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ONSOZ

Anadolu cografyasi, karmagik jeodinamik yapist ve aktif
tektonik siirecleriyle yerbilimlerinin her disiplini i¢in benzersiz bir
arastirma sahasidir.

Elinizdeki bu eser, yerkabugunun derinlerinde sakli olan
manyetik izlerden ylizeydeki akarsu aglarinin geometrisine ve bu
sirecler sonucunda olusan kayaglarin modern miihendislik
projelerindeki kritik roliine kadar genis bir spektrumu bir araya
getirmektedir.

Kitabin ilk kisminda, Erzincan Havzasi gibi aktif sismisiteye
sahip pull-apart (agilmali) havzalarin yapisal sinirlari, modern
jeofiziksel yontemlerle mercek altina alinmaktadir. Global manyetik
veri setleri lizerinden uygulanan analitik sinyal, tilt acis1 ve toplam
yatay tiirev teknikleri, gomiilii fay hatlarinin ve litolojik kontaklarin
tespit edilmesinde ne kadar belirleyici oldugunu kanitlamaktadir. Bu
veriler, bolgedeki deprem odaklarinin yapisal sinirlar tizerindeki
dagilimim anlamamiza yardimcr olarak sismik risk analizlerine
temel olusturmaktadir.

Ikinci béliimde, yer yiizeyinin sekillenme siiregleri Kopriigay
Havzasi 6rnegi lizerinden kantitatif bir dille incelenmektedir. Akarsu
havzalarimin morfometrik 6zellikleri; havza seklinden drenaj
yogunluguna, c¢atallanma oranindan hipsometrik integrale kadar pek
cok parametre ile analiz edilerek bdlgenin jeomorfolojik evrim
diizeyi ortaya konmaktadir. Elde edilen veriler, havzanin
morfodinamik gelisiminin olgunluk evresine yaklastigini ve
hidrolojik davraniginin infiltrasyon (sizma) siiregleri tarafindan
domine edildigini gostermektedir,



Kitabin son boliimii ise teorik yerbilimi verilerinin pratik
hayattaki izdlisimii olan miihendislik jeolojisine ayrilmistir.
Kiitahya-Isikkara  bazaltlarinin  mineralojik, petrografik ve
jeokimyasal oOzellikleri tiizerinden yapilan degerlendirmeler, bu
kayaglarin demiryolu iistyapisinda '"balast" malzemesi olarak
kullanilabilirligini tartismaktadir. Los Angeles asinma direnci,
magnezyum siilfat dayanmikliligi ve yassilik indeksi gibi testler,
Anadolu’nun magmatik kayaclarinin yiiksek hizli tren hatlar1 gibi
stratejik projelerde sundugu yiiksek performansi bilimsel verilerle
dogrulamaktadir.

Bu ¢aligma, yerbilimlerinin farkli alt disiplinlerinin birbiriyle
nasil bir etkilesim i¢inde oldugunu ve bu disiplinlerarasi
biitinlesmenin  hem  bilimsel aragtirmalar hem de kamu
giivenligi/altyap1 projeleri i¢in 6nemini vurgulamaktadir.

Dog. Dr. MUZAFFER OZBURAN
KUTAHYA DUMLUPINAR. UNIVERSITESI
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BOLUM 1

ANALYSIS OF BURIED
GEOLOGICAL/TECTONIC LINEAMENTS OF
THE ERZINCAN BASIN AND ITS
SURROUNDINGS USING EMAG2 MAGNETIC
DATA

EREN PAMUK!

Introduction

Reliably determining the boundaries of subsurface
geological structures is one of the most fundamental and important
steps in potential field methods (gravity and magnetic). These
boundaries include the locations of geological units within the
ground, such as possible faults, contacts, and buried structural
elements. Therefore, determining the geological structures within
the ground is a fundamental step that increases the reliability of
geological and geophysical interpretations and contributes to the
understanding of tectonic structures.

In geophysics, many derivative-based boundary analysis
methods are widely used in the literature for determining the
boundaries of the structures using potential field data such as gravity
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and magnetic. Analytical Signal (AS) allows for the determination
of the horizontal positions of sources in magnetic and gravity data,
independently of the magnetization direction, and is advantageous in
identifying shallow structures. The Tilt Angle (TA) method allows
for the simultaneous evaluation of shallow and deep structures, while
Total Horizontal Derivative (THDR) is preferred for more clearly
revealing the edges of anomalies. Hyperbolic Tilt Angle (HTA) is
used to strengthen weak anomalies and make structural boundaries
more distinct. The 3D Euler deconvolution technique is an effective
method for estimating the location and depth of sources causing
anomalies.. A review of the literature shows that these techniques are
used in boundary analyses in tectonic and geological investigations
in different geological environments. Njeudjang et al. (2022) used
EMAG?2 magnetic data to analyze subsurface structures in the
Adamawa region using Analytical Signal and Source Parameter
Imaging (SPI) methods. Lei et al. (2022) investigated tectonic
structures in the Longmenshan Fault Zone using EMAG2-v3
magnetic data with RTP, upward continuation, derivative-based
techniques, Euler solutions, and Curie point depth. Armel et al.
(2022) used EMAG2 magnetic and gravity data to determine and
characterize major lineaments in Cameroon. Pamuk and Ozséz
(2022) used the derivated boundary analyses methods such as Tilt
TA, AS, and THDR) to obtain the Curie point depth (CPD) values,
heat flow, and the structural boundaries of Cyprus using EMAG2
magnetic data with methods. Aktas (2025) used EMAG2 global
magnetic grid data to determine the edges of structural elements in
Lake Van and its surroundings. Jiao et al. (2025) used EMAG2-v3
magnetic anomalies to reveal the 3D crustal magnetic and
lithological structure of the Eastern Himalayan Syntaxis.

Due to its geodynamic and tectonic structure, Tiirkiye has
numerous active faults, some of which extend along the North
Anatolian Fault Zone (NAFZ) and the East Anatolian Fault Zone

-2



(EAFZ) as well as the Aegean Extensional Region, possess the
potential to generate earthquakes with magnitudes of 7.0 and above.
Numerous destructive earthquakes have occurred in our country
even within the last century (For example, the 1939 Erzincan
earthquake (M7.9), the 1992 Erzincan earthquake (M6.9), the 1999
Golclik (M7.4) and Diizce (M7.2) earthquakes, the 2011 Van—Ercis
earthquake (M7.2), the 2020 Elazig—Sivrice earthquake (M6.8), the
2020 Aegean Sea earthquake (M6.9), and the 2023 Kahramanmaras
earthquakes (M7.7 and M7.6)). The basin section, where the
provincial center of Erzincan is located, consists of thick
sedimentary and loose alluvial material formed due to fault
movements along the NAFZ (Eyidogan, 1993; Temiz, 2004; Uysal
and Sunkar, 2024). This basin, which trends NW-SE with a length of
50 km and a width of approximately 15 km, is characterized as a
pull-apart basin (Sengor, 1979; Aydin and Nur, 1982; Hempton and
Dunne, 1984; Barka and Giilen, 1989; Akpinar, 2010) and
encompasses the Erzincan Basin. The 1939 Erzincan Earthquake (M
M7.9 to M8.0) is one of the largest earthquakes to occur in Anatolia
during the last century, and According to Barka (1996), the westward
progression of major earthquakes on the North Anatolian Fault
began with this earthquake.The 1992 Erzincan earthquake, with a
magnitude of 6.8, occurred within the Erzincan Basin a wide,
complex, and thick sedimentary opening-extensional basin and
along the Erzincan segment of the NAFZ (Eyidogan, 1992).

In this study, I utilized EMAG2V3 magnetic data to reveal
the the structural elements in and around the province of Erzincan.
First, I applied reduction to pole (RTP) to the magnetic data. Then,
the possible edges of subsurface geological structures were analyzed
using derivative-based edge detection methods such as THDR, AS,
and TA. The obtained results were evaluated together with the
earthquake distribution, active fault zones, and magmatic rocks in
the region. As a result, I made a geophysical interpretation of the
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geological and tectonic structure of the Erzincan Basin and its
surroundings based on magnetic data. Figure 1a, b shows the study
area, its topography and active fault zones, and the locations of the
magmatic geological units within the study area.
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Figure 1. a) Topography and active fault zones of the Erzincan
Basin and its surroundings (active faults taken from Emre et al.,
2013), b) Locations of magmatic geological units of the study area
(geological units obtained from Akbas et al., 2011)
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Methods and Data
Magnetic Method

Magnetic methods, based on differences in magnetic properties
between geological units, have been widely used for many years in
numerous earth sciences research areas, primarily in geology,
tectonics, archaeology, and metallic mineral exploration. In this
method, the total component of the magnetic field is usually
measured, and the obtained values are given in nanoteslas (nT).
Modeling and interpretation studies can be carried out using this
method, taking advantage of the differences in magnetic
susceptibility values of geological units. The observed magnetic
anomaly values vary depending on susceptibility as well as the
geometry, location, and depth of the target structure. In this context,
accurately defining the boundaries of subsurface geological
structures plays a critical role in modeling and interpreting magnetic
anomaly data.

EMAG?2 Global Magnetic Grid Data

In this study, I performed boundary analysis using the Global
Magnetic Anomaly Grid (EMAG2). The EMAG?2 dataset integrates
magnetic measurements obtained from satellites, marine and
airborne vehicles (Maus et al., 2009). These data have a spatial
resolution of approximately 2 arc minutes, referenced at an altitude
of ~4 km above sea level (Maus et al., 2009; Meyer et al., 2017).
The EMAG2 data consists of 5 different data processing stages.
These are, respectively; grid merging, processing of magnetic data
obtained from airborne and shipborne measurements, and line
leveling. Additionally, an anisotropic correlation model is applied in
ocean regions, and data with wavelengths >300-330 km are updated
according to the latest satellite-derived lithospheric magnetic field
model (Maus et al., 2008; Maus et al., 2009; Meyer et al., 2017).
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EMAG?2 data is widely used in tectonic and crustal research,
boundary analysis and interpretation of geological structures. It is
also widely used in geodynamic studies such as calculating Curie
point depth (CPD), indirectly determining heat flow (Pamuk and
Ozsdz, 2022).

Derivative-Based Boundary Analysis Methods

Determining the edges of subsurface geological bodies is a
important step in the accurate and reliable interpretation of ground,
airborne, and satellite magnetic data, etc. For this purpose, numerous
derivative-based methods are widely used in the literature to reveal
structural edges using magnetic data. Examples include AS, THDR,
3D Euler deconvolution, Theta Map, and TA. In geophysics,
magnetic RTP Reduction to the Pole (RTP) is applied to correct
anomaly shifts in the Earth's magnetic field depending on the
measurement latitude. The RTP transformation is performed using
the inclination and declination angle values of the magnetic field,
and the maximum anomaly is shifted directly onto the magnetic
source. For the study area, I performed an RTP transformation, and
after, mapped the RTP total field magnetic anomaly values. It is
given in Figure 2b.

