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Abstract - In this study, we study the strength of concrete by
replacing cement partially by bentonite powder and C.A. by
steel slag. We are going to try replacement of bentonite
powder is 0%, 10%, 20%, and 30% and steel slag is 60%.
Various tests such as compressive strength, split tensile
strength and Flexural strength are investigated and these
values are greater as compared to the conventional concrete.
Several researches have been made on Bentonite powder and
Steel slag and found that there is greater future scope for
further research on Bentonite powder and Steel slag. For our
experiment, we have to study the strength of concrete by
replacing cement partially by bentonite powder and C.A. by
steel slag. We are going to try replacement of bentonite
powder is 0%, 10%, 20%, and 30% and steel slag is 60%.
Various tests such as compressive strength, split tensile
strength and Flexural strength are investigated and these
values are greater as compared to the conventional concrete.

Key Words: Induction furnace slag; Super plasticizer;
Compressive Strength; Split Tensile Strength; Flexural
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1. INTRODUCTION

Concrete is one of the most widely used construction
material in the world. It can be cast in diverse shapes.
Concrete is a composite material formed by the combination
of cement, sand, coarse aggregate and water in a particular
proportion in such a way that the concrete produced meets
the needs as regards its workability, strength, durability and
economy. It is found to be versatile and hence gained
importance in building materials. The concrete has high
compressive strength, stiffness low thermal conductivity and
low combustibility, but it has very low resistance tensile
strength, limited ductility and little resistance to cracking. In
the context of increased awareness regarding the ill effects
of global warming, eco-friendly technologies are to be
developed for the effective management of resources.

The cost effectiveness in construction will be achieved only if
we thinking from every corner of construction material and
also there is a demand for natural aggregates. Hence
alternative materials must replace the construction material
in concrete to meet the future problems. In this project, an
attempt has made to overcome this problem by the limited
use of Bentonite powder in place of Cement and steel slag as
a partial replacement of coarse aggregate.

1.1 OBJECTIVES

Consequently, the main objectives of this investigations are

to,

. Determining the degree of strength improvement in
concrete obtained after addition of Steel slag and
Bentonite powder.

. Compare the properties of conventional concrete mix
M30 with the properties of concrete with steel slag
and Bentonite partially replacing Coarse aggregate and
Cement respectively.

. Find the optimum percentage of bentonite powder
that can be replaced for cement.

1.2 PROBLEM STATEMENT

In that present work, an attempt has been made to use
bentonite powder as a supplementary binding material for
cement. The main aim of this work is to study fresh and
hardened properties of M-30 grade concrete and concrete
made with bentonite powder as a partial replacement of
cement and steel slag partial replacement of coarse
aggregate.

2. RESEARCH METHODOLOGY

Figure 2.1 Split tensile testing machine
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21 MATERIAL REQUIRED PER CUBE OF CONCRETE

The quantities of material used per cube, cylinder, and beam
specimen are expressed in the Table 3.7, Table 3.8, and Table
3.9 below.

Table 2.7 Material required for per cube
Volume of Cube: 0.15x0.15x0.15 = 0.003375 m3

3. RESULTS AND DISCUSSIONS

3.1 EFFECT OF BENTONITE POWDER AND STEEL SLAG
ON WORKABILITY OF CONCRETE

The workability of concrete of M30 grade is measured by
using widely used empirical test i.e. Slump cone test with
same W/C Ratio 0.40 for addition of different percentage of
Bentonite powder ant Steel slag. Values obtained for
different percentage mix as shown in Table 4.1.

