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This paper presents a magnetic safety evaluation of the static magnetic field produced by magnetic floors with permanent magnet
properties utilized in the construction industry. The magnetic floors analyzed in this paper are composed by a concentration of 85%
of isotropic strontium (Sr) ferrite powder mixed with chlorinated polyethylene. The magnetic floors are magnetized and tested in the
laboratory to measure the magnetic field levels in different regions of the magnetic floors and magnetic subfloors. Finite-element (FE)
simulations are carried out to compute the magnetic field produced by magnetic floors. The numerical results and laboratory tests
are compared and analyzed. Values of the magnetic field between 2 and 50 mT are computed and measured in different regions of
magnetic floors. Finally, the static magnetic field levels obtained in the magnetic floors are compared with the permitted magnetic
field values for different electronic devices, pacemakers, and other common objects utilized by persons in buildings. The results
obtained in this paper show that magnetic floors are safe, and they can be employed in buildings without putting in risk electronic

devices or persons with pacemakers.

Index Terms— Construction industry, finite-element (FE) simulation, magnetic floor, magnetic resonance imaging (MRI), pacemaker,

permanent magnet, strontium ferrite powder.

I. INTRODUCTION

HE magnetic floor technology is being utilized by archi-

tects and construction engineers in order to replace the
use of convectional floors in different buildings around the
world. Magnetic floors present permanent magnet properties
which offer great advantages with respect to conventional
floors: fast construction times, easy installation, easy to
replace, cheap labor costs, resistant to moisture and scratch,
and resistant to high-traffic environments. The magnetic floors
can be employed in office buildings, mall centers, cinemas, air-
ports, transport stations, apartments, hotels, and so on [1], [2].
The magnetic floors have some disadvantages such as being
prone to demagnetization by strong external magnetic fields.
For example, the authors do not recommend using magnetic
floors in hospital rooms equipped with magnetic resonance
imaging scanners which emit magnetic stray fields which
could demagnetize the magnetic floors. Moreover, the mag-
netic floors could experience serious attraction magnetic forces
(projectile effect) that could damage them and produce serious
safety risk for hospital staff and patients [3].

On the other hand, the architects and construction engi-
neers are skeptical on safety and health issues related with
the magnetic field produced by magnetic floors and their
effects on persons and electronic devices placed in buildings
[4], [5]. There are not official standards in the construction
industry to establish the permitted values of static magnetic
field produced by magnetic floors, for this reason, it is
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Fig. 1. Magnetic floor equipped with a magnetic subfloor.

important to analyze the static magnetic field produced by
magnetic floors to avoid health problems, damaging electronic
devices, and other objects in buildings equipped with these
floors [4], [5].

