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MIKLOS BERCZELI *~ZOLTAN WELTSCH **~ATTILA SZABO***

Comparative Adhesion of Anaerobic
and Cyanoacrylate Adhesives
to Hydrophilic Surface on Mild Steel

Abstract: This study is about laser-induced surface activated DC01 and S235
mild steels, which are bonded with an anaerobic acrylic adhesive (Loctite
270) and a cyanoacrylate adhesive (Loctite 496). A fiber laser was used with
50-100% power, 20-200 kHz pulse frequencies, and scanning speeds were
500-2000 mm/s. Wettability was measured by water contact angle (WCA),
and the joint performance was examined through single-lap shear tests. Both
untreated steels showed hydrophobic behaviour (DCO01: 72.9°, S235: 89.8°),
which resulted inlow shear strengths: 0.29 kN (DC01, acrylic), 2.03kN (DC01,
cyanoacrylate), 0.57 kN (S235, acrylic), and 0.06 kN (S235, cyanoacrylate).
After laser treatment, the WCA was under 5° in most cases, showes complete
wetting. This change was reflected in a significant increase in strength. In
the case of DCO1, the acrylic adhesive achieved 2.9 kN (=10x) and the cy-
anoacrylate achieved 5.6 kN (=2.5x). In the case of S235, the acrylic adhesive
achieved 3.9 kN (=7x), while the cyanoacrylate increased from 0.06 to 6.1
kN (=100x). Based ont he results the laser activation can create a clean, high-
ly hydrophilic surface. It increases the adhesion of both adhesive systems. Al-
though the two steels responded differently to the treatment, in all cases the
reduction in the rim angle was closely related to the increased bond strength.
Keywords: Steel, surface treatment, laser, wettability, adhesive.

Osszefoglalas: A kutatas célja a lézerrel indukalt feliiletaktivalds hatasanak
vizsgalata DCO1 és S235 lagyacélok nedvesedési tulajdonsagaira és ragasz-
tott kotéseinek szilardsagara. A mintakat két kiillonb6z6 ragasztérendszerrel
- anaerob akrilat (Loctite 270) és cianoakrilat (Loctite 496) ragasztoval — ko-
totték ossze. A feliiletkezelést impulzusiizem szallézerrel végezték 50-100%
teljesitmény, 20-200 kHz impulzusfrekvencia és 500-2000 mm/s pasztazasi
sebesség tartomdnyaban. A felilleti nedvesedést peremszogméréssel, a ra-
gasztott kotések kotésszilardsagat egylapos nyirdvizsgalattal értékelték.
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A kezeletlen acélfeliiletek hidrofob viselkedést mutattak (DCO01: 72,9°, S235: 89,8°), ami alacsony kotési szi-
lardsagot eredményezett. A 1ézeres feliiletaktivalds hatasara a peremszog a legtobb esetben 5° ala csokkent,
ami teljes nedvesedést jelez. A hidrofil feliilet kialakuldsa jelent6s szilardsdagnovekedést eredményezett
mindkét ragasztorendszer esetében. DCO1 acélon az akril ragaszto szilardsaga kozel tizszeresére (=2,9 kN),
a cianoakrilaté pedig mintegy 2,5-szeresére (=5,6 kN) nétt. S235 acélon az akril ragaszt6 koriilbeliil hétsze-
res (=3,9 kN), mig a cianoakrilat ragaszt6 tobb mint szazszoros (=6,1 kN) szilardsagnovekedést mutatott.
Az eredmények igazoljak, hogy a lézeres feliiletaktivalas hatékony modszer hidrofil, nagy feliileti energiaju
acélfeliletek1étrehozasara, amelyjelentGsen javitjaa ragasztott kotések tapadasat és iparialkalmazhatdsagat.
Kulcsszavak: Acél, feliiletkezelés, 1ézer, nedvesithetdség, ragaszto.

Introduction

Adhesive bonding has become an important joining method in many manufacturing sectors, for exam-
ple automotive, energy and construction. Compared with welding or mechanical fastening, the adhesive
joints distribute loads more evenly, support lightweight design, and allow the joining of dissimilar ma-
terials. This technic do not introduce thermal distortion or galvanic corrosion. Industries shift toward
cleaner and more efficient production and the demand for reliable, solvent-free bonding processes seems
to grow. This trend is reinforced by sustainability expectations in the transport sector. Vehicle impact is
now judged mainly through lifecycle CO, emissions and the energy mix that supports their operation. The
performance of adhesive joints on mild steels, depends strongly on the condition of the surface. Materials
such as DCO1 and S235 typically carry native oxides, rolling residues and adsorbed hydrocarbons, that’s
why the surface energy is lower and block molecular-level contact with the adhesive. Conventional surface
preparation methods, such as mechanical abrasion, chemical etching or solvent cleaning, can improve
adhesion. These methods often suffer from inconsistency, environmental concerns, or difficulties in auto-
mation. Laser-based surface treatment offers a precise and clean alternative. Controlled laser irradiation
can remove contaminants, renew oxide layers, and create micro- and nano-scale textures that raise surface
energy and promote wetting. These changes are especially important for adhesives whose curing mecha-
nisms rely on surface chemistry. Anaerobic acrylic adhesives, for example, require metal ions to initiate
polymerization, while cyanoacrylates depend mainly on surface polarity and moisture. Both the chemical
state and the microstructure of the steel surface affect their final bonding performance. This paper aim is
to examine how laser-induced surface activation affects the wettability and adhesive strength of bonded
DCO01 and S235 steels with an anaerobic acrylic (Loctite 270) and a cyanoacrylate adhesive (Loctite 496).
By comparing untreated and laser-treated surfaces, the study aims to clarify how changes in surface energy
and surface chemistry translate into mechanical performance, and to identify process conditions that sup-
port clean, repeatable and industrially applicable adhesive bonding.

6 Dunakayics - 2026/ 03.
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Literature Review

THE SIGNIFICANCE OF STRUCTURAL ADHESIVE BONDING OF STEELS

Structural adhesive bonding has become a key method for lightweight and
hybrid constructions. Adhesive joints spread the load across a larger area, al-
lowing thinner components without compromising strength, and this is the
main difference compared to welding or mechanical fastening. In the latter
mentioned technologies local stresses, heat-affected zones and distortion can
introduce [1]. This is especially valuable in automotive body structures, trans-
port applications, and various civil or energy systems where weight reduction
and fatigue resistance play an important role. Adhesive bonding also makes it
possible to join dissimilar materials without the risk of galvanic corrosion or
metallurgical incompatibility [2]. Because the process does not involve high
temperatures, it avoids phase changes and residual stresses that commonly
occur in welded joints, improving dimensional stability and fatigue perfor-
mance [3]. Recent studies show that hybrid solutions, where spot welds are
combined with structural adhesives, can enhance crash behaviour and cor-
rosion resistance in vehicle bodies, supporting their use in mass production
[4]. Despite these benefits, steel-to-steel adhesive bonding is still limited in
industry, mainly because surface preparation strongly influences long-term
reliability. Native oxides, rolling lubricants and adsorbed hydrocarbons form
weak layers that reduce surface energy and inhibit proper molecular contact
with the adhesive [1]. Reliable bonding therefore requires controlled, con-
sistent surface activation. As a result, research has increasingly shifted from
developing new adhesive formulations toward refining surface engineering
techniques that render steel surfaces more chemically active and hydrophilic.
Among the most promising approaches are plasma treatments, chemical ac-
tivation and various laser-based methods, all capable of removing weak sur-
face layers and producing stable, high-energy surfaces suitable for modern
adhesives [3]. These developments are also in line with broader sustainabil-
ity evaluations in the European transport sector, where the environmental
performance of both electric and conventional vehicles depends strongly on
national energy mixes and lifecycle CO, emissions [5, 6].
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LASER SURFACE TREATMENT AS A CLEAN AND CONTROLLABLE
PRE-TREATMENT TO IMPROVE ADHESION

Laser surface treatment has become a strong alternative to tradi-
tional cleaning and activation methods such as grit blasting, chem-
ical etching or plasma treatment. The industrial popularity of the
laser surface treatment comes from its environmental advantages
and consistent performance [7]. Chemical processes depend on
solvents or generate waste, but laser activation is a dry, contactless
method. It can be fully controlled and easily integrated into auto-
mated production lines [8]. Pulsed laser radiation interacts with
metal surfaces. It produces localized melting, rapid solidification
and renewal of the oxide layer. These effects remove weak bound-
ary layers and increase surface energy. The process parameters
are average power, pulse frequency and scanning speed, can form
different micro- and nano-scale textures. These are modifying
wetting and adhesion in a characteristic way [9]. Several studies
show that even moderate laser energy can reduce the water contact
angle (WCA) of metallic surfaces from roughly 80-90° to below
10°. In many cases the WCA reduced to <5°, resulting in a super-
hydrophilic surface that strongly favours adhesive wetting [10]. A
major benefit of laser pre-treatment is its dual effect: it alters the
surface chemistry, while also shaping the microstructure. The laser
removes hydrocarbons and it promotes the formation of a thin,
hydroxyl-rich oxide layer containing Fe-O-OH groups, so the po-
lar component of surface free energy increased [11]. At the same
time, microgrooves or microcones form on the surface. These are
increasing the real contact area and supporting mechanical inter-
locking with the adhesive [12]. These combined changes typically
lead to more stable and reproducible adhesion than what is achiev-
able with purely chemical or mechanical preparation. Results from
steel-epoxy, steel-acrylic and steel-cyanoacrylate joints show that
once the WCA falls below about 10°, shear strength increases
sharply, often reaching 300-400% improvement compared with
untreated surfaces [13].
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INFLUENCE OF ADHESIVE CHEMISTRY ON THE EFFECTIVENESS
OF LASER SURFACE ACTIVATION

There are many adhesives, such as anaerobic acrylics, cyanoacrylates, epox-
ies, and polyurethanes, which can interact differently with metallic surfaces
depending on their functional groups, polymerization kinetics, and sensi-
tivity to surface chemistry [14]. Anaerobic acrylic adhesives, typically based
on dimethacrylate esters, cure in the absence of oxygen and in the presence
of metal ions (e.g., Fe**, Cu®"), which act as radical initiators. The bonding
strength of anaerobic systems is highly sensitive to surface cleanliness and
the availability of catalytically active metal sites [15]. Laser treatment can
improve these conditions by removing passive oxide layers and exposing
fresh metallic iron. Polymerization can be faster and increases the density
of interfacial crosslinking. However, too much laser energy may create thick,
stoichiometric oxide films. These layers reduce the availability of metal ions
and can hinder curing—a behaviour reported in several recent studies on
steel substrates [16]. Cyanoacrylate adhesives polymerize through an anionic
moisture-induced mechanism, which does not require metallic ion activa-
tion. Instead, their performance depends primarily on surface polarity and
the presence of hydroxyl or carboxyl functional groups. These groups can
facilitate electron transfer and rapid polymerization initiation [17]. Laser ac-
tivation, by increasing the surface’s hydroxyl group density and producing
hydrophilic Fe-O-OH terminations, provides ideal conditions for cyanoacr-
ylate curing [18].

The aim of this study is to investigate the effect of laser-induced surface
activation on the adhesion performance of anaerobic (acrylic) and cyanoacr-
ylate adhesives applied to mild steels (DCO1 and S235). By comparing the
changes in surface wettability, chemistry, and resulting shear strength, the re-
search seeks to clarify how laser parameters influence the interfacial bonding
mechanisms of two chemically distinct adhesive systems. The goal is to iden-
tify energy-efficient, solvent-free, and industrially applicable pre-treatment
conditions that enhance adhesive reliability and performance in structural
steel bonding applications.
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Materials and Methodes

S235 STEEL SPECIMENS

The research used S235 structural steel which is a commonly used low-carbon steel grade. It is a standard
construction material in mechanical and structural engineering. It was selected because it represents a
typical mild steel base material, which is frequently used during industrial adhesive bonding. This material
is a relevant steel for researching about adhesion performance under engineering conditions. Rectangular
specimens were cold cutted from cold-rolled S235 sheets with a thickness of 1 mm. The samples were cut into
25x100 mm specimens. Before the surface treatment the steel specimens were cleaned with ethanol to en-
sure that the surfaces were free from oil, dust, and other contaminations. The cleaned specimens were stored
in a closed container to prevent further contamination before the surface treatment and adhesive bonding.

DCo1 STEEL SPECIMENS

The second base material in this study was DCO1 cold-rolled mild steel, which is a low-carbon, high-
purity steel grade. Commonly used in automotive applications. DC01 was selected because of low alloy-
ing content. Compared with $235 structural steel the DCO1 has a less oxidized surface layer and a more
homogenous surface. This allows a better base surface for laser induced surface modifications, wettability
change and adhesion test. The specimens were prepared from the same way and geometry as S235. It was 1
mm thick DCO1 sheets and cut into 25x100 mm samples. The specimens were cleaned with ethanol again.

LASER SURFACE TREATMENT

Surface treatment process of the DCO01 and S235 steel specimens was carried out using a JP'T MOPA M7
fiber laser system. It is equipped with a 30 W average output fiber laser source with a wavelength of 1064
nm. This device operates in the nanosecond pulse range. The laser beam was moved and focused on the
specimen surface using a galvanometric scanning head with a f-theta lens, ensuring high-speed and con-
trolled laser energy irridation on the treated area. The laser surface treatment process was under ambient
atmospheric conditions without the use of gases. The average beam power was changed between 50% and
100% of the maximum average laser power. The pulse frequency was changed between 20 and 200 kHz,
the scanning speed between 500 and 2000 mm/s.

10 Dunakayics - 2026/ 03.
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These parameter combinations created different laser surface energy densities and this research can
investigate its effect on surface activation. The laser beam was moved in linear hatch patterns, with a spac-
ing of 0.05 mm, covering the later adhesive bonding area of each specimen.

CONTACT ANGLE MEASUREMENT

Surface wettability was measured using a contact angle measurement equipment. The measurement is
based on the sessile drop method. The machine was equipped with a high-resolution optical camera and
image-processing software for precise measurement of static contact angles on the liquid droplets. The
contact angle measurements were performed using 5 pl droplets of distilled water as test fluid. The drop-
lets were dispensed onto the treated steel surfaces after one minute of the laser surface activation. It was to
minimize the effect of time dependence of the wetting behaviour. Each water droplet image was captured
immediately after spreading on the surface, and the left and right contact angles were measured and aver-
aged, this average value shows the surface wettability state in each treatment parameter.

ADHESIVE APPLYING METHOD

The adhesive bonding experiments were carried out on the DCO01 and on the $235 steel specimens. Both

two steels were used to investigate the effect of laser induced surface activation on the adhesive bond-

ing performance and strength. The steel bonding were designed in a single-lap shear configuration. Each

specimen had a overlap area of 25 x 12.5 mm, corresponding to a bonded surface of 312.5 mm2.

Two different adhesive type were used to represent different curing mechanisms and chemical interactions

with the metallic surfaces:

— an anaerobic acrylic adhesive (Loctite 270), which cures in the absence of oxygen and in the presence of
active metal ions,

— a cyanoacrylate adhesive (Loctite 496), which cures rapidly in the activation effect of surface moisture.

