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Abstract: The most important challenge for concrete construction is to improve the performance of concrete. In the
last two decades, in Russia and China, a new technology, called magnetic water technology, has been used in making
concrete. As per this technology, by passing water through a magnetic field, some of its physical properties tend to change
and, as a result of such changes, the number of molecules in the water cluster decreases from 13 to 5 or 6, which cause a
decrease in the surface tension of water, with an improvement in the workability and strength of concrete. Magnetic
treatment of water increases the ion solubility and pH. The influence of magnetic flux changes the mode of calcium
carbonate precipitation such that circular disc-shaped particles are formed rather than the dendritic (branching or tree
like) particles observed in non-treated water. This technique is mostly used for the softening of water and, for the first
time in this research, it has been adopted by the scientists for the production of concrete with improved strength. Some
researchers hypothesize that magnetic treatment affects the nature of hydrogen bonds between water molecules which
increases the pH and softens the water.

INTRODUCTION

The initial research and scientific testing regarding the application of a magnetic field to concrete manufacturing were
commenced in Russia in 1962 for military constructions such as airports and jetties. This research was continued step by
step in other institutes, such as the VNLL Jelezobeton Research and Scientific Institute in Russia, and some positive results
were found in this regard. Magnetic devices include one or more permanent magnets, which induce changes and effects on
ions and water molecule clusters passing through its magnetic field. A magnetic field has a considerable effect on clusters
of water molecules and causes the decrease of such a mass from |3 molecules to 5 or 6 molecules. Such a decrease of
molecules causes more participation of water molecules in the cement hydration reaction. Also, when water is mixed
with cement, cement particles are surrounded by water molecule clusters. In the case of magnetic water in which the
clusters have a smaller size and lower density, the thickness of the water layer around the cement particle is thinner than
in the case of normal water. This fact results in a decrease in water demand for concrete mixing and, subsequently, in
reducing the W/C ratio, which has positive effects on hardened concrete properties, such as strength, durability etc. Effect
of a magnetic device with permanent magnet on ions passing through its magnetic field. Such a decrease of molecules
causes more participation of water molecules in the cement hydration reaction. Also, when water is mixed with cement,
cement particles are surrounded by water molecule clusters.
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In the case of magnetic water in which the clusters have a smaller size and lower density, the thickness of the water layer
around the cement particle is thinner than in the case of normal water.
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This fact results in a decrease in water demand for concrete mixing and, subsequently, in reducing the W/C ratio, which
has positive effects on hardened concrete properties, such as strength, durability etc.

LITERATURE REVIEW

Nan Su et al (2000) investigated the effect of magnetic water on the engineering properties of concrete containing
granulated blast- furnace slag. This research investigates the compressive strength and workability of mortar and concrete,
which were mixed with magnetic water and contained granulated blast — furnace slag (GBFS). The obtained results
showed that the compressive strength of mortar samples mixed with magnetic water of 0.8 to 1.35 Tesla (T) increased 9-
19% more than those mixed with tap water. Similarly, the compressive strength of concrete prepared with magnetic
water increased 10-23% more than that of the tap water samples. In particular, the best increase in compressive strength
of concrete is achieved when the magnetic strength of water is of 0.8 and 1.2 T. It is also found that magnetic water
improved the fluidity of mortar, the slump, and the degree of hydration of concrete. Water content in traditional
concrete has a significant influence on its engineering properties such as mechanical strength. When water flows through a
magnetic field at a constant speed, it becomes magnetized and is known as magnetic water. Researches in industrialized
countries such as Russia and Mainland China had shown that using magnetic water for concrete mixing can increase its
compressive strength and improve its impermeability and freeze — thaw resistance. Using appropriate quantity of
granulated blast — furnace slag (GBFS- 0%, 5%, 15% and 25%) in place of cement can improve the concrete structure,
making it denser and reducing the occurrence of dry shrinkage.

