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Comprehensive Analysis of Alpha-Parametric Set for the Calculation of
Intersection Lengths of Radiological Ray Path in Siddon's Algorithm
Used in 3D Image Reconstruction

Adem Polat'*

!Department of Electronics Engineering, Canakkale Onsekiz Mart University, Canakkale, Turkey

Article History Abstract — The Siddon algorithm is one of the radiological ray path (x-ray) calculation tools used in 3D image
Received: 16.12.2020 reconstruction in medical imaging. In the algorithm, a set of alpha-parametric values is computed containing the
Accepted: 04.05.2021 length a_nd index va}lues where the voxel array of the x-ray intersects the x-y-z axes. In the alpha-set crea_tion section
’ o of the Siddon algorithm, the set elements are sorted from small to large, but some elements have been noticed to have
Published: ~ 30.06.2021 the same value in simulations. These elements are used to calculate which voxels are hit by the ray along the
radiological path and at what ratio, but it was recognized that some values of the set were zero, which means some
rays did not intersect some voxels at all. This situation may lead to data loss in 3D image reconstructions in medical
imaging such as digital breast tomosynthesis (DBT) and computed tomography (CT) especially for huge dimensions
such as size up to 800x800x50. Considering the mentioned problems, in this study, the effect of using or eliminating
the same repetitive values in the alpha parametric set of the Siddon algorithm on calculations was investigated. To
prove our proposal, we performed 3D image reconstruction (lossless and lossy) of a synthetic phantom at a size of
100x100x50. Using special functions that do not take into account the duplicate values in the algorithm, excluding
the duplicate values from the calculation solved the stated problems (lossless reconstruction). In this way, data loss
that may occur in 3D image reconstruction was reduced since voxel indices and intersection lengths were matched
correctly and meaningfully.
Keywords — Computed tomography, digital breast tomosynthesis, siddon algorithm, x-ray, 3D image reconstruction

Research Article

1. Introduction

Mainly, iterative and analytical image reconstruction methods are applied in medical imaging modalities
such as the optoacoustic tomography (OAT) (or photoacoustic tomography (PAT)) (Paltauf et al., 2002; Wang
et al., 2012), the optical tomography (OT) (Dekker, Battista, & Jordan, 2017; Klose & Hielscher, 1999), the
diffuse optical tomography (DOT) (Uncii et al., 2017; Sevim et al., 2017; Mercan et al., 2017; Mercan et al.,
2019), the computed tomography (CT) (Sidky et al., 2006; Biguri et al., 2017) and the digital breast
tomosynthesis (DBT) (Oliveira et al., 2016; Polat & Yildirim, 2018; Polat et al., 2019a). The CT, developed
by Hounsfield and Cormack in the 1970s (Nobel Media AB, 2014; Raju, 1999), enables three-dimensional
(3D) images of the examined part of the body like the head, chest, and breast. The DBT, an advanced form of
x-ray mammography evolved by Gershon-Cohen and others (Kopans, Meyer, & Sadowsky, 1984), focuses on
the examination of the breast by scanning at a limited angle (Helvie, 2010; Niklason et al., 1997; Wu et al.,
2004). For reconstructing three-dimensional (3D) images of the part of the body, the algebraic reconstruction
technique (ART) introduced by (Kaczmarz, 1937) and the simultaneous ART (SART) introduced by
(Andersen & Kak, 1984) have been used as iterative algorithms, while the filtered back projection (FBP) which
was first advanced by Riddle and Bracewell in 1967 (Bracewell & Riddle, 1967) and independently in 1971,
by Lakshminarayanan and Ramachandran (Ramachandran & Lakshminarayanan, 1971) has been used as an
analytical algorithm, (Kak, Slaney, & Wang, 2002). Whether it is an iterative or analytical method, in
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modalities such as OAT, OT, DOT, CT and DBT, the geometry of the x-rays sent to the target object should
be calculated for 3D image reconstruction system design.

The Siddon algorithm (Siddon, 1985), which effectively calculates the ray path geometry, can be used to
calculate the system matrix elements in constructing the 3D image reconstruction space. The Siddon algorithm
was applied in many applications in ray-path calculation studies and in medical imaging (Gao, 2012; Jacobs
et al., 1998; Li et al., 2008; Polat & Yildirim, 2018; Polat et al., 2019a; Xue, Zhang, & Pan, 2011; Zhao &
Reader, 2003). There are six main sections in the Siddon algorithm including calculating the range of alpha-
parametric values, calculating the range of the indices at x-y-z axes, calculating the alpha-parametric sets for
X-y-z axes, merging sets to form alpha-set, calculating voxel intersection length, and calculating voxel indices,
respectively.

In the alpha-set creation section of the Siddon algorithm, the alpha-set elements are sorted from small to large,
but some elements have the same value or zero-value. The values in the set are used to calculate the voxel
intersection length and voxel indices, therefore it is a critical issue to consider whether eliminating some values
of zero and/or identical or not. This situation may lead to data loss in the applications of the Siddon algorithm
for 3D image reconstructions in medical imaging such as DBT and CT. Considering the mentioned problems,
in this study, we analyzed the creation steps of the alpha-parametric set that affect the calculations of voxel
intersection length and voxel indices and investigated the effect of using or eliminating the repetitive and/or
zero- values for the calculations in the Siddon algorithm.

2. Materials and Methods

The Siddon algorithm introduced an efficient, reliable, and exact calculation of a radiological route through
a 3D-array of CT (Siddon, 1985). The schematic of two-dimensional (2D) representation for the 3D CT array
of (N, N, N;) voxels is given in Figure 1. A single ray starting from point P, (x;, y;) to point P,(x3,y>)
passes through the CT array. The radiological path in 3D space, in other words, the ray sum is defined by 2.1.

Yy axis
Py (x1, 1)
Yplane(Ny) \/amin R(Nx'Ny)
N, I
T
dyy
a'max
2
112(3].. N
Yplune(l) * PZ (XZ' yz)
p(11) F—
dx
| |
X axis
Xptane(l) Xplane(Nx)

Figure 1. The schematic of two-dimensional (2D) representation for the 3D CT array of (N, N,,, N,) voxels

d =222 l), k)p i, j, k) (2.1)

where [(i, j, k) is the voxel intersection length and p(i, j, k) is the density of voxel in the point (i, j, k).

In the Siddon algorithm, the ray from P; (x4, y1,2;) t0 P, (5,5, 2,) is described with the alpha-parametric
set; a (a; = 0at P, and @, = 1 at P,) in 3D space (see 2.2).
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X(a) =X, + a(X; — Xq)
Z(a) =71+ a(Zy, — Zy)

Alpha-parameter (@) set in the range of (@in, @max) indicates the intersections of the ray with planes. If P;
or P, are within the grid boundaries, then a,,;, gets zero, and a,, 4, gets one, otherwise they become a nonzero
value (see Figure 1).

For the (N, Ny, N,) voxel array, orthogonal sets of equidistant parallel planes are written as in 2.3.

Xplane(i) = Xplane(l) + (i — Ddx l
Yplane(i) = Yplane(l) + (] - 1)dy J= 1'2' ""Ny (2-3)
Zplane (k) = Zplane(l) + (k—1)dz k

where dx, dy, and dz are the dimensions of the voxel and the distances between the x,y,z planes.

The a -parametric values are calculated by 2.4 using 2.2 and 2.3.

if X, # X,
ax(l) = [Xplane(l) - Xl]/(XZ - X1) (2.4)
ax(Nx) = [Xplane(Nx) - Xl]/(XZ - X1)

Expressions are similar for y and z planes for a,,(1), a, (N, ), a,(1), and a,(N,). After that a,;, and ayqx
are calculated by 2.5.

Amin = max{1,mina, (1), a,(N,)],min[a, (1), ay(N,)], min[a,(1), a,(N)1}
Amax = min{1, max[a, (1), a,(Ny)], max[a, (1), ay (N, )], max[a,(1), a,(N,)]}
In the case a,y,;, is greater than or equal to a,,,,, the voxels are not intersected by the ray. @i and a,qx

values are used to calculate the indices range of (inin, imax)s Gmins Jmax) @0 (Kmin, Kmax),» Which intersect
the planes (2.6).

(2.5)

if (X2 —X1) =20,

Imin = Ny — [Xplane (Nx) — Qmin (X — X1) — Xl]/dx
lmax =1+ [Xl + Amax (X — X1) — Xplane(l)]/dx
if (Xz—X1) <0,

bmin = Ny — [Xplane(Nx) = Amax(Xz — X1) — Xl]/dx
lmax =1+ [Xl + Amin (X2 — X1) — Xplane(l)]/dx

(2.6)

The similar notations are written for j,,in, jmax: Kmin, a0d kKpyqy- Using these indices, the sets of alpha values
({ax}. {ay}, {a,}) which represent the intersections of the ray with the x, y, z planes are calculated as in 2.7 for

{a,}, and with similar expressions for {a, }, and {e,}.

if (X, —X1) >0,

{ay} = {ay (imin)s s Ay (Tmax)}
if X, —Xp) <0, (2.7)
{ax} = {ax (imax)' ey Oy (imin)}

The definite intersections are determined by merging the sets (@min, @max), {2}, {a} }, and {a,} as alpha-
parametric set. The merged alpha-parametric set {a} that has n + 1 elements is expressed as in 2.8.
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{a} = {amin'merge[{ax}: {ay}: {az}]v amax} (2.8)
{a} ={a(0),a(1), .., a(n)} '

The difference of two consecutive terms in the alpha set is used to calculate the intersection length [(m) in
2.9. dy, in 2.9 is the Euclidian distance (the total length) of the ray from P; to P,, and the formulation of it is
given in 2.10. Once the {a} array is formed, the exploring of the voxels that are hit with the ray and the
calculations of their intersection lengths are possible. The mth and (m — 1)th values of the {a} array, which
are the parametric weights of the intersected voxels, form the intersection length as in 2.9.

l(m) = dyy[la(m) —a(m —1)] form=1,23,..,n 2.9)
dip =Xy = X)2 + (Yo — Y2 + (Z; — Z1)? (2.10)

The voxel indices [i(m), j(m), k(m)] which intersected by the ray are calculated using the midpoint of two
consecutive intersections (mth and (m — 1)th alpha) as in 2.11.

i(m)=1+ [Xl + Amia (X2 — X1) — Xplane(l)]/dx
jim) =1+ [Yl + amig(Y, — Y1) — Yplane(l)]/dy (2-11)
k(m) =1+ [Zl + Amia(Zy — Z1) — Zplane(l)]/dz

where the a,,,;4 is the midpoint of the mth and (m — 1)th alpha and is given by 2.12.
Amig = [a(m) + a(m — 1)]/2 (2.12)

Finally, the projection value, Py, which is the radiological route can be obtained by summing over the n
elements of the length array [(m) obtained from (n + 1) elements of {a}-parametric set multiplied by the
densities of the voxels as in 2.13.

Pg = Xin=1L(m)p[i(m), j(m), k(m)] (2.13)

where p[i(m), j(m), k(m)] is the mth voxel density and 6 is the projection angle.

The intersection lengths [(m) for each ray are used to build up a system matrix A for all projections (in this
study, three projections, 8 = —25°,0°,+259), and this system matrix 4 is used to provide a solution for linear
algebraic equation system given by 2.14, which models 3D image reconstruction. In 2.14, Py is the projections
acquired from a target via a medical imaging modality such as CT and DBT, v is the vector form of the voxels
of the target, and A is the system matrix calculated by the Siddon algorithm.

Py = Av (2.14)

To build up a system matrix (A) using the Siddon algorithm, we created a 2x2x2-size voxel cube model (8
voxels) by assigning N, = 2, N, =2, and N, = 2 to analyze the calculated alpha-parametric set. Then we
set a central ray starting point from P, (0,0,7) to P,(0,0, —2) to scan 2x2x2-size voxel cube. We also rotated
the ray with —25%nd +25° around the rotating point (0,0,0) which is the center of the cube model, thus
obtained three projections for data acquisitions of the cube. The visualization of 3-projected system is given
in Figure 2.

We calculated and sorted in ascending order the alpha-parametric set for the 2x2x2 model applying the Siddon
algorithm. However due to the creation of the same values after performing 2.8, in the length calculation (2.9),
the term a(m) — a(m — 1) produced O that also cause the O value of I[(m). To get rid of zero-value
intersection length problem which causes data loss in the system matrix of 3D image reconstruction modality
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as defined in 2.14, we applied a function after performing 2.8, for ensuring two consecutive elements in the
alpha-parametric set were not having of the same value. The unique function in Matlab 2018b (license number:
40731897) was applied to the alpha set for eliminating the same values in order not to cause data loss. The
flowchart of the proposed method is demonstrated in Figure 3.

Figure 2. The visualization of the projection acquisition at 6=-25°, 0°, +25° for 2x2x2-size (8 voxels) model
of the Siddon algorithm

START
[Definition of the size of 3D Creating the 3D geometry of Siddon

image reconstruction algorithm

Y

Creating the alpha-set

A

Sorting the alpha-set

A

Applying special functions

Y

; Eliminating the repetitive
Including the
duplicatgand 7610 and zero values for the RecolFlcs)ffgction
values? calculations?

l Yes

p
Lossless
Reconstruction

A 4

Figure 3. The flowchart of the proposed method
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For a further and detailed analysis of data loss within the scope of the investigation of the alpha-parametric
set, we 3D-reconstructed the images (with the size of 100x100x50) of a synthetic multilayer phantom (8 mm
x 8§ mm x 500 pm) mimicking different microchannel (with ~200 um width and thickness) media separated
with the various geometric structures (a circle, a square, and a diamond). For 3D image reconstruction, the 11
projection images (2D: 100x100) of the synthetic phantom obtained from the mini-Opto tomography platform
(Polat et al., 2019b) in the range of +/-25° were used. The representation of the reference projection (100x100)
of the phantom both in the mini-Opto tomography platform imager and in Matlab 2018b is given in Figure 4.

Reference Projection (100x100) Reference Projection (100x100)
(mini-Opto platform imager) (Matlab 2018b)

250

LN

Figure 4. The representation of the reference projection (100x100) of the synthetic multilayer phantom
mimicking different microchannel media separated with various geometric structures as a circle, a square, and
a diamond both in the mini-Opto tomography platform imager (left) and in Matlab 2018b (right)

100 =
20 40 60 80 100

3. Results and Discussion

According to the acquisition geometry (2x2x2) described in the section of Materials and Methods, alpha-
parametric set was calculated using (2.8) for the projections of -25°, 0°, and +25°, and is given in the column
of sorted alpha values without the unique function (column-2) in Table 1. It is clear that the repetitive values
(0.6667, 0.8889, 2.0 for 6th ray, 0.6667, 0.8889 for 7th and 10th rays, 0.0, 0.6667, 0.8889 for 11th ray) that
cause data loss in the system matrix were created in the set (system matrix without the unique function column
in Table 2). The values of voxels of 1, 2, 3, and 4 at rays 6, 7, 10, and 11, respectively, shown in the column
of system matrix without the unique function (8 voxels) were 0.0, which means data lost. Moreover, this
situation may lead to huge data loss in 3D image reconstructions in medical imaging especially for huge
dimensions such as size up to 800x800x50. However, using the unique function, we eliminated the same values
from the set so that the system matrix conserves the data, which is used in 3D image reconstruction.
Additionally, using (2.5) the range alpha-set is limited between the values of min-alpha (0.6667) and max-
alpha (0.8889), thus the values of 0.0 and 2.0 were also eliminated from final alpha set which is given in the
last column, sorted alpha values with the unique function, of Table 1. Thanks to this result, the values (1.003)
of voxels of 1, 2, 3, and 4 at rays 6, 7, 10, and 11, respectively, shown in the column of system matrix with the
unique function (8 voxels) in Table 2, were created and data loss was prevented.

Table 1
Sorted alpha-set with and without the unique function at the projections of -25°, 0°, and +25°
Ray Sorted alpha values Min- Max-  Sorted alpha values with
values without the unique function alpha alpha the unique function

6 0.6667, 0.6667, 0.7778, 0.8889, 0.8889, 2.0,2.0 0.6667 0.8889  0.6667,0.7778, 0.8889
7 0.0, 0.6667, 0.6667, 0.7778, 0.8889, 0.8889, 2.0  0.6667 0.8889  0.6667,0.7778, 0.8889
10 | 0.0, 0.6667, 0.6667, 0.7778, 0.8889, 0.8889, 2.0  0.6667 0.8889  0.6667, 0.7778, 0.8889
11 0.0, 0.0,0.6667, 0.6667, 0.7778, 0.8889, 0.8889  0.6667 0.8889  0.6667, 0.7778, 0.8889
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Table 2
System matrix with and without the unique function at the projections of -25°, 0°, and +25°

Ray | System matrix without the unigue function (8 voxels)
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 1.003 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 0.0 0.0 1.003 0.0
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10 0.0 0.0 0.0 0.0 0.0 1.003 0.0 0.0
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.003
Ray | System matrix with the unique function (8 voxels)
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 1.003 0.0 0.0 0.0 1.003 0.0 0.0 0.0
7 0.0 0.0 1.003 0.0 0.0 0.0 1.003 0.0
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10 0.0 1.003 0.0 0.0 0.0 1.003 0.0 0.0
11 0.0 0.0 0.0 1.003 0.0 0.0 0.0 1.003
Layer 1 Layer 20 Layer 40

Lossless Reconstruction

Lossy Reconstruction

Figure 5. Lossless (first row: a, b, and c) and lossy (second row: d, e, and f) reconstruction. The geometric
structures of the circle (a), the square (b), and the diamond (c) were captured in the layers of 1 (a), 20 (b), and
40 (c), respectively applying system matrix with the unique function (lossless reconstruction). The geometric
structures of the circle (d), the square (e), and the diamond (f) could not captured in the layers of 1 (d), 20 (e),
and 40 (f), respectively applying system matrix without the unique function (lossy reconstruction)
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In this study, we tested and validated the effects of alpha-set on reconstructed images of the synthetic
multilayer phantom that includes the geometric structures of the circle, the square, and the diamond with the
size of 100x100x50 (Figure 5). When Figure 5 is examined, the first row (a, b, and c) are the lossless
reconstruction, which means the system matrix was implemented with the unique function. However, the
second row (d, e, and f) are the lossy reconstruction, which means the system matrix was implemented without
the unique function. In the qualitative assessment, it is clear that the circle, the square, and the diamond shapes
in the lossless reconstruction were captured in the layers of 1, 20, and 40, respectively. Applying special
functions in Matlab 2018b (e.i. unique function), the repetitive and zero-values of the alpha-parametric set
were eliminated for the ray path calculations and lossless reconstruction. Therefore, the importance and the
effect of alpha-set analysis in Siddon algorithm on reconstructed images should be taken into consideration in
medical imaging modalities to avoid lossy reconstruction.

Evaluating the calculation values of alpha set and system matrix, we strongly recommend using the unique
function after (2.8) step in the Siddon algorithm to avoid loss in data in system matrix for the 3D image
reconstruction modality.

4. Conclusion

The Siddon algorithm provides an efficient radiological path calculation for building up the system matrix
which is used in 3D image reconstruction applications such as computed tomography (CT) and digital breast
tomosynthesis (DBT) modalities. The system matrix includes the voxel array and intersection length array for
the interaction of the ray with the target object and is used to reconstruct the projections acquired from the
target for 3D imaging. Thus, obtaining correct data in the system matrix by the Siddon algorithm is a very
critical issue. The value of the elements of the system matrix is calculated by performing the calculation step
of alpha-set parameters in the Siddon algorithm. Due to appearing the consecutive values of some elements,
the intersection length calculation produces zero values that cause data loss in 3D image reconstruction. In this
study, we proposed an additional step in order to eliminate the same values of the consecutive values of the
alpha-parameter set which cause zero-valued intersection lengths. We performed both the Siddon algorithm in
the regular process and the Siddon algorithm with the additional step we proposed to avoid zero-valued of the
intersection length. Comparing the results in the system matrix for both methods, our proposal for the Siddon
algorithm provided not produce zero-valued of intersection length, thus avoiding the data loss in the system
matrix which is used in 3D image reconstructions in medical imaging. We proved our proposal by validating
the concept with the lossy and lossless 3D image reconstruction of a 100x100%50 size-synthetic phantom. For
future work, we aim to perform and test our proposal for the Siddon algorithm for the increased dimensions of
the system and applying it to the realistic phantoms
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Oz — Teknolojik gelismelerle beraber, mekansal tasarim yaklagimlari, kullanici deneyimi ekseninde ele alinmaya
baslanmistir. Tasarim dili ve okunabilirlik kavrami, teknoloji ve iretim yontemlerindeki gelismeler sonucunda
degisim gegirmektedir. Mobil teknolojilerin giinliik yagama entegrasyonu, 6zellikle grafik dilin giincellesmesine yol
acarken, piktogram ve sembollerin kullanimina yonelik yeni yontemler saglamaktadir. Kamusal yapilarda diizenleyici
mesajlar iletmek i¢in alternatif yollar bulunmasi amaciyla gorsel tasarimda yenilik¢i iletisim yaklasimlar
yayginlagmaktadir. Bu durum, daha islevsel ve kalici bir iletisim yontemi yaratarak saglanan etkilesimin yeniden
kavramsallastirilmasma yol agmaktadir. Miizeler, havaalanlari, oteller gibi kamuya agik alanlarda yon bulma
senaryosunun etkin kavramsal gelisimi, projelerde hedeflenen iletisim degerleri ve kullanict deneyimi hedeflerine
iligkin istenen tasarim sonuglarinin elde edilmesi agisindan 6nem tasimaktadir. Yonlendirme tasarimi, hedef kitleye
gore gelistirilmesi gereken, mekana uygunluk olusturan ve yapisal unsurlarla uyum iginde var olan disiplinlerarasi bir
tasarim yaklagimidir. Mimarlik egitimi, yeni uzmanliklarin getirdigi uygulamali egitim modelleriyle biitiinleserek
giincel ve ¢agdas bir nitelik kazanmaktadir. Mimarlik ve tasarim kavramlarinin ele alinig bigimleri agisindan kullanici
deneyimi odaginda gergeklesen yaklagimlarin baginda, yonlendirme tasarimi gelmektedir. Yonlendirme tasariminin
sonucu, mimari merkezli kullanici deneyimi olarak yorumlanabilecek karma bir yaklasimdir. Kalitatif bir yontemle
makalede sunulan ornek ¢aligma, Istanbul Ticaret Universitesi, Mimarlik ve Tasarim Fakiiltesi, I¢ Mimarlik
Boliimiinde yiiriitiicii yazar ve 6grenciler tarafindan siirdiiriilen 14 haftalik ders ¢iktilaridir. Arastirma, agiklanan
projenin segilen literatiirle iliskilendirilmesi yoluyla yénlendirme tasarimina ait disiplinlerarasi tasarim 6zellikleri ve
kullanic1 deneyimi niteliklerinin belirlenmesini amaglayarak, lisans egitiminde saglanan kazanimlarla ilgili bilgi
saglanmasim hedeflenmektedir. Bu baglamda, tasarim stiidyolarma danismanlik hizmeti saglayan yazarimn,
yonlendirme tasarimi konusu ekseninde, egitmen kimligiyle bagli oldugu kurumda gergeklestirdigi uygulamali dersin
detayli agiklamalar1 ve sonuglar1 paylasiimaktadir.
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Abstract — Design language and readability concepts change rapidly as a result of advancements in technology and
production methods. Along with technological developments, spatial design approaches have started to be considered
centered on user experience. As a result of this change, architectural approaches gain an up-to-date and contemporary
quality with the applied education models brought by a new expertise. Wayfinding design is one of the main expertises
focused on user experience, merging architecture and graphic design into one. It is an interdisciplinary design approach
that needs to be developed according to the target audience, providing suitability for the space and existing in harmony
with structural elements. The result of wayfinding design is a hybrid product that can be interpreted as an architecture-
centric user experience. The case study presented in the article is the 14-week course outcomes carried out by the
author and students at the Istanbul Commerce University, interior architecture class. The research aims to identify the
interdisciplinary design features and user experience qualities of wayfinding design by associating the described
project with the selected literature, and to provide information on the educational achievements in undergraduate
education. In the study, detailed explanations and results relevant to the applied 14 week-long project based on
wayfinding design that has been managed by the author, are presented. The primary originality of the research is the
aim of explaining the orientation of wayfinding design method in terms of an integrated approach to graphic design
and architecture, in line with the objectives of the study.
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1. Giris

Tasarim disiplini a¢isindan yon bulma kavrami, yonlendirme olarak adlandirilir. Yo6nlendirme (wayfinding)
teriminin ilk kullanimi Kevin Lynch (1960) tarafindan gerceklestirilerek, kavram 'The Image of the City'
kitabinda deneyimi gelistirmek igin bir firsat olarak agiklanmustir. Lynch, (1960), yonlendirme kavramini 'dig
cevreden alinan belirli duyusal ipuglarinin tutarli kullanimi1 ve organizasyonu' olarak tanimlamaktadir. Yazar
kitabinda cadde adlarini, bina numaralarini, haritalar1 ve ilgili nesneleri, kentsel yon bulma 6geleri olarak ifade
etmistir. Kitap, kentsel planlama ve mimaride yeni bir yaklasim sunarak tasarim alanina Belirgin Yer Objesi
terimini hediye etmistir. Bu fikir, yon bulmayla ilgili tutarli bir tasarim senaryosu elde etmek icin belirli
navigasyon unsurlarini vurgulama ihtiyacini ortaya ¢ikarmaktadir. Yonlendirme tasarimi, benzersiz bir sonug
tiretmek i¢in farkli tasarim bi¢imlerini birlestiren zorlu ve yaratici bir firsattir. Piaget ve Inhelder, (1967), yon
bulmanin ¢ocuklukta 6grenilen ve yetiskinlige kadar gelisen bir yetenek oldugunu ifade etmektedir. Fizyolojik
olarak yon bulma, koku alma, duyma, gérme, dokunma ve hatta tat alma gibi duyular araciligiyla
gergeklesebilir. Bu siireg, bireysel farkliliklar sonucunda kisiden kisiye farklilik gosterebilen, biligsel
yeteneklerle ilgili bir deneyimdir. Topluma etkin bir sekilde hizmet verebilmek igin yoOnlendirme
senaryolarmin projenin bagindan itibaren tasarim siireglerine dahil edilmesi ve uygulanmasi gerekliliginin
nedeni budur. Aligveris merkezi, otel, havaalani, akvaryum, miize ve okul gibi kamuya acik binalarda, yapinin
biitiinliigiine uygun marka kimligiyle uyumlu bir yonlendirme stratejisi tasarlanmalidir. Calismanin literatiir
boliimiinde, temel kavramlar anahtar kelimelerle iliskilendirilerek aragtirmanin nedenselligine uygun diisecek
sekilde sunulmaktadir. Aragtirmanin temel 6zgiinliigii, grafik tasarim ve mimarinin biitiinlesik bicimde ele
alinmasina olanak veren yonlendirme tasarimi yonteminin egitim kurumlarinda uygulanmasiyla ilgilidir. Bu
amagla kurumlarda geleneksel mimarlik egitimi iceriginde bulunmayan tasarim yaklasimu, ilk defa yiiriitiicii
tarafindan yonetilen ders dahilinde uygulanarak, tartisma bolimiinde degerlendirme bulgulart 1s18inda
yontemin egitimdeki yerinin ve dneminin ac¢iklanmasi hedeflenmektedir.

2. Materyal ve Yontem

Caligmanin yazar1 akademik goérevinin yani sira saygin bir tasarim stiidyosunda uluslararasi éneme sahip
projelere yonlendirme tasarimi konusunda danigmanlik vermektedir. Yazarin bagli oldugu egitim kurumunda
verilen mimarlik egitiminde, ilk defa olarak bir ders yonlendirme tasarimi odaginda hazirlanmistir. Calismada,
tartisma kisminda sunulan 6rnek projelere dayanarak, 6grencilerin disiplinlerarasi tasarim becerileriyle ilgili
kazanimlar saglanmasina yonelik agiklamalarda bulunulmaktadir. Aragtirmanin temel amaci, tasarimin
disiplinleraras1 dogasinin ortaya konulmasi amaciyla farkli tasarim dallarini birlestiren 6zgiin projelerin,
calismanin hedefleri dogrultusunda literatiirle iliski icinde degerlendirilmesinin sagladigi bulgulara
ulasilmasidir. Bu baglamda kalitatif bir arastirma olarak ele alinan c¢alisma, yoOnlendirme tasariminin
disiplinleraras1t ozelliklerinin belirlenmesi hedefiyle kurgulanmistir. Mimarlik, grafik ve iiriin tasarimi
ekseninde olusan kullanici deneyimine ait etkilesim Ozelliklerinin belirlenmesi, yonlendirme tasariminin
disiplinlerarasi dogasinin agiklanmasina olanak saglayabilir. Aragtirmanin sundugu ana hipotez ‘yonlendirme
tasarimin disiplinleraras1 bir tasarim yontemi’ oldugudur. Takip eden boéliimlerde aciklandigi iizere
yonlendirme tasarimi, yaratici disiplinlerin yani sira sosyoloji ve psikoloji gibi sosyal bilimlerin de etkisi
altindadir. Bu durumun temel sebebi yonlendirme tasariminin yiiksek kullanici deneyimi 6zelliklerinin
bulunmasidir. Calismada kullanilan malzemenin iki grupta agiklanmast miimkiindiir. Birinci grup, ¢caligmayla
ilgili baslik, hipotez ve hedefler ile iliskili olarak segilen literatiirden olusmaktadir. Ikinci grup ise ¢alismanin
bashgmnda sunulan Istanbul Ticaret Universitesi, Kiigiikyali Kampiisiine yonelik gergeklestirilen projelerin
tartisma boliimiinde agiklanmasinda olusmaktadir. Bu baglamda calismanin tartisma boliimil, sunulan
projelerin literatiirle iliski i¢inde degerlendirilmesini, sonu¢ bdlimii ise bulgularin agiklanmasini
kapsamaktadir.
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2.1. Yonlendirme Tasarimi

Yonlendirme tasarimi, sehirlerde navigasyonu artirmaya yonelik metodik bir yaklagimdir. Gibson, (2009)
tarafindan belirtildigi ilizere, kavram, grafik tasarim ve mimari tasarimla ilgili mekansal uygulamaya yonelik
herhangi bir iletigimi tanimlamak i¢in tercih edilen genel bir terim haline gelmistir. Kamusal yapilar, parklar
ve alanlar, ziyaret¢iler icin numaralandirma, isaret ve diger dijital grafik uygulamalar yoluyla kolay dolasimin
saglanmasi i¢in geliskin yonlendirme sistemleri sunarlar. Ziyaretgilerin ilk defa ziyaret etikleri bir yapida
dogru rotay1 kaybetmesi siklikla yasanan bir durumdur. Eksik veya gelismemis yonlendirme senaryolari, yon
bulma ve dolasimla ilgili belirli sorunlara yol acabilir. Yonlendirme sistemlerinin 6zellikleri, bireysel verimi
artirmasi ve gelistirmesiyle ilgili bir¢ok arastirma yapilmaktadir (Holscher vd., 2007). Bu durum, yonlendirme
senaryosunun konumsal 6nemi ile kamusal alanlarda kullanilan iirlinlerin sahip oldugu nitelikler arasinda
bulunmasi gereken tutarlilifin incelenmesinin gerekliligini ifade etmektedir. Kamusal yapilarda bulunan
yonlendirme elemanlar araciliiyla iletilen mesajlar, sagladigi konumlandirma ve ydn bulma bilgisiyle
ziyaretci ve personel trafigini diizenler. Yonlendirme iiriinleri konumlarinin biiylik 6l¢iide yonlendirme
senaryosuna bagli olmasi sebebiyle, tiim elemanlarin yapinin 6zelliklerine ve hedeflerine uygun sekilde
yerlestirilmeleri gerekir. Yapiya finansal deger katan yonlendirme tasarimi, sundugu estetik ve bilgilendirici
uygulamalarla bireysel sosyal deneyimi artirmanin yani sira, giivenlik, bilgi ve gezinme gibi ihtiyaclara yonelik
cozlimler sunar. Yonlendirme tasarimi senaryolar1 dzellikle acil durumlarda yiiksek hizmet degeri tasir. Bu
nedenle yonlendirme elemanlarinin, olas1 bir krizin kontrol altina alinmas1 ve karisiklik yaratilmadan halkin
diizenlenmesi hedefiyle acik bilgiler ve direkt mesajlar saglamasi gerekmektedir. Sekil 1’de yapilarin ig
mekanlarinda konumlandirilan kat yonlendirmesi goriilebilmektedir.

Sekil 1. Somerset yonlendirme elemani. (Whybrow.co.uk)

Montello ve Sas, (2006), yonlendirme tasarimi hedefiyle yapilarda kullanilan isaretlerin net olmadigi ve
bilginin ¢ok karmagik aktarildigi durumlarin oldugunu ifade etmektedir. Aktarilan bilginin hedef kitle i¢in
diizensiz oldugu veya tutarsiz sekilde iletildigi durumlarda, yon bulma elemanlar diizensizlik veya panik
yaratabilir. Bu tiir durumlarda y6n bulmanin bilissel olarak islenmesi kafa karistiric olabilir, yani kisi mekan
icinde oryantasyonunu kaybedebilir. Sorunlarin ¢6ziimii, yonlendirme senaryosuna ait tutarli bir icerik,
iletisimsel birlik ve 6zgiin bir kullanici deneyimi saglanmasidir. Etkin bir ydnlendirme saglanmasi i¢in tasarim
Olciitlerine ait degerler liste halinde sunulmaktadir.

1) Mimari Degerler: Yapisal ve kavramsal sartnamelerin uygunlugu.

2) Mekansal Degerler: Yapi i¢inde kolay dolasim saglanmasi.

3) Grafik ve Estetik Degerler: Gorsel ve iletisimsel tutarlilik.

4) Giivenlik Degerleri: Acil durumlar i¢in diizenleyici bilgi saglanmasi.

5) Hizmet Merkezli Degerler: Kamu ve hizmet rehberliginin diizenlenmesi.
6) Peyzaj Degerleri: I¢ ve dis ¢evre uygulamalarimin biitiinselligi.
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Toplumsal agidan algilanan degerler siklikla estetik ile ilgili 6zellikler olsa da, projelerin gergek dnemi biiyiik

Olgiide giivenlik ve hizmet temelli degerlere baglidir. Listelenen tiim degerlerin biitlinselligi, sunulan
deneyimin kalitesini tutarli bir sekilde garanti etmekte, yiiksek kullanici deneyimini saglamaktadir.

2.1.1. Yon Bulma Tasarimin Ozellikleri ve Asamalar

Klippel, (2004), yonlendirme senaryosunun mekansal bir dil olusturulmasi igin toplanan rota bilgilerinin
islevsel bir karakterizasyonu hedefledigini ifade etmektedir. Bu ifadeye dayanarak yonlendirme tasariminin
ozellikleri hakkinda davramigsal-deneysel alanla ilgili belirlemeler yapilabilmektedir. Yonlendirme
bicimlerinin zihinsel kavramsallastirmalari, bireysel davranis kaliplarina dayanir. Bu durum, yonlendirme
hedefiyle, yol bulma ve rota bilgisinin iletisimi baglaminda yapisal kavramlardan ziyade biligsel islemlerin
hakim oldugu anlamina gelir. Yonlendirme, rotalarin kavramsal uzamsal islenmeleridir. Bilissel islemlerin
aktive olmasi i¢in gereken bilgi iletisimi, bircok durumda dijital etkilesimli sistemler tarafindan
saglanmaktadir (Sekil 2). Dijital uygulamalar, bilissel islemin zorluk seviyesini kullanict kimliklerine gore
diizenleyerek, yonlendirme verimini artirmaktadir.

Sekil 2. Airdesign tarafindan tasarlanan Kanyon dijital yonlendirme elemani

Yonlendirme senaryosu tasarlanirken dikkate alinmasi gereken bazi adimlar vardir. Tutarli bir tasarim
olusturmanin yani sira kullanici deneyimi hedeflerine ulagabilmek i¢in, yonlendirme senaryosuna ait ana
temanin, yapisal tema ile 6nceden tanimlanmis kavramlar iizerinden iligkili bir bagi ve anlami olmalidir. Kamu
hizmetler hedefleyen isletmelerin, sunulan deneyimi kazangli gelirler getirecek sekilde yapilandirmasi gerekir.
Yonlendirme temalarinin uyum saglamasi gereken tasarimsal bazi degerler bulunmaktadir. Oncelikle
okunabilirlik ve algilanabilirlik, yonlendirme tasariminin en énemli 6zellikleridir. Senaryo elemanlar1 dogru
konumlarda baslangic noktasindan varig noktasina kadar etkin bir rota olusturmalidir. Yonlendirme
senaryolarinda gorsel bir kirlilik yaratmadan gereken sayida yonlendirme elemam kullanilmali, iriinler
kolayca fark edilebilecekleri noktalara, belirlenen adetlerde, miimkiin oldugu ol¢iide kismen gizlenerek
yerlestirilmelidir. Boylelikle biitiinsel mekan algisin1i bozmadan ihtiyag duyuldugu anlarda algilanabilecek
iiriinler, sunulan deneyime katki saglayabilirler. Kamusal yapilarda kullanilan yonlendirme senaryosu, genel
olarak numaralandirma sistemi, kurumsal kimlik, tipografi tasarimi, piktogram seti tasarimi, i¢ mekan ve dig
mekan tabelalari, dijital ve etkilesimli tabelalar ve otopark isaretlerinden olusur. Etkili yonlendirme iiriinii
tasarlarken uygulanmasi gereken bazi prensipler mevcuttur, bu prensipler liste halinde sunulmaktadir.

1) Okunabilirlik: Tabelalarin metinsel ve gorsel netligi.
2) Uretim Kolaylig1: Maliyet etkinligi ve iiretilebilirlik.
3) Erisilebilirlik: Arayiiz tasariminin kullanici kimlikleri agisindan uygunlugu.
4) Kullanim Kolayligi: Kullanic1 dostu ergonomik ve antropometrik 6zellikler.
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5) Algilanabilirlik: Kolaylikla taninan ve algilanabilen tiriinler.

6) Tesvik Saglama: Ikna edici iletisim kullanima.
7) Tutarhilik: Rota olusturmak i¢in konumlarin iliskilendirilmesi.
8) Karlilik: Estetik degerlerin finansal faydalart.

Havaalani, alisveris merkezi ve miize gibi genis kullanic1 kimliklerine hizmet saglayan yapilarda ziyaretci
kimlikleri farkliliklar gosterebilmektedir. Bu amagla herkesle iletisim kuran kaliteli ve genis kapsamli bir
senaryo saglanmasi son derece onemlidir. Cogu ziyaretcinin ortak dil konusamamasi veya aym alfabeyi
kullanmamas1 sebebiyle, kamusal yapilarda saglanan iletisim biiyiik dl¢iide piktogram adi verilen grafik
sembollere baghdir. Pikrogramlar, herkes tarafindan goriilebilme, farkedilebilme ve algilanabilme 6zellikleri
ile cok cesitli iletisimsel ¢oziimler sunarlar. Ayrica yapiin algilanan kimligine vektor temelli 6zellikleriyle
yiiksek kaliteli gorsel deger katarken, mesajin iletilmesi i¢in metine gore fiziksel olarak daha az yer kaplarlar.
[letisim amaciyla kullanilan yonlendirme elemanlari, proje gereksinimlerine bagli olarak teknoloji, tip ve say1
bakimindan farklihk gosterebilir. Onemli olan projenin ihtiyag¢ duydugu sayida ve ozellikte elemanlarm
tasarlanarak kurumsal senaryo dogrultusunda kullanilmalaridir.

