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Abstract

Sand is a prime material used for preparation of mortar and concrete and which plays a major role in mix
design. In conventional concrete, one of the ingradient sand is replaced by steel industrial waste (S-sand)
and its nature is studied in this paper. In this study, extensive laboratory investigations have been
undertaken to study the effect of various percentage of S-sand on the mechanical properties such as
compressive strength, split tensile strength and flexural strength. Specimens of M30 grade concrete with
partial replacement of fine aggregate by S-sand with the various percentage by weight of 0%, 10%, 20%,
30% & 40% were casted, cured and tested for mechanical properties. In this paper, the results of concrete
of M30 grade concrete with partial replacement of S-sand are discussed.
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1. INTRODUCTION

Concrete is an artificial material in which the aggregates both fine and coarse are bonded
together by the cement when mixed with water. It plays a major role as a construction
material in world. Its popularity as a basic building material in the construction is because
of its economy, good durability, ease with which it can be manufactured, the ability to
mould it into any shape and any size, its high compressive strength and stiffness, no
thermal and electrical conductivity. Many researchers have attempted to use the waste
materials to reduce the disposal problems and to improve the mechanical properties of
concrete. The waste materials such as natural pumice, vermiculite, shale, slate, oil palm
shell, fly ash, micro silica, bagass ash, rice husk ash, metakaolin, ground granulated blast
furnace slag, silica fume, recycled concrete, recycled tyres, recycled plastics etc. can be
used in concrete. In this paper, made to study the properties of concrete has been
discussed by utilizing the steel industrial wastes, S-sand.

Utilization of these industrial waste materials will reduce the cost of construction and also
aid to minimize the impact on the environment

2. MATERIALS AND METHODOLOGY

Cement, M-sand, water, and S-sand were used as raw materials to prepare the cement
concrete. M30 grade concrete specimens were prepared in which the M-sand was
replaced by S-sand at various percentages such asl10, 20, 30, 50, and 75%. The
compressive strength of concrete was determined at 7 and 28 days.
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2.1. Materials

Cement: OPC 53 grade cement was adopted for this study and its properties are
represented in Table 1. It satisfied the requirements specified in IS 12269-2013 [9].

Table 1: Properties of cement

Properties Values
Specific Gravity 3.09
Standard Consistency (%) 31
Initial setting time(minutes) 50
Final Setting time(minutes) 400
Fineness (% Passing) 98

Fine aggregates:

Manufactured — Sand [M-sand] is used as fine aggregate to prepare mortar at various
proportions. It is replaced with S-sand obtained from the place near the JSW steel plant,
Toranagallu, Bellary. The properties of M-sand and S-sand are represented in Table 2.
The properties of M-sand and S-sand are investigated according to 1S-383: 1970 [10].

Table 2: Properties of M-sand and S-sand

Properties M-sand S-sand
Specific Gravity 2.69 2.63
Water Absorption (%) 3.2 11.4
Zone Il Il

Bulk Density (kg/m?3) 1440 1211

Water: Portable water abiding by 1S-456:2000 was used for casting and curing mortar.

3. METHODOLOGY

Concrete specimens were prepared using 53-grade cement and fine aggregates as per
IS: 2250-1995.

M-sand was replaced by weight of fine aggregates at 0, 10, 20, 30, 40, 50, 60, 70, 70, 90,
100%. The mechanical properties such as compressive strength, split tensile strength
and flexural strength was determined at 7 and 28 days.

4. RESULTS AND DISCUSSION
4.1. Compressive strength

The variation of compressive strength of concrete with variation in fine aggregates
replacement levels are represented in figure 1
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Compressive Strength of Concrete at various replacement

levels of fine aggregates by S-sand
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Figure 1. Compressive strength of Concrete for various replacement levels of fine
aggregates by S-sand

From the figure 1, it can be noticed that, upto 40% replacement of fine aggregates with
S-sand, the compressive strength achieved at 28 days satisfied the target strength
criteria. It is also observed that, initial strength of concrete (at 7 days) was more for the
concrete specimens containing S-sand than normal concrete till 30% replacement. Thus,
it can be stated that, incorporation of S-sand in-place of fine aggregates will increase early
strength of concrete.

