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PREFACE

Misuse of agricultural lands causes them to become barren and causes
other soil problems that are difficult to recycle, making agricultural
activities difficult. The areas utilized by brick-and-tile industries for
their raw material requirements are the most harmful to the environment
and the most challenging to restore for agriculture after usage. Given
that the restricted soil is formed over thousands of years, fertilization
efforts are highly expensive economically, and it is also technically
difficult to speed soil formation or increase its volume, it is virtually
impossible to return these lands to agricultural activity. There are
numerous examples of lands that are thrown out of agriculture after

being used as raw materials by brick-tile factories.

The primary and fundamental problems of engineers and architects
working in the design and implementation of structures are building
material issues and technologies. It has not been easy for humanity to
produce advanced and diverse building materials at the level of today's

modern civilization.

Unfortunately, when compared to other developed countries, our
country has almost no recycling in the construction industry. However,
building materials such as asphalt, concrete, aggregate, wood,
excavation, and so on can be recycled or converted into raw materials,
reducing their damaging consequences on both the economy and the
environment. This section discusses the materials that can be recycled
in the construction industry, as well as the evaluation of their waste as
a raw material source.
Sincerely Yours,
December, 2022
Assoc. Prof. Dr. Mehmet SOYLEMEZ
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INTRODUCTION

Utilizing the marble industries' trash as production waste
eliminates a problem from both an environmental and industrial
perspective. Alternatives that may be discovered in the evaluation
of marble wastes will not only supply resources to the marble
operators and the nation's economy, but will also eliminate the

polluting aspect of these operations to a considerable extent.

Silica fume, fly ash, and blast furnace slag are the most commonly
utilized pozzolans in the manufacturing of high-strength concrete
(Shi, 2001). Fly ash is a mineral-based byproduct of thermal
power plants with pozzolanic properties (Malhotra & Mehta
2002; Karasin & Dogruyol, 2014). Fly ash is a mineral additive
with pozzolanic qualities that can improve the concrete's
properties. Due to its pozzolanic reactivity, it can contribute to the
durability of concrete's compressive strength and decrease its
permeability (Yazici, 2005). Due of its high pozzolanic activity
value, silica fume is a very useful mineral addition despite being
an industrial byproduct. Silica fume grains fill gaps, reduce
Ca(OH) crystals, and boost cement and concrete compressive
strength (Yeginobali, 2002, Karasin et al.,2022). Due to this
characteristic, it not only contributes to the compressive strength
of concrete, but also to its durability (Atis et al., 2003). Blast
furnace slag is a byproduct of iron manufacturing obtained from

furnaces (Tokyay and Erdogdu, 1997). It can exhibit pozzolanic
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qualities in the manufacturing of ground concrete and positively

influence the durability of concrete (Emiroglu et al., 2011).

The purpose of this study is to eliminate the industrial and
environmental issues associated with the use of marble wastes
and concrete crushed stone aggregate, which are industrial
wastes, and fly ash-silica fume-blast furnace slag as mineral

additives in the building industry.
EXPERIMENTAL STUDIES and FINDINGS

e Used materials

CEM | 42.5 R type Portland cement according to TS EN 197-1
(2002) was utilized as the binding material in the trials conducted
as part of this investigation (Table 1). Table 2 shows the chemical
characteristics of fly ash, blast furnace slag, and silica fume

utilized as cement substitutes at 10%, 20%, and 30% rates.

Table 1. Physical properties of cement used

Physical Properties Results
Specific Gravity (gr/cm?®) 3.09
First(minutes) 125
Setting Time
Last (minutes) 190

Fineness SpecificSurface (cm?/gr) 3420
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Table 2. Chemical composition of cement, mineral admixture and aggregate

used

Oxide Si02  AlOs Fe:03 CaO MgO SOs3 K20 KK

Cement 19,29 3,88 4,25 62,63 342 258 034 286
FA 50,43 13,17 9,56 10,79 374 345 188 0,86
SF 94,36 081 0,70 0,74 118 0,20 086 0,74
BFS 40,10 7,83 0,92 3969 426 211 1,24 0,63

Aggregat
e 2,15 0,69 0,27 43,31 8,74 - - 44,93

The Adiyaman Preference Marble Emprador quarry provided the
fine, medium, and coarse marble crushed stone aggregates that
were utilized. Table 3 lists the physical features of the aggregates.
In crushed stone aggregates, the maximum grain diameter was
determined to be 22 millimeters, and aggregate granulometry was
evaluated in accordance with TS 706 pr EN 12620. (Figure 1).

Table 3. Physical properties of aggregates used

Fine (0-5 mm) 241
Specific Gravity Medium (5-12 mm) 2.52
Coarse (12-22 mm) 2.58
Water absorption (%) 5.00

Water Content (%) 0.10
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Figure 1. The aggregate used's granulometry curve
e Method

In the concrete mixture prepared in accordance with TS 802, 10%,
20%, and 30% FA, SF, and BFS were substituted for no
admixture (control) to generate concrete. These concrete samples
were set in 7x7x7 cm cube molds, and after being removed from
the molds a day later, their mechanical strengths were assessed
after 7, 28, and 90 days of curing.

e Ultrasonic velocity

The wave velocity was computed using the equation below after
measuring how long it takes for the ultrasonic wave sent from one
surface of the concrete samples to pass to the other surface in

ultrasound measurements (Figure 2).
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S
V= ZX 103

V denotes the supersonic wave speed (km/sec), S the distance
between the surface of the sample where the wave is sent and the
surface where the wave is received (meters), and t the time
(microseconds) that elapses between the concrete surface where

the wave is sent and the other surface where it is received.

Figure 2. Ultrasound velocity measurements

On 7, 28, and 90-day concretes, respectively, ultrasound velocity
(Vp) measurements on FA, SF, and BFS added concretes were
found to be 4.45 km/sec, 4.36 km/sec, and 4.31 km/sec (Table 4).
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Table 4. Values for measuring ultrasound velocity (Vp)

7 Days 28 Days 90 Days
Sample No
Value Avg Value Avg Value Avg
4,00 4,30 4,67
Control 4,00 4,00 4,30 4,30 4,59 4,60
4,00 4,30 4,53
4,30 4,40 4,61
SF %10 4,20 4,20 4,30 4,30 4,61 4,63
4,10 4,20 4,67
4,30 4,40 4,61
SF %20 4,30 4,30 4,40 4,40 4,62 4,62
4,30 4,40 4,62
4,20 4,30 4,67
SF %30 4,20 417 4,30 4,30 4,61 4,63
4,10 4,30 4,62
4,10 4,40 4,64
FA %10 4,00 4,03 4,30 4,37 4,62 4,62
4,00 4,40 4,59
3,80 4,20 4,64
FA %20 3,80 3,80 4,00 4,10 4,50 4,55
3,80 4,10 4,52
3,50 3,90 4,40
FA %30 3,60 3,57 3,90 3,97 4,44 4,40
3,60 4,10 4,35
4,32 4,46 4,65
BFS %10 4,28 4,24 4,67 4,55 4,71 4,68
4,12 4,52 4,68
3,85 4,43 4,79
BFS %20 4,07 3,85 4,49 4,44 4,53 4,70
3,63 4,39 4,78
3,83 4,28 4,58
BFS %30 3,66 3,74 4,38 4,34 4,61 4,61

3,74 4,38 4,65
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Whitehurst (1951) made an assessment of concrete quality using
ultrasonic transmission rates, as shown in Table 5. The ultrasonic
velocity readings of the concrete samples were higher than 4.5
km/s, and it was judged that they were of "very good" concrete
quality, according to Whitehurst (1951).

Table 5. Ultrasound transmission rate method evaluation of concrete quality
(Whitehurst 1951)

Very Good > 4,5 km/h
Good 3,5-4,5 km/h
Suspect 3-3,5km/h
Weak 2-3 km/h
Very Weak <2 km/h

e Compressive Strength

According to TS EN 12390, concrete samples were forced into a
200-ton pressure press at a continuous loading rate of 6
kgf/cm2.sec. The greatest stress value recorded by the computer
was then read. The compressive strength values are determined as
fc (MPa) from the relation fc = P/A, where the reading P (N)
represents the area A (mm?) to which the pressure force is applied
(Figure 3). The determined concrete strength values are shown in
Figure 4.
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Figure 3. Concrete that has been hardened and measured for compressive

strength
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Figure 4. Concrete strength values of 7, 28 and 90 days

CONCLUSION

According to the findings obtained at the end of 7, 28 and 90 days

from the samples produced from SF, FA and BFS additives

substituted for concrete with marble crushed aggregate;

In ultrasound speed values, the highest speed value is
reached at 20% BFS (4.70 km/s) in 90-day concrete,
Compressive strength values of SF, FA and BFS added
concretes have reached the target strength (C25/30) in all
concretes with additives,

It has been determined that the best results in SF, FA and
BFS added concretes are in the 90-days 30% SF
substituted concrete with a compressive strength of 40
MPa.
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INTRODUCTION

Clays are relatively common at the earth's surface and regularly
contain 0.002 mm hydrous phyllosilicates. The most common and
well-known industrial items, such as pottery, glass, ceramics,
tiles, bricks, and tile porcelain, are mostly made from clay
minerals or clayey soils, which are found naturally and
abundantly on the earth's surface. Furthermore, they have long
been used in a variety of industrial applications such as ink, oil
refining, rubber, pharmaceuticals, paper, paint, and petroleum
(Akdim et al., 2017; Konta, 1995).

