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Abstract

Marble and volcanic rocks are a widespread aggregate resource and are increasingly
being used in concrete constructions worldwide. This paper presents a study's results
to compare the properties of concretes prepared with marble, andesite, and basalt
used as aggregates. Three aggregate types were supplied locally from three different
areas in Turkey. Chemical, petrographic, and mineralogical analysis was carried out
on all these samples. A variety of laboratory tests determined the physical and
mechanical properties of all aggregates. Water absorption, material finer than 63 um,
Los Angeles abrasion test, Mg2504 soundness, and alkali-silica reaction indicate that
andesite aggregate is of lower quality than basalt marble aggregates. Test results
show that crushed marble concrete has the highest workability, followed by crushed
basalt and crushed andesite aggregates.

Keywords: Concrete, Aggregate, Natural stone, Marble, Basalt, Andesite.
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Kirilmis Dogal Tas Agregalarin Karakterizasyonu

Oz

Mermer ve volkanik kayaglar yaygin bir agrega kaynagidir ve diinya ¢apinda beton
yapilarda giderek daha fazla kullanilmaktadir. Bu makalede agrega olarak kullanilan
mermer, andezit ve bazaltin karakterizasyonu amaciyla hazirlanmigtir. Tiirkiye'deki
ti¢ farkli bolgeden ti¢ agrega tiirli tedarik edilmistir. Tim bu numuneler {izerinde
kimyasal, petrografik ve mineralojik analizler yapilmistir. Cesitli laboratuvar testleri
ile tiim agregalarin fiziksel ve mekanik 6zellikleri belirlenmistir. Su emme, 63 pm'den
az malzeme, Los Angeles asinma testi, Mg2504 saglamlig1 ve alkali-silika reaksiyonu,
andezit agregasinin bazalt mermer agregalarindan daha diisiik kalitede oldugunu
gostermektedir. Test sonuglari, kirillmig mermer agregalarn en yiiksek beton
islenebilirligine sahip oldugunu, ardindan kirilmis bazalt ve andezit agregalarinin
geldigini gostermektedir.

Anahtar kelimeler: Beton, Agrega, Dogal tas, Mermer, Bazalt, Andezit.
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The Characterization of Crushed Natural Stone Aggregates

1. Introduction

Concrete is made from a mixture of
cement, water, and aggregate. Natural
materials such as river sand and crushed
stone are generally used in concrete as
aggregates. The properties of the used
aggregate influence the performance of
the concrete. Aggregate type, particle
size, and shape are essential. The
of products
(concrete blocks, block paving, bricks,
flooring, etc.) and ready-mixed concrete
is essential for sand and gravel. It is an
increasingly important use of crushed
stone; although sand and gravel in the
region are limited, concrete has been an
essential use for crushed stone for a long
time. Some rocks are suitable for use as
aggregate; notably, marble and dolomite
range of
applications globally. Due to being a
low-cost product and widely spread,
they are used in a considerable amount.
In addition, reusing aggregates has
become increasingly prevalent, and the
substitution of natural aggregates with
artificial aggregates generated from
waste products from other sectors is a

manufacture concrete

have a wide industrial

minor component of the industry
(Limbachiya et al., 2000; Xiao et al., 2006;
Etxeberria et al., 2007).

Several investigators have examined the
impact of various aggregate kinds on
concrete. Wu et al., (2001) examined the
influence of crushed quartzite, crushed
granite, and marble as coarse aggregate
on the mechanical characteristics of
high-performance concrete. Kili¢ et al.,
(2008) studied the effect of five different
aggregate types (gabbro, basalt,
quartzite, marble, and sandstone) on the

57

strength characteristics and abrasion
resistance of high strength silica fume
concrete. Meddah et al., (2010) examined
the effects of coarse aggregate
concentration and  particle
distribution on the compressive strength
of concrete. Their findings revealed that
the mixture with a ternary combination
of coarse fraction with a maximum size
of 25 mm, without admixtures, had the
best compressive strength. Yilmaz and
Tugrul (2012) studied the impact of
various sandstone aggregates on
concrete  strength.  Uysal (2012)
investigated the impact of five distinct
coarse aggregate types (basalt, marble,
dolomite, marble, and sandstone) on
abrasion, compressive strength, static
and dynamic elastic moduli, and
ultrasonic pulse velocity of concrete.

size

Several investigators have reported the
influence of limestone (Ozturan and
Cecen, 1997; Poitevin 1999; Donza et al.,
2002; Zarif and Tugrul, 2003; Al-Oraimi
et al., 2006), andesite (Black, 2005) and
basalt (Ozturan and Cegen, 1997; Alonso
et al., 2002; Korkang and Tugrul, 2004;
El-Dash and Ramadan, 2006; Zega et al.,
2010) of aggregates to the strength of
different individual rocks.

The purpose of this study is to explain
how the
natural aggregates affect the properties
of concrete. This article compares the
properties of concretes prepared with
the used marble, andesite, and basalt as
aggregates. The concrete's physical and

characteristics of various

mechanical characteristics were studied.
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2. Material and Methods

2.1. Raw materials

2.1.1. Cement

Portland cement CEM I 425 R was
utilized in all concrete mixes, and it met
the TS EN 197-1 (2005) standard.

2.1.2. Aggregates

which are

Marble and limestone,

widespread in Afyonkarahisar, Turkey,

form the primary source of locally
crushed rock aggregates. Three types of
crushed aggregates, marble, andesite,
and basalt, were used as the aggregates
in concrete production. Crushed
particles with particle sizes ranging from
0 to 22 mm are described as fine,
medium, and coarse aggregates, and
include crushed basalt (IB) from Ilica-
Kiitahya, crushed andesite (IA) from
Iscehisar-Afyonkarahisar, and marble
(BM) from Beyyazi-Afyonkarahisar.
Figure 1 shows a map of the location of
rock quarries.

Basalt Quarry

TURKEY

O * ANKARA
Afyonkarahisar

oMW scehisar
Andesite

Beyyazi

Emirdad

Figure 1. Location map of natural stone quarries used as an aggregate in
Afyonkarahisar and Kiitahya (Turkey).

2.2. Mix design

Three natural aggregates were used; all
were crushed from marble, andesite, and
basalt rocks, which were kept constant in
all the mixes. The cement used was CEM
I 425R with a content of 280 kg/m3.
Table 1 shows the mixed proportions
utilized in this experiment.
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The dry ingredients were combined in
the rotating pan's 55 dm3 capacity. The
standardized mixing process was as
follows: cement and all aggregates were
mixed first, followed by water. The
whole mixing time was around 4
minutes. All mixtures had a water-to-
cement ratio of 0.54. From each mix,
15x15x15 cm cubes were cast. All
samples were compressed into three



The Characterization of Crushed Natural Stone Aggregates

layers, with each layer compacted 25
times (Fig 2). After 24 hours, the
specimens were taken from the mold.
After that, the specimens were cured in a

Table 1. Concrete mix proportions

water tank for 7 to 28 days. At the end of
the curing period, all specimens were
tested.

Material Quantity (kg/m?3)
Cement (42,5 CEM-IR) 280
0-4 mm aggregate 1150
4-12 mm aggregate 310
12-22 mm aggregate 480
Water 175
w/c 0.54

Figure 2. Fillin

2.3. Chemical, mineralogical and

petrographic analysis

X-ray fluorescence (XRF) spectrometry
was used at the Canakkale Seramik
Laboratory (Turkey) to identify major
element oxides. A polarizing optical
microscope (Nikon LV100POL) was
used to study the mineralogical and
petrographic characteristics of marble,
andesite, and basalt rocks at Afyon
Kocatepe University (Turkey), and XRD

analyses are undertaken by the
Canakkale Seramik Laboratory
(Turkey).

59

2.4. Properties and

concrete

of aggregates

Crushed aggregates were separated
based on size. It was sieved using
standard sieves and divided into three
groups: 0-4, 4-12, and 12-22 mm. The
separated aggregate combinations were
achieved with a grade that requirements
the standards of TS 3530 EN 933-1.
Different physical and mechanical
properties were determined for each
aggregate sample (basalt, andesite, and
marble aggregates) such as grain size
distribution, loose  unit weight,
condensed unit weight, bulk specific
gravity (saturated surface dry), dry
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specific gravity, apparent specific
gravity, material finer than 63 um, water
absorption, percentage of fines, flakiness
index, Los Angeles abrasion test, freeze-
thaw loss,% (with Magnesium sulfate),
the methylene blue test, organic
impurities, chloride content, sulfide
soluble in acid, total sulfur content,
alkali-silica reaction (ASR). According to

TS EN (Technical Specification European
Standard) standards, the laboratory tests
are performed at the Saglamlar Insaat
AS Laboratory in Afyonkarahisar,
Turkey. Aggregates and concrete
samples for physicomechanical tests and
Table 2 includes the standards utilized
for each test performed.

Table 2. Related standards for aggregates tests

Tests

Related standards

Grain size distribution

Loose unit weight (bulk density) (kg/m3)

Condensed unit weight (bulk density) (kg/m3)

Dry specific gravity (g/cm3)

Bulk specific gravity (saturated surface dry)

Apparent specific gravity
Water absorption (%)
Material finer than 63 pm
Percentage of fines (%)
Flakiness Index (%)

Los Angeles abrasion test (%)

Freeze-thaw loss, % (with Magnesium sulfate)

The methylene blue test
Organic impurities
Chloride content

Sulfide Soluble in Acid
Total Sulfur Content
Alkali-silica reaction (ASR)

TS 3530 EN 933-1 (1999)
TS 3529 (1980)
TS 3529 (1980)

TS EN 1097-6 (2002)

TS EN 1097-6 (2002)
TS 3530 EN 933-1 (1999)
TS 3527 (1980)

TS 9582 EN 933-3 (1999)
TS EN 1097-2 (2000)

TS EN 1367-2 (1999)

TS EN 933-9 (2010)

TS EN 1744-1 (2010)

TS EN 1744-1 (2010)

TS EN 1744-1 (2010)

TS EN 1744-1 (2010)
ASTM C 1260 (1997)

3. Experimental Investigation and
Results

3.1. Chemical analysis
Chemical analyzes were performed to

determine the chemical properties of the
stones being tested. The origin of the
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volcanic  rocks determined
according to the results of chemical
analysis. Table 3 shows the findings of

the chemical analysis. Because they

was

looked to be the best and were already
extensively used, the chemical criteria
silica (SiO2) weight percent and total
alkalis (Na:O+ K:0) wt percent were
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chosen (Le Bas and Streckeisen 1991). As
shown in Fig. 3, andesite and basalt
samples are  categorized  using
Na20+K20 - 5iO2 diagrams (Le Bas et al.,

1992). It is seen that andesite samples are
located in the trachy-andesite area;
however, basalt is located in the basaltic
andesite area.

Table 3. Chemical composition of rocks used as aggregates

Si02 AlOs  TiO2 Fe2Os CaO MgO NaO KO MnO LOI
1 5280 15.60 090 8.03 9.00 420 278 246 0.142 340
Basalt 2 5330 1590 095 821 905 411 283 249 1155 270
3 5220 1620 089 811 910 416 290 237 0.880 3.20
1 6030 15.08 083 612 431 136 314 412 - 3.00
Andesite 2 61.00 17.00 056 546 432 140 327 478 - 2.20
3 6070 1623 078 6.11 440 1.68 341 401 - 2.70
1 021 017 0.01 0.07 3520 17.72 0.02 0.01 - 47.00
Marble 2 031 014 001 005 3700 1691 0.01 001 - 46.00
3 022 018 001 005 3600 1635 0.01 0 - 47.00
Ch ) { Basalt
Phonolite O Andesite
13
Tephri-
Phonolite
11— Trachyte
o
v'9- Foidite
+ Rhyolite
(@]
& 7
=
5_
3_
Picro | Basalt | g '% Dacite
Basalt 8%
71— o C
m <t
| | 1 1 U = 1
41 45 52 57 63 Sio; 77

Figure 3. The classification of the volcanic

rocks based on total alkali versus silica

(TAS diagram proposed by Le Bas et al., (1992)).

3.2. Mineralogical and Petrographic
Analysis

Polarizing optical microscope studies

The mineralogical and petrographic
characteristics of the examined rocks

61

were investigated using a polarizing
optical ~ microscope  and
diffractometry (XRD). Thin section
studies determined the petrographic
characteristics of the collected rocks
from the Afyonkarahisar and Kiitahya
These

X-ray

regions. investigations
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determined the
composition, matrix, and particle size of

mineralogical
the examined rocks.

Basalt is an extrusive igneous rock
composed primarily of plagioclase and
pyroxene  minerals. It had a
holocrystalline ~ to  hypocrystaline
texture, with fine grain size and rare
plagioclase and pyroxene. In a thin
section, the Ilica-Kiitahya basalts contain
plagioclase (feldspar), clinopyroxene,
and olivine minerals. Partially altered
olivine micro phenocrysts, plagioclase
microlites show flow texture. Olivine
appears mainly as subhedral to anhedral
phenocrysts and micro phenocrysts in
the matrix. Plagioclase is the gray
mineral, olivine is the bluish-green to
blue grain at the top, and the rest is
mainly pyroxene (Fig. 4).

Andesite is a kind of rock that is
intermediate in composition between
primary (basalt) and acid (rhyolite).
Andesite is a grey-black, fine-grained
volcanic rock rich in silica (53-63%). It
has a porphyritic texture and is made up

(%

Figure 4. A photograph of a thin section of Ihéa basalt (IB) with a fine-grained

y - A y T 2

of microliths of plagioclase (feldspar)
and pyroxene, feldspar, pyroxene, and
biotite phenocrysts in a glass matrix. In a

thin section, the Iscehisar-
Afyonkarahisar andesite contains
crystals of plagioclase, sanidine,

clinopyroxene, hornblende, biotite, and
olivine minerals (Fig. 5). Plagioclase
crystallizes as microlites and sometimes
as small phenocrysts with a flowing
texture.

Marble, or recrystallized limestone, is a
common aggregate resource in the
Afyonkarahisar ~ region and is
increasingly being utilized in concrete
construction. In a thin section, the
Beyyazi-Afyonkarahisar marble
contains crystals of calcite and dolomite
minerals. Calcite crystals with mostly
uncommonly
sutured. Calcite is

curved borders are
embayed and
abundant; the more significant pieces
show regular polysynthetic twinning.
Beyyazi-Afyonkarahisar marbles have a
granoblastic texture and concentrated
veins formed by dolomite minerals (Fig.
6).

groundmass with plagioclase (P), clinopyroxene (CP), and olivine (O)
crystals. Photomicrographs (a-b) taken with crossed Nicols.
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—

Figure 5. A photograph of a thin section of an Iscehisar-Afyonkarahisar andesite with
a fine-grained groundmass with plagioclase (P), sanidine (S), clinopyroxene
(CP), hornblende (H), biotite (B), and olivine (O) crystals. Photomicrographs
(a-b) taken with crossed Nicols.

Figure 6. A photograph of a thin section of a Beyyazi-Afyonkarahi
calcite (C) and dolomite (D) crystals. Dolomite minerals were formed along
in the fractures. The photomicrographs (a-b) were taken with crossed Nicols.

oA
sar marble with

X-ray diffractometry (XRD) analyses montmorillonite, muscovite, andesine
and tridymite (Fig. 7). Tridymite, the
The mineralogical nature of basalt, main silica phase, is found solely in
andesite, and marble crystalline phases  andesite samples. In addition to this
was determined by X-ray diffraction  mineral, volcanic rocks include a
research. XRD analyses of the Ilica basalt ~ substantial component of amorphous
reveal that labradorite, sanidine, materials (volcanic glass). In XRD
muscovite, and montmorillonite are  patterns of Beyyazi marble, two peaks of
present within the rock. The XRD  calcite and dolomite minerals were
pattern for an Ilica basalt sample is  observed (Fig. 7). Rock is called
depicted in Fig. 7. The Iscehisar andesite ~ dolomitic marble.
samples are composed of sanidine,
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bazwr-y L: Labradorite
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8000 Mt Montmarilionie
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20004 o
-
' 3
N_A‘-u" k ", wa g,
Amarphos maeral
pliwkacgmy | | | |
) ) @ ©
Powton[2Thea] (Copoar (Cul
Dolomit Kiregtag: - 1
40000 -1 o
10000

D : Dolomite
K : Calcite

N1 | N

b
L4 -
-

Position [*2Theta] (Copper (Cu))

40 50 60

Figure 7. X-ray diffraction (XRD) diffractogram of basalt, andesite, and marble

samples.
3.3. Aggregate tests

Aggregate, the primary ingredient of
concrete, accounts for 60 to 80 percent of
the overall volume of the material. The
workability and hardened
characteristics of concrete are affected by
the kind and particle size distribution of
the aggregates. There are two primary
reasons for increasing the aggregate
content of concrete. The first is that
cement costs more than aggregate;
therefore, utilizing more aggregate
lowers the cost of creating concrete. The
second is that most hardened concrete
durability issues, such as shrinkage and
freezing, and thawing, are caused by
cement (Rached et al., 2009). A variety of
laboratory tests determined the physical
and mechanical properties of all
aggregates. TS and TS EN Standards

performed tests. Every test was carried
out at least three times.

3.3.1. Grain size distribution

The frequency of a distribution of a
given aggregate's particle sizes is
characterized as an  aggregate's
graduation (Lamond and Pielert, 2006).
Aggregate particle size distribution is
one of the most important characteristics
regarding the utilization of aggregates in
concrete. Sample rocks were crushed
into aggregates using a priming crusher,
then sieved and divided into three sizes:
0—4 mm as fine aggregate, 4-12 mm as
medium aggregate, and 12-22 mm as
aggregate. The separated
aggregate combinations were achieved
with a grade that meets the standards of
TS 3530 EN 933-1 (1999). Three crushed
aggregates were tested and used in this
study: basalt,

coarse

andesite, and marble.
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Table 4 depicts the particle size
distribution of the aggregates examined.
Figure 8 depicts the sieve analysis test
findings, divided into three sizes: 0—4
mm as fine aggregates, 4-12 mm as
medium aggregates, and 12-22 mm as
coarse aggregates. As demonstrated in
Fig 9, the sieve analysis value of the ratio
obtained for all mix aggregate is within
the required limit. The grading curve for
natural aggregates is  positioned
between the lower and higher limits of
the aggregate grading requirement from
TS 706 EN 12620. (2009). As a result of

3.3.2. Unit weight (bulk density) and
specific gravity

The bulk density of an aggregate, or its
unit mass, represents a portion of its
void content at a particular degree of
compaction and is, therefore, an indirect
indicator of its grading and form
properties. For typical aggregates, the
bulk density ranges from 1200 to 1800
kg/m3 (Smith and Collis 1993). The
aggregates' loose unit weight (bulk
density) and condensed unit weight are

this finding, all aggregates are calculated using the TS 3529 test
appropriate for concrete building technique.
operations.
Table 4. Grading of crushed aggregates for all aggregate type (% Passed)
Basalt Andesite Marble
Sieve 0-4 412 1222 | 04 412 1222 | 04 4-12 1222
(mm) mm mm mm mm mm mm mm mm mm
224 100 100 100
16 51.65 25.42 22.21
11.2 95.55 109 96.87  3.37 97.08 1.13
8 52.04 0 40.83 0 4694 0
5.6 19.05 6.86 8.1
4 8932 0 97 0 98.44 0
2 66.63 63.86 69.87
1 49.94 45.24 51.45
0.5 37.82 31.79 38.28
0.250 26.41 21.33 28.91
0.125 16.33 11.96 17.86
0.063 7.3 3.9 6.1
0 0 0
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Figure 9. Sieve analysis within the lower and upper limit of the grading requirement
for crushed natural aggregates from TS 706 EN 12620 (2009).

Loose unit weight and condensed unit
weight of separated aggregates values
were presented in Table 5. The loose unit
weight of the specimens for basalt,
andesite, and marble aggregates ranges
from 1381 to 1571 kg/m?3, 1291 to 1599

66

kg/m?, and 1361 to 1751 kg/m? (Fig 10).
Table 6 shows the ratio of natural
aggregates' loose bulk density to
compacted bulk density. The loose bulk
density to compacted bulk density ratio
ranges between 0.88 and 0.99. According



The Characterization of Crushed Natural Stone Aggregates

to Neville and Brooks (2002), this
number is between 0.87 and 0.96, as
indicated by the code. The specific
gravity is a characteristic of the concrete,
which needs to be determined in making
calculations of the mix design of
concrete. There are several specific
gravities; dry specific gravity, bulk
specific gravity, and apparent specific
gravity. The specific gravity was
determined according to the procedure
described in TS EN 1097-6 (2002). Test

results obtained from dry, bulk and
apparent gravity of the
aggregates are summarized in Table 7.
This is lower than the natural aggregate
values reported by Neville and Brooks
(2002), which range from 2.6 to 2.7.
Apparent specific gravity ranges
between 2.37 and 2.88 g/cm? (Fig 11).
Andesite has lower specific gravity
values than the other rocks. The marble
specimens received the greatest value.

specific

Table 5. Properties of the loose unit weight and condensed unit weight of the

aggregates

Loose unit weight Condensed unit Ccu
Grain  (kg/m3) Standard  weight (kg/m?) Standard  W/L

size Min Max Mean required  Min Max Mean required UW

Type (mm) %
1222 1381 1403 1392 1491 1514 1504 0,93

Basalt 412 1413 1474 1447 1531 1556 1543 0,94
0-4 1527 1571 1547  (rg 359, _1611 1651 1631 (TS 3529, (95

1222 1291 1297 1294  19g) 1445 1450 1447  1980) 0,89
Andesit 4 15 1306 1310 1308 1469 1471 1470 0,89
¢ 0-4 1593 1599 1596 21250 1598 1627 1612 ng_ 0,99
1222 1361 1381 1371 (kg/m3) 1559 1567 1563 (kg/ms) 088

Marble 412 1441 1476 1457 1598 1605 1601 0,91
0-4 1729 1751 1742 1873 1884 1878 0,93

Table 6. Properties of the dry, bulk, and apparent specific gravity of the aggregates

Dry specific gravity Bulk specific gravity Apparent specific
5 (saturated surface . 5
Grain (g/cm?3) dry) (g/em?) gravity (g/cm?) Stanflard
. - - - required
size Min Max Mea Min Max Mea Min Max Mea
Type (mm) n n n
12-22 2,61 2,63 2,62 2,64 2,66 2,65 2,70 2,72 2,71
Basalt 4-12 2,60 2,63 2,61 2,64 2,66 2,65 2,71 2,74 2,72
0-4 2,54 2,61 2,58 2,61 2,67 2,65 2,73 2,76 2,75 (TSEN
. 12-22 2,25 2,27 2,26 2,31 2,32 2,32 2,37 2,39 2,38 206-1)
Andesit 4 10 219 223 221 226 230 228 237 239 238
¢ 0-4 2,03 2,14 2,10 2,18 2,26 2,22 2,39 2,42 2,40 2-3
1222 278 281 279 281 28 28 28 28 286 (g/em?)
Marble 4-12 2,71 2,73 2,72 2,75 2,77 2,76 2,83 2,85 2,84
0-4 2,68 2,71 2,69 2,74 2,76 2,75 2,84 2,88 2,86
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Figure 10. Loose unit weight and condensed unit weight of the aggregates.
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Figure 11. Dry, bulk, and apparent specific gravity of the aggregates.
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Table 7. Properties of the water absorption and material finer than 63 um of the

aggregates
Crain Water absorption (%) Standar Material ﬁnﬁr than 63 Standar
: d um (%) d
T s1ze Min Max  Mean quired Min Max Mean quired
ype  (mm)
1222 101 121 112 0.4 0.6 05
Basalt 412 128 180 155 0.6 0.7 0.65
04 225 272 251  (TS706 _ 2.8 3.1 30 (TS 706
1222 222 230 227 EN 0.9 12 1.0 EN
indem 412 310 337 321 126200 105 124 113 12620)
0-4 538 726 642 141 158 140
1222 076 097 086  <%10 071 080 0.5 <3
Marble 412 141 175 156 070 073 071
04 199 248 217 1.6 128 121

3.3.3. Water absorption and material  0.76% to 7.26%. The highest mean value
finer than 63 pm of water absorption in andesite
specimens was determined. The water
The water absorption of the aggregates  absorption values of basalt and marble
examined was measured using the are lower than those of andesite rocks.
techniques suggested by TS EN 1097-6.  The water absorption of andesites ranges
(2002). Table 8 shows the findings of  from 2.22 to 7.26% (Fig 12).
water absorption levels ranging from

Water absorption (%) Material finer than 63 pm (%)
i
:
B
i
:
:

n [ %% m 0 iﬁmﬂggmm

1222 | 412 04mm 1222 | 412 O-4mm| 12-22 | 412 |0-4 mm 12-22 | 412 0-4mm 12-22 | 4-12 O-4mm 12-22 | 4-12 04 mm
mm mm mm mm mim mm mm mm mm mm mm mim

Basalt Andesit Marble Basalt Andesit Marble

Figure 12. Water absorption and material finer than 63 um of the aggregates

The proportion of fines in aggregates,  findings, the average percentage of fines
such as clay, silt, and dust, is defined as  ranged between 0.50 and 14.00%. Fines
the material passing a 63 m screen. These ~ percentages are greater in andesite (0-4
fine aggregate ingredients cause mm) and lower in basalts (12-22 mm).
cementing material to expand or disrupt

the connection between aggregate and

cement. Test results obtained from

material finer than 63 um test are

summarized in Table 8. According to the
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3.3.4. Percentage of fines and flakiness
index

According to TS 3530 EN 933-1, (1999),
the fineness modulus (FM) of either fine
aggregate is determined by adding the
by mass
retained on each defined series of sieves
and dividing the amount by 100. Table 8
summarizes  the  findings.  The
aggregates' fineness modulus (FM)
varies between 2.82%, 2.7%, and 2.75%
(Fig 13).

cumulative  percentages

In general, solid and hard or brittle rocks
yield more flakes than weak rocks, while

the latter produces more particles when
crushing (Smith and Collis 1993). The
flakiness index was calculated using the
techniques outlined in TS 9582 EN 933-
3. (1999). Table 8 summarizes the
findings. As seen in this table, the
basalt's flakiness index, andesite, and
marble aggregates range 12.26%, 24.3%,
and 14.6%, respectively (Fig 13). The
maximum flakiness index values are
obtained from the andesite. All the
samples
satisfied the requirements for use in
standard concrete applications.

tested for flakiness index

Table 8. Fines percentage properties and flakiness index of aggregates.

Percentage of fines (%) Standard  Flakiness Index (%) FI Standard
Type Min Max Mean  required Min Max Mean category  required
Basalt 2,79 2,86 2,82 11,5 13,3 12,26 FI15
T 71
Andesit 2,68 2,73 2,7 TS EN 23 25,3 24,3 FI35 ESN 06
N 706 12620
Marble 2,74 2,75 2,75 14,3 15,3 14,6 FI15
Percentage of fines (%) Flakiness Index %)
2,84 30
282 |
28 = s
178 : 20
2,76
#£2, :
0 - =
2,7 | : 10
2,68 = : ! 5
266 = = =
264
Basalt Andesit Marble ’ Basalt Andesit Marble
Aggregate type Aggregate type

Figure 13. The aggregates' fines percentage and flakiness index

3.3.5. Los Angeles abrasion test and
Mg2SOs4 soundness

Many aggregates must be durable or
resistant to wear or deterioration (Smith
and Collis, 1993). To assess the durability
of all aggregates, the Los Angeles
abrasion test was performed by TS EN
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1097-2, (2000). Table 9 summarizes the
Los Angeles abrasion values (after 500
cycles). According to the data, basalt
aggregates had the lowest abrasion
(12.8%, 14.8%), whereas andesite
aggregates had the highest abrasion
(14.8 percent) (25.7%, 26.9%) (Fig. 14).
According to the findings of the Los
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Angeles abrasion tests, basalt exhibits
lower abrasion loss than andesite and
limestone. According to TS EN 12620
(2009), the Los Angeles abrasion value of
the aggregate used to create concrete

should be less than 50%. All aggregates
tested for Los Angeles abrasion values
satisfied the requirements for use in
standard concrete applications.

Table 9. Properties of the Los Angeles abrasion test and Mg:50: soundness of the

coarse and medium aggregates

Qrain Los Angeles abrasion test Standard Mg2S04 soundness Standard
s1ze (%) required (% loss) required
Type (mm) Min Max Mean q Min Max Mean 1
12-22 12,2 13,5 12,8 3,00 3,47 3,23
Basalt 4-12 14,1 15,8 14,8 6,90 12,80 9,23
0-4 * * * * * *
Andesit 12-22 24,3 26,9 25,7 ?28620 EN 12,00 14,28 13,00 ;r25620 EN
naes:
! 4-12 25,8 27,5 26,9 19,2 22,35 20,92
¢ 0-4 * * * * * *
<%50 <%35
12-22 22,3 23,7 22,9 5,81 7,95 6,78
Marble 4-12 23,2 24,1 23,8 12,5 14,87 13,69
0-4 * * * * * *
Los Angeles abrasion test (%) Mg,50; soundness (% loss)
0 25
25 0
n 15
# 15 #
i 10
10
0 il |
12-22 | 412 0-4mm 1222 | 412 O-4mm| 12-22 | 4-12 |0-4 mm 12-22 | 4-12 O-Amm 12-22 | 812 O-4mm 12-22 412 |04 mm
mm mm mm mm mm mm mm mm mim mm mm mm
Basalt Andesit Marble

Basalt Andesit Markbile

Figure 14. The Los Angeles abrasion test and Mg:50: soundness of the coarse and

medium aggregates

When the
aggregate caused by weather, such as
alternating cycles of wetting and drying
or freezing and thawing, cause concrete
degradation, it is called unsound. The
word to an
aggregate's capacity to withstand severe
volume fluctuations caused by changes
in the physical environment, such as
freeze-thaw cycles, thermal changes at
temperatures above freezing, and so on
(Smith and Collis, 1993). This test is a
sped-up version of the freeze-thaw test

volume variations in

"soundness" refers
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that uses magnesium sulfate solutions.
Crystallized magnesium sulfate
(Mg2SO4) was used in this study. One of
the major issues in the cold region where
aggregates are utilized is freeze-thaw.
The aggregates were subjected to a
Mg>50: soundness test by TS EN 1367-2.
(1999). Table 10 summarizes the
findings. According to the findings,
maximum Mg2SOs soundness value (%
loss) was observed for the andesite
aggregates (13.0%, 20.92%), and the
minimum loss was observed for the
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basalt aggregates (3.23%, 9.23%) (Fig.
14). According to TS EN 12620, (2009),
the Mg:SOs soundness value (% loss)
should be less than 35% for the aggregate
that will be used to produce concrete. All
aggregates tested for Mg2504 soundness
values satisfied the requirements for use
in standard concrete applications.

