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Abstract: As a building becomes higher, a direct
lightning strike to the building has been increased.
When a direct lightning strikes the building,
lightning surge current flow through the steel
frames installed in the building. It is important to
estimate the lightning surge current distribution
inside the building in order to select appropriate
SPDs (Surge Protective Devices) which have
current capability depending on the size and the
material. And also, it is necessary to analyze the
magnetic field caused by the lightning surge
current in order to find out the appropriate
location of equipment taking into account of its
immunity level against the magnetic field.

In this paper, the analyzed results on direct
striking lightning surge current and magnetic field
distributions inside the buildings using finite
element method were shown.

Key-Words: Surge Protective Device, lightning surge
current, magnetic field, FEM

I. INTRODUCTION

EMC technologies have been introduced in the articles
[1]-[12]. One of EMC technologies to be considered is
ligtning protection for buildings. Lightning protection
system of building mitigates the hazards such as life, fire
and installations.

The parts of a lightning protection system are lightning
rods and down conductors which are connected to the earth
electrodes. Nowadays steel bars and frames of building can
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be used as down conductors. And also foundation of the
building can be used as earth electrodes [13].

To protect insallations such as power systems and
information systems, SPDs (Surge Protective Devices) are
used [14]. SPDs have current capability depending on the
size and the material. Therefore it is important to estimate
how many lightning surge current flow through the steel
frames of the buildings.

And also, it is necessary to analyze the magnetic field
caused by the lightning surge current in order to find out the
appropriate location of information systems taking into
account of their immunity levels against the magnetic field.

Until now, although analyses by the experiment and
simulation have been conducted, both comparison
examinations of the current and magnetic field distribution
were not performed [15]-[20].

In this paper, the analyzed results on both direct striking
lightning surge current and magnetic field distributions
inside the buildings using FEM (Finite Element Method)
were shown.

II. CURRENT AND MAGNETIC FIELD
DISTRIBUTION ANALYSES USING FEM

Maxwell's equations are as follows.

Div B=0 (1)
Div D=p 2)
Rot E=-0B/ot 3)
Rot H=J+0D/ot 4

Maxwell's equation (1) shows that the vector divergence
of magnetic flux density B is zero.

The vector potential A can be defined from equation (1)
as follows.

This ]%;(r:%rA potential A4 Cang) be obtained from
Biot-Savart’s low as follows.



Engineering World &5

Open Access Journal 2

ISSN: 2692-5079

A=2 §Las (6
4 JCr
In the finite element method, this vector potential A was
analyzed first of all.
And then from Maxwell's equations (1) to (4), the
electric flux density D, charge p, electric field strength E,
magnetic field strength H, current density J are obtained

like this.
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A. Building models used for the analyses
As a building model used for the analyses, a symmetric
model 1 and an asymmetric model 2 were used.
Model 1 is a simple two-story reinforced concrete
building using 22 mme steel bar with a width and depth of
7.2 m, and a height is 9.5 m.

o

9.5 m

1 7.2 m |

Fig.1 Model 1 building

Model 2 is a five-story steel frame building using 250
mm X 250 mm steel frame with a transformer room
installed on the rooftop. The width and depth of the
building are 20 m, the height of each floor is 5 m.
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Fig.2 Model 2 building
For model 2 building, instead of the conventional
lightning protection method, we also examined the mesh
method [13].

III. ANALYZED RESULTS

ON MODEL 1 BUILDING
A. Current distribution analyzed result by FEM
Model 1 is a simple 2-story reinforced concrete
building, and the analysis of lightning surge current
distribution was performed.

FET

Fig. 3 Lightning surge current distributions
inside the model 1 building

Fig. 3 shows a 100kA lightning surge current (1/50
usec: rise time 1 psec, half-value width 50 psec)
distributions inside the building. The injection point of the
direct lightning surge current having 100kA peak was set
at the center of the roof.

