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Abstract — Lightning is a natural phenomenon that typically results in significant physical damage in areas
where it strikes. Extensive research has been conducted to mitigate the effects of this damage, leading to
the identification of specific precautions and practices. By adhering to both Turkish and international
standards, an optimal lightning protection system can be established by integrating various components.
The lightning protection system comprises an internal lightning (lightning rod) installed within the building,
an external lightning system chosen based on the building's structure, and a robust grounding system. These
components must adhere to established standards and techniques to ensure their effectiveness. In this paper,
the protection of structures from lightning, analysis of the existing systems, the determination of the
problems and the evaluation of the solution proposals have been carried out in order to reduce the loss of
life, property and service that may ocur in terms of Occupational Health and Safety in and around the
Balkan Campus of Trakya University. By making the width-length-height measurements of the buildings
located in the campus, the lightning risk calculations of the buildings, the lightning protection radius
calculations of the existing protection systems and the determination of the grounding resistances have been
made. As a result, it was determined that 17 of the 29 detected lightning rods were inappropriate and
maintenance-repair-replacement activities should be carried out immediately. Additionally, it has been
calculated that the lightning protection radius is insufficient.
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polarity, waveform, and peak value of the lightning
current are distinctive characteristics of lightning.
Lightning discharges can be negative or positive in
polarity, with the majority, ranging from 70% to
90%, being negatively charged [3-5].

Numerous studies on lightning have been
conducted to date, but certain key studies stand out
in the development of this literature. In 1908,
Wagner conducted the initial theoretical analysis

I. INTRODUCTION

Lightning is a high-voltage electrical discharge
that restores the electrostatic balance in the
environment. Think of lightning as a way to
equalize a large-scale buildup of static electric
charge. Similar to static electricity, lightning results
from the interaction between oppositely charged
objects striving to achieve equilibrium [1].
Lightning discharge occurs in the form of channel

discharge through large electrode apertures. For
lightning discharge to happen, the electric field
strength in the cloud must reach approximately 30
kV/cm [2]. When the field strength inside a cloud
increases sufficiently, it leads to cloud-cloud
discharge, cloud-in-cloud discharge, or cloud-
surface lightning. In some cases, when the electric
field accesses a certain value near tall structures or
sharp points, upward lightning may consist. The

into induced lightning surges in power transmission
lines, theorizing the causes of lightning strikes on
these lines [6]. In 1929, Bewley substantiated
Wagner's theory by demonstrating that the induced
electric field caused by lightning doesn't dissipate
instantaneously [7]. In 1942, C.F. Wagner and
Mc.Cann, in their study on induced overvoltages,
highlighted the significance of ambient temperature
in thunder formation [8].
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In a 1948 paper, Szpor calculated induced voltages
resulting from vertical lightning strikes using more
complex assumptions than Wagner and Mc.Cann,
emphasizing the need to consider both magnetic
effects and electrostatic induction. These findings
were deemed applicable primarily to regions near
the point of lightning strike [9]. In 1954, Golde
conducted a study on the impact of induced voltages
on the failure frequency of transmission lines,
employing assumptions slightly different from those
of Wagner and Mc.Cann. However, Golde found
that the difference between various hypotheses and
peak value of imposed voltages was minimal.
Golde's calculations, performed analytically, were
based solely on scalar potential [10]. In 1955, R.
Lundholm calculated induced voltages on both short
and long-range high-voltage (HV) transmission
lines by approximating Wagner and Mc.Cann's
assumptions. In this derivation, he omitted
consideration of the magnetic field, which was later
found to be unsatisfactory from a theoretical
perspective [11]. In 1958, Rusk calculated induced
voltages for low-voltage (LV) transmission lines
with both short and long ranges, establishing a
formula expression that is still widely used and
forms an important international standard [12].

In 1967, Chowduri and Gross proposed two
different formula expressions to compute induced
overvoltages based on the same assumptions as
Rusk, resulting in distinct formulas [13]. In 1968,
Liew and Mar modified the Chowduri-Brut
approach and introduced their own formula solution
[14,15]. Furthermore, the increasing demand for
power quality since the early 1990s has prompted
numerous specialized numerical studies to address
the issue. Some additional studies that have
contributed to this field include lightning analysis of
155 kV and 78 kV transmission lines, analysis of
lightning overvoltages on power poles using
Laplace transform, examination of lightning
overvoltages based on pole types, and protection
analysis of impulse rods and insulators against
overvoltages caused by lightning EM waves [16-
19].