Loctite 270 is a dimethacrylate ester-based anaerobic adhesive that polymerizes in the absence of oxy-
gen and in the presence of active metal ions. Its curing mechanism depends strongly on the surface chem-
istry of the substrate, where the most important is that how much the metallic surfaces containing Fe** or
Cu®* ions. These adhesives are used for common metal-metal bondings, for threadlocking, surface sealing.
Loctite 496 is a methyl cyanoacrylate adhesive that cures rapidly through anionic polymerization triggered
by the surface moisture.

Dunakavics - 2026/ 03. 11
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Unlike the type of anaerobic adhesives, it does not require metal ions and it is more tolerant of non-
metallic or passive surfaces. Its bonding strengths is highly dependent on the wetting behaviour and the
polarity of the surfaces.

For each overlapped adhesive joints 0.050 g of adhesive was applied on the cleand and laser surface
treated area. The opposite side of the bonding area was carefully positioned to achieve full overlap without
entrapping air bubbles. The specimens were pressed together using a custom alignment fixture ensuring
parallel bonding surfaces and controlled press during curing.

The joints were cured under ambient laboratory conditions (22-23 °C, 45-55% RH) for 72 hours, al-
lowing complete curing.

Results

WETTING CHANGING EFFECT OF THE LASER TREATMENT

In this section the modification effect of laser surface activation on the wettability of the two investigated
steel substrates, the DC01 mild steel and the S235 structural steel as analysed. This is the first step to un-
derstand the adhesive bonding strength behaviour. A lower water contact angle (WCA) means that the
surface is hydrophilic and it is has high surface free energy and it is an activated surface. It is the favourable
for strong adhesion.

The high contact angle means that the surface has a hydrophobic conition. It can be contaminated or it
is a passivated surface. The poor wetting state limits the connection of surface adhesive bonds. The results
of the laser surface treatment on S235 structural steel are summarized in Table 1.

12 Dunakayics - 2026/ 03.
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Table 1. Water contact angle (WCA) of $235 steel surfaces before and after laser surface treatment at different
laser powers, pulse frequencies, and scanning speeds.

Material| Average laser| Laserbeam Scanning | Water contact
beam power pulse speed|angle, WCA (°)
(%) frequency (mm/sec)
(kHz)

S235 Untreated 89.75
S235 Untreated 89.75
S235 50% 200 500 <5
S235 50% 200 500 <5
S235 50% 200 2,000 34.35)
S235 50% 200 2,000 34.35)
S235 60% 20 500 9.95)
S235 60% 20 500 9.95)
S235 60% 20 500 9.95)
S235 80% 20 500 <5
S235 80% 20 500 <5
S235 80% 20 500 <5
S235 90% 20 500 <5
S235 90% 20 500 <5
S235 90% 20 500 <5
S235 100% 20 500 <5
S235 100% 20 500 <5
S235 100% 20 500 <5
S235 100% 200 500 <5
S235 100% 200 500 <5
S235 100% 200 2,000 16.3
S235 100% 200 2,000 16.3

The untreated S235 surface had a high water contact angle of approximately 89.8.° It has a hydrophobic
and poorly wettable metallic surface. This high contact angle can be the presence of a thick iron oxide film
(Fe,Os3/Fe;0,) combined with adsorbed hydrocarbons and organic contaminations. This creates a reduced
surface energy and inhibit polar interactions with water.

After the laser surface activation the decrease of WCA was observed using nearly all laser surface
treatment parameter combinations. It is confirming the strong influence of the laser treatment on surface
wettability and polarity. In several cases using higher laser powers the contact angle decreased to below
5°. This impulse laser surface treatment can create hydrophilic state on the S235. In these cases the water
droplet spread instantaneously across the surface. It is preventing accurate conact angle measurement dur-
ing the tests therefore, such conditions were marked as “<5.°”

Dunakayvics - 2026/ 03. 13
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It is a signifying total spread of water on the surface. This hydrophilic phenomenon was observed for
80-100% laser power using both low (20 kHz) and high (200 kHz) pulse frequencies. This suggests that
above a higher laser surface irridation energy density the S235 surface becomes fully activated, which will
be good for adhesive bonding.

At medium power laser surface parameters (60% power, 20 kHz, 500 mm/s) the contact angle values
were still reduced (around 10°) indicating that the surface wetting is partial. Higher WCA were measured
atlower laser power or faster laser beam scanning speeds (34° at 50% power and 200 kHz with 2000 mm/s).
The reduced energy input limited the oxide layer modification and surface activation. This tendency shows
that the energy density is the dominant parameter controlling the wetting behaviour on the $235 surface.
This can be explained by a combination of surface cleaning, oxidation, and microstructural modification
of the surface induced by the pulsed laser beam radiation. The high local temperature and rapid cooling
creates a thin, homogenous, high-energy oxide layer. It can be enriched in hydroxyl (-OH) and oxygen-
containing functional groups. These modifications significantly increase the polar component of surface
energy leading to increased wettability and high surface free energy. The micro and nano texturing and
micro-roughness generated by the impulse laser beam irridation creates the hydrophilic behaviour. It is
increasing the real contact area between the water droplet and the surface (Wenzel effect).

The wettability test results for the DCO1 steel substrates are summarized in Table 2.

Table 2. Water contact angle (WCA) of DCOI steel surfaces before and after laser surface treatment at different laser
powers, pulse frequencies, and scanning speeds.

Material| Average laser| Laserbeam Scanning| Water contact
beam power pulse speed|angle, WCA (°)
(%) frequency (mm/sec)
(kHz)

DCO1 Untreated 72.9
DCO1 Untreated 72.9
DCO01 50% 200 500 <5
DC01 50% 200 500 <5
DC01 50% 200 2,000 7.3
DCo01 50% 200 2,000 7.3
DC01 100% 20 500 <5
DCO01 100% 20 1,000 <5
DCO01 100% 20 1,000 <5
DCO01 100% 20 2,000 <5
DCO01 100% 20 2,000 <5
DC01 100% 200 500 <5
DC01 100% 200 500 <5
DC01 100% 200 2,000 <5
DCO01 100% 200 2,000 <5
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The DCO1 mild steel specimens shows that the laser surface treatment can cause a change in the surface
wettability. It can be seen by the significant reduction in the water contact angle (WCA) nearly in every
laser treatment parameter. The untreated DCO01 surface has an initial contact angle of 72.9° which is a bad
wetting state and a hydrophobic surface. It is typical for cold-rolled steels containing a thin oxide layer and
trace organic residues from rolling or handling processes.

The laser surface activation decreased the water contact angle across all tested parameter combina-
tions. The WCA values went to below 5° in most cases. The reduction in contact angle confirms the strong
activation effect of the laser treatment. The laser treatment cleaned, oxidized, and micro-textured the steel
surface.

Using moderate (50%) laser power and high (100%) laser powers created a good wettability. The in-
termediate laser beam energy densities can be used to induce surface polarity changes in DCOI steels.
Slight variations happened at the highest scanning speeds (2000 mm/s). In this case the water contact
angle increased to around 7°. It shows only a little change because of the reduced local energy input. At
lower scanning speeds (500-1000 mm/s) and higher pulse frequencies (200 kHz) the surfaces consistently
had full surface wetting activation. This change is connected to a combination of thermal oxidation and
remove of hydrocarbon contaminants and micro-scale surface roughening induced by the laser pulses. In
this case too, like in the case of S235 the localized heating created a thin oxide layer enriched in hydroxyl
(-OH) groups.

$235 and DCO1 steels both became highly hydrophilic and had a good wetting condition on its sur-
faces. After the laser treatments DCO1 showed a faster decrease in water contact angle from ~73° to below
5° even at medium laser beam power. It shows easier surface activation conditions. While the activation
of 235 required higher laser beam energy to reach the same hydrophilic state. It had partial surface wet-
ting activation (10-35°) at medium laser beam power level parameters. This difference could come from
the more complex and more stable oxide layer on $235, which is harder to modify than the thin, easily
oxidized surface of DCO1.

(&
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SHEAR STRENGTH OF THE JOINTS
For S235 steel the adhesive joint strength results can be seen in Table 3.

Table 3. Effect of laser-induced surface activation on the water contact angle (WCA) and maximum shear strength
of $235 steel joints bonded with acrylic and cyanoacrylate adhesives.

Adhesive Material| Average laser| Laserbeam Scanning | Water contact Average - Scatter -
beam power pulse speed|angle, WCA (°) Maximum Maximum

(%) frequency (mm/sec) shear force shear force

(kHz) values (kN) values (kN)

Acrylic S235 Untreated 89.8 0.57 0.63
Acrylic S235 50% 200 500 <5 3.95 0.46
Acrylic S235 50% 200 2,000 34.4 3.11 0.69]
Acrylic S235 60% 20 500 10.0 3.59 0.40
Acrylic S235 60% 20 500 10.0 3.43 0.66
Acrylic S235 80% 20 500 <5 2.96 0.60
Acrylic S235 80% 20 500 <5 3.12 0.29
Acrylic S235 90% 20 500 <5 2.33 1.04]
Acrylic S235 90% 20 500 <5 3.16 0.50
Acrylic S235 100% 20 500 <5 2.24 1.44]
Acrylic S235 100% 20 500 <5 1.92 1.77|
Acrylic S235 100% 200 500 <5 3.85 0.20
Acrylic S235 100% 200 2,000 16.3 3.63 0.33
Cyanoacrylate S235 Untreated 89.8 0.06 0.13
Cyanoacrylate S235 50% 200 500 <5 5.64 0.63
Cyanoacrylate S235 50% 200 2,000 34.4 5.07 0.78
Cyanoacrylate S235 60% 20 500 10.0 2.21 1.17|
Cyanoacrylate S235 80% 20 500 <5 4,99 0.54
Cyanoacrylate S235 90% 20 500 <5 4.33 0.79
Cyanoacrylate S235 100% 20 500 <5 4.40 0.48
Cyanoacrylate S235 100% 200 500 <5 6.15 0.66
Cyanoacrylate S235 100% 200 2,000 16.3 5.33 1.54

These results show a clear and consistent correlation between surface wettability and maximum shear
force. It confirms that laser improved wetting can change significantly the adhesive bonding performance
for both adhesive types. For the untreated S235 surface which had a high contact angle (90°) and low sur-
face energy both adhesives resulted in poor adhesion. The anaerobic acrylic adhesive achieved an average
shear strength of 0.57 kN, while the cyanoacrylate adhesive showed 0.06 kN. The 0.06 kN comes from the
fact that sometimes the force measurement was failed because the specimens were broke before the start
of the measurement, they fractured only handling them.
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After laser surface activation the shear strength increased in both cases. When the contact angle de-
creased below 5° and reached complete wetting the acrylic adhesive reached force values between 3.0-3.9
kN, and the cyanoacrylate adhesive between 5.0-6.2 kN. This resulted approximately a six times increase
for the acrylic adhesive and nearly a two orders of magnitude improvement for the cyanoacrylate adhesive
compared with the untreated S235 steel surfaces.

While both adhesives benefited from higher surface energy on the steels their effect to laser surface
parameters is different. The acrylic adhesive showed higher strength at moderate to high laser power
(50-100%) and 500 mm/s scanning speed. Its performance tended to slightly decrease at the highest laser
power levels. This shows that the energy input can lead to local over oxidation on the surface producing
thicker oxide films. It is reduce metal ion availability which is critical for the anaerobic curing mechanism.

The cyanoacrylate adhesive showed a more monotonic and stable improvement durring the tested laser
parameter conditions. Since this adhesive cures using moisture-induced anionic reactions, its adhesion is
primarily depend on surface polarity and wetting. The highest strength values (6.1 kN) were measured at
100% power, 200 kHz, and 500 mm/s, where the surface was fully hydrophilic.

The adhesive bonding results of DC01 mild steel confirms the strong correlation between laser surface
activation, contact angle reduction and shear strength improvement for both adhesives. These results can
be seen in Table 4.

Table 4. Effect of laser-induced surface activation on the water contact angle (WCA) and maximum shear strength
of DCO1 mild steel joints bonded with acrylic and cyanoacrylate adhesives.

Adhesive Material| Average laser| Laserbeam Scanning | Water contact Average - Scatter -
beam power pulse speed|angle, WCA (°) Maximum Maximum

(%) frequency (mm/sec) shear force shear force|

(kHz) values (kN) values (kN)

Acrylic DCO1 Untreated 72.85 0.29 0.31

Acrylic DCO1 50% 200 500 <5 2.10 0.84]

Acrylic DCO1 50% 200 2,000 7.25 1.62 0.70

Acrylic DCO1 100% 20 500 <5 2.96 0.24]

Acrylic DCO1 100% 20 1,000 <5 247 0.46]

Acrylic DCO1 100% 20 2,000 <5 2.07 0.47|

Acrylic DCO1 100% 200 500 <5 2.88 0.19)

Acrylic DCO1 100% 200 2,000 <5 2.33 0.26
Cyanoacrylate DCO01 Untreated 72.85 2.03 1.23
Cyanoacrylate DCO01 50% 200 500 <5 5.62 0.54
Cyanoacrylate DCO01 50% 200 2,000 7.25 4.60 0.51
Cyanoacrylate DCO01 100% 20 1,000 <5 4.39 0.36]
Cyanoacrylate DCO01 100% 20 2,000 <5 4.85 0.48|
Cyanoacrylate DCO01 100% 200 500 <5 5.15 0.10
Cyanoacrylate DCO01 100% 200 2,000 <5 5.07 0.35)
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The untreated DCO1 surface, had a water contact angle of 72.9°, showed poor wettability and corre-
spondingly low adhesion strength. In this state, the anaerobic acrylic adhesive reached an average shear
strength of only 0.29 kN, while the cyanoacrylate adhesive achieved 2.03 kN. These low values reflect the
limited surface energy and the presence of organic residues and native oxides that inhibit wetting and
chemical bonding.

After laser surface treatment, the adhesives demonstrated an increase in bond strength, directly as-
sociated with the reduction of the contact angle to below 5°, indicating a transition to a superhydrophilic
surface state. The anaerobic acrylic adhesive showed an average shear strength between 2.1 and 2.9 kN,
corresponding to roughly a ten-times improvement compared to the untreated condition. The highest
adhesion (2.96 kN) was obtained at 100% laser power and 20 kHz, while slightly lower but still consistent
results were observed across other parameter combinations. The improvement can be attributed to the
removal of oxides and contaminants, exposure of catalytically active metal ions, and the formation of a mi-
cro-textured surface that enhances both chemical polymerization efficiency and mechanical interlocking.

The cyanoacrylate adhesive showed even greater sensitivity to surface activation. Upon laser treatment,
the shear strength increased from 2.03 kN to values between 4.4 and 5.6 kN, representing approximately
a 2.5-fold enhancement. The highest adhesion values (~5.6 kN) corresponded to surfaces with contact
angles below 5°, confirming that the adhesive’s performance is strongly governed by surface polarity and
wetting. Unlike the anaerobic system, the cyanoacrylate adhesive did not depend on metallic ions for cur-
ing, and therefore achieved consistent strength across all activated surfaces, even at high scanning speeds.

