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Magnetization of Steel Building
Materials and Structures in the Natural

Geomagnetic Field

E. Cermakova

This paper presents the physical basis of the magnetic properties of ferromagnetic materials and shows thewr relationships with external
geomagnetic field. It graphically processes the experimental data detected by an HMR magnetometer. Taking into account the natural geo-
magnetic field under the effects of steel U profiles, variations of the natural geomagnetic field in a steel structure building are indicated and
the potential existence of Sick Building Syndrome (SBS) in these types of buildings is pointed out.
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1 Introduction

Of fundamental significance from the microscopic point
of view, for the magnetisation of metals (including steel) is the
relationship that couples the total moment of momentum J
and the total magnetic moment m,,, the electronic envelope
of the atom. The total magnetic moment is here not an inte-
gral of movement and, considered from the point of view of
quantum mechanics, is not a factor simultaneously measur-
able with the power and the total moment of the atom
momentum. What is called the effective magnetic moment
my; is therefore established as a projection of the vector m,,
into the direction of the opposite vector J, which is sufficient
to describe the basic magnetic phenomena given by the rela-
tionship between vectors mg; and J.

Vector J (and also m;) can take only discrete positions in
the direction of the magnetic field (the projections J;; of vec-
tor J in the direction of field H are given as multiples of
Planck’s constant 7 = h/(27), in the form [y =Mgh; Mg is
the quantum number for the projection of the total moment
of the atom momentum into the axis of quantization. Projec-
tions mgy of vector m; in the direction of field H are also pos-
sible. Then the energy £; of the magnetic moment m; in the
external magnetic field H is of the form

Ey =pomey|H| (I
and indicates the potential levels of energy of the atom in the
magnetic field.

The level of atom energy, given by a single definite value
in the initial spherically symmetric field of an atom, splits
up in the magnetic field. The creation of a magnetic mo-
ment which fixes the magnetic behaviour of the substances is
accomplished only by non-closed electron shells. The non-
-closed shell of ferromagnetic materials is exposed to strong
effects of internal fields in the crystal lattice. This situation
must be reckoned with in accounting for the characteristics of
elements in the iron group.

When accounting for the magnetic characteristics of solid
substances, especially metals, it is also necessary to consider, as
a consequence of spin-orbital coupling, the orbital/magnetic
moment to different extents depending on the way the elec-
tron is coupled by its orbital movement to the crystal lattice.
The result of this phenomenon is, on the one hand, magnetic
crystal anisotropy, i.e. various positions of the magnetic mo-
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ments to the crystal lattice which are not energetically equiva-
lent, and, on the other hand, magnetostriction, i.e. there
appears a spontaneous deformation of the crystal lattice with
varying magnetic states.

Macroscopically, the external magnetic field influencing
some ferromagnetic material is, in our case, the geomagnetic
field. This field can be described by the vector of intensity of
the geomagnetic field H for any point in space as a gradient of
geomagnetic potential IV,

H =-grad W, (2)
where IV is a function of the coordinates meeting Laplace’s
equation AW=0.

The vector of geomagnetic induction B is physically cou-
pled with the vector of intensity of the geomagnetic field H by
the relationship

B=uH (3)
where u is permeability of the environment.

When considering a vector of the magnetic field experi-
mentally detected at any point in space, it is necessary to con-
sider the resultant vector H with mutually perpendicular

components H,, Hy, H,, where the resultant values of the vec-
tor is given by the formula

H|=\[H? + HS + H? (4)

or, for the vector of magnetic induction

|B|=B; + B} + BZ. (5)

The geomagnetic field described above magnetizes ferro-
magnetic materials (involving various alloy steels, cast iron,
steel reinforcement of panels, various types of building steels)
which become magnetized even by weak magnetic fields and
keep this condition also after the external magnetic field has
been removed.

2 Experiment

2.1 Measuring instruments

Measurement of minor deformations of the geomagnetic
field requires sensitive magnetometers. We used a three-
-axis smart digital magnetometer (HMR) which detects the
strength and direction of a magnetic field and communicates
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the x, y, and z component directly to a computer. Three
independent bridges are oriented to sense the x, y, and z
axis of a magnetic field. The bridge outputs are then con-
verted to a 16-bit digital value using an internal delta-sigma
A/D converter. A command set configures the data sample
rate, output format, averaging and zero offset. An on-board
EEPROM stores any configuration changes for next time
power-up. Other commands perform utility functions like
band rate, device ID and serial number. Also included in the
HMR magnetometer is a digital filter with 50/60 Hz rejection
to reduce the ambient magnetic interference.

A unique switching technique is applied to the permalloy
bridge to eliminate the effects of past magnetic history. This
technique cancels out the bridge offset as well as any offset
introduced by the electronics. The x, y, and z digitized data is
sent out as a series of bytes, either after an ID match is re-
ceived from the control processor, or as a continuous data
stream. The data is serially output in either the 9,600 band or
the 19,200 band, using the RS-232 or RS-485 standard, for
serial input to most personal computers. The RS-485 stan-
dard allows up to 32 devices to be connected on a single wire
pair up to 4,000 feet in length. An HMR address can be stored
in the on-board EEPROM to assign one of thirty-two unique
ID codes to allow direct line access. An internal microcon-
troller handles the magnetic sensing, digital filtering, and all
output communications, eliminating the need for external
trims and adjustments. Standard RS-485 or RS-232 drivers
provide compliant electrical signalling.

HMR magnetometers provide
e Arange of += 210" T: <7-107 T Resolution
e High Accuracy over +1-107 T: <0.5%

e Output Rate Selectable: 10 to 154 Samples/Sec.
o Three-Axis Digital Output: BCD ASCII or Binary
e RS-232 or RS-485 Serial Output.