Much research has been conducted on clayey soils for the
production of ceramics, particularly in the fields of industrial
ceramic and brick applications around the world. (Boussen et al.,
2016; De Bonis et al., 2017; Jordan et al., 2020; Khitab et al.,
2021; Manoharan et al., 2011; Pérez-Monserrat et al., 2022;
Semiz, 2017; Temga et al., 2019; Wang et al., 2016). With a
strong growth rate since 1980, Turkey's ceramic and bricks sector
is one of the most important economic markets (Celik, 2010).
Turkey has large clay supplies that are being exploited, especially
in the central and western portions of the nation, for the
manufacturing of traditional pottery and bricks. (Celik, 2010;
Ozkan et al., 2010; Semiz, 2017; Soylemez et al., 2011). There
hasn't been enough research on the quality of clay-rich materials
from the Adyaman region and their potential for use in brick

building, despite the fact that clay-rich raw material is the primary
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material utilized by local brick producers. Clay-rich raw materials
for making bricks are imported from other regions or taken from
productive agricultural lands, raising the cost and rendering these
lands infertile. In the Adyaman region, only by (Celik et al., 2019)
has previously been published research on the use of clay soils for

brick manufacture.

MATERIAL AND METHOD

e The geological setting and sampling criteria

The geological unit with the greatest distribution in the study area
is the Pliyo-Kuvaterner deposits. In this area, intense erosion has
brought the Selmo Formation to the surface in many places.
Clastic sediments make up the majority of Plio-Quaternary
deposits. Conglomerates are generally mixed-bedded, sandstones
contain frequently cross-bedded conglomerate lenses, and fine
sands and siltstones. Despite certain facies fluctuations in both the
vertical and horizontal directions, the Plio-Quaternary deposits in
the basin, which range in thickness from 20 to 40 meters on
average, show that a regular and uninterrupted sedimentation
process has been going on overall. Selmo Formation was overlain
by Plio-Quaternary units via a straightforward unconformity. The
basin's streams were almost entirely buried in this young layer,
which was formed by the severe splitting of Plio-Quaternary
units, which have been usually located between 600 and 700 m in
height. (Karadogan and Tombul, 2013).
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The potential for making bricks from waste clay soils excavated
in construction foundations in the Adyaman province was
investigated for the first time in this study, without causing harm
to agricultural lands (Fig 1). A few engineering and firing
properties of clayey soils produced by foundation excavations

were also studied.

Figure 1. A View From The Sampling Locations

¢ Analytical Methodologies

During the excavation for the building foundation, clay-rich raw
materials with no organic matter or plant residues were prepared.
Glass particles crushed to the same dimensions were added at
10% and 20% rates to this clayey soil. The ratios of clay, silt, and
sand in clayey soils were determined using wet sieving over a
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62.5 um screen. A hydrometer study based on Stokes' Law, which
stipulates that each spherical particle falls at a constant speed
under gravity, was used to measure the quantity of silt and clay,
while the amount of sand was determined using a sieve analysis
with an electric shaker. In accordance with the (ASTM D 4318-
00, 2003) standard, the Casagrande technique was used to
calculate important plasticity values such as the liquid limit (LL),
plastic limit (PL), and plasticity index (PI). The plasticity index
was calculated using the difference between the LL and PL

values.

The clay-rich materials were crushed and combined with 17
percent water content after being oven-dried at 105 °C to improve
particle binding and make bricks of the required size. Bricks
measuring 15 cm X 7 cm X 4 cm were made to test the firing

characteristics of the samples (Fig. 2).
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Figure 2. Bricks produced in the dimensions of 15 cm x 7 cm x 4 cm

To remove the absorbed water, the brick samples were dried at
room temperature for 24 hours before being oven-dried at 105 °C
for 24 hours. Before determining the properties of fired brick
samples according to the 1ISO 10545-3 standard, they were fired
in a laboratory oven at temperatures ranging from 700 °C to 1200

OC. (in 100 °C increments).
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RESEARCH FINDINGS AND DISCUSSION
e Characterization of the samples

In the technology of ceramic and brick manufacturing, clayey soil
particle size distributions (PSD) are a definitely necessary
indicator. (Andrade et al., 2011; Oser, 2020; Rowe et al., 1983;
Sridharan et al., 1998). The samples under study have a wide
range of particle sizes. The soil used in the experiments for
making bricks contains 16.77 % sand, 43.15 % silt, and 40.08 %
clay (Fig.3).
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Figure 3. The Particle Size Distribution Of The Clayey Soils Used In The
Experiments
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The relationship between the porosity, plasticity, and
permeability characteristics of the clayey soil samples used in the
studies and the PSD ratios is shown by the plasticity table and the
triple diagram. The PSD of these clay-rich materials is also
similar to the PSD of the clay-rich Manisa (Turgutlu) and Denizli
clays, which are used to make the majority of Turkey's bricks and
tiles. Clay soils suitable for brick production are divided into three
types: silty clay or clayey silt, loam, and sandy clays and sandy
silts. All samples were classified as clayey silt with little
plasticity. All samples collected from various areas of the same
geological soil layer had similar ratios of clay, silt, and sand as
well as similar plasticity characteristics. (Table 1, Fig. 4 and Fig.
5).

Table 1. UTM Coordinates, PSD, Consistency Limits And Color Of The
Samples

PSD (mass %) Atterberg Limits (%)
Sample UT™Mm Sand Silt Clay LL PL Pl Color
YSPR 377349 382347 16,8 43,1 40,08 42.0 27. 14. Gray,
8 6 4 pale
yellow
ALSR 377315 382314 15,6 42,6 41,9 39.0 30. 8.7 Gray,
1 0 pale
yellow
CMPS 377500 382244 15,0 41,9 42,7 41.0 29. 11. Gray,
3 2 8 pale

yellow
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The workability of clayey soils in the manufacturing of brick and
ceramics depends heavily on their plasticity properties. (Andrade
et al., 2011; Baran et al., 2001; Fontes et al., 2019). Comparisons
were made between the characteristics of clayey soil samples
used in potential brick raw material experiments and those of
clayey soil samples that have been used in brick production in
Turkey for years (Semiz, 2017, 2018; Soylemez et al., 2011). The
average PL value in these clay-rich materials is 28.9 %. This
number suggests that the plasticity is not very high. For ceramic
applications that have drying concerns, high PL values are
essential. Higher plasticity is related to greater mechanical
strength. (Jordan et al., 2020; Monteiro et al., 2004).

One of the key considerations in the selection and manufacturing
processes for the production of clayey substances is the plasticity
of the clays. (Murray, 2000). The geological formation of the soil,
the mineral composition, the proportions of non-clay organic and
other minerals, and the particle size distribution all affect how
plastic a clayey soil is (Andrade et al., 2011; Baran et al., 2001,
Hajjaji et al., 2010; Lei et al., 2019; Schmitz et al., 2004).

Particle size distribution information often explains differences in
sample plasticity. (De Wang et al., 2008; Ngun et al., 2011). The
plasticity and workability of the raw materials used to produce
ceramics and bricks are influenced by the presence of clay.
(Andrade et al., 2011; Baran et al., 2001; Diko et al., 2011). (Fig.
6).
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Figure 6. Positions Of The Samples Of Clayey Soil Used In The Tests On
The Workability Card

Based on particle size distribution, the Winker diagram
categorizes clay soils that are suitable for making bricks and
ceramics into four classes. The first group consists of common
bricks, the second of vertically perforated bricks, the third of
roofing tiles and masonry bricks, and the fourth of hollow
products. It was discovered that these samples may be used to

make masonry bricks and roofing tiles (Fig 7).
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Figure 7. The suitability of clayey soils for roofing tiles and masonry bricks
construction based on particle size distribution

e Elemental content of soil samples

Depending on the firing temperature and iron oxide content,
clayey soils used to make bricks and ceramics can range in color
from light brown to dark red (Semiz, 2017; Tsozué et al., 2017).
Most clayey soils used to create bricks and ceramics have an iron
oxide level of roughly 4%. All soil samples utilized to make
bricks were gray or light yellow in color due to an abundance of
fine grain (>83%) and Ca compounds. Additionally, these clay-
rich materials' fired colors resemble the bricks that Adiyaman
purchases from the Manisa region and other locations and uses as

building materials.

Si, Al, Mg, Ca, and Fe compounds constituted the majority of
bulk samples of Adyaman clayey soils. In EDX investigations
done on brick samples (CMPS samples) fired at 900 °C, the Ca
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element ratio is higher than other elements and is around 37%. Al
22%, Si 17%, Fe 15%, and Mg 9% in that order, in terms of other
elements, are represented. Similar to this, the Si, Al, Fe, and Mg
element ratios in ALSR samples are 17%, 22%, 15%, and 9%,
respectively, whereas the Ca element ratio is 37%. However, Si
dominates YSPR samples with a 40% share, followed by 29% Ca,
18% Al, 7% Fe, and 6% Mg.

e Thermal analysis and technological properties

Three soil samples for brick materials were used to explain the
firing and technological properties potential (CMPS, ALSR and
YSPR). Iron oxide (Fe20s) is typically to blame for the brick
dough's color shift that results from firing (Fig 8).

