performance of con-
crete both in terms of strength and durability [2]. Not
only the supplementary cementitious materials have
a role in imparting the sustainability to concrete, but
also due to a higher scarcity of river sand, M-sand
can be a suitable alternative even up to 100% replace-
ment. Usage of well graded M-sand with better parti-
cle packing up to 100% can improve the performance
of concrete both in terms of strength and durability.
Among various researches conducted on pozzolan-
ic materials, these mineral additives can be replaced
only up to certain percentages. The extent of research
on blending the supplementary cementitious materi-
als is very narrow. The present work mainly focuses
on filling up such a research gap. The main objective
of'this research is to blend fly ash and silica fume with
cement and M-sand and steel slag with fine aggregate
under different replacement levels to determine the
optimum level of replacement of pozzolanic materials
to achieve proper blending. To accomplish such ob-
jectives, five mix combinations with varying replace-
ment percentages of fly ash, silica fume, steel slag and
M-sand were prepared. Such mixes were tested for
both strength and durability to evaluate their perfor-
mance behaviour.

Experimental programme

Materials

Ordinary Portland cement of 53 grade IS: 8112-1989,
river sand passing through 2.36 mm with fineness

modulus 2.76, coarse aggregate, coarse aggregate of
20 mm with fineness modulus 6.73, class F fly ash col-

Table 1. Properties of concrete ingredients

lected from Thoothukudi Thermal Power Plant, sili-
ca fume collected from locally available market, steel
slag passing through 2.36 mm with fineness modulus
2.65, M-sand passing through 2.36 mm and water con-
firming to IS 456:2000 were used. Various properties
of materials used in this study are presented in Table 1.

Mix proportions

M20 grade of concrete with w/c ratio of 0.5 was used
in this study. A total of 96 specimens were prepared
both control mix and mix with supplementary cemen-
titious materials. Six different Mix combinations MO,
M1, M2, M3, M4 and M5 were used in this study. MO
represents the control concrete mix of ratio 1:1.5:3
having the characteristic compressive strength of 20
MPa. Mix proportions for the mix MO to M5 is pre-
sented in Table 2. The Quantity of materials required
for the specified mix is presented in Table 3.

Preparation of specimens

Cubes of size 150 mm % 150 mm % 150 mm, cylinders
of size 100 mm X% 200 mm and prisms of size 500 mm
x 100 mm X 100 mm were prepared for this study. The
coarse aggregates had been first poured into the mix-
er before half of the fine aggregates were added. The
binder had been completely poured in, followed by the
rest of the sand and collected supplementary cementi-
tious materials based on the mix proportions. The ma-
chine had been then allowed to run for about one min-
ute to ensure dry mixing of the ingredients before the
calculated water was added. Water was then added im-
mediately. After about three minutes of complete mix-

S. No Material Properties Test method adopted Values

1 Cement Surface area Blain’s air permeability 225 m*kg
Setting time Vicat apparatus Initial = 30 min

Final = 600 min

Specific Gravity Pycnometry 3.15

2 River sand Size Sieve analysis 2.36 mm
Fineness modulus Sieve analysis 2.76

3 Coarse aggregate Size Sieve analysis 20 mm
Fineness modulus Sieve analysis 6.73

4 Fly ash Surface area Blain’s air permeability 296 m%/kg
Specific gravity Pycnometry 2.10

5 Silica fume Surface area Blain’s air permeability 28,000 m?*/kg
Specific gravity Pycnometry 2.2

6 Steel slag Surface area Blain’s air permeability 350 m?/kg
Specific gravity Pycnometry 3.27

7 M-sand Specific gravity Pycnometry 2.73
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Table 2. Mix proportions

Mix Cement F.A S.F R.S M. S S.S C. A w/c ratio
MO 100 - 100 - - 100 0.5
M1 50 30 20 - 40 60 100 0.5
M2 50 35 15 - 60 40 100 0.5
M3 50 40 10 - 30 70 100 0.5
M4 50 45 5 - 70 30 100 0.5
M5 50 50 - - 50 50 100 0.5
F. A=Fly ash; S. F = Silica fume; R. S = River sand; M. S = Manufactured sand; S. S = Steel slag;
C. A = Coarse aggregate
Table 3. Quantity of proportioned materials
Mix Cement F.A S.F R.S M. S S.S C.A
(kg/m?) (kg/m?) (kg/m?) (kg/m?) (kg/m?) (kg/m®) (kg/m?)
MO 383 - - 727 - - 1103
Ml 191.5 114.9 76.6 - 290.8 436.2 1103
M2 191.5 134.05 57.45 - 436.2 290.8 1103
M3 191.5 153.2 38.3 - 218.1 508.9 1103
M4 191.5 172.35 19.15 - 508.9 218.1 1103
M5 191.5 191.5 - - 363.5 363.5 1103

F. A=Fly ash; S. F = Silica fume; R. S = River sand; M. S = Manufactured sand; S. S = Steel slag;

C. A= Coarse aggregate

ing the machine was switched off. The concrete was
placed in already prepared oiled moulds on the table
vibrator. Placement of the concrete was carried out
in three layers and the table vibrator was used to en-
sure adequate compaction of the concrete after each
layer was placed. On completion of casting, the con-
crete-filled moulds were then transferred to the labo-
ratory floor to set and harden for 24 hours. After 24
hours, demoulding of the specimens were carried out,

the specimens were given identification marks and
transformed to the curing tank for 28 days as required.