2.1.2. Mimari ve Yonlendirme

Arthur ve Passini, (1992), bireyci bakis agisindan yon bulmay1 bilgiyi isleme, karar verme (planlama) ve yii-
rliitme agamalarindan olusan kavramsal bir problem olarak ele almaktadir. Bu ifadeye gore kamusal yapilarda
gezinti rotas1 boyunca ilerlenmesi i¢in, ilerlemeye (locomotion) dair siirecin ve asamalarin proje esnasinda
detaylandirilmasi1 gerekmektedir. Her bireyin farkli diizeyde biligsel yeteneklere sahip olmasi nedeniyle yon-
lendirme tasariminin degisen kullanic1 gereksinimlerine uygun stratejiyle gelistirilmesi gerekmektedir. I¢c me-
kanlarda kullanilan grafik 6geler, cogunlukla merkezin icerigine bagli olarak iletisimsel hedeflerle kisa ve
uzun vadeli ¢oziimler bi¢iminde hizmet vermektedir. Kalici tabelalar yon, dolagim, igerik ve giivenlik ile ilgili
temel bilgileri saglar. Merkezin stratejisine bagli olarak bazi sergilerde kullanilan gegici yonlendirme eleman-
lar1, kalic1 elemanlar iglevinde de kullanilabilir. Donemsel ve mevsimsel sergiler, deneyimi gelistirmek icin
siklikla sergi konusunda bilgilendirici grafik elemanlar kullanmaktadir. Yonlendirme, yol bulma ve rota se-
¢imi, problem ¢ozme ve karar verme yeteneklerini igerir (Montello ve Sas, 2006). Bu durum, yonlendirmenin
esas olarak biligsel yetenegi tetikledigini ve ardindan yiiriitme stirecini gergeklestiren psiko-motor becerilerin
devreye girdigini ifade etmektedir. Ideal bir yon bulma senaryosu, yapisal projeye senkronize olarak tasarla-
nabilir. Binalarin i¢ duvarlarina konumlandirilan yonlendirme elemanlar1 ve piktogramlar yapiyla birleserek
mekanin biitiinlesik algilanmasini saglamaktadir (Sekil 3). Bu tip uygulamalar sayesinde hedeflenen uygulama
kalitesi ve saglanan deneyim, merkez ve ziyaretci agisindan karsilikli olarak tatmin edici bir seviyeye ulasila-
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Sekil 3. i¢ mekan yonlendirme uygulamasi, North Glasgow College (Weareendpoint.com)
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Sehirlerdeki niifus artisi, giinliik yasamin belirli dinamiklerini ve ihtiyaglarini yeniden diistinmenin gereklili-

gine yol agmigtir. Kamusal yapilarda artan yatay ve dikey alanlarin bir sonucu olarak, dolagimin diizenlenmesi
gereksinimi, organizasyonel bir ¢6ziim ihtiyact dogurmaktadir. Mekansal yonlendirme ¢6ztimleri, islevsel bir
hareket saglanmasi igin dikey ve yatay sirkiilasyonu (dolagim) planlar. Yatay sirkiilasyon kat ve alanlarinda
gerceklesirken, dikey sirkiilasyon asansdr, merdiven ve yiiriiyen merdivenlerde meydana gelir. i¢ mekanlar
siklikla daha kiiciik odalara boliinebildiginden, goriis alan1 dar olabilir. Ozellikle deneyimsiz ziyaretgiler igin
dikey sirkiilasyonu algilamak her zaman kolay olmamaktadir, ancak dikey dolasim, bireysel ve toplu dolagim
icin yon bulma performansini artirmada pratiklik saglamaktadir. Yonlendirme elemanlarinin ziyaretgilerin dii-
zenlenmesi amaciyla merdiven ve asansor gibi potansiyel olarak asir1 kalabalik dikey sirkiilasyon noktalarina
konumlandirilmasi, y1gilmalar: biiytik dl¢iide 6nleyebilmektedir. Cok sayida galeri ve inis platformundan olu-
san aligveris merkezleri ve havalimanlar1 gibi yapilarda, kaybolunmasi siklikla karsilasilan bir durumdur. Bu
gibi durumlarda, yolcular otomatik olarak bir referans veya danisma noktasi arayisina gegerler. Genellikle
taniyan birinin yonlendirmesi veya toplanma noktasi yonlendirmeleri, kaybolan yolcularin bireysel rotalarina
donebilmeleri i¢in gereken bilgiyi saglayabilmektedir.

Calori ve Vanden-Eynden, (2015), yon bulma igin kullanilan belirgin yer objelerini 'mekan iginde benzersiz
bir fiziksel goriintii yaratan iiriinler' biciminde ifade etmektedir. Belirgin yer objeleri net goriis hatti ile kesisen
yiiksek goriiniirliige sahip nesnelerden olusur ve yap1 icinde bulunan kavsaklara yerlestirilir. Ik defa merkeze
gelen ziyaretgiler icin bilinmeyen bir alanda ilerlemek genellikle zor oldugundan, yer degistirirken baskalari
tarafindan saglanan biligsel haritalara (tarif), yonlendirme elemanlarina veya yon duygularina giivenirler. Bag-
kalar1 tarafindan saglanan talimat ve tarifler gogunlukla bir belirgin yer objesinin kullanimini igermektedir.
Gorseller, grafikler, metinler ve reklam panolar1 gibi iletisimsel elemanlar, rotay1 olusturan iki nokta arasinda
gerekli yardimce bilgileri saglayabilir. Yapinin igindeki biligsel yonelim siirecini takiben ziyaretgi, hangi rotay1
takip edecegi hakkinda zihinsel bir harita olusturabilir. Yonlendirmenin temel amaci, 6n deneyimi bulunmayan
Ziyaretgilerin kendi kendilerine yon bulmasina olanak saglamaktir. Yonlendirme tasariminin sundugu verilerin
farkli gecmislere sahip ziyaretgiler tarafindan iligkilendirebilecek bir bigime doniistiiriilmesi, cok katmanli bir
tasarim stratejisinin genis bir sekilde uygulanmasini gerektirmektedir.

2.2. Mekansal Yon Bulma Elemanlar1

Passini (1984), bilginin biligsel olarak degerlendirilmesini karar verme, yliriitme ve isleme olarak ii¢ asa-
mada siniflandirmaktadir. Kamusal bir yapida ziyaretcilerin bilgileri isleyebilmesi i¢in gereken igerik, harita-
lar, semboller, piktogramlar ve tabelalar gibi elemanlar tarafindan iletilir. Bilgi tasariminda en etkin yaklagim,
mimari ve grafik tasarimin yonlendirme senaryosu agisindan biitlinlesik bi¢cimde ele alinmasidir. Yonlendirme
amaci icin kullanilan elemanlar, grafik ve endiistriyel {iriin tasarimi disiplinlerinin karma sonuglaridir. Hare-
ketli grafikler, stok video ve ses igerikleri, giincel uygulamalarda gorsel olarak tutarli iletisimi destekleyen
tekniklerdir. Siklikla iletisimin kisa ve direkt tutulmas1 amaciyla infografikler ve piktogramlar kullanilmakta-
dir. Uygun bir tipografi, mimari diizenlemelerle tutarliligin yani sira yon bulma stratejisine de katki saglar.
Tasarlanan tipografik deneyim gelistirilerek, yapisal icerikle uyumlu olmalidir (Sekil 3). Yonlendirme tasari-
minda en énemli 6zelligin okunabilirlik olmasi nedeniyle, kullanict dostu ve algilanmasi kolay arayiizler, mi-
safirlerin merkezle daha kolay baglanti kurmasini saglayabilmektedir. Kolay dolasim saglanmasi amaciyla
yapilarda kullanilan iiriin temelli grafik ve tipografik uygulamalar, merkezle ilgili yonlendirme bilgilerini sun-
maktadir (Sekil 4).

Yonlendirme tasarimi, sembollerin, piktogramlarin ve infografiklerin kullanimindan olusur. Lankow vd.,
(2012) infografiklerin her tiirlii veriyi, igerigi, kronolojiyi ve hiyerarsiyi gorsel olarak aktarabildigini belirt-
mektedir. Sembollerin ve piktogramlarin temel dogasi en basit bilgi bi¢imini tagirken, infografikler herhangi
bir boyuttaki verisel igerigi diizenlenmis bir sekilde, bilgi kayb1 olmadan aktarabilen grafik diizenlemelerdir.
Piktogramlar genellikle sagladiklar anlik algi nedeniyle yogun hareketliligin oldugu alanlarda tercih edilirler.
Ozellikle acil ve giivenlik durumlarinda her kamusal alanda kullanilan giivenilir yénlendirme elemanlarinin
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tagidigi igerikler piktogramlardan olugur. Yonlendirme elemanlarinin, amag, iglev, konum ve igerige bagli ola-

rak bir siniflandirilmasi mimkiindiir.

1) Yénlendirici elemanlar, ziyaretgilerin hareket akisin1 ve hizini diizenler. Ornegin bir terminal bina-
sinda yolcularin zaman kaybi olmadan binis kapilarina ulagmalar1 beklenir. Yatay ve dikey alanlara
yerlestirilmis yonlendirme elemanlari, yazili metne ihtiya¢ duyulmaksizin numaralandirma sistemleri
ve piktogramlar araciligiyla temel bilgileri saglayarak yolculari yonlendirirler.

2) Tanimlayici elemanlar, bebek bezi degistirme odasi gibi alanlarin varligini ve islevselligini sunarlar.

3) Bilgilendirici elemanlar, basili medya ve dijital kiosklar1 kullanarak bilgi saglarlar. Bu tiir igerik, dii-
zenli olarak giincellenebilir.

4) Diizenleyici elemanlar, kullanim kosullari, uyarilar, giivenlik diizenlemeleri ve yasal kurallar hakkinda
bilgi saglarlar. Ornegin, otopark alanlarindaki hiz smir1 uyarilar1 ve yasal diizenlemelerle ilgili bilgi-
lendirmeler, diizenleyici iletisimlerdir.

Yonlendirme tasariminin projeye kattigi islevsel degerlerin yani sira, bireysel gezintiyi ve mekansal algiy1
gelistiren yapisi, merkezin duygusal ve finansal degerini de artirmaktadir. Bu sebeple kamusal merkezlerde
sunulmasi hedeflenen islevsel verimlilik, zaman kaybini ve stres kaynaklarini azaltarak olumlu bir kullanict
deneyimi saglanmasini amaglar.

Sekil 4. Kat Planlar1, North Glasgow College (Weareendpoint.com)

2.3. Yonlendirme Tasarimina Etki Eden Tasarim Disiplinleri

Tiim ydnlendirme senaryolari, disiplinlerarasi tasarim yaklagimlarinin sonucunda tasarlanan dijital ve fi-
ziksel tirlinlerden olusur. Bu amagla, yonlendirme stratejisinin sagladig iletisimin ti¢ farkli agidan degerlendi-
rilerek sunulan bilginin niteliginin, konumunun ve ne sekilde iletilmesi gerektiginin belirlenmesi gerekir. Bi-
nanin yapisal 6zelliklerine, ziyaret¢i kimliklerine ve igerige gore konumlandirilan elemanlar belirlenen rota ve
alternatifleri boyunca konuklar1 yonlendirirler. Destekliyici bilgiler belirgin yer objesi olarak kullanilan kavsak
noktalarinda goriiniir ve akilda kalici fiziksel {irlinler aracilifiyla saglanarak farkli rota se¢imleri sunarlar (Gér-
ling vd., 1983). Yerlesik sehirlerde navigasyonu saglayan belirgin yer objeleri anit, bina veya bir aga¢ olabil-
mektedir. Kentliler bu nesneleri referans olarak kullanarak, yonlendirme saglayabilir. Bu tip noktalar aym za-
manda toplanma, bulusma veya dinlenme amaciyla kullanilirlar. Viaene vd., (2014), belirgin yer objelerini,
yapisal dzellikleri vurgulayan mekansal temsil elemanlari bigiminde ifade etmektedir. i¢ ve dis mekanda ko-
numlandirilan anahtar nesneler, 6zellikle deneyimsiz konuklar i¢in yol bulma amagli bir referans noktasi sag-
lar. Baski ve grafik tasarim tiriinlerinin, renk, malzeme, aydinlatma ve doku uygulamalariyla belirgin yer ob-
jeleri olarak kullanilmalar, iiriinleri kigisellestirmenin yani sira hizli algilanmalarina da imkan vermektedir.
Grafik kisisellestirmeler, belirgin yer objesi olarak kullanilan iiriinlerin mekan ile iliskisinin grafik olarak vur-
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gulanmasini saglayarak, farkli, pratik ve estetik ¢oziimlerle elemanlarin tanimlanabilirligini artirmaktadir. Ya-

pilarda konumlandirilan bilgilendirici grafik uygulamalar, mimari igine entegre edilen etkin ve estetik iletisim
saglamaktadir (Sekil 5).

Sekil 5. The Bower, Grafik Uygulamasi (Weareendpoint.com)

Yonlendirme stratejilerinin gerektirdigi iiriinler, disiplinlerarasi tasarim yaklagimlarinin iiretimlerinden olus-
maktadir. Yonlendirme tasarimi, diger tasarim disiplinleri, sosyal bilimler ve bilisim alanindan etkilenen bir
yontemdir. Fiziksel ve sanal etkilesim tiirlerinin yonlendirme stratejileri {izerinde etkisi bulunmaktadir. Mi-
marlik, i¢ mimarlik, endiistriyel, iletisim, grafik, etkilesim, arayiiz ve ¢evresel tasarimin yani sira psikoloji ve
sosyoloji, yonlendirme tasariminda biitiinlesik kullanici deneyimini olusturmaktadir. Bu disiplinlere bagli ola-
rak kurgulanan yonlendirme stratejisinin 6zgiinliigi, dijital ve fiziksel olarak tiretilen elemanlarin {iretim kali-
telerinin korunmasiyla iliskilidir. Ozgiin iiriinler tasarlanmasinin yani sira kullanici kimlikleriyle etkilesim
saglayan icerigin tasarlanmasi ve sunulmasi, iletisimin kalitesi agisindan 6nem tasimaktadir. Kullanilabilirlik
esaslar1 dogrultusunda kullanici kimlikleriyle etkilesim kuran iiriinlerin basarisi, olusan kullanici deneyiminin
basarisinda belirleyici etkendir. Disiplinlerarasi tasarim siireclerinin erigilebilirlik kurallariyla biitiinlesik se-
kilde ele alinmasinin saglayacagi etki, yonlendirme senaryosunun kullanici deneyimiyle ilgili kazanimlarini
ortaya koyar. Bu sebeple yonlendirme tasarimi, farkli tasarim disiplinlerinde uzmanliklari olan tasarimcilarin
biitiinlesik emegi sonucunda gelistirilen bir yontemdir. Bir¢ok tasarimci zaman iginde farkli tasarim disiplin-
lerinde uzmanlasarak arakesit 'melez' tasarimei kimligi ve becerisi kazanmaktadir. Uebele, (2007), farkli kim-
liklerdeki tasarimcilarin gelistirdigi projelerde, yiiksek kullanici deneyimi degerine ulasmanin ancak mekansal
deneyim agisindan biitiinliik ve tutarlilik saglayan, iiretken bir yon bulma sistemi sayesinde gergelesebilece-
ginden bahseder. Bu ifade, melez tasarimcinin roliinii vurgulayarak yonlendirme tasariminin disiplinlerarasi
niteliklerini yansitmaktadir. Kullanic1 deneyimi tasariminin sosyal bilimlerle olan iliskisi neticesinde melez
tasarimcilarin kullanicilara ait demografik, psikolojik, sosyolojik ve pedagojik 6zellikleri degerlendirmeleri,
farkli kimliklere uygun yonlendirme tasarimi senaryosu olusturulmasi hedefiyle alanlarin birbirleri iizerindeki
etkilerini ortaya koymaktadir.
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3. Bulgular ve Tartisma

Y 6nlendirme tasariminin disiplinlerarasi dogasi, 6zgiin tasarim diline sahip melez iiriinlerin gelistirilmesine
imkan vermektedir. Aragtirmada sunulan proje, Istanbul Ticaret Universitesi, Mimarlik ve Tasarim Fakiiltesi,
I¢ Mimarhik Béliimii tarafindan uygulanan ve yazar tarafindan yiiriitiilen 14 haftalik bir dersin ¢iktilaridir.
Ogrencilerin bireysel veya ikili gruplar halinde hazirladiklar1 projelerden secilen 6rnekler, literatiire dayanan
ve ¢aligmanin hedefleriyle ortiisecek bigimde farkli bagliklar altinda sunulmaktadir. Bu yaklasimin amaci ayni
konularda olusturulan farkli yaratici fikirlerin ortaya konulmasinin saglayacagi 6zgiinliigiin agiklanmasidir.
Caligmada, ilk asamada mevcut kurumsal kimligin incelenmesi, secilen temalar dogrultusunda yeniden
tasarimi ve yonlendirme senaryosuna uygulanmasinin sonuglart paylagilmaktadir. Bu baglamda arastirma,
ornek projelerde sunulan yonlendirme stratejisi ve {irlinlerini iletisim merkezli kullanici deneyimi tasarimi
ekseninde belirlemekte ve incelemektedir.

3.1. Ticaret Universitesi Kiiciikyall Kampiisii, Mevcut Durumun Degerlendirilmesi

Istanbul Ticaret Universitesi, Kiigiikyali Kampiisii, Mimarlik ve Tasarim Fakiiltesi ile Miihendislik
Fakiiltesine ev sahipligi yapmaktadir. Universite kullanimima uygun olarak insaa edilmemis olan komsu
yapilar, giincel ihtiyaglara uygun sekilde diizenlenerek bir egitim kurumuna hizmet vermektedir. Kampiisiin
deneyimlenmesiyle ilgili beliren en biiyiik ihtiyaclarmn baginda dolagimla ilgili sorunlar mevcuttur. Ozellikle
mekansal 6n deneyimi olmayan veya az olan ziyaretgciler, genellikle personel yonlendirmeleri ve tariflere
dayanarak dolagim saglamaktadir. Proje siireci dahilinde tespit edilen ve tanimlanan yonlendirme ihtiyacinin
giderilmesi amaciyla yapic1 ¢oziimler getirilmesi amaglanmaktadir. Bu baglamda g¢aligmanin hedefleri
dogrultusunda mevcut durumun ortaya konulmasi ve degerlendirilmesi gerekmektedir. Ana girig alaninda
personel, giivenlik ve yonlendirme ihtiyacim1 karsilamaktadir (Sekil 6). Bahge girisinde bulunan fakiilte
tabelalari, gorsel ergonomiye uygun sekilde konumlanmamustir (Sekil 7). Bahge kisminda belirgin
yonlendirme elemani veya kurumsal uygulama bulunmamaktadir. Bina iistiinde olan uygulama yayalara ait
gorsel ergonomiye gore yiiksektir (Sekil 8). Blok ve fakiilte tabelalar1 farkli ve renk tonlarinda ve tipografik
ozelliklerde olmalar1 sebebiyle kurumsal kimlige uygun degildir (Sekil 9). Oda numara ve isimleri mevcut
kurallara uygun degildir, bir kismi tabela kalin karakterler ile yazilmigtir (Sekil 10). Universitede mevcut
kullanimda olan iiriinler arasinda kurumsal kurallara ortak uygunluk bulunmamaktadir. Baz: iiriinlerin kismen
kurumsal kimlige uygunlugu mevzu bahisken birgogunun uyumsuzlugu, Universite'nin tiim kampiislerinde
kullanilan uygulamalarin yeniden ele alimmasinin gerekliligini ortaya koymaktadir. Bu amagla ¢alismanin
ilerleyen boliimlerinde,gergeklestirilen projeler arasindan segilen 4 6rnek sunulmaktadir.

Sekil 7. Bahge girisi
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CIM Laboratuvar
Fizik Laboratuvan

Mihendisiik Fakuitesi

Mikroiglemci Laboratuvan

Sekil 10. Oda numara ve isimleri

3.2. Projeler

Smif ¢aligmalarindan secilen 4 adet proje boliimlere ayrilarak sunulmaktadir. Bu sekilde sunulan projelerle
ilgili dersin sagladigi kazanimlarin ortaya konulmasina galigilarak, yonlendirme tasariminin disiplinlerarasi
ozelliklerinin belirlenmesi hedeflenmektedir.

3.2.1. Kurumsal Kimlik Tasarim

Kurumsal kimlik tasarimi markalarin, bireyleri ve kurumlarin gorsel algi nezdinde kendilerini ifade etmelerine
olanak saglayan grafik kurallardir. Bu hedefle dgrenciler projelerinde farkli yaklasimlarla kurumsal kimlik tasarim
uygulamalar1 gergeklestirmislerdir. Asagida sunulan 4 proje igin secilen kurumsal kimlik detaylar1 paylagilmaktadir.
Universitenin mevcut renklerinden yola ¢ikarak tercih edilen renk gamina ait degerler ve uygulamalari
sunulmaktadir. Ogrenci kurumsal sar1 renginin tiirevleriyle iletisimde katmanli bir strateji tercih etmis ve
uygulamistir (Sekil 11). Tipografik hedeflerle her dgrenci farkli ve 6zgiin yaz tipleri segmistir (Sekil 12). Tkinci
projeye ait yazi karakteri okulun algisal tonalitesini ortaya koyarak gerekli yonlendirme elemanlaria uyarlanmstir
(Sekil 13). Projede 6grenci kolay okunabilirligi 6n planda tutarak Eras Medium ITS fontunu tercih etmis ve kat
planlarma uyarlamistir. Yazi tipi olarak Inception ile Phenomena secilmesi, tiriinlerde bulunan farkli tiplerde
iletisimin ifade edilme bigimiyle ilgili tercihi ortaya koymaktadir (Sekil 14). Ogrenci projesinde istanbul Ticaret
Universitesi ile Istanbul Ticaret Odast'na ait renk ganmindan ortak bir renk paleti olusturarak kurumsal kimlige
uyarlamistir. Ogrenci projesinde Gabriola yaz1 tipini segerek kurumsal kimlik tasarimim ve tiim iiriinleri bu fonta
uygun sekilde gelistirmistir (Sekil 15). Calismanin devaminda 6grenciler tarafindan yonlendirme elemanlarmda
kullanilmak iizere tasarlanan 6zgiin piktogram aileleri sunulmaktadir.
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#000000
#FDC51B
#F7F3B3
#C69737

Sekil 11. Proje 1, renk kodlar1 ve degerleri

A B (o

135 5 15

ABCCDEFGGHITJKLMNOOPRSSTUOVY Z| 57 4 T4
qbccdefoc‘:h|||klmnooprs;1uuvyz — 3 3
0123456789 .,::()=/- 1L 2. 2
ABCCDEFCCHHKLMNOOPRSSTUUVYZ = o 11
obccdefggh\uklmnooorsgtuuvyzG'ms' .

6123456789 ():/ -GIR\i‘.‘.'.‘ -G\R\Js.f'"

Sekil 12. Proje 1, font se¢imi ve kat plan1 uygulamasi

Ablok Boiok Cbiok

} 5 o

ABCCDEFGGHlIJKLMNOOPRSSTUUVYZ 1
abcgcdefgghiijkimnodéprsstudvyz
0123456789.,::()=/-_ t

t 4 s

ABCCDEFGGHIIJKLMNOOPRSSTUUVYZ
abcgcdefgghiijklmnodprsstulvyz
0123456789..:;()=/-_

Sekil 13. Proje 2, font se¢imi ve kat plan1 uygulamasi

.I. \ﬂ? ISTANBUL E E

(/g TICARET S EESH I

3 I

iSTANBUL TiCARET ODASI 882

UNIVERSITESI

F

ABCCDEFGHIIJKLMNOOPRSSTUUVYZ

abcgdefghiijklmnodprsstuivyz
0123456789  ..::()=/-

#000000  AWININ  HM4CSD0  #0U565c

Sekil 14. Proje 3, renk kodlar1 ve font se¢imi

GABRIOLA YAZ] TiPi ISTANBUL TiCARET UNIVERSITESI

ABCDEFGHIJKLMNOPQRST
abcdefgh ikl mnopqrstuvwxyz

ABLOK BBLOK CBLOK

Sekil 15. Proje 4, yazi tipi se¢imi
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3.2.2. Piktogram Tasarimlari

Piktogram tasarimi yonlendirme tasarimin en zorlu pargasidir, farkli kiiltiirlerden gelen kisilere ortak mesaj
verilmesi i¢in mesajin dogru sembolize edilmesi, tasarimin yani sira psikoloji ve sosyolojiyle ilgilidir.
Gorselde proje 1, piktogram tasarimlar ve yonlendirme elemanlar1 uygulamasi mevcuttur (Sekil 16). Ogrenci
tarafindan son derece 6zgiin bir yaklagimla tasarlanan piktogram ailesi {irlinlere uyarlanarak yapinin iginde
konumlandirilmigtir. Kurumsal kimlikle uyum gosteren piktogram tasarimi, geometrik 6zellikleriyle kurumsal
dil biitiinliigiiniin 6nemli bir parcasidir. Proje dahilinde tasarlanan piktogramlar geometrik formlara dayanan
¢oziimler sunmaktadir (Sekil 17). Duvarda bulunan tipografik uygulamalarla uyum gésteren piktogram ailesi,
kurumsal kimlige ait tonun mekansal canlandirmasini olugturmaktadir. Tutarli bir piktogram ailesi
tasarlanmasi, yonlendirme elemanlarina uygulanmasi ve tipografiyle uyumu sonucunda gii¢lii bir kurumsal
kimlik gelistirilmistir (Sekil 18). Sagladig: yiiksek kullanic1 deneyimi agisindan deger tagiyan piktogram ailesi,
mekansal olarak ilk alginan iirlinlerdir. Geometrik algisiyla yiiksek estetik degere sahip olan piktogram ailesi,
kurumsal kimlikte belirlenen renklerle uyum saglamaktadir (Sekil 19). Calismanin takip eden boliimiinde
yonlendirme tasarimini olusturan uygulamalar 3 boyutlu gorsellestirme bigiminde sunulmaktadir.

106 0 e x|W D&
e R %0 0@ | 8.
= N N &

M S & & iy |0
| - i S =
{.] == 5] (52 152 &
™ | ?’

mEE

Sekil 17. Proje 2, piktogram tasarimlar1 ve yonlendirme uygulamasi

LTesasy e
o, O ) )
A A B

M=o EAL
n=Eo - HE

Sekil 18. Proje 3, piktogram tasarimlart ve yonlendirme elemanlar1 uygulamasi

SIRKULASYON _

Sekil 19. Proje 4, piktogram tasarimlar1 ve yonlendirme elemanlar1 uygulamasi

f.=
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3.2.3. Kavramsal Tasarim ve Uygulama

Boliimde, yonlendirme tasarimi senaryosunun agiklanmasi amaciyla kurumsal kimlik, iiriin ve piktogram
tasarimiyla ilgili yapilan uygulamalarin temsili gorselleri sunulmaktadir. Kurumsala uygun bigimde
tasarlanarak arkadan LED isikla aydinlatilan kat bilgileri, mekan ergonomisine uygun olmayan aydinlatma
seviyelerinde dahi okunabilirlik saglamaktadir (Sekil 20). Piktogram ve kapit numaralari, kurumsal kimlikte
belirlenen renk tonlarinda ve olgiilerde iretilerek temsili montaji yapilmistir (Sekil 21). Giris alaninda
yonlendirme elemani ve kat bilgileri konumlandirilmasi, glivenlik personel masasinda birikmeleri nleyebilir
ve kalabalik akisini saglayabilir (Sekil 22). Ana kapidan girer girmez dikkat ceken kat bilgisi, giris alanini
diizenleme ve misafirleri yonlendirme islevini kargilar. Di1g mekan uygulamalari arag trafigini diizenlemenin
yant sira diizenli park edilmesini saglayarak, park alani oniinde yigilmalar1 engelleyebilir (Sekil 23). Dogal
elementlerin etkisine dayanikli paslanmaz malzemeden iiretilen eleman, i¢ aydinlatmasi ile karanlikta da
farkedilebilmektedir. Gorselde kurumsal kimlige ait farkli yazi tiplerinin oda numara bilgisi ve blok bilgisi
vermesi i¢in uygulanmig bigimleri sunulmaktadir (Sekil 24). Farkli renk kodlar1 ve tipografik olarak
kisisellestirilen kurumsal kimlik, dolasimi ve konum tespitini kolaylastirarak mevcut duruma gore
yonlendirme tasarimina ait kullanict deneyimi verimini artirmaktadir. Kurumsal kimlige uygun tipografik
kullanim ve renk paleti uygulamalari, mobil totem kat bilgileri panolarina uygulanmistir (Sekil 25).

Farkli bloklar1 isaret eden renk kodu temelli panolar, kurumsal kimlik renk paletine gore tasarlanmistir. Bu
durum ziyaretciler agisindan algisal ayristirmay1 kolaylastirmaktadir. Farkli yonlendirme elemanlari tasarlanan
senaryo uyarinca lrlnlestirilerek, degisken hizmetler sunmaktadir (Sekil 26). Bigimsel ve gorsel olarak ortak
yaklagim iiriinii olan elemanlar, yonlendirme senaryosunun kurumsal algiy1 etkileyen en 6nemli pargalaridir.
Tercih edilen kurumsal kimlik renk paletine uygun yonlendirme elemanlari tasarlanarak farkli islev ve
noktalarda konumlandirilmstir (Sekil 27).

5
4

3

2

1
wcaty
=t
2

Sekil 20. Proje 1, yonlendirme elemanlar1 tasarimi ve uygulamasi

! H ! |
f - w‘r |

Sekil 21. Proje 1, yonlendirme elemanlar1 tasarimi ve uygulamasi

o

Sekil 22. Proje 2, ana giris yonlendirme elemanlari tasarimi ve uygulamasi
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Sekil 23. Proje 2, dis mekan yonlendirme elemani uygulamasi

5| =5 =5 = =
© @ | ?

|

Sekil 24. Proje 3, oda ve blok no yonlendirme elemanlari uygulamasi

9
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S

"

/ -
| B rwie

Sekil 25. Proje 3, mobil kat yonlendirme elemanlar1 uygulamasi

H i

&N

FHA

L ASANSOR BUTONLARI
VONLENDIRME LEVHALARI

4

Sekil 26. Proje 3, kat, piktogram ve asansor yonlendirme elemanlar1 uygulamasi

Fakiilteleri temsil eden renkli isaretler, ziyaretgilerin kolayca algilayabilecegi genis tlirilinler olarak {iretilmistir.
Kat bilgileri yonlendirmesi tavandan asagi montaj1 yapilan akrilik tirtinlerdir (Sekil 28). A¢isal aydinlatma ile
1s1klandirilan elemanlar karanlikta algilanabilir ve okunabilir. Yan duvarlara uygulanan oda numaralar1 uzun
mesafelerden algilanan elemanlardir (Sekil 29). Yapisal estetige katki saglayan iiriinler mekansal algiy1
artirarak, yiiksek kullanici deneyimi olugmasina imkan vermektedir. Caligma, gelecek boliimde projelerle ilgili
degerlendirmelerde bulunarak {iriinlere ait belirlenen nitelikleri sunmaktadir.
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Sekil 27. Proje 4, fakiilte yonlendirme elemanlar1 uygulamasi

MIMARLIK VE TASARIM FAKOLTES!

DERSUKLER (3
BAY MESCIT -
LABORATUVARLAR 2

Sekil 28. Proje 4, fakiilte ve oda yonlendirme elemanlar1 uygulamasi

Sekil 29. Proje 4, oda numaras1 yonlendirme elemanlar1 uygulamasi

3.3. Projelerin Degerlendirilmesi

Holscher vd. (2000), gelismis algi saglanmas1 amaciyla karmasik yapilarda belirgin yer objelerinin
sagladig1 islevsellikten bahseder. Dolasim kolaylig1 igin referans saglayan belirgin yer objeleri,
yonlendirmenin hem dogrusal hem de dongiisel bir siire¢ olarak deneyimlenmesine imkan verir. Bu nedenle
geleneksel bicimde dogrusal olarak ilerlenen rotalar, yonlendirmenin katkisiyla dongiisel yapiy1 cagrigtiran
gelisigiizel bicimlerde de deneyimlenebilmektedir. Mekansal yonlendirme elemanlari, dolasim ve hareket
esnasinda farkli hizmetler sunar ve {irlinlerin tasarim, liretim ve iletisimsel 6zellikleri arasindaki degiskenlikler
mevcuttur. Sunulan literatiir temelli degerlendirme oOlgiitleri, cesitli mekansal, ergonomik ve kullanici
deneyimi niteliklerine gore tasarlanan yonlendirme elemanlarimin farkliliklarinin ortaya koyulmasim
hedeflemektedir. Ayn1 zamanda Olg¢iitler, calismada sunulan yonlendirme elemanlarinin incelenmesi i¢in ¢ok
yonlii bir degerlendirme araci niteliginde kullamilarak literatiirle baglant1 olusturmaktadir. Uriinlere ait tasarim
tipolojilerinin degerlendirme tablosu araciligiyla tanimlanabilmesi, elde edilen bulgularin Sneminin
belirlenmesi ve calismanin sundugu tasarim odakli perspektifin daha detayli bir sekilde anlasilmasim
saglayabilir. Calisma ayni zaman melez veya tek bir tasarim disiplinine ait uygulamalar1 tamimlayarak,
yonlendirme tasariminin disiplinleraras1 dogasina uyum gosteren 6zelliklerin vurgulanmasini hedeflemektedir.
Bu baglamda projelerde agiklanan yonlendirme tasarimi senaryosu ve iriinleri, okul ve benzeri kamusal
yapilarda yapilabilecek uygulamalar hakkinda fikir saglanmasi amaciyla yazar tarafindan sunulan literatiir
ekseninde degerlendirilmektedir.
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3.3.1. Literatiir Olgiitlerine Gore Degerlendirme

Caligmada aciklanan Ornek projelerden segilen iiriinler, olusturulan inceleme Olgiileri tablosuna gore
degerlendirilmektedir. Bu islem sayesinde yonlendirme senaryosunu olusturan iiriinler yapisal mimariyle
iligkilendirilerek, kullanici deneyimi ekseninde tasarim, iiretim ve iletisim ozelliklerinin belirlenmesi
hedeflenmektedir (Tablo 1).

Tablo 1
Literatiir degerlendirme kriterleri
riin Ad Uretim Iletisim  Disiplinlerarasi T Deserl Uriin
run 1 . .0 asian pegerier . ...
Teknolojisi Bi¢cimi Ozellikleri ¥ £ Tipolojisi
Kurumsal Mimari, Grafik, Hizmet,
L Baski/Matbaa  Dolayli  Grafik Tasarim Tanimlayict
Kimlik Mekansal
Piktogram . Mimari, Grafik, Hizmet Yonlendirici
Dijital Bask Direkt  Grafik T ' ’ ’
Yonlendirme Jital basid ratlic Tasatim Mekansal, Giivenlik Tanimlayict
Piktogram Akrilik, Led Direkt Grafik Tasarim  Mimari, Grafik Hizmet,  Yonlendirici
Lightbox Baski Uriin Tasarimi Mekansal, Giivenlik Tanimlayict
Asma Metal Striiktir Direkt Grafik Tasarrm  Mimari, Grafik, Hizmet, = Yonlendirici
Tabela Baski Uriin Tasarim1 Mekansal Tanimlayict
Duvar . Mimari, Grafik, Hizmet, Yonlendirici
Digital Baski  Direkt  Grafik Tasarim omendirict
Tabela Mekansal Tanimlayict
. Mimari, Grafik, Hizmet, = Yonlendirici
Kat Planlarnn | Dijital Baski Direkt  Grafik Tasarim omfendirict
Mekansal Tanimlayict
Fakiilt . Mimari, Grafik, Hizmet, = Yonlendirici
axe Dijital Bask1 Direkt  Grafik Tasarim omendirict
Tabelasi Mekansal Tanimlayict
. Mimari, Grafik, Hizmet, = Yonlendirici
Blok Tabela | Dijital Baski Direkt  Grafik Tasarim Omenairict
Mekansal Tanimlayict
Asansor Metal Endirekt Grafik Tasarrm  Mimari, Grafik, Hizmet, Yonlendirici
Buton Striiktiir Uriin Tasarim1 Mekansal, Giivenlik Diizenleyici
Yonlendirme | MetalStriiktiir/ Direkt Grafik Tasarrm  Mimari, Grafik, Hizmet, = Yonlendirici
Totem Baski Uriin Tasarim1 Mekansal, Peyzaj Diizenleyici

Tablo 1°de listelenen degerlendirme Olgiitleri, literatiirii olusturan igerikten derlenerek sunulmaktadir.
Calisgmanin sundugu degerlendirmelere gore Ogrenci projeleri senaryolarinda yer alan {iriinlerin, tipik bir
yonlendirme stratejisi {irlinleri oldugunun sdylenmesi miimkiindiir. Secilen iiriinler mevcut liretim yontemleri
ve teknolojilere uygun uygulamalardir. Mimari iletisime katki saglanmasi ve dolasimi kolaylagtirmasi
amaciyla gelistirilen {irlinler, disiplinleraras1 tasarim yaklagimlarinin sonuglaridir. Bu baglamda caligmanin
sundugu boliimler, literatiir tablosu bulgulariyla iligki i¢cinde degerlendirilmektedir.

3.3.2 Kurumsal Kimlik Tasarimlarinin Degerlendirilmesi

Proje siiresince yapilmis olan kurumsal kimlik ¢aligmalari her &grenci veya grubun kendi tercihi
dogrultusunda yapmis oldugu se¢imlere dayanmaktadir. Ana temayla ilgili degisken yaklasimlar1 yansitan
kurumsal kimlik tasarimlar1 temel tasarim prensiplerine uygun sekilde tiim iirlin gamina uyarlanmistir. Her
Ogrencinin tespit ettigi farkli sorunlarin giderilmesi i¢in bireysel sekilde ele aldigi yonlendirme senaryosu,
0zgilin ve biitiinlesik {riinlerin ortaya konulmasina imkan vermistir. Calismanin arastirmaya dahil edilen
kurumsal kimlikleri birarada sunmasmin temel sebebi, tasarimcilara ait yaklagimsal farkliliklarin ortaya
konulmas1 amacidir.
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3.3.3. Piktogram Tasarimlarinin Degerlendirilmesi

Yonlendirme tasariminda en zor gérevlerin baginda piktogram tasarimi gelmektedir. Iletilen bir mesajin
metin kullanimi olmadan sunulabilmesi i¢in en etkin sekilde sembolize edilmesi, tasarimin biligsel giiciinii
gostermektedir. Ogrencilerin tasarladiklari piktogram aileleri ve iiriinlere uygulanmis tipolojileri, genel iiriin
dili, iletisim ve okunabilirlik konularinin ele alinma bigimlerini ortaya koymaktadir. Farkli yaklagimlarla
degisken duygular yansitan piktogramlar, mekansal kullanici deneyiminin altyapisini olusturmaktadir.
Universite 6zelinde mekanlar1 ve odalari birbirine baglayarak ortak dil olusmasina imkan veren piktogramlar,
iiniversitenin biitiinlesik kurumsal algis1 agisindan yiiksek 6nem tasimaktadir. Bu siiregte yazar tarafindan
gbzlemlenen 6nemli bir konu ise, 6grencilerin okullarinda yasadiklar1 deneyimin sagladigi duygu ile bireysel
tercihlerini iliskilendirmeyle ilgili kazanimlardir.

3.3.4. Uriin ve Uygulamalarin Degerlendirilmesi

Farkli teknolojilere dayanan iiriin uygulamalari, grafik, endiistriyel ve dijital tasarim tirlinlerinin biitiinlesik
olarak tasarlanmasina imkan vermistir. Yonlendirme senaryosunun pargasi olan farkl: tipolojilerdeki iiriinler,
siireklilik saglayan bir iletisim olusturmaktadir. I¢ ve dis mekan iiriinlerinin malzeme ve iiretim teknolojileri
odaginda ¢oézliimlemelerinin yapilmis olmasi, 6grencilerin melez tasarimei kimligine erismeleri konusunda
kazanimlar saglamaktadir. Erisilebilirlik, kullanilabilirlik, ergonomi ve iletisim konularinda biitiinlesik iiriinler
tasarlayan 6grenciler, tiim elemanlariyla 6zgiin ¢oziimler sunan yonlendirme senaryolart olusturmuslardir.

3.4. Degerlendirmenin Sonuglari

Universite nezdinde ilk defa benzer bir galisma yapilmis olmasi, gerek dersin, gerekse arastirmanin
0zglnliigini olusturmaktadir. Calismada aciklandigi tizere, yonlendirme tasariminin disiplinlerarasi dogasi
dersin temasina yansitilarak, proje siirecinde Ogrenciler, mimari, endiistriyel ve grafik tasarim odakli
disiplinlerarasi ¢ozlimler getirmislerdir. Ders ve proje siirecinin isleme bi¢imiyle ilgili gelistirilen yonlendirme
tasarimi senaryolarinda, dersin i¢ mimarlik bdliimiine ait olmasi sebebiyle iiriinlerde dijital arayiiz tasarimi
talep edilmemistir. Bu baglamda ortaya konulan projelerle ilgili bulgular paylasilmaktadir.

1) Grafik arayiiz tasarimlari, kurumsal kimlige uygun gelistirilmistir.

2) Kurumsal kimlik tasarimi ve piktogram tasarimlari grafik uygulamalardir.

3) Mekansal kullanim iriinleri grafik tasarim ve endiistriyel tasarim disiplinlerini birlestirmektedir.
4) Projelerde mimari mekanlara uygulanan grafik ve endiistriyel iiriin tasarimlari mevcuttur.

5) Tim drinler okulun kurumsal algisina destek vermektedir.

Tasarim disiplinlerine uygun yaratici liretim bi¢imlerinin siireklilik ve tutarlilik saglanmasi ama-ciyla, ortak
hedefe hizmet etmesi ve ortaya konulan tasarimlarin biitiinsellik duygusunda algilanmasi gerekmektedir. Bu
sekilde yonlendirme tasarimi senaryosunun hedeflenen kullanici deneyimi seviye-sine erismesi miimkiindiir.
Bulgularin degerlendirilmesi sonucunda yonlendirme tasariminin disiplinle-rarasi bir yontem oldugunun ifade
edilmesi miimkiindiir.