The Analytical Signal (AS) is calculated by combining the
horizontal and vertical derivatives of the magnetic anomaly, as
originally defined by Roest et al. (1992). The amplitude of the AS is
given by the following equation (1):

1= 24 (2 (2w

Here, M represents the magnetic anomaly values, while 0M/ox
represents the vertical derivative of the anomaly; OM/0x and 0M/0y
represent the horizontal derivatives. The analytical signal offers

significant advantages in determining source boundaries because it
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is largely independent of the magnetic field direction. THDR is
defined as the combination of the derivatives of the magnetic
anomaly in the horizontal directions and is particularly effective in
highlighting vertical or near-vertical structural boundaries (Cordell
and Grauch, 1985). The THDR is calculated using the following

equation: (2):
— j(g_'j)z S

In the Tilt Angle (TA) method, the ratio of the vertical
derivative of the magnetic anomaly to the total horizontal derivative
is used and its zero contours often correspond to geological structural
edges (Miller and Singh, 1994). The TA is given as following eq. (3):

TA = tan 71 (dM/ dz) 3)
THDR
Thanks to these features, TA, THDR and AS methods, when used
together on RTP magnetic data, allow for a more reliable and detailed
determination of the structures (Pamuk and Ozs6z, 2022).




Figure 2. a) Total field magnetic anomaly map, b) Reduction to the
Pole (RTP) total field magnetic anomaly distrubition of the study
area.
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Results

The RTP-total field magnetic anomaly values more
accurately reveals the location and distribution of structures causing
magnetic anomalies in and around the Erzincan Basin. In the map,
magnetic anomaly values range approximately between —400 nT and
+1200 nT. This variation in the magnetic anomaly indicates the
presence of lithological-geological units and tectonic structures with
differing Magnetic properties in the Erzincan Basin and its
surroundings. High positive magnetic anomalies (approximately
+300 nT to +1200 nT) are particularly prominent in the north,
northeast, and east of the Basin. Distinct positive anomalies were
observed in the region between Refahiye and Kerer, the area between
Kelkit-Demirozii-Otlukbeli, the Gencosman region, and around
Kargin. These areas have been associated withpotential magmatic
rocks with high magnetic susceptibility, ophiolitic units, or regions
where the magnetic basement is closer to the surface. Especially
these high anomalies extending along the strike indicate the presence
of magnetic sources uplifted along active fault zones (Figure 2b).
Low and negative magnetic anomalies (approximately —400 nT to —
100 nT) are predominantly observed within the Erzincan Basin and
in around Hozat-Piliimiir-Nazimiye regions. I interpreted as basin
sections with thick alluvial infill, sedimentary units with low
magnetic susceptibility, or regions where the magnetic basement is
deeper (Figure 2b). Since the amplitude of the AS is largely
independent of the magnetic field direction, the anomaly maximum
generally coincides exactly with the top of the anomaly source.
When I examined the AS map, it presents high-amplitude and
continuous anomalies, particularly between Otlukbeli-Gengosman,
Kargin-Tercan, and Refahiye-Kerer (Figure 3). The results indicate
that the high anomaly values observed in the analytical signal

correspond to shallow and mid-depth boundaries with significant
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magnetic susceptibility contrasts. The prominence of analytical
signal anomalies at the basin margins, especially the medium and
high-amplitude AS values along the Refahiye—Erzincan trend, is
consistent with active faults (Figure 3). Tilt angle (TA) is a
derivative-based boundary analysis method calculated by taking the
arctangent of the ratio between the vertical derivative and the total
horizontal derivative of magnetic data. This process allows the edges
of both strong and weak magnetic anomalies (from deep and shallow
sources) to be displayed on the same scale. On tilt angle maps, 0
(zero) contours mostly correspond to the edges of magnetic sources
or lithological contacts, while positive anomaly values show the
interior of the magnetic source. Examining the tilt angle map, SW-
NE trending structures are noteworthy in the Refahiye-Kelkit-
Demirozii regions and the area between Kargin-Caglayan-Ovacik-
Basbaglar. I observed also high tilt angle values in the area between
Kargin and Cayirli. I obtained the locations and continuities of
structures at both deep and shallow depths with the tilt angle map.
Zero-tilt transitions observed particularly in and around the Erzincan
Basin indicate sharp boundaries between the basin fill and the
surrounding geological units with high magnetic susceptibility. The
situation where these boundaries largely overlap with active faults
shown in red lines in these regions demonstrates that fault zones
create strong contrasts between magnetic units (Figure 4). The total
horizontal derivative (THDR) is a derivative-based method that
reduces sensitivity to deep magnetic sources while enhancing
shallow structures with sharp contrasts. In THDR maps, maximum
values are generally seen over lithological boundaries, faults, dykes,
and contacts. Therefore, THDR is used to determine the horizontal
positions of structural discontinuities rather than depth. In this study,
THDR maxima are concentrated on SW-NE trending active faults,
especially in the Caglayan-Ovacik-Bagbaglar region, north of
Basbaglar, east of Piiliimiir, north of the Erzincan basin, and around

Kelkit-Demirozii (Figure 5). These areas highly overlap with active
-11--



fault traces, indicating that magnetic source boundaries are
controlled by active faults. The linear and continuous character of
the THDR anomalies supports that these structures are effective
tectonic lines on a regional scale. When the distribution of
earthquakes exceeding magnitude 3, according to the Disaster and
Emergency Management Authority of Tiirkiye (AFAD) is evaluated
together with the zero contour of the tilt angle, it is seen that the
earthquake foci are consistent with the tilt angle zero contours
representing structural boundaries. The concentration particularly in
the Erzincan basin and its southeast (Piliimiir-Nazimiye-Kig1
regions) shows that the earthquakes occur at the contacts of the
structures causing the magnetic source (Figure 6).

Figure 3. Analytical Signal (AS) map of the study area (red lines
represent active faults from Emre et al., 2013).
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Figure 4. Tilt Angle (TA) map of the study area (solid black lines
represent zero contours; red lines represent active faults from Emre
etal, 2013).
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Figure 5. Total Horizontal Derivative (THDR) map of the study
area (red lines represent active faults from Emre et al., 2013).
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Figure 6. Distribution of M > 3.0 earthquakes in the study area
overlaid with Tilt Angle zero contours (solid yellow lines represent
zero contours; red lines represent active faults from Emre et al.,
2013) (Earthquake data obtained from AFAD).
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Conclusions

In this study, the integrated use of derivative-based edge
detection methods on EMAG2 magnetic data has proven effective in
the magnetic interpretation of the tectonic and geological structures
of the Erzincan Basin a pull-apart basin on the NAF and its
surroundings. The combined application of Analytical Signal (AS)
and Tilt Angle (TA) techniques allowed for the simultaneous
determination of both shallow and deep-seated structural boundaries,
such as lithological contacts and active fault segments.
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In particular, the comparison between the zero contours of
the tilt angle and earthquake distribution demonstrates that these
geophysical boundaries correspond to active tectonic zones in
certain regions. The fact that the analytical signal method is
independent of the magnetic field direction enabled the
determination of magnetic source locations and revealed that the
high-amplitude anomalies observed at the basin margins are
potentially associated with significant magnetic susceptibility
contrasts located along the North Anatolian Fault Zone.

Although the EMAG2 dataset provides critical information
for understanding the regional geodynamic environment, its
resolution of 2 arc minutes remains limited to a regional scale. Its
resolution is insufficient for small-scale studies. To identify smaller-
scale structural features within the Erzincan Basin and improve the
resolution of subsurface models, it is recommended that high-
resolution aeromagnetic or ground-based magnetic measurements be
used in future studies.
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BOLUM 2

MORPHOMETRY OF THE KOPRUCAY
WATERSHED (WESTERN MEDITERRANEAN),
TURKIYE

ABDELHADI DRIBAT !
AYLA BOZDAG 2

Introduction

Watershed morphometry, which involves the quantitative analysis of
a basin’s geometric, topographic, and relief characteristics, is
fundamental  for understanding  hydrological  processes,
geomorphological behavior, and informing sustainable watershed
management. Parameters such as drainage density, stream frequency
and bifurcation ratio are particularly important for evaluating runoff
potential, soil erosion susceptibility, and flood risks. The Kopriigay
watershed, located in the western Mediterranean region of Turkey,
exhibits a complex terrain shaped by steep slopes, dissected
landforms, and diverse lithological formations, making it an ideal
subject for morphometric investigation. Despite its environmental
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and socio-economic significance, especially regarding water
resources, agriculture, and ecological balance, comprehensive
quantitative studies of the basin remain scarce. This study therefore
aims to provide a detailed morphometric analysis of the Kopriigay
watershed by integrating traditional cartographic methods with
modern Geographic Information System (GIS)-based techniques. It
is thought that the results will improve the understanding of the
hydrological behavior and geomorphological dynamics of the basin
and provide valuable information for sustainable water resources
management, soil protection and flood mitigation strategies in the
region.

Physical Characteristics of the Kopriicay Watershed

Kopriicay Watershed Area: Accurate and reliable determination of
the surface area of the Kopriigay Basin is of great importance for
evaluating its hydrological potential. In this study, Digital Elevation
Model (DEM) data obtained from Global Mapper were used to
calculate the basin surface area. These high-resolution data were
processed using ArcGIS geographic information systems software,
and the basin boundaries were precisely delineated. As a result of the
analyses, the total surface area of the Kopriicay Basin is 2,898.25
km? (Figure 1). This value has been considered a fundamental
parameter in the management of water resources in the region and
other related matters.

Kopriicay Watershed Perimeter: The perimeter of a basin is an
important parameter in morphometric analyses of drainage basins
and has direct impact on factors such as basin shape, drainage
density, and slope characteristics. Accordingly, the perimeter of the
Kopriicay Basin was calculated using ArcGIS software, based on
data obtained with the help of Global Mapper. Based on the digitally
delineated basin boundaries using DEM data, the perimeter of the
basin is measured at 412.93 km. This length provides valuable
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insights not only into the hydrographic structure of the basin but also
into the direction and duration of water flow within it.

Figure I Location map of Kopriicay Watershed
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Form Factor (Rf): The form factor is one of the most important
parameters used to express the morphometric and hydrological shape
characteristics of drainage basins quantitatively. Defined by Horton
(1932), this parameter represents the ratio of the basin area (A) to the
square of the basin’s maximum length (Lb), thereby illustrating the
relationship between basin shape and hydrographic behavior
(Horton, 1932; Kutukcu et al., 2015; Coskun & Oztiirk, 2022).

The form factor is a significant indicator for understanding
the relationship between basin morphology and flow behavior. An
Rf value close to zero indicates an elongated basin, implying that
surface runoff will take longer to reach the main channel and
resulting in relatively lower peak discharges. Conversely, an Rf
value approaching one suggests a circular basin shape, where runoff
rapidly converges into the main channel, increasing peak flow
intensity and flood potential (Kutukcu et al., 2015; Sidral & Zende,
2016; Rai et al., 2018).

Low form factor values are generally associated with long-
term, stable hydrological regimes, whereas high values can lead to
short-duration but high-intensity flows (Utlu, 2014; Imamoglu,
2020). For the Kopriicay Basin, based on field and GIS-based
measurements, the total basin area is 2898.25 km?, and the maximum
basin length is 121 km, yielding a calculated Rf value of
approximately 0.20. This value clearly indicates that the Kopriicay
Basin has an elongated form. Consequently, the basin’s hydrological
behavior is expected to be relatively stable, with lower flood peaks.

Stream Frequency (Fs): Stream frequency defined by Horton
(1945) 1s expressed as the ratio of the total number of stream
segments (Nu) to the basin area (A). It represents the number of
stream channels per unit area within a basin and is calculated as:

_ XNy
A
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Where Nu is total number of stream segments, 4 is basin area (km?)