CONNECTION BETWEEN THE CHEMICAL OF THE ADHESIVE, THE STEELS AND SURFACE TREATMENT

The combined analysis of laser-treated and untreated specimens showes that the interaction between ad-
hesive chemistry, steel substrate, and surface wettability governs the final bonding performance. The sum-
mary and comparation Table 5. results show consistent trends across all measurements: laser-induced
surface activation-manifested by a sharp reduction in water contact angle-produced significant increases
in adhesive joint strength for both DCO1 and S235 steels, though the extent and mechanism of improve-
ment were strongly dependent on both the adhesive type and the substrate composition.
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Table 5. Average and individual shear strength values of acrylic and cyanoacrylate adhesive joints on DC01 and S$235

mild steel substrates before and after laser-induced surface activation, including corresponding water contact angles and

relative strength improvements compared to untreated surfaces

Adhesive Material| Average laser| Laserbeam Scanning | Water contact| 1. 2. Average - Scatter - Average
beam power pulse speed|angle, WCA (°) i i g1
(%) frequency| (mm/sec) shear force shear force shearforce shear force shear force shearforce shearforce| increase due|
(kHz) value (kN) value (kN) value (kN) value (kN) value (kN)|  values (kN)| values (kN) tosurface|
treatment toj
Untreated|
materiall
Acrylic DCO1 Untreated 72.85 0 0 0.72. 0.27 0.47 0.29. 0.31 Reference|
Acrylic S$235 Untreated 89.75. 0 1.06 1.39 0.39 0 0.57 0.63 Reference]
Cyanoacrylate DCO1 Untreated 72.85 0.47 1.33 2.48 2.15 3.74 2.03 1.23 Reference|
Cyanoacrylate 5235 Untreated 89.75. 0 0 0.02 0 0.3 0.06 0.13 Reference
Acrylic DCO1 50%: 200 500 <5 0.63 22 271 2.59 2.36 2.1 0.84/ 724%)|
Acrylic 5235 50%: 200 500 <5 3.76 3.46 3.85 4.7, 3.97 3.95. 0.46 693%]
Cyanoacrylate DCO1 50% 200 500 <5 4.89 5.66 5.45 5.71 6.39 5.62 0.54 277%)|
Cyanoactrylate 5235 50% 200 500 <5 6.29 5.27 5.08 6.36 5.18 5.64 0.63 9400%)
Acrylic DCO1 50%: 200 2,000 7.25 0.53 1.72 1.82 1.53 2.48 1.62 0.7, 724%)
Acrylic 5235 50% 200 2,000 34.35. 3.81 3.35 3.08 1.97] 3.36 3.11 0.69 546%)
Cyanoacrylate DCO1 50% 200 2,000 7.25 5.46 4.5 4.59 4.28 4.15 4.6 0.51 227%)|
Cyanoacrylate $235 50% 200 2,000 34.35. 5.03 4.28 6.38 4.84 4.82 5.07 0.78 8450%
Acrylic DCO1 100% 200 500 <5 2.8 2.61 3.05 2.89 3.05 2.88 0.19; 993%|
Acrylic $235 100% 200 500 <5 3.62 4.13 3.86. 3.7 3.93 3.85 0.2 675%|
Cyanoacrylate DCO1 100% 200 500 <5 5.17 5.09 5.19. 5.02 5.27 5.15. 0.1 254%)
Cyanoactrylate S235 100% 200 500 <5 5.98 6.31 6.54 5.1 6.81 6.15 0.66 10250%,
Acrylic DCO1 100% 200 2,000 <5 2.36 2.49 2.03 212 2.65 2.33 0.26] 803%]
Acrylic $235 100% 200 2,000 16.3 3.86 3.62 3.75. 3.85 3.07 3.63 0.33 637%]|
Cyanoacrylate DCO1 100% 200 2,000 <5 5.19 4.93 4.55 5.2 5.48 5.07 0.35 250%)
Cyanoacrylate 5235 100% 200 2,000 16.3 5.35 5.24 7.87 4.3 3.91 5.33 1.54. 8883%)

Influence of Laser Activation on S235 Steel

The untreated S235 structural steel showed a higher contact angle ~89.8°, which provides a very poor
adhesion in its untreated state. Using the acrylic adhesive the untreated case achieved only 0.57 kN, while
the cyanoacrylate adhesive failed to join the surfaces (0.06 kN), in this state the specimens fractured dur-
ing handling for the strength test. These low joint strengths can be explained by the chemically inert and

unremoved oxide layer on S235.

The laser surface activation improved the wettability of S235 with contact angles of under 5° using most
conditions. The adhesion strength increased by several orders of magnitude. With the acrylic adhesive the
average shear strengths were between 3.1 and 3.9 kN, it leads to a 700% improvement to the untreated
surface. The cyanoacrylate adhesive, however, showed higher improvement with the strength values in-
creasing from 0.06 kN to over 5.6 kN, equivalent of 9000% improvement.
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This massive improvement can be because of the the chemical sensitivities of the two adhesive systems.
The anaerobic acrylic adhesive cures on metal-ion activation and it has benefits from moderate oxidation
and micro-roughening. The cyanoacrylate adhesive strengths depend mainly on the surface polarity and
moisture.

Influence of Laser Activation on DCOI Steel

The untreated DC01 mild steel had a hydrophobic surface with a water contact angle of 72.9°, the untreated
specimens showed low initial bonding strength. The anaerobic acrylic adhesive (Loctite 270) bonded only
with 0.29 kN, while the cyanoacrylate adhesive (Loctite 496) reached 2.03 kN. This weak performance of
the acrylic adhesive can be because of the the presence of a passive oxide film and adsorbed hydrocarbons.
After the laser surface activation, the contact angle went below 5°. The adhesion strength of both adhe-
sives increased very high. Using the acrylic adhesive the average joint strength values were between 2.1
and 2.9 kN, resulting of a 724-993% improvement compared to the untreated surfaces. The cyanoacrylate
adhesives’ bonding reached even higher strengths, it was between 5.0 and 5.6 kN, resulting of a 250-277%
increase relative to its untreated surfaces. The measurement results showed that both adhesive joints im-
proved with the wetting. These main effects can be:

The anaerobic adhesive strengths improvement reacts for oxide removal and exposure of active Fe**,
creating efficient curing and stronger bonding.

The cyanoacrylate adhesive strengths improvement reacts for enhanced wetting and polarity.

Comparative Analysis of DC01 and $235

The DCO1 steels had a cleaner and more homogenous surface chemistry. During the laser surface modi-
fication, the surface achieved hydrophilic activation even at medium laser power levels. While S235 steel
containing thicker oxide layer which required higher laser surface energy densities to achieve similar
good wetting, but once the activated surface was achieved, its adhesion strength exceeded the DCO1 steels
behaviour.

Main differences were found during the research in relative strength. Using DCO1 the acrylic adhesive
strengths improved 8-10 times, and in the cyanoacrylate case by 2.5 times. Using S235 the acrylic adhesive
strengths increased by 6-7 times while the cyanoacrylate adhesive improved by around 100 times.

The wetting contact angles and strength results showed that the combined effects of surface activation
and adhesive reaction and cure mechanism determine the final level of bonding performance.
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DCO1 steel showed a more reproducible activation, while $235 showed a wider but more parameter
sensitive improvement range. The connection between the chemical nature of the adhesives, the steels
surface conditions, and the effect of the surface treatment can be summarized as:

- Anaerobic acrylic adhesive (Loctite 270) showed strength increases, which are primarily happed because
of the presence of metallic ions and the removal of the thick oxide layer.

- Cyanoacrylate adhesive (Loctite 496) showed that the adhesion correlates with surface polarity and wet-
ting. When the surface became hydrophilic the adhesion strength reached high values.

- The DCO1 steel responds well to laser surface treatment due to its simple oxide structure, and it achieved
a good wetting surface activation even using lower laser power levels.

— The S235 steel required higher laser surface energy to break down the oxide layers, but in this case once
the surface reached a wetting activated state it achieved exceptionally high adhesion strengths — with the
cyanoacrylate adhesive - due to the adhesive strong polar curing response on the $235 surface.

These findings shows that laser surface activation processes can effectively create an improved chemical
condition. This method can optimize the connection between the adhesive type and substrate reactivity.

Conclusion

In this study the wettability and adhesive joint strength improvement were investigated using impulse laser

induced surface activation on DCO1 and S235 steels. Using the surface activation process the surfaces were

hydrophilic, this creates a modified chemical condition on the surface compared to the untreated surface,
which improves the adhesive bonding process. The main results are the following:

— The laser surface treatment decreased the water contact angle from the original untreated ~73° (DC01)
and ~90° (S235) to below 5°. This confirms that hydrophilic surfaces can be created through oxide layer
modification, surface carbon removal, and hydroxylation.

- Using different laser surface parameters when the contact angle decreased, the adhesive strength incre-
ased in all cases.

- Using anaerobic acrylic adhesive (Loctite 270) the joint strength increased from 0.29 - 2.9 kN on DCO01
(which is around 10 times improvement) and 0.57 > 3.9 kN on S235 (which is around 6 times improve-
ment). These improvements can be happed because of the laser created micro-roughness that enhanced
both wetting and mechanical interlocking.
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- Using cyanoacrylate adhesive (Loctite 496) the adhesive joint strength increased from 2.0 > 5.6 kN on
DCO01 and 0.06 > 6.1 kN on S235 (which is around 100 times improvement). The strength could be
increased because of the surface polarity and moisture-induced polymerization efficiency on hydroxy-
lated, hydrophilic surfaces.

— The laser surface activation method showed effective for two different adhesives and two different steels,
demonstrating that its industrial applicability as a clean, repeatable, and primer-free pre-treatment pro-
cess for structural adhesive bonding.
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A study on the historical development of the
transition to the metropolitan municipality
system in turkish administrative history

Abstract: This study aims to examine the historical development of municipal
administration in Turkish administrative history and the transition process
to the metropolitan municipal system from a comprehensive perspective.
The study begins with traditional municipal practices based on local service
delivery during the classical period of the Ottoman Empire and examines the
modern municipal administration that emerged with the Tanzimat Era. The
inadequacy of municipal services provided through institutions such as the
kadi, waqf(foundation), guild, and neighborhood over time, the strengthen-
ing of the centralist state structure, and increasing relations with the West
paved the way for the birth of the modern municipal organization. In this
context, the Istanbul City Council, established in 1855, is considered the
starting point of modern municipalism in Tirkiye.

During the Republican Era, the concept of municipal administration was
reshaped alongside the preservation of the centralized state structure; the
legal and administrative framework of municipalities was defined for many
years by the Municipal Law No. 1580 dated 1930. The study examines the
areas of responsibility, financial structures, and democratization processes
of municipalities from the early years of the Republic; it also touches upon
the socialist and social municipalism practices that emerged after the 1960s.
In the post-1980 period, it was found that the scope of municipal services
expanded and local governments became more effective under the influence
of neoliberal policies.

One of the main focal points of the article is the historical development
of the transition to the metropolitan municipal system in Tiirkiye. In this
context, the constitutional basis introduced by Article 127 of the 1982 Con-
stitution, the 1984 regulations, Law No. 3030, and Laws Nos. 5216 and 6360
enacted thereafter have been analyzed in terms of the institutional transfor-
mation of metropolitan municipal administration.
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As a result, the study reveals that the metropolitan municipal system in Tiirkiye was shaped as a result
of population growth, urbanization dynamics, and the search for service efficiency.
Keywords: Municipality, metropolitan municipality, administrative regulation, law.

Osszefoglalas: Ez a tanulmdny a torok kozigazgatas-torténeten beliil a varosi kozigazgatds torténelmi fejlé-
dését és a nagyvarosi 6nkormanyzati rendszerre torténé atallas folyamatat vizsgélja atfogd perspektivabol.
A tanulmany az Oszman Birodalom klasszikus korszakaban a helyi szolgéltatasok nyujtasara épiilé ha-
gyomanyos onkormanyzati gyakorlatokkal kezd6dik, és a Tanzimat-korszakban kialakult modern varosi
kozigazgatast vizsgalja. Az olyan intézményeken keresztiil nyujtott varosi szolgaltatasok elégtelensége,
mint a kads, a waqf (alapitvany), a céhek és a szomszédsag, a centralista allamstruktira megerdsodése és
a Nyugattal valé kapcsolatok erés6dése utat nyitott a modern varosi szervezet megsziiletéséhez. Ebben az
Osszefiiggésben az 1855-ben létrehozott Isztambuli Varosi Tanacs tekintheté a modern municipalizmus
kiindulépontjanak Térékorszagban.

A koztarsasagi korszakban az onkormanyzati igazgatds koncepcidja dtalakult a kozpontositott allami
struktira megdrzése mellett; az Snkormdnyzatok jogi és igazgatasi keretét hosszu évekre az 1930. évi 1580.
szamu 6nkormanyzati torvény hatarozta meg. A tanulmany a koztarsasag kezdeti éveitdl kezdve vizsgélja
az 6nkormanyzatok illetékességi teriileteit, pénziigyi struktirait és demokratizalodasi folyamatait; kitér az
1960-as évek utan kialakult szocialista és szocialis municipalizmus gyakorlatara is. Az 1980 utani idszak-
ban tapasztalhatd volt az, hogy a neoliberalis politikak hatdsara kiboviilt az Snkormanyzati szolgaltatdasok
kore, és a helyi onkormdnyzatok hatékonyabbad valtak.

A jelen tanulmany egyik f6 fokuszpontja a nagyvarosi 6nkormdnyzati rendszerre valo attérés torténelmi
fejlédése Torokorszagban. Ebben az 6sszefiiggésben az 1982-es Alkotmany 127. cikkelye, az 1984. évi sza-
balyozasok, igy a 3030. szamu torvény, valamint az azt kovetden elfogadott 5216. és 6360. szamu torvények
altal bevezetett alkotmanyos alap a nagyvarosi onkormanyzati igazgatas intézményi atalakuldsa szempont-
jabol kertil elemzésre. Ennek eredményeként a tanulmany feltdrja, hogy a térokorszagi nagyvarosi 6n-
kormanyzati rendszer a népességnovekedés, a urbanizaciés dinamika és a szolgéltatas-hatékonysdg iranti
megfogalmazott igények eredményeként alakult ki.

Kulcsszavak: Onkormdnyzat, nagyvérosi dnkormdnyzat, kozigazgatasi szabélyozés, jog.
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Introduction

Local governments have historically played important roles as the administrative
units closest to the social needs of the state. The Mohag¢ Sanjak during the Ottoman
period can be given as an example of these local administrations [1]. In Tiirkiye, the
concept of municipal administration has undergone a continuous process of change
and development alongside political, social, and economic transformations. During
the classical period of the Ottoman Empire, municipal services were not provided
by a single institutional structure as we understand it today, but rather through vari-
ous institutions such as qadis, foundations, guilds, and neighborhood organizations.
Although this structure met the needs of urban life for a long time, it began to fall
short in the face of increasing population, commercial relations, and the pressure of
urbanization.