Table 3.1 Slump cone test on fresh concrete

0|wWate Replaceme>men|1tonit Fine jceme | Coarse gl

0 r nt t e Aggregalnt Aggregaslag

Lit) % (ko) (k) | o [(%0) | te(ko) |g)

(kg)

1/0.675 00% (1.68| 00 | 2.173 | 00% | 3.321 | 00
7

2|0.675| 10% |1.51/0.169| 2.173 | 60% | 1.325 |1.99
8 3

3/0.675] 20% |1.35(0.337] 2.173 | 60% | 1.325 |1.99
0 3

4/0.675 30% |1.18/0.506| 2.173 | 60% | 1.325 |1.99
1 3

Table 2.8 Material required for per cylinder
Volume of cylinder: m/4 xd2x1=m/4x0.152x 0.3 =5.301

Percentage of w/C Slump Nature of
Replacement Ratio Value Collapse
Conventional concrete| 0.40 70 True
10% Bentonite 0.40 68 True
60%Steel Slag
10% Bentonite 0.40 72 True
60%Steel Slag
10% Bentonite 0.40 65 True
60%Steel Slag

x10-3 m3
A Fine Coarse == slump value in mm
Sr.|Vate |Replacementmen jtonit Aggregatfemen Aggregatal 20 -
No|r t t e (kg) e t(%) | o (kg) slag E - \._/_—o\_’
. (Lit. % k
(Lit) o (ko) (ka) (kg) E o]
1 [1.06 00% 2.65| 00 | 3.414 | 00% | 5.216 | 00 =
1 g 50
2 [1.06 10% 2.38|0.265| 3.414 | 60% | 2.086 |3.13 "_>° 40
6 0 o 30}
3 [1.06 20% 2.12|0.530| 3.414 60% | 2.086 |3.13 £ n . i . . , . ,
1 0 g 0% 5% 10% 18% 20% 25% 30% 35%
4 11.06 30% 1.86(0.785| 3.414 | 60% | 2.086 |3.13 Bentonite powder replacement in %
7 0

Table 2.9 Material required for per Beam:
Volume of beam: 0.15x0.15x0.7 = 0.01575 m3

| Fine Coarse
Sr.|Vate|Replacemepmen tonltA \ceme AggregaEI
Nolr nt it e ggrega nt te (kg) Slag
it % (ko) (kg) | te (kg) (%) (kg)
1§3.15 00% 7.87| 00 [10.143 | 00% | 15.498 | 00
5
2 13.15 10% 7.08|0.787|10.143 | 60% | 6.20 |9.29
8 8
313.15 20% 6.3 |1.575[10.143 | 60% | 6.20 1|9.29
8
4 13.15 30% 5.51{2.362/10.143 | 60% | 6.20 |9.29
3 8

Figure 3.1 Slump of concrete in mm.

3.3 COMPRESSIVE STRENGTH

Table 3.2 Compressive strength of concrete for
Different percentage of Bentonite powder and 60% of
Steel slag constant for 7 curing days.

Sr. Percentage of
No. replacement

Compr Average
essive compressive
strengt| strength in N/mm?
hin
N/mm
2

23.98

1 |Conventional Concrete| 28.92 26.11

25.44

31.31
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2 10% Bentonite 29.26 29.44
60%Steel slag 5774
27.29
20% Bentonite
34.01
3 60%Steel slag 30.48
30.14
23.95
30% Bentonite
24.94
4 60%Steel slag 23.47
21.53

Table 3.3 Compressive strength of concrete for
Different percentage of Bentonite powder and 60% of

4 ;