Morphometric analysis of the Kopriicay Basin revealed a
total of 489 stream segments, with a basin area of 2898.25 km?,
resulting in an Fs value of approximately 0.17. This low Fs value
indicates that the basin has a sparse drainage network. Such low
values are typically associated with permeable lithological
structures, high infiltration capacity, and relatively low relief.
Therefore, in the Kopriigay Basin, the limited surface runoff, the
dominance of subsurface flow processes, and the influence of
relatively dense vegetation suggest that infiltration plays a
significant role in the basin’s hydrological regime. The low stream
frequency is consistent with the geomorphological and
hydrogeological characteristics of the basin, which are shaped by
permeable lithology, moderate relief, and substantial vegetation
cover.

Elongation Ratio (Re): The elongation ratio (Re) is a morphometric
parameter used to describe the relationship between basin shape and
hydrological behavior (Schumm, 1956). It is defined as the ratio of
the diameter of a circle with the same area as the basin to the basin’s
maximum length (the distance from the source to the outlet),
calculated as follows (Altiparmak & Tiirkoglu, 2018):

R, = 2/Ly, X [A/7]%5

Where Lm is Basin length (km), 4 is basin area (km?).

A Re value approaching 1 indicates a circular basin shape,
while smaller values signify an elongated basin form (Reddy et al.,
2004; Karatag, 2014). The Kopriigay Basin has a length of 412.93
km and an area of 2898.25 km?, resulting in an elongation ratio of
approximately 0.15. Low Re values are typically associated with
dendritic drainage networks, where water flows swiftly through the
system and sediment transport rates are relatively high (Utlu, 2014).
Accordingly, the Kopriigay Basin’s low elongation ratio and



elongated morphology indicate a higher susceptibility to erosion and
flooding.

The Re value calculated for the basin provides an important
reference for watershed management, flood risk assessment, and
sustainable water management planning. The elongated shape and
dendritic drainage pattern of the Kopriicay Basin highlight the areas
with steep slopes and high erosion potential, particularly in the sub-
basins.

Drainage Density (Dd): Drainage density is one of the fundamental
morphometric parameters that illustrates the development of
drainage networks, their relationship with topography, and surface
runoff characteristics. The concept, introduced by Horton (1932,
1945), represents the ratio of the total length of all streams in a basin
to its total area. It is mathematically expressed as:

YL,

D
a7 2

Where Dd is drainage density (km/km?); Lx is total length of all
stream segments (km) and A is basin area (km?).

In the Kopriicay Basin, GIS-based measurements determined
that the total stream length is 834.74 km, while the basin area is
2898.25 km?. Based on these values, the calculated drainage density
is 0.29 km/km?. According to the classification by Malik et al.
(2011):

0-2 — Low drainage density

2-2.5 — Moderate

2.5-3 — High

3 <— Very high
Low drainage density is typically associated with lithological

and structural controls such as high permeability, thick vegetation
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cover, and gentle topographic gradients (Altiparmak & Tiirkoglu,
2018; Citak & Kilig, 2023). Calculated low drainage density value
of the Kopriicay basin suggests that surface runoff across the basin
is limited, and infiltration plays a dominant role in subsurface flow
processes.

Stream Order: Stream ordering is a crucial method used to classify
the hierarchical arrangement of streams within a drainage basin. It
provides insight into the degree of basin development, water
collection capacity, and potential flood behavior.

The method developed by Strahler (1957) assigns first-order
status to unbranched streams. When two streams of the same order
meet, a stream of the next higher order is formed. However, when
streams of different orders join, the higher order is retained (Strahler,
1957; Leopold et al, 1964). The stream network within the Kopriigay
Basin was analyzed using Strahler’s (1964) ordering method,
processed with ArcGIS software. The analysis revealed that the
basin’s stream system comprises four stream orders, indicating a
moderately developed drainage network (Figure 2).

The distribution and hierarchy of the Kopriicay drainage
system play an essential role in understanding the basin’s
hydrological response and the connectivity between sub-basins.
Higher-order streams indicate integrated drainage evolution, while
lower-order streams signify localized, steeper catchment areas with
higher runoff rates.

Bifurcation Ratio (Rb): The bifurcation ratio (Rb) represents an
essential morphometric used to quantitatively describe the branching
pattern of a drainage network. It serves as an indicator of both the
geological homogeneity and hydrological characteristics of a basin,
and it is particularly valuable in assessing flow regimes and flood
potential (Strahler, 1964). The bifurcation ratio between stream
orders is defined as:
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Where Nu is number of streams of a given order, Nu+1 is number
of streams of the next higher order.

The overall bifurcation ratio for a basin is determined by
averaging the Rb values for all successive orders (Schumm, 1956;
Coskun & Oztiirk, 2022). The Rb value provides insights into
geological control, infiltration capacity, drainage texture, and flow
characteristics (Erdede & Oztiirk, 2016). According to Strahler
(1964) and Verstappen (1983), the average bifurcation ratio in
structurally homogeneous basins typically ranges between 3 and 5.
Lower values indicate resistant lithologies and homogeneous rock
structures, while higher values (>5) suggest structural control and
potential for higher erosion and flash flood activity (Chandrashekar
et al., 2015; Altiparmak & Tiirkoglu, 2018).

For the Kopriicay Basin, the mean Rb value was calculated
as 1.7, which is considerably lower than the typical range (Figure 3).
This indicates that the basin is dominated by geologically
homogeneous and resistant lithologies. The low bifurcation ratio
thus highlights the Kopriicay basin’s susceptibility to sudden flood
peaks and the need to consider this parameter in flood risk
assessments.

Drainage Texture Ratio (Rt): The drainage texture ratio (Rt) is a
morphometric parameter used to evaluate the hydrological
characteristics and flow dynamics of a drainage basin. It represents
the total number of stream segments (Nu) per unit basin area (A),
and it is expressed mathematically as:

R, = —2
tTOA
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Figure 3 The bifurcation ratio and values of the Kopriicay
Watershed generated according to the Strahler (1964) method.
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Where Nu is total number of stream segments, A is basin area (km?).
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The Rt value reflects the degree of drainage dissection and
provides insight into infiltration capacity, runoff intensity, and
potential flood hazards (Citak & Kilig, 2023; Yilmaz, 2022).
According to Smith (1950), the classification of drainage texture
ratio and corresponding hydrogeological characteristics is as follows
(Table 1):

Tablo 1 The classification of drainage texture ratio and
corresponding hydrogeological characteristics (Smith, 1950)

Rt Value Drainage Texture Class Hydrological Characteristics
Rt<2 Very Coarse High infiltration, low surface runoff
2<Rt<4 Coarse Moderate infiltration and runoff
4<Rt<6 Moderate Low infiltration, increasing surface runoff
6<Rt<8 Fine Low infiltration, high surface runoff
Rt>8 Very Fine Very low infiltration, very high surface runoff

For the Kopriicay Basin, the total number of stream segments
is 489, and the basin area is 2898.25 km?, resulting in an Rt value of
0.17. This very low Rt value places the basin in the very coarse
drainage texture class. It indicates that the Kopriicay Basin has low
drainage density, high infiltration capacity, and limited surface
runoff. Consequently, flood potential is relatively low, and much of
the precipitation infiltrates into subsurface aquifers.

The Rt parameter is particularly important for flood
management and land-use planning. In basins with low Rt values,
surface runoff is minimal, leading to reduced flood hazards;
however, in basins with high Rt values, flood risks increase
significantly. The Kd&priigay Basin’s low Rt value thus suggests a
strong natural drainage capacity and high groundwater recharge
potential.

Hypsometric Curve and Integral (Hi): Hypsometric analysis is an
important method for assessing the topographic and morpho-
dynamic characteristics of a drainage basin. The hypsometric curve

illustrates the distribution of relative elevation (h/H) against the
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relative area (a/A), and it was first developed by Strahler (1952) to
evaluate the geomorphic evolution of basins.

Here 4 is elevation of a specific point above sea level; H is
maximum basin elevation; a is area above eclevation h; 4 is total
basin area. Normalization of these ratios allows for comparison
between basins of different sizes. Hypsometric curves are also
closely linked to lithology, hydrology, climate, and tectonic
processes, providing valuable insights into erosion potential, surface
stability, and watershed evolution (Weissel et al., 1994). According
to Strahler (1964), convex-shaped curves represent youthful stages,
S-shaped curves indicate mature stages, and concave curves
correspond to old geomorphic stages (Willgoose & Hancock, 1998).

The hypsometric integral (Hi) quantifies the shape of the
curve numerically and is calculated using the formula (Strahler,
1952):

Hi= (H - Hmin) / (Hmax' Hmin)

Where H is mean elevation of the basin; Hmin is minimum elevation;
Hmax 1s maximum elevation. Based on the classification by Keller &
Pinter (2002):

Hi > 0.6 — Youthful stage
0.35 <Hi <0.6 — Mature stage
Hi < 0.35 — Old stage

The results of the hypsometric analysis provide significant
data for evaluating the morpho-dynamic development processes of
the basin and the potential tectonic influences that have shaped its
evolution. Therefore, hypsometric data serve not only scientific
purposes but also constitute a valuable tool for sustainable watershed
management and planning. The hypsometric map of the Kopriicay
Basin (Figure 4) and the corresponding hypsometric curve derived
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from this map (Figure 5) clearly reveal the detailed topographic
characteristics of the basin. The calculated hypsometric integral
value for the Kopriicay Basin is 0.44, indicating that the basin is
geomorphologically in or approaching a mature stage of
development. The relatively balanced slope of the curve suggests
that surface forms have largely stabilized, and that active vertical
incision is limited.

Conclusion

The morphometric analysis of the Kopriicay Basin indicate that the
basin is currently in an advanced stage of geomorphological
evolution, approaching a mature landscape development. The
hypsometric integral value (Hi = 0.44), together with the gently
rising and relatively balanced hypsometric curve, reflects a
geomorphic system that has largely stabilized, showing limited
vertical incision due to reduced tectonic activity and the
predominance of lateral erosion and surface leveling processes.

The basin exhibits an elongated geomorphic shape (Rf =
0.20; Re = 0.15), characterized by a dendritic drainage pattern, low
drainage density (Dd = 0.29 km/km?), stream frequency (Fs = 0.17),
very coarse drainage texture (Rt = 0.17) and a low bifurcation ratio
(Rb = 1.7). Collectively, these indices suggest high infiltration
capacity, limited surface runoff, and a near-steady hydrological
regime in which subsurface and baseflow components dominate.

