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ABSTRACT The usage of concrete is growing with the exploding scope of construction 

industry. This called for the extensive production and usage of cement. Among all the 

ingredients of concrete, cement has deleterious effects on environment. As the usage of 

concrete is inevitable, pre-emptive measures should be taken to reduce the usage of cement in 

concrete while maintaining the same engineering properties. To address this cause, research 

has been carried out on various constituents and parameters of concrete which lead to the 

realization of new construction materials and practices. But the scope of effects on concrete 

caused by altering the properties of water has long been neglected. On account of this 

obscurity, this can be potential area of interest. When water is magnetized, it exhibits 

structural changes which increase the specific surface area of water. When this magnetized 

water is used in concrete instead of normal water, it is found that the compressive strength 

increases considerably. This additional strength attained by the usage of magnetized water 

can be used to address the need to reduce cement usage. In this attempt to reduce the usage of 

cement, fly ash which has immense potential to be used in construction industry, can be used 

to replace cement in concrete to a considerable extent when magnetic water is used. The 

present research work is carried out to investigate the effect of Magnetic Water on the 

Compressive strength, Permeation properties and Nano studies on fly ash based magnetic 

water concrete (M30 & M40 grade). Examine the effect of magnetic water on compressive 

strength, Permeation  

Key Words : Fly ash , Compressive strength , Penetration test, thermo gravimetric analysis. 

1. INTRODUCTION Construction 

industry is one of the major industries in 

all countries both in terms of economy and 

affecting environment. In construction 

industry, concrete and metal (mostly steel) 

are majorly used. Concrete is primarily 

used building material. Concrete is an 

artificial stone-like material used for 

various structural purposes. It is made by 

mixing a binding material (as cement) and 

various aggregates (inert materials), such 

as sand, stone chips, brick chips, pebbles, 

gravel, shale, etc., with water and allowing 

the mixture to harden by hydration. 

Approximately four tonnes of concrete is 

produced for every person on the planet. 

Concrete is the second most consumed 

entity after water. This extreme use of 

concrete is in regard to the various 

advantages provided by it. Everything  
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about concrete is huge, it’s usage, 

advantages and also disadvantages. One of 

the major disadvantages of concrete is its 

impact on environment. Concrete accounts 

for around 5% of the world’s total CO2 

emission. Cement manufacturing is high 

energy and emissions intensive because of 

the extreme heat required to produce it. 

Producing a ton of cement requires energy 

equivalent to about 400 pounds of coal, 

and generates nearly 0.9 ton of CO2. 

Given its high emissions and critical 

importance to society, cement is an 

obvious place to look, to reduce 

greenhouse gas emissions. Therefore there 

arises a need for the effective utilization of 

existing resources i.e., by maintaining the 

strength of concrete while reducing the 

quantity of cement usage in concrete.  

2. MATERIALS USED  

a) CEMENT  

Locally available 53 grade ordinary 

Portland cement (OPC) of Ultratech brand 

has been used in the present investigation 

for all concrete mixes. The cement used 

was fresh and without any lumps. The 

cement thus procured was tested for 

physical and chemical requirements in 

accordance with IS 12269-1987(21). 

 

 

 

b) MAGNETS  

In the present investigation work, the 

Magnets were obtained from scientific 

store. The shapes of magnets are rounded. 

We found the strength of magnet by Gauss 

meter. Three types of strength magnets we 

used. The average magnetic strength of 

four magnets is 985 gauss. 

 

Figure 3.2 Magnets used for magnetizing 

water 

c) FINE AGGREGATES  

In the present investigations, river sand 

available in the local market was used as 

fine aggregate. The physical property of 

fine aggregate such as gradation, specific 

gravity and bulk density were tested in 

accordance with IS: 2386-1963. The 

various properties of fine aggregate used in  
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the present experimental investigation are 

given in a table which follows. 

 

d) COARSE AGGREGATE  

Coarse aggregate used in the investigations 

was of two sizes viz. 20mm and 12mm. 

The crushed coarse aggregate was 

obtained from the local crushing plants. 