Figure 8. Color change of bricks (a) before firing and (b) after firing
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Unexpected color and texture features are frequently seen in fired
samples due to the iron oxide presence in clayey soils utilized in
the manufacturing of brick and ceramics. (Canti et al., 2000;
Fontes et al., 2019; Jordanova et al., 2019). This is why the color
of clayey brick dough changed from bright yellow to dark brown

when fired at temperatures greater than 700 °C.

The longitudinal wave velocities, water absorption rates, firing
losses, and unconfined compressive strengths (UCS) of clayey
soils are all significantly influenced by the firing temperature
(700 °C —1200 °C). As the temperature of the firing increased, the
longitudinal wave velocities of the brick samples fell. The
samples' greater porosity may be the cause of this intriguing

finding, which goes against expectations (Fig.9).
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Figure 9. Variation Of Longitudinal Wave Velocity With Temperature

According to 1SO13006-10545/98, bricks are divided into three

categories based on their water absorptions: low water absorption
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( 3%), medium water absorption (between 3 and 10%), and high

water absorption (> 10%).

The water absorption amount of the brick samples is at the highest
level between 1000 °C -1100 °C. This can be explained by the
porosity increasing as a result of some minerals evaporating.
Between 700 °C and 900 °C, the water absorption values for all
samples were around 21%. The essential minimum temperature
for mineral transformation has been attained, as evidenced by the
abrupt change in water absorption rates at 900 °C. (Fig.10).
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Fig. 10. Variation Of Water Absorption With Temperature

Despite the obvious relationship between firing temperatures and
sample UCS values, all samples produced the maximum UCS
values, ranging from 2.55 to 4.80 MPa, at temperatures between
700 °C and 1100 °C. Strength increasing with temperature can be

explained by the emergence of the glassy phase. Even though it
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accomplished so progressively in each sample, the compressive

strength maintained up to 900 OC. When the firing temperature

reached 1200 °C, the rise decreased after reaching a high between
1000 °C and 1100 °C. (Fig.11).

Maximum firing losses of possible soil samples rich in clay for
making bricks ranged from 28% to 31% in the 1000 °C —1200 °C

range (Fig.12). The firing loss reveals the effectiveness of the

firing. The highest change trend was found above 900 °C, most

likely as a result of the more prominent liquid phase structure.
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Figure 11. Variation of Unconfined Compression Strength (UCS) With

Temperature
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Figure 12. Variation Of Firing Loss With Temperature

All of the brick samples changed into a liquid glassy phase with
fluid characteristics at 1200 °C, the higher the firing temperature
(Fig. 13).

Fig. 13. Conversion Of Brick Samples To Liquid Phase At 1200 °C
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RESULTS

The engineering and technological characteristics of the three soil
samples (CMPS, ALSR, and YSPR) are similar.

The ratio of Ca, Al, and Si compounds is higher in EDX studies
of brick samples burnt at 900 °C than the ratio of other element
compounds. Fe and Mg compounds serve as a representation for
the remaining substances. Clayey soil samples from CMPS,
ALSR, and YSPR were categorized as clayey silt, with Ca, Al, Si,

and Fe being the primary components.

According to the plasticity index, samples of clayey soil exhibit a
low level of plasticity. Since the plastic limit value of these soil
samples is low, there won't be any drying problems when making
bricks. UCS increased gradually up to 900 °C before peaking
between 1000 °C and 1100 °C. This can be interpreted to mean
that the glassy phase develops at the same time as the temperature
rises. The increase in UCS may have been influenced by the
change in brick sample size caused by their conversion to a liquid
glassy phase at a firing temperature of 1200 °C.

At firing temperatures exceeding 900 °C, considerable reductions
in longitudinal wave velocities were seen together with large
increases in water absorption capacity, UCS, and firing losses.
These changes all point to 900 °C as the threshold temperature for

mineral transformation in these soil samples.
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During the creation of the liquid phase, the liquid surface tension
assisted in bringing the particles closer together and decreasing
porosity, while porosity rose, probably as a result of some
minerals melting and losing volume. The results showed that the
investigated soil samples (CMPS, ALSR, and YSPR) have the

necessary qualities to produce bricks.

Acknowledgments: This study was produced from the master's
thesis named “Investigation of the usability of clay soil omitted
from Adiyaman settlement areas with the contribution of soda

glass in brick production”.
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INTRODUCTION

Ready-mixed concrete undergoes physical and mechanical
changes depending on external and internal conditions during the
stages of transportation, placement and application. The transport
time and shape of the concrete, air temperature are some
parameters that affect the properties of the concrete. Errors during
the placement of concrete may have a negative effect on the
physical and mechanical properties of the concrete. Incomplete
and incorrect operations in the placement and maintenance of
concrete may cause major problems in the reinforced concrete

structure.

In studies on concrete, although the standard compressive
strength is the most important feature of concrete as a material
feature, it can be said that it is related to compressive strength in
many other properties. 28-day standard compressive strength
values are used to determine the concrete class according to TS
500, February (2000). It has been observed that the main source
of many problems in the buildings is due to the low quality of the
concrete and the problems caused by earthquakes and similar
effects (Eren 1999). The reason why the concrete is based on the
28-day compressive strength of the concrete is that it achieves
approximately 70% of the highest strength that the concrete can
reach over time in the first 28 days. Concrete must show no less
strength than the targeted strength for days 7, 28 or later (Erdogan
2004). Bottomhough the same aggregate and the same cement are
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used and no change is made in the composition and production
methods, the strengths of the concrete can be different from each
other and can vary over a wide range. It is seen that concrete
compressive strength is affected by the conditions such as
water/cement ratio, type and proportions of aggregate, concrete
pouring and curing conditions, cement type and ratio, test
application, etc. (Tirkel 2006, Karasin et. al 2022).

Effective and standard-compliant concrete casting positively
affects the compressive strength of concrete. Pressure test results
of concrete samples without vibration are significantly less. In
particular, the decrease in the compressive strength of concrete
with low precipitation value reaches 35%. (Yilmaz and Canpolat
2002). Curing, compaction, temperature and precipitation
conditions affect the concrete compressive strength, as well as the
unit mass of the concrete. It has been observed that the
compaction conditions contribute approximately 15% to the
concrete compressive strength, and that an effective compaction
method in concrete casting is indispensable to obtain voidless and
high strength concrete (Akyiiz 2013). When we examined the
effects of the cure on the curtain concrete samples, the
compressive strength of the cured sample was higher than the
non-cured sample. The most impMiddlent factors affecting the
strength in field concrete exposed to atmospheric conditions are
vibration and curing. Failure to apply both can reduce concrete
strength by up to 70% (Giiler 2014).
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Curing conditions affect the relationship between core sample and
standard cylinder sample compressive strengths. It was observed
that there was a 20% difference between the compressive strength
of the samples produced and stored in the standard curing
environment and the compressive strength of the samples cured
in the external environment. This 20% strength loss shows that
concrete curing, which is not sufficiently done today, should be

carried out with appropriate methods (Filiz 2006).

In this study, the mechanical properties of the concrete poured
and maintained in accordance with the standards and the
mechanical properties of the concrete not poured and maintained
in accordance with the standards were compared by conducting

destructive and non-destructive experiments.

EXPERIMENTAL STUDIES AND FINDINGS
Materials Used

e Concrete

In this study, concrete class C 30/37 concrete produced in ready-
mixed concrete plant was used. CEM | 42.5 R, aggregate type
natural stream material was selected as the cement type. The

amount of materials used in 1 m* concrete is given in Table 1.
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Table 1. 1 m? Quantities Of Materials Used In Concrete

Material Used Quantity (kg)
Cement CEM 1425 R 320
Water 160
Fine Aggregate 850
Coarse Aggregate 1150
Total 2480 kg/m?®

e Concrete Form

In the study, 4 pieces of 40x40x250 cm (playwood) reinforced
concrete form were installed (Figure 1). The form surface was
formed in a way that would not leak the concrete water and the
surfaces to come to the concrete were lubricated. The concrete
form used is reinforced to withstand 8000 12000 revolutions per

minute.

Figure 1. Concrete Forms Established For The Study
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Method

In this study, 4 concrete columns of 40x40x250 cm were poured.
In the concrete casting process of the columns; casting in one
stage and without vibrator in K1 column casting, casting in two
equal stages and in vibrator construction site conditions in K2
column casting, casting in three equal stages and in vibrator
construction site conditions in K3 column casting, casting in 5
equal stages and in accordance with vibrator standards in K4

column casting (Table 2 and Figure 2).

Table 2. Concrete Casting And Maintenance Diagram Applied To Columns

Columns Casting Vibration Maintenance
Stage Application Procedure
K1 Single-Stage Vibrator Cure-Free
Cast
K2 Two Stages Vibrator Under Cured Under
of Casting Construction Construction
Conditions Conditions
K3 Three Stages Vibrator Under Cured Under
of Casting Construction Construction
Conditions Conditions
K4 Five Stages of ~ Standard Compliant Standard

Casting Vibrator Compliant Cured
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Figure 2. Concrete Casting Plan Applied To Columns

Column concrete was kept in the construction site for 5 months
and at the end of this period, the columns were taken to Adiyaman
marble factory for cutting. The columns were cut from the lower,
middle and upper regions with the este machine. 4x3=12
rectangular prism concrete samples measuring 40x40x25 cm

were removed from the columns (Figure 3).

Figure 3. Concrete Samples Cut To 40x40x25 cm Dimensions
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Samples were taken in line with concrete casting with coring

machine. A total of 48 (12x4) cores, 10x25 cm in size, were taken

from each sample as 4 cores (Figure 4 5).