The dendritic network with four orders also shows moderate
drainage development. However, despite the overall maturity of the
system, localized areas with relatively steeper slopes and structural
or lithological controls may exhibit higher erosion susceptibility,
particularly where channel gradients, relief contrasts, or
anthropogenic disturbances enhance erosive forces.
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Figure 4 Hypsometric map illustrating the elevation distribution of
the Kopriicay Watershed
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Figure 5 Hypsometric curve representing the hypsometric
relationship of the Kopriicay Watershed
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Overall, the Kopriicay Basin represents a relatively stable,
natural and mature geomorphic system. The results provide a sound
base for sustainable watershed management, flood-risk mitigation,
soil- erosion control strategies, and regional planning. The study
emphasizes the critical importance of integrating morphometric and
geomorphological assessments into environmental management,
hazard mitigation, and water-resource allocation to strengthen
ecological resilience, optimize hydrological functioning, and
support long-term landscape sustainability.
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Abstract

The passage of road and railway vehicles causes vibrations in buildings, especially in areas with
heavy traffic. These vibrations have negative effects on the durability, comfort and longevity of
structures. Intermittent vibrations or continuous vibrations can cause damage to structural
elements in continuity. When the frequency of vibration coincides with the frequency of structural
elements such as walls, floors and load-bearing elements, each with different natural frequencies,
it can be 0.5 - 5 times more effective due to the resonance effect and causes various damages
depending on the height or size of the building. The effect of vibrations on buildings in the city is
a vital issue in terms of building safety, which combines the disciplines of construction,
geophysical engineering and urban planning elements. Determining the correct approach distance
ensures that buildings are long-lasting and safe, while also increasing user comfort. In this article,
the effects of road and railway vehicle vibrations on buildings, the determination of safe building
approach distances to railways and highways, and the measures that can be taken to reduce these
effects will be examined.
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GIRIS

Son yillarda sehirlesmenin artmasiyla birlikte, karayolu ag1 ve tasimaciligi, sehir hayatinin
ayrilmaz bir pargasi haline gelmistir. Ancak, bu durum arag trafiginin neden oldugu titresimlerin
onemini artirmaktadir. Titresimler, hem insan saglig1 hem de binalarin yapisal biitiinliigii izerinde
olumsuz etkiler olusturabilir. Titresim dalgalar1 zemin ortaminda yayilirken sahip olduklar1 zemin
ozelliklerine bagli olarak farkli frekans ve genlikleri icerir ve binanin bulundugu zemin
ozelliklerine gore farkli davraniglar gosterirler. Bu davraniglara bagli olarak binalarda ¢esitli hasar
tirleri olustururlar. Zeminlerin farkli 6zellikleri 6nceden tespit edilerek zeminlerin titresim
esnasinda nasil davranabilecekleri belirlenebilmektedir. Titresim dalgalar1 zeminde yayilirlarken
bir¢ok frekans igerirler. Zeminlerin davranislarini saptamada en 6nemli faktorlerden biri zeminin
titresim esnasinda hakim titresim frekansi1 veya hakim periyodudur. Titresimin yapilara olan
etkileri yoOnetmeliklerde belirlenip, smir degerler ve zorunluluklar getirilmesine ragmen
titresimlerden binalarin minumum etkilenmesine yonelik zemin tiirlerine gore yap1 ve yol arasinda
birakilacak mesafe ile ilgili uygulama ¢alismalar: yeterince bilinmemekte ve yeterince arastirilmis
bir konu degildir. Bina ve yol arasindaki giivenli mesafelerin tespit edilmesi ve mesafelerden
kaynakl1 yapilara etkiyen titresim etkilerine dnlem alinabilmesi i¢in yap1 hasarindaki gibi gorsel
bulgular disinda ulusal ve uluslararasi belirlenmis standartlar ¢ercevesinde 6l¢iim ve incelemeler
yapilmasi gerekmektedir. Ozellikle {ilkemizde son dénemde karayolu ve demiryoluna yapilan
yatirimlar titresim etkilerine kars1 daha dikkatli olmamiz gerektigini gostermektedir. Bu 6nemli
projeleri korumak ve zeminin titresim aninda nasil davranis gdsterecegini tespit etmek iilkemiz
icin hem maddi hem de manevi bir fayda saglayacaktir.
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1. TITRESIMLERIN KAYNAKLARI

Karayolu aracglari, hareket halinde iken yolda bulunan bozukluklar, ¢atlaklar ve diger ylizey
anomalileri nedeniyle titresimler {liretir. Ayrica, motor ve diger mekanik bilesenlerin ¢aligmasi da
belirli frekansta titresimler yayar. Bu titresimler, dogrudan yer yiizeyine iletilir ve ¢evresindeki
binalara etki eder. Arag trafigi, demir yollar1 veya diger kaynaklar, titresim seviyeleri konusunda
farkl etkilere sahiptir. Bu kaynaklar birbirinden farkli frekans, genlik ve yonlerde 0.1 Hz — 500
Hz arasinda titresimine sebep olmaktadir (Sekil 1). Titresimin frekansi aracin veya zeminin
frekansina esit veya yakin oldugunda etkisi daha yiiksek olur. Cakilli bir yolda diisiik veya ytiksek
bir hizla gidilirken, ortalama bir hizla gitmekten daha az seviyede titresim hissedilir.

GOVDE DALGALARI

Sekil 1. Karayolu titresiminin yayilimi

Figure 1. Spread of highway crossing

Yapinin malzemesi, yiiksekligi, temeli ve yapisal tasarimi, titresimlerin etkisini belirler.
Ornegin, yiiksek binalar daha az titresim alabilirken, diisiik binalar daha fazla etkilenebilir. Zemin
hakim titresim frekanst ve bina yiiksekliklerine gore rezonans boélgesi ve titresimin etkisi Ta
=0.5Tz ve Ts =1.5Tz formiilleri ile hesaplanabilmektedir. (Kegeli & Cevher, Zemin Hakim
Periyodu Bina Yiiksekligi Rezonans Iliskisi, 2018). Zemin tipleri de titresim iletiminde biiyiik rol
oynar. Sert zeminler titresimi daha az iletirken, yumusak zeminler titresimi daha fazla iletebilir.
Rayli sistemlerde Enerjinin lokomotif ve vagonlardan tekerleklere, oradan raya, raymn bastigi
zemine ve topraga iletilmesiyle olusan titresim yapinin toprak altindaki bolgelerine ve temeline
ulasir. Raylardaki diizgilinliik, lokomotifin mekanik durumu, vagonlarin bakimi ve tekerlekler
titresim agisindan 6nemli etkenlerdir. Bu araglarin agirliginin ve hizinin yiiksek olmasi, elemanlar

arasindaki temaslarin sert olmasi titresim degerlerini karayoluna gore arttirici sebeplerdir (Sekil
2).

International Congress on Multidisciplinary Natural Sciences ICOMNAS-2021), Dec 01-02 2021
--41-- Ankara / TURKEY | 3



'-"'Ilﬁ%mr.?

Sekil 2. Demiryolu titresiminin yayilimi

Figure 2. Propagation of railway vibration

Hiz Tiimsekleri

Yol tiimsekleri ve hiz yastiklari, yerlesim alanlarinda ara¢ hizlarim1 kontrol etmek igin
kullanilir. Araglar bu profillerin tizerinden gegtiginde zemin 6zelliklerine gore yerden kaynaklanan
titresimler iiretilir ve bazi durumlarda bitisik binalarda algilanabilir seviyelere ulagabilmektedir.
Ortaya cikan bu titresimlerin genligi ve frekanslarini etkileyen faktorler arasinda hiz tiimseginin
yapisi, zeminin jeolojik yapisi, tiimsekten gecen araglarin hizi ve agirliklar1 yer almaktadir.
Ozellikle, agir vasitalarin yarataca@: titresimlerin genligi daha fazla olacaktir. Bu durumu goz
Oniline alarak, agir vasitalarin hiz tiimseklerinden gecisleri ile ¢esitli yapilardaki titresim
etkilesimlerini dikkate alacak sekilde hiz tlimseklerinin yapilmasi gerekmektedir.

2. TITRESIMLERIN BINALARA ETKILERI

Yapisal Etkiler Ve Titresim Rezonans Tliskisi )
Binalara ulasan titresimler, zamanla yapisal hasara yol agabilir. Ozellikle zayif zemin

kosullarinda insa edilen yapilar, titresimlerden daha fazla etkilenmektedir. Siirekli olarak
titresimlere maruz kalman, binalarin yapisal biitiinliigii zayiflayabilir. Ozellikle eski binalarda bu
durum daha belirgin olabilir. Yapilarin ¢atlamasina veya deformasyona yol agabilir, tasiyici
elemanlarinda catlaklar ve deformasyonlara neden olabilir. Titresimlerde zemin-bina etkilesimi ile
olusan bina titresim genliginin biiyiimesi olay1 bina rezonansa girmesi olarak adlandirilir. Zemin
titresim frekansi ile bina 6z frekansinin ayni olmasi durumunda binayi titrestiren kuvvet ayni
dogrultuda olacagindan, ayn1 dogrultudaki iki kuvvetin toplami biiyliyeceginden bina titresiminin
genligi de biiylir, daha biiylik salinim yapar, dolayisiyla ivmesi biiyiir. Titresim esnasinda herhangi
bir bina rezonansa girerse binanin titresim genligi biiyiimesi oraninda hasar derecesi de ona gore
artar. Olusabilecek hasarlar (ince catlak), orta hasar (genis ¢atlak), biiyiik hasar (yap1 elamanlarinin
zarar gormesi) olarak siiflandirilmistir. Kozmetik hasar: B6lme duvarda, sivada, blok malzeme
derzlerinde sag teli kalinliginda ¢atlaklar olugsmasidir. Orta hasar: Duvarlarda, kiriglerde genis (10
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mm) catlaklarin olugmasi ve tavan sivalarinin dékiilmesi durumudur. Biiyiik hasarlar: Kolon ve
kirislerde c¢ok genis (25 mm) catlaklarin meydana gelmesi, baglantilarin gevsemesi, yapi
elemanlarinin bozulmasidir.

I¢c Mekan Konforu

Titresimler yalnizca yapinin dis goriiniimiinii degil, ayn1 zamanda i¢ mekan konforunu da
etkiler. Siirekli olarak hissedilen titresimler, i¢ mekanlardaki esyalarin yer degistirmesine,
giiriiltiiye ve insanlarin rahatsiz hissetmesine neden olabilir. Bu durum, kullanicilarin yasam
kalitesini olumsuz yonde etkiler.

Giivenli Yap1 Yaklasma Mesafeleri

Giivenli bir yap1 yaklasma mesafesinin tespiti ¢esitli faktorlere baglidir. Titresim Kaynagi,
Arac trafigi, demir yollar1 veya diger kaynaklar, titresim seviyeleri konusunda farkli etkilere
sahiptir. Bu kaynaklarin hangi frekanslarda titresim tirettigi onemlidir. Zemin Kosullar titresim
iletiminde biiyiik rol oynar sert zeminler titresimi daha az iletirken, yumusak zeminler titresimi
daha fazla iletebilir. Yapilara etkiyen titresimlerin zemin 6zelliklerine gore farklilik géstermesi ve
hasar olusturmasi nedeniyle sehir i¢i ulasim yollari, kavsaklar, hafif rayli sistem demir yollari, alt
ve ust gecitlerin yapildigi veya yapilacak alanlardaki titresimlerin binalara zarar vermeyecek
mesafede yol gilizergahlarinin yapilmasi i¢in ¢esitli tonajdaki araglarin olusturacag titresimlerin
zemin tlirlerine gore arazide jeofizik yontemlerle (ivme 6lger, mikrotremor) dlgiilerek yonetmelik
dogrultusunda giivenli yap1 yaklasma mesafesi tespit edilmelidir. Zemin tiirleri (aliivyon, kaya,
bal¢ik) giivenli yap1 yaklagsma mesafesini azaltabilecegi gibi arttirabilmektedir.