The physical properties of the coarse 

aggregate such as gradation, fineness 

modulus, specific gravity and bulk density 

are tested in accordance with IS:2386-

1963 and IS:383-1970. The results for 

20mm aggregate are tabulated below: 

 

e) MAGNETISED WATER  

Magnetic water is obtained by placing 

water over the magnet. A beaker of water 

is placed over the magnets for a period of 

24 hours to obtain magnetic water. During 

this time magnetic flux passes through the 

water changing the specific surface area of  

 

water which is called as magnetized water. 

Three different types of magnetic water 

can be prepared namely. 

 

f) FLY ASH  

For this study, fly ash is incurred from 

National Thermal Power Corporation 

Limited (NTPC), Ramagundam. NTPC 

have installed facilities for segregation and 

collection of fly ash into 6 different fields. 

As the field number increases the fineness 

of fly ash increases but the quantity 

decreases. Field-1 fly ash has coarse 

particles and is not suitable for concrete 

applications. Fly ash from Field-2 onwards 

is segregated, packed and used for 

concrete applications. Since maximum 

availability of fly ash is from Field-2, 

same was used for our study. This fly ash 

conforms to the requirements of IS: 3812 

Part 1 and also ASTM C-618 type F. 

Generally fly ash is assessed on the basis 

of some of the key parameters like 

pozzolanic activity, material retained on 45 

micron sieve, loss on ignition and other 

chemical parameters. It is advisable that to 

qualify a source of fly ash all the test as 

specified in IS/ASTM shall be conducted 

initially and only key parameters can be 

tested for each batch to ensure a consistent 

quality of fly ash. 
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Properties of fly ash used 

 

 

 

 

 

3. EXPERIMENTAL PROCEDURE  

Compressive Strength Test Among the 

various strengths of concrete, the  

 

determination of compressive strength has 

received a large amount of attention 

because the concrete is primarily meant to 

withstand compressive stresses. Generally 

cubes are used to determine the 

compressive strength. The cubes are 

usually of 100 × 100 × 100 mm size. In the 

present investigation the standard 100 × 

100 × 100 mm cubes are used to determine 

the compressive strength. The compressive 

strength test procedure is given below. 

After the required period of curing, 

specimens are removed from the curing 

tank just before testing and cleaned to 

wipe off the surface water. The cube 

specimen is placed on the lower platen in 

such a manner that the load is applied 

centrally on opposite side of the cube and 

right angles to that has cast. According to 

BIS 1881: part 116: 1983, the rate of load 

is applied is equal to 5 KN/sec or 0.22 

N/mm2/sec. the oil pressure valve is 

closed then the compression testing 

machine is switched on. The top platens of 

the compression testing machine is 

brought into contact with the surface of the 

cube specimen, and then operate the clutch 

with suitable rate of loading, the load 

improvements are displayed in digital 

screen system. The load was applied until 

the resistance of the specimen to the 

increasing load broke down and no higher 

load was sustained, then the digital screen 

reading starts moving back, at this stage 

the pressure valve of the compression 

testing machine is released then 

automatically the ultimate load is 

displayed in the digital screen, and the 

platens are also loosened, now crushed 

specimen is removed from compression 

testing machine, and the maximum load 

applied to the specimen is noted down.  
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The same procedure is repeated for testing 

all other test specimens. 

 

Permeation test  

This test follows the Clam permeability 

test which was developed originally to 

determine the coefficient of permeability 

of concrete on site. In the Auto Clam 

permeability test, a 50 mm internal 

diameter metal base ring is glued onto the 

surface of concrete and after saturating the 

test area by ponding water in the ring for 

24 hours, the rate of penetration of water 

through the test area at a constant pressure 

head of 25 psi (1.72 bar) is measured. The 

measurements are taken for 15 minutes. 

Capillary pores filled with water require 

relatively high pressures to cause flow 

through them and, hence, the pressure used 

in the test may cause flow through only 

relatively big pores. This would mean that 

the test is not capable of Determining the 

coefficient of permeability of saturated 

concretes. However, if the ponding is 

eliminated from the test procedure it would 

provide the rate of water penetration from 

a pressurized source of water, i.e., a 

parameter which can be used to assess the 

permeability characteristic of concrete can  

 

be obtained. Although an apparatus to 

carry out the Clam permeability test was 

commercially available it was discontinued 

when the Auto clam Permeability System 

was introduced into the market; however, 

an apparatus similar to the Clam 

permeability test is commercially available 

at present with the trade name the 

Germane Water Permeability Test. 