4. Sonuglar

Verimsel olarak hedeflenen yonlendirme tasarimi, bireysel bilissel haritalar1 olusturma, gerceklestirme ve
ylriitme becerisinin yiiksek diizeyde kullanict deneyimi degerine ulasmasidir. Kullanict deneyiminin basarisi
ise yonlendirme tasariminin verimi sonucunda olusan bireysel tatmin ve performansla iliskilidir. Temel olarak
insanin sahip oldugu cografi bilgi, zihinsel harita olusturma becerisi ve yonelim duygusu, tasarim siireglerinin
mekan bilgisi ve bireysel bilissel becerilere bagli oldugu gergegini ortaya koymaktadir. Tiim tirtinler, daha
genis bir alg1 ve derin bir kullanic1 deneyimi degerine katkida bulunarak tutarlilik icinde ayn1 stratejik senaryo
yaklagiminin bir parcasidir. Kat planlari gibi belirgin yer objelerinin kalabalig1 ve birikmeyi énleme 6zellikleri,
ziyaretgilerin siiratli bir sekilde aradiklar1 konuma yonelmelerine imkan vermekte, giivenlikle ilgili sorunlara
¢Ozlim sunmaktadir. Caligmanin sundugu 6zgiin igerigin en kayda deger niteliklerinin basinda iiniversitelerde
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ogrencilerin mekansal deneyimlerini referans alarak yonlendirme tasarimi1 odaginda tasarladiklari kullanici

deneyimi ¢6ziimlerinin sunulmasidir. Projelerde sunulan fikirler melez {iriinlerin tanimlanmasina olanak veren
ve yonlendirme tasariminin disiplinlerarasi dogasini vurgulayan niteliktedir. Uretim detaylari, malzeme ve
iletisim bigimleri arasinda bir baglant1 belirlenmesi miimkiindiir. Dayaniklilig1 ve uygulama kolaylig1 yiiksek
iiriinler aym zamanda bakim kolaylig1 saglayabilmektedir. Uriinlerde bulunan iletisim bigimi, 6ncelikle
diizenleyici ve bilgilendirici igerigin yani sira estetik ve tasarim odakli tercihlere dayanmaktadir. Yonlendirme
tiriinlerinin tasarim yonelimi biiyiik dl¢iide igerige, teknolojik ¢oziimlere ve algisal yaklasima baglidir. Bazi
iirlinler yonlendirici ve diizenleyici iletisim yaklagimlarinin entegre oOzelliklerini tasirken, digerleri
bilgilendirici ve tamimlayici 6zellikleri desteklemektedir. Proje siireci ve sonucunun en onemli basarisi,
bireysel arastirma ve tercihlerle farkli ziyaretci kimliklerine uygun senaryolarin tasarlanmis olmasidir. Sunulan
degerlendirmeler sonucunda, yapinin kavsak ve dnemli noktalarda gesitli islev ve tipolojilerdeki {iriinlerin,
0zglin yonlendirme senaryolari olusturdugu soOylenebilmektedir. Gelecekteki caligmalarda yonlendirme
tasarimi veriminin Ol¢iimiine yonelik gz izleme teknolojilerinin okullarda kullanimi iizerine calismalar
yapilmasi planlanmaktadir.
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Oz — SAE (The Society of Automotive Engineers) tarafindan diizenlenen resmi bir proje yarismasi olan Formula
Student, diinya ¢apinda birgok iiniversite dgrencilerinin kendi bilgi birikimlerini kullanarak belirlenen kurallara
uygun bir sekilde Formula tipi bir yarig arabasi tasarlamasini amaglayarak, 6grencilerin otomotiv sahasindaki
bilgilerini gelistirmelerine imkan tanimaktadir. Bu ¢aligmada SolidWorks 2018 programi ile Formula Student yaris
aracinin sasi sistemi tasarim kriterleri dikkate almarak yeniden tasarlanmistir. ANSYS 16.0 ve SolidWorks
Simulation programlari kullanarak sasi sisteminin mekanik zorlanmalara kars1 olan dayanimlarini belirlemek igin
optimizasyon c¢alismalart yapilmstir. Sasi tasarimi yapildiktan sonra sasinin 6n darbe analizi, arka darbe analizi, yan
darbe analizi, 6n torsiyonel rijitlik analizi ve arka torsiyonel rijitlik analizi yapilmistir. Bu ¢alismada Formula Student
yarig aracinda kullanilmak igin tasarlanan sasinin, gerceklestirilen analizler dogrultusunda, hedeflenen tasarim
kriterleri ve rijitlik derecesine fazlasiyla sahip oldugu belirlenmistir. Yapilan analizler neticesinde yarisma kurallari
dogrultusunda, hedeflenen tasarim kriterleri daraltilarak daha hafif ve rijit tasarimlar elde edilmistir. Bu ¢alismada
yeniden tasarlanan arag sasisi muadillerine gore bir nebze (%30) agir olsa da, rijitlik ve ergonomik olmasi bakimindan
oldukga tistiindiir.
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Abstract — Formula Student, an official project competition organized by the SAE (Association of Automotive
Engineers), allows university Students around the world to develop their knowledge in the automotive field by aiming
to design a Formula-type race car using their own knowledge. In this study, the chassis system of Formula Student
race car was redesigned with SolidWorks 2018 program, taking into account the design criteria. The optimization
studies were carried out to determine the strength of the chassis system against to mechanical stress using ANSYS
16.0 and SolidWorks Simulation programs. After the chassis design, front impact analysis, rear impact analysis, side
impact analysis, front torsional stiffness analysis and rear torsional stiffness analysis were performed. In this study, it
was determined that the chassis designed to be used in Formula Student race car has more than enough design criteria
and rigidity as a result of the analysis. As a result of the analysis, lighter and more rigid designs were obtained by
narrowing the target design criteria, taking into account the competition rules. Although the redesigned vehicle chassis
in this study is 30% heavy compared to its equivalents, it is quite superior in terms of rigidity and ergonomics.
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1. Giris

Formula Student yarigsmasi, ilk olarak Amerika Birlesik Devletleri’nin Michigan eyaletinde Otomotiv
Miihendisleri Birligi (Society of Automotive Engineers) tarafindan diizenlenen bir yarismadir. 1990 yilindan
itibaren Avrupa’da da diizenlenmeye baslamis olup, hali hazirda 14 farkl iilkede (ABD, Almanya, Ingiltere,
Italya, Avusturya, ispanya, Macaristan, Cek Cumbhuriyeti, Rusya, Cin, Japonya, Avustralya, Brezilya,
Hindistan) diizenlenmektedir. Yarismanin genel amaci ise otomotiv endiistrisine yenilik¢i, tecriibeli ve takim
calismasina uygun hareket edebilen miihendis yetistirmektir.

Formula Student yaris araci sasi tasariminda odaklanilan en 6nemli nokta kurallara uymanin yaninda arag
sasilerinin en temel sikintisi olan genisligin dikkate alinmasidir. Formula Student yaris araci i¢in tasarlanan sasi
olduk¢a kompaktir. Fakat bu kompaktlik sonucunda bir takim ergonomi temelli sorunlara yol agmaktadir.
Ozellikle motor kisminda veya burnun en ucunda bulunan pedal kism ile ilgili bir degisim veya diizenleme
yapmak oldukg¢a zordur. Formula Student yarig araci sasi tasariminda odaklanilan en temel nokta siiriiciiniin
kokpite oturdugunda kendine ferah bir alan bulmasi ve ayn1 zamanda kendini giivende hissetmesidir (Aird, 1998).

Formula Student yaris aracinin bitmis haliyle agirligi toplamda siiriicii ile beraber 400 kg civarindadir. Bu
deger Formula Student araci i¢in istenilen degerin biraz iizerindedir. Yeni tasarlanan aracta sasi ve fren sistemi
dahil olmak {izere aracin tiim bilesenlerinde ¢ok 6nemli bir miktarda agirligin azaltilmasi hedeflenmektedir.

Siirliciiniin aragtaki siirlis pozisyonu ergonomi agisindan ¢ok Onemlidir. Aracta dar yerlesimden dolay:
stiriicliler direksiyon hakimiyeti konusunda ciddi sorunlar yasamaktadirlar. Yarigmanin zorlu sartlarinda
siiriicliniin rahat olabilmesi 6nemlidir.

Sasi tasariminda en 6nemli husus, yarisma kosullarinda belirtildigi lizere “tiim siiriiciilerin araci terk etme
stiresi 5 saniyeden fazla olamaz” kurali geregince genislik konusunda iist sinir teskil etmektedir (SAE, 2020).
Tim bu genislik odakli tasarimin yaninda sasi sisteminin zorlu kosullarda gerekli dayanimi gostermesi en
temel gayedir.

Sasi tasarimini kisitlayan bir diger bir unsur ise iiretim safhasidir. Her ne kadar temel hedef rijitlik olsa da,
iiretim acisindan bu istek kismen ikinci plana alinmistir. Eldeki malzemelerin kurallara uygun olmasi, yiliksek
mukavemeti ve ataleti saglamasi 6nemli iken diger yandan kaynak edilebilirligi, biikkme ve kesme gibi
islemlere de elverisli olmasi ve gerekli esnekligi gostermesi onemlidir (Adams, 1993).

Gilinlimiizde otomotiv endiistrisinde kullanim amacina gore tasarlanan farkli sasi tipleri bulunmaktadir.
Teknolojinin ilerlemesi ile birlikte gelisen imalat teknikleri, gegmiste iiretimi zor olan iiriinleri artik {iretilebilir
kilmaktadir. Geligsen imalat teknolojileri sayesinde ara¢ sasileri gecmisten giiniimiize daha giivenilir, daha
hafif, dayanimi ve rijitligi yiiksek bir hal almaktadir (Milliken ve Milliken, 1995).

Giiniimiizde ¢ok farkl tiplerde sasi tasarimlar1 mevcuttur. Merdiven tipi sasiler, tasarimi1 ve iiretimi kolay olup
maliyeti diisiik en eski tip sasilerdir. Bu tip sasiler biitiin yiikleri tagiyabilirler. Egilme momentine kars1 direngli

merdiven tipi sasiler kullanilmaktadir (Szczesniak vd., 2014).

Yekpare tip sasi tasariminda kutu kesit, bolmeler ve tiipler kullanilarak araglarin daha dayanikli olmasi
saglanir. Yekpare tip tasarimda arag gévdesi 6nemli dlgiide hafifleterek daha genis ve daha kompakt bir tasarim
saglanir. Bunlarin yaninda yekpare tip sasi daha giivenlidir. Fakat bu tasarimda biitiinligi saglamak igin sac
parcalar kullanilmakta ve bunlarin bir araya getirilmesinde genellikle punta kaynagi yonteminin kullanilmasi
bu tip sasilerde yapilabilecek biitiinliik tasarimini sinirlamaktadir (EAA, 2020). Ancak bu durumda sinirli
sayida da olsa lazer kaynak yoOntemi uygulanarak ya da tasarima eklenecek tiipler, kapali kesitler vb.
mukavemeti arttirici elemanlar eklenerek biitiinliik saglanabilmektedir.

Monokok tip sasi tasarimi, dis govdeyi gelen etkilere kars1 desteklemek icin yapilan bir tasarim yontemidir.
Sasinin biitiin olmasi, biitiin mekanik elamanlarin bagl oldugu ana yapi elamani gibi gérev yapmasini saglar.
Bunun yaninda yar1 monokok tasarimlar da bulunmaktadir. Monokok tip sasi tasarimi, hafif agirlikli ve sac
panellerden yapilan ayri konsept sasi tasarimi olarak da agiklanabilir (EAA, 2020). Monokok yapi, aracin
biitiin hatlariin iizerinde bulundugu tek parca bir gévdedir. Tek parca govdeler genellikle kaynak veya birgok
sacin birbirine preslenmesi ile iretilirler. Monokok gdvde yapisi, yap1 iizerinde konumlandirilmis ¢ukur
seklindeki boliimler sayesinde iyi bir kaza korumasi saglar. Bu tasarim seri olarak iiretilen araglar i¢in idealdir.
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Monokok sasinin rijitlik-agirlik orani oldukga diisiiktiir. Kullanilan paneller, tiipler ve kapali kesitler kadar
mukavemetli degildir. Sonu¢ olarak son donemdeki modern ara¢ govdeleri gercek monokok tasarimlar
olmamakta; bunun yerine birlesik yapida olan yekpare tip sasiyi kullanmaktadirlar (EAA, 2020).

Uzay kafes tipi sasi tasariminda kafes sasiler onlarca tiiplin veya borularin bir araya getirilmesi ile herhangi
bir yerden gelen kuvvetlere karst mekanik dayanikliligi arttirmak i¢in farkli yonlerde konumlandirilarak
tasarlanirlar. Sonug olarak oldukc¢a kompleks kaynaklanmis bir yapi ortaya ¢ikmaktadir (Riley ve George,
2002). 60’11 yillarin ortasinda, bir¢ok giiclii spor araglar rijitlik/agirlik oranin1 gelistirmek igin bu tasarimi
benimsemislerdir. Ancak bunlardan bir¢cogu, ekonomik sebeplerden dolay1 uzay kafesleri sadece monokok
kabinin 6n ve arka kisminda kullanmislardir (EAA, 2020). Formula Student yarig araglarinda en yaygin olarak
bu tip sasi tasarimlar1 kullanilmakta olup, tasarim kolaylig1, malzeme temini konusundaki rahatlik ve iiretim
maliyetinin disiik olmasi nedeniyle tercih edilmektedirler. Sekil 1’de Formula Student yaris aracinin uzay
kafes tipi sasi konsept tasarimi goriilmektedir.

Sekil 1. Formula Student yaris aracinin uzay kafes tipi sasi konsept tasarimi

Bu ¢aligmada SAE (The Society of Automotive Engineers) tarafindan diizenlenen yarigmada sunulmak iizere
Formula Student yaris araci sasi tasarimimin SolidWorks 2018 progranu ile yarismada belirlenen kurallara
uygun olarak yapilmast ve ANSYS 16.0 ve SolidWorks Simulation programlari1 kullanarak sasi sisteminin
mekanik zorlanmalara karsi olan dayanimlari i¢in optimizasyon calismalarinin yapilmasi hedeflenmistir.
2. Sasi Tasarmm ve Analizi

Formula Student yarig aracinin sasisi asagidaki boliimlerden olusmaktadir (SAE, 2020);
-Kafes Elemani: Tek parga olup kesilmemis boru kullanilarak sekillendirilir.
-Main Hoop (Ana takla bari): Siiriicliniin yaninda veya arkasinda bulunan yapiy1 ifade etmektedir.

-Front Hoop (On takla bart): Direksiyonun baglandigi, bacaklarin iizerini saran ve koruyan yapiyi ifade
etmektedir.

-Roll Hoop (Takla bar1): On ve arka takla bar1 genel olarak bu isimle adlandirilir.

-Roll Hoop Bracing Supports (Takla bart destek braketleri): Takla bar1 desteklerinin en alt kismini takla
barlarina baglayan parcalar1 tanimlamaktadir.

-Front Bulkhead (On burun): Siiriiciiniin ayaklarini koruyan sasinin en 6n kismini tanimlamaktadir.
-Impact Attenuator (Darbe séniimleyici): On burnun dis kismina koyulan, olasi darbeleri soniimleyen parcadir.

-Primary Structure (Ana yapt): Yarig aracinin ana govdesini ifade etmektedir.
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2.1. Sasi Tasariminin Temel Kurallari ve Malzeme Secimi

Sasinin ana elemanlarinin tasariminda, tiggensel bir alan olusturacak sekilde konumlandirilmanin yapilmasi
ve kaynak diigim noktalarinin bosta kalmamasinin saglanmasi istenmektedir (SAE, 2020). Sasinin her bir
bolgesi i¢in farklt minimum boru ¢aplari, boru kesit alani, kesit ataleti ve saside kullanilacak malzemenin sahip
olmasi gereken kurallar SAE tarafindan belirlenmistir (SAE, 2020).

Yaris aract sasisinde kullanilacak olan borularin sahip olmasi gereken minimum mekanik 6zellikler Tablo 1’
de sunulmustur.

Tablo 1
Formula Student yaris araci sasisinde kullanilacak olan borularin mekanik 6zellikleri
Borular Ozellik
Young Modiilii (E) 200 GPa
Akma Sinir1 (cak) 305 MPa
Kopma Sinir1 (o) 365 MPa

Sekil 2’de bu ¢aligmada tasarlanmakta olan Formula Student yaris araci sasisinde kullanilan borularin boyutlari
goriilmektedir. Buradan da goriilebilecegi gibi sasi tasariminda farkli ¢aplara ve et kalinliklarina sahip borular
kullanilmgtir.

RENKLER | OLCULER
25 mmx 2 mm

25 mm x 1.5 mm

30 mm x 3.5 mm

25 mm x 25 mm x 2.5 mm

Sekil 2. Formula Student yaris araci sasisinde kullanilan borularin ¢aplar1 ve et kalinliklar

Sasi imalatinda kullanilan ¢elik, diger alternatif malzemelere gore daha agir olmasina ragmen olan Formula
Student araglarinin tasariminda yaygin olarak tercih edilmektedir. Bunun en 6nemli nedenleri, kolay temin
edilmesi, diigiik maliyeti ve Uretim kolayligidir. Sasi imalatinda SAE4130 ve yumusak ¢elik tercih
edilmektedir. SAE4130 tercih edilmesinin sebebi mukavemetinin oldukca yiiksek olmasidir. Fakat fiyat1 diger
celiklere kiyasla daha yiiksek olup ve iiretim siirecinde kaynak edilebilmesi ve biikiilmesi vb. iglemleri zordur.
Bunun yaninda yumusak celiklerin tam tersi 6zelliklere sahiptir. Yani liretimi kolay, ucuz, tamir edilebilmesi
kolay fakat mukavemet degerleri nispeten diisiiktiir (Waterman, 2011). Sonug olarak ¢elik her ne kadar klasik
bir malzeme olsa da ¢ok fazla farkli tiplerinin olmasi, diisiik maliyeti, islenmesinin kolay olmasi, ¢ok zorlayici
bir liretim siirecinin olmamasi, esnek tasarim olanagi sunmasi ve giivenilir olmasi ¢eligi kullanimda en iist
siraya koymaktadir. Bu yiizden Formula Student yaris aracin sasi tasariminda celik kullanilmistir (Tablo 2).

Tablo 2
Formula Student yaris araci sasi tasariminda kullanilacak olan gelik malzemelerin mekanik 6zellikleri (Kale, 2016)

Malzeme Yogunluk  Akma mukavemeti  Cekme mukavemeti  Elastiklik modiilii
(g/cm?) (Mpa) (Mpa) (Gpa)
SAE 1040 (soguk ¢ekilmis) 7.8 530 630 210
SAE 4130 (temperlenmis) 7.8 979 1040 210
1.4307 (Paslanmaz ¢elik) 7.9 310 620 200
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2.2. Sasi Tasarim

Sasi tasariminda dncelikle siispansiyon baglanti noktalarinin konumu, aracin aks aralig1 ve aks acgikligi
verileri dikkate alinmustir. {1k olarak sasinin ana takla bar1 ve 6n takla bari tasarlanacak ve takla barlarinin
tasariminin ardindan aralarindaki uzakliklar belirlenecektir. Bu c¢aligmalarda yarigma kurallart dikkate
almmaktadir. Sasi tasariminda kurallara uygunlugunun yani sira, ana sasinin kendisine herhangi bir yonden
gelen kuvvetleri olabildigince soniimlemesi beklenmektedir. Disardan gelen darbe kuvvetlerinin sonucu
olusacak gerilmelerin sasinin belli bir bélgesinde birikmesi yerine, biitiin gévde {izerinde homojen yayilim
gostermesi beklenmektedir. Dis kuvvetler genellikle yoldan tekerlere, siispansiyona ve sasiye gelmektedir.
Spor araclarda ve yaris araglarinda sasinin olabildigince rijit olmasi istenmektedir.

Sasi icin Olgiilebilir rijitlik diizeyi, torsiyonel rijitliktir. Ara¢ viraja girdiginde virajin dis kismindaki
siispansiyon yiikii yatay eksen boyunca siispansiyon kollarina ve dikey olarak itme ¢ubuklarina aktarilmaktadir
(Alexander, 2008). Sasi tasarimi yapilirken alt tabanda ve aracin 6n burnunda kare profil, geriye kalan yerlerde
ise dairesel profil kullamlmustir. Alt tabanda kare profil tercih edilmesinin sebebi, diizlemsel ytizeylere sahip
olmasi ve takla barlarmin kaynak noktalarina konumlandirma hatasimi minimize etmesidir. On burun
tasariminda kare profil kullanilarak atalet momentinde ve mukavemette artis saglanmistir. Kare kesitli
borularin atalet momenti, dairesel kesitli borulardan 1.7 kat daha yiiksektir. Kare kesitli profiller testere ile
kolayca kesilebilmekte ve kolay kaynak isciligi nedeniyle tercih edilmektedir. Boylece elde edilen atalet
momenti sayesinde, 6zellikle aracin 6n kisminda meydana gelecek gerilmelere karsi 6nemli 6lgiide emniyet
saglanacaktir.

Sithananun vd. (2011), Chulalongkorn Universitesinde yarisma i¢in gelistirilen Formula Student yar1s aracinin
sasi tasarimini ve imalatlnl yapmuglardir. Catia yazﬂlrm ile yapilan sasi tasarlmlarl sonlu elemanlar yontemi

......

dogrultusunda elde edilmis ve bu Verller kullanilarak sasi imalat1 gerceklestirilmistir.

Milojevié vd. (2015), Kragujevac Universitesi’nde gelistirilen Formula Student yaris aracinin sasi tasarimi ve
analizlerini yapmuglardir. Sasi, sonlu elemanlar yontemi kullanilarak yiikiin yapisal analizinin yapildigi
“CATIA” yaziliminda tasarlanmistir. Yapilan analizler ile sasinin optimum tasarimi hedeflenmistir. Sasinin
agirlign 35kg’a kadar diisiiriilmiis ve torsiyonel rijitligi ise 1500Nm/° degerinin tizerine gikarilmistir.

Sirsikar vd. (2020), son yillarda yarig araci sasisindeki gelismeleri incelemislerdir. Farkli tasarim ve analiz
prosediirleri degerlendirilmistir. Sasi rijitliginin arag siirlisiinii 5nemli derecede etkiledigi ve sasinin rijitliginin
artiritlmasi i¢in tasarimlarin gelistirilmesinin ve siispansiyon noktalarinin tasarimlarinin 6nemli oldugu ifade
edilmistir.

Allen (2009), Formula SAE yarig aracinin sasi ve slispansiyon sisteminin tasarim optimizasyonu iizerinde her
bir parganin tasarim dogrulamasimi yaparak analizleri, rijitlikleri, mukavemetleri ve agirliklar1 iizerinde
caligmistir. Tasarim optimizasyonu sonrasi aracin tretimi gerceklestirilerek test diizenegi {izerinde torsiyonel
testler yapilmustir.

2.3. Sasi Analizleri

Tasarim agamalar1 tamamlandiktan sonra sasinin statik analizleri yapilir. Sasi analizlerinde dikkate alinan
esas konu torsiyonel rijitliktir Torsiyonel rijitlik, sasinin gelen momentlere karsl gt')sterdigi direng olarak
sahip olmasidir. Bu sayede yarls aract Vlrajlarda enine ekseni boyunca burulmaya kars1 direng gosterir. Eger
sasi yeterince rijit degilse silispansiyon gorevini tam olarak yerine getiremeyecektir. Bu da aracin
performansina ciddi derecede etki etmektedir. Yarisg aracinin sasinin diger sasiler ile kiyaslanmasi, rijitliginin
agirligia oranlanmast ile yapilmaktadir. Fakat bu durumda birtakim sikintilar ortaya gikmaktadir. Ornegin bir
sasi ¢ok rijit ve ¢ok aglr ise bahsedilen oran ¢ok kiiciik olacaktir. Fakat gergekte arag c;ok aglr olacagi igin

saglanmasi daha 6nemlidir (Krzikalla Vd 2019).

Sasi analizleri yapilirken Oncelikle sasi govdesinde ag olusturma (meshleme) islemi yapilir. Ag olusturma
islemi, sasi gdvdesini kiiciik parcalara bolerek ve boliinen her bir par¢anin analizini tek tek yaparak bir araya
getirme islemi olarak ifade edilebilir. Meshleme igleminin ardindan kuvvetlerin uygulanmasi ve sasinin uygun
yerlerden sabitlenmesi gerekmektedir. Sasi analizinde sabitlenme noktalar1 siispansiyon baglanti noktalaridir.
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Kuvvet noktalar ise torsiyonel rijitligi 6lgmek icin yapilan analizlerde yine siispansiyon baglanti noktalaridir.
Biitiin bu islemlerin ardindan analiz uygulanmstir.

Patil ve Chikkali (2020), Formula Student yaris aracimin sasisinin sonlu elemanlar yontemi kullanarak
analizlerini yapmiglardir. Sonlu elemanlar analizi sasi imalatindan Once yapilarak tasarimin giivenligi
degerlendirilmistir. Yaris aracinin sasisi icin tercih edilen malzeme yiiksek mukavemete ve diistiik agirliga
sahip olan AISI4130 krom ve Molibden alasimli ¢eliktir. Miimkiin olan maksimum dayanikliligi ve minimum
agirhig elde etmek i¢in standart sonuglar iizerinde Ansys yazilimi kullanilarak analiz yapilmistir.

Das (2013), ¢elik boru sasi yapisina sahip bir Formula Student yaris aracinin tasarimini SolidWorks programi
kullanarak yapmustir. On ve arka siispansiyonu rijit olarak baglayacak olan boru seklinde uzay kafes sistemine
sahip bir sasi gelistirilmistir. Uretim maliyeti, hasarlarin kolayca tamir edilebilmesi ve basitligi nedeniyle uzay
kafes sistemi tercih edilmistir.

Marzuki vd. (2015), galismalarinda uzay kafes sasi yapisina sahip bir yarig aracinin ANSY'SS ile analizleri
yapilarak sasi yapisinin dogal frekanslarini tasarim asamasinda dikkate almislardir. Yapilan analizlerde sasi
yapisindan gelen dogal frekanslar belirlenerek sasi yapisinin dinamik kosullar altindaki davraniglari
incelenmistir.

2.3.1. Sasinin Maruz Kaldig: Yiikleme Tipleri

Formula Student yaris araci sasisinin analizine baglamadan dnce sasinin hangi yiikleme tiplerine maruz
kaldigini bilmek 6nemlidir. Sasinin maruz kaldig yiikleme tipleri dort adettir:

a)Yanal egilme

Yanal egilme, arag viraja yiiksek hizla girdiginde, aracin atalet kuvvetinin meydana getirdigi yiikleme tipidir.
Bu kuvvetlerin biiyiikliikleri aracin hizina ve virajin yarigapma baglhidir. Yanal egilme, sasinin slispansiyon ile
baglandig1 kisimlarda goriilmektedir (Sekil 3). Sasinin bu kisimlardaki pargalar stispansiyonlar destekledigi icin,
bu bolgelerdeki gerilmeler sasinin geriye kalan kisminin ugrayacagi gerilmelerden daha yiiksektir (Hui, 2012).

Sekil 3. Arag lizerinde yanal egilme yiikleme tipinin 3D gosterimi (Banthia, 2020)

b) Yatay yiikleme

Yatay yiikleme, ara¢ hizlanirken veya yavaslarken meydana gelmektedir. Bu kuvvet aracin bulundugu yola,
frenleme kuvvetine ve hizina baghdir. Yatay yiikleme tipi de yanal egilme gibi en ¢ok aracin siispansiyonun
baglandigi kisimlarinda goriilmektedir (Hui, 2012). Sekil 4’de gosterilen {i¢ boyutlu gosterimde aracin
hizlanma veya yavaglama durumunda etki eden kuvvetlerin basit hali sematik olarak sunulmustur.

¢) Dikey egilme

Dikey egilme, sasinin tasidigi biitiin pargalarin ve siiriiciiniin agirliklarindan dolay: saside meydana gelen
egilme tipi yiiklemedir (Sekil 5). Dikey egilme sasinin her an bu etki altinda olmasindan dolay1 diger yiikleme
tiplerine gore nispeten daha onemlidir. Arag statik halde iken sadece yer ¢ekimi etkisiyle saside dikey egilme
ortaya ¢iksa da, ¢ogu zaman ara¢ dinamik yiikleme etkisinde olacagi icin statik haldeki durumdan birkag kat
daha yiiksek seviyede dikey egilme var olmaktadir (Hui, 2012).
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Sekil 5. Arag iizerinde dikey egilme yiiklemesinin 3D gosterimi (Hui, 2012)

2.3.2. Sasi Analizi Uygulamalari

Arag sasinin statik analizinde temel hedef, sasinin olabildigince rijitliginin saglanmasi ve gelen kuvvetin
sasi iizerinde homojen bir sekilde dagilarak bir bolgede birikmesinin dnlemesidir. Ara¢ sasinin maruz kaldig:
yiiklere kars1 olabildigince az deformasyon (sehim) gdstermesi istenmektedir. Yarig araci sasisinin analizi
Solidworks Analysis, Ansys ve Hypermesh gibi analiz programlar1 kullanilarak yapilmaktadir.

Formula Student yaris aracinin sasi analizleri, bes ana baslikta yapilmaktadir (Subramanyam vd., 2016);

On darbe analizi

Arka darbe analizi

Yan darbe analizi

On torsiyonel rijitlik analizi
Arka torsiyonel rijitlik analizi

2.3.3. Sasi Analizinde Uygulanacak Kuvvetlerin Belirlenmesi

Formula Student yaris araci sasi analizinde uygulanacak kuvvetlerin belirlenmesinde birkag basit kabul
yapilmaktadir (Subramanyam vd., 2016). Bu kabuller asagida sunulmustur:

e Aracm baslangig hizi : 0 km/h

e Siiriicii ile birlikte aracin kiitlesi : 350 kg

e Aracin ¢ikabilecegi maksimum hiz : 100 km/h
e (Carpisma analizleri yapilirken aracin darbeye maruz kalma siiresi :0.4sn

Arag sasisinin 0n, arka ve yan darbe analizlerinde kullanilmak iizere kaza aninda aracin ivmesi, darbe kuvveti
ve G kuvvetine ihtiya¢ bulunmaktadir. Yukarida yapilan kabuller temel fiziksel bagintilarda kullanilarak araca
ait kaza amindaki bilgiler agagidaki gibi hesaplanmigtir:

Aracin ivmesi : a=69.5 m/s?
Kuvvet 1 F=24325 N
G kuvveti 17
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On ve arka torsiyonel rijitlik analizlerini yapmak igin siispansiyon baglant1 noktalarindan sasiye uygulanacak
kuvvetlerin belirlenmesi gerekmektedir. Bunun icin de siispansiyon analizlerinin yapilmasi gerekmektedir.
Yapilan analizlerin sonucunda, iist salincak baglanti noktalariin her birine 440 N, alt salincak baglanti
noktalarinin her birine 538 N olacak sekilde verilere ulasilmistir. Bu kuvvetler sasinin torsiyonel rijitligininin
belirlenmesinde kullanilacaktir.

2.3.4. Ana Takla Bar1 (Main Hoop) Tasarimi ve Analizi

Sasi parcalarimin analizlerde hizli optimizasyonun saglanmasi i¢in igin Solidworks programinin analiz
paketi kullanilmigtir. Burada ana ve 6n takla bar alt iki kaynak noktasindan tutturularak takla atma durumunun
analizi yapilmistir. Tasarimlar yapilirken kokpit acikligi, siiriiciiniin etrafin1 gérebilmesi ve ergonomisi
durumlan dikkate almmistir. Analizler en kotii senaryo olan yarig aracinin takla atma durumuna gore
yapilmistir. Normal kosullarda bir Formula Student yaris araci yaklagik olarak 1.5-2 G kuvvetlerine maruz
kalsa da kazada takla atma durumda 3G’ lik bir kuvvet dikkate alinarak analizi ¢alismalar1 yapilmistir. Takla
barlar1 siiriiciiniin giivenligi agisindan biiylik 6nem tasidig1 i¢in, kaza aninda olusacak olan sehimin
olabildigince az (1-2 mm) olmasi hedeflenmistir. Bunlarin yanisira giivenlik katsayisi ise minimum 2 olacak
sekilde dikkate alinmistir.

Ana takla bar1 tasarimi yapilirken barin genisligi icin kokpit agiklig1 dikkate alinmistir. Ayn1 zamanda egzoz
borularinin kokpite ¢ok yakin olmasi ve yalitim ihtiyaci nedeniyle siiriicii ergonomisi agisindan kokpit, olmasi
gerekenden biraz daha genis tasarlanmistir. Ana takla bariin yarigma kurallari dikkate alinarak 30mm ¢apinda
ve 3mm et kalinliginda olmasi1 ve DP600 ¢eliginden imal edilmesi planlanmistir. Ana takla bari tasariminda
cesitli alternatifler dikkate alinmis ve en iyi sonucglar asagida verilen tasarimda elde edilmistir. Bu yeni
tasarimda diger tasarimlara gore bariz bir sekilde mukavemet artig1 saglanmaistir.

Sekil 6-8’de tasarimi yapilan ana takla barinin gerilme, sehim ve giivenlik katsayisi analizlerinin sonuglar
sunulmustur. Ilk tasarimlarda ana takla barinimn iist kissmdaki ¢ikinti olmasi planlanmusti. Fakat yapilan
analizlerde bu ¢ikintinin ana takla barinda fazla sehime sebebiyet verdigi tespit edilmis olup, tiretimde kolaylig
da diisiiniilerek, iist kistmdaki ¢ikint: iptal edilmis ve sade (diiz) bir tasarim yapilmistir. Ana takla barmin
yliksekligi siiriicti kuralin1 karsilayacak sekilde artirilmistir. Yine yarisma kurallarinda belirtildigi iizere ana
takla bari {lizerindeki radiuslar, malzemenin dis ¢apinin minimum 1.5 kati olacak sekilde yapilmis ve 6n
kistmdan bakildiginda ana takla barmin sag alt ve iist kismmi birlestiren egimli borularin egimi 10° olacak
sekilde tasarlanmisgtir.

Upper bound axial and benc
2.65de+08
l 24568+ 06
_ 2.256e+08

_ 2080e+05

_ 1.863e+06

_ 1.665e+08

_ 1467e+(%

_ 1.26%:+08

_ 1.072e+08

_ 8.740e+07

6.7683e+07
l 4.786e+07
2.606e+07

—Vield strength: 6.2042+08

Sekil 6. Ana takla bar1 tasarimina ait gerilme analizi (N/m?)
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URES (i)
1.813e+00
1.662e+00
1.511e+00
1.360e+00
1.20%+00
1.058e+00

- 9.065:-01
7.554e-01

_ 6043e-01
4.535e-01
3.022e-01
1.511e-1

1.000e-30

oduct. For Instructional Use Cnly.

Sekil 7. Ana takla bar1 tasarima ait deformasyon (sehim) analizi (mm)

FOS
2.20%+01
2.045e+01
1.650e+C1
1.715e+01
1.557e+01
1.356e+01

L t22te+
1.057e+01
§.922e+00
T.2T6e+00

5.630e+00

l 3.564e+00
2.338e+00

nal Boduct. For Instructional Use Only.

Sekil 8. Ana takla bari tasarimina ait giivenlik katsayisi analizi

2.3.5. On Burun (Front Bulkhead) Tasarim ve Analizi

On burun, yaris aracinda pedal kutusunun arkasinda, siiriiciiniin ayak tabaninin baktig1 ve kaza aninda darbe
soniimleyicinin baglandig1 yerdir. On burun, olas1 kaza durumunda yaris aracinin 6n kismindan gelecek olan
darbelerin siiriiciiye hasar vermesini 6nleyecek sasinin dort temel béliimiinden biridir. On burun kaza aninda
arag sasisinde darbenin etkileyecegi ilk bolge olacagi i¢in bu kismin tasarimimda minimum giivenlik katsayisi
3 ve olusacak sehim ise 1mm olarak dikkate alinmistir.
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On burun tasariminda 6ncelikle dairesel kesitli profil kullanilmas: diisiiniilmiistiir. Ayn1 zamanda yarigma

capraz profil konumlandirilmasi yapilmistir. Analizde aracin 6n kismindan yaklasik 30 kN kuvvet geldigi
diisiiniilmiistiir. Dairesel kesitli profil kullanilmasi durumunda analiz sonuglar1 hedeflenen sehim degerlerinin
cok tizerinde olup giivenlik katsayisi agisindan da isteneni saglayamamastir.

Upper bound axial and bent

4.065e+08

3.73%e+08
_ 3Ade+08
_ 3.08%e+05
_ 2.763e+8
_ 2438e+08
_ 2112e+08
_ 1.787e+8
_ 14e2e+06
_ 1.136e+08

5,109 +07

4.856e+07

1.602e+07
Sekil 9. On burun tasarimina ait gerilme analizi (N/m?)

On burun tasarimi ve analizi sonunda istenilen mukavemet degerlerini saglamak igin, atalet momentinin daha
biiyiik oldugu ve iiretimde kolaylig1 saglamak i¢in tasarimda kare profil tercih edilmistir. Bu durumda tiretimde
biikiim isciliginden de tasarruf saglanmistir. Kare profil, ayni ¢apa sahip dairesel profile gore daha fazla atalet
momentine sahiptir. Bu da kesitin maruz kaldig1 egilmeye karsi parcaya ekstra mukavemet kazandirmaktadir.
Analiz sonuglari da bu teoriyi destekler nitelikte sonuglar vermistir ve tasarim kriterlerini fazlasiyla
karsilanmistir. Sekil 9-11’de tasarimi yapilan 6n burnun gerilme, sehim ve giivenlik katsayis1 analizlerinin
sonuglart sunulmustur.

LIRES [mrm]
1.750e+00
l 1,604 +00
_ 1.458e+00
_ 1.312e+00
_ 1167e+00
_ 1.027e+00
. 3.74%:-01
_ 1.297e-M
. 5.833e-01
_ 4 3T74e-01
2,81 6e-01

1.455e-01

1.000e-30

Sekil 10. On burun tasarima ait deformasyon (sehim) analizi (mm)
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3071+
25827e+01
2.554e+01
2,34 e+01
2.0%Ge+01
1.555e+01
1.612e+01
1.365e+01
_ 1125e+01

_ 8.827e+00

£,350e+00
l 3.955e+00
1.526e+00

Sekil 11. On burun tasarimina ait giivenlik katsayis1 analizi

2.3.6. Sasinin On Darbe Analizi

Sasinin 6n darbe analizinde 6n kistmdan 24325 N kuvvet uygulanmistir. Analizde sasi arka kisminda 8 adet
salincak baglant1 noktasindan sabitlenmistir. Analiz sonucunda saside 0.8mm sehim olusmus ve 65 N/mm?
degerinde bir gerilme meydana gelmistir (Sekil 12-13). 0.8 mm’lik sehim sasi tasariminda hedeflenen
araliktadir. Ayni1 zamanda analiz sonuglarma bakildiginda gerilmenin sasinin belirli bir bolgesinde
birikmedigi, aksine sasinin biitiiniine neredeyse homojen bir sekilde yayildig1 gézlemlenmistir. Sasi imalatinda
kullanilan DP600 malzemesinin akma mukavemetinin 400 N/mm? oldugu dikkate alindiginda, sasinin sahip
oldugu en diistik giivenlik katsayisi 6 olarak ortaya ¢ikmaktadir.

1000,00 (mm)

250,00 750,00

Sekil 12. Sasinin 6n darbe analizi (sehim-mm)
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500,00 1000,00 (mrm) ZJ\ X

250,00 750,00

Sekil 13. Sasinin 6n darbe analizi (gerilme-N/mm?)

2.3.7. Sasinin Arka Darbe Analizi

Sasinin arka darbe analizinde, arka havuz bolgesinden 24325 N kuvvet uygulanmistir. Yapilan darbe
analizinde sasi 6n bolgesinde sag ve sol kisimda toplamda 8 salincak baglanti noktasindan sabitlenmistir.
Analiz sonucunda saside 0.4 mm’lik sehim ve 76 N/mm? degerinde bir gerilme meydana gelmistir (Sekil 14-
15). 0.4 mm’lik sehim degeri sasi tasariminda hedeflenen aralikta yer almaktadir. Arka darbe analizinde sasinin
sahip oldugu en diisiik giivenlik katsayisi 5 olarak ortaya ¢ikmaktadir. Sasinin arka darbe analizinde sehimin
az olmasinin baglica sebepleri, arka kisimda kullanilan boru boylarinin, 6n kisimda kullanilan boru boyuna
gore daha kisa ve sik kullanilmis olmasi ve ana takla bar1 desteklerinin varligidir.

0,00 500,00 1000,00 (mm) ZA X

250,00 750,00

Sekil 14. Sasinin arka darbe analizi (sehim-mm)

212


mailto:makale-son.docx%23sek14
file:///C:/Users/filiz/Downloads/makale-son.docx%23sek15

Journal of Advanced Research in Natural and Applied Sciences 2021, Cilt 7, Say: 2, Sayfa: 201-218

000 500,00 1000,00 (mrm) z/k X

250,00 750,00

Sekil 15. Sasinin arka darbe analizi (gerilme-N/mm?)

2.3.8. Sasinin Yan Darbe Analizi

Sasinin yan darbe analizinde, kokpitin yan kismindan 24325 N kuvvet uygulanmistir. Bu analizde sasi 6n
ve arka bolgede sag ve sol olmak lizere toplam 16 salincak baglanti noktasindan sasi sabitlenmistir. Analiz
sonucunda saside yaklasik 1.5 mm’lik sehim ve 301 N/mm? degerinde bir gerilme belirlenmistir (Sekil 16-17).
Bu analiz kosullarinda sasinin giivenlik katsayis1 1.34 olarak ortaya ¢ikmaktadir. Bu analizdeki sehim ve
gerilme degerlerinin diger analizlere gore oldukga yiiksek oldugu asikardir. Bu farkin sebebi ise 6nden ve
arkadan uygulanan kuvvetler dogrultusundaki destek borularinin varhigidir. Fakat kokpit kisminda yan
kisimdan gelen kuvveti engelleyecek ekstra bir destek borusu kullanilamayacagi icin, siiriicii giivenligini
artirmak ve ayn1 zamanda siiriicliniin aract hizlica terk etmesini saglamak amaciyla yan kisma ekstra ¢apraz
bir boru konumlandirilmustir.

0,00 500,00 1000,00 (mm) *
o m 7.4 X
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000 500,00 1000,00 (mm) Z/L X

250,00 750,00

Sekil 17. Sasinin yan darbe analizi (gerilme-N/mm?)

2.3.9. Sasinin Kayma Gerilmesi Analizi

Sasiye yiikleme tiplerinden birisi olan kayma gerilmesi analizi uygulanmigtir. Bu analiz yapilirken sasi arka
kismindan sabitlenmis ve sanki tek mesnetli bir kirig gibi ele alinmustir (Singh, 2010). Sasinin siiriicii dahil
olmak lizere aracin toplam agirlig1 6n ve arka kisma esit dagilmis gibi diisiiniilerek sasinin burun kismindan
aracin toplam agirliginin yarist uygulanmigtir. Bu durumda aracin toplam kiitlesi 350 kg olup, 6n kisimdan
175 kg yiik uygulanmistir. Kayma gerilmesi analizinde 2.83 mm’lik sehim ve 65 N/mm? bir gerilme degeri
elde edilmistir (Sekil 18-19). Sehim sonucu, hedeflenen deger araligindan bir miktar uzak olsa da, gercek
kosullarda aracin 6n kismina agirligin yaris1 kadar yiik binmeyeceginden dolayr bulunan sehim degeri
hesaplanandan ¢ok daha diisiik olacaktir.