2.2 Results of experiments

The outcome of detection of the natural geomagnetic
field in the open air is a vector of magnetic induction B (see
Eq. 3 and 5), which moves in our geographical latitudes
around 50 uT under the effects of daily and long-time varia-
tions and non-homogeneous distribution of ferromagnetic
materials in the Earth crust. This value oscillates slightly in u'T
units. The magnetic induction measured in wood buildings
(and classic brick buildings) without the presence of ferro-
magnetic materials (building steels) was almost the same as in
the open air. Fig. 1 shows the magnetic induction on the floor
of a classic brick building, in an unfurnished room, at a suffi-
cient distance from the piping which, in older buildings, is
mostly cast iron (building steel). (In modern buildings the

pipes are made of plastic materials or light metals that do not
deform the natural geomagnetic fields.)
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Fig. I: Magnetic induction on the floor of a classic brick building

Classic brick buildings of older type all had a reinforce-
ment, including the roof trusses, made of wood materials
that do not influence the form of the geomagnetic field. At
the present time, the building industry favours so-called clay
buildings constructed with the use of modern technologies.
The geomagnetic field in these buildings is similar to that
of Fig. 1.

However, when we use any kind of building steel in the
construction — e.g. typical U profiles (ceilings and floors of
rooms, see Fig. 2), these materials become magnetized and
deform the natural geomagnetic field.

Ferromagnetic materials inserted into a magnetic field
modify the form and concentration of the magnetic lines of
force which are retransformed into the initial condition at a
certain distance from the ferromagnetic material. The above-
-mentioned magnetometer was used to measure the deforma-
tion of the natural geomagnetic field in the direction of the
geomagnetic meridian (see Fig. 3) and in a direction devi-
ating by 35° from the geomagnetic meridian. To find the

[

Fig. 2: U profile currently used in the building industry
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Fig. 3: Deformation of the geomagnetic field due to a U profile laid in the direction of the geomagnetic meridian
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Fig. 4: Deformation of the geomagnetic field due to a U profile laid in a direction deviated by 35° away from the direction of the geomag-
netic meridian

© Czech Technical University Publishing House ~ http://ctn.cvut.cz/ap/ 49



Acta Polytechnica Vol. 45 No. 6/2005

Czech Technical University in Prague

B/10°T
7.0

6.8

6.6

6.4

6.2
6.0

//

5.8

5.6

5.4

52
5.0

4.8

4.6

4.4

4.2

x/107°m

Fig. 5: Change in magnetic induction as a function of the distance of the ferromagnetic material

declination, i.e. the congruent and deviated inclination to the
geomagnetic meridian, a geodetic compass was used.

Fig. 3 shows maximum deformation of the geomagnetic
field within the interval (0.2-6.8)-107° T with the biggest
deformation taking place along the edges of the U profile and
in the place of the maximum cluster of steel. Fig. 4, too,
clearly shows maximum deformation of the natural geomag-
netic field within the interval (0.2-6.0)-10° T, with the big-
gest deformation taking place along the edges of the U pro-
file and in the place of the maximum cluster of steel. The total
change in magnetic induction is 0.8-107 T less than that for
the congruent inclination to the geomagnetic meridian, and
is given by the declination away from the direction of the main
geomagnetic meridian. This deformation and change in the

I:j-«ﬂ
<

55"

g

magnetic field decreases appreciably with distance from the
ferromagnetic body that causes this deformation. See Fig. 5.

The steel skeleton of the building also contributes consid-
erably to the deformation of the natural magnetic field. Fig. 6
represents the steel skeleton of a part of a building which lim-
its off a hall. The areas inside the steel skeleton are filled with
reinforced panels. The measurement and graphical process-
ing of the magnetic induction in a building with a steel
skeleton is represented in Fig. 7.

The measurement of the hall in the steel structure was
time-consuming and laborious. The HMR magnetometer was
used to detect magnetic induction in steps (0.5X0.5) m over
areas parallel and 0.5 m apart from each other. To give a
better idea of the changes in the magnetic field (magnetic in-

L

Fig. 6: Steel skeleton of a part of a building filled with reinforced panels
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Fig. 7: Deformation of the geomagnetic field in a building with a steel skeleton and panel fillings

duction) the values measured include the figure of a sitting
man. To allow comparisons, the variation in magnetic induc-
tion for 1 m height is added (Fig. 8).

3 Conclusion

The paper shows appreciable changes in the natural geo-
magnetic fields (magnetic induction) due to building steel
(ferromagnetic material), namely reinforcing U profiles,
and overall effects of steel structures on the geomagnetic
field inside a building (a hall on the second floor of a build-
ing). These changes and deformations of the geomagnetic
field can contribute substantially to Sick Building Syndrome.
Long-time development has adapted man to the geomag-
netic field. The houses he inhabited in the past were
constructed with classic materials such as wood, clay and
burnt bricks, which do not deform the natural geomagnetic
fields. However, the present time has brought mostly high-
-rise buildings of a technical character, which greatly change
the magnetic field that man has been adapted to. When
working in such an environment, some people develop non-
-specific types of diseases such as increased fatigue, reduced
immunity, poor concentration and the like. The building
under test gives rise to changes of magnetic induction as high
as 30 wT. This is a value that is not taken into account or regu-
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lated by any hygienic standard. As people nowadays spend
much shorter times in the open air and live as much as 90 %
of the day in enclosed spaces, it is a question of time before
even these relatively small changes in stationary magnetic
fields will be regulated.
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Fig. 8: Changes in magnetic induction for 1 m heights in the hall
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