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ABSTRACT

The present day world is observer the construction of very challenging and difficult Civil Engineering structures.
Concrete has been the best building material for all types of buildings. In closely spaced designed of reinforcement fair
as applied to concentrating in congested areas, decrease the strength of concrete. In this paper, the two Materials are
replacing with Fine aggregate and Cement with addition of the Fibre. This paper focuses on the mechanical properties
of concrete incorporating mixture of Acrylic Fibre with partial replacement of cement by GGBFS and Fine Aggregate
by BFS. Twenty Four mixes were containing cement replacement by GGBFS as 0 to 35%, Fine Aggregate
Replacement by BFS as 0 to 35% and mixture of Acrylic fibre 0%, 0.1% and 0.2% by volume for M35 grade of
concrete. The mechanical properties investigated in current study include compressive strength, splitting tensile
strength and modulus of rupture also study on durability.

Keyword :- Granulated Ground Blast Furnace Slag, Blast Furnace Slag, Acrylic Fibre; Mechanical properties of
concrete.

1. INTRODUCTION

In our world today, concrete has become ubiquitous. It is hard to imagine modern life without it. Approximately five
billion tones of concrete are used around the world each year. The increasing popularity of concrete as a
construction material is placing a huge burden on the natural sand reserves of all countries. In view of the
environmental problems faced today considering the fast reduction of natural resources like sand and crushed
granite aggregate, engineers have become aware to extend the practice of partially replacing fine aggregate with
waste materials.

GGBEFS is used to make durable concrete structures in combination with ordinary Portland cement. In this present
study Ground Granulated blast furnace slag were replaced with Cement and the properties of concrete were studied.
GGBFS has been widely used in Europe, and increasingly in the United States and in Asia (particularly in Japan
and Singapore) for its superiority in concrete durability, extending the lifespan of buildings from fifty years to a
hundred years.

Blast furnace slag is a by-product from blast furnaces which is used to produce iron. Blast furnace slag has been
used extensively as a successful replacement material for Portland cement in concrete materials to improve
durability, produce high strength and high performance concrete, and brings environmental and economic benefits
together, such as resource conservation and energy savings. It is economically and environmentally suitable to use
these materials as aggregates in the production of more durable concrete mixtures.
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2. EXPERIMENTAL PROGRAM

2.1 Material Used

In this various materials used for the study, their properties, test conducted and results are discussed. This section
also explains the mix proportions used for the study.

2.1.1 Cement
Cement was used to work according to IS: 12269 — 2013 — Ordinary Portland Cement, 53 Grade —Specification.

Table — 1: Physical Properties of Cement

Sr. No. Property Test Result
1 Specific Gravity 3.15
2 Fineness Test 1.65%
3 Consistency Test 34%-136ml water in 400 gm cement

2.1.2 Fine Aggregate

Fine aggregate was used to work according to IS: 383 — Specification for Coarse and Fine Aggregate from Natural
Sources for Concrete which fraction is from 4.75 mm to 150 p. Some basic test conducted on F.A. in lab oratory.

Which results are given below.

Table — 2: Physical Properties of Fine Aggregate

Sr. No. Property Test Result
1 Specific Gravity 2.66
2 Water Absorption of Fine Aggregate (%) 0.122
3 Surface Moisture of Fine Aggregate (%) 0.137

2.1.3 Coarse Aggregate

Coarse aggregate was used to work according to 1S:383 — Specification for Coarse and Fine Aggregate from Natural
Sources for Concrete which fraction is from 20 mm to 4.75 mm. Some basic test conducted on C.A. in laboratory

which results are given below.

Table — 3: Physical Properties of Coarse Aggregate

Sr. No. Property Test Result
1 Specific Gravity 2.66
2 Water Absorption of Fine Aggregate (%) 0.028
3 Surface Moisture of Fine Aggregate (%) 0.04

2.1.4 Super Plasticizer

In modern concrete practice, it’s essentially impossible to make high performance concrete at adequate workability

In the field without the use of super plasticizers. The super plasticizer used in the study was Conplast P211.
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2.1.5 Granulated Blast Furnace Slag

Ground-granulated blast-furnace slag (GGBS or GGBFS) is obtained by quenching molten iron slag (a by-product
of iron and steel-making) from a blast furnace in water or steam, to produce a glassy, granular product that is then
dried and ground into a fine powder. Blast Furnace Slag are Shown in Figure 1.

2.1.6 Blast Furnace Slag

Blast furnace slag is a by-product from blast furnaces which is used to produce iron. Blast furnace slag has been
used extensively as a successful replacement material for Portland cement in concrete materials to improve
durability, produce high strength and high performance concrete. Blast Furnace Slag are Shown in Figure 2.