Imar Planlar Ve Giivenli Yap1 Yaklasma Mesafesi

Imar planlari; yerlesme, ¢alisma, sosyal ve kiiltiirel gereksinimler, dinlenme, ulagim gibi
kentsel fonksiyonlar arasinda, olanaklar gercevesinde en iyi ¢dziimii, koruma ve kullanma
dengesini en rasyonel bicimde belirleyerek, belde halkina iyi yasam diizeyi kosullar1 ve fiziksel
cevreyl olusturmak amaci ile yapilir. Bu nedenle imar planlarinin mevcut sorunlara ¢oziim
iiretmesi ve aym zamanda gelecekteki ihtiyaclara cevap verebilmesi gerekmektedir. Imar
planlarinda Yap1 yaklagsma mesafeleri yol kademelenmesi ve genisligi, plandaki fonksiyon, parsel
biiyiikliigii, yap1 nizami ve mevcut tesekkiil durumlarma gore ilgili mevzuat gercevesinde
belirlenir. Yap1 yaklasma Mesafeleri birakilirken kriterler icinde karayolu ara¢ ve demiryolu
titresimleri bir kriter olarak dikkate alinmamaktadir. Bu durum titresimden kaynakli yapi
hasarlarini artirmakta tilkemiz ekonomisine biiyiik zararlar vermektedir. Yapilagma 6ncesi 1/5000
Nazim ve 1/1000 Uygulama Imar planlar1 yapimina esas zemin arastirma etiitlerinde giivenli yap1
yaklasma mesafesinin belirlenmesine yonelik jeofizik titresim oOlglimleri yapilmali ve sehir
plancilaria bir kriter olarak degerlendirilmek iizere sunulmalidir. Mevcut yapilasmis sehir ve
ilcelerde zarar azaltmak i¢in yerlesim alanlarinda titresim haritalar1 yapilmal yiiksek titresim ve
az titresim yaratan karayolu ara¢ ve demiryolu giizergahlar tespit edilmelidir. Yiiksek titresim
yaratan binalarin etkilendigi giizergahlarda cesitli ingsa ve yalitim onlemleri alinmalidir. Sehrin
ithtiyact dogrultusunda yol ve demiryolu gecirilecek yeni giizergah yapimlarinda ise maksimum
titresim yaratabilecek agirliktaki araglarin yarattig titresimler zeminlerde Ol¢iilerek giizergah
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boyunca titresim Olclimleri yapilmali giivenli Sekil 3’de tanimlanan yapi yaklagsma mesafesi
Cizelge 1’de verilen yonetmelik kapsaminda binalar zarar gérmeyecek sekilde belirlenmelidir.
Titresimlerden en cok etkilenen yol c¢evresindeki binalardir. Planlama sirasinda titresim
degerlerine gore minimum mesafenin belirlenmesi gereklidir. Bu mesafenin uzunlugu planlamaya
imkan tanimiyorsa titresimden korunmak i¢in gerekli insa tedbirlerin alinmasina yonelik plan notu
islenmesi onem arz etmektedir. Titresim haritalarinda Hesaplanan titresim degerlerinin uzman
sehir plancilar1 tarafindan planlama silirecinde kullanilmasiyla, imar planlarinda yapilacak
degerlendirme ve hesaplamalar, titresimin binalarda etkisini engellemede 6nemli rol oynayacaktir.
Her tiirlii ulagim gilizergahlarinin binalara yaklagma mesafeleri zemin yapisi ve titresime bagl
olarak degistigi i¢in dl¢iimlere gére dnceden dnlem alinabilmektedir.

GUVENLIYAPI
YAKLASMA/MESAEESI

Sekil 3. Giivenli yap1 yaklagma mesafesi
Figure 3 Safe building approach distance

3. TITRESIMLERIN OLCULMESI VE ANALIZi

Ulkemizde titresim &lgiimleri ile ilgili Cevre Orman Bakanligi tarafindan cikarilan
30.11.2022 tarih ve 32029 sayili Resmi Gazetede yayinlanan ¢evresel giiriiltii kontrol yonetmeligi
mevcuttur. Titresim hasarlarindan korunmak icin Imar planlarinda ulasim giizergahlari
belirlenirken binalara yaklasma mesafeleri verilirken veya mevcut yapilasmis alanlarda yol
giizergahlar1 belirlenirken zemin kosullarinin olusturdugu titresim degerlerinin Cizelge 1’ de
verilen yonetmelik icerisinde olup olmadigi incelenmeli ve gilivenli yapr yaklagsma mesafelerinin
yonetmelik kapsaminda Yapilara zarar vermeyecek sekilde segilmesi gerekmektedir. Zemin yapisi
mevcut titresim etkilerini diigirmiiyorsa titresim lglimlerine gore ¢esitli insa 6nlemlerle titresim
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frekansi azaltilmakta ve mesafeler degistirilebilmektedir. Her tiirlii ulasim giizergahlarinin Yol
gecis glizergahlarimin olusturdugu titresimlerin Cizelge 1, insaat faaliyetlerinden kaynakli
titresimlerin Cizelge 2’ de verilen siir degerleri icerisinde kalmasi gerekmektedir.

Cizelge 1. Demiryolu ve karayolu ulagim araglar, isyerleri ve endiistri tesislerinin en yakin
vapida olusturacagi zemin titregimleri ile bina icindeki makine ve techizatin olusturacagi zemin
titresimlerinin izin verilen en yiiksek degerleri.

o Izin Verilen En Yiiksek Titresi
Tltreslm Frekan51 (HZ) Zln verilen £n Y ukse itresim

Hiz1 (rms degeri (mm/s))

10 15

Konutlarda
8-100 0.3
1@ 35

Ofislerde
8-100 0.6
10 0.8
Tarihi ve dogal

apilarda ¥

yap 8-100 0.1

(1) :Izin verilen en yiiksek titresim hiz1 belirtilen degerlerle logaritmik ¢izilen grafikte, titresim frekansmna gore belirlenir.
Ornegin 1 Hz-8 Hz arasinda, 1.5 mm/sn’den 0.3 mm/sn’ye logaritmik cizilen grafikte dogrusal olarak azalmaktadir.
(2) :izin verilen en yiiksek titresim hiz1 belirtilen degerlerle logaritmik cizilen grafikte, titresim frekansina gore belirlenir.
Ornegin 1 Hz-8 Hz arasinda, 3.5 mm/sn’den 0.6 mm/sn’ye logaritmik cizilen grafikte dogrusal olarak azalmaktadir.
(3) :Izin verilen en yiiksek titresim hiz1 belirtilen degerlerle logaritmik gizilen grafikte, titresim frekansina gore belirlenir.
Ornegin 1 Hz-8 Hz arasinda, 0.8 mm/sn’den 0.1 mm/sn’ye logaritmik gizilen grafikte dogrusal olarak azalmaktadir.

(4) :Tarihi ve dogal yapilar i¢in belirlenen bu sinir degerler, yerinde yapilacak hassas, kapsamli titresim dl¢iimleri ve ilgili
bilimsel ¢alismalar ile kisitlanabilir.

Cizelge 2. Insaatlarda kazik cakma ve benzeri titresim yaratan operasyonlarin ve ingaat
makinelerinin en yakin yapuin disinda olusturacagi zemin titresimlerinin izin verilen en yiiksek

degerleri (I Hz- 80 Hz arasindaki frekans bantlarinda)

Izin Verilen En Yiiksek Titresim Hiz

(Tepe Degeri-mm/s)

Stirekli Titresim Kesikli Titresim

Yerlesim Alanlarinda 5 10
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Ticari Alanlarda 15 30

Tarihi ve dogal yapilarda 2 5

(1) Tarihi ve dogal yapilar i¢in belirlenen bu sinir degerler, yerinde yapilacak hassas, kapsamli titresim 6l¢iimleri ve bilimsel
caligmalar ile kisitlanabilir.

Yapilasmis alanlarda Titresim kaynaklar1 (demiryolu, anayol ara¢ trafigi) ile binalar
arasindaki mesafenin belirlenmesi i¢in dncelikle zemin yapisinin tespit edilmesi ve biiytlik kii¢iik
tonajli ara¢ gecisleri esnasinda trafigin yogun oldugu farkli saatlerde titresim frekansinin binaya
kadar olan mesafesinin 6l¢iilmesi gerekmektedir. Titresim kaynagindan uzaklasildikea titresim
seviyeleri diiger titresimin azaldigr mesafeler yonetmelik kapsaminda degerlendirilmelidir. Hig
yapilagsma olmamis alanlarda ise karayolu tarafindan yollarda izin verilen taginabilecek maksimum
24 ton agirhigin olusturdugu titresim yaratilmali titresim esnasinda arazide hassas mikrotremor
cihazi ile titresimden itibaren uzaga dogru cesitli araliklarla l¢timler yapilmali titresimin Cizelge-
1’de verilen yonetmelik icerisinde kaldig1 mesafe giivenli yap1 yaklagsma mesafesi olarak tespit
edilmelidir. Glivenli yap1 yaklasma mesafeleri zemin yapisinin titresimine bagli oldugu i¢in genel
olarak bir siniflandirma yapmakta miimkiindiir. Sehirdeki benzer aliivyon, kaya, balgik zeminlerin
maksimum agirlia gore titresim yaratilarak ve kaynaktan uzaklasarak yapilacak aralikli
Olgtimlerle titresimin sontimlendigi ve cevresel giiriiltii kontrol yonetmeligi Cizelge 1 verilen
degerler i¢cinde kalan mesafe giivenli yap1 yaklasma mesafesi olarak tespit edilir. Bu zemin
tiirlerinin titresim ve soniimlenme uzaklig1 ¢ikarilarak pratik bir yaklasimla yaklasik giivenli yap1
yaklagma mesafeleri belirlenebilir.

4. CESITLi ZEMIN TURLERININ TITRESIM PERIYOTLARI

Tirkiye Bina deprem ydnetmeliginde (TBDY, 2018) tanimlanan zemin gruplarinin ZA, ZB,
ZC, ZD, ZE, ZF zemin titresim periyotlarinin Cizelge 3°de sismik yontemlere gore sirasiyla sert
zeminlerden yumusak zeminlere goére yapilan siniflandirmada titresim periyodunun zemin
mukavemeti azaldik¢a biiytidiigii goriilmektedir. Zemin tiplerinde zemin titresim periyodu zemin
tyilestirmeleri disinda sabittir. Cizelge- 3 ‘de gosterildigi gibi TBDY, 2018 yerel zemin siniflarina
gore zemin titresim periyodu 50 metre derinlik igin hesaplanmis (Ta-Tg) Spektrum karakteristik
periyot degerleri Vs kayma dalga hiz degerlerine gore katman kalinlig1 ve zemin tiirline gére genel
olarak tanimlanmistir. Zemin kosullarina gore olusan titresimlere gore (Ta-Ts ) aralig1 bina dogal
periyotlarinin bu aralik igerisinde olmasi durumunda hasar derecesinin artacagini, araliklarin
disinda olmas1 durumunda azalacagini ifade etmektedir. Zemin titresim ug periyotlart Ta-Tg sert
zeminlerde ¢ok kiiglikken (ZA=0.01 - 0.20 sn.) arasinda iken yumusak zeminlerde (ZF=0.60 - 1.8
sn. ) arasinda oldukga biiytiktiir. Bu durumda yumusak zeminlerin titresimi biiyiitme potansiyelinin
daha fazla oldugu ve titresimin soniimlenme mesafesinin sert zeminlere gére daha uzun oldugu
sonucunu ¢ikarabiliriz.
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Cizelge 3. Yerel zemin siniflarinin sismik yontemlere gore titresim periyotlari

