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Abstract - The most consequential challenge for the 
concrete construction is to improve the strength and 
durability of the concrete. The huge amount of salt and 
mineral content is present in water. It leads to affect the 
durability of concrete structure and also life spans of 
structure are reduced. In the last 2 decades, a new 
technology called magnetic water technology has been used 
in the concrete industry. In 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 is breakdown into small, 
which causes a decrease in the surface tension of water, with 
an improvement in the workability and strength of concrete 
for some extent were found. The magnetic treatment affects 
the nature of hydrogen bonds between water molecules 
which increases the pH and softens the water. Due to the 
smaller size of molecules, the water layer surrounding the 
cement is thinner than normal water molecules, here these 
water molecules influence the water absorption with lower 
percentage. This work involves with investigation of 
properties of concrete with comparatively with normal 
water and magnetic water into concrete for the hydration. 
Durability properties of concrete were examined with 
laboratory tests. The material test results show the 
considerable improvement in making the cement paste with 
magnetic water. Thus study involves in experimenting the 
durability properties thought magnetic water with 
appropriate durability tests. The reduction of the amount of 
salt and mineral content in water will improve resistance to 
corrosion rate excessively and also improve the durability, 
compressive strength of concrete structure. Therefore, less 
water demand which has positive effect of hardened 
concrete properties also it enhances the workability of 
concrete with greater slum without addition of admixtures. 

Key words — Cluster size, Corrosion rate, Durability, 
Hydration, Magnetizes water, Slump value, Workability.  

1. INTRODUCTION  

Concrete is most widely using material for construction. 
Production of cement causes lot of environmental pollution 
has been noticed one of major problems and quality of water 
plays a vital role in presentation of concrete. Impurities of 
water may hinder with setting of cement and it may affect the 
strength and durability of concrete. This chemical constituent 
actively participated in chemical reaction and affects the 
setting, hardening, durability and strength development of 

concrete. For this alternative solution magnetized water is 
placed. Magnetized water doesn’t mean water has acquired 
magnetic strength but that it has been subjected to a 
magnetic field which is found to change certain properties of 
water is shown in fig1. The mechanism of action the 
magnetic field are divided in three major groups- colloidal, 
ionic, water hypotheses. Here am choosing ionic group as 
magnetic field. Hence here PERMAG (N406) is used for the 
production of magnetic water.   

The structure of water is aligned in one direction after 
magnetization, and the molecule sizes change after the bond 
angle changes from 1050 to 1030. It leads to a higher viscosity 
was performed due to the broken hydrogen bonds after 
magnetization and also the water layer surrounding the 
cement is thinner than normal water molecules. Therefore 
less water demand which has positive effect of hardened 
concrete properties. The usage of magnetic water while 
mixing concrete will increase durability, compressive 
strength and also there will be higher workability for the 
same water cement ratio.  

 

 

 

 

 

Fig-1: Effect of magnetic field on water molecules 

Many researchers proved that the scaling property and 
corrosion phenomenon in magnetic water is greatly reduced 
if the water is passed through an intense magnetic flux which 
in turn changes the physical structure of water molecule and 
softens the hard water. This softening intensity is based on 
the magnitude of flux induced [16].   

  To achieve higher intensity and magnetization, water is 
made to recirculate by designing a setup with motor and auto 
transformer.      

1.1 OBJECTIVES 

 To determine the engineering properties of concrete 
material using magnetic water  
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 To examine the effects of magnetic water on properties 
of concrete.  

 To study the durability property of concrete using 
magnetic water.       

2. Preparation of Magnetized Water 

2.1 Magnetic device  

Magnetic fields are produced by the motion of charged 
particles. For example, electrons flowing in a wire will 
produce a magnetic field surrounding the wire [12]. The 
magnetic fields generated by moving electrons.  

Permanent magnets don’t use apply of electrical current. 
Instead, the magnetic field of a permanent magnet results 
from the mutual alignment of the very small magnetic    
fields produced by each of the atoms in the magnet. These 
atomic-level magnetic fields result principally from the spin 
and orbital movements of electrons [21]. 

