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Abstract: Water is the most important ingredient property on concrete and which is used to form a paste that binds with the ag-
gregate together on mixing of cement. The amount of water used in concrete controls the fresh and hardened properties of con-
crete. Concrete is the most widely used man-made buildings materials on civil engineering community to produce a structure in
harmony with the concept of high-strength concrete at a reasonable cost. In the last two decades, in Russia and China, a new
technology, has been used in the concrete industry. from this, water is passed through a magnetic field, the physical properties
are changes and so the numbers of molecules in the water cluster decrease from 13 to 5, which cause a decrease in the water
surface tensions. This study involves the investigation of the influence of magnetic water on workability, compressive strength,
Split tensile strength and flexural strength in RC beams. The concrete samples are prepared with ordinary Portland cement and
rapid hardening Portland cement and it is cured with magnetic water and potable water with four different combinations. The
scope of this study is to improve the qualities of water and reduce the water-cement ratio thereby reducing the consumption
of cement and curing days.

Keywords: Magnetic water Technology, physical properties, workability, compressive strength, split tensile strength and flexural
strength.

l. INTRODUCTION

Concrete is the most widely used man-made building material in the World, owing to its versatility and relatively low cost. In gen-
eral, adding certain chemicals while mixing concrete is practiced to alter the properties of concrete to obtain a concrete with the de-
sired property. But in most of the cases, these admixtures are added to get concrete with increased strength. The chemicals that are
required for increasing the strength will be rarely available in rural areas and it will cost more in case of large projects. The corro-
sion of magnetic water is greatly reduced if the water is passed through an intense magnetic flux which in turn changes the physical
structure of water molecules and hard water to soft water. This softening intensity is based on the magnitude of flux induced. In the-
se study, the magnetic water is prepared with a Magnetic device called permanent magnets N406 with the magnetic field (0.8 to 0.9
Tesla), 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 13 molecules to 5 or 6 mole-
cules. The usage of magnetic water while mixing concrete will increase compressive strength and also there will be higher workabil-
ity for the same water-cement ratio. from this study, the potable water is replaced by magnetically treated water by which quantity
of cement used in any concrete mix is reduced.

A. Background

Pop Haydn discover the magnetic water effect on water in the year of 1890s. later Magnetic water the treatment machine was first
invented in 1945 at Belgium. At the earlier age, this technology was used mainly in many countries which have very little chemical
industry, like Russia, China etc., who all reported the successful use of magnets in treating water for irrigation, industry and home
use. This new technology was used in concrete industry during the year of 2000 at Taiwan. The magnetic water on the engineering
properties of concrete containing some granulated blast- furnace slag. The results show the compressive strength of mortar samples
mixed with magnetic water of 0.8 to 1.2 Tesla (T) increased by 9-19% and the compressive strength of concrete increased up to 10-
23%. it can improve the concrete structure, making it denser and reducing the occurrence of dry shrinkage [1]. 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, de-
crease the bleeding of concrete and improve resistance to freezing [2]. By using magnetic water the compressive strength is in-
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creased 10-20% is achieved at 1.2T and passed through a velocity of 0.71m/s. The water molecules are arranged in one direction
and the bond angle decreases to less than 105° When water is subjected to a magnetic field[3]. by using magnetized water in cement
mortars, which lead to increase in the compressive strength and decreasing in the consistency of cement mortar, the initial and final
setting time and finess. The different W/C ratios were used, in that 0.45 is to be optimum and gave best compressive strength [4].
The magnetic water has higher slump values up to 45% and the compressive strength up to 18% and the cement content can be re-
duced by 28% [5].

B. Mechanism and Working Principle Of Permag (N406)

When the ‘PERMAG’ units are fitted on a pipeline, the water flowing through the pipeline is subjected to the intense, focused mag-
netic field. The magnetic field, affects the physical structure of the minerals, thereby altering their shapes. The minerals sustain to
remain in the water, but, the changed physical state prevents the minerals from exhibit hardness, and the water becomes soft .after
Magnetized and the magnetic fields are produced by the motion of charged particles. The magnetic fields generated by moving elec-
trons are used in inducing a magnetic field in the water. It only changes the trajectory of the charged particles movement and not its
energy. It works with the principle of MHD (Magneto Hydro Dynamics) creating a strong perpendicular magnetic field to the direc-
tion of water flow. The strong magnetic field affects the physical state of the minerals, thereby the number of molecules in water
cluster decreases from 13 to 5 or 6, which causes a decrease in the water surface tension.

C. Methodology

The Methodology of this investigation is done with collection of literature and materials and the collecting water samples from the
different sources like (sea water, portable water, open well water and treated water) and collected samples were optimized by testing
the pH, hardness, chloride, sulphate, and iron etc., then the mix design for M40 grade of concrete is prepared with four different
combinations by casting and curing. The specimen was cured for 28days. The sample is then tested with workability, Compressive
strength, Split tensile strength and Flexural strength of concrete and the results were obtained and recorded.