3.3.6. Other aggregate tests

The active clay materials expand,
depending on the moisture content.
Swelling depends on the type of clay
minerals.  Swelling  minerals are
considered the minerals of the smectite
group, with a significant representative
of the montmorillonite. Smectite is a
relatively common secondary product in
volcanic rocks andesite, basalt, etc,,
resulting from low-grade alteration and
weathering. Tests with methylene blue

have become popular to test aggregates,
i.e., the existence of smectite minerals.
The Methylene blue test is carried out on
the 0/4 mm fraction in fine aggregates
according to the TS EN 933-9, (2010)
specifications. The blue
values (MB) of the aggregates varied
from 0.49 to 0.75. The results are given in
Table 10. In addition to XRD analysis
shows the presence of the clay minerals
in basalt and andesite
According to the results obtained,
minimum methylene blue values were
observed for the marble aggregates
(0.49%), and the maximum values were
observed for the andesite aggregates
(0.75%). According to TS EN 933-9,
(2010), the methylene blue values should
be less than 1 for the aggregate used to
produce concrete. According to this
standard, all aggregates are suitable for
use in concrete applications (Fig 15).

methylene

specimens.

Table 10. Properties of the Methylene blue test, organic impurities, chloride content,
sulfide soluble in acid, total sulfur content, alkali-silica reaction (ASR) of the

aggregates

Standard Basalt

Andesite Marble

required Min Max Av.

Min Max Av. Min Max Av.

Tests

Methylene blue test (MB) <1

Organic impurities (%) suitable 1-2
Chloride content (%) <0.01 0.0024
Sulfide soluble in acid (%) <0.8 0.02
Total sulfur content (%) <%1 0.022
Alkali-silica reaction (%) <0.1 0.093

072 075 0.74

075 075 075 047 050 049

0-1 1-2
0.0016 0.0047
0.024 0.04
0.027 0.035
0.158 0.078
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Methylene blue test
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Basalt

Andesite Marble
Aggregate type
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Figure 15. Methylene blue test of the fine aggregates.

Organic and chemical contaminants may
slow the setting of concrete and reduce
the hardened material's strength. A
simple test based on TS EN 1744-1, (2010)
defines the test for detecting the most
dangerous
substances. Organic impurities, chloride

organic and chemical

018 -
0,16
0,14 -
012
* 01 +
0,08 +
0,06 +
0,04 +
0,02

Chloride Sulfide
content  soluble in acid

Total sulfur  Alkali-silica
content reaction

Tests

BBasalt
BAndesite
BMarble

content, sulfide soluble in acid, total
sulfur content, alkali-silica reaction
(ASR) of the aggregate test results are
given in Table 10. The results of these
studies are summarized in Table 10 and
shown in Figure 16.

Figure 16. Chloride content, sulfide soluble in acid, total sulfur content, alkali-silica
reaction (ASR) of the aggregates. Mortar bars of alkali-silica reaction test.

ASR is more common and more
damaging the
characteristics of concrete. ASR is a
chemical reaction between the cement
between the alkaline components and
the active silica-based mineral elements
of specific aggregates. The reaction
produces a gel that absorbs water,
expands, and imposes internal pressure
that can sometimes be considerably

to mechanical

73

more than what concrete can withstand,
resulting in micro-cracks.

To enable ASR, three key components
are required: sufficient alkalis in the pore
solution, a sufficient number of reactive
phases the aggregate
particles, and sufficient moisture. There
are now numerous ways for assessing
the potential reactivity of a particular

mineral in
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aggregate (Marzouk and Langdon 2003).
Alkali-silica reaction of aggregates
determined according to ASTM C 1260-
94, (1997) procedure. The results are
given in Table 10. Alkali-silica reactivity
potential of aggregates was investigated
in concrete samples. Expansions
exceeding 0.1% to 0.2% cause the
aggregate to be classified as potentially
reactive. Secondary minerals such as
montmorillonite clays may contaminate
the andesitic aggregates. In this case,
andesite aggregates (0.158) expansions
exceeding the limit of the alkali-silica
reaction value. Basalt (0.093) and marble
(0,078) aggregates showed no expansion.

4. Conclusions

Natural sand, gravel, and crushed rock
aggregates represent a large proportion
of the construction industry's materials.
The primary ingredient of concrete is
aggregate, and the characteristics of
aggregate impact the properties of
concrete. Three types of aggregates were
employed for this project: marble,
andesite, and basalt. The mineralogical
and petrographic characteristics of the
examined rocks were investigated using
a polarizing optical microscope and X-
ray diffractometry (XRD).

Mineralogical and petrographic
determination is insufficient to predict
aggregate performance. A variety of
laboratory tests determined the physical
and mechanical properties of all
aggregates. TS and TS EN Standards
performed Aggregates
crushed and sorted based on size. It was
standard
divided into three groups of 0-4, 4-12,

tests. were

sieved using sieves and
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and 12-22 mm. Studies on three types of
aggregates (marble, andesite, and basalt)
concrete are carried out in this paper.
The following results were obtained:

XRD analyses of the Ilica basalt reveal
that labradorite, sanidine,
montmorillonite, and muscovite are
present within the rock. Andesite
samples are composed of sanidine,
montmorillonite, muscovite, andesine
and tridymite. XRD analyses for the
basalt ~and  andesite  indicated
montmorillonite type clay minerals.
Water absorption, material finer than 63
um, Los Angeles abrasion test, MgzSOx
soundness,
indicate that andesite aggregate is of

and alkali-silica reaction

lower quality than basalt marble
aggregates because of the clay it
contains.  The  natural andesitic

aggregate is a particular case because, in
the Los Angeles abrasion test, basalt and
marble aggregates lose less weight than
andesite, directly related to its poor
quality.

The highest mean value of water
absorption in andesite specimens was
determined. Basalt and marble have
lower water absorption values than
andesite rocks. The water absorption
rate of andesites ranges from 2.22% to
7.26%.

The bulk density of concrete is
determined by the kind and quantity of
aggregate used. Fresh concrete with
marble aggregate has the highest bulk
density (2490 kg/m?), whereas concrete
with maximum andesite aggregate has
the lowest (2174 kg/m?3). The largest
slump was seen in concrete created with
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marble aggregates (17 cm), while the
lowest slump was reported in concrete
made with andesite aggregates (14.5
cm).

Basalt and marble have many properties
compared to the andesite and are
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Abstract

In this study, the quantity of the cumulative impact assessment has been classified by
the potential response of Valued environmental components (VEC) to pressures and
resiliency, recoverability and compensability of them. In addition, the significance of
the cumulative impacts of developments and projects over VECs’ future conditions
has been assessed. It can be concluded that the anthropogenic interventions to be
carried out to protect or develop Dhaka City with the goal of protecting the area in
the context of the land use plan will increase negative impacts over VECs in the area.
However, it can be argued that clearing the land around flooding zones and fault lines
out of settlements to preserve the natural habitat of the region will yield more
sustainable outcomes. Strengthening and increasing monitoring activities in the area
and imposing sanctions on violators of environmental protection laws properly, by
privatizing them would strengthen cumulative impact management in Dhaka City.
This study tries to provide suggestions regarding land use planning to reduce
cumulative impacts resulting from the failure of previously adopted policies or
targeted projects but not implemented land use plans. Individual sponsors, planning
team, government and stakeholders have to fully comprehend encountered
cumulative impacts and risks, and make effort to develop consistent management
strategies to mitigate risks.
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Dakka Sehrinde Arazi Kullanim Planlamasi i¢in Hizli
Kiimiilatif Etki Degerlendirmesi

Oz

Bu c¢alismada, kiimiilatif etki degerlendirmesinin miktar;, degerli g¢evresel
bilesenlerin (VEC) baskilara kars1 potansiyel tepkisine, bunlarin esnekliklerine, geri
kazarilabilirligine ve telafi edilebilirli§ine gore smiflandirilmistir. Ayrica, gelisme ve
projelerin kiimiilatif etkilerinin degerli ¢evresel bilesenlerin gelecekteki kosullar
tizerindeki Onemi degerlendirilmistir. Arazi kullanim planlamasi kapsaminda
bolgenin korunmasi amaciyla Dhaka Sehri'nin korunmasi veya gelistirilmesi igin
yapilan antropojenik miidahalelerin, bolgedeki degerli cevresel bilesenler tizerindeki
olumsuz etkileri arttiracag1 sonucuna varilabilir. Ancak, bolgenin dogal yasam
alanini korumak i¢in taskin bolgeleri ve fay hatlarinin etrafindaki arazilerin yerlesim
yerlerinden arindirilmasmin daha siirdiiriilebilir sonuglar doguracag: soylenebilir.
Bolgedeki izleme faaliyetlerinin gii¢lendirilmesi ve arttirilmasi ve ¢evre koruma
yasalarmi ihlal edenlere ceza yaptirimlarin dogru sekilde uygulanmasi Dakka
Sehrinde kiimiilatif etki yOnetimini gliclendirecektir. Bu calisma, daha Once
benimsenen politikalarin veya hedeflenen projelerin basarisizliginin neden oldugu
ancak uygulanmayan arazi kullanim planlarindan kaynaklanan kiimiilatif etkileri
azaltmak icin arazi kullanim planlamasmna iliskin Oneriler sunmaktadir. Bireysel
finansorler, planlama ekibi, hiikiimet ve paydaslar, karsilagilan kiimiilatif etkileri ve
riskleri tam olarak anlamali ve riskleri azaltmak igin tutarli yonetim stratejileri
gelistirmek i¢in ¢aba gostermelidir.

Anahtar kelimeler: Cevresel bilesenler, Kiimiilatif etki degerlendirmesi, Arazi kullanim,
Dakka sehri
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1. Introduction

Valued environmental components
(VECs) are defined as fundamental
elements of the physical, biological or
socio-economic environment, including
the air, water, soil, terrain, vegetation,
wildlife, fish, birds and land use that
may be affected by a proposed project.
Valued environmental components are
affected by different external natural and
social stressors and pressures. In an
RCIA (Rapid Cumulative Impact
Assessment), impacts are measured not
in terms of the intensity of the stress
added by projects but in terms of the
VEC response and, ultimately, any
significant changes to its condition.

1.2. Objective

The main objective of this study is to
classify the cumulative impacts on VECs
by potential response of VECs to
pressures and recoverability and
compensability of them. So, the 6-step
methodology for conducting RCIA for
land use planning in Dhaka City was

used.
2. Material and Method

An RCIA study may utilize different
methods to analyze cumulative impacts
on VECs and their responses to these
impacts properly. One of the methods
that can be combined with an RCIA
study is GIS-based land use analysis.
The 6-step methodology proposed by
IFCis used for conducting RCIA for land
use planning for Dhaka City. The
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methodology is defining as the study
area, identifying VECs as well as all
developments and stressors affecting
them, present conditions of VECs,
recommended projects to save the VECs,
severity of the cumulative impacts from
projects over the VECs and significance
of the cumulative impacts over VECs’
future conditions.

3. Discussion and Findings

3.1. Defining Spatial and Temporal
Boundaries

The study area contains Dhaka City that
comprises ten regions in total (Figure 1).
The period for which the cumulative
impacts of various developments have
been assessed is from 2016 to 2035
(RAJUK, 2015).

To assess the significance of the
cumulative impacts over VECs’ future
conditions in Dhaka city, the magnitude
of the cumulative impact potentials have
been classified by taking the elements
such as the potential response of VECs to
pressure as well as their recoverability,
compensability and preventability of the
impacts into consideration. In order to
do so, first, VECs have been defined
within the context of spatial and
temporal boundaries, and each VEC was
given a letter from A to W. In a similar
way, possible developments (possible
land use plans) have also been defined
within the context of temporal boundary
and each development was given a
specific name from Project-1 to Project-
11. After that, impacts have been
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classified in accordance with their
severity. In classification, the number of
impacts over the project and severity of

them were given the utmost importance.
Finally, significance of the cumulative

impacts over VECs’ future conditions
has been assessed.

Figure 1. Districts of Dhaka City

3.2. Identifying VECs as well as all
Developments and External Natural
Stressors Affecting Them

Identifying external natural and social
stressors, potentially affected VECs,
potentially affected human structures
and values, and existing cumulative
impacts as natural or social elements of
pressure over VECs have all been taken
in to consideration. External natural and
social stressors and pressures over VECs
for Dhaka City are given in Table 1.
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3.3. Determining Present Conditions of
VECs

Present conditions of VECs in Dhaka
City and risk assessment for the existing
conditions are presented in Table 2. Each
of these has been determined on the
basis of the observational findings from
environmental survey activities, studies,
World Bank Reports, previous plans and
various documents prepared by official
bodies.
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Table 1. VECs evaluated in RCIA for land use planning (Dhaka City)

External Natural

and Social
Stressors

Vecs

External Natural and Social
Pressures Over Vecs

Air Emissions

Noise

Land Use and Soil
Pollution

Biodiversity And
Habitat

Natural Resources

Ground Water
Pollution

Drinking Water Quality

Wastewater And
Sewage

Solid Waste
Management

Land and Excavation
Management

Smell

Floods

Seismic Movements
and Other Natural
Disasters
Landscaping and
Recreation
Social and Economic
Environment

Urban Population Around

Highways / Wildlife Areas Under
the Impact of Industrial Facilities /
Agricultural Products / Forest

Vegetation / Areas Orchards

Settlements / Urban Population /

Agriculture Areas / Marshes and
Peatlands / Wetlands / Stream Bed

Biodiversity Areas / Bird

Sanctuaries / Flyway of Migratory

Birds
Parks/ Forests / Water Sources

Ground Water Quantity

Groundwater Quality and
Quantity /Surface Water

Wildlife/ Aquatic Fauna

Urban Population/

Wildlife/Ground Water/Surface
Water

Wetlands /Streambeds

Settlements Around Some
Industrial Facilities

/Wildlife/Agricultural Land
Urban Areas and Population
Natural Habitat

Life Quality/Recreational Real
Properties/Economy

Meteorological Conditions, Old
Technologies, Lack of Monitoring,
Unfiltered Chimneys

Population Density, Traffic,
Construction Materials
Groundwater Overuse, Unsanitary
Disposal and Wastewater Discharge

Seasonal Excesses

Excessive Use of Groundwater
Excessive Groundwater Use,
Wastewater Discharge, Unsanitary
Disposal Areas, Lack of Interception
Canals in Industrial Zones,
Industrial Zones Where Infiltration
Is Not Possible

Pressure Over Groundwater Quality

Seasonal Excesses Resulting from
Deficiency of Separate Sewerage
System
Topographic Limits, Practice of
Traditional Approaches to Waste
Management, Need for Awareness-
Rising, Poor Provision of
Operations Concordant with The
Waste Hierarchy
Illegal Settlements, Sandy Soil
Structure Which Does Not Allow
the Excavated Soil to Be Used as A
Filling Material
Use Of Old Technology, Lack of
Green-Fields/Open-Fields
Topographic Conditions and
Seasonal Excesses, Encroachment
and Filling of Drainage Zone

Geological Formation, Structures
Built on Fault Lines

Unauthorized Settlements
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Table 2. Present conditions of VECs in Dhaka City

Risk Assessment for the

Valued Social and Ecosystem Components Existing Conditions

Low Medium High

Settlements / urban population around

highway transport corridor v
Wildlife areas under the impact of industrial v
facilities

Agricultural land / products v

Forest vegetation / areas / Orchards / Marshes
and peatlands / Wetlands / Streambeds / Vv
Biodiversity areas

Bird Sanctuaries / Flyway of migratory birds /

National parks v
Water resources / Groundwater quality / v
quantity
Surface waters / Aquatic fauna Vv
Buildings / industrial facilities within v
inundation area
Natural habitat / Life quality v
Recreational areas / Real properties v

3.4. Assessing Cumulative Impacts basis of the findings obtained during

Recommended projects addressed inthe ~ research in  this study. Possible
tables below have been developed onthe =~ developments (possible land use plans)
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have also been defined within the
context of temporal boundary and each
development was given a specific name
from Project-1 to Project-11.
Recommended projects and
developments are given below:

Project-1: Relocation of the settlements
within the potentially inundated areas.
Project-2: Relocation of the industrial
facilities within potential inundation
area or developing free trade zones for
these facilities.

Project-3: Developing new attraction
and urban centers for the management
of population density.

Project-4: Determining education, R&D,
IT campuses.

Project-5: Increasing the natural ground
level of some areas below sea level or
within inundation area.

Project-6:  Innovative  construction
techniques and land use on the land with
the stability problem.

Project-7: Filling of marshes, peatlands
and irrigated farmlands.

Project-8: Construction of new waste
collection centers to increase solid waste
management capacity.

Project-9: Planning of waste collection
systems in accordance with the waste
hierarchy along with recycling, recovery
and waste incineration facilities.
Project-10: Burying energy transmission
pipelines underground.

Project-11: Carrying out urban renewal
projects within the 1 km corridor around
the fault lines.

*(D): Drivers
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Adverse impacts of the developments
(indicated as projects) expected to take
place in the study area are given below:

Project -1:
Adverse  Impacts:  Emission  of
combustion gases, acoustic emission,
dust, vibration, solid waste generation,
Degradation of the soil, liquefaction,
degradation of the existing structure,
impacts of road construction on soil /
Demolition waste / Excavation waste /
Non-hazardous and hazardous wastes /
Use of arable land for construction /
Wastewater accumulated in foundation
pits.

Project -2,3 and 4:

Adverse Impacts: Combustion of gases,
dust, solid

Contamination of pollutants into ground

vibration, waste /
water / liquefaction / Degradation of the
stratigraphic structure, soil erosion /
Spread of water filled with materials /
Penetration of leachate into soil/ the land
puts pressure on VECs during the
operation process / emission problems
and socioeconomic problems.

Project -5:
Adverse  Impacts: Emission  of
combustion gases / vibration, solid
waste / Contamination of pollutants /
Sediment accumulation.

Project -6:
Adverse Impacts: Contamination of
pollutants into groundwater / Spread
and penetration of pollutants / Spread of
water filled with materials like cement
etc.

Project -7:
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Adverse Impacts: Degradation of the
natural drainage structures / Reduction
of carbon sinks / Depletion of the aquatic
fauna / Degradation of the surface and
groundwater quality / Depletion of
groundwater.
Project -8:
Adverse Impacts: Since groundwater
level is not very deep, Exhaust gases,
dust / Methane and carbon

dioxide gas

smells,
emissions from waste
storage sites.

Project -9 and 10:

Adverse Impacts: Exhaust gases / ash /
Boilers / Carbon monoxide, Hydrogen
chloride, Hydrogen fluoride, Sox, NOx,
PCDD/F, Dust, Mercury.

Project -11:

Indirect Impacts of all projects: New
highways and railways construction/
Dust, NOx, benzo[a]pyrene emissions,
resulting from the combustion of fuels /
Fuel leaks / Noise / Health risks and
environmental degradation / Waste
the
Interventions into water and nitrogen
/

practices / quality soil loss.

discharge on roadsides,

cycle Temporary land-grabbing
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3.5. Importance of Cumulative Impacts
over the VECs in Dhaka City

In order to determine the significance of
future
conditions of the VECs, the potential

cumulative impacts on the
response of VECs to pressure as well as
their resilience, self-recovery capacity
and recoverability have been evaluated,
and potential cumulative impacts have
been classified in accordance with their
severity. This classification is based on
the potential impacts of some selected
developments (possible land use plans)
on the land-use-related VECs in the
study area. Table 3 has been organized
as simple as possible to make it more
policy
implementers and other stakeholders

understandable even for
possessing only very basic technical
knowledge regarding the methodology
adopted in this study. Table 3 shows the
severity of the cumulative impacts
resulting from some selected
projects/developments over the VECs in

the study area.
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Table 3. Severity of the cumulative impacts from projects over the VECs

x+d DL

peduy Sunsixg

(ep)

L1- p3lo1g

01- 3lo1g

6- 2lo1g

g- paloxg

L-3fo1g

9-1lo1g

G- 19fo1g

p-paloig

¢- 19lo1g

Z-Paloxg

I- p2lo1g

Supwdopasg

VECs

*(0): No cumulative impact alone;
(1): Very low cumulative impact;

(2): Low cumulative impact;

(3): Medium cumulative impact;
(4): High cumulative impact;

(5): Very high cumulative impact;

**TCIP: Total Cumulative Impact Potential

[ Medium 10-1%) [REREI

| Low (5-9)

None (0-4)
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3.6. Assessing the significance of the
VECs’
and

cumulative impacts over

predicted future conditions,

managing the cumulative impacts

In this step, the significance of the
cumulative impacts over VECs’ future
conditions has been assessed and the
existing
impacts
consideration. The results are as follows:

individual and cumulative

have been taken into

4. Results and Recommendations

When the selected developments are
compared and the existing individual
and cumulative impacts are taken into
consideration, it can be concluded that
the anthropogenic interventions to be
carried out with the goal of protecting or
developing Dhaka City in the context of
the land use plan will further increase
these negative impacts. Considering the
main environmental threats within the
context of land use, it can be argued that
clearing the land around flooding zones
and fault lines out of settlements to
preserve natural the habitat of the region
may yield more sustainable outcomes
from both economic and environmental
perspectives
structural measures regarding land use
to protect the land. On the other hand,
the of
developments over a period of time
might play a positive role in minimizing
cumulative effects by ensuring that the
similar pollutants and pressures won’t

compared to taking

extending implementation

repetitively affect the same
receptors/VECs.  Strengthening  the
monitoring mechanisms, imposing
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sanctions on violators of environmental
protection laws properly, and increasing
monitoring activities by privatizing
them would strengthen cumulative
impact management in Dhaka City. It
should not be ignored that land use
plans are being prepared in a state where
cumulative impacts already exist. The
most important aim must be to make
environmental improvements and to
facilitate urban and socio-economic

developments.

This study tries to provide suggestions
regarding land use planning to reduce
cumulative impacts resulting from the
failure of previously adopted policies or
targeted but not implemented land use
plans. The problems encountered are
very complex and involve a large
The
requirements for the solution far exceed

number of parameters.
the capabilities of a single Project
developer. Hence, individual sponsors,
of

Bangladesh and stakeholders have to

planning  team, government

fully comprehend encountered
cumulative impacts and risks, and make
maximum effort to develop consistent
management strategies to mitigate them.
More importantly, it has to be realized

that no matter what mitigation strategies

will be developed, an active
involvement of government of
Bangladesh will be required to
implement them  properly and

effectively. While elaborating on the
current problems, experts from different
should the

disciplines evaluate
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economic system, socio-economic goals,
energy system, communication system,
transport system, flood management,
disaster and emergency management,
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Abstract

The durability and mechanical properties of HPFRC are experimentally investigated
in this study after being exposed to four different media. Those media were air, water,
sodium chloride, and magnesium sulfate with 7% concentration for both chloride and
sulfate. Hooked-end galvanized steel fiber 50 mm length with three different fiber
volume fractions, Vf, as follows 0.5%, 1.0% and 1.5% and polypropylene fiber with,
Vi, 0.1%, 0.3%, and 0.5% were invoked in concrete containing macro silica fume, SF.
Compressive, indirect tensile, and flexural tests were conducted on HPFRC
specimens after exposing them to previous media after 28 and 180 days of exposure.
The test results in the present work indicated that the HPFRC containing steel fiber is
more durable than the other one containing polypropylene fiber, especially when
exposed to sodium chloride and magnesium sulfate media. Moreover, the optimum
values for compressive strength of HPFRC are obtained when Vf equals 1.0% for steel
fiber and 0.3% for polypropylene fiber. On the other hand, the optimum values for
indirect tensile and flexural strengths of HPFRC are obtained when Vf equals 1.5%
for steel fiber and 0.5% for polypropylene fiber.
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Assessment of High-PerformanceFiber Reinforced Concrete (HPFRC) Durability Due to Exposing to Different
Environmental Media

Farkli Cevresel Ortamlara Maruz Birakilan Yiiksek
Performansh Lif Takviyeli Beton (HPFRC)
Durabilitesinin Degerlendirilmesi

Oz

Bu calismada, Yiiksek Performansh Elyaf Takviyeli Beton (HPFRC) dort farkli ortama
maruz birakildiktan sonra mekanik ve durabilite Ozellikleri deneysel olarak
incelenmistir. Bu ortamlar hava, su, her ikisi de %7 konsantrasyonda sodyum kloriir
ve magnezyum siilfattir. 50 mm uzunlugunda kanca uglu galvanizli gelik lif %0.5,
%1.0 ve %1.5 olmak iizere ii¢ farkli hacim fraksiyonunda (Vf), makro silis dumani (SF)
iceren betonda ise polipropilen lif %0.1, % 0.3 ve %0.5 hacim fraksiyonlarinda
kullanilmigtir. HPFRC numuneleri 6nceki ortamlara 28 ve 180 maruz kaldiktan sonra,
basing dayanimi, dolayli ¢cekme ve egilme deneyleri gerceklestirilmistir. Mevcut
calismadaki deney sonuglari, gelik lif iceren HPFRC'nin, 6zellikle sodyum kloriir ve
magnezyum siilfat ortamina maruz kaldiginda, polipropilen lif i¢eren digerine gére
durabilitesinin daha iyi oldugunu gostermistir. Ayrica, HPFRC'nin basing dayanimi
i¢in optimum degerler, Vf, celik fiber i¢in %1.0 ve polipropilen fiber i¢in %0.3'e esit
oldugunda elde edilmistir. Bununla birlikte, HPFRCnin dolayli ¢ekme ve egilme
dayanimlar1 i¢in optimum degerler, Vf, celik elyaf icin %1.5 ve polipropilen elyaf i¢in
%0.5'e esit oldugunda elde edilmistir.

Anahtar kelimeler: Yiiksek performansli elyaf takviyeli beton, Kancali celik elyaflar,
Polipropilen elyaf, Basing dayanimi, Dolayli cekme dayanimi
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1. Introduction

Reinforced concrete structures often
crumble due to corrosion of steel
reinforcement as a result of exposure to
corrosive media. It has to serve for a long
life span in a very harsh environment.
With the development of fiber
characteristics, such as durability and
excellent mechanical properties, fiber
has been used as an important addition
to concrete. The fiber reinforced concrete
has a perfect performance in mechanical
properties and durability compared
with plain concrete. Steel fiber (SF) and
polypropylene fiber (PPF) outperform
other fibers in terms of improving the
properties of concrete and are widely
used practical
applications such as bridges, harbors,
and road pavement. Several studies used
various experimental methods to
investigate the  mechanical and
durability properties of fiber- reinforced
concrete (Polder & De Rooij, 2016).
Koksal, Altun, Yigit and Sahin (2008)
studied the effect of silica fume with
different percentages of 5, 10, and 15%
with the addition of steel fiber 0.5 and
1% with an aspect ratio of 65 and 80 on
compressive strength of FRC. It was
found that the compressive strength
values of concretes having an aspect

in engineering

ratio of 80 were higher than that of
concretes with an aspect ratio of 65 for
the same silica fume and steel fiber
content. Experimental work for studying
the effect of polypropylene fiber of
concrete containing silica fume with
different percentages of fiber
workability and durability of concrete
was presented in Patel and Kulkarni’s
study (Patel & Kulkarni, 2012). The

on
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results showed that polypropylene fiber
added to concrete has a slight effect on
workability. ~ Another  experiment
investigated the properties of concrete
with the addition of polypropylene fiber
on shear, tensile and compressive
strength. The that
increasing polypropylene fiber has a
little effect on compressive strength by
the addition of fiber from 0.35% to 0.50%
(Ahmed et al., 2006). The polypropylene
fiber with ratios of 0%, 0.1%, 0.2%, 0.3%
and 0.5% of cement weight has been
used in Mashrei, Sultan and Mahdi’s
study. (Mashrei et al., 2018). The results
show that the addition of polypropylene
fiber to concrete influences compressive
strength. The maximum compressive
strength increased for mixes that contain
fibers with a percentage of 0.2% of
polypropylene fiber and a decrease in
compressive  strength  when fiber
percentage exceeds 0.2%. Gao, Sun, and
Morino (1997) found that increasing
fiber volume fraction led to increasing
splitting tensile strength. It depends on
aspect ratio and various fibers volume
fractions. To get high splitting tensile
strength volume fraction must exceed
1.0%. Song, Hwang, and Sheu (2005)
examined polypropylene fiber
reinforced concrete with a fiber content
of 0,6 kg / m3. The splitting tensile
strength improved. Islam and Gupta
(2016) used polypropylene fiber with
various contents. The results show that
the addition of 0.1% of polypropylene
fiber gave an increase in tensile strength

results noted

compared to plain concrete. Hasan,
Maroof and Ibrahim (2019) found that
the addition of polypropylene fiber with
a volume fraction of 0.36% causes an
improvement in strength properties
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after 28 days. Flexural strength test
specimens with a prismatic dimension of
100 x 100 x 500 mm were conducted in
Rahmani, Kiani, Sami, Fard, Farnam, &
Shekarchizadeh’s study (Rahmani et al.,
2011). Test procedure loading according
to ASTM C1018 using third point
loading. Three specimens were tested
after 28 days. The average result shows
that the addition of steel, glass, and
polypropylene fibers with a volume
fraction of 0.5%, 0.125%, and 0.125%
respectively. The results show that the
addition of fibers improves the flexural
strength  of Steel fiber
reinforced resistance  to
corrosion is governed by factors that
affect the corrosion resistance of
reinforced concrete such as chloride
penetration
sulfate attack related to the permeability
matrix of cement (Frazao et al., 2015).
Researchers' results showed that ultra-
high-performance fiber concrete
(UHPC) which contains steel fibers has a
high resistance to chloride penetration
compared to plain concrete (Tayeh et al.,
2012; Behfarnia & Behravan, 2014). The
effect of chloride
penetration resistance by using L = 32
mm and L/D = 53 was introduced in
Anastasiou, Papayianni, and
Papachristoforou’s study (Anastasiou et
al., 2014). As the volume fraction was 0.4,
0.6, and 0.8%, the penetration depth was
reduced for SFRC compared to the
control ~ sample.  Vegesana  and
Killamsetty (2020) studied the durability
of steel fiber reinforced concrete and
strength for end hooked type with
dosage by weight of concrete 0.5%, 1.0%,
and 1.5% with 60 aspect
Specimens were tested after 7 and 28

concrete.
concrete

ions, carbonation, and

steel fibers on

ratios.
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days. The results show that steel fiber
reinforced concrete had more resistance
to sulfate attack and acid attack than
conventional concrete. Krishna and Rao
(2016) studied steel fiber reinforced
concrete (SFRC) durability with a dosage
of 0.5%, 1.0%, and 1.5% by volume of
concrete. End hooked steel fibers are
randomly dispersed in concrete. Cube
specimens were immersed in sulfate acid
with 3% for 28 days and 56 days. The
addition of steel fiber was effective for
acid resistance. Increasing the dosage of
fiber led to a decrease in compressive
strength. Basavaraj and Amaresh (2015)
studied the durability of SFRC with a
dosage of 0.75%, 0.1%, and 1.25% by
volume and 54 aspect ratios. After 28
days of curing, the cubic specimens were
removed from the curing tank and
impressed in a 3% H2SO4 solution. SFRC
is more resistant to acid attack compared
to conventional concrete. A dosage of
1.25% gives a high resistance to acid
attack. Vegesana and Killamsetty (2020)
studied the
concrete with steel fiber exposed to
chemical attack with a concentration of
5% for H250s, MgSOs, and NaCL
solutions in both control and SFRC. The
results show that loss of compressive
strength and weight for H2504 is higher
than MgSOs and NaCL. Rajak and Rai
(2019)  studied  the  effect
polypropylene fiber concrete specimens
after being submerged in 5% sulfuric
acid solution of H:S0: at different
periods.
H2SOs solution after 56 days, some
minor spalling action of chemicals was
noted <Imm thick around the attacked
area. The loss weight for polypropylene
fiber is significantly smaller compared to

of reinforced

behavior

of

Removing specimens from
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ordinary Portland cement concrete when
exposed to 5% H2SOs solution. Nair and
Varghese (2017) investigated the effect of
polypropylene fiber by casting and
curing cube specimens with dimensions
of 150 x 150 x 150 mm for 28 days. Sulfate
attack was tested using 5% MgSO,. The
specimens were immersed in MgSO;, for
56 days. After reaching 56 days,
specimens were raised from solution,
then the surface of the specimens was
cleaned and weight was measured.
Specimens were tested in a compression
testing machine. The results showed that
the compressive strength slightly
decreased. The mechanical and
durability properties of HPFRC were
investigated experimentally in this
study by exposing it to four different
media. Air, water, sodium chloride, and
magnesium with 7%
concentration were used. Hooked-end
galvanized steel fiber 50mm length with
volume fraction, Vf, 0.5%, 1.0%, and
1.5% and polypropylene fiber with Vf,
0.1%, 0.3%, and 0.5% were invoked in
concrete containing macro silica fume,

sulfate

Table 1. Physical properties of sand

SF, and Master Glenium RMC 315 as
superplasticizer.