2.1.7 Acrylic Fibre

The fibres used were Acrylic fibres which are randomly distributed in the concrete mix. The fibre content were
chosen 0% to 0.2% by volume. Acrylic fibres are shown in figure 3.

Table — 4: Properties of Acrylic Fibres

Sr. No. Test Description Acrylic Fibre
1 Length 11 mm
2 Color White
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3 Specific Gravity 121 gm/cm3

4 Density 1.10 gm/cm3

5 Tenacity Dry 4.12 gm/den
Wet 42 gm/den

6 Surface Moisture 0.97%

7 Elongation of Break 13.67%

2.2 Concrete Mix Proportions

The mixture proportioning was done according the IS Method 1S:10262 — 2009. The target mean strength w as 35
Mpa for the control mixture, the total cement content was 403 kg/m3, F.A. and C.A. content was taken 674 kg/m3
and 11800 kg/m3 respectively, the W/C ratio was kept 0.40, the super plasticizer content was 5 kg/m3.150 mm X
150 mm x 150 mm cube, 500 mm x 100 mm x 100 mm beam and 150 mm diameter and 300 mm height cylinder
moulds were used for casting. The total mixing time was 5 minutes; the samples were then casted and left for 24 hrs
before demoulding. They were then placed in the curing tank until the day of testing. The concrete specimen were
cured in the tank for 7, 28, 56 days.

100% C + | 100%F.A
| 0% GGBFS +0% BFS
{95% C + 5% 95%F.A +
GGBFS | 5%BFS
90%C + | 90%FA + Mix-1 0% Fibre
|10% GGBFS, | 10% BFS Mix-2 0.1% Fibre
' 85% C + | 85%EA + Mix-3 0.2% Fibre
M 1 15% GGBFS| | 15%BFS
% FIBRE | 80%C + | BO%FA + C=Cement
| 20% GGBFS | 20%BFS GGBFS = Granulated Ground Blast Furnace Slag
[ 75%C + | 7S%FA + F.A = Fine Aggregate
|25% GGBFS | 25% BFS BFS = Blast Furnace Slag
70%C + 70%F.A +
(30% GGBFS | 30% BFS
65%C + 65%F.A +
35% GGBFS | 35% BFS
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MIX -2
0.1% FIBRE
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3. RESULTS AND DISCUSSION
3.1 Workability

From The Result Workability of fresh concrete is increasing up to 0 to 30% Replacement of GGBFS with Cement &
BFS with Fine Aggregate addition of 0.1% of Acrylic Fibre. After 30% Workability is decreasing. Show in the
Figure.
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3.2 Compressive Strength

The Compressive Strength of 7 Day is Increasing 5 to 30% Replacement of GGBFS & BFS with Cement & F.A
Respectively with 0.1% Acrylic Fibre Addition.
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Chart-3 Mix Proportion vs. Compressive Strength (7 day) Chart-4 Mix Proportion vs. C.T. (28 day)

Compressive Strength is found at 30 % Replacement of GGBFS with Cement & BFS with Fine Aggregate addition of
0.1% of Acrylic Fibre. Compare to the 0% fibre, 0.1% content of fibre found maximum Compressive Strength which is
12% more to the Normal Concrete.
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Table shows the 7 days & 28 days compressive strength, splitting tensile strength and flexural strength of the
specimen fibre reinforced with 0%, 0.1% and 0.2% of Acrylic fibres (add by volume of concrete).

Sr. | GGBFS | BFS 0% Fibre 0.1% Fibre 0.2% Fibre
(%) (%) | 7DC.T|28CT| FT | ST |7/DC.T |28C.T| F.T ST |7TDCT|28C.T | FT | ST
1 0 0 21.30 3328 | 3.25 | 228 | 2195 | 36.66 | 3.55 | 2.39 | 1845 | 35.77 | 3.47 | 2.27
2 5 5 19.6 32.75 | 2.76 | 2.21 | 19.62 | 3551 3.6 231 | 19.03 | 3547 | 335 | 225
3 10 10 20.67 33.10 | 2.98 | 2.23 21.1 36.65 3.8 2.43 20.3 36.32 | 3.52 | 2.29
4 15 15 21.21 3343 | 312 | 229 | 2212 | 3759 | 403 | 249 | 2122 | 37.12 | 3.97 | 2.38
5 20 20 21.88 33.96 | 3.28 | 241 | 2293 38.4 4.1 2.61 22.2 36.55 | 4.03 | 2.53
6 25 25 22.37 3439 | 355 | 243 | 23.25 | 39.67 | 437 | 2.68 | 22.98 | 39.31 43 | 2.64
7 30 30 | 2389 | 3578 | 3.78 | 249 | 2533 | 4027 | 4.61 | 281 | 2468 | 39.98 | 4.57 | 2.79
8 35 35 23.54 34.89 | 3.57 | 2.46 24.4 39.80 | 454 | 273 | 2416 | 39.66 | 4.49 | 2.71

3.3 Split Tensile Strength & Flexural Strength

All the Strength is in Mpa

The flexural strength at 28 days for M35 grade of concrete, when 5 to 30 % of Replacement used the compressive
strength increased. In the 30% of Replacement, Flexural strength is found maximum which 15.17% is more than
0% Replacement of GGBFS & BFS addition of 0.1% of Acrylic Fibre.