 
Fig-2: Permag N406 

2.2 Description of the Setup 

The recirculating set up consists of a motor (0.5 HP) 
which performs the action of lifting water from the container 
and then make the water to flow through the magnetic flux 
which is fixed around the tube as shown in fig 4.5.This 
process of lifting water from the container and allowing it to 
flow through the magnetic flux is repeated for certain period 
of time. So the effect of flux induction will be more in water 
so that the harness in water reduces more. It is also 
illustrated in literature that the flow velocity should be 
around 0.6-1.0 m/s, so the instrument named auto-
transformer is used in the setup to reduce and maintain the 
flow velocity within the range specified [21].  

                
Fig-3: Preparation of Magnetized Water 

3. Properties of Materials   

                 The materials involved in this project are as 
follows with the respective test results, 

1. Water (Normal & Magnetized water)  

2. Cement 

3. Coarse & Fine aggregate           

3.1 Physical Properties of Water 

Table 1: Physical Properties of Water. 

S.No Parameters(mg/lit) NW MW 
Permissible 
value as per 
code IS 3025 

1. pH value 6.68 7.87 9 

2. Hardness  533 325 
500 

3. Permanent harness  425 365 

4. 
Total & dissolved      

solids  
700&
500 

500&
400 

1500 

5. Sulphate content  800 690 1500 

6. Chloride content  338 192 
1500 to 

2000 

3.2 Physical Properties of Cement  

Table 2: Physical Properties of Cement. 

S.No Parameters NW MW 

Permissible 
value as per 

code IS 
12269-
1987 

1. Specific gravity 3.10 3.15 

2. Standard consistency  29% 31% - 

3. Initial setting time 
30 

Mins 
40 

Mins 
Min 30 

Mins 

4. Final setting time 
510 
Mins 

570 
Mins 

Max 600 
Mins 
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3.3 Physical Properties of Fine Aggregate  

Table 3: Physical Properties of Fine Aggregate. 

S.No Parameters NW MW 

Permissible 
value as per 

code IS 
2386- 1983 

1. Specific gravity 2.60 2.63 3 

2. 
Water 

Absorption  
0.5% 2% 

3.4 Physical Properties of Coarse Aggregate  

Table 4: Physical Properties of Coarse Aggregate. 

S.No Parameters NW MW 

Permissible 
value as per 

code IS 2386- 
1983 

1. 
Specific 
gravity 

2.70 2.78 2.5 to 3% 

2. 
Water 

Absorption  
1.2% 0.2 to 2% 

4. EXPEERIMENTAL INVERSTIGATIONS 

4.1 Slump Cone Test 

Slump test is a measurement of concrete 
workability. Table shows that an increase between 20% was 
achieved in slump when magnetic water is used. It is 
explained by the very fact that an additional same lattice of 
recent formations of hydrous cement minerals is developed 
once mixed with Magnetic Water. Plasticity levels depend 
on the quality of cement paste used and because magnetic 
treatment influences paste qualities, the level of concrete's 
plasticity change, when using Magnetic Water for kneading 
of cement [22]. 

Table 5: Slump Cone Test. 

S.No Type of water 
Slump 
value  
(mm) 

Slump 
type 

Degree of 
Workability 

1 Normal water 65 
True 

slump 
Medium 

2 
Magnetized 

water 
75 

True 
slump 

Medium 

4.2 Compressive Strength Test 

The cube specimens are tested for compressive 
strength at 28 days. f = P/A N/mm2 the results of the 
compressive strength tests on concrete cubes are shown in 
Table. 

Table 6: Compressive Strength Test. 

Type of 
Concrete 

Compressive strength in 
Mpa 

Average 
stresses in 

N/mm2 
Spc 1 Spc  2 Spc 3 

NWC 27.30 27.80 28.50 27.53 

MWC 37.38 37.77 38.35 37.83 

 
Inference: From the table, compressive strength of 
specimens using magnetized water is slightly greater than 
compressive strength of cubes using normal water, it’s by 
37.41 % increase. 

4.3 Durability Properties 

In order to obtain the durability of magnetized water 
concrete the following tests have been conducted and test 
results were discussed.   