1. EXPERIMENTAL INVESTIGATION ON CONCRETE
A. Materials
a) Cement (OPC and RPC)
In this project there are two types of cement were used, Ordinary Portland cement and Rapid hardening Portland cements confirm-
ing to the standards of 1S: 1498 1991. The Normal consistency in OPC and RHPC were 36% and 38% respectively. The initial and
final setting time was under the permissible limits and the Specific gravity of OPC and RHPC cement are 3.10 and 3.12 respective-

ly.

B. Fine and coarse aggregate

Natural sand and coarse aggregate from local quaries are used to prepare the concrete mix, The Specific gravity of the sand and
coarse aggregate are 2.71 and 2.85 respectively, The maximum nominal size of the gravel is 20mm.The bulk density of fine and
coarse aggregate are 1625kg/m? and 1661kg/m®.

C. Water

In general the different water sample (sea water, treated water, well water, bore water or potable water) were collected and tested on
the laboratory as per 1S 3025. From that the water sample is optimized and used for the concrete mixing and curing of specimens.
the properties of potable water is shown in (Table 1)

Table 1
Test Potable water Magnetized water

pH 7.6 8.0

Total Hardness 240 mg/l 68.33mg/I
Chloride (CI) 77.47 mg/l 67.47 mg/l
Sulphate (S05) 134 mg/l 115mg/l
Density 0.996kg/ 0.985kg/I
Iron 0.1mg/l 0.1mg/l
Suspended matter 100 mg/l 50mg/l
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D. Mix Design
The Mix Proportion of M40 grade of concrete is shown in (Table 2). Mix Design for M40 grade concrete is done as per Bureau In-
dian standard recommended with the mix design code of IS : 10262-2009.

Table 2
Materials Cement FA CA water WI/C
Kg/m3 456 661 1235 174 0.38

1. RESULTS AND DISCUSSION
A.  Workability
The slump test is the most commonly used method of measuring the consistency of concrete. slump test as per 1S: 1199-1959 is fol-
lowed. the workability test has been taken with a 0.38 W/C ratio by using both magnetic and potable water for different trails.

mNormal water  mMagnetic water

Slump in mm
o
o

Trial1  Trial2 Trial 3 Trial1 Trial 2  Trial 3
OPC RHPC

Fig 1

(Figure 1) represents the workability is improved up to 69% in OPC by using magnetic water than normal potable water. In Normal Potable
water the workability is increased up to 26% in RHPC than OPC. but the Magnetic water is slightly increased up to 13.70% in OPC than
RHPC. Here the cement content can be reduced up to 16% to achieve the target strength of concrete and also formwork can be re-
moved at earlier and the cost is reduced.

B. Compressive strength of concrete

The compressive strength results of M40 grades of concrete at the age of 28 days were observed. The compressive strength of con-
crete was determined based on IS : 516 -1959. The Compressive strength for M40 grade of concrete at 28 days is shown in (Figure
2).

mOPC mRHPC
60 -

50 -
40 -
30 -
20
10 A
0
A B C D

Fig 2

Compressivee Strength N/mm?

In these study ordinary Portland cement (OPC) and rapid hardening Portland cement (RHPC) are used. similarly, the samples made
with OPC and RHPC were both cast and cured under four different combinations and are represented as A, B, C and D. The sample
A - with Normal water only, The sample B with the Normal and Magnetic water. The sample C with the Magnetic and Normal wa-
ter. and the sample D with only on the Magnetic water. The compressive strength of the concrete at the end of 28 days is observed

2840
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that the compressive strength of concrete in Sample A is increased by 13.80% in RHPC than OPC concrete. The sample B and sam-
ple c are slightly increased by 7.5% and 13.12% in OPC than sample A, but the same samples in RHPC are decreased than sample
A. and sample D is increasing by 22.37% than sample A in OPC concrete. The RHPC is not much effective with the usage of mag-
netic water in concrete.

C. Split tensile strength
The split tensile strength results of M40 grades of concrete at the age of 28 days were observed. The tensile strength of concrete was
determined based on IS : 5816 -1970. The splitting tensile strength for M40 grade of concrete at 28 days is shown in (Figure 3).

mOPC mRHPC

A B C D

Fig 3

Split Tensile Strength N/mm?
O P N W A 01 O N ©

The sample is represented as same as above, It is observed that the tensile strength of concrete in sample A is increased by 51% in
RHPC than OPC concrete. The sample B and sample c are slightly increased as 10% and 31.5% in OPC than sample A, but the
same samples decreases in RHPC than sample A. and the sample D is increasing up to 41.47% than sample A in OPC concrete. The
RHPC is not more effective on the magnetic water.

D. Beam Details

In this study, Totally 8 beams were cast with a size of 1200mm X 100mm X 150mm and Two numbers of 10mm diameter bar are
provided in Top and Bottom of the beam and stirrups of 8mm diameter bar are provided at 150mmc/c spacing are shown in (Figure
4) and cured with normal room Temperature. The beams cast were de-molded and kept for 28 days of curing under four different
combinations. The effective length of RC beams is the L/3 distance from each end of the beam and the loading is applied. The load-
ing is gradually increased in Universal Testing Machine and deflection for each was noted through the dial gauge placed at the mid-
dle of the load setup are shown in (Figure 5). The following results like Load carrying capacity, Load Vs Deflection, Ductility and
Energy absorption was studied.