2. Experimental Works

The main purpose of this research is to
experimentally study the durability of
HPFRC with different types of fibers
exposed to different environments like
air, water, chlorides, and sulfates. The
evaluation of the effect of these
environments based the
mechanical properties of compressive,
indirect tensile and flexural tests. The
experimental program includes the
investigation of the durability of steel
fiber concrete and polypropylene fiber
concrete after exposing to these media
for 28 and 180 days.

is on

2.1 Materials

The fine aggregate used in the concrete
mix was natural siliceous sand with good
quality and free from impurities. Physical
properties and sieve analysis of sand was
determined as shown in Table 1 and Table
2.

Property Measured value Egyptian code limits
Compactd density 1795 kg/ m3 _
Loose density 1700 kg/m? E—
Specific gravity 2.60
Fine material 1.5% 25%

The nominal maximum size of used
dolomite as coarse
aggregate. Sieve analysis is shown in

was 14 mm

Table 3 and physical properties are
shown in Table 4. The dolomite was
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washed and immersed carefully in water
to be fully saturated and then dried well
over a sieve at room temperature before
mixing.
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Table 2. Sieve analysis of sand

Sieve opening, mm

Passing %

General limits*

5
2.36
1.18
0.6
0.3
0.15
*Egyptian code No0.203/2020

98.9 89-100
95.4 60-100
80.5 30-100
40.6 15-100
259 5-70
8.2 0-15

Table 3. Sieve analysis of dolomite

Sieve opening, mm

Passing %

General limits*

50 100 -
37.5 100 -
20 100 100
14 98.1 85-100
10 40.5 0-50
5 3.8 0-10
2.36 0 -
Table 4. Physical properties of dolomite
Property Measured Value Egyptian Code Limit
Specific gravity 2.6 —
Unit weight, t / m? 1.48 —
Absorption % .85% 2%
Organic materials None 0.05-0.1 %

*Egyptian code No.203/2020

The used water in all mixes was fresh
water, free from impurities and clean
drinking water. The used water/cement
ratio was 0.35 for all mixes. Portland
cement CEMI with grade 52.5 N Sinai

Silica fume had a particle size of 0.7 um
and a bulk density of 345 kg/m3. Silica
fume was added by a percentage of
cement weight to the mix. It added 15%
of the cement weight. A high range
water reducer (HRWR) of the third
generation called Master Glenium 315C

Company was used in this work. The
physical properties of used cement are
illustrated in Table 5 according to
Egyptian standard specification.

with properties listed in Table 6 was
used.

Hooked end steel fiber used in this work
is shown in Fig 1. Steel fiber has length
of 50 mm with .5 mm diameter and
modulus of elasticity of 200 GPa. The
aspect ratio (L/D) 100. The
properties of used steel fiber are given in

was
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Table 7. Fiber volume fractions with Vf =
0.5%, 1.0% and 1.5% were used.

Table 5. Physical properties of cement

Property Test result E.S.S 4756-1/2013
Specific gravity 3.15 -
Setting time
Initial [min.] 90 min. > 45 min.
Final [hr.] 4.35 hr.
Fineness 3300 cm%/gm* S
Compressive strength
2[ Ng;;]s 30 MPa 220 MPa
65 MPa >52.5MPa
28 days

* Sinai company Results.

Table 6. Physical properties of Glenium as per the manufacturer data sheet**

Product data
Appearance Off white opaque liquid
Specific gravity 1.1 g/cm3
PH-value 65+1
Alkali content (%) <2.00 by mass
Chloride content (%) <0.10 by mass
Air content Fulfilled
Water reduction >112% of Reference mix

**Certificate No. 0086-CPD-469071 EN 934-2: T3.1&T13.2

'“'l“’l\l‘lwllwtﬁlo"m
e e e e

Figure 1. The hooked end steel fiber.
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Table 7. Properties of the hooked-end steel fiber.

Property Value
Type Hocked end
Specific gravity 7.8
Tensile strength 400-800 MPa
Crimped height 2-3mm
Length 50 mm
Diameter .5 mm
Aspect ratio 100
Modulus of Elasticity 200 GPa

Polypropylene fiber is an additive fiber
to reduce the occurrence of plastic
shrinkage and plastic settlement
cracking, whilst enhancing the surface
properties and durability of hardened
cementitious products. It was supplied

by Sika Company as shown in Fig 2. The
properties of used polypropylene fiber
are given in Table 8. Fiber volume
fraction values of Vf = 0.1%, 0.3% and
0.5% were used.

Figure 2. The polypropylene fiber.

Table 8. Properties of the polypropylene fiber

Property Value
Type Sika Fiber
Density .91 gm nominal
Tensile strength 300-400 N/mm?
Length 18mm
Melt point 160°c
Specific surface area 250 m2/kg
Modulus of elasticity 4000 N/mm?
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3. Mix Proportion and Design
The mix proportions of all test
specimens were given in Table 9 by
using the absolute volume method. The
fibers were added to the mix as a ratio of

Table 9. Mix proportions

its volume by the percentages illustrated
in the experimental program and silica
fume was added as a percentage of
cement weight.

Mix items Amount Ratio
Cement (kg/m?) 500 1
Silica fume (kg/m?3) 75
Sand (kg/m?3) 750 1.31
Dolomite (kg/m?) 1000 1.74
Water (lit/m?) 201 0.35
Superplasticizer (lit/m?) 10 0.017

4. Specimens Details, Mixing, Curing
and Testing

The total numbers of specimens casted
for testing are 168, as follows, 84
specimens casted for 28 days and 84
specimens casted for 180 days. Each
media consists of 7 fiber ratios and every
fiber ratio comprising of 3 specimens and
the average value is reported. 168
cylindrical specimens with dimensions of
100 mm diameter and 200 mm height
were casted for indirect tension test. The
specimens were divided like cubes. 168
beam specimens with dimensions of 100
x 100 x 500 mm for flexural test were, also,
casted and divided like cubes and
cylinders. The constituent materials were
initially mixed without fibers.. The fibers
were then added in small amounts to
avoid fiber balling and to produce
concrete  with  uniform  material
consistency and good workability then
compacted on a vibration table. The
slump test was performed to measure the
workability of the concrete mix in this

102

work. The slump value was 6 cm for
control specimens. No sign of segregation
was detected and the mixture showed
good homogeneity and cohesion. It was
observed that using fiber decreases the
the than
specimens. The slump value for fiber
concrete was 5 cm. The specimens were
demolded after 24hours from the time of
casting and cured in tap water for 28-days
at room temperature conditions. After
that specimens were placed in different
media for a period of 28 and 180 days.
Those media were prepared as follows:
water media consists of basins filled with
drinking water, air media is at room
temperature on the ground, the sulfate
media consists of basins containing
solutions of 7% magnesium sulfate, and

value of slump control

the chloride media consists of basins
containing solutions of 7% sodium
chloride. The solution was changed after
3 months to keep constant concentration
during the storage duration. Three
standard tests were used to measure the

mechanical properties of specimens.
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A universal testing machine with a strength, and flexural strength in
maximum capacity of 1000 kN was used. accordance with ASTM C-109, ASTM C-
Figures 3, 4 and 5 showed the test setup 496 and ASTM C-78, respectively.

for compressive strength, indirect tensile

103



Elhawary, E. I. N., Elsafoury, A. H. H., & Ahmed, S. S. E., 2021

Figure 5. Flexural Strength Test.
5. Results And Discussion

5.1 Compressive Strength

The results shown in Figures 6 and 7
indicate that using steel fiber in high
performance concrete containing silica
improve compressive
strength. The maximum values of
compressive strength were obtained at
1.0% fiber ratio where an improvement
by 20% and 19.7% was reported as
compared with that of control specimens
after 28 and 180 days, respectively. This
improvement is more pronounce when
concrete was cured in clean water This
result is in agreement with the results of
Koksal et al. (2008) and Balu, S. (2015),
where they found that the highest
strength  obtained at
volume fraction of about 1.0%, which is
about 13.8% and 5.6% respectively.

fume led to

compressive

Moreover, one can notice that, the results
in figures 6 and 7 approved that the
sulfate media is the most aggressive
media for the compressive strength of
concrete. With the volume fraction of
to 1.5%, the
compressive strength in all media was
decreased with severe rate especially in
sulfate media at 180 days. The
enhancement in compressive strength

steel fiber increased

with addition of steel fiber in these
media can be attributed to the
confinement effect of fibers that
increases the stiffness of concrete, the
resistance of cracking to the propagation
of micro and macro-cracks and the
ability of steel fibers to add cohesion
between the components of the concrete
also give additional
strength and resistance to concrete
under the influence of applied loads.

mixture and

----- Air —&— Water

100

..... A Chloride

— X— Sulphate

90

80

70

60

Compressive Strength (MPa)

50

VF =0 VF=0.5 % VF =1.0% VF =1.5%

Fiber Volume Fraction (%)

Figure 6. Compressive strength for steel fiber concrete after 28 days.
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Figure 7. Compressive strength for steel fiber concrete after 180 days.
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Figure 8. Compressive strength for Polypropylene fiber concrete after 28 days.
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Figure 9. Compressive strength for Polypropylene fiber concrete after 180 days.

Figures 8 and 9 shows that using
polypropylene fiber with a volume
fraction of 0.1% did not improve
compressive strength after 28 days
compared to the steel fibers and there is
a slight improvement of 4.8% when
using a 0.3% volume fraction and curing
in clean water after 28 days. Likewise,
after 180 days, the improvement in
compressive strength was 8.4% at a 0.3%
volume fraction. This result is in
agreement with the result of Ahmed. S.
et al. [6] where it is noted that the

addition of polypropylene fiber from
5.2 Indirect Tensile (Splitting) Strength

The results shown in Figures 10 and 11
indicate that using steel fiber in high
performance concrete containing silica
fume led to improve indirect tensile
strength after 28 and 180 days. It is
noted that increasing fiber ratio in the
concrete leads to an increase in the
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0.35% to 0.5% has a little effect on
compressive strength. By comparing the
results of compressive strength for
HPEFC in different media, it is clear that
steel  fibers
strength in all media, but in different
proportions, and the ratio of 1.0% is the
optimal ratio. While the propylene fibers
did not lead to a noticeable
improvement in compressive strength in

improve compressive

different media, and the percentage of
0.3% gave a slight improvement rate
compared to the steel fibers.

indirect tensile resistance. The
maximum value obtained at 1.5%
volume fraction were 94% and 143%
with respect to control specimens after
28 and 180 days, respectively. This
improvement is clearly when concrete
is cured in clean water. This result is in
agreement with the result of Jianming
Gao et al. [8] where it is found that
increasing volume fiber fraction from
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0% to 2.0% led to increasing splitting
tensile strength from 4.95 to 8.8 MPa
due to the increase in the bonding
between the components of the
concrete mixture by increasing the
percentage of fibers in the concrete
mixture, which in turn delays the
appearance of cracks and reduces their
width. The fibers also have a great role
in forming connecting bridges in the
crack area, which helps the section to
increase the bearing and create
additional resistance.

Using polypropylene fiber, as shown
in figures 12 and 13, did not improve

indirect tensile strength after 28 days
compared to the steel fibers. On the
hand, the values of indirect tensile
strength improved by 55.6% with
respect to control specimens when
using a 0.5% volume fraction and
curing in clean water after 180 days.
From the previous results, the indirect
tensile strength for HPFC in different
media increased with increasing
volume fiber fraction and steel fiber
improve indirect tensile strength than
polypropylene fiber in all media, but in
different proportions, and the ratio of
1.5% steel fiber gave a maximum value
for indirect tensile strength.
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Figure 10. Indirect Tensile strength for steel fiber concrete after 28 days.
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Figure 11. Indirect Tensile strength for steel fiber concrete after 180 days.
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Figure 12. Indirect Tensile strength for Polypropylene fiber concrete after 28 days.
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Figure 13. Indirect Tensile strength for Polypropylene fiber concrete after 180 days.

5.3 Flexural Strength

From the results shown in Figures 14
and 15, one can notice that, the
experimental results for flexural
strength of steel fiber reinforced
concrete in different media were
improved after 28 and 180 days with
increasing the fiber ratio in the
The value
obtained at 1.5% volume fraction was
47.8% and 21% with respect to control
specimens after 28 and 180 days when
concrete is cured in clean water. This

concrete. maximum

result is in agreement with the result of
T. Rahmani et al. [12] where it is found
that the addition of steel fiber volume
fraction led to improving flexural
strength. This is due to the ability of
steel fibers to significantly increase the
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flexibility and durability of the
concrete section, thus giving it the
ability to reach maximum resistance.
The data presented in Figure 16 shows
that using polypropylene fiber
improves flexural strength after 28
days in all media for all fiber volume
fractions. On the hand, the flexural
strength in all media showed a
remarkable decreasing at Vf equals
0.1% and after 180 days as shown in
Figure 17. After that the flexural
strength starts to increase with the
increase of the volume fraction of
polypropylene fiber content up to
0.5%. The maximum value obtained at
0.5% 29.6%
increase with control

volume fraction was
respect to
specimens in sulfate media.




Elhawary, E. I. N., Elsafoury, A. H. H., & Ahmed, S. S. E., 2021

- -¢- - Air —&— Water - & Chloride — X— Sulphate
11
<
e
S 10
g
£ 9
g
)
E 8
3
s
2 7
=
6
5

VF =0 VE=0.5 % VF =1.0% VF =1.5%

Fiber Volume Fraction (%)

Figure 14. Flexural strength for steel fiber concrete after 28 days.
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Figure 15. Flexural strength for steel fiber concrete after 180 days.
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Figure 16. Flexural strength for Polypropylene fiber concrete after 28 days.
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Figure 17. Flexural strength for Polypropylene fiber concrete after 180 days.
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6. Conclusions

This study presents an experimental
program to investigate the effect of steel
and polypropylene fiber on compressive
strength, indirect tensile strength and
flexural strength with various volume
fraction at different environmental
media for different storage time.

From the obtained results, it can be
concluded the following main points:

1- The optimum fiber volume fraction,
Vi, in case of steel fiber concrete was
1.0% for compressive strength and 1.5%
for
strengths. While the optimum fiber
volume fraction, Vi, case of
polypropylene fiber concrete was 0.3%
for compressive strength and 0.5% for
indirect tensile and flexural strengths.

indirect tensile and flexural

in

2- At the optimum Vf, 1.0%, for steel
fiber concrete the compressive strength

at 180 day was found to decrease from
85.4 MPa, for water media, to 84.08 MPa,
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Oz

Bu calisma, keci kilmin lif olarak kullanuldig1 horasan harc {izerine yapilmustir.
Horasan hara iiretiminde, dogal hidrolik kireg, standart kum, tugla king: ve keci
kili kullanilmistir. 0-4 mm ve 0-2 mm olmak iizere iki farkli boyutta tugla kiriginin
harg igerisine ayni oranda katilmasi ile iki grup harg iiretilerek, dane boyutunun
keci kili katkili horasan harglar1 tizerindeki etkisi incelenmistir. Ayrica, keci kil
harglara %0,2, %0,4, %0,6, %0,8 ve %1 oranlarinda katilarak degisen oranlarin
harglar tzerindeki etkisi aragtirilmistir. Har¢ kalibt kullanilarak 40mm x 40mm
x160mm boyutlarinda prizmatik horasan harct 6rnekleri tiretilmistir. Taze harglar
iizerinde yayilma deneyi, 28 ve 90 giinliik prizmatik har¢ Ornekleri iizerinde ise
birim hacim agirhik, su emme, ultrases gecis siiresi, egilme dayammi ve basing
dayanumi deneyleri yapilmistir. Deneyler sonucunda 0-2 mm tugla kirig ile %0,8
keci kili kullanimi ve 0-4 mm tugla kirig1 ile %1 keci kili kullanimi dayanim
agisindan en iyi sonuglari vermistir.

Anahtar kelimeler: Hidrolik kireg, Horasan harci, Kegi kili, Kireg harci, Tugla kirig
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Using Goat Hair as Fiber in Horasan Mortar

Abstract

This study was carried out on horasan mortar in which goat hair is used as fiber. In
the production of horasan mortar, natural hydraulic lime, standard sand, brick
broken and goat hair were used. Two groups of mortars were produced by adding
0-4 mm and 0-2 mm bricks in two different sizes into the mortar at the same rate,
and the effect of grain size on the goat hair added horasan mortars was investigated.
In addition, the effects of varying ratios on the mortars were investigated by adding
goat hair to the mortars at the rates of 0.2%, 0.4%, 0.6%, 0.8% and 1%. 40mm x 40mm
x160mm prismatic horasan mortar samples were produced using a mortar mold.
Spread test on fresh mortars, unit volume weight, water absorption, ultrasound
transit time, bending strength and compressive strength tests were performed on
prismatic mortar samples of 28 and 90 days. As a result of the experiments, the use
of 0-2 mm broken brick with 0.8% goat hair and 0-4 mm broken brick with 1% goat
hair gave the best results in terms of strength.

Keywords: Hydraulic lime, Horasan mortar, Goat hair, Lime mortar, Broken brick
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1. Giris

kultir varliklarinin
korunmasi, {izerinde Onemle durulan
evrensel bir konudur (Ahunbay, 2009).
Tarihi bir yapinin kiiltiirel varlik niteligi
icin  dzglinligliniin
bozulmamis olmasi gerekir. Mimari
kiiltiir varhgmin ozgiinliigii dikkate
alinmadan, yikilarak yeni malzeme,

Gilintimiizde

kazanabilmesi

iscilik, tasarim ile insa edilmesi,
ozglinliigiiniin  bozulmasi  anlamina
gelir ve o yapmn korunmus
oldugundan  bahsedilemez  (Binan,

2016). Tarihi eserlerin restorasyonunda,
horasan harc yaygin olarak kullanilan
bir harg tiirtidiir. Bu harcin 6zellikleri
iyi bilinmeli
calismalarinda

olan malzemeler

ve restorasyon
uygun

ile {iretilmeli ve

ozglinliigiine
kullanalmalidar.

Kelime olarak Horasan, fran’m Horasan
bolgesinden gelmektedir (Ipekoglu et
al, 2007; Ugurlu & Boke, 2009).
Horasan, kelime anlami olarak, kirilmis
tugla ve kiremit gibi pismis killere
denilmektedir (Topgu et al, 2005).
Tugla kirigy, kireg, su, lifler ve katkilar
kullanilarak  hazirlanan harca ise
horasan harct denilmektedir. Horasan
hara tasiyici ve baglayicr 6zellige sahip
harg olarak kullanilmaktadir (Ozkaya &
Boke, 2009; 2001;
Mavioglu, 2011). Kireg iceren harglar,
baglayici olarak ¢imentonun
bulunmasma kadar gegen siirede,

yapilarda yaygin olarak kullanilan

Prince et al,

malzemeler olmusglardir (Boke et al.,
2004; Dariz et al.,, 2017; Seabra et al.,,
2009). Bu harglar, sarni¢ ve hamam, su
kemerleri gibi insaatlarda kullanilmistir
(Giile¢ & Tulun, 1997; Boke & Akkurt,
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2003; Stefanidou et al., 2014; Nezerka et
al., 2015).
Horasan harg karigimlarinda,
baglayici/agrega orami  1/1 ile 1/4
arasinda degismektedir. Genellikle 1/2
ile 1/3 arasinda oranlar onerilmektedir
(Matias et al., 2014; Tosun et al., 2015;
Ozgen, 2002; Giirdal et al., 2012). Tugla
kingi, horasan harcnin  mekanik
dayanumimi  artirmaktadir. Horasan
harcinin karisiminda kullanilan agrega
miktar1 ve boyutu, harclarin kullanim
amaglarina gore degiskenlik
gostermektedir. Harcin igerisindeki iri
boyutlu agregalar mekanik dayanimi
artirdiklari igin Orgii harglarinda yaygin
olarak kullanilmaktadir (Altas et al.,
2012). Horasan harc igerisindeki pismis
kil tozlarinda bulunan silikatlar, kirecin
su ile reaksiyonu sonucunda olusan
kalsiyum hidroksit ile reaksiyona
girerek harca dayamim kazandiran,
silikat
hidrat jellerini olusturmaktadir (Canbaz
& Giiler, 2017; Cinemre, 2019).

suda ¢Oziinmeyen kalsiyum

Tugla agregalari, blinyesindeki killerin
pisirilme derecelerine gore puzolanik
ozellik kazanmaktadir. Killer 600-900°C
arasinda pisirilme ile puzolanik amorf
yapr olustururlar (Mavioglu, 2011).
Horasan, kire¢ ile yaptigi reaksiyon
sonucunda suda ¢oziinmeyen kalsiyum
silikat tuzu olusmakta, bu reaksiyon

puzolanik aktivite olarak
adlandirilmaktadir.  Ortamin  nemli
olmasi bu reaksiyonu

hizlandirmaktadir (Cizer et al., 2004;
Alhan Simsek, 2018).

Tarihi yapilarin saglamlagtirilmas: ve
gliclendirilmesi igin kire¢ esash harglar
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(Ozgiinler et al,
2010). Bu harglar yapmin bulundugu
cevre gartlar1 ve donemin Ozelliklerine
baghh olarak farkli kompozisyonlarda

tiretilmektedir (Ugurlu & Boke, 2009).

uygulanmaktadir

Eski donemlerde, kire¢ harclarimimn
kalitesini arttirmak amaciyla harg
iretimi asamasinda organik veya

inorganik katki maddeleri harca ilave
edilmistir (Ugur & Giileg, 2016). Ayrica,

rotreyi  Onlemek  amaciyla  harg
karistmma saman katilmigtir  (Sisik,
2017). Restorasyon harglarimin

yapisinda saman, bitki lifleri, hayvan
killar1  gibi  katki  maddelerinin
bulundugu bilinmektedir (Giindiiz &
Kalkan, 2018). Hayvansal ve bitkisel
katkilar harglarin fiziksel ve mekanik
ozelliklerini  gelistirmek  amaciyla
kullanilmaktadir (Kilig, 2021). Lifler, bir
boyutu diger boyutuna gore ¢ok biiyiik
ve dayanimlar1 yiiksek malzemelerdir.

Dogal ve yapay yollarla
uretilebilmektedir.  Lifler, elastisite
modiilleri  yiiksek  malzemelerdir
(Kavasoglu, 2019). Lifler, har¢ ve
sivalarda mekanik Ozellikleri
iyilestirmekte, genlesmeyi Onlemekte,
siva uygulamalar1 esnasinda

dokiilmeleri azaltmaktadir (Giirdal &
Acun, 2004; Erdogdu et al., 2017).

Keci killari, tizerlerinde %16-18 nem
tasir ve ortalama caplarn 18-25 pm
(Yarbagi, 2020). Kegi
killarinda uzunluk 40 ile 120 mm
arasinda ve gerilme mukavemeti ise 90
ila 120 MPa arasinda degismektedir.
killar1 ¢evre dostu,
dayanikli, yumusak, elastik ve bol
miktarda bulunabilen lif cesididir
(Jayaseelan et al., 2017).

arasindadir

Keci asinmaya
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Bu calismada, 0-4 mm ve 0-2 mm olmak
tizere iki farkli boyutta tugla kiriginin
agrega olarak kullanilmas: ile horasan
harglar1 uretilmistir. Horasan
harclarinin iiretiminde, keg¢i kili kireg
%0,2-0,4-0,6-0,8-1
oranlarinda ilave olarak harca katilarak
kullanilmigtir. Lif olarak kullanilan kegi
kilinin, horasan harcinin fiziksel ve
mekanik 6zelliklerine ne gibi etkilerinin
oldugu belirlenmistir.

agirliginin

tarihi
olan malzemeye

calismalarinda,
mevcut

Restorasyon
eserlerde
uyumlu, 0zgiin malzemelerin
gerekmektedir.
literatlir taramalarinda, bazi horasan
harglarinda kec¢i kilinin  kullanilmis
oldugu belirlenmistir. Bu nedenle,

restorasyon  calismalarinda,

kullanilmasi Yapilan

Ozgun
malzemelerin kullanilmasina katkida
bulunmak amaciyla bu arastirmada lif
olarak keci kili tercih edilmistir.

2. Materyal ve Yontem

Horasan hara iiretiminde, 0-2mm ve 0-
4mm araliklarinda tugla kirigi, hidrolik
kireg, standart kum, sebeke suyu ve keci
kilu
Cimento Fabrikasindan standart kum
temin edilmistir. Harman tuglas1 adi
tuglalarin  ¢eneli  kiricida
kirilmas1 sonucu 0-4mm araligindaki
tugla kiriklar: elde edilmistir (Sekil 1).

kullanilmistir.  Limak Trakya

verilen

0-4mm tugla kg gevsek birim
hacim agirhigr 1,19g/cm?, 6zgiil agirhig
2,89 olarak belirlenmistir. 0-2mm tugla
kirigimmin gevsek birim hacim agirhig:
1,29g/cm?, ozgil agirhigr 2,91 olarak
belirlenmistir. Tugla kiriklarmin elek
analizi sonuglar1 Tablo 1’de verilmistir.
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Sekil 1. Tuglanin geneli kiricida 0-4mm boyuta getirilme asamasi

Baglayici olarak, Teknorep 550 dogal
hidrolik kire¢ kullanilmistir.

Horasan hara iiretiminde, agirlikga
karisim oranlar1 1, 1 ve 3 olarak sirasiyla
su, kire¢ ve agrega (kum + tugla kirigr)

karisim orani ise 1/4 kum ve 3/4 tugla
kirig1 olacak sekilde belirlenmistir.

Horasan hara karigimlarinda katks
olarak kullanilan ke¢i kili, kireg
agirhiginin  yilizdesi miktarinda ilave

icin belirlenmistir. Kum ile tugla olarak eklenmistir.

kingmin kendi igerisindeki agirlikca

Tablo 1. 0-2mm ve 0-4mm tugla kiriklarinin elek analizi verileri

Elek No Elekten Gegen (%)
(mm) 0-2 mm 0-4 mm
4 100 100
2 100 53,35
1 70,51 34,12
0,5 48,07 22,66
0,25 17,25 8,53
0,125 0,48 0,18
0,075 0,01 0,02

Dogal bir lif olan keg¢i kili Kirklareli
ilinde yetisen kegilerden elde edilmistir.
Kegi killari, 19 mm uzunlugunda olacak
sekilde kesilmistir (Sekil 2). Kireg

agirliginin %0,2, %0,4, %0,6, %0,8 ve %1
oranlarinda horasan harci icerisine ilave
katilarak

olarak kullanilmustr.
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Sekil 2. 19mm uzunlugunda kesilmis, lif olarak kullanilan kegi killar:

Hazirlanan harglar iki farkl
parametreye gore degerlendirilmistir.
flk olarak harglarda tugla kirig1 dane
boyutlar1 farkli olarak iki grup harg
olusturulmustur. Bir grupta 0-2 mm
tugla kirigr kullanilmis (M1), diger
grupta ise 0-4 mm tugla king
kullanilmistir (M2). Her iki grupta da
ke¢i kili kire¢ agirhginin %0,2, %04,
%0,6, %0,8 ve %1 oranlarinda olmak
tzere beg farkli oranda lif olarak
kullanilmistir.  0-2mm  tugla king:
kullanilan horasan har¢larinda sahit

numune icin M10, 0-4mm tugla kirig:
kullanilan harglarda sahit numune igin
M20 kodu kullanilmigtir. Kegi kil
koduna KK
eklenmistir. Ke¢i kilinin karigimda kireg
agirhigimin %0,2, %0,4, %0,6, %0,8 ve %1
oranlarinda kullanilmast durumunda
ise karisim kodlarina sirasiyla 1,2,3,4 ve
5 Uretilen
horasan harc Orneklerinin  kodlari,
agirlikga karisim oranlar1 ve miktarlar:
Tablo 2’de verilmistir.

kullanilan  harglarin

rakamlart  eklenmistir.