 Acid attack on concrete   

 Sulphate attack on concrete   

 Chloride attack on concrete   

 Rapid Chloride Penetration Test  

 Water absorption test   

 SEM & EADX analysis of concrete  

4.3.1 Acid attack on concrete 

The sulphuric acid solution was prepared by adding 
3% sulphuric acid 1N (by volume of water) to 20 liters of 
distilled water. The concrete cubes were then immersed in 
3% sulphuric acid solution for a period of 90 days. The 
observations were then made after 90days from the date of 
immersion in sulphuric acid solution. After taking out from 
immersion and drying, the surfaces of the cubes were 
cleaned and they were kept in room temperature for a 
period of 24 hours, the compressive strength and loss of 
weight were calculated. 

Inference: From the graph, the average decreasing 
percentage of compressive strength using magnetized water 
concrete of 0.75 is slightly lower than normal water concrete 
of 6.48. 
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Fig-4: Compressive Strength Loss After Acid Attack 

4.3.2 Chloride attack on Concrete 

The NaCl solution was prepared by adding 3% 
sodium chloride salt (by volume of water) to 30 liters of 
distilled water. In this experimental study on the concrete 
cubes were immersed in 3% sodium chloride (1N NaCl) 
solution for a period of 90 days. The observations were then 
made after 90days from the date of immersion in sodium 
chloride solution. After taking out from immersion and 
drying, the surfaces of the cubes were cleaned and they were 
kept in room temperature for a period of 24 hours. 

Table 7: Chloride Attack on Concrete. 

Inference: From the table, the average percentage of 
increasing compressive strength of magnetized water 
concrete is 21.79 are greater than normal water concrete of 
9.54. 

4.3.3 Sulphate Attack on Concrete 

Sulphate attack test was carried out by using the 
concrete cubes of sizes 150 mm × 150 mm ×150 mm. the 
concrete cubes were dried in normal room temperature after 
28 days of curing and the weight (W1) of cubes was noted. 
The sodium sulphate solution was prepared by adding 3% of 
MgSo4 (by volume of the water) to 30 liters of distilled water. 
In this experimental study, the concrete cubes were 
immersed in magnesium sulphate solution for a period of 90 
days. The observations were then made after a period of 90 

days from the date of immersion in magnesium sulphate 
solution. A characteristic whitish appearance was the 
indication of sulphate attack. After taking out from 
immersion and drying, the surfaces of the cubes were 
cleaned and they were kept in room temperature for a 
period of 24 hours. 

 

Fig-5: Compressive Strength Loss After Sulphate Attack 

Inference: Above table are shows the decreasing weight of 
specimens using magnetized water concrete are slightly 
greater about 0.75% than normal water concrete of 3.52%. 
The decreasing compressive strength of specimen using 
magnetized water concrete is decreased about 0.75% than 
normal water concrete of 2.7%.   

4.3.4 Rapid chloride penetration test  

The rapid chloride penetration test (RCPT) was 
performed as per ASTM C 1202 to determine the electrical 
conductance of normal water concrete and magnetized 
water concrete at an age of 28 days curing and to provide a 
rapid indication of its resistance to the penetration of 
chloride ions. 

In this method consisted of monitoring the amount 
of electrical current passed through 51mm thick slices of 
102mm nominal diameter of cylindrical specimens for 
duration of six hours. The rapid chloride penetration test 
apparatus consisted of two reservoirs. The specimen was 
fixed between two reservoirs. The specimen was fixed 
between two reservoirs using an epoxy bonding agent to 
make the test set up leak proof. One reservoir (connected to 
the positive terminal of the direct current source) was filled 
with 0.3 N sodium hydroxide solutions and the other 
reservoir (connected to the negative terminal of the direct 
current source) with 3% sodium chloride solution. A DC of 
60V was applied and maintained across the specimen by 
using two stainless steel electrodes (meshes) and the current 
across the specimen was recorded at 30 minutes interval for 
duration of six hours. 

 

 

 

S. 

N
o 

Type of 
concrete 

% of 
loss of 
weight 

Compressive 
strength in 

N/mm²( After 
attack) 

Avg % of 
increasing 
in strength 

Spc 
1 

Spc 
2 

Spc 
3 

1 NWC 0.38 30 31.6 30.9 9.54 

2 MWC 0.25 43.5 57.6 43.9 21.79 
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Table 8: RCPT Test 

S.no 
Type of 

concrete 

%  
increase 
of weight 

after 
RCPT test 

RCPT 
values in 
coulombs 

Chloride ion 
penetrability 

1 NWC 1.07 3013.90 Moderate  

2 MWC 0.72 1782.66 Low  

Inference: From the table, the rate of chloride ion 
penetration of magnetized water concrete is very lower than 
normal water concrete. 