In the 19" century, the Ottoman Empire's shift towards a centralized administra-
tive structure during the Tanzimat Era and its exposure to institutional models in
the West accelerated the emergence of modern municipal governance. Established
in 1855, the Istanbul Municipal Council is considered the first concrete example
of modern municipal governance in Tiirkiye. This development aimed not only to
ensure the more orderly provision of urban services but also to increase the state's
capacity for oversight and control at the local level.

During the Republican Era, the concept of municipal administration was re-
structured within the framework of the principle of strong central government. The
Municipal Law No. 1580 dated 1930 formed the legal and administrative basis for
municipalities in Tiirkiye for many years; the duties, powers, and control mecha-
nisms of municipalities were determined by this law. Over time, social and eco-
nomic changes, especially the rapid urbanization process, necessitated a redefinition
of the role of municipalities. In this context, the transition to the metropolitan mu-
nicipality system in Tiirkiye constitutes one of the most important turning points in
the history of modern municipal administration.

Metropolitan municipalities, which gained constitutional support with the 1982
Constitution, were institutionalized with legal regulations issued after 1984 and
transformed into a structure covering provincial boundaries with comprehensive
reforms in the 2000s. This study aims to reveal the transformation of local gov-
ernments by analyzing the historical development of municipal administration in
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Turkish administrative history and the transition process to the metropolitan
municipal system in its legal and administrative dimensions.

The historical development process of municipal adminis-
tration
before the republican era

It can be said that the concept of municipal administration in the Republic of
Tiirkiye was established in the 1930s with the successive enactment of the Mu-
nicipalities, Public Health, Municipalities Bank, Construction and Roads, and
Expropriation laws. The period between 1923 and 1930 was a kind of prepara-
tory period. This period was not a static waiting period. The republican re-
gime faced significant municipal and urban planning issues in its early years.
The republic's municipal vision emerged from the solutions sought to these
problems. The laws that emerged in the 1930s and symbolized the republic's
municipal vision were enacted during the first term of the Grand National
Assembly [2]. Before addressing this issue in detail, it is necessary to focus on
how local administration worked in the Ottoman Empire.

The Ottoman Empire's approach to municipal administration was modern
and systematic. Local administrative units and municipal services were car-
ried out in various ways. The end of the traditional approach to municipal
administration in the Ottoman Empire coincided with the Tanzimat period.
The Western concept of municipal administration, along with the Tanzimat,
also determined the form of local government in the Ottoman Empire. For
this reason, the Ottoman concept of municipal administration should be con-
sidered in two parts [3]. The first of these parts is grouped as the classical
period of Ottoman municipal administration and the post-Tanzimat concept
of municipal administration.

In the context of the situation explained above, there were individuals and
institutions responsible for local administration, i.e., municipal work, in the
Ottoman Empire during the Classical period.

However, it is not possible to speak of a single institutionalized municipal-
ity in the Ottoman Empire during this period [4].
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Instead of a single institution performing all municipal duties, there were
various institutions or individuals that took on municipal responsibilities.
These institutions primarily included the qadi, foundation, guild, and neigh-
borhood institutions [5]. In this context, it is necessary to first examine the
institutions that constituted the municipality in the Ottoman Empire dur-
ing the Classical Period and then describe the historical process of transition
from this classical structure to the modern structure.

During the Classical Period, judges were at the forefront of those who
carried out municipal services. Based on Sharia law, qadis ruled according to
both decrees and local customs. Qadis carried out municipal work in accord-
ance with this, as well as judicial matters [6]. Essentially, until the Tanzimat
period, the city was represented by the gadi and the kethiida in the eyes of the
government. The qadi inspected the market and the city through the muh-
tesib. They ensured public order by making announcements (through the
mubassir). In addition, qadis, who were active in the local administration of
cities, monitored the inspection of tradesmen, the organization and supervi-
sion of prices, the prevention of hoarding and profiteering, the repair of side-
walks, the monitoring of mubassirs (people closely involved with the situa-
tion of students in schools and ensuring order), and teachers who mistreated
students, ensuring that pack animals and porters were not overloaded, and
keeping roads open and safe for travelers [7]. This indicates that municipal
services were comprehensively administered in the Ottoman Empire.
According to Islamoglu, during the Classical Period, the guild system was
also responsible for municipal administration in the Ottoman Empire. In
this context, guilds established certain standards in craftsmanship based on
the principles they defined and adopted. This eliminated unfair competition,
provided job opportunities for new apprentices, and alleviated livelihood
concerns. Trade guilds were organized in specific trades, taking into account
the economic resources and needs of the city they were located in. Guilds
collectively carried out their production activities in shops belonging to their
own trades. Large bazaars were formed when trades that were closely related
to each other came together. There was no right to open a shop wherever one
wanted. At the same time, shops belonging to trades that produced goods
harmful to health were established at a designated location outside the city

(8].
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Thus, thanks to the careful work of the guilds and their activities in ac-
cordance with the law, harm to the public was prevented.

According to Deniz and Akargay, the guild system, one of the institutions
that provided municipal services during the Classical Period, served both as
a public service and as a civil society organization. Consisting of hierarchi-
cal organizations of professional groups, the guild controlled production and
consumption in city centers. Guilds ensured management among tradesmen.
Guilds, which arose from professional groupings, were responsible for main-
taining order and organization in their own workplaces; to fulfill this respon-
sibility, members pooled their resources in a fund organized into sections.
Thanks to this income, local tasks such as market maintenance, repair, and
cleaning were carried out. Each guild had a designated guild master or guild
steward. Those in this profession were selected by the guild master or guild
steward parts [9]. These individuals were personally responsible for municipal
services.

According to Yiiksel, another institution involved in municipal services in
the Ottoman Empire during the Classical period was the foundation. During
the Ottoman period, foundations played an extremely important role in social
life. In other words, foundations, which were present and active in many ar-
eas of social life, were one of the indispensable structures of normal life [10].
Foundations, which were such important structures, performed many of the
duties carried out by municipal administrations today and were responsible
for the cleanliness and transportation of cities.

In the context of municipal services, the most important role of founda-
tions has been public works and city cleaning services. Within this frame-
work, during the Classical Period of the Ottoman Empire, the construction
and repair of roads, bridges, canals, dams, fountains, and sidewalks were car-
ried out by foundations. Today, services such as roads, water, sanitation, street
lighting, and the maintenance and landscaping of parks and gardens, which
are part of municipal services, fall within the scope of foundations. For ex-
ample, some philanthropists employed “lantern bearers” through the founda-
tions they established and used foundation income to purchase lanterns and
oil to illuminate the streets. Foundations were established for street cleaning.
Guard salaries were paid from foundations [11].
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These and similar examples demonstrate the extent to which foundations were
effective in municipal services.

According to Cadirci, there was no single institution in Ottoman cities before the
Tanzimat that took on the municipal services of today. As explained above, the main
tasks that municipalities were responsible for were carried out by government rep-
resentatives, representatives of trade associations, judges, and city leaders. From the
second half of the 19" century onwards, relations with European countries began to
develop considerably, and Western merchants began to settle and establish colonies
in many large cities, especially our coastal and port cities. Developing commercial
relations increased the need for new services, job opportunities, transportation, and
communication. Especially in port cities, quarantine and accommodation facilities
for merchant ships and providing regular urban transportation became major prob-
lems [12]. This process, which led to progress in municipal administration, began
with the Tanzimat Era.

Essentially, the state's move towards Western-style organization created a contra-
diction with the conventional/foundation-based organization of municipal services.
The establishment of the Evkaf and Ihtisab ministries meant a significant change in
the provision of municipal services. The difficulties encountered in replacing the
old, dysfunctional system with a new one also gave rise to major problems. The ac-
commodation of large numbers of British, French, and Italian soldiers who came to
Istanbul during the Crimean War and the lack of infrastructure for this purpose re-
sulted in the establishment of the City Council in 1854, based on the French model.
Municipal services, which were struggling under the outdated and dysfunctional
traditional system, were attempted to be resolved through a new structure [13]. For
this reason, the Tanzimat Period's efforts in municipal administration hold tremen-
dous significance in Tirkiye.

In the context of the information provided above, the Tanzimat Edict, consid-
ered a critical political threshold in Ottoman history, was an important step taken
to re-centralize the state with new organizational tools. It is clear that every new
reform following the Tanzimat Edict was largely aimed at strengthening central au-
thority. During this period, the state sought to be represented throughout the coun-
try through new practices initiated in many areas such as law, the tax system, and
education, thereby striving to make even the most remote regions of the country
accessible and controllable. The municipal institutions introduced by the Tanzimat
should also be evaluated from the same perspective [14]).
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Indeed, the Tanzimat reformers established modern municipalities to con-
solidate, organize, and thus better control urban services, which were previ-
ously provided by various institutions and authorities.

According to Ortayly, local government in Tiirkiye developed with a seri-
ous purpose in the 19" century. Municipal administration was at the forefront
of this, and the birth of modern municipal administration in Tiirkiye coin-
cided with the Tanzimat Era [15]. In this context, attempts to establish the first
municipal administration in the Ottoman Empire as a local administrative
unit in the modern sense emerged in the years following the Tanzimat reforms
and particularly during the 1854-1856 Crimean War, as a result of increased
contact with Western countries. Taking inspiration from French communal
administrations, the first attempt to establish a municipal organization was
made in Istanbul in 1855.

The decision-making and executive bodies of the established municipality
(Sehremaneti) consisted of the mayor and the city council. The City Council,
which abolished the Taxation Office, was responsible for ensuring the provi-
sion of essential goods for the city, setting and enforcing prices, constructing
and repairing roads and sidewalks, cleaning, and controlling tradesmen. The
establishment of the first modern municipal administration occurred during
the Crimean War under the influence of the Ottoman Empire's allies. This
was because, during the period in question, there were over 100,000 foreign-
ers living in Istanbul, and European states wanted these nationals to live in a
modern, well-maintained, clean city. Therefore, the City Council was estab-
lished to perform similar duties to those undertaken by communes in West-
ern countries, which were considered important at the time [16].

One of the most important events in the history of municipal administra-
tion in Tiirkiye is the establishment of the Istanbul City Council. It can be said
that there were multiple factors that made the establishment of the City Coun-
cil necessary. Firstly, the deterioration of the qadi, muhtesip, subasi, founda-
tion, guild, and neighborhood administrations seriously disrupted public ser-
vices. By the time the City Council was established, these institutions were
barely providing any public services, yet the people demanded that these ser-
vices be provided. On the other hand, it is known that the segment of the
population living in the Beyoglu-Galata region, who were familiar with Eu-
rope and had greater economic and political power at the time, introduced the
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concept of “local services/municipality” to the Ottoman Empire and made
intense and effective demands in this direction with the support of Europe.
In this context, it has been said that the Sehremaneti was the equivalent of
the prefecture de la ville institution used in Europe [17]. On the other hand,
it has also been said that Ottoman statesmen traveling to Europe confirmed
the need for a regular and modern municipal organization.

According to Oner, in the context of the information provided above, af-
ter the Crimean War, relations with Europe increased and state departments
attempted to model their organization and procedures on those of Western
civilized countries. It was deemed necessary to establish a separate depart-
ment exclusively to deal with municipal affairs in Istanbul. To this end, by
a decision of the Meclis-i Ali-i Tanzimat dated 27 Ramadan 1271 (June 13,
1855), the Thtisap Nezareti was abolished and replaced by a new office in Is-
tanbul called the Sehreméneti, and a city council was established under the
authority of the person appointed to this office, called the sehremini [18].
The city council consists of individuals selected from among the people and
reputable merchants of Dersaadet.

After the Istanbul City Council was established (1855), public order was
transferred to the Zaptiye Nezareti (Public Order Directorate). With this ar-
rangement, the City Council began to perform the duties of the Thtisap Neza-
reti (Tax Directorate). It would ensure the easy procurement of items that
were essential to the people of Istanbul, oversee pricing, build roads and side-
walks, oversee the city's sanitation, supervise the bazaars and markets, and
collect state taxes and fees that had previously been collected by the Ministry
of Revenue and transfer them to the treasury [19].

In its early years, the City Council, which did not have its own budget,
had its annual accounting books inspected by the Accounting Council within
the Ministry of Finance. The financial structure of the City Council was simi-
lar to that of the abolished Ministry of Taxation. Taxes collected from mer-
chants under the official name of taxation were collected by the City Coun-
cil and transferred to the central treasury. A small portion of these revenues
remained with the City Council. In addition, there were taxes collected from
the public for the use of animals in transportation and for the construction
of sidewalks and roads. In this early period, the revenues of the Municipal
Administration were only sufficient to cover personnel expenses.
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The institution's financial deficits were covered by the central government treas-
ury. The financial resources of the institution, which was established with high ex-
pectations regarding local issues in Istanbul, were not established on the same strong
footing [20].

Itis very clear In the context of the situation explained above, the 1857 Regulation
divided Istanbul into 14 municipal districts. The Sixth District covered the Beyoglu
and Galata areas. This extremely dense district was seen as a model structure. With
the 1868 Dersaadet Municipal Decree, other districts were also established and be-
came operational. The 1864 Provincial Regulation, on the other hand, covered the
rural areas in the context of municipal affairs. Finally, with the 1877 Municipal Law,
the Dersaadet Municipal Law was enacted. As a result, the Istanbul Municipality
was divided into a total of 20 districts [19]. The same process was implemented in
municipalities in other cities.

During the final period of the Ottoman Empire, two significant legal regulations
played a crucial role in the historical development of municipal administration.
These are the Provincial Regulations of 1864 and 1871. In this context, the provincial
regulations enacted in 1864 and 1871 brought about a fundamental administrative
reorganization of the municipal system. Compared to previous temporary measures,
these regulations addressed provincial administration and local governance from
the ground up, establishing a new and comprehensive provincial structure. In this
organization, new administrative units replacing the old ones were defined in detail,
the duties and powers of provincial administrators from top to bottom were deter-
mined, and new representative institutions were established [21]. Consequently, the
1864 and 1871 regulations marked a turning point in the history of Turkish munici-
pal administration. According to Sunay, the widespread establishment of municipal
organizations in cities and towns during the final period of the Ottoman Empire
was realized through the Provincial Municipalities Law, which came into effect on
October 5, 1877. Article 112 of the Kanun-i Esasi (Fundamental Law) stipulated that
municipalities in Istanbul and the provinces would be administered by elected coun-
cils; the formation, duties, and method of determining the members of municipali-
ties would be regulated by law. The Provincial Municipalities Law of 1877 remained
in force until the adoption of the Municipalities Law No. 1580, which is still in effect
today, in 1930. The Provincial Municipalities Law also granted municipalities le-
gal personality [22]. The law explicitly regulates the authority to expropriate for the
city's development and imposes certain new duties on municipalities.
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The historical development process of municipal administration
in the Republic Era in Tiirkiye

The beginning of modern municipal administration in Tiirkiye parallels the pro-
cesses of modernization and Westernization. It can be said that municipal organiza-
tion, which was supported by examples from the West, particularly during the Tan-
zimat Era, was a new experience in Tiirkiye's history. With the establishment of the
Republic, a rapid process of revolution took place. In the state organization, which
underwent rapid transformation with various revolutions, it is seen that regulations
related to municipalities were not prioritized. One reason for this situation is that
the Turkish municipal organization structure is based on the French Model, where
central authority is maintained. The newly established Republic, especially in its
early years, did not prioritize democratization and local services [23]. The primary
priorities in the early years of the Republic were to consolidate the reforms, prevent
ethnic and religious uprisings, and strengthen central authority.