X-ray Diffraction (XRD) Analysis 

X-Ray Powder Diffraction is a physico-

chemical analysis method commonly used 

to determine the reticular plane distance 

and for the identification of crystalline 

compounds by their diffraction pattern. X-

Ray Powder Diffraction (XRD) analysis is 

powerful methods by which X-rays of a 

known wavelength are passed through a 

sample identify different phases of that 

sample. The sample material should be 

ground by hand simply sufficiently fine so 

that it will pass through a 40 μm sieve and 
the quantity required is also less than 10 

gm which should be placed in the sample 

holder. The XRD Pattern was obtained by 

scanning from 20º to 80º 2θ using a 
vertical x-ray diffract meter. As strength 

tests indicated the 28 day strength was 

important so XRD studies are conducted 

on NWFC and MWFC powder samples of 

the concrete cured for 28 days. 
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Thermo gravimetric (TG) Analysis  

Thermo gravimetric Analysis (TGA) is a 

technique which measures a sample’s 

weight as it is heated or cooled in a 

furnace. TGA thermal curve is drawn 

between temperature on x-axis and weight 

(mg) or weight percent (%) on y-axis. The 

sample size considered is 50 mg. During 

the Thermo gravimetric analysis the 

cement mortar present in both NWFC and 

MWFC(Three poles water) in concrete 

samples(at 28 days) was exposed to 

temperatures ranging from 20 °C to 800 °C 

at a rate of 10 °C/min in an inert nitrogen 

atmosphere with a purge rate of 20 

mL/minute. 

 

4. RESULTS AND DISCUSSIONS  

This research investigates the influence of 

magnetic water on strength, permeation 

and Nano studies on fly ash based 

magnetic water concrete ( M30, M40). 

Two types of water are used in this study, 

which are normal water and mixed pole 

magnetized water (N+S), the results of 

which are presented in this chapter. 

EFFECT OF MAGNETIC WATER ON 

COMPRESSIE STRENGTH:  

The results of the compressive strength at 

7,14,21,28 and 60 days M30 grades of 

Normal water concrete (NWFC) and  

 

Magnetic Water concrete (MWFC) are 

tabulated in Table. 

 

 

The cube compressive strengths of 

concrete with and without magnetic water 

at 7,14,21,28 and 60 days are given in 

Tables It is observed that with the addition 

of Magnetic water for mixing in concrete 

showed increase by 38.1% & 7.5 5 in cube 

specimens at 7 days, and at 28 days there 

was significant increase by 18.3% and 

22.03 % in M30 & M40 respectively. The 

increase in strength of concrete is due to 

more hydration of cement in MWFC, 

which fills up the pores in the concrete 

making the concrete microstructure dense. 
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From the results obtained it is inferred that 

the compressive strength of M30 & M40 

grades of concrete is attained at different 

days with magnetic water has higher 

strength than normal water concrete.  

EFFECT OF MAGNETIC WATER ON 

PERMEATION PROPERTIES:  

A total of 12 sets of cylinders of size 

150mm x 150mm are cast and cured. Auto 

clam Concrete water permeability as per 

ISO 7031.In Auto Clam permeability test, 

a 50 mm internal diameter metal base ring 

is glued onto the surface of concrete on 

which the test is to be performed and water 

at a pressure of 500 m bar is pumped in to 

the concrete. The inflow of water through 

a test area of 50 mm diameter through a 

surface mounted ring is measured at this 

pressure at every one minute interval for a 

period of 15 minutes. The T a b l e 5.3, 

Figure 5.5 and Figure 5.6 presents the 

amount of water pumped in to the concrete 

for a period of 15 min at 28 and 60 Days 

for M30 grade. Table -volume of water 

pumped in µ liters at 28 and 60 ages (M30 

Grade) 
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volume of water pumped in µ liters Vs 

Time (mins) at 60 Days (M30 Grade) The 

Table, Figures presents the amount of 

water pumped in to the concrete for a 

period of 15 min at 28 and 60 Days for  

 

M40 grade. volume of water pumped in µ 

liters at 28 and 60 ages (M40 Grade) 

 

 

 

 

In this study determination of water 

permeability of concrete is carried out by 

Auto Clam Water Permeability. It is of 

great importance to study the permeability 

of concrete. The test was carried out on 

M30 & M40 grade of NWFC and MWFC 

s p e c i m e n s after 28 and 60 days age. 