Tablo 2. Horasan harci 6rneklerinin agirlik¢a karisim oranlar: ve miktarlari

Karistm  Ke¢i  Agirlik¢a Karisim Oranlan Agirlikca Karisim Miktarlar (g)

Kodu 1(0111 Su  Kireg Kum+ Keci Su Kireg Kum  Tugla Kirig:

(%) T.Kirig Kil1
0-2 0-4 0-2 0-4

M10 0 1 1 3 - 0 400 400 300 900 -
M11KK 0,2 1 1 3 - 0,8 400 400 300 900 -
M12KK 0,4 1 1 3 - 1,6 400 400 300 900 -
M13KK 0,6 1 1 3 - 2,4 400 400 300 900 -
M14KK 0,8 1 1 3 - 32 400 400 300 900 -
M15KK 1,0 1 1 3 - 4,0 400 400 300 900 -

M20 0 1 1 - 3 0 400 400 300 - 900
M21KK 0,2 1 1 3 0,8 400 400 300 - 900
M22KK 0,4 1 1 - 3 1,6 400 400 300 - 900
M23KK 0,6 1 1 - 3 2,4 400 400 300 - 900
M24KK 0,8 1 1 - 3 3,2 400 400 300 - 900
M25KK 1,0 1 1 - 3 4,0 400 400 300 - 900
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Uretim asamasinda, her bir horasan
harc1 0rnegi, har¢ mikseri ile mekanik
olarak karigtirilmistir. Hazirlanan taze
harglarin, yayilma tablasi {izerinde
yayilma degerleri dlgiilmiistiir. Yayilma
deneyinin ardindan, taze har¢ karisim
yerlestirdigimiz
40x40x160 mm boyutunda, prizmatik,
onceden  yaglanmis gl kaliba
doldurulmustur. Sarsma tablasina 25
kez diisiis yaptirilarak harcin kaliba
yerlesmesi saglanmistir.  Bir
yardimiyla ist yiizeyi diizeltilmis ve
prizini almas1 igin 2 giin laboratuvar
ortaminda bekletildikten sonra dikkatli
bir sekilde kaliptan c¢ikartilmistir. 28 ve
90 giinliik yasa gelinceye kadar harg
Ornekleri laboratuvar  kosullarinda
bekletilmistir. Calismada, 12 farkh
horasan hara karisimindan, 28 ve 90
ginliik deneylerde kullanilmak {izere
toplam 72 adet prizmatik har¢ 6rnegi
uretilmistir. Her bir horasan hara
karisimina ait 6rnekler iizerinde yapilan
deney sonugclarmin aritmetik ortalamasi

sarsma tablasina

mala

alinmistir.  Deneysel verilerde bu

ortalamalar kullanilmistir.
Har¢  6rneklerinin
yayillma tablasi

kivam  deneyi,
ile TS EN 1015-3
standardina gore, egilme ve basing
dayanim TS EN 1015-11
standardina gore ve ultrases gegis siiresi
ise ASTM (597-16 standardina uygun
olarak yapilmistir. Ultrases gegis siiresi
Pundit PL200
ultrasonik test kullanilmustir.
Calismada, ultrases gegis hizi (km/s)
yerine ultrases gegis siiresi (us) dikkate
alinmistir. Bunun nedeni, horasan harg

testleri

Ol¢limiinde marka

cihaz1

ornekleri lizerinde tespit edilen degerler

arasindaki farklihigin, grafikte daha
belirgin bir gsekilde goriilmesinin
amaclanmasi olmustur.
3. Bulgular ve Tartisma
Ke¢i kili  katkili  horasan  harg
orneklerinin deney sonuglari, sahit

numuneler ile birlikte Tablo 3’de ve
grafik olarak ise Sekil 3-8'de verilmistir.

Tablo 3. Keci kili katkili horasan harg¢ 6rneklerinin deney sonuglari

Karisim Keci Yayilma  Birim Su Ultrases  Egilme Basing
Kodu Kili (mm) Hacim Emme  Gegis Dayanimi Dayanimi

Orani Agirlik (%) Siiresi (MPa) (MPa)

%) (gr/cm?) (us) 28 90 28 90

Giin Giin Giin Giin

M10 0 200 1,70 20,36 82,10 236 155 426 433
M11KK 0,2 199 1,71 20,50 81,87 2,66 1,42 4,78 4,33
M12KK 04 198 1,70 20,75 82,20 2,87 1,47 4,90 4,36
M13KK 0,6 194 1,69 20,89 83,05 290 151 509 449
M14KK 0,8 187 1,69 20,94 83,15 293 161 520 450
M15KK 1 173 1,68 20,98 84,10 2,81 1,50 4,58 4,21
M20 0 217 1,66 20,56 84,30 2,47 1,79 6,16 4,01
M21KK 0,2 203 1,70 20,61 78,37 2,71 1,91 4,81 5,10
M22KK 0,4 196 1,69 20,81 78,73 2,99 1,98 4,81 511
M23KK 0,6 193 1,68 21,14 79,57 3,19 2,05 4,92 5,15
M24KK 0,8 188 1,67 21,24 79,65 3,34 2,11 4,94 5,21
M25KK 1 180 1,67 21,46 80,23 3,36 2,13 4,98 5,32
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0-2 mm tugla kirgmin kullanildigr M1
grubu horasan harglarinda, kegi kilinin
%0,2, %04, %0,6, %0,8 %1
oranlarinda lif olarak kullanilmas: ile
horasan harglarinda yayilma degerleri
sirastyla 199, 198, 194, 187 ve 173 mm
bulunmustur. M1 grubu katkisiz
tretilen sahit numuneye ait yayilma
degeri ise 200 mm olarak belirlenmistir.
0-4 mm tugla kingmin kullarldigr M2
grubu horasan harglarinda, kegi kilinin
%0,2, %04, %0,6, %0,8 %1
oranlarinda kullanilmas: ile horasan
harclarinda yayilma degerleri sirasiyla
203, 196, 193, 188, 180 mm olarak

ve

ve

Sekil 3 incelendiginde, lif olarak keci
kil
katki orani arttikca yayilma degerleri
azalmistir. M1 grubu harglarda en
yiiksek yayilma degeri %0,2 katki oram
ile 199 mm ve en diisiik yayilma degeri
ise %1 Kkatki 173 mm
Ol¢lilmiistiir. Sahit numuneye (M10)
gore yayilma degerlerinde %13,5e
varan oranda bir azalma meydana
gelmistir. M2 grubu harglarda en
yiiksek yayilma degeri %0,2 katki oram
ile 203 mm ve en diisiik yayilma degeri
ise %1 katki orani ile 180 mm olarak
belirlenmistir. $ahit numuneye (M20)

kullanilan har¢ numunelerinde

orani ile

belirlenmistir. M2 grubu katkisiz  gore yayilma degerlerinde %17,05e
tretilen sahit numuneye ait yayilma  varan oranlarda azalma olmustur.
degeri ise 217 mm olarak tespit
edilmistir.
—M1 M2
220
217
E 210
S
= Loy 200 R 198
2 T~ 194
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196 187
g 150 193
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Sekil 3. Kegi kili katkili M1 ve M2 grubu horasan harglarimin yayilma degerleri

grafigi

0-2 mm tugla kirigimin kullanildigr M1
grubu horasan harglarinda, kegi kilinin
%0,2, %0,4, %06, %0,8 %1
oranlarinda lif olarak kullanilmasi ile

ve

horasan har¢larinin birim hacim agirhik
degerleri sirasiyla 1,71; 1,70; 1,69; 1,69;
1,68 g/cm® olarak bulunmustur. M1
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grubu katkisiz {iretilen sahit numuneye
ait birim hacim agirhik degeri ise 1,70
g/cm®  belirlenmigtir. 0-4 mm tugla
kinginin kullanuldigi M2 grubu horasan
har¢larinda, kec¢i kilmin %0,2, %0,4,
9%0,6,  %0,8 %1
kullanilmasi ile horasan harglarinda

ve oranlarinda
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birim hacim agirhik degerleri sirasiyla
1,70; 1,69; 1,68; 1,67; 1,67 g/cm?® olarak
M2 grubu katkisiz
tiretilen sahit numuneye ait birim hacim
agirhk  degeri ise 1,66  g/cmd
belirlenmistir.

elde edilmistir.

Horasan hara karigiminda keg¢i kil
oraninin artmasiyla birlikte birim hacim
agirhk degerlerinde azalma meydana
gelmistir. Sahit
kiyaslandiginda, 0-2mm tugla kirig:
kullanulan M1 grubu har¢ 6rneklerinde
keci kili sadece %0,2 kullanildiginda

numuneler ile

deger goriilmiis, %0,4
kullanildiginda deger sabit kalmus,
%0,6, %0,8 ve %1 kullamildiginda ise
degerlerde sahit numuneye oranla
diisiis gozlemlenmistir. 0-4mm tugla
M2 grubu harg
orneklerinde ise ke¢i kili kullaniminin
birim hacim agirlik degerlerini arttirdig:
Sekil 4'te goriilmektedir. %0,2 oraninda,
M1 ve M2 grubu haglarda kullarldig:
zaman en yiiksek birim hacim agirlik
degerlerine 1,71 ve 1,70 g/cm?® olarak
ulastig1 belirlenmistir.

artisi

kirngr  kullanilan

e V11 M2

1,75
E 1,71
= 1,70
~ 1,70 1,69 1,69
= 1,70 1,68
60
<C
£ 1,68
S 1,67 1,67
£ 1,65 1,66
E
'CI:J

1,60

0 0,2 0,6 0,8 1
Keci Kili Orani (%)

Sekil 4. Keci kili katkilit M1 ve M2 grubu harglarin birim hacim agirhik grafigi

0-2 mm tugla kingmin kullarldigr M1
grubu horasan harglarinda, kegi kilinin
%0,2, %04, %0,6, %08 ve %l
oranlarinda lif olarak kullanilmas: ile
horasan harglarinin birim hacim agirhik
degerleri sirasiyla 1,71; 1,70; 1,69; 1,69;
1,68 g/cm® olarak bulunmustur. M1
grubu katkisiz iiretilen sahit numuneye
ait birim hacim agirhk degeri ise 1,70
g/cm® belirlenmistir. 0-4 mm tugla
kirginin kullanildigr M2 grubu horasan
harglarinda, ke¢i kilmin %0,2, %04,
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%0,6, %08 ve %l
kullanilmasi ile horasan harglarinda
birim hacim agirlik degerleri sirasiyla
1,70; 1,69; 1,68; 1,67; 1,67 g/cm?® olarak
elde edilmigtir. M2 grubu Kkatkisiz
tiretilen sahit numuneye ait birim hacim
1,66

oranlarinda

agirhik
belirlenmistir.

degeri  ise g/cm?

Horasan hara karisiminda kegi kil
oraninin artmasiyla birlikte birim hacim
agirlik degerlerinde azalma meydana
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gelmistir. Sahit  numuneler ile
kiyaslandiginda, 0-2mm tugla kirig:
kullanulan M1 grubu har¢ 6rneklerinde
ke¢i kili sadece %0,2 kullanildiginda
deger artisi goriilmiis, %0,4
kullanildiginda deger sabit kalmus,
%0,6, %0,8 ve %1 kullamildiginda ise
degerlerde sahit numuneye oranla

diisiis gozlemlenmistir. 0-4mm tugla

kingr  kullanulan M2 grubu harg
orneklerinde ise ke¢i kili kullaniminin
birim hacim agirlik degerlerini arttirdig:
Sekil 4'te goriilmektedir. %0,2 oraninda,
M1 ve M2 grubu haglarda kullarldig:
zaman en yiiksek birim hacim agirlik
degerlerine 1,71 ve 1,70 g/cm?® olarak
ulastig1 belirlenmistir.

20,81

20,56 20,61 20,89 20,94 20,98
20,75

e ] 1
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20,00
0 0,2

0,4
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21,46
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0,6 0,8

Sekil 5. Kegi kili katkilt M1 ve M2 grubu horasan harglarinin su emme grafigi

0-2 mm tugla kirigimin kullanildigi M1
grubu horasan har¢larinda, kegi kilinin
%0,2, %04, %06, %0,8 %1
oranlarinda lif olarak kullanilmasi ile
horasan harclariin su emme degerleri
sirastyla  %20,50; 20,75; 20,89; 20,94;
20,98 olarak tespit edilmistir. M1 grubu
katkisiz tiretilen sahit numuneye ait su
emme degeri ise %20,36 bulunmustur.
0-4 mm tugla kirigimin kullanildigi M2
grubu horasan harglarinda, kegi kilinin
%0,2, %04, %06, %0,8 %1
oranlarinda kullanilmas1 ile horasan
har¢larinda su emme degerleri sirasiyla
%20,61; 20,81; 21,14; 21,24; 21,46 olarak
belirlenmistir. M2 grubu katkisiz

ve

ve
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tiretilen sahit numuneye ait birim hacim
agirlik degeri ise %20,56 bulunmustur.

Sekil 5 incelendiginde, kegi kili katkili
M1 ve M2 grubu har¢ numunelerinde,
katki orani arttikca su emme degerleri
de artmustir. M2 grubu harglarda M1

grubu harglara oranla su emme
ylizdeleri daha yiiksek g¢ikmustir.
Karisgimda, tugla kirigr boyutunun

artmasi, harclarin su emme yiizdelerini
artirmistir. M1 grubu harglarda en
yliksek su emme degeri, %1 katki orani
bulunan har¢ 6rneginde %20,98 olarak
bulunmustur. Sahit numuneye (M10)
oranla, su emme degerinde %3,05’lik bir
artis olmustur. M2 grubu harglarda en



Kegi Kilimin Lif Olarak Horasan Harcinda Kullanilmas:

yliksek su emme degeri %1 katki orani
bulunan har¢ 6rneginde %21,46 olarak
belirlenmistir. Su emme yiizdesinde,

sahit numuneye (M20) oranla %4,38'lik
bir artis meydana gelmistir.

e V11 M2
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Sekil 6. M1 ve M2 grubu horasan harglarinin ultrases gegis stiresi grafigi

Horasan harglarinda kegi kilinin %0,2,
%0,4, %0,6, %0,8 ve %1 oranlarinda lif
olarak kullanilmas: ile ultrases gegis
siireleri, M1 grubu harclarda 81,87;
82,20; 83,05; 83,15; 84,10 us ve M2 grubu
harglarda ise 78,37; 78,73; 79,57; 79,65;
80,23 us olarak Olclilmiistiir. Sahit
numunelerde ise M10 harg 6rnegi 82,10
pus ve M20 har¢ Ornegi ise 84,30 ps
olarak belirlenmistir.

M1 grubu harg ornekleri
incelendiginde, %0,2 katki kullanilan
har¢ Ornegi  haric diger harg
orneklerinin ultrases gegis siirelerinde
sahit numuneye M10 gore artis oldugu
Sekil 6’da goriilmektedir. M2 grubu
incelendiginde ise sahit numuneye M20
gore katki kullanilan har¢ 6rneklerinin
tamaminin ultrases gecis siirelerinde
azalma oldugu belirlenmistir. Ultrases

gecis stiresi, kegi kilinin ince taneli tugla
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kirigr ile kullamilmas: ile artarken, iri
taneli tugla kirig1 ile kullanilmas: ile
azalmistir. M1 ve M2 grubu birlikte
degerlendirildiginde, katki kullanilan
katk:
artmasina paralel olarak ultrases gecis

ar¢  Orneklerinde oraninin
h klerind

siirelerinde de artig oldugu
gorilmiistiir.
Degerlendirmelerde  ultrases  gegis

siiresi (us) ile ultrases gegis hiz1 (km/s)
karistirilmamalidir. Malzemenin bosluk
orani azaldik¢a, ultrases gecis hizi
ultrases gecis stiresi
azalmaktadir. Bu iki deger birbiriyle
karistirildiginda sonuglar1

yorumlamak miimkiindiir.

artarken,

yanlis

0-4mm tugla kirig1 kullanulan M2 grubu
harglarda ke¢i kili kullanilmasiyla
birlikte ultrases gecis siiresi degerinde
aniden bir diistis goriilmiistiir. M2
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grubu karisimlar daha bosluklu yapida
ve daha iri tugla kingr kullanilan
karisimlardir. Bu bosluklu yapr ve
agrega gradasyonu, keci kilinin
karisimda kendisine yer bulmasim
saglayacak ortamlar olusturmustur. M2

grubunda ki bu kec¢i kili ile agrega
gradasyon uyumu, daha bosluksuz bir
yapmin meydana gelmesini saglayarak,
ultrases gegis siirelerinin diismesine
neden olmustur.

M1-28 giin M2-28 giin
= e = M1-90 glin M2-90 giin
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3,50 319
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o
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£ 1,50 e ————— ———— .
bLeTi]
w
1,00
0 0,2 0,4 0,6 0,8 1
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Sekil 7.
grafigi

M1 grubu %0,2, %0,4, %0,6, %0,8 ve %1
oranlarinda keg¢i kili katkili horasan
harclarinda 28  giinlik  egilme
dayarumlar1 sirasiyla 2,66; 2,87, 2,90;
2,93; 2,81 MPa bulunmustur. 90 giinliik
egilme dayanimlar1 ise sirasiyla 1,42;
1,47, 1,51, 1,61, 1,50 MPa olarak
belirlenmistir. $ahit numuneye (M10)
ait 28 giinliik egilme dayamimi degeri
2,36 MPa, 90 giinliik degeri ise 1,55 MPa
olarak tespit edilmistir.

M2 grubu %0,2, %0,4, %0,6, %0,8 ve %1
oranlarinda keg¢i kili katkili horasan
harglarinda 28  giinlitk  egilme
dayarumlar1 sirasiyla 2,71; 2,99; 3,19;
3,34; 3,36 MPa belirlenmistir. 90 giinliik
egilme dayanimlar1 ise sirasiyla 1,91;
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Keci kili katkih M1 ve M2 grubu horasan harglarmin egilme dayanim

1,98; 2,05; 2,11; 2,13 MPa olarak tespit
edilmistir. Sahit numuneye (M20) ait 28
giinliik egilme dayanimi degeri 2,47
MPa, 90 giinliik degeri ise 1,79 MPa
olarak belirlenmistir.

Sekil 7 incelendiginde, keci kilimin lif
olarak kullanilmasi ile M1 ve M2 grubu
harglarin 28 giinlitk egilme dayanimi
degerlerinde artig oldugu
goriilmektedir. 90 giinliik degerlerde ise
M2 grubunun dayanim degerlerinde
artis olurken, M1 grubunda azalma
meydana M1
sadece %0,8 keci kili kullanilan harg
ornegi 1,61 MPa ile sahit numuneden
yliksek dayanim gostermistir.

gelmistir. grubunda



Kegi Kilimin Lif Olarak Horasan Harcinda Kullanilmas:

Karisimlarda, iri taneli (0-4mm) tugla
kirigr kullanilan har¢ ornekleri, ince
taneli (0-2mm) tugla kirig1 kullanilan
daha yiiksek egilme
dayanimi degerleri gostermistir. En
yliksek dayanim degerleri 28 giinliik
orneklerde, M1 grubunda %0,8 katki
kullanimi ile 2,93 MPa, M2 grubunda
%1 katki kullanimu ile 3,36 MPa olarak
tespit edilmigtir. 90 giinliik 6rneklerde
ise M1 grubunda %0,8 katki kullanimi
ile 1,61 MPa, M2 grubunda %1 katki
kullanomi ile 2,13 MPa olarak
belirlenmistir. Horasan harc1 6rnekleri
yaslandik¢a dayanim degerlerinde de
azalma meydana gelmistir.

orneklerden

Baglayict  olarak  hidrolik  kireg
kullanulmasi, kiir kosullar1 nedeniyle
har¢ Orneklerinin nemini hizli bir

gevreklesmesi, har¢ orneklerinin daha
kirilgan bir 6zellik kazanmasina neden
olmustur. Bu sebeple, 90 giinliik gibi

ilerleyen  yaslarda daha  yiiksek
dayanum gostermesi beklenen, horasan
haraa  Orneklerinin  dayamimlarinda
azalma goriilmistiir. Kiir kosullari
degisikliginde  ilerleyen  yaslarda
dayanim artisi olacag1
distintilmektedir.

M1 grubunun birim hacim agirhk
degerleri M2 grubuna gore daha
yiiksek, su emme oranlar1 ise daha
diisiiktiir. M1 grubu, daha bosluksuz
bir yapidadir ve karisiminda daha fazla
ince M1
grubunda, tugla tozu gibi ince malzeme
miktarmin fazlaligl, baglayici ihtiyacim
artirarak dayanimin diismesine sebep

malzeme bulunmaktadir.

sekilde kaybederek kurumasi ve  olmustur.
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Sekil 8. Keci kili katkili M1 ve M2 grubu horasan harglarmin basing dayanimi

grafigi

127



Nimet, S., & Kilig, I., 2021

M1 grubu %0,2, %0,4, %0,6, %0,8 ve %1
oranlarinda ke¢i kili katkili horasan
harglarinda 28 glinliik  basing
dayanumlar1 sirasiyla 4,78, 4,90; 5,09;
5,20; 4,58 MPa bulunmustur. 90 giinliik
basing dayanimlar1 ise sirasiyla 4,33;
4,36; 4,49; 4,50, 4,21 MPa olarak elde
edilmistir. Sahit numuneye (M10) ait 28
giinliik basing dayamimi degeri 4,26
MPa, 90 giinliik degeri ise 4,33 MPa
olarak tespit edilmistir.

M2 grubu %0,2, %0,4, %0,6, %0,8 ve %1
oranlarinda keg¢i kili katkili horasan
28
dayarumlar1 sirasiyla 4,81; 4,81; 4,92;
4,94; 4,98 MPa belirlenmistir. 90 giinliik
basing dayanimlar1 ise sirasiyla 5,10;
511; 5,15; 5,21; 5,32 MPa olarak tespit
edilmistir. Sahit numuneye (M20) ait 28
ginliik basing dayanimi degeri 2,47
MPa, 90 giinliik degeri ise 1,79 MPa
olarak belirlenmistir.

harclarinda giinlik  basing

Sekil 8 incelendiginde, ke¢i kilimin lif
M1 grubu
harclarmm 28 gfiinlitk basing dayanimi
degerlerinde artis olurken, M2 grubu
har¢larin

olarak kullanilmas: ile

dayanumlarinda  azalma
meydana 90
degerlerde ise M1 ve M2 grubunun
dayarum degerlerinde artis olurken,
sadece M1 grubunda %1 keci kil

kullanulan harg¢ 6rnegi 4,21 MPa ile sahit

gelmistir. giinliik

numuneden diisiik dayanim
gostermistir.
Horasan harci  Orneklerinin  yast

ilerledikge, iri taneli (0-4mm) tugla

kirigr  kullanilan M2 grubu harg
Orneklerinin basing dayanimlar:
artarken, ince taneli (0-2mm) tugla
kingi1 kullamilan M1 grubu harg
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orneklerinin basing dayamimi degerleri
azalmistir. En  yliksek  dayarum
degerleri 28 giinlitk Orneklerde, M1
grubunda %0,8 katki kullanimu ile 5,20
MPa, M2 grubunda %1 katki kullanim
ile 4,98 MPa olarak tespit edilmistir. 90
ginliik orneklerde ise M1 grubunda
%0,8 katki kullanimi ile 4,50 MPa, M2
grubunda %1 katki kullanimi ile 5,32
MPa olarak belirlenmistir. En iyi
dayarum degerleri M1 grubunda %0,8
oraninda ke¢i kili kullanilmasi ile M2
grubunda ise %1 oraninda kullanilmasi
ile elde edilmistir.

Dayanim agisindan liflerin  etkisini
genelleyecek olursak, egilme
dayanumia olumlu yonde etki ettikleri
bilinmektedir. Bu ¢alismada da sonuglar
o yonde olmustur. Har¢ 6rneklerinin 90
ginliik dayanim degerlerinde genelde
bir azalma goriiliirken, Sekil 8'de M2
grubu  Orneklerde artis meydana
gelmistir. Bu durum, M2 grubu
orneklerin su emme miktarlarinin fazla
olmasi ve biinyelerinde ki suyun keci
kili  tarafindan daha siire
tutulmas, kiir kosullarini hidrolik kireg

uzun

agisindan daha uygun hale getirmesi ile
aciklanabilir.

4. Sonuglar
Kegi kilinin lif olarak horasan harcinda

yapilan
sonuglar elde

kullanilmasi lizerine
calismadan asagidaki

edilmistir.

Uretilen harclarin yayillma degerleri
173-217 mm arasinda Ol¢tilmiistiir. Kegi
kili katilmasi sonucu harglarin yayilma
degerleri azalmistir. Yayilma
degerlerinde, %1 katki oram ile M1
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grubu harglarda %13,5, ayni katki oram
ile M2 grubu harglarda ise %17,05
azalma tespit edilmistir.

Birim hacim agirlik degerleri 1,66-1,70
g/cm? arasinda belirlenmistir.
Karisimlarda  keg¢i  kili
artmasina paralel olarak har¢larin birim
hacim agirlik degerleri azalmigtir. Sahit
numune ile kiyaslandiginda, 0-4 mm
tugla kirigr kullanilan M2 grubu harg
orneklerinde ke¢i kili kullanimi birim
hacim agirlik degerlerini arttirmigtir.

oraninin

Su emme degerleri  %20,36-21,46
arasinda bulunmus ve karisimdaki kegi
kil orani arttik¢a harglarin su emme

degerlerinin arttig1 tespit edilmistir.

Ultrases gegis siiresi, keci kilinin ince
taneli tugla kirig1 ile kullanilmasi ile
artarken, iri taneli tugla kirig ile
kullanilmasi ile azalmigtir. 0-2 mm ve O-
4 mm tugla kg kullanilan horasan
harg katki
artmasina paralel olarak ultrases gecis
stirelerinde de artis olmustur.

orneklerinde, oraninin

M2 grubu 0-4 mm tugla
kullanulan harglarin egilme dayanimlars,
M1 grubu 0-2 mm tugla king:
kullanilan harclarin egilme
dayanimlarindan daha yiiksek degerler

kirig:

almistir. Tugla kirigr tane boyutunun
artmasi ile egilme dayanimi artmistir.
M1 grubu harglarda kegi kili katkis:
%0,8 ve M2 grubu harclarda ise kegi kil1
katkis
egilme dayanimi degerlerini
vermiglerdir. Sahit numuneye gore
egilme dayaniminda en yiiksek artis
%36,03 ile M2 grubunda, 28 giinliik %1

%1 oranlarinda en yiiksek
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oraninda kegi kili katkili har¢ 6rneginde
3,36 MPa olarak tespit edilmistir.

Basing dayanim degerleri 4,01-6,16 MPa
arasinda belirlenmigtir. M2 grubu 0-4
mm tugla kirigr kullanilan harglarin
basing dayanimlari ilerleyen yaslarda
daha vyiiksek degerler almistir. M1
grubu harclarda kegi kili katkis1 %0,8 ve
M2 grubu harclarda ise keci kil1 katkisi
%1 oranlarinda en yiiksek basing
dayanimi degerlerini vermislerdir. Sahit
numuneye gore basing dayaniminda en
yiiksek artis %32,67 ile M2 grubunda,
90 giinlitk %1 oraninda kegi kili katkili
har¢ orneginde 5,32 MPa olarak tespit
edilmistir.

Horasan harc {iiretiminde, dayanim
olumlu etkilemesi acisindan, lif olarak
kec¢i kili kullanilmasi durumunda, 0-2

mm tugla kirigr kullarulacak olan
karisimlarda kireg agirhgimin  %0,8
oraninda, 0-4 mm tugla king

kullanilacak olan karisimlarda ise %1
oraninda kullanilmasi oOnerilmektedir.

Liflerde, boy/¢ap oranindaki
degisikligin, harcin ozelliklerini
etkileyecegi g0z oniinde
bulundurulmalidir.
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Diger tiim sektorlerde oldugu gibi insaat sektoriinde de bir projenin basariya
ulagabilmesi i¢in, yoneticilerin sahip oldugu liderlik vasiflar1 énemli derecede rol
oynamaktadir. Ciinkii liderin, ¢alisanlarin tutum ve davranislarini énemli derecede
etkilemesi bu orgiitlerin performansini da etkilemektedir. Bu arastirmanin genel
amaci giiclii bir degisime onciilitk edecek liderlik tiirii olan doniisiimcii liderlik
davranislarin1  belirlemek ve bu davramuslar1 ingsaat sektoriindeki yoOnetici
davramglarinda saptamaktir. Aragtirma evrenini, 2021 yilinda Istanbul 11 genelinde
faaliyet gosteren ingaat sektoriindeki firmalarin yoneticileri olusturmaktadir.
Aragtirmanin 6rneklemini ise goniilliiliik esasina gore arastirmaya katilmay1 kabul
eden toplam 132 ingaat yoneticisi olusturmustur. Arastirmada verilerin analizinde,
normallik testi (Kolomogorov Smirnov), tanimlayic istatistikler (Frekans analizi,
betimsel istatistikler), bagimsiz grup karsilastirmasi (Bagimsiz drneklem t testi, One-
Way ANOVA), pearson korelasyon analizi ve giivenilirlik analizi (Cronbach’s alpha)
kullamilmistir. Arastirma, insaat sektorii yoneticilerinin doniisiimcii liderlik rol ve
davraniglar1 gosterdiklerini ortaya koymustur. Insaat sektdriindeki yoneticilerinin
biiytik ¢ogunlugunun ideal anlamda doniisiimii gerceklestirebilecek yeterli
donanima sahip olduklar1 sdylenebilir.
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Ingaat Sektoriinde Faaliyet Gosteren Isletmelerdeki Yoneticilerin Benimsedikleri Déniisiimcii Liderlik Davramislar:

Transformational Leadership Behaviours by Managers in
Business Operating in the Construction Sector

Abstract

In the construction sector, as in all other sectors, the leadership qualities of a manager
play an important role in the success of a project. Because the leader significantly
affects the attitude, behaviour, and success levels of employees, it also affects the
performance of the organization. The aim of this study is to identify transformational
leadership behaviour, which is a model of leadership that leads to strong change, and
to relate them to management behaviours in the construction sector. The population
of the research consists of company managers that operate in the construction sector
throughout Istanbul province in 2021. A total of 132 construction managers who
agreed to participate voluntarily in the research constituted the sample of the
research. In the study, to analyse the data normality test (The Kolmogorov Smirnov
test), descriptive statistics (Frequency analysis, inferential statistics), independent
group comparison (Independent sample t-test, One-Way ANOVA), Pearson
correlation analysis and reliability analysis (Cronbach's alpha) were used. The
research proved that the managers in the construction industry display the roles and
the behaviours of transformational leadership. It can be stated that the great majority
of the managers in the construction sector are equipped to make the ideal
transformation.

Keywords: Leadership, Transformational leadership, Construction, Construction manager.
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1.Giris

Gliniimiiz diinya diizeni her gegen giin
degismekte, bu durum da en ¢ok
liderleri zor durumda birakmaktadir.
Liderlerin yasanan bu degisimde
cevrelerindeki kisiler, teknolojiler ve
yenilikler gibi bir¢ok etmeni kontrol
altinda tutabilmesi gerekmektedir.

Iyi bir lideri digerlerinden ayiran temel
basinda,
ortama yeni fikirler, siirecler ve {iriinler
gelistirmeleri gelmektedir (Baumol,
1968). Ozel vyeteneklere sahip olan
kisilerin
ilerlemesi ve yiikselmesini saglayan
liderlerin, kendi niteliklerini yetkileri
cercevesinde etkili kullanmasi; yonetim

ozelliklerin bulunduklari

bulunduklar: ortamda

kalitesinin ~ artmasmi saglamaktadir
(Marsap, 1999).
Glniimiiz kosullarinda liderler,

organizasyonlarma inovasyon getirme
hususunda gecmisteki liderlere kiyasla
oldukg¢a
kalmaktadirlar. Bu baglamda liderlerin
hem organizasyonun genel yapisinda

fazla sorumluluk altinda

hem de c¢alisanlar iizerinde yenilikgi
tavir sergilemesi gerekmektedir (Ak,
2006).