3.5
©
=3 3.25
=
E
(] 3
g

-—0

B o AN 0% FIBRE
y —
% 25 — 0.1%
= FIBRE
= \/1
z 2.25 A 0.2%
@ FIBRE

2

0 5 10 15 20 25 30 35 40

MIX PROPORTION(%)

Split Tensile strength at 28 days for M35 grade of concrete, when 5 to 30 % of Replacement used the compressive
strength increased. In the 30% of Replacement, Flexural strength is found maximum which 29.85% is more than
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Chart -5 & 6: Splitting Tensile Strength & Flexural Strength at 28 Day Respectively

0% Replacement of GGBFS & BFS addition of 0.1% of Acrylic Fibre.

4934

www.ijariie.com

5104




Vol-3 Issue-2 2017

3.4 Durability Test

IJARIIE-ISSN(O)-2395-4396

The compressive strength after sulphate attack for M35 grade of concrete, when M1 used the compressive increase
about 6.59, 3.91, 6.20, 3.18, 3.78% of GGBFS 10 to 50% replacement respectively compared to normal curing.
When M2 used the compressive strength increase about 4.29, -2.83, 2.21, -6.33, 6.25% of GGBFS 10 to 50%
replacement respectively compared to normal curing. When M3 used the compressive strength increase about 5.22,
0.91, 1.88, 4.20, 5.89% of GGBFS 10 to 50% replacement respectively compared to normal curing. The
compressive strength after sulphate attack for M50 grade of concrete, when M1 used the compressive strength
increase about 8.83, 9.86, 10.59, 8.68, 8.54% of GGBFS 10 to 50% replacement respectively compared to normal
curing. When M2 used the compressive strength increase about 8.88, 10.79, 8.20, 6.77, 7.57% of GGBFS 10 to 50%

56 Day Durability Compressive Strength for Diff.
c GGBFS Proportion i Furna_ce Slag Fibre Content
Proportion
0% 0.1% 0.2%
1 100% C + 0% GGBFS 100% F.A + 0% BFS 31.68 34.03 33.83
2 95% C + 5% GGBFS 95% F.A + 5% BFS 30.98 33.87 33.49
3 90% C + 10% GGBFS 90% F.A + 10% BFS 31.38 34.1 34.22
4 85% C + 15% GGBFS 85% F.A + 15% BFS 31.69 35.7 34.98
5 80% C + 20% GGBFS 80% F.A + 20% BFS 31.92 36.33 33.83
6 75% C + 25% GGBFS 75% F.A + 25% BFS 32.25 36.98 35.68
7 70% C + 30% GGBFS 70% F.A + 30% BFS 33.57 37.23 36.23
8 65% C + 35% GGBFS 65% F.A + 35% BFS 32.79 36.99 35.91
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Chart — 7: Durability Compressive Strength vs. Mix Proportion

In the Durability test, Compressive Strength is decreasing 4 to 10% of the Normal 28 Compressive Strength of

Concrete. Compare to the 0%, 0.1% & 0.2% fibre Content Compressive strength, Durability Strength is decreasing

6.58%, 8.1% and 10% respectively.
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4. CONCLUSION
Based on the research studies the following conclusion can be made:

e The Compressive Strength at 7 & 28 day for M35 grade of concrete, when MIX-1, MIX-2 and MIX-3
used the compressive strength are decreased in 0 to 5% replacement of GGBFS & BFS but when
Replacement 5% to 30% compressive Strength are gradually Increasing. For 35% replacement
compressive strength is decreasing.

e For 28 day result maximum found out at 30% replacements of GGBFS & BFS with 0.1% Acrylic Fibre.

e Compare to the 0% fibre and 0.2% fibre the strength is increasing at 0.1% Fibre addition in the mix
Proportion of Concrete.

e  From the result of the 7 day and 28 day, the optimum fibre content found at 0.1% addition.

e In the Form, Mix Proportion the maximum Compressive Strength is Found out at 30% Replacement of
GGBFS with Cement & Blast Furnace Slag with Fine Aggregate addition of 0.1% of Acrylic Fibre.

e  The maximum Compressive Strength is 40.27 Mpa at 28 day.

e In the Durability test, Compressive Strength is decreasing 4 to 10% of the 28 day Compressive Strength.
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