The main characteristics of municipalities during the early period of the Repub-
lic can be summarized as follows: the improvement of relevant legislation inherited
from the Ottoman Empire in line with priority needs; the drafting of a new munici-
pal law; the reconstruction of cities in Western Anatolia that had been devastated
during the occupation and whose populations had declined after the population
exchange; the filling of the resulting gaps in production and services; the declaration
of Ankara as the capital and its development in line with its new status [24]. During
this period, there were also various factors that negatively affected municipal regu-
lations. Some of these factors included the existence of a rigid centralist approach
in state administration, constraints created by the potential for political opposition
in the country to organize and gain strength in municipalities, and the decline in
tax values due to the effects of inflation during and after World War I, which led to
a decrease in municipal revenues [25].

The fundamental law concerning municipalities during the Republican era is the
Municipalities Law No. 1580 dated 1930. This law remained in force for 54 years as
the sole law concerning municipalities. Article 1 of this Law defines a municipality
as “a legal entity responsible for organizing and settling the local and civil needs of
the town and its residents.” The provision of local public services during the Repub-
lican era was based on Article 1 of the relevant law.
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Article 15 of the Municipalities Law No. 1580 lists the duties of munici-
palities in 77 items. When general duties are grouped, municipalities are as-
signed urban planning and public works, agriculture and livestock, health and
social services, security, culture and education, and various other duties in
the provision of local public services. The fundamental characteristics of this
law include treating all municipalities except those of Ankara and Istanbul as
equal, keeping municipalities under central government control, and granting
municipalities broad authority to provide public services [26].

Prior to the Municipalities Law No. 1580, there were municipal draft laws
dated 1924 and 1926 within the scope of municipal work. In this context, the
drafts bear great similarities to the Municipal Law No. 1580, which estab-
lished municipal administration in Tiirkiye; it can be easily said that the spirit
of the Municipal Law of 1930 is also present in the drafts of 1924 and 1926.
The appointment of municipal mayors and the preservation of central control
over municipal bodies reflect this centralist spirit.

In other words, Law No. 1580 “grants local governments broad authority
under the strict and strong supervision of the central government, [to local
administrations] broad authority and also imposing civil and social duties on
municipalities - which even our municipalities would not be able to perform
for a long time -," are not products of 1930; they were already present in the
1920s. Considering all these characteristics, it can be concluded that the Re-
public's approach to municipal administration continued along the same lines
throughout the post-Republic period, but its implementation had to wait for
the Regime's appropriate political and social circumstances [27].

The 1940s are extremely important in the history of municipal administra-
tion in Tiirkiye, as this period marked the beginning of the democratization
of municipalities. In this context, when Tiirkiye entered a multi-party politi-
cal era, the Turkish Municipal Administration Association was established
on July 17, 1945, with close ties to the government, to create a movement by
ensuring unity and solidarity among municipalities. The association sought to
have mayors elected by the people and approved by administrative authorities.

According to Kaya, municipal council elections were completed in ap-
proximately one week on dates announced in advance, in accordance with
Law No. 1580, but with Law No. 4748, enacted in 1946, the aforementioned
procedure was changed so that elections could be completed in one day.
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Furthermore, Law No. 5669, enacted on July 7, 1950, completely amended
the provisions of Law No. 1580 relating to elections. Similarly, Articles 149
and 153 of Law No. 1580 treated the Special Administration and the munici-
pality as a single entity in Istanbul, meaning that the Governor of Istanbul
was also the Mayor. To resolve this issue, a new law enacted on April 10, 1954,
separated municipalities from provinces [28].

According to Kilavuz and Yiiksel, the most important development in
Turkish municipal history in the 1960s [29] was the emergence of the concept
of social municipalism. Social municipalism in Tiirkiye was fundamentally
shaped by the rapid and uncontrolled urbanization that resulted from the
economic growth and industrialization policies implemented in the 1960s,
which brought local governments to the forefront. The rural-to-urban migra-
tion that occurred during this period also brought serious problems related
to urban social life to the fore. These increasingly deepening problems led to
local governments taking on more effective roles [30]. On the other hand, the
relatively liberal environment that emerged after the 1961 Constitution [31]
and the subsequent social, economic, and political changes that affected the
entire world in the 1970s played a role in shaping the “New Municipalism
Approach” in Tiirkiye, in other words, the principles of social municipalism.

The development of social municipalism in Tiirkiye began in the 1970s
[26]. During this decade, municipalities implemented new municipal prac-
tices by increasing participation through associations, cooperatives, compa-
nies, and neighborhood representation, and by involving civil society, trade
unions, and professional associations in governance.

Since the mid-1980s, local governments, particularly municipalities, have
sought to address social issues and urban poverty by implementing tempo-
rary solutions. They have attempted to tackle this significant problem through
in-kind and cash assistance for the urban poor. These practices gained mo-
mentum in the 1990s. Some municipalities saw an increase in their revenues
compared to previous periods. Consequently, they placed greater emphasis
on social service-centered policies to meet the needs of a population whose
educational level was rising and whose demand for urban and social services
was growing and diversifying, on the one hand, and of urban masses who
had migrated to the city and were becoming increasingly impoverished, on
the other [32].

Dunakavics - 2026/ 03.

[26] Arslaner, H.-Yavan, S.
(2016): Differences in local public
service delivery introduced by
law No. 6360. Anadolu University
Journal Of Social Sciences, 16.,
(Special Issue), pp. 277-290.

[28] Kaya, O. (1997): Local Gov-
ernments In The Republican Era.
(Unpublished Master's Thesis).
Istanbul University, Atatiirk
Principles And History Of The
Revolution.

[29] Tung, B.-Yildirim, S.-Falus,
0.-Tugrul Kara, O.-Czukor, K.
(2023): Developments in industry
in Tiirkiye in the democrat

party Era (1950-1960) and its
contribution to the private sector
as the economic basis for the civil
progression. Civil Szemle, 20.,
(7.), pp. 107-122.

[30] Kilavuz, E-Yiiksel, C. (2017):
Social municipalism within the
framework of local government
finance: the case of Fatsa and
Ovacik. Society And Democracy,
11., (23.), pp. 121-138.

[31] Kose, R.-Falus, O.-Czukor,
K. (2023): From the 1961 consti-
tution to the present day social
services in Tirkiye. Civil Szemle,
20., (7.), pp- 95-106.

[32] Ipek, S.-Ciplak, B. (2016):
Social municipalism and social
budget practices in Tiirkiye: The
case of Canakkale municipality.
Journal Of Management Sciences,
14., (27.), pp. 201-215.



Bilal Tunc

[33] Beki, A. (2021): Social
Municipalism Practices in
Turkey. Istanbul: Uskiidar
University Publications.

[34] Kaymal, C. (2017):
Metropolitan municipal-
ity reform in terms of local
autonomy and local democ-
racy. Ulakbilge, 5., (13.), pp.
1137-1159.

36

In summary, the historical development of municipal administration can
be outlined as follows: The period from 1855 to 1930 marks the beginning of
municipal administration in the Western sense (Phase I). The period between
1930 and 1950 is the second phase and a period of serious work on municipal
administration. The period between 1950 and 1980 is a lost period for mu-
nicipal administration. The period after 1980 is a period of development for
municipal administration. In this period, which could also be called the New
Liberal Period, local governments were given significant opportunities [33].
Especially since 2004, a new era has begun in municipal administration. With
the Municipalities Law No. 5393, the direction of municipal administration
has changed again, and a significant restructuring has taken place.

The Historical Development of the Transition
to the Metropolitan Municipality System

The main starting point for the metropolitan municipality experiment in Tiir-
kiye was the provision added to Article 127 of the 1982 Constitution concern-
ing local administration, which stated that “special forms of administration
may be established for large settlements” [34]. This provision does not require
that special forms of administration be established in the provincial capital
or in a single province; it also allows for multiple large settlements within a
province to be subject to special forms of administration. The government
exercised its authority to establish a special form of administration for large
urban centers in 1984 with Decree Law No. 195, which established a special
form of administration called the metropolitan municipality that could be es-
tablished in provincial centers.

The Decree Law No. 195, which regulates the establishment and admin-
istration of metropolitan municipalities in Istanbul, Ankara, and Izmir, was
issued just two days before the local elections on March 25, 1984. According
to Article 4 of this Decree Law, metropolitan municipalities are established
under the name of the metropolitan city, and district municipalities bearing
the names of the districts included in the metropolitan city are also estab-
lished in those districts.
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According to the Law amending Law No. 2972 of January 1984 on local
elections in metropolitan municipalities, if there is more than one district
within the boundaries of a provincial capital municipality, a metropolitan
municipal council is established in the provincial capital and district mu-
nicipal councils are established in the districts. Law No. 3030 of July 1984
amended Decree Law No. 195 of March 1984, reorganizing metropolitan
municipality administration, and the relevant Regulation came into force in
December 1984 [35].

According to Oktay, the metropolitan municipality system introduced
in 1984, while benefiting from 20 years of accumulated experience, was de-
signed as two separate tiers with legal personality rather than a municipal un-
ion model, as a result of the broad flexibility provided by the constitution. The
lower tier consisted of district municipalities within the boundaries of the
metropolitan municipality, while the upper tier consisted of the metropolitan
municipality itself. The two-tier structure applied in Istanbul between 1858
and 1912 was thus reintroduced. The law defined metropolitan municipalities
as cities with more than one district within their municipal boundaries, and
district municipalities as districts within the boundaries of metropolitan mu-
nicipalities. The boundaries of metropolitan municipalities were accepted as
the municipal boundaries of the city from which they took their name. District
municipalities were included within the boundaries of the metropolitan mu-
nicipality. Although the law introduced a metropolitan management model,
it did not foresee any expansion of boundaries. It was a model that included
the continuation of provincial special administrations as a result of the metro-
politan municipality being responsible for a limited part of the province [25].

As explained above, in the local elections held on March 25, 1984, metro-
politan municipality elections were held for the first time in Istanbul, Ankara,
and Izmir, and there was significant interest in these elections in the afore-
mentioned cities.

In these elections, votes were cast not only for metropolitan mayors but
also for district municipal councils and district mayors [36]. Subsequently,
other provinces besides these three also gained metropolitan municipality
status. Following these developments, cities that had become “major popula-
tion centers” were granted metropolitan status through various laws or de-
crees with the force of law.
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Meanwhile, between 1984, when three major cities gained metropolitan status
under Law No. 3030, and 2004, when Law No. 5216 was enacted, 16 provincial mu-
nicipalities were converted into metropolitan municipalities through legal regula-
tions. The 16 metropolitan municipalities continued until the first local elections
held under Law No. 6360, enacted in 2012. In the 2014 local elections, 14 provinces
were added, bringing the number of metropolitan municipalities to 30 [37]. This
situation is explained in more detail below.

The year 1986 is extremely important in terms of metropolitan municipal admin-
istration in Tiirkiye, as five more provinces were incorporated into the metropolitan
municipal administration system between that year and 1988. In this context, the
five metropolitan municipalities established between 1986 and 1988 were, in order,
Adana (1986), Bursa (1987), Gaziantep (1988), Konya (1988), and Kayseri (1988)
[35]. Thus, by 1988, there had been a significant increase in the number of metro-
politan municipalities in Tiirkiye. This clearly represents an important turning point
in the history of Turkish municipal administration.

In the context of the information provided above, Adana was granted metropoli-
tan status in 1986 under Law No. 3306, Bursa in 1987 under Law No. 3391, Gazi-
antep under Law No. 3398, Konya under Law No. 3399, and Kayseri in 1988 under
Law No. 3508. Adana, Bursa, and Konya had three metropolitan districts, while Ga-
ziantep and Kayseri had two. The high rate of population growth and urbanization in
Tirkiye has resulted in significant increases in city populations. Therefore, the main
reason for including the aforementioned five cities within the scope of metropolitan
municipalities was the population growth in these areas [38].

According to Peker and Sanli Giilengiil, the high rate of population growth and
urbanization in Tiirkiye has resulted in significant increases in urban populations.

Along with population growth, seven more metropolitan municipalities were es-
tablished by 1993. These municipalities are Antalya, Diyarbakir, Eskisehir, Erzurum,
Mersin, Kocaeli, and Samsun. Among these seven metropolitan municipalities, Mer-
sin shows a strong diffusion effect from the center to the periphery, while Erzurum
shows a weak diffusion effect from the center to the periphery [38]. It is very clear
that the other seven metropolitan municipalities have not sufficiently expanded into
the agricultural sector in recent years.

In 1993, artificial districts were also established to overcome the district problem
that arose after the establishment of metropolitan municipalities, in the context of
the information provided above regarding cities that became metropolitan munici-
palities. Subsequently, a Decree Law was issued, abandoning the procedure for estab-
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lishing metropolitan municipalities based on district municipalities and by law, for
economic reasons. As mentioned above, in 1993, the cities of Mersin, Diyarbakar,
Eskisehir, Antalya, Samsun, [zmit, and Erzurum were made metropolitan munici-
palities, and the rule requiring at least two districts within the boundaries of the
central municipality was abandoned. Instead, a structure called the “lower level”
was created. Thus, lower-level municipalities were established in these newly es-
tablished metropolitan municipalities [34]. It is understood that this is also an im-
portant regulation in the context of local governments in Turkish administrative
history.

Another development in 1993 regarding the evolution of metropolitan munici-
pal administration in Tiirkiye was the postponement of the establishment of district
municipalities until 2008, with the creation of first-tier municipalities in metro-
politan areas established by Decree Law No. 504 instead of district municipalities.
Within this scope, until the relevant articles of Law No. 5747, which established new
districts and converted lower-level municipalities into districts, came into force, the
number of lower-level municipalities was three in Antalya, Diyarbakir, Mersin, and
[zmit, and two in Eskisehir, Erzurum, and Samsun. In 2000, with Decree Law No.
593, both district and first-tier (town) municipalities existed simultaneously in the
Adapazar1 Metropolitan Municipality established in the center of Sakarya province
[35].

In the context of the above explanation, the Decree Law No. 504 dated 02.09.1993
on the Establishment of Metropolitan Municipalities in Seven Provinces provided
a legal basis for a new local administration unit called “lower-level municipality”
and facilitated the establishment of metropolitan municipalities. Henceforth, it
would no longer be necessary for a municipality to have multiple districts within its
boundaries in order to establish a metropolitan municipality; lower-tier municipali-
ties would be sufficient [39].