The magnetic floors are composed by a magnetic subfloor
and a magnetic floor, shown in Fig. 1. A magnetic subfloor
consists of a layer of paramagnetic resin mixed with iron pow-
der combined with non-magnetic particles [6]. The average
diameter of these iron powder particles is between 50 nm
and 500 um [6]. The paramagnetic resin is composed from
25 to 50 wt% of the epoxy binder, from 50 to 75 wt% of
magnetic particles, and with an optional Swt.% of additive
fillers, pigments, extenders, plasticizers, rheology modifiers,
thickeners, solvents, tackifiers, and UV-stabilizers [6]. The
paramagnetic resin acts as a magnetic material to attract
the magnetic floor. On the other hand, a magnetic floor is
made of layers of convectional floor material and a layer
composed of isotropic strontium (Sr) ferrite powder combined
with chlorinated polyethylene [7].
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The Sr ferrite powder concentration in magnetic floors is an
important manufacturing factor and it should be considered
in the production process of magnetic floors. Some authors
have studied the effects of Sr ferrite powder concentrations in
resins and polymers and other authors analyzed mechanical
and magnetic properties of ferrite powders, for example,
Stabik et al. [8] analyzed low concentrations of Sr ferrite
powder (15%-35%) mixed with resins. They noted that the
increments of the powder concentrations in the resins increased
the remnant magnetization of the magnet powder keeping
its coercivity almost constant with small variations. Solo-
man et al. [9] analyzed ceramic Sr ferrite powders mixed with
polymers to create rubber ferrite composites. They analyzed
different concentrations of Sr ferrite powder (40-120 phr)
in polymers and they found that the increments of the Sr
ferrite powder concentrations required high magnetic fields
to be magnetized. The remnant flux density increased when
the powder concentrations are increased while the coercivity
of the ferrite powder remained constant. Finally, the authors
noted that the increment of ferrite powder concentration
increased the hardness of the rubber magnets and reduced
the tensile strength and the elongation at break of the rubber
magnets. Hosseinpour and Zekery [10] analyzed the magnetic
forces produced by Sr ferrite powders and barium ferrite
powders with isotropic and anisotropic properties. The authors
noted that isotropic Sr ferrite powder produced high mag-
netic forces compared with the magnetic forces produced by
isotropic barium ferrite powders. In addition, the anisotropic
Sr ferrite powders produced high magnetic forces compared
with isotropic Sr ferrite powders. The magnetic force results
obtained in [10] show that Sr ferrite powders should be
employed to get excellent magnetic forces in magnetic floors.
Lagorce and Allen [11] analyzed different concentrations of
anisotropic Sr ferrite powder (50%—-80%) mixed with poly-
imide for micromachining applications. They obtained coer-
civities of 318 kA/m and remnant flux densities of 0.3 T
with concentration of anisotropic Sr ferrite powder of 80%.
They noted that Young’s modulus increased with increasing
the Sr ferrite powder concentrations. Moreover, the increments
of the anisotropic Sr ferrite powder concentrations increased
the magnetic field required to magnetize the anisotropic Sr
ferrite powder. Furthermore, the magnetic floors should be
flexible, easy to install and to replace, and with appropriate and
good magnetic forces, for this reason, the magnetic floors are
produced using concentrations from 85% to 95% of isotropic
Sr ferrite powder with compositions from 5% to 15% of
chlorinated polyethylene [7]. On the other hand, the isotropic
Sr ferrite powders are utilized in magnetic floors because
they are easy to magnetize applying saturation flux densities
between 0.3 and 0.5 T [12]-[16]. The magnet powder layer of
magnetic floors is magnetized utilizing production machines
equipped with magnetic rollers made of neodymium iron
boron ring magnets separated by steel rings [17]-[19]. The
rollers are utilized to create magnetic striped pole patterns
with different numbers of poles per length (in poles per inch)
in the magnet powder layer of the magnetic floors [17]-[19].
It is the same process utilized to magnetize flexible magnets
(refrigerator magnets) made of Sr ferrite powder [19].
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Fig. 2. (a) DI-A magnetic floor. (b) D1-B magnetic floor. (c) Magnetic
subfloor (top). (d) Magnetic floor attached to the magnetic subfloor.

The main purpose of this paper is to calculate and to
measure the static magnetic fields produced by magnetic floors
to determine if the magnetic floor technology is “magnetically”
safe for sensitive electronic devices, and for humans with med-
ical devices such as pacemakers. Moreover, an experimental
and numerical evaluation of the static magnetic fields produced
by actual magnetic floors composed of concentrations of 85%
of isotropic Sr ferrite powder is presented. Laboratory tests
are carried out to measure the values of the static magnetic
field produced by magnetic floors. 2-D finite-element (FE)
simulations are performed to compare the results of static
magnetic field distributions with the experimental magnetic
values. Finally, a magnetic safety analysis is carried out in
order to verify and to compare the levels of the static magnetic
field produced by magnetic floors with the static magnetic field
values permitted by electronic devices, pacemakers, and other
objects.

II. LABORATORY MEASUREMENTS

Laboratory tests are carried out to measure the static mag-
netic field in different regions of a sample of the magnetic
floor with and without the presence of the magnetic subfloor.
Fig. 2 shows the photographs of the magnetic floors and of the
magnetic subfloor utilized in the laboratory tests. The magnetic
subfloor is manufactured applying a layer of 1 mm of a com-
mercial gray paramagnetic epoxy resin mixed with magnetic
particles on a particle board base with a thickness of 12.7 mm,
a length of 279 mm, and a width of 215 mm [3]. Two samples
of magnetic floor are tested: D1-A and D1-B, shown in Fig. 2.
The D1-B magnetic floor sample has a length of 279 mm and
a width d = 65 mm. The DI1-A magnetic floor sample has a
length of 279 mm and a width of 150 mm. The magnetic floor
samples have a layer of chlorinated polyethylene mixed with
a concentration of 85% of isotropic Sr ferrite powder with
an intrinsic coercivity force H. = 270 kA/m and a remnant
flux density B, = 0.4 T [7]. The thickness of the layer of
Sr ferrite powder mixed with chlorinated polyethylene is of
0.5 mm, the thickness of the floor material is of 0.5 mm, and
the thickness of the insulation material is of 2.28 mm.