Chart 3. Vibration periods of local soil classes according to seismic methods

Yerel Zemin Zemin Spektrum
zemin Zemin cinsi Vs (m/sn)  Titresim Karakteristik periyotlar:
smifi periyotlari (Bina hasar aralig1) Ta-Ts
ZA  Saglam, sert kayalar > 1500 0,1 (0.01-0.2)
ZB  Azayrismis, orta saglam kayalar 760-1500 0,2 sn (0.1-0.3)

Cok sik1 kum, ¢akil ve sert kil

tabakalar1 veya ayrismis, ¢ok
ZC

catlakl

zayif kayalar

360-760 0,3sn (0.2-0.5)

Orta sik - sik1 kum, ¢akil veya ¢ok

ZD kati kil tabakalar1

180-360 0,6 sn (0.2-0.8)

Gevsek kum, cakil veya yumusak -
kat1 kil tabakalar1 veya

PI>20 ve w > % 40 kosullarini
saglayan toplamda 3 metreden daha
kalin yumusak kil tabakasi (Cu <
25kPa ) igeren profiller

ZE <180 0,8 sn (0.4-1.2)

Sahaya 6zel arastirma ve
degerlendirme gerektiren zeminler:

1) Deprem etkisi altinda
¢okme ve potansiyel gogme
riskine sahip zeminler
(s1vilagabilir zeminler,
yiiksek derecede hassas
killer, gogebilir zay1f

ZF ¢imentolu zeminler vb), 1,2 sn (0.6-1.8)

2) Toplam kalinhig 3
metreden fazla turba
ve/veya organik icerigi
yiiksek killer,

3) Toplam kalinhig1 8
metreden fazla olan yiiksek
plastisiteli (P1>50)

4) Cok kalin (>35 m)
yumusak veya orta kati
killer.
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5. TITRESIMLERIN AZALTILMASI iCiN ALINABILECEK ONLEMLER

Zemin Kosullar

Deprem yer hareketi disindaki Yogun trafik yiikleri, insaat aktiviteleri ve patlamalar gibi
yiiksek frekansta titresim kaynaklarinin binalara etkisi titresim dalgalarinin karakterlerine ve
zemin kosullarina baghdir. Titresim kaynaklarinin belirtilen zararh etkilerinden korumak ve en
uygun yaliim modelini belirleyebilmek i¢in zemin ortaminda dalga yayilisini iyi anlamak
gerekmektedir. Arag ve demir yollarina yakin binalarda araya sismik dalga bariyerleri veya zemin
lyilestirmesi yapilarak titresim seviyesi azaltilabilir. Titresim etkisi, hasari, azaltilmasi, yalitim1
ayr1 bir arastirma konusu oldugundan detay verilmemistir

Yapisal Tasarim
Binalarin tasarim asamasinda titresim etkilerinin en aza indirilmesi i¢in 6zel miihendislik

¢dziimleri uygulanabilir. Ornegin, titresim yalitim sistemleri ve esnek miihendislik tasarimlar
kullanilabilir.

Ulasim Altyapisinin Tyilestirilmesi

Yol ylizeylerinin diizenlenmesi ve araglarin hizlarinin kontrol edilmesi, titresimlerin
azaltilmasia yardime1 olabilir. Ayrica, trafikte ara¢ yogunlugunun azaltilmasi i¢in toplu tagima
sistemleri tesvik edilebilir.

Yalhitim Malzemeleri
Bina temellerinde ses ve titresim yalitim malzemeleri kullanmak, disaridan gelen

titresimlerin bina igine girmesini sinirlayabilir. Bu tiir yalitimlar, titresimlerin etkisini biiyiik
Olciide azaltabilir.

Sonuglar
Arag trafigi, demir yollar1 veya diger kaynaklar, titresim seviyeleri konusunda farkli
etkilere sahiptir. Bu kaynaklarin hangi frekanslarda titresim tirettigi 6l¢tilmelidir. Bu etkilerin en
aza indirilmesi i¢in hem miihendislik ¢oziimleri hem de ulagim altyapisina yonelik iyilestirmeler
gereklidir. Titresim degerlerine gore aliivyon, kaya, balgik zeminler i¢in giivenli yap1 yaklagma

mesafesinin belirlenmesi yapilara etkiyen titresim kaynakli hasarlar1 azaltacaktir.

Mevcut imar planlarinda sehrin ihtiyaci dogrultusunda ulagim yollari, kavsaklar hafif rayl
sistem demir yollar1 alt ve iist gecitlerin yapilmasi durumunda yonetmelik kapsaminda arag
gecisleri sirasinda yol giizergahi lizerindeki bina i¢i veya bina bitisik zemininde titresim 6l¢timleri
yapilmali sonuglara gore plan revize edilmeli ve yonetmelik dogrultusunda giivenli yap1 yaklasma

mesafesi birakilmalidir.

Binalarin dogal frekanslari ile dis kaynakli titresim frekanslar1 arasinda bir rezonans olup

olmadig1 incelenmelidir. Mevcut sehirlerde titresim kaynakli bina hasarlarin1 azaltmak i¢in
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oncelikle bir titresim haritas1 hazirlanmal1 yonetmelik icerisinde verilen degerler disinda titresim
yaratan yerlerde yalitim 6nlemleri alinmalidir. Sehir imar planlama ¢alismalarinda bolgelere bina
yiikseklikleri ve yol yap1 yaklasma mesafesi verilirken mevcut kriterlerine titresim etkisini de
ekleyerek degerlendirme yapmalari titresim ve rezonans kaynakli hasarlar1 en aza indirgeyecektir.
Ulasim sistemlerinin planlanmasi siirecinde ulagim talep modelleme yontemine ek olarak;
yorulmus, yipranmis ve eskimis kentlerdeki ulagim analizlerine tasit kaynakl titresimler konusu
da eklenmelidir. Gelecek nesil sehir planlamalarinda bu konuya daha fazla dikkat edilmesi, hem

insan saglig1 hem de yapi gilivenligi agisindan kritik 6neme sahiptir.

Bina spektrum karakteristik periyotlar1 (Ta-Tg) aralig1 bina dogal periyotlarinin bu aralik
icerisinde olmast durumunda hasar derecesinin artacagi, araliklarin disinda olmasi durumunda
azalacagini ifade ettiginden zemin kosullarinda olusan titresimlere gére (Ta-Ts )’nin arazide

Ol¢iilmesi hasar derecesinin tespitinde dnemli olmaktadir.
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TESEKKUR

Bu c¢alismada emegi gecen; Kocaeli Biiyliksehir Belediyesi Ulasim Daire Baskanligi Planlama
Sube Miidiirliigii’nden Anilcan Oymak, Muhammed Mustafa Goncii’ye ve Ulastirma Miihendisi
Sevval Ozer’e ictenlikle tesekkiir ederiz.
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BOLUM 4

ISIKKARA KOYU (ILICA/KUTAHYA)
BAZALTLARININ DEMIiRYOLU BALASTI
OLARAK KULLANILMASININ ARASTIRILMASI

METIN BAGCI!
MUSTAFA BAYHAN 2

Giris

Hat olarak anilan 6zel bir yol iizerinde, mekanik olarak
hareket eden araglarla ¢ekilen yiik ve yolcu tasima sistemlerine
demiryolu denilmektedir (Kozak, 2010). Altyap: ve iistyapr olmak
iizere iki ana boliimden olusan demiryolu sistemlerinde; travers, ray,
baglanti malzemesi ve balasttan meydana gelen kisim "demiryolu
iistyapis1” olarak adlandirilmaktadir (Kozak, 2011; Anonim, 2016).
Bu yapinin en kritik bilesenlerinden biri olan balast tabakasi; hat
geometrisinin korunmasi, yiiklerin alt tabakalara etkin bir sekilde

' Dog. Dr. Afyon Kocatepe Universitesi, Jeoloji Miihendisligi,
Orcid: 0000-0002-1056-2854

2 Jeoloji Miih. Ulastirma Bakanlig1 Devlet Demiryollar1 7. Bélge
Miidiirliigii, Afyonkarahisar.

Orcid: 0009-0000-0137-7326
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aktarilmasi ve giivenli tren isletmeciliginin saglanmasi acisindan
temel bir islev lstlenir. Kirmatas niteligindeki graniiler malzemeden
olusan balast; yataklama, yiikk dagitimi, sularin drenaji, titresim
soniimleme ve hat stabilitesi gibi ¢ok yonli gorevleri yerine
getirerek tlistyap1 elemanlarinin performansini dogrudan etkiler. Bu
nedenle balast malzemesinin fiziksel ve mekanik 6zellikleri, tane
boyutu dagilimi, dayanikliligi ve uzun donem davranisi, demiryolu
sistemlerinin tasarim, bakim ve isletme siire¢lerinde belirleyici rol
oynamaktadir.

Gliniimiizde artan aks yiikleri, yliksek hizli tren uygulamalari
ve yogun trafik altinda balast tabakasinin maruz kaldigi tekrarl
dinamik yiikler; pargalanma, sekil degistirme, "fouling"
(kirlenme/tikanma) ve oturma gibi bozulma mekanizmalarini
hizlandirmaktadir. Bu durum hem hat bakim maliyetlerinin
artmasina hem de hat gilivenliginin olumsuz etkilenmesine neden
olmaktadir. Dolayisiyla balastin performansini iyilestirmeye yonelik
malzeme secimi, geoteknik tasarim kriterleri, modern bakim
yontemleri ve alternatif graniiler malzeme kullanimlar1 son yillarda
aragtirmalarin odagi haline gelmistir. Stirdiirtilebilir altyap1 yonetimi
ve vyiksek performansli demiryolu hatlarinin  gelistirilmesi
baglaminda; balastin {iretim kaynaklari, fiziksel 0Ozellikleri,
laboratuvar ve saha performans testleri ile iyilestirme tekniklerinin
kapsamli bigimde anlagilmasi gerekmektedir. Balast malzemeleri
genellikle yiiksek kaliteli magmatik veya metamorfik kayaclardan
elde edilir. Madencilik faaliyetleri sirasinda patlatilan bu kayaclar,
istenilen tane boyutuna ulagsmak i¢in kirma ve eleme islemlerinden
gecirilir. Bazalt, granit, granodiyorit, gabro, diyabaz, siyenit, riyolit,
diyorit, andezit, gnays, kuvarsit, porfir, silttasi, kumtasi, dolomit ve
kirectas1 (kalker) gibi kayaglar demiryollarinda balast olarak
kullanilmaktadir (Raymond, 1985; Okonta ve Magagula, 2011;
Yilmaz, 2015; Bayrak, 2018; Bassey vd., 2020; Kozak, 2021). Balast
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parcaciklar1 geleneksel olarak tek tip derecelendirilmis, diizensiz
sekilli, sert ve piirlizlii ylizeyli olarak tanimlansa da standartlar;
kayanin kalitesi, uygunlugu, cevre diizenlemeleri, ekonomikligi ve
ana kayanin kaynagina bagli olarak iilkeden iilkeye degismektedir.
Ormnegin; TCDD Balast Teknik Sartnamesi ’ne gore demiryolu
balast1; kare gozlii 22,4 mm elek {izerinde en az %97’si kalan, 63
mm aciklikli elekten ise %100 gecen, istenilen gradasyon sartlarini
saglayacak sekilde keskin kenarli ve koseli kirilmis, saglam
kayaglardan iiretilmelidir (Kozak, 2012; Ogul vd., 2012; Nélsund,
2014; Kozak, 2021). Bu ¢alisma, demiryolu balastinin
fonksiyonlarini, malzeme oOzelliklerini, bozulma siireclerini ve
giincel mihendislik uygulamalarini literatiir 1518inda ele alarak
demiryolu iistyap: tasarimi1 ve bakim stratejilerine katki saglamay1
hedeflemektedir. Ayrica farkli jeolojik ve cevresel kosullar igin
balast malzemesi se¢im yontemleri vurgulanarak, karmasik
durumlarda balast se¢imi ig¢in bir referans olusturulmasi
amaglanmistir. Bu kapsamda, demiryolu projeleri i¢in balast olarak
kullanilacak kayaclarin uygunlugunun belirlenmesi biiyiik 6nem arz
ettiginden; c¢alisma oOzelinde Isikkara Koyii (Ilica/Kiitahya)
bazaltlarinin demiryolu balasti olarak kullanilabilirligi arastirilmigtir
(Sekil 1).