Figure 4. Coring Process
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Figure 5. Coring Purchase From Columns

The cores with a diameter of 10 cm taken from prismatic samples
were measured with a delicacy of 2 (1/2), and the lower and upper
surfaces were cut parallel to each other with the stone marble head

cutting machine of the Adiyaman Marble factory (Figure 6).
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Figure 6. Heading Cutting by Measuring Coring Samples in Adiyaman
Marble Factory

e Ultrasonic Speed

Before proceeding to the test phase, the calibration of the
ultrasound device was verified with the calibration rod (Figure 7).
The receiver and transmitter heads connected to the test tool
cables were placed on both sides of the core whose strength was
to be determined so that there was no gap on the concrete surface.
The electrical signal generated by the tester transmits to the
crystal of the transmitter head, where the signals are converted
into sound waves. The transmitter head conveys to the receiver
head a sound wave passing through the test concrete element,
wherein the sound wave is converted into electrical current and
this current is monitored from the cathode ray tube of the test
instrument (Figure 7). The time taken for the sound wave to pass
from the transmitter to the receiver is measured by the test

instrument with an accuracy of 1ps.
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The speed at which the sound passes through the concrete is

calculated in km/h by dividing the passage length between the

receiver and the transmitter by the passage time.

Figure 7. Calibration of Ultrasound Device and Ultrasound Test Applied to
Samples

In line with the purpose of the study, the ultrasound velocity,
averages and standard deviations of 10x20 cm 4x3x4 =48
cylindrical core samples taken from the upper, middle and lower

regions of each column are given in Table 3.
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Table 3. Ultrasound Speed, Averages and Standard Deviations of the Coring
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244 3,22 444 3,15

2.8.1 3,26 48.1 2,92

2.8.2 3,38 48.2 3,26

Bottom +0,256 Bottom 3,34 +0,333
283 339 347 483 371
2.8.4 3,84 48.4 3,45

When the average ultrasound velocities of the columns were
examined, they appeared in the lowest upper region and the
highest lower region in each column. When the general average
ultrasound velocities between the columns were examined, the
lowest ultrasound velocity was found in the K1 column and the
highest ultrasound velocity was found in the K4 column. The
average ultrasound velocity of the K1 column showed a 2%
velocity loss compared to the average ultrasound velocity of the
K4 column, and the average ultrasound velocity in the middle
region of the K1 column showed a 4% velocity loss compared to
the average ultrasound velocity in the middle region of the K4

column.

In general, it was observed that the ultrasound velocity increased
with vibrator and curing application, but the average ultrasound

velocity in the lower region of the K4 column showed a 7%
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velocity loss compared to the average ultrasound velocity in the
lower region of the K3 column. It was thought that the reason for
this situation was that the lower region of the K4 column was
exposed to vibration vibration more than the lower region of the
K3 column.

e Compressive Strength

48 core samples were loaded with a 200-ton pressure press at a
constant loading rate of 6 MPa/s. The highest stress values
affecting the core samples were read on the computer (Figure 8).
The readings are calculated from the relation fc = P/A as P (N),
the area where the pressure force is applied A (mm?) and the
compressive strength values as fc (MPa).

Figure 8. Pressure Test Applied to Core Samples
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For the purpose of the study, the compressive strengths, averages
and standard deviations of 10x20 cm sized 4x3x4=48 cylindrical
core samples taken from the upper, middle and lower regions of

each column are given in Table 4.

Table 4. Strengths and Averages of Coring Found as a Result of Compres Test

o
o
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111 2335 311 2089
112 2294 312 2422
Top 2361 Top 22,75  £2,064
113 2750 61 +2,848 313 21,07
1.14 20,66 314 2484
141 2574 341 22,65
142 2332 342 2604
_, Middle il sl | O Middle 2512 +1,891
+
= 143 2332 ' g = 343 27,03
144 2405 344 2478
181 2195 381 2823
182 2487 382 3147
Bottom 2513 Bottom 27,81  +2,702
183 3051 513 #3781 383 2589
184 2319 384 2566
211 2363 411 2530
212 19,08 412 2284
Top Top 2363  +1,316
213 2715 2365 #3379 413 2235
214 2472 414 2402

Middle 2.4.1 26,74 Middle 4.4.1 27,95 26,71  +£1,828
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Column No
Region
Coring No
Compres
Average
Std. sapma
Column No
Region
Coring No
Compres
Average (MPa)
Std. sapma

242 2294 442 2399
243 2922 443 2756
2535 3207

244 2250 444 2132
281 2630 481 2764
282 2303 482 2521

Bottom Bottom 26,72  +1,291
283 2624 2544 1610 483 2608
284 2620 484 2794

RESULTS

In this study, the mechanical properties of concrete, which
applied different vibration and curing conditions, were
investigated; The lowest strength values were observed in the K1
column and the highest strength values were observed in the K4
column. The average strength loss of the K1 column compared to
the K4 column was measured as 5%. The average strength in the
middle section of the K1 column showed a 10% strength loss
compared to the average strength in the middle section of the K4
column. The average strength loss of the K2 column compared to
the K4 column was measured as 3%. The average strength of the
K2 column in the middle section showed a 5% strength loss
compared to the average strength in the middle section of the K4

column. The average strength loss of the K3 column compared to
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the K4 column was measured as 2%. The average strength of the
K2 column in the middle section showed a 6% strength loss
compared to the average strength in the middle section of the K4
column. The average strength in the middle region of the K2
column was higher than the average strength in the middle section
of the K3 column. It was thought that the reason for this situation
was due to the fact that the area exposed to the vibrator operation
coincided with the midpoint of the K2 column. The average
strength in the lower region of the K4 column showed a 4%
strength loss compared to the average strength in the lower region
of the K3 column. It was thought that the reason for this situation
was that the lower region of the K4 column was exposed to

vibration vibration more than the lower region of the K3 column.

In general, it was observed that in-situ compressive strengths
increased with vibrator and curing application. However, it was
observed that the strength decreased as a result of weathering in
the region exposed to excessive vibration. The average regional
ultrasound velocities of the columns obtained from the
measurements made with ultrasound velocity, which is one of the
non-destructive methods used in the estimation of concrete
strength, were evaluated and some results were obtained. When
the general average ultrasound velocity averages among the
columns are examined; The lowest ultrasound velocity was
detected in the K1 column, and the highest ultrasound velocity

was found in the K4 column. In general, it was observed that
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ultrasound speed increased with vibrator and curing application.
However, the average ultrasound velocity in the lower region of
the K4 column showed 7% velocity loss compared to the average
ultrasound velocity in the lower region of the K3 column. It was
thought that the reason for this situation was that the lower region
of the K4 column was exposed to vibration vibration more. When
the regional average of the strength of the core samples taken
from the columns and the ultrasound regional averages were
examined, the connection between the concrete strength and the
ultrasound velocity showed a linear increase with the vibrator

application and the maintenance of the concrete.

When the relationship between coring strengths and standard 28-
day strengths is examined; According to the official test results of
cube samples taken from ready-mixed concrete, the average 28-
day cube strength is 41.2 MPa, and its value in terms of 28-day
cylinder strength is 32.96 MPa. By accepting the 28-day cylinder
strength of the concrete as 100%, the % change relationship
between the 28-day cylinder strength of the poured column
concrete and the regional in situ core strength was investigated.
According to the standard 28-day cylinder strength, the lowest
strength loss was seen in the K4 column. The strength loss was
26.33% in the K1 column, 24.72% in the K2 column, 23.45% in
the K3 column, and 22.08% in the K4 column. Strength losses

decreased with vibration and maintenance factors. The average %
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values of the strength of the columns according to the 28-day

standard cylinder strength were in the range of 65-85.

As a result of the study, regional differences in coring strength are
not only due to the pouring and maintenance of the concrete. In-
situ compressive strengths may differ depending on coring
operations, core evaluation tests, concrete age, presence of
reinforcement in concrete, temperature changes and similar

external factors.

In summary, in order to create livable areas by preventing loss of
life and property, it is imperative to comply with the standards at
all stages, from the production of concrete to the pouring and

maintenance of concrete.



BUILDING MATERIALS AND SUSTAINABILITY OF THE ENVIRONMENT| 62

REFERENCES

Akyiiz, E., (2013). The Effect of Curing, Compres, Temperature and
Precipitation Conditions on Concrete Compressive Strength, Master's
Thesis, G.U Institute of Science, Gumushane.

Erdogan, T., (2004). Concrete Materials with Questions and Answers, Turkish
Ready Mixed Concrete Association Publications, Istanbul.

Eren, 1., (1999). Causes of Earthquake Damages and Suggestions, ISKI
Publications, Istanbul.

Giiler, M., (2014). The Effect of Concrete Casting Conditions on Ready-Mixed
Concrete Compressive Strength in Curtains, Master's Thesis, ESOGU
Institute of Science, Eskisehir.

Filiz, M.H., (2006). Determination of the Relationship Between Concrete Core
Strengths and Standard Cylinder Strengths Based on Curing
Conditions, Master's Thesis, K.T.U Institute of Natural and Applied
Sciences, Trabzon.

TS 500, February (2000). Design and Construction Rules of Reinforced
Concrete Structures, Turkish Standards Institute, Ankara.

TS EN 1247, (1984). Concrete Construction, Casting and Maintenance Rules
(under normal weather conditions), Turkish Standards Institute,
Ankara.