Fig. 4 shows a plot of the peak values of the waveforms.
In Fig. 4, the currents were the largest at 23.4kA at the
central steel bar of the building just below the injection
point, 10,9kA at the outer steel bar, and 8.5kA at the
corner steel bar. It is considered that this is because the
current flows through the shortest path with the lowest
impedance.
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Fig. 4 A plot of the peak values of the waveforms
when a 100kA lightning surge current injected
into a model 1 building

B. Magnetic field distribution analyzed result by

FEM . e . o (MAX 2.4X102T)
Furthermore, magnetic field distribution analysis was Fig. 6 Magnetic field analyzed result by FEM
perionmed using FENL — (Model 1 building: The 1st floor)

In Fig. 5 and Fig. 6, the magnetic field strength of the red
part was the strongest, and the magnetic field strength
became weaker as the color became orange, yellow,
green, blue, indigo, and purple.

Looking at the magnetic field distribution on each floor,
the magnetic field distributions on the 1st and the 2nd
floors were almost the same. It is considered that this is
because the model 1 building is symmetric. In addition,
the maximum value of the magnetic field strength on the
Ist and the 2nd floors was 2.4x10 2 T, which were the
same results.

Fig. 7 shows the magnetic field vectors on the st floor.
Fig. 7 shows that the magnetic field strength was the
strongest in the red part of the color, and the magnetic
field strength became weaker as the color changes to
orange, yellow, green, blue, indigo, and purple.

(MAX 2.4X102T)
Fig. 5 Magnetic field analyzed result by FEM
(Model 1 building: The 2nd floor)

The magnetic field distribution analyzed results on the
2nd and 1st floors using FEM are shown in Figures 5 and
6, respectively.
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Fig. 7 Magnetic field vector analyzed result by
FEM (Model 1 building: The 1st floor)

It was found that the magnetic field vectors are also
symmetrical with respect to the magnetic field distribution
shown in Fig. 6, and the magnetic field strengths at the
center and the edges of the room were large.

From these magnetic field distribution analyzed results, in
the case of model 1 building, the center and edges of the
room have high magnetic field strength. In other words, in
this building model, it became clear that the information
systems should be installed in a place away from the center
and the edges of the room taking into accout of their
immunity levels against magnetic field strength.

IV. ANALYZED RESULTS ON
MODEL 2 BUILDING

A. Current distribution analyzed result by FEM

Fig. 8 shows a plot of the peak values of the waveforms
when a 100kA lightning surge current was injected into a
model 2 building using FEM. A 35.6kA current flowed
through the transformer room which is the injection point.
Looking at the left side of the transformer room, current
peak values were 21.2kA on the 5 floor, 15.7kA on the 4
floor, 13.9A on the 3rd floor, 13.2kA on the 2nd floor,
12.9kA on the 1st floor.
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Fig. 8 A plot of the peak values of the waveforms
when a 100kA lightning surge current injected
into a model 2 building

In addition, looking at the right edge of the buiding,
current peak values were 5.3kA on the 5™ floor, 8.7kA on
the 4" floor, 10.6kA on the 3rd floor, 11.5kA on the 2nd
floor, 11.9kA on the 1st floor. They were increased as the
floor going down.

B. Magnetic field distribution analyzed result by
FEM

The magnetic field analysed results using FEM are shown
in Figs. 9 to 13 from the 5% floor to the 1st floor. In Figs. 9 to
13, the magnetic field strength was strongest in the red part,
and the magnetic field strength became weaker as the color
changes to orange, yellow, green, blue, indigo, and purple.
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(MAX 3.7X102T)
Fig. 9 Magnetic field distribution analyzed
result by FEM (Model 2 building: The 5% floor)

Looking at the magnetic field distribution on the 5" floor
shown in Fig. 9, the part with the transformer room on the
roof had the largest magnetic field strength. The maximum
magnetic field strength was 3.7 x 102 T.

The maximum magnetic field strength on the 4% floor
shown in Fig. 10 was 2.4x10 2 T.

[N

(MAX 24X102T)

Fig. 10 Magnetic field distribution analyzed result
by FEM (Model 2 building: The 4™ floor)

The maximum magnetic field strength on the 3rd floor
shown in Fig. 11 was 1.7x10 2 T.
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Fig. 11 Magnetic field distribution analyzed
result by FEM (Model 2 building: The 3rd floor)

The maximum magnetic field strength on the 2nd floor
shown in Fig. 12 was 1.6x10 2 T.