0,00 500,00 100,00 (mrm) Z/I\ X

250,00 750,00

Sekil 18. Sasinin kayma gerilmesi analizi (sehim-mm)
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000 500,00 1000,00 (mrm) ZA X

250,00 750,00

Sekil 19. Sasinin kayma gerilmesi analizi (gerilme-N/mm?)

2.3.10. Sasinin Torsiyonel Rijitlik (Burulma Direnci) Analizi

Sasi tasariminin hedefleri i¢inde en 6nemli yere sahip olan, sasinin burulmaya kars1 gosterecegi direng
(torsiyonel rijitlik) aracin siispansiyon tasarimi i¢in de olduk¢a 6nemlidir. Siispansiyon hesaplarinda sasi rijit
kabul edilir. Bu yiizden sasi olabildigince hafif ve ayn1 zamanda da rijit olmalidir. Sasi rijitligi, aracin viraj
kabiliyetini, kontroliinii ve hissiyatin1 dogrudan etkilemektedir. Torsiyonel rijitlik analizinde, sasi arka salincak
baglant1 noktalarindan sabitlenerek 6n salincak baglanti noktalarindan kuvvetler etki ettirilmistir. Bu durumda
on kisim st salincak baglant1 noktalarinin her birinden 440 N, alt salincak baglant1 noktalarinin her birinden
538 N kuvvet uygulanmistir. Analiz sonucunda saside yaklasik 3mm’lik sehim ve yaklasik 76 N/mm?
degerinde bir gerilme meydana gelmistir (Sekil 20-21).

0,00 500,00 1000,00 (rmrr) z/L X
I ..

250,00 750,00

Sekil 20. Sasinin torsiyonel rijitlik analizi (sehim-mm)
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000 500,00 1000,00 (mm) ZA X

250,00 750,00

Sekil 21. Sasinin torsiyonel rijitlik analizi (gerilme-N/mm?)

Sasinin torsiyonel rijitligini hesaplamak i¢in 6ncelikle sasiyi burmaya calisan kuvvet ¢iftinin birbiri arasindaki
mesafenin saptanmasi gerekir (Singh, 2010). Bu mesafe salincak baglanti1 noktalar1 arasindaki mesafedir.
Torsiyonel rijitlik

K=z 2.1)
Dondiirme momenti

R=F.L(N.m) (2.2)

Burulma agis1

6 = arctg [%] (2.3)
Torsiyonel rijitlik
F.L
KZes 0

>
_’|

)

|

Sekil 22. Sasinin torsiyonel rijitlik hesabi igin sematik gosterimi (Singh, 2010)
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Saside burulmay saglayacak olan kuvvet ¢ifti : F= 1956 N

Kuvvet ¢ifti arasindaki mesafe L=2775mm =0.2775m
Salincak baglant1 noktalarindaki sehim : Ayl=Ay2=2.1 mm= 0.0021 m
Dondiirme momenti R=542.79N m

Burulma agis1 :©=0.433°

Torsiyonel rijitlik : K=1251.876 Nm/°

Siispansiyon yuvarlanma rijitligi (roll stiffness) 500-1000 Nm/° olan bir Formula Student yaris aract igin
sasinin sahip olmasi gereken torsiyonel rijitlik degerinin 300-1000 Nm/° arasinda olmasi yeterlidir (Singh,
2010). Bu calismada da elde edilen sonuglar istenen degerlerin daha {istiinde olup arag¢ sasisi i¢in daha iyi
seviyelerde torsiyonel rijitlik degerleri elde edilmistir.

Sasi i¢in yapilan biitiin analizlerin tamami ayrica bir tablo halinde sunulmustur (Tablo 3). Bu tabloda yapilan
analizler ¢alismanin sonuglarinin daha iyi anlasilabilmesi i¢in topluca ifade edilmistir.

Tablo 3
Formula Student yaris araci sasi analizi sonuglari
o . Gerilme Sehim Minimum giivenlik
Analiz tipi Yiik (Mpa) (mm) Katsayisi

Ana takla bar1 analizi 3G 265 1.8 2.3
On burun analizi 30 kN 406,5 1.75 15
Sasi 6n darbe analizi 24325 N 65 0.8 6
Sasi arka darbe analizi 24325 N 76 0.4 5
Sasi yan darbe analizi 24325 N 301 15 1.34
Sasi kayma gerilmesi analizi 175 kg 65 2.83 6
Sasi torsiyonel rijitlik analizi 3912 N 76 3 5

3. Sonuclar

Araclarin sasi tasariminda en 6nemli husus sasinin dayamikliligi ve rijitligidir. Bu c¢alismada Formula
Student yar1s aracinda kullanilmak i¢in tasarlanan sasinin, gergeklestirilen analizler dogrultusunda, hedeflenen
tasarim kriterleri ve rijitlik derecesine fazlasiyla sahip oldugu belirlenmistir. Yapilan analizler neticesinde
yarigma kurallar1 dogrultusunda, hedeflenen tasarim kriterleri daraltilarak daha hafif ve rijit tasarimlar elde
edilmesi miimkiin olmaktadir. Ancak gelinen noktada yeniden tasarlanan ara¢ sasisi muadillerine gore bir
nebze (%30) agir olsa da, rijitlik ve ergonomik olmasi1 bakimindan oldukga {iistiindiir. Yarig araci sasisinde
daha rijit ve hafif bir yap1 elde etmek icin, uzay kafes sasiye gore daha maliyetli ve iiretimi zor olan monokok
sasi tasarimi da tercih edilebilir. Sasi imalatinda kullanilan borularin uzunluklar1 daha kisa tutularak yiikleme
durumunda olusan sehimler azaltilabilir.

Yazar Katkilar
Yigit Alp Oymak: Analizleri planlamis, tasarlamig ve yapmuistir.

Erol Feyzullahoglu: Analizlerin yorumlanmasina ve makalenin yazimina katki saglamistir
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1. Giris

Son yillarda, farkli antropojenik kaynaklardan yayilan agir metallerin gevre {izerinde dogrudan veya dolayli
etkileri olmaktadir. Kiiresel olarak agir metaller, insan saghigi ve ekosistem biitiinliigii i¢in ciddi tehditler
olusturmaktadir. Bir¢cok agir metal; topraktan, evsel ve endiistriyel atiklardan, igme sularindan, pigsirme ve
isleme ekipmanlarindan, paketleme-kutulama asamalarindan ve gida zincirinden canli organizmalara gegerek
risk olusturmaktadir. Su kaynaklari giiniimiizde endiistriyel ve kentsel atiklarla kirletildigi i¢in 6nemli ¢evre
ve saglik sorunlarindan biri haline gelmistir (Ojutiku ve Okojevoh, 2017). Agir metaller sulardaki en 6nemli
inorganik kontaminasyon kaynaklarindan biridir. Sucul ortama tasinan metaller sularda serbest olarak
bulunabildigi gibi cesitli partikiillere tutunabilir veya c¢okelti halinde birikebilir. Bu nedenle, su ve
cokeltilerdeki yiiksek metal seviyeleri, baliklar dahil olmak tizere sudaki biyotada birikmelerine neden olabilir.
Bunun sonucunda deniz ekosistemlerindeki kimyasal kirlilikler balik tiiketiminde insan sagligini olumsuz
yonde etkiler (Rahman vd., 2019). Baliklarda en fazla rastlanan agir metallerin basinda kadmiyum, nikel, civa,
arsenik, bakir, krom, ¢inko, kursun, aliminyum ve mangan gelmektedir. Agir metaller tolere edilebilir
miktarlarin {izerinde alindiginda nérolojik problemler, karaciger ve bobrek hasari, endokrin sistemlerinin
bozulmasi, kardiyovaskiiler disfonksiyon, hematolojik anomaliler ve kanserojen etkiler meydana gelmektedir.
Bir¢ok agir metal, enzimlerde bulunan kiikiirt, azot ve diger fonksiyonel gruplara baglanarak islevlerini
bozmaktadir. Bu nedenlerle bazi metal tiirlerinin besinlerdeki diizeylerinin izlenerek kontrol edilmesi insan
saglhigima olumsuz sonuglar1 6nlenmesi agisindan son derece 6nemlidir.

Farkli matrislerdeki eser elementlerin belirlenmesi i¢in n6tron aktivasyon analizi (NAA), indiiktif olarak es-
lesmis plazma kiitle spektrometresi (ICP-MS), indiiktif olarak eslesmis plazma atomik emisyon spektrometresi
(ICP-AES), grafit firinli atomik absorpsiyon spektrometresi (GF-AAS), hat kaynakl: alevli atomik absorpsiyon
spektrometrisi (LS-FAAS) ve yiiksek ¢oziiniirliiklii siirekli 1s1n kaynakl alevli atomik absorbsiyon spektrofo-
tometrisi (HR-CS FAAS) gibi ¢esitli analitik teknikler kullanilmaktadir. ICP-AES, metaller i¢in diisiik tayin
siirina sahip olmasina ragmen humunede bulunan gesitli elementlerin analit tizerine spektral girisimi problem
olarak ortaya ¢tkmaktadir. Ornegin kadmiyum, bor ve tungsten, aliiminyum tayini iizerinde engelleyici etkilere
sahiptir GF-AAS, ¢esitli numunelerde eser diizeydeki baz1 metallerin seviyelerini belirlemek i¢in basariyla
uygulanmaktadir. Ancak matris etkisi ve refrakter karbiir olusumu gibi baz1 dezavantajlari s6z konusudur (Tria,
Butler, Haddad, ve Bowie, 2007). NAA ve ICP-MS iyi bir duyarliliga sahiptir, ancak bu enstiirmanlarin yiiksek
maliyeti nedeniyle rutin analizler i¢in FAAS’ler tercih edilmektedir. FAAS’ler igerisinde hat kaynakli (LS-
FAAS) ve yiiksek ¢oziiniirliiklii stirekli 1s1n kaynakli (HR-CS FAAS) teknikler yer almaktadir. LS-FAAS’lerin
coklu element analizine imkan vermeyisi, her element igin ayr1 bir 11 kaynagi gerektirmesi, matris etkisinin
hatal1 sonuglara neden olmasi, 450 nm’den sonra zemin girisimlerinin siirekli 151n kaynag ile giderilememesi
ve metal tayininde tayin smirlariin yiiksek olmasi gibi dezavantajlar1 sz konusudur. LS-FAAS’lerin deza-
vantajlarmna alternatif olarak gelistirilen HR-CS FAAS son yillarda yogun olarak laboratuvarlarda tercih edil-
mektedir. HR-CS FAAS ile disiik maliyette analizlerin yapilmasi, yiiksek ¢6ziiniirliikkte monokromatore sahip
olmast, tek 151n kaynagi (Ksenon ark) ile coklu element tayinini miimkiin kilmas1 nedeniyle element analizleri
igin umut verici bir segenektir. Bu teknigin en biiyiik avantaji tiim elementler i¢in yalnizca tek bir lambaya
ihtiya¢ duyulmasidir (Welz, 2005).

Literatiirdeki caligmalarda elde edilen balik tiirlerinin yas ve kuru agirliklarina gére analizleri yapilmistir. Ca-
lismamizda ise literatiirden farkli olarak kizartma sonucu elde edilen 6rneklerin analizi gergeklestirilmistir.
Baliklardaki metal seviyeleri balik tiirii, biiyiikliik, yas, iklim, biyogesitlilik, pisirme sekli, biyolojik ve ¢evresel

etki gibi gesitli faktorlere bagh olarak degistiginden gesitli arastirmacilar tarafindan farkli zamanlarda yapilan
analizler 6nemlidir.

Bu ¢alismada, HR-CS FAAS kullanilarak tiiketime hazir hale getirilmis bazi balik tiirlerinde (alabalik (Salmo
trutta), uskumru (Scomber scombrus), istavrit (Trachurus trachurus), kiipes (Boops boops), sardalya (Sardina
pilchardus), hamsi (Engraulis encrasicolus) ve palamut (Sarda sarda)) kursun, nikel, kadmiyum, bakir, krom,
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¢inko, demir, mangan, aliminyum, kalsiyum ve magnezyum diizeylerinin belirlenmesi, elde edilen sonuglarin
Ulusal ve Uluslararasi standartlar ile karsilastirilmasi ve insan sagligi riskinin degerlendirilmesi amaglanmaigtir.
Ayrica dokulardaki Tahmini Haftalik Alim Diizeyi (EWI), Tolere Edilebilir Haftalik Alim Miktarlar1 (PTWI),
Hedef Tehlike Oran1 (THQ) ve Tehlike Indeksi (HI, Toplam THQ) hesaplamalari yapilmistir. Bu ydnleriyle
calismamiz gida giivenligi, ¢cevre, insan ve toplum sagligi icin 6nem arz etmektedir.

2. Materyal ve Yontem

2.1. Orneklerin temini

Calismada, Subat 2019°da Samsun’dan getirilen ve Kirsehir’de satilan alabalik (Salmo trutta), uskumru
(Scomber scombrus), istavrit (Trachurus trachurus), kiipes (Boops boops), sardalya (Sardina pilchardus),
hamsi (Engraulis encrasicolus) ve palamut (Sarda sarda) kullanilmustir. I¢i bosaltilmis ve temizlenmis olarak
satin alman balik drnekleri buz korumali kaplarla aym giin i¢inde laboratuvara getirilmistir. Ornekler dnce
musluk suyu ile daha sonra deiyonize su (18,3 MQ cm, Millipore, Corporation, MA, ABD) ile yikanmis ve
yagda kizartilarak tiiketime hazir hale getirilmistir.

2.2. Orneklerin ¢oziiniirlestirilmesi

Kizartilmig balik 6rneklerinin her birinin yumusak doku (kas) kisimlarindan 3’er numune alinmustir.
Numuneler etiivde 50°C de 24 saat bekletilerek sabit tartima getirilmistir. Yontemin dogrulugunun sinanmasi
icin Sertifikali Referans Madde (SRM IAEA-407 Fish Homogenate, International Atomic Energy Agency
(IAEA), Vienna, Austria) kullanilmistir. Sabit tartima getirilmis kizartilmig balik numunelerinin (1.0 g-1.5 g)
ve SRM’nin (2 g) ¢Oziiniirlestirilmesi mikro dalga firinda basinca ve sicakliga dayanikli vida kapakli PTFE
(politetrafloretilen)’den imal edilmis 100 mL hacimli kaplarda gerceklestirildi. PTFE kaplara konulan her bir
ornege 5 mL nitrik asit (%65’lik HNOs, (v/v) Merck), 2 mL perklorik asit (%72’1ik HCIOs (v/v), Merck) ve 1
mL hidrojen peroksit (30 %’ luk H20; (v/v), Merck) ¢ozeltileri eklendikten sonra 30 dk bekletilmistir. PTFE
kaplarin sizdirmaz kapaklar1 kapatildiktan sonra mikro dalga ¢oziiniirlestirme iglemlerine tabi tutulmustur.
Coziiniirlestirme programi 250 W, 5 dk; 800 W, 10 dk ve 450 W, 5 dk olacak sekilde uygulanmistir. PTFE
kaplar oda sicakligina sogutulduktan sonra kapaklari ¢eker ocakta dikkatlice agilmistir ve elde edilen berrak
karigimin (¢dziinmeyen drneklere tekrar mikrodalga ¢oziiniirlestirme islemi uygulanmstir) hacmi 0.1 mol L™
HNO; ¢ozeltisi ile 10 mL’ye tamamlanmigtir. Balik 6rnegi icermeyen blank ¢ozeltisinede aymi islemler
uygulanmustir.

2.3. Metal tayinleri

Calismada metal tayinleri Analytik Jena ContrAA 300 (GLE, Berlin, Germany) Model HR-CS FAAS ile
gerceklestirilmigtir. HR-CS FAAS cihaz degiskenleri ve cihazin ¢aligilan elementler i¢in gézlenebilme sinirlart
sirasiyla Tablo 1 ve Tablo 2’de verilmistir.

Tablo 1
HR CS-FAAS cihaz degiskenleri
DD Pb Ni Cd Al Cr Cu Fe Mn Zn Ca Mg

A 217.0 232.0 228.8 396.15 359.34 324.75 248.32 279.48 213.85 422.67 285.2
B 0 0 0 215 0 0 0 0 0 215 0
C 65 55 50 55 100 55 60 80 60 50 70
D 8 7 6 7 7 6 5 8 8 6 5
E 3 3 3 3 3 3 3 3 3 3 3

DD: Degiskenler, A: Dalga boyu, nm, B: N20-C2H2 akis hizi, L/h, C: C2Hz-Hava akis hizi, L/h, D: Alev bashg yiiksekligi, mm,
E: Degerlendirme pikselleri, pm
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Tablo 2
HR-CS FAAS’de caligilan elementler igin gozlenebilme sinirlar” (Analytikjena, 2008).
Element Pb Ni Cd Al Cr Cu Fe Mn Zn
(mg LY 0.005 0.0012 0.0004 0.022 0.005 0.001 0.001 0.001 0.001

* 30, 11 tekrar

Caligma grafiklerini (kalibrasyon grafigi) elde etmek i¢in 1000 mg L derisime sahip metal stok ¢ozeltilerinden
(Merck) belirli hacimlerde alinan &rnekler 0.1 mol L™ HNOs ile uygun hacimlere tamamlanmustir. Calisilan
metaller i¢in elde edilen kalibrasyon degiskenleri Tablo 3’de verilmistir.

Tablo 3
Kalibrasyon degiskenleri
Metal Kalibrasyon esitligi (mg L?)  Korelasyon katsayisi (R?) Liner aralik (mg L™?)

Pb y = 0.03692x + 0.0057 0.9972 0.02-2.0
Ni y = 0.05115x + 0.00112 0.9985 0.02-2.0
Cd y=0.014343x+0.000658 0.9997 0.02-2.0
Al y =0.00197x + 0.00039 0.9998 0.2-10.0
Cr y =0.03251x + 0.00038 0.9981 0.04-2.0
Cu y =0.12318x + 0.03087 0.9975 0.02-2.0
Fe y =0.0614x + 0.0084 0.9974 0.1-5.0
Mn y =0.09265x - 0.0255 0.9961 0.2-25
Zn y =0.22090x + 0.00021 0.991 0.1-1.0
Ca y = 0.0942+0.0076 0.9999 0.2-5.0
Mg y =0.3922x + 0.1635 0.9972 0.2-4.0

2.4. Risk degerlendirmeleri

Balik tiiketiminden kaynakli olasi tiiketici risklerini belirlemek icin EWI, THQ ve HI hesaplamalari
yapilmistir. Viicut agirhigi 70 kg, yasam siiresi ise 60 yil (EPA, 2011), olarak kabul edilmistir. Yetiskin bir kisi
icin elde edilen EWI degerleri, dokulardaki maksimum birikim degerleri kullanilarak hesaplanmistir. Tiiketici
risk degerlendirmeleri kapsaminda EWI (Denklem 2.1), THQ (Denklem 2.2) ve HI (Denklem 2.3)
hesaplamalar1 EPA (2019)’a gore yapilmustir.

M.x IR

EWI =
BW

2.1)

M: : Balik dokularindaki metal diizeyi (ug g?),
IR : Tiiketim oram (g giin?),
BW : Tiiketicinin viicut agirlig1 (kg).
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Tiirkiye Istatistik Kurumu (TUIK) verilerine gére Tiirkiye’deki su iiriinleri tiiketimi (IR) 18.6 g/kisi/giin’diir
(TUIK, 2019).

THQ viicuda alinan metallerin diizeylerinin kanserojen olmayan etki risklerini de ifade etmektedir. Metallerin
referans dozu (RfD) degerleri Tablo 4’ de verilmistir. THQ hesaplamalarinda kullanilan parametreler Tablo 5°
de verilmistir.

_ (EFXEDxIRxM,)

THQ = (RfD x BW x AT) x (107%) (2.2)

EF : Maruz kalma siklig1 (giin/y1l),
ED : Maruz kalma siiresi (y1l),
AT : Ortalama maruz kalma stiresi (giin, 365x ED).

Toplam THQ (TTHQ) ya da HI olarak ifade edilen deger, arastirilan tiim elementlerin toplam THQ degerleri
ile hesaplanmir. TTHQ’nun 1°den biiyiik olmas: tiiketici ag¢isindan kanserojen olmayan saglik risklerinin oldu-
gunun gostergesidir (EPA, 2019).

2. THQ(HI) = (THQ; + THQ,+........ +THQ,) (2.3)
Tablo 4
Metallerin referans dozu (RfD) degerleri (EPA 2011, 2016)
Metal RfD (mg/kg/giin)
Pb 0.004
Ni 0.02
Cd 0.001
Al 1.00
Cr 1.5
Cu 0.04
Fe 0.7
Mn 0.14
Zn 0.3
Tablo 5
THQ hesaplanmasinda kullanilan parametreler (EPA 2006, 2011)

Faktor/parametre Sembol Birimler Yetiskinler i¢in alinan degerler
Maruziyet siiresi ED Yil 30
Maruz kalma siklig1 EF Gilin/Y1l 365
Ortalama maruz kalma siiresi | AT (ED x 365) Giin 10950
Viicut agirligi BW kg 70.0
Balik tiiketim oran1 IR g/glin 18.6
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3. Bulgular ve Tartisma

Yontemin dogrulugu, Sertifikali Referans Maddeye (SRM IAEA-407 Fish Homogenate) ayni analiz
asamalarinin uygulanmasiyla elde edilen sonuglarla sinanmustir. Sertifikali degerler ile elde edilen sonuglar
arasinda bagil hata %5’den daha az olarak belirlenmistir (Tablo 6).

;-:ftli(f)ilfah referans madde analizi (IAEA-407 Trace Elements in Fish Tissue)

Element Bulunan®(ug g Sertifika degeri‘(ng g?) Bagil hata (%)
Pb 0.125+0.08 0.12+0.06 4.17
Ni 0.624+0.14 0.60+0.18 4.00
Cd 0.195+0.02 0.189+0.019 3.17
Al 13.2+3.5 13.8+3.7 -4.35
Cr 0.76+0.14 0.73+0.22 411
Cu 3.42+0.5 3.284+0.40 4.27
Fe 149+9.2 146+14 2.05
Mn 3.35+0.28 3.52+0.32 -4.83
Zn 65.1+4.3 67.1+3.8 -2.98

*x £S8S (li¢ 6l¢limiin ortalamasi+Standart Sapma)

Caligmada balik drneklerindeki metal diizeyleri, kursun i¢in 0.26-0.43 pg g*; nikel igin 0.15-0.25 ug g*; kad-
miyum igin 0.03-0.25 ug g*; aliiminyum igin 1.3-5.2 pg g*; krom 0.34-2.79 pg g*; bakir igin 1.08-3.33 ug g°
1. demir igin 3.64-14.95 pg g'; mangan i¢in 2.03-3.54 ug g'%; ¢inko igin 4.13-20.72 pg g; kalsiyum igin 0.25-
1.37 mg g* ve magnezyum igin 0.27-0.71 mg g araliklarinda bulunmustur (Tablo 7).

Canlilar i¢in kursun, nikel, kadmiyum, krom ve aliiminyum toksik metaller icerisinde degerlendirilmektedir
(Nabrzyski, 2002). Bu dogrultuda tayin ettigimiz toksik metallerden kursun igerigi en yiiksek palamutta (0.43
ug gl) ve alabalikta (0.42 pg gl), en diisiigii ise hamside (0.26 pug g*) belirlenmistir. Kursun esas olarak
kemiklerde depolanan, boylece besin zinciri yoluyla bulagma riski daha az olan bir metaldir (Lee vd., 2019).
Bundan dolay1 suda yasayan organizmalarda, alglerde ve ¢ift kabuklular veya yengegler gibi bentik organiz-
malarda daha yiiksek kursun seviyeleri bulunurken, baliklar gibi tist trofik seviyedeki organizmalarda daha
diistik seviyeler bulunur (Lee vd., 2019). Kursuna maruz kalma, nérotoksik etkilere, eklem zayifligina, hizlan-
mig iskelet olgunlasmasina, artmis kan basincina, anemiye, bobrek fonksiyonunda bozulmaya, hormon sevi-
yelerinde degisikliklere ve immiinoglobulin E (IgE) 'de bir yiikselise dolayisiyla da alerjik hastaliklarda bir
artiga neden olabilir (EPA, 2014). Bu nedenle, Kursun, zehirli ve zararli maddeler listesine dahil edilmistir ve
halk sagligini en ¢ok ilgilendiren on kimyasaldan biri olarak tanimlanmigtir (WHO, 2011).

Literatiirde yapilan galismalarda, balik tiirlerindeki kursun igerigi Karadeniz’de 0.28-0.64 pg g* (Mendil, De-
mirci, Tuzen ve Soylak, 2010), iskenderun Kérfezi'nde 0.068-0.874 pg g* (Yilmaz, Ozdemir, Demirak ve
Tuna, 2007) ve Keban, Atatiirk ve Karakaya barajindan temin edilen baliklarda ise 0.018 ve 0.112 ug g* (Varol
ve Siinbiil, 2020) araliginda bulunmustur. Tiirk Gida Kodeksine (TGK) ve Diinya Saglik Orgiitiine (WHO)
gore deniz baliklart i¢in izin verilen maksimum kursun seviyesi 0.3 ug gt dir (WHO, 2004, 2019; TGK, 2011).
Genel olarak, analiz edilen balik 6rneklerindeki kursun seviyelerinin TGK’min ve WHO’nun belirledigi {ist
limitlerin tizerinde oldugu goriilmiistiir.
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gi?lllgt?jrlerindeki ortalama metal diizeyleri (ug g kuru agirlik)

Balik Tiirii Pb Ni Cd Al Cr
Alabalik 0.42+0.02 0.20+0.01 0.03+0.002 2.3+0.12 0.53+0.02
Uskumru 0.33+0.02 0.25+0.02 0.10+0.004 5.2+0.26 0.55+0.03
Istavrit 0.38+0.01 0.18+0.01 0.06+0.003 3.3£0.17 1.93+0.1
Kiipes 0.39+0.02 0.23+0.01 0.05+0.002 2.5+0.13 0.34+0.01
Sardalya 0.32+0.02 0.22+0.01 0.08+0.004 2.6+0.17 2.79+0.11
Hamsi 0.26+0.01 0.15+0.01 0.25+0.01 1.3+£0.05 1.13£0.06
Palamut 0.43+0.02 0.26+0.02 0.15+0.01 3.7£0.19 0.8+0.04

Balik Tiirii Cu Fe Mn Zn Ca Mg
Alabalik 2.20+0.11 4.42+0.22 3.54+0.22 8.41+0.54 460.1+18.4 265.4+13.2
Uskumru 3.30+0.2 10.47+0.64 2.17+0.52 5.97£0.32 794.5+£39.7 387.6+19.3
Istavrit 2.25+0.13 3.64+0.24 2.03%0.18 4.13+0.24 590.9+29.5 346.1+20.7
Kiipes 1.26+0.06 6.22+0.31 2.15+0.10 8.81+0.44 1325.9£79.5 429.6+21.4
Sardalya 3.33+0.17 10.53+0.53 2.92+0.17 12.74+1.01 1075.2453.7 402.6+18.1
Hamsi 1.08+0.05 14.95+0.84 3.51+0.08 20.72+1.51 1373.8£54.9  707.2428.2
Palamut 2.63+0.18 5.17+0.21 1.99+0.06 4.50+0.23 254.9+12.7 377.4+18.8

X £S8S (ii¢ 6lgiimiin ortalamasi+Standart Sapma)

Analiz edilen nikel diizeyleri 0.15-0.25 pg g* arasinda degisen baliklar igerisinde en yiiksek seviye palamutta
(0.26 pg gt) ve uskumruda (0.25 ug g?) en diisiik seviye ise istavritte (0.18 ug g*) ve hamside (0.15 pg g*1)
tespit edilmistir. Nikel viicut tarafindan genellikle iki degerlikli nikel iyonu olarak emilir ve beyin de dahil
olmak iizere gesitli organlara dagilarak norotoksisiteye neden olur. Nikel, insan lenfositleri iizerinde sitotok-
siktir ve artmis ROS (Reaktif oksijen tiirleri) olusumu, mitokondriyal membran potansiyel ¢cokmesi, glutatyon
tilkkenmesi, lizozomal membran hasar1 , hiicresel proteoliz ve kaspaz-3 aktivasyonu ile iligkilidir (Nabrzyski,
2002).

Literatiirde yapilan ¢aligmalarda balik 6rneklerindeki nikel seviyeleri, Kastamonu kiyilarindaki balik tiirle-
rinde 2.21-4.89 ug g* araliginda (Sénmez, Kadak, Ozdemir ve Bilen, 2016), Marmara, Ege ve Akdeniz kiyi-
larinda 0.02-3.97 pg g* aralifinda (Tiirkmen, Tiirkmen, Tepe, Ates ve Gokkus, 2008), Dicle Nehrindeki balik
tiirlerinde 0.66-0.79 pg g* araliginda (Varol, Kagar ve Akin, 2020), Dogu Karadeniz sahillerindeki balik pa-
zarindan satn aliman balik tiirlerinin kas dokusunda 1.07-24.0 pg g* araliginda (Tiirkmen ve Ogiit¢ii 2020) ve
Kuzeydogu Akdeniz kiyilarindaki balik érneklerinde ise 0.006-7.10 pg g* (Korkmaz vd., 2019) araliginda
bulunmustur. WHO giinliik nikel alimin1 100-300 pg (WHO, 2004) araliginda sinirlandirmistir. Ortalama
100’g lik bir porsiyon diisiiniildiigiinde ¢alistigimiz baliklarin tiiketilmesi durumunda alinacak maksimum ni-
kel miktariin (25 pg) bu sinir degerinin altinda olacag: tespit edilmistir.

Balik tiirlerindeki kadmiyum diizeyleri 0.03-0.25 ug g™ arasinda belirlenmistir. Baliklar igerisinde en yiiksek
seviye hamside (0.25 pug g1), palamutta (0.15 pug g™) ve uskumruda (0.10 pug g*) en diisiik seviye ise alabalikta
(0.03 g g*) tespit edilmistir. Yiiksek miktarda kadmiyum alimi, kalsiyum metabolizmasinda bozukluklara,
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bobrek taslariin olusumuna, kronik bobrek yetmezligine, proteiniiriye, renal tiibiiler disfonksiyona, akciger
fibrozisine ve aortik/koroner ateroskleroza neden olabilmektedir (Faroon vd., 2012).

Kuzeydogu Akdeniz ve iskenderun Kérfezi'ndeki balik érneklerinde kadmiyum seviyeleri 0.01-4.16 ug g*
araliginda (Tirkmen, Tirkmen, Tepe, ve Akyurt, 2005), Marmara, Ege ve Akdeniz’deki balik tiirlerinde ise
0.02-0.37 pg g* araliginda tespit edilmistir (Tiirkmen vd., 2008). iskenderun Kérfezi'nde yapilan baska bir
caligmada ise kadmiyum diizeyleri 0.01-0.08 pg gt araliginda bulunmustur (Yilmaz vd., 2007). Balik 6rnekleri
i¢in izin verilen maksimum kadmiyum seviyesi TGK’ ya gére 0.1 pg g%, Gida ve Tarim Orgiitiinde (FAO) ise
farkl1 balik tiirleri i¢in 0.05-0.25 pg gt araligindadir (TGK, 2011; FAO, 2003). Analiz edilen baliklardan kad-
miyum diizeyi hamsi ve palamutta TGK’ da izin verilen seviyenin tizerinde bulunurken diger baliklarda bu
sinirlarin altinda bulunmustur.

Toksik metallerden bir digeri olan aliiminyum, en yiiksek seviye olarak uskumruda (5.2 pg g*) en diisiik seviye
ise hamside (1.3 pg g*) belirlenmistir. Aliiminyum viicut igin elzem olmayan bir metaldir. Akut ve kronik
aliminyuma maruz kalinmasi ensefalopati, diyaliz demansi, alzheimer ve parkinson hastaligi dahil olmak
{izere birgok olumsuz saglik etkisine sahiptir. Literatiirde yapilan baz1 ¢aligmalarda aliiminyum diizeyleri; Is-
kenderun Korfezin’deki balik tiirlerinde 0.02-5.41 pg g* araliginda (Tiirkmen vd., 2005), Karadeniz’den ya-
kalanan balik tiirlerinde 0.28-1.02 ug g araliginda (Culha, Yabanl, Baki ve Yozukmaz, 2016) ve Iran' Basra
Korfezi kiyilarindaki balik tiirlerinde 0.25-3.89 pg g™ araliginda (Pilehvarian, Malekirad, Bolandnazar ve Re-
zaei, 2015) belirlenmistir. Aliminyumun gidalarda Tolere Edilebilir Haftalik Alim Miktarlar1 (PTWI) FAO
ile WHO’ nun degerlendirmesine gore, 2 pug g viicut agirhigi olarak belirlenmistir (FAO/WHO 2011). Analiz
edilen balik orneklerindeki aliiminyum diizeyleri kiyaslandiginda bu ¢alismada elde edilen EWI degerlerinin
PTWI degerlerin altinda oldugu goriilmiistiir.

Krom mesleki ve c¢evresel Kirletici olarak kabul edilmektedir, kanserojen toksisiteye neden olan kesin krom
mekanizmalar1 tizerinde ¢alismalar devem etmektedir (Hu vd., 2017). Serbest radikallerin ve ROS’un olusumu
ile iliskili oldugu bildirilmektedir. Calismamizda; krom diizeyleri 0.34-2.79 pg g arasinda degisen baliklar
igerisinde en yiiksek sardalyada (2.79 pg g*) ve istavritte (1.93 ug g*) belirlenirken, en diisiik krom diizeyi ise
kiipeste (0.34 pg g1) bulunmustur. Farkli degerlikte bulunabilen krom tiirleri elzem ve toksisite bakimindan
farklidir. Cr (V1) tiiriiniin Cr (I11) tiirtine gore daha toksik oldugu yapilan ¢alismalarda raporlanmustir. Cr (111)
ise lipid metabolizmasi ve insiilin fonksiyonunda aktif rol oynayan tiirdiir. Bu nedenle tiirlendirme c¢alismala-
rina ihtiya¢ duyulmaktadir.

Marmara, Ege ve Akdeniz'den elde edilen balik tiirlerindeki metal diizeyleri ICP-AES ile belirlenmis ve balik
tiirlerinin yenilebilir kismindaki krom seviyesi 0.04-1.75 ug g* araliginda belirlenmistir (Tiirkmen vd., 2008).
Dicle Nehri balik tiirlerinde yapilan analizlerde krom seviyesi 0.056-0.081 pg g araliginda (Varol vd., 2020)
ve Kuzeydogu Akdeniz kiyilarindaki balik tiirlerinde ise 2.15-7.10 ug g araliginda belirlenmistir (Korkmaz
vd., 2019). Karadeniz ve Akdeniz’deki balik tiirleri tizerinde yapilan bagka bir ¢alismada krom diizeyi, 1.28—
1.46 pg g* araliginda tespit edilmistir (Turan, Dural, Oksuz ve Oztiirk, 2009). TGK ve WHO’da balik 6rnek-
lerinde maksimum krom seviyeleri hakkinda bilgi bulunmadigindan kiyaslama MHPRC (Ministry of Health
of the People's Republic of China) Ulusal Gida Giivenligi Standardina (MHRPC, 2013) gore belirlenen su
tiriinlerinde miisaade edilen krom diizeyine (2 pg g*) gore yapilmigtir. Tiim balik tiirlerinde bulunan diizeyler
MHPRC standardina gore belirlenen limitin altinda bulunmustur.

Bir¢ok metaloproteinin yapisinda bulunan bakir, mangan, demir ve ¢inko; enzimlerin aktif olmasindan viicut
savunma sistemine kadar gesitli siire¢lerde dnemli rol almaktadir.

Bakir, hemoglobin sentezinde ve gesitli enzimlerde bulunmasi nedeniyle énemli bir metaldir. Calismamizda
bakir seviyeleri 1.08-3.33 pg g arasinda degismekte ve baliklar igerisinde en yiiksek seviye sardalyada (3.33
ug gh) ve uskumruda (3.30 pg g en diisiigii ise kiipeste (1.26 ug g) ve hamside (1.08 ug g*) tespit edilmistir.
Cesitli kaynaklardan temin edilen balik tiirlerindeki bakir seviyeleri, Marmara Denizi’nde 0.23-9.49 ug g*
araliginda (Keskin vd., 2007), Ege Denizi ve Akdeniz’de 0.51-7.05 pg g* araliginda (Tiirkmen vd., 2008) ve
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Iskenderun Kérfezi'nde 0.74-2.24 pg g arahiginda (Tiirkmen, Tiirkmen, Tepe, Mazlum ve Oymael, 2006)
bulunmustur. Yapilan diger ¢aligmalarda, Kuzeydogu Akdeniz kiyilarinda 0.006-0.74 ug g* aragiginda (Kork-
maz vd., 2019), Akdeniz kiyilarinda temin edilen balik tiiriinde 0.54-1.23 pg g araliginda (Ucar, 2020), Mer-
sin Korfezi'ndeki balik tiirlerinde 0.77-9.20 pg g* araliginda (Karayakar, Baybek ve Cicik, 2017) ve Dicle
Nehrindeki balik tiirlerinde ise 2.20-2.31 pg g* araliginda (Varol vd., 2020) bulunmustur. Baliklar igin izin
verilen maksimum bakir diizeyi TGK ya gore 20 ug g™ ve FAO ‘ya gore 30 pug g olarak belirlenmistir (TGK,
2002; FAO, 1983). Elde ettigimiz maksimum bakir diizeyleri literatiirdeki ¢alismalarla uyumlu olarak TGK
ve FAO standartlarinda miisaade edilen degerlerin altindadir.

Mangan, insan fizyolojisinde ¢ok 6nemli bir yere sahiptir, ¢esitli enzimlerin kofaktoriidiir ve biyolojik sistem-
lerde bir eksiklik meydana geldiginde, ciddi iskelet ve iireme anomalilerine neden olur. insanlarda Mn toksi-
sitesi nadirdir. Bununla birlikte yiiksek konsantrasyonlarda tehlikeli hale gelebilir. Calismamizda, mangan dii-
zeyleri 1.99-3.54 ug g* arasinda degisen baliklar icerisinde en yiiksek mangan diizeyleri alabalikta (3.54 pg
g!) ve hamside (3.51 pg g?) belirlenmistir. En diisiik mangan degeri ise istavritte (2.03 pg g*) ve palamutta
(1.99 ug g?) tespit edilmistir. Karadeniz’den temin edilen balik tiirlerindeki mangan diizeylerini 2.76-9.10ug
g 'araliginda bulmustur (Tuzen, 2009). Ege ve Akdeniz’den elde edilen balik tiirlerindeki mangan diizeyleri
ise 0.10-0.99 pg g ' araliginda tespit edilmistir (Tiirkmen vd., 2008). Hazar denizi kiy1 sularindan yakalanan
balik tiirlerinde mangan diizeylerinin 0.09-9.23 pg g! araliginda oldugu rapor edilmistir (Anan, Kunito, Ta-
nabe, Mitrofanov ve Aubrey, 2005). Kuzeydogu Akdeniz kiyilarindan temin edilen tiirlerde 0.002-0.39 pg g*
araliginda (Korkmaz, Ay, Ersoysal, Kéroglu ve Erdem, 2019), Akdeniz'den yakalanan balik tiirlerinde 0.08—
3.88 g g araliginda (Korkmaz, Ay, Colakfakioglu, Cicik ve Erdem, 2017) ve Dicle Nehri balik tiirlerinde
ise 0.856-1.146 ug g* arahiginda (Varol vd., 2020) tespit edilmistir. Tiirk standartlarinda balik dokularinda izin
verilen maksimum mangan diizeylerine iliskin herhangi bir kayit bulunmamakla birlikte WHO’ya gore mak-
simum mangan diizeyi 1 mg g* olarak belirlenmistir (WHO, 2004). Tayin ettigimiz mangan diizeyleri litera-
tiirde verilen Karadeniz, Ege ve Hazar denizlerinden temin edilen balik tiirlerindeki diizeylerle uyumlu oldugu
ve WHO’nun belirledigi sinir degerinin altinda oldugu bulunmustur.

Hayvansal gidalarin ana kaynak oldugu demir, insan sagligi agisindan gerekli bir metaldir ve eksikligi anemiye
neden olur. Ancak, karaciger ve dokularda asir1 birikiminin ciddi etkilere neden olacagi bildirilmektedir (Ash-
raf, Seddigi, Abulkibash ve Khalide, 2006). Calismamizda demir seviyeleri 3.64-14.95 pg g arasinda degisen
baliklar igerisinde en yiiksek konsantrasyon hamside (14.95 ug g?) en diisiigii ise istavritte (3.64 ug g*) belir-
lenmistir. Yapilan ¢alismalarda balik 6rneklerindeki demir seviyeleri, Kuzeydogu Akdeniz Yelkoma La-
giinii’ndeki balik kaslarinda 28.9-52.3 ug g arasinda (Tiirkmen, Tiirkmen, Tepe ve Cekic, 2010 ), Karadeniz
ve Ege Deniz’lerinden temin edilen baliklarin kaslarinda 68.6-163 pg g* araliginda (Uluozlu, Tuzen, Mendil,
Soylak, 2007), Karadeniz, Marmara, Ege ve Akdeniz den temin edilen balik tiirlerinde 5.15-135.00 ug g*
aralifinda (Ates ve Tiirkmen, 2015), Orta ve Bati1 Karadeniz'deki baliklarin kaslarinda 2.09-54.1 pg g* arali-
ginda (Tiirkmen ve Dura, 2016), Karadeniz kiyilarindaki baliklarda ise 30160 pg g araliginda (Topcuoglu
vd., 2002) bulunmustur. Baliklar i¢in TGK’da ve WHQO’da izin verilen maksimum demir diizeyleri sirasiyla
50 pg gt ve 100 ug g? olarak belirlemistir (TGK, 2002; WHO, 2004). Calismamizda bulunan demir diizeyleri
hem ulusal ve uluslararasi standartlarda verilen hem de literatiirde yayinlanan degerlerden daha diisiik oldugu
tespit edilmistir.