Materyal ve Metot

Calisma alani, Kiitahya ili Merkez ilgesine bagl Isikkara
Koyl sinirlart igerisinde yer almakta olup, il merkezinin 20 km
kuzeydogusunda, 13,54 hektarlik bir sahayr kapsamaktadir.
Kiitahya-124-d4 paftasinda konumlanan ¢alisma alanina ulagim,
Kiitahya-Eskisehir karayolu tizerinden saglanmaktadir.



Sekil 1. Caliyma alaninin yer bulduru haritast

=l obéqoynﬁ
; %y e
2o TT adid /ﬂ:L B ‘1;1

Calisma kapsaminda, sahadaki bazalt ocagindan temsili nitelikte
toplam 6 adet kaya¢ Ornegi alinmistir. Mineralojik ve petrografik
incelemeler amaciyla numunelerin hazirlanmasinda TS EN 12407
(2008) standardinda belirtilen yontemler esas alinmistir. Hazirlanan
kesitler, Leica Dm 2500P polarizan mikroskop kullanilarak
mineralojik bilesim, doku 6zellikleri, tane biiytikliigii ve kayag tiiri
acisindan  incelenmistir.  Orneklerin  mineralojik ~ fazlarinin
belirlenmesi i¢in yapilan X-Isin1 Kirinimi (XRD) analizleri, AKU-
TUAM merkezindeki Shimadzu XRD-6000 cihazi ile 2°-70° (20)
tarama aralifinda gerceklestirilmistir. Jeokimyasal Ozelliklerin
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tespiti amaciyla; ana ve iz element analizleri ICP (Inductively
Coupled Plasma) emisyon spektrometresiyle, nadir toprak element
(NTE) analizleri ise ICP-MS (Inductively Coupled Plasma-Mass
Spectrometry) yontemiyle Acme Analytical Laboratories (Kanada)
blinyesinde yapilmistir. Malzemenin uygunlugunu belirleyen
fiziksel ve mekanik deneyler ise TCDD Demiryolu Arastirma ve
Teknoloji Merkezi (DATEM) Isletme Miidiirliigii laboratuvarlarinda
tamamlanmustir.

Bulgular

Inceleme Alaninin Jeolojisi

Inceleme alani; Pontitler veya Sengdr ve Yilmaz (1981)
tarafindan tanimlanan Sakarya Kitasi’nin giiney kenar1 ile Anatolid
Kusagi’nin kuzey kenar1 arasinda yer almaktadir. Brinkmann’a
(1966) gore bolgede, merkezi Kiitahya olan ve Variskan orojenezine
ait cok sayida tektonik zon bulunmaktadir. Calisma alan1 ve yakin
cevresi, bahsi gecen arastirmacinin tanimladig1 [zmir-Ankara Zonu
icerisindeki bu tektonik yapilarin merkezini teskil etmektedir. Ayrica
saha; Okay (1981; 1986) tarafindan tanimlanan Tavsanli Zonu ve
Ozcan vd. (1988) tarafindan belirtilen Kiitahya-Bolkardagi Kusag
icerisinde kalmaktadir. Inceleme alanindaki en yash birimi, Ust
Kretase yasli Besgam Formasyonu olusturmaktadir. Bu birimlerin
iizerine, Orta-Ust Miyosen yash tiif, tiifit, aglomera, iist seviyelere
dogru volkano sedimander birimlerden olusan Tavsanli Volkanitleri
uyumsuz (diskordan) olarak gelmektedir. Bu birimin iizerine ise Geg
Pliyosen-Kuvaterner yagli Karacadren Volkanitleri uyumlu olarak
yerlesmistir (Sekil 1; Sekil 2). Inceleme alaninda gozlenen volkanik

--56--



birimler iizerinde O6zellikle K—Ar yas analizleri ve Sr-Nd-Pb-O
izotop jeokimyasal verilerin sonucuna gore, volkaniklerin,
sosonitikten orta-yiiksek potasyum (K) karakterlerine kadar
jeokimyasal yakinlik gosterdigi belirlenmistir (Ozkul vd., 2022).
Baska bir ¢aligmada, volkanitlerin mineral kimyasi analizlerinden
yararlanilarak volkanitlerin piliskiirme dncesi kristallenme kosullar
belirlenerek volkanitleri olusturan magmalarimin st  kitasal
kabuktaki magma odalarinda ayrimlagarak gelistikleri belirtilmistir
(Temizel vd., 2024). Kuvaterner yasli aliivyon ve traverten birimleri
ise diger tiim birimleri uyumsuz (diskordan) olarak 6rtmektedir (Giin
vd., 1979; Demirbilek, 2005).

Sekil 2. Inceleme alanimin jeolojik haritast
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NANNN NN NN N NNNN
A S R SR

KNNNN e
o . S\ AL 7 . Nt st ot s » asvi
Karacadren Volkanitleri NN Tavsanh Volkanitleri 225222 Bescam Formasyonu

WA Sy

Kaynak: (Demirbilek, 2005 'den degistirilerek Alinmustir).
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Mineralojik ve Petrografik incelemeler

Polarizan Mikroskop Incelemeleri

Isikkara (Ilica) bazaltlarina ait 6rnekler; TS 5694 EN 12670
(2004) standard1 esas alarak tane biiyiikligii, doku o6zellikleri,
mineralojik bilesim ve kayag¢ grubu agisindan polarizan mikroskop
altinda incelenmistir. Yapilan incelemeler neticesinde; Orneklerin
yogun olarak camsi bir matrikse sahip oldugu ve hipokristalin (yar1
kristalli) porfirik doku gosterdigi belirlenmistir. Bazalt 6rneklerinin
mineralojik bilesiminde; plajiyoklaz, olivin, piroksen, opak
mineraller, mikrolitler ve volkan cami gozlenmistir. Yart 6zsekilli
(subhedral) kristaller halinde gozlenen plajiyoklazlarin, tipik
ikizlenme ve zonlanma yapilari sergiledigi goriilmiistiir. Kayag
icerisindeki olivinler yar1 o6zsekilli kristaller seklinde olup, bu
minerallerde iddingsitlesme ve opasitlesme (opaklasma) tiirii
bozunmalar tespit edilmistir. Hamur (matriks) bileseninin ise
plajiyoklaz mikrolitleri ve volkanik camdan meydana geldigi
belirlenmistir (Sekil 3).

Sekil 3. Bazalt 6rneklerine ait polarizan mikroskop resimleri. Plj:
Plajioklas, Fld: Feldispat, Por: Gozenek.
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X-Isim1 Kirinimi (XRD) Analizleri

Isikkara (Ilica) bazaltlarinin  mineralojik  bilesimini
belirlemek amaciyla ocak sahasindan toplam 6 adet numune
alimmustir. B1 ve B2 kodlu 6rneklerine ait XRD grafikleri Sekil 4’de
verilmistir.

Sekil 4. Isikkara bazalt numunelerine ait XRD difraktogrami
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Bu numuneler, kirma ve 6giitme islemlerinden gegirilerek analiz i¢in
hazir hale getirilmistir. XRD analizleri, Afyon Kocatepe Universitesi
Teknoloji Uygulama ve Arastirma Merkezi (AKU-TUAM)
bilinyesindeki Shimadzu XRD-6000 cihazi kullanilarak, 2°-70° (20)
tarama araliginda gerceklestirilmistir. Elde edilen difraktogramlarin
degerlendirilmesi sonucunda; bazalt Orneklerinde plajiyoklaz,
simektit ve hematit minerallerine ait karakteristik pikler
belirlenmistir (Sekil 4).

Jeokimyasal incelemeler

Isikkara (Ilica) bazaltlarindan alinan 6 adet numunenin ana
oksit ve iz element analiz sonuglart Tablo 1’de sunulmustur. Analiz
sonuclart incelendiginde; numunelerin SiO: igeriginin %51,34 ile
%356,54 arasinda degistigi ve ortalama %153,55 oldugu
gorilmektedir. Toplam alkali (Na2O+K20O) degerleri ise ortalama
%35,17 seviyesindedir. Numuneler, Winchester ve Floyd (1977)
simiflandirma  diyagraminda  degerlendirildiginde,  kimyasal
bilesimlerinin bazalt ve bazaltik andezit gecisinde yer aldig

goriilmektedir (Sekil 5).

Balast malzemesinin dayaniklilig1 (durabilitesi) agisindan kritik
oneme sahip olan Kizdirma Kayb1 (LOI) degerleri, numunelerde
%1,8 ile %6,6 arasinda degismektedir. EB3-1 numarali 6rnek (%1,8
LOI) taze kayac¢ 6zelligi gosterirken; EB2-1 numarali 6rnekte LOI
degerinin %6,6’ya yiikselmesi ve ayni Ornekte CaO degerinin
(%10,81) digerlerine gore yiiksek olmasi, bu numunede ikincil
karbonat (kalsit vb.) dolgularinin varligina isaret etmektedir. Genel
ortalamada ise LOI degeri %3,68 olup, kayaclarin balast olarak

kullanimina engel teskil edecek diizeyde ileri derecede bir kimyasal
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ayrigsma (alterasyon) gozlenmemistir. Yiiksek sertlik saglayan SiO2
ve Al:Os oranlarinin nispeten yiiksek olmasi, malzemenin aginma
direncinin iyi olacaginin kimyasal bir gostergesidir.

Tablo 1. Isikara Koyii (Ilica/Kiitahya) bazalt orneklerine ait
kimyasal analiz sonuglari.

EB1-1 EB2-1 EB3-1 EB4-1 EBS-1 EB6-1

SiO: 56,54 51,34 54,54 52,53 53,24 53,11

ALOs | 17,08 |!3:12 1612 | 1530 | 1594 | 16,05
Fe:0s | 7.87 7,02 7,67 7,78 7,54 7,74
MgO 1,56 223 4,88 4,87 5,00 4,83
Ca0 5,80 10,81 8,24 8,95 8,42 8,23
Na:O | 3,05 2,77 2,89 2,72 3,04 3,02
K:0 2,40 2,45 2,13 2,05 2,25 2,23
TiO> 1,01 0,91 0,96 0,93 0,94 0,95
P20s 0,27 0,24 0,24 0,23 025 0,26
MnO 0,05 0,14 0,11 0,19 0,13 0,12

Cr203 0,017 0,008 0,011 0,016 0,010 0,016

LOI 3,9 6,6 1,8 4,0 2,8 3,0

Sum 99,86 99,91 99,86 99,86 99,86 99,85

Ba 1220 1196 1064 1117 1131 1130
Sr 936 909 911 1023 972 970
Zr 161 145 154 139 162 151
Y 23 23 24 22 24 24
Nb 13 12 12 12 15 16
Se 22 20 24 25 22 22
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Sekil 5. Numunelerin (Winchester ve Floyd (1977) siniflama

diyagramu.
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Kaynak: Winchester ve Floyd (1977

Fiziksel ve Mekanik Incelemeler

Isikkara (Ilica) bazaltlarinin demiryolu balasti olarak
kullanilabilirliginin belirlenmesi amaciyla, TCDD Demiryolu
Arastirma ve Teknoloji Merkezi (DATEM) laboratuvarlarinda ilgili
TS EN standartlarina uygun olarak fiziksel ve mekanik deneyler
gerceklestirilmistir.