Karasin, A., Hadzima-Nyarko, M., Isik, E., Dogruyol, M., Karasin, 1. B., &
Czarnecki, S. (2022). The effect of basalt aggregates and mineral
admixtures on the mechanical properties of concrete exposed to
sulphate attacks. Materials, 15(4), 1581.

Turkel, A., (2006). The Effect of Sample Size on the Compressive Strength of
Concrete, Master's Thesis, Istanbul Technical Institute, Istanbul.
Yilmaz, K. and Canpolat, F., (2002). The ImpMiddlence of Effective Vibration
in Concrete Quality, Osmangazi University Eng. Mim. Fak. Journal;

16:1 10.



63 | BUILDING MATERIALS AND SUSTAINABILITY OF THE ENVIRONMENT

CHAPTER 4

SULFAT ATAKLARININ BETON TASARIMINA ETKIiSi

Dr.Ogr.Uyesi Murat DOGRUYOL

Dr. Ogr. Uyesi Siirt Universitesi, Miihendislik Fakiiltesi, Ingaat Miihendisligi
boliimii, mdogruyol@siirt.edu.tr, ORCID No: 0000-0003-0406-7854



BUILDING MATERIALS AND SUSTAINABILITY OF THE ENVIRONMENT| 64



65 | BUILDING MATERIALS AND SUSTAINABILITY OF THE ENVIRONMENT
GIRiS

Beton, iilkemizde ve diinyada en c¢ok kullanilan yap1
malzemelerinin basinda gelmektedir. Avrupa hazir beton iiretim
birligi 2019 verilerine gore Avrupa Birligi’nde kisi bas1 beton
iiretimi 0,60 m?® iken Tiirkiye’de 0,8 m*’tiir (ERMCO, 2019).

Bu denli ragbet goren yap1 malzemesi olmasindan 6tiirii betonun
iyl tasarlanmasi, dayanim ve dayaniklilik performansinin iyi
olmasi gerekmektedir. Betonun dayaniklili§i yani hizmet 6mrii
biiyiik o6l¢iide cevresel faktorlerin etkisindedir. Ortamda bulunan
kimyasallar beton igeresine niifus edip bozulmalar meydana
getirerek betonun dayanim ve dayanikliligina olumsuz etki
olusturur. Betonun hizmet omriinii etkileyen kimyasal etkilerin
icinde en yaygin goriileni stilfat ataklaridir (Erdogan, 2002;
Topgu, 2006; Baradan vd., 2010; Baradan ve Aydin, 2013).
Betondaki siilfat etkisi, hidrate Portland ¢imentosu ile betona
niifuz eden stilfat iyonlarinin sertlesmis baglayici fazlar arasinda
genlesen reaksiyon olarak tanimlanir. Genisleme genellikle
etrenjit ve olusan yiiksek siilfat konsantrasyonlari da alg1
kaynaklidir (Santhanam vd.,2003). Siilfatin etkisinin siddetini,
betonun gecirimliligi, betonda kullanilan ¢imentonun cinsi
etkilemektedir. Siilfat dayanikliligini arttirmak igin siilfata
dayanikli ¢imento (SDC) ile birlikte ucucu kiil, yiiksek firin
clirufu gibi puzolanik katkilarda kullanilabilir (Monteiro ve
Kurtis, 2003; Neville, 2004).
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Betona etki eden siilfat kaynagi i¢ veya dis kaynakli olabilir. D1g
siilfat kaynaklari, cevrede dogal olarak olusan, endiistriyel
stireclerin veya ¢esitli insan faaliyetlerinin iiriinii olan stilfatlardir
(6rnegin, giibreler genellikle siilfatlar1 topraga ve yeraltt suyuna
birakir). Beton iiretiminde kullanilan ¢imentonun klinkeri de i¢
stilfat kaynagi olabilir (Xu vd., 1998; Rendon vd., 2012).

Genellikle toprakta, yer alti suyunda, yagmur suyunda, atik
sularda ve deniz suyunda bulunan siilfat iyonlar1 ana stilfat
kaynagidir. Cimento klinkerine ogiitiilme isleminde ani prizi
onlemek i¢in %5 ila %10 arasinda selit olarak adlandirilan
3Ca0.Al;03 (C3A) eklenmektedir. Silfat iyonlart Portland
cimentosunda Ca ve Al ile niifuz edebilir ve etrenjit
Cas[AI(OH)6]2(S04)2.26H20 (C-A-S-H) ve alcitasi (CaCOs) gibi
genlesme iiriinleri olusturmak icin reaksiyona girebilirler. Etrenjit
olusumu kristallesme i¢ basing artmasma neden olacaktir.Bu
durum genisleme ile betonun ¢atlamasina neden olur ve daha
fazla agresif iyonlarin betona girmesine ve beton performansini
diistirmesine neden olur (Santhanam ve ark.2003). Siilfat
saldirilar1 ¢imento klinkeri ile reaksiyonu ve etrenjit olusumu

denklem 1’°deki gibidir.

CsA+ SOs2+ Rutubet — C-A-S-H (1)

Trikalsiyum aliiminat + Siilfat+Su — Etrenjit

Betonarmenin mekanik 6zelliklerinin zamanla degisimi, fiziksel,
kimyasal ve gevresel saldirilarin bir sonucudur. Betonarmeyi

etkileyen en sik ortam saldirilar1 arasinda siilfat saldiris1 yikici
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genisleme ile kendini gosterir ve ¢imento hamurunun kimyasal
bozulmasina neden olur. Siilfatlar toprakta, 6zellikle kilde ve
yeraltt sularinda dogal olarak meydana gelebilir. Betonarme
yapilarin temelleri, koprii ayaklari, kanalizasyon yapilar1 ve baraj
yapilan siilfat etkisine maruz elemanlardir. Bol miktarda siilfat

iceren alkali topraklar, uygun kosullarda betona zarar verebilir.
e I¢ kaynakh siilfat etkisi

Siilfat iyonlarmin uygun ortam sartlarinda sertlesmis beton
igcerisinde etrenjit kristalleri olusturmasina i¢ kaynakli siilfat
etkisi denilmektedir. Cimento klinkerinde yer alan trikalsiyum
aliminat (C3A), beton agregasi, karisim suyu ve kimyasal
katkilardan gelen siilfat iyonlar1 i¢ kaynakli siilfat bozulmalarin
ana nedenleridir. Agreganin siilfath topraga bulagsmasi veya
aritma suyu ile yikanmasi i¢ siilfat etkisiyle olusan betonda hacim
artisina neden olan etrenjit kristalleri meydana getirebilir.
Etrenjit, betonda hacimsel genlesmeye buna bagli olarak i¢ basing
etkisiyle catlak olusumu ile beton performansini diistirmektedir
(Sekil 1) (Casanova vd., 1997; Skalny vd., 2002; Collepardi,
2003; Ustabasg, 2008).
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~
57 Etrennt
T [Hacim artirmayan)

Sekil 1. Etrenjit olusumunun sematik gésterimi

Betonun hidratasyonu sirasinda siilfat (SO3) ve aliiminat (Al,O3
)’lar beton priz aldiktan sonra uygun cevre sartlar1 altinda
kimyasal reaksiyonlara girerek etrenjit (birincil) olusturabilirler
(Batic vd., 2000; Skalny vd., 2002; Collepardi, 2003). Siilfat
iyonlari, betona ¢imento klinkerinden katilan Selit (C3A ve CA)
ve az kismi da Ferit (C4AF) aliiminatlart ile reaksiyona girerek
tiiketilir. Sertlesmis betonun mikro yapisal incelemelerinde,asirt
miktardaki siilfat iyonlarinin suyun etkisiyle yavasca ¢oziinerek
yeni etrenjit (ikincil) kristallerini olusturdugu gézlemlenmistir.

Ancak ig siilfat etkisine maruz genlesmelerin yiiksek 1s1ya maruz
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kalmamasi durumunda hacim artisi olusturmadigi tespit
edilmistir (Batic vd., 2000; Collepardi, 2003). Sicaklik etkisi ve
ic siilfat etkisi ile olusan genlesme miktarlart Sekil 2’de

gosterilmistir (Yang ve Lawrence, 1999).

ic kaynakh siilfat etkisi-sicakhk iliskisi
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Sekil 2: 20 °C de ve 12 saat boyunca 100 °C’de kiir géren betonlarin

genlesme miktarlari

12 saat boyunca 100°C’de kiir gbéren beton harglarda 9 giin
icerisinde hacimsel artig yaratan etrenjit olusumunun basladigi ve
bir y1l kadar siirdiigii tespit edilmistir. Normal sicaklik sartlarinda
kiir edilen numunelerde ise hacimsel artis gzlemlenmemektedir

(Yang ve Lawrence, 1999).
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e Dis kaynakh siilfat etkisi

Disaridan difiizyon ile sertlesmis betona niifus eden siilfat
iyonlar1 ¢imentodaki C3A bileseni ile kimyasal reaksiyona
girmesi ile hacimsel genlesme olusturan etrenjit tirlinlerini
olusturmasi seklinde tanimlanmaktadir. Etrenjit olusumu betonda
hacim artigina bagl olarak ¢atlamaya neden olabilir ve betonun
hizmet Omriinii disiirebilir (Karasin ve Dogruyol, 2014). Dis

kaynakl1 siilfat etkisi olusum semasi1 Sekil 3°de gosterilmistir.