 

Fig-6: RCPT Test 

4.3.5 Water absorption test on concrete  

 Water absorption is one of the important 
parameters, which affects the durability of the structure due 
to the corrosion of steel reinforcement. The test specimens 
of 150mm x 150mm x 150mm cubes were dried at a 
temperature of 105°c for a period of 72 hours with the help 
of an oven. The dried specimens were cooled at the room 
temperature and the corresponding dry weight was noted. 
The dried specimens were immersed in water for a period of 
24 hours. After 24 hours the weight of the concrete cubes 
was taken.       

Table 9: Water Absorption of Concrete.                                                                                                 

S.No 
Type of 

concrete 

% of water 
absorption at 28 days 

Avg % of 
water 

absorption 
Spc 1 Spc 2 Spc 3 

1 NWC 2.69 2.84 2.11 2.546 

2 MWC 1.77 1.33 1.23 1.44 

Inference: From the test results, it has been absorbed that 
the capillary rise of water is stopped after the third day of 
immersion. Good concrete according to BS 1881-Part 5 has 
absorption values of less than 3%.The percentage of water 

absorbed of  magnetized water concrete was lower when 
compared normal water concrete. 

4.3.6 SEM & EADX analysis on concrete  

Scanning Electron Microscope (SEM) analysis can be 
used to visualize the presence of calcite crystals precipitated 
on concrete specimens. The broken pieces of cube specimens 
obtained from compressive strength test and the 
precipitates in the cracks of concrete specimens, used for 
quantification of crack healing test were collected and 
subjected to SEM and EDX analysis.   

a) SEM images of sample at magnification level 
20,000X. 

b) EDX analysis of sample at 20 Kev  
 

 

Fig -7:  a) SEM& b) EADX analysis of sample 

Table 10 Percentage of concentration values driven 
from EDX analysis 

S.no 
Element X-ray 

line 
Compound % Formula 

1 K  –k 19 Na2O 

2 Mg – k 13 MgO 

3 Si – k 14 SiO2 

4 Ca- k 20 CaO 

5 Fe – k 26 Fe 

6 O – k 8 O2  

Total – 100% 
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Inference: The SEM image of magnetized water concrete 
sample presents large amounts of white blackly crystals with 
the fine granular crystals on the surface, shown in figure 
6.10. The EDS analysis identifies the existence of sodium, 
silicon, calcium and sulfur. According to the EDS results, it is 
supposed that these white blackly crystals are gypsum and 
mirabilite, and the fine granular crystals are thenardite, and 
the bar-like particles are ettringite. There are large 
quantities of needle-like crystals, as well as some white 
crystals with the fine granular particles on the surface. 
According to the EDS analysis, these needle-like crystals are 
ettringite, and the white crystals are gypsum and mirabilite, 
and the fine granular particles are thenardite.  

5. CONCLUSIONS 

The following conclusions were drawn within the 
limitation of experimental investigations. From the research 
study carried out, it was compared that the concrete with 
normal and magnetized water has shown improvements in 
the strength and durability characteristics of concrete.  

 As the recirculation time is increases, when the pH 
value of magnetized water also increases from 6.68 to 
7.87 about 1 hour.  

 The workability of concrete is increases than normal 
water, when the slump value of magnetized water is 
75mm with water/cement ratio 0.30. 

 The average compressive strength of specimens using 
magnetized water is 37.41 % slightly greater than 
compressive strength of cubes using normal water. 

 The performance of acid attack, the average decreasing 
percentage of compressive strength using magnetized 
water concrete is 0.75  slightly lower than normal 
water concrete of 6.48. 

 For durability properties to compare the concrete with 
magnetized water concrete are shows better results 
than normal water concrete. 

 The recirculation period is increases, and then the salt 
and mineral content are reduced. In this technology, 
greatly achieve the durability and strength of concrete 
without adding any chemicals. And it is one of the cost-
effective and eco-friendly technologies.   
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