In brief, Law No. 3030, enacted to enable local governments in metropolitan
areas to provide more effective services, has been distorted and misused through
various practices.One of the significant reforms in the history of the formation
of metropolitan cities in Tiirkiye has been the establishment of metropolitan dis-
tricts. As is well known, Law No. 5747 on the Establishment of Districts Within the
Boundaries of Metropolitan Municipalities and Amendments to Certain Laws was
adopted in 2008. With this law, the legal entities of first-tier municipalities located
within metropolitan areas were abolished or converted into districts, following a
process of consolidation.
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With this law, not only metropolitan areas but also first-tier municipalities
throughout the country were converted into district municipalities or incor-
porated into district municipalities through a merger method. Again, in ad-
dition to the district municipalities that were closed due to scale, some town
municipalities lost their legal personality and became neighborhoods, while
others became villages [40]. In terms of metropolitan areas, the purpose of
this regulation was to ensure not only the integrity and harmony of the met-
ropolitan area, but also that of the metropolitan municipality system.

In 2012, a highly significant regulation was implemented in Tiirkiye re-
garding metropolitan municipal administration. Within the scope of this
regulation, Law No. 6360, enacted in 2012, introduced new criteria for met-
ropolitan municipal boundaries. With the new regulation, the population
threshold for metropolitan municipalities was lowered to 750,000. Through
this law, the areas of responsibility of metropolitan municipalities were ex-
panded to include the entire provincial administrative boundaries, bringing
all affiliated districts under the jurisdiction of metropolitan municipalities
[37].

Essentially, prior to Law No. 6360, the Metropolitan Municipality Law in
Tiirkiye expanded municipal boundaries while simultaneously making the
conditions for establishing a metropolitan municipality more demanding.
Article 3 of the law stipulates that at least three districts or first-tier munici-
palities must exist in a province for a metropolitan municipality to be es-
tablished. Under the previous regulation, Law No. 3030, it was sufficient for
there to be “more than one district” within the boundaries of the provincial
municipality. According to Article 4 of Law No. 5216, provincial municipali-
ties with a total population of more than 750,000, based on the latest census,
within municipal boundaries and within a maximum distance of 10,000 me-
ters from these boundaries, were planned to be converted into metropolitan
municipalities.

According to Oktay, the legislature has opted for metropolitan municipal
structures with higher population levels and density. Based solely on the dis-
trict requirement, the population-based criterion was a much more concrete
standard. Considering the populations of provincial centers in Tiirkiye at that
time, the 750,000 population threshold represented a balanced level that was
neither excessively high nor low. With the expansion of metropolitan munici-
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pality boundaries, all district and town municipalities in Istanbul and Kocaeli
were included in the scope, while in other metropolitan provinces, district
and town municipalities within the expanded boundaries were included. The
main goal of the boundary expansion was to bring developed or potentially
developing areas around metropolitan cities under the management and su-
pervision of metropolitan municipalities, to prevent problems that had aris-
en or were likely to arise in these areas, particularly in terms of zoning and
licensing, due to the institutional capacity deficiencies of small-scale munici-
palities, and to achieve comprehensive and planned urban development [41].

In 2011, many provinces in Tiirkiye were granted metropolitan munici-
pality status. Under the new regulations, 14 municipalities with a popula-
tion of 750,000 became metropolitan municipalities. In this context, Law No.
6360 applies to the 14 newly established metropolitan municipalities, such as
Istanbul and Kocaeli, as well as the 14 existing metropolitan municipalities
(Adana, Ankara, Antalya, Bursa, Diyarbakir, Eskisehir, Erzurum, Gaziantep,
[zmir, Kayseri, Konya, Mersin, Sakarya, and Samsun). This means that in 28
more provinces, the service authority of local administrations has been ex-
tended to the remotest corners of the provinces, and municipal services have
been extended to the remotest corners of the provinces [42]. This situation
has been an important step forward in terms of the expenditure dimension of
fiscal decentralization in Tiirkiye.

In the 14 provinces that have become metropolitan municipalities, 25
new districts have been established within the scope of metropolitan mu-
nicipalities and changes in affiliations have been made, increasing the total
number of metropolitan district municipalities from 143 to 519. In particu-
lar, the regulation provides for the establishment of transfer, liquidation,
and distribution commissions for municipalities and villages that have been
closed and converted into neighborhoods. Furthermore, provincial special
administrations have been abolished in thirty metropolitan municipalities,
and Investment Monitoring and Coordination Presidencies (YIKOB) affili-
ated with the governor's offices have been established in these provinces to
replace the abolished provincial special administrations [34].

After the establishment of metropolitan cities, it was envisaged that pro-
vincial special administrations within the boundaries of 29 metropolitan mu-
nicipalities would be abolished, and their powers and responsibilities would
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be transferred to metropolitan municipalities. In addition, 1,592 municipali-
ties and 16,082 villages were converted to neighborhood status. As a result of
this transformation, approximately 36% of provincial special administrations,
53% of municipalities, and 47% of villages were abolished [43]. These struc-
tural changes were implemented to increase the institutional capacity of local
governments and to ensure efficiency and effectiveness in service delivery.

After metropolitan cities were established, new regulations were also made
regarding the names of the provincial centers of some metropolitan cities.
As is well known, provincial capitals are generally known by the names of
the provinces, but there are exceptions to this. In three of the metropolitan
cities, the names of the center and the province were different until recently.
This situation could also cause confusion in the use of the metropolitan city
name. To eliminate this confusion, certain adjustments were made in Mersin,
Kocaeli, and Sakarya.

In the context of the information provided above, on June 28, 2002, the
name of Icel was changed to Mersin by a regulation in Law No. 4764 [44].
Similarly, the city of Izmit was the provincial capital of Kocaeli. With Law
No. 5747 on the establishment of new metropolitan districts, the name of the
metropolitan municipality was changed to Kocaeli Metropolitan Municipal-
ity [45]. The name Izmit was given to one of the metropolitan municipali-
ties (Saraybahge). Finally, under Law No. 5747, the name of Adapazar1 was
changed to Sakarya Metropolitan Municipality [46]. With the establish-
ment of the Sakarya Metropolitan Municipality in the provincial center, the
Adapazar1 Municipality was also established.

Conclusion

This study examines the historical development of municipal governance in
Turkish administrative history and the transition to the metropolitan munici-
pal system from the Ottoman Empire to the present day, offering a compre-
hensive perspective. The analysis clearly demonstrates that municipal govern-
ance in Turkey is not a static structure but rather a dynamic process that is
constantly reshaped alongside political, social, and economic transformations.
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During the classical period of the Ottoman Empire, municipal services were carried out through nu-
merous institutions such as the kadi (judicial office), vakif (endowment), guilds, and neighborhood or-
ganizations; however, this fragmented and traditional structure proved inadequate in the face of increasing
urbanization, population movements, and commercial relations. With the Tanzimat Era, steps were taken
to centralize municipal services in line with the goals of modernization and centralization. The establish-
ment of the Istanbul City Council in 1855 marked a turning point in this process. Thus, the institutional
foundations of modern municipal administration in Turkey were laid.

During the Republican Era, the concept of municipal administration was restructured within the
framework of a strong centralist state structure. The Municipal Law No. 1580 of 1930 established the du-
ties, powers, and responsibilities of municipalities for many years, bringing stability to the local govern-
ment system. However, rapid urbanization, migration, and social transformations, particularly since the
1960s, have necessitated that municipalities move beyond being institutions that merely provide infra-
structure services and shift toward social and community-oriented municipal practices. In the post-1980
period, under the influence of neoliberal policies, local governments experienced a process of expanding
their service areas and attempting to increase their financial and administrative capacities.

One of the main focal points of the study, the metropolitan municipality system, emerged as a natural
consequence of urbanization and population growth in Turkey. Metropolitan municipalities, which gained
constitutional support with Article 127 of the 1982 Constitution, became institutionalized with the legal
regulations issued after 1984; they underwent a fundamental transformation in terms of scope and author-
ity with Laws No. 3030, 5216, and especially 6360. The expansion of metropolitan municipality boundaries
to provincial boundaries has provided significant advantages in terms of comprehensive planning and
economies of scale in service delivery.

In conclusion, the metropolitan municipal system in Turkey is not merely an administrative restruc-
turing; it also reflects the transformation of the state's approach to urbanization, public service delivery,
and local governance. This system offers significant opportunities in terms of service efficiency and re-
source utilization. In this respect, metropolitan municipal governance should be regarded as one of the
most comprehensive and effective local governance reforms in Turkish administrative history.
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Hallgatéi vélemények az MI felhaszndldsdval

és oktatdsdval kapcsolatban

Osszefoglalas: Nem lehet tudni még pontosan, hogy milyen technologiai fej-
lesztéseket tartogat az emberiség szamara a 21. szdzad, de az biztos, hogy
a mesterséges intelligencia teriiletén nagy el6relépés tortént. Ez nem mds,
mint a nagy nyelvi modellek megalkotasa (LLM - Large Language Model)
és ennek koszonhetSen a generativ MI alkalmazasok tdmeges megjelenése.
Jelen tanulmany azt a célt tlizte ki, hogy a Dunadjvarisi Egyetem hallgatéinak
korében végzett kérdbives kutatas eredményeként ismerteti a hallgatok MI
felhasznalasi teriileteit. A vizsgalat kiterjed arra is, hogy mi a véleményiik
a kitoltésben résztvevéknek a mesterségesintelligencia-alkalmazésok tan-
anyagban val6é meg megjelenésével kapcsolatban. A dolgozat végén az ered-
mények dsszefoglalo értékelése jelenik meg.

Kulcsszavak: Oktatds, mesterséges intelligencia, felhasznalas.

Abstract: It is still unclear what technological developments the 21* century
will bring to humanity, but it is certain that great progress has been made in
the field of artificial intelligence. This is none other than the creation of large
language models (LLM) and, as a result, the mass emergence of generative
AT applications. The aim of this study is to present the areas of Al use among
students at the University of Dunaujvaros based on the results of a question-
naire survey. The study also covers the opinions of the respondents regarding
the inclusion of artificial intelligence applications in the curriculum. A sum-
mary evaluation of the results is presented at the end of the paper.

Keywords: Education, artificial intelligence, use.
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Bevezetés

2022. november 30-a 6ta nagyot valtozott a tudas, ismeret beszerzésének a maddja,
eszkoze. Mindenki szamara elérhetdé kozelségbe keriiltek olyan technikak, melyek
azonnal, szaknyelvezetében tokéletes kifejezéssel rendelkezve, az élet barmely terii-
letén adnak valamilyen megbizhatdsag mellett valaszt. A valasz megbizhatdsaga az
elmalt harom évben dllandéan novekedett. Az alkalmazasok folyamatos fejlesztése,
és a tényleg gyors, altalaban jol hasznélhato, eredmény nagy mértékben eldsegitette,
hogy ezen eszkoézok az oktatiasban vald haszndlata is el6térbe keriiljon. Eleinte a
hallgatok és oktatdk feladatok elvégzésének megkonnyitésére hasznaltak csak, de
napjainkra ennek oktatdsa is elvartta nétte ki magat. Az Eurdpai Unié egyik f6 stra-
tégiai célja, hogy az unid polgarai fel legyenek készitve az MI korszakra. Az Eurdpai
Bizottsag etikai iranyelveket tett kozzé a feltorekvé mesterséges intelligencia és az
adatok tanitasban val6 felhasznalasarol. [1] Ezek az irdnyelvek annyira itt vannak
a napjainkban, hogy a felséfoku oktatdsi intézmények (egyenlére csak 6k) mindent
megtesznek azért, hogy a mesterséges intelligencia etikus, célravezetd hasznalatat
szabalyozzak, tanitsak. Cikkiink azt mutatja be, egy 2025 tavaszan végzett kérdéives
felmérés alapjan, hogy a Dunaujvérosi Egyetem hallgat6i mit gondolnak a mestersé-
ges intelligencia hasznalatanak tanitasarol és felhasznalasi teriileteirdl.

Az MI haszndlata az oktatas teriiletén

Az oktatds tartalmaban (pdr éves késéssel) mindig is jelen voltak a kor meghatarozé
technologiai eszkozei, fejlesztési iranyai. A mesterséges intelligencia megjelenése az
oktatasban nem néhany évre nyulik vissza, mert az informatika, robotika, autoném
rendszerek tanitasa soran megkeriilhetetlen volt az emberi intelligencia utanzasanak
lehetdsége. Eleinte az oktatds tartalmaként gondoltunk a mesterséges intelligencidra
és ugy is jelent meg, esetleg kiilonboz6 tudaslapu, szakért6i rendszerek tamogattak
az oktatast. A 21. szazadban nyilt lehetGség arra, hogy az oktatasi folyamat tamo-
gatdja, irdnyitdja, kiegészitdje is lehet a mesterséges intelligencia. Szamos hazai és
nemzetkdzi tanulmdny szdmol be arrél, hogy milyen mdédon alkalmazzak a mester-
séges intelligenciat az oktatas teriiletén, miért fontos annak tanitasa.
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Vannak, akik agy gondoljak, hogy a tandroknak nagy szerepe van abban, hogy
a jové nemzedéke hogyan tud majd alkalmazkodni az életben megjelend kihiva-
sokhoz [2; 3]. ,,Az oktatas alapvetd feladata, hogy az életre készitse fel a didkokat,
haszndlhato tudast adjon 4t szamukra. Az ismeretek, amelyek az MI-ben rejl lehe-
téségekrdl, illetve veszélyekrol szolnak lassan bekeriilnek a tananyagba, ennek elsé
feltétele, hogy a tanarok is megfelel¢en képzettek legyenek ezen a teriileten” [4].

Tehat sziikség van olyan oktatokra, akik maguk is jol tudjak alkalmazni az j
technikdt azért, hogy a megszerzett tapasztalatok lapjan felvértezzék a novendéke-
ket a kozel hibamentes hasznalatra.

Az MI oktatasa jelenleg a felsGoktatasban meriil fel leginkabb, mint lehetséges
tananyag, hiszen itt keriil el6térbe legjobban a szabad alkotas lehetdsége. Ezek meg-
valdsulhatnak kutatasok elvégzésében, tanulmanyok megirasaban, vagy csak egy-
szerl tantargyi esszék létrehozasaban is. ,,Az MI-integralast tamogato elvi keretek
konkrét tartalommal valé megtoltése a tanuldsi-tanitdsi folyamat legf6bb agenseire,
az oktatokra és hallgatokra harul. A témaval foglalkozé hazai pedagégusok a mester-
séges intelligencia atgondolt, célorientalt integralasat javasoljak a tanitasi-tanulasi
folyamatba, szem el6tt tartva a lehetséges nehézségeket és az elényoket egyarant” [5].
Nyilvan a felsGoktatas elég nehéz batyut vesz a valldra, ha az MI naprakész oktatasat
komolyan gondolja. Elég csak abba belegondolni, hogy milyen valtozasok mentek
végbe az elmult harom évben ezen a tertileten. Az MI-t integral6 alkalmazasok sza-
manak rohamos névekedése neheziti egy-két megvaldsulds elényben részesitését.