Trikalziyum

Aliminat

Siilfat atak.la’n .\.‘ go% / C3A

Etrenjit Jeli
olusumu
Genlezme

Beton yiizeyindeki

bozulmalar

Sekil 3: Betonda siilfat etkisi

En yaygin siilfat kaynagi yeralti suyudur. Gol, nehir gibi yertistii
sular1 da betonu bozacak miktarda siilfat icerebilir. Ayrica
endistriyel atik sularinda, giibre kullanilan tarim topraklar

betonda siilfat kaynakli bozulmalara neden olabilir (Skalny vd.,
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2002). Siirt ilinin gesitli bolgelerinden alinan  toprak
numunelerinin siilfat parametrelerinin TS 124574 standartlarina
gore karsilastirilmast Tablo 1.’de verilmistir (Karasin ve

Dogruyol, 2014).

Tablo 1: Bazi toprak numunelerin siilfat (SO4 ) icerigi

Analiz Edilen Parametreler TS 12457—4 Standartlart
Noktalar (mg/l) (mg/1)

Stiilfat Siilfat

(Max 15)

Tillo-1 101 Uygun
Yeni mah. 9.8 Uygun
9051 Cakmak mah. 10.5 Uygun
8653 Cakmak mabh. 13.8 Kritik
Seyh Zeynep 12.3 Uygun
931311 Cakmak 15.1 Uygun degil
mah.
STP3 104 Uygun
STP 15 10.2 Uygun
STP 30 154 Uygun degil
SBH 2 13.8 Kritik

Siilfata maruz betonun karakteristik goériiniimii, genellikle kose ve
kenarlardan baslayarak tiim ylizeye yayilan beyaz lekeler,
catlaklar ve dokiilmeler seklindedir. Betonun kolayca
ufalanabildigi ve yumusadigi goriilmektedir. Siilfat etkisine
maruz kalmig beton ve betonarme yapilarda olusan bozulmalar

Sekil 4.’te gosterilmistir (Karasin ve Dogruyol, 2014).
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Sekil 4: Siilfat etkisine maruz beton yapilar

o Siilfat etkisinde beton tasarimm

Tirk Standartlar1 ve Amerikan Standartlarina gore toprak ve yer
alt1 suyunda siilfat parametreleri ve beton tasariminin nasil olmasi

hakkinda bilgiler yer almaktadir;

Tiirkiye standartt TS EN206-1’e gore toprakta 2000-3000 mg/kg
S04 2 veya yeralt1 suyunda 200-600 mg/l SO4 bulunmasini “az
zararll kimyasal etki durumu” olarak tarif edilmektedir, bu tiir
etkiye maruz kalacak beton elemanlarin ¢imento dozaji en az 300
kg/m3, su/cimento orani en fazla 0,55 olacak sekilde en diisiik
C30 beton sinifi tasarlanmasimi dnermektedir. Toprakta 3000-
12000 mg/kg SO42 veya yeralt: suyunda 600-3000 mg/l SO,
bulunmasini “orta dayanimli kimyasal etki durumu” olarak tarif

edilmektedir. C3A orani %8’den az ¢imento sinifi, ¢gimento dozajt
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en az 320 kg/m?®, su/gimento orani en fazla 0,50 olacak sekilde en
diistik C30 beton sinifi olarak tasarlanmasini zorunlu kilmaktadir.
Toprakta 12000-24000 mg/kg SO4 veya yeralt1 suyunda 3000-
6000 mg/l SO4 bulunmasini ** ¢ok zararli kimyasal etki durumu”
olarak tarif edilmektedir. C3A orani %5’den az olan ¢imento sinifi
ve ¢imento dozaj1 en az 360 kg/m?, su/cimento orani en fazla 0,45
ve en diistik C35 beton simifi olarak tasarlanmasi seklinde tarif

edilmistir.

Amerikan Beton Enstitiisiit ACI 318 standartlarina gore, toprakta
9%0,1-0,2 SO42 veya yer alti suyunda 150-1500 mg/l SOs?
bulunmasim1  “orta siddetteki siilfat etkisi” olarak tarif
edilmektedir. Bu tiir etkiye maruz kalacak beton elemanlarin C3A
orant %8’den az olan ASTM Tip II ¢imento sinifi, su/¢imento
oraninin en fazla 0,50 seklinde tasarlanmasi tarif edilmektedir.
Toprakta %0,2-2 SO4 veya yer alt1 suyunda 1500-10000 mg/I
SOs? bulunmasmi “siddetli siilfat etkisi” olarak tarif
edilmektedir. Bu tiir etkiye maruz kalacak beton elemanlarin C3A
orant %5’den az olan ASTM Tip V bir ¢imento kullanimini ve
su/cimento orant en fazla 0,45 seklinde tasarlanmasi tarif
edilmistir. Toprakta >%2 SO4 % veya yer alt1 suyunda >10000
mg/l SO4 bulunmasimi “gok siddetli siilfat etkisi” olarak tarif
edilmekte olup beton elemanin C3A orani %5’den az olan bir
cimento ile mineral katki kullanilmasin1 ve su/¢imento orani en

fazla 0,5 seklinde tasarlanmasi tarif edilmistir.
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Siilfat etkisine maruz beton yapilarin standartlarin 6n gordiigii
kosullar disinda siilfat direncinin artmasi i¢in portland ¢imento ve
beton tasarimu ile ilgili bilimsel ¢alismalar da mevcuttur. Portland
cimentolarinin ve katkili ¢imentolarin siilfat direncine iliskin
arastirmada ise farkli 6zelliklerde dort Portland ¢imentosu ve
ucucu kiil, 6gitiilmiis yiiksek firin clirufu ve silis dumani igeren
mineral katkili ¢imentolar kullanilmistir.  Baglayicilarin
performanslari, har¢ prizmalarinin genlesmesi (ASTM C 1012)
ve har¢ kiiplerinin mukavemet gelisimi kullanilarak 3 ila 12
arasinda degisen farkli pH seviyelerinde tutulan siilfat
coOzeltilerinde degerlendirildiginde ¢ikan sonuglarin, ¢imentolu
malzemelerin siilfat direncinin bilesimine ve ortamin pH'ima bagh
oldugunu gostermektedir. Diisiik C3A ve diisik Cs3S igeren
portland ¢imentosu tiim siilfat ¢ozeltilerinde iyi performans
gostermistir. Silis dumani ve ugucu kil (6zellikle %40 ikamede)
iceren puzolanli ¢imentolar, Portland ¢imentolarinin herhangi
birinden daha tistiin performans gostermistir (Mehta, 1983;

Santhanam, 2002).

ASTM C1012‘ye gore daldirma yontemi ile siilfat etkisini
arastirmak icin gore 50 g/I‘lik sodyum siilfat ¢dzeltisi
kullanilmalidir. Ancak, yapilan c¢alismalarda s6z konusu
cozeltinin, siilfat direncini anlamada yetersiz kaldig1 bu yiizden
stilfatin yipratict 6zelligini ortaya ¢ikarabilmek i¢cin 150 g/1‘lik
sodyum siilfat ¢ozeltisi uygun goriilmiistiir. Daldirma yonteminin

kullanildig1 ¢alismada su/¢cimento orami 0,56 olan 300 doz
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Portland ¢imentosu kullanilarak tasarlanan betonlarin 150 g/I‘lik
sodyum siilfat ¢ozeltisinde 12 ay siire bekletilmistir. Beton basing
dayanimin diistiigli, beton yiizeyinde beyaz lekeler ve bozulmalar
oldugu gozlemlenmistir (Sekil 5). Ancak puzolanik 6zellige sahip
ucucu kiil ve silis duman1 gibi mineral katkilar ¢imento yerine
ikame edildiginde hidratasyon {iriinii olan kalsiyum hidroksit
(CH) ile reaksiyona girerek C-S-H jeli olusturarak beton
biinyesindeki bosluklar1 tikamaktadir, bu nedenle zamana baglh
olarak beton dayanimi ve siilfat direnci artmaktadir. Bu nedenle
mineral katkilar ile hazirlanan tasarimlarin siilfat ataklarina karsin

dayanim kayiplar1 daha az olmustur (Karasin vd., 2022).

Sekil 5: Siilfat ataklarina maruz betonun yiizey goriintiisii

e Siilfat etkisinin test yontemleri

Siilfat saldirisin1  degerlendirmek i¢in mevcut ASTM test
yontemlerinin giivenilirligi ASTM C1012 ve ASTM C452 uzun

stredir ~ sorgulanmaktadir. ASTM standartlar1  tarafindan
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Onerildigi gibi, test numunelerinin siirekli olarak daldirilmas,
saha durumunun gecerli bir temsili degildir, ¢ilinkii cevredeki
stilfat ¢ozeltisine alkalilerin betona sizmasi nedeniyle saldiran
¢ozeltinin pH", ndtrden (7) temele (12) hizla degisir. Ayrica
stirekli daldirma sirasinda ¢ozeltideki siilfat konsantrasyonu
azalir. Bu, saha davranmisini tahmin etmek i¢in laboratuvar
deneylerinin kullanilmasinda bir tutarsizliga yol agabilir. Genel
olarak, stirekli daldirmaya maruz birakilan laboratuvar
numuneleri, saldirtya karsilik gelen alan maruz kalma
numunelerine gore daha uzun silire dayanabilir. Bunun nedeni,
arazi numunelerinin, hemen hemen sabit konsantrasyondaki bir
stilfat ¢ozeltisinin saldirisina ek olarak, 1slanma ve kuruma gibi
atmosferik etkilere maruz kalmasidir (Brown, 1981; Mehta,
1983).