The magnet powder layer of the magnetic floors is
magnetized employing magnetic rollers with ten poles
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Fig. 3. Photograph of magnetic pole patterns in the magnet powder layer of
the D1-B magnetic floor.

per inch (10 PPI). The magnetic pole patterns in the magnetic
floor are alternated (south/north/south/north). The 26 magnetic
striped pole patterns are created in the magnet layer of the
D1-B magnetic floor and 62 magnetic striped pole patterns are
created in the D1-A magnetic floor. Fig. 3 shows a photograph
of the magnetic striped pole patterns in the D1-B sample of
the magnetic floor. A green magnetic view film is employed
to visualize the striped pole patterns in the magnetic floor.

An experimental magnetic field mapper manufactured by
Magnetic Instrumentation is utilized to measure the magnetic
field on the surfaces of the magnetic floor samples. The
magnetic field mapper is equipped with a axial probe with a
Hall effect sensor with a resolution of £10 ¢T and a £0.5 T
full scale to measure magnetic fields produced by permanent
magnets. The magnetic fields measured by the mapper are
sent to a computer for storage and for data manipulation.
The laboratory tests are performed under ambient temperature
conditions (where 77 = 21 °C). The magnetic fields are
measured at half the length of the magnetic floor samples.
The tip of the axial probe is located at a distance of 1.0 mm
on the surfaces of the magnetic floors to measure the flux
density B; in the z-axis on the surface of the magnetic floors.
Fig. 4 shows the “virtual lines” used to measure the magnetic
field on the magnetic floors and the measuring directions for
the axial probe of the magnetic field mapper.

The values of B, are measured on the surfaces of the magnet
layer and on the surfaces of the material floor of the magnetic
floor samples (D1-A and D1-B). Fig. 5 shows the photographs
of the D1-B magnetic floor in the magnetic field mapper during
the laboratory tests.

Fig. 6(a) shows the B, distributions measured for
the D1-B magnetic floor on the surface of the floor material
without the presence of the magnetic subfloor and Fig. 6(b)
shows the B, distribution measured for the D1-B magnetic
floor on its magnet powder layer surface with the magnetic
subfloor. Fig. 6(c) shows the B, distribution measured for
the D1-A magnetic floor on its floor material surface without
a magnetic subfloor. Maximum flux densities of 2 mT are
obtained on the surface of the floor material for both magnetic
floor samples and average flux densities of 20 mT are obtained
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Fig. 4. (a) Virtual line on the floor material of magnetic floor with magnetic
subfloor. (b) Virtual line on the magnet powder layer of magnetic floor without
magnetic subfloor.

Fig. 5. Photograph of the magnetic field tests on the surface of (a) material
floor of D1-B magnetic floor without magnetic subfloor and (b) magnet
powder layer of DI-B magnetic floor without magnetic subfloor.

on the surface of the magnet powder layer for both magnetic
floor samples without magnetic subfloor. From Fig. 6, one can
note that the magnetic field on the surface of the magnet power
layer is around ten times higher than the magnetic field on the
surface of the floor material of a magnetic floor.
Subsequently, both magnetic floors (D1-A and D1-B) are
collocated on the magnetic subfloor and the magnetic field
is measured on the floor material surface of the magnetic
floors. Fig. 7 shows a photograph of the magnetic floors
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Fig. 6. Magnetic flux density (B;) measured on (a) magnet powder layer of
the D1-B magnetic floor, (b) floor material for the D1-B magnetic floor, and
(c) floor material for the D1-A magnetic floor.

Fig. 7. Photograph of the magnetic field test on the surface of magnetic
floors (D1-A and D1-B) with the presence of the magnetic subfloor.