Insan saghig acisindan nemli olan bir diger metal ise ginkodur. Cinko hem hayvanlar hem de insanlar igin
onemli bir eser elementtir. Viicutta karbondioksit nakli ve A vitaminin kullanilmasi iginde gereklidir (EPA,
2014). Cinko eksikligi, gecikmis biiyiimeye, tat kaybina ve dogurganligin azalmasina neden olur insanlardaki
cinko eksikliginin en énemli sebebi beslenmede, minerallerce zengin olan hayvansal kaynakli gidalara yete-
rince yer verilmemesidir. Analiz sonuglarimiza gére ginko konsantrasyonlari 4.13-20.72 ug g* arasinda degi-
sen baliklar icerisinde en yiiksek ¢inko seviyesi, Hamside (20.72 ug g?) tespit edilmistir. En diisiik ¢inko
seviyesi ise palamutta (4.50 pg g) ve istavritte (4.13 pug g*) tayin edilmistir. Orta Karadeniz kiyilarindan
temin edilen baliklarin kas dokularinda ¢inko seviyeleri, 9.5-22.9 ug g araliginda (Topcuoglu, Kirbasoglu,
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ve Giingér, 2002), Bat1 Karadeniz kiyilarinda yakalanan baliklarin kas dokularinda ise 5.45-9.89 ug g* arali-
ginda (Sénmez vd., 2016) ve Kuzeydogu Akdeniz kiyilarindaki 6rneklerde 3.83-55.05 ug g* araliginda (Kork-
maz vd., 2019) belirlenmistir. Baliklar i¢in TGK’da ve WHO’da izin verilen maksimum ¢inko diizeyleri sira-
styla 50 pg g* ve 100 pg g* olarak diizenlenmistir (TGK, 2002; WHO, 2004). Baliklarda belirledigimiz ¢inko
diizeyleri literatiirde yapilan ¢alismalarla uyumludur. Bulunan en yiiksek ¢inko seviyeleri TGK ve WHO tara-
findan belirlenen en yiiksek sinir degerlerinden daha distiktiir.

Tablo 8
Elde edilen sonuglarin literatiirdeki caligmalarla karsilagtirilmasi
Element Bu calisma Literatiirdeki Kaynak
(ng gt kuru agirlik) Caligmalar (ug g?)

0.068-0.874 Yilmaz vd., 20072

Pb 0.26-0.43 0.28-0.64 Mendil vd., 2010P
0.018-0.112 Varol ve Siinbiil 2020*
0.02-3.97 Tiirkmen vd., 20082

. 2.21-4.89 Sénmez vd., 20162

NI 015-0.26 0.006- 0.50 Korkmaz vd., 2019°
0.657-0.795 Varol vd., 20207
0.02-0.37 Tiirkmen vd., 2005°

Cd 0.03-0.25 0.01-0.084 Yilmaz vd., 20072
0.03- 0.20 Ersoy ve Celik 2010?
0.02-5.41 Tiirkmen vd., 2005°

Al 1.3-5.2 0.25-3.89 Pilehvarian vd., 2015°
0.28-1.02 Culha vd., 2016?
0.04-1.75 Tiirkmen vd., 2008°
1.28-1.46 Turan vd., 2009°

Cr 0.34-2.79 0.03-2.08 Ates vd., 20152
2.15-7.10 Korkmaz vd., 20192
0.056-0.081 Varol vd., 2020?
0.74-2.24 Tiirkmen vd., 2006°
0.23-9.49 Keskin vd., 20072

Cu 1.08-3.33 0.77-9.20 Karayakar vd., 2017°
2.20-2.31 Varol vd., 20207
0.006- 0.74 Korkmaz vd., 20192
5.15-135.0 Ates vd., 2015°

Fe 3.64-14.95 30-160 Topcuoglu vd., 2002°
68.6-163 Uluozlu vd., 2007°
0.09-9.23 Anan vd., 2005°
2.76-9.10 Tuzen vd., 2009?

Mn 2.03-3.54 0.08-3.88 Korkmaz vd., 20172
0.002- 0.39 Korkmaz vd., 2019
0.856-1.146 Varol vd., 20207
9.5-22.9 Topguoglu, Kirbasoglu ve Giingor 2002°

Zn 4.13-20.72 5.45-9.89 Sénmez vd., 20162
3.83-55.05 Korkmaz vd., 20192

Ca 254.9-1373.8 417-2003 Varol ve Siinbiil, 20202

Mg 265.4-707.2 292-312 Varol ve Siinbiil, 20202

yas agirlik, P kuru agirlik
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Magnezyum ve kalsiyumun birgok biyolojik proseste énemli minerallerden (makro element) oldugu bildiril-
mektedir. Kalsiyum, viicutta en ¢ok bulunan ve mutlaka alinmasi gerekli olan bir elementtir. Ayrica birgok
enzim sisteminde diizenleyici rol oynar. Magnezyum ise, sinir iletimi, kas kontraksiyonu ve 300’den fazla
enzimatik reaksiyonun gergeklesmesi i¢in gerekli olan bir makro elementtir (Ivy ve Portman, 2004). Sonugla-
rimiza gore magnezyum diizeyleri 0.27-0.71 mg g arasinda degisen baliklar igerisinde en yiiksek magnezyum
hamside (0.71 mg g) ve en diisiik magnezyum degeri ise alabalikta (0.27 mg g*) tespit edilmistir. Kalsiyum
diizeylerinin 0.25-1.37 mg g* arasinda degisen baliklar arasinda en yiiksek kalsiyum seviyesi hamside (1.37
mg g1) ve kiipeste (1.32 mg g), en diisiik deger ise palamutta (0.25 mg g*) bulunmustur. Analiz edilen balik
orneklerinde bulunan metal diizeylerinin literatiirde yapilan diger ¢alismalarin sonuglariyla karsilagtiritlmasi
Tablo 8’de verilmistir.

Balik tiiketiminden kaynakli olasi saglik risklerinin degerlendirilmesi amaciyla EWI ve THQ hesaplamalari
yapilarak sirayla Tablo 9 ve Tablo 10°da verilmistir. Hesaplanan EWI degerleri, PTWI degerleri ile karsilasti-
rilmistir. Analizi yapilan baliklardaki element diizeyleri bu limitlerin altinda oldugu ve balik tiikketiminde ¢ali-
silan metaller agisindan herhangi bir risk olusturmayacagi belirlenmistir. Tiiketicilerin metal Kirleticilerine
maruz kalmasi durumunda olas1 saglik risklerinin belirlenmesi igin THQ ve HI degerleri 6nemli bir paramet-
redir. Bu degerlerin 1’den biiylik olmasi; metal tiiketiminin tiiketici saglhig1 agisindan risk teskil ettigini ortaya
koymaktadir (EPA, 2019). Balik dokularinda 6lgtilen tiim metallere ait THQ ve HI degerlerinin, tehlikeli esigin
(<1) altinda oldugu belirlenmistir.

Proteinler, vitaminler, ¢coklu doymamis yag asitleri, eser ve makro elementler gibi temel besin icerikleri nede-
niyle deniz driinlerinin tiiketimi insan saghgina birgok fayda saglar. Baliklar toplam hayvansal proteinin
%17'sini ve insanlar tarafindan tiiketilen toplam proteinin %6'sin1 igerir (Pieniak vd., 2010). Balik tiiketimi
kardiyovaskiiler hastaliklar, psikolojik bozukluklar, romatoid artrit ve kanser gibi kronik hastaliklar1 azaltir-
ken, ¢cocuklarda normal néron gelisimine de katkida bulunur. Bunlari yaninda su ve deniz iiriinlerinin Kirletici
maddelere maruz kalmasiyla tiiketicilerde kronik sistemik etkiler gelistirme riski sz konusu oldugundan bu
konular iizerine yapilan ¢alismalar 6nem kazanmaktadir (Giuseppe vd., 2014). Su ve deniz kirliliginde agir
metaller, ¢evre kirliliginin baslica nedenleri arasindadir. Sucul ortam canlilarinda agir metaller, diisiik miktar-
larda olsa da birikebilir ve toksik etkilere neden olan seviyelere ulasabilir. Baliklardaki metal seviyeleri balik
tirt, buytklik, yas, iklim, biyogesitlilik, pisirme sekli, biyolojik ve gevresel etki gibi ¢esitli faktorlere bagh
olarak degisebilir. Bu nedenle tiiketilecek balik 6rneklerinin ulusal ve uluslararasi standartlara gore sonuglarin
uyumlu olup olmadigi diizenli arastirilmalidir.

Tablo 9
Balik tiirlerinde tahmini haftalik metal alim miktarlari
Metal PTWIi Kaynak PTWI EWI

Pb 25 FAO/WHO, 2004 1750 55.9
Ni 35 WHO, 2014 2450 32.5
Cd 7 WHO, 2014 490 325
Al 28.6 FAO/WHO, 2011 2000 676
Cr 23.3 FAO/WHO, 2004 1631 362,7
Cu 3500 FAO/WHO, 2004 245 000 432.9
Fe 5600 FAO/WHO, 2004 392 000 18 850
Mn 980 EPA, 2014 68 600 1183
Zn 7000 FAO/WHO 2004 490 000 2693.6

PTWIk, Gegici Tolere edilebilir haftalik alim (ng/hafta/kg viicut agirligt), PTWI, Gegici Tolere edilebilir haftalik alim (pg/hafta/70
kg viicut agirligi), EWI, Tahmini haftalik alim miktar1 (ug/hafta/70 kg viicut agirhigi)
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Tablo 10
Balik dokularinda tayin edilen metaller i¢cin Hedef Tehlike Oran1 (THQ)
Tiiketim sikligt Pb Ni Cd Al Cr Cu Fe Mn Zn
(giin/hafta)
5 0.0034 0.0004 0.008 0.0002 0.0297 0.003 0.0007 0.0008 0.0022
THQ 3 0.0020 0,0002 0.005 0.0001 0.0178 0.002 0.0004 0.0004 0.0013
1 0.0000 0.0000 0.002 0.0000 0.0059 0.000 0.0001 0.0000 0.0004
4. Sonuglar

Calismamizda Orta Karadeniz’den temin edilen yedi farkli balik tiirtinde toksik ve esansiyel metal analizleri
gerceklestirilmistir. Uskumru disindaki balik tiirlerinde kursun seviyeleri TGK verilerine gore yiiksek bulu-
nurken, WHO’ya gore tiim balik tiirlerinde kursun diizeyleri kabul edilebilir simirlar i¢erisinde bulunmustur.
Nikel, seviyeleri TGK ve WHO standartlarina gére miisaade edilen limitlere uygun oldugu belirlenmistir. Kad-
miyum diizeyi hamsi ve palamutta TGK ve WHO verilerine gore izin verilen seviyenin iizerinde bulunurken
diger baliklarda miisaade edilen iist sinirlarin altinda bulunmustur. Tiim balik tiirlerinde bulunan krom diizey-
leri MHPRC standardina gore belirlenen limitin altinda bulunmustur. Aliiminyum diizeylerinin, FAO ile
WHO’nun gidalarda gegici tolere edilebilen haftalik alim diizeyi verilerinin altinda oldugu belirlenmistir. Be-
lirlenen bakir diizeyleri literatiirdeki ¢alismalarla uyumlu olarak TGK standartlarindan diisiik bulunmustur.
Mangan diizeylerinin WHO nun belirledigi sinir degerin altinda oldugu tespit edilmistir. Calismamizda bulu-
nan demir diizeyleri hem ulusal ve uluslararasi standartlarda verilen hem de literatiirdeki degerlerden daha
diistik oldugu belirlenmistir. Cinko seviyelerinin TGK ve WHO tarafindan belirlenen en yiiksek sinir degerle-
rinden daha diisiik oldugu gézlenmistir. Caligsilan metaller icin EWI degerlerinin PTWI degerlerinden diigiik
oldugu tespit edilmistir THQ ve HI degerlerinin 1’den kiiglik olarak tespit edilmeleri, ¢calismamizda analiz
edilen balik tiirlerinin tiiketilmesi halinde tiiketici agisindan kanser harici saglik problemlerinin ortaya ¢ikma
olasihigmin diisiik olacagi kararina varilmistir. Caligilan balik tiirlerinin diizenli olarak tiiketilmesiyle (haftada
en az 1 ve en fazla 5 giine kadar) viicudumuz igin gerekli olan bakir, ¢inko, demir, mangan magnezyum ve
kalsiyum diizeylerine katki saglanacaktir. Ayrica gesitli balik tiirlerinde mevsimsel ve periyodik olarak aras-
tirmalarin siirdiiriilmesinin gida giivenligi ve halk sagligi agisindan 6nemli olacagini ongérmekteyiz.
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IMaden Miihendisligi Boliimii, Miithendislik Fakiiltesi, Kiitahya Dumlupmar Universitesi, Kiitahya, Tiirkiye

Makale Tarihgesi Oz — Bu ¢alismada Garp Linyitleri isletmesi Tungbilek Lavvarma ait olan ve yaklasik 4 milyon m® kapasiteli 4 Nolu
Génderim:  19.11.2020 slam goletindeki atigin degerlendirilebilirligi arastirilmistir. Bu amagla artiktaki komiiriin kazanilabilme alternatifleri

incelenmis ve iilkemizde ince komiirlerin zenginlestirilmesinde yaygimn olarak kullanilan spiral yontemi secilmistir.
Kabul: 24.03.2021 Slam goletinden alinan 6rneklerle yapilan deneyler sonucunda malzemenin yaklagik -5 mm boyutlu ve %68.01 kiil
Yayim: 30.06.2021 igerikli oldugu belirlenmistir. Zenginlestirme ¢aligmalari i¢in numuneler +1mm, -1+0.212 mm, -0.212+0.038 mm ve

-0.038 mm boyut gruplarina ayrilmistir. +1 mm boyut grubunun termik santraller i¢in yeterli karbon igerigine
(%77.84) sahip olmast, -0.038 mm boyut grubunun ise zenginlestirmeyi olumsuz yonde etkileyecek sekilde ¢ok ince
boyutta ve yiiksek kiil igerigine sahip olmasi (%69.66 kiil) nedeniyle deneylerde kullanilmamustir. Slam géleti
atiklarinin spiral ile zenginlestirilmesinde kati oran1 ve besleme debisi gibi parametreler degistirilerek deneyler
yapilmustir. Deneyler sonucunda en iyi degerler, -1+0.212 mm boyut grubunda, %30 kati oraninda ve 15 1/dk besleme
debisinde elde edilmistir. -0.212+0.038 mm boyut grubunda ise kati oranmm artmasi karbon igerigini olumsuz
etkilemis ve en iyi degerler, %20 kat1 oran1 ve 15 1/dk besleme debisinde elde edilmistir. Ayrica, +1 mm boyutlu {iriin
ile deneylerden elde edilen konsantre karistirilarak sonuglari birlikte degerlendirilmistir. Boylece %68.98 oraninda
karbon igerikli temiz kémiir, %56.77 yanabilir verim ve 4712.31 kcal/kg tist 1s1l degeri ile kazanilmistir.
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The Effect of Particle Size on the Beneficiation of Coal Slimes of Western
Lignite Company (WLC) by Spiral

!Department of Mining Engineering, Faculty of Engineering, Kutahya Dumlupinar University, Kutahya, Turkey

Article History Abstract — In this research, beneficiation of coal slimes taken from the waste pond of Tuncbilek Coal Washery at
19.11.2020 WLC (Number-4) with a capacity of 4 million m® was investigated. For this purpose, beneficiation alternatives were
o investigated and spiral method was chosen which is commonly used for the beneficiation of fine coals in Turkey. It
Accepted:  24.03.2021 was determined that the coal slimes had an average particle size of -5 mm and an ash content of 68.01% from the
Published:  30.06.2021 analysis made. The slimes were classified into +1, -1+0.212, -0.212+0.038 and -0.038 mm patrticle size groups. The
-0.038 mm material was excluded from the tests due to the high ash content (30.34% carbon content) and ultra-fine-
Research Article particle size which are thought to affect the processes negatively, in addition the availability of +1 mm materials with
suitable ash content (77.84% carbon content) for the power plant. Experiments were carried out changing the
parameters such as solid ratio and feed rate for the beneficiation of the coal slimes. The best results were obtained on
the -1+0.212 particle size group, at 30% solid ratio and 15 I/min feed rate. Increased solid ratio exacerbated the ash
content for -0.212+0.038 mm size group and the best result was obtained at 20% solid ratio and 15 I/min feed rate.
Moreover, +1 mm material was mixed up with the beneficiated coal and the result were evaluated together. Hence, a
clean coal with an carbon content of 68.98%, a combustible recovery of 56.77% and an upper calorific value of

4712.31 kcal/kg was achieved.
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1. Giris

Diinya komiir tiiketiminin yaklagik olarak %69’u elektrik ve ticari 1s1 tiretiminde, %13’{i demir-gelik
endiistrisinde, %3’ 1sinmada ve %15’1 diger sanayi sektorlerinde kullanilmaktadir (IEA, 2018).Metin

Diinyada enerji iiretiminde en ¢ok kullanilan kdmiiriin goriiniir rezervi 1.07 trilyon ton olup, alt bittimli komiir
ve linyit rezervi goriiniir rezervin %30’unu olusturmaktadir. Tirkiye”deki linyit kaynak rezervi ise 19.32
milyar tondur. Bu rezervin biiyiik bir kismi Afsin-Elbistan’da bulunurken, Ege Bolgesi linyitleri bunu
izlemektedir. Tiirkiye’de {iiretilen linyit komiiriiniin biiylik bir kismi termik santrallerde elektrik iiretimi
amactyla kullanilmaktadir (TK1I, 2019).

Linyit kdmiirliniin termik santrallerde kullanilabilmesi i¢in belirli kalori degerleri degerlerine sahip olmasi
gerekmektedir. GLI tarafindan Celikler Tungbilek B Grubu Termik Santrali’ne beslenen tiivenan komiir/mikst
icin protokol degerleri Tablo 1’de goriilmektedir.

Tablo 1
Celikler Tungbilek B Grubu Termik Santrali’ne beslenen tiivenan komiir/mikst degerleri
Baz AID En Yiiksek AID  En Diisiik AID Nem Kiul Tane Boyu
(Kcal/Kg) (Kcal/Kg) (Kcal/Kg) (%) (%) (mm)
2350 3000 1900 24 (£ %10) 42 (£ %10) 0-1000

Komiir i¢inde kiikiirt ve diger inorganik bilesik maddeler bulunmakta, iiretim ve yakilmasi sirasinda bu
maddeler acgiga cikarak cevreyi kirletmektedir. Bu nedenle o6zellikle gelismis iilkelerin uyguladigi cevre
kanunlarinda, doganin kirlenmesini dnleyecek bir takim kisitlamalar getirilmistir. Temiz yakit tiiketiminin
zorunlu kilindig1 bu yontemler komiir yikamanin dnemini artirmistir.

Komiir yikama yontemleri iri ve ince komiirler igin farklilik gostermektedir. Iri boyutlar icin gravite
yontemleri, ince boyutlar i¢in ise genellikle flotasyon ve spiral yontemi uygulanmaktadir (Giliney, Atesok,
Onal ve Altas, 1996; Meenan, 1999). Iri boyutlar i¢in gravite yéntemleri, yiiksek verimlilik ve diisiik maliyet
nedeniyle komiir zenginlestirmede yaygin olarak kullanilmaktadir. ince komiir zenginlestirmede (-0.5 mm)
uygulanan flotasyon isleminde ise kullanilan kimyasallardan dolay1 yiiksek maliyetler olusmaktadir.
Dolayisiyla komiirdeki kiilii azaltmak amaciyla yeni teknolojiler arastirilmig ve arastirillmaya devam
etmektedir (Peer, Mongwe ve Van Heerden, 2002; Uslu, Sahinoglu ve Yavuz 2012). Son yillarda mineraller
arasindaki yogunluk farkina dayanan gravite esasl ayiricilara ek olarak MGS, Kelsey jigi, Falcon ve Knelson
konsantratorii gibi santrifiij kuvvetinden de yararlanilarak zenginlestirme yapan aletler kullanilmaktadir
(Cigek, Cocen, Engin ve Cengizler, 2008; Erdem vd.,2012; Honaker, Wang ve Ho0,1996; Koca, Koca ve
Karaoglu, 2000; Ozgen, Malkog, Dogancik, Sabah ve Sapci, 2011; Sivrikaya, 2014; Uslu vd., 2012). Fakat
bu cihazlarinda daha fazla su gerektirmesi, yiiksek sermaye ve isletme maliyetleri gibi dezavantajlari
bulunmaktadir.

Spiraller, metalik cevherler, endiistriyel mineraller, sahil kumlar1 ve komiir zenginlestirmede diinya ¢apinda
yaygin olarak kullanilmaktadir (Burt, 1984; Glass, Minekus ve Dalmun 1999; Holland-Batt, 1995;
Ramsaywok, Vermaak ve Viljoen 2010; Richards ve Palmer, 1997). Spiraller yogunluk ve tane sekli
birbirinden farkli olmak sartiyla, genellikle -2+0.030 mm arasindaki, belirli bir serbestlesme derecesine sahip
taneleri birbirinden ayirmak ig¢in kullanilir (Holland-Batt, 1995; Richards ve Palmer, 1997). Bu
zenginlestiricilerde besleme olarak kullanilan malzemenin tane boyut dagilimi, slam miktari, serbestlesme
derecesi, beslemenin i¢erdigi kat1 miktari, besleme igerisindeki malzemelerin yogunlugu, tane sekli gibi birgok
ozellik spiraldeki akis davranigini degistirerek ayrimi etkileyen degiskenlerdir (Burt, 1984; Falconer, 2003).
Spirallerin tasarim parametreleri; spiralin kesit alaninin yapisi, olugun ¢api, sarmalin egimi, sarmal sayisi,
spiralin uzunlugu, spiralin yiizey Ozellikleri, boliicii bigak pozisyonlari ve yikama suyu olarak
smiflandirilabilmektedir.
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Ekonomikligi, hareketli parcasinin olmayisi, basit yapisi gibi one ¢ikan avantajlar ile spiral kullanilarak
komiirdeki kiil yapict maddelerin uzaklagtirilmasi: pek ¢ok arastirmacinin ilgisini ¢ekmistir Diistik kiil icerikli
numuneler ile yapilan ¢aligmalarda yanabilir verimler daha yiiksek olurken kiil icerigi yiikseldiginde yanabilir
verim degeri daha diisiik oldugu goriilmektedir (Glass vd., 1999; Honaker, Jain, Parekh ve Saracoglu, 2007,
Oney, Tanriverdi ve Cicek 2014).

Oney vd. (2014), -1+0.150 mm boyut grubunda yaptig1 taskomiirii deneylerinde, spirali %25, %30 ve %35
kat1 oranlarinda ¢alistirmistir. Deney sonuglarina gore %25 kati oraninda %28.72 kiil igerikli komiirii, %13.28
kiil oran1 ve %92.07 yanabilir verim ile kazanmustir.

Honaker vd. (2007) -0.210+0.044 mm boyutlu ve %33.5 kiillii komiirii kullanarak spiral deneyleri yapmustir.
Yaptiklar1 ¢aligmada 3 seviyeli Box-Behnken deney tasarimini kullanmiglardir. Deney tasariminda besleme
akis hizi, kat1 oran1 ve bigak agis1 parametrelerini kullanarak elde ettikleri sonuglara gore, %11.71 kiillii temiz
komiirii %84 yanabilir verim ile kazanmistir.

Sivrikaya (2014), -1.5 mm boyutlu %40 killii Tungbilek komiiriini %20, %25 ve %30 kati oranlarinda
Reichert spiraline beslemis ve %18.28 kiillii, 5582 kcal/kg 1s1l degere sahip temiz komiir elde etmistir.

GLI Tungbilek Lavvari, 1952 yilindan 2001 yilina kadar 4 Nolu slam géletine tesis artigin1 depolamistir.
Komiir tiretiminde kullanilan mekanize kazi yontemlerinin artmasi ve sonrasinda uygulanan islemler ince
kémiir olusumuna ve tesis performanslarinin diismesine neden olmaktadir. Boylece ¢ok fazla miktarda komiir,
artikla beraber artik barajlarina bosaltilmaktadir. Ayrica, 4 Nolu artik géleti multi siklon grup (MSG) tesise
ilave edilmeden oOnce de kullanildigi i¢in slam goleti i¢inde kalorisi nispeten yiiksek iri komiirler de
bulunmaktadir. Bu durum, ekonomik kaybin yani sira artik barajlarinda depolanma nedeniyle ciddi gevresel
problemleri de beraberinde getirmektedir (Chaurasia ve Nikkam, 2016).

4 Nolu artik goleti slam komiriiniin termik santrallerde kullanim1 susuzlastirma maliyetleri ve yetersiz kalori
icerigi nedeniyle miimkiin olamamaktadir. Bunun yani sira yonetmeligin getirdigi agir sartlara bagh olarak
artiklarin depolanma maliyetleri de oldukga yiiksektir. Isletme cevresindeki birgok barajin dolu oldugu
(yaklasik 18 milyon m®liik artik miktari1) ve yeni olusturulan eski agik ocak ¢ukurlarinin da hizla doldugu
diisiiniildiigiinde mevcut yontemlerle zenginlestirilemeyen bu ince komiirlerin geri kazanilmasi yine ekonomik
ve ¢evresel agidan gereklidir.

GLI tiivenan kémiiriinden kiiliin uzaklastirmas: ve tesis artigindan komiir kazanim ile ilgili gesitli fiziksel
ayiricilar kullanilarak zenginlestirme ¢aligmalari yapilmistir. Bu ¢alismada ise Lavvar kurulumundan itibaren
tesisten ¢ikan artigin ve MSG kurulmadan once sistemden kagak olarak artik géletine giden malzemenin
zenginlestirilebilirligi arastirilmistir. Diger fiziksel zenginlestirme yontemlerine gore avantajli olan spiralin
kullanildig1 bu ¢alismada, tane boyutunun yani sira kat1 orani1 ve besleme debisi gibi parametrelerin komiiriin
kazanilabilirligine etkisi de incelenmistir. Ayrica geri kazanilan komiiriin termik santralde kullanilabilirligi
degerlendirilmistir.

2. Materyal ve Yontem

Deneylerde kullanilan kémiir numunesi, Tiirkiye Kémiir Isletmeleri A.S.’ye ait GLI biinyesindeki 4 Nolu
olarak adlandirilan artik gdletinden temin edilmistir. Dumlupimar Universitesi Maden Miihendisligi Boliim
Laboratuvarina getirilen yaklasik 400 kg’lik artik goleti numunesi laboratuvarda karistirilarak homojen hale
getirilmistir. Daha sonra numune konileme-dortleme yontemi ile bdliinerek depolanmistir. Bu numunenin bir
kismi kimyasal ve boyut analizleri i¢in kullanilmisgtir.

Artik gélet numunesinin boyut araliklarma goére madde miktar1 dagilimini belirlemek icin elek analizi
yapilmistir ve elde edilen sonuglar Sekil 1’de verilmistir. Bu sonuglara gore artik géletindeki malzemenin
yaklasik olarak 5 mm’den daha ince oldugu ve 0.038 mm altindaki malzemenin ise %69.56 oraninda
bulundugu tespit edilmistir.
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Artik gdlet numunesinin tane boyut gruplarina gére nem, kiil, kiikiirt, iist 1s1l deger (UID) ve alt 1s1l deger
(AID) analizleri de yapilmstir ve elde edilen sonuglar Tablo 2’de verilmistir. Nem degerleri Moisture Analyzer
AND ML-50 cihazinda 6l¢iilmiistiir. Kiil analizleri Niive marka kiil firininda, kiikiirt analizi Leco SC 144 DR
cihazinda ve kalori dl¢limleri Ika Werke cihazinda gergeklestirilmistir.

Tablo 2 incelendiginde, 0.038 mm boyutun altindaki numunede toplam kiikiirt degerinin 6nemli miktarda
azaldig1 dikkat cekmektedir. Yani kiikiirdiin biiyilik oranlarda bu boyutun iistiinde oldugu ve daha ¢ok komiire
bagh oldugu anlagilmaktadir. Ayrica genel olarak tane boyutunun diismesine baglh olarak kiil degerlerinin
arttig1 ve kalori degerlerinin azaldig1 gozlenmektedir, bu da beklenen bir durumdur.
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Tane Boyut, mm

Sekil 1. 4 Nolu golet artigina ait kiimiilatif elek alt1 egrisi

Tablo 2
4 Nolu golet numunesinin nem, kiil, kiikiirt ve 1s1l degerleri

Tane Boyutu (mm) | Agirhk (%) Kiil (%) UID (Kcal’kg) AID (Kcal/kg) — Kiikiirt (%) Nem(%)
+4 0.24 27.25 5191 4763 1.07 3.8
-4+2 15 24.83 5441 4944 1.16 4.7
-2+1 2.87 20.41 5731 5233 1.19 4.3
-1+0.85 0.24 25.45 5170 4710 1.23 4.3
-0.85+0.5 5.16 23.46 5403 4925 1.25 4.3
-0.5+0.3 2.75 30.52 4936 4501 1.23 4.3
-0.3+0.15 6.64 39.41 4561 4166 1.33 4.4
-0.15+0.075 4.41 47.38 3757 3498 1.42 2.6
-0.075+0.038 6.63 48.26 2255 2878 1.21 3.2
-0.038 69.56 81.91 431 295 0.64 1.6

Spiral ile zenginlestirme deneyleri i¢in artik géleti numuneleri +1mm, -1+0.212 mm, -0.212+0.038 mm ve -
0.038 mm boyut gruplarina ayrilmistir. Kil igerigi yiiksek ve ¢ok ince boyutlu -0.038 mm’lik kisim, zengin-
lestirmeyi olumsuz yonde etkileyebileceginden deneylerde kullanilmamistir. +1 mm boyut grubu ise termik
santraller i¢in yeterli karbon igerigine (%77.84) sahip olmasi nedeniyle zenginlestirme islemine tabi tutulma-
mustir. Boylece deneylerde -1+0.212 mm ve -0.212+0.038 mm tane boyut gruplarindaki malzemeler kullanil-
mistir. Her tane boyut grubu i¢in besleme kati orani1 ve debisinin, karbon igerigi ile yanabilir verim {izerine
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etkisi belirlenmeye ¢alisilmistir. Deneylerde Humprey spirali, %10, %20 ve %30 kat1 oranlari ile 5 1/dk, 10
I/dk ve 15 I/dk besleme debilerinde kullanilmistir. Bigak agisinin sabit tutuldugu deneylerde siireye baglh olarak
artik ve konsantre almmustir. Uriinler filtre edilip kurutularak tartilmis ve kiil analizleri yapilmistir.

3. Bulgular ve Tartisma

-1+0.212 mm boyut grubunda yapilan spiral ile zenginlestirme deneyleri sonucunda elde edilen temiz
kémiirtin karbon igerigi degerleri Sekil 2°de ve yanabilir verim degerleri Sekil 3’te verilmistir.

Sekil 2 ve Sekil 3 birlikte incelendiginde, 5 ve 10 1/dk besleme debilerinde, kat1 oraninin artmasina bagli olarak
temiz komiirdeki karbon igerigi ve yanabilir verim degerlerinde 6nemli bir degisimin olmadig1 goriilmektedir.
Ancak 15 1/dk besleme debisinde ve %20 kat1 oraninda ¢alisildiginda, temiz komiirdeki karbon igerigi degeri
%76.81 gibi bir degere diismektedir. Bunun nedeni olarak, besleme debisi ve kat1 oraninin artisiyla birlikte
siste gitmesi gereken kismi, temiz komiir i¢ine gelmesi gosterilebilir. 15 1/dk besleme debisi ve %20 kati
oraninda yanabilir verimin %95.92’¢ yiikkselmesi de bu diisiinceyi desteklemektedir.

-1+0.212 mm tane boyut grubunda, %30 kat1 oran1 ve 10 I/dk besleme debisi ile ¢alisilan deney sartlart
optimum olarak kabul edilmistir. Bu sartlarda %81.74 karbon igerigi degerine sahip temiz komiir, %93.09
yanabilir verim ile elde edilmistir.

Sivrikaya (2014) tarafindan yapilan %40 kiilli, -1.5+0.150 mm boyutlu Tungbilek tiivenan kdmiirti ile yapilan
caligmada, farkli besleme hizi ve kati oranlarinin verim {izerine etkisi arastirilmigtir. Besleme kati orani ve hizi
arttikca siste gitmesi beklenen taneler konsantreye gitmekte ve bu da yanabilir verimi kotii yonde etkilemistir
(Sivrikaya, 2014).

-0.212+0.038 mm boyut grubunda yapilan spiral ile zenginlestirme deneyleri sonucunda elde edilen temiz
komdiriin karbon icerigi degerleri Sekil 4’de ve yanabilir verim degerleri Sekil 5’de verilmistir.

Sekil 4 incelendiginde, kat1 oraninin artigina baglh olarak karbon igerigi azalmakla birlikte besleme debisinin
artig1 onemli bir degisiklige neden olmamistir. Sekil 5 incelendiginde ise 10 I/dk ve 15 I/dk besleme debilerinde
kat1 oranmin artis1, yanabilir verimde 6nemli bir degisiklige neden olmamustir. 5 I/dk besleme debisinde
calisildiginda, %20 kati oranina kadar yanabilir verimde artig daha belirgin iken, bu kat1 oraninin iistiinde hafif
bir azalma goriilmektedir. Debi artigina bagli olarak ise yanabilir verimde artis olmaktadir. Dolayisiyla, -
0.212+0.038 mm boyut grubunda optimum deney kosullari, %20 kat1 oran1 ve 15 I/dk besleme debisi olarak
kabul edilmistir. Bu sartlarda %50.98 karbon igerikli temiz komiir %89.12 yanabilir verim ile kazanilmistir.

Cok ince boyut grubunda spiral ile yapilan zenginlestirme ¢aligsmalar1 oldukga smirli kalmistir. Honaker vd.
(2007), -210+0.044 mm boyutlu, %33.5 kiillii komiirt kullanarak %12 kat1 orani1 ve 60 1/dk besleme akis hizi
sartlarinda yaptig1 spiral deneyleri sonuglara gore, %11.71 kiilli temiz komiirii %84 yanabilir verim ile
kazanmigtir. Deneylerde kati oraniin azalmasi ve besleme akis hizinin artisiyla optimum sonuglarin elde
edildigi belirtilmistir.

-1+0.212 mm ve -0.212+0.038 mm boyut grubundaki beslemenin kiil icerigi degeri sirasiyla %22.01 ve
%353.85dir. Dolayistyla elde edilen karbon igerigi degerlerinin diisitk olmasi, besleme kiil miktarindan da
kaynaklanmaktadir. Bununla birlikte boyutun azalmasiyla, siste gitmesi gereken agir-ince taneler hatve dis
¢eperine dogru gitmis ve bdylece ince boyut grubunda kati orani artigina bagl olarak karbon icerigi degerleri
azalmig yanabilir verim ise artmistir.

Spiral ile zenginlestirme sonucunda elde edilen driinler ile +1 mm ve -0.038 mm boyutlarindaki artiklarin
karbon icerigi, yanabilir verim ve UID degerleri, karsilastirma yapabilmek amaciyla toplu olarak Tablo 3’te
verilmistir.

Tablo 3’e gore, deneylerden elde edilen her iki konsantre ile +1 mm’lik {iriniin birlestirilmesi sonucunda
%68.98 oraninda karbon igerigi igerikli lave %56.77 yanabilir verim ve 4712.31 kcal/kg iist 1s1l degeri ile elde
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edilecegi goriilmiistiir. Buna gore, Tablo 1’e¢ bakildiginda elde edilen lave komiiriin termik santralde
kullanilabilecegi belirlenmistir.
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Sekil 4. -0.212+0.038 mm boyutuna ait kat1 oran1 degisiminin karbon igerigi miktarina etkisi
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Sekil 5. -0.212+0.038 mm boyutuna ait kat1 oran1 degisiminin yanabilir verime etkisi

Tablo 3

Artik baraji numunesinden elde edilen iiriinlerin birlestirilmis sonuglari

Tane Boyutu Uriin Agirhk Karbon Igerigi Yanabilir Verim UID
(mm) (%) (%) (Kcal/kg)
+1 4.62 77.84 11.16 5521
-1+0.212 Konsantre 11.48 81.74 29.13 5624
Artik 1.45 48.22 2.17
-0.212+0.038 Konsantre  10.41 50.98 16.48 3348
Artik 2.49 25.98 2.01
-0.038 69.55 18.09 39.05
Besleme 100.00 32.21 100.00 1603

Ayni numunenin genis tane boyutu araliginda (-1+0.038 mm) spiral kullanilarak yapilan 6n ¢alismada %73.69
karbon igerikli lave %81.75 yanabilir verim ile kazanilmistir. Elde edilen lavenin +1 mm boyutlu
zenginlestirilmemis {iriin ile birlestirilmesi sonucu %74.51 karbon igerikli lave %52.70 yanabilir verim ile elde
edilmistir (Karaca vd., 2018). Bu ¢aligmadaki birlestirilmis sonuglar ile 6n ¢alisma sonuglar1 birbirine yakin

oldugundan tek bir boyutta spiral zenginlestirmesi yapilmasi diisiiniilebilir. Fakat -1+0.212 mm boyut
grubunda daha kaliteli {irlin elde edildigi i¢in boyut gruplarinin ayr1 ayri spirallerde zenginlestirilmesi uygun

olacaktir.

Caligmalar sonucunda elde edilen optimum degerlere bagli olarak olusturulan islem akim semasi Sekil 6’da

verilmistir.
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4. Sonuclar

Bu ¢alismada, GLI’ye ait 4 Nolu slam goletinden alian numunedeki kdmiiriin Humprey spirali kullanilarak
kazanilabilirligine tane boyutunun etkisi arastirilmistir. Spiral ile yapilan zenginlestirme deneylerinde; -
1+0.212 ve -0.212+0.038 mm boyut gruplarinda 5, 10 ve 15 1/dk’lik besleme debileri ile %10, %20 ve %30’luk
kat1 oranlar1 kullanilmistir.

-1+0.212 mm boyut grubunda optimum ¢alisma sartlart %30 kati1 oran1 ve 10 1/dk besleme debisinde elde
edilmistir. Boylece %81.74 oraninda karbon igerikli temiz kdmiir %93.09 yanabilir verim ve 5521 kcal/kg tist
1s1l degeri ile kazanilmustir. -0.212+0.038 mm boyut grubunda ise en iyi deney sonuglar1 %20 kati orani ve 15
1/dk besleme debisinde ¢aligildig1 zaman elde edilmistir. %50.98 oraninda karbon igerigi ile elde edilen temiz
komiiriin yanabilir verim degeri %89.12 ve UID 3348 kcal/kg olarak belirlenmistir. -1+0.212 mm boyut
grubunda zenginlestirmenin daha kolay iken, -0.212+0.038 mm boyut grubunda daha zor oldugu gortilmiistiir.

Ara iriiniin alinmadig1 deneylerde, her iki boyuttan elde edilen konsantreler ile nispeten diisiik kiillii olan
zenginlestirme islemine girmemis +1 mm boyutlu malzeme birlestirildigi zaman, %56.77 yanabilir verimli
%68.98 oraninda karbon igerikli temiz komiiriin 4712.31 kcal/kg tist 1s1l degeri ile elde edilecegi goriilmiistiir.
Birlestirilmis bu {iriiniin termik santrallerde kullanilabilecegi tespit edilmistir.