Beton hidratasyon {irlinlerinin miktarinin tespiti siilfat etkisini
tayin etmekte kullanilabilir. Elektron manyetik mikroskop
(SEM), enerji dagitimi- X 1511 (EDX), X-151m1 kirmim yontemi
(XRD) kullanilarak siilfat etkisi ile olusan etrenjit miktari,
dayanim artiran C-S-H {iriinleri tespit edilebilir (Bonen ve Cohen,
1992; Diamond ve Lee, 1999; Karasin vd., 2022). SEM ile
betonun hidratasyon iiriinleri kalsiyum hidroksit, portlandit (C-H)
cok gen kristal olarak, kalsiyum silikat hidrat (C-S-H) bulutsu bir
yap1 olarak, hidratasyon yan iiriinii olan etrenjit (C-A-S-H) ise

ignemsi yap1 seklinde goriintiilenmektedir (Sekil 6).
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10pm

Mag= 250K X EHT =20.00kV SignalA=SE1 WD= 11mm

Sekil 6. Hidratasyon fiiriinleri SEM goriintiisii E: etrenjit (C-A-$S-H) P:
portlandit (C-H), kalsiyum silikat hidrat (C-S-H)

SONUC

Siilfat ataklar1 asirn miktarda etrenjit olusumu ile betonun
genislemesine sebep olmaktadir. C3A diisiik ¢imentolar siilfat
etkisine maruz betonda asir1 miktardaki etrenjit olusumunu

engellemesi genislemenin en aza indirilmesi i¢in gelistirilmistir.

Yiiksek oranda kimyasal etkiye maruz kalan beton eleman zaman
icerisinde bozularak dokiiliir ve hizmet 6mrii azalir. Bu ylizden
uygulama alanmin siilfat gibi kimyasal parametreleri beton
tasariminda belirleyici olmaktadir. Dis kaynakli siilfat etkisine
direnci yliksek beton tasarimi i¢in; Puzolanli, Portland (C3A <%5

olan) veya siilfata dayanikli (SDC) ¢imento sinifi igermesi,
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su/cimento orani diisiik tutulmasi, mineral katki kullanilmasi ve
yiksek dayanima sahip olmasi gereklidir. Dis kaynakli siilfat
etkisinin sonradan anlasilmast durumunda betona derhal
bohgalama yontemi uygulanarak kimyasal etki ile temasi

kesilmesi faydali olacaktir.

Kullanilan ¢imentodan, agregadan, karisim suyundan gelen i¢
kaynakli kimyasal etkilerde sicaklik artisinin beton bozulmasina
neden olacagindan bu tiir betonarme elemanlarin 1s1 kaynagi ile

dogrudan iligkisinin kesilmesi 6nem arz etmektedir.
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GIRIS

Beton; su, ¢imento, agrega gerektiginde kimyasal ve mineral
katkilarin  kullanildigi kompozit yap1 malzemesidir. Beton
hacminin yaklasik %70’ini agrega olusturmaktadir. Beton

agregasi olarak yaygin olarak kalker, dolomit, kirectast ve sinirl

sekilde bazalt kullanilmaktadir (Erdogan, 2002; Baradan, 2004).

Betondan istenilen  6zellik dayanim ve  dayamklilik
performansidir. Beton agregasi beton performansini etkileyen
onemli bir etkiye sahiptir. Ince agrega betonda bosluklari
doldurarak dayamikliligi artirirken, iri  agrega mekanik
ozelliklerine bagli olarak beton dayanimina dogrudan etki
yaratmaktadir. Ancak betonu olusturan agreganin fiziksel ve
mekanik oOzelliklerinin belirli sartnameleri saglamasi yeterli
degildir. Ayrica beton agregasinin petrografik yapisinin da
dayanim ve dayaniklilik lizerinde etkisi vardir (Erdogan, 2002;
Katayama, 2000).

Betonu olusturan andezit, dasit, riyolit, bazaltik andezit, ¢ort,
opal, tridimit, kristobalit, dolomit, kalsedon ve kuvars gibi
kayacglar ile ¢imentoyu olusturan alkali (Na;O ve K0)
bilesenlerin ortamdaki rutubetin etkisi ile olusturdugu reaksiyon
sonucu beton i¢in tehlikeli lirlinler meydana gelebilir. Bu tirlinler
alkali-agrega kaynaklidir ve hacimsel genislemeler derin ¢atlak

ve yarilmalar meydana getirebilirler (Katayama, 2010).
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Betonda alkali-agrega ilk olarak 1940’11 yillarda Amerika
Birlesik Devletleri’'nde tespit edilmis olup giliniimiizde halen
alkali-agrega kaynakli bozulmalar meydana gelmektedir
(Ferraris, 1995).

Alkali agrega reaksiyonunu tespit etmek i¢in ASTMC 1260
hizlandirilmis  har¢  c¢ubuklart  test yoOntemi uygulanan
yontemlerden biridir. Ayrica elektron manyetik mikroskop
(SEM) ile mikro yapis1 gozlemlenmesi, enerji dagitimi- X 1s1n1
(EDX) 1ile beton numunelerde olusan elementel degisimler
ASR’yi anlamak i¢in kullanilabilir yontemlerdir.

Alkali-agrega bozulmalari alkali silika reaksiyonu (ASR) ve
alkali karbonat reaksiyonu (ACR) olarak iki sekilde

olusmaktadir.

e Betonda alkali-silika reaksiyonu (ASR)

Alkali silika reaksiyonu (ASR), beton agregasindaki reaktif SiO»
ile ¢imento iceriginde alkali (Na2O ve KO ) bilesenlerin
rutubetin etkisi ile reaksiyona girmesi sonucu olusan bir tiir
bozulma seklidir (Andig¢, 2007). Betonda ASR etkisinde ilk
bozulmalar, bir cok betonarme yapinin derin ¢atlaklarin ve beton
yiizeyinde tehlikeli beyaz birikintilerin olmasi tlizerine 1940’1l
yillarda Amerika Birlesik Devletleri’nde {izerine Stanton

tarafindan tespit edilmistir (Sekil 1) (Ferraris, 1995).
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Sekil 1: Stanton ile ASR’ye maruz beton ¢atlaklar1 (1940).

Tiirkiye’de ise, betonda ASR ile ilgili ilk ¢aligmalar 1975 yilinda
yapilmistir (Kogagitak, 1975), ilk hasar ise 1995 yilinda Izmir
cevresindeki bazi koprii ayaklarinda ve kiitle betonlarinda yaygin
catlaklarin olusmasi ile fark edilmistir (Ramyar, 2013). Ege
bolgesindeki Gediz nehri ve ona bagl Nif ¢ay1 yataklarindaki
ince ve iri agregalarin %3 reaktif camsi riyolit igeriginden dolay1
ASR’ye neden oldugu tespit edilmistir. Yapilan arastirmalar ASR
bozulmalarinin Izmir ve cevresi ile smirli olmadigi ortaya
cikarmigtir. Aliaga (2) (Copuroglu vd., 2007), Nigde (3)
(Korkang ve Tugrul, 2004), Afyon (4), Sivas (5) (Erik ve
Mutlutiirk, 2004), Firat havzas1 (6) (Asik vd., 2004), Deriner
Coruh havzasi (7) (Saglik vd., 2003), Ankara (8) (Bektas vd.,
2008) ve Sakarya (9) (Yildirnm vd., 2011) gibi lokasyonlardaki
bazi1 agregalarin ASR’ye reaktif oldugu tespit edilmistir.
Tiirkiye’de reaktif kayaclarin lokasyonlar1 Sekil 2°de verilmistir.
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Sekil 2: Tiirkiye’de reaktif kayaglarin bulundugu yerler

ASR'nin neden oldugu reaksiyonlar iki asamada gergeklesir

(Ramyar, 2013).

Hy38Si0,19 + 0.38 NaOH N
reaktif silika + alkali

Si0, 19 + 1.62NaOH + 0.38 H,0 =

alkali silika jel + alkali + nem

Nagy35Si0, 19 + 0.38 H,0 @)
alkali silika jel +su

2Na*H,Si0;* )
alkalin silikat hidrat jel (Genilesme)

Reaktif SiO; ile ¢imento igeriginde yer alan Na,OH ve KO, gibi

alkali bilesenler reaktif agrega igerisinde reaksiyona girerek alkali

silika jeli olusturur. Bu jel ortamdaki su ve rutubet ile olgunlagir

alkali silika hidrat jel olusturarak agrega igerisinden patlayarak

hacimsel genlesme ve ¢atlak meydana getirir. Rutubetin olmadigi

kuru ortamlarda ASR’ye bagli bozulmalar gdriilmeyebilir. Bu

yiizden beton baraj yapilari, koprii ayaklart ASR olusumunun en
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stk goriildiigli yapr elemanlaridir. ASR’nin reaksiyon semast

Sekil 3’ te gosterilmistir.