In this study, analysis of existing systems,
identification of problems and evaluation of
solution proposals for lightning protection of
buildings in Trakya University, Balkan Campus are
carried out. Lightning risk calculations of the
buildings, lightning protection radius calculations of
the existing protection systems and grounding

resistances were determined by measuring the
width-length-height of the buildings in the campus.
In addition, soil resistance measurements and
grounding calculations were made to calculate the
protection radii of existing lightning protection
systems and measures to be taken for lightning
protection within the campus. In this context,
lightning protection risk analysis was performed. As
a result of this study, 17 of the 29 lightning rods
were found to be inappropriate. It was revealed that
maintenance-repair-replacement  activities  of
lightning protection systems are not carried out and
periodic controls are not carried out.

II. DETECTION OF LIGHTNING SYSTEMS

Information about the past records of lightning
protection systems was requested by contacting the
Department of Construction Works. However, it
was determined that the existing lightning
protection systems do not have layout plans, risk
analysis and past measurement records. As a result
of this situation, it was decided that photographic
records of lightning protection systems should be
created. Thus, using the drone-camera device
available at the General Secretariat, Printing and
Publishing Unit, photographic records of the
external lightning rod components of the lightning
protection system in the Balkan Campus were
created.

As a result of the imaging study, 29 external
lightning rods were identified in Trakya University
Balkan Campus. A few examples of photographs of
the external lightning rods are presented in Fig. 1.
The external lightning arrays are named with the
names of the buildings they are located in. In Table
1, the Balkan Campus External Lightning Rod List
is shared.

Afterwards, the settlement plans of the Balkan
Campus were obtained in consultation with the
Department of Construction Works. EXisting
lightning protection systems were marked on the
layout plans and an "External Lightning Protection
Layout Plan™ was created.
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Table 1. Balkan Campus External Lightning Rod List

No Lightning Rods
1 Balkan Oncology Hospital
2 Bolca Main Dining Hall Building
3 Faculty of Dentistry
4 Faculty of Pharmacy
5 Faculty of Literature
6 Faculty of Literature Annex Building
7 Faculty of Science Biology - Mathematics Building
8 Faculty of Science Dean's Office
9 Faculty of Science Physics - Chemistry Building
10 Heat Center
11 Faculty of Economics and Administrative Sciences
Amphitheater Building
Faculty of Economics and Administrative Sciences
12 o
Classroom Building
13 Faculty of Theology
14 Kirkpinar Faculty of Sport Sciences
15 Kirkpmar Sports Sciences Faculty Sports Hall
16 Kirkpinar Sports Sciences Faculty Swimming Pool
17 Conservatory Concert Hall
18 Library Building
19 Music and Ballet Middle School
20 Rectorate Building
21 Mental and Nervous Diseases Hospital
22 Faculty of Health Sciences
23 Faculty of Medicine - 1 (right)
24 Faculty of Medicine - 2 (medium)
25 Faculty of Medicine - 3 (left)
26 Faculty of Medicine Amphitheater Block
27 Faculty of Medicine Ratip Kazancigil Classroom
Building
28 Faculty of Medicine Basic Medicine Units Building
29 TUTAGEM Building

Lightning risk analysis calculations were made for

Fig. 1 Balkan Campus Exterior Lightning Photos all bUi!dinQS With_ eXtemal_ lightning. Ni=35 was
determined for Edirne province.
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It is seen that Ng > N¢ for all buildings. In this
context, the implementation of lightning protection
system for Trakya University Balkan Campus is
determined as mandatory.

As aresult, it was revealed that the E value should
be calculated for Trakya University Balkan
Campus. With the calculated E value, the protection
class levels of the buildings were determined. In
addition, the protection radius values of the existing
lightning protection systems were calculated. In
order to better evaluate the coverage area of the
calculated protection radius values, necessary
drawings were made on the layout plan of Trakya
University Balkan Campus and the "External
Lightning Protection Coverage Area" diagram was
created. Fig. 2 shows the external lightning
protection coverage area.

Fig. 2 External Lightning Protection Coverage Areas

111. GROUNDING MEASUREMENTS OF LIGHTNING
PROTECTION SYSTEMS

The grounding resistances of the detected external
lightning rods are measured with the FLUKE 1623-

2 grounding measurement kit shown in Fig 3.
Measurement Results are presented in Table 2.
' Y RN

v——'—\*ﬂ-f‘-“r“““

Fig. 3 FLUKE 1623-2 Earth Ground Measurement Kit

In Table 2, R value indicates the grounding
resistance value obtained at the end of the
measurement and S value indicates the compliance
status. A stands for appropriate and IA stands for
inappropriate.
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Table 2. Balkan Campus External Lightning Grounding