Egyes kutatdk joggal teszik fel a kérdést, hogy vajon a mesterséges intelligencia
mennyire forgatja fel a tanitds-tanulas folyamatat? Milyen hatassal lehet az oktatasra
és annak szerepléire? ,,A legtjabb MI-technologiak terjedése forradalmasithatja a
kiilonb6z6 oktatasi rendszereket, ezaltal 4j kihivasokat teremtve a felsGoktatds sze-
repl6inek” [6]. Nem olyan egyszer(i ennek elSrejelzése, hiszen mig eleinte csak egy-
szeru felhasznalds volt jelen, addigra mara mér igen mély Gsszefiiggések kimutatasa
is megtortént az egyes kutatok részérdl. Ez koszonhet6 annak, hogy nem csak a
publikaciok, tanulmanyok, kutatasok szama nétt meg a teriileten, hanem a kuta-
tok nagyszamu novekedése is megfigyelhet6. Igyekszik mindenki olyan szemszog-
bdl vizsgalni az MI-hatasat, amit addig még nem tett meg elStte senki, ezzel tjabb
oOtleteket adva masoknak. A tomegesen megjelend tanulmanyok eldsegitik azt is,
hogy az 6sszefiiggések olyan mélységekbe menjenek, amelyekre azel6tt nem volt
lehetdség, sziikség.
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Egyes tanulmanyok olyan vizsgalatokat mutatnak be, melyek a mesterséges intel-
ligencia felhasznalasi tertileteire fokuszalnak a korosztalyok fiiggvényében.

»A generacios kiilonbségek egyértelmien megfigyelheték: mig a Z-generacio az
Osszes vizsgalt teriileten intenzivebben alkalmazza az MI-t, addig az X- és Y-genera-
ciok elsdsorban szakmai és kutatdsi célokra hasznaljak ezeket a technoldgiakat” [7].
Ez a felsGoktatassal kapcsolatban azért fontos, hiszen a felhasznélasi teriiletek kozott
szamos olyan jelenik meg, melyek ott jellemzdk és ezek alapjan érdemes az oktatott
tantargy (MI-alkalmazasok hasznélatat tanit6) tartalmat a legtobbet hasznalt teriilet
iranyaba elmozditani. Valamint az intézményekre valé konnyebb bejutas miatt a
hallgatdi életkor nagyon széles skdlan mozog.

A megjelent tanulmanyokbdl val6 szemezgetést lehetne folytatni nagyon sokaig,
de taldn ezekbdl is érezhetd, hogy milyen erételjesen jelenlévd téma a mesterséges
intelligencia alkalmazasa az oktatasa. A megkdzelitések, a vizsgalat teriiletei kiilon-
boznek, de hdrom alapvet6 kijelentésben megegyeznek. Az egyik, hogy az MI hasz-
nalatanak oktatdsa, szabdlyozasa nem megkeriilhet és folyton valtozo tartalmu fel-
adat lesz. A masik, hogy az alkalmazas kézzelfoghatd elényei mellet annak veszélyeit
is ismernie kell a felhasznalénak. A harmadik pedig az, hogy az el6z6 kettd részletes
és alapos ismertetése alapvet&en az oktatd feladata.

A vizsgalat mddszere

A vizsgalat a Dunaujvarosi Egyetem hallgatéi korében keriilt elvégzésre. A kérddivet
a Microsoft Forms feliiletén készitettiik, hozzaférését a Neptun rendszeren keresztiil
kiildtiik ki a hallgatok szamadra. A célzott minta az egyetem teljes hallgatdsaga, nap-
pali és levelez3s tagozaton egyarant. A kit6ltésben 313 hallgatd vett részt. A kérdéiv
kitoltése sajat bevallason alapulo, 6nkéntes, anonim volt. A kérddiv egy egyszerti,
nem validalt trlap, mely 5 demografiai és 15 érdemi kérdésbél allt. A 20 kérdésbél
jelen vizsgalat csak azok elemzésével foglalkozik, melyek a mesterséges intelligen-
cia hasznalataval, felhasznélasi teriileteivel és az MI oktatasaval kapcsolatosak. Az
eredmények feldolgozasédhoz és a grafikonok elkészitéséhez a Microsoft Excel, Forms
alkalmazasokat hasznaltuk.
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A mesterséges intelligencia teriiletei egyetemi hallgatok korében

Az ismertetett szakirodalmak alapjan jol lathatd, hogy a felséfoku intézmények a hizéerék az MI alkalma-
zasaban, ha az oktatasrol van sz6. Nagyon kis hanyada van csak a hallgatéknak, akik ne hasznaltak volna
ilyen alkalmazasokat. A jelen felmérésben ez az alabbiak szerint alakult.

1. dbra MI-alkalmazdsok haszndlatdinak gyakorisdga

Szokott-e hasznalni mesterséges intelligencia alapa alkalmazast?

® igen 288 ‘

9%

Forras: Sajat szerkesztés(i dbra.

A vizsgalt populdciora is igaz a kijelentéstink, hiszen a valaszadok 92% haszndl rendszeresen ilyen al-
kalmazasokat. A kérdés, hogy szokott-e hasznalni ilyeneket, ezért a valasz a rendszeres és nem az egyszeri
hasznalatra utal. Az alkalmazas teriileteit mar nehezebb megadni, hiszen napjainkban talan nincs is olyan
teriilete az életnek, ahol az MI hasznalata ne jelent volna mar meg. Hallgat6i szempontbdl természetesen a
tanulmanyok lefolytatdsahoz kapcsolodo teriiletek kertiltek felsorolasra a kérdésnél.

Ezek a teriiletek a kovetkezék:
- szovegiras, értelmezés;
- tanulds tamogatas;
- programok készitése;
— adott témdban otletek meritése;
- szakirodalom keresése;
- szamitassal kapcsolatos feladatok;
- szovegforditas;
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- képkészités;
— prezentacio készitése;
- hangalapt termékek készitése.

A kérdés otfokozatt Likert-skala formajaban fogalmaztuk meg. A vélaszok eredményét a 2-es dbra
mutatja.

2. dbra. MI haszndlatdnak eréssége az adott teriileten

viennyire jellemzo, Nogy az alabbl Temakkal Kapcsolatban Nasznal mesterseges INtelligencia alapu alkaimazast (jelolje meg 1-101 5-1g skala
), 1: egyaltalan nem, 5: sokszor hasznalom)

o1 o2 3 4 es

Szbvegirasra, értelmezésre ] | 0
Tanulas timogatasara u _—
Programok készitéséhez I o

Adott témaban otletek meritéséhez m .
Szakirodalom keresésére - ju—
Szamitassal kapcsolatos feladatokban - - 1
Sz6veg forditasra L] | ]

Kép készitéséhez I [}

Prezentacio készitéséhez I ]

Hang alapG termékek készitéséhez T

Forras: Sajat szerkesztésti dbra.

Az abrabdl jol kiolvashatd, hogy a megadott teriiletek az MI hasznaltsag szempontjabol harom cso-
portra oszthatdk. A leggyakrabban hasznalt teriiletnek mutatkoznak a tanulds timogatasa és az adott té-
méban otletek meritése. A legkevésbé hasznalt teriiletek egy produktum elkészitéséhez kothetSk. Ilyen a
hanganyag, prezentacio-, kép- és a program készitése. A harmadik csoportot a szovegkészités, értelemzés,
a szovegforditas, szamitassal kapcsolatos feladatok és a szakirodalom-keresés kertilt.
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A teriiletek koziil a legtobbet a tanulas timogatasa kapta. Talan a témadk kijel6lésénél ezt jobban meg
kellett volna vizsgalni, mert a masik kilenc egyarant alkalmas a tanulds timogatasara, és igy lehettek olya-
nok a kit6lt6k kozott, akik ezt dsszefoglald teriiletnek gondoltak. A kérdezé eredeti szandéka ezzel a téma-
megjeloléssel arra vonatkozott, hogy magyarazatadoként a hasznaljak-e a mesterséges intelligencidt a hall-
gatok a szamukra nehezen értelmezhetd, problémat jelentd teriileteken.

A szakirodalom ismertetésénél az egyik tanulmany azt vizsgalta egy nagymintas kutatasban (N=6524),
hogy a felhasznaldsi teriiletek mennyire jellemz8ek egy adott generaciéra. Ezt a jelen tanulmény esetében
azért érdemes vizsgalni, mert azon koru csoportoknak, akik a felsdoktatasban részt vehetnek, az érdekl-
dési korét jol mutatja, és az oktatasi tananyag iranyat meg is hatarozhatja.

1. tdbldzat. Az Al alkalmazdsi teriiletei és az alkalmazdsi gyakorisdgdnak dtlaga

generdcios bontdsban

g | g 2 g | 8 ,
5 |2 g | € |2 E £
El 5 | 8 c | 2 £ | 2 = £ 2
g T |EE] 8 | 22| 5 |Eg| 2 = 4
E g |68 7 | g=2| 2 [£€2| 3 2 o
] R o 2z BN k= - g o] g
> | g | ¥ § | 8 e | £ g 3 %
“ 2 g 5 | & 5 | & 5 =
Z | % S =z | 2 = A
[43) < =
BB generaci6 2,064 | 2338 [ 2.268| 2,329 2.317| 2.223| 2,284 2,448 | 2,049 2,171
(1940 - 1964)
X generacio 2,108 | 2,339 | 2,011] 2,150 2,266| 1,945 | 2,138 | 2,403 1,766 | 1,954
(1965-1979)
Y generacio 2422 2,635 | 2.226| 2311| 2,516 2,225| 2,279 | 2,573 | 1,988 2,261
(1980-1994)
Z genericié 2413 3,013 | 2.261| 2256 2,997 2,779 | 2.554| 2.598| 1,997 2.698
(1995 - 2007)
Alfa genericié 2728 | 3,054 | 2,594 | 2,585 2,951 | 2,871| 2,683 | 2,701| 2,478 2,897
(2008-)
Total 2342 2,763 | 2212 2259 2,711 2,467| 2402 2,548 | 1,965 2434

Forras: Berényi és Csiszarik-Kocsir 2025-6s tanulmdanya.
A tablazatbdl jol kiolvashatd, hogy a legnagyobb értékeket a Z- és Alfa-generaci6 adta a Kutatds és

adatgyiijtés témara, valamint masodik helyen az Adott anyag osszefoglaldsa téma szerepel. Ez szinte egybe-
cseng azokkal a témakkal, melyeket a Dunaujvarosi Egyetem hallgatdi is megjeloltek.
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Az MI hasznalatanak oktatasaval kapcsolatos hallgatdi vélemény

Mindkét vizsgalat esetén a tanulashoz erésen kothetd témateriiletek kaptak a legnagyobb értéket a Li-
kert-skalan. Ha ezt elfogadjuk valés kimentnek, akkor a mesterséges intelligenciat felhasznalé alkalma-
zasok tananyagba helyezése nem csak elvart, hanem szinte kotelez6 is, mert ezzel is el6 lehet segiteni a
hallgatéi sikerességet.

Az egyetemen végzett felmérésben erre vonatkozéan harom kérdés is szerepelt (hatfokozatu Likert-ska-
lat tartalmaztak), melyek eredményei a kovetkez6kben keriilnek bemutatdsra. Az ezzel kapcsolatos elsé
kérdés arra vonatkozott, hogy az MI-nek nagyobb szerepet kell-e jatszania az oktatasban? Az eredményt
a 4. dbra mutatja.

3. dbra. Mi nagyobb szerepet kell-e jdtszania az oktatdsban

Aennyire ért egyet azzal, hogy az MI-nek nagyobb szerepet kellene betdltenie az oktatasban? (Jeldlje 1-6-os skalan, 1-egyaltalan nem, €
teljes mértékben)

ot 19

3°99 nt I 59
rtekelések
atlaga »int
1t
‘X X X XOIG ' *
nt . 24
nt . 19

Forras: Sajat szerkesztés(i dbra.

A kapott szam inkabb abba az iranyba mutat, hogy a hallagatdi vélemény szerint, nagyobb szerepet
kellene jatszani a mesterséges intelligencianak az oktatasban. Igaz a 3,99-os eredmény nem olyan nagy, de
a gyakorisagi gorbe ferdesége is ezt mutatja, hogy sziikségesnek érzik ennek oktatasat.

A masodik kérdés arra vonatkozott, hogy az MI alkalmazasok hasznalatat kellene-e oktatni.
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4. dbra. Az MI-alkalmmazdsok oktatdsdnak sziikségessége a hallgatok szerint

Aennyire ert egyet azzal, hogy az Ml alkaimazasok hasznalatat oktatni kellene? (Jelolje 1-6-0s skalan, 1-egyaltalan nem, b-teljes mertekb
n)

int . N 147

5.szint (GG 73

494 4 gint . 45
Ertékelések
. . ..11\4(.3 ’ < 3.sant N 30
- ). szint [ M
1.szint W7

Forras: Sajat szerkesztés(i dbra.

Az eredmény taldn nem is szorul magyardzatra, annyira egyértelmi. A 6-os Likert-skalan a 4,94-os ér-
ték eléggé biztos iranyt mutat. Meg lehet dllapitani azt, hogy a hallgatok véleménye szerint, sziikséges lenne
az MI-alkalmazasok oktatasanak beemelése a tantargyak kozé. Ez jelenthet némi tudatossagot is hiszen, ha
a hasznalat nem kérdéses, akkor a minél jobb eredményt, céltudatos alkalmazas a kivanatos, mely elérése
a hallgatok szerint az oktatasban rejlik.

A harmadik kérdés arra vonatkozott, hogy az oktatast esetleg az dltalanos iskolaban mar el kellene
kezdeni vagy sem.

6. dbra. MI oktatdsdnak megkezdése az dltaldnos iskoldban

Aennyire ert egyet azzal, hogy az Ml alkalmazasok oktatasat mar az altalanos iskolakban el kellene kezdeni? (Jelolje 1-6-0s skalan, 1-eg)y
Italan nem, 6-teljes mértékben)

S5.szint I 36

Forras: Sajat szerkesztés(i dbra.
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Az eredmény egyaltalan nem mondhaté egyértelmiinek. Igaz, hogy a legtobbet valasztott érték a 6-os,
de ennek ellenére az atlag csak 3,84 lett, ami nem olyan jo.

Ha atgondoljuk azt a tényt, hogy a 18 év felettiek mar tobb tapasztalattal rendelkeznek ahhoz, hogy
kritikusan tudjak kezelni az MI-alkalmazdsok éltal kapott eredményeket, és az adaptacios képességiik is
jobb, akkor egyaltalan nem meglepé az eredmény. Egy altalanos iskolai tanulé még gond nélkiil elfogadna
minden vélaszt az MI-t6l és kész tényként venné azt, még akkor is, ha az nagymértékii hallucinaciot tar-
talmazna.