(D1-A and D1-B) attached with the magnetic subfloor during
the laboratory tests and Fig. 8 shows the flux density B, dis-
tribution measured for the magnetic floors (D1-A and D1-B)
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Fig. 8. Magnetic flux density (B;) measured on the surface of the floor

material of magnetic floors (DI1-A and D1-B) with the magnetic subfloor.
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Fig. 9. Demagnetization curve for the magnet powder.

with the magnetic subfloor. Flux densities B, between 2 and
5 mT are measured on the surface of the floor material of the
magnetic floors with the magnetic subfloor. The presence of
the magnetic subfloor increases the reluctance of the magnetic
floor system and it changes the distribution of magnetic field in
the regions of the magnetic floors. As a result, the magnetic
flux density on the floor material surfaces is increased
(approximately two times) in comparison with the case where
the magnetic floors are not attached to the magnetic subfloor.

III. FINITE-ELEMENT SIMULATIONS

The 2-D FE magnetic static analyses are performed to
compute the static magnetic field distribution of the magnetic
floor sample with and without attached magnetic subfloor
sample. ANSYS Maxwell software is employed to compute
the magnetic field distributions in magnetic floors using the
nonlinear isotropic properties of the Sr ferrite powder.

A. Magnetic Floor Without Magnetic Subfloor

The 26 poles in the magnet layer of the D1-B magnetic
floor sample are modeled utilizing north and south sections
with a width of 2.286 mm and a thickness of 0.5 mm. The
north and south sections of Sr ferrite powder in the magnetic
floor are modeled as permanent magnets utilizing the magnetic
properties of the Sr ferrite powder. The demagnetization curve
of the Sr ferrite powder is utilized in the north and south
regions of the magnetic floor. Fig. 9 shows the demagnetization
curve for the Sr ferrite powder.
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Fig. 10. FE model of magnetic floor without magnetic subfloor.
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Fig. 12. Comparison between magnetic flux density (B;) measured and

calculated on the surface of the floor material region of the D1-B magnetic
floor without magnetic subfloor.

The transition regions between north and south regions
are modeled using sections with a width of 0.508 mm and
a thickness of 0.5 mm, shown in Fig. 10. These transition
regions are modeled as air gaps with a relative permeability
ur = 1, indicating that these areas are completely saturated
after the magnetization of the magnetic floor.

Fig. 11 shows the magnetic flux density distribution in the
magnetic floor regions without the presence of the magnetic
subfloor, and Fig. 12 shows the comparison between measured
and calculated flux densities B, on the surface of the floor
material of the magnetic floor without the magnetic subfloor.
In Fig. 12, one can see some differences between the results
obtained in the laboratory and in the results obtained in the
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Fig. 13. FE model of magnetic floor with magnetic subfloor.
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Fig. 14. Magnetic flux density distribution in the magnetic floor region with
magnetic subfloor.

FE simulation, especially in the transition regions between
north and south regions. The origin of these differences is
because of that the ring magnets of the magnetic rollers used
to magnetize the magnet powder layers of magnetic floors
are not uniformly magnetized, and then, the magnetic rollers
produce non-uniform pole patterns in the magnet powder layer
of magnetic floors during the magnetization and production
process. The magnetization issues, the effects of the joints
between adjacent magnetic floors, and other issues present
during the production process of magnetic floors are omitted.

B. Magnetic Floor With Magnetic Subfloor

Both magnetic floors D1-A and D1-B are analyzed using
FE simulations and compared with the laboratory measure-
ments. The paramagnetic resin of the magnetic subfloor is
modeled utilizing a relative permeability x, = 10. The
thickness of the paramagnetic resin layer is of 1.0 mm as
shown in Fig. 13.

Fig. 14 shows the magnetic flux density distribution in
the magnetic floor region with the presence of the magnetic
subfloor. Fig. 14 also shows that the presence of the magnetic
subfloor modifies the paths of the magnetic flux in the mag-
netic floor region. The paramagnetic resin layer produces a
low reluctance path for the magnetic field, and it increases
the magnitude of the flux density outside of the magnetic
floor. This paramagnetic layer acts as a magnetic shunt for
the magnetic floors.

Fig. 15 shows the comparison between the flux densities B,
measured and calculated in the FE simulation on the surface
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Fig. 15. Comparison between magnetic flux density (B;) measured and

computed on the surface of the floor material region of the D1-A and D1-B
magnetic floors with the magnetic subfloor.