Dontisiimcti liderlik kavrama ise, ¢alisan
bireylere vizyon saglayan, kazandiklar
bu vizyona katki saglamalar1 igin
kendilerine ilave misyonlar veren ve
orgiitsel kiiltiirde farkhihklar yaratarak
ya da
yapabileceklerini diistindiiklerinden ¢ok
daha fazlasini gergeklestirebileceklerini
inandiran liderlik tarzidir (Eren, 2001).
Ana hedefleri degisim olan doniisiimcii
liderler, gerceklestirdikleri faaliyetlerle

onlara yaptiklarindan
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cevresinden
Dontistimcii  liderlik teorisinde lider,
takipgilerinin  inan¢  sistemini
gereksinimlerini, organizasyonun
cikarlariyla sekilde
giincellemeye calisir (Luthans, 1995). Bu
siirecte liderler, sahip olduklar1 vizyonu
organizasyondaki diger iiyelere kabul
ettirerek, degisim stirecindeki engelleri
en aza indirmeye caligirlar (Ozalp, 2000).

styrilmaya caligirlar.

ve

uzlasacak

Akademik  aragtirmalar  Orgiitlerin
degisiminde ve basarisinda rol oynayan
liderlik cesitleri hakkinda Onemli
ozellikler ve sonuglar ortaya
koymaktadir. Konu ile ilgili benzer
calismalar incelendiginde; Yenipazarh
(2006)nin  insaat sektoriinde liderlik
davranuslarini inceledigi, Tarim (2010)'1n
ingaat sektoriindeki liderlik yaklasimlar:
ve cinsiyet arasindaki iliskiyi inceledigi
ve Kasapoglu (2013)'nun Tiirkiye’deki
tasarim  ofislerinin  liderlik
bigimlerini inceledigi ¢alismalarindan
farkli olarak isletmelerdeki degisimi
saglayacak en uygun liderlik tipi olan
liderligin
¢alismanin farkini ortaya koyarak dnem

mimari

dontisimcii incelenmesi
kazanmaktadir.  Calismanin
ingsaat yOneticilerinin

liderlik davraniglarinin
ve c¢alisanlar tarafindan

genel
amacini,
doniistimcii
incelenmesi
nasil belirlenmesi
olusturmaktadir. Aragtirmanin bir diger
amaci ise ingaat sektoriinde liderlik
kavramina dikkat cekmek ve farkindalik
olusturmaktir. Arastirma Istanbul 1l
genelinde Nisan 2021 - Mayis 2021
tarihleri arasinda 132 insaat yOneticisi
kapsaminda gerceklestirilmistir.

algilandiginin
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2. Yontem

2.1 Arastirmanin Modeli

Bu c¢alisma tamumlayict arastirma
metodu ile yapilmistir. Tammlayic

aragtirma, bir sorun veya problem ile
ilgili durumlari, gec¢mis olaylar1 ve
iligkileri agiklamaya galisan bir arastirma
metodudur. Arastirmada veri toplama
anket Olcegi  teknigi
kullanilmigtir. Anketler insaat firmasi
yOneticilerine diinya genelinde yasanan
saglk salgin1 covid-19'un olusturdugu
risk ve tehlikelerden otiirii Google

aract  igin

Forms aracilifiyla online olarak
gerceklestirilmistir. Aragtirmanin
modeli  dogrultusunda  belirlenen
hipotez “Ingaat sektoriindeki
yoneticilerin sosyo-demografik
ozellikleri ile benimsedikleri
doniisimcii liderlik davraniglari
arasinda anlamh bir iliski vardir”
seklindedir.

2.2 Evren ve Orneklem

Arasgtirma evrenini Istanbul 11 genelinde
faaliyet goOsteren insaat sektoriindeki
firmalarin yoneticileri olusturmaktadir.
Arastirma evreninin genis olmasimndan
dolayi, belirlenen evren iizerinden
orneklem alma yoluna gidilerek rastgele
orneklem secim teknigi kullanilmugtir.
Aragtirmanin
goniilliiliikk esasina gore arastirmaya
katilmay1 kabul eden toplam 132 insaat
yOneticisi olusturmustur.

orneklemini ise

137

2.3 Veri Toplama Araci

Aragtirmada veri toplama araclari
olarak; anket calismasinin ilk béliimde
tarafindan hazirlanan 10
soruluk kigisel sorular formu, ikinci
boliimiinde ise 52 maddelik “Kesinlikle
Katiliyorum-5'den “Kesinlikle
Katilmiyorum-1'e kadar puanlanmis 5'1i
likert tipinde “Doniigiimcii Liderlik
C")lgegi” (DLO) kullanilmistir. Tas ve
Cetiner'in 2007 yilinda gelistirmis
oldugu 34 maddelik DLO blgeginden
yararlanilarak  Olgege  son  hali
verilmigtir. Bu dogrultuda, kullarilan
Olcegin giivenilirlik ve gecerlilik testleri
sonuglarina gore alt boyutlar: arasinda
anlamli bir iligki bulunmustur.

arastirmaci

Kullanilan Olcegin
katsayilari: “Vizyon Belirleme ve
Gelistirme” ig¢in (0,935), “Entelektiiel
Uyarim” igin (0,931), “Davranis Modeli
Olusturma” 0,932), “Grup
Amaclarinin Kabuliini Olusturma” igin
(0,905), “Bireysel Destek Saglama” igin
(0,928), “Yiiksek Performans
Beklentilerine Sahip Olma” icin (0.814)
ve doniigtimcii liderlik boyutuna iligkin
5 faktorii  olusturan  maddelerin
cronbach’s alfa katsayist (0.989) olarak
hesaplanmuistir.

giivenirlik

icin

Dontisiimcti liderlik olceginde
maddelerin timiine ve
Cronbach’s

analizi

kullanilan
faktorler

glivenilirlik
uygulanmistir. Bu yontemle olgekte yer
yap1
gosteren bir olguyu ifade edip etmedigi
incelenir. Olgekte yer alan maddelerin
varyanslarmin toplam varyansa orani ile
hesaplanmaktadir. 0 ile 1 arasinda bir

bazinda alfa

yontemi

alan ifadelerin homojen bir
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deger alir. 0,60- 0,80 arasi oldukga
giveniliri ifade etmekteyken 0,80-1,00
arast ise yiiksek giivenirliktedir. Ayrica
Olcekte yer alan tiim ifadelerin
korelasyonlar1 0,20'nin
olmamasina da dikkat edilir. Bu degerin
altinda yer alan ifadeler de giivenilirlik
analizinde yer Bu sekilde
doniistimcii liderlik algilar1 dlgegi igin
giivenirlik

altinda

almaz.
analizi uyguladigimizda;
minimum cronbach’s
0.80’den yiiksek olarak bulunmustur.
Sonug olarak uyguladigimiz bu 06lgek
olgmek istedigimiz olguyu iyi bir sekilde
Olgmektedir.

alfa Kkatsayisi

2.4 Verilerin Analizi

Calismada istatistiksel programlardan
SPSS  v26.0 paket
kullanilmistir. Bu dogrultuda verilerin

olan striimi
analizinde kullanilan testler: normallik
(Kolomogorov Smirnov),
tanimlayicr istatistikler (frekans analizi,
betimsel istatistikler), bagimsiz grup
karsilastirmas: (Bagimsiz Orneklem t
testi, One-Way ANOVA), pearson
korelasyon analizi ve giivenilirlik analizi
(Cronbach’s alpha)’dir.

testi

frekans,
standart

Verilerin  ¢ozlimlenmesinde
aritmetik ortalama,
minimum, maksimum gibi

istatistiklerden
Verilerin analizinde

ylizde,
sapma,
tanimlayici

faydalanilmstir.
dagilhm
Kolmogorov-Smirnov testi kullanilmis
olup normallik
varsayimlari saglandigindan parametrik
testlerden faydalanilmistir. Bagimsiz 2
grubun ortalamalar1 karsilagtirilmasinda
bagimsiz orneklem t testi, 2’den fazla
bagimsiz grubun karsilastirilmasinda

normallik testlerinden

analiz sonucunda
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ANOVA  testi
kullanilmigtir.  ANOVA

varyans homojenligi icin Levene testi ve
grup farklibiklar1 igin ise varyans
homojenligi saglaniyorsa (p=0.05) Tukey
HSD ve LSD, varyans homojenligi
saglanmiyor ise (p<0.05) Tamhane ¢oklu
karsilagtirma testi kullanilmistur.
Olgeklerin iligki analizinde Pearson

One-way sonucu

testi  icin

korelasyon Kkatsayis1 hesaplanmigtir.
Olgeklerin  giivenilirlik  analizinde
Cronbach’s alpha katsay1s1
kullanilmigtir. Tim test sonuglar1 0.05
anlamlilik diizeyinde
degerlendirilmistir.

3. Bulgular

Katilimcilarin - demografik  6zelliklerin
dagilimma iliskin sonuglar Tablo 1'de
verilmigtir. Aragtirmada  kisilerin
%68,2’sinin  erkek, %31,8’inin kadin
oldugu; %21,2’sinin 18-25 yas arasinda,
%28,8'inin 26-30 yas arasinda, %12,1’inin
31-35 yas arasinda, %16,7’sinin 36-40 yas
arasinda ve %21,2’sinin 41 yas ve
tizerinde oldugu; %50’sinin  evli,
%50’sinin bekar oldugu; %2,3’liniin lise
ve dengi okul mezunu, %9,1'inin 6n
lisans %60,6’s1n1n
mezunu, %25inin yiiksek lisans ve
%3'tiniin ise doktora mezunu oldugu

mezunu, lisans

goriilmektedir. Kisilerin meslek
durumlan degerlendirildiginde
%32,6’siin mimar, %29,5'inin
miithendis, %21,2’sinin isletme-idari

birimler ve %16,7’sinin ise diger meslek
tirlerinde oldugu; %6,8'inin ayhk
gelirlerinin  ¢ok diisiik, %12,1’inin
diisiik, %60,6’sinin orta ve %20,5'inin ise
aybk gelirlerinin  yiiksek oldugu;
kisilerin %27,3’iintin firmada 0-1 yil
arasinda calistigl, %42,4'tintin 2-5 yil
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arasinda, %14,4’tinlin 6-10 yil arasinda, %18,9unun orta diizey yOnetici,
%9,8'inin 11-15 y1l arasinda ve %6,1'inin ~ %23,2’sinin yonetici, %1,5'inin miisavir,
ise 16 yil ve {izerinde firmalarinda  %0,8inin analist, %12,1’inin uzman ve
calistiklary, kisilerin %18,2’sinin sirket ~ %12,9’unun ise firmada stajyer oldugu;
sahibi oldugu, %8,3’iniin st diizey kisilerin %90,2’sinin lokasyon olarak
yOnetici, %3 iniin danisman,  yurtiginde ¢alistig1 goriilmektedir.

Tablo 1. Sosyo-Demografik Ozelliklerin Dagilim1

n %
Cinsiyet Erkek 920 682
Kadin 42 31,8
18-25 arasi 28 21,2
26-30 aras1 38 28,8
Yas 31-35 aras1 16 12,1
36-40 aras1 22 16,7
41 ve tizeri 28 21,2
Medeni Evli 66 50,0
durumu Bekar 66 50,0
Lise ve dengi mezunu 3 2,3
On lisans mezunu 12 9,1
Egitim durumu Lisans mezunu 80 60,6
Yiiksek lisans mezunu 33 25,0
Doktora Mezunu 4 3,0
Mimar 43 32,6
Miihendis 39 295
Meslek 1§,letme-idari Birimler 28 21,2
Diger 22 16,7
Cok distik 9 6,8
. Diistik 16 121
Aylik gelir Orta 80 60,6
Yiiksek 27 20,5
0-1 yil 36 27,3
. . 2-5 y1l 56 42,4
Firmadaki 6-10y yil 19 144
calisma siiresi 11-15 yal 13 98
16 y1l ve iizeri 8 6,1
Sirket sahibi (Ortak, Hisse Sahibi, Yonetim Kurulu Uyesi, vb.) 24 18,2
Ust diizey yonetici (CEO, CIO, CFO, COO, CTO vb.) 11 8,3
Danigsman 4 3,0
Orta diizey yonetici (Direktor, Koordinator vb.) 25 18,9
Pozisyon Yonetici (Miudiir, Sef vb.) 32 2472
Miisavir 2 1,5
Analist 1 0,8
Uzman 16 12,1
Stajyer 17 129
Yurt ici 119 90,2
Lokasyon Yurt dist 13 9,8
Toplam 132 100,0
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Aragtirmada
liderlik iliskin  betimsel
istatistikleri degerlendirildiginde (Tablo
2); dontisimcii liderlik algilarindan
vizyon belirleme ve gelistirme ortalama
puani 3.85, entelektiiel uyarim ortalama
puant 3.83, davranis modeli olusturma

kisilerin ~ doniistimcii

algilarina

ortalama puani 3.92, grup amaglariin

kabuliinii olusturma ortalama puam
3.84, bireysel destek saglama ortalama
puant  3.74, yiiksek  performans
beklentilerine sahip olma ortalama
puani 3.97 ve doniisiimcii liderlik genel
ortalama puarnu ise 3.86 olarak elde
edilmistir.

Tablo 2: Déniisiimcii Liderlik Algilarina liskin Betimsel Istatistik Dagilim1

N X SS  Min. — Maks.
Vizyon Belirleme ve Gelistirme 132 3,85 0,94 1-5
Entelektiiel Uyarim 132 3,83 1,02 1-5
Davranis Modeli Olusturma 132 392 1,00 1-5
Grup Amaglariin Kabuliinii Olusturma 132 384 099 1-5
Bireysel Destek Saglama 132 3,74 1,09 1-5
Yiiksek Performans Beklentilerine Sahip Olma 132 3,97 0,79 1-5
Déniigiimcii Liderlik 132 3,86 094 1-5

Arastirmada  kisilerin  doniisimcii
liderlik algilar1 puanlarina ait normallik
dagilimi Kolmogorov Smirnov testi ile
degerlendirildiginde (Tablo 3); veriler

normal dagilim gostermemistir (p<0.05).

Ancak puanlarin  normal dagihm
gostermemesine ragmen normal
dagillmm diger varsayimlar1 olan

basiklik ve carpiklik degerlerinin +2

arasinda olmasindan dolay1 doniisiimcii
liderlik algilar1 puanlarma ait verilerin
dagildigr  kabul
Calismada dontisiimcii liderlik algisi ile
sosyo-demografik ozellikler arasindaki
iligki analizlerinde anlaml farkliliklarin
bulundugu gruplarin tablo verilerine
yer verilmistir.

normal edilmistir.

Tablo 3: Déniisiimcii Liderlik Algilarma iliskin Normallik Dagilim Analizi

Kolmogorov-Smirnov

Skewness Kurtosis
Test p (Carpiklik) (Basiklik)
istatistigi
Vizyon Belirleme ve Gelistirme 0,150 132 0,000 -1,079 0,783
Entelektiiel Uyarim 0,125 132 0,000 -0,886 0,233
Davranis Modeli Olusturma 0,141 132 0,000 -0,951 0,321
Grup Amaglarmin  Kabuliinii 0,149 132 0,000 1011 0,443
Olusturma
Bireysel Destek Saglama 0,147 132 0,000 -0,842 -0,086
Yuk‘sek Performans Beklentilerine 0128 132 0,000 0,751 0,007
Sahip Olma
Doniisiimcii Liderlik 0,112 132 0,000 -0,977 0,457
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katilan
doniistimcii liderlik algilar: puanlari yas
gruplarina gore tek yonlii varyans
analizi testi ile degerlendirildiginde
(Tablo  4); dontusimcii  liderlik
algilarindan bireysel destek saglama
ortalama puani kisilerin yas gruplarina
gore anlamli bir farklilik gdstermektedir
(F(4,127): 2613, p<0.05). Grup
varyanslarmin homojenligi Levene testi
ile test edilmis ve varyanslarin homojen
dagildigr tespit edilmistir (p>0.05).
Gruplar arasi farkliligin hangi yas grubu
arasinda oldugunu tespit etmek igin
yapilan LSD testi sonuglarina gore, 36-40

Aragtirmaya kisilerin

yas arasindaki kisilerin bireysel destek
saglama ortalama puan (X :4.20,55:0.86)
anlaml olarak 18-25 yas ve 31- 35 yas

arasinda olan kisilerin  ortalama
puanindan yiiksek; 26-30 yas arasindaki
kisilerin  bireysel destek saglama

ortalama puaru (X :3.96,55:0.89) anlamli
olarak 18-25 yas arasindaki kisilerin
ortalama puanindan yiiksek oldugu
goriilmektedir. Bununla birlikte
dontisiimcii liderlik algilar1 ve genel
ortalama puanlar kisilerin yas gruplar
arasinda anlaml farklilik
gostermemektedir (p>0.05).

Tablo 4: Doniistimcii Liderlik Algilarinin Yas Gruplarina Gore Karsilastirilmasi

Yas
41 ve
18-25 aras1 26-30 aras1 31-35 arast 36-40 arasi .. .
(n=28) (n=38) (n=16) (n=22) uzen F P
(n=28)

¥ sS X sS X SS X S8 X SS
Vizyon
Belileme ve 3,71 096 3,92 093 3,60 1,01 423 0,66 3,75 1,03 1498 0,207
Gelistirme
Entelektiiel 5 0 115 304 087 346 1,07 425 073 374 114 1913 0112
Uyarim
Davranis
Modeli 375 1,07 397 093 3,65 096 438 062 3,84 121 1,774 0,138
Olusturma
Grup
Amaglarnin 5 015 387 087 364 1,01 431 064 376 1,12 1,780 0137
Kabuluni
Olusturma
Bireysel Destek 539 154 396 0,89 341 1,13 420 086 364 120 2613 0,038
Saglama
Yiiksek
Performans 5 o) 165 406 0,87 371 061 422 059 392 084 1213 0,309
Beklentilerine
Sahip Olma
LDIZZ:’E;’”C” 3,64 1,09 400 080 353 089 424 067 3,77 1,07 2135 0,080

Tek Yonlii Varyans (One-Way ANOVA) Analizi, *p<0.05, **p<0.01, ***p<0.001
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Aragtirmaya katilan kisilerin
dontistimcii liderlik algilar1 puanlar
aylik gelir durumlarina gore tek yonlii
varyans analizi testi ile
degerlendirildiginde (Tablo 5);
doniistimcti liderlik algilarindan vizyon
belirleme ve gelistirme ortalama puani
kisilerin aylik gelir diizeylerine gore
anlaml bir farklilik gostermektedir (F(2,
129): 6.323, p<0.01). Grup varyanslarinin
homojenligi Levene testi ile test edilmis
ve varyanslarin homojen dagilmadig:
tespit edilmistir (p<0.05). Gruplar arasi
farkhiigin hangi aybk gelir diizeyi
arasinda oldugunu tespit etmek igin
yapilan Tamhane testi sonuglarina gore,
aylik geliri yiiksek olan kisilerin vizyon
belirleme ve gelistirme ortalama puani
(X :4.25,55:0.76) anlamli olarak aylik

geliri diisiik olan kisilerin ortalama

puanindan yiiksek oldugu
goriilmektedir. Doniistimcti  liderlik
algilarindan entelektiiel uyarim

ortalama puani kisilerin aylk gelir
diizeylerine gore anlaml bir farklilik
gostermektedir (F(2, 129): 6.476, p<0.01).
Grup varyanslarinin homojenligi Levene
testi ile test edilmis ve varyanslarin
homojen dagilmadif tespit edilmistir
(p<0.05). Gruplar aras: farkliligin hangi
aylik gelir diizeyi arasinda oldugunu
tespit etmek i¢in yapilan Tamhane testi
sonuglarma gore, aylik geliri yiiksek
olan kigilerin entelektiiel uyarim
ortalama puaru (X :4.19,55:0.85) anlaml
olarak aylik geliri diisiik olan kisilerin
ortalama puanindan yiiksek oldugu
goriilmektedir.

Doniisimcii  liderlik  algilarindan
davranis modeli olusturma ortalama
puani kisilerin aylik gelir diizeylerine
gore anlamli bir farklilik gostermektedir

(F2, 129): 6.953, p<0.001). Grup
varyanslarinin homojenligi Levene testi
ile test edilmis ve varyanslarin homojen
dagildigr tespit edilmistir (p>0.05).
Gruplar arasi farklihigin hangi aylik gelir
diizeyi arasinda oldugunu tespit etmek
i¢in yapilan Tukey HSD testi sonuglarina
gore, aylik geliri orta diizeyde (X
:3.98,55:0.98)ve yiiksek diizeyde olan
kisilerin davranis modeli olusturma
ortalama puaru (X :4.30,55:0.89) anlamli
olarak aylik geliri diisiik olan kisilerin
ortalama puanindan yiiksek oldugu
goriilmektedir.

Doniistimcii liderlik algilarindan grup
amaclarinin olusturma
ortalama puani kisilerin aylik gelir

kabuliinii

diizeylerine goére anlaml bir farklihk
gostermektedir  (F(2, 129): 8.467,
p<0.001). Grup varyanslarinin
homojenligi Levene testi ile test edilmis
ve varyanslarin homojen dagilmadigi
tespit edilmistir (p<0.05). Gruplar aras:
farklihgin hangi aylk gelir diizeyi
arasinda oldugunu tespit etmek igin
yapilan Tamhane testi sonuglarina gore,
aylik geliri orta diizeyde (X:3.91,55:0.92)
ve yiiksek diizeyde olan kisilerin grup
amaclarinin ~ kabuliint olusturma
ortalama puaru (X :4.25,5S:0.81) anlaml
olarak aylik geliri diistik olan kisilerin
ortalama puanindan yiiksek oldugu
goriilmektedir.

Doniistimcii  liderlik  algilarindan
bireysel destek saglama ortalama puani
kisilerin aylik gelir diizeylerine gore
anlaml bir farklilik gostermektedir (F(2,
129): 6.924, p<0.001). Grup
varyanslarinin homojenligi Levene testi
ile test edilmis ve varyanslarin homojen
dagilmadigr tespit edilmistir (p<0.05).
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Gruplar arasi farkliligin hangi aylik gelir
diizeyi arasinda oldugunu tespit etmek
i¢in yapilan Tamhane testi sonuglarina
gore, aylik geliri yiiksek diizeyde olan
kisilerin  bireysel destek saglama
ortalama puarnu (X :4.16,55:0.95) anlamli
olarak aylik geliri diisiik olan kisilerin
ortalama puanindan yiiksek oldugu
goriilmektedir.

Dontigtimcti liderlik algilarindan yiiksek
performans beklentilerine sahip olma
ortalama puani kisilerin aylik gelir
diizeylerine goére anlamh bir farklhihk
gostermektedir (F(2, 129): 4.459, p<0.05).
Grup varyanslariin homojenligi Levene
testi ile test edilmis ve varyanslarin
homojen dagildigr tespit edilmistir
(p>0.05). Gruplar arasi farkliigin hangi
aylik gelir diizeyi arasinda oldugunu
tespit etmek icin yapilan Tukey HSD
testi sonuglarma gore, aylik geliri orta
diizeyde (X :4.02,55:0.78) ve yiiksek

diizeyde  olan  kisilerin  yiiksek

Tablo 5: Doniisiimcii Liderlik Algilarinin  Aylik  Gelir

performans beklentilerine sahip olma
ortalama puarnu (X :4.20,5S:0.74) anlaml
olarak aylik geliri diisiik olan kisilerin
ortalama puanindan yiiksek oldugu
goriilmektedir.

Doniisiimcii liderlik genel ortalama
puant kisilerin aylik gelir diizeylerine
gore anlaml bir farklilik gostermektedir
(F2, 129): 7450, p<0.001). Grup
varyanslarinin homojenligi Levene testi
ile test edilmis ve varyanslarin homojen
dagildigr tespit edilmistir (p>0.05).
Gruplar arasi farklihgin hangi aylik gelir
diizeyi arasinda oldugunu tespit etmek
i¢in yapilan Tukey HSD testi sonuglarina
gore, aylik geliri orta diizeyde (X
:3.93,55:0.86) ve yiiksek diizeyde olan
kisilerin dontisiimcii liderlik genel
ortalama puaru (X :4.20,SS:0.83) anlaml
olarak aylik geliri diisiik olan kisilerin
ortalama puanindan yiiksek oldugu
goriilmektedir.

Durumuna Gore

Karsgilagtirilmasi
Aylik Gelir
Diisiik (n=25) Orta (n=80)  Yiiksek (n=27) F P
X SS X SS X SS
Vizyon Belideme ve ;.0 0, 508 g0 425 076 6323 00027
Gelistirme
Entelektiiel Uyarim 3,24 1,17 3,89 096 4,19 0,85 6,476  0,002"
Davranis Modeli 534 007 398 098 430 08 695 0,001
Olusturma
Grup Amaglarmin
o 3,20 1,11 3,91 0,92 4,25 0,81 8,467 0,000
Kabulinii Olusturma
Bireysel Destek Saglama 3,10 1,32 3,81 098 4,16 0,95 6,924 0,001
Yiksek Performans
Beklentilerine Sahip 3,58 0,80 4,02 0,78 4,20 0,74 4,459 0,013
Olma
Déniigiimcii Liderlik 328 1,05 393 086 4,20 0,83 7,450 0,001

Tek Yonlii Varyans (One-Way ANOVA) Analizi, *p<0.05, **p<0.01, ***p<0.001
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Aragtirmaya katilan kisilerin
dontistimcii liderlik algilar1 puanlar
firmadaki pozisyon durumlarma gore
tek yonlii varyans analizi testi ile
degerlendirildiginde (Tablo 6);
doniistimcti liderlik algilarindan vizyon
belirleme ve gelistirme ortalama puani
kisilerin pozisyonlarina gore anlamli bir
farklilik gostermektedir (F(5, 126): 2.801,
p<0.05). Grup varyanslarinimn
homojenligi Levene testi ile test edilmis
ve varyanslarin homojen dagildig tespit
edilmistir  (p>0.05). Gruplar arasi
farkhihgin hangi pozisyon arasinda
oldugunu tespit etmek igin yapilan
Tukey HSD testi sonuglarina gore, sirket

sahibi olan kisilerin vizyon belirleme ve

gelistirme ortalama puan X
74.29,55:0.84) anlamli olarak firmada
yonetici  olan  kisilerin = ortalama
puanindan yiiksek oldugu
goriilmektedir.

Dontigtimecti  liderlik  algilarindan
entelektilel uyarim ortalama puam

kisilerin pozisyonlarina gore anlamli bir
farklilik gostermektedir (F(5, 126): 2.645,
p<0.05). Grup
homojenligi Levene testi ile test edilmis

varyanslarinin

ve varyanslarin homojen dagilmadig:
tespit edilmistir (p<0.05). Gruplar arasi
farklihigin  hangi
oldugunu tespit etmek igin yapilan

pozisyon arasmnda

Tamhane testi sonuglaria gore, sirket
sahibi olan kisilerin entelektiiel uyarim
ortalama puani (X :4.31,5S5:0.86) anlaml
olarak firmada yonetici olan kisilerin
ortalama puanindan yiiksek oldugu
goriilmektedir.

Doniistimcii  liderlik algilarindan
davranis modeli olusturma ortalama

puant Kkisilerin pozisyonlarmma gore

anlaml bir farklilik gostermektedir (F(5,
126): 2.837, p<0.05). Grup varyanslarinin
homojenligi Levene testi ile test edilmis
ve varyanslarin homojen dagildig: tespit
edilmistir  (p>0.05). Gruplar
farkhiigin hangi pozisyon arasinda
oldugunu tespit etmek icin yapilan
Tukey HSD testi sonuglarina gore, sirket
sahibi olan kisilerin davramig modeli
olusturma ortalama puani X
:4.46,55:0.80) anlamli olarak firmada
yOnetici kisilerin
puanindan yiiksek
goriilmektedir.

arasi

ortalama
oldugu

olan

Doniistimcii liderlik algilarindan grup
amaclarinin olusturma
ortalama puanu kisilerin pozisyonlarma
gore anlaml bir farklilik gostermektedir
(F5, 126): 2966, p<0.05). Grup
varyanslarinin homojenligi Levene testi
ile test edilmis ve varyanslarin homojen
dagilmadigr tespit edilmistir (p<0.05).
Gruplar aras1 farklihigin hangi pozisyon
arasinda oldugunu tespit etmek igin
yapilan Tamhane testi sonuglarina gore,
sirket sahibi olan Kkisilerin grup
amaclarinin kabuliinii olusturma
ortalama puarnu (X :4.36,55:0.76) anlaml
olarak firmada yOnetici olan kisilerin
ortalama puanindan yiiksek oldugu
goriilmektedir.

kabuliinii

Dontisiimcii liderlik
bireysel destek saglama ortalama puani
kisilerin pozisyonlarina gore anlamli bir
farklihik gostermektedir (F(5, 126): 4.685,
p<0.001). Grup
homojenligi Levene testi ile test edilmis
ve varyanslarin homojen dagilmadig:
tespit edilmistir (p<0.05). Gruplar aras:
farkliigin  hangi

algilarindan

varyanslarinin

pozisyon arasimnda
oldugunu tespit etmek igin yapilan
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Tamhane testi sonuclaria gore, sirket
sahibi olan kisilerin bireysel destek
olusturma ortalama puani (X
7:4.30,55:0.84) anlamli olarak firmada
olan kisilerin
ortalama puanindan yiiksek; firmada {ist
diizey yonetici olan kisilerin bireysel
destek olusturma ortalama puam (X
74.33,55:0.61) anlamli olarak firmada
olan kisilerin
ortalama puanindan yiiksek oldugu
goriilmektedir.

yonetici ve stajyer

yonetici ve stajyer

Doniigtimcii liderlik genel ortalama

puani kigilerin pozisyonlarma gore

anlaml bir farklilik gostermektedir (F(5,
126): 3.309, p<0.01). Grup varyanslarinin
homojenligi Levene testi ile test edilmis
ve varyanslarin homojen dagilmadig:
tespit edilmistir (p<0.05). Gruplar arasi
farklihgin hangi
oldugunu tespit etmek icin yapilan
Tamhane testi sonuglarina gore, sirket
sahibi (X :4.34,SS:0.78) ve dust diizey
yonetici olan kisilerin doniistimcii
liderlik genel ortalama puam (X
:4.28,55:0.48) anlamli olarak firmada

pozisyon arasinda

yonetici  olan  kisilerin = ortalama
puanindan yiiksek oldugu
goriilmektedir.