Besides the increase in compressive strength, there are also other advantages of preparing concrete with magnetic water
ie,it reduces the amount of cement used, it does not require the addition of chemical admixture, thus avoiding
environmental pollution. The mortar samples were prepared with magnetic water at different water — to — binder ratios
and the degree of hydration is analyzed. It also showed that the fluidity of fresh mortar prepared with Nan Su, Chea —
Fang Wu (2002) investigated the effect of magnetic field treated water on mortar and concrete containing fly ash. The use
of MFTW (Magnetic Field Treated water) could improve the concrete strength as much as 10%. Hence, it can save 5% of
cement dosage, decrease the bleeding of concrete and improve resistance to freezing. The reason why MFTW can
improve the characteristics of concrete can be explained by the molecular structure of water. Water is a polar substance,
which tends to be attracted to each other by hydrogen bonding and forms clusters as illustrated in Fig. 2.1(a). These
associations and disassociations of water molecules are in thermodynamic equilibrium. In a magnetic field, magnetic force
can break apart water clusters into single molecule or smaller ones as shown in Fig. 2.1(b), therefore, the activity of water
is improved. While hydration of cement particles is in progress, the MFTW can penetrate the core region of cement
particles more easily. Hence, hydration can be done more efficiently which in turn improves concrete strength. The best
compressive strength increase of concrete is achieved when the magnetic strength of treated water is of 0.8 and 1.2 T.
The results showed that the strength of mortar samples mixed with MFTW is higher than those prepared with tap water.
Saddam M. Ahmed (2008) discussed about the effect of magnetic water on engineering properties of concrete and also
investigated about the influence of magnetic water on compressive strength and workability of concrete.

The results showed that the compressive strength of concrete samples prepared with magnetic water increases 10-20%
more than that of the tap water samples. In this study, increasing in compressive strength of concrete is achieved when
the magnetic strength of water is 1.2T, and velocity of water current that passes through magnetic field is of 0.71 m/s. A
substance is said to be magnetized when its constituent molecules or structural elements can be aligned in a definite
direction by the influence of an external magnetic field. In a liquid or in a gas, this can only happen to molecules that
possess an odd number of electrons. Water, H,O, contains |10 electrons, so it is not attracted to or oriented by a magnet.
In fact, water like most molecules, is diamagnetic; it is actually repelled by a magnet. Fig. 2.2 shows water molecules which
consists of one oxygen molecule and two hydrogen molecules bonded as an isolated triangle with its upper angle is 105°.
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MATERIAL PROPERTIES AND MIX DESIGN CEMENT

Portland Pozzolana cement (Ultratech43 Grade) confirming to IS: 269-1976 was used throughout the investigation.

FINE AGGREGATE (River Sand)
The fine aggregates serve the purpose of filling all the open spaces in between the coarse particles. Thus it reduces the
porosity of the final mass and considerably increases its strength. Usually natural river sand is used as a fine aggregate,
confirmed to grading zone Il of IS 383-1970.
COARSE AGGREGATE
The coarse aggregates having maximum size of 20mm and below were used testing of coarse aggregate is done as per IS
383-1970.
WATER
In general, the potable water in the laboratory was used for the concrete preparation and for the curing of specimens.
Properties of water

Type of Water pH value Hardness (mg/l)
Ground water 8.18 512
MAGNETIZED WATER
Properties of Magnetized water

Type of Water pH value Hardness (mg/l)
Ground water (After Magnetize) 9.17 300

4.6 MIX DESIGN
Mix design for M,, grade concrete by Indian standard recommended method of concrete mix design as per design code IS:
10262-2009.

STIPULATIONS FOR PROPORTIONING

Grade designation =M,
Type of cement grade = PPC 43 grade
Maximum nominal size of aggregate =20mm
Minimum cement content = 320kg/m?
Maximum water content =0.50
Workability =50 mm
Exposure condition = Mild
Degree of supervision = Good
Maximum cement content = 450 kg/m®
Zone =1

TEST DATA FOR MATERIAL
Cement used = PPC 53 grade
Specific gravity of cement =3.15
Specific gravity of Coarse aggregate =270
Fine aggregate =12.58
Water absorption Coarse aggregate = Nil
Fine aggregate = Nil
Free surface moisture Coarse aggregate = Nil
Fine aggregate = Nil