Calisma sonucunda elde edilen birlestirilmis tirlin degerlerinin 6n ¢alisma sonuglari ile benzerlik gdsterdigi
saptanmistir. Bununla birlikte ayr1 ayr1 zenginlestirme yapildiginda iist boyutlarda daha kaliteli lave elde
edildigi belirlenmistir.
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Oz - Betonarme perde duvarlarm deprem performansinmn belirlenmesi igin dogrusal olmayan davramislari ile
sekildegistirme esasli hasar sinirlari aragtirilmistir. Bu amagla yapilan ¢aligmada on adet farkli parametreye sahip
siineklik diizeyi yiiksek perde duvar modelleri tasarlanarak ¢oziimlemeleri yapilmigtir. Tirkiye Bina Deprem
Yonetmeligi 2018’de tanimlanan performans diizeyi hasar seviyeleri i¢in perde duvarlarin sekildegistirme sinirlart ile
plastik donme smirlar1 hesaplanmistir. Perde duvarlarin sekildegistirmeye gore degerlendirme ve tasarimui igin etkin
perde duvarlarin farkli performans diizeyleri i¢in sekildegistirme Sinirlarinin hesaplanmasinda; malzeme dayanimlari,
kesitte donati konfigiirasyonu, kullanilan sargili betonun gerilme-sekildegistirme iliskisi, Kesitlerin moment-egrilik
gibi dogrusal olmayan davranislari ile plastik mafsal ozellikleri dikkate alinmaktadir. Perde duvarlar igin farkli
performans diizeylerine gore sekildegistirme taleplerine karsilik gelen hasar simirlari elde edilerek degerlendirilmistir.
Perde duvar modellerinde farkl: yatay donat1 oranina gore hesaplanan beton toplam birim sekildegistirmeleri ve farkli
eksenel yiik oranlarindaki akma doénmesi ile plastik donme degerleri farkli performans diizeyleri i¢in hesaplanarak
aragtirllmigtir. Betonarme perde duvarlar igin elde edilen moment-egrilik iligkilerinin tizerinde Tiirkiye Bina Deprem
Yonetmeligi 2018’¢ gore hesaplanacak hasar smirlart ve bolgeleri gorsel olarak islenmistir. Eksenel yiik seviyesi,
yatay ve diisey donati orani gibi, akma ve gdgme Oncesi egrilik degerlerini etkileyen parametreler plastik donme ve
yonetmeligin ongoérdiigii hasar smirlarmi etkilemektedir. Yatay donati oranimmin artmasi ve araliginin azalmasi
sonucunda perde duvar kesitleri daha giivenli yonde kalmaktadir.
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Abstract — Nonlinear behaviour and deformation-based damage limits investigated to determine the seismic
performance of the shear walls. Ten high ductility levels shear walls having different parameters were designed and
analysed. Deformation limits and plastic rotation limits of shear walls were calculated for the different performance
level damage limits defined in Turkey Building Earthquake Code 2018. Effective section stiffness and yield rotation
values were also calculated for the evaluation and design of shear walls according to deformation. According to
Turkey Building Earthquake Code 2018, in the calculation of deformation limits for different performance levels of
shear walls; material strengths, reinforcement configuration in the cross-section, the stress-strain relationship of the
confined concrete used, nonlinear behaviour of the sections such as moment-curvature and plastic hinge properties are
taken into consideration. The damage limits corresponding to the deformation demands according to different
performance levels were obtained and evaluated for shear walls. Concrete strain values for different transverse
reinforcement ratios, yield and plastic rotation values at different axial load levels were calculated and investigated for
different performance levels. On the moment-curvature relationships obtained for shear walls, the damage limits and
regions to be calculated according to the Turkey Building Earthquake Code 2018 were visually processed. Parameters
such as axial load levels, transverse and longitudinal reinforcement ratios that affect the yield and ultimate curvature
values, also affect the plastic rotation and the damage limits stipulated by the regulation. The shear wall sections
remain in a safer direction as the transverse reinforcement ratio increases and the spacing decreases.
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1. Giris

Betonarme perde duvarlarin sismik davranisi, genel yapinin sismik performansi iizerinde biiyiik bir etkiye
sahiptir (Xiao-chun ve Xiao-lei, 2011). Sekildegistirme esasli tasarim yontemleri; malzemenin dogrusal olmayan
davramisim dikkate almaktadir. Dogrusal olmayan hesap yontemleriyle hesaplanan sekildegistirme smir degerleri,
deprem yonetmeliklerinde farkli performans diizeyleri igin tanimlanan sinir degerler ile karsilastirllarak tastyict
sistem elemanlarinin hangi hasar bélgelerinde olduguna karar verilir (Foroughi ve Yiiksel, 2019).

Mevcut veya yeni yapilacak betonarme binalarin kapsamli bir performansa dayali sismik degerlendirmesi igin
betonarme perde duvarlarm deformasyon kapasitesinin tahmin edilmesi ¢cok 6nemlidir (Ozdemir, Kazaz ve
Ozkaya, 2017). Yer degistirme siinekligi, yapilarin sismik tepkisini karakterize eden bir parametredir. Ayrica,
deplasman siinekligi, belirli sismik yonetmeliklere gore gerceklestirilen bir yapisal tasarimda, sismik tasarimin
ana amacina ulasip ulasamayacagim belirlemek i¢in kullanilabilir (Perez ve Mulder, 2018). Betonarme perde
duvarlar, depreme dayanikli bina tasariminda veya mevcut yapilarin deprem agisindan gii¢lendirilmesinde etkin
olarak kullanilmaktadir. Deplasman esasli yapilan sismik tasarimda ve yapisal elemanlarm performans
degerlendirmesi icin siineklik ve egrilik gibi kesitsel deformasyon miktarlari biiyiik 6nem tagimaktadir. Dogrusal
olmayan analiz, yapisal elemanlarin deformasyon yanitinin yer degistirme tabanli prosediirlere gore tahmin
edildigi yontemlerdir (Kazaz, Giilkan ve Yakut, 2012a). Betonarme perde duvarlarda ug bolgeleri, eksenel yiik
orani, perde duvar en boy oram (b, /l,) ve kesme agikligi dahil olmak {izere perde duvarlarin deformasyon
kapasitesini etkileyen ¢esitli faktorler vardir. Ug bolgeleri, betonarme perde duvarlarm hasar modunu ve
deformasyon kapasitesini kontrol eden énemli parametrelerden biridir (Zhou, Zhang, Huang ve Li, 2014).

Qian ve Xu (2007), betonarme perde duvarlar igin yer degistirme tabanli bir performans smirt igin tasarim
yontemi gelistirmis ve belirli bir hasar talebine gére enine donati igin karakteristik bir baginti 6nermislerdir. Xin,
Liang ve Deng (2009) farkli sismik seviyelerde ve eksenel basing oranlarinda, perde duvar ug¢ bolgesi uzunlugunu
ve donat1 detaylandirmasimi incelemislerdir. Hong, Lu, Yang ve Zhang (2008) perde duvar ug bolgesi hasar modu,
tasima kapasitesi, siineklik orami, sertlik ve betonarme perdelerin enerji yayma kapasitesi iizerindeki etkisini
tartigmuslardir. Wallace ve Moehle (1992) gelistirdikleri yontemle perdelerin sekil degistirme talebi ile kapasiteyi
kargilagtirarak perde ug bolgelerinde gerekli olan donati detaylandirmasi ve stinekligi arastirmistir. Deprem
performans ve giiclendirilmesi i¢in alternatif yaklagim sekil degistirme esash tasarimdir. Sekil degistirme esash
tasarimin yeni binalarda uygulanmasi deprem miihendisliginde son yillarda olduk¢a ilgi géren bir alandir
(Karageyik ve Sucuoglu, 2011; Moehle, 1992; Panagiotakos ve Fardis, 1999; Priestley, Calvi, Kowalsky ve
Powell, 2008; Tjhin, Ascheim ve Wallace, 2007). Perde duvarl binalarda, limit durumlari ve karsilik gelen simir
degerleri tanimlamak i¢in betonarme yapisal duvarlarin deformasyon sinirlarinin arastirilmasi gerekmektedir
(Taleb, 2018). Betonarme elemanlarda performansin ve hasarin dogru analitik degerlendirilmesi igin, belirli hasar
durumlarinda iyi tanimlanmig deformasyon limitleri gereklidir (Kazaz, Giilkan ve Yakut, 2012b).

Gergek yapisal davramigin daha dogru bir simiilasyonunu elde etmek igin, betonarme elemanlarm dogru
moment-egrilik iligkileri ile sargisiz ve sargili betonun gerilme-sekil degistirme iligkilerinin incelenmesi
gerekmektedir (Foroughi ve Yiiksel, 2020a). Daha Onceki ¢alismalarda, betonarme tasiyici elemanlarin
moment-egrilik, yanal kuvvet-tepe deplasman, egrilik siinekligi ile deplasman siineklik davraniglarinin, eksenel
yiik, boyuna ve enine donati oranlarinda meydana gelen degisikliklerden 6nemli 6lgiide etkilendigi gézlenmistir
(Foroughi ve Yiiksel, 2020b, 2020c). Betonarme perde duvarlarin yiik tasima kapasiteleri ile sekil degistirmeyi
inceleyen Onceki caligmalara bakildiginda (Rutenberg ve Nsieri, 2006) perde davranisim etkileyen en dnemli
degiskenlerin perde duvarlarin yiikseklik / plandaki uzunluk orami (H,/l,), eksenel yiik orant (N/Npqx),
boyuna ve yatay donati oranmi oldugu sonucu elde edilmistir.

Siineklik diizeyi yiiksek betonarme perde duvarlarin kesit tasarimi, geometrisi, boyuna donati orani, yatay
donati oran ve yerlesimleri Betonarme Yapilarin Tasarim ve Yapim Kurallari (TS500, 2000) ve Tiirkiye Bina
Deprem Yonetmeliginde (TBDY, 2018) verilen hiikiimler dikkate alinarak tasarlanmustir (bkz. Sekil 1).
Tasarlanan perde duvarlarin planda uzun kenarmm (I,,) kalinligina (b,,) oram1 6’dan biiylik olarak

belirlenmistir. Farkli boyuna ve yatay donat1 oranina sahip tasarlanan siineklik diizeyi yiiksek betonarme perde
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duvarlarin davranmiglari, malzemelerin dogrusal olmayan davranisi dikkate alinarak gerilme-sekil degistirme ve
moment-egrilik iliskilerinden incelenmistir. Deprem etkisi altinda binalarin sekil degistirmeye gore
stineklik degerleri TBDY (2018)’de verilen bagintilar ve kesitlerin moment-egrilik iligkilerinden elde edilen
degerlere gore hesaplanmistir. Betonarme perde duvarlar i¢in TBDY (2018)’de tanimlanan Gégme Oncesi
(GO), Kontrollii Hasar (KH) ve Simrli Hasar (SH) performans diizeyleri icin olusan sekil degistirme sinirlari,
farkli yatay donati oranina gore beton birim sekil degistirmeleri ve farkli eksenel yiik seviyelerde plastik
donmeler hesaplanarak performans diizeyleri arastirilmistir. Dogrusal olmayan hesap yontemleriyle elde edilen
sekil degistirme simir degerleri, perde duvar hasar sinirlarina kargi gelmek lizere TBDY (2018)’de 6ngoriilen
say1sal degerler ile karsilastirarak performans diizeyleri hesaplanmistir.

2. Betonarme Bina Elemanlarinin Birim Sekil Degistirme Sinirlari

TBDY (2018)’de yapilacak performans degerlendirmesinde yapisal betonarme tastyici elemanlar igin GO,
KH ve SH performans diizeyi ve sinir degerleri tanimlanmigtir. Betonarme Kesitlerde SH performans diizeyi
icin sinirl miktarda, KH icin dayammiin giivenli olarak saglanabilecegi ve GO ise ileri diizeyde dogrusal
olmayan davranigi tanimlamaktadir. Farkli performans diizeyleri i¢in yayili plastik davranis modeline gore
donat1 ¢eligi ile beton birim sekil degistirme sinir degerleri Tablo 1°de verilmistir. Performans diizeyleri i¢in
yigilt plastik davranis modeline gore plastik donme sinir degerleri Tablo 2’de verilmistir. Tasiyict elemanlarda
eksenel yiik seviyesi ve malzeme modelleri dikkate alinarak moment-egrilik iliskilerinden plastik dénme
degerleri hesaplanabilmektedir.

Tablo 1
Performans diizeylerine gore sekil degistirme siirlar1 (TBDY, 2018)
Sekil degistirme Betonda birim Donatida birim
sinirlari kisalma sekil degistirme
GO 9 = 0.0035 + 0.04/wye < 0.018 69 = 0.40¢,
KH S((:KH) = 0.758((:(;0) ngH) = O.758§G0)
SH ¢5M=0.0025 ¢51=0.0075
Tablo 2
Performans diizeylerine gore plastik dsnme sinirlar1 (TBDY,, 2018)
Sekil degistirme Sinirlari Plastik donmeler
GO 5y 2 L
0y = [(wu ~9,)L, (1 —05 L—p) 4 4.5(z>udb]
S
KH (KH) _ (GO)
GI(OS ) = 0.756,
H H) _
S 0y ) =0

Wye, etkin yatay donatisinin mekanik donati oran1 Denklem (2.1) ile hesaplanabilmektedir. Yatay donatisinin
etkinlik katsay1s1 (ase) Ve minimum hacimsel yatay donati orani (pgp,) Denklem (2.2) ile hesaplanmaktadir. fi,,¢
Ve fc. donati geligi ve beton igin beklenen dayanmmudir (fe.=1.3fck , fye=1.2fk). Asp Ve s yatay donati alam

ve araligidir. b, ve h,; yatay donati arasinda kalan sargili beton boyutu ve a;; bir yatay donati veya ¢iroz
tarafindan mesnetlenen boyuna donatilarin eksenleri arasindaki mesafedir.

f;
Wye = AsePshmin ;We (2-1)
ce
Zaiz S S Agn
=(1-— 1——)(1—— = — 2.2
Ose ( 6byh, ( 2b0)< 2h0)’ Psh = s (22)
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Betonarme perde modellerinin analizlerinde sargisiz ve sargili beton modelleri igin Mander, Priestley ve Park
(1988) tarafindan gelistirilen model kullanilmistir. Mander modeline gére sargi etki katsayisi (k,) Denklem
(2.3), x ve y yoniinde gekirdek betona uygulanan etkili yanal basinglar ve ortalama basing dayammu (fy;, Ve f;y)
Denklem (2.4a) ve (2.4b), sargili beton basing dayanimu (f,.) Denklem (2.5) ve maksimum basing gerilmesine
kars1 gelen birim sekildegistirme degerleri (¢..) Denklem (2.6) ile hesaplanmaktadir. Betondaki en biiyiik birim
sekildegistirme degeri €., enine donatida olusan ilk kopma anindaki degere karsilik gelir. Sargili betondaki
maksimum basing birim sekildegistirmesi €., Denklemden (2.7) hesaplanabilmektedir.

(W s s
ke—<1—ZT><1—2—bC><1—2—dC>/(1—Pcc) (2.3)

r ASX _
flx - ke sd fyh - ke flx (2-4a)
c
li ASJ’
fly = keS b fyh =k, fly (2.4b)
c
7.94f/ fi
fie = foo| —1.254 4+ 2.254 |1+ —; — 2= (2.5)
feo feo
f/
€cc = €co [1 +5 <]% -1 (2.6)
1.4 £
€y = 0.004 + % (2.7)
cc

3. Betonarme Elemanlarinin Etkin Kesit Rijitlikleri

Catlamus kesite ait etkin kesit rijitlikleri (E1,), moment-egrilik iligkisi dikkate alinarak, akma momentinin
akma egriligine orani olarak (M,,/®,,) hesaplanir. EI, sabit olmamakla birlikte; beton basing dayanimi, kesit
geometrisi, kesit boyutu ve kesite etkiyen eksenel yiikk seviyesi gibi tasarim parametrelerine baghdir.
Betonarme perdelerin briit atalet momenti (I) ve betonun elastisite modiiliine (E, = 3250 + \/E + 14000)
gore catlamamus Kesit rijitlikleri (ET) hesaplanmistir. Betonarme tasiyici elemanlarin etkin kesit rijitlikleri
moment-egrilik iligkilerinden, k., = El,/EI olarak hesaplanmaktadir. Dogrusal olmayan hesap igin tasiyici
sistemlerin akma durumu igin yer degistirmis plastik mafsal akma donmesi (6,) Denklem (3.1) ile
hesaplanmistir. Y1gili plastik davranigina gére modellenen perdelerin etkin kesit rijitlikleri Denklem (3.2)’e
gore belirlenmistir. Denklemde; Ly kesme agikligi ve perde duvarlar i¢in 7 = 0.50 olarak alinmustir. Siineklik
katsayisi, moment-egrilik analizlerinden hesaplanan gd¢me Oncesi egriligin akma egriligine orani olarak
hesaplanir (u = @,,/9,).

9L hy  ©,d
6, = —2—+0.0015n (1+1.5—)+—y vlye (3.1)
3 LS 8\/fce
M, L
ED, =22
(EDe =525 (32)

4. Materyal ve Yontem

Bu calismada betonarme yapisal elemanlarin sekildegistirme esasli hasar sinirlarinin belirlenmesi igin
farkli parametrelere sahip siineklik diizeyi yiiksek betonarme perde duvar modelleri tasarlanmistir. Perde
duvarin kalinhig1 b,,=300mm, plandaki uzunlugu [,,= 3000mm ve ug¢ bolgelerinin her birinin plandaki
uzunlugu [l,= 600mm olarak belirlenmistir (I, > 2b,, ve [, = 0.2l,). Tasarlanan betonarme perde
duvarlarin goriintisii Sekil 1’de ve perde duvar modellerine ait parametreler ve detaylar Tablo 3’te
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verilmistir. Betonarme perde duvarin ug¢ bolgelerindeki diisey ve yatay donati oranlar1 TBDY (2018)’de
verilen kurallara gore belirlenmistir. TBDY (2018)’e gore tasarlanan betonarme perde duvar igin ug ve govde
bolgelerindeki donatilarin sinirlamalar1 kontrol edilmistir. Tasarlanan betonarme perde duvar i¢in u¢ ve
govde bolgelerindeki diisey donat1 sinirlamalarinin kontrolii Tablo 4’te verilmistir. Tiim modeller i¢in, C30
beton siifi ve B420C donati ¢eligi dikkate alinmistir. Yapilan analitik ¢alismada TBDY (2018)’de donati
celigi ve beton i¢in verilen malzeme 6zellikleri dikkate alinmustir.

A-A Kesiti

=—300mm—-

600mm 1800mm. 600mm
3000mm

Sekil 1. Betonarme perde duvar modellerinin kesiti

Tablo 3
Tasarlanan betonarme perde duvar modellerine ait detaylar

. Perde duvar ug bolgesi Perde duvar gévde bolgesi
Kesit No — —

Diisey donat1 (mm) Yatay donati (mm) Diisey donat1 (mm) Yatay donati (mm)

P1 ®8/150 ®8/150
P2 10016 ®8/100 18012 ®8/100
P3 D8/50 ®8/50
P4 ®10/100 ®10/100
P5 10016 ®12/100 18®12 ®12/100
P6 ®14/100 ®14/100
P7 10018
P8 10020 ®12/100 18012 ®12/100
P9 18014
P10 10020 ®12/100 18016 ®12/100

Tasarlanan betonarme perde modellerinin gerilme-sekil degistirme ve moment-egrilik iliskileri elde edilmis,
gerekli hesaplar ve incelemeler yapilmistir. Farkli eksenel yiik, boyuna ve yatay donati oranlart icin
analizlerden elde edilen gerilme-sekil degistirme ve moment-egrilik iliskileri karsilastirmali olarak
sunulmustur. Betonarme perde duvarlarda malzemelerin dogrusal olmayan davranisi dikkate alinarak farkl
tasarim parametreler icin moment-egrilik analizler SAP2000 (SAP2000, v.20.2.0) programi ile yapilmstir.
Kombine biikiilme altindaki bir kesitin moment-egrilik iligkileri, eksenel yiik seviyelerine baglidir. Diisey
yiikler ve deprem yiiklerinin ortak etkisi altinda hesaplanan eksenel basing kuvvetlerinin en biiyiigii olmak
tizere, A; = Ny, /0.35f kosulu saglanmalidir (TBDY, 2018). Betonarme perde duvar kesitlerinde, Ny,,qx =
A X frr olmak iizere N /N, oranmimnin 0.15, 0.25 ve 0.35 degerleri igin moment-egrilik analizleri yapilmistir.
Moment-egrilik iliskilerinden akma ve kirilma durumlari i¢in moment (M,,, M,,) ve egrilik (@,,, @,,) degerleri,
akma ve kirilma egriliklerinden egrilik stineklikleri (u), etkin egilme rijitlikleri (E1,) ve etkin rijitlik katsayist
(k,) hesaplanmustir. GO, KH ve SH performans diizeyleri igin olusan smir degerleri, farkli diisey ve yatay
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donat1 oranma gore hesaplanan donati ¢eligi ve beton birim sekildegistirmeleri, farkli eksenel yiik oranina goére
moment-egrilik analizlerinden hesaplanan akma ve gé¢me Oncesi egrilik degerleri, plastik mafsal uzunlugu,
kesme uzunlugu ve diisey donati ¢apina gore kesitlerin plastik donmeleri hesaplanarak farkli parametrelere gore
karsilagtirllmistir. Betonarme perde duvarlarda plastik mafsal uzunlugunu hesaplamak i¢in birgok farkli ampirik
denklemler Onerilmistir. Plastik mafsal uzunlugu, egrilik kapasitesinden giivenli bir yer degistirme kapasitesini
elde etmek i¢in perde duvar uzunlugunun yarist olarak kabul edilebilir (Bohl ve Adebar, 2011). Betonarme
perde duvarlarda plastik mafsal uzunlugu; L,,=0.5L,, = 1.5m ve kesme uzunlugu L; = 3m olarak alinmustir.

Tablo 4
Tasarlanan perde duvarlar icin govde ve uc bolgelerinde diisey donati sinirlamalari

Perde govde bolgelerinde diisey donati kontroli

Secilen gévde diisey donatisi 18d12 18014 18016

S

> 0.0025 0.0038 = 0.0025 0.0051 = 0.0025 0.0067 = 0.0025
(LW — Zlu) X bW

Perde ug bolgelerinde diisey donati kontrolii

Secilen ug bolge diisey donatisi 10016 1018 10020

A
——— >0.002 0.0022 > 0.002 0.0028 = 0.002 0.0035 = 0.002
Lw X by

5. Arastirma Bulgular1 ve Tartisma

Tasarlanan betonarme perde duvarlarin farkli tasarim parametrelerine gore sargili basing dayanimi
hesaplanmig (bkz. Sekil 2) ve elde edilen sonuglar farkli tasarim parametrelerine gore karsilagtirilmustir.
Betonarme perde duvarlarin moment-egrilik analizlerinden elde edilen sonuglar kullanilarak kesitlerin @,,, M,,,
@, ve M,, degerleri farkli eksenel yiik seviyelerine gore Tablo 5’te verilmistir. Analiz sonuglarindan elde edilen
moment-egrilik iliskileri Sekil 3’te sunulmustur. Tablolarda M,, ve M,, degerleri; (kN.m), @,, ve @, degerleri;
(Rad/m), (EI), degerleri; (kN.m?) ve 6, degerleri; (Rad) olarak verilmistir.

45 45
40 40
35 35
30 30
< <
Gl 25 % 25
2 2 = 20
15 — P3 15 e PG
10 P2 10 P5
5 P1 5 P4
0 0
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
€ &
45 45
40 40
35 35
30 30
< 2 s s
% 20 g;, 20
15
—p8 1
10 10
e P9-P 10
5 P 5
0 0
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
€ &

Sekil 2. Perde duvarlarin ug bolgelerinin gerilme-sekil degistirme iliskileri

249



Journal of Advanced Research in Natural and Applied Sciences

2021, Cilt 7, Say: 2, Sayfa: 244-255

Tablo 5

Perde duvarlarin akma ve kirilma durumu i¢in hesaplanan M ve @ degerleri

Ny M, P1 P2 P3 P4 P5 P6 p7 P8 P9 P10
M, 6847 6867 6895 6835 6897 6926 7328 7811 7899 7986

0.15 Dy 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 0.0012
M, 7823 7941 8506 8187 8471 8672 9144 9891 10180 10500
Dy 0.0187 0.0246 0.0412 0.0352 0.0414 0.0428 0.0413 0.0413 0.042 0.0431
M, 8841 8871 8964 8896 8971 9043 9403 9896 9955 10026

0.25 Dy 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013 0.0013
M, 9704 9837 10236 9946 10169 10610 10798 11503 11688 11892
Dy 0.0118 0.0172 0.0286 0.0244 0.0329 0.0406 0.0311 0.0314 0.0293 0.0292
My 10290 10379 10546 10449 10531 10671 10972 11464 11514 11570

0.35 Dy 0.0016 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015
M, 9999 11028 11519 11223 11487 11756 12011 12595 12715 12848
Dy 0.0091 0.0118 0.0209 0.0175 0.0244 0.0291 0.0244 0.0244 0.0244 0.0243

donmesi ve siineklik degerleri elde edilmistir. Arastirilan parametreler TBDY (2018)’de verilen bagintilar ve
perde duvarlarim moment egrilik analizlerinden hesaplanmustir.

Betonarme perde duvarlari i¢in moment-egrilik iliskilerinden elde edilen pL — N /Ny, gy V€ ke — N/ Ny o, iliskileri
Sekil 4 ve Sekil 5°te karsilagtinlmistir. Betonarme perde duvarlarm plastik mafsal akma dénmesi (0,,) degerleri
farkli eksenel yiikk degerlerine gére Tablo 6°da Ozetlenmistir. Betonarme tasiyict sistemlerinin etkin kesit
rijitliklerinin hesaplanmasinda, gergek¢i yollardan birisi de moment-egrilik iligkilerinin  kullanilmasidir.
Betonarme kesitlerde EI, degerleri, moment-egrilik egrilik iliskisi ve yigili plastik davramisina gére Denklem
(3.2)’den hesaplanmuigtir (bkz. Tablo 7). Betonarme perde duvarlarin farkli tasarim parametrelerine gore N/
Npnax — 6, iliskileri Sekil 6°da verilmigtir. Farkli performans diizeyi igin &0 = 0.032, e0™ = 0.024 ve

s&SH) = 0.0075 sabit degerler olarak hesaplanmaktadir. Betonarme perde duvarlar i¢in hesaplanan hasar sinirlari

(SEKH), SEGO)) ve bolgeleri ilizerine islenmis moment-egrilik iliskileri sirasiyla Sekil 7, 8, 9 ve 10°da verilmistir.

Betonarme perde duvarlarin ug bdlgelerindeki boyuna donati oraninin artmast f., &, Ve &, degerlerini ¢ok
fazla etkilememistir. Perde duvarlarin ug¢ bolgelerinde yatay donati oraninin artmasi ile f,., &, V& &
degerleri artmaktadir. Moment-egrilik iliskilerine gore; eksenel yiik seviyesinin artmasiyla betonarme perde
duvarlarin M,,, @,, ve M,, degerleri artmakta @,, ve u degerleri azalmaktadir. Perde duvarlarda yatay donat
oramnin artmastyla M,,, M,, ve @, degerleri artarken @,, degerleri sabit kalmaktadir. Perde duvarlarda ug ve
govde bolgelerinde boyuna donati oranminin artmasiyla M, ve M, degerleri artmakta @, ve @, degerleri
degismemektedir. N /N,,,, degerinin artmasinin eleman siinekligini 6nemli derecede azalttig1 goriilmiistiir.

Dogrusal olmayan davramsa gore hesaplanan 6, degerleri, N/Np,,, degeri, perde duvar uc ve gévde
bolgesinde boyuna ve yatay donati oraninin artmasiyla artmaktadir. Perde duvar u¢ ve gdvde bolgesinde
boyuna ve yatay donat1 oraninin artmasiyla El, artmaktadir. Hesaplanan k,; uc ve gdvde bolgesi boyuna ve
yatay donat1 oraninin artmasiyla artmaktadir. N /N, ., degerinin artmasina baglh olarak El, artmistir.

EC(GG), EC(KH) hasar smurlart f,e, fe. ve yatay donatisinin konfigiirasyonuna bagl olarak hesaplanmaktadir.
Farkli performans diizeylerinde 6, igin izin verilen sinir degerleri; @y, @y, Ly, Ls Ve d}, nin fonksiyonudur.
Dolaysiyla kesit geometrisi, boyuna ve yatay donati orani, eksenel yiik seviyesi ve yatay donati
konfigiirasyonu gibi @, ve @, degerlerini etkiyen tasarim parametreleri 6, smir degerlerini de

etkilemektedir.
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6. Sonuclar

Perde duvarlarda yatay donati oraninin artmasryla eéGO), ££KH) degerleri artmakta ve EESH) = 0.0025 olarak

sabittir. Boyuna donati oranimin artmasi sargili beton basing dayanimini fazla etkilemedigi i¢in hesaplanan

beton birim sekildegistirme (&.) degerlerini etkilememistir. Sabit yatay donati orani i¢in boyuna donati oraninin

artmas ile 2560) ve eéKH) degerleri sabit kalmaktadir. Farkli boyuna ve yatay donati oranina gére hesaplanan

(G0) (KH)

s . & Ve SS(SH) degerleri sabit kalmaktadir. 97(100) ve GéKH) siir degerleri N /Ny, q, degeri ve moment-

(GO) (KH)

b Ve Hp

egrilik iliskisine gore degismektedir. N /N, degerinin artmasiyla 6 siir degerleri azalmaktadir.

Sabit N /N4, degeri, boyuna ve yatay donati gapi igin yatay donati araliginin artmast ile 9560) ve 9151(1-1) siir

degerleri azalmaktadir. Sabit boyuna donati gapi, yatay donati aralift ve N/Ny,,, degeri i¢in yatay donati
92500) ve HIEKH) siir degerleri artmaktadir. Sabit N/N,,,, degeri, yatay donati ¢ap1 ve

(GO) (KH)
P P
degeri arttikga hasar simir degerleri azalmakta, bu yiik seviyelerinde yatay donati oraninin daha da 6nemli

oldugu ve yonetmeligin Ongordiigii sinirlamanin son derece etkili oldugu sonuglarina varilmaktadir.
Hesaplanan hasar sinir1 degerleri ve bolgeleri perde duvarlarin moment-egrilik iligkileri tizerinde islenmistir.

¢apmin artmast ile

aralig1 ve i¢in boyuna donati ¢apinin artmasi ile 8 ve 8 simr degerleri az farkla artmaktadir. N /Ny, qy

Moment-egrilik iligkilerinden hesaplanan hasar smirlart ve bolgelerinden goriilecegi gibi perde duvarlarda
yatay donat1 oraninin artmasi sonucunda perde duvar kesitleri daha giivenli yonde kalmaktadir.

Tesekkiir

Yazarlar; zaman ayirdiklari, kiymetli yorum ve 6nerilerde bulunduklar1 i¢in makaleyi degerlendiren ha-
kemlere tesekkiir etmektedir.
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Calisma ile ilgili analiz plani, betonarme perde duvar modellerinin tasarlanmasi, veri toplanmasi,
istatistiksel analizlerin yapilmasi, elde edilen sonuglarin degerlendirilmesi ve makalenin yazilmasi birinci ve
ikinci yazar tarafindan paylasilarak yapilmstir.
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physical (water content, specific weight, unit volume weight) and mechanical (shear strength) parameters of the
mixtures were determined. According to the results of the research, the material with 100% sand content contributes
to the shear strength by a certain proportion when compared to the mixed materials containing granular-sized waste
rubber. According to the results of this research, the highest shear resistance value was observed in material with
20% tire content in waste rubber sand mixtures, while higher rates of tire addition provided lower results than 100%
sand material. In addition, considering the issue in terms of environmental impact, a column test was carried out on
the mixture containing 20% rubber-80% sand and no adverse effects of the pollutants were observed.
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1. Introduction

Soil is the name given to material comprising rock fragments formed as a result of weathering and degra-
dation with a variety of environmental factors, containing organic matter, voids and which may hold water.
Therefore, they are considered more problematic compared to rocks (Huat, 2010). Depending on the soil
properties and environmental conditions, problems such as liquefaction, sliding, collapse, subsidence, bear-
ing capacity, erosion may occur. In such cases, since most soil problems are site specific, the soil properties
should also be improved by appropriate techniques.

When improvement methods are investigated, in addition to improving methods aiming to compact and strength-
en soils from depth, like dynamic compaction, injection and vibroflotation, there are surface improvement meth-
ods aiming to strengthen the soils by adding supplementary material like lime, volatile clay, cement, etc. to im-
prove strength at the level close to the foundation surface (Sengezer, 2010). Additionally, the use of lightweight
materials like volatile ash, glass fragments, slag, plastic waste and especially waste rubber tires have been investi-
gated by many researchers in recent years with the aim of ameliorating soft and compressible fill soils.

Waste tires have become a global environmental problem due to difficulties with storage and separation pro-
cesses (Chang, 2008). These tires are flammable and fires tend to release toxic gases. This situation affects
the health of organisms and at the same time causes aesthetic discomfort (Attom, 2006; Reddy and Marella,
2001).
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Waste tires, when useful life finished and inappropriate for repeated use, are one of the materials with most
successful results in terms of regain through recycling, at present. When research is examined, the regain
rates for recycled waste tires are 95% in Europe and 84% around the world (url1). When European Tyre &
Rubber Manufacturers’ Association (ERTMA) data are examined, 292.000 tons of waste tires were produced
in Turkey in 2014, with this number reaching 314.000 in 2015 and 251.000 in 2016 (Catakli and Ergiider,
2019). According to data from the Ministry of Environment and Urbanization in Turkey for “regulation and
applications for the control of end-of-life tires” in 2018, 184.313 tons of waste tires were collected in 2017
(Eryilmaz and Demirarslan, 2011). Nearly 59% of the collected waste tires can be recycled in facilities
(urll).

The use of waste tires in construction engineering applications may be beneficial not just with the aim of
strengthening soils but from an environmental aspect (Keskin and Laman, 2012). The use of waste tires in
construction engineering projects has many benefits like reducing the pressure on natural fill, lowering mate-
rial costs, improving the geotechnical properties of soil, and ensuring effective recycling. In the recent past,
many studies were performed about the properties of waste tires, including in potential engineering applica-
tions (Edil and Bosscher, 1994; Foose et al., 1996; Zornberg et al., 2004; Cetin et al., 2006; Hataf and Rahi-
mi, 2006; Vinod et al., 2015). Studies using tires from scrap vehicles, especially as light weight material,
commonly choose sand (Marto et al., 2013; Umu et al., 2014; Erenson, 2015; Vinod et al., 2015; Goztepe,
2016; Ordu et al., 2017; Bayat et al., 2019; Ghaffari, 2020) and rarely silty sand (Benavente-Huaman et al.,
2019) and clay materials (Cetin et al., 2006; Balaban et al., 2019) as soils. Though waste tires are mostly
used in granular (Goztepe, 2016; Balaban et al., 2019; Bayat et al., 2019; Ghaffari, 2020) and sliced (Marto
et al., 2013; Benavente-Huaman et al., 2019) forms, there is rare research where they are used in powder
form (Umu et al., 2014; Ordu et al., 2017) and even whole (Erenson, 2015).

Among the important properties of waste tires, beginning to come to the forefront for construction engineer-
ing applications, are the low unit weight in addition to insulating features, resistance, and high drainage ca-
pacity (Youwai and Bergado, 2003). However, when tire particles are used alone, high deformation and
compression problems may be encountered, just as they may be sensitive to exothermic reactions. For this
reason, research in recent years has used sand-waste tire mixtures which are not sensitive to exothermic reac-
tions (Youwai and Bergado, 2003; Zornberg et al., 2004). Thus, adding waste tires to soil materials does not
just solve the exothermic reaction problem, at the same time it improves deformation features and increases
the strength of the fill. Here, the topic that requires special attention is the proportions in the mixture, be-
cause increased proportions of soil material within the mixture increases total weight and this may cause
settlement of foundations resting on loose soils (Youwai and Bergado, 2003).

Among the current uses for waste tires, uses as reinforcement material for road construction, for control of
erosion, stabilization of sloped areas, thermal insulation, fill for retaining walls and bridge feet, edge drain-
age and construction of storage areas and use in building foundations may be listed.

Shear strength is a basic mechanical property used in stability analysis. Previous studies observed that opti-
mum shear strength values were reached with a certain proportion between waste tires and soil materials.

A study researching the effect of waste tires on groundwater quality (Humphrey et al., 1997) investigated the
possible polluting effects of waste tire chips placed above groundwater level. As a result of tests completed
with regular checks within a long time period of nearly five years, there was no evidence that the primary
standards for drinking water of barium (Ba), cadmium (Cd), chrome (Cr), lead (Pb) and selenium (Se) and
secondary standards for drinking water of aluminum (Al), zinc (Zn), chlorine (CI) or sulfate (SO,) levels
were increased (Humphrey and Katz, 2000). Additionally, research in field conditions in 7 different regions
of the USA investigated the possible pollutant effects on groundwater of aggregate produced from tires and
rubber-modified asphalt material (Humphrey and Sweet, 2006). The results of this research did not encounter
any pollutant value exceeding primary and secondary drinking water standards.
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The aim of this study is to investigate the usability of granular waste tires for improving problematic soils to
overcome a range of difficulties experienced with problematic soils during geotechnical applications and to
effectively reuse this waste. Within this scope, the ability to increase the strength of sandy soils with granular
waste tire rubber supplementation was considered by using natural material instead of industrial sand and the
optimum mixing rates were determined. The raw material of rubber tires is formed by the combination of
oils and a variety of chemical materials. For this reason, it is very important to research the effect on the
environment of tires in a variety of areas of use when mixed with soils. Within the scope of this study related
to the topic, column leach tests were performed for waste tire-sand mixtures and the leaching of harmful
elements from tires to the environment was researched.

2. Materials and Methods

The sand used in the study was obtained from an active landslide region in Canakkale province along the
coast of Giizelyali village in September 2015. The waste tire samples used in laboratory studies were
obtained from a workshop located in Bursa Organized Industrial Zone with steel wire bands removed,
particle sizes 2-4 mm and obtained in granular form (Figure 1).

Figure 1. Waste tire particles at granular size

The natural water content (w) and specific gravity (Gs) of the sandy sample obtained from the study area
were determined. With the aim of determining the grain size distributions of tire fragments and sand sam-
ples, sieve analyses (ASTM D 422) were performed.

In this study, compaction tests were performed on samples of waste tires mixed with soil. Samples prepared
with combinations of sand and tire fragments were placed in a compaction mold in layers. Each layer was hit
with a hammer 25 times for compression and then the mold and compacted sample were weighed. To deter-
mine water content, a sample was left in an oven for 24 hours at 105 °C. With the addition of water to the
soil, the other steps were repeated in the same way and compaction tests were performed. Finally, the values
for water content as a result of the obtained data were plotted on a graph of equivalent dry unit weight and
optimum water content was found.

Standard proctor tests determined the maximum and minimum dry unit weight per unit volume (Yxmax-Ykmin)
for waste tire and sand and the optimum water content (®). Additionally, the maximum and minimum void
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ratio reflecting the loosest and most compressed situation for sand were identified. Using the calculated void
ratios, the relative compaction values were obtained (Equation 2.1).
€max=€

Dr €max~€min (21)
In this study, with the aim of determining the shear strength of mixtures prepared with sand and tire grains at
granular size with 10%, 20%, 30%, 40% and 50% proportion by weight, a range of direct shear box tests
(ASTM D 3080) were performed. A direct shear device of 6 cm x 6 cm x 3.5 cm sized was used during these
tests. A total of six direct shear tests were carried out, one of which was sand. Prepared samples were tested
three times with the normal stress of 50, 100, and 200 kN/m?.

Furthermore, a column test was conducted to investigate the environmental impact of the optimum waste
tire-sand mixture obtained in this study. This test was conducted using a glass column with 2.5 cm inside
diameter and 30 cm length. Known mass of sample was placed in the column, and porosity and pore volume
were calculated. Deionized (DI) water was flushed through it from the top at a constant flow rate. The efflu-
ent was collected for each pore volume separately. Analyses were carried out using Inductively Coupled
Plasma-Atomic Emission Spectrometry (ICP-AES) for the elements considered to be harmful.

3. Results and Discussion

3.1. Index Properties

Laboratory tests were performed with the aim of determining the physical parameters of the sand and
waste tire mixtures used as soil material in the study. In this context, sand was found to have natural water
content (w,) of 15.46% as a result of water content experiments. The specific gravity of pure sand was de-
termined as 2.62 with pycnometer method. The unit weight values determined with experiments on the mix-
tures are shown in Table 1. In addition, sieve analysis was carried out to determine the grain size of both the
sand and the granular size tire used in this study (Figure 2, 3). As a result of the sieve analysis, uniformity
coefficient (C,) and coefficient of gradation (C.) values of sand were found from the grain size distribution
curve (Equations 3.1, 3.2). C, and C, values were computed as 2.235 and 0.819, respectively, and are shown
in Figure 2. Based on these results, soil class for sand samples was determined as SP (poorly graded sand).

D60
" Dyo 3.1
C=p, (31)
D 2
O -
(D10)(Deo)
Table 1
Unit weight data for tire-sand mixture
Sand Midng rate Tire Unit weight (kN/m®)
90% 10% 16.975
80% 20% 16.769
70% 30% 16.063
60% 40% 16.337
50% 50% 16.337

3.2. Standard Proctor Test

The standard Proctor test was used to obtain the maximum dry unit weight of soil and the corresponding
optimum water content. Repeatedly performed standard Proctor experiments observed the dry unit weight
(vx) values reached up to 19.90 kN/m® with a reduction after this point. For this reason, for the maximum dry
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unit weight (ykmax), Value of the material of 19.90 kN/m?, the optimum water content was calculated as
19.50%. In this context, the variation in water content linked to dry unit weight values is shown in Figure 4.

The maximum and minimum void ratios (enaxand emi,) Were calculated for full sand and waste tire-sand mix-
tures. For 100% sand, the enax and eni, values were 0.77 and 0.29, respectively. Additionally, the maximum
void ratio (emax) reached lowest values for the mixture containing 20% tires (0.370), while the minimum void
ratio (emin) reached highest values (0.180) for the mixture with 30% tire content. Both values form the peak
values in terms of the experimental sets.

As a result of experiments, the relative density of sand (D,) was determined as 58%, while the sand used in
the study is qualified as ‘medium dense’ according to the relative density table (Table 2).

3.3. Shear Box Tests

The type of material examined within the scope of this study may be used in construction engineering
applications such as road fill and fill behind retaining walls on weak or compressible soils and it is necessary
to know the strength and deformation properties of materials used in these types of applications. As a result,
with the aim of determining the shear strength characteristics of the mixtures, shear box tests were performed
with soil alone and later with the mixtures. During the tests, shear force versus horizontal displacement of the
samples were measured and plotted. From the plot, the maximum shear stress was determined and shear
stress graphs corresponding to the normal stress are plotted. From the plot, a straight-line approximation of
the failure envelope curves was drawn. In the graph the cohesion is the y-intercept, and the angle of internal
friction is the slope of the line.

STANDARD SIEVE NUMBERS
SIZE o
e SIEVE
< (INCAD > ¢ NUMBERS »>
3 2 1 12 114 8 16 30 50 90 140
100 212 112 34 318 4 10 20 40 60 100 200
N

90

80

70
o 60
Z
a 50
<
A
Z 40 \
=
QO
Z 30
=

20 \

10

0

[T [T 11NN A

100 50 20 10 5 1 0.5 0.2 0.1 0.05 0.02 0.01 0.005 0.002 0.001
Uniformity Coefficent (Cu): 2.235 GRAIN SIZE (mm)
Coeflicent of Gradation (Cc): 0.819

Figure 2. Grain size distribution of sand
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Figure 3. Grain size distribution of waste tires
Considering the shear box experiment data, the angle of internal friction value reached highest values for the

mixture containing 20% waste tires (48.82°). As the tire content continued to increase, a reduction was ob-

served in these values (Figure 5).

Dry Unit Weight of Sand (kN/m’)

20.10

Standard Proctor Test

19.61

19.12

18.63

18.14

17.65

17.16

10 15 20
Water Content (%)

Figure 4. Water content versus dry unit weight relationships

Table 2

Soil classification based on relative density (Lambe and Whitman, 1969)

25

Relative density (Dy)

Soil compactness

0-15%

15—
35—
65—
85—

35%
65%
85%
100%

Very loose
Loose
Medium dense
Dense

Very dense
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Figure 5. Variation in internal friction angle linked to tire content
There was a linear increase in cohesion values with highest value for the mixture containing 30% waste tires
(52.465 kN/m?). However, when the tire content was above 30%, a reducing tendency was observed (Figure 6).

When the shear strength values obtained as a result of the shear box tests are examined, these values linearly
increased in proportion to the waste tire content of the mixtures, in parallel to the internal friction angle val-
ues. Again, highest shear stress values were reached for the mixture containing 20% waste tires.

The failure envelopes obtained from all samples are shown in Figure 7. As seen on the figure, the soil con-
taining only sand (0% tire) had 118 kN/m? shear strength under 100 kN/m? normal stress, while this value
increased to 152.30 kN/m? for the 20% (waste tire) mixture (Aktiirk, 2018).
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Figure 6. Variation in cohesion linked to tire content
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Figure 7. Normal stress vs. shear stress plot for the mixtures

In addition, column test was carried out to investigate the environmental impact of the 20% tire and 80%
sand mixture obtained at the end of this study. Laboratory analyses were performed on the leachate from the
mixture and the values for elements that may have a polluting role were investigated (hydrocarbon, arsenic,
iron, chrome, chlorine, fluorine, nitrate, sulfate, aluminum, antimony, barium, beryllium, boron, cadmium,
calcium, cobalt, copper, lead, lithium, magnesium, manganese, molybdenum, nickel, phosphorus, potassium,
selenium, silver, sodium, vanadium, zinc, thallium). While the hydrocarbon amount remained below 50 pg,
there was no major cation encountered. For this reason, it was concluded that the leachate did not have any
polluting effect.

4. Conclusion

In this study the effect of waste tire contributions to sandy soils were investigated. Laboratory tests were
carried out to determine the engineering properties of the soil sample collected from Giizelyali. For this
purpose, water content, sieve analysis, pycnometer and standard Proctor tests were performed. Soil was
classified as SP-poorly graded sand. Then direct shear box tests were performed to determine the shear
strength parameters of both soils alone and the waste tire-sand mixture. The increase in tire content caused
an increase in strength to a certain value; however, continued increase then caused a reduction in strength
parameters. Hence, the increase in tire amount after the optimum value provided shear strength values that
were lower even then the situation where only sand material was used. Large-scale shear box tests and slope
stability analysis are needed to determine the role of mixtures created with waste tire particles and sand
material in different projects to be used in practice. This study also focused on identifying potential
environmental problems of waste tires, which are considered to be used in practice. For this purpose, the
leachability of the 20% tire and 80% sand mixture were investigated. Thus, column test was performed by
using mixture and DI water. When the effluent was analysed, no contaminants were found. For this reason,
the use of waste tires in this way gains importance in the sense of improvement and carries great importance
for reuse of tires with no storage areas and with hundreds of tons discarded in the environment every year.
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Research Article also investigated. The highest cell concentration (1.53 gdw / L), growth rate (jna=0.006 h™*) and oil productivity (12.8

(g/ L. Day) (10°%) in nutrient medium (5g) were obtained. On the other hand, the cetane (CN) number was calculated
according to the dominant arachidic acid (C20:0), it was determined as 74.9 and the mean molecular weight of the oil
was determined as 849.1 g / mol. According to the experimental results, it is predicted that microalgae lipids will be
widely used as an alternative to vegetable oils soon as raw materials.
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1. Introduction

Microalgae are unicellular microorganisms that are extensively found in marine and freshwater ecosystems.
They are classified according to their shape, pigment content, and differences in their life cycle. Diatoms and
blue-green microalgae show the most common distribution according to their abundance in nature (Chisti,
2007). Microalgae are used in different industrial areas with the valuable organic chemicals they contain, and
microalgae biotechnology is becoming increasingly important today. The use of microalgae as cellular
biofactories for the synthesis of valuable bioproducts for the aquaculture (fish feed), food, pharmaceutical, and
biofuel sectors attracts high interest (Eryal¢in et al., 2013; Kutluk, 2019). Microalgae are grown in closed
(photobioreactor) or open (pool) systems. The production of valuable organic materials produced from
microalgae is carried out using a light source (sun) and carbon dioxide photosynthetically. While outdoor pools
are suitable for such production in tropical ecosystems, photobioreactors are used for microalgae production
in countries that cannot utilize solar energy all day long. Also, recently, for high oil production from
microalgae, using sugar and acetic acid as carbon sources, oil is obtained heterotrophically in a non-light
environment (Ganuza & lzquierdo, 2007). Three macromolecular compounds are extracted from microalgal
biomass: fat, carbohydrate, and protein. These chemical compounds can be converted into fuels such as
alcohol, biodiesel, green diesel, methane, and of the reaction of vegetable, algal, or animal origin oils with two
main alcohol (methanol or ethanol) by a suitable catalyst. However, despite its many advantages such as
biodiesel biodegradability and low emission characteristics, it still cannot be where it deserves commercially.
The main reason for this is that the raw material (oil), which is the biggest cost item of biodiesel, is expensive
(Mata et al., 2010). Otherwise, oils, which are major microalgae products, are similar to oils obtained from
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oilseed plants in terms of triglyceride content and can be converted into biodiesel (Knothe, 2010). The fact that
the natural oil (lipid) form produced by microalgae is suitable for biofuel synthesis puts microalgae in a
privileged place in this application (Stephens et al., 2010). Biomass extraction from microalgae, which is called
the third generation energy source, has recently become important. Studies on obtaining lipids which are used
as a raw material for biodiesel, from microalgae, which offer a potential to contribute to reducing dependence
on fossil fuels, have increasingly continued in recent years. Lipid production mechanisms may change under
different stress conditions (Nitrogen and Phosphorus restriction etc.) applied to the food environment of
microalgae (Mata et al., 2010). The amount of lipid in microalgae generally varies between 20-50 %, in some
of them, this ratio can be up to 80% (Halim et al., 2012). Dunaliella salina shows lipid accumulation which
up to 70% of its cell content in response to high environmental salinity (Takagi & Yoshida, 2006). Dunaliella
sp., which is cultured in commercial levels in the world. The direct conversion of algae biomass to biodiesel
raw material contributes to the economy (Pick & Avidan, 2017). It has been reported that Dunaliella tertiolecta
has a lipid capacity of 36-42% (Tsukahara & Sawayama, 2005). Dunaliella tertiolecta is a hopeful
microorganism for alternative fuel applications for the synthesis of biodiesel for major reasons: its high salt
tolerance, It is not affected by harsh climate conditions, and is not contaminated easily (Pick & Avidan, 2017,
Tang et al., 2011).

In this study, the Dunaliella tertiolecta species was selected considering factors such as its easy availability,
specific morphological characteristics, resistance to contamination, adaptation to cold and heat, and different
pH requirements. The influence of salinity in the nutrient medium on the growth and lipid productivity of
marine microalgae were analysed. According to the author's knowledge for the first time in literature, the use
of Marmara Seawater (MSW) as a growth medium and its suitability for microalgae were also investigated.
Finally, Dunaliella tertiolecta was evaluated for utilization as a raw material for biodiesel synthesis.

2. Materials and Methods

2.1. Materials

Microalgae culture was gained from the culture collection of Dr.Turgay CAKMAK (Istanbul Medeniyet
University /TURKEY). Johnson's nutrient medium and Marmara seawater with 24% salinity was used as
growth media. Johnson's media has been prepared using distilled water under laboratory conditions. “No
nutrients have been added in MSW It was aimed to investigate that the microalgae species used in the study
are grown in the synthetic environment and natural environment (MSW) and the effects of these environments
on microalgae oil productivity. It Is Specified that in The Marmara Sea Report Published in 2016 by The
Ministry of Environment and Urbanisation, In the MSW close to the coast section where it is in open waters
in the range of 0.02-15.9 uM, 0,05-0,53 uM NO- + NO3-N elements are specified respectively. The chemical
composition of Johnson's medium and other solutions are shown in Table 1, Table 2, and Table 3.

Table 1
Chemical composition of Johnson's medium

Chemical Formula Molecular Weight  Quantity

(g/mole) (9)
Magnesium chloride hexahydrate MgCl; - 6H,0 203.30 15
Magnesium sulfate heptahydrate MgSO; - 7H.0 246.47 0.5
Potassium chloride KCL 74.55 0.2
Calcium chloride CaCl; 110.98 0.2
Potassium nitrate KNO; 101.10 1.0
Sodium bicarbonate NaHCO; 84.01 0.043
Potassium dihydrogen phosphate KH,PO4 136.09 0.035

*Prepare 980 ml and add 10 milliliters of iron solution (Table 2) and trace element solution (Table 3) to 1 liter.
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Table 2
Iron solution (for 1 Liter)
Chemical Formula Molecular Weight  Quantity
(9/mole) Q)
The ethylenediaminetetraacetic acid disodium salt | CioH14N2Na2Og 2H.O 372.24 1.89
Ferric chloride hexahydrate FeCl; - 6H,0 270.30 2.44
Table 3
Trace element solution (for 1 Liter)
Chemical Formula Molecular Weight Quantity
(g/mole) (mg)
Zinc chloride ZnCl, 136.30 4.1
Boric acid H3BO3 61.83 61.0
Cobalt(Il) chloride hexahydrate CoCl; - 6H20 237.93 5.1
Copper(Il) chloride dihydrate CuCl; - 2H,0 170.48 4.1
Manganese(ll) chloride tetrahydrate MnCl; - 2H,0 197.91 4.1
Ammonium molybdate tetrahydrate (NH4)sM07024 4H,0 1235.86 38.0

The salt source NaCl and other chemicals used in the study were in chromatographic purity and Merck brand.
The prepared nutrient medium was sterilized in an autoclave at 121°C under 1-atmosphere pressure for 20
minutes. Microalgae species were cultured under continuous illumination (at a light intensity of 3 Klux Osram
Led) on IKA RCT brand magnetic stirrers set at 150 rpm at room temperature.

2.2. Microalgae Cultivation Under Different Salinities and Marmara Seawater

Experiments were carried out in 100 ml open flasks. Microalgae inoculating from stock cultures to 5% of
the growth medium. The starting temperature of cultures is set at 25 + 2°C. Temperature and pH were measured
with a relative accuracy of + 0.5°C and + 0.001 pH respectively with Mettler Toledo S20 SevenEasy model
pH meter. The pH value of the medium was initially measured at 7.59. The culture's environments were
naturally ventilated from the surface. The cell concentration and growth were determined
spectrophotometrically at 600 nm using Jenway 6800 UV Vis. Spectrophotometer. Different proportions of
salt to Johnson's media (5,10, 30) g/100ml. Also, MSW contains 24% salinity (Tiirkoglu et al., 2004). Sea
water samples were taken from Marmara Sea (Kocaeli Degirmendere with GPS coordinates 40°43'34.5"N
29°47'40.0"E. The growth rate was determined according to Eq.2.1.

lnxio = Uper-t or X = XpeHnet. t (2.1)

Where pnet Net specific growth rate, X, and Xo are cell concentration at t, and t = 0. Doubling time of the
microorganism determined by Eq. 2.2.

T, = in2 _ 0.693 (22)

Hnet Hnet

2.3. Microalgae Sampling and Harvesting

Samples of 3 ml were collected regularly from culture media for pH, temperature, and absorbance
measurements. Microalgae removed from the liquid media by centrifuge (5000 rpm/5 min) and then dried in
an 80°C oven per night. The experimental system was repeated 2 times. The number of dry microalgae (gdw/L)
obtained from 100 ml flasks after harvesting is given in Table 4.
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Table 4
Effect of different salinities on growth and lipid content for Dunaliella tertiolecta
Salinity Xmax pmax Doubling Time Fat content Lipid productivity
(9 (gdwi/L) (h-1) (h) (%) (g/L. day)(10°)
5 1.53 0.06 11.6 15 12.8
10 1.12 0.05 13.9 12 7.4
MSW(24) 0.99 0.06 11,6 7 3.8
30 0.72 0.05 13.9 5 2.0

2.4. Lipid and Fatty Acid Profile Analyses

20 ml of a 0.4% CaCl, solution on a 0.2 g sample was added to 120 ml of methanol /chloroform 1/2 and
then stirred on a magnetic stirrer for three hours. After, the drained samples from the filter paper (Whatman
No: 1) were stored in the filter for two hours at 105°C and filtered through the flasks. The mouths of the
balloons were closed in an air-tight manner and kept in a dark place for one night and the next day the top
layer consisting of methanol-water was collected with the help of a separating funnel. The chloroform remain-
ing in the bubbles was evaporated from the lipid to chloroform at 60°C in the dryer. The balloons were then
allowed to stand at 90°C for one hour to allow the entire chloroform to evaporate and cooled to 25°C in the
desiccator. The mass of the oil was specified gravimetrically (Bligh & Dyer, 1959). Microalgae oil content
was determined according to Eq. 2.3.

[Flask tare (g)+Lipid (g)]—[Flask tare(g)]
Sample amount (g)

Oil content % = x 100 (2.3)
The fatty acid composition was determined in gas chromatography (Agilent GC 7820) with the help of Agilent
application notes. Analysis conditions are clearly stated in the application notes (David et al., 2005). No inter-
nal standard was used in GC analysis.

2.5. Cetane Number (CN) Identification

Fatty acids CN of oils obtained from microalgae were calculated according to Eq.2.4 (Klopfenstein, 1982).

CN=58.1+ [(1.4) x (n-8)] —[15.9 x (double bond number)] (2.4)

n indicates that the number of carbons in fatty acid
3. Results and Discussion

3.1. Microalgae Growth Behaviour

Important parameters affecting microorganism culture growth or cultivation; nutrient quality and quantity
of the medium, light, pH, salinity, and temperature. These parameters can vary by species. The parameter,
which is optimum in the environmental conditions created in the studies, may not be optimum for another
environment (Chisti, 2007). The salinity value varies according to the microalgae species (Mata et al., 2010).
The time-dependent growth of Dunaliella tertiolecta in photobioreactors under the influence of different
salinities is shown in Figure 1.

For Dunaliella tertiolecta, as can be seen from Figure 1, microorganism growth in all media increased at
different rates until the 96th hour. From this hour until the 240th hour, microorganism cell concentrations
increased at low rates, after the 240th hour the growth increased a little more until the 384th hour and after this
time it switched to the stagnant phase. The microorganism adapted to all conditions and showed a tendency to
grow at different growth rates.
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After 18 days of culture, the highest cell concentration (1.53 gdw/L), growth rate (umax = 0.006 h) and oil
productivity (12.8 (g/L.Day) (10®)) in nutrient medium (5 g) were reached (Table 4). Microalgae oil from
Dunaliella Tertiolecta is shown in Figure 2.
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Figure 1. Dunaliella tertiolecta growth curve under different salinities

It was determined that with the increase of salt starvation in the growth media the oil production within the
microorganism also increased. According to the author's knowledge, limited studies are examining the
behavior and lipid production potential of Dunaliella tertiolecta under salt starvation. A comparable single
study, Hopkins et al. (2019) reported that the lipid which they obtained from microalgae was suitable as a raw
material source for biofuel manufacture. Besides by reaching the highest cell concentration for Dunaliella
species in f2 nutrient media containing 120 g / L salinity. The pH changes of the photobioreactors during the
culture are given in Figure 3.

Figure 2. Microalgae oil from Dunaliella tertiolecta

During the culture, an increase was observed in pH values depending on the growth and after the 384th hour,
it changed between 10.2 and 10.6 with small fluctuations. In autotrophic cultures, microalgae use inorganic
carbon and release hydroxyl into the environment. Therefore, the pH of the environment is expected to rise
and be stable after a certain time (Kutluk, 2019). As can be seen from Figure 2, the initial pH of the environ-
ment is around 7.5 for each culture.
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Figure 3. pH distribution in cultures under the different salinities

3.2. Fatty Acid Distribution of Dunaliella tertiolecta

The fatty acid dispersion and the amount of fat synthesis by microalgae vary by species. Fatty acid
compositions or profiles may also vary depending on the physical (light, temperature) and chemical
(compounds in the nutrient media) conditions of the growing medium. Generally, the fatty acids of microalgae
species vary between C12 and C22. In some species, the upper limit can be up to C24 (Halim et al., 2012). The
fatty acid profile of Dunaliella tertiolecta microalgae is given in Table 5.

Table 5
Fatty acid compositions of Dunaliella tertiolecta
Type of fatty acid Percentage %

C17:0 Heptadecanoic 8.6
C18:1 Oleic 17.8
C18.2 Linoleic 25.3
C18:3 a-Linoleic 9.4
C20:0 Arachidic 30.2
C20:1Eicosenoic acid 8.7

The fatty acid dispersion of the microalgae oil changes between C17 and C20:1. The CN was calculated
according to the dominant arachidic acid, it was determined as 74.9 and the mean molecular weight of the oil
was determined as 914.3 g / mol. CN is very high. It is expected that methyl or ethyl esters (biodiesel) to be
obtained from this oil can be easily ignited and burned rapidly.

CN is major characteristics determining the ignition quality of the fuel to be used in a diesel engine. CN of
esters of edible oils than diesel fuel higher (Krisnangkura, 1986). The diesel fuel CN is between 55 and 60.
The CN in biodiesel varies between 55 and 75, the CN of biodiesel is higher than diesel as can be seen
(Klopfenstein, 1982). Fuel with a high CN is easily flammable and can burn quickly. A comparable study with
the same microalgae species Hopkins et al. (2019) reported that the fatty acid dispersion of the microalgae oil
is rich in C16 and C18. They have also demonstrated its suitability for biodiesel production.
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4, Conclusion

In this study, the influence of salinity in the nutrient medium on the cultivation and lipid productivity of
marine microalgae was investigated. The usability of Marmara Seawater (MSW) as a growth medium and its
suitability for microalgae were also investigated. Finally, Dunaliella tertiolecta was evaluated for utilization
as a feedstock for biofuel industries.

From the obtained experimental data, it is possible to draw some conclusions from this study;

e After 18 days of culture, the highest cell concentration (1.53 gdw/L), growth rate (umax = 0.006h™)
and oil productivity (12.8 (g/L.Day)(10®)) in nutrient medium (5 g) were reached.

e The CN and molecular weight of the oil were calculated according to the dominant arachidic acid
(C20:0), it was determined as 74.9 and 849.1 g/mol respectively.

The results obtained from this study are promising for future studies and environmentally friendly industrial
enterprises that are planned to be established. Besides, it is predicted that microalgae lipids will be widely used
as an alternative to vegetable oils soon as raw materials.
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Research Article categorized into higher classes (I and II) in general according to water quality criteria of the surface waters of
Turkey. Fourteen taxa of benthic macroinvertebrates were identified. The most dominant taxa were Coenagrion
sp. (42.31%), Baetis rhodani (15.38%), and Physella acuta (10%) in the study area. The highest number of indi-
viduals of macroinvertebrates was obtained in March (62 ind./m?), meanwhile the highest taxa number was de-
termined in May (10 taxa). The H' index was reached its highest value in May (1.723), whereas the lowest value
of the index was in March (1.054). The highest score of the BMWP-e was found in May (26), while the lowest
score was found in April (16).
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1. Introduction

The increasing need for energy and raw materials global-scale has been significantly contributed to envi-
ronmental impacts. Mining activities are one of the main issues that draw attention to the effects of the envi-
ronment including land degradation, noise, and water pollution (Dudka & Adriano 1997). Thus, environmental
protection is required for the sustainable development of a country (Monjezi, Shahriar, Dehghani & Samimi
Namin 2009). On one hand, an open mining operation eliminates habitats and natural communities on the sur-
face, on the other hand, may result in new habitats such as artificial wetlands through filling the pits by precipi-
tation and groundwater. Though these unnatural wetlands in other words, “secondary wetlands”, are mainly not
designed to create a natural reserve for wildlife, these environments can be tempting for some organisms, as it
visually looks like a natural aquatic environment (Dolny & Harabis, 2012). Consequently, these habitats might
be promoting the local biodiversity and persist the communities (Bendell-Young et al., 2000; Scheffers &
Paszkowski, 2013; Thiere et al., 2009). In contrast to natural habitats, artificial wetlands need time for the re-
covery of all the life forms (Zhang, Yuan & Wang, 2019), meaning that the recolonization stage of an organism
begins from the first level: the introduction stage (Suding, Gross & Houseman, 2004).

Monitoring the macroinvertebrates in the natural aquatic habitats are primary elements of biological monitor-
ing studies due to their ubiquitous dispersion and enormous species numbers (Mandaville, 2002). Thus, there
is plenty of research focused on the biological monitoring using aquatic macroinvertebrates to assess the
ecological quality of aquatic habitat and estimate the intensity of anthropogenic impacts (Rosenberg & Resh
1993; Borcherding & Volpers 1994). However, very little attention is paid to macroinvertebrates in the new-
ly established habitats such as abandoned quarry wetlands (Zhang, Yuan & Wang, 2019).
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The present study is conducted on the Bozalan Clay Quarry Wetland (northwest Turkey), where the open-pit
mining operation continues which covering an area of about 99 hectares. Operation area is a forest status and
there is a first-degree natural protection zone approximately 650 m. far from the license border of the quarry.
As the operation area has been used for clay extraction since 1980, an artificial pond as a secondary wetland
has been formed at the base of the site which is partly surrounded by the reeds, most common wetland plants
namely, Phragmites sp. and Typha sp. In the present study, it was aimed to evaluate the ecological status of
the quarry wetland using the monitoring macroinvertebrates and some of the water quality parameters to
provide information on the monitoring programs for the secondary wetlands.

2. Materials and Methods

The study area, Bozalan Clay Quarry wetland, is located near the Bozalan village, Ezine district of Ca-
nakkale-Turkey (Northwestern Turkey) (Figure 1). The mining area is established on an area of 99.27 ha
since 1980. The water-filled at the base of the operation area and then it was arranged and rehabilitated as an
artificial wetland to serve biodiversity (including bird and aquatic species) under the supervision of an aca-
demic team in 2014 (Giiglii, Tokoglu & Vardar, 2014). The water source of the wetland is mainly rainfall
and a small amount of groundwater that contributes to keeping the water level at a constant level in the dry
season. On the other hand, there is a spillway designed to prevent floods during the wet season. Therefore the
artificial wetland has a constant level of water all year round. The maximum depth of the quarry wetland was
1.5 m at the sampling periods.

s

o
;_ﬂ-f—“”\"\':t:; o

—— <,

Figure 1. The study area

Three field studies were carried out on the three sampling sites preselected in the wetland in 2018. The sam-
pling periods were March, April, and May in 2018.

Some of the physical and chemical parameters of the water including temperature, pH, electrical conductivi-
ty, total dissolved solids and dissolved oxygen were recorded in-situ using portable multi-parameter equip-
ment (Hanna, HI 98194), concurrently the benthic sampling was performed in the three sampling sites. Wa-
ter samples were taken into polyethylene bottles from the station 2 for determination of concentrations of
some elements (i.e. B, Ba, Ca, Cd, Co, Cu, Fe, K, Mg, Mn, Na, P, ) and some ions (e.g. Cl and SO4'2) and
transferred to the laboratory in a cool place. Element and ion analysis were performed by ICP-OES (with the
range of 160-900 nm) and classical method (TS4164 1S09297, SM4500 SO, D) respectively in Canakkale
Onsekiz Mart University, Science and Technology Application and Research Center. For the determination
of the microbiological load, water samples were taken into sterile-dark glasses bottles (250 ml). All the sam-
ples were kept under cool conditions using an insulated box to transferring to the laboratory of Microbiology,
Faculty of Marine Science and Technology (COMU). Inoculation was made to reveal the Total Aerobic Bac-
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treia Count (TAB) (log-n cfu/ml), Total Coliform (TC) (log-n cfu/ml), Fecal Coliform (FC) (log-n cfu/ml),
and Fecal Streptococcus (FS) (log-n cfu/ml). Plate Count Agar (PCA) (Merck 1.05463), Violet Red Bile
Agar (VRB) (Merck 1.014060), and D-Coccosel Agar (DCA) (bioMérieux) were used in Total Aerobic Bac-
teria Count, Total and Fecal Coliform, and Fecal Streptoccus, respectively. The spread plate method was
performed in microbiological inoculations. Total Aerobic Counts is intended to determine the microbial den-
sity in the surface water. This method was applied into PCA for 24-48 hours at 37 °C using cooled incubator.
The same procedure was applied to Total Coliform and Fecal Streptococcus inoculations using VRB Agatr.
Fecal Coliform was applied into DCA for 24-48 hours at 44.5 °C (FDA-BAM 2001; Halkman 2005).

The benthic macroinvertebrates community was sampled with a standard multi-habitat-sampling method by
using hand-net (covering area: 0.0625 m?, 0.5 mm mesh size; 1SO 10870:2012) from the different representa-
tive locations in the wetland. After sampling, the samples transferred to the laboratory. The samples washed
by tap water and the macroinvertebrates were sorted and then fixed by ethanol (80%). Identification was
made under binocular and stereo microscope. All macroinvertebrates were identified to the lowest feasible
taxonomic level and counted. For Identifications Sahin (1991), McCafferty (1981), Gloer (2015) were used.

Dominance and frequency percentages of the macroinvertebrates were calculated according to formula men-
tioned by Kazanci & Diigel (2000). Some biodiversity indices including Shannon wiener (H') and Evenness
index (EI) of the benthic macroinvertebrates were calculated using PAST (ver1.75. On the other hand, Span-
ish version of biological monitoring working party (BMWP-e), a compositional index, was calculated.

3. Results and Discussion

3.1. Physical and Chemical Parameters

Water quality parameters that were measured in-situ are showed very limited fluctuation between sam-
pling periods. All parameters are in acceptable ranges according to the Water Quality Criteria Legislation of
Turkey (WQCL) (Anonymous, 2015). pH levels were varied between 7.39 and 7.74. Dissolved oxygen (DO)
concentrations were varied between 3.63 and 5.08 ppm, in the Il and Il of the WQCL category. The temper-
ature (T) of water fluctuated in parallel with the atmospheric temperature. Electrical conductivity (EC) val-
ues were nearly constant in all sampling periods. All total dissolved solids (TDS) levels were categorized as
class Il according to the WQCL except first and third sampling sites in May. TDS values of the sampling
sites were found in correlation with the EC values (Table 1).

\T\?Stlg)rlquality parameters of clay quarry wetland measured In-situ with the water quality classes.

Date Station  pH DO (ppm) T (°C) EC (uS/cm) TDS (ppm)
1 7.70 3.63 (I1l.) 15.3 1530 767 (I1.)

5.03.2018 2 7.74 4.09 (11.) 17.3 1583 791 (11.)
3 7.42 4.48 (11.) 14.01 1480 740 (11.)
1 7.39 5.08 (11.) 14.1 1467 729 (11.)

5.04.2018 2 7.69 3.92 (1) 21.96 1429 738 (11.)
3 7.54 4.46 (11.) 16.3 1355 678 (11.)
1 7.47 4.48 (I1.) 23.1 1567 424 (1)

29.05.2018 2 7.55 4.21 (1) 22.76 1412 518 (I1.)
3 7.36 4.01 (1) 21.3 1511 387 (1.)

276



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 2, Pages: 274-281

Considering the element and ion parameters of the water were compared to WQCL. Accordingly, chlorine
(CI) concentration was in class IV respectively. Apart from ClI, all the concentrations of ions were found in
acceptable ranges (WQCL Class I) (Table 2). The water quality parameters that were measured in this study
showed that the artificial wetland could be used as a recreational purpose.

-IIE-?ebrlr?eﬁ.t and ion concentrations of the clay quarry wetland water.
Value
Parameter
05.03.2018 05.04.2018 29.05.2018

P (mg/L) 0.122 0.121 0.117
Co (ng/L) ND 3.527 ND
Cd (pg/L) ND 2.116 ND
Ba (ng/L) 69.24 34.55 125.70
Fe (ug/L) 8.226 20.98 11.36
B (ug/L) 30.33 19.69 ND
Mn (pg/L) 13.29 4.298 10.58
Mg (mg/L) 27.84 25.34 32.68
Ca (mg/L) 40.54 37.80 4481
Cu (ng/L) 6.951 4.992 ND
Na (mg/L) 34.19 24.32 35.30
K (mg/L) 1.821 1.184 2.155
Cl (mg/L) 60.27 58.49 65.58
S04-2 (mg/L) 71.78 84.29 46.93

ND: Not Determined (Out of the measuring range).

3.2. Microbiological Parameters

In the microbiological analyses, total aerobic bacteria (TAB) counts might show probable contamination
to the water source. Especially in surface waters winds, precipitation, and rising temperature can be caused
an increase of the TAB. According to the Ministry of Health, our TAB values were over the limitation of
human consumption purpose of water legislation (Anonymous, 2016). Total aerobic bacteria counts indicate
that the water of the wetland is not suitable for use domestic and household consumption, because catego-
rized as class Il by this parameter. Throughout the study period, FC and FS bacteria were not detected. Fecal
coliform comes from the digestive systems of hot-blooded animals and humans (Halkman, 2005), so it could
be an indication of contamination. The absence of these parameters was indicated that is no domestic dis-
charge into the area. When TC values were compared to WQCL for surface waters, the study area can be
placed into class I, because of the values below the 1.9 (log cfu/ml).According to the microbiological inves-
tigation in the present study, the water of the Bozalan wetland has good quality as surface water, however, is
not suitable for drinking purpose due to the excessive values of TAB (Figure 2).

277



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 2, Pages: 274-281

4,5

3,5

2,5

Microorganism value (log cfu/ml)

15

0,5

March April May

Total Aerob Bacteria Total coliform Fecal coliform Fecal Streptecoc

Figure 2. Microbiological data of water obtained from Bozalan Clay Quarry Stations.

3.3. Macroinvertebrates

In the study area, 14 taxa of benthic macroinvertebrates were determined. These taxa are belonging to
Gastropoda (1), Insecta (12) and Malacostraca (1) class. The dominant taxa were Coenagrion sp. with
42.31% and Baetis rhodani with 15.38%, whereas the least dominant were Corixa punctata and Erythemis
sp., Potamon ibericum and Psectrocladius (P.) limbatellus with 0.77%. According to the data, insect class
were dominated the benthic macroinvertebrates fauna. The most frequent taxa (%) in the study area were
Coenagrion sp. and Tabanus sp. with 100% (Table 3).

The most dominant taxon of the region is Coenagrion sp.. This genus and close relative taxon Libellula sp.
are both known as dragonflies which are susceptible to environmental changes, thus they are highly useful
ecological indicators (Simaika & Samways, 2011). Also these dragonflies are playing a vital role in the eco-
logical restoration of post-mining freshwater wetlands (Tichanek, 2016). Baetis rhodani is a frequently sam-
pled species in the region. B. rhodani is a widespread Ephemeropteran (mayfly) that occurs throughout the
West Palaearctic. According to Meyer (1987), species belonging to Baetis can be found in less-polluted re-
gions of freshwaters, categorized as I-11. Larvae of Chironomidae mostly found in stagnant waters (Sahin,
1984, 1991). In this study, it is observed that several Chironomidae taxa in the wetland. The larva of Cerato-
pogonidae, similarly, lives in stagnant or slow flowing waters such as marshes and temporary waters
(Bouchard, 2004). Although, Physella acuta is one of the most widespread and invasive species in the world
(Coffman, Cummins & Wuycheck, 1971; Zhadin, 1965), it was found in low individual numbers in the wet-
land. According to Odabasi (2011), this species was recorded from closer water basins with a high number of
individuals.
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Table 3
List of the macroinvertebrates and their index values
Class Family Species 5.03.2018 5.04.2018 29.05.2018 D% F%
Gastropoda Physidae Physella acuta 10 _ 3 10 66.67
Insecta Coenagrionidae  Coenagrion sp. 40 2 13 4231 100
Libellulidae Libellula sp. 8 _ _ 6.15 33.33
Erythemis sp. 1 _ _ 0.77 33.33
Tabanidae Tabanus sp. 3 2 2 538 100
Chironomidae Procladius  (H.) 9 1 769  66.67
sp. -
Cladotanytarsus 1 077 33.33
mancus - -
Elm_‘eldla carbo- ) 154 3333
naria - -
Polypedilum aber- ) ) 4 308 3333
rans
Psectrocladius
(P.) limbatellus - - 1 077 3333
Ceratopogonidae Ceratopogonidae _ 4 2 4.62 66.67
Corixidae Corixa punctata _ _ 1 0.77 33.33
Baetidae Baetis rhodani _ _ 20 15.38 33.33
Malacostraca | Potamidae Potamon ibericum - 1 - 0.77 33.33
BMWP-e 21 16 26
Score
Taxa Num- 5 6 10
ber
Individuals 62 19 49
Shannon_H' 1.054 1.33 1.723
Evenness_El 0.574 0.756 0.5603

Shannon Wiener is varied between 0 and 5 in general from the poor to the richest of diversity. In the present
study, H' was the highest in May with 1.723 in parallel of the taxa humbers. Evenness is varied between 0
and 1, means that stability of taxa number occurring in the study area. In the present study, the highest value
of El was detected in the second period of the sampling due to balanced individual numbers per taxa. The
compositional index, BMWP-g, was higher in the first and the third sampling periods with 21 and 26 respec-
tively. The scores of BMWP-e were indicated that the ecological quality was better in the 1% and 3" periods
than the 2™ period.

4. Conclusion

In conclusion, it is thought that additional studies are required to improve our knowledge regarding taxa
inventories with various metrics (i.e. diversity, tolerance, and compositional) of the macroinvertebrates
which are mostly used quality components in an aquatic environment on the secondary or artificial wetlands.
Thus, type-specific ecological assessments conducted on such environments could provide an informational
background for water managers to implement the Water Framework Directive in Turkey.
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Article History Abstract — Laboratories are classified as dangerous workplaces and contain various risk factors that may cause
Received:  26.03.2021 work accidents. For this reason, studies to reduce the dangers should be conducted in the laboratory by complying
: o with the corrective and preventive activities specified in the relevant regulation. In this study, a survey was
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. Security. The survey data were applied with the ELMERI observation method and the safety indexes of the
Published: ~ 30.06.2021 laboratories were created. According to the data obtained from the ELMERI safety index, the necessary measures to
Research Article be taken in the laboratories were determined and recommendations were made. According to this research, average
index values of laboratories according to categories; training and information 96%, diseases and accidents 94%,
biological factors 86%, physical factors 82%, ergonomics 81%, machinery and hand tools 78%, personal protective
equipment 75%, waste management 72%, electricity 71%, chemical factors 69%, fire-explosion and emergencies
67%, psychosocial factors 67%, storage 64% and general workplace layout 62%. Although there are occupational
safety evaluation studies in the literature using the checklists published by the relevant ministry, there is almost no
study to create safety indexes for workplaces by combining the relevant lists with the ELMERI observation method.
It is suggested that this study will shed light on and form a source for future studies on laboratory safety and

ELMERI observation method, especially in the laboratories where research was conducted.

Keywords— Applicable observation method, elmeri safety index, laboratory safety, occupational health and safety, laboratory checklist

1. Introduction

1.1. Laboratory Safety

Occupational health and safety, which is becoming increasingly important in the world and in our country,
has become a necessity for workplaces classified as dangerous according to the NACE code, which means
Statistical Classification of Economic Activities in the European Union. There are risks that may cause
occupational accidents due to the use of biological, physical and chemical substances in laboratories (Y1lmaz
& Bilici, 2020). In addition, technical errors and personnel errors caused using equipment and materials in
the laboratories cause many accidents. Laboratory safety can be defined as the employee’s protection of
herself and other affected employees, working environment, used machinery and equipment from all kinds of
damage. Laboratory safety covers the risks and precautions that may occur as a result of operations such as
the use of machines, equipment and hand tools, general & workplace order and hygiene, storage systems and
waste management. In addition, fire-explosion-emergencies, electrical accidents, chemical, biological,
psychosocial and physical factors are among the important factors for ensuring laboratory safety. First aid,
ergonomics and the use of personal protective equipment, follow-up and examination of possible accidents
and disease are among the measures. More than one layer must fail for an occupational accident to occur
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(Bansal & Selvik, 2021). The layers can be seen as procedure, instruction and control. Inadequate operating
procedures, instructions, and lack of supervision increase the likelihood of an occupational accident (Paolo et
al., 2021). The occupational health and safety culture to be created can be considered as one of these layers.
No matter how safe the workplace is, accidents cannot be prevented unless there is a culture of occupational
health and safety. Occupational health and safety culture can be created with training (Dalyan & Piskin,
2020). Training and informing the staff about laboratory safety is also considered as a part of precautionary
practices.

To ensure laboratory safety, an occupational health and safety culture should be established in the laboratory.
To establish the laboratory culture, the rules to be followed before the study, during the study and after the
study is completed should be determined. An occupational health and safety system, where the rules to be
determined can be implemented and monitored, should be established. The installed system must be
constantly controlled and monitored. In addition to the occupational health and safety system to be
established, employees must be routinely trained to work safely in compliance with the rules. Trainings
should be given especially before the first assignment to the laboratory and new situations where exposure
may occur (OSHA, 2011).

There are also legal regulations in order to ensure safety in laboratories and to prevent occupational accidents
and diseases. The legal regulations stated under the heading “general characteristics of laboratories and the
rules to be followed” in the second part of the Environmental Measurement and Analysis Laboratories
Qualification Regulation, published in the Official Gazette dated 25.12.2013 and numbered 28862, list the
rules that employers must obey in laboratories. Checklists are available to facilitate compliance with the
rules mentioned in the legislation. They are guiding in terms of taking necessary precautions against dangers
by determining sources of danger with checklists in advance. A checklist for laboratories to improve the
laboratory environment has been published by the General Directorate of Occupational Health and Safety of
the Ministry of Labor and Social Security. The published list, with 14 categories and 234 questions, shows
the issues to be considered for laboratory safety.

1.2. Elmeri Observation Method

ELMERI observation method is a proactive field observation method designed mainly for the manufacturing
industry in the 1990s. ELMERI Observation Method, which was developed by a researcher named Heikki
Laitinen in Finland, has been used in various sectors and an occupational health and safety competition was
organized by using it in many companies between 2002-2005. The safety index, which was 68% as a result of the
initial evaluation process, increased to 85% at the end of the project (Atli, 2018). In addition, the accident costs of
companies decreased by forty percent, which corresponds to an annual figure of 35 million Turkish liras (Marti,
2016). ELMERI Observation Method has been implemented first time in workplaces in Turkey between 2010-
2011 under “Improvement of Occupational Health and Safety Conditions Project (ISGIP)” in a total of 103
enterprises, including 16 construction sites, 35 metal works, 37 mines, and 15 marble quarries. Especially in the
metal sector, the presence of enterprises with a safety index of 80% is important in terms of being at the level of
metal enterprises operating in Europe (Ergun, Karakaya & Akkas, 2011).

ELMERI Observation Method is an easy to understand and apply method that measures the safety indexes of
workplaces (Karabulut, 2016). The Elmeri observation method is based on a foundation that examines both
working conditions and employee behavior (Ersoy & Yesilkaya, 2016). Progress is being made on a scoring
basis over 18 sub-headings in total (Cukurludz, Birgoren, Yalg¢inkaya & Orcanli, 2020). Workplace safety
indices are calculated with the mentioned scoring system. It has been determined that there is a serious link
between the scoring system and occupational accident figures (Laitinen, Vuorinen, Simola & Yrjanheikki,
2013). ELMERI Observation Method is a valid proactive method in measuring occupational health and
safety performance (Ongun & Bilen, 2016). It points out the potential causes of future accidents. It helps to
determine the needs for improvement, to set goals and to measure the results of the work done in the field of

occupational health and safety (Ozdemir, 2014). For scoring, each part of the workplace or all elements in
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other areas selected for observation are observed and evaluated as true or false. If the observed elements
comply with the ELMERI observation rules, this element is evaluated as “correct”; otherwise, it is
considered “false”. If there is an item that cannot be calculated during the viewing round, or if the observer is
unsure how to score any item, it is indicated as “no observation”. The safety index gives the percentage value
by calculating the ratio of correct elements to all observed elements. The safety index calculation method is
shown in Equation 1. (Laitinen et al., 2012). Workplace safety indices are expressed as a percentage (%) and
are shown between 0-100 (Yaylali, 2016). In the workplace with a safety index of 60%, it shows that 60 out
of every 100 occupational health and safety elements are good practices in terms of occupational health and
safety (Laitinen & Paivarinta, 2010; Laitinen & Ruohomaki, 1996). The safety index and accident incidence
are inversely proportional. The Elmeri method shows the instantaneous situations at the time of the
observation, so it is necessary to routinely repeat the observation. ELMERI Observation Method aims to
improve the current situation by repeating it weekly, monthly or in periods determined by the users. Thus,
safety vulnerabilities detected in the previous audit are kept under constant control. The Elmeri method,
which measures the effectiveness of the OHS management system with numerical data, helps to measure the
corrective-preventive action steps (Sarikaya & Altindag, 2015). In addition, the Elmeri observation method
is a system that indirectly supports OHS trainings. A direct correlation was found between the regular OHS
training and the high Elmeri safety index (Sar1 & Kuzupinar, 2017).

No.of correct items

.100 1.1
No.of correct items + No.of not correct items (1)

Equation 1. ELMERI safety index calculation method (Laitinen et al, 2012)

Laboratories contain a wide variety of hazards, and the risks associated with these hazards can result in
significant losses if not properly managed. Laboratories can often be perceived as low risk and inherently
safer. Therefore, laboratories are important businesses that need to be researched. Although there are various
studies in the literature on laboratory safety, there are almost no studies examined by ELMERI observation
method of the checklist for laboratories.

2. Materials and Methods

In the research, the “Checklist for Laboratories” published by the Ministry of Labor and Social Security
was used to determine the occupational health and safety status of the laboratory. In the list, there are a total
of 234 questions in 14 categories, which include General & workplace order and hygiene (28 items),
Machines, hand tools and auxiliary apparatus (31 items), Chemical factors (16 items), Biological factors (14
items), Physical factors (17 items), Psychosocial factors (3 items), Fire-explosion-emergencies (22 items),
Waste management (18 items), Storage (27 items), Electricity (24 items), Ergonomics (12 items), Personal
protective equipment (8 items), Accidents and diseases (6 items), Training and information (8 items). The
“Checklist for Laboratories” published by the Ministry of Labor and Social Security has been applied in 3
different laboratories operating in the public and private sectors of our country. The relevant list is given in
Appendix 1. Laboratories are named A, B and C. Laboratory A: It is a public laboratory where soil (physical
and chemical), plant (macro and micro) and irrigation water analyze are performed for agricultural purposes.
Laboratory B: It is a drug quality control and analysis laboratory where in vitro and in vivo quality control
analyzes of various drugs are performed. Laboratory C: It is a Chemistry Research Laboratory where studies
are carried out on the synthesis, purification and characterization of new functional compounds for use in
various technological applications with chemical and physical techniques. The questionnaire was applied
face-to-face by answering the questionnaire with the authorized person in the laboratory and observing the
laboratory environment according to the checklist. The answers are processed as “YES” if they follow the
legislation, and “NO” if they are not in compliance with the legislation. ELMERI Observation Method is an
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observation method that can be changed and adapted according to the sector, environmental conditions, other
variables, and the work done. In order for the comparisons between laboratories to be based on numerical
data, the ELMERI safety index of each laboratory was calculated. In the research, the safety indexes of the
laboratories were calculated by using the “Checklist for Laboratories” items and the results were compared.

3. Results and Discussion

Laboratories have the NACE code of 86.90.10 [Services of medical laboratories (excluding the activities
of forensic medicine and dental laboratories) (non-hospital)] and are included in the “Very Dangerous Work”
risk category in the List of Hazard Classes Regarding Occupational Health and Safety (Is Saghg ve
Gtivenligi, 2012). In order to ensure the safety of the laboratory, the title “general characteristics of
laboratories and rules to be followed” in the second part of the Environmental Measurement and Analysis
Laboratories Qualification Regulation published in the Official Gazette dated 25.12.2013 and numbered
28862 should be followed. For this reason, it is essential to create working environments in the laboratory
where Occupational Health and Safety legislation is applied, that do not pose a danger to employees and the
environment or where risks are minimized. The number of observations to be made according to the
legislation and the number of observations made in the researched laboratories are given in Table 1.

3.1. General & Workplace Order and Hygiene

In the A, B and C laboratories, it was observed that the floor was designed to prevent slipping or falling,
also it was observed that the interior and exterior floors were regularly checked. Three laboratories have
benches covered with waterproof and disinfectant-resistant, easy-to-clean material. Smoking is prohibited in
laboratories and employees have been informed about this issue. In addition, there were no smoking
personnel in the laboratory during the research. It has been observed that information and warning signs are
properly hung in the laboratories.

3.2. Machines, Hand Tools and Auxiliary Apparatus

It has been observed that machinery, tools and equipment in A, B and C laboratories were procured from
CE marked ones. In addition, a Turkish user manual was provided from the manufacturer company and the
machines were used in accordance with the manual. It was determined that only the laboratory A user
manuals were not sufficient and, in this case, no additional instructions for use were provided. In case the
machine guards are opened, the deactivation of the sensors that stop the system is prevented. In addition, it
has been determined that daily maintenance and periodic controls of all machines are carried out according
to the manufacturer’s instructions. It is ensured that the defective equipment is labeled in order not to be used
in the laboratory A, while it has been observed that this practice is not applied in other laboratories.

Table 1
The number of observations to be made in categories according to the legislation and the number of
observations in laboratories

Regulatory Compliant Laboratory AL BL CL

C C F C F C F
General & Workplace Order and Hygiene 28 20 8 23 5 19
Machines, Hand Tools and Auxiliary Apparatus 31 28 3 24 7 21 10
Chemical Factors 16 10 6 14 2 9 7
Biological Factors 14 14 0 14 0 8 6
Physical Factors 17 11 6 17 0 14 3

285



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 2, Pages: 282-294

Fire-Explosion-Emergencies 22 16 6 19 3 9 13
Waste Management 18 16 2 17 1 6 12
Storage 27 22 5 18 9 12 15
Electricity 24 17 7 21 3 13 11
Ergonomics 12 1 1 9 3 9 3
Personal Protective Equipment (PPE) 8 8 0 8 0 2 6
Psychosocial Factors 3 1 2 3 0 2 1
Accidents and Diseases 6 6 0 6 0 5 1
Training and Information 8 8 0 8 0 7 1
Total 234 | 188 46 201 33 126 108

AL: A Laboratory, BL: B Laboratory, CL: C Laboratory, C: Correct, F: False

3.3. Chemical Factors

It has been determined that there are properly placed gas detectors in laboratories A and B, chemicals
containing oxide components are regularly renewed and materials whose shelf life has expired are disposed
of. The disposal of the chemicals was done with the method and procedure in accordance with the Waste
Management Regulation. When working with chemical substances, it was ensured to use a fume hood and
periodic workplace environment measurement values were made. Laboratory A complied with the storage
conditions for chemicals and preserved them from heat, light and other materials. Thus, it has taken measures
against the risk of fire and explosion that may be caused by chemicals.

3.4. Biological Factors

In three laboratories, necessary measures have been taken to minimize the number of personnel who are
or may be exposed to biological factors. Laboratory personnel were informed about possible infection risks
and preventive measures, and it was determined that the program to be implemented was available. While
the necessary precautions were taken when working with biological factors for laboratories A and B, it was
determined that working processes and technical control measures for laboratory C were not arranged in a
way to prevent the spread of biological agents.

3.5. Physical Factors

In B and C laboratories, all areas are well illuminated, natural lighting has been used sufficiently and
dazzling risks arising from windows have been prevented. However, it has been stated that laboratory A has
a natural lighting problem. It has been determined that three laboratories have a clean air flow and a natural
ventilation system that keeps the working environment clean. The disturbing noise and vibration levels in the
laboratories were prevented, and it was determined that the measurement values were below the noise and
vibration exposure values. It was determined that noise and vibration exposure measurements were made
periodically in the B laboratory, but not in the A and C laboratories.

3.6. Fire-Explosion-Emergencies

Emergency teams were formed in all three laboratories, and all personnel were informed about emergency
teams. In addition, the evacuation plan was posted in places where the personnel can be easily seen and
reached. There are enough appropriate type fire extinguishers in the laboratory and their pressure has been
checked. Emergency exit routes and doors are marked accordingly. There is a fire and smoke detection and

sprinkler system and periodic controls have been made. Despite the positive findings, it was determined that
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the telephone numbers to be contacted in case of emergency were not hanged in the visible place in all three
laboratories.

3.7. Waste Management

In laboratories A and B, the personnel were informed about the methods and procedure in accordance
with the legislation for the disposal of wastes. In particular, necessary regulations were made to ensure that
chemical wastes were not discharged into the sewer and mixed with domestic wastes. Hazardous chemical
wastes and medical wastes have been only stored temporarily, waste containers have been classified and
labeled in accordance with the legislation. Used cutting and piercing medical wastes were collected under
conditions in accordance with the legislation, without mixing with other wastes. Wastes that require separate
transportation and disposal were stored in different colored waste bags and disposed of.

3.8. Storage

In three laboratories, it was stated that they prevented the entry and exit of the storage areas except the
officials, and the lists and hazards of chemical substances found on the refrigerators and storage shelves were
written. Danger signs were hung on the doors and it was determined that there were safety data sheets of
chemicals in the storage area. In B and C laboratories, all cabinets are properly fixed to the wall, shelves are
mounted on the wall and each other to prevent them from falling over. In A and B laboratories, storage areas
are in a different place and their control has been provided. It has been determined that the storage of
flammable liquids is carried out in suitable warehouses.

3.9. Electricity

In all laboratories, the fuse boxes are closed, and the access of unauthorized persons is prevented. All
portable electrical equipment has been checked periodically and indicated on their dates. It was determined
that there were no cut and added electrical cables. Although working not close to electrical systems in the B
and C laboratories, it is ensured that explosive and flammable materials are not kept next to electrical
devices, the electrical installation is made in a locker and its base is made of insulated material. Although
working not close to electrical systems in the B and C laboratories, it is ensured that explosive and
flammable materials are not kept next to electrical devices, and the electrical installation is made in a locker
and its base has been made of insulated material. There is grounding in the electrical system, and appropriate
Personal Protective Equipment (PPE) is used in electrical equipment intervention and maintenance and repair
works.

3.10. Ergonomics

In the laboratories, personnel have been prevented from working in the same position or being physically
challenging for a long time, and suitable tables, chairs or support equipment have been provided. Personnel
have been prevented from having to reach long distances. While a working environment was provided for the
employees in laboratories A and B to move easily, it was determined that it could not be provided in
laboratory C. In laboratories A and C, the personnel were informed about musculoskeletal disorders that may
arise from the manual transportation of the loads and about the correct and safe lifting of the loads, but it was
determined that laboratory B was not informed about this issue.

3.11. Personal Protective Equipment (PPE)

In laboratories A and B, risks were identified, and PPE in types and numbers suitable for these risks were
obtained and made available for use. It was determined that the personnel were using appropriate PPE
throughout the study and that the authorities made warnings to the employees on this issue. It has been
determined that only PPEs in the C laboratory have CE mark and have a Turkish user manual. In addition, it
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was determined that all PPE were removed when leaving the laboratory, cleaned with appropriate methods
and procedure, and stored in a suitable environment. It was determined that the periodic controls of the PPE
given to the personnel are carried out.

3.12. Psychosocial Factors

It has been determined that personnel in B laboratories are prevented from giving instructions other than
their duties and responsibilities, but this procedure is not applied in other laboratories. Staff in all
laboratories; it has been determined that they are aware of their authority, responsibility and working
objectives. It has been determined that a healthy communication has been established between the personnel
working in the B and C laboratories and the employer. This situation was not achieved in Laboratory A. Staff
in all laboratories; It has been determined that they are aware of their authority, responsibility and working
objectives. It has been determined that a healthy communication has been established between the personnel
working in the B and C laboratories and the employer. This situation was not achieved in Laboratory A. It
was observed that all laboratories comply with the working (article 63) and rest periods (article 68) specified
in the Labor Law No. 4857 (Is Kanunu, 2003).

3.13. Accidents and Diseases

Employees in all three laboratories were inspected and checked periodically, occupational accident and
occupational disease cases were reported to the Social Security Institution, and previous accidents were
examined and recorded. The sources of danger were identified, and corrective-preventive actions were taken
by performing root-cause analyzes in order to avoid similar accidents in the future. It has been observed that
near-miss notification boxes are made that can be easily accessed by the personnel for the notification of near
misses. Employees who are thought to can be affected by biological, chemical or physical factors in the
laboratory environment have been vaccinated.

3.14. Training and Information

It has been determined that employees in all laboratories are given general hygiene information to reduce
the risk of infection. It has been observed that the employees have the necessary training and knowledge
about the work they do, as well as the safe use of the machines, tools and equipment they use. Employees are
informed about the risks they may be exposed to while working with biological and chemical factors, as well
as cutting, stinging, burning, etc. it was also informed about who will intervene in the injuries that may occur
due to physical factors. While it is documented that the employees in laboratories A and B have received
occupational health and safety training, the training certificate records of laboratory employees C could not
be reached.

In this study, ELMERI method was applied to the laboratories in three different provinces to determine
the safety index. In addition to the general ELMERI index, safety indexes were calculated according to the
categories in ELMERI. The safety indexes of the laboratories divided by categories and the average safety
indexes for 3 laboratories are given in Table 2.

Table 2
ELMERI safety index of laboratories participating in the research

A Laboratory % B Laboratory % C Laboratory %

General & Workplace Order and Hygiene 71 82 32
Machines, Hand Tools and Auxiliary Apparatus 90 77 68
Chemical Factors 63 87 56
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Biological Factors 100 100 57
Physical Factors 65 100 82
Fire-Explosion-Emergencies 73 86 41
Waste Management 89 94 33
Storage 81 67 44
Electricity 71 87 54
Ergonomics 92 75 75
Personal Protective Equipment (PPE) 100 100 25
Psychosocial Factors 33 100 67
Accidents and Diseases 100 100 83
Training and Information 100 100 87
ELMERI index % 80 86 55
According to Table 2;

The general safety index of laboratory A was found to be 80%. It was determined that the subject with the
lowest safety index was psychosocial factors with 33%, the subjects with the highest safety index were
training and information, diseases and accidents, biological factors and personal protective equipment with
100%. The general safety index of laboratory B was found to be 86%. It was determined that the subject with
the lowest safety index was storage with 67%, the subjects with the highest safety index were training and
information, disease and accidents, biological factors, physical factors, personal protective equipment and
psychosocial factors with 100%. The general safety index of laboratory C was found to be 55%. It was
determined that the subject with the lowest safety index was personal protective equipment with 25%, the
subject with highest safety index was training and information with %387.

ELMERI index % s 74%
Training and Information I 96%
Accidents and Diseases I %[DEGER]
Psychosocial Factors [ 67%
Personal Protective Equipment (PPE) s 75%
Ergonomics I 31%
Electricity . 71%
Storage I 64%
Waste Management I 72%
Fire-Explosion-Emergencies s 67%
Physical Factors E— 32%
Biological Factors [ 86%
Chemical Factors I 69%
Machines, Hand Tools and Auxiliary. . I  78%
General & Workplace Order and Hygiene S 62%

0% 20% 40% 60% 80% 100% 120%
Figure 1. Average ELMERI safety indexes by subject
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According to Figure 1; The average ELMERI index value of the laboratories in the study was found to be
74%. It was determined that the subject with the lowest safety index was general & workplace order and
hygiene with 62%, and the subject with the highest safety index was training and information with 96%.

In this study, the average ELMERI safety index on subject general & workplace order and hygiene has 62%.
In the study conducted in the central laboratory of the Geetanjali Medical Faculty and Hospital in India, it
was reported that 66.7% of the participants did not smoke in the laboratory (Shekhar, Patel, Jain, Garg &
Mangukiya, 2015). In another study conducted in Ahmedabad, India, it was reported that 87.4% of the
laboratory technicians did not smoke in the laboratory (Zaveri, 2012). In a study examining the laboratory
safety of 335 students continuing their undergraduate program in our country during the internship period, it
was reported that 75.2% of the laboratory workers did not consume any food, including cigarettes, in the
laboratory (Derman & Cakmak, 2016). In this study, it was determined that smoking was prohibited in the
workplace and the employees were informed about this issue. In addition, there were no smoking personnel
in the laboratory during the research. In a study that examined the comparison of the laboratory safety
attitudes of the students of the Chemical Technology Program in the field of school and internship, it was
reported that there were warning and safety signs in the laboratories and these signs were strictly controlled.
In addition, it was also reported that these controls were carried out by rule makers, 77% of whom were
Class A occupational safety experts (Kerimak Oner, 2020). In this study, although it was determined that
warning signs such as “slippery floor”, prohibitory signs such as “smoking is prohibited”, information signs
such as “emergency exit door” were hung in all laboratories, no information was obtained about the control
frequency.

In this study, the average ELMERI safety index on subject fire-explosion and emergencies has 67%. In a
study conducted in our country, it was reported that emergency equipment was lacking in laboratories and
that the personnel did not have information about the location of the existing equipment (Emerce & Dogan,
2017). In another study in our country where L-type risk assessment was applied in the public university
food engineering laboratory, it was noted that the issue with the highest value (25) in the intolerable risk
category was emergencies. In the research, it was reported that the lack of emergency plan, not determining
the emergency teams and the absence of emergency drills were the hazards that received the highest value
(Ersoy & Celenk Kaya, 2019). In this study, it was observed that there were sufficient and appropriate type
of fire extinguishers in laboratories. Emergency teams have been established in all laboratories and all
personnel have been informed on this matter. In addition, it was determined that the evacuation plan was
hanged in easily visible and accessible places for the personnel.

In this study the average ELMERI safety index on subject personal protective equipment has 75%. In a study
conducted in three training hospitals in izmir province of our country, it was reported that the rate of glove
use during laboratory studies was 91.3% and that of apron was 87.4% (Aksoy, Ozdemir, Usluca & Toprak
Ergoren, 2008). In a study conducted with 252 people in medical laboratories in Croatia, it was reported that
87.6% of the participants always wear lab coats and less than 40% use gloves daily (Dukic et al., 2015). In a
study examining biosecurity practices in Pakistan, it was reported that 46.2% of the laboratory technicians
did not use any preservatives (Nasim et al., 2010). In the study in the metal works workshop of Karamanoglu
Mehmetbey University Technical Sciences Vocational School in our country, it was stated that the lowest
index among the categories (7.7%) was the use of personal protective equipment, and only 2 of the 26
observations were appropriate. The students in the workshop were trained on the use of personal protective
equipment during the study and warning signs were posted about the subject. In the new observation made 2
weeks later, it was reported that the personal protective equipment usage index increased to 50%, and 10 out
of 20 observations were appropriate (Yaylali, 2016). In this study, it was determined that the category of
personal protective equipment use has the lowest value (25%) only in laboratory C, and laboratories A and B
have an index of 100%.
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In this study the average ELMERI safety index on subject physical factors has 82%. In a study conducted in
nine different laboratories in our country, it was noted that the ventilation conditions were good due to the
portable ventilation of each employee in the private university laboratory. For this reason, it was stated that
the ELMERI index of the laboratory was high (Karabulut, 2016). In a study conducted in a university college
metalwork workshop in our country, it was stated that only 8 out of 13 observations made in the industrial
hygiene category, which includes noise and vibration risks, were appropriate and the safety index was found
to be 61.5%. In the new observation made after the improvements in industrial hygiene, it was stated that the
safety index increased to 76.9% (Yaylali, 2016). Although the existence and active use of the ventilation
system in our study is provided in all laboratories, only laboratory B has an index of 100%. It has been
determined that the noise and vibration measurement values made in the laboratories are measured under the
exposure limit values specified by the legislation. However, it was observed that the measurements were
made periodically in the B laboratory, but not in the A and C laboratories.

In this study the average ELMERI safety index on subject diseases and accidents has 94%. In a study
conducted in the Ministry of Health Medicines and Medical Devices Agency laboratory in our country, it
was reported that 11.9% of the employees experienced serious injury at least once during their working life,
and 24.7% had an accident (Emerce & Dogan, 2017). In a study conducted in India, it was stated that
53.23% of the participants had an accident with injury in the laboratory. Only 28.78% of the injured received
first aid support after the injury (Zaveri, 2012). Again, in another study conducted in the laboratory of the
Geetanjali Medical Faculty in India, it was noted that 66.7% of the personnel had an accident and none of
those who had an accident reported the situation to the hospital authority (Shekhar, Patel, Jain, Garg &
Mangukiya, 2015). In this study, it was determined that the accidents that occurred were reported to the
Social Security Institution, the accidents were examined and recorded, and necessary measures were taken to
avoid similar accidents in the future.

Within the scope of the study, it was determined that the laboratories received an average of 96% ELMERI
index for training and information. In an Egyptian hospital, it was reported that 60% of the participants
received training in laboratory safety and waste management in a study on the knowledge, attitude and
practice of laboratory technicians on laboratory safety and waste management (El-Ginay, El-Shaer,
Khashaba, El-Dokroory & Omar, 2017). In a study conducted on 1782 laboratory personnel in Pakistan, it
was reported that only 15% of the personnel received training on biosecurity (Nasim et al., 2010).

In a study conducted in a metalworks with twelve manufacturing parts in our country, it was reported that
73% of the participants received training, although the biggest deficiency was reported to be lack of training
(Ongun, 2015). In addition, in another study conducted in our country in the Ministry of Health
Pharmaceuticals and Medical Devices Agency laboratory, it was reported that it would be beneficial to
provide 80.6% of the employees with regular training on laboratory safety (Emerce & Dogan, 2017). In this
study, it was determined that while the subject of training and information in laboratories A and B was
100%, it was 87% in laboratories C. The category with the highest ELMERI average index of A, B and C
laboratories is the training and information category.

4, Conclusion

In this study, which is one of the first to evaluate laboratory safety with ELMERI observation method,
fourteen headings were examined in three different laboratories in the public and private sectors. The safety
indexes of the laboratories were determined and the categories in which the deficiencies were concentrated
were determined and solution suggestions were presented.

The data obtained focused on the inadequacy of general & workplace order and hygiene, which consists of

34 sub-items. This may also be due to the employer’s failure to take quick action against obstacles such as

collapse and deformation on the ground that may cause tripping and falling in laboratories. When the actions

to be taken by the employer are implemented within the framework of a certain plan, the mentioned
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problems can be solved permanently. In addition, it may be due to the fact that laboratory personnel focus
too much on their work and do not pay attention to organization and order. The mentioned problem can be
solved by regularly training the laboratory personnel on cleaning, organization and hygiene.

Another result of the analysis data also focused on the storage issue, which consists of 27 sub-items. This
may be because most laboratories do not have a separate storage area and laboratory personnel cannot make
regular storage. Creating a storage area in compliance with the legislation by the laboratories will solve the
mentioned problem. In addition, it may be due to the fact that laboratory personnel are well aware of the
characteristics of chemicals but are not well versed in storage rules. The mentioned problem can be solved
by regularly training the laboratory staff about the storage features.
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Accepted:  10.06.2021 and T4: 20 mM, of NaCl concentrations), which were applied throughout the growing season of okra in plastic pots
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tion in germination of seeds (T1: 98 %, T2: 80 %, T3: 63 %, T4: 53 %), leaf length (T1: 9.17 cm, T2: 8.13 cm, T3: 7
cm, T4:6.8 cm), shoot height (T1:15.43 cm, T2: 15.43 cm, T3: 14.23 cm, T4: 13.87 cm) and root length (T1:15.37
cm, T2: 12.73 cm, T3: 9.03 cm, T4: 8.7 cm). Highest fresh pod weight was observed in T1 (17.26 g/pot), followed
by T2 (16.74 g/pot), T3 (11.93 g/pot) and T4 (7.75 g/pot). Water use efficiency (WUE) of okra was significantly
affected by salinity levels. Greatest WUE (13.08 kg/ha/mm) was observed in T1, followed by T2 (12.68 kg/ha/mm),
T3 (9.04 kg/ha/mm) and T4 (5.87 kg/ha/mm). As a result, okra growth and yield were significantly decreased with
the increasing concentration of salt in the irrigation water.
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1. Introduction

Soil salinity is a key challenge towards agricultural production in Afghanistan. Agriculture development
plays a vital role in the economic development of the country. Okra has an essential nutritional value in
Afghanistan and widely used in feeding throughout the country. Soil salinization is a serious challenge that
restricts and decreases the growth and productivity of agriculture production all over the world. Worldwide, over
800 million hectares of soil have been influenced by salts (Ifediora, Edeoga & Omosun, 2014). The existence of
superfluous salt in water and soil is a serious environmental challenge (Ranga, Kumar, & Darvhankar, 2019)
which negatively influenced the development of plants (Elshaikh, Zhipeng, Dongli & Timm, 2018, Kumar et al.,
2017, Yakoubi, Babou, & Belkhodja, 2019) and reduces the quantity and quality of agricultural products (Abbas
et al., 2013). Rocks weathering, irrigation of land with saline-water, poor management of irrigation, high
evaporation rate, continuous and irregular application of chemical fertilizers are known as the key factors of soil
salinization (Kumari et al., 2019). The high concentration of salts increases the osmotic pressure, as result the
root of the plant cannot absorb water (Shahid et al., 2011) also, a high salt concentration is poisonous within plant
cells due to ionic stress and erode the balance of ions (Abbas et al., 2014). Vegetables play a significant role in
the digestion of foods as well as contain large amounts of vitamins (Yohanna & Muhammad, 2018) minerals,
carbohydrates, and essential amino-acid (Benchasri, 2012). Furthermore, the fruit and leaves of okra contain a
sufficient amount of water, fibre, phosphorus, calcium, iron, carbohydrates, protein, p -carotene and vitamins
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(Chowdhury & Kumar, 2019) which can play the main role in abolishing malnutrition (Saleh, EI-Gizawy, EI-
Bassioumy , & Ali, 2013; Fajinmi & State , 2010; Nana et al., 2019). Okra is an economic vegetable, various
parts of it such as leaf, stem, flower, fruit, and root can be used for different purposes (Chowdhury & Kumar,
2019) as the fruit is used in a fresh and dry form in feeding, the root and branch are used in cleaning up the juice
of sugarcane, as well as the leaf and stem are used in making of thread and rope (Abbas et al., 2014). Okra
consumption has many health benefits, such as lowering blood sugar (Basharat, 2019), prevents skin dryness,
lowers blood cholesterol, having anti-cancer characteristics, reduces anxiety and vomiting (Nomel & Kerna,
2019; Adetuyi & lbrahim, 2014) regulates stomach and intestines function (Kumar, Ramjan, & Das, 2019 ;
Kumari, Rai, & Das, 2019). Worldwide, the okra cultivation area exceeds one million hectares and its production
is estimated at over six million tons (Basharat, 2019), in which India is known as a higher producer (Kumar,
Ramjan, & Das, 2019 ; Kumari, Rai, & Das, 2019). Okra (Abelmoschus esculentus L.) is the member of
Malvaceae (Sumudunie, Uluwaduge, Wijayabandara, & Premakumara, 2019) and it is Originated from Africa
(Miryam, Moulay, & Narimane, 2015; Saleh et al., 2013). Currently, okra has grown widely in Tropical,
Subtropical and Mediterranean regions (Sachini, Sutharsan, & Srikrishnah, 2019; Yakoubi et al., 2019;
Benchasri, 2012; Abid, Malik, Khalid, & Wajid, 2002). Okra grows well in well-drained soil with loam texture,
good organic matter content, and pH of 6 - 7.5 (Kumar et al., 2019). Okra required warm climate and the suitable
temperature needs for its development is 20-30°C (Sachini et al., 2019; Vashi et al., 2019; Benchasri, 2012;
Srivastava, Nath, & Singh, 2015). Okra cultivation with the seedling method is less effective. Mostly, okra seeds
are planted into the soil by hand or by machine above the stack. The suitable population of okra per hectare is
50000 to 60000 okra plants and 18 to 22 kg seed is using for cultivation (Kumar et al., 2019). The production of
ten tons of okra fresh pod yield per hectare required 100 kg of nitrogen, 10 kg of phosphorus, 60 kg of potassium
(Kumar et al., 2019), 80 kg of Calcium and 40 kg of Magnesium (Benchasri, 2012). Okra fresh pod yield is
estimated between 10 to 12.5 tons per acre in the rainy season and 4 to 6 tons in the spring and summer seasons
(Kumar et al., 2019). Ifediora et al., (2014), conducted a research on the negative impacts of saline irrigation
water on the development and viscosity of okra pods. The key parameters of their study were germination
percentage, length of stem and root, leaf size, weight of dry and fresh pod. Increasing salinity level had negative
effects on okra growth. Yakoubi et al. (2019) carried out a research on okra germination response to gibberellic
acid and abscisic acid under NaCl stress condition. Due to salt stress okra germination process delayed without
altering the final rate but it adversely affected okra growth and fresh pod weight. Shahid et al. (2011) have been
performed an search on the physiological and morphological response of okra under salt stress environment.
Increasing salinity had inhibiting effects on photosynthesis rate, germination percentage, fresh pod weight, shoot,
and root length. Abid et al. (2002) conducted study on the response of okra to combined effects of electrical
conductivity of irrigation water (ECiw) and sodium absorption ration of irrigation water (SARiw). Okra growth,
fresh pod weight, transpiration, and photosynthesis were decreased with improving levels of ECiw and SARiw.
Emergence and germination tests are known as a significant screening tool for the assessment of okra tolerance
to salt stress conditions (Abid et al., 2002). The purpose of this research is to determine the adversely effects of
saline irrigation water on the growth and fresh pod yield of okra, as well as study the reaction of agronomic
characteristics of okra against salinity.

2. Materials and Methods

2.1. Materials

This research was performed in the research farm of Agriculture Faculty of Kabul University which is
located at Longitude 69°8'21" E and Latitude 34°31'4" N with an elevation of 1780 m above sea level. Seeds
of okra, pH meter, electrical conductivity meter, hydrometer, plastic pots, sodium chloride, sieve, and ruler
were used as research materials. The texture of the cultivated soil was loam, pH (pHkcL= 8.5), dissolved salts
(0.11dS / m), bulk density (1.5 gr cm™) and according to the Munsell soil color chart, soil color was dark
yellowish-brown (10YR %).
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2.2. Method

The research was designed with three replications in randomized complete block design (RCBD). The soil
was sieved by 2 mm sieve and 7.5 Kg of topsoil was added to each plastic pot. Okra seeds were sown in the
pots once the pots were filled with soil, the length of growing season was 130 days from early April to middle
of August 2019. Immediately after sowing the seeds, the pots were irrigated with pre-determined saline water.
Two weeks after sowing, thinning of okra took place and only 3 healthy plants were left in the pot and the
remaining were discarded. Irrigation with saline water started immediately after sowing. Examined parameters
in the study were germination percentage, leaf length, fresh pod weight, root length and shoot height of okra.
Four levels of NaCl concentration were used as salt treatments. These treatments are 0.0 mM as control or
treatment 1 (T1), 5 mM as treatment 2 (T2), 10 mM as treatment 3 (T3), and 20 mM as treatment 4 (T4). All
four different levels of NaCl concentrations were used for irrigating okra plants along the cultivation season.
Table 1 shows research treatment.

Table 1
Research treatments
Treatments Sodium Chloride Concentration (millimolar)
T1 (control) 0.0 mM
T2 5mM
T3 10 mM
T4 20 mM

The measurements of seed germination recorded every three days. Leaf length, shoot height measurements
taken place once in a week, okra fresh pod yield was collected gradually once in each four days, and root length
was measured once at the final stage okra growth. Drip irrigation method was used in the study and irrigation
was done once in each 5 days at the early stage of okra growing season, but later due to temperature increasing
and accumulation of salt in the soil root zone, irrigation was done once in every 3 days. Okra was irrigated 24
times during the growing season. Every single frequency of irrigation contains 22 mm water, the total amount
of applied irrigation water for the entire growing season was 528 mm. Water use efficiency values were
calculated from yield and irrigation water amount using the following formula:

Water use efficiency (Kg/ha/mm) = Yield (Kg/ha)/Y irrigation water (mm)

2.3. Data Analysis

The mean data from three replications were analysed by the method of one-way analysis of variance
(ANOVA) using SAS statistical Software. Also, the means has been compared with the least significant dif-
ference test (LSD) for significant differences between the variables. The error bar is expressed to facilitate
interpretation and comparison of results.

3. Results and Discussion

3.1. Germination Percentage

Salt stress significantly influenced the germination percentage. In this study, the germination process was
completed within 7 days in the field condition. The germination percentage was decreased significantly when
the salt concentrations were increased. Significant differences at P<0.05 between different treatments have
been observed except treatment levels 10 mM and 20 mM (F=37.40, df=3, P=0.0003, LSD= 11.16).
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Figure 1. Response of germination rate (%) to NaCl salt stress. Dissimilar letters show significant differences
between treatments using the LSD test. Bars indicate standard error of the means.

It was observed that increasing salt level concentration in the irrigation water had adverse impact on the percent
germination of okra seeds. The results indicate that treatment level 0.0 mM had 98%, 5 mM had 80%, 10 mM
had 63% while 20 mM had 53% germination (Figure 1). Our findings also confirm the results of Ifediora, et
al, (2014) and Abid et al., (2002), who observed a significant reduction in okra germination by increasing salt
concentrations in irrigation water. High levels of salinity, especially NaCl can inhibit the germination rate due
to toxic and osmotic effects (Miryam, Moulay, & Narimane, 2015). In this study at treatment level 20 mM, the
immature deaths of some plants were observed as well. It would be the effects of variation which occurred in
cell division and cell elongation due to osmotic effects of saline water.

3.2. Leaf Length

The result of this study shows that there was considerable reduction in leaf length due to impact of salinity
levels in the irrigation water. Significant difference at P<0.05 between treatments has been observed (F=17.11,
df=3, P=0.0024, LSD= 0.9186). The maximum reduction in leaf length occurred in treatment level 20 mM
(6.8 cm) followed by 10 mM (7 cm), 5 mM (8.13 cm) and control (9.17 cm) (Figure 2). The reduction in leaf
length as a result of high salt contents was mainly due to the osmotic effect of saline water. Leaf cells lose
water because of an abrupt increase in soil salinity levels.

=
o N

1 ]
)
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o N B OO
1
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Figure 2. Response of leaf length (cm) to NaCl salt stress. Dissimilar letters show significant differences be-
tween treatments using the LSD test. Bars indicate standard error of the means.

The decreasing cell division and cell elongation will drive to slower leaf appearance and shorter leaf length
(Ifediora et al., 2014). Our findings can be confirmed by the results of Ifediora et al. (2014) where the leaf
appearance and size become smaller under high concentration of salt in irrigation water which is similar to the
findings of our study.
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3.3. Shoot Height

The result of this study shows that the shoot height of okra was negatively impacted as salt concentra-
tion increased in the irrigation water. As seen in Figure 3, there was not significant differences at P<0.05
between treatments 0.0 mM and 5.0 mM and between 10 mM and 20 mM (F=6.21, df=3, P=0.0286, LSD=
1.1983). However, the first two treatments had significantly greater shoot length in compared the last two
treatments, which had higher salt concentrations.
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Figure 3. Response of shoot height (cm) to NaCl salt stress. Dissimilar letters show significant differences
between treatments using the LSD test. Bars indicate standard error of the means.

The greater shoot heights were observed in treatment level 5mM (15.6 ¢cm), followed by control treatment
level 0.0 mM (15.43 cm), while the smaller shoot heights were observed in treatments 10 mM (14.23) and 20
mM (13.87 cm) (Figure 3). Our findings can be confirmed by results of Ifediora, et al., (2014) and Abid et al.,
(2002) who observed higher shoot height of okra plant under lower salt stress environment. In treatment level
5 mM, the okra might be fixed osmatically to the growing requirement, as a result, it had longer shoot height.

3.4. Root Length

Salt stress showed an inhibiting adverse effect on root length. Significant differences between treatments
have been observed (F=87.45, df=3, P=0.0336, LSD=1.2374). As is obvious in Figure 4, there were significant
differences between all treatments except between treatments 10 mM and 20 mM.
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Figure 4. Response of root length (cm) to NaCl salt stress. Dissimilar letters show significant differences
between treatments using the LSD test. Bars indicate standard error of the means.
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The greatest reduction in root length was observed in treatment level 20 mM (8.17 cm), followed by 10 mM
(9.03 cm), 5 mM (12.73 cm) and control (15.37 cm) (Figure 4). Similarities can be seen between our results
and the findings of Ifediora et al, (2014) and Abid et al., (2002) where significant growth inhibition in root
length was seen as salt concentrations increased. Irrigating with saline water might have caused an increase in
osmotic pressure which can reduce cell elongation and limit root growth. The reduction in cell division and
elongation could be due to the inhibiting impacts of salinity on growth-related hormones (Abbas et al., 2014).
Under control treatment, the okra plant may be adjusted osmotically to growing conditions, as a result, they
maintained successful cell enlargement resulting in maximum root length.

3.5. Fresh Pod Weight

Increase in salt concentration of irrigation water has adversely impacted the of fresh pods weight of okra.
As shown in Figure 5, treatments 0.0 mM and 5.0 mM and treatments 10 mM and 20 mM did not statistically
differ from each other at P<0.05 (F=10.41, df=3, P=0.0086, LSD= 4.8029). However, the first two treatments
resulted in significantly greater fresh pod weight in compared the last two treatments.
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Figure 5. Response of fresh pod weight (gr) to NaCl salt stress. Dissimilar letters show significant differences
between treatments using the LSD test. Bars indicate standard error of the means.

The maximum fresh pod weight was observed in treatment 0.0 mM (17.26 g/pot), followed by treatments 5
mM (16.74 g/pot), 10 mM (11.93 g/pot), and 20 mM (7.75 g/pot). The results indicate a 3%, 31%, and 55%
decrease in fresh pod weight under treatments 5 mM, 10 mM, and 20 mM, respectively, compared to the
control treatment. This means that increasing salt concentration in irrigation water can significantly reduce
fresh pod weight of okra. The reduction in fresh pod weight can be due to the high soil salinity level causing a
reduction in cell division, cell elongation, interrupted avoidance mechanism, and injury of plant cells. Our
findings can be confirmed by results of Abid et al., (2002); Abbas et al. (2014) and Ifediora et al., (2014) who
reported a significant reduction in fresh pod yield of okra by increasing salt concentrations. The summary of
impacts of different salinity loves of irrigation water on germination percentage, leaf length, shoot height, root
length, and fresh pod weight of okra is presented in Table 2.

3.6. Water use Efficiency

The impacts of salt concentration in irrigation water on water use efficiency (WUE) of okra is presented in
Figure 6. The greatest WUE (13.08 kg/ha/mm) was observed under control treatment, followed by 5 mM
(12.68 kg/ha/mm), 10 mM (9.04 kg/ha/mm) and 20 mM (5.87 kg/ha/mm). The difference between all treat-
ments are statistically significant except between the first two treatments.

It is obvious that all irrigation water contains salts to some extent. These salts can supply essential nutrients
for plants to grow and bear yield. However, if too much salt is supplied to the field, plant growth and
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performance will be adversely impacted. For examples, salt can accumulate in the soil, causing an "osmotic
stress", or osmotic potential, which has the same effect on plants as a very negative matrix potential when the
soil is dry, resulting is less available water for plants, which may inhibits plant germination and emergence.
Meanwhile, if there is a disproportionate amount of magnesium, sodium, bicarbonate and/or carbonate in the
water, the soil surface will seal up, causing infiltration problems. All these important parameters together ad-
versely affect growth and performance of plants in the field.

Afghanistan is located in an arid region of the world and, in some parts of it, the farmers deal with saline soil
and saline irrigation water. The salts can be imported to their field through a combination of water management
problems, salt in the water, and sometimes fertilizer. Thus, under such conditions, it is very important for the
farmers to practice reclamation irrigation to leach salts from the crop root zone. Proper planting method can
also reduce salt effects. For instance, farmers can use furrow irrigation where they can shape the furrows so
that salt-laden irrigation water evaporates at high points in the bed - and the plants/seeds are located at lower
points. Applicant of drip irrigation, compared to surface irrigation types, can also minimize salt injury to plant
as it frequently keeps the soil wet and the salts diluted.

Table 2
Effects of salt concentration in irrigation water on growth, leaf length, shoot height, root length, and fresh pod
weight of okra.

Treatments Germination Leaf Length Shoot Height Root Length Frejsh Pod
(%) (cm) (cm) (cm) Weight (gr)

Control (0.0 mM) 98.33 +£2.892 9.17 £0.76% 15.43 +£0.512 15.37+0.832 17.26 + 1.398
5mM 90 + 8.66° 8.13+1.03P 15.6 £ 0.532 12.73 £ 0.45° 16.74 +£2.412
10 mM 63.33 +2.89° 7+0.1° 14.23+0.4° 9.03+0.38°  11.93+0.26"
20 mM 53.33 +£2.89° 6. 8+ 0.35° 13.87 + 1.42° 8.17 +£0.4° 7.75£3.12°
LSD 11.169 0.9186 1.1983 1.2374 4.8029
Ccv 7.58 5.91 4.06 5.47 17.92
F 37.40 17.11 6.21 87.45 10.41
P 0.0003 0.0024 0.0286 0.0336 0. 0860

Mean value indicated by the same letter in columns are non-considerable at 5% level of significance, LSD at 5% level of significance

. 16 -
o 14 a
[«5)
Eg 12 + b
55 10 +
n < 8 C
= e)]
[ 1 i
= 6 -
(]
= 4

2_

O_

5mM  10mM  20mM

Salinity (NaCl mM)

Figure 6. Water use efficiency. Dissimilar letters show significant differences between treatments using the
LSD test. Bars indicate standard error of the means.
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4. Conclusion

According to the findings of this study, it can be concluded that a considerable reduction in germination
percentage, leaf length, shoot height, root length, and fresh pod yield of okra strongly associated with salinity
stress. These measured parameters can be accounted as an efficient tool for the evaluation of potential salinity
endurance of okra. Indeed, the finding of this study can be confirmed by the results of recent researches where
they found that the physiological functions, morphology, stomata closing as well as the photosynthesis rate of
okra has been decreased due to the increasing level of salinity.
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