Tablo 6: Dontistimcii Liderlik Algilarinin Pozisyon Durumuna Gore Karsilagtirilmas:

Pozisyon
U o Diger
Sirket st orta o .. (Misavin .
<ahibi diizey diizey  YOnetici  Analist, Stajyer F
(n=24) yoOnetici yOnetici  (n=32) Uzman (n=17) P
n=
(n=11)  (n=25) vb)
(n=23)
X SS X s X SS X SS X SS X SS
Vizyon 37
Belirleme ve 4,29 0,84 427 045 3,94 095 3,53 0,94 4' 094 359 1,02 2801 0,020
Gelistirme
E]ntelektuel 4,31 086 4,11 041 397 1,04 349 1,11 ;'7 094 345 1,16 2,645 0,026
yarlm
Davranig 37
Modeli 4,46 080 4,29 065 398 1,04 3,63 1,02 5’ 099 364 1,10 2837 0,018
Olusturma
Grup
Amaglarinin
Kabuliinii 4,36 0,76 4,16 046 398 099 354 105 37 097 348 1,15 2966 0,014
abuliinii
Olusturma
Bireysel
3,7 0,001
Destek 4,30 0,84 433 061 393 1,06 3,29 1,12 5 0,99 3,15 1,24 4,685 |
Saglama
Yiiksek
Perf:
BQLOHPTH? 2 069 444 05 4 085 389 075 2’8 071 361 1,03 2,170 0,062
eklentilerine
Sahip Olma
Déniisiimeii
’ dm’ﬁ;’m " 434 078 428 048 395 093 355 0,99 2’7 085 347 1,08 3309 0,008
iderli

Tek Yonlii Varyans (One-Way ANOVA) Analizi, *p<0.05, **p<0.01, ***p<0.001
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Arastirmada dontistimcii liderlik algilar:
arasindaki iliski pearson korelasyon testi
ile degerlendirildiginde (Tablo 7);
dontisimcti  liderlik doniisimcti
liderlik algilarindan vizyon belirleme ve
gelistirme (r: 0.954, p<0.01), entelektiiel
uyarim (r: 0.952, p<0.01), davranis
modeli olusturma (r: 0.953, p<0.01), grup
amagclarinin  kabuliinii  olusturma (r:
0.955, p<0.01), bireysel destek saglama (r:
0.960, p<0.01) ve yiiksek performans
beklentilerine sahip olma (r: 0.838,
p<0.01) arasinda pozitif yonde, giiglii
diizeyde bir  iligki
(korelasyon) vardir.

ile

ve anlamh

Doniistimcii liderlik algilarindan vizyon

modeli olusturma (r: 0.928, p<0.01), grup
amaglarmin kabuliinii olusturma (r:
0.935, p<0.01), bireysel destek saglama (r:
0.900, p<0.01) ve yiiksek performans
beklentilerine sahip olma (r: 0.774,
p<0.01) arasinda pozitif yonde, giiglii

diizeyde ve anlamh  bir iligki
(korelasyon) vardir.
Doniigtimcti  liderlik  algilarindan

entelektiiel uyarim ile davrams modeli
0.909, p<0.01), grup
amagclarinin  kabulinii  olugturma (r:
0.917, p<0.01), bireysel destek saglama (r:
0.914, p<0.01) ve yiiksek performans
beklentilerine sahip olma (r: 0.806,
p<0.01) arasinda pozitif yonde, giiglii

olusturma (r:

belirleme ve gelistirme ile entelektiiel  diizeyde ve anlamli bir iliski
uyarim (r: 0.902, p<0.01), davranis (korelasyon) vardir.
Tablo 7: Doniistimcii Liderlik Algilarinin Korelasyon Analizi Sonuglar:
1 2 3 4 5 6 7
Doniistimcii Liderlik! ; !
Vizyon Belirleme ve Gelistirme? rp 333 !
.. 5 r 952" 902" 1
Entelektiiel Uyarim p 000 .00
. . r 953" 928" 909" 1
Davranis Modeli Olugturma b 000 000 000
- 5 r 955" 935" 9177 925" 1
Grup Amagclarinin Kabuliinii Olusturma p 000 .000 000 000
r 960" .900" 914" .889™ .901" 1
Bi 1 Destek Saglama®
freysel Lestek saglama p 000 000 .000 .000 .000
Yiiksek Performans Beklentilerine Sahip r .838" .774™ .806™ .780™ .798" .814" 1
Olma’ p .000 .000 .000 .000 .000 .000

Pearson Korelasyon, *p<0.05, **p<0.001

liderlik
davranig modeli olusturma ile grup

Dontisiimceti algilarindan
amagclarinin  kabuliinii  olugturma (r:
0.925, p<0.01), bireysel destek saglama (r:
0.889, p<0.01) ve yiiksek performans
beklentilerine sahip olma (r: 0.780,
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p<0.01) arasinda pozitif yonde, giiclii
diizeyde ve anlamh  bir iliski
(korelasyon) vardir.

Dontigtimcii liderlik algilarindan grup
amaclarinin  kabuliinii  olusturma ile
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bireysel destek saglama (r: 0.901, p<0.01)
ve yiiksek performans beklentilerine
sahip olma (r: 0.798, p<0.01) arasinda
pozitif yonde, giiclii diizeyde; ayrica
bireysel destek saglama ile yiiksek
performans beklentilerine sahip olma (r:
0.814, p<0.01) arasinda pozitif yonde,
glclii diizeyde ve anlamh bir iliski
(korelasyon) vardar.

4. Sonuglar

Giliniimiizde hizla degisen diinyanin
gereksinim duydugu yeni kosullar,
birgok modern yoOnetim sisteminin
olusmasina katki sagladig gibi liderlik
da farklilasmasini
saglamistir. Dontistimcii liderlik tarzi da
bahsi gecen bu slirecte, gegmisteki
yonetim  sekillerinin

tarzlarinin

eksik kalmasi
sonucunda beliren bir liderlik tarzi
olarak degerlendirilmektedir.
Takipgilerinin ~ gereksinimlerini
diisiince yapisini,
¢ikarlarina yonelik maksimum verimi
elde sekilde giincellemeye
calisan dontisiimcti liderler, onlarin
calistiklar1 isten tatmin olmalarimi ve

ve
organizasyon

edecek

yiiksek moral motivasyona sahip
olmalarmi da saglamaya
calismaktadirlar.

Arastirma sonuglarma gore, doniisiimctii
liderlik Yiiksek
Performans Beklentilerine Sahip Olma
en yiiksek, Bireysel Destek Saglama ise
en diisitk diizeyde algilanan boyut

boyutlarindan

olmustur. Bu durum ingaat
yoneticilerinin, hedeflere ulasilabilmesi
icin calisanlardan inisiyatif alarak

bireysel anlamda daha ¢ok performans
gostermelerini isteyen kisiler olduklar:
seklinde yorumlanabilir.
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Yapilan aragtirmada erkek sayisi kadin
sayisindan oldukca fazla ¢ikmistir. Bu
sonugla birlikte ingaat sektoriiniin erkek
baskin bir sektor oldugu kanisina
kolaylikla varlabilir. Daha &nce bu
konuyla ilgili yapilan c¢alismalarda bu

sonucu destekler niteliktedir
(Yenipazarly, 2006). Arastirma
bulgularindan bir digeri; yOnetici

pozisyonlarinda, kadinlarmn sayilarmin
erkeklere oranla ¢ok az olmasidir. Erkek
yoneticiler kadin yoneticilerden fazladir.
Bu sonug da daha 6nce yapilan pek ¢ok
arastirmay1 desteklemektedir (Evetts,
1996; Mamas, 2015).

Yoneticilerin cinsiyet degiskenine gore
dontisiimcii  liderlik  Olgegi alt
boyutlar1 olan “Vizyon Belirleme ve
Entelektiiel Uyarim,
Davranis Modeli Olusturma, Grup
Kabuliinii  Olusturma,
Bireysel Destek Saglama ve Yiiksek
Performans Beklentilerine Sahip Olma”
degerlendirildiginde,
ortalama puanlarina gore anlamli bir

ve
Gelistirme,

Amaglarinin

yOneticilerin

farklilik gostermedigi sonucuna
ulasilmgtir. Literatiirde benzer
sonuctaki arastirmalarin ¢ogunlukta

oldugu gorilmiistiir. Brown ve Reilly
(2008)'nin “Duygusal zeka, doniisiimcii
liderlik ve cinsiyet: iliski ve etkilesim

olasiligi”  konulu aragtirmasi da
bulgumuzu  destekler  niteliktedir.
Aragtirma  sonucuna  gore, 161
yOneticinin ortalama puanlari,

doniisiimcii liderlik ve alt boyutlarinin
cinsiyet degiskenine gore anlamli bir
farklilik gostermemistir. Vicky (2005)'de
duygusal zeka ve doniisiimcii liderlik
arasindaki iliskiyi inceledigi
calismasinda cinsiyetin bu iki degisken
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arasindaki iligski tizerinde herhangi bir
etkisinin bulunmadigini saptamistir.

Yoneticilerin yas degiskenine gore
doniistimcii liderlik olgegi arasindaki
iliski incelendiginde, bireysel destek
saglama alt boyutu ortalama puaninin
kisilerin yas durumlarina gore anlaml
bir farklibk gosterdigi elde edilmistir.
36-40 yas arasindaki kisilerin bireysel
destek saglama ortalama puani anlamh
olarak, 18-25 yas ve 31- 35 yas arasinda
olan kisilerin ortalama puanindan
yiiksek; 26-30 yas arasindaki kisilerin
bireysel destek saglama ortalama puani
ise anlamli olarak 18-25 yas arasindaki
kisilerin ortalama puanindan yiiksek
oldugu goriilmektedir. Bu farklilik 36-40
yas arasinda olan kisilerin genel olarak
elde ettikleri tecriibelerine gore diger
yaslardaki kisilere gore liderlerin onlara
kars:t sergiledikleri farkliliklar1 daha
objektif algilayip degerlendirme
niteligine sahip olduklarmdan
kaynaklanabildigi soylenebilir. Bunun
disinda doniisiimcii liderlik algilar1 ve
genel ortalama puanlar1 Kkisilerin yas
arasinda anlamh farklilik
gostermemistir. Elde edilen bu bulguda
literatiirdeki arastirmalarla paralellik
gostermektedir. (2017)
doniistimcti  liderlik  davranislarinin
orgiit kiiltiirline olan etkisini inceledigi

gruplari

Mansurova

calismasinda yas degiskeni i¢in aymn
sonuca ulagmigtir. Yavuz (2009)'da
isgbrenlerin doniistimcii liderlik ve
orglitsel baglilik ile ilgili tutumlarim
inceledigi
faktoriiyle doniistimcii liderlik algisinda
farklilasma bulgulamuistir.

calismasinda cinsiyet

Yoneticilerin pozisyon durumu

degiskenine gore doniisiimcii liderlik
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Olcegi ve alt boyutlar1 arasindaki iliski
incelendiginde anlamli bir farklilik tespit
edilmistir.  Literatlirde = Mansurova
(2017), Manafzadehtabriz (2020) ve
Yilmaz ve Giirthan Arcasoy (2019)'da
arastirmanin bu bulgusunu destekler
nitelikte sonuglar elde etmiglerdir.
Yapilan analizlerde doniisiimcii liderlik
davraniglarindan  herhangi bir alt
boyutu i¢in medeni durumuna, egitim
seviyesine, meslegine, tecriibesine, is
yerindeki kidemine ve lokasyona gore
gruplar arasinda anlamli bir farklilik
bulunamamustir.

Arastirmada ayrica doniistimcii liderlik
ile doniistimcii liderlik algilar1 olan
vizyon belirleme ve gelistirme, davranis
modeli olusturma, entelektiiel uyarim,
destek grup
amaclarinin  kabuliinii  olusturma ve
yiiksek performans beklentilerine sahip
olma alt boyutlar1 aralarinda pozitif
yonde, giliclii diizeyde ve anlaml bir

bireysel saglama,

iliski (korelasyon) tespit edilmistir. Bu
kapsamda arastirma genel olarak ele
alindiginda ingaat sektorii
yoneticilerinin, doniisiimcii  liderlik
ortaya
sektoriindeki

davraniglar1  sergilediklerini

koymaktadir.  Insaat
yoneticilerinin  biiyiik ¢ogunlugunun
yeteri derecede doniistimii
saglayabilecek gerekli donanima sahip

olduklar1 sdylenebilir.

Arastirmada  insaat  yOneticilerinin
doniistimcti  liderlik davranislar:
calisanlar tarafindan nasil algilandigi

ve

incelenmistir. Devam eden c¢alismalar
icin; ingaat sektoriindeki liderlik
tiirlerini konusunda,
yoneticilerle birlikte takipgilerin de
dahil

belirleme

anket calismasina edilmesi,
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boylece tarafsizlik
agisindan da  bir
desteklenmesi ve konunun gelistirilmesi
Onerilebilir. Anketin 6rneklemi, Tiirkiye
Olgeginde yer aldigindan, Diinya
diizeyinde yapilacak olan bir ¢alismada

arastirmanin

biuitin  olarak
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SEMBOLLER

f : Frekans

) : Probability; Olasilik
S.S. : Standart sapma

X : Ortalama

EKLER

EK 1: Anket Formu
Birinci Bolim
Kisisel Sorular
1. Cinsiyetiniz?
() Kadin () Erkek
2. Yagmiz?
() 18-25 aras1
() 26-30 arast
() 31-35 aras1
() 36-40 aras
() 41 ve tizeri
3. Medeni durumunuz?
() Evli () Bekar
4. Egitim durumunuz?
() Lise ve dengi okul mezunu
() On lisans mezunu
() Lisans mezunu
() Yiiksek Lisans mezunu
() Doktora mezunu
5. Mesleginiz?

() Mimar () Miithendis
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() Isletme-idari Bilimler( ) Diger
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6. Aylik geliriniz?

() Cok Disiik () Duisuik () Orta () Yiiksek
7. Su an bulundugunuz firmadaki ¢alisma stireniz?

()0-1yil ()2-5y1l ()6-10 y1l ()11-15y1l () 16 y1l ve {izeri
8. Insaat sektoriindeki toplam mesleki deneyiminiz?

()0-1yil ()2-5y1l ()6-10 y1l ()11-15y1l () 16 y1l ve {izeri
9. Su an bulundugunuz pozisyon nedir?

() Sirket sahibi

() Ust diizey yonetici (CEO, CIO, CFO, COO, CTO vb.)

() Damisman

() Orta diizey yonetici (Direktor, Koordinator vb.)

() Yonetici (Midiir, Sef vb.)

() Miisavir

() Analist

() Uzman

() Stajyer

10. Bulundugunuz lokasyon?

() Yurtici

() Kuzey Amerika

() Gliney Amerika

() Kuzey Afrika

() Gliney Afrika

() Bat1 Avrupa

() Dogu Avrupa

() Ortadogu

() Uzakdogu
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() Okyanusya

ikinci Béliim

Doniisiimcii Liderlik Olcegi

)
Yoneticinizi doniistimctii liderlik agisindan g £ % 2 § ;_
degerlendireceginiz ifadeler... @ d 2| 288 |84
egerlendireceginiz ifadeler 5 g g Z g Sl 2 S
=3 2| s 8 E = f
. e e . = — Y - = o=
YoOneticimiz, = = v g & -
MMM AR R N
1 | Karmagik sorunlari ele almada ¢ok
basarilidir.
2 | Eniyi performansimizi gostermemizde
1srarhidir.
3 | Problemleri etkin bir sekilde ¢c6zmeye
yardimeci olur.
4 | Calisanlarin Onerilerine kulak verir.
Yapilacak isin amacini belirlerken fikrimizi
alir.
6 | Sirket hedeflerini gerceklestirme siirecinde
kisisel gelisimimizi degerlendirmemiz i¢in
bizleri cesaretlendirir.
7 | Calisanlara iyi bir lider modeli olusturur.
8 | Calisanlara iistiinliik taslamaz.
9 | Sirketi topyek{in hedefe yonlendirir.
10 | Otoritesini astlarinin tistlenmesine miisaade
eder.
11 | Genel olarak empati kurabilir.
12 | Problemlere farkh agilardan yaklasmamizi
saglar.
13 | Hedeflere ulasmada calisanlara 6rnek olur.
14 | Calisanlarin ihtiyaglarini 6nemser.
15 | Calisanlarin onerilerine olumlu yaklasir.
16 | Gelisme ihtiyacimizi karsilamak igin kaynak

saglar.
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17 | Hem 6greten hem de 6grenen bir sirket
yapisi olusturmaya caligir.

18 | Farkliliklarimizi ortaya koymamiza
yardimect olur.

19 | Her donem i¢inde mesleki performansimizi
degerlendirir.

20 | Calisanlara adil ve diirtist davranir.

21 | Yaratiahgiyla degisimi destekler.

22 | Dogru kararlara varmada calisanlara
glivenir.

23 | Calisanlarin kendi fikrini benimsemesini
ister.

24 | Sirkette calisanlarin kendilerini rahat
hissetmelerini saglar.

25 | Calisanlara kars1 agik davranir.

26 | Saygimizi ve giivenimizi kazanir.

27 | Hedeflere ulasmada kapasitemizi
zorlamamaizi ister.

28 | Calisanlarin kisisel sorunlariyla ilgilenir.

29 | Performansimiz yiikseltebilmemizi
saglayacak kaynak temin eder.

30 | Bireysel farkliliklarimiza énem verir.

31 | Onceki basarimizi gecmemiz konusunda
israrhidir.

32 | Kendi giictimiiziin ve liderlik
potansiyelimizin farkina varmamiza galisir.

33 | Problem ¢6zerken yaraticiligimizi
kullanmamizi tegvik eder.

34 | Bir isin lizerine cesaretle gitmemizi saglar.

35 | Isci saghgna, is giivenligine ve gevreye
onem verir.

36 | Siirdiirtilebilirlige 6nem verir.

37 | Calisanlarin profesyonel anlamda
egitimlerini tesvik eder.

38 | Kaliteden 6diin vermez.

39 | Takim ruhunu sosyal ve kiiltiirel
faaliyetlerle destekler.
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40 | Basarry1 takdirle motive eder.

41 | Calisanlar1 korumaya ve sirket hafizasina
Onem verir.

42 | Hatalar1 anlayisla karsilar, tekrarim
onlemek icin gerekenleri tavsiye eder.

43 | Calbisanlarin 6zel hayatlarina sayg: duyar.

44 | Pandemiyle baslayan siirecte calisanlari
destekler.

45 | Deger ve geleneklere saygiyla yanasir.

46 | Onsuz kalinirsa da hedeflere
ulasilabilecegini calisanlara hissettirir.

47 | Her bir ¢alisanina bir birey olarak davranir.

48 | Calisanina iyi bir is basardiginda begenisini
ifade eder.

49 | Zamanini ¢alisanlarina yol gostermek igin
harcar.

50 | Calisanlarin ihtiyaglarinin karsilanmasi
yoniinde ¢abalar.

51 | Calisanlara gelisim imkanlarini sunar.

52 | Yalin Ingaat, Yap1 Bilgi Modellemesi,

Prefabrikasyon, 3 Boyutlu Yazici kullanimi
vb. yenilik¢i yaklagimlari tesvik eder.
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Abstract

Self-healing of concrete is the process in which the material regenerates itself healing
present cracks. It can be either autogenous/natural self-healing or
autonomous/artificial self-healing. Autonomous self-healing techniques include the
use of crystalline hydrophilic additives, the bacterial method, and the
microencapsulation method. Since internal cracking is one of the damage forms that
are occurring by freeze/thaw cycles, the idea in this paper was to estimate the
effectiveness of artificial self-healing techniques such as crystalline hydrophilic
additive and microcapsules on the freeze/thaw resistance of cement composites. The
reference mortar mixture, the mortar mixture with crystalline hydrophilic additive as
well as the mortar mixture with toluene diisocyanate (TDI) microcapsules (both
additives added in 2% by cement weight) were prepared. Hardened mortar samples
are subjected to freezing and thawing cycles according to CEN/TS 12390-9:2006 and
the amount of scaling material due to freeze/thaw cycles have been measured. The
amount of scaling material was lower in case of both mortar mixtures with self-
healing additives than in case of reference mortar mixture which indicate that self-
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healing chemical additives used here could improve resistance of the cement
composites to freeze/thaw cycles.

Anahtar kelimeler: Crystalline hydrophilic additive, TDI microcapsules, Cement
composites, Freeze/thaw resistance
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Cimento Kompozitlerinin Donma/Co6ziilme Direnci
Uzerinde Kendi Kendini lyilestiren Kimyasal Katki
Maddelerinin Etkinligi

Oz

Betonun kendi kendini iyilestirmesi, malzemenin mevcut ¢atlaklar1 iyilestirerek
kendini yenileme siirecidir Bu ya otojen/dogal kendi kendini iyilestirme ile ya da
otonom/yapay kendi kendini iyilestirme ile olabilir. Otonom kendi kendini
iyilestirme teknikleri arasinda kristalli hidrofilik katki maddelerinin kullanimi,
bakteriyel yontem ve mikroenkapsiilasyon yontemi yer alir. Igsel catlamalar,
donma/¢oziilme dongiileri tarafindan meydana gelen hasar bigimlerinden biri
oldugundan, bu makalenin amaci, kristal hidrofilik katki maddesi ve mikrokapsiiller
gibi yapay kendi kendini iyilestirme tekniklerinin ¢imento kompozitlerinin
donma/¢oziilme direnci tizerindeki etkinligini degerlendirmektir. Bu amagla, sahit
har¢ karisimi, kristal hidrofilik katkili har¢ karisimi ve toluen diizosiyanat (TDI)
mikrokapsiillii har¢ karisimi (her iki katki da ¢imento agirligina gore 2% oraninda
eklenmistir) hazirlanmistir. Sertlesmis har¢ numuneleri CEN/TS 12390-9:2006 'ya gore
donma/¢oziilme dongiilerine tabi tutulmus ve donma/¢oziilme dongiilerinden
kaynaklanan tufal malzeme miktar1 Olgiilmiistiir. Kendi kendini iyilestiren katki
maddelerine sahip her iki har¢ karisiminda tufal malzeme miktarinin, burada
kullanulan kendi kendini iyilestiren kimyasal katki maddelerinin ¢imento
kompozitlerinin donma/¢oziilme dongiilerine karsi direncini artirabilecegini
gosteren referans harg karisimina gore, daha diisiik oldugu goriilmiistiir.

Anahtar kelimeler: Kristal hidrofilik katki maddesi, TDI mikrokapsiiller, Cimento
kompozitleri, Donmal¢oziilme direnci
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1. Introduction

The durability is one of the main
requirements placed on building
structures and materials. Freezing and
thawing cycles are considered to be one
reducing the
durability of these materials (Koroth,
1997). When the temperature drops
below zero, water present in the material
freezes and turns into ice having a larger

of the main factors

volume than the water from which it was
formed, and thus formed ice creates
stresses on the walls of the material
(Pilehvar et 2019). Repeated
freeze/thaw cycles lead to material
damage. Such damage
composites occurs either in the form of
surface scaling or in the form of internal
cracking (Richardson, 2002). According
the European legislation, the
resistance of concrete to surface scaling
has to be tested according to the
Technical Specification CEN/TS 12390-
9:2006 while the Technical Report
CEN/TR 15177:2006 can be used to
monitor the internal cracking occurred
by freeze/thaw cycles (CEN/TS 12390-
9:2006, 2006; CEN/TR 15177:2006, 2006).
The
freeze/thaw cycles is usually improved
by adding an air entraining agent to the
mixture but it can also be improved by
other admixtures such as slag, fly ash,
and silica fume (Qiu et al, 2020; Nicula et
al, 2020; Islam et al, 2018; Zang & Li
2013).

al,

in cement

to

resistance of a concrete to

As
cracking (i.e. the formation of cracks in

previously mentioned, internal
the interior of the cement composite) is
one of the damage forms that are
occurring by freeze/thaw cycles. The
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self-healing of cracks is an already
known phenomenon, especially when it
comes to autogenous or natural self-
healing (Byoung Sun & Young, 2019).
Namely, in cracked cement composite,
the non-hydrated cement particles react
with water that is present and this
reaction restarts the hydration process
creating hydration products that will fill
the cracks. Autogenous healing can heal
cracks up to 0.1 mm (Zakova et al, 2020;
Park & Choi, 2020). However,
nowadays, artificial methods of self-
healing, the so-called autonomous self-
healing, are employed which can make
the wider cracks healed.
Autonomous self-healing techniques
include the use of crystalline hydrophilic
additives, the bacterial method, and the
microencapsulation method (Danish et
al, 2020). Crystalline hydrophilic
additive can induce non-hydrated
cement to form crystals that bridge the
cracks concrete, but for their
effectiveness, a constant presence of
water in concrete is necessary (Danish et
al, 2020). Today, such crystalline
hydrophilic admixtures are
commercially available (Xypex, Kryton,

also

in

Penetron) and it is recommended to put
them in a concrete in the amounts of 0.3-
2 % by weight of cement (Calvo et al,
2019; Cappellesso et al., 2016; Garcia-
Vera et al, 2019). Their primary purpose
is to reduce the water permeability of
concrete. Bacterial spores, on the other
hand, produce calcite by their own
respiration to repair cracks, and the
healing process is very time-consuming
(Danish et al, 2020). In the process of self-
healing by the  method  of
microencapsulation, microcapsules
previously installed in concrete and
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settled in the path of crack formed, brake
and their "healing" content is poured
into the crack, sealing it (Danish et al,
2020). According to the content of the
core material, microcapsules can be one-
component and two-component (Du et
al, 2019). When it comes to two-
component, Kanellopoulos et al used
gelatin and gum acacia as a membrane,
and sodium silicate as a "healing"
substance/core (Kanellopoulos et al,
2017). Li, Zhu, Zhao and Jiang (2016)
used melamine urea-formaldehyde resin
as a membrane and epoxy resin as a
"healing" substance/core, with n-butyl
glycidyl ether as the substance to
synthesize the previously mentioned
two components. Tong and Li (2013)
used melamine urea formaldehyde as a
membrane, epoxy resin as a core, and
sebacate hydrazide as a substance for
their synthesis. Du et al (2019, 2020,
2021) made capsules from paraffin as a
membrane, toluene diisocyanate (TDI)
as a core and perfluorotributylamine for
their preparation. However, successful
encapsulation is only possible if the
mechanical resistance of the
microcapsules used can overcome the
internal the concrete.
Microcapsules should have a sufficient
proportion of the substance that seals the
crack, strong
membrane to be mixed into concrete,
and therefore researchers, in addition to
components for
preparation, vary the temperature as

forces in

and a sufficiently

microcapsule

well as mixing speed and time in the
process of microcapsule preparation (Du
et al, 2019; Kanellopoulos et al, 2017; Li
et al, 2016; Tong & Li, 2013; Du et al,
2020; Du et al, 2021; Mao et al, 2020).
Some of these authors use a constant
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percentage of microcapsules, and some
vary the percentage of microcapsules in
a cement composite (Du et al, 2019;
Kanellopoulos et al, 2017; Li et al, 2016;
Du et al, 2020; Du et al, 2021). In the latter
case, the percentage of these
microcapsules in the cement composite
ranges from 1.5-6 % by cement weight
(Du et al, 2019; Kanellopoulos et al, 2017;
Li et al, 2016; Tong & Li, 2013; Du et al,
2020; Du et al, 2021).

Danish et al. (2020) systematizes self-
healing  methods into  chemical
(crystalline hydrophilic additives and
microcapsules) and biological (bacteria).
The of self-healing
additives to improve the freeze/thaw
resistance of concrete is a poorly
topic the
literature. So far, one paper has been
found investigating the use of a
crystalline  hydrophilic additive to
improve the freeze/thaw resistance of
concrete and one paper investigating the
use of microcapsules for the same
purpose (Wang et al, 2019; Du et al,
2021). The effect of a crystalline
hydrophilic additive in the amount of 0.5

use chemical

researched in scientific

% by the cement weight is observed in
and the effect of microcapsules in the
amount of 3% by the cement weight on
the freeze/thaw resistance of concrete is

observed in and the results are
promising (Wang et al, 2019; Du et al,
2021). No papers comparing the

effectiveness of these two methods in
improving the freeze/thaw resistance of
concrete have been found so far.

It is expected that the addition of any
additive will increase the total cost of
concrete. For example, concrete
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containing 400 kg of cement/1 m3 of
concrete with 0.05-02% by cement
weight of air entraining agent (dosage
according to manufacturer's
recommendation) and at a price of about
1,33 € per kg of air entraining agent,
would be more expensive than concrete
without additives for 0,27-1,06 €. For the
same amount of cement, a crystalline
hydrophobic additive at a price of 10,37
€ per kg and in the amount of 0.3-2% by
cement weight would increase the price
of concrete for 12,5-82,96 €. The cost of
microcapsules preparation is unknown
at the moment and, therefore, it is not
possible to specify the total cost of
concrete containing them but, no doubt,
an increased price of such concrete is
expected. However, it should be
emphasized that the air entraining agent
reduces the strength of concrete while
the crystalline hydrophilic additives do
not affect the compressive strength of
cement composite and microcapsules
can even improve it (Abas Abdela Salem
et al, 2017, Cappellesso et al, 2016;
Garcia-Vera et al, 2019; Gojevi¢ et al,
2021; Du et al, 2019; Du et al, 2021).

According to Danish et al the
maintenance costs of buildings are more
than two times higher than the costs of
concrete production, while Du et al

claims that about 50% of the construction

costs belong to the costs of its
maintenance (Danish et al, 2020; Du et al,
2019). In addition, it should be

considered that there are buildings or
their parts that are difficult to access to
repair, such as: bridges, water tanks,
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structures  subjected to chemical
reactions, prefabricated tunnel parts,
installations, dams,
pavements, pylons, plane runways
(Danish et al, 2020; Gardner et al, 2018).
In order to reduce the maintenance costs
and to extend the life of hard-to-reach
buildings, it could be beneficial to
additionally invest in the composition of
the concrete mix and make it self-healing
and more resistant to freeze/thaw cycles.

nuclear concrete

This paper compares the efficiency of a
crystalline hydrophilic additive and the
TDI microcapsules on the freeze/thaw
resistance of The
microcapsules used in this paper were
prepared in the laboratory using the
procedure previously described in the
available literature (Du et al, 2019).

concrete.

2. Materials and methods
Mortar mixtures

Three different mortar mixtures were
prepared: reference mortar mixture - R,
mortar with  crystalline
hydrophilic additive (PenetronAdmix) -

mixture

M1 and mortar mixture with TDI
microcapsules - M2. CEM 11 / A-M (S-V)
425 N cement with a density of 3.0
kg/dm? and sand with a density of 2.65
kg/dm?® were used to prepare the
mixtures. An enlarged view of the
microcapsules is shown in Figure la
while a comparative view of the
crystalline hydrophilic additive and the
microcapsules used in the experimental
part is shown in Figure 1b.
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W @

Figure 1. Appearance of: (a) TDI microcapsules (enlarged) and (b) crystalline
hydrophilic additive (left) and TDI microcapsules (right)

The composition of TDI microcapsules is
shown in Table 1. To prepare the
microcapsules, 10 g of paraffin beads
were weighed and then heated to 75 ° C
until complete melting. Further, 20 g of
toluene diisocyanate (TDI) were added
and the mixture was stirred with a
mechanical stirrer for 3 h at a constant
temperature of 75 °C and rotation speed
of 600 rpm. Upon cessation of heating,
100 cm3 of perfluorotributylamine
(PFTBA) was added to the mixture,
resulting in the formation of
microcapsules which were isolated by
vacuum filtration and dried at 40 °C for
24 h.