a0

35

30

20

15

25

=47 days =28 days
j’__/’_‘\

0% 5% 10% 15% 20% 25% 30% 35%

Bentonite powder replacement in %

Figure 3.2 Average Compressive strength in MPa

Steel slag constant for 28 days curing. 3.4 SPLIT TENSILE STRENGTH
Percentage of |Compressive strength Average
St o, replacement in N/mmZ compressive 4T days =B=28 davs
strength in 4 -
N/mm2 53 o
38.46 ' ./
._.___.___._-—-—'-"
1 Conventional 36.03 35.88 3
Concrete ' |
33.12 5
38.97 8
2 10% Bentonite 38.05 37.86 25 T
60%Steel slag 3650 0% 5% 0% 8% 20% 2%  30% 3%
Bentonite powder replacement in %
38.75
3 20% Bentonite 42.92 40.83
60%Steel slag 1083 Figure 3.3 Average Split tensile strength in MPa.
34.46 Table 3.4 Split tensile strength of concrete for
4 30% Bentonite 948 31.44 Different percentage of Bentonite powder and 60% of
60%Steel slag Steel slag constant for 7 days curing.
30.38
Percentage of . Average
Sr. g Tensile strength ag
no replacement in N/mm? Tensile
' strength in
N/mm?
2.52
1 |Conventional 2.06 2.43
Concrete 270
2.80
10%
2 . 2.62 2.79
Bentonite
60%Steel slag 2.95
3.20
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3 20% 3.55 297 Table 4.6 Flexural strength of concrete for Different
Bentonite 516 percentage of Bentonite powder and 60% of Steel slag
60%Steel slag ' constant for 7 days curing.
1.92
30%
4 : 2.12 1.88 Percentage ofxural strength In|  Average
Bentonite S replacement N/mm?2 Flexural
60%Steel slag 1.61 no. |"P mm :
strength in
N/mm2
Table 3.5 Split tensile strength of concrete for 452
Differ;:t [l)e:'centfage o: Betnftonzitseé)owder -amd 60% 1 |Conventional 503 4.65
eel slag of constant for ays curing. Concrete 243
4.73
Percentage of . Average 10%
ST replacement Teﬁs"e strer;gth Tensile 2 0 5.29 4.82
No. in N/mm strenath in Bentonite
N /rgmz 60%Steel slag 4.45
Conventional 2.82 20% 5.73
p | Conerete 2.91 2.92 3 | Bentonite 4.14 558
305 60%Steel slag 6.28
3.87
10% 3.20
: : 30%
2 5 ogesntt:er}lga 3.57 3.20 4 Bentonite 3.09 3.07
’ g 283 60%Steel slag 2.28
20% _ 3.71 Table 4.7 Flexural Strength of concrete for Different
3 Bentonite 3.54 3.85 percentage of Bentonite powder and 60% of Steel slag
60%Steel slag 431 constant for 28 days curing.
30% 2.22
Bentonite Sr Percentage ofxural strength In|  Average
4 2.56 2.20 . I | |
60%Steel slag no. | TeP acement N/mm?2 Flexural
1.82 ' strength in
N/mm2
3.5 FLEXURAL STRENGT 5.77
—4—7 days =~ 28 days 1 ConVentional 5.44 5,34
: A Concrete 4.83
‘ 5.55
5 _’//\ 2 | 10% 6.01 5.73
: Bentonite : '
; 60%Steel slag 5.64
0% 5% 10% ] 15% 20% 2.5% 30% 35% 6 ) 79
Bentonite powder replacement in % 3 20% 8 10 7 11
Figure 4.4 Average Flexural strength in MPa. Bentonite : '
60%Steel slag 6.49
4.65
30%
4 4.14 4.29
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Bentonite 4.08
60%Steel slag

4. CONCLUSIONS

Based on the results and observation made in this
experimental research study. The following conclusions are
drawn.

1. The experimental study has proved to be better
method in providing strong and durable concrete it also
gives solution to disposal problem of steel slag.

2. After conducting all the tests on the specimen, it has
been observed that up to 20% replacement of cement with
bentonite provide to be good in compression, as well as Split
tensile, whereas the concrete properties with equal
proportion of bentonite and conventional cement and
confirmed to be inefficient.

3. From this we conclude that cement can replace by
bentonite partially without affecting strength characteristics.
4, The compressive strength, split tensile

strength and flexural strength of the cubes, cylinders and
beams increases when the 10% and 20% of cement is
replaced by Bentonite and 60% of Coarse aggregate is
replaced by steel slag. When the 30% cement replaced by
Bentonite with 60% of Steel slag, reduction in compressive
strength, split tensile strength and flexural strength is
observed.