Osszegzés

Egyértelmiien megallapithat6 a felmérésbdl, hogy a hallgatok nagy szamban hasznaljak a mesterséges in-
telligenciat a tanulasi folyamatban. Az a tény is levonhatd, hogy az alkalmazasokat jobbdra az oktatassal
kapcsolatban hasznaljak. Ezek egyenes kovetkezménye az, hogy résziikrdl felmeriil annak az igénye, hogy
ezen alkalmazasok hasznalata jelenjen meg a képzések tantargyi haléjaban, vagy ha 6nallé tantargyként
nem is, de integralva egy masik tantargyban mindenféleképpen. Ez lesz a kozeljovo egyik feladata, hogy
ennek a gyorsan véltozé tudomanyteriiletnek teret taldljanak a kutatok, oktatok a felsGoktatasban, ahol a
tananyag tartalma mellett, az eredmények kritikaval valé fogadasa, adaptalt felhasznalasa is nagy hang-
sulyt kell, hogy kapjanak. Ehhez még szamos kutatasra, mintaprojektekre lesz sziikség, hogy egy jol alkal-
mazhato recept élljon el6.
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KESZI-SZEREMLEI ANDREA *-NADASDI FERENC**

Fenntarthatdsdg - értékmddszertan

Osszefoglalas: A ,,Fenntarthatosag” megvaldsitasa és folyamatos fejlesztése 4j
keretrendszer kialakitdsat igényli. Uj feladatnak javasolhato a jelenlegi ipari
technoldgidk fejlesztése, kiemelten a ,,Fenntarthatdsag” kovetelményei sze-
rint. Az elmult évtizedekben forradalom jatszodott le a menedzsment teriile-
tén, és kialakultak olyan Gj menedzsment modszerek, amelyek alapvetGen a
szellemi tudast alkalmazva, hasznos eszkozzé valtak az innovdcid tertletén.
Ezen modszerek kozill bemutatjuk az értékelemzés (Value Analysis) alkal-
mazasat egy ipari technologia fejlesztésében.

Kulcsszavak: Fenntarthatdsag, uj keretrendszer, 1j menedzsment mddszerek,
innovacid, értékelemzés.

Abstract: The implementation and continuous development of "Sustainabi-
lity" requires the creation of a new framework. The development of current
industrial technologies can be proposed as a new task, especially according
to the requirements of "Sustainability". In recent decades, a revolution has
taken place in the field of management, and new management methods have
emerged, which basically use intellectual knowledge and have become a use-
ful tool in the field of innovation. Among these methods, Value Analysis is
presented in the development of an industrial technology.

Keywords: Sustainability, new framework, new management method, innova-
tion, Value Analysis.
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Bevezetés
Kutatasaink szerint az értékmoddszertan alkalmas a ,Fenntarthatosdg” kovetelmé-
nyeit beépiteni az értékelemzés rendszerébe.

A gépiparban elsésorban a kovetkezd teriiletek kiemelése célszerti:

— A gépiparban eléallitott termékek feleljenek meg a  Fenntarthatésag” indikatorai-
nak.

- A Fenntarthatosag” kévetelményeinek betartésa a technolégidknal mar nehezebb
feladat. Az ipari technoldgidk életciklusa altaldban 15-20 év, tervezésiik, létrehoza-

suk, fejlesztésiik hatalmas beruhdzast igényel [1].

Tapasztalataink szerint a gépiparban a gyartmdnytervezés/gyartmanyfejlesztés
és a technoldgiatervezés/technologiafejlesztés egymadsra épiil. A gyartmany igény-
halmaza mintegy 80%-ban a vevéigénybdl szarmazik, a fennmaradé mintegy 20%
a hazai és a nemzetkozi szabélyokbdl, torvényekbdl, a stakeholderek (befolyasos
személyek, csoportok stb.) igényeibdl vezethetdk le. A gyartmanyfejlesztés altaldban
egylitt jar a technoldgia fejlesztésével is. Ha a véltoztatasok a technoldgia  hatarain
beliil” valdsithatok meg, akkor a gyartmanyfejlesztés megvaldsithato.

A technolégiak igényrendszere mintegy 80%-ban a gyartmanybdl vezethetd le.
A tovabbi mintegy 20% a gyartmanynal megadott feltételek szerint valésulhat meg.

A kovetkezokben egy technoldgia elemzése keriil bemutatasra. Magyarorszagon
a politikai-gazdasagi vezetés a Fenntarthatdsag” megvaldsitasat tamogatja a ren-
delkezésre allo eréforrasokkal. Az elemzésben kisérletet tettiink  Fenntarthatosag”
egyes indikatorainak megjelenitésére. (A fenntarthaté fejlédés indikatorai Magyar-
orszagon. /12 Felel3s fogyasztas és termelés) SDG: Sustainable Development Goals.
www.ksh.hu/s/kiadvanyok/fenntarthato-fejlodes-indikatorai-2022/ffi (Letoltés da-
tuma: 2023. 07. 21.) [2]

Dunakavics - 2026/ 03.



Fenntarthatdsag — értékmodszertan

Présgép tengely csapagyhelyek feltjitasanak fejlesztése
az értékelemzés modszerének alkalmazasaval

A PROJEKT CELJA

A tengely kopasat termikus fémszorassal dllitja helyre a cég. A technolégia

értékelemzéssel torténd fejlesztésével a kovetkez6 célok elérését tlizte ki a ve-

zetés:

— Feliileti hibak megsziintetése.

- A helyreallitasi technolégia munkaerd, anyag- és energiafelhasznaldsanak
csokkentése.

— A karbantartas fejlesztése a helyreallitasi technoldgia alkalmazasanak iite-
mezésére.

— A piaci versenyhez torténd hatékonyabb alkalmazkodds biztositasa.

A vezetés a kovetkezd kérdésekre kért vélaszt:

K1: A tengely kopasa esetén mi a célszer(ibb, 4j tengely legyartasa, vagy a ten-
gely javitasa? (Uj tengely véasarlasa nem volt lehetséges.)

K2: Hogyan lehet elkeriilni a tengely kopasa miatti varatlan leallasokat?

K3: A tengely feltjitasat milyen mas modszerrel lehet megoldani? [3; 4; 5; 6; 7]

A PROJEKT TARGYA

Az értékelemzés targya a termikus fémszoras fejlesztése.

A termikus szérasok az egyes alkatrészek javitasaban fontos tehnologia-
nak tekintheték. Az 4j fedSréteg és az alkatrész feliilete kozott kohézids vagy
adhézids kapcsolat alakul ki a fémes, vagy nemfémes jellegtdl fliggéen. Az
Uj feddréteg lehet fém, fémotvozet, karbid vagy miianyag. Az ilyen jellegt uj
tipust fed6réteg alkalmazasa lehet6vé teszi az adott alkatrész élettartamanak
jelentés meghosszabbitasat.
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[10] Nadasdi F. -
Zarandné Vamosi
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A technoldgia 3 {6 szakaszra tagolhato:
— el6készités (szorando feliilet el6készitése),

"oz

— anyagfelvitel (alapozo réteg szorasa, fedéréteg szorasa), készre gyartas [8; 9; 10].

A felvitt réteggel szemben a kovetkez igények meriiltek fel:

IFR1 Az alapanyaggal azonos vagy nagyobb keménység.

IFR2 Megfelel$ kopasallosag.

IFR3 Kis surlodasi tényezd.

IFR4 Kis repedési hajlam.

IFR5 Hoallosag biztositasa tizemi hdmérsékleten.

IFR6 J6 hovezetd képesség és a hotagulas jo illeszkedése az alapanyag azonos tulaj-
donsagaihoz.

IFR7 Korrézioalldsag a korréziot 1étrehozo kozeggel szemben.

A TERMEKKEL KAPCSOLATOS FUNKCIOELEMZES (EXCENTER TENGELY)

F0 Nyomatékot atad.

F1 Forg6 mozgast végez.

F2 Tartdssagi kovetelményeket kielégit.
F21 Mechanikai hatasoknak ellenall.
F22 Korr6zids hatasoknak ellenall.

F3 Szerelhet6séget biztosit.

F4 Méreteket betart.

A TECHNOLOGIAVAL SZEMBENI IGENYEK A KOVETKEZOK

I1 Betartani a feltjitandé munkadarab eléirt méreteit.

I2 Szennyez6dést tavolitsa el a felszorando feliiletr6l.

I3 A szort réteg tapadasat tegye lehet6vé.

I4 A zsugorodasi fesziiltségeket csokkentse.

I5 A feliiletre esetleg lecsapddott parat tavolitsa el.

I6 Az alapozo- és a feddréteg feljuttatdsa kozti id6t minimalizalja.
I7 Biztositsa a bevonat egyenletességét.
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I8 Szabalyozhato legyen az eljaras.
I9 A min6ség ellendrizhetd legyen.
110 Méretpontos megmunkalast tegyen lehetévé.
I11 A fenntarthat6 fejlddés indikatorait érvényesiti.
(12. Fenntarthato fejlodési cél: Felelds fogyasztas és termelés)
112 Kornyezetvédelmi eléirasokat betart.

(A fenntarthato fejlédés indikatorai Magyarorszagon. /12 Felel6s fogyasztas és termelés (SDG: Sustainable Develop-
ment Goals.
www.ksh.hu/s/kiadvanyok/fenntarthato-fejlodes-indikatorai-2022/ffi., Letoltés datuma: 2023. 07. 21.)

A TECHNOLOGIA FUNKCIOI

A technolégia funkcioi:
F0 Csapagyhelyet felujit.
FI Alkatrészt el6készit.
F11 Szennyez6dést eltavolit.
F12 Feliiletet lemunkal.
F2 Feliiletet érdesit - korundot felszor.
F3 Alapozo réteget felvisz.
F31 Alapozé anyagot biztosit.
F32 Alapozo réteget felvisz.
F4 Fedéréteget felvisz.
F41 Fedé6réteget biztosit.
F42 Fedo6réteget felvisz.
F43 Fedo6réteget készre munkal
F5 Visszaszerelést lehet6vé tesz.
F51 Méretet ellendriz.
F52 Feliiletet vizsgal
F6 Szallitasra alkalmassa tesz.
F61 Sériiléstol véd.
F62 Kornyezeti hatasoktdl megov.
F7 Iranyitast végez.
F71 Anyagot mozgat.

U
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60

F72 Kornyezetet véd.
F8 Karbantartdst biztosit.
F9 Kornyezetvédelmi eléirdsokat betart.
F10 Munkavédelmi el6irasokat betart.
F11 Hulladékot kezel.
F12 Hulladékot eltavolit.

Az elektromos fémszoras fazisait az 1. sz. melléklet tartalmazza.

[10; 11; 12; 13;14] (Az ATIX Plus Kft. hivatalos weboldala. http://mobilhomok-
fuvas.com/korundos-tisztitas/. Letoltés datuma: 2023. 07. 22.),

(A KASAMAS Hungaria Hegesztéstechnoldgiai Kft. hivatalos weboldala. http://
www.KASAMAS hu/termek.php?mid=2&id=23, Letoltés datuma: 2023. 07. 22.),

WELDTECH Hegesztéstechnoldgiai Kft. hivatalos weboldala. http://weldtech.hu/
elektromos-femszoras/, Letoltés datuma: 2023. 07. 22.

Gyenge pontok meghatarozasa

KOLTSEGKRITIKUS PONTOK
Koltségkritikus pontnak tekinthetd a tengely javitdsa és a legyartasa kozotti
valasztas. Az Uj tengely gyartasanak és a tengely helyredllitasanak mutatoit az
1. tabldzat tartalmazza.

1. tablazat. Uj tengely gydrtdsdnak és a tengely helyredllitdsdanak mutatéi

Mutatok Uj tengely gyartasa Tengely helyreallitasa
Id6sziikséglet dra/db 43,6 6,7
Koltség % 465% 100 %

Forras: [9; 15]
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FUNKCIOKRITIKUS PONT

A tengely feltjitdsara tobbféle technologia all rendelkezésre. Javasolhato az egyes technolégiak mérlegelése,
esetleg a jelenlegi technologia lecserélése.
A miikodés varatlan ledllasa nehéz helyzetbe hozhatja a vallalatot, példaul hataridés munka esetén.

Javaslatok a technoldgiai folyamat fejlesztésére

- A tengely meghibasodasa esetén a javitast célszert alkalmazni.

- A viératlan leallasok elkeriilése érdekében a karbantartas fejlesztése javasolhato. Statisztikai felmérés
alapjan meghatarozhat6 az a mikodési idStartam (mitkodés oraban), amikor a berendezés még miiko-
dik, de célszert a javitast elvégezni.

— A tengely javitdsara tobbféle eljaras alkalmazhato, ezért célszerii tobb eljarast kiprobalni.

- A javitasok soran - és a berendezés hasznalata soran — veszélyes hulladék keletkezhet. Gondoskodni kell
a hulladék osszegytjtésérol és a gyiijtéhelyre torténd elszallitasrol.

Eredmények

Az értékelemzés alkalmazasa elGsegitette, hogy elemezziink egy technolégiat. Egy tengely javitasa nem
tlinik tulsagosan bonyolult feladatnak. A gyakorlat azonban azt bizonyitja, hogy egy berendezés nem ter-
vezett, varatlan ledllasa jelentés problémat jelenthet egy megrendelés teljesitésében. A funkcidelemzés
lehet6vé tette, hogy a fenntarthat6 fejlédés indikatorai megjelenjenek az adott technoldgiaban. A kolt-
ségelemzés ramutatott arra, hogy egy tengely javitasa jelentdsen olcsobb, mint egy Uj tengely legyartasa.
Ugy itéljiikk meg, hogy az értékelemzés innovécids javaslatok kidolgozdsat tette lehetévé. A bemutatott
javaslatok megvaldsitasa eldsegitheti a vallalat hatékonyabb mtikodését.

Osszegzés
Magyarorszagon is folyamatosan be kell vezetni a fenntarthaté fejlédés keretrendszerét. A fenntarthatd

fejlédés bevezetése igényli a hatékonyabb innovécids tevékenységet. Az innovaci6 egyik leghatékonyabb
eszkoze az értékelemzés.

N
=
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A funkcidelemzés elésegitette, hogy a fenntarthat6 fejlédés indikatorai megjelenitésre keriiljenek a tech-
noldgia elemzésénél. Ugyanakkor a funkcidelemzés és a koltségelemzés elésegitette, hogy olyan javaslato-
kat kapjanak a vallalat vezet6i, amelyek eldsegithetik az adott technoldgia fejlesztését.

Melléklet

1. MELLEKLET. AZ ELETROMOS FEMSZORAS FAZISAI

Az elektromos fémszoras fazisai

Koszoriilt Alapozé réteg Eldesztergalt
feliilet feliilet
Polirozort & 5 L
felillet Femszort Fémtiszta Eredeti,kopott
reteg feliilet allapot

Forras: WELDTECH Hegesztéstechnologiai Kft. hivatalos weboldala. http://weldtech.hu/
elektromos-femszoras/, Letoltés datuma: 2023. 07. 22.
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