Both chemical self-healing additives
were added into the mortar mixtures in
the amount of 2% by cement weight. The
crystalline hydrophilic additive is a
powdered material partly composed of
cement. Therefore, to keep constant the
amount of powdered material, this
additive used as a partial
replacement of cement in mortar
mixture M1. Analogously, the cement
was replaced partially with
microcapsules in the mortar mixture M2.
Table 2 shows the composition of mortar

was

mixtures.

Table 1. Composition of TDI microcapsules

Paraffin beads TDI PFTBA
(g) (g) (cm3)
10 20 100

The consistence of the mortar mixtures mortar
was tested in accordance with EN 1015-

3:2000/A1:2005. Figure 2 shows the

workability test while the
measurement results are presented in
Table 3.
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Table 2. Composition of mortar mixtures

Mortar Component mass (g)
mixtures Cement Sand Water Crystalline TDI
hydrophilic additive  microcapsules
R 450 1550 225 - -
M1 441 1550 225 9
M2 441 1550 225 - 9

Figure 2. Testing the mortar consistence by flow table

Table 3. Results of mortar consistence testing

Mortar mixture R M1 M2
Consistence (cm) 21 20 23

Testing the resistance of mortar to freezing and thawing cycles

Fresh mortar was poured into the prism  the molds after 24 hours (Figure 3) and
molds measuring 4x4x16 cm. Samples of =~ immersed in water until 28 days of age.
hardened mortar were removed from

162



Efficiency of Self-Healing Chemical Additives on the Freeze/Thaw Resistance of Cement Composites

Figure 3. Samples of hardened mortar

After 28 days of curing in water, the = was poured onto the saturated samples
prisms were placed in molds made of  (Figure 4). The samples thus prepared
styrofoam and the edges around the  were placed in a chamber (Figure 5) and
upper surface of the mortar prisms and  treated as prescribed by CEN/TS 12390-
molds sealed with the sanitary silicone.  9:2006.

A 3% solution of NaCl in distilled water

Figure 4. Mortar samples prepared for exposure to freeze/thaw cycles: (a) reference
mortar mixture (R), (b) mortar mixture with crystalline hydrophilic additive
(M1) and (c) mortar mixture with TDI microcapsules (M2)

Figure 5. Mortar samples in the chamber
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3. Results and Discussion

After the 28th and 56th cycles of freezing
and thawing, the samples were taken out
of the chamber and a solution was
poured out along with the scaling
concrete. The solution was poured over
the filter paper to collect all the scaling
material/concrete. Figures 6 and 7 show
the appearance of the prism series R, M1
and M2 after 28th and 56th cycles. Figure

8 shows a comparison of the collected
material formed by scaling of all 6
prisms within the same series of samples
(series R, M1 and M2) after 28 cycles
while, as shown in Figure 7, all samples
were completely decomposed after 56
cycles and it was not possible to measure
the weight loss.

Figure 6. Appearance of mortar prisms after 28 cycles of freezing and thawing: (a)
reference mortar mixture (R), (b) mortar mixture with crystalline hydrophilic
additive (M1) and (c) mortar mixture with TDI microcapsules (M2)
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Figure 7. Appearance of mortar prisms after 56 cycles of freezing and thawing: (a)
reference mortar mixture (R), (b) mixture with crystalline hydrophilic
additive (M1) and (c) mortar mixture with TDI microcapsules (M2)
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Figure 8. Total residues of scaling material of mortar mixture M2 (left), mortar

mixture M1 (in the middle) and reference mortar mixture R (right)

Table 4. Masses and amount of scaling material after 28 cycles of freezing and
thawing Composition of mortar mixtures

Mortar R M1 M2
mixture/prism m(g) a(kg/m?) m(g) a(kg/m?) m(g) al(kg/m?)
1 4,97 0,78 3,57 0,56 8,01 1,25
2 5,34 0,83 5,27 0,82 6,21 0,97
3 6,86 1,07 3,33 0,52 6,61 1,03
4 8,54 1,33 6,32 0,99 4,08 0,64
5 8,60 1,34 2,95 0,46 5,01 0,78
6 9,76 1,53 2,40 0,38 3,90 0,61
Z/average
value; 4407 11503 2384 062023 3382 088025
standard
deviation

The masses (m) and the amount of
scaling material per unit area (a) are
shown in Table 4

The total mass of scaling material of all
six prisms for the reference mortar
mixture (R) is 44.07 g, mortar mixture
M1 - 23.84 g and mortar mixture M2 -
33.82 g. The average value of the amount
of scaling material in mortar mixture R is
1.15 kg /m2, mortar mixture M1 0.62 kg
/m2 and mortar mixture M2 0.88 kg /m2.
From the above it can be concluded that
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the weight loss due to 28 cycles of
freezing and thawing in both mortar
samples with self-healing chemical
admixtures (M1 and M2) is lower than
for reference mortar R. This means that
using the crystalline hydrophilic
additive (PenetronAdmix) in mortar
mixture M1 and the TDI microcapsules
in mortar mixture M2 can improve the
resistance of cement composites to
freeze/thaw cycles. However, no mortar
mixture has survived 56 freeze/thaw
cycles.
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4. Conclusion

The paper compares the efficiency of two
self-healing chemical methods
(crystalline hydrophilic additive and
TDI microcapsules) on the freeze/thaw
resistance of the cement composites.
Three mortar mixtures were prepared: a
reference mixture, a mixture with
crystalline hydrophilic additive, and a
mixture with the addition of the TDI
microcapsules, with 2% of each additive
by cement weight. Hardened mortar
samples are subjected to freeze-thaw
cycles according to CEN/TS 12390-
9:2006. and the amount of scaling
material due to freeze/thaw cycles have
been measured. The testing results
indicate that the self-healing chemical
additives used here could improve the
freeze/thaw resistance of cement
composites.

Here presented results are a part of a
preliminary research on the possibility
of using self-healing additives to
improve the freeze/thaw resistance of
concrete. Given the affirmative research
results, the authors will further expand
their research to concrete mixtures level
and with variation in the quantity of self-
healing additives.
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Oz

Artan niifus ve sanayilesme su kaynaklarinin etkin bir bi¢imde kullanilmasini gerekli
hale getirmektedir. Bu nedenle su kaynaklarini olusturan parametrelerin dogru bir
sekilde tespit edilerek projelendirilmesi onemlidir. Yiizeysel akisin yaklasik %70’ini
olusturan taban akis1 da bu parametrelerin basinda gelmektedir. Literatiirde taban
akisinin belirlenmesi ile ilgili pek ¢ok calisma mevcuttur. Bu calismada, literatiirde
mevcut Chapman yonteminin sabit katsayili olmasi ile katsaymnin kalibre edilmesi
arasindaki fark gosterilmistir. Ayrica Chapman formiiliinde yiizeysel akis ile taban
akiginin modeldeki etkisini belirleyen birbiri ile bagimli katsayilarin birbirinden
bagimsiz hale gelmesini saglamak i¢cin Chapman formdiliindeki birbirine bagl katsay1
yerine iki katsayili ve katsayilarin simbiyotik organizmalar arama algoritmasi (SOA)
ile bulundugu bir yontem Onerilmistir. Her iki model i¢in de katsayilarmn
kalibrasyonu igin SOA ile optimizasyonu gergeklestirilmistir. Elde edilen sonuglara
bakildiginda Chapman ydntemini baz alan ¢ift parametreli ve SOA ile kalibre edilen
metodun Chapman yontemindeki hidrograftan uzaklasma veya kurak donemlerde
ylizeysel akisla taban akisinin birbirinden farkli olmasi problemini azalttig:
gozlemlenmistir. Model ile taban akisinin hidrografi kesmemesi de saglanmuistir.

Anahtar kelimeler: Taban akisi, Simbiyotik arama algoritmasi, Chapman yontemi, Firat
havzast
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The Detection of Baseflow with Symbiotic Search
Algorithm: Firat Basin Example

Abstract

Increasing population and industrialization make it necessary to use water resources
effectively. For this reason, it is important to accurately determine and project the
parameters that make up water resources. The baseflow, which constitutes
approximately 70% of the surface flow, is also one of these parameters. There are
many studies in the literature on the determination of baseflow. In this study, the
difference between the constant coefficient of the Chapman method available in the
literature and the calibration of the coefficient is shown. In addition, in order to ensure
that the dependent coefficients that determine the effect of the surface flow and the
bottom flow in the model in the Chapman formula become independent from each
other, a method with two coefficients instead of the interconnected coefficient in the
Chapman formula and the coefficients are found by the symbiotic organisms’ search
algorithm (SOA). Optimization of both models with symbiotic organisms’ search
algorithm (SOA) is performed to calibrate the coefficients. When the results obtained
are examined, it has been observed that the dual parameter method based on the
Chapman method and calibrated with SOA reduces the problem of divergence from
the hydrograph in the Chapman method or the difference between the surface flow
and the baseflow in dry periods. With the model, it is ensured that the baseflow does
not cut the hydrograph.

Keywords: Baseflow, Symbiotic search algorithm, Chapman method, Firat basin
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1. Giris

Akarsu akimi varyasyonlarinin havza
Ozellikleri agisindan  yorumlanmasi,
havza ve akarsu yonetimini gelistirmek
i¢in uzun bir siiredir hidrolojinin esas
gorevi olmustur. Bu gorev i¢in iki temel
konu, taban akist ayrimi ve durgunluk
analizidir (Hall, 1968; Brutsaert &
Nieber, 1977; Tallaksen, 1995; Smakhtin,
2001). Taban akis1 ayrimi, akarsu akisini
iki bilesene (dolaysiz akis ve taban akis1)
ayirmay1 amaglar. Dolaysiz akis, yagisin
ardindan meydana gelen dogrudan
Taban akist
olmadig1 donemlerde meydana gelen
gecikmeli akistir (Stewart, 2015).

akastir. ise yagmurun

Taban akiginin tahmini; su temini
(Linsley, Kohler, Paulhus, 1975), taskin
hidrolojisi (Murphy, Graszkiewicz, Hill,
Neal, Nathan & Ladson, 2009), akarsu
ekolojisi (Price, 2011) vb. gibi bircok
cevresel sistemin yoOnetiminde Onemli
bir rol oynar. Yeralt1 suyu desarj
(Chapman, 1999; Freeze, 1972), yavas
akig ve stirekli akis (Hall, 1968) dahil
olmak tizere cesitli taban akigi tanimlar1
vardir. Arazideki taban akisinin tahmini
ile ilgili zorluklar nedeniyle 20. yiizyilin
baglarindan beri Ol¢iilen akis verileri
kullanilarak taban akisi tahmini igin
cesitli grafiksel ve otomatik teknikler
gelistirilmistir. Bu teknikler arasinda
Ozyinelemeli dijital filtreler (RDF)
yontemi (Nathan & McMahon, 1990;
Arnold, Allen, Muttiah & Bernhardt,
1995), basit uygulama
kolaylig1 saglamasi nedeniyle pratikte
taban akigini tahmin etmek amaciyla en
stk kullarulan yo6ntemlerden biridir.
Literatiirde bircok RDF konfigiirasyonu
ileri

olmasi ve

siriilmiistiir. Bunlar; Lyne ve
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Hollick filtresi (Lyne & Hollick, 1979;

Nathan & McMahon, 1990), tek
parametreli ~ Chapman  algoritmas:
(Chapman & Maxwell, 1996), iki

parametreli Boughton filtresi (Boughton,
1993; Chapman, 1999) ve Eckhardt
filtresi (Eckhardt, 2005) yontemleridir
(Li, Maier, Partington, Lambert &
Simmons, 2014).

Ladson, Brown, Neal & Nathan (2013)
Lyne ve Hollick filtresi olarak bilinen
taban akis1 ayirma yontemini literatiire
dahil etmislerdir. Li, Maier, Lambert,
Simmons & Partington (2013) taban akis1
tahmini i¢in Lyne ve Hollick filtresinin
ile RDF’lerin
performansin gelistirmislerdir. Xie, Liu,
Wang, Yang, Liang & Liu (2020) Birlesik
Devletler ‘de 1815 havza icin dort grafik
yontemi ve bes dijital filtre yontemini
iceren dokuz taban akisi
yontemini degerlendirmislerdir.
Degerlendirmeler sonucunda Eckhardt
(2005) tarafindan  Onerilen  dijital
filtreleme en iyi
performansa sahip oldugunu
belirtmiglerdir. Hu, Zhao & Jian (2021)
Cin’deki Yellow Nehri havzasinda taban
akist tahmini i¢in dort tek parametreli
dijital filtreleme, HYSEP ve RDF
yontemini (Eckhardt yontemi)
degerlendirmislerdir. =~ Degerlendirme
sonucunda  taban  akist  ayrimu
konusunda iyi  performansi
sergileyen yontemin RDF yontemi

uygulanmasi

ayirma

yonteminin

en

oldugunu soylemislerdir. Collischonn &
Fan (2013) Eckhardt'in dijital taban akis1

filtresi igin parametreleri
tanimlamiglardir. Kissel & Schmalz
(2020) Alman siradaglarinda  bir
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havzadaki taban akisini tahmin etmeye
calismiglardir. Ayrica bu ¢alisma ile bu
bolge i¢in uygun olan taban akisi tahmin
yontemlerini  belirlemislerdir. Sonug
olarak; Chapman ve Maxwell filtresinin
Eckhardt filtresine gore bu bolgede daha
iyi sonuglar verdigini soylemislerdir.
Novita & Wahyuningsih (2016) taban
akist
yontemi

ayrimi  konusunda en uygun
belirlemek calisma
yapmiglardir. Sonug olarak, Lyne ve
Hollick yerel
yontemlerinin diger yontemlere gore
daha iyi performans sergiledigini
sOylemislerdir. =~ Meshgi,  Schmitter,
Babovic & Chui (2014) taban akiginin
tahmininde genetik programlama (GP)
yontemini  kullanmiglardir.  Sonug
olarak, GP’nin taban akiginin
tahmininde etkili oldugunu
sOylemislerdir.

icin

ile minimum

Bu c¢alismada, Firat Havzasi’'nda
bulunan 21162 numarali Ayvali Tohma
Suyu akim gozlem istasyonundan (AGI),
temin edilen giinlitk

kullanilarak taban akisi ayrilmasi igin

akim verileri

simbiyotik arama  algoritmasindan
(SOA) faydalanilmistir. Calismada SOA,
Chapman yonteminde bulunan

katsay1y1 kalibre etmek igin kullanilmis
ve literatiirde mevcut diger belirlenmis
ile
Chapman yonteminde kullanilan, taban
akisini ve ytizeysel akisi beraber kontrol
eden katsayr yerine iki Kkatsay:
kullanulmasi ve bu katsayilarin da SOA

katsayilar kiyaslanmugtir.  Ayrica

ile belirlenmesi amaglanmistir. Elde
edilen tiim sonuglar kiyaslanarak
Onerilen yontemin dogrulugu
arastirilmistir.
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2. Materyal ve Yontem
2.1. Materyal

Calisma bolgesi olarak Firat Havzasi
secilmistir. Firat Nehri, Tiirkiye ve
Glineybati Asya’nin en genis drenaj
sahasina sahip bir akarsudur. Dogu
Anadolu Bolgesi'ndeki kaynagmin 3000
m  yiikseltisi Firat Nehri
Tiirkiye’de birkag ilin sinurini belirler.

vardir.

Bunlar Erzincan, Elazig, Malatya,
Tuncel, Adiyaman, Diyarbakir,
Gaziantep ve  Sanlurfa illeridir.

Tiirkiye’de bu illerin simirlarindan sonra
Suriye, daha sonra Irak topraklarina
girer. Firat Nehri iki ana kol (Murat-
Karasu) ile birlikte onlarca yan koldan
beslenir. Murat Nehri bu kollar arasinda
en 6nemli yeri kapsamaktadir. Agri1 Dag1
eteklerinden dogan Murat Nebhri,
glineybatiya dogru yaklasik olarak 500
km akis gosterir ve daha sonra kuzeyden
gelen Karasu Nehri ile Keban Baraji'nin
yaklasik olarak 10 km kuzeyinde birlesir
(Yildirim, 2006). Segilen bolgede havza
boyunca bir¢ok akim gézlem istasyonu
(AGI) Bu AGl'ler
arasindan 21162 numarali Ayvali Tohma
Suyu, istasyonu segilmistir. Bu istasyon
ile ilgili detayl1 bilgiler asagida Sekil 1 ve
Tablo 1’de verilmistir. Tim veriler Runs
homojenlik testine tabi tutulmustur ve
%95 giiven araliginda verilerin homojen
oldugu tespit edilmistir.

insa edilmistir.
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Tablo 1. Ayvali Tohma Suyu istasyonuna ait genel bilgiler

) Run
Istasyon Rasat Enlem-  Yiikseklik Ort. Maks.  Min. Testi
No Yillar Boylam (m) Akim - Akim - Akim Onem
y (m3/s) (m3/s) (m3/s) .
Derecesi
1979 38°42'24” K
D21A162 1992 1160 9,465 51 2,01 0,0001

37°39'59”"D

Sekil 1. Akim gozlem istasyonlarinin yer bulundu haritas:

Bu calismada, bu istasyondan alman  arist  siiriilerinin  yiyecek  arama
giinliik akim verileri degerlendirilmistir. ~ davranisini simiile eder, parcacik siirii
Bu veriler kullanilarak taban akisinin  optimizasyonu (PSO) hayvan siiriisii
ayrilmasi konusunda Chapman yontemi ~ davranisini simiile eder ve genetik

kullanilmistir. algoritma dogal evrim siirecini simiile
eder. SOA ise en uygun aramak igin
2.2. Metot kullanulan bir eslestirilmis organizma

iligkisi icerisindeki Simbiyotik
2.2.1. Simbiyotik Organizmalar Arama  etkilesimleri simiile eder (Cheng &
Algoritmas1 (SOA) Prayogo, 2014).

Mevcut  meta-sezgisel algoritmalar = Meta-sezgisel yontemlerden biri olan

dogal olaylarmni (fenomenleri) taklit SOA, 2014 yilinda Cheng ve Prayogo
eder. Ornegin; yapay ar1 kolonisi bal tarafindan tanitilmistir. Diger birgok
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meta-sezgisel algoritma gibi, SOA da
popiilasyon tabanhidir, dogadan ilham
alir ve belli bir dereceye kadar
rastgelelikten faydalamir. Algoritmada,
dogadaki organizmalarin ekosistemde
hayatta kalmasi igin bir ihtiya¢ olan
ortak yasam olarak bilinen giivene
dayali etkilesim olgusundan
yararlaniir.  Herhangi  iki  farkh
organizma arasinda zorunlu veya istege
baghh olmak tizere iki tiir simbiyotik
iliski olabilir. Ik durumda, iki tiiriin
hayatta kalmas1 birbirine baglidir. Tkinci
durumda iki tir de zorunlu
olmayacak bir sekilde karsilikli yarar
saglayan bir iliski igerisinde birlikte
yasayabilir.

ise

Simbiyotik
algoritmasinda (SOA) arama

organizmalar arama
islemi
rastgele bir N organizma popiilasyonu
tarafindan  baglatilir. Daha sonra
karsilikli fayda birlikteligi (mutualizm),
tek tarafl birliktelik (kommensalizm) ve

asalaklik (parasitism) olmak iizere {ig

Xi (yeni) = Xi T rand(0,1) * (Xpest — Xmutuat * BF1)

xj(yeni

Xmutual =

BF, = (1 + round(rand(O,l)), | rand € [0,1]

BF, = (1 + round(rand(O,l)), | rand € [0,1]

Rand (0,1) islevi O ile 1 araliginda
diizgiin dagilmis rastgele sayilarin bir

vektoriidiir. Xbest ekosistemdeki
adaptasyon derecesi agisindan en iyi
amag¢ veya uygunluk fonksiyonu

degerine sahip organizma, Xmutal ise
hayatta kalma avantajlarini artirmak igin

y =%+ rand(0,1) * (Xpest — Xmutuar * BF2)

gercekci simbiyotik evre kullanilarak
popiilasyon tiyeleri gelistirilir. SOA'nin
yinelemesi devam ederken yukaridaki
¢ asama, uygunluk degeri etkilesim
oncesi uygunlugundan daha iyi ise her
etkilesimden {iretilen ¢6ziimiin kosulsuz
olarak kabul edildigi ve aksi takdirde
reddedildigi yerde yiriitilir (Celik,
2020).

2.2.1.1. Karsilik¢ilik evresi (mutualizm)
Kargilikgilik  evresinde her bir Xi
organizmasi icin ekosistemden rastgele
bir Xj organizmas segilir ve karsilikli bir
iligki kurulmasi temelinde Xi (burada Xi
# Xj) ile etkilesime gecer. Bununla
birlikte Xi ve Xj arasindaki iligki
ekosistem igerisindeki iki organizmanin
kargilikli
arttirmaktadir. Yeni aday ¢oziimler Xi
(yeni) ve Xj (yeni) sirasiyla Denklem 1 ve
Denklem 2 kullanilarak tiretilir ve Xmutual

Denklem 3’te verilen ifade kullanilarak
elde edilir.

hayatta kalma  oramim

@)
)
x; + x]'
3
> ®
4)
®)
iki organizma arasinda sergilenen
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karsilikli bir 6zelligi ifade eder. Fayda
faktorleri olan BF1 ve BF2 degerleri
Denklem 4 ve Denklem 5 kullanularak
rastgele belirlenir. Bu faktorler her
organizma icin etkilesimden yararlanma
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diizeyini  temsil eder (Ezugwu,
Adewumi & Frincu, 2017).

2.2.1.1. Ortak¢ilik evresi
(kommensalizm)

Karsilikalik evresine benzer bir sekilde
ekosistem popiilasyonundan rastgele bir
organizma Xj secilir ve Xi organizmasi

Xi (yeniy = Xi + rand(=1,1) * (Xpese — X))

Burada, (Xbest - Xj) terimi X
organizmasi tarafindan ekosistemdeki
hayatta kalma avantaji diizeyini

artirmada Xi'ye yardimc olmak igin
saglanan faydayi temsil eder (Ezugwu &
Adewumi, 2017).

2.2.1.1. Asalaklik evresi (parasitism)

Bu evrede, Xpv ile gosterilen yapay bir
parazit vektorii Xi organizmasini
mutasyona ugratarak ve daha sonra
rastgele ve daha sonra rastgele bir say1
kullanarak rastgele segilen boyutlarini
degistirerek problem arama uzayinda
yaratilir. Xjli # j organizmasi, Xpv'ye ev
sahibi olarak hizmet etmek
ekosistem popiilasyonundan rastgele
segilir. Eger Xpv'nin uygunluk degeri Xj
organizmasininkinden daha iyi ise Xpv
popiilasyondaki Xj'nin yerini alir. Xj'nin
uygunluk degeri daha iyi ise Xj Xpv'ye
kars1 bagisiklik olusturacak ve ardindan
Xpv  popiilasyondan  kaldirilacaktir
(Ezugwu & Adewumi, 2017). Sekil 2'de

icin

Xi (yeniy = Xi + rand(=1,1) * (Xpese —
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a +
*
a O+ Yi-1)

ile etkilesime girmesi saglanir. Iligki
etkilesimi, etkilesimden yalnizca bir
organizmanin yararlanacagi sekildedir.

Ornegin, Xi'nin yiiriittiigii organizma, Xj
ile etkilesimden yarar saglarken Xj
etkilesimin bir sonucu olarak ne fayda
saglar ne de zarar goriir (Denklem 6).

(6)

Simbiyotik ~ Organizmalar ~ Arama

Algoritmasi (SOA) verilmistir.
2.2.2. Chapman Yontemi

Chapman (1991) Lyne-Hollick
algoritmasmin hatali oldugunu, ylizey
akist sona erdiginde sirasiyla sabit bir
akis “y”
belirtmistir ve bu nedenle Denklem 7’de
verilen yeni algoritmay1 gelistirmistir
(b < yi'ye tabidir) (Eckhardt, 2005).
Burada, a filtre parametresidir.

veya taban akig1 “b” sagladigin

Denklem 7'nin esdegeri Denklem &’ deki
gibidir.

Daha ¢ok yeralt1 suyu beslenmesi
olmayan yagissiz donemlerde taban
akist durgunlugunu tanimlamak igin
kullanilir. Bu nedenle, filtre parametresi
a artik bir durgunluk analizi ile nesnel
olarak tiiretilebilir (Eckhardt, 2005).

Xj

) (6)

@)
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2

bk=a*bk_1+

by = a* by

a

* (fie + fre-1)

©)
©)

Simbiyotik Organizmalar Arama Algoritmas

1: Baslangi¢ ekosistemini rasgele olarak belirle

> Organizmalarim nygunluk degerlerini hesapla

A organizmasindan farkh X; organizmasin rasgele seg

= Adaylar olustur

X, organizmasindan farkh X, organizinasimi rasgele sec
g j <

= Aday1 olusgtur

X, organizmasimdan farkl X; organizmasin rasgele se¢

2: while Durdurma kriteri? do

3 for 1 « 1 to ekoy,,,, do

4 for i + 1 to ekoygy do

3 JX5)

6: end for

7 Xeniyi Vi belirle

8 //Mutualizin asamasi

9.

10: [‘\':. \';I = mutualizm(X;. X;, Xeniyi)
11: if f(X)) < f(X,) then

12: X=X,

13: end if

14: if f(.\';) < f(X;) then

15 X, =X

16: end if

17: //Kommensalizin asamasi

1R:

19: X, = kommensalizm(X;, X Xenigi)
20: if f(.\',’] < f(X;) then

21: X = X,'

22: end if

23: / /Parazitizin asamas)

24:

25: X, organizmasimn parazitini ( Py, ) olugtur
26: if f(Py,) < f(X;) then

27: \J P,\',

28: end if

29: end for

30: end while

Sekil 2. SOA algoritmasi pseude kod (Saplioglu, Coban, Senel & Uzundurukan, 2020)

2.2.3. Onerilen Yoéntem

Denklem 7 de degerinin bagindaki bx'ya
bagh katsayi ile (yx+yk1)in bagindaki o
degerine baglh katsay: birbiri ile iligkili
sabit tabi
tutuldugu icin ayrilmalar1 imkansizdir.

olup sayilarla igleme

Bu nedenle ¢alismada bu katsayilarin
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yerine  katsayillarmin  kullanilmasi
onerilmistir (Denklem 10). Ayrica bu
yontemde katsayilarin tespiti icin SOA
ile optimizasyon yapilmasi

Modelin

optimizasyonu asamasmnda yiizeysel

distintlmiistiir.

akisi gecen taban akisina sebep olan

katsayilarin olmasi durumunda bu
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katsayilarin optimizasyondan  degerlerde kurak donemlerde taban
cikartilmas: birinci kisit fonksiyonu  akisi ile yiizeysel akisin Ortiismesi
olmustur. Ayrica optimize edilen seklinde diisiiniilmiistiir (Denklem 11).
b = ay * by + az * (Vi + Yi-1) (10)
cf = min (y, — by) (11)
3. Bulgular 31. Sabit Katsayih  Chapman
Uygulamasi
Calisma, i¢ kisimdan olugmaktadir.
Birinci kisimda Chapman yontemi  Calismanin bu kisminda, Chapman

literatiirde mevcut olan katsayilarla
denenmis ve taban akist ayrilmistir.
Ikinci kissmda Chapman katsayisinin
kalibre edilebilmesi icin bir yazilm
hazirlanmistir. Hazirlanan bu yazilim
SOA ile entegre edilerek 1979-1992
yillar1 arasindaki yillar igin taban akist
katsayst belirlenmistir. Ugiincii kisimda
Chapman formdilii baz alinarak onerilen
iki katsayili denklem ve bu denklemin
kalibresi icin olusturulan yazilim SOA
ile uygulanmagtir.

27
24
21
18
15
12

AKIM (M3/S)

9
6
3
0

30.09.1978 29.12.1978

29.03.1979

(1991) tarafindan Onerilmis olan 0,925
katsayis1 Denklem 7’de uygulanmustir
(Sekil 3). Sekilde goriildiigii gibi sabit
katsay1 baslangi¢ taban akisini hizla
azaltmis ve kurak donemlerde yiizeysel
akigin taban akisindan c¢ok daha fazla
oldugu goriilmistiir. Katsaymin 1'e
yaklastikca taban akisi degerlerini
diizlestirdigi, 0’a  yaklasttkca da
ylizeysel akis ile paralellik gosterdigi

bilinmektedir. Aradaki fark Kkalibre
edilmis ~ Chapman  uygulamasinda
gosterilecektir.

25.09.1979

27.06.1979

TARIH(GUN)

Sekil 3. 1979 su y1li sabit katsayil1 (0.925)

Chapman yontemi taban akig1 ayirma 6rnegi
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3.2. SOA ile Kalibre Edilmis Katsay1
Uygulanan Chapman Yoéntemi

Chapman yonteminde sabit bir katsay1
olmayacag ve her yilin kendine 6zgii bir
katsayis1 olacagl yapilan calismalarda
gosterilmistir (Novita & Wahyuningsih,
2016). Genellikle katsay1 belirleme islemi
deneme yanilma  yOntemi ile
yapilmaktadir (Wittenberg & Sivapalan,
1999). Bu calismada ise Denklem 7
kullanilarak olusturulan taban akisi
ayirma yontemi i¢in kisit fonksiyonlari
belirlenmis ve kurak donemlerde taban
akisinin yiizeysel akisa en yakin oldugu
katsay1 tespit edilmeye c¢alisilmistir.
Kisit fonksiyonu olarak da
akisinin akim hidrografint ge¢gmemesi
kabul edilmistir. Sekil 4'te goriildigi
gibi taban akist kurak donemlerde
ylizeysel akisa  yaklasmistir.  Bu
yakinsaklik katsaymin asagidaki ve
yukaridaki degerler igin
kaybolmaktadir. Tablo 2'de 1979-1992

taban

yillar1 arasinda elde edilen Chapman
katsay1s1 Sabit
katsayili Chapman yonteminde elde
edilen hidrografin sekline yakin ancak
kurak donemlerde yiizeysel akisa uzak
taban akisindan, daha diiz ve kurak
donemlerde ylizeysel akisa yakin bir
grafige gecilmistir. Tablo 2'de de
goriildiigli gibi yillara gore Chapman
katsayis1 0.92 ile 0.9999 arasinda degisen
degerler Burda
degerlerin herbiri sadece kendi
yilinda kullanilabildigi i¢in yontemin
elle kalibresi oldukga zordur.
Olugturulan bilgisayar modeli ile gok
kisa bu kalibrasyon
yapilabilmektedir. Calismada, SOA icin
100 adet simbiyotik organizma 500
iterasyonla ¢alistirilmis ve bu islem

degerleri verilmistir.

almistur. bulunan

su

siirede

herbir su yili i¢in 30’ar kere tekrar
edilmistir. Yani herbir katsaymin tespiti
i¢in bir buguk milyon deneme ¢ok kisa
siirede gerceklestirilmistir.