Resistance Values

Table 3. External Lightning Assessment Results

No Lightning Rods Commentary
No Lightning Rods R . o - -
2 Bolca Main Dining Hall Building High Resistance
1 Balkan Oncology Hospital 484Q | A Test terminal
5 Faculty of Literature ineffective
2 Bolca Main Dining Hall Building 17.88Q | IA
6 Faculty of Literature Annex Building Oxidation
3 Faculty of Dentistry 7Q A ; Faculty of Science Biology - oxidation
4 Faculty of Pharmacy 543 Q Mathematics Building
9 Faculty of SC|ence_ Physws - Chemistry No fa\{o_rable
5 Faculty of Literature Not 1A Building _ conditions
Measured Faculty of Economics and
6 Faculty of Literature Annex Building Not 1A 12 Administrative Sciences Classroom High Resistance
Measured Building
Faculty of Science Biology - Mathematics Not No earth
7 Building Measured | "2 13 Faculty of Theology connection
8 Faculty of Science Dean's Office 927Q | A 14 Kirkpinar Faculty of Sport Sciences High Resistance
Faculty of Science Physics - Chemistry Not Kirkpnar Sports Sciences Faculty Sports .
° Building Measured | A 15 Hall Oxidation
10 Heat Center 4.74 Q 16 Kiurkpmar Sports Sciences Faculty No test terminal
- — Swimming Pool
11 Faculty of Economics and Administrative 9380 - . —
Sciences Amphitheater Building : 18 Library Building Oxidation
Faculty of Economics and Administrative . . .
12 Sciences Classroom Building 2440 | 1A 20 Rectorate Building High Resistance
13 Faculty of Theology 1795Q | 1A 21 | Mental and Nervous Diseases Hospital | No test terminal
14 Kirkpinar Faculty of Sport Sciences 76.6Q | 1A 22 Faculty of Health Sciences High Resistance
15 Kirkpar Sports Sciences Faculty Sports Not 1A 23 Faculty of Medicine - 1 (right) High Resistance
Hall Measured
Kirkpnar Sports Sciences Faculty Not og | Faculty of Medicine Basic Medicine Oxidation
16 Swimming Pool Measured IA Units Building
- oy Test terminal
17 Conservatory Concert Hall 82Q A 29 TUTAGEM Building ineffective
18 Library Building Me,::L}red 1A
_ _ Details of the negative conditions and
19 Music and Ballet Middle School 737€ | A1 nonconformities identified are shared in Fig. 4.
20 Rectorate Building 67 Q 1A
21 Mental and Nervous Diseases Hospital Not 1A
Measured
22 Faculty of Health Sciences 11.74Q | 1A
23 Faculty of Medicine - 1 (right) 1037Q | IA
24 Faculty of Medicine - 2 (medium) 3.17Q
25 Faculty of Medicine - 3 (left) 271 Q
26 | Faculty of Medicine Amphitheater Block 55Q
27 Faculty of Medicine Ratip Kazancigil 4130 | A {
Classroom Building i 4
28 Faculty of Medicine Basic Medicine Units Not 1A -
Building Measured Fig. 4 Detected adverse conditions and inappropriates
. o Not
29 TUTAGEM Building Measured 1A V. CONCLUSION
IV. DISCUSSION This study aimed to develop a lightning impulse

Descriptions of the external lightning installations
classified as "Inappropriate” are presented in Table

3.

generator that is suitable for use in the High Voltage
Laboratory of Yildiz Technical University. Changes
were made to the structure of the impulse voltage
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generator to allow the application of lightning
impulse voltage consecutively every 15 seconds.

In the Physics-Chemistry building, access to the
test terminal was not possible.

The recently completed Faculty of Theology
building was found to have no electrical connection
between the external lightning rod and the ground.

It was observed that there were no test terminals
in the Mental and Nervous Diseases Hospital and
Swimming Pool buildings.

In the TUTAGEM building, it was determined that
a single conductor was used instead of two separate
conductors that should be joined in the test terminal.
In this case, the test terminal loses its function.

In buildings such as the Faculty of Letters, Faculty
of Science and Basic Medicine Units, test terminals
could not be removed due to oxidation.

In the Rectorate building, it was observed that the
test terminal was located on the roof. This makes the
measurement process very difficult.

In addition, when the external lightning rod
photographs are evaluated considering the building
construction years, it is suspected that the 10
external lightning rods listed below are
RADIOACTIVE.

 Bolca Main Dining Hall Building
« Faculty of Letters (2 Units)

* Physics - Chemistry Building
 Biology - Mathematics Building

» Faculty of Economics and Administrative
Sciences (2 Units)

» Kirkpmar Faculty of Sport Sciences
 75th Year Indoor Sports Hall
+ Conservatory Concert Hall

Furthermore, as seen in Fig. 2, it is clear that the
protection coverage areas do not cover all buildings
in the Balkan Campus. It was determined that some
buildings do not have lightning protection systems.