4.2. Split tensile strength

The variation of split tensile strength of concrete with variation in fine aggregates
replacement levels are represented in figure 2

Split Tensile Strength of Concrete at various replacement
levels of fine aggregates by S-sand
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Figure 2: Split tensile strength of Concrete for various replacement levels of fine
aggregates by S-sand
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From the figure 2, it can be noticed that, upto 70% replacement of fine aggregates with
S-sand, the split tensile strength achieved was almost same at 28 days. It is also observed
that, initial tensile strength of concrete (at 7 days) was more for the concrete specimens
containing S-sand than normal concrete till 40% replacement.

4.3. Flexural strength
The variation of flexural strength of concrete with variation in fine aggregates replacement
levels are represented in figure 3

Flexural Strength of Concrete at various replacement levels
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Figure 3: Flexural strength of Concrete for various replacement levels of fine
aggregates by S-sand

From the figure 3, it can be noticed that, upto 20% replacement of fine aggregates with
S-sand, the flexural strength achieved was more than normal concrete. It is also observed
that, initial flexural strength of concrete (at 7 days) followed the same trend.

5. CONCLUSION
From the experimental studies, the following conclusions can be drawn:

1. Up to 40% replacement of fine aggregates with S-sand, the compressive strength
achieved at 28 days satisfied the target strength criteria.

2. Up to 70% replacement of fine aggregates with S-sand, the split tensile strength
achieved was almost same at 28 days

3. Up to 20% replacement of fine aggregates with S-sand, the flexural strength
achieved was more than normal concrete.

4. Utilization of waste material near the source shrinks the production and
transportation costs.

5. By using S-sand as the fine aggregate problems of landfilling, pollution nuisance
and unnecessary exploitation of natural resources can be avoided.

Feb 2023 | 51



Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/
Journal of Tianjin University Science and Technology

ISSN (Online): 0493-2137

E-Publication: Online Open Access

Vol:56 Issue:02:2023

DOI 10.17605/0SF.I0/KGEQ2

References

1.

10.

11.

G. Sabarish, M. Ratnam, A. Prasad and U. Ranga Raju, “A Study on Strength and Durability
Characteristics of Concrete with Partial Replacement of Fine Aggregate by Laterite Sand,” International
Journal for Innovative Research in Science & Technology, vol. 2, no. 3, pp. 134-141, 2015.

Ketaki Kulkarni, V. S. Shingade, “Replacement of Aggregates by Industrial Waste Steel Slag for
Sustainable Concrete,” International Journal of Engineering Research & Technology,

(IJERT), ISSN: 2278-0181. vol. 6, no. 11, pp. 455-458, November — 2017.

Otunyo and B. Okechukwu, “Performance of Concrete with Partial Replacement of Fine Aggregates
With Crushed Waste Glass,” Nigerian Journal of Technology, vol. 36, no. 2, pp. 403 — 410, 2017.

R. Dineshkumar, S. Suchitra, “Properties of Concrete with Partial Replacement of Steel Slag with Fine
Aggregate,” International Conference on Energy, Communication, Data Analytics and Soft Computing
(ICECDS-2017), 978-1-5386-1887-5/17/2017. IEEE, pp. 3850-3852

Mohammed Nadeem, A. D. Pofale, “Replacement of Natural Fine Aggregate with Granular Slag - A
Waste Industrial By-Product in Cement Mortar Applications as an Alternative Construction Materials,”
International Journal of Engineering Research and Applications (IJERA) ISSN: 2248-9622, vol. 2, no.
5, pp. 1258-1264, September- October 2012.

B. Krishna Rao, Dr. M. Swaroopa Rani, A. Siva Sai Teja, “Replacement of Natural Fine Aggregate with
Air Cooled Blast Furnace Slag an Industrial by Product’, Int. Journal of Engineering Research and
Applications, ISSN: 2248-9622, vol. 5, no. 7, (Part - 1), pp. 36-40, July 2015.

“IS 12269-2013, Indian Standard — ordinary Portland Cement, 53 grade — Specification,” Bureau of
Indian Standards, New Delhi.

“IS: 383:1970, Indian Standard Code of Coarse and Fine Aggregate from Natural Sources for
Concrete,” Bureau of Indian Standards, New Delhi.

“IS-456:2000, Indian Standard — Plain and reinforced Concrete — Code of practice,” Bureau of Indian
Standards, New Delhi.

“IS 4031 (Part 6) - 1988. Indian Standard — Methods of physical tests for hydraulic cement”, Bureau of
Indian Standards. New Delhi.

Feb 2023 | 52