(MAX 1.6X102T)

Fig. 12 Magnetic field distribution analyzed
result by FEM (Model 2 building: The 2nd floor)

Comparing the magnetic field strength on the 4" floor and
the magnetic field strength on the 3rd floor with the
magnetic field strength on the 5 floor, it became clear that
the magnetic field strengths were weaker by about 30% in
the order of the 4" floor and the 3rd floor. It is considered
that this is because as the number of floors decreased, the
current flowed uniformly through the steel frames and the
magnetic fields eliminated each other.

The maximum magnetic field strength of the magnetic
field distribution on the 1st floor shown in Fig. 13 was
1.5x10 2 T.
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Fig. 13 Magnetic field distribution analyzed
result by FEM (Model 2 building: The 1st floor)

Comparison between the second floor shown in Fig. 12
and the 1st floor shown in Fig. 13, the range in which the
magnetic field was weakened at the center of the 1st floor.

In other words, in the model 2 building, it was found that
it is better to install the information systems at the center
of each floor where the influence of the magnetic field is
small.

Fig.14 and Fig.15 show the magnetic field vector
distribution on the 5™ and 1st floors, respectively. Fig.14
and Fig.15 show that the magnetic field strength of the red
portion was the strongest, and the magnetic field strength
became weaker as the color became orange, yellow,
green, blue, indigo, and purple.

Fig. 14 Magnetic field vector analyzed result by
FEM (Model 2 building: The 5" floor)

From the magnetic field vector distribution as shown in
Fig.14, the magnetic field vector was asymmetrical on the
5% floor. On the other hand, the magnetic field vector was
almost symmetrical on the 1st floor as shown in Fig.15.

Fig. 15 Magnetic field vector analyzed result by
FEM (Model 2 building: The 1st floor)

C. Consideration of current distribution when
the mesh method is added to model 2 building

The mesh method is one of the methods for protecting a
building from lightning [13].
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Fig. 16 A plot of the peak values of the
when a 100kA lightning surge

current injected into a model 2 building (mesh
method is applied)
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This method is a new lightning protection method that
adds a metal mesh.

In order to confirm the effect of this mesh method, 22
mme iron wires were added to the roof of the building
model 2 where there was no steel frames (red line portions
in Fig. 16) .

Compared with Fig. 8, the value of the current
flowing just below the injection point was 35.6 kA,
whereas in the model with the added mesh, it
increased to 42.4 kA for the same steel frame. It is
considered that this is because the impedance just
below the injection point decreased.

Also, comparing the current values on the 1st floor,
when the mesh method was not applied (Fig. 8),
current values were in the range of 11.9 to 13.1 kA.
On the other hand, when the mesh method was
applied (Fig. 16), the current values were almost
uniformly in the range of 12.2 to 12.7 kA on the 1st
floor.

Therefore, it became clear that the method of
adding iron wires to the part of the roof having no
steel frsmes is an effective measure to make the
current value uniform.

V. Conclusion

In this paper, the analyzed results on direct striking
lightning surge current and magnetic field distributions
inside the buildings using FEM (finite element method)
were shown.

(1) As a model used for the analyses, a symmetric model 1
building and an asymmetric model 2 building were used.
Model 1 building is a simple two-story model. Model 2
building is a five-story asymmetrical model with a
transformer room installed on the rooftop.

(2) In the case of model 1 building, the injection point of
the direct lightning surge current having 100kA peak was
set at the center of the roof. The currents were the largest at
23.4KkA at the central steel bar of the building just below the
injection point, 10,9kA at the outer steel bar, and 8.5kA at
the corner steel bar. It is considered that this is because the
current flows through the shortest path with the lowest
impedance.

(3) In the case of model 1 building, as a result of magnetic
field analysis, it became clear that information sysytems
should be installed in a place away from the center and
edges of the room taking into accout of their immunity
levels against magnetic field strength.

(4) In the case of model 2 building, A 35.6kA current
flowed through the transformer room which is the injection
point. Looking at the left side of the transformer room,
current peak values were 21.2kA on the 5% floor, 15.7kA on
the 4™ floor, 13.9A on the 3rd floor, 13.2kA on the 2nd
floor, 12.9KA on the 1st floor.
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(5)It was also found that in the model 2 building, it is better
to install the information sysytems at the center of each
floor, which is less affected by the magnetic field.

(6) The mesh method is a new method of lightning
protection in which a metal mesh is added. It became clear
that the method of adding iron wires to the part of the roof
having no steel frames is an effective measure to make the
current value uniform.
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