Testing of prepared specimens

Hardened properties like compressive strength,
split tensile strength and flexural strength were per-
formed on cube, cylinder and prism specimens as per
IS 516:1959 to investigate the optimum level of re-

Fig. 1. Casting of concrete specimens
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placement of cementitious materials in concrete. Av-
erage of three specimens was taken as final reading
under each test. Mix with optimum strength value de-
termined from above tests was subjected to durability
study like a sorptivity test to determine the rate of per-
meability of concrete.

Results and discussion
Hardened properties

From the test results it is evident that the M3 combi-
nation has values in terms of compressive strength,
split tensile strength and flexural strength. M1 has
the strength of 23.38%, which is more than the
strength of MO; M2 has the strength of 17.17%,
more than the strength of M0; M3 has the strength
0f 26.64%, more than the strength of M0; M4 has the
strength of 16.4%, more than the strength of M0 and
M35 has the strength of 13.7%, more than the strength
of MO. Similarly, the value shows the same increas-
ing trends of strength in terms of both split tensile
strength test and flexural strength test as it is evident
from the values presented below. From the strength,
it can be seen that M3 combination has 40% of fly

ash as cement replacement and 70% of steel slag as
fine aggregate replacement shown better strength of
around 30% when compared to conventional con-
crete. Presence of steel slag at higher levels of re-
placement around 70% and fly ash of around 40%
contributes towards the increase in the strength of
concrete at the age of 28 days. Also it could be seen
that at the age of 7 days, the expected strength for
M3 is not achieved. This is because of the late re-
activity of fly ash as the fly ash starts reacting only
at the age of 28 days. This can also be evident from
the fact that M5 has highest percentage of fly ash,
which has the least strength value at the age of 28
days when compared to M1, M2, M3 and M4. Also,
silica fume added around 10% plays a role in fill-
ing up the void spaces between the cement particles
which also contributes towards the improvement in
strength of concrete. From Table 1, it is clear that
the size of mineral additives added as a replacement
to cement and fine aggregate is nearly the same in
order to achieve a uniform blending of raw materi-
als. M-sand and steel slag passing through 2.36 mm
sieve blends uniformly with each other provides bet-
ter particle packing which contributes towards the
improvement in strength of the concrete.

Table 4. Compressive strength at the age of 7 days and 28 days

S. No Mix Compressive strength (MPa) Split tensile strength (MPa) Flexural strength (MPa)
7 days 28 days 7 days 28 days 7 days 28 days

1 MO 14.51 21.67 1.74 2.6 2.66 3.25
2 Ml 16.87 28.45 2.34 3.19 2.87 3.73
3 M2 15.97 26.17 1.84 3.04 2.79 3.58
4 M3 17.13 29.54 2.01 3.31 2.89 3.80
5 M4 15.13 25.93 1.80 3.02 2.72 3.56
6 M5 16.12 25.13 1.93 2.96 2.81 3.51

=

=

% 4

g 3.5 4§

© o~ 3 -

Ha 2.5 -

B 2

% o

m 115 B

=4 1 -

By

= 05

8 0

MO M1 M2 M3 M4 M5
MIX

Fig. 2. Compressive strength at the age of 7 days and 28 days
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Fig. 4. Flexural strength at the age of 7 days and 28 days

Water absorption

From the test results, it is evident that the rate of entry
of water through concrete is more in specimens with
mineral admixtures when compared to convention-
al concrete. From the test results, M2 shows higher
water absorption value of 40.8%, which is more than
the water absorption value of M0, M1 shows higher
water absorption value of 41.49%, which is more than
the water absorption value of M0, M3 shows higher

Table 5. Water absorption at the age of 28 days

S. No Mix Water absorption (%)
1 MO 3.06
2 Ml 5.23
3 M2 5.17
4 M3 4.7
5 M4 49
6 M5 3.86

Int. Rev. Appl. Sci. Eng.

Brought to you by University of Debrecen | Unauthenticated | Downloaded 04/07/21 01:01 PM UTC

water absorption value of 34.8%, which is more than
the water absorption value of M0, M4 shows high-
er water absorption value of 37.5%, which is more
than the water absorption value of M0 and M5 shows
higher water absorption value of 20.72%, which is
more than the water absorption value of M0. High-
er water absorption by all mixes is mainly due to the
presence of finer silica fume and fly ash particles.
Due to higher fineness, surface area of particles will
get increased. This, in turn, increases the adsorbing
capacity of water molecules on the surface of those
finer particles, thereby making the structure of con-
crete more porous leading to increased water absorp-
tion.

Conclusion
From the test results, following conclusions are de-
rived:

a) Addition of steel slag beyond 50% has result-
ed in significant improvement in the compres-
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Fig. 5. Percentage of water absorption at the age of 28 days

sive strength of concrete. Addition up to 70% in
M3 has also shown increase in the compressive
strength of concrete. This is mainly due to its syn-
ergistic effect.

b) It could also be observed that fly ash addition
along with silica fume up to 50% by weight
of cement improves the pore filling ability in
concrete due to the presence of such finer par-
ticles. Because of the presence of such finer
particles, the rate of adsorption of water gets
increased, leading to bleeding and segregation
problems.

¢) From the durability aspect, mix with higher per-
centages of silica fume and steel slag shows a
higher rate of water absorption when compared
to other mix combinations. This is mainly due to
its finer and porous properties.

d) Replacement of cement by alternative pozzolan-
ic materials such as fly ash and silica fume and
river sand by steel slag and M-sand can be an
alternative solution to reduce the scarcity of ma-
terials and in the achievement of sustainability in
construction.
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