Reaksiyon sonucu agrega
etrafinda alkali silika jel
(ASR) olusturur

Reaktif Agrega

Bu jel ortamdaki suyu absorbe
ederek Alkali silikat hidrat jel

S (| 74 & 5 is ve si
/ r ,_v\\\\&/ { M -) olusturarak genisler ve siser
Prgaaen e =i

beton cézeltisindeki,
Na, K, Ca, OH iyonlan

[

Reaktif silika, Na,K ve OH
Si0, ile reaksiyona
olusturur

Sekil 3: ASR olusum semasi

¢ Reaktif agregalar

Betonu olusturan agreganin kimyasal yapist dayaniklilik
acisindan dnemlidir. Andezit, dasit, riyolit, ¢ort, opal, tridimit,
kristobalit, ve bazaltik andezit, ASR genlesmesine neden olan
reaktif kayaclardir. Ote yandan dolomit, kirectasi, kalsedon,
kuvars gibi kayaglarin ASR degil ACR'nin geniglemesine neden
oldugunu bilinmektedir (Bérubé vd., 2004).

Kayaglarin Petrografik siniflandirilmasi, agregalarin kimyasal
yerini belirlemek, reaktif potansiyelini degerlendirmek i¢in bir 6n

testtir (Katayama, 2010). Agregalarin morfolojik 6zellikleri,
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parcaciklar1 ve dokulari, betonun dayanikliliginda 6nemli bir role
sahiptir. Yapilan ¢aligmalarda ASR’ye en reaktif kayag¢ andezit
oldugu, dasit ve riyolitin kayaglarin ASR siddetinin daha az
oldugu tespit edilmistir (Katayamaya, 2002). Kayaclarin
petrografik siiflandirilmast Sekil 4’ te verilmistir (Le Maitre,

1989).

phonolite

>
I

foidite

trachyte
(q <20%)

trachydacite
(q > 20%)

rhyolite

tephrite
(ol < 10%)

basanite
3 (ol < 10%)

andesite

basaltic
andesite

% Na,0 +K,0O miktan (agirhkea)

3 basalt

picro-
basalt

37 41 45 49 53 57 61 65 69 73 77

ULTRA BAZIK | BAZIK | ORTA DUZEY ' ASIDIK
45 52 63
toplam % SiQ, miktan (agirhkea)

Sekil 4: Kayaglarin siniflandirilmast

Buna gore SiO2 miktar1 agirlikca %45-52 olan toplam alkali
miktart (Na;O + KOz ) %5’den az olan kayaglarin bazik
karakteristiktedir. Yapilan arastirmalarda bazik karakteristikte
kayaclarin ASR’ye reaktif olmadig tespit edilmistir (Katayama,
2000).
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Kayaclarin kimyasal ozelliklerinin yanisira fiziksel yapisinin
ASR reaktivitesini de etkiledigi bilinmektedir. Kaba agreganin
ASR'ye ince agregadan daha reaktif oldugu ve agrega
pargaciklarinin gézenekliliginin ASR genlesme oranini arttirdig

belirlenmistir (Mohammadi vd., 2020).
e Cimentonun alkalinitesi

Cimento alkali igerigi Na;O miktarina gore siniflandirilmigtir.
Na2O miktar1 % 0,50° den diisiik olan ¢imentolar diisiik alkali %
1,04’den fazla olanlarin ise yiiksek alkali icerigine sahip
cimentolar olarak tanimlamistir. ASR'ye karsi oldukga reaktif
kayaclarin ve diisiik alkali ¢imentolarin kullanildigi yerlerde,
ASR etkisinin azaldigi tespit edilmistir (Erdogan, 2002).
Cimento ¢ok sayida alkali igerigine sahiptir. Ancak sodyum Na*
ve potasyum K* iyonlari ASR beton hasarina énemli 6lgiide
katkida bulunur. Bu ylizden c¢imentonun alkali igerigini
hesaplamada KO; miktarida 6nemlidir. Buna gdre ¢imentonun
toplam alkali igerigi denklem 3’te gosterilmistir (Baradan vd.,
2002).

Na,0 + 0,658K,0 < %0,6 ©)

Reaktif kayaglarin ASR olusumunu azaltmak i¢in ¢imentodaki
toplam agrega miktar1 denklem 1’deki gibi hesaplanmaktadir
cimentodaki toplam alkali igerigi  %0,6’dan az olmasi

gerekmektedir.
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ASR reaksiyonun degerlendirilmesi

e Hizlandirilmis har¢ cubugu testi ASTMC 1260

Hizlandirilmis har¢ ¢ubugu testi ASTMC 1260, Giiney Afrika’da
Oberholseter ve Davies tarafindan 1986 yilinda bulundu. 1989
yilinda onayland1 ve 2007 yilinda ASTM C1260 olarak revize
edildi.

ASTMC 1260’ 'ye gore Su/Baglayict = 0,47 olan numuneler
25x25x285 mm kaliplara birakilmalidir. Dokiilen har¢ 6rnekleri
24 saat sonra kaliptan ¢ikarilarak ilk boylar1 belirlenmelidir. Harg
numuneler 80 °C NaOH (900 ml.saf suya 40gr sodyum hidroksit)
cOzeltisinde NaOH banyosuna 3, 7 ve 14 giinliik maruz kaldiktan
boylar tekrar dl¢tilmelidir.

ASTMC 1260' ye gore har¢ gubuklarinda ortalama uzama orani
<%0,10 alkali silika reaktifligi yoniinden tehlikesiz agrega,
%0,10 < ortalama uzama <%0,20 potansiyel tehlike arz eden
agregalar, ortalama uzama oran1 > %0,20 tehlikeli agrega grubu

olarak kabul edilmektedir.
e SEM- EDX analizi

SEM ile betonun hidratasyon {iriinleri kalsiyum hidroksit,
portlandit (C-H) ¢ok gen kristal olarak, kalsiyum silikat hidrat (C-
S-H) bulutsu bir yap1 olarak, hidratasyon yan tirlinii olan etrenjit

(C-A-S-H) ise ignemsi yap: seklinde goriinmektedir (Sekil 5).
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Mag = 10.00 KX EHT =20.00kV SignalA=SE1 WD= 12mm

Sekil 5: Beton hidratasyon tiriinlerin SEM goriintiisii, P: Portlandit (CH), E:
etrenjit (CsAS3sHs2), C-S-H : kalcium silikat hidrat jel (C3SzHs)

Alkali —silika jeli agrega ig¢erinde hacim artig1 yarattigi igin
elektron manyetik mikrokop gozlemlerinde agregadaki catlak

olusumlar1 ASR varlig1 hakkinda fikir verebilir.

Agreganin etrafinda herhangi bir kisitlama olmadan gelisebilen
ASR iirlinli uygun ortami yakaladigi Sekil 5b ve Sekil 5d’de daha
uzun trombositler seklinde olusmustur. ASR agregadaki ¢atlak
igerisinde giiliimsii yapiya benzer bir gorilintiiye sahiptir (Sekil 6)

(Leeman vd., 2020).
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Sekil 6: ASR iiriinii SEM goriintiisii

EDX analizi ile hidratasyon iirlinleri sonrasi betondaki elementel
degisimler ASR olusumu hakkinda fikir verebilir. Hidratasyon
iiriinleri igerisinde yeterli miktarda kalsiyum (Ca?") mevcut
oldugunda genisleme meydana gelir ve portlandit seklindedir.
Kalsiyum agisindan zengin jellerin olusumu, genislemeye neden
olmaktadir. Ayrica kalsiyum olusan jelin vizkositesini arttirir ve
biliylimesine neden olur. Buna karsilik, diger ¢calismalarda, CaO
ilavesinin ucucu kiil veya silis dumani igeren betonlarda
genlesmeyi azalttigini  gostermistir  (Gaboriaud vd., 1999;
Leeman vd., 2011).

Sodyum (Na®), potasyum (K*) yogunlugundaki azalmanmn

hacimsel genlesmeyi azalttig1 tespit edilmistir (Urhan 1987).
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Aliiminyum (Al) adsorpsiyonu ile zeolit bariyer olusumu
agregalardan reaktif silika yiizeyi silika ¢oziinme hizinin
diistiriilmesini, ASR jelinin sismesini azaltmaktadir, gozenek
yapisini yogunlastirarak betonun gegirimliligini azaltmaktadir
(Her, 1973; Hong ve Glasser, 2002; Huenger, 2007; Chappex ve
Scrivener, 2013).

ASR iirlinlerinde Mg, Al ve Fe elementleri diisiik oranda bulunur
Ca/Si < 0,4 dir. Cimento hamurunda alkali (Na, K) icerigi
azaldikca genellikle Ca artar. Bu tiir iriinler ile dolu catlak
bolgesinde agrega tiiriine gore degisir Ca/Si oranini artirir. Farklt
agrega pargalarinda ASR kristallerin olusumunda bazi farkliliklar
vardir. Beton agregalarinda olusan amorf ASR iirlinlerinin
yaklasik oranlart (Na + K)/Si=0,26-0,40, Ca/ Si=0,07-0,33,
Na/K =0,62-1,41 arasinda degismektedir (Leeman vd., 2011).

o Alkali-karbonat reaksiyonu (ACR)

Betonda alkali-karbonat reaksiyonu (ACR) ilk olarak 1957’de
Kanada Ontario’da, Swensson tarafindan gozlemlenmis ve
aragtirllmistir. Alkali- karbonat (ACR) terimi ilk olarak 1964
yilinda Swenson ve Gillot tarafindan kullamilmistir ancak
giinlimiizde, ACR ’nin mekanizmasi ve zararlar1 halen tam olarak
anlasilmis degildir. Tetsuya Katayama 1986 yilinda Kanada
Ontario Cornwall’dan beton 0Ornegi alarak betonlardaki
bozulmanin ACR degil, ASR’nin bir tiir vakasi oldugunu
belirtmistir.
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Bir