In the light of the findings, it has been determined
that there is no record of the lightning protection
systems of the Balkan Campus and periodic
measurements and controls are not carried out. In
this context, it is necessary to check the lightning
protection systems of all campuses, including
Trakya University Balkan campus, and to make the
inappropriate installations appropriate. After the
completion of these processes, periodic
measurements should be made and recorded and

lightning protection systems should be monitored
regularly and continuously.

ACKNOWLEDGMENT

This study was supported by Trakya University
Scientific Research Projects Coordination Unit.
Project Number: 2022/129. The author would like
to thank Trakya University for their support.

REFERENCES

[1] Braunstein, A., Lightning Protection Systems, Tel-Aviv,
1990.

[2] Tobias, J.M., The basis of conventional lightning
protection systems, IEEE Transactions on Industry
Applications, Volume 40, No. 4, July-Aug. 2004, pp. 958
- 962.

[3] Emre, S., Yildirim bosalmalart ve etkinlik bolgelerinin
incelenmesi, ITU Fen Bil. Enst., Yiiksek Lisans Tezi,
Istanbul, 1992.

[4] Khalifa, K., High-Voltage Engineering, Theory and
Practice, Marcel Dekker, Inc., New York, 1990.

[5] Uman, M.A., Natural lightning, IEEE Transactions on
Industry Applications, Volume 30, No. 3, May-June
1994, pp. 785 — 790.

[6] KW. WAGNER, Elektromagnetische Ausgleichs
Vorgange in Freileitungen und kabeln (in German), par.
5, Leipzig, 1908.

[7] L. W. BEWLEY Traveling Waves due to lightning, AIEE
Trans. 48, pp. 1050 1064,1929.

[8] C.F. WAGNER, G.D. MC CANN, Induced Voltages on
Transmission Lines, AIEE Transactions, Vol. 61, pp.
916- 930, 1942.

[9] S. SZPOR, A new theory of the induced over voltages,
Cigré Report 308, 1948.

[10] R. H. GOLDE, Indirect lightning Surges on overhead
distribution lines, The electrical research associations,
S/T 75, Leatherhead, 1954.

[11] R. LUNDHOLM, Induced Over voltages on
Transmission lines and their bearing on the lightning
performance of medium voltage networks, Duplic
Goteborg, 1955.

[12] S. RUSCK, Induced Lightning over-voltages on power
transmission lines with special reference to the
overvoltage protection of low-voltage networks, Trans.
Royal Inst. Of Tech., no. 120, pp.1-118, 1958.

[13] P. CHOWDHURI, E.T.B. GROSS, Voltage Surge
Induced on Overhead Lines by Lightning Strokes,
Proceeding of IEE, Vol. 114, No. 12, pp. 1899-1907,
Dec. 1967.

[14] A.C. LIEW, S.C. MAR, Extension of the Chowdhuri —
Gross Model for Lightning Induced VVoltage on Overhead
Lines, IEEE Trans. Power Systems, Vol. 1, no. 2, pp. 240
247, 1986.

[15] H.K. HOIDALEN, Analytical Formulation of Lightning-
Induced Voltages on Multiconductor Overhead Lines
Above Lossy Ground, IEEE Trans. Electromagnetic
Compatibility, vol.45, no.1, pp.92-100, Feb. 2003.

[16] S. SEKIOKA, K. AIBA and S. OKABE, Lightning Over
voltages on Low Voltage Circuit Caused by Ground
Potential Rise, International Power System Transients,

164



Lyon, France, June 4-7, 2007.

[17] FERETE, K., NIKOLOVSKI, S., KNEZEVIC, G,
STOJKOV, M., KOVAC, Z., Simulation of Lightning
Transients on 110 kV overhead-cable Transmission Line
Using ATP, EMTP, IEEE, 2010.

[18] CAKIL T., CARLAK H.F., OZEN S. Protection Analysis
of Surge Arresters and Isolators Against Over voltages
Caused by Lightning Electromagnetic  Pulses,
International Conference on Advances and Innovations
in Engineering, Elazig, Turkey, 10-13 May 2017.

[19] CAKIL T., CARLAK H.F., OZEN S. The Analysis of
Transient Phenomena on Power Transmission Lines Due
to Lightning Electromagnetic Pulses, Progress In
Electromagnetics Research Symposium, PIERS 2017, St
Petersburg, Russia, 22 25 May 2017.

165