IJIRAE: ©2014-24, AM Publications, India - All Rights Reserved https://doi.org/10.26562/ijirae Page - 323




IJIRAE:: International Journal of Innovative Research in Advanced Engineering ISSN: 2349-2163
pggmmE  volume I, Issue 04, April 2024 https://www.ijirae.com/archives

TARGET STRENGTH FOR MIX PROPORTIONING
fo=f, + 1.655= 20 + 1.65% 4= 26.6 N/mm?
f .= Target average compressive strength at 28 days
f.= Characteristic compressive strength at 28 days

s= Standard deviation

SELECTION OF WATER CEMENT RATIO

From IS 456 Maximum water ratio =0.55

Based on experience adopt water cement ratio =0.50

Adopted water cement ratio =0.50

SELECTION OF WATER CONTENT
From table2, maximum water content for 20mm aggregate = 186 litre (for 25 to 50mm slump)
CALCULATION OF CEMENT CONTENT
Water cement ratio =050
Cement content = 186/0.50 = 372 kg/m’

As per 1S456 minimum cement content for mild exposure condition ~ =320kg/m’
PROPORTION OF VOLUME OF COURSE AND FINE AGGREGATE
From IS 10262-2009 ,volume of coarse aggregate corresponding to 20mm size aggregate and fine aggregate (zone Il) for
water cement ratio of 0.50 =0.62
Hence, Volume of coarse aggregate 0.61
Volume of fine aggregate [-0.61=0.39
MIX CALCULATION

I m?

Mass of cement / Specific gravity of

372/ 3.x(1/1000)= 0.118 m*

Mass of water / Specific gravity of water x (1/1000)= 186/ 1 x(1/1000)= 0.186 m’
[a-(b+c)

[1-(0.118 +0.186)] = 0.696 m’

e x Volume of coarse aggregate x Specific

0.696 x 2.7 x 0.61 x 1000= 1146 kg

Volume of concrete
Volume of cement

Cement x (1/1000)

Volume of water

Volume of all in aggregate, e

Mass of Coarse Aggregate
Gravity of coarse aggregate

Mass of Fine Aggregate e x Volume of fine aggregate x Specific gravity of fine aggregate
0.696 x 2.58 x 0.39 x 1000 = 700 kg
MIX PROPORTION
Cement, =372 kg/m®
Water = 186 litre
Fine aggregate =700 kg / m*
Coarse aggregate = 1146 kg / m’

Water cement ratio =0.50
Mix Proportion is |: 1.88 :3.08

FRESH AND HARDENED CONCRETE PROPERTIES
Slump test is the most commonly used method of measuring consistency of concrete. Slump test as per IS: 1199:1959 is
followed. The apparatus used for doing slump test are Slump cone and tamping rod. Bottom diameter of slump cone is
200mm, top diameter is 100mm and height is 300mm. The concrete was filled in cone by three layers; each layer is
tamped 25 times by the tamping rod. After the top layer has been rodded mould is removed from the concrete
immediately by raising it slowly and carefully in a vertical direction. This allow concrete to subside, this subsidence
referred as slump of concrete. If concrete slide evenly it is called true slump, if one half of cone slide down it is called
shear slump, in collapse slump concrete collapse completely.
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COMPRESSIVE STRENGTH (N/mm?)

CONCRETE PREPARED USING SAMPLE | SAMPLE 2 SAMPLE 3 AVERAGE
NORMAL WATER 15.2 15.8 16.4 15.8
MAGNETIC WATER 19.4 18.8 19.1 19.1
AVERAGE INCREASE IN COMPRESSIVE STRENGTH AT THE END OF 7 DAYS 20.88%

COMPRESSIVE STRENGTH AT 7 DAYS (N/mm?)

10

15

B COMPRESSIVE STRENGTH

20

25

Comepressive strength of M,, grade concrete

From the obtained results, it shows that the compressive strength of concrete using MTW at 7 days is increased up to
20.88%, when compared to the concrete prepared with normal water. At 28 days strength, MW can be achieved even
before, hence formwork can be removed at earlier and the cost is reduced.

3.5 MAGNETIC WATER
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