TABLE I
PERMITTED VALUES OF STATIC MAGNETIC FIELD FOR ELECTRONIC
DEVICES, PACEMAKERS, AND OTHER OBJECTS [20]-[23]

(Static) Magnetic flux density

Device limit level

(mT)
New cardiac pacemakers 1.0
Old cardiac pacemakers 0.5
Credit cards 40.0
Magnetic cards 3.0
Mechanical watch 6.0
Hearing aid 20.0

of the floor material of magnetic floors with magnetic
subfloor. The results obtained in the FE simulations show a
good agreement compared with laboratory test results. With
these numerical/experimental results, the authors validated
the FE models of the magnetic floors.

IV. MAGNETIC SAFETY EVALUATION OF STATIC
MAGNETIC FIELDS PRODUCED BY
MAGNETIC FLOORS

The use of magnetic floors in an actual room of a building
under real conditions is analyzed in this section. A magnetic
safety evaluation is performed to compute the static magnetic
fields on the surface of the material floor of magnetic floors
with magnetic subfloors. Table I illustrates the permitted
values of static flux density for some electronics’ devices, for
pacemakers, and for other objects [20]-[23]. The permitted
flux density values and the values of flux density computed
in simulations are analyzed for determining the possibility of
negative effects of the use of magnetic floors in buildings.

FE simulations are performed to compute the magnetic flux
density at different heights from the surface of the magnetic
floors with magnetic subfloors. A room with a surface of 4 m?
is considered in this paper. The average flux density values are
calculated at different heights from the surface of the magnetic
floor. Table IT shows the average magnetic flux density values
computed in the FE simulation for different distances from the
surface of the magnetic floor.

From Tables I and II, one can note that the magnetic field
produced by magnetic floors cannot damage old and new
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TABLE II
AVERAGE MAGNETIC FLUX DENSITY VALUES COMPUTED FOR
DIFFERENT DISTANCES OF THE SURFACE OF THE
MAGNETIC FLOOR

Device or Condition
(Distance on surface of magnetic floor)

Average static magnetic
flux density values

Credit cards, magnetic cards, mechanical

watches, hearing aids 6 mT
(0 mm)
persons with pacemakers lying face down
on surface of magnetic floor 1.23uT
(50 mm)
persons with pacemakers laying on
surface of magnetic floor 0.26uT
(200 mm)
(300 mm) 170.00 nT
(500 mm) 86.70 nT
(600 mm) 71.10 nT
(750 mm) 55.10 nT
(1000 mm) 44.10 nT
(1250 mm) 3530 nT
(1500 mm) 27.60 nT
(2000 mm) 19.20 nT
(2500 mm) 14.80 nT
(3000 mm) 12.00 nT

pacemakers if they are located or put directly on the surface
of the magnetic floors. There is a gap between the objects
and the surface of the magnetic floor where the flux densities
are lower than 6 mT. In addition, persons with old and new
pacemakers could not be affected by these magnetic fields
if they are lying face down or laying down on the surface
of the magnetic floor. Therefore, some magnetic cards and
mechanical watches cannot be damaged if they are put directly
on the surface of the magnetic floors. Finally, credit cards and
hearing aids are not affected by the magnetic fields produced
by magnetic floors.

V. CONCLUSION

The results of a numerical and experimental evaluation of
static magnetic fields produced by magnetic floors composed
of strontium (Sr) ferrite powder are presented in this paper.

Magnetic field measurements are carried out in a laboratory
in order to measure the static magnetic field produced by
magnetic floors. The results obtained in the laboratory are
compared with numerical simulations. Accurate results are
obtained between the magnetic fields computed and measured
in the laboratory in different regions of the magnetic floors.

Authors calculated and measured static magnetic fields
between 4 and 6 mT on the surface of magnetic floors
equipped with their magnetic subfloors.

Finally, a magnetic safety analysis is carried out for the
magnetic floors. The magnetic fields are computed at different
heights from the magnetic floors and they are compared with
the permitted magnetic field values for electronic devices,
pacemakers, and other objects. Authors concluded that the
pacemakers cannot be damaged by magnetic floors if they
are collocated directly on the surface of magnetic floors and
persons with pacemakers cannot be affected by magnetic
floors. In addition, other objects and electronic devices cannot
be damaged by magnetic floors.
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