The test results shows that MWFC were 

less permeable than the NWFC the reason 

is that the Magnetic water added concrete 

has less no. of pores due to high rate of  
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hydration subsequently it reduces the 

permeability of concrete. 

X-Ray Diffraction Analysis: 

Powder diffraction patterns are typically 

plotted as the intensity (Counts per 

second) of the diffracted X-rays vs. the 

angle 2θ. By measuring the 2θ values for 
each diffraction peak, we can calculate the 

d-spacing (the distance between the 

diffracting planes) for each diffraction 

peak. By using Debey-Scherrer’s we can 

calculate the average size of the particle, 

from the above equation as and values are 

constant in the present XRD studies, it is 

clear that the size of the particle is 

inversely proportional to the base width of 

the XRD peaks. 

 

 

 

 

 

 

Figures depict the profiles of XRD 

patterns of NWFC and MWFC samples of 

M30 & M40 Grade Concrete at 28 Days 

and 60 Days. The widths of the peaks in a 

particular pattern provide an indication of 

the average crystallite size. The peak width 

increases as crystallite size reduces. We 

know that the size of hydrated cement 

particle will be large than partial hydrated 

cement particle, so in XRD patterns of 

NWFC as the peak width is large the 

diameter of the particle will be less this 

shows that normal water concrete is less 

hydrated to that of MWFC .  

Thermo gravimetric (TG) Analysis  

The TGA results for NWFC and MWFC 

with mixed Pole water (N+S) are 

Presented in Figure 5.13 & Figure 5.14 of 

M30 Grade at 28, 60 Days and in Figure 

5.15 & Figure 5.16 of M40 Grade at 28 & 

60 Days respectively. The behavior is 

almost same for all the concretes since 

chemical composition is same for all of 

them. From the graphs it is clear that as the 

temperature in the experiment is increasing 

the % weight loss is increasing gradually 

and the weight loss at the end of the 

experiment at 800°C is found to be  
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Maximum for NWFC and Minimum for 

the MWFC. A clear difference in weight 

loss can be observed between the samples 

prepared with and without Magnetic water. 

These results provide evidence that in 

MWFC there are more hydrated particles 

which are tightly bonded together which 

requires lot amount of heat to break this 

bonds. As concrete is heated to 800°C 

only, this heat is not sufficient to break this 

bond and to evaporate the cement mortar 

particles. So % weight loss is less to 

compared to NWFC. In NWFC as 

discussed earlier the hydration is relatively 

less compared to that of MWFC, So 800°C 

heat is sufficient to break the bonds and to 

evaporate the partially hydrated particles. 

 

 

Comparison of % Weight Loss vs 

Temperature (TGA) for NWFC AND 

MWFC (M30) at 60 Days 

 

 

 

5.CONCLUSIONS  

In this investigation the influence of 

magnetic water on Compressive strength, 

Permeation properties and Nano studies on 

concrete. For this the magnetic water of 

985 gauss strength is used. The 

conclusions obtained from this work are as 

follows:  

1. The Compressive strength of 

Magnetized water concrete is more than 

Normal water concrete by 38.1%, 12.7%, 

10.8%, 18.3% and 18.1% of M30 Grade at 

7,14, 21, 28 and 60 Days respectively.  

2. The Compressive strength of 

Magnetized water concrete is more than 

Normal water concrete by 7.5%, 15.3%, 

13.8%, 22.03% and 11.3% of M40 Grade 

at 7,14, 21, 28 and 60 Days respectively.  

3. Auto Clam water permeability test 

shows that MWFC specimens were less 

permeable than the NWFC the reason is 

that the use of Magnetized water has 
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 improved pore structure due to formation 

of Dense gel structure subsequently 

reduction in the porosity of the concrete 

which substantially reduces the 

permeability of the concrete.  

4. The XRD patterns, it is very clear that 

the peak width is very small for Magnetic 

water compared to normal water has large 

peak width.  

5. Thermo gravimetric analysis of MWFC 

samples improved by 2% and 6% for M30 

grade and by 3% and 4% for M40 grade 

when Magnetic water is used instead of 

Normal water for preparing concrete at 28 

and 60 Days respectively. 
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