Tablo 2. SOA ile kalibre edilmis Chapman katsayilar1

Su yili Chapman Katsayis1 (a)
1979 0.9855
1980 0.9841
1981 0.9971
1982 0.999
1983 0.9995
1984 0.9578
1985 0.9975
1986 0.9992
1987 0.9922
1988 0.9203
1989 0.9689
1990 0.9706
1991 0.9312
1992 0.9716
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TARIH(GUN)

Sekil 4. 1979 su yili SOA ile kalibre edilmis katsay1 uygulanan Chapman yontemi

taban akis1 ayirma 6rnegi

3.3. Onerilen Yontem ile elde edilen
taban akis1

Bir Onceki boliimde  bahsedilen
Chapman katsayis1 (Denklem 7) her ne
kadar taban akisi i¢in ayr1 yiizeysel akig
icin ayr1 bir katsayiya doniisse de
formiilde bu doniisiimii saglayan sabit
degerler oldugu igin birbirine tam
bagimli sekilde degismektedir. Bu tam
bagimliligt ¢6zmek amaciyla Bolim
2.2.3’te Oonerdigimiz Denklem 10 SOA ile
entegre edilerek taban akisi ayirma
yontemi gelistirilmistir. Bu yontemle
ama¢ fonksiyonu Denklem 11
belirlenen yiizeysel akig
akisinin kurak donemlerde birbirine
olmasi prensibine
Kisit  fonksiyonu
olarak da taban akisinin yiizeysel akisi
kesmemesi diisiintilmiistiir. Bu sekilde
olusturulan modelde taban akisi ve
ylizeysel akis icin belirlenen katsayilar
Tablo 3'te 0zetlenmistir. Sekil 5te 1979

ile
ile taban
yakin
dayandirilmistir.
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yilina ait bir Ornek verilmistir. Bu
Ornekte goriildiigii gibi 6nerilen yontem
ile Chapman yonteminde ve kalibre
edilmis Chapman yonteminde olusan
hidrograftan uzaklagma taban
akisinin ani diisiis problemi
diizeltilmeye calisilmistir. Sekil 5'te A, B,
C ile gosterilen noktalarin hidrografi
kesmemesi, D noktasindaki hizh
distisin  azaltilmis ve E
alanindaki yiizeysel akisa yakinlik
modelin artilari olarak goze
carpmaktadir.  Ancak  birbirinden
bagimsiz iki katsayili bir model olmasi
ve kisit fonksiyonu olarak belirlenen
hidrografi kesmeme ile amag fonksiyonu
olarak belirlenen hidrografa yakmhk

ve

olmasi

kalibrasyonun elle yapilmasin
zorlagtirmaktadir. Bu nedenle
kalibrasyon olusturulurken burada

oldugu gibi bir optimizasyon yontemine
entegre edilmesi modelin kullanighlig
agisindan 6nemlidir.
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Tablo 3. SOA ile kalibre edilmis 6nerilen yontem katsayilar:

Su yihh a1 a2
1979 0.7028 0.1074
1980 0.8064 0.0724
1981 0.8238 0.0568
1982 0.6253 0.1409
1983 0.812 0.0637
1984 0.7295 0.083
1985 0.883 0.0361
1986 0.7511 0.0924
1987 0.7399 0.094
1988 0.7458 0.0906
1989 0.6667 0.1137
1990 0.9246 0.0233
1991 0.833 0.0477
1992 0.8179 0.0522
27
24
21 —— AKIM
__18
@ TABAN AKISI
T 15
E 12 ‘
<[, D ‘
] ) ﬁ M E
3
0
27.09.1978 26.12.1978 26.03.1979 24.06.1979 22.09.1979
TARIH (GUN)

Sekil 5. 1979 su yil1 SOA ile kalibre edilmis katsay1 uygulanan onerilen yontemin
taban akig1 ayirma ornegi

4. Sonuclar bilinmesi veya Ongoriilmesi oldukca

onemlidir. Bu amagla calismada
Su yapilarinin projelendirilmesinde ve  literatiirde mevcut Chapman yontemi,
isletilmesinde ~ hidrolojik  verilerin ~ Chapman yonteminin SOA ile kalibresi
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ve Chapman yontemini baz alan iki
parametreli ve SOA ile kalibre edilen
yontem ile Firat Havzasi’'nda bulunan
Ayvali Tohma Suyu istasyonuna ait
verilerin taban akislar1 tespit edilmistir.
Calismanin asil amaci optimizasyon

yontemlerinin  katsay1 belirlemedeki
Onemini gOstermektir. Oncelikle
literatiirde mevcut katsayilarla

olusturulmug Chapman yoéntemi ile bu
katsaymin SOA ile kalibresinden sonra
elde edilmis taban akis1 grafikleri
incelenmigtir. Chapman yonteminde
herhangi bir katsay1 (literatiirde mevcut)
ile gercek taban akisini temsil edememe
probleminin azaltildig:
Calismanin ikinci kisminda iki katsayili
gibi goziiken fakat bu katsayilarn
birbirine bagh olmasindan dolay1 tek
katsayill
yonteminin gercek iki katsayili hale
getirilip bu katsayilarin SOA ile
bulunmasi saglanmistir. Elde edilen
sonuglar irdelendiginde teklif edilen
digerlerine gore kurak

hidrografa daha ¢ok
yaklastign goriilmiistiir. Ayrica diger
donemlerde taban akisimin hidrografi
higbir sekilde kesmedigi bir modelleme

goriilmiistiir.

diyebilecegimiz =~ Chapman

yontemin
donemlerde

olusturulmustur.
hem hidrografi kesmeme hem de kurak
donemlerde taban akisinin hidrografa

Diger yontemlerde

yaklastirilabilmesi igin birtakim
zorluklar oldugu tespit edilmistir.
Chapman yonteminde bu iki sarti
saglayan katsaymin tespiti deneme

yanilma yontemi ile yapilmakta ve bu
islem oldukca uzun siirmektedir. Ayrica
elde edilen katsay1r degerinin en iyi
verip vermedigi de
bilinememektedir. Chapman yontemini
bu sorundan kurtarmak icin ¢alismada
SOA ile birlikte kombine edilmis ve

sonucu
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katsay1 belirleme siiresi ile ilgili sorun
ortadan Ancak
hidrografin  kesilmemesi kurak
donemlerde hidrografa yaklasilmas: tek
katsay1r ile oldukga zor olmaktadir.
Hidrografin sekline gore degisen
rastgele dogruluklar olmasina karsin

kaldirilmistir.
ve

hidrografi kesmeme birinci Oncelik
oldugu icin genellikle kurak dénemlerde
taban akist hidrograftan

uzaklagmaktadir. Onerilen yontemde ise
taban akist iki katsayili bir formidiille
bulunmaktadir. Bundan dolay1
hidrografi kesmeme problemi kurak
donemlerde hidrograftan uzaklasma
problemini  etkilememektedir.  Elde
edilen sonuglar incelendiginde &zellikle
kurak donemlerde taban akisinin
hidrografa ¢nerilen yontemde daha gok
yaklastigi dolayisiyla digerlerine gore
daha iyi sonuglar verdigi goriilmiistiir.
fleriki calismalarda diger istasyonlar,
meta-sezgisel yontemler ve farkli taban
akisi ayirma yontemleri i¢in de bu
yaklasim incelenerek derinlemesine
tartisilabilir.
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Oz

Sisme potansiyeli yiiksek zeminlerin iyilestirilmesinde ¢imento, ugucu kiil, bazi
organik bilesikler gibi katki maddeleri kullanilmaktadir. Bu arastirmada; Eskisehir
Osmangazi Universitesi kampiis alaninda yer alan yiiksek sisme potansiyeline sahip
killerin Portland Kompoze ¢imentosu ile iyilestirilmesi arastirilmis, ¢cimento katkisi-
sisme ylizdesi iligkisi, sisme yiizdesi-su igerigi degisimi ve sisme yiizdesinin zamanla
degisimi incelenmistir. Bu amagla, standart ve modifiye enerji seviyelerinde ve farkl
c¢imento katki ytizdelerinde (% 0, 2, 4) hazirlanmis numuneler {izerinde klasik
O0dometre cihazi ile serbest sisme yiizdesi deneyleri yapilmistir. Deneylerden elde
edilen sonuglara gore ¢imento katkisinin, killerin sisme potansiyelini azalttig1 tespit
edilmis olup katkinin % 2 seviyesinden sonra kullaniminda daha etkili oldugu tespit
edilmis bu etkinin de yiiksek enerji diizeyinde kismen daha da arttig1 belirlenmistir.
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Stabilization of Swelling Clays with Portland Cement
Admixture

Abstract

Some admixtures such as organics, portland composite cement, fly ash, and cement
are used to improve soils having a high swelling potential. In this study, improvement
of the clays with high swelling potential located on the Osmangazi University campus
site is investigated using Portland composite cement. Relationships with cement rate
and swelling percentage, swelling percentage and resulting water content, and
variation of swelling ratio with time are all studied. That's why swelling percentage
tests are performed on the specimens prepared with different standard and modified
energy levels and different cement rates such as 0, 2, and 4 percentages by using a
classic odometer test device. Results of the tests show that cement with some specified
rates may successively be used to improve clays having high swelling potential. The
effects on the improvement of the clays are increased for the cement rates more than
%?2 and for the high energy levels.

Keywords: Swelling clays, Cement, Stabilization, Swell quantity
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1. Giris

Farkli muhtevast  degerlerinde
biiziilme ve sisme kapasitesine sahip
zeminlere sisen zemin denilmektedir.
Insaat miihendisliginin ilgi alaninda
bulunan yapilarin hasar gormesinin
sebeplerinden bir tanesi, zeminden
kaynaklanan problemler olarak
gosterilebilir. Kilin sisme 6zelligi; suya
doygun halde bulunmayan kil yapidaki
zeminlerin su ile birlikte etkilesimde
bulunmasi sonucu biinyesine aldigi suya
baglh olarak hacim artis1 ile ortaya
cikacak ilave sisme basinc olarak ifade
edilmektedir. Asir1 basinglarin olusmasti
sonucu yap1 temellerinde hasarlar tespit
edilmektedir. Killi zeminlerde yapilan
agirligs oldukca diisiik, acik sulama
kanali, karayolu, demiryolu, havaalani
pistlerinin temellerinde bu problemlerle
karsilagilmaktadir. Zeminlerin  su
muhtevasindaki  degisikligin  baslica
nedeni mevsimsel degisiklikler olup,
yagislh mevsimlerde ytlizeyde biriken
yagls sularmin igerisine
sizmasiyla zeminin su muhtevasi
artmakta, sicak mevsimlerde
buharlasma nedeniyle
(Demir ve Kilig, 2010).

su

zeminin

ise
azalmaktadir

ABD Su Isleri Teskilati(USBR) teknik
personeli, Oregan eyaletindeki Owyhee
projesinde yapilmis olan gelik sifonun
temelinde, zit yonde hareket eden
deplasmanlar tespit etmislerdir(Chen,
1988). Suyla temas ettiklerinde sisen
zeminler genellikle dort mevsim yagis
almayan kurak, yar1 kurak iklimlerde
goriilmektedir.  Ulkemizde  Ankara
ilinde ve ayrica Giineydogu Anadolu
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Projesi kapsaminda insa edilen zati
agirlig: diisiik sulama yapilarinda bu tiir
problemler goriilmiistiir (Tosun ve
Kirmizitas, 1993).

Fakat 1940'l1 yillardan sonra dogrudan
zemin tlizerine insa edilen beton
yapilarin hizli artigi, sisen zeminlerden
kaynakli hasarlarin artmasma neden
olmustur. Zemine bagh hasarlardaki bu
artis, yapilmasi
zorunlu olan ¢alismalarin yetersizligini
ve geoteknik galismalardaki
eksikliklerin neden oldugu
belirtilmelidir (Chen, 1988).

temel zemininde

Katki
isleminde,
ozelliklerinde

maddeleri ile iyilestirme
mekanik

yiikleme

zeminlerin

gevre
kosullarina gore gerekli iyilestirmenin
givenli, ucuz ve dogal malzeme
yardimiyla gerceklestirilmesi
amaclanmaktadir. Daha ¢ok ulastirma
yapilari, su yapilari, yap: temelleri kati

ve

atik depolama tesislerinde
uygulanmakta olan bu islemde
kullanulan katki malzemeleri olarak

¢imento, kireg, ucucu kiil, bitiim, klorit,
lignin, melas ve bazi Ozel kimyasal
bilesikler sayilabilir (Kilig, 2008).

Bu calismada sisen killerin ¢imento
katkistyla
arastirilmis, deneysel olarak sonuglar
ortaya konulmustur. Ayrica bu tiir

stabilizasyonu  konusu

zeminlerin  insa sirasinda  ortaya
cikaracaklar1 problemlerin 6nlenmesi
igin tasarim onlemleri de
degerlendirilmistir.
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1.1. Cimento Katkisi ile Stabilizasyon

Zeminlerin stabilizasyonu islemi icin
c¢imento kullanimi fikri 19. yiizyilin
baslarinda gelismistir. Bu amacla 100
yildan bu yana kullanilmakta olan
¢imento malzemesi igerisinde en ¢ok
bilinen Portland kompoze
¢imentosudur. Zemin iyilestirme
calismasindaki en temel amag, zeminin
gecirgenligini diisiirmek, plastisitesini
azaltmak, sikisabilirligini azaltmak ve
mukavemetini arttirmaktir. Boylece
zemin daneleri arasindaki baglar
kuvvetlendirilmektedir. Kire¢ katkisinin
zeminin likit limit degerine bagh olarak
plastisite indisinde artis veya azalim
olusturdugu, ¢imento katkisinin ise iri
daneler arasindaki bosluklarin
dolmasir saglayarak zeminin
mukavemetinin artmasina katki yaptig,
ucucu kiil katkisinin ise plastisite
indisini diistiriicii etki yaparak, zeminin
ozelliklerine  bagh  olarak
mukavemet artisimi sagladig:
bilinmektedir (Kilig, 2008).

yine

Cimento ile
gerceklestirilen

stabilizasyon  islemi

zeminin  dayanimi;
kullanulan ¢imentonun tipine, zemin
iyilestirilmesi sirasinda uygulanan kiir
kosullarina, kullanilan ¢imentonun
ylizdesine, zeminin cinsine, ¢cimentonun

katk1 maddelerinin
baghdir. Igerisinde bol
miktarda  silis bulunduran, ana
hammaddesi kil ile kalker olan ve
mineral parcalarmi (¢akil, kum, briket,
tugla. vs) birlestirmede kullanilan yap:
malzemesi olan ¢imento, su ile birlikte
reaksiyona girmesi sonucu sertlesen bir
baglayici olup bir seri reaksiyon sonucu

icerisindeki
miktarina

zemin yapisinda gliclii baglar olusturur.

188

Cimento-Zemin etkilesim
reaksiyonlarimin 1. asamasinda
¢imentonun  bilinen  hidroliz = ve

hidratlagsmasi rol oynarken(Kilig, 2008)
ikincil reaksiyonlarda kilin mineral
yapisi ve ortamda bulunan amorf yapida
olan malzemede degisiklikler sonucu
yeni bir baglayict etki olusmasini
saglamaktir. Cimento, beton
karisiminda hacim olarak en az yeri
kaplayan bir  bilesendir.
Glintimiizde en fazla kullanilan ¢imento
tipleri  Katkili  Cimento, Portland
Kompoze Cimento, Siilfata Dayanikh
Cimento
Bunun yaru sira 6zel amaglar igin bazi tip
¢imentolarla birlikte Beyaz Portland
Cimentosu kullanilmaktadir. Klasik bir
betonda agrega taneleri en 6nemli ve en
saglam unsur oldugundan diger iki
onemli unsur da (aderans ve ¢imento
hamuru) mukavemeti tayin etmektedir.
Uygulama  asamasinda  kullanilan
¢imento; sulandirilmis veya kuru halde
olabilir. Ancak kuru halde uygulamada,
zemin igerisinde topaklanma, ¢evre ve
hava kirliligi gibi problemlere neden
olabilir. Bu tarz uygulamalarda, yeterli

Onemli

ve Cilruflu Cimento'dur.

miktarda  su  verilememesi  gibi
durumlarla da kargilagilmasi
miimkiindiir.

2. Materyal ve Yontem

2.1 Zemin ve Malzeme Ozelikleri
Eskigehir ~ Osmangazi  Universitesi

yerleskesinde genel olarak kirectasi ve
kumtas1 birimlerini igeren yash bir
formasyon Pleyistosen
bulunmaktadir. Bu yasli birimler; zaman
igerisinde ayrsarak siltli kil, kumlu kil
ve kil zemin haline doniismiistiir. Bu

olan
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yapimin biiyiik bir kismi Porsuk vadisi
igerisine tasinmis ve Visnelik bolgesi
diye adlandirilan killeri olusturmustur
(Tiirkoz, 2006). Bu ¢alisma kapsaminda;

bulunan ve kil 0Ozelliklerini tasiyan
“Meselik  kili” adlandirilan
belirli oranlarda portland
kompoze c¢imento katkisi ile birlikte

olarak
zemine

bolge bolge asir1 konsolide halde  stabilizasyonu arastirilmistir.
100 [
90 i LL—1
1
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< 60
T 50
:>=-
g 40 .
A
€ 30 /
r//
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0.001 0.01 0.1 1 10 100
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Sekil 1. Numunelerin tane dagilim deney grafigi
Zemin Ornekleri bir bolgeden alinmig ve  smiflandirilmasinda ve
bu zemin Orneklerinin smiflama ve  tamimlanmasinda en yaygin olarak
tanimlama degerleri TS 1900-1 esasinda  kullanilan yontemdir. Atterberg

tespit edilmistir.
numunelerin
goriilmektedir.

Sekil 1’de alinan
tane dagilimi

Numunenin %4,1 cakil, %40,4’i kum,
%55,5’'i ince taneli  malzemedir.
Baslangic su muhtevasi, Atterberg
(Krvam) limitleri, birim hacim agirliklar:
gibi zeminin indeks oOzellikleri zemin
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(Kivam) limitleri, ince daneli zeminlerin
kivam limitlerindeki su muhtevasim
belirler. Meselik  kilinden
numuneler tizerinde plastik limit deneyi

alinan

yapilmustir. Yapilan deney sonucunda
elde edilen degerlerin bir bdliimii Tablo
1 de sunulmus, ortalama plastik limit
30,53 olarak tespit edilmistir.
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Tablo 1. Numunelerin plastik limit deney tablosu

Plastik Limit
Deney no: 1 2 3 4
Kap + Yas zemin (g) 24.2 22.7 23 22.4
Kap + Kuru zemin (g) 21.7 20.8 20.8 20.4
Kap agirlig: (g) 14 14.2 13.6 13.8
Su Kiitlesi (g) 2.5 1.9 2.2 2
Kuru Zemin Kiitlesi (g) 7.7 6.6 7.2 6.6
Su Mubhtevasi (%) 32.47 28.79 30.56 30.3
Ortalama Plastik Limit 30.53

Megelik kilinden alinan numuneler  indisi 25,97 olarak hesaplanmustir. Ozgiil
tizerinde Casagrande likit limit cihaziile = agirhk 2,72 olarak tespit edilmistir.
likit limit tespit edilmistir. Likit limit Tamamen ince daneli olan zemin
degeri Sekil 2 de gosterilen grafikte 25  numuneleri, “yiiksek plastisiteli kil
vurusa karsilik gelen 56.5 degeridir.  (CH)” olarak smiflandirilmistir.

Yapilan deneyler sonucunda plastisite

60 |17
— 58 el
S
@ 56 25
>
[]
=
S 54
=
a 52 37
50
1 0 100
VurusJSay|S|
Sekil 2. Casagrande cihazi ile yapilan likit limit deney grafigi
1.9
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s
£ L [
g 1.7
~ -
=
c 16
=]
K
: 15
2 Ty
| o
14
o« | \
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10 12 14 16 18 20 22 24 26 28 30
Su Muhtevasi (%)

Sekil 3. Numunenin Standart Proktor (SP)
seviyelerine ait stkisma egrileri.
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ve Modifiye Proktor (MP) enerji
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Kompaksiyon ozelliklerini belirlemek
amactyla; Modifiye Proktor (MP) ve
Standart Proktor (SP) enerji
seviyelerinde kompaksiyon deneyleri
yapilmustir. deney
sonuglarindan, numunelerin
hazirlanmasi i¢in kullanilacak optimum
su muhtevast ve en biiyikk kuru
yogunluk degerleri elde edilmistir. Sekil

Kompakisyon

3’de iki farkli enerji seviyesindeki
kompaksiyon = egrileri  verilmistir.
Standart proktor deneyinde optimum su
muhtevasi
yogunluk

%24,5, maksimum kuru
149 Mg/m3
bulunmustur. Modifiye proktor deneyi

ise olarak
sonucunda optimum su muhtevasi %18,
maksimum kuru yogunluk ise 1.725
Mg/m? olarak tespit edilmistir.

Tablo 2. Portland kompoze ¢cimentonun kimyasal yiizdesi

Oksit Agirlik %
SiO2 25.7
AlOs 6.95
Fex0s 4.07
CaO 53.33
MgO 3.87
SOs 1.9
K0 1.21
Na:20 0.48
KK 1.1

Deneysel ¢alismada, Eskisehir Cimento
Sanayi T.A.S Fabrikasinda {iretilen CEM
II / B-M 425R Portland Kompoze

Cimento  kullamilmistir.  Kullanilan
portland kompoze ¢imentoya ait
kimyasal = ozellikler =~ Tablo  2'de

gosterilmistir. Cimento stabilizasyonu
ile zemin iyilestirme deneyi, kil zeminin

lizerine cimento  eklenmesi  ve
karistirilmasi ile gerceklestirilmistir.

2.2. Numune Hazirlanmasi

Deneysel  calismalar  kapsaminda,

Standart Proktor enerji diizeyinde (600
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kJ/m3) kil numunesine {i¢ ayr1 katki
ylizdesinde (%0, 2, 4) portland ¢imento
eklenerek hazirlanan numuneler sisme
deneyine tabi tutulmustur. Her katk:
ylizdesi i¢in dort (4) adet numune
Bu
Modifiye Proktor enerji diizeyi (2700

uretilmistir. islemlerin  aymnus1
kJ/m?3) icin de tekrar gerceklestirilmistir.
Sisme deneyleri, 6dometre standart
deney kalib1 (D:75 mm ve H=20 mm)
kullanilarak 6dometre deney cihazinda
yapilmistir. Sisme deneyine tabi tutulan
numuneler, dinamik sikistirma yontemi

kullanilarak hazirlanmistir (Sekil 4).
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Sekil 4. Sisme miktar: ¢cimento katki yiizdesi iligkisi.
3. Bulgular iliskiyi ~arastirmak icin her katki

3.1 Sisme Deney Sonuglar1

Hazirlanan numuneler 6n yiiklemeye
tabi tutulduktan (7 kPa) sonra suya
batirilarak belirli zaman araliklarinda
(0.5, 1, 2, 4,8, 16, 32, 60, 120, 240, 300 ve
1440 dk) sisme deneyine tabi tutularak
degisimleri Bu deney
proktor
modifiye proktor enerji seviyelerinde iki

Ol¢tlmiistiir.
kapsaminda standart ve
adet ¢imento katki yiizdesinde ve her
katki yiizdesinde dort adet numune
tizerinde toplam 24 deney yapilmigtir.
Bu deneyin sonuglar1 zamana bagh
sisme miktari, su igerigine bagli sisme
miktar1 ve sisme miktari-cimento katki
esaslarina gore

degerlendirilmistir.

ylizdesi

Sisme miktar ile ¢cimento katki yiizdesi
iligkisi Sekil 4’de verilmektedir. Bu
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seviyesinde deney baslama zamanindan
itibaren 24 saatin sonunda Ol¢iilen dort
adet sisme miktarinin ortalamalari
almmustir. Sekil 4'de goriilecegi {izere
cimento katkisi arttikca sisme miktar:
azalmistir. Standart proktor'da %2
c¢imento karisimu ile sisme miktarr %18
diismiistiir. Standart proktor'da %4
¢imento karisimi ile sisme miktar1 %4’e
diismiistiir. Modifiye proktor'da %2
¢imento karisimi ile sisme miktar1 %95’e
diismiistiir. Modifiye proktor'da %4
¢imento karisimu ile sisme miktar1 %49’a

diismiistiir. Modifiye proktor
sikiligindaki numunelerin sisme
miktarimin  daha  fazla  oldugu
belirlenmistir.

Bunun nedeni, modifiye proktor ile
sikistirma sonucu zeminde daha az
bosluk kalmasidir.
boslugun az olmasi daha ¢ok zemin

Birim hacimdeki
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tanesi demektir. Bu da daha biiyiik,
spesifik yiizey alanidir. Spesifik yiizey
alani artinca sisme daha yiiksek
miktarda gerceklesir. Modifiye Proktor
sitkiigindaki  numunelerin  katkisiz
durumda yiiksek sisme degerleri
verdigi, numunelere ¢imento katkisi
eklendigi zaman numunelerin serbest
sisme  miktarinin  azaldifi  tespit
edilmistir. Kil tanelerinin yiizeyi
elektriksel ¢ekim kuvveti katki
maddelerinin  iyonlarmi Bu
sayede, kilin cekebilecegi su molekiilii
miktar1 su  molekiillerinin
tutunacag kil tanesi yiizeyi kiigtiliir. Kil
daha az su molekiilii ¢eker ve sisme
miktar1 diiser, katki arttikca sisme daha
da azalir. Sisme miktarinin zamana bagh
degisimi Bu
sekilde tim numune serilerinden birer
adet secilmis numunelerin kayitlar
dikkate alinmigstir. Sekil 5'de
goriilebilecegi gibi her iki enerji
seviyesinde katkisiz numunelerin sisme
miktar1 ¢imento katkili numunelere gore
oldukga ytiksektir.

ile
tutar.

veya

Sekil 5’de verilmistir.

Deney sonuglarina gore sikistirilmis
numunelerin sisme miktar;, yiiksek
enerji diizeyinde daha fazla oldugu
tespit edilmistir. Standart proktor enerji
ve %0 c¢imento katki
oraninda  yapilan 120.
dakikasindaki sisme miktari
42(x0.0lmm) iken modifiye proktor
enerji seviyesinde ve %0 ¢imento katki
oraninda  yapilan 120.
dakikasindaki sisme miktari
125(x0.01lmm) olmaktadar.

seviyesinde
deneyin

deneyin
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Sekil 5'den goriilecegi tlizere standart
enerji seviyesinde %4 cimento katkis
eklenen numunelerde miktar olarak en
diisiik sisme degeri elde edilmistir.
Standart Proktor ve Modifiye Proktor
deneyleri hazirlanan  katkili
numunelerin  deney baslangicindan
itibaren ilk yarim saat igerisinde nihai
sisme miktarma yakin degere ulagtig:
belirlenmistir.

ile

Cimentonun su ile reaksiyonu
sonucunda olusan hidratasyon etkisi
nedeniyle = zemin  stabilizasyonun

saglandig1 acik¢a goriilmiistiir. Bu etki
neticesinde, tabakalar halinde sikistirma
islemi ile birlikte insa edilen yapilarda
(karayolu, demiryolu vb), kisa siire
icinde  stabilizasyonun
nedeniyle kullarughdir.

saglanmasi

Sekil 6’da goriildiigii lizere deneye tabi
tutulan numunelerin sisme miktar ile
deney sonrasindaki su igerigi degisimi
verilmektedir. Bu degisim hem modifiye
proktor hem de standart proktor enerji
diizeyi i¢in arastirilmstir.

Bazi seviyeler icin Ozellikle de katkili
numunelerde su muhtevasi degisimi
genis bir dagilim gostermektedir. Bu
degisim; ¢imento katkisinin zemin
igerisinde bir  sekilde
dagilmamasindan kaynaklandig: tespit
edilmistir. Bu durum zeminin ¢imento
katkis: ile stabilizasyonunda bir sikinti
olarak goriilmektedir.

Uniform
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Sekil 6. Serbest Sisme Miktari-nihai su muhtevasi degisimi
4. Sonuglar potansiyelinin stabilizasyonu
arastirilmistir. Deneysel calismalar

Bu c¢alisma kapsaminda, Eskisehir neticesinde elde edilen sonuglar

Osmangazi Universitesi  yerlegkesi
icerisinden alinan ve “Meselik kili”
olarak bilinen yiiksek plastisiteli kil
(CH) zeminin, portland kompoze

¢imento katkis1 ile sisme
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asagida maddeler halinde verilmistir;

eSikistirilmis zemin numunelerinin
sisme yiiksek
diizeyinde yiiksek

miktari,
daha

enerji
elde
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edilmistir. Diisiik enerji diizeyinde ise
¢imento katkisinin etkisi daha belirgin
oldugu tespit edilmistir.

e Katkili
meydana gelen sisme olayinn biiyiik
bir kismi, ¢ok kisa bir siire igerisinde
meydan geldigi goriilmektedir. Lakin
katkisiz numunelerde ise bu siirenin
kismen daha uzun oldugu tespit
edilmistir. Bu farkliligin temel nedeni
ise % olarak ¢imento katkisinin
meydana getirmis oldugu hidratasyon
reaksiyonu olarak ifade edilebilir.

zemin numunelerinde

eKatkili zemin numunelerinde,
¢imento katkisi ile birlikte zeminin
plastisite indisinin diismesi sebebiyle,
sisme ytlizdeleri kismen daha diisiik
olarak gerceklesmistir. Bagka bir ifade
ile c¢imento katkisi, zeminin su

icerigini de diistirmektedir.

*Deneysel calisma neticesinde katki

malzemesi olarak kullanilan
¢imentonun, kil zeminlerin sisme
potansiyelinin kontroliinde basariyla
kullarulabilecegi ve bu katkinin ise %4
seviyesinde etkili
oldugu tespit edilmis ve bu olumlu

etkinin yiiksek enerji diizeyinde

kullaniminda
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kismen daha  yiiksek  oldugu
goriilmiistiir.
Tesekkiir

Bu calisma icin Eskisehir Osmangazi
Universitesi Geoteknik laboratuvarindan
yararlanilmisgtir.
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