5. 14.23&13.85% increment in the compressive
strength is found at 20% replacement of cement by
Bentonite and 60% of coarse aggregate by steel slag at7 and
28 days respectively when compared to normal concrete.
And the strength decreases by 10.11% &12.37% when the
cement is replaced by 30% of Bentonite and coarse
aggregate is replaced by 60% of steel slag, by using
Aggregate cementratio (A/C) is 3.25 and Water cement ratio
(W/C) is 0.40.

6. 15.63%&10.52% and 13.33&12.86% increment in
the split tensile strength and flexural strength is found at
20% replacement of cement by Bentonite and 60% of coarse
aggregate by steel slag at 7 & 28 days respectively when
compared to normal concrete. And the strength decreases by
10.68%&8.26% and 19.32%&9.84% when the cement is
replaced by 30% of Bentonite and coarse aggregate is
replaced by 60% of steel slag, by using Aggregate cement
ratio (A/C) is 3.25 and Water cement ratio (W/C) is 0.40.

REFERENCES

[1]. M. Karthikeyan, P. Raja Ramachandran, A. Nandhini, R.
Vinodha (2008), “Study on the partial replacement of fine
aggregate using induction furnace slag”, American Journal of
Engineering Research, vol-4, pp 01-05.

[2]. P. Santoshkumar (2014), “Effect of Bentonite on the
Rheological of superplasticizer behavior of cement grout in
presence”, International Journal of Civil, Environmental
Engineering.

[3]- Surya M C Arya Krishna, Bincy Paul (2019), “Study on
Concrete using Steel Slag as Coarse Structural, Construction
and Architectural Engineering, vol:8, no:11.

[4]. Aggregate replacement and Eco sand as Fine Aggregate
replacement” IJREAT International Journal of Research in
Engineering & Advanced Technology, volume 1, issue 3,
june-july, 2013.

[5]. Junaid Akbar, Bashir Alam, Muhammad Ashraf, Salman
Afzal, Asfandyar Ahmad, Khan Shahzada (2017), “Usability of
sand-bentonite-cement mixture in the construction of
impermeable layer”, Scientific Research and essays vol.
6(21), pp. 4492-4503, 30.

[6]-M. Aravindhraj, B. T. Sapna (2014), “Effects of Polymer
and Bentonite support fluids on concrete-sand interface
shear strength”, C. Geotechnique 64, No.1, 28-39.

[7]- R. Selvaraj, R. Priyanka, “Experimental investigation of
using slag as an alternative to normal aggregates (coarse and
fine) in concrete”, International Journal of Civil and
Structural Engineering volume 3, No 1.

[8]. Subathra Devi. V, Gnanavel. B. K, Murthi. P, “Uilization of
industrial waste slag as aggregate in concrete applications by
adopting taguchi’s, approach for optimization”, India open
journal of civil Engineering, 2012, 2, 96-105.

[9].R. Padmapriya, V. K. Bupesh Raja, V. Ganesh kumar, and J.
Baalamurugan, “Concrete containing Steel Slag Aggregate:
Performance After high temperature exposure”, Concrete
Repair, Rehabilitation and Retrofitting I11

[10]. Ravikumar H, Dr. J. K. Dattatreya, Dr. K. P Shivananda,
“Study on Strength Properties of Concrete by Partially
Replacement of Sand by Steel Slag”, International Journal of
Engineering Technology and Sciences, volume 1, Issue-6, oct
2014.

[11]. P. S. Kothail, Dr. R. Malathy “Hydraulic Conductivity
and Small-Strain stiffness of a Cement-Bentonite sample
exposed to sulphates "Laboratory of Geotechnics, Ghent
University, Belgium.

[12]. IS 10262:2009, “Ordinary concrete mix design
guidelines”, Bureau of Indian Standards, New Delhi.

[13]. IS 456:2000, “Plain and Reinforced Concrete”, Bureau

© 2020,IRJET | ImpactFactor value: 7.529

ISO 9001:2008 Certified Journal | Page2131