8mm dia st 150mm clc.
/T mm dia stirrups @150mm c/c / 2Nos -10mm dia bar @ top and bottom.
/]

[\

T

150.00

| = 10000 ==

1200.00
All dimension are in mm

Fig 4
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E. Flexural Strength of RC Beams
1) Load carrying capacity

m First crack m Ultimate Load
64.8 66.05

70 -
57g 6025
60 -

50 -
40 -
30 -
20 -
10 -

59.55

49.95 48.95
42.25

LOAD (kN)

OPC RHPC

Fig 6
(Figure 6) shows the First crack load and Ultimate load details and the sample are represented as same as above, It was observed
that the performance of concrete with magnetic water in terms of the First crack load was increased up to 38% and ultimate load
were increased up to 16% in OPC than RHPC.

2) Load Vs Deflection
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Fig 7(a)
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The RC beam is tested with two point loading and the values of the deflection are noted for each 1kN interval. it is observed that
load vs Deflection curve of RC beams with ordinary Portland cement are shown in (Figure 7(a)). The sample A can carry an ulti-
mate Load up to 57.80 kN with 7.2mm Deflection. sample B carry a load increment by 2% more than sample A with 7.6mm deflec-
tion. Similarly, for the sample C, the load is increased by 12.11% with less deformation of 3.7mm. On comparing of all others sam-
ples, sample D has high load carrying capacity of 66.05kN (15%) higher, with a lesser deflection of 5.1mm than sample A.

(Figure 7(b)) shows the load vs Deflection curve of RC beams with Rapid Hardening Portland cement, The sample A can carry an
ultimate load up to 59.55kN with a maximum deflection of 13.1mm. similarly, the sample B, C, and D gradually decreased with the
load carrying capacity and deflection than sample A. The load carrying capacity is found to be higher in concrete by using magnetic
water, which results in withstanding higher loads only in OPC.

3) Ductility Characteristics

Ductility is one of the most important parameters to be considered in the design of structures subjected to a large amount of inelastic
deformations due to various loading conditions such as wind, seismic or impact loading. It is defined as the ability of a member to
undergo inelastic deformations beyond the yield deformation without significant loss in its load carrying capacity. The ductility of a
flexural member can be obtained from its load-deflection curve. The ratio of ultimate deflection to the deflection at first crack is

known as ductility factor (i ) and is shown in (Figure 8). The ductility factor was calculated for M 40 grades of R.C beams.
Ultimate Deflection

Ductility factor (p) =

Deflection at first crack

mOPC mRHPC
16 -
14 -
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Q
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Fig 8
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It is observed that the results of ductility factor of RC beams is improved on the sample A and B by 66% and 45% than sample C in
OPC due to higher Energy dissipation with less void ratio. The sample C and D achieved less ductility factor compared to other
samples, because of energy stored in concrete with large void ratio for OPC. The sample B, C, and D are gradually decreased up to
25%, 14.37%, and 12.80% than the sample A in RHPC, this is due to the energy storage capacity of RC beams.

4) Energy Absorption Capacity

Energy absorption capacity was calculated from the load-deflection curve by using linear and logarithmic method formula. The
area under the load-deflection curve was considered for calculating the energy absorption capacity. (Figure 9) shows the
energy absorption capacity of Mgq grade concrete of RC beam.

mOPC mRHPC

~ o
o o
o O
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600 -

al

o

o
1

400 -
300 ~
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100 -
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Figure 9

It is seen that energy absorption, on sample A is increased by 11% for OPC than RHPC. In sample B, the energy absorption is high-
er for RHPC than OPC. similarly, for the sample C & D, the energy absorption is higher in OPC due to less load carrying capacity
& maximum deflection. with the usage of RHPC in concrete, the sample C and D are gradually decreased only on magnetic water
due to the less load carrying capacity and large deformation. The sample A is slightly decreased to 4% than sample B. from this
study magnetic water on concrete the strength is improved.

IV.  CONCLUSIONS

From the above experimental investigation,

1) The magnetic water improves some of the physical properties such as pH, Total Hardness, density, chloride, sulphate, and Iron than the
normal potable water.

2) The slump value is increased by 69% with 0.38 W/C ratio in OPC by using magnetic water and compared to potable
water.

3) Here the Compressive strength is increased by 23% and split tensile strength is increased by 42% by using magnetic water,
compared to normal potable water.

4) The cement content can be reduced to 16% to achieve the target strength of concrete and also formwork can be removed at ear-
lier days.

5) The initial crack is delayed for RC beams with magnetic water in OPC when compared to potable water.

6) The load carrying capacity is 38% higher for magnetic water beam in OPC when compared to potable water.

7) The Ductility factor and energy absorption capacity was improved by using magnetic water.
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