Fiziksel ve Geometrik Ozellikler

Kayaglarin  fiziksel ve geometrik Ozellikleri; balast
tabakasinin stabilitesi, yiik dagitma kapasitesi ve drenaj kabiliyeti
iizerinde belirleyici rol oynamaktadir. TS EN 1097-6 standardina
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gore yapilan deneyler sonucunda; numunelerin etiiv kurusu tane
yogunlugu 2,77 t/m*® olarak belirlenmistir. Yiiksek yogunluk,
balastin hat iizerinde sabit kalmasina ve yanal kuvvetlere direng
gostermesine katki saglar. Su emme orani ise %0,7 olarak tespit
edilmis olup, bu deger malzemenin donma-¢6ziilme etkilerine karsi
direngli  oldugunu ve disiik poroziteye sahip oldugunu
gostermektedir.

Demiryolu balastinda tanelerin sekli, hat stabilitesi i¢in hayati
oneme sahiptir. Yassi ve uzun taneler yiik altinda kolay kirilabilecegi
ve yeterli kenetlenmeyi saglayamayacagi i¢in istenmez. Bu
kapsamda yapilan TS EN 933-3 deneyinde Yassilik Indeksi (FI)
%11, TS EN 933-4 deneyinde ise Sekil Indeksi (SI) %8 olarak
Olclilmiistiir.

Elde edilen bu diisiik indeks degerleri; Isikkara bazaltlarinin yassi
veya ignemsi degil, kiibik (es boyutlu) ve koseli bir yapiya sahip
oldugunu kanitlamaktadir. Bu geometrik yapi, balast tabakasinda
yiiksek siirtiinme ag¢is1 ve miikemmel bir kenetlenme (interlocking)
saglayarak hat bozulmalarin1 (oturma, eksen kaymasi) minimize
edecektir.

Tane Boyutu Dagilimi (Graniilometri)

Demiryolu balastinin yiikleri traverslerden alip alt yapiya
giivenli bir sekilde iletmesi ve yeterli su drenajin1 saglayabilmesi
icin uygun bir tane boyutu dagilimina (gradasyona) sahip olmasi
gerekmektedir. Isikkara bazaltlarimin graniilometrik 6zelliklerini
belirlemek amaciyla TS EN 933-1 standardina uygun olarak kuru
eleme analizi yapilmistir. Toplam 52,115 kg numune iizerinde
gergeklestirilen elek analizi sonucunda elde edilen gradasyon egrisi
degerleri Tablo 2’de sunulmustur (Sekil 6). Analiz sonuglarina gére;
malzemenin %100’iiniin 63 mm elekten gectigi, ince malzeme
oraninin (elek alt1) ise %1’in altinda (%0,3) kaldig1 goriilmektedir.
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Elde edilen dagilim, malzemenin iiniform (es bi¢imli) bir yapiya
yakin oldugunu ve balast tabakasinda bosluk oranini koruyarak

yiiksek drenaj

kapasitesi

saglayacagini

gostermektedir.

Bu

gradasyon oOzellikleri, TCDD teknik sartnamesinde belirtilen
referans egriler (zarf araliklari) ile uyumluluk gostermektedir.

Tablo 2. Bazalt orneklerine ait tane boyut dagilim sonuglar

Tane Boyu Dagilimi TS EN 933-1

Numune Agirhg:52.115 gr

Elek Acikhig1 | Elekte Kalan | Elekte Kalan | Elekte Kalan Elekten

(mm) (gr) (gr) (gn Gegen (%)

63 0 0 0 100

50 9.858 9.858 19 81

40 15.362 25.220 48 52
31.5 21.196 46.416 89 11
22.4 5.553 51.969 99.7 0.3

0.5 40.1 52.009 99.8 0.2
0.063 38.9 52.048 99.9 0.1

Sekil 6. Isikkara (Kiitahya) kirma bazalt agregalarin Tane boyu
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Isikkara bazaltlarinin tane boyutu dagilim egrisi (Semilogaritmik).
Grafik incelendiginde; malzemenin gradasyon egrisinin TCDD
teknik sartnamesinde 31,5-63 mm balast sinifi i¢in Ongdriilen
referans zarf araligina uyumlu oldugu ve "S" tipi (uniform) bir
dagilim sergiledigi goriilmektedir.

Mekanik ve Atmosferik Dayamklihk

Demiryolu balasti, lizerinden gegen tonlarca yiikiin yarattig1
mekanik streslerin yan1 sira iklimsel zorluklara da direng
gostermelidir.  Kayaclarin ~ donma-¢oziilme  dongiilerine  ve
atmosferik etkilere kars1 direncini (saglamlik/soundness) belirlemek
amaciyla TS EN 1367-2 standardina uygun olarak Magnezyum
Siilfat (MgSOs4) deneyi yapilmistir.

31,5-50 mm fraksiyonu lizerinde gergeklestirilen 5 dongiiliik test
sonucunda kiitle kaybi sadece %1 olarak olgiilmiistiir. Tlgili
standartlarda (TS EN 13450) izin verilen maksimum kaybin %18
oldugu g6z oniine alindiginda, Isikkara bazaltlarinin atmosferik
bozunmaya kars1 direncinin ¢ok yiiksek oldugu goriilmektedir.

Ayrica, malzemenin dinamik yikler altindaki parcalanma direncini
(mekanik asinma) belirlemek i¢cin TS EN 1097-2 standardina gore
Los Angeles (LA) asinma deneyi gerceklestirilmistir.

Deney sonucunda %12,64’liik bir asinma kaybi elde edilmistir. Bu
deger, TCDD teknik sartnamesinde belirtilen siir degerlerin
(genellikle <%15-20) oldukea altindadir. Elde edilen bu sonuglar;
malzemenin hem mekanik darbelere hem de fizikokimyasal
ayrismalara karst uzun Omirlii, yiiksek performansli bir balast
malzemesi olacagini kanitlamaktadir (Tablo 3).
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Tablo 3. Deney sonuglarinin standart degerler ile karsilastirilmasi.

Deney Adi Standart Sonug | TCDD Limiti | Degerlendirme
Tane Yogunlugu TS EN 1097-6 40- | 2,77 - Yiiksek
63 t/m?
mm
Su Emme Orani TS EN 1097-6 40- | %0,7 <%1,5 Uygun
63
mm
Yassilik Indeksi (FI) TS EN 933-3 31.5- | %11 <% 35 Miikemmel
63mm
Sekil Indeksi (SI) TS EN 933-4 31.5- | %8 <% 20 Miikemmel
50
mm
Los Angeles (LA) TS EN 1097-2 25 - % <%?20 Cok Sert
40 12,64
mm
Magnezyum Siilfat TS EN 1367-2 31,5-| %1 <% 18 Dayanikl
50
mm
SONUC VE ONERILER

Bu ¢alismada, Kiitahya ili Isikkara (Ilica) mevkiinde yiizeylenen
bazaltlarin demiryolu balast malzemesi olarak kullanilabilirligi;
mineralojik, petrografik, jeokimyasal, fiziksel ve mekanik
yontemlerle detayli bir sekilde arastirilmistir. Elde edilen bulgular ve
TCDD Teknik Sartnameleri (TS EN 13450) cercevesinde yapilan
degerlendirmeler asagida dzetlenmistir:

e Petrografik ve Mineralojik Uygunluk: Inceleme alanindaki
bazaltlar, hipokristalin porfirik dokuya sahip olup; ana
bilesen olarak plajiyoklaz (labrador), klinopiroksen (ojit) ve
olivin minerallerinden olusmaktadir. Kayaclarin birbirine
kenetlenmis (interlocking) kristal dokusu, mekanik dayanimi
artiran en temel faktor olarak belirlenmistir. XRD

analizlerinde yer yer alterasyon iirlinlerine (smektit vb.) ve
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jeokimyasal analizlerde (bazi numunelerde %6,6’ya varan
LOI) ikincil dolgulara rastlanmis olsa da; bu olusumlarin
kayacin genel makro-performansini olumsuz etkileyecek
boyutta olmadig1 mekanik testlerle dogrulanmaistir.

Mekanik Dayanim ve Sertlik: Balast malzemesinin tren
yiikleri altindaki performansin1 belirleyen en kritik
parametre olan Los Angeles (LA) asinma kayb1 %12,64
olarak tespit edilmistir. Bu deger, TCDD’nin Yiiksek Hizli
Tren (YHT) ve Konvansiyonel Hatlar i¢in 6ngdrdiigii sinir
degerin (LA $\le$ 20) oldukga altindadir. Sonuglar, Isikkara
bazaltlarinin "¢ok sert/yiiksek dayanimli" kaya¢ simifinda
oldugunu ve isletme sirasinda olusacak dinamik darbelere
kars1 yliksek direng gosterecegini kanitlamaktadir.

Atmosferik Dayaniklilik: Malzemenin iklimsel kosullara
(donma-¢dziilme) karst direncini simiile eden Magnezyum
Siilfat deneyi sonucunda kiitle kaybi sadece %1 olarak
Olcililmiistiir. Su emme oraninin da %0,7 (diislik) seviyesinde
olmasi, malzemenin gdzenekliliginin az oldugunu ve en
zorlu kis kosullarinda bile fiziksel bozunmaya ugramadan
stabilitesini koruyacagini gostermektedir.

Fiziksel ve Geometrik Yapi: Tane yogunlugunun 2,77 t/m?
olmasi, balast tabakasinin yanal ve diisey kuvvetlere karsi
direncini artiracak niteliktedir. Ayrica, Yassilik indeksi (%11)
ve Sekil Indeksi (%8) degerlerinin standart limitlerin gok
altinda olmasi; malzemenin istenen kiibik forma sahip
oldugunu gostermektedir. Bu geometrik yapi, balast taneleri
arasinda maksimum kenetlenmeyi (interlocking) saglayarak
hat geometrisinin bozulmasini engelleyecektir.
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Tiim laboratuvar verileri biitlinciil olarak degerlendirildiginde;
Isikkara (Ilica) bazaltlarinin TS EN 13450 standartlarina ve TCDD
Balast Teknik Sartnamesi’ne tam uyum sagladigi belirlenmistir. S6z
konusu malzeme; yiiksek asinma direnci, miikemmel atmosferik
dayaniomi ve wuygun geometrik yapist sayesinde sadece
Konvansiyonel Hatlarda degil, daha kati standartlar gerektiren
Yiiksek Hizli Tren (YHT) ve Agir Yik (Heavy Haul) demiryolu
projelerinde balast malzemesi olarak giivenle kullanilabilir.
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