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Deformation behavior of the structural elements in fire case is affected by many
additional parameters. The researches carried out so far have shown clearly, that the
statically indeterminate systems may have an increased fire resistance due to
redistribution of the internal forces. The calculations and the experiments have proved
also that, in these structural systems, the joint forces increase during the fire and after
reaching a maximum; these forces decrease until the collapse state is reached. The
present paper is aimed at investigating the structural behavior of reinforced concrete

Keywords:
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columns (RFCs) in an enclosure exposed to real ventilation controlled fires, e.g. fires
with a heating and a cooling phase.

In this research work max. and min. boundary fire loads of reinforced concrete columns
in an enclosure for real fires are determined. Beyond these fire loads no failure or longer
fire resistance time than a 1SO834 fire can be expected. Beside that for RFCs, graphs
and methods for determining fire behavior and resistance have been introduced by
using 1. order theory.

TABIii YANGINLARDA BETONARME KOLONLARIN SINIR YANGIN YUKLERI,

BOLUM 11
Makale Bilgileri Oz
. . Yangin durumunda yapisal elemanlarin deformasyon davraniginin  birgok ek
b el e et it parametreden etkilenmektedir, Simdiye kadar yapilan aragtirmalar, hiperstatik ¢ubuk
. tagtyici sistemlerin yangin durumunda, i¢ kuvvetlerin yeniden dagilimi nedeniyle artan
Gelis: . . . - . e . .
yangin direncine sahip oldugunu gostermistir. Teorik analizler ve deneyler, bu yapisal
3 Subat 2019 . lerde. diiii K K lerini 4 Ksi bir des
Kabul: sistemlerde, dugum no ta.s¥ 'uvve't e'l‘lljllljl yangin sirasin 2';1 ma' simum bir degere
6 Kas1.m 2019 ulastiktan sonra azalma egilimine girdigini ve bu durumun sistemin gé¢me durumuna

kadar devam ettigini gdstermistir. Bu c¢aligma, betonarme kolonlarin yangin

Anahtar Kelimeler:

Yangin giivenligi,
betonarme yap1
kolonlari, yangin
dayanimu, tabii
yanginlar, sinir
yangin yiikleri

davranisglarini ve dayanimlarimi tabii ventilasyon denetimli yanginlarda, diger bir
deyisle, 1sinma ve soguma fazina sahip kapali bir ortamdaki yanginlar i¢in incelemeyi
amaclamaktadir.

Bu arastirmada, bir kompartman igindeki betonarme kolonlarmn sinir yangin yiikleri
belirlenmistir. Bu sinir yangin yiiklerinin disinda kalan yangin ytikleri igin, bir ISO834
yangimnindan daha uzun bir yangin dayanimi saptanmakta ve go¢cme durumuna
rastlanmamaktadir. Bu c¢alismada betonarme kolonlarin, II. Mertebe teorisini
kullanarak, yangin davraniglarini ve dayanimlarini belirlemek i¢in yontem ve grafikler
verilmistir.
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1. Introduction

A reasonable design level for risk to life and risk to
neighbouring property may be determined by the risk
levels contemplated in current codes or other specific
requirements. A decision level for the directly exposed
property risk is based on economic considerations and

should thus be the property owners’ decision.

Structural fire design is concerned mainly with the
prevention of fire spread through separating vertical
and horizontal partitions and avoidance or limitation of
structural failure or damage referring to fires when a
collapse state to be controlled as an initial stage. The
basic unit for structural fire design is the fire com-

partment or fire zone.

It follows that, for particular types of buildings and
occupancies or particular projects, structural design
requirements may be dispensable, because the associ-
ated risks are sufficiently small. Certain requirements
may also be dispensable, because the risk-reducing
effect of structural measures may be extremely low.
Finally, structural design requirements may be eased to
zero or a specified minimum in view of the non-

structural measures used (s. Sec. 4.3).

The fire protection design and assessment of structural
members is currently still carried out on the basis of
standard fire tests. In this case, the structural
construction to be examined is subjected to a stand-
ardized fire exposure and tested for their structural
behavior and their fire resistance duration. This method
primarily ensures comparability and any reproduction
of the tests for the fire behavior of various structural
members. For this reason in 1SO 834-Fires, the

temperature-time curve is thus regulated.

The fire protection regulations for buildings based on
such standard fire tests ensure undoubtedly a certain
level of safety. However, the ability to construct eco-
nomically is limited by the current regulations. This

restricting reveals itself in particular thing that the

current fire protection design only knows the relatively
an unfavourable temperature development as the
standard fire curve. On the other hand, the fire exposure
in real fires is sometimes less intense because these
have lower or favourable fire room temperature

developments.

The scope of this article is to investigate the structural
behavior and fire resistance duration of the columns of
a reinforced concrete hall building in a real fire
concerning failure damage and to compare it with
standard fire. This should provide practical information
about the load-bearing and deformation behavior of

RFCs that are exposed to a real fire.

2. Theoretical background/experimental

Concerning literature, it is rare to find fire test results
carried out in big enclosures and theoretical analyses on
the structural columns under the exposure of a real fire.
The tests are conducted mainly for isolated steel
columns and to determine the failure time t: and derive

some applicable formulas.

Due to the fast developments of large-space multi-
functional architectures, large-span steel structures
have been widely used in recent years. Therefore, the
fire-resistance design of this kind of structures has
attracted more attentions. Since traditional I1SO 834
standard fire curve is not suitable for large space
structures, performance-based fire resistance design
method is required. These analyses presented herein
will also show that common methods of defining fire
intensity through equivalent fire durations do not
appropriately account for the complexities of the
thermal and structural response of concrete columns
exposed to a travelling fire. A more realistic description
of fire scenarios is still needed for a performance-based
structural fire design, based on a better consideration of
ventilation conditions and thermal properties of
boundary enclosure Many studies of the thermal and

structural behavior for large compartments in fire
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carried out over the past two decades show that fires in
such compartments have a great deal of non-
uniformity, unlike the homogeneous compartment
temperature assumption in the current fire safety
engineering practice (Hagen, 1987). Furthermore, some
large compartment fires may burn locally and tend to
move across entire floor plates over a period of time.
For the actual boundary conditions the ISO 834
Temperature-Time  curve  overestimates  the
temperatures of the natural fire in the enclosures and
leads to an inefficient design of structural members.
Within a performance-based fire design concept the
structural design should be based on a real design fire
which is representative for the boundary conditions of
a given building. The “traditional way” of structural fire
design using the 1SO 834 Temperature—Time curve in
many cases results in a design on the safe side causing
unsatisfactory costs for fire protection measures. In
some cases the structural fire design with ISO 834
curve can result in under-estimation of the thermal
exposure. Some research articles carried out in this

context will be presented below.

Patrick Bamonte, etal, (2018) aims at investigating the
structural behavior in bending of prestressed concrete
members exposed to real fires, e,g. fires with a heating
and a cooling phase. The fire scenarios considered are
characterized by a heating phase that coincides with the
ISO 834 standard fire and a linear cooling branch.
Parametric analyses are carried out on typical pre-
stressed sections (an I-girder and a double-tee). The
results show that limiting the attention to the heating
phase is not sufficient. Moreover, within the range of
variation of the cooling rate (3-10°C/min, ranging
from slow to fast cooling) and load level (M/M, = 0.15-
0.30, ranging from low to high load ratio), the structural
behaviour exhibits significant variations in the cooling
phase of the fire, from an almost complete recovery of

the initial configuration to runaway failure

Rush David, etal (2017), present some selected results
from the thermal environment around, and the thermal
response of a concrete column from a large scale
structural fire test conducted in Tisova, Czech Repub-
lic, inside a four-storey concrete frame building, with
concrete and composite deck floors. From the results of
the fire test, assessments of the fire intensity are made
and used to model the potential thermal profiles within
the concrete column and the implications that high
temperature might have on the post-fire response of the
concrete column. These analyses presented there will
also show that common methods of defining fire
intensity through equivalent fire durations do not
appropriately account for the complexities of the
thermal and structural response of concrete columns
exposed to a fire.

Kordina, K.(1991), indicates that at present, the direct
analytical design procedure is limited in many coun-
tries to extraordinary structures or buildings, like tun-
nels or industrial plants of great importance. In these
cases the actual or design fire load is used within a heat
and mass balance calculation, in order to determine the
gas temperatures and the fire progress. Consequently,
the mechanical and thermal behaviour of the structural
elements surrounding the fire com-partment has to be
determined.

Kan Zhou, etal. (2018), emphasize that extensive
literature is available on the structural performance of
concrete-encased CFST columns at ambient tempera-
ture, however, the fire performance of this type of
composite columns has seldom been addressed. To fill
in this research gap, the paper thus experimentally
studies the performance of concrete-encased CFST
columns subjected to full-range fire including heating
and cooling. A set of tests were conducted and results
are presented, including fire resistance, post fire resid-
ual strength, failure modes, temperature versus time
relationships and deformation versus time relation-

ships. The simple calculation model of analysing the
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fire resistance of composite column in Eurocode 4 was
extended which is applicable to assess the fire

resistance of concrete-encased CFST columns.

Jodo Paulo C. Rodrigues, etal.(2010), present in their
paper the results of a research program on the behavior
of fibre reinforced concrete columns in entire fire.
Several fire resistance tests on fibre concrete columns
with restrained thermal elongation were carried out.
The aim of this research was to study the possibility of
replacing the longitudinal reinforcement bars on the
concrete columns by steel fibres. For this reason,
polypropylene fibres were used in order to enhance the
fire behavior of the columns and avoid the concrete

spalling.

Guobiaolou etal.(2018), present experimental and
numerical investigations on the collapse behavior of a
12 m x 6 m steel portal frame exposed to fire. A real fire
test is conducted with a 4 m x 6 m fire com-partment at
the corner of the frame. Extensive thermal and
structural responses of the frame are measured and
presented. It is found that the measured gas
temperatures are higher than the ISO fire, but lower
than the parametric fire specified in EN 1991-1-2,
indicating the underestimation of the thermal ex-posure
for standard fires and unrealistic estimation for
parametric fires. It is suggested that a more realistic
description of fire scenarios is still needed for a
performance-based structural fire design, based on a
better consideration of ventilation conditions and

thermal properties of boundary enclosure

Ju-young Hwang, etal.(2018), introduce in their paper
to precisely simulate the structural response with
temperature, the material properties of concrete and
steel according to two representative temperature
conditions, “under-fire” and “after-cooling”, have been
taken into account. Moreover, the importance of the
after-cooling analysis to ensure the safety of fire-
damaged RFC structures has been shown. Finally,

through a comparison of the numerical results with the

design code EN1992-1-2, it has been concluded that the
design code should consider the influence of
high

temperature to ensure the safety of fire-damaged

temperature  decrease after experiencing

structural members.

Yih-Houng Chen, etal.(2009), report an experimental
research into the effect of fire exposure time on the
post-fire behavior of reinforced concrete columns. Nine
full-size reinforced concrete columns (45x30%300 cm)
with two longitudinal reinforcement ratios (1.4% and
2.3%) were unexposed and exposed to the ISO 834
standard fire for 2 and 4 h with a constant preload. One
month after cooling, the specimens were tested in axial
load combined with uniaxial or biaxial bending. The
test results show that the residual load-bearing capacity
decreases with increase in fire exposure time. The
authors insist that much attention should be given to the
deformation and stress redistribution of the reinforced

concrete building subject to earthquakes after a fire.

Limin Lu, etal.(2017), indicate in their paper that since
traditional 1SO 834 standard fire curve is not suitable
for large space structures, and a performance-based fire
resistance design method is required. A finite element
(FE) model has been developed using FE software
ANSYS for modelling the structural behavior of an
exhibition centre under different fire scenarios. Based
on the results generated in this research some
recommendations for the fire re-sistance design of large
space steel truss structures have been proposed. (More
references see “PART 1., “Behavior of reinforced
concrete columns of buildings exposed to a real fire,
PART I, TUJES”)

From the references given above it is being clear that a
detailed analysis and interaction of fire loads with the
fire resistance of RFCs in a real fire are not adequately
introduced up to know. Mainly focus is concentrated on
the cooling face experimentally and by the way some
material models are developed. Be-side that heat

balance calculation models are presented but validity of
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these models experimentally is not shown as in the SFB
C3 subproject as big scale compartment fires (Hagen,
1987).

The aim of this paper is, due to this fact, will be to
investigate exemplary the structural behavior and fire
resistance duration of the columns of a reinforced
concrete hall in a real fire of damage and to compare it
with standard fire. This should provide practical infor-
mation about the load-bearing and deformation

behavior of such RFCs that are exposed to a real fire.

As Part I, this research work presents the definition
and the determination of boundary and safe fire loads
gre and qrs of RFCs. Part Il will show the certain fire
loads as wood cribs, show in real fire case equivalent
fire resistance as in the ISO 834-Fire. Beyond the
boundary fire loads the fire resistance of RFC is greater
than the fire resistance in case of an 1SO 834 fire case
even no failure can be observed for the RFCs. For this
purpose a concrete hall building is chosen and
theoretically analysed by means of heat balance and
statically calculations. The construction and the
theoretical results will be presented in the following

sections.

3. Hall building

3.1 concrete hall building and statically system

Fig. 3.1 shows the hall structure, which is investigated,

in cross-section and plan view.

The bracing of the hall building is held by the rigid roof
and the walls. The roof consists of 15 cm thick light-
weight concrete slabs, the walls and the floor are to be
constructed in normal concrete. The window openings
arranged on both sides in the longitudinal walls ensure

the cross ventilation of the hall building.

As a result, the ventilation conditions for the develop-
ment of a fire are as natural ventilation defined. It is
assumed that there is a constant fire load over the entire

floor of the hall building. This fire load is converted

according to Eq. 3.1 (s. “Behavior of reinforced
concrete columns of buildings exposed to a real fire,
PART I, Tujes”):

1
ar :;Z?Ml' . Ey; . (Mj) 31

to the wood cribs. Thus, the hall construction can be

considered as a total fire compartment.
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Figure 3.1: Geometry of the investigated reinforced

concrete hall building

3.2 Assumptions about the thermodynamic boundary

conditions

It was assumed that different fire loads could be present
on the hall floor; depending on the usage fire loads of
15, 30 and 60 kg / m2 wood cribs were taken into
account for the investigations. The converted on wood
cribs fire loads own a calorific value of 4.80 kwWh/kg (s.
Table 4.1). For the fire source, where the ignition
begins, an area of 1.5 x 1.5 m2 in the upper left corner
is assumed. The propagation rate of the fire is set on as

2 m/min. It was further assumed that in the fully



40 A. Haksever & A. Haksever / Trakya University Journal of Engineering Sciences, 20(2): 35-49, 2019

developed fire phase, 30 kg/m2 wood cribs would burn
per hour. These data correspond to the experiences and
literature

test results and can be found in the

(Quintiere., 1976., Roitman., 1972, Hagen, 1987).

For the calculation of the fire temperatures, the window
openings Aw/Ar result in a ventilation of 10%. This
ventilation condition controls the travelling and the

burning rate of the fire loads (Kawagoe, etal., 1963).

4. Fire-room temperatures

4.1 Calculation of the fire room temperatures of the

reinforced concrete hall building in case of real fire

The research and determination of the thermodynamic
basis of such a theoretical calculation of a damage fire
was part of a larger research program in SFB C3-
Project dealing with the development of real fires in
small and large enclosures. The fire protection
investigation of the presented reinforced concrete hall
building imposes at first a heat balance calculation of
the fire room. The calculation of mean fire room
temperatures of a building in a real fire depends on
many variable parameters and requires extremely com-

plex and therefore time depending calculations.

T T e y—r T
= i .T
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1400 Floor =10 cm " © ol A _1 :
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9 i » BT
el T 1
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Figure 4.1: Prediction of the fire room temperatures of

a real fire

The present heat balance calculation is based on the fact
that the fire loads in room release energy when ignited.

This released energy is absorbed by the surrounding

structural elements and flows in part by convection and
radiation through the openings to the outside. However,
under certain ventilation conditions, the burning can
also take place in such a way that unburned gases flow
out through the openings and thus do not contribute to

the release of energy.

For the heat balance calculation of such a large hall

building 4 basic conditions have been considered:

1- Once it was assumed that the temperature dis-
tribution inside this enclosure with windows is
homogeneous

2- In addition, the wall surfaces must be so struct-ed
that the heat transfer conditions can be described on
the surrounding large-area wall components with a
one-dimensional approach

3- For the calculation of the ambient temperatures, the
heat capacity of the RFCs were neglected.

4- However, the calculation of the temperature fields
of the RFCs takes place with a two-dimensional
calculation.

In order to be able to check and, if necessary, correct

the performance of the established computer program,

it was necessary to re-calculate some fire tests carried

out in small and large fire compartments. Fig. 4.2

shows such a prediction of a real fire experiment. It

deals here a polyethylene fire. In the picture both the
measured and the
that

measurement and calculation can be possible.

predicted temperatures are

illustrated, so a concrete comparison of
The effectiveness of the established computer program
can thus be confirmed by the achieved good agreement
between the calculation and experiment. Fig. 4.2 also
shows that in the development phase of the fire, an
excess of oxygen was present in fire room (a<l).
However, in the developing phase of fire oxygen
shortage takes place (a>1). In the cooling phase again
an excess of oxygen is observed. These results have

also been observed in experiments with natural fires in



Boundary Fire Loads of Reinforced Concrete Columns Exposed to a Real Fire, Part 11 41

large compartment fire experiments. (Bechtold, R.
1977 and 1976/1977, Hagen, E., 1987)
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Figure 4.2: Calculated hot gas temperatures in case of
a real fire for the hall building (Haksever, A. 1989, s. also
PART I, Ref.)

Fig. 4.1 shows the results of a heat balance calculation
for the hall enclosure, which was described in the
sections 3.1 and 3.2. The calculated hot gas tempera-
tures are shown over the fire duration. They are calcu-
lated for fire loads of 15, 30 and 60 kg/m? wood cribs.
It is being clear from the picture that at a fire load of 15
kg/m2 the maximum temperature reached is about 800

°C and the total fire duration time is about 60 minutes.

The higher fire loads result in both higher temperatures
and longer fire durations. For each fire load, the initial
development of the fire room temperatures is identical.
The fact that the hot gas temperatures in the compart-
ment during the ignition and developing phase of the
fire are the same for all fire loads is to be explained by
the fact that the same propagation and burning rates as
well as ventilation conditions have been taken into
account for all fire loads. This assumption can be
somewhat crude. In the developing phase of fire
temperature zones will occur in the compartment.
However for the load bearing calculations of RFCs
fully developed fire temperatures gains importance and
the propagation rates of fire in the developing phase
will play a secondary role (s. PART I section 4.2. Ref.).
Calculation shows that the falling branch of the
temperatures starts at different times depending on the

fire load quantities. The time for the beginning of the

cooling phase is determined in the calculations so that
a residual energy of 20% of the initial fire loads is
reserved for the cooling phase. The heat balance
calculations carried out have also shown that sufficient
air masses were available in the fire compartment for
all fire loads during the total fire duration. It has been
shown on the other hand that in the fully developed fire
phase, an almost stoichiometric combustion has taken
place in the hall building. This phase was reached for
all fire loads shortly before the 20th minute of the fire
duration, when the fire had already travelled over the

whole hall floor.

4.2 Calculation fire load dependent load-bearing ca-

pacity of reinforced concrete hall columns.

Fig. 4.3 shows more detailed form two load character-
istics for the hall columns. On the right side the results
of the

load bearing calculations are illustrated

according to the action of 1SO Fire.

The investigated RFC is exposed from all sides. Ac-
cording to the statically calculations, they have an
initial axial force of 455 kN. This results in a fire
resistance of about 35 minutes for the acting load in
case of standard fire. On the left side of Fig. 4.3, the fire
resistance duration of the hall columns is shown in a set
of curves, whereby the acting normal force of the RFC

has been introduced here as a parameter.

Real fire
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Figure 4.3: Fire resistance of the RFCs of the hall
building
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The total fire duration of the real fire is shown as a
function of the fire loads. This results in, for example,
for a fire load of 20 kg /m?, a total duration of about 70
min. Fig. 4.3 shows two zones separated by the total
duration of the fire. The safe region is shown as a
hatched zone that means, depending on the fire loads
and the axial load of the RFC, some fire and external
load combinations may be within this safe range, so that
no failure is expected for the hall building columns in
case of a real fire. If at a given fire load a higher fire
resistance to be achieved, the desired fire resistance
must be brought horizontally with the fire load
vertically to the section and then an intersection point
must be searched on the nearest load curve. This
concerning normal force of the load bearing curve
indicates which axial load may act on the RFC at most
for the given eccentricity. With an existing fire load of
30 kg/m?, the hall columns then reach a fire resistance
time of 90 minutes, if they are relatively low loaded
with a normal axial force of 175 kN. For all fire loads
that are greater than 11 kg/m?, a failure results in for the
RFC after about 40 (= ISO Fire) minutes under the load
of 455 kN.

4.3 Fire safety design of the hall construction as
industrial building according to the DIN 18230

Fire safety design of the hall building will be shown

here as an industrial complex:

It is assumed that on the floor area a 30 kg/m? fire load
density is present from square timbers as 40x40 mm.
The required fire resistance and the class of the

structural elements with respect to the

DIN 18 230 results in as follows:

The total surface area amounts to Ar=2560 m? (Fig.
3.1)

Window openings: Ay = 63 m?
The heat energy of the fire load is (s. Table 4.1)

E.=4.8 kWh/kg

0rc = 30.20.40/2560~10kg/m? = 4,8.10= 48 kWh/m?

Aw/Ar =63/2560 = 0,024. From Table 4.2, w=2,2
and from Table 4.3, yn, =1,40 for SK4®. Insulation
factor of the building is set as ¢i=0,2 for a normal
insulation application. The m-factor for square timbers
as 40x40 mm is 1,0 according to the table 4.1

Table 4.1 Burning factor m

Pile m-
Nr Material Density Factor B
% - kWh/kg
1 Wood and wooden Material
11 Spruce wood
111 Boards 50 1.0 4.8
70 0.8
112 Squared timber
40x40 mm? 50 1.0 4.8
113 Squared timber | 50 0.7 48
100x100 mm? 90 0.5
114 Squared timber | 50 0.3 48
200x200 mm? 95 0.2
115 Squared 50 0.2 48
Timbers 98 0.2

The equivalent fire duration results in according to the
Eg. 4.1 (s. PART L., “Behavior of reinforced concrete
columns of buildings exposed to a real fire, PART I,
TUJES™):

te =(gr.¢). Ci. m. W (4.1)

t. =48.0,2.1,0. 2,2 ~ 20 min.
and necessary fire resistance according Eqg. 4.2 is:

tr =te . ynb =1,4. 20 =28 min. 4.2)

If there is an own fire extinguishing facilities in the hall

building the required fire resistance reduces to:

tre = 0,6. 28 ~ 17 min. (s. Table 4.4). In this case struc-
tural elements need not a special fire resistance and a
design with respect to SKy! will provide necessary fire
safety for the hall building (s. Table 4.5). However —at

least- a fire safety class F90 should be designed.
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Table 4.2: Heat venting factor w

0.05 0.10 0.15 0.20
At/ A <0.05 <0.25
<0.10 | <0.15 <0.20 | <0.25
Room opening at
one side 3.2 2.0 15 12 1.0 0.9
0.6
Room opening on
2.2 15 11 0.9 0.7
many sides

Table 4.3: Safety factors for more storey industrial
Buildings (DIN 18230)

Safety Factors according to the
Area m? type of structural member

SKy® SKy? SKy!
1 1600 1.30 1.00 0.60
2 3000 1.45 1.15 0.80
3 5000 1.60 1.25 0.95
4 7000 1.70 1.35 1.05
4 10000 1.80 1.45 1.15
5 15000 1.90 1.55 1.25
6 20000 2.00 1.65 1.35
7 30000 2.10 1.75 1.45

SKy® — Main structural elements
SKy? — Important structural elements
SKy! — Subordinate structural elements

Table 4.4 Correction factors to take into account the
efforts for firefighting according to the DIN18230

Qualified factory
fire brigades

Ynb Without fire ex-
tinguishing system

¥nb With fire extin-
guishing system

Not any 1.0 0.60
. 0.50
2 Parties 0.8
. 0.40
3 Parties 0.7 035
4 Parties 0.6 '

Table 4.5: Required fire safety classes of structural

elements for industrial buildings according DIN 18230

Required Fire safety design of structural
fire re- elements
. Fire
sistance
for struc- safety
wralele- | C1S SK,3 SKy? | SKy!
ment
SKb3
<15 | - - -
>15<30 | 1l F 30 F 30 -
>30<60 | 11l F 60 F 60 F 30
>60<90 | IV F 90 F 60 F 60
>90 \Y/ F 120 F 90 F 90

5. Comparison of the fire resistance of RFCs for

1SO834 fire and real fire cases

5.1 Definition of the boundary fire loads

The boundary fire load gsg is a characteristic value for
a structure and is given as wood cribs. The RFC shows
failure when exposed to the fire with this fire load.
However, the fire resistance time is equal to the
maximum failure time of the ISO-Fire. The RFC
therefore has the same fire resistance duration as in
standard fire. Figures 5.1 to 5.7 show the boundary fire
loads of various (RFC) under certain boundary
conditions. The determination of the boundary fire

loads takes place as follows:

On the right side of Figure 5.1, the fire resistance time
of a reinforced concrete column is illustrated for dif-
ferent load eccentricities in case of 1SO834 fire. This
results in almost constant fire resistance duration of the
RFCs for different load eccentricities. The left side of
the same picture shows the fire resistance of the same
RFC according to the exposure of various real fires in
the compartment. The load eccentricity is chosen as
parameter. The picture shows that the fire resistance
time t; is only slightly affected by different load
eccentricities. This means that the boundary fire loads
of the examined RFCs can be easily determined,

regardless of the load eccentricity. For this purpose, in
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Fig. 5.1 the average fire resistance duration in 1ISO 834
Fire with the fire resistance duration of the same RFC
in natural fires must be intersected. This procedure
provides on the left side of the picture two intersections.
They indicate the upper and lower boundary fire loads.
An upper boundary fire load results in because with in-
creasing fire loads a ventilation of 25% will not be
sufficient to the complete or stoichiometric combustion
and thus to the full development of the fire room
temperatures in the enclosure For greater fire loads
quantities, therefore, ventilation higher than 25% is

needed to ensure at least a stoichiometric combustion.
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Figure 5.1: Boundary grg and safe fire loads grs of a
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Figure 5.2: Boundary and safe fire loads of a RFC at

25% ventilation

On the left side of the picture 5.1 three areas can be
distinguished. The areas A and C can be described as
safe areas with gss fire loads, because here higher fire
resistance duration than in an 1SO834, even no failure
is expected. In area B, however, in accordance with ISO
834 an uncertain dimensioning takes place, because in
this area the fire resistance duration under the exposure
of areal fire is less than would be the case with standard
fire exposure. This means that for the area B additional
adequate measures must be taken in order to rise the fire
resistance duration of the RFC so that it equals at least
to an I1SO 834 fire.
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25% ventilation
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Figure 5.6: Boundary and safe fire loads of a RFC at
25% ventilation

In Figs. 5.1 to 5.6, different reinforced concrete col-
umns were investigated at 25% ventilation for different
fire loads and their boundary fire loads were
determined. It can then be made a global statement
about the boundary fire loads of these RFCs; the upper
boundary fire load is therefore 90 kg / m2 and the lower
about 20 kg / m2 wood cribs. In order to show the
influence of the ventilation on the level of the boundary
fire loads, further results of the investigations have
been shown in Figs. 5.7 and 5.8. In Figure 5.7, the
boundary fire loads were determined for 40% while
Fig.5.8 shows the results for 60% ventilation. The
increased ventilation shifts the unsafe area to the
greater fire loads. For example, at 40% ventilation, the
calculations showed an upper boundary fire load of 88
kg/m 2 and a lower load of 45 kg/m? as wood cribs. At

60% ventilation, the upper boundary fire load is
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Figure 5.7: Boundary and safe fire loads of a RFC at

40% ventilation
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Figure 5.8: Boundary and safe fire loads of a RFC at
60% ventilation

determined almost as 100 kg/m2 and the lower 48 kg
/m2 (s. Figs. 5.7 and 5.8).

Table 5.1: (s. §4.3: Safe fire loads of the RFCs)

Ventilation % Safe fire load

25 15
40 30
60 35

5.2 Definition of safe fire load

The safe fire load is defined so that there is no failure
at this or beyond these fire loads. In any case fire
resistance time is greater than under the exposure of
1ISO834 fire. Although the reinforced concrete RFC
will experience certain cross-sectional degradation,
material decomposition and permanent deformation
under the action of real fire, there will be no failure due

to material or stability failure for a design of RFC
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according to 1SO834 Fire. On the pictures 5.1 to 5.8
such safe fire loads are illudtrsted. For example, Figure
5.1 shows a fire load of 15 kg / m2 wood cribs as a safe
fire load. The RFC will stand this fire exposure with a
ventilatoin from 25 % without any failure From these
investigations, safe areas for real fires can be obtained
for the RFCs. This means that the RFCs under the
specified boundary conditions in real fires will have a
longer fire resistance duration than maximum fire
resistance which is present according 1SO834 fire
action. Generally the following fire loads in A and B
regions can be given as safe fire loads for different
ventilation conditions (s. Table 5.1):
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Figure 5.9: Safe fire zones of a RFC in real fire
exposure

Figure 5.9 shows such safe areas for various RFCs over
the slenderness. These areas have different band widths
for different ventilation conditions. Whether a RFC
falls into a safe area, can be determined by bringing the
slenderness to the existing fire load to intersection. If
this point of intersection is below the specified
ventilation, the RFC is in the safe area and has at least
the fire resistance duration determined according to the
1ISO834 fire exposure Figure 5.9 shows that the safe
area also increases with greater ventilation. In critical
ventilation conditions, such as 25% ventilation, there is
a reduced safe area for the RFC. The safe areas were
determined by evaluating the fire resistance duration of

numerous calculated RFCs under different ventilation

conditions. The Fig. 5.9 is limited for load eccentrities

maximumtoe/d =0.5.
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Figure 5.10: a) Distribution of the boundary fire loads
bound to the concrete cross section dimensions

b) Safe and unsafe zones of a concrete cross section in
real fire case

By means of the Fig. 5.9, the stability of RFCs can be
assessed also in industrial buildings under the different
ventilation conditions for a real fire case. In Fig. 5.10,
several RFCs with a square cross section were further
investigated with regard to the boundary fire loads. Fig.
5.10 shows the upper and lower boundary fire loads of
the RFCs over the cross-section dimensions. In
accordance with the RFC slenderness for square cross
sections of 20 to 40 cm, this results in an upper
boundary fire load of 90 kg/m2 and a lower boundary
fire load of 30 kg/m2 as wood cribs. As decreasing
cross-sectional widths, the lower boundary fire loads
are reduced, while the upper boundary fire loads
increase. This observation can be explained by the fact
that at low ventilation and accordingly high fire loads,

the mass of air needed for combustion are not available,
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so that due to the lack of oxygen, the fire room
temperatures can not fully develop and for smaller
square cross-sections (20-30 cm), the upper fire loads
must be very high in order to cause a lack of oxygen

and lower temperaturesin the fire room.
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6. Summary and conclusions

This paper deals with the fire behavior of monolithi-
cally cast reinforced concrete structures. Starting point
for the study is a reinforced concrete building, which is
a typical contemporary industrial building. The former
studies showed that boundary conditions for columns
and beams of an entire structural system can be
simulated on a single structural. A real fire
development can be modelled by the standard fire
condition.

Fire design is based on the verification of adequate
structural safety in case of a fully developed compart-
ment fire. In practical application adequate structural
safety may be assumed if the needed function of
structure or structural member in regulations is main-
tained during the relevant part of the fire exposure. It
applies to the structures and structural members which
surround the fire compartment, e.g. external columns
and beams. By this the design situation considered may
be a fire affecting the structure as a whole or only a part
of it. Due to this fact the GFPA-guideline “Ingenieur-

methoden des Brandschutzes” (Engineering Methods

of fire protection) has been developed in the recent
years, which describes and classifies the available
possibilities, approaches and models as well as
provides suitable support for their application. Nowa-
days it is unavoidable to continuously improve and
extend the available possibilities of numerical fire
simulations also in the future to satisfy the rising
requirements as sufficiently as possible. Beyond that,
the developed model has made a valuable contribution
in other fields, where extensions and improvements are
still necessary in the future (Dobbernack, R., 1987 and
Haksever, A., 1988).

In summary, in this research work the assessment
method 3 is generally applied to all types of fires where
sufficient practical experience concerning the risks at
fires are available (s. section, PART I, 3.2 Fire
protection design principles, Fig. 3.5., s. also Hagen,
SFB 148 Subproject C3, -Finland-Versuche-*“Finland
experiments,” 1987). Fig. 5.11 shows the full scale
experiments carried out in an enclosure with wood cribs
in VTT-Helsinki (s. Ref.).

Also an important step was made for the purpose of the
fire protection design of structures. The assessment
concerns only aspects relating to the performance of
structural elements. Special measures for ensuring
reparability and reservicability and protection of people
are not dealt in this paper. In this concern the research
work deals with the definition and the determination of

boundary fire loads grg and safe fire loads grc of RFCs:

1- Boundary fire loads of a RFC is so defined that they
result in the same maximum fire resistance during
the acting of an ISO 834 fire. Boundary fire loads
show two limit values as lower gry and g an upper
fire load for the RFC. These fire loads result in the
same fire resistance of an I1SO 834 fire. Within these
fire loads the fire resistance of RFCs is lower than
the 1SO 834 fire case and indicates and unsafe area

(s. Figs. 5.1-5.8). Any design with respect to the
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ISO 834 fire will cause a less fire resistance than the
case of the standard fire.

2- Beyond the boundary fire loads, the regions (grs <
greand Qrs> Qg ) include the safe fire loads grs.
In those areas the fire resistance of RFCs in case of
real fire is in any

3- Beside that the design of RFCs with respect to the
ISO 834 regulations is presented (s. Section 4.2). In
an example it is demonstrated that no additional
preventive measures for RFCs of the industrial
building may be necessary with respect to the 1SO
834, however it is recommended that a F90 design
regulations should be chosen.

4- Kodur, etal presents in their article (2018), that an
insulated fiber-reinforced polymer strengthened
(FRP) reinforced concrete slab (RC) can achieve
fire resistance comparable to that of a conventional
un-strengthened RC slab, and can withstand higher
load levels during fire exposure. Provision of fire
insulation on FRP strengthened RC slab can
enhance fire resistance by as much as 60-90
minutes, in most practical situations.

5- Hawileh, R. A. Draws also in their article (2011) the
following main conclusions based on the results of
the finite element inves-tigations:

a-With respect to the fire performance of CFRP-
strengthened insulated T-beams exposed to top
fire, the temperature in the FRP was relatively low

during the fire exposure and therefore its structural
integrity was maintained.

b-As a result of heating the top surface of the beam,
the downward deflection was decreased. On the
other hand, an increase in the downward deflection
will occur if the beam is heated from the soffit of
the beam. Heating the top surface of the beam
seems with a behavior similar to beam

prestressing.

In the above given articles it was emphasized
interestingly, that since the failure state shows different

modes according to the amount of fire load in natural

fires, the different edge conditions (top or bottom
heating, CFRP or FRP use, insulation use ..) will show
different modes and this situation will be corralated to
the effect of fire loads.

Beyond that, the developed Structural model makes
also a valuable contribution in other fields (s. Haksever,
TUJES Issues). Finally, the present numerical fire
simulations were expanded with the developed model
for enclosure fires and verified with large scale fire
experiments (s. C3-experiments in Finland) where the
improvements are still necessary in particular in
upgrading travelling fires and pyrolysis models.
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One Cikanlar

> Biyoklimatik tasarim matrisinde bina tasarinuna iliskin “Riizgar kiricilar”, “I¢-dis odalar”, “Giines
duvar/pencereleri” ve “Is1 Ortiisii/yaliim” konseptleri tiim iklim bdlgelerinde Oncelikli
degerlendirilir.

> iklimlerin kurulugu tasarimeiy: ve tasarimi zorlayan bir etmendir ve matris stratejilerinin tiimiiniin
kullanimini gerektirir. Iklimin nemlilik 6zelligi kazandig1 1liman-nemli ve sicak-nemli bolgelerde ise
“yerkabuguna yerlesim” konseptinin dncelik olusturmadigi, bu 6nceligin iliman-kuru ve sicak-kuru
bolgeler icin gegerlidir.

» Biyoklimatik tasarim matrisinde iklim boélgeleri i¢in birincil derecede Onerilmeyen stratejilerin de
kullanimi s6z konusu olabilir. Ancak bu noktada maliyetlerin artabilecegi, enerji kayip ve
kazanglarinin degisecegi tasarimci tarafindan 6n goriilmelidir.

Makale Bilgileri Oz

Nitel arastirma yontemlerinin kullanildigi bu c¢alismada, literatiir arastirmast

L BTl kapsaminda biyoklimatik mimari tanimlanmaktadir. Biyoklimatik mimariye iliskin
Gelis: strateji ve konseptler detayli agiklanarak, iligki oriintiisii en az sicak devre (kig) ve en
11 Haziran 2019 sicak devrede (yaz) optimum i¢ mekan konforunun saglanmasinda kullanilabilecek
Kabul: tasarim matrisine dondstiirilmektedir. Yirmi temel iligkiyi tanimlayan matriste,
20 Eylil 2019 semboller iklim bolgesinin 6zelligine gore dncelikli degerlendirilmesi gerekli iliskileri

ifade etmektedir. Sembollere sayisal deger verilmesiyle mimari tasarimlara
aktarilmasi ongoriilen yaklagimlarin matematiksel ifadesi elde edilmistir. Tiirkiye nin
biyoklimatik tasarim; = 81 ili, geleneksel yapilasma kiiltiiriiyle de uyumlu; soguk, 1liman-nemli, 1liman-kuru,
iklimsel konfor; sicak-nemli ve sicak kuru iklim bolgelerine ayrilmaktadir. Her iklim bdlgesi icin
Tiirkiye; olusturulan biyoklimatik matris verileri; yerlesme dokusu ve bina tasarimina iligkin
yaklagimlar kapsaminda detayli agiklanmakta ve mimarlara biyoklimatik bina
tasarlama noktasinda Tiirkiye 6zelinde rehber bir matris sunulmaktadir.

BIOCLIMATIC DESIGN MATRIX (TURKEY)

Anahtar Kelimeler:

Article Info Abstract

In this study using qualitative methods, context of approaches to literature search

Avrticle History: bioclimatic architecture is defined. The relationship pattern is transformed into a

Received: design matrix that can be used to provide optimum indoor comfort at least in the hot
June 11, 2019 season (winter) and the hottest season (summer) by describing the strategies and
Accepted: concepts related to bioclimatic architecture in detail. Mathematical symbols that

September 20, 2019  define twenty basic relations, state the necessary relationships to be prioritized

according to the feature of the climate zone. Mathematical expression of predicted

Keywords: approaches to transferring symbols to architectural designs with numerical value is
bioclimatic design; obtained. The 81 provinces in Turkey's political map are divided into cold, temperate-
climatic comfort; humid, temperate-dry, hot-humid and hot dry climate regions compatible with
Turkey; traditional settlement culture. Bioclimatic matrix data generated for each climate

region; architects are presented with a guide matrix specific to turkey at the point of
designing a bioclimatic building, context of approaches to the settlement pattern and
building design are described in detail and sustainable / ecological building designs
have become important today.
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1. Giris
Bina i¢i iklimsel konforun enerji tiiketimini

artirmaksizin istenilen diizeyde tutulabilmesi, dis
iklim kosullarint belirleyen; 1simim, sicaklik, nem ve
riizgarin kontroliine baghdir. Tklimsel konfor, kisinin
belirli degerlerdeki; i¢ hava sicakligi, bina kabugu i¢

ylizey sicakligi, nem ve hava hareketi gibi i¢ iklim

P. Kisa Ovali | Trakya University Journal of Engineering Sciences, 20(2): 51-66, 2019

bilesenlerinin olusturdugu ¢evre etkisi altindayken

konforsuzluk  hissi duymadigt  durum olarak

tanmimlanmaktadir (ASHARE 55-74, Gallo vd.,
1998:3). Konforlu bir i¢ mekan i¢in énerilen optimum
degerlerin (Cizelge 1) disma ¢ikilmas: kisiler
acisindan konforsuz i¢ mekan olusumuna neden
olurken, ayni zamanda 1sitma veya sogutma enerji

tiiketimlerini de artirmaktadir.

Cizelge 1: Konforlu bir i¢ mekén i¢in dnerilen degerler

i¢ ortam havasi Bagil nem Hava hareketi i¢ yiizey sicaklig
Mekén adi °C % en fazla m/s °C
Yaz Kis Yaz Kis Yaz Kis Yaz Kis

Yasama mekani 22-25 19-22
Yatma mekani 19-22 17-20
Mutfak 20-22 18-20 Hava Hava
Banyo 22-25 20-23 | 40-60 | 40-50 | 0,2-0,4 <02 sicakligmin | sicakligimin
Wc 19-22 17-20 arasi | arast arasi - 2-3°C 2-3°C
Koridor 19-22 17-20 altinda altinda
Merdiven 18-20 16-18
Calisma odas1 22-24 19-22

Kaynak: (Goksal ve Ulgen, 2000:37)

Biyoklimatik mimarlik, kokeni yerel mimariye
dayanan, iklim ve c¢evre kosullarinin binanin i¢
ikliminin olusturulmasinda temel yonlendirici oldugu
bir (Widera,

2015:567). Biyoklimatik tasarimlarda pasif mimari

mimari yaklagimi tanimlamaktadir
bilesenler ve peyzaj 6geleri ile iklimsel etkiler kontrol
altinda tutularak optimum i¢ mekan konforu saglanir.
iklime uyumlu bu tasarimlarda mekanik sistemlere
(aktif ¢Oziimler) olan bagliliktan kagmilir ve bu

sistemler destek olarak degerlendirilir (Tundrea ve

Budescu, 2013:110).

Binalarda enerji kullanimini zorunlu kilan 6nemli

faktorlerden biri iklimsel konfor gereksinimidir. ig

mekan konfor kosullarinin saglanabilmesi igin
binalarin  belirli  donemlerde  1sitilmasi  veya
sogutulmasi gerekmektedir. Bu gereksinim

kargilanirken tiiketilen enerjilerin azaltilmasi ve enerji

korunumu saglayan iklimle uyumlu/biyoklimatik
tasarimlarin yapilabilmesi i¢in tasarimi yonlendiren
kavramsal cerceve onem kazanmaktadir. “Tklim ve

tasarim” iligkisi kapsaminda incelenen c¢aligmalarda

(Aronin, 1953; Oglyay, 1963; Konigsberger vd., 1975;
Egan, 1974; Konya, 1980, Watson ve Labs, 1992;
Ayan, 1985, Orhon vd., 1988; Colombo vd., 1994;
Radovic, 1994; Karaman, 1995; Jones, 1998; Givoni,
1998, Hyde, 2000, Yilmaz, 2007); kuzey yarim kiire
icin iklim bdlgesine gore en az sicak devrede/kis
binanin i¢ enerjisinin korunmasi, en sicak devrede/yaz
havalandirma ve sogutma olanaklarinin artirilmast
gerektigi belirlenmistir. Bu kapsamda Watson ve Labs
(1992)’1in biyoklimatik tasarim strateji ve konsept
iliskilerini agiklamaya yonelik caligmasi (Cizelge 2)

biitiinciil bir kavram agilimi1 sunmaktadir.

Karaman (1995) tarafindan Tiirkiye geleneksel konut

dokusu ozellikleri dikkate alinarak gelistirilen
biyoklimatik tasarim stratejileri Watson ve Labs’in
tasarim stratejilerinden faydalanmakla birlikte revize
edilmistir. “Toprakla serinligi artirmak (yaz)” stratejisi
ayni icerikle “Periyodik 1s1 akisini geciktirmek (yaz-
kig)” seklinde, “Sizintiy1 azaltmak (yaz-kis)” stratejisi
ise yalmizca kis kosullar

(Cizelge 3).

icin degerlendirmistir
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ILETiM TASINIM ISINIM BUHARLASMA
KAZANCI Giines
= ARTIRMAK kazancim
E arttirmak
= 1223 .
E 2 fletkenlik Dis hava akimin
= luvl azaltmak
§ KAYBI yo Ey a1s1
o akisimni S1zintiy1
7 ONLEMEK azaltmak azaltmak
~ -
2 Iletkenlik Giin
) KAZANCI yoluyla 1s1 S1zintiy1 kazzn(?lsm
% | n| ONLEMEK akisint azaltmak sraltrak
M < azaltmak
> Toprakla Isima yoluyla Buharlagsma
. Havalandirmay1 R .
KAYBI serinligi arttirmak serinligi yoluyla serinligi
ARTIRMAK arttirmak arttirmak arttirmak
i(S)\YN AGI Atmosfer Gilines
L(SlIJTU cuU Toprak Atmosfer Gokyiizii Atmosfer
Kaynak: (Watson ve Labs, 1992:32)
Cizelge 3: Karaman’a gore biyoklimatik tasarim stratejileri
ILETiM TASINIM ISINIM BUHARLASMA
ISI R .
% KAZANCINI Periyodik Gilines
S ARTIRMAK | ! akisim kazancin
al geciktirmek artirmak
é @ Di1s hava
O X S| iletkenlik akimini
ﬁ KAYBINI yoluyla 1s1 azaltmak
< | ONLEMEK akigim
z azaltmak Sizintiy1
azaltmak
Iletkenlik .
Giinesi
<l 18! yoluyla 1s1 Kazanein
X <| KAZANCINI akisini
<>| " $ azaltmak
O b ONLEMEK azaltmak
n
Y . .
o I R el T R L R et
o| KAYBINI aKis artirmak £ yoluy g
ARTIRMAK geciktirmek artirmak artirmak

Kaynak: (Karaman, 1995.27)

Biyoklimatik tasarimlarda i¢ mekén 1s1l konfor
olusumunu ve enerji korunumunu etkileyen en 6nemli
tasarim parametreleri, binanin konumu, yonlenmesi,
formu, binalar aras1 mesafe ve yap1 kabugunun optik
ve termo fiziksel 6zellikleridir (Y1lmaz, 2007:307). Bu
kapsamda farkli iklim boélgelerine gore en az sicak

devre (ki) ve en sicak devrede (yaz) optimum ig

mekan konforunun saglanmasinda kullanilabilecek
iklim Kkontrol stratejileri dokuz baglikta (Cizelge 4),
mimari tasarimi yonlendirecek konseptler dort baghk
altinda tanimlanarak (sekiz alt baslhk) (Cizelge 5),
biyoklimatik tasarim matrisi olusturulmaktadir.
Kontrol stratejileri icinde “fletkenlik yoluyla 1s1

akigini azaltmak” stratejisinin ¢ogunlukla kis, gerekli
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durumlarda yaz doneminde kullanilmas1 sebebiyle kis

P. Kisa Ovali | Trakya University Journal of Engineering Sciences, 20(2): 51-66, 2019

stratejileri i¢inde degerlendirilmistir.

Cizelge 4: Biyoklimatik tasarim i¢in iklim kontrol stratejileri

STRATEJILER

ACILIM

EN AZ SICAK DEVRE (KIS)

Iletkenlik
yoluyla 1s1
akigini
azaltmak

Isil iletkenlik olarak tanimlanan 1s1 taginim siireci, opak yapt malzemelerinin dis yiizeyi
tarafindan sogurulan 1s1 enerjisinin malzemenin i¢ yiizeyine gecisi olayidir. Bu strateji,
mekan igindeki 1sinin korunmasi i¢in yapit kabugunda yalitim malzemelerinin kullanimryla
1s1 gecisinin engellenmesini tanimlamaktadir. I¢ mekan ile dis mekan arasindaki 1s1 farki
arttikca yontem etkili olmaktadir. Ancak, en sicak devrede bu durum dogal serinligin
olmadig alanlarda, uzun zaman i¢in konfor saglanmasi gerektiginde detayli irdelenmelidir.
Is1 akisi; optimum ylizey alani, 1siya dayanikli yapi kabugu olusumu ve bina iginde 1s1
bolgelemesi yapilarak, yapili ¢evreye iliskin tasarim olgiitleri i¢inde dengelenebilecek bir
unsurdur. Dig yiizey alan1 azaldik¢a dig mekéna olan 1s1 akigt da azalmaktadir.

Giines
kazancim
artirmak

Pasif 1sitma yontemlerini kapsayan bu stratejide (giiney penceresi, kis bahgesi, trombe
duvar1 vb.) opak yapi elemanlar1 araciligiyla depolanan 1s1 enerjisi iletim yoluyla ig
mekana aktarilir. En az sicak devrede gilinesin 1sinim etkisinden daha fazla yararlanabilmek
icin giineye yonlenmis saydam yiizeyler veya mekanlar 1sitma elemani olarak kullanilir.

Di1s hava
akimim
azaltmak

Binanin dis yilizeyinin maruz kaldig1 soguk riizgar siddeti ve siiresi arttik¢a bina kabugunun
1s1 kaybr da artar. Bu noktada peyzaj elemanlari, riizgarin istenmeyen sogutma etkisini
azaltan bir unsur olarak kullanilmaktadir. Bunun yami sira bina bigimi, kabuk
organizasyou, binanin riizgara goére konumu gibi tasarima iliskin dl¢iitler riizgarin olumsuz
etkisini azaltacak sekilde ele alinmalidir.

S1zintiy1
azaltmak

I¢ mekan konforu agisindan i¢ ortamdan dis ortama veya tersi durumda, kap1 ve pencere
bilesenlerinin dogru uygulanmamasi veya kullaniomda olusan ¢atlaklar nedeniyle
olugabilecek 1s1 kayiplarinin azaltilmasi dnemlidir..

KIS / YAZ

Periyodik 1s1
akigini
geciktirmek

Bina kabugunun 1s1 depolama kapasitesi yiiksek opak bilesenlerle olusturulmasi, 1sitma
enerjisi korunumu saglamaktadir. Zaman-geciktirmeye (time-lag) dayali kabuk olusumu
sayesinde oOzellikle uzun giin ve geceli sicak-kuru iklim bolgelerindeki 1s1 degisimleri
dengelenerek, giindiiz olusan sicaklik etkisi azaltilabilir. Soguk, iliman-kuru ve sicak-kuru
iklim bolgeleri i¢in, yerkabuguna yerlesim ve toprak katmaninin yalitim elemamn
niteliginde kullanim: uygun konfor kosullart sunmaktadir. Ancak, toprak altinda
yapilasmada uzun siireli 1s1 akigi etkilerine dikkat edilmelidir.

EN SICAK DEVRE (YAZ)

Glines
kazancim
azaltmak

En sicak devrede yiiksek sicakligin neden oldugu konforsuzluk hissinin ortadan
kaldirilabilmesi i¢in giines kontrolii gerekmektedir. Giines kontrolii; engelleme, yansitma,
saydam ylizey yonlerinin ve boyutlarinin belirlenmesiyle gerceklesmektedir. Engelleme,
bina kabuguna bagli veya ayr1 goélgeleme elemanlar1 yaninda peyzaj organizasyonuyla
saglanmaktadir. Yansitma, saydam ylizeylerin 1sinimi yutma ve gecirme kapasitesi ile
orantilidir. Saydam yiizeylerin organizasyonunda en sicak devrede yiiksek 1sinim alan
cephe yiizeyindeki saydamlik oraninin optimum boyutu ve yonlenmesi belirlenmelidir.

Hava akigini
artirmak

En sicak devrede sicaklik ve nem etkisinin yiiksek oldugu iklim bdlgelerinde, i¢ iklimsel
konforun dengelenmesi i¢in pasif sogutma alternatiflerinin kullanilmasi1 gerekmektedir.
Pasif sogutma etkisi basing farki (dogrudan havalandirma yoluyla konfor havalandirmasi,
capraz havalandirma, gece havalandirmasi) veya baca etkisi ile saglanabilir.

Buharlagsma
yoluyla
serinligi
artirmak

Suyun dogal veya yapay yollarla buharlagtirilmasiyla sogutma saglanmaktadir. Sogutma
bina icinde buharlasan su ve hava akimiyla saglanabilecegi gibi, dis yiizeylerde
buharlastirmaya dayal1 yontemlerle de saglanabilmektedir (sogutma kuleleri, 1slatilmis ¢ati
ve duvar yiizeyleri). Bu basit yontemler sicak-kuru iklim boélgelerinde optimum konfor
saglar ve gerektiginde mekanik donatilarla desteklenebilir.

Isima
yoluyla
serinligi
artirmak

Binanin dis ylizey sicakliginin c¢evre sicakligindan fazla olmasi durumunda gerceklesir.
Giines 1s1mimu etkisinde kalan binanin dis yiizeyi (1s1l kiitle); 1sinimi 1s1 enerjisi olarak
depolar. Bina kabugu gece kosullarinda depoladig 1s1 enerjisini taginim ve iletim yoluyla
dis ortama aktarir. Bu durumda bina etkin olarak sicaklikyayar ve sogur.

Isitma ve

biyoklimatik konforu saglayacak ve yapili ¢evrede

sogutma kosullar

Kaynak: (Watson ve Labs, 1992:33-36; Karaman, 1995:25-28)

icin i¢ mekanda enerji tiikketimini azaltacak bu stratejiler konseptler

araciligtyla mimari tasarimlara aktarilmaktadir.




Biyoklimatik Tasarim Matrisi (Tiirkiye) 55

Cizelge 5: Biyoklimatik tasarim konseptleri

KONSEPTLER ACILIM
1. Riizgar Soguk nitelikli kis riizgarlarindan korunmak igin;
kiricilar e  arazi formu, komsu yapilagsma veya bitkileri riizgar kirici olarak kullanma,
g 2 E (kug) e  Dbina kabugunun form ve yonlenmesiyle riizgarin olumsuz etkisinin azaltma.
E‘ § § 2. Bitkiler Buharlagsma ve golgeleme ile sogutma yapmak igin su ve bitkiler bina gevresinde veya yiizeyinde
5 E @ | vesu (yaz) kullanilir;
9 e  yerlesimin veya binanin serinletilmesi i¢in zeminde ve bina yiizeyinde bitkileri kullanma,
e buharlagsma ile nem saglanmak ve serinligi artirmek igin ¢att havuzu veya islatilmis ¢ati
kullanma..
3. I¢/Dis En sicak devrede sogutma ve en az sicak devrede isitma saglamak igin avlu, giines odasi, kis
- odalar bahgesi, riizgarlik gibi mekanlar tasarlanmak (pasif 1sitma);
= S5 (kisve yaz) | ¢  tampon alan olusturacak mekanlari (garaj, depo) kuzey yonlii konumlama,
g5 5 e 1s1 kazancimin artirilabilmesi i¢in i¢ mekanda gilinese yonlenmis bdlgeler olusturma,
2 ? = e iglevlerin gilinese yonlenmeyle uyumlu olmasi.
é E g 4. Yeraltma | Bina kismen ya da tamamen toprak altina alinarak, topragin bir yalitim malzemesi gibi ¢aligmasi
= S 2 | yerlesim saglanir. En az sicak devrede 1s1 korunumu saglanirken riizgarin istenmeyen etkileri de dnlenir. En
g S (kis ve yaz) | sicak devrede i¢in serinletici ortam olusur;
& e binanin toprak oyularak insa edilmesi,
e zemin sicaklik degisimleri i¢in kalin malzeme kullanimi yaninda ¢im ¢atilarin kullanima.
5. Giines En az sicak devrede binalarin 1sitilmasinda gilinesten yiiksek oranda faydalanmak igin giinese
duvarlari, yonlenmis duvar ve saydam yiizeylerin olusturuldugu pasif 1sitma yontemlerini kapsar (Trombe
pencereler duvari, metal giines duvari vb.);
(kis) e  giinese bakan saydam yiizeylerden bina zeminine olan yansimayi artirma,
e  bina kabugunun bi¢im ve yonlenmesiyle kis giinesi alimin1 artirma,
e  1s1 depolama kapasitesi yliksek malzemeleri kullanma,
e  giiney cephelerde saydamlik oranini artirma,
e  giineye yonlenmis bina yiizeylerinde giines duvari, giines toplact veya PV kullanma,
= e 11 artirmak igin saydam yiizeylerin dniinde yansitici panel kullanma,
:% . giinesle 1s1 kazanimi ve dogal aydinlatma igin tepe penceresi kullanma.
= L 6. Is1 ortiisiic | Iklimle uyumlu tasarim yontemlerinin gogu en az sicak devrede i¢ mekani dis iklim kosullarindan
g2 /yaliim koruyarak 1sitma enerjisi kazanmay1 amaglar;
)En § (kis) e dis duvar yiizeyinin ve gat1 alanini azaltma (yiizey/hacim iligkisi),
= S e  i¢c mekani sicak ve soguk olarak bolgelere ayirma ve girislerde riizgarlik/vestiyer tasarlama
—: =~ e ¢ ve dis iklim arasinda tampon bdlge olarak cati kati olusturma,
= e  zemin ve i¢ mekan arasinda tampon bdlge (bodrum veya bosluk) olusturma,
= e  konfor saglamada dogal veya mekanik destekli hava bacalar1 yapma,
e merkezi 1s1 kaynaklarini bina i¢inde tutma,
e  depo, garaj gibi mekanlari iklimsel tampon saglayacak sekilde konumlanma,
e  bina kabugundan 1s1 akisini engelleyecek yalitim malzemelerini dogru segme,
e nem hareketine buhar engeli uygulama ve hava sizintisini engellemek igin detaylar gelistirme,
e kabuktaki 1s1 akigini kontrol etmek i¢in 1s1 tutuculugu yiiksek malzemeler segme,
e saydam yiizeylerde yalitim kontroliinii saglanma,
e  kuzey, bat1 veya doguda bulunan pencere ve kap1 bosluklarini azaltilma,
e hava akigi i¢in havalandirma agikliklarinin dogru organizasyonu.
7. Glines Yaz ve kig giines agisinin farkliligi binalarda en sicak devrede golgeleme gereksinimi olusturur;
= kiricilar e  zeminde ve bina yiizeylerinin dig camlarinda olusacak yansimay1 azaltma,
.'% (yaz) e  golgesi igin toprak formlari, komsu yapilar ve bitkileri kullanma,
= e  bina kabugunun bi¢im ve yonlenmesiyle yaz giinesi alimini azaltma,
g 3 e  yaz giinesi alan opak bina ylizeylerinde golgeleme elemani olusturma,
5 § e  yaz giinesine yonlenmis yiizeylerde 1s1 yansitict malzemeler kullanma.
E 2 8. Dogal Mekan sogutmada izlenecek en basit teknik dogal havalandirmadir. Buna ilave olarak;
'é g hava akist e toprak formlari, komsu yapilar ve bitkileri serin yaz riizgarini binaya yonlendirecek sekilde
:; (yaz) konumlanma ve tiirlerinin belirlenmesi,
£ e binanin maksimum hava akimi yaratacak sekilde tasarimi yaninda agik planlama,
@ i¢ mekandaki hava akimini artirmak i¢in diisey hava bacalari, ¢at1 boslugu olusturma,
e serin yaz riizgarini bina i¢ine yonlendirecek kanat duvar, sacak, ¢at1 penceresi kullanma

Kaynak: (Watson ve Labs, 1992:79-81)
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2. Materyal ve Metot

Calismada kavramsal agilimlar1 yapilan biyoklimatik
tasarim strateji ve konseptleri biyoklimatik tasarim
matrisine doniistiiriilmektedir (Sekil 1). Yirmi sembol
ile timlestirilen iligkiler —matrisin =~ %100 iini
tanimlamaktadir (her sembol %5°lik bir sayisal degere
sahiptir). Olusturulan matris iklim bdlgelerinin
ozelliklerine gore optimum i¢ mekan konfor kosulu
saglayacak iligkiler kapsaminda yeniden organize
edilmektedir. Ayrica enerji korunumlu mimari
tasarimt  yonlendiren yerlesme dokusuna ve bina
tasarimina iliskin yaklasimlar her iklim bdlgesi

ozelinde detayli agiklanmaktadir.
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(KI5) ISTTMA. YAZ (YAZ) SOGUTMA
KONTROL =
Sl P By
g ES = g |
g Ei = 8
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Sekil 1. Biyoklimatik tasarim matrisi

Kaynak: (Karaman, 1995:33; Kisa Ovali, 2009:46)

2.1. Iklim Bélgeleri Ozelinde Biyoklimatik Tasarim
Matrisi: Tiirkiye

Ulkemiz &zelinde yapili gevre/iklim ve geleneksel
mimari/iklim 1iliskisini ele alan c¢aligmalarda iklim

bolgeleri; sicak-nemli, sicak-kuru, 1liman-nemli,

tliman-kuru ve soguk olmak iizere siniflanmaktadir.
(Zeren,1978; Karaman, 1995; Giirsel, 1991; Orhon
vd., 1988; Ayan, 1985; Aksit, 2005, Kisa Oval1 2009).

Bina tasariminin yapilacagi yere 6zgii topografik ve

yerel iklim wverileri (rakim, topografya, 1smnim,

sicaklik, nem, riizgar vb.) biyoklimatik tasarimlarin

temel yonlendiricileridir. Bu verilerin tasarimci

tarafindan detayli olarak elde edilecegi kabulii ile
calisma iginde iklim bolgelerinin iklimsel 6zellikleri,
bdlge geneli igin  kisaca

cografi  yapilar

tanimlanmakta  ve  iller iklim  bdlgelerine
ayrilmaktadir. Ancak, biyoklimatik tasarimlarda il
siyasi sinirlarindan ¢ok cografi esiklerin dikkate
alinmas1 gerekmektedir. Clinkii Karadeniz kiyisinda
yer alan illerde, daglarin denize bakan yerlesimlerinde
iklimin 1liman- nemli karakter sergiledigi, daglarin
ardinda yer alan (igte kalan) yerlesimlerde ise iklimin
tliman-kuru veya soguk karakter sergiledigi dikkatten
kagmamalidir. Benzer durum Mugla ve Antalya
illerinin kiyt ilgeleri i¢in de gecerli olup, kiyilarda
sicak-nemli iklim oOzellikleri goriiliirken, il merkezi
veya icte kalan ilgelerde enlem, rakim, engebe ve
yagis verileri bakimindan iliman-kuru veya soguk
ozellikleri Ornekler

bolge goriilebilmektedir.

cogaltilabilir (Sekil 2), (Cizelge 6).

M Iiman-kuru Sicak-nemli | M Sicak-kuru
iklim iklim iklim

W Soguk Iliman-nemli
iklim iklim

Sekil 2. Tiirkiye iklim bdlgeleri haritasi
Kaynak: (Koca, 2006:10)

2.1.1. Soguk Iklim Bolgesi

Soguk iklim bolgesi yerlesimlerinde tasarlanacak

binalarda; en az sicak devrede giinesin 1sitict
etkisinden maksimum faydalanacak, hakim soguk
riizgardan korunacak ve bina iginde 1s1 korunumu
saglayacak konseptlerin Oncelikli degerlendirilmesi
gerekmektedir (Sekil 3). En sicak devrede mevcut dis
iklim kosullar1 bina ig¢i 1s1l konforun saglanmasina i¢in
yeterlidir. Bu baglamda matris verilerinin %55°lik

kismui istenen konforu saglamaktadir.
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Cizelge 6: iklim bolgelerinin genel zellikleri, cografi yap1 ve iller
Genel iklim Ozellikleri Cografi Yap ve Yesil Doku iller

Uzun ve siddetli kislarin goriildiigii | Dogu Anadolu bblgesi, I¢ Anadolu bolgesinin | Agri, Ardahan,
bolgede yilin neredeyse yarisinda sicaklik | dogu kismu ve Dogu Karadeniz bélgesinin | Bayburt, Bitlis

= 0 °C’nin altindadir. En diisiik ortalama | giineyini kapsayan yerlesimlerin rakimlart 700- | Bingdl, Bolu,

3 7 sicaklik -20 °C civarindadir. Yagislar yaz | 2000 m. arasinda degismektedir. Genel olarak | Erzurum,

E &= | aylarinda yagmur, kis aylarinda kar | daglik bolge icindedirler ve arazi yapilart | Giimiishane,

o S niteligindedir. Kar yagislar1 genellikle | engebelidir. Yesil doku, yiiksek rakimli yerlerde | Hakkari,

= : | Ekim’de baslar ve Mayis aymin ortalarina | cayirlardan, diisik rakimli  yerlerde ise | Kastamonu,

’8 M | dek siirer. Buna karsilik yazlar kisa ve | bozkirlardan ve bunlarin cevresindeki yiiksek | Kars, Mus, Sivas,

7)) serin karakterdedir. Yagmur miktar1 az ve | kesimlerde kuru ormanlardan olusmaktadir. Dogu | Tunceli, Van,
bagil nemlilik dasiiktiir. Zorlu iklim | Karadeniz bolgesinin yiiksek kisimlarinda igne | Yozgat

sartlar1 riizgar etkisiyle sertlesir.

yaprakli nemli orman niteligi goriilmektedir.

Yazlart 1hman, kiglar1 az  soguk
karakterlidir. Siddetli kislar ve ¢ok sicak
yazlar goriillmez. Yaz ve kig aylarindaki
sicaklik  farkinin az oldugu, insan
konforuna en yakin o&zellikler gosteren
iklimdir. Ancak yiikseklik ve deniz
kenarinda olma durumlarina gore yaz ve
kis aylarinda, az veya ¢ok sicaklik farklar
olusabilir. Yagislar mevsimlere
dagilmistir ve genellikle Ocak, Subat,
Haziran aylarinda goriilmektedir. En
sicak aylar Temmuz, Agustos ve
Eyliildiir. Iklimin en 6nemli 6zelligi yagis
miktarmin ve nemin yiiksek olusudur

ILIMAN-NEMLI iKLiM
BOLGESI

Marmara bolgesi ile Dogu ve Bati Karadeniz
bolgesinin kiyr kesimlerinde yer alan bu illerin
rakimlari  3-600 m arasinda degigmektedir.
Topografik  yapt  cografi  bolgelere  gore
farklilagsmaktadir. Marmara bolgesinin geneli ova,
Karadeniz Boélgesi’nin kiy1 kesimleri ise yamag
karakterindedir. Yesil doku, Trakya’nin batisinda
kuru, kuzeyinde nemli ormanlardan, Marmara
Bolgesi’nin algak kisimlarinda Akdeniz kokenli
bitkilerden, yiksek  kisimlarinda  nemli
ormanlardan, Karadeniz kiyilarinda ise genis
yaprakli nemli ormanlardan olugsmaktadir

Amasya, Artvin,
Balikesir, Bartin,
Bilecik, Bursa,
Canakkale,
Diizce, Edirne,
Giresun, Istanbul,
Karabiik,
Kirklareli,
Kocaeli, Ordu,
Rize, Sakarya,
Samsun, Sinop,
Tekirdag, Tokat,
Trabzon, Yalova,
Zonguldak

Bolgede gece ile giindiiz arasindaki
sicaklik farki ¢oktur ve soguk iklim
kosullarma  yakin  iklim  ozellikleri
goriilmektedir. Ortalama dis sicaklik
+30°C ila -5 °C arasindadir. Bu durum
denizin yazin serinletici kisin
ilimanlastirict etkisini engelleyen daglarin
bulunmasima baghdir. Yaz geceleri serin
karakterli olup, sicaklik ortalamasi1 27-37
°C dir. Kis sicaklik ortalamasi 8-15 °C

ILIMAN-KURU iKLiM
BOLGESI

Ic Anadolu Bolgesi, Ege Bolgesi'nin dogu
kisimlari, Akdeniz Bolgesi’nin kuzey kisimlar1 ve
Karadeniz Bolgesi’nin giiney kisimlarinda yer
alan bu illerin rakimlar1 700-1200 m. arasinda
degismektedir. i¢ Anadolu Bolgesi genelde ova
niteliginde, yer yer engebelidir. Diger bdlgeler
kismen daglik ve engebeli yapidadir. Yesil doku,
Ic Anadolu Bolgesi’nin al¢aklarmda bozkir,
yiikseklerinde kuru orman, Akdeniz Bdlgesi’nin
yiiksekleri de igne yaprakli ¢am ormanlari,

Afyon, Aksaray,
Ankara, Burdur,
Cankir1, Corum,
Elaz1g, Erzincan,
Eskisehir, Igdir,
Isparta, Karaman,
Kayseri,
Kirikkale,
Kirsehir, Konya,
Kiitahya, Usak,

yiiksek nem orani ve sicakliktir. Yaz ve

Bolgesi’nin kiy1 kisimlarinda yer alan bu illerin

arasinda degigmektedir. Karadeniz ~ Bolgesi’nin  yiiksekleri  nemli | Malatya,
ormanlardan olusmaktadir Nevsehir, Nigde
Iklimin en énemli dzelligi, yogun yagis, | Akdeniz Bolgesi’nin kiy1 kistmlart ile Ege | Adana, Antalya,

Aydin, Denizli,

Yilin bazi zamanlarinda kuru ve siddetli
riizgarlar etkilidir

3 % kis aylarindaki sicaklik farki azdir. Kis | rakimlari 2-150 m. arasinda degismektedir. | Hatay, izmir,
S O | aylan yagishdir. Hikim riizgar veya dag- | Yerlesmeler genelde kiyr ovalarindadir. Bu | Manisa, Mersin,
E s ova, deniz-kara arasindaki hava akimlari | yiizden denizden esen meltem en sicak devre igin | Mugla,
v & | istenen dzelliklerdedir serinletici etki saglamaktadir. Ozellikle Ege | Osmaniye
i{( = Bolgesi kiyilarinda ve Akdeniz Bdolgesi’nin bati
03 kisimlarinda daglarin denize dik uzanmasi yamag
wn karakterinde veya falez tiirii arazi olusumlarina

= neden olmustur. Yesil doku bdlge genelinde kizil

¢am ormanlarindan ve makilerden olugsmaktadir
Yazlar asir1 sicak ve kuru karakterdedir. | Giineydogu Anadolu Bolgesi’nde yer alan bu | Adryaman,

‘7 | Bolgede yiiksek sicaklik ortalamas1 40 °C | illerin ~ rakimlar1  500-1000 m. arasinda | Batman,
a @ civarindadir. Kiglar soguktur. Yillik | degismektedir. Topografya genelde diiz ve az | Diyarbakur,
D 3 | ortalama sicaklik 16.4 °C ve nispi nem % | engebeli karakter gdstermektedir. Yesil doku, | Gaziantep,
¥ :Q | 53.6 civarindadir. Yaz-kis 1sinim orani ve | diisiik rakimli diizliklerde ciliz bozkirlar ve | Kahramanmaras,
¥ A gece-giindiiz sicaklik farki yiiksektir. | kurakliga dayanikli ¢alilardan olugsmaktadir Kilis, Mardin,
8 E Yazlar1 yagisin  goriilmedigi  bolgede Siirt, Sirnak,
D g bulutluluk orani az, nem orami diisiiktiir. Urfa

o

Kaynak: (Goksu, 1999:88-134; Sensoy vd., 2005; Orhon vd, 1988:22; Kisa Ovali, 2009:.49-61)
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Sekil 3. Soguk iklim biyoklimatik tasarim matrisi

Yerlesme Dokusuna iliskin Yaklagimlar:

*Yerlesme dokusu en az sicak devrede giines 1sinimini
engellemeyecek ve riizgdrdan korunum saglayacak

sekilde yogun ve kompakt olmalidir.

*Giines 1siniminin 1sitict etkisinin en fazla, riizgar
etkisinin en az oldugu giiney veya giineydoguya bakan
yamaclarin vadi tabanma yakin alt kisimlari tercih

edilmelidir (Zeren, 1978:17; Orhon vd.,1988:4).

*Cadde ve sokaklarin topografyaya uygun olarak

tasarlanmasina dikkat edilmelidir.

*Bitki Ortiisii soguk riizgari engelleyecek ve giines
isinimin1 - yansitacak sekilde olmalidir. Binalardan
uzakta igne yaprakli agaglar, bina yakinlarinda algak

govdeli yaprak doken agaglarin kullanimi uygundur.

Bina Tasarimina Hi§kin Yaklasimlar:

*Sira ev veya bitisik nizam yapilasma 1s1 kayiplarini
azaltacagindan bolge icin avantajlidir. Iki veya iistii,
katli  binalar, giinesten maksimum  diizeyde
yararlanacak bi¢imde ve en diisiik hacim/ylizey orani

sahip olacak sekilde tasarlanmalidir.

*Yasantinin i¢ mekanda gegirilecegi diisiiniildiigiinde,
kompakt planli, saydam ylizey orani azaltilmis, kiigiik
pencereli binalar tasarlanmalidir. Dogu-bati aksinda

yerlesmis, 1:1,1 veya 1:1,3 oranindaki bina boyutlari

optimum konfor etkisi saglamaktadir (Olgyay,
1963:155-156).
*Optimum  glines  yOnlenmesi  glineyden  22°

giineydoguya bakan konumlardir, (Sekil 4).
*Catilarin egimi kar tutmayacak sekilde dik olmalidir.

*En sicak ve en az sicak devredeki agir1 1s1 farkliliklar
yapida 1s1 bolgelemesi yapilmasini gerektirmektedir
(kuzey yoniinde tampon bolgeler riizgarlik, depo vb.

tasarlanmalidir).

*Cephelerde koyu renk kullanimi 1smim sogurma

yetenegi bakimindan uygundur.

Sekil 4. Soguk iklim bélgesinde optimum, iyi ve
gecerli bina yonlenmeleri

Kaynak: (Orhon vd.,1988:4, Kisa Ovali, 2009:51)
2.1.2. Iman-Nemli Iklim Bélgesi

[liman-nemli iklim  bolgesi yerlesimlerinde
tasarlanacak binalarda; en sicak devrede, yiiksek
nemin rahatsiz edici ve gilinesin 1sitma etkisini
azaltacak, en az sicak devrede riizgardan korunma ve
giinesten 1sitma amagli yararlanmayr saglayacak
konseptler tasarima aktarilmalidir (Sekil 5). Riizgar,
iklimin istenmeyen yogun nem etkisini azaltict bir
unsur olarak degerlendirilmelidir. Matris verilerinin

%65°1ik kism1 optimum konforu saglamaktadir.
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Sekil 5. Iliman-nemli iklim biyoklimatik tasarim
matrisi

Yerlesme Dokusuna Hi§kin Yaklasimlar:

*Yil genelinde sicak ve soguk dagilimi dengeli
oldugundan gilinesten ve riizgardan korunmak ve

yararlanmak gereklidir.

*Giineydoguya bakan yamaglarin serin riizgar
alabilecek st boliimleri tercih edilmelidir (Zeren,

1978:17; Orhon vd.,1988:4).

*Kent dokusu doga ile biitiinlesen serbest sekilde
diizenlemelidir. Yiiksek binalarin ydnlenmesinde

riizgar etkisi degerlendirilmelidir.

*Cadde ve sokaklar en az sicak devrede soguk
en sicak devrede serin

sekilde

riizgarlardan korunacak,

karakterli esintiyi alacak giineybatiya

yonlenmelidir.

*Yesil doku en az sicak devrede kuzey yonlerden

gelecek soguk rilizgarlart engelleyecek, en sicak
devrede giiney ve gilineybatidan esecek serin riizgarlari
binaya yonlendirecek ve golgeleme saglayacak sekilde

diizenlenmelidir.

*Bina yakin ¢evrelerinde yaprak doken yiiksek govdeli

agac ve ¢imen kullanimi uygundur.

Bina Tasarimina Higkin Yaklasimlar:

59

I[liman-nemli iklim bélgelerinde i¢ ve dis mekan
iliskisi giliclii, doga ile bina arasinda yakin iliskilerin

kuruldugu serbest planlar 6ne ¢ikmaktadir.

*Binalar giiney ve giineydoguya acik, batiya kapali

olmalidir. Yatak odalar1 doguya, yari acik dis

mekanlar giiney veya giineydoguya yonlenmelidir.

*Hagvari veya serbest formlar kullanilabilir. Dogu-bati
dogrultusunda 1:1,6 oraminda uzun binalar konfor
kosullar1

(Olgyay, 1963:161).

acisindan optimum etki saglamaktadir

*Giinesin i¢ mekanlara ulagimi i¢in mekan derinlikleri
fazla olmamali, mekan organizasyonu dogal hava
ve nemin olumsuz etkisi

akimmi  desteklemeli

azaltilmalidir.

*Planlamada giiney yonlii 1s1l kiitle olusumuna gerek

yoktur (Y1lmaz, 2007:.308)

*Optimum  giines  yOnlenmesi, giineyden 10°

giineydoguya bakan konumlardir, (Sekil 6).

*Orta

renkler

koyuluktaki optimum  yutuculuk

saglayabilir.

Sekil 6. Iliman-Nemli iklim bolgesinde optimum, iyi
ve gegerli bina yonlenmeleri

Kaynak: (Orhon vd.,1988:4,Kisa Ovali, 2009:55)
2.1.3. Iiman-Kuru Iklim Bélgesi

Iliman-kuru iklim bolgesi yerlesimlerinde tasarlanacak
binalarda; en az sicak devrede gilines 1siniminin 1sitici
etkisinin  artirilmasi,  soguk etkisinin
azaltilmasi, en sicak devrede riizgdrin serinletici
etkisinden yararlanilmasi1 gerekmektedir (Sekil 7).

riizgar
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Matris verilerinin %95’inin (buharlasma ile serinlik
artis1 disinda) tasarima aktarilmasi 6nemlidir.
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b =
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& 8
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yerlesim (- BN 0|0 (€] @
BINA KABUGU | Gilnes duvar ve [~)
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Is: Grtiisti +
yalinm ° ° ° °
BINA Goineg o o
ACIKLIKLARI | kincilar
Dogal
havalandirma °

Sekil 7. Iliman-kuru iklim biyoklimatik tasarim
matrisi

Yerlesme Dokusuna Higkin Yaklasimlar:

*En az sicak devrede hakim riizgar etkisini azaltmak
icin binalardan uzakta yaprak dokmeyen karakterde
yesil doku kullanilmalidir. Bina yakinlarinda igne
yapraklt ve bodur aga¢ topluluklari ile yaprak doken

agaclar ve sarmagiklarin kullanimi uygundur.

*En sicak devrede sicaklik etkisini azaltmak igin
rlizgardan yararlanmaya olanak saglayacak sekilde

kompakt dokular olusturulmalidir.

*En az sicak devrede 1s1 kazanimini artirmak igin
binalar gilinese yonlenmeli ve gerekirse binalara ek

mekanlar (kis bahgesi, sera vb.) tasarlanmalidir.

*Toprak katmanina uygun yalitimlar yapilmak tizere

yerlesilebilir.

Is1 kayiplarin1 6nlemek icin zeminde, duvarda ve

catida yalitim yapilmalidir.

Bina Tasarimina iliskin Yaklasimlar:

*En disik hacim/ylizey oranin1 veren kompakt
binalar, giinesten maksimum diizeyde yararlanacak

bigimde tasarlanmalidir.

*Dogu-bat1 aksinda, yamaglarin riizgardan korunan alt
kisimlaria yerlesmis (Zeren, 1978:17), boyutlari
1:1,1 veya 1:1,3 oranindaki binalar optimum etki

saglamaktadir (Olgyay, 1963:155).

*Optimum  glines  yonlenmesi  glineyden  27°

giineydoguya bakan konumlardir, (Sekil 8).
Catilar iyi yalitilmis ve egimli olmalidir.

*En sicak ve en az sicak devredeki agir1 1s1 farkliliklari
nedeniyle yapida 1s1 bolgelemesi yapilabilmesi igin

kuzey yonii tamponlayacak mekanlar tasarlanmalidir.

*Bina dis ylizeyinin piiriizsiiz dokuda olmas1 ve golge

atmamast Onemlidir. Orta koyuluktaki renkler

optimum yutuculuk etkisi saglayabilir.

Sekil 8. Iliman-kuru iklim boélgesinde optimum, iyi ve
gegerli bina yonlenmeleri

Kaynak: (Orhon vd. 1988:4,Kisa Ovali, 2009:57)
2.1.4.Sicak-Nemli [klim Bélgesi

Sicak-nemli iklim bolgesi yerlesimlerinde
tasarlanacak binalarda; en sicak devrede 1s1 kazancini
ve 1sinimu azaltici, nem kaybini ve havalandirmayi
artirici, en az sicak devrede 1s1 korunumu saglayacak
yaklasimlar dikkate almmalidir (Sekil 9). Matris
%60’k kismi

verilerinin optimum  konforu

saglamaktadir.
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Sekil 9. Sicak-nemli iklim biyoklimatik tasarim
matrisi

Yerlesme Dokusuna iliskin Yaklagimlar:

*Yerlesme dokusu ve binalar, hava akimindan
yaralanacak gekilde daginik karakterde ve ayrik olarak

diizenlenmelidir.

*Yer se¢iminde riizgarin fazla oldugu tepeler tercih

edilmelidir (Zeren, 1978:17).

*Tepelerin dogu veya bati yamaglar: yerine az 1ginim

alan kuzey yon de uygun olmaktadir.

*Kisa ve golgeli sokaklarda buharlagmayi artirict

elemanlardan kaginilmalidir.

*Yesil doku serin hava akiminin  gegisini

engellemeyecek uzun govdeli ve genis dalli olmalidir.
Hava akimimin gélgeli ¢imenlik yiizeylerden gegerek

yapiya ulagmasi istenir.

Bina Tasarimina Higkin Yaklasimlar:

*Tek ve zeminden yiikseltilmig, hacimler arasinda

bosluklar olusturulmus binalar optimum konfor

saglamaktadir. Serbest diizende uzun ve yiiksek

binalar tercih edilmemelidir.

*Golgeleme elemanlart catida, dogu ve bati

cephelerinde  kullanilarak  glinesin  1sitic1  etkisi
azaltilmalhidir. Binanin bati yoniinde en az, kuzey
yoniinde en fazla yiizey olusumu yaratilmalidir. Bina

taban alani artirilarak gece serinligi saglanabilir.
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*En fazla 1smim etkisi dogu ve bati yonlerinde
olacagindan binalar bu yodnlerde ince ve uzun
olmalidir. Dogu-bat1 aksinda, tepelere konumlanmis
(Zeren, 1978:17), boyutlart 1:1,7 veya 1:1,3
oranindaki binalar konfor kosullar1 agisindan optimum

etki saglamaktadir (Olgyay, 1963:73-174).

*Optimum giines yonlenmesi giineyden 3° giineydogu

veya kuzeye bakan konumlardir, (Sekil 5).

*Serbest plan olusumunu  destekler nitelikte,
golgelenmek kosuluyla koridor diizenlemeleri hava

hareketini artirici etken olarak kullanilmalidir.

«I¢ mekanlar golgeli ve hava akimina agik olmalidir.
Mekéan organizasyonunda yagama mekanlar1 dogu ve
alacak sekilde

batidan gelecek hava akimini

konumlanmalidir.

*Cephelerde 1s1 yutuculugu az, yansiticihgr yiiksek

acik renkler kullanilmalidir.

N

Sekil 10. Sicak-nemli iklim bolgesi i¢in optimum, iyi
ve gegerli bina yonlenmeleri

Kaynak: (Orhon vd., 1988:4, Kisa Ovali, 2009:61)
2.1.5.S1cak-Kuru Iklim Bélgesi

Sicak-kuru iklim bdlgesi yerlesimlerinde tasarlanacak

binalarda; en sicak devre i¢in nem oranini ve

golgelemeyi artiracak ve kuru karakterli hava
hareketinden korunma saglayacak (hava hareketi
nemli ise yararlanilmali), en az sicak devrede ise
giines 1siiminin 1sitic etkisini artirmay1 saglayacak

strateji ve konseptlerin tiimiiniin dikkate alinmasi
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gereklidir (Sekil 11). Matris verilerinin %100’lik

biitiinde ele alinmasi s6z konusudur.
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Sekil 11. Sicak-kuru iklim biyoklimatik tasarim
matrisi

Yerlesme Dokusuna Hi§kin Yaklasimlar:

*Is1 kazancimi azaltmak, nem oranini artirmak onemli

bir  Olgittir. Nem  gereksiniminden  dolay1

buharlastirmaya dayali yontemler kullanilmalidir.

*Kent dokusu 1sinimdan korunacak sekilde golgeli ve
yogun olmalidir. Binalar dis mekana gélge vermelidir.
Bina gruplar1 arasinda  golgeli

yaya yollari

olusturulmalidir.

*Yerlesme dogu ve gilineydoguya bakan yamaclarin
soguk hava akimi etkisinde kalan vadi tabanlarina

konumlanmalidir (Zeren, 1978:17).

*Kentsel alanlar yar1 ve tam golge ile korunmali, dis
mekan diizenlemelerinde 151n1im1 yansitma 6zelligi az

olan ¢imen veya toprak kullaniimalidir.

*Yesil doku 1gimim etkisini azaltict bir unsur olarak,

bina yakin ¢evresinde veya avlularda kullanilmalidir.

Bina Tasarimina Higkin Yaklasimlar:

*Yogun karakterde, avlulu ve mekanlar1 avluya bakan
binalar tercih edilmelidir. Dogu-bati dogrultusunda
bitisik nizam, sira evler veya ortak avluya sahip yap1

gruplari olusturularak hacimsel etki artirilmalidir.

*Avlu etrafinda birbirine yakin diizenlenmis bina
gruplarinda, buharlagma ve 1simim yoluyla (gece)

sogutma yapilmalidir.

*Uygun kosullar saglandiginda toprak altinda bina

coziimleri de uygulanabilir.

*Binalarin bati ve giiney cephelerindeki saydamlik

orani azaltilmalidir.

*Binalar giines etkisinden en az etkilenecek sekilde
avlulu, kompakt, yatayda yayilmigs ve az Kkath
olmalidir. Optimum bina boyutu 1:1,3 tiir. (Olgyay,

1963:167-168).

*Optimum ydnlenme giineyden 18° giineydogudur,

(Sekil 12)

«Sicaklik

cepheleri dar, derinlikleri fazla olmalidir.

etkisinin azaltilmasit ig¢in mekanlarin

*Bina kabugu gerekli zaman gegikmesini saglayacak,
1s1l kiitle olusumuna olanak saglayavcak malzeme ve

kalinlikta olmalidir (Y1lmaz, 2007:308).

*Cephe yiizeylerinde giines 1sinimindan yararlanilacak
yiizeylerde koyu, diger ylizeylerde yutuculugu az

yansitmasi yiiksek olan acik renkler kullanilmalidir.

VV

815

Sekil 12. Sicak-kuru iklim bdlgesi i¢in optimum, iyi
ve gegerli bina yonlenmeleri

Kaynak: (Orhon vd., 1988:4, Kisa Ovali, 2009:64)

3. Bulgular ve Degerlendirme

Farkli iklim bolgelerinde tasarlanacak binalarda kimi

zaman iklim ve topografyanin olumlu etkilerinden
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yararlanmak, kimi zamanda olumsuz etkilerine karsi

bina bilesenleri araciligiyla 6nlemler almak
gerekmektedir. Bu noktada ozellikle 1sitma veya
sogutma istenen aylarin bilinmesi, giines enerjisi
gereksinimine optimum cevap verecek pasif strateji ve
konseptin belirlenmesi yaninda sogutma saglayacak
pasif havalanma ve golgeleme konseptinin de

belirlenmesi agisindan énemlidir.

Sensoy vd. (2006)’ya gore iilkemizde en az isitma

gereksinimi  Iskenderun’da, en fazla 1sitma

gereksinimi Sarikamis’ta gerceklesmektedir. Temmuz
ve Agustos aylarinda yalnizca Van ve Ardahan’da ¢ok
az miktarda 1sitma gereksinimi olmaktadir. Ulkemizde
sogutma ise

gereksinimleri Mayis-Ekim  aylari
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arasinda  gergeklesmektedir. En az  sogutma
gereksinimi Nevsehir ve Agri’da, en fazla sogutma
gereksinimi ise Cizre’de gergeklesmistir. En fazla ve
en az isitma ile en fazla ve en az sogutma istenen
cografi bolgelerin aylik durumlarina bakildiginda; yil
genelinde en fazla 1sitma gereksinimi Dogu Anadolu
ve Orta Dogu Anadolu bolgelerinde, en az 1sitma
gereksinimi Ege, Akdeniz ve Giiney Dogu Anadolu
bolgelerinde, en fazla sogutma gereksinimi Ege,
Akdeniz ve Giiney Dogu Anadolu bolgelerinde
olmaktadir. Ocak-Nisan ve Kasim-Aralik aylar
arasinda sogutma gereksinimi olmazken, Eyliil ayinda
Marmara’nin batis1 (Trakya) ve Bat1 Karadeniz i¢in en

az sogutma gereksinimi dl¢iilmiistiir (Cizelge 7).

Cizelge 7: Cografi bolgeler i¢in 12 aylik donemin uzun yillar 1sitma ve sogutma giin derecelerine gore

degerlendirilmesi

onem ISITMA SOGUTMA
Aylar En fazla 1sitma En az 1sitma En fazla sogutma En az sogutma
Ocak Dogu Anadolu Ege, Akdeniz - Gereksinim yok
Subat Dogu Anadolu Ege, Akdeniz - Gereksinim yok
Mart Dogu Anadolu Ege, Akdeniz - Gereksinim yok
. 9 Ege, Akdeniz, G.D. .
Nisan Dogu Anadolu Anadolu - Gereksinim yok
Orta ve Dogu Anadolu Ege, Akdeniz, G.D. i
Mays Karadeniz Anadolu, Marmara Urfa, Simak
. Sivas, Ardahan, Kars, Ege, Akdeniz, G.D.
Haziran - -
Erzurum Anadolu
Van, Ardahan biraz Ege, Akdeniz, G.D.
Temmuz - -
1sitma Anadolu
- Van, Ardahan biraz Ege, Akdeniz, G.D.
Agustos - -
1sitma Anadolu
Evliil Sivas, Ardahan, Kars, i Ege, Akdeniz, G.D. Trakya, Bati
y Erzurum Anadolu Karadeniz
. . Ege, Akdeniz, G.D. Mersin, Adana,
Ekim Orta ve Dogu Anadolu Anadolu Hatay, Sirnak
Kasim Orta ve Dogu Anadolu Akdeniz - Gereksinim yok
Aralik Orta ve Dogu Anadolu Ege, Akdeniz - Gereksinim yok
Kaynak: (Sensoy vd., 2006)
4. Sonuglar sogutma gereksiniminin ise sicak-nemli ve sicak-kuru

Kuram agilimimna iligkin literatiir taramasi ve iklim

ozelliklerine iliskin veriler kapsaminda; Tiirkiye

genelinde 1sitma  Onceligi  bulundugu, 1sitma

gereksiniminin  daha ¢ok soguk, 1liman-kuru ve

tliman-nemli iklim bdlgelerinde Oncelik kazandigy,

iklim bolgelerinde 6ne ¢iktig1 belirlenmistir.

Ulkemiz 6zelinde bes iklim bélgesi igin olusturulan
biyoklimatik tasarim matrisi verilerine gore; sadece
soguk iklim bolgesinde en sicak devre i¢in sogutma

stratejilerine  gereksinim duyulmamaktadir. Soguk
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iklim  bolgesi  yerlesmelerinde  yogun  1sitma
gereksinimi dolayisiyla matris verilerinin % 55’1
(1sitma  stratejilerinin tiimii) konforlu ve az enerji
tiketen biyoklimatik bina ingasi agisindan yeterli
olmaktadir. ~ Sicak-kuru ve iliman-kuru iklim
bolgelerinde ise matriste yer alan 1sitma ve sogutma
stratejilerinin % 95-100 oraninda degerlendirilmesi
gerektigi goriilmustir. Sicak-nemli ve 1liman-nemli
iklim bdlgeleri 60-65

oranidadir (Sekil 13).

icin matris degerleri %

Bu sonug iklimlerin kurulugunun tasarimciy1 ve bina

tasarimini zorlayan ~ bir  etmen oldugunu
gostermektedir. Iklimin nemlilik 6zelligi kazandig
sicak-nemli

iliman-nemli  ve bolgelerde  ise

“yerkabuguna  yerlesim”  konseptinin  Oncelik
olusturmadigi, bu 6nceligin 1liman-kuru ve sicak-kuru
bolgeler icin gegerli oldugu saptanmistir. Biyoklimatik
tasarim matrisinde bina tasarimina iligkin “Riizgar
kiricilar”, “I¢-dis Odalar”, “Giines duvar/pencereleri”

ve “Ist ortiisii/yalitm” konseptlerinin tiim iklim

bolgelerinde oncelikli degerlendirilmesi gerektigi

gorillmiistiir.
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Sekil 13. iklim bolgeleri kapsaminda biyoklimatik
tasarim matris degerlendirmesi

Tirkiye iklim bolgeleri o6zelinde olusturulan bu
biyoklimatik tasarim matrisi enerjisini koruyan ve az
enerji tiikketen enerji-etkin ekolojik yapilagmanin
althigin1 olusturacak niteliktedir. Biyoklimatik bina
tasarlama noktasinda mimarlara yardimer olmayi

amagclayan matriste; 1s1 kaynagi olarak oncelikle giines

ve toprak, sogutma kaynagi olarak oncelikle riizgar,
toprak ve su degerlendirilmektedir. Konsept ve strateji
iliskileri optimum degerleri baz alan enerji korunumu
Elbette

ve ekonomiklik iizerine kurgulanmistir.

birincil derecede Onerilmeyen stratejilerin  de
kullanim1 s6z konusu olabilir. Ancak bu noktada
maliyetlerin artabilecegi, enerji kayip ve kazang¢larinin

degisecegi tasarimet tarafindan 6n gortilmelidir.
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Bu arastirmada Istanbul’da marketlerden ve halk pazarlarindan satin alman 30 adet
domates salgas1 6rnegi, benzoik asit ve sorbik asit bakimindan HPLC yardimiyla
analiz edilmistir. Tirk Gida Kodeksinde yer alan Gida Katki Maddeleri
Yonetmeligi’nde plastik ambalajdaki domates salcalarinda en fazla 1000 mg/kg
sorbik kullanimina izin verilmektedir. Cam ve tencke ambalajdaki domates
salcalarinda ise sorbik asit kullanimina izin verilmemektedir. 8 drnegin sorbik asit
miktarlar1 667.66-4.8 mg/kg olarak tespit edilmistir. Bunlarin 5 tanesi plastik
ambalajda olduklarindan dolay1 yonetmelige uygundur. Bunlarin 3’ ise teneke
ambalajda olduklarindan yonetmelige uygun degildir. 10 adet 6rnekte benzoik asit
miktar1 1059.98-0,4 mg/kg arasinda bulunmustur. Gida Katki Maddeleri
Yonetmelig’inde benzoik asit kullammina izin verilmediginden bu Grnekler
yonetmelige uygun degildir. Katki maddesi kullanimi, kaliteli domates
kullanilarak, domatesleri ¢ok iyi yikayarak, islem hattini ¢ok iyi dezenfekte ederek
tiim islem asamalarinda kirlenmeyi dnleyerek azaltilabilir.
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In this study, 30 tomato paste samples purchased from markets and public markets
in Istanbul were analyzed by HPLC in terms of benzoic acid and sorbic acid. In the
Food Additives Regulation of the Turkish Food Codex, it is allowed to use sorbic
at a maximum of 1000 mg / kg in tomato paste in plastic packaging. Sorbic acid is
not permitted for tomato paste in glass and tin packaging. The sorbic acid levels of
8 samples were determined as 667.66-4.8 mg/kg. Five of them are in plastic
packaging and therefore comply with the regulations. 3 of them are not in
accordance with the regulations because they are in tin packaging. In 10 samples,
the amount of benzoic acid was found to be between 1059.98 and 0.4 mg/kg. Since
the use of benzoic acid is not permitted in the Food Additives Regulation, these
samples are not in accordance with the regulation. The use of additives can be
reduced by using high-quality tomatoes, washing tomatoes very well, disinfecting
the process line very well and preventing contamination in all process stages.
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1. Giris

Tirk Gida Kodeksi Salga ve Piire tebligine gore
domates salgasi iiretmek i¢in; saglam, olgun, taze ve
kirmizi renkli  domates  parcalanmir.  Ardindan
kabuk, ¢ekirdek ve lifleri ayrilir. Elde edilen pulp, ilave
tuz hari¢c en az %28 brikse kadar koyulastirilir ve
fiziksel yollarla dayanikli hale getirilir (Tirk Gida
Kodeksi [TGK], 2014). %28-32 kuru maddeli salgalar
daha c¢ok iilke i¢i tiiketim amaciyla iretilmektedir.
Kuru maddesi %28-30 olanlara “gift konsantre”, %36-
40 olanlar “iiglii konsantre” denilir. Sal¢aya en az 90 ve
tercinen 93°C’de (Cemeroglu, 2009) 5-10 dakika
stiresince pastorizasyon iglemi uygulanir (Milli Egitim
Bakanligi [MEB], 2011). Sal¢a iireten isletmeler
genellikle modern ve ileri diizeydeki tesislerden
olugsmaktadir. Fakat imalathane seviyesinde olan

isletmeler de bulunmaktadir. Tirkiye’de firetilen
domatesin yaklasik %20-30’u gida sanayinde, bunun
%80’1 salga imalatinda kullanilmaktadir (Keskin,
2010). 2005, 2015, 2016 ve 2017 yillarinda 26, 49, 44,
46  girisimci 247594,972;

523154,300; 418240,262 ve 445546,462 ton salca

tarafindan  sirasiyla
iiretimi gerceklestirilmistir (Tiirkiye Istatistik Kurumu
[TUIK], 2017). Diinyada en fazla salga iireten iilkeler
sirastyla ABD, Cin Ispanya, Italya, Tiirkiye, Sili,
Portekiz, Yunanistan ve Brezilya’dir (Go6zener ve

Sayili, 2014).

Sal¢a sanayinde mikrobiyolojik bozulmalarin dnemi
biiyliktiir. Gerek ihracatta gerekse i¢ tiiketimde kalite
kriteri olmas1 nedeniyle mikrobiyolojik ¢aligmalar kiif
ve kif kontaminasyonlari iizerine yogunlagmistir
(Uylaser ve Basoglu, 1997). Domates veya domates
sosunda kiif kontaminasyonunun ana kaynagi topraktir
(Asan ve Ekmekgi, 2002; Kalyoncu, Tamer & Oskay,
2005). Hasat mevsimi domates ve salgadaki kiiflerin
yogunlugunda 6nemli rol oynamaktadir. Domateslerin
%70'n kirmiz1 olmussa, hasat edilmesi gerekir. Ancak,
ureticiler daha fazla kirmizi domates istedikleri icin
daha beklerler ve bu da kif

birkag giin

kontaminasyonuna neden olur. Ayrica, uygun olmayan

hava kosullar1 gibi bir nedenden dolay1 toplanamamasi
durumunda kiif kirlenme orani artar (Kalyoncu vd.,
2005). Hasat ve tasima evrelerinde meydana gelen
biyolojik ve fiziksel hasarlar ile domates sal¢asi liretimi
sirasindaki hijyen kosullarinin yetersizligi saprofit ve
patojenik kiif tdretimini tegvik ederek dogrudan
(Aran,
Alperden & Topal, 1987). Ayrica, baglangicta yiiksek

domates salgcas1 kalitesini etkilemektedir

kirlilik seviyeleri sterilizasyon asamasinda istenen

basartya ulasmay1 zorlastirmaktadir (European
Commission Report of the Scientific Committee
on Food, 2002). Domates veya biber salgasinin pH’s1
(3.54.7) ve disiik su aktivitesi, koruyucu madde
eklenmeden mikroorganizmalarin biiylimesini
Onleyebilir (Pawsey, 2002). Bununla birlikte, iireticiler,
bozulmus hammadde, yetersiz pastrizasyon veya
yetersiz hijyenik ambalajlama gibi uygun olmayan
islemlerin sonucunu 6rtmek i¢in koruyuculari yasa disi
olarak kullanabilirler (Cakir ve Mehmetoglu, 2013).
Mikrobiyolojik bozulmalarda kiiflerden baska, bakteri
ve mayalarin da 6nemi biiyiiktiir (Uylager ve Basoglu,

1997).

Kalyoncu vd. (2005) Manisa’da marketlerden 30 adet
ev yapimi domates salgasi toplamus, kiif sayisini en az
2.2x10%2 ve en fazla 13x10? cfu/g olarak tespit

etmislerdir. Domates salgast 06rneklerinden izole

ettikleri kiifler arasinda mikotoksin iiretebilecek olanlar
da bulunmaktadir. Bunlar Alternaria alternata
(tenuazonik asit), Penicillium ochraceum (okratoksin),
Aspergillus flavus (aflatoksin, sterigmatotistin ve
tirevleri), Fusarium

oxiporum (zearaleon,

trikotesenler). Domatesten izole ettikleri kiifler

salcadan izole ettiklerinden fazladir. Isil islemle birlikte
kiif sayisinda azalma olmustur. Jacubowska ve
Kosewska (1964) 1 gr domates salgasinda 240 adet
sporlu bakteri tespit etmislerdir. Arastiricilarin izole
ettikleri 180 adet Bacillus cinsi bakterinin %354’u
Bacillus subtilis, %22’si Bacillus licheniformis, geri
kalani ise Bacillus pumilis, Bacillus circulans, Bacillus
cereus var Bacillus

mycodies, megaterium ve
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sakkarolitik Clostridium’lardir. Mazokhia, Nikolaeva,
Razvozhevskaya, Ustinova, ve Borodocheva (1978)
aseptik olarak muhafaza edilen domates salgalarindan
31 bakteri, 2 maya ve 2 kiif izole etmislerdir. Bakteriler
Clostridium bifermentans, Clostridium butyricum,
Bacillus coagulans, Bacillus macerans ve Bacillus
polymyxa’dir. Mayalar ise Torulopsis cinsine aittir.
Basoglu ve Kosker (1980) domates ve biber
salgalarinda izole ettikleri 15 adet bakteri susunun
2’sinin Bacillus licheniformis, 3’tintin Bacillus cereus,
6’siin Lactobacillus brevis, 4’iiniin ise Lactobacillus
plantarum oldugunu tespit etmiglerdir. Uylaser ve
Basoglu (1997) salca iiretiminin tiim asamalarini
kapsayacak sekilde aldiklar1 &rneklerde Bacillus,
Listeria, Lactobacillus, Kurthiai Corynebacterium, ve
Candida,

Endomycopsis,

Streptococcus cinsi bakterileri,

Aureobasidium, Hansenula,
Saccharomyces, Koleckera, Trichosporon, Torulopsis
cinsi mayalar1 tespit etmislerdir. Son iriinde yani
salgada ise sadece Bacillus cinsine ait bakteriler tespit
edilmis, maya ise tespit edilmemistir. Eftuvwevwere ve
Atirike (1998) Nijerya’da yaptiklari calismada domates
salgalarinda Bacillus, Clostridium, Lactobacillus ve
Leuconostoc cinsi  bakteriler tespit etmiglerdir.
Clostridium thermosaccharolyticum kusurlu teneke
kutulardaki numunelerde kayda deger derecede yiiksek
iken, normal kutulardaki numunelerde Lactobacillus
cinsleri daha yiiksektir. izole edilen kiiflerden Absidia
ve Aspergillus fumigatus, kusurlu kutularda daha
yiksek bir yiizde gostermistir. Kotzekidou (1997)
teneke kutulardaki salgalardan Byssochlamys nivea,
Byssochlamys fulva ve Neosartorya fischeri izole
etmis, bunlarin 85°C’de canliliklarim1 koruduklarini,
90°C’de bazi tiirlerin canli kalabildiklerini tespit

etmistir.

Domates salgasinin cam veya teneke ambalaj igindeki
aseptik doldurma asamas: 1s1l iglemle yapildigindan,
¢ogu mikroorganizma inhibe edilir. Koruyucu
kullanmaya gerek yoktur (Alpdzen, 2007). Bu yontem

hermetik kapama olarak bilinmekte olup uygulama

90-95°C  derece

ambalajlarda

sicakligt oldugundan  plastik

uygulanamamaktadir. Hermetik
kapamayla ambalajlanan salgalara bazen az miktarda
tuz katilabilmektedir. Fakat bazen kapali sistemi yeterli
fabrikalarda, ureticilerin

olmayan bazen de

tercihlerinden dolay1 hermetik kapama sistemi
kullanilmamakta, daha ekonomik olan plastik kaplar
kullanilmaktadir. Bu durumda da iiriinde kiiflenmeyi
onlemek amaciyla yiiksek oranda tuz ve koruyucular
kullanilabilmektedir (Eroglu, 2017). Teneke veya cam
ambalajda ambalajlanan domates salgalarinda sorbik
asit kullanimma izin verilmez. Sadece plastik
ambalajdaki salgalarda Tiirk Gida Kodeksinde yer alan
“Gida Katki Maddeleri Yonetmeligi” ne gore, en fazla
1000 mg/kg sorbik asit kullanimina izin verilmistir
(TGK, 2013). Salgalarda sorbik asitin kullanilmasinin
baglica nedenleri: Genis bir pH aralifinda
mikroorganizma gelisimini Onlemede etkin olmasi,
gidanin rengini, lezzetini etkilememesi, Kalintisinin
bile antimikrobiyal 6zellik gostermesi, kiif mantarlar
ve mayalara Kkarsi son derece etkili olmasi, viicutta
benzer sayida C atomu igeren yag asitleri gibi
sindirilebilmesi ve tamamen karbondioksit ve suya
pargalanmasidir (Alp6zen, 2007). Sorbik asit ve
Ozellikle bunun tuzlari, iyi ¢oziiniirlik ve stabilite
olarak

Ozellikleri  nedeniyle

(Altug,

gidada
2009).

yaygin

kullanilmaktadir Katki maddeleri
eklemenin iiriin i¢in en biiyllk avantaji mikrobiyal
aktivitenin azalmasi ve ambalaji agildiktan sonra
irliniin  uzun siire stabilitesini
(Arslan,  2011).

konsantrasyonu %0.1’den fazla oldugunda istenmeyen

koruyabilmesidir
Sorbik asit ve tuzlarimin
tat olugabilir (Cakir, 2011). Benzoik asidin bir tuzu olan
sodyum benzoat, genelde en ¢ok maya ve bakterilere
kars1 aktiftir. Buna kars1 kiifler karsisinda daha az
aktiflik gosterir. Benzoik aside oranla, sodyum
benzoatin 180 kez fazla sudaki ¢oziinilirliigl pek ¢ok
gida iiriinlerinde tercih nedeni olmaktadir (Koyuncu,
2006). Benzoatlarin kokusuz ve renksiz olmasi bir

avantajdir (Yildiz, 2010). Diisiik maliyetinden dolay1
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sodyum benzoat kullanimi avantajlidir. Fakat etkinli
gosterdigi pH araliginin dar olmasi, bazi gidalarda ve
ozellikle meyve sularinda istenmeyen tat olusumuna
kaynaklik etmesinden dolay1 az miktardaki potasyum
sorbatla birlikte kullanilmas1 daha uygun olabilir (Ova,

2001).

Domates ve iiriinlerinde tek koruyucunun kullanildigi,
ya da birkag koruyucunun birlikte kullanildigi

calismalar mevcuttur. Banglades’te yapilan bir
calismada 350’ser mg/kg sodyum meta bisiilfit,
sodyum benzoat ve sorbik asit ilavesi yapilmis domates
sulart 75°C’de 2-3 dak pastorize edilmis ve oda
sicakliginda depolanmustir. 60 giin depolama siiresince
domates sularinin raf Omrii ile ilgili ¢alismalar
yapilmigtir. Sodyum meta bisiilfit ilaveli 6rnek 45 giin
sonunda, sorbik asit ilaveli 6rnek 30 giin sonunda,
sodyum benzoat ilaveli o6rnek 60 gin sonunda
bozulmustur (Hossain ve Fakruffin Islam, 2011).
Safdar, Mumtaz, Amjad, Siddiqui ve Hameed, (2010),
taze domatesleri 90°C’de 5 dak haslamuslar, elekten
gecirdikten sonra vakum altinda 85°C’de 34 dak
stiresince 26 brixe gelene kadar konsantre etmislerdir.
%0.1 sodyum benzoat ilave etmislerdir. Salgalar
onceden sterilize edilmis cam siselere doldurup 10 dak
kaynayan suda bekletmisler ve sonra hemen
sogutmuslardir. 25, 6 ve -10°C’de 240 giin siiresince
depolamuglardir. 6 ve -10°C’lerde 240 giin depolanan
salcalarda minimum degisiklikler gozlenirken 25°C’de
depolana salgalarda organoleptik olarak kabul edilemez

degisiklikler gozlenmistir.

Gida Katkilart Uzman Komitesi JECFA tarafindan
benzoik asit ve benzoatlarin kabul edilebilir giinlik
alim miktarlarnt 0-5 mg/kg viicut agirligy/giin’diir
(Glizel, 2013). Sorbik asidin ise 0-25 mg/kg olarak
belirlenmistir (Yentiir, Giirel, Orman & Bayhan, 1995).
Astim, deri dokiintiileri, migren (Cakir, 2011) tirtiker,
immiinolojik olmayan temasl: {irtiker ve astim gibi
benzoatlara

insanlarda alerjik

bildirilmistir (Juhlin, Michaelsson & Zeterstrom 1972;

reaksiyonlar da

Michaelsson ve Juhlin, 1973; Lahti,
Kokkonen & Hannuksela, 1987; Rademaker ve
Forsyth, 1989). Metabolik asidoz, konviilsiyonlar ve

Vaanhanen,

hiperpne gibi yan etkiler deney hayvanlari ve g¢ok
yiksek dozlarda benzoik asit verilen insanlarda
gdzlenmistir (Diinya Saglik Orgiiti [WHO], 1997).
Benzoik asit ve tuzlar1 sorbik aside oranla daha fazla

toksik etkisi gosterir (Yentiir vd., 1995).

Bu caligma ile Istanbul ilinde satisa sunulan domates
salgalariin lretiminde sorbik asit ve benzoik asidin
kullanilip  kullanilmadiginin =~ saptanmasi,  eger
kullanilmigsa bu maddelerin yiiriirliikte olan Tiirk Gida
Kodeksi Gida Katki Maddeleri ydnetmeliginde

ongoriilen limitler igerisinde olup olmadigmin

belirlenmesi amaglanmustir.

2. Materyal ve Yontem
2.1. Materyal

Bu arastirmada Istanbul ilinde bulunan marketlerden ve
halk pazarlarinda satisa sunulan degisik firmalara ait 30
adet domates salgast Ornegi materyal olarak

kullanilmuistir.

2.2. Yontem

Bu ¢aligmaya konu olan benzoik asit ve sorbik asidin
kantitatif tayininde HPLC cihazi kullanilmigtir (Nordic
Committee on Food Analysis, 1997). Ekstraksiyon
(6rnek hazirlama) i¢in Metod No: 124 kullanilmistir.
Analizler Shimadzu Prominence Modular LC20A
model HPLC cihaz1 ve yine ayn1 model diode-array
dedektorde (Prominence Modular LC20A)
gerceklestirilmistir. Dalga boyu tespiti i¢in sorbik asit
ve benzoik aside ait dalga boyu tespit edilerek,
spectrum olarak 235 nm secilmistir. Kolon firn
(intersil ODS 3) sicakhigi 25°C’ ye ayarlanmis ve
otomatik  enjeksiyon
Modular LC20A) sistemi kullanilmistir.

(autosampler)  (Prominence
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2.2.1. HPLC Analiz Kosullart

Benzoik asit ve sorbik asidin kromatografik ayrimi igin
C18 kolon (Intersil ODS3), 250 mm uzunlugunda, 4,6
mm dis capinda, 5 pum partikiilli silika igeren)
kullanilmastir.

(pH=4.74) ve metanol karisimi (70/30) kullanilmustir.

Mobil faz olarak asetat tampon*

Kromatografik ayrim boyunca mobil faz akis hiz1 0.6
ml/dk olarak ¢alisilmistir. Orneklerin enjeksiyon hacmi
20 pl olarak gerceklestirilmistir. Benzoik asit ve sorbik

asit i¢in 235 nm dalga boyunda okuma yapilmustir.

*Asetat Buffer 0.1 M pH 4.74: 5.7 ml asetik asit bir
miktar saf su iizerine eklenmis, hacim ultra saf su ile
900 ml’ye tamamlanmistir. Daha sonra bu ¢ozeltinin
pH’st 5 M NaOH kullanilarak 4.74’e ayarlanmistir ve

¢ozelti hacmi 1 litreye tamamlanmigtir.

2.2.2. Orneklerin Ekstraksiyonu

Salca Orneklerinden 2.5 gr alinarak numunelerin
iizerine daha 6nce hazirlanmis olan metanol/su (30/70)
karisimindan 15 ml ilave edilmis ve yaklasik 15-30
saniye vortex (Heidolp-Wisemix Vm-10) yardimiyla
vortekslenen karisimlar hacim sabitlenince 50 ml ye
tamamlanmigtir. Numunelerin 20-30 ml’si kaba filtre
kagidindan siiziilmiis ve siiziilen ilk 10 mL atilnus
(olasi safsizliklar1 bertaraf etmek i¢in) ve kalan kisim
daha sonra 0.45 mikrometrelik membran filtreden

gecirilmis ve cihaza enjekte edilmistir.

2.2.3. Diode-Array Dedektor ile Kantitasyon

Benzoik asit ve sorbik asidin varligi diode array
dedektor (Shimadzu) ile tayin edilmistir. Bu amagla her
iki standarttan 100’er mg alinarak, metanol/su (30/70)
karisiminda ¢oziilerek standart stok ¢ozelti (1000 mg/1)
hazirlanmigstir. Stok ¢ozeltiden seyreltme usuliiyle 1, 5,
10, 25, 50, 100 mg/I’lik standart kalibrasyon ¢dzeltileri
hazirlanmistir. Kantitasyon i¢in 6ncelikle standartlar 20
pul hacimde enjekte edilerek standartlarin kolondan
¢ikis zamanlart (RT) tespit edilmistir. UV spektrumlari
kaydedildikten sonra orneklerin enjeksiyon islemleri
gergeklestirilmigtir. Bu bilesenlerin gelis zamanlart ve

spektrumlar1 standartlar ile karsilagtirilmistir. Pik

safliklar1 mevcut spektrumlart ile kontrol edilmis,
boylelikle benzoik asit ve sorbik asidin identifikasyonu
gerek spektrumlar1 gerekse gelis zamanlar ile teyit

edilmistir.

2.2.4. Sonuglarin Ifade Edilmesi
Cihaz kalibrasyon egrisine gore Orneklerin igindeki

konsantrasyonlarini tespit edip sonug vermistir.

Seyreltme faktorii (SF) de dikkate alinarak hesaplama
asagidaki esitlige gore yapilmustir:

Ornekteki konsantrasyon miktari= Cihazda okunan
ornekteki konsantrasyon miktart X SF

(SF): 20 (2.5 gr numune 50 ml seyreltildigi i¢in)

2.2.5. Istatistiksel Analiz

Farkli firmalara ait domates salgalarinda tespit edilen
benzoik ve sorbik asit miktarlari ile Tiirk Gida Kodeksi
Gida Katki Maddeleri yonetmeliginde izin verilen
miktarlar arasindaki farki belirlemek i¢in SPSS 20
(SPSS Inc. Chicago, IL, ABD) istatistik programi
kullanilmis, sonuglara Indepentet Sample t testi

uygulanmistir. Anlamlilik diizeyi istatistiksel olarak P

<0.05 olarak kabul edilmistir.

3. Bulgular ve Tartisma

Bu arastirmada Istanbul ilinde market ve halk
pazarlarinda satilan, yiiksek iiretim kapasitesine sahip
tesislerde ve diisiik kapasitede {iiretim yapan yerel
imalathanelerde iretilmis 30 adet salca Orneginde

sorbik asit ve benzoik asit varlig1 aragtirilmastir.

3.1. Diode-Array Dedektor ile Kantitasyon Sonuglart

Kantitasyon i¢in standartlar 20 pl hacimde enjekte
edilen standartlarin kolondan ¢ikig zamanlar1 benzoik
asit icin 20.836. dakika, sorbik asit i¢in de 33.417
dakika olarak bulunmustur (Sekil 1). 1, 5, 10, 25, 50,
100 mg I*lik standart kalibrasyon cozeltileri ile
Eksternal Standart metot kullamilarak kalibrasyon

egrisi ¢izilmigtir.
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Buna gore benzoik asit ve sorbik aside ait R? degerleri
sirastyla 0, 0.9998 ve 0.9999 olarak bulunmustur.
Benzoik asit ve sorbik aside ait dedeksiyon limiti 0.2
mg/kg bulunurken kantitasyon limiti 1 mg/kg olarak
belirlenmistir (Cizelge 1). Geri kazanim degerini tespit
etmek icin sorbik asit ve benzoik aside ait 20 mg/I’lik
konsantrasyona sahip drneklerde ¢alisilmistir. Her iki
koruyucuya ait geri kazanim degerleri %100.96-100.08

arasinda saptanmistir (Cizelge 2).

3.2. Sorbik Asit ve Benzoik Asit Metodunun
Tekrarlanabilirligi

Kullanilan yoéntemin tekrarlanabilirligini belirlemek
amaciyla ayni giin i¢erisinde ¢ok kisa araliklarla sorbik
asit ve benzoik aside ait 50 mg/l miktarindaki

orneklerde 6l¢iim yapilmustir (Cizelge 3).

<Chromatogram>
mAL
=
=
| =
500 2
=
=
] 5
2
250
0 ~ — L —
i “1PDA Multi 1
T T ————— 7
o] 5 10 15 20 25 30 35
min

1 PDA Multi 1/235nm 4nm

Sekil 1. Benzoik asit (20.836 dak) ve sorbik asit (33.417 dak) kromotogrami “enjeksiyon hacmi: 20 pl”

Cizelge 1: Benzoik asit ve sorbik aside ait LOD ve LOQ degerleri

Koruyucular

Dedeksiyon Limiti (LOD), mg/kg

Kantitasyon Limiti (LOQ), mg/kg

Benzoik Asit 0.2
Sorbik Asit 0.2

1
1

Cizelge 2: Sorbik asit ve benzoik asit konsantrasyonlarina ait % geri kazanim degerleri

Koruyucular Ilk 6l¢iilen miktar (mg/I)

Ikinci 6lciilen miktar (mg/l)

% Geri kazanim

Sorbik asit 20.259 20.126 100.96
Benzoik asit 20.023 20.012 100.08
Cizelge 3: Sorbik asit ve benzoik asit metodunun tekrarlanabilirligi
Ornekler Olgiilen sorbik asit miktar1 (mg/l) Olciilen benzoik asit miktar1 (mg/l)
1 50.178 49.867
2 50.888 49.974
3 50.191 49.990
4 50.757 49.969
5 50.513 49.942
6 50.421 49.900
7 50.802 49.887
8 50.122 49.896
9 50.134 49.886
10 50.338 49.852
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Yapilan analizler sonucunda 30 adet salga 6rneginin 8’
inde hem sorbik asit hem de benzoik asit tespit
edilmigtir. 2 adet sal¢a 6rneginde ise sadece benzoik
asit tespit edilmistir. Sorbik asit miktari en yiiksek
667.66 mg/kg iken en diisiik 4.8 mg/kg olarak tespit
edilmistir. Analizi yapilan sal¢a 6rneklerinden 22 adet
ornekte sorbik aside rastlanmamustir. Benzoik asit

miktar1 en yiiksek 1059.98 mg/kg iken, en diisiik 0.4
mg/kg olarak tespit edilmistir. Analizi yapilan salga

Oorneklerinden 20 adet Ornekte benzoik aside
rastlanmamustir (Cizelge 4).
Tirk Gida Kodeksi Gida Katki Maddeleri

yonetmeliginde tencke veya cam ambalajdakiler harig¢
olmak {izere, yani plastik ambalajlarda; 31. 12. 2017
tarihine kadar salgada sorbik asit ve sorbatlar (E200 ve
E203) igin izin verilen maksimum kullanim miktar1
1000 mg/kg iken, benzoik asit kullanimina izin
verilmemistir (TGK, 2017). Plastik ambalajda satilan 5
adet salca Ornegi sorbik asit miktar1 olarak mevzuat
hiikkiimlerince belirtilen degerin altinda olmasina
ragmen, iceriginde benzoik asit tespit edildigi i¢in yasal
hiikiimlere uygun bulunmamistir. Teneke ambalajda
satilan 22 adet salga Orneginin 5 adetine mevzuat
hiikiimlerine aykir1 hareket edilerek benzoik asit ilavesi
yapilmistir. Teneke ambalajdaki 3 adet salga Grneginde
mevzuatin belirttigi sinir degerin altinda sorbik aside
rastlanirken, 5 adet sal¢a 6rneginde benzoik asit tespit
edilmistir. 3 adet cam ambalajda satilan salga 6rneginde
ise sorbik ve benzoik asit tespit edilmemistir. Tespit
edilen sorbik asit ve benzoik asit miktarlarina gore, 30
adet salca drneginin 20’si yasal mevzuata uygun olarak

uretilmistir.

Cam veya tencke ambalajlardaki domates sal¢alarinda
aseptik dolum safthasinda sicaklik islemi uygulanarak
dolum yapildig1 i¢in ¢ogu mikroorganizmanin inhibe
olmasinmi saglar. Ayrica koruyucu madde kullanimina
gerek yoktur. Giinlimiizde yliksek kapasite ve uygun
fiyatlh ambalaj materyali olarak plastik ambalaj

materyali salga sektoriinde kullanilmaktadir. Ancak

plastik  ambalaj  materyalinde sicak  dolum
yapilamayacagindan bu ambalaj materyallerinde de

sorbik asit kullanimina izin verilmistir.

Hipotez 0 kuramina gore piyasada tiiketime sunulan
domates salgalarinda mevzuat geregi benzoik ait
miktarmm 0 mg/kg olmasi Sonuglar

farkli

gerekir.
istatistiksek  olarak  degerlendirildiginde;
firmalara ait domates salgalarinda tespit edilen benzoik
asit miktarlar1 ile Tirk Gida Kodeksi Gida Katki
Maddeleri yonetmeliginde yer alan miktar arasindaki
fark (P <0.05) istatistiksel olarak 6nemli bulunmustur.
Hipotez 0 kuramina gore piyasada tiiketime sunulan
domates salgalarinda mevzuat geregi sorbik asit miktari
teneke veya cam ambalajdakilerde 0 mg/kg olmasi
gerekirken, plastik ambalajlarda maksimum 1000
mg/kg miktara kadar izin verilmistir. Bu ¢aligmada
plastik ambalaj materyalinde tiikketime sunulan domates
salgas1 Orneklerinde sorbik asit miktar1 mevzuattaki
limit degerler arasinda bulunmustur. Farkli firmalara
ait domates salcalarinda tespit edilen sorbik asit
miktarlari ile Tiirk Gida Kodeksi Gida Katki Maddeleri
Yonetmeliginde yer alan miktar arasindaki fark (P
>0.05) istatistiksel olarak 6nemli bulunmamuistir.

Diinyada domates iriinlerinden {izerinde en ¢ok
calisma yapilanlar domates sosu ve ketcap olmustur.
Salcada koruyucu kullaniminin arastirildigi birkag
calisma tespit edilmistir. Cakir ve Mehmetoglu (2013)
tarafindan yapilan ¢aligmada Tiirkiye’de satiga sunulan
farkl firmalara ait 20 adet domates salgasi, 3 adet biber
salcasi incelenmistir. 20 adet domates sal¢asinin 5’inde
benzoik asit, 2’sinde sorbik asit; 3 biber sal¢asinin
1’inde benzoik asit, 1’inde de sorbik asit tespit
edilmistir. 23 adet sal¢a 6rneginin 3’iinde 18.1-526.4
mg/kg sorbik asit, 6’sinda 21.7-1933.5 mg/kg benzoik
asit tespit edilmistir. Biber salcasi Orneklerinden
2’sinde higbir koruyucuya rastlanmazken sadece 1’inde
iki koruyucu birlikte kullanilmis, onlarin miktarlari da
tim salca Ornekleri arasinda en diisiik miktarlar

olmustur.
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Cizelge 4:Salca drneklerinde tespit edilen benzoik ve sorbik asit miktarlari ve yonetmelige uygunluklari (mg/kg)

Ornekler Benzoik asit (mg/kg) Sorbik asit (mg/kg) Ambalaj tipi Uygunluk
1 794.40 667.60 Teneke Uygun degil
2 0 0 Teneke Uygun
3 0 0 Teneke Uygun
4 41.40 4.80 Teneke Uygun degil
5 0 0 Teneke Uygun
6 0 0 Teneke Uygun
7 12.36 13.94 Teneke Uygun degil
8 0 0 Teneke Uygun
9 0 0 Teneke Uygun
13 2.74 0 Teneke Uygun degil
11 0 0 Teneke Uygun
12 0 0 Teneke Uygun
10 0.4 0 Teneke Uygun degil
14 0 0 Teneke Uygun
15 0 0 Teneke Uygun
10 0 0 Teneke Uygun
17 0 0 Teneke Uygun
18 0 0 Teneke Uygun
19 0 0 Teneke Uygun
20 0 0 Teneke Uygun
21 0 0 Teneke Uygun
22 0 0 Teneke Uygun
23 896.58 362.62 Plastik Uygun degil
24 913.6 503.6 Plastik Uygun degil
25 1059.98 673.92 Plastik Uygun degil
26 526.32 402.80 Plastik Uygun degil
27 715.80 519.48 Plastik Uygun degil
28 0 0 Cam Uygun
29 0 0 Cam Uygun
30 0 0 Cam Uygun

Onlarin tespit ettikleri sorbik asit miktarlart bu
caligmada elde edilenlerden diisiik olup, benzoik asit
miktarlart ise 1’1 haric bu g¢alismada elde edilen
sonuglarla benzerlik gostermektedir. O ¢aligmanin
yapildig1 tarihlerde Tiirk Gida Kodeksi tarafindan
hicbir koruyucu katki maddesi kullanimma izin
verilmemektedir. Calismada benzoik asidin tespit
edildigi domates salgas1 6rneklerinden ikisi, geleneksel
olarak giineste kurutma yontemi ile {iretilmistir.
Geleneksel olarak iiretilen salgalara koruyucularin yasa
dis1 eklenmesi, raf Omriinii artirmak, Kkontrolsiiz
kurutma islemlerini ve olast hava Kkirliligini

maskelemek i¢in genellikle uygulanir. Karatasl,

Cakmak ve Ozpinar (2016), istanbul’da satisa sunulan

5 adet geleneksel domates salgast Ornegini
incelemisler, sorbik asit miktarinin 4 6rnekte 508.91-
867.51 mg/kg oldugunu ve limit deger olan 1000
mg/kg’m altinda kaldigi, 1 6rnekte ise 1820.31 mg/kg
oldugunu ve limiti astigini tespit etmislerdir. 5 adet
geleneksel domates salgas1 6rneginde ise benzoik asit
miktar1 213.82-2417.65 mg/kg arasindadir. Ayni
aragtirmacilar 5 adet ticari domates salgasi 6rneginin
hicbirinde sorbik asit tespit edememislerdir. 5 adet
ticari domates salgast drneginin 2’sinde benzoik asit
tespit edilemezken, 3 “iinde benzoik asit miktar1 19,51-

22,28 mg/kg arasinda degismistir. Bu ¢aligsmada tespit
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edilen sorbik asit ve benzoik asit miktarlart o
caligmacilarin ticari domates salgas1 6rneklerinde tespit
ettikleri miktarlardan yiiksek, geleneksel domates
orneklerinde ettikleri miktarlardan

salcasi tespit

diigiiktiir.

Danimarka’da Leth, Christenses ve Larsen (2010)

tarafindan yapilan c¢aliyjmada 53 adet domates
konsantresi, domates piiresi ve tursu Orneginin 5’inde
ortalama 502 mg/kg miktarinda benzoik asit, 4’tinde
ortalama 620 mg/kg sorbik asit tespit edilmistir. Giizel
(2013) tarafindan yapilan ¢aligmada iki ayr1 firmaya ait
10’ar adet olmak iizere 20 adet ketcap, iki ayr1 firmaya
ait 10’ar adet olmak {iizere 20 adet sos Orneginde
benzoik asit varligi arastirilmistir. A firmasina ait
ketgap orneklerinde benzoik asit miktar1 69.41-248.73
mg/kg arasinda, B firmasina ait ket¢ap drneklerinde ise
873.43-1139.51 mg/kg arasinda degismistir. C
firmasma ait sos Orneklerinde benzoik asit miktari
850.29-1145.29 mg/kg,

ise 815.59-1307.25 mg/kg arasinda

D firmasina ait sos
orneklerinde
degismistir. Y1ldiz (2010) tarafindan yapilan ¢aligmada
analizi yapilan ketgap 6rneklerinden iki tanesi katkisiz
etiketli olup, yapilan caligmalar sonucunda da bu
orneklerde ne benzoik aside ne de sorbik aside
rastlanmugtir. Diger 3 6rnekten birinde sadece benzoik
aside rastlanirken diger ikisinde hem benzoik aside
hem de sorbik aside rastlanmistir. Bu numunelerde
bulunan benzoik asit miktar1 365.77- 874.44 mg/kg
arasinda bulunurken, sorbik asit miktar1 78.06-460.57
mg/kg arasinda bulunmustur. Koyuncu (2006)’nun
yaptigi ¢aligmada ele alinan 5 farkli firmaya ait ketcap
orneklerinden 2 tanesinde benzoik asit belirlenmezken,
geri kalan {i¢ 6rnekte benzoik asit miktar1 5.93-866.00
mg/kg arasinda tespit edilmistir. 3 ketcap Orneginde
sorbik asit bulunmamus geri kalan 2 &rnekte de 6.28-
396.00 mg/kg olarak tespit edilmistir. Yentir vd.
(1995) Ankara piyasasinda iki firmadan aldiklar1 10’ar
adet ketcap Orneginde benzoik asit ve sorbik asit
miktarlarini arastirmislardir. Benzoik asit miktarlar1 A

firmasina ait Orneklerde 619.8-1082.8 mg/kg, B

firmalarma ait Orneklerde ise 116.7-1001.7 mg/kg
arasindadir. Sorbik asit miktarlari ise A firmasina ait
orneklerde 211.0-422.1 mg/kg, B firmasma ait
orneklerde 198.4-512.5 mg/kg arasindadir. Yentiir ve
Bayhan (1990), yaptiklart g¢alismada sos, ketcap,
benzoik asit ve sorbik asit miktarlarini arastirmiglardir.
Ketcapta benzoik asit miktarlarin1 0.516+0.065 g/kg
olarak saptadiklarini ve sonuglarin izin verilen standart

degerin altinda oldugunu bildirmislerdir.
4. Sonug

Gilinimiizde gida katki maddelerinden kendimizi
tamamen soyutlamamiz miimkiin degildir. Dikkat
edilmesi gereken nokta, her tiirlii gida katki maddesinin

iretim ve tiketiminde ilgili bakanligin tiiziik,

yonetmelik ve tebliglerine uyulmasidir. Kot

hammadde se¢imi, yetersiz 1sil iglemler ve sorunlu

ambalajlama nedeniyle yasak olmasina ragmen
ireticiler  salga  dretiminde  koruyucu madde
kullanabilmektedirler. Bu  durumun {stesinden

gelinebilmesi i¢in Oncelikle gida denetimlerinin
artirtlmas1  gereklidir. Domates salgasinda katki
maddesi  kullanmak  yerine, kaliteli  domates

kullanilmali, yikama islemi ¢ok iyi tapilmali, islem

hattint ¢ok iyi dezenfekte edilmeli, tim islem

asamalarinda  bulagsmayir  Onleyecek  tedbirler

almmalidir. Ayrica, buharlagma asamasinda kuru

madde yeterince arttirllmali, aseptik sartlarda
ambalajlama yapilmali, ambalaj olarak cam ve teneke
olanlar tercih edilmeli, depolama sartlarma dikkat

edilmelidir.

Cikar Catismasi1 Beyam

Cikar ¢atismasi bulunmamaktadir.
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One of the important points to be considered when implementing a
software project is the successful management of the requirements. The
success of the software depends on the accuracy and completeness of the
requirements. Knowing the positive and negative aspects, advantages and
disadvantages of the existing methodologies helps for selecting the
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success of the project. Although there is a lot of research in the literature
about the traditional and agile approaches which are the main trends of
software development approaches, the publications made in specific for
requirements engineering process are limited. In this study, the necessary
engineering applications in traditional and agile methodology approaches
are evaluated to assist in the selection of methodology.
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1. Introduction

Every organization that develops software aims to
produce quality products by realizing successful
projects to meet the needs of its stakeholders. The
Standish Group's report published in 2015 states that
considering the budget, time, scope and quality
constraints of the projects, the success rate is 29%. 19%
of the projects were canceled, and the remaining 52%
could be completed by budget or timeout, quality loss
or scope contraction (Hastle & Wojewoda, 2015).
According to the same report, in the top ten factors
affecting the success or failure of the projects, "clearly
stated requirements™ are in the third place. Similarly,
the changes and / or lack of requirements is the second
and third among the project difficulties, and the first
among the factors causing the cancellation of the

project.

Requirements engineering is a process of how the
possible system should be defined. Requirements serve
as a guide for the software development team. The
purpose of requirements engineering is to guide
software development activities to produce the right
software (Lawrence, Wiegers, and Ebert, 2001). If the
requirements are not achieved correctly from the right
stakeholders, it is highly likely that the project will fail,
even if the rest of the project is well executed. Complete
and accurate requirements provide many benefits, such
as avoiding errors, improving quality and reducing risk
in the software development process (Brooks, 1987;
Procaccino, Verner, & Overmyer, 2002). The Software
Engineering Body of Knowledge (SWEBOK) defines
software requirements engineering activities as the
determination, analysis, specification, approval of, and
management of requirements throughout the entire
lifecycle of the software product (Bourque & Fairley,
2014).

The ultimate goal of the traditional project management
approach is to successfully complete the project in the

planned time, budget, and scope following the plan set

up at the beginning of the project (Decarlo, 2004;
Shenhar, & Dvir, 2007; Wysocki, Junior, & Crane,
2007). For this purpose, the requirements, and scope
should be determined and fixed at the beginning of the
project. It is assumed that there will be no major
changes in the traditional approaches during the project
which will affect the scope. Conventional requirements
engineering is structured on these assumptions and
documentation is
Wojewoda, 2015).

mainly weighted (Hastle &

Agile requirements engineering, however, specifies
how to manage requirements in software development
methods which implement the basic principles set in
Agile Manifesto (Agile Manifesto, 2001). In this
approach, documentation is given fewer space and
software requirement activities are extended to the
entire software development process (Bose, Kurhekar,
& Ghoshal 2014; Boyer & Mili 2014; Lucia & Qusef
2010).

In the literature, it is seen that the studies aimed at
comparing the traditional and agile approaches are
carried out to cover all the steps of the software
development process (Batool et al 2013; Elshandidy &
Mazen 2013; Palmquist et al 2013; Seda & Tarhan
2010; Shinde, Tangyde, & Kulkarni 2015; Stoica,
Mircea, & Ghilic-Micu 2013). Some studies on,
examining traditional and agile processes in terms of
requirements engineering activities, it has been
observed that certain areas are focused. For example,
Elshandidy and Mazen (2013) deal with traditional and
agile methods in their planning, focus, documentation,
development team roles, customer roles, development
model, communication, management style, and quality
(2013) provide

prioritization,

control topics. Palmquist et al

requirements acquisition, modeling,

documentation, validation, and management titles.

In this study, the requirements engineering discipline is
vital to perform more successful software projects, is

compared to the most widely applied traditional and
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agile software methods based on six of the seven fields
of information specified in the SWEBOK (Bourque &
Fairley, 2014).

2. Requirements Engineering

Requirements engineering determines whether a new
software project is to be implemented and, if the project
is to be implemented, forms the basis of project launch
activities. The acquisition of requirements requires the
participation of end users, process owners, Sponsors,
developers and all other stakeholders. Requirements
engineering ensures that the requirements for the
successful completion of the project and providing a
quality software product are obtained in a correct and
complete manner. Thus, it can be ensured that all
stakeholders are satisfied at the end of the project
(More, Sapre, & Chawan 2011; What are the Software
Development Models 2018).

Sommerville and Sawyer, claim that the requirements
engineering process consists of five main tasks:
elimination, analysis and negotiation, modeling,
verification/validation and management (Sommerville
& Sawyer 1997). However, SWEBOK breaks down
requirements engineering in seven sections: software
requirements fundamentals, requirements process,

requirement  elicitation,  requirement  analysis,

requirement validation, practical considerations and

software requirements tools (Bourque & Fairley, 2014)

In this study, the requirements engineering process is
compared and discussed, on the basis of SWEBOK and

previous studies, under the following sections:
2.1. Software Requirements Fundamentals

SWEBOK elaborates the software requirements

fundamentals with a description of the definition of a

software  requirement, product and process

requirements,  functional and nonfunctional

requirements, emergent properties, quantifiable

requirements, system requirements and software

requirements (Bourque & Fairley, 2014).
2.2. Requirements Process

SWEBOK requirement process is addressed by process

models, process actors, process support and

management, process quality, and
(Bourque & Fairley, 2014). The work on the

requirement

improvement
process is mainly expected from

requirement engineers and analysts.
2.3. Requirements Elicitation

Requirement elicitation activities are carried out to
determine the scope of the system and to provide the
requirements that determine the characteristics that the
system must-have. It is necessary to work with project
stakeholders and other requirements resources for the
elicitation of requirements. During these studies, the
scope of the system is determined and started to be
managed. SWEBOK describes the

elicitation as resources of software requirements and

requirements

requirements acquisition techniques (Bourque &
Fairley, 2014).

process,

During the requirements elicitation

face-to-face interviews, brainstorming,
prototyping, workshops, focus groups, etc. techniques
are used to carry out activities with all necessary
stakeholders, including sponsors, initiators of project
requests and domain knowledge experts (Batool et al

2013).
2.4. Requirements Analysis Knowledge Area

The SWEBOK

requirements

requirement analysis addresses

classification, conceptual  design,
architectural design, linking requirements, negotiating
requirements, and formal analysis (Bourque & Fairley,
2014). At this stage, the consistency, completeness, and
applicability of the requirements obtained by the
elicitation, are checked. The scope of the system is
managed through negotiations and prioritization

activities in this process. The scope management of the
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system is also carried out through negotiations and

prioritization activities at this stage.
2.5. Requirements Specification

The SWEBOK requirements specification is addressed
by the system identification specification, system
requirements specification, and software requirements
specification (Bourque & Fairley, 2014). One or more
analysis documents are created at this stage using the
This

functional and

business analysis information. information

contains  the non-functional
requirements, analysis, risk, constraints, dependencies,

and other analysis information obtained and analyzed.
2.6. Requirements Validation

SWEBOK addresses the validation of requirements by
reviewing requirements, prototyping, model validation,
and acceptance testing (Bourque & Fairley, 2014).
Requirements validation is performed by reviews and
prototyping at the beginning of the development
process. It is performed after the development process
is completed, by acceptance tests over the resulting

software and system components.
2.7. Practical Considerations

The topics related to SWEBOK implementation
address the recurring nature of the requirement process,
change management, requirements attributes, tracing
requirements and measurement of
(Bourque & Fairley, 2014).

requirements

3. Current Requirements Engineering Approaches

Stoica et al. defines Software Development Life Cycle
(SDLC) as a structure, which explains how software is
developed and how maintenance and changes are
carried out (Batool at el 2013). In the literature, the
defined international standard for SDLC is ISO/IEC
12207. This

development

standard contains many software

models that demonstrate how to

implement SDLC. In addition, some organizations are

creating and using organizations' own models. The
most common of all these models can be listed as
follows (Stoica et al 2013):

. Waterfall model

. V model

. Incremental model

. Rapid Application Development (RAD)
Model

. Rational Unified Process (RUP)

. Microsoft Solutions Framework (MSF)

. Iterative model

. Spiral model

. Scrum

. Kanban

. Extreme Programming (XP)

Each model has advantages and disadvantages, and the
model to be implemented should be selected according
to the organization's capacity, needs, and project (What
are the Software Development Models 2018; Software
development process 2018; SDLC — Overview 2018).

3.1. Traditional Approaches

In the traditional software development, approaches
such as waterfall and spiral, the requirement analysis,
architectural design, software development, test and
stabilization, and deployment phases required for
revealing the software, are carried out in successive
order. The basic motivation of the traditional method
can be defined as determining a clear scope of the
project, making a project plan and adhering to this
project plan to reveal the project without departing the
out of scope (Babok 2015; Bourque & Fairley 2014;
Withall 2007).

Traditional approaches are based on the following
assumptions (IEEE recommended practice for software
requirements specifications 1998; Lawrence et al 2001;
Software Requirements Engineering; Agile Manifesto
2001; More et al 2011):
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. From the very beginning of the project, the
clients know exactly what they expect from

the system;

. The development team understands the needs

of the customer accurately and clearly;

. Only one or more stakeholders have the

responsibility to detail the requirements;

. There is a strict separation of different

functions in teams.

The basis for traditional requirement specification
approaches comes from the IEEE standard 830-1998
(Recommended Practice for Software Requirements
Specifications). This standard describes how to
document the requirements and any other business
information that requires for the project to be
accomplished. The standard generally refers to the
requirement and the associated components to be
expressed as texts. In addition to this, it is stated that
user interfaces should be composed as prototypes
except for the textual specification of the requirements
(IEEE

requirements specifications 1998).

recommended  practice  for  software

3.2. Agile Approaches

It is impossible to freeze software projects within a
certain scope due to constantly changing priorities and
competition. Therefore, the agile approach, being open
to change, aims to develop the highest value-added
product that can be produced within a certain period of
time and with a specific source and budget. For this
purpose, it focuses on the most effective way to manage

the changes can occur during the software process. The

most effective way of responding to changes is possible
with a system, based on close and face-to-face
communication of the stakeholders and minimum
documentation (Boyer et al 2014; Norton 2008; Patton
etal 2014; Rubin 2013).

Although a specific specification method is not
officially defined as an agile requirement specification,
“User Story” is common in the literature and
applications (Bose et al 2014; Norton 2008; Rubin
2013; Patton et al 2014)

4. Requirements Engineering in Traditional and

Agile Approaches

In our study, we have discussed the differences between
the traditional and agile approaches considering
application similarities, advantages and disadvantages
over six of the seven topics mentioned in SWEBOK. In
Table 1, the basic concepts related to the requirement
are considered especially in terms of the types of
requirements. Comparisons related to the requirements
processes, including process actors, are given in Table
2. In Table 3, requirement acquisition is discussed over
resources, techniques and roles. In Table 4, requirement
analysis is evaluated through concepts such as scope
management, prioritization of requirements, while
Table 5 presents the specification of requirements.
Table 6 describes the validation of requirements and
Table 7 describes the comparison of requirements
engineering in terms of implementation. In addition,
activities and concepts that are not included in
SWEBOK but encountered throughout the study are

also included in Table 8.
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Table 1: Comparison of Traditional Methods and Agile Megh4thods in Terms of Software Requirements

Fundamentals

Key Activities and/or
Concepts

Traditional Methods

Agile Methods

Requirements

It is assumed that they are stable and
are known from the beginning.

It is assumed that they will mature
and become clear over time.

Product and Process
Requirements

Product and process requirements are
handled and documented separately.

Requirements are followed in a
format called user story, without
product or process separation.

Functional and Non-
Functional Requirements

Functional and non-functional
requirements are documented
separately and in detail.

User stories are created based on
functional requirements. Non-
functional requirements are
included in the user story.

Emergent Properties

Emergent properties are documented
under a separate section.

Emergent properties concerning
multiple user stories are treated as
system constraints.

Quantifiable Requirements

Each of the requirements is to be
measured separately.

It focuses on measuring the
usefulness of the functions that
fulfill the requirements.

Table 2: Comparison of Traditional Methods and Agile Methods in Terms of Software Requirements Process

Key Activities and/or
Concepts

Traditional Methods

Agile Methods

Process models

Waterfall method, spiral model,
Rational Unified Process are the most
widely used traditional methods.

Scrum, Kanban, Extreme
Programming are the most widely
used agile methods.

Process actors

Business stakeholders, analyst,
project manager, software developers,
test professionals, software architects
are the most basic process actors.

It generally includes agile coach,
product manager, and development
team roles.

Process Quality and
Improvement

Process quality and improvement are
handled outside the project. It is
executed by a separate role or team.
During the project execution, the
lessons learned are documented in
order to contribute to the
improvement.

In each cycle of the software
development process, a planned
activity for process quality and
improvement is realized.

Process Support and
Management

The requirement analysis process is
carried out by the “analyst” role.

The analysis process can be
conducted by the product manager,
developers or team. In some
applications, it is also carried out by
the analyst.
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Table 3: Comparison of Traditional Methods and Agile Methods in Terms of Software Requirements Elicitation

Key Activities and/or
Concepts

Traditional Methods

Agile Methods

Requirements Sources

All relevant stakeholders are
considered as the source of
requirement in the elicitation phase.

In many agile methodologies, the
development team works with a
product manager as a source of
requirement. However, the product
manager is responsible for doing
the necessary work with all other
stakeholders for the acquisition of
requirements. In some agile
applications, the customer is
included in the team and is
considered a direct source of
requirement.

Elicitation Techniques

It is performed by more formal
techniques.

Close work and face-to-face
communication techniques are
preferred.

Roles that fulfill
requirements elicitation

System analyst, requirement engineer,
domain expert.

Product Owner, development team,
and customers.

Table 4: Comparison of Traditional Methods and Agile Methods in Terms of Software Requirements Analysis

Key Activities and/or
Concepts

Traditional Methods

Agile Methods

Requirements Classification

Requirements are classified and
documented as functional, non-
functional, and transition
requirements.

Requirements are not classified.
They all are covered in user stories.

Conceptual Modeling

The conceptual design is done with
the designation of the requirements
first and the architectural design and
development are expected to be done
accordingly.

Conceptual design is created within
the first iteration and if required it is
updated within each iteration.

Architectural Design and
Requirements
Allocation

It is based on the creation of a formal
and visual model of the entire
system.

It is carried out in the form of
modeling only current iteration.

Requirements Negotiation

It is based on the persuasion of
stakeholders for the successful
implementation of the project plan.

It aims to prioritize the work that
will provide the highest added value
to the product.

Formal Analysis

When the project requires, formal
analysis is applied.

Formal analysis is not applied.

Scope Management

Requirements are set in the early
stages of the project. The scope is
determined and frozen according to
these requirements.

The scope is not frozen under any
circumstances. In the later stages of
the project, the scope can be
differentiated according to
stakeholder expectations and priority
changes.

Requirements Prioritization

The prioritization of the requirements
is carried out by the project manager
and determined by the stakeholders.

The prioritization of requirements is
carried out together by the product
owner, agile coach and the customer
altogether.
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Table 5: Comparison of Traditional Methods and Agile Methods in Terms of Software Requirements

Specification

Key Activities and/or
Concepts

Traditional Methods

Agile Methods

Documentation of
Requirements

All requirements are written in detail.

Documentation is not mandatory.
However, if the development team
needs it, it can do the documentation
as needed and in detail.

Requirements documents

The system identification
specification, system requirements
specification, software requirements
specification are minimum required
documents.

It is executed through a simple list
called Product Backlog.

Specification methods

Requirements can be specified with
formal, textual, and UML Use Case
methods.

Usually a user story is used to create
a common reference point among
stakeholders rather than
documentation.

Table 6: Comparison of Traditional Methods and Agile Methods in Terms of Software Requirements Validation

Key Activities and/or
Concepts

Traditional Methods

Agile Methods

Requirements Review

Requires formal review and approval.

Informal review meetings are held
under the leadership of the product
manager.

Prototyping

Prototyping is used where necessary.

It is often used for reconciliation
with stakeholders.

Model validation

Model validation is used if necessary.

Model validation is used if
necessary.

Acceptance Tests

Acceptance tests are carried out at the
end of the project, based on the
requirements set that determined and
frozen at the beginning of the project.

Acceptance tests are performed at
the end of each iteration, based on
user stories that are set for iteration.

Verification

Each of the requirements is checked
individually.

Definition of Done and Acceptance
Criteria is used to verify quality
expectations.
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Table 7: Comparison of Traditional Methods and Agile Methods in Terms of Software Requirements

Engineering Applications

Key Activities and/or
Concepts

Traditional Methods

Agile Methods

Iterative Nature of the
Requirements
Process

Each step of SDLC is performed in
the form of sequential activities.

All activities of the SDLC are
repeated in each iteration.

Dealing with Changes

New requirements and change
requests are seen as risky and
negative for the project.

It is open to changes and any change
requests that add value to the
product are welcomed.

Change Management

Change management is carried out
through a comprehensive process
with many approval phases.

The changes are considered as a
natural part of planning at the
beginning of each iteration.

Requirements Attributes

Additional gqualifications, such as
when the requirement is received,
when it is received and the owner of
the requirement, are documented as
detailed as possible.

Attributes are not used unless they
are critical.

Requirements Tracing

The relations of requirements with
each other are traced and documented
in detail.

Relationships between user stories
are traced in critical situations.

Measuring Requirements

Each of the requirements is measured
separately.

It is based on the measurement of
user stories that can consist of more
than one requirement.

Table 8: Comparison of Traditional Methods and Agile Methods in Terms of the other Aspects

Key Activities and/or
Concepts

Traditional Methods

Agile Methods

Timing of requirement
activities

All requirements are determined at
the beginning of the project.

Requirements are envisioned at the
beginning of the project and are
considered to change in the later
stages of the project.

Involvement of stakeholders

Stakeholders are expected to be
actively involved during the analysis.

Stakeholders are expected to support
the project throughout the project.

Communication of
requirements

Written and formal communication.

Face-to-face and informal
communication.

Planning

Predictive

Adaptive

Focus

Process centric

Focus on adding value.

The findings presented in these tables are summarized in Table 9, summarizing the advantages and

disadvantages of traditional methods and agile methods.



88

K. Camoglu, R. Kandemir | Trakya University Journal of Engineering Sciences, 20(2): 79-91, 2019

Table 9: Advantages and Disadvantages of Traditional Methods and Agile Methods

Advantages

Disadvantages

Since change management is carried out within
detailed formality, it is possible to prevent changes
that will not be really effective.

Due to the tracing of the relations of the
requirements in detail, the impact analysis of the
change requests can be carried out effectively.
Comprehensive and formal review and verification
practices allow for better quality requirements.
With detailed and comprehensive documentation, it
is possible to create corporate knowledge base.

Budgeting and calendar management can be done
effectively in large projects by pre-determined scope

The extent of adherence to the
identified scope and the fact that
change management is carried out in a
detailed process prevents the project
from responding quickly to changing
priorities and business rules.

Due to detailed documentation, formal
verification and other requirement
activities, high resource costs and
additional time are needed.

Traditional of design In fact, it is not possible to determine
Methods . ) . the scope at the beginning of the

It is possible to V\_/ork Wl_th a large number of project by 100% in many projects.

st.akeholders |n_h|erarch|cally structured and Based on this, prioritizations, plans,

dispersed locations. budget studies and architectural

The requirements engineering process is designed to  designs cannot meet project

create standards for the entire organization. expectations and negatively affect

It is easier to reach the requirements and to project success.

understand due to compliance with corporate The success of the project is adversely

standards. affected when the change requests

Due to the detailed measurement of requirements, exceeding a certain rate in the future

budget and calendar planning can be done more stages of the project.

precisely and the final product can be defined from

the beginning of the project.

The fact that the process is fully open to the new L .

requests and changes in cycles is able to provide the A Comprehensive impact analysis

highest added value to stakeholders in projects . be performed du? to the

where priorities and business rules change. inability to trace the atiributes of the

. requirements and their relations with

The output of the project can be more accurate and each other.

reaches high quality because of the short form of . .

iterations and small frequent increments that chumentatlon Is optional ar_1d the

delivered to the end user. agile team and customer decide

. . . together in which detail the document

The cost of requirements engineering is lower will be created.

through the lean documentation that is gradually . L .

developed during iterations. Since the documentation is optional, a
Agile Nedofiafi ) knowledge base may not be created for
Methods gotiations of requirements can be managed better product.

through stakeholder collaboration and frequent
engagement.

The requirements for the relevant iteration can be
achieved quickly and practically.

It enables the management of projects that are not
specific at the beginning of the project and have
requirements that may change with various effects
throughout the project.

Through the defined improvement step of the
process within each cycle, the team and process
performance can reach the highest level.

The output of the project cannot be
seen as a whole from the beginning of
the project.

For extensive projects, face to face and
informal communication with many
stakeholders in different locations
cause difficulties in practice.

Since the entire system is not handled

at once, additional costs of reworks
may be encountered as cycles progress.
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4. Conclusions

As "Standish Group" clearly shows, regardless of
which method is being used, requirement activities
have a great importance in the success and product
quality of the software project. In this study based on
the determination above, requirements engineering has
been compared in terms of traditional and agile
methods. Based on the SWEBOK Requirements
Engineering Knowledge Area, we have discussed the
basic concepts and key activities in both methods with

advantages and disadvantages.

According to the findings, traditional methods may be
more suitable for projects where a defined scope can be
established, the requirements can be determined from
the beginning and will change very little during the
project period. However, if the requirements are not
mature enough and / or are expected to change during
the project, then agile methods may be more
advantageous. While agile methods are more suitable
for projects with a stakeholder structure that is suitable
for face-to-face communication, traditional methods
seem to be more suitable for projects with stakeholders
located in different locations. While traditional
methods have a prominent place in organizations that
have formalities and give importance to written
documentation, agile methods can be preferred in

smaller organizations.

Taking into consideration all of these, the size of the
project, the complexity of the stakeholders, the level of
maturity of the organization and the potential of change
should be considered when choosing the most

appropriate method to ensure the success of the project.
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