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Mechanical properties and freeze-thaw resistances  

of bronze-concrete composites 
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A B S T R A C T 

Studies in the literature show that the physical and mechanical properties of concrete 
could be improved by the incorporation of different kinds of industrial waste, includ-

ing waste tire rubber and tire steel. Recycling of waste is important for economic gain 

and to curb environmental problems. In this study, finely ground CuAl10Ni bronze is 

used to improve the physical and mechanical properties, and freeze-thaw resistances 

of C30 concrete. The density, cold crushing strength, 3-point bending strength, elastic 
modulus, toughness, and freeze-thaw resistances of concrete are determined. In ad-

dition, the Schmidt Rebound Hammer (SRH) and the ultrasonic pulse velocity (UPV) 

tests, which are non-destructive test methods, are applied. SEM/EDX analyses are 

also carried out. It is noted that a more compacted structure of concrete is achieved 

with the addition of bronze sawdust. Then higher density and strength values are 

obtained for concretes that are produced by bronze addition. In addition, concretes 

including bronze sawdust generally show higher toughness due to high plastic en-

ergy capacities than pure concrete. 
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1. Introduction 

Concrete is the most commonly used construction 
material, which is produced by a proportioned mixture 
of cement, sand and gravel or other fine or coarse aggre-
gates and water, then hardened in forms in the shape of 
desired structures (Nilson and Winter, 1991).  

Concrete does not always satisfy requirements, in-
cluding low density, high toughness, and high impact re-
sistance (Topçu, 1995). Reinforcement, especially round 
steel rods, is placed in forms in advance of the concrete 
to provide interlocking (Nilson and Winter, 1991). The 
addition of steel fibers as reinforcement in concrete, pro-
vides improvement in most mechanical properties (Ra-
makrishnan and Coyle, 1983; Balaguru and Ramakrish-
nan, 1987; Ramakrishnan and Coyle, 1983).  

Waste materials have recently been employed in con-
crete structures in order to improve the physical prop-
erties of the concrete (Topçu, 1995). It is important to 
investigate other sources of raw materials in order to 

achieve a greener concrete by reducing the consumption 
of natural resources (Rahal, 2007). The authors believe 
that recycled steel bead concrete will have better me-
chanical properties than that of concrete made with the 
addition of recycled tire products (Bignozzi and Sandro-
lini, 2006). Similarly, results from a number of studies 
suggest that a loss in strength could be minimized through 
the use of rubber tire particles, which can lead to environ-
mental problems (Lee et al., 1993; Raghavan et al., 1998; 
Li et al., 1998; Segre and Joekes, 2000). However, rubber-
ized concrete generally shows greater toughness than tra-
ditional concrete (Bignozzi and Sandrolini, 2006). 

The service life of concrete structures, and also the de-
terioration of concrete when subjected to multi-damag-
ing processes, such as freeze-thaw cycling and chloride 
attacks, are also quite important (Sun et al., 2002). Water 
that penetrates into the porosities of concrete is the 
main cause of degradation of building materials. When 
concrete is subjected to temperature cycles, as tempera-
ture lowers, water freezes to ice and expansion of voids 
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occur, whereas when the temperature increases ice 
melts to water, so the concrete deteriorates rapidly due 
to freezing and thawing (Polat et al., 2010). 

In this study, with the addition of bronze that could 
adapt to a concrete structure with its Al content, improv-
ing mechanical properties, certain thermal properties 
such as the freeze-thaw resistance of concrete is re-
searched. There has been no study to date in the litera-
ture on the use of bronze waste in concrete. 

Damage analysis in composite materials after experi-
mental study is extremely important in material in order 
to identify composite components and predict damage 
behavior in similar studies that will be designed (Gemi 
et al., 2019; Gemi et al., 2017; Özkılıç et al., 2020). The 
interface formed between the reinforcement and matrix 
components in composite materials, homogeneous 
structures and toughness mechanisms could be deter-
mined by micro damage analysis. In the literature, there 
have been many studies on the damage analysis of com-
posite materials during and after experimentation. In 
general, micro cracks, pull-out, debonding, reinforce-
ment and matrix damage have been observed (Gemi et 
al., 2018; Madenci et al., 2020; Gemi et al., 2020). In these 
studies, damage modes were determined by examination 

of general damage occurring between the composite and 
the composite components. 

 

2. Materials and Method 

C30 class dry ready mixed concrete was used in the 
experimental work. Finely ground CuAl10Ni bronze (Fig. 
1-a and -b), that was prepared by grinding in a ring mill 
for three minutes, was used as an additive material. After 
the C20 dry mixed concrete and ground CuAl10Ni 
bronze additives were weighed, they were mixed in a 
concrete mixer (Fig. 1-c) in a dry form for one minute 
without the addition of water. After this mixing, water 
was added up to 10% of the cement ratio and it was then 
mixed for five more minutes. After ensuring a homoge-
neous mixture, the concrete mortar was shaped by man-
ual compression into metal molds (Fig 1-d and -e). 

Concrete cubes of 5 cm3 in size, that were either pure 
or which incorporated 1%, 3% and 5% by mass of 
bronze sawdust were prepared for physical, cold crush-
ing and freeze-thaw tests. In addition, 25mm × 25mm × 
150mm beam samples were prepared for a three-point 
bending test.

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. 1. a) CuAl10Ni sawdust; b) Finely ground CuAl10Ni sawdust; c) Concrete mixer; d) and e) Metal molds.  
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All of the shaped concrete samples were cured for 
twenty-eight days in water. Open porosity and density 
measurements using the Archimedes principle (ASTM C-
642), cold crushing tests (ASTM C-109) for 5 cm3 con-
crete blocks, and a 3-point bending test (ASTM C-78) for 
25 mm×25 mm×150 mm beam concrete samples by the 
Shimadzu AGS-X device were performed, as can be seen 
in Fig. 2. 

 

Fig. 2. 3-point bending test: a) Test machine; b) Test sample. 

For the Schmidt Rebound Hammer (SRH) test 
method, the average compressive strength values of the 
samples were determined. In addition, the speed of the 
sound waves was determined by the ultrasonic pulse ve-
locity (UPV) test as a function of the porosities. 

Freeze-thaw resistance tests for 5 cm3 concrete 
blocks were conducted according to the ASTM C-666 
standard, using a freeze-thaw test cabinet at tempera-
tures of between -20°C and +20°C, totaling a 150-minute 
freeze-thaw cycle. Ten, twenty-five and fifty freeze-thaw 
cycles were applied, respectively. At the end of the ex-
periment, the mass loss and the cold crushing strength 
(CCS) results were examined. After the freeze-thaw test, 
the strength ratio (the percentage of retained strength) 
values for each material were calculated. 

 

3. Results and Discussion  

3.1.  Physical and mechanical properties of the 
concrete 

The physical and mechanical properties of the C30 
class concrete samples, obtained for cubes measuring 5 
cm3 in dimension and cured for twenty-eight days in wa-
ter, are given in Tables 1 and 2. 

Table 1. Density, open porosity and mechanical 
properties (cold crushing strength) of concrete samples 

produced with the bronze sawdust additive  
(C: Concrete, B: Bronze). 

Material 
Density 
(g/cm3) 

Open 
Porosity (%) 

Cold Crushing 
Strength (MPa) 

C 2.35 8.82 63.64 

C+1%B 2.37 8.78 65.48 

C+3%B 2.41 8.71 66.20 

C+5%B 2.42 8.38 67.76 

Table 2. Results of strength according to the 
Schmidt Rebound Hammer test (SRH) and the speed of 

the sound waves obtained from the ultrasonic pulse  
velocity (UPV) tests. 

Material 
Average strength 

(MPa) 
The speed of sound 

(m/s) 

C 53.57 4567 

C+5%B 57.24 4571 

 

According to the results, the average density, open po-
rosity, and CCS values of unreinforced concrete are 2.35 
g/cm3, 8.82%, and 63.64 MPa, respectively. Generally, 
the density and CCS values of the unreinforced concrete 
increased with the bronze sawdust additives, while the 
amount of open porosity decreased. Strength values 
were increased due to density values which also in-
creased. According to Nagrockiene et al. (2017), zeolite 
(hydrous alumino silicates) has a positive effect on com-
pressive strength, and density. It is thought that strong 
interfacial bonds could be achieved between the con-
crete and bronze sawdust due to the compatibility of alu-
minum content of each material. Maximum density and 
mechanical properties were achieved in the C+5%B ma-
terial. 

According to Siddique et al. (2007), with the inclusion 
of finer used foundry sand (UFS) rather than regular 
sand results in a denser concrete matrix, and also an in-
crease in compressive strength. Similarly, in our study, 
finely ground bronze sawdust could also fill the pores, 
causing an increase in density and strength. 

Generally, more compact concrete structure was ob-
tained by increasing the amount of bronze added, as can 
be seen in Fig. 3. Furthermore, deep cracks were seen in 
pure concrete (Fig. 3-a), and microcracks were seen in 
concrete that had been produced by the addition of 
bronze (Fig. 3-b-d). In addition, the depth of the mi-
crocracks decreased with an increase in bronze content. 
These microcracks also could provide higher strength 
due to their smaller depth and greater toughness by act-
ing as a barrier to newly-formed cracks or microcrack 
bridging. 

The SRH strength and the speed of the sound wave re-
sults (UPV tests) are given in Table 2. Concrete produced 
with the addition of 5% bronze sawdust had greater 
strength than unreinforced concrete, similar to CCS val-
ues. As the porosity of the samples increased, strength 
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increased and the speed of sound passing through these 
samples decreased. 

According to the 3-point bending test results (Fig. 4), 
the strength and toughness values of the concrete in-
creased, while the elastic modulus values decreased with 
the addition of bronze sawdust.  

It is thought that plastic energy capacities began to in-
crease with the addition of bronze. Greater strength and 
toughness are the result of concrete samples incorporat-
ing finely ground bronze sawdust due to their high plas-
tic energy compared to pure concrete. The main brittle 
concrete matrix was strengthened by the addition of 
more ductile bronze.

 

Fig. 3. 5 cm3 square prism concrete materials: a) Pure C; b) C+1%B; c) C+3%B; d) C+5%B. 

 

Fig. 4. 3-point bending test results of the concrete.  
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3.2. SEM analysis of concrete samples  

Even though porosities and microcracks, generally 
denser in structure for unreinforced concrete, can be 
seen (Fig. 5-a). Strong bonding can be observed at the in-
terfaces between the white color bronze grains and the 
gray concrete matrix grains in Fig. 5.  

This confirms the idea that the density of this con-
crete, that was prepared with a 5% bronze sawdust ad-
dition, is close to that of the unreinforced concrete sample. 
It is thought that the CCS, 3-point bending and toughness 

values increased because there was no significant de-
crease in density and the bronze material was ductile 
(Fig. 6). In addition, the distribution of Cu, Al, Ni ele-
ments are in the same region, and these granules are 
with the addition of bronze sawdust in Fig. 7.  

According to the distribution of elements in the con-
crete samples (Table 3), it can be seen that Ca, Si, Al, that 
are present in the cement phases, exist predominantly in 
pure concrete. While concrete containing bronze saw-
dust has a higher content of Cu, Al, Ni elements, these 
were the main constituents of the bronze material.

 

Fig. 5. SEM images of: a) Unreinforced (C); b) C+5%B (1000X). 

 

Fig. 6. a) Microstructure; b) Colored microstructure, elemental distribution of pure concrete;  
c) O; d) Na; e) Mg; f) Al; g) Si; h) S; i) K; j) Ca; k) Fe (1000X). 
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Fig. 7. a) Microstructure; b) Colored microstructure, elemental distribution of pure C+5%B;  
c) C; d) O; e) Na; f) Mg; g) Al; h) Si; i) S; j) K; k) Ca; l) Fe; m) Ni; n) Cu (1000X). 
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Table 3. EDX analysis of concrete samples. 

Elements 
(%) 

Materials 

C C+5%B 

O 14.39 10.07 

Na 1.26 1.15 

Mg 2.59 1.13 

Al 4.13 6.13 

Si 12.04 9.74 

S 3.19 4.89 

K 2.1 2.49 

Ca 58.97 32.87 

Fe 1.43 3.47 

Ni 0 2.24 

Cu 0 25.82 

3.3. Freeze-thaw results 

The CCS and strength ratio of the concrete samples af-
ter ten, twenty-five and fifty freeze-thaw cycles are given 
in Fig. 8. 

Generally, the CCS values decreased as the number of 
freeze-thaw cycles increased due to the content of struc-
tural defects, such as porosity and microcracks, increas-
ing. Neither pure concrete nor concrete incorporating 
bronze sawdust, could further retain strength values 
with the freeze-thaw cycles. This means that the ener-
gies of new microcracks, formed after the freeze-thaw 
cycles, were not absorbed by the concrete. 

After the freeze-thaw test, the mass of pure concrete 
material decreased gradually with the freeze-thaw cy-
cles, due to an increase of structural defects. On the other 
hand, the weight of the bronze-added concrete material 
slightly increased (Table 4).

 

Fig. 8. a) Strength and b) strength ratio values of the concretes  
according to freeze-thaw cycles after freeze-thaw testing. 
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Table 4. Mass measurements of samples subjected to freeze-thaw cycles. 

Material 
Mass before  

freeze-thaw test 
(g) 

Mass after  
10 freeze-thaw cycle 

(g) 

Mass after  
25 freeze-thaw cycle 

(g) 

Mass after  
50 freeze-thaw cycle 

(g) 

C 302.77 299.08 298.54 293.68 

C+5%B 316.81 319.22 316.71 316.32 

According to the SEM images that can be seen in Fig. 
9, and an EDX analysis (Table 5) of the concrete after the 
freeze-thaw tests, it was found that the concrete matrix 
was affected by the freeze-thaw tests, with a loss of ma-
terial, particularly with the percentages of Ca and Si de-
creasing. In the case of the bronze doped concrete, the 
decrease in the percentage of Ca and Si caused an in-
crease in oxygen and Cu percentages. 

When the colored microstructure and elements distri-
bution were examined, it was seen that the content of ox-
ygen and bronze was not high in the same regions, mean-
ing that the bronze particles were slightly oxidized. How-
ever, the Cl ions were in the regions where both the con-
crete matrix and the Cu element were present. It was 
thought that chloride ions entered into the concrete ma-
trix and a type of corrosion known as bronze cancer, a 
chemical change caused by copper and its alloys and 
chloride ions, had occurred. These changes are thought 
to cause a mass gain of concrete materials. During the 
bronchial cancer process, free chlorine ions react with 
each other to form copper (I) chloride, called nantocite, 
as a first layer on the metal surface. 

2Cu+ + 2Cl- → Cu2Cl2       

or      

Cu+ + Cl-→ CuCl (nantocite) 

In the presence of chlorine ions, nantocite converts to 
basic copper (II) chloride in a humid and oxygenated en-
vironment (Ozbay, 2018). 

2Cu2Cl2 + 4H2O + O2 → CuCl2∙3Cu(OH)2 + 2HCl 

Hydrochloric acid HCl, which is released as a result of 
this reaction, reacts with oxygen to create metallic cor-
rosion.  

2CuO+ 2HCl + ½O2 → Cu2Cl2 + H2O 

Cu2O + 2HCl → Cu2Cl2 + H2O 

Reactions continue until all the metal corrosion and 
stabilized metal corrosion products are converted into 
basic copper (II) chloride (Ozbay, 2018).

 

Fig. 9. After freeze-thaw test: a) Microstructure; b) Colored microstructure, elemental distributions of C+5%B;  
c) Ca; d) Cu; e) O; f) Si; g) Fe; h) Al; i) Ni; j) K; k) C; l) S; m) Mg; n) Cl; o) Na (1000X). 
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Table 5. EDX analysis of C+5%B material  
before and after freeze-thaw testing. 

Element 
Before freeze-thaw test  

(%) 
After freeze-thaw test 

(%) 

O 10.07 18.54 

Ca 32.87 15.73 

Fe 3.47 4.41 

Ni 2.24 3.31 

Cu 25.82 51.09 

Cl 0 0.05 

Na 1.15 0.28 

Mg 1.13 0.78 

K 2.49 0.50 

Al 6.13 2.84 

Si 9.74 2.48 

S 4.89 0.01 

 

Fracture surface images of the concrete materials, be-
fore and after the freeze-thaw test, are given in Fig. 10. 
Before the freeze-thaw test, transgranular cracks for 
pure concrete were dominant, but after the freeze-thaw 
test, generally both the transgranular and intergranular 
cracks were found in pure material. Transgranular and 
intergranular cracks, dominantly transgranular crack for 
bigger grains, were observed together in the C+5%B ma-
terial, both before and after the freeze-thaw tests. This 

transition from an intergranular fracture type to a trans-
granular fracture type was also influenced by a decrease 
in mechanical properties. 

 

4. Conclusions 

The highest density, strength and toughness values 
were obtained for C+5%B concrete, due to the ductility 
of the bronze and filling of the concrete voids with the 
addition of bronze. 

The energies of new microcracks formed after the 
freeze-thaw cycles were not absorbed by either pure 
concrete or concrete incorporating bronze sawdust. It 
can be concluded that the water absorption of the con-
crete incorporating bronze sawdust could cause a mass 
increase in the microstructure change as a result of a 
freeze-thaw action application. According to SEM-map-
ping images of C+5%B, the Cl ions were in the regions 
where both the concrete matrix and the Cu element were 
present. This indicates that chloride ions entered into 
the concrete matrix and corrosion, known as bronze can-
cer, occurred. 
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Fig. 10. Fracture surface images before freeze-thaw test:  
a) C; b) C+5%B and fracture surface analysis after freeze-thaw test; c) C; d) C+5%B (1000X).  
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A B S T R A C T 

Dispose of waste rubberized tires become a dangerous problem around the world, 
represented a big serious risk to the sur-rounded environment. Many studies show 

that over 1000 million tires reach their expired date yearly and this figure is antici-

pated to be 5000 million tires by reaching 2030. A minor part of them is employed as 

recycled materials and the residual amount is stockpiled or buried. This paper aimed 

to successfully utilize the vast amounts of tire rubber waste existing currently in 

landfills. This paper represents a practical investigation of the ductility performance 

of the reinforced rubberized concrete beams. Thirteen reinforced concrete beams 

simply supported, with waste rubber tires mixtures vary from 0 to 8 percentage as 

aggregates replacements, were tested by mid-span load. Therefore, to examine the 

ductility performance of reinforced rubberized concrete beams, three sets of samples 
were made. In the first group, coarse aggregates in the concrete mix were replaced 

by different percentages of the waste rubber partials, while for the second group, 

crumb rubber was replaced for the fine aggregates, and for the third one, a mix of 

waste and crumbed rubber were replaced for both types of aggregates. Experimental 

results of rubberized specimens were also compared with that of the reference beam 

(without rubber replacement), the comparison results declare that concrete contains 

rubber particles is less ductile than conventional concrete. 
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1. Introduction 

Concrete properties depended on aggregates type, ad-
ditives, and methodologies of preparation, now we can 
make an environmentally beneficial by using recycled 
material. One of the recycled materials is rubberized 
concrete in which a certain percentage of both coarse 
and fine aggregates can be partially replaced by waste 
particles of rubber. Vulcanized rubber material ex-
tracted from tires is highly durable, has good strength 
and deformability, and can maintain its volume under 
stress, thus making it an ideal material to replace min-
eral aggregate for highly deformable concrete. Rubber-
ized concrete has attracted a lot of attention from re-
searchers to research its effect on concrete mechanical 
properties (Guo et al., 2014; Sienkiewicz et al., 2017; 
Pham et al., 2019; Pham et al., 2020; Khusru et al., 2020). 
Many studies provided the advantages for rubberized 
concrete over the normal one, such as energy absorption 

capacity, lightweight, and acceptable workability. Re-
placing both types of aggregates with waste particles of 
rubber also enhanced the capacity of the energy absorp-
tion, and the fracture energy results in more ductile post-
cracking behavior (Wang et al., 2020). An experimental 
study has declared that the imparted energy per unit 
weight in the rubberized concrete is higher than that of 
the one without, rubberized concrete localized the dam-
age of the impacted load, led to slow down the stress 
wave velocity (Pham et al., 2020). From the durability 
view, the concrete with rubber particles is more vulner-
able to chloride, water, and chemical attacks, also the 
depth of carbonation is higher than the depth of carbon-
ation for normal concrete and increased by increasing 
the rubber percentage, indicating more exposure to steel 
corrosion (Pham et al., 2019). Although by comparing 
the estimation of service life for the normal concrete mix 
and that of rubberized concrete, it is clear that the ser-
vice life of the concrete contains rubbers particles is 
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shorter than that of normal concrete (Pham et al., 2019). 
On the opposite view, increasing the rubber replacement 
percentage results in a noticeable reduction in both com-
pressive, tensile strengths and the elasticity modulus of 
the concrete, it observed that replacing coarse aggregate 
results in great reduction than that of replacing fine one 
(Wang et al., 2020; Khatib and Bayomy, 1999; Hernan-
dez-Olivares et al., 2002; Boudaoud and Beddar, 2012; 
Zhu et al., 2018). More recently, it was also found that 
concrete contains rubber enhanced the lateral strain un-
der axial loading (Bompa et al., 2017; Raffoul et al., 
2017). In the way to reduce the disadvantages of the rub-
berized concrete, adding Fibber Reinforced Polymers in 
the crumb rubber concrete increase the strength of con-
crete contain rubber particles (Youssf et al., 2017). Using 
welded wire mesh improved the structural performance 
of the rubberized concrete beams in front of shear fail-
ure; the mode of failure changed from shear to flexural 
or compressive failure, deflections at failure increased 
by using both single and double layer of welded wire 
mesh. The highest rate of increase in maximum deflec-
tion was obtained in the case of using 20% of crumbed 
rubber (Sharaky et al., 2020). Some studies concluded that 
the phenomena of strain localization affect member duc-
tility. Fifty concrete slabs simply supported reinforced by 
welded wire mesh were tested to examine this phenom-
enon, the wire space and diameter were the two major 
parameters, the study explains the great effect of this 
phenomenon on the slab's ductility (Shwani et al., 2019). 

2. Experimental Program 

Thirteen simply supported reinforced concrete 
beams were tested under mid-span concentrated load, 
as shown in Fig. 1 and Table 1. The effect of replacing 
coarse and fine aggregates with rubber particles on the 
ductility and flexural capacity of the tested beams was 
experimentally examined. 

 

Fig. 1. Test setup.

Table 1. Mix proportion of the specimens (all amounts in kg for one cubic meter). 

Beam 
 

Cement Water Coarse agg. Fine agg. 
Waste 
rubber 

Crumbed 
rubber 

B1  450 170 1000 750 --- --- 

B2 

G
ro

u
p

 A
 

450 170 980 750 20 --- 

B3 450 170 960 750 40 --- 

B4 450 170 940 750 60 --- 

B5 450 170 920 750 80 --- 

B6 

G
ro

u
p

 B
 

450 170 1000 735 --- 15 

B7 450 170 1000 720 --- 30 

B8 450 170 1000 705 --- 45 

B9 450 170 1000 690 --- 60 

B10 

G
ro

u
p

 C
 

450 170 980 735 20 15 

B11 450 170 960 720 40 30 

B12 450 170 940 705 60 45 

B13 450 170 920 690 80 60 

2.1. Specimen details and test program 

All the tested reinforced concrete beams were cast 
with the same concrete dimensions (square cross-sec-
tion with 150 mm side length, and 1500 mm total length 
with 1300 mm net length). The main longitudinal tensile 
reinforcement of the tested beams was two deformed 
steel bars with a diameter of 12 mm, equivalent to the 
main reinforcement ratio of 0.01, with average yield 
strength, and tensile strengths of 37 and 54 kg/mm2 re-
spectively, and with an average elastic modulus of 20900 

kg/mm2. While the compressive reinforcement was two 
steel bars with a diameter of 12 mm (with the same 
properties of tension steel). Seven vertical mild steel 
closed stirrups with 8 mm diameter were used for shear 
resistance along the beam, with average yield strength, 
and tensile strengths of 24 and 36 kg/mm2 respectively, 
all-steel bars results were according to the direct tensile 
testes (ASTM E8/E8M–16), the arrangement of rein-
forcement are shown in Fig. 2. All beams were designed 
to have a flexural failure. Test specimens were divided 
into three groups (A, B and C) four beams for each, in 
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addition to reference beam B1 (without rubber replace-
ment). For the first group (A), the coarse aggregates 
were replaced by different volume percentages of waste 
tire rubber (2, 4, 6 and 8%) for beams (B2, B3, B4, B5) 
respectively. For the second group (B), crumb rubber 
was replaced for fine aggregates by different volume 
percentages of crumb rubber (2, 4, 6 and 8%) for beams 

(B6, B7, B8, B9) respectively. And for the third one (C), a 
mix of waste and crumbed rubber was replaced for both 
coarse and fine aggregates by different volume percent-
ages of rubber (2, 4, 6 and 8%) for beams (B10, B11, B12, 
B13) respectively. The identification and mix proportion 
of tested beams are illustrated in Table 1 (all values in 
kg/m3).

 

 

Fig. 2. Dimensions and reinforcement configuration of the specimens.

2.2. Material properties, mix proportion and casting 

For reference beam mixtures, the cement content and 
the water to cement ratio (w/c) were equal to 450 kg/m3 
and 0.37, respectively, in addition to 7.5 kg/m3 additive 
of superplasticizer (Sika ViscoCrete 3425), the fine and 
coarse aggregates contents were 750, 1000 kg/m3 re-
spectively, then the fine and coarse aggregates were re-
placed by volume with various percentage for each beam 
as indicated before. For all mixtures, dolomite with a 
nominal maximum size of 10 mm, fineness modulus of 
7.73 and air void contents of 0.45, was used as coarse ag-
gregate, while sand free from impurities and with fine-
ness modulus of 3.31 and air void contents of 0.35, was 
used in the mixture as fine aggregate. Rubber particles 
were produced by mechanical grinding of tire rubber 
waste. Waste tire and crumb rubber were with a nominal 
maximum size of 10 and 2 mm respectively, fineness 
modulus of 7.66, 4.9 respectively, and air void contents 
of 0.55, 0.5 respectively, waste tire and crumb rubber are 
shown in Fig. 3. The particles distribution analysis of all 
aggregates is shown in Table 2. A mechanical vibrator 
was used for compactions to avoid honeycombing and 
segregation. 

2.3. Test setup and instrumentation 

All beams were tested by using a hydraulic jack with 
a maximum capacity of 100000 kg, and a loading rate of 
500 kg/min, the load was applied to the beam mid-span, 
as shown in Fig. 1. The mid-span deflection was moni-
tored using linear variable different transformers 
(LVDT's) while the loads were recorded from a cali-
brated load cell. The deflection readings and loads were 
recorded using a data logger. 

 

Fig. 3. Rubber particles. 

Table 2. Particle distribution analysis. 

Sieve size 
(mm) 

Cumulative weight passing % 

Dolomite Sand Waste tire Crumb 

38 100 100 100 100 

25 100 100 100 100 

19 100 100 100 100 

10 27.2 100 29 100 

4.75 0.1 98.9 5.1 100 

2 0 92.3 0 11.2 

0.85 0 61.7 0 0.48 

0.425 0 13.1 0 0.24 

0.25 0 2.8 0 0.12 

0.15 0 0.4 0 0.08 
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3. Test Results and Discussion 

3.1. Concrete properties 

Table 3 shows the concrete mix properties, modulus 
of elasticity was calculated by empirical formula based 
on ACI 318-14. Fig. 4 shows the effect of waste and 
crumbed rubber replacement on the concrete compres-
sive strength (fcu). A reduction in the concrete compres-
sive strength was observed. The reduction reached (51, 
50 and 57 %) for groups (A, B and C) respectively, at a 
replacement percentage of 8% compared with that of the 
reference beam. It was observed that the reduction was 
greater in groups (B and C) than that for the group (A), 
the reduction was (14, 27 and 37%) for groups (A, B and 
C) respectively, at a replacement percentage of 4% com-
pared with that of the reference beam. On the other 
hand, the reduction in the tensile strength was (18, 34 
and 50%) for groups (A, B and C) respectively, at a re-
placement percentage of 4% compared with that of the 
reference beam, as shown in Fig. 5. The observed reduc-
tion in both compressive and tensile strength was due to 
the low stiffness and strength of rubber. 

Table 3. Concrete mix properties. 

Beam 
Compressive 

strength 
(kg/cm2) 

Tensile  
strength 
(kg/cm2) 

Modulus of  
elasticity 
(kg/cm2) 

B1 791 79 418009 

B2 784 70.6 416156 

B3 684 65.0 388710 

B4 493 39.5 330340 

B5 388 40.0 292761 

B6 671 60.4 384998 

B7 583 52.4 358865 

B8 485 38.8 326641 

B9 400 40.0 327317 

B10 567 45.3 356705 

B11 500 40.0 332340 

B12 385 38.8 291627 

B13 343 34.2 275261 

 
Fig. 4. Effect of rubber replacement on the concrete compressive strength. 

 
Fig. 5. Effect of rubber replacement on the concrete tensile strength.  
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3.2. Load capacity 

The experimental results of the tested beams are pre-
sented in Table 4.  

Table 4. Experimental results. 

Beam Py (kg) y (mm) Pu (kg) u (mm) DI 

B1 4590 5.26 5679 18.93 3.60 

B2 4707 6.27 5266 18.62 2.97 

B3 4798 6.47 5161 10.64 1.65 

B4 4692 6.41 4951 10.50 1.64 

B5 4714 6.33 4893 9.27 1.46 

B6 5169 6.52 5553 12.80 1.96 

B7 5050 7.84 5574 15.10 1.93 

B8 5230 7.20 5671 13.75 1.91 

B9 5371 6.70 5662 12.50 1.87 

B10 5483 6.10 5641 13.36 2.19 

B11 5128 6.19 5551 13.50 2.18 

B12 5227 6.22 5531 11.00 1.77 

B13 5105 6.36 5221 10.47 1.65 

 

The first column represents the beam identification, 
while the second and third column shows the yield load 
(Py) in (kg) and its corresponding mid-span deflection 
(y) in (mm), the fourth and fifth columns show the ulti-
mate load (Pu) in (kg) and its corresponding mid-span 
deflection (u) in (mm). The ductility index (DI) of the 
beams was reported in the sixth column. Finally, the fail-
ure mode was the same for all models (flexural failure). 
From Table 4, it was detected that the yield load of the 
beams with coarse aggregates (group A) replaced by (2, 
4, 6, 8%) increased by 3 % on average compared with the 
reference beam. Also, it was detected that the yield load 
of the beams with fine aggregates (group B) replaced by 
(2, 4, 6, 8%) increased by (12, 10, 14, 17%) respectively 
compared with the reference beam. While it was ob-
served that the yield load of the beams with both coarse 
and fine aggregates (group C) replaced by (2, 4, 6, 8%) 
increased by (19, 11, 14, 11%) respectively compared 
with the reference beam. The maximum load capacity of 
the beams with coarse aggregates (group A) replaced by 
(2, 4, 6, 8%) decreased by (8, 10, 13, 14%) respectively 
compared with the reference beam. Also, it was detected 
that the maximum load capacity of the beams with fine 
aggregates (group B) replaced by (2, 4, 6, 8%) decreased 
by 1% on average compared with the reference beam. 
While it was observed that the maximum load capacity 
of the beams with both coarse and fine aggregates, 
(group C) replaced by (2, 4, 6, 8%) decreased by (1, 1, 2, 
8%) respectively compared with the reference beam. 

3.3. Load-deflection relationship 

The relation between the loads and the values of mid-
span deflection obtained experimentally are plotted in 
Fig. 6 for a sample of tested beams. Results show that, in 
all cases of aggregates replacement (Group A, B and C), 
there was a convergence in deflection values at begin-
ning of loading between all beams, but at yield load, 
there was an increase in mid-span deflection equal to 
(20, 34 and 18%) on average for (Group A, B and C) re-
spectively compared with that of a beam with no aggre-
gates replacement. But at failure load, there was a de-
crease in mid-span deflection equal to (2, 44, 44 and 
51%) for (B2, B3, B4 and B5) respectively compared 
with that of a beam with no aggregates replacement 
(B1), decreasing record 30% on average for a group (B), 
and (30, 29, 42 and 45%) for (B10, B11, B12 and B13) 
respectively compared with that of a beam with no ag-
gregates replacement. Moreover, the partial replace-
ment of coarse and fine aggregate with rubber decreased 
the beam stiffness up to yield load, after that up to failure 
load the stiffness of reference beam was less than that 
with partially aggregates replacement. 

3.4. Failure modes 

Failure mode for all models was a flexural failure, (be-
gan with initiation of flexure cracks at the tension zone 
propagated towards the loading point followed by steel 
yielding before initiation of compressive crushing in the 
compression zone), as shown in Fig. 7. Aggregates re-
placement delayed the tension cracks initiation by (13, 
30 and 6% in average) for (Group A, B and C) respec-
tively compared with that of a beam with no aggregates 
replacement. 

3.5. Ductility 

Ductility index (DI) was defined as the ratio between 
the deflection at the ultimate load (Δu) and the deflection 
at the yielding load of the beams (Δy). The ductility index 
for all the test specimens was calculated and listed in Ta-
ble 4. It can be noticed that the ductility index decreased 
in all percentage of aggregates replacement showing low 
ductility, for coarse aggregates replacement, ductility in-
dex decreased by (18, 56, 56 and 60) for (B2, B3, B4 and 
B5) respectively compared with that of a beam with no 
aggregates replacement (B1). Also, for fine aggregate re-
placement, the ductility index de-creased by (47%) on 
average for (group B) compared with that of a beam with 
no aggregates replacement (B1). While increasing the 
percentage of coarse and fine aggregates replacement 
percentage from 2 to 8% results in decreasing the duc-
tility index by (40, 40, 50 and 54%) for (B10, B11, B12 
and B13) respectively compared with that of a beam 
with no aggregates replacement (B1). The above results 
assured the negative effect of the aggregates replace-
ment by rubber on the ductility index. 
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      (a) B2             (b) B5 

 

      (c) B6             (d) B8 

 

      (e) B11            (f) B13 

Fig. 6. Experimental load-deflection curves. 
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  (a) B1         (b) B2 

  

  (c) B3         (d) B4 

  

  (e) B5         (f) B6 

  

  (g) B7         (h) B8 

  

  (i) B9         (j) B10 

Fig. 7. (continued) 
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  (k) B11         (l) B12 

  

(m) B13 

Fig. 7. Failure modes of the beams.

4. Conclusions 

This paper represents an experimental investigation 
on the beam ductility and flexural performance of a 
simply supported rubberized concrete beam. The tested 
models were cast utilizing rubberized and normal con-
crete with different percentages of rubber replacement. 
Based on the experimental results, the subsequent con-
clusions are drawn:  
 When the coarse or fine aggregate partial was re-

placed by 4% waste or crumbed rubber, the value of 
compressive strength was (14 and 27%) respectively 
lower than that of specimens without rubber replace-
ment. Moreover, by increasing the percentage of 
coarse or fine aggregate replacement to 8% the value 
of the compressive strength decreased by 50% for 
both when compared to that of concrete without rub-
ber replacement. 

 When the coarse and fine aggregate partial was re-
placed by 2% waste and crumbed rubber, the value of 
compressive strength was 30% lower than that of 
specimens without rubber replacement. Moreover, by 
increasing the percentage of rubber replacement to 
8% the value of the compressive strength decreased 
by 57% when compared to that of concrete without 
rubber replacement. 

 The beams cast with rubber replacement for coarse 
aggregates showed a decrease in the beam load capac-
ity than those without by 10% on average, while that 
with fine aggregates replacement showed a slight de-
crease.  

 The beams cast with rubber replacement for both 
coarse and fine aggregates showed a slight decrease 
in the load capacity than those without, while that 
with rubber replacement of 8% showed a decrease of 
10% in the load capacity than those without.  

 The partial replacement of coarse and fine aggregates 
with rubber decreased the beam stiffness up to yield 
load, after that up to failure load the stiffness of beam 
with no aggregates replacement was less than that 
with partially aggregates replacement. 

 The partial replacement of coarse and fine aggregates 
with rubber does not affect the beam failure mode. 
The partial replacement of coarse and fine aggregates 
with rubber delayed the tension cracks initiation by 
(13, 30 and 6 %) for (coarse, fine, coarse, and fine ag-
gregates replacement) respectively compared with 
that of a beam with no aggregates replacement. 

 The partial replacement of coarse and fine aggregates 
with rubber harms the beam ductility. Increasing the 
aggregates replacement up to 8%, resulting in de-
creasing the ductility index to (60, 48 and 54 %) for 
coarse, fine, both coarse and fine aggregates replace-
ment respectively, compared with that of a beam with 
no aggregates replacement. 
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A B S T R A C T 

The water utilized in concrete manufacture plays an important role within the con-
crete mix, beginning from controlling the process of hydration of cement, besides ap-

propriate curing to achieve the required strength, not to mention controlling the 

workability and durability of the concrete structure. The utmost significant challenge 

for concrete technology is to improve the properties of concrete. Nowadays, the en-

gineering field needs to produce structures in harmony with the concept of sustain-

able development through the utilization of high-performance materials with an eco-
friendly impact that is produced at a low-cost. The magnetic water (MW) provides 

one of the utmost towards this objective. The cost of magnetizing water is low be-

cause of the simple instruments used and the cost can be adapted to the scale of the 

work. In the last two decades, a new technology, so-called MW technology, has been 

extended to use in concrete manufacturing. Therefore, currently, the researchers are 

interested in the use of MW in the manufacture of cementitious materials helping to 

rationalize the cement usage and reducing reliance on chemical additives that have a 

negative environmental impact. Consequently, this paper presents the effect of the 

magnetization process in the structure of water molecules, the main properties of 

water. Additionally, the effect of using MW on the fresh and mechanical properties, 

as well as the durability characteristics and performance of cementitious materials 

have been reviewed. Moreover, the factors that affect the magnetization process of 
water, which highlighted discuss in this study. The results revealed that using MW 

significantly enhances the flowability and the characteristic strengths of cementi-

tious materials as well as the durability properties. 
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1. Introduction 

Water is an important constituent of cement con-
crete as it actively participates in the chemical reaction 
with cement (Shetty, 2005). It plays a vital role not only 
in the hydration process of cement, but concrete fresh 
properties, hardened properties, microstructure, and 
overall durability properties of concrete as well. Water 
used for manufacturing as well as curing of concrete 
should be clean and free from any other contaminations 
that may be led to undesirable performance to cement 
or steel in concrete. Generally, the water used for mak-
ing and curing the concrete is drinkable water except 

for the biological requirements (Goel and Kumar, 
2014).  

Water consumption is rising with population 
growth and inhabitants needs. The industrial sector 
comes in second place with 20% water consumption 
after the agricultural sector which accounts for 70% of 
water use (UN-Water Statistics, 2014). In concrete pro-
duction practice, there are more than one billion tons 
of water consumed each year (Pang and Zhu, 2013). 
Since it is considered the lifeline, it should be rational-
izing its consumption and maximize the use of it, and 
the use of Magnetic Water (MW) in various fields seeks 
to do so. 
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In October 1993, the government of the Russian is-
sued a Federal Program, in which applications of MW 
were recommended (State Construction Committee of 
Russia, 1993; Tkatchenko, 2004). These applications 
were not limited to the construction industry but in-
cluded potential benefits in the domains of health, en-
ergy savings, and agriculture applications, among others. 
This recommendation was the basis for research work to 
take place in Russia and elsewhere to explore the poten-
tial merit in economization on cementing and ferrocon-
crete reinforcement, enhancing concrete performance, 
increase the life of constructions which, in its turn, lead 
to reducing corresponding construction costs. 

The use of MW has been increasing in the applica-
tions and fields due to the development of magnetic de-
vices. By using a permanent magnet, the magnetization 
process of water is simple to apply in concrete mixing 
plants, and economic method regarding the energy con-
sumption if compared to using electromagnets 
(Esmaeilnezhad et al., 2017). 

The target of this review study is to collect and com-
pare the previous researches in MW concrete field as 
there are many merits of using this technology in con-
crete manufacture and to be a good reference to the re-
searchers as there is still a need for more researches in 
that field. Despite, comprehensive data are available on 
the fresh and hardened properties of concrete when 
made with MW at various levels, the data are particularly 
scarce when it comes to durability and long-term effects 
of this relatively new concrete manufacturing approach. 

2. The Role of Magnetization in the Structure of 
Water Molecules 

Water chemistry (mineralogy, types of ions present, 
total dissolved solids, pH, etc.) is a key factor in concrete 
production that affects the mechanical properties of con-
crete, mainly its compressive strength, flexural strength, 
water absorption, workability, and durability (Hover, 
2011; Wei et al., 2017). MW can be produced when Reg-
ular Water (RW) passes through a magnetic field with 
relatively slow velocity. When that happens, some defi-
nite changes occur in its molecular, mechanical, physical, 
electromagnetic, and thermodynamic properties com-
pared to RW (Esfahani et al., 2018; Harsha, and Sruthi, 

2018). The molecules of RW are not separated due to the 
existence of hydrogen bonds. The water molecules tend 
to be attracted to each other, forming clusters. Mean-
while, RW passes through or in the vicinity of a magnetic 
field, the size of these clusters and the number of 
grouped molecules declines (Zhou et al., 2000; 
Esmaeilnezhad et al., 2017). Moreover, the magnetic 
fields weakened the clusters’ hydrogen bonds, diminish-
ing the larger clusters and forming smaller ones with 
stronger hydrogen bonds (Toledo et al., 2008; Reddy et 
al., 2014a; Jain et al., 2017). Australian Fluid Energy, 
(1996) reported that the molecule clusters of MW have 
a lower degree of consolidation, and the volume of mol-
ecules is more uniform if compared with those of RW. 
Additionally, Harsha, and Sruthi, (2018) attribute the 
speed, ease completeness of the cement hydration pro-
cess when using MW to the following reason. By passing 
the water through a magnetic field, the water molecules 
will lose their attractive and repulsive forces and then 
will be reoriented, and the neutralized molecules of wa-
ter are more easily attracted to the electrostatic fields 
which naturally contained by cement grains. The effect of 
the magnetic field on water molecules is schematically 
shown in Fig. 1 (Taghried et al., 2017). As is observed, Fig. 
1(a) illustrates water molecules arrangement in normal 
temperature. Water molecules tend to form clusters with 
hydrogen bonds, while these clusters are disintegrated 
due to the applied magnetic field as shown in Fig. 1(b). 

It also has been confirmed by using the light spectrum 
that, the bond angle decreases from 104.5° to 103° due 
to the exposure to the magnetic field, which deflects and 
squeezes the bond pairs to be closer together as shown 
in Fig. 2 (Reddy et al., 2014a). Moreover, Taghried et al. 
(2017) reported that the structure of water is aligned in 
one direction after magnetization, and the molecule sizes 
change after the bond angle changes, penultimate, vis-
cosity and surface tension decreased by magnetization, 
and eventually the hydration rate increases. Due to the 
smaller size of MW molecules, the water layer surround-
ing the cement is thinner than RW molecules, therefore 
less water demand will be required which has merits for 
hardened concrete properties. There are many research-
ers who confirmed the effect of the magnetic field in im-
proving hydrogen bonding (Inaba et al., 2004; Cai et al., 
2009). 

  

Fig. 1. The effect of the magnetic field on water molecules:  
(a) Before magnetic treatment; (b) After magnetic treatment (Taghried et al., 2017). 

(a) (b) 



60 Ghazy et al. / Challenge Journal of Concrete Research Letters 12 (2) (2021) 58–71  

 

 

Fig. 2. The decrease in bonding in MW molecule (Reddy et al., 2014a).

By mixing the water and cement, the hydration pro-
cess will firstly take place on the surface of the cement 
particles. Therefore, a thin layer of hydration products is 
created on the cement particles, which obstruct the fur-
ther hydration of the cement particles. This action will 
obstruct the rate of gaining mechanical strength (Su et 
al., 2000; Jain et al., 2017). On the other hand, using MW 
decreases the accumulation of cement particles and 
helps the water molecules to penetrate more easily into 
the cement particles. Therefore, the hydration process 
will be done proficiently, which in its turn improves the 
mechanical properties of concrete (Nan and Chea-Fang, 
2003; Jain et al., 2017; Wei et al., 2017; Gholhaki et al., 
2018). Furthermore, Wang et al. (2011b) attributed the 
ease of MW penetration to cement grains to the loose 
connection between single polar molecules (O-2 and H+) 
and the water molecules. There are also other merits of 
incorporating MW into the concrete. Firstly, it improves 
durability properties; it also reduces or may prevent the 
use of chemical admixtures to increase compressive 
strength (Jain et al., 2017). Chau (1996) and Afshin et al. 
(2010) also reported that using MW decreases the 
amount of cement that is used to produce concrete mixes 
by about 5%, and it can also prevent the freezing of con-
crete mixes. Taghried et al. (2017) also concluded that 
cement content can be reduced up to 75 % without af-
fecting compressive strength by using MW in concrete. 
In the same direction Afshin et al. (2010) determined 
that, with the same slump and compressive strength, ce-
ment content could be reduced by 28% in the case of 
magnetic concrete. Additionally, Al-Maliki et al. (2020) 
concluded that MW can be used to decrease the cement 
content up to 7.5% without affecting the concrete 
strength and workability. Thus, using MW in concrete 
certainly has a good environmental impact. 

 

3. The Effect of Magnetization Process on Water 
Properties 

MW has different mechanical, electromagnetic, and 
thermodynamic properties compared to RW (Esfahani et 
al., 2018). Joshi and Kamat, (1966) studied magnetic 
field effect on hydrogen bonds between water molecules 
and found some changes in the properties of water such 
as light absorption, surface tension, and pH value. For in-
stance, bypassing the water through a 1.0 Tesla magnetic 

field in a circulation process for one hour and measuring 
the pH value every 10 min, Srinidhi et al. (2019) found 
that the pH value rose from 6.68 to 7.87 after one hour. 
Moreover, the permanent hardness of water (CaCO3) 
also reduced from 450 to 365 mg/l due to the magneti-
zation of water. Furthermore, the total solids, sulfate, 
and chloride content are declined from 700 to 500 mg/l, 
800 to 690 mg/l, and 420 to 330 mg/l, respectively. 
However, Kumar and Krishna (2017) observed that the 
total hardness of water declined, and the total dissolved 
solids raised by increasing the number of hours of mag-
netization. It was also observed that pH value decreased 
from 7.8 to 7.1 after 96 hours of retaining water in a glass 
beaker over a circular magnet of 985 Gauss.   

Bypassing the water through a 330mT magnetic field 
at a constant speed of 1.0m/s, Wang et al. (2011a) found 
that the pH value of ordinary water slightly increased 
from 7.52 to 7.61, which makes the water more suitable 
for use in concrete. Moreover, using a permanent magnet 
with 1 Tesla magnetic field and with a water flow of 1.32 
m/s, Bharath et al. (2016) found that the surface tension 
of the RW was declined by 7.77% after magnetization 
and its viscosity declined by 6.8% and there was also a 
neglected rise in pH value as it is shown in Table 1. Addi-
tionally, Faris et al. (2014) found that the molecules of 
MW have a lower surface tension than RW, which leads 
to a higher activity of the cement particles in the mix. The 
effect of passing the water through a 260 Gauss magnetic 
field by 280mm length has been examined by Wei et al. 
(2017). It was found that the water surface tension de-
clined by magnetic field by about 4.6%. It was also found 
that the conductivity of water increased by magnetiza-
tion. 

Table 1. Effect of magnetization on properties of water 
(Bharath et al., 2016)   

Test parameter 
Test results 

RW MW 

Surface tension (N/m) 0.07275 0.06750 

Viscosity (m2/s) 7.65 x 10-6 7.13 x 10-6 

Electrical conductivity (µs/cm) 343.20 353.30 

pH 8.10 8.15 
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4. Methods of Magnetization 

There are many methods for magnetization of water, 
which all are very simple and economic without any 
complication, which shed light on the ability to apply 
these techniques in ready-mixed concrete plants. The 
most popular method is allowing the water to flow with 
relatively low velocity in the vicinity of a magnet or 
through it (Hui, 1983; Joshi and Kamat, 1966). That can 
happen once only or passing the water several times to 
reach the required magnetization level. In the second 
method, a magnet is placed in the water container for a 
certain duration to reach the desirable level of magneti-
zation. Some researchers reported that may contaminate 
the water with corrosion debris when the iron is used 
(Tkatchenko, 2004). Another method, glass containers 
are filled with water and then placed on a north pole or 
a south pole of a round magnet for a certain period, after 
that water can be used in the concrete industry and for 
better results, it can be used half of the water treated 
with a north pole and the other half treated with a south 
pole (Reddy et al., 2014a; Kumar and Krishna, 2017). 

Any method of the previous ones required a magnetic 
field which can be achieved by either using permanent 
magnets or using electro-magnets (Sagar and Jawalkar, 
2018). The permanent magnet creates a permanent 
magnetic field from the mutual alignment of the very 
small magnetic fields produced by every atom in the 
magnet from the spin and orbital movements of elec-
trons (Saddam, 2008; Maeilnezhad et al., 2017). This 
method provides a permanent magnetic field with con-
stant intensity without energy. On the other hand, the 
second method is to use electro-magnets, which produce 
a magnetic field by the motion of charged particles. It can 
be constructed from any coils of wire wrapped around a 
central iron core. Obviously, and unlike using a perma-
nent magnet this method needs energy, but it provides 
various intensities by changing the current (Shivam and 
Sanjeev, 2017). There is maybe no evidence yet com-
pared the effect of both magnets on MW. 

 

5. Factors Affecting Magnetization 

The magnetization field strength, the water velocity, 
contact time with the magnetic field, and the amount of 
exposing water to the field are viewed as the key factors 
that influence the water magnetization (Huchler et al., 
2002; Abdel-Raouf, 2005). Moreover, Harsha and Sruthi, 
(2018) found that the level of magnetization is influ-
enced by the method used and water purity. 

5.1. Effect of the magnetic field intensity  

Using a low magnetic field intensity (from 0.1T to 
0.4T) seems to have a good effect on the properties of 
fresh concrete like slump and slump loss, however it has 
a tiny effect in the mechanical and durability properties 
of hardened concrete as it shown in the study of Abdel-
Raouf and Abou-Zeid (2009). The fresh and hardened 
properties of self-compacted concrete raised signifi-
cantly and gradually with the increase in the magnetic 

field intensity from 0.6T to 1.2T, but, using 1.5T have a 
lower value in the hardened properties only if compared 
with 1.2T (Jouzdani and Reisi, 2020). However, Ven-
katesh et al. (2020) investigated the effect using MW 
with 0.986T and 2T on the mechanical properties of con-
crete and the results indicated that the compressive, 
flexural, and splitting tensile strength have been all in-
creased by approximately 15% for 0.986T intensity and 
30% for 2.0T intensity if compared with RW concrete. 

5.2. Effect of magnetic poles 

Reddy et al., (2014a) studied the effect of magnetic 
field type i.e., North Pole (N), South Pole (S) and, mixed 
pole (N+S, half water exposed to the N and half exposed 
to the S) using normal and distilled water. The workabil-
ity results of the slump for three different types of water: 
N, S, and N+S showed that in the case of the concrete 
made with a mixed pole (N+S) MW, the slump was 
slightly higher than other mixes, whilst the slump results 
of the control mix and the two other mixes (with N and S 
pole treated water) were the same. Additionally, the 
compressive strength results reveal that using mixed 
pole water increase the compressive strength signifi-
cantly if compared with using one pole as shown in Table 
2. Moreover, the slump results of using tap or distilled 
water were the same, whilst the distilled water achieved 
a mild increase in compressive strength in all cases. This 
increase in the strength is due to cluster concept of water 
and also memory of water concept. Generally, a water 
cluster consists of many water molecules of size 11–50, 
while the number of water molecules of MW decreases 
to a smaller amount of about the size 5–6 as the more 
water is available for hydration, the more number of ce-
ment particles are hydrated. 

Table 2. Compressive strength of concrete samples at 
28 days in MPa (Reddy et al., 2014a). 

 
Normal  

concrete 

MW concrete 

North South 
North & 

South 

RW 28.29 41.50 38.01 44.06 

Distilled water 30.64 42.92 40.91 45.02 

 

5.3. Effect of magnetization process duration  

To determine the effects of magnetization process 
time, Wang et al. (2013) reported that the hydrogen 
bonding between water molecules reaches a dynamic 
balance after a certain time under magnetization. After 
that, by increasing the magnetizing time, the balance slide 
toward weakening or even breaking the hydrogen bond-
ing in water. Therefore, as the magnetizing time increases, 
the hydrogen bonding gets weaker, and the friction coef-
ficient becomes lower. Another reason may be the water 
temperature, for the time that water passes through the 
water pump increases, a higher temperature is achieved. 
Therefore, the thermal motion of water molecules is 
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known to become stronger, and thus hydrogen bonding 
weakens, as mentioned by (Jeffrey, 1997; Li et al., 2006). 
In addition, Ghorbani et al. (2018) passes the water 
through a 0.65 T permanent magnet at a constant speed 
and water flow of 2.25 m/s 10, 20, 40, and 80 cycles. The 
results showed that, passes the water 10 cycles gave the 
best results of the mechanical properties of concrete 
which confirmed the previous evidence. Furthermore, 
by filling glass beakers with water and placed them on 
round magnets (with 985 Gauss field intensity) for a dif-
ferent period namely: 24, 48, 72, and 96 hours, Kumar 
and Krishna (2017) found that the best time that gave 
the maximum enhancement in concrete properties was 
72 hours. However, Reddy et al. (2013) used the same 
previous method for magnetization for different times 
from 1 hour to 72 hours and concluded that 24 hours of 
exposure to the magnetic field was found to be the opti-
mum since after 24 hours the compressive strength of 
concrete was almost constant for all types of MW. 

On the other hand, Yousry et al. (2020) studied the ef-
fect of the number of passing cycles through a magnetic 
field on the workability and compressive strength of ce-
ment mortar containing Fly Ash (FA). The results indicated 
that the optimum number of cycles was 150, 100, and 50 
for mixes with 0%, 10%, and 20% FA as a partial replace-
ment of cement, respectively. Hence, the more FA content, 
the less the number of magnetization cycles is required.  

5.4. The effect of storage duration after 
magnetization  

It has been reported that the magnetization effect on 
the RW can remain for hours or even for days after the 
magnetization process (Colic and Morse, 1999; 
Esmaeilnezhad et al., 2017). For instance, Nan and Chea-
Fang (2003) and Afshin et al. (2010) confirmed that the 
MW can be stored in a reservoir up to12 h, after that its 
advantage may be lost. 

Abdel-Raouf and Abou-Zeid (2009) passes the water 
through different magnetic field intensities (0, 0.1, 0.2, 
0.3, and 0.4 T) and stored it for 3 days after magnetization 
and before mixing the concrete. The results showed that 
concrete mixtures that made with stored MW exhibited a 
lower slump if compared to the slump of the concrete mix-
tures made with un-stored MW. However, the slump val-
ues for the stored MW mixtures remained higher than 
those for the RW Mixture. All in all, these results revealed 
that mixes made with the stored MW generally provided 
lower strength. Thus, storing MW has a negative impact 
on compressive strength, slump, and slump loss. 

 

6. Properties of Portland Cement Concrete Cast with 
Magnetic Water 

6.1. Fresh properties  

 Workability 

Many researchers reported that incorporating MW in 
concrete production increases the workability of con-
crete without increasing the Water to Cement ratio 

(w/c) or using plasticizers (Faris et al., 2014; Patil and 
Pathak, 2016). For instance, Gholhaki et al. (2018) re-
ported that the use of MW instead of RW can enhance the 
flowability and viscosity of self-compacting concrete. 
Additionally, Bharath et al. (2016) demonstrated that 
the use of MW enhanced the workability of concrete 
mixes containing copper slag as a partial replacement of 
cement by about 50%. Reddy et al. (2013) also reported 
that water exposed to mixed pole (N+S) magnetic field 
will give good flowability with no sign of bleeding or seg-
regation. Furthermore, using water treated by 0.8 T mag-
netic field in concrete helped to reduce the w/c ratio 
from 0.50 to 0.45 without using any additive to achieve 
a medium slump of 75 mm (Malathy et al., 2017). More-
over, Using MW, Taghried et al. (2017) found that the 
slump rocketed sharply by approximately 400%, 300%, 
and 25% for w/c ratios 0.45, 0.5, and 0.55, respectively 
compared with RW concrete mixes. Afshin et al. (2010) 
studied the effect of MW on the mechanical properties of 
high strength concrete incorporating plasticizers and 
concluded that beside the increase in the compressive 
strength of the concrete made with MW, which reached 
18% more than those made with RW, the slump of the 
MW concrete was up to 45% greater than the slump of 
the control mixes. Additionally, it was concluded that 
passing the water only through the magnetic field gave a 
higher slump than passing the water and plasticizer so-
lution. It has been observed that the slump of 1.0T MW 
concrete containing slag was 50% higher than RW con-
crete containing the same amount of slag. It was also ob-
served that the MW helped to reduce the water content 
in MW concrete containing slag by 10-12% without any 
reduction in the slump (Bharath et al., 2016).  

Additionally, Abdel-Raouf and Abou-Zeid (2009) 
found that the slump of the concrete mixture made with 
RW was mere 5 mm, whilst the slump of concrete mix-
tures made with 0.1, 0.2, 0.3, and 0.4 T MW rose signifi-
cantly to 20, 70, 120, and 75 mm, respectively. Neverthe-
less, the relatively low slump of the 0.4 T mixture was 
attributed to a suggestion of the existence of an optimum 
value for the magnetization field intensity. A more recent 
study concluded that bypassing the water 150 cycles 
through a magnetic field, the consistency of cement mor-
tar raised by approximately 33% while using 0.5% su-
perplasticizer without using MW increased the mortar 
consistency by almost 40% (Yousry et al., 2020).  

The increase in flowability of cementitious materials 
was attributed to the dispersion effect of MW on ce-
mentitious materials. Su and Miao (2003) also attributed 
the increase in the slump to the electrically charged wa-
ter molecules due to magnetization, which has been 
thought to improve water interaction with cement in the 
fresh state. 

 Slump loss 

In a large-scale study into MW concrete, Abdel-Raouf 
and Abou-Zeid (2009) observed the slump loss during a 
span of 90 min in the room temperature of 22°C to 25°C. 
Fig. 3 reveals the results of slump loss for concrete mix-
tures, made with a w/c ratio of 0.45 without admixtures. 
As is observed, incorporating MW in concrete provides a 
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higher slump which gradually declined with time. It is 
also interested to note that the rate of slump loss in-
creased with the increase of magnetic field intensity 
which may be due to the increase of hydration process 
rate with time. The large increase in the slump values 
prove that there are some merits for MW concrete, 
mainly for the concrete with plastic consistencies. 

 

Fig. 3. Slump loss for concrete with 0.45 w/c ratio  
(Abdel-Raouf and Abou-Zeid, 2009). 

 Setting time  

One study by Hassan (2008) examined the effect of 
MW on the initial and final setting time of cement mor-
tars at early ages. The results showed that the use of MW 
reduced the initial setting time of cement mortar by 60% 
and 21.8% for w/c= 0.4 and 0.6, respectively compared 
with the use of RW. Additionally, the corresponding per-
centages of decreasing in final setting time of cement 
mortar were 19.2% and 19.6% for w/c = 0.4 and 0.6, re-
spectively compared with the use of RW. Additionally, 
Soto-Bernal et al. (2015) found that the initial setting 
time of cement paste decreased by approximately 15-
25% by using a magnetic field intensity of 19.1 and 25.4 
Gauss, respectively. It is also concluded that there is a 
strong correlation between the magnetic field power and 
the setting time of cement paste; a higher power of the 
magnetic field decreases the setting time. Using MW re-
duces the accumulation of cement particles helping the 
water molecules to penetrate more easily into the ce-
ment particles. Therefore, the hydration process will be 
done proficiently, and rapidly which in turn reduces the 
setting time (Nan and Chea-Fang, 2003). 

 Unit weight and air content 

Data related to the effect of MW on the unit weight 
and air content of concrete is very rare, so this point 
needs further research. Abdel-Raouf and Abou-Zeid 
(2009) concluded that MW whether incorporated imme-
diately in concrete or after 3 days of storage did not seem 
to introduce a noticeable change in the unit weight or the 
air content of the concrete mixtures. The values of the air 
content are ranged from 1.5% to 3.7%, which may be 
higher with a tiny fraction than that for a non-air-en-
trained concrete.  

6.2. Mechanical properties 

As mentioned before the role of magnetization on the 
different properties of water such as, decreasing the sur-
face tension and the viscosity, which, in its turn, de-
creases the accumulation of cement particles and also 
helps the water molecules to penetrate more easily into 
the cement particles. Therefore, the hydration process 
will be done proficiently, which eventually improves the 
mechanical properties of concrete. 

 Compressive strength 

A considerable amount of literature has been pub-
lished on the effect of MW on the mechanical properties 
of cementitious materials. Many investigations con-
ducted confirmed that MW could raise concrete com-
pressive strength which leads, normally, to increase flex-
ural and tensile strength. Some research confirmed that 
MW could increase the compressive strength of concrete 
by a tiny fraction of 8%-10% more than RW concrete 
(Pang and Zhu, 2013; Taghried et al., 2017). Nonetheless, 
the vast majority of research affirmed that the MW could 
raise the concrete strength remarkably by approxi-
mately 8%-25% more than those mixed with RW. Afshin 
et al. (2010), Abed et al. (2012) and Faris et al. (2014), 
for instance, confirm that MW could rise concrete 
strength by about 10%-20% more than those mixed with 
RW. Moreover, Nan and Chea-Fang (2003) show that the 
compressive strength of concrete containing FA and pre-
pared with MW raised by 15%-25% more than that pre-
pared with RW. Likewise, Nan et al. (2000) achieve up to 
a 23% increase in compressive strength of concrete con-
taining granulated blast furnace slag by using MW.  

Additionally, Ghorbani et al. (2018) found that the re-
sults of a concrete mix made with MW (passes 10 times 
through 0.65 T magnetic field) displayed the highest rise 
in compressive strength with time compared to the con-
trol mix: about 38%, 21%, and 19% after 7, 14, and 28 
days, respectively. This result reveals that the MW in-
creases the early age strength by a higher proportion 
than the later ages, which confirmed also by Ghods 
(2014) who concluded that using the MW can improve 
the early-age compressive strengths of self-compact 
concrete mixes incorporating nano-silica. Moreover, Nan 
and Chea-Fang (2003) also observed 15% increases in 7-
day compressive strength in MW concrete containing FA, 
and Bharath et al. (2016) also achieved a rise of 18% in 
7-day compressive strength in MW concrete containing 
15% slag as a cement replacement.  

Moreover, recently Yousry et al. (2020) concluded 
that MW (passes 150 times through magnetic field) 
raised the compressive strength of cement mortar by 
about 10%, 25%, and 43% at 7, 28, and 56 days, respec-
tively. Additionally, these results soared to 25%, 41%, 
and 62% at the aforementioned ages by adding 0.5% su-
perplasticizers with the MW. In the same upward trend 
in the compressive strength of MW concrete, there are 
some researches affirmed that using the MW created a 
dramatic surge in compressive strength of concrete. 
Harsha and Sruthi (2018), for instance, concluded that 
despite there was a slight increase in 7-day strength, a 
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substantial rise (roughly 58%) had seen in the 28-day 
strength of MW concrete compared with the RW con-
crete. Furthermore, Reddy et al. (2014b) concluded that 
by using MW the compressive strength of concrete rock-
eted by about 55% after 28 days and after 1 year the rise 
was about 51%. Kumar and Krishna (2017) also ob-
served that the compressive strength of 72hrs MW con-
crete was 36% higher than that of RW concrete. Addi-
tionally, the compressive strength of 72hrs MW concrete 
increased by 29.44% and 28.27% in the mixes contain-
ing 15% FA and 2% Nano silica, respectively compared 
to RW concrete containing the same ratios of pozzolanic 
materials but made with RW.  

Despite all the aforementioned research and its en-
couraging results, the results of Abdel-Raouf and Abou-
Zeid (2009) indicated that there was some insignificant 
increase in 28-day compressive strength (mere 4-7%) 
by using 0.1 T MW in concrete, whilst by using 0.4 T MW 
the compressive strength dropped by about 26% com-
pared to the mixture made with RW. Therefore, the au-
thor concluded that using MW propose no gain or rather 
some loss, in mechanical properties, particularly at 3 
days. This result may be due to the low intensity of the 
magnetic field used in this research. 

The wide range variation of the compressive strength 
results by using MW in concrete may be attributed to the 
aforementioned factors affecting magnetization such as 
the strength of magnetic field, the method used in magnet-
ization, and the contact time with the magnetic field. More-
over, it is also opening the door to further study to reach 
any other factors that led to this dispersion in the results. 

 Flexural, tensile and bond strengths 

The vast majority of the aforementioned researchers, 
who studied the compressive strength, studied also the 
flexural and tensile splitting strength of MW concrete 
which displayed better values if compared to RW con-
crete. Ghods (2014), for instance, concluded that using 
the MW can improve the tensile strengths of self-com-
pact concrete mixes incorporating Nano silica. Addition-
ally, Reddy et al. (2014a) concluded that tensile and flex-
ural strength of concrete increased by 18% and 25%, re-
spectively by using MW instead of RW for preparing con-
crete. Moreover, Kumar and Krishna (2017) also ob-
served that the 3-days age tensile strength (splitting) 
and flexural strength of MW concrete were 13.29% and 
23.94%, respectively higher than that of RW concrete. 
Bharath et al. (2016) studied the effect of using MW and 
slag on the mechanical properties of concrete, the exper-
iments revealed that the split tensile strength and the 
flexural strength increased by 16.9%, and 10%, respec-
tively over the RW concrete due to the synergistic effect 
of MW and 15% slag as a partial replacement of cement 
in concrete mixes. However, Abdel-Raouf and Abou-Zeid 
(2009) concluded that using MW has no effect on the 
flexural strength, and the tiny reduction that occurred in 
the modulus of rupture of MW concrete may be consid-
ered in the experimental allowed differences range.  

Additionally, and recently, Wasim et al. (2020) con-
cluded that using MW instead of RW increases the bond 
strength (between steel and concrete) of concretes with 

and without silica fume at different ages with different 
bar sizes diameters. For instance, by using only MW the 
bond strength increased by 15 to 21% at 28 days age de-
pending on the bar size.  

6.3. Durability properties  

 Water permeability 

Considerable research results reveal that MW can 
make the hydration process of cement complete effec-
tively, which, normally, can increase the cohesion and 
density of the concrete mixture and improve the com-
pressive strength of concrete. So, it can infer that the per-
meability of MW concrete has been lessened. 

Wang et al. (2011a) studied the water permeability of 
concrete samples with different strength grades C20, 
C25 and C30 made with and without MW with different 
magnetic field intensities (0.23, 0.28, 0.33 T) and differ-
ent water flow rates (1m/s, 2m/s) under constant water 
pressure of 25 bar for 24 hours. It was found that all the 
depth of water penetration results of MW concrete are 
less than ordinary water concrete as is shown in Fig. 4. 
Moreover, among the range of test parameters, the best 
magnetic field which decrease the permeability to about 
half in all concrete grades, if compared with the ordinary 
water concrete, was 0.33 T with a water flow of 1m/s. 
That is to say, the permeability of concrete can decline 
with the rise of the magnetic field and the reduction of 
water flow through the magnetic field. 

However, Abdel-Raouf and Abou-Zeid (2009) per-
formed a water-permeability test by applying water at a 
constant pressure of 30 bars for 24h to concrete cylinders 
made with and without MW with different magnetic field 
intensities (0, 0.1, 0.2, 0.3, and 0.4 T). The results reveal 
that water magnetization has little influence on the results 
of permeability. The influence pattern was not well-de-
fined. Moreover, there was a minimum negative effect of 
water storage for 3 days after magnetization and before in-
corporating into concrete. Finally, the author concluded 
that the reduction of w/c ratio is more effective in decreas-
ing the concrete permeability than water magnetization. 

 Water absorption 

Water absorption and density tests were conducted 
by Reddy et al. (2014a) for a concrete mix with tab water 
and other with mixed pole treated distilled water. The 
results showed that the concrete made with MW is ex-
hibiting a 5% increase in density and about 32% reduc-
tion in water absorption if compared with tab water con-
crete. This is due to more hydration of cement due to the 
magnetic effect, which reduced the pores in the concrete. 
Likewise, the studies of (Reddy et al., 2014b; Gholhaki et 
al., 2018) reported an enhancement in the water absorp-
tion of concrete with MW. However, Ghorbani et al. 
(2018) concluded that the effect of MW on the water ab-
sorption of concrete block pavers was not noticeable. 
This result may be due to the high strength and density 
of the tested concrete block pavers, which originally 
have low permeability, so the effect of MW in reducing 
its absorption was not obvious. 
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However, Jain et al. (2017) found that there was an in-
crease in water absorption by about 13% and 23% in 
samples prepared by MW which prepared by electro-
magnet of 0.8 and 0.9 T, respectively, whilst the absorp-
tion of the samples prepared by MW in 1.0 T was the 
same as the control ones. Moreover, the same trend oc-
curred in the porosity test results. 

The lower water absorption values of MW concrete 
may put down to the reduction of pores in the micro-
structure of those mixes. As mentioned before, as RW 
passes through a magnetic field, the activity of its water 
molecules increases. Consequently, the pore diameter in 
the microstructure of these mixes reduces due to the 
higher activity of MW molecules.

 

Fig. 4. Water penetration depth of C25 concrete (Wang et al., 2011a).

 Sorptivity  

The rate of water absorption by capillary suction into 
concrete provide valuable data regarding the pore struc-
ture, permeability, and durability characteristics of the 
concrete underexposure (Parrott, 1992a). Jain et al. 
(2017) studied the effect of MW on sorptivity of concrete 
made with and without MW with different magnetic field 
intensities (0, 0.8, 0.9, and 1.0 T). The results illustrated 
that using MW instead of RW and by raising the magnetic 
field intensity, the sorptivity of concrete declined as is 
shown in Fig. 5. 

 

Fig. 5. Sorptivity of concrete samples made with MW 
with different magnetic fields (Jain et al., 2017). 

 Early-age shrinkage cracking 

One of the most important durability aspects is the 
permeability of concrete, and the early-age shrinkage 
cracking of concrete is viewed as one of the main reasons 
that increase the permeability which in its turn leads to 
a decrease in the strength and an increase in the rate of 
deterioration with time. 

The use of MW in concrete can improve early-age 
cracking resistance significantly. Wei et al. (2017) 
showed that the MW improved the early-age shrinkage 
cracking resistance of concrete mix compared to the 
specimens prepared with RW. By using a 260 mT mag-
netic field, the total cracking area of specimens de-
creases by 72.2%. Moreover, the shrinkage rate of con-
crete declined by using MW. For instance, the strain rate 
factor (α) of RW concrete is -140.02 while that of MW 
concrete is -112.11. 

This result may be due to the reduction of the heat of 
hydration of cement and MW mixture, for Malathy et al. 
(2017) using 0.8 T permanent magnet measured the 
heat of hydration of cement and MW mixture according 
to ASTM C186, standard test method for heat of hydra-
tion of hydraulic cement, and the results proved that the 
heat of hydration of MW mixture was lower than that of 
RW. The cement mixed with MW, produces heat as 99.39 
Cal/g, within the specified limits. This low heat of libera-
tion reduces the thermal stress and prevent the cracks at 
early ages in concrete. However, Soto-Bernal et al. 
(2015) showed an increase in the rate and heat of hydra-
tion when magnetized water was used, pointing to in ad-
dition to the normal heat of cement hydration, there is 
also an additional temperature rise due to magnetostatic 
exposure, which is directly proportional to the strength 
of the magnetic field. 
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 Rapid chloride permeability 

The rapid chloride Penetration test was performed by 
Abdel-Raouf and Abou-Zeid (2009) according to ASTM 
C1202. It was concluded that the reduction in the total 
charge passed through different concrete samples made 
up with MW with different magnetic field intensity (0, 
0.1, 0.2, 0.3, and 0.4 T), whether stored for 3 days after 
magnetization or add immediately to concrete, were rel-
atively low if compared with the reduction due to de-
creasing w/c ratio without any magnetization. There-
fore, according to Abdel-Raouf and Abou-Zeid (2009), it 
can be concluded that water magnetization does not lead 
to a noticeable impact in enhancing chloride penetration 
resistance of concrete.  

However, Srinidhi and Navaneethan (2019) used a 1.0 
T permanent magnet, which helps to increase the work-
ability of concrete and lead to reduce the w/c ratio from 
0.45, in RW concrete, to 0.3 to obtain the same slump 
range (50mm to 100mm). Therefore, the total charge 
passed declined from 3013 coulombs in RW concrete to 
1782 coulombs in MW concrete.  

Therefore, it can be inferred that the results of Abdel-
Raouf and Abou-Zeid (2009) may be due to the low field 
intensity of the used magnet, and by increasing the mag-
netic field intensity, the better resistance to chloride 
penetration will be obtained. Moreover, the reduction in 
the total charge passed in the results of Srinidhi and 
Navaneethan (2019) may be due to the reduction in w/c 
ratio, which was done with the help of magnetization 
without affecting the workability of concrete.  

 Sulfuric acid attack    

Sulfuric acid is particularly aggressive, for it not only 
attacks the aluminates phase, but it also attacks the Cal-
cium Hydroxide Ca(OH)2 or (CH) and Calcium-Silicate-
Hydrate (C-S-H) which eventually leads to compressive 
strength loss and sequential spalling of the concrete 

surface (Nevil, 2011; Mohseni et al., 2017). Allahverdi 
and Škvara (2000) confirmed that sulfuric acid attack 
leads to extensive formation of gypsum in the regions 
near the surfaces of concrete and tends to cause high me-
chanical stresses that eventually lead to spalling and ex-
posure of the next fresh surface.  

In a study on concrete block pavers, Ghorbani et al. 
(2018) concluded that the blocks made up with RW have 
less resistance to sulfuric acid attack if compared with 
MW concrete blocks and had a mass loss of 10% after 
120 days of exposure to 5% H2SO4 solution with pH 1.0, 
whilst the specimens with 10 times pass through a 0.65 
T magnetic field had a mass loss of mere 5%. The mass 
loss of the concrete specimens was accompanied by a re-
duction in compressive strength by about 34% in normal 
concrete and nearly 23% in MW concrete as is shown in 
Fig. 6. This figure also confirmed that there is an opti-
mum time of passing the water through the magnetic 
field to complete the magnetization process perfectly as 
aforementioned in section 5.2.  

A chemical soundness test was performed by Abdel-
Raouf and Abou-Zeid (2009) by exposing 50mm con-
crete cubes to saturated magnesium sulfate solution and 
10% sulfuric acid. After a relatively short duration (8 
weeks) of exposure to weekly cycles of wetting and dry-
ing the results indicated that the mixture made with RW 
exhibited 8% mass loss, whilst the mixture made with 
0.1 T MW exhibited 1.2% mass loss as is shown in Fig. 7. 
The results of samples exposed to magnesium sulfates 
demonstrate a similar mass loss regardless of their mag-
netization field intensity. 

The higher resistance of MW concrete to sulfate attack 
may be put down to the reduction of pores in the micro-
structure, as a result of their higher density and the 
greater degree of hydration. These results are in good 
agreement with the results of Ahmed (2017), who 
found a remarkable enhancement in the microstruc-
tural properties of concrete as a result of using MW in-
stead of RW.

 

Fig. 6. Reduction in the compressive strength of concrete specimens exposed to 5%  
by weight of H2SO4 solution after 28 and 91 days of exposure (Ghorbani et al., 2018). 
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Fig. 7. Mass loss of concrete mixtures exposed to cycles of wetting  
and drying in sulfate solutions (Abdel-Raouf and Abou-Zeid, 2009).

 Resistance to abrasion  

Despite the importance of abrasion resistance, espe-
cially for the durability of concrete floors, sidewalks, 
there is fewer research work on it. Abdel-Raouf and 
Abou-Zeid (2009) investigated the abrasion resistance 
for 70×70×40mm specimens exposed to an abrasion ro-
tation length of 500 m under 500 g/cm2 stress and even-
tually, the specimen's weight loss was measured. The re-
sults indicated that the MW concrete has a higher abra-
sion resistance than RW concrete. For instance, the mix-
ture made-up with 0.3 T MW exhibited lower than 1.2% 
mass loss, with more than 55% lower than that made-up 
with RW. 

6.4. Microstructure of concrete 

Scanning Electron Microscopy (SEM) can be used to 
understand the cause of the enhancement of the meas-
ured properties of cementitious materials. Many re-
searchers (Wei et al., 2017; Ahmed, 2017; Esfahani et al., 
2018) used this technique to evaluate the microstruc-
ture of the MW cementitious materials. Ghorbani et al. 
(2018), for instance, performed SEM on RW concrete 
and concrete made with water passed 10 and 80 times 
through 0.65 T magnetic field with a constant flow of 
2.25 m/s as is shown in Fig. 8. From the provided images, 
it was observed that the microstructure of MW concrete 
is denser than that of RW concrete. 

Moreover, Bharath et al. (2016) observed a concrete 
mix incorporating 15% copper slag, as a cement replace-
ment, under the electronic microscope after 28 days. Fig. 9 
shows the SEM image of concrete prepared with RW and 
1.0 T MW. Bharath et al. (2016) observed that MW con-
crete contains more C-S-H crystals than RW concrete. It 
was also observed that CH crystals were smaller and sepa-
rated in MW concrete. Figs. 10(a-b) present the SEM images 
of both 1.2 T MW and RW concrete, respectively all made 
with 2% nano alumina as a replacement to Portland ce-
ment. It was concluded from the images that a large amount 
of C-S-H and a lower number of pores were found in MW 
concrete in comparison with RW concrete (Ahmed, 2017). 

Furthermore, Ahmed (2017) performed a desorption 
test on cement pastes containing (0%, 1%, 2%, 3% nano 
alumina) all made with and without MW. This test was 
used to estimate the number of interconnected pores 
(capillary porosity) as described by Young (1967), Par-
rott (1992b) and Ngala et al. (1995). It was found that 
using MW instead of RW led to a significant reduction in 
the capillary porosity of cement paste specimens made 
with MW over those made of RW reached about 33%, 
36%, 47%, and 40% when 0%, 1%, 2%, 3% nano alu-
mina replacement levels were adopted.  

From these results, it can be inferred that using MW 
instead of RW provides a remarkable enhancement in 
the microstructure of cementitious materials, as cement 
reacts easily with the smaller molecules of MW leading 
to faster and complete formation of C-S-H.

 

Fig. 8. SEM images (5000X) for concrete mixed with: (a) Regular water; (b) Water passed 10 times  
through magnetic field; (c) Water passed 80 times through magnetic field (Ghorbani et al., 2018). 
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Fig. 9. SEM images (5000X) for copper slag concrete (15% replacement) mixed with:  
(a) Regular water; (b) 1.0 T MW (Bharath et al., 2016). 

 

 Fig. 10. SEM images for nano alumina concrete (2% replacement) mixed with:  
(a) 1.2 T MW (40000X); (b) Regular water (20000X) (Ahmed, 2017).

7. Applications 

There are some applications which already made us-
ing MW concrete in Russia and exhibit a high perfor-
mance compared to concrete made with RW after years 
of exposure to environmental conditions such as severe 
temperature change, humidity, salty, acidic environments, 

and mechanical loads as shown in the Figs. 11-13 (Mag-
netic Technology L.L.C. Website, 2020). Applying the 
MW technology in the practical and manufacturing pro-
cesses of concrete is a very simple process and has valu-
able ecological merits, so through this research, it is rec-
ommended to increase the use and applications of this 
technology in the concrete industry..

        

 Fig. 11. Highway precast pavement, 3 years old. Rostov- Na-Donu, Russia  
(Magnetic Technology L.L.C. Website, 2020). 

RW MW 
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Fig. 12. Highway Concrete slabs after one year of exposure to a wide range of temperature changes  

(40°C to-40°C), Siberia, Russia (Magnetic Technology L.L.C. Website, 2020). 

      

Fig. 13. Change in the structure of concrete pavements after 5 years of constructions, Moscow, Russia  
(Magnetic Technology L.L.C. Website, 2020)

8. Conclusions  

Based on the results of the previous researches, the 
following conclusions and recommendations can be 
summarized: 
 The magnetic fields weakened the water clusters’ hy-

drogen bonds, diminishing the larger clusters and 
forming smaller ones with stronger hydrogen bonds. 
Additionally, the bond angle in the water molecule 
slightly decreases due to the exposure to the magnetic 
field. 

 The magnetization of water for concrete production is 
done in simple and economical methods without any 
complications particularly when a permanent magnet 
is used, however, the water may take a longer time be-
fore mixing to reach the optimum degree of magneti-
zation, which may take several cycles.  

 Water magnetization leads to a tiny reduction (4.5% 
to 8%) in the surface tension and the viscosity of wa-
ter and a mild rise in the pH value. 

 Using a mix of water half exposed to the North Pole 
and the rest exposed to the South Pole leads to better 
results particularly in the compressive strength re-
sults than using all water exposed to one type of 
pole. 

 There is a threshold for the time or the number of 
times water passes through the magnetic field de-
pends on the magnetic field intensity and/or the flow 
speed of water through the magnetic field. 

 The water magnetization process should be per-
formed just before mixing, as storing MW leads to los-
ing the magnetization effect and in some cases lead to 
a negative impact on the properties of the cementi-
tious materials. 

 Incorporating MW in concrete offers a higher flowa-
bility due to the dispersion effect of MW on cementi-
tious materials which provides a better chance to re-
duce the w/c ratio, reducing the amount of admixture, 
and maximize the efficiency of cement in concrete 
mixtures. Moreover, most results prove that MW is 
more suitable for moderate concrete consistencies re-
quiring little or no admixtures. Additionally, further 
researches are needed to study the effect of passing 
the water only through the magnetic field or passing 
the water mixed with the plasticizer solution. 

 MW decreases the initial and final setting times, in-
creased the early age shrinkage cracking, and has a 
neglected effect on the unit weight and the air content 
of the concrete mixtures. Further researches are 
needed in this point due to the fewer data available. 

RW MW 

RW MW 
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 The heat of hydration of hydraulic cement using MW 
needs further research as it is a point of argument no-
ticed in the literature. 

 Using MW leads to a remarkable rise in concrete com-
pressive strength (8% to 50%) at 28 days age. How-
ever, some researches exhibit increases up to 7% in 
the compressive strength.  

 MW concrete has a higher resistance to sulfate attack 
than RW concrete, and it helps to reduce the water 
permeability, absorption, and sorptivity of concrete, 
however, it has a neglected effect on the water perme-
ability of high strength concrete or concretes with low 
W/C ratio. 

 Likewise, the water permeability properties, water 
magnetization has a lower effect in decreasing chlo-
ride ion permeability than other indisputable factors 
such as decreasing w/c ratio.  

 The use of MW enhanced the microstructure of con-
crete and lead to a denser microstructure than that of 
RW concrete, with a large amount of C-S-H and a 
lower volume of pores. 
Eventually, there is a wide range in the results of the 

effect of using MW in the properties of concrete among 
the results of the different researchers, which is in some 
properties maybe reach to a paradox, that may be due to 
the many different factors that affecting the magnetiza-
tion process which needs more further in-depth re-
searches. Moreover, further researches needed to evalu-
ate the effect of MW on the modulus of elasticity of con-
crete, setting time, unit weight, and air content of con-
crete mixtures, and mixing the superplasticizers with the 
water before the magnetization process. As well, there is 
a need to assess the use of MW in reinforced concrete el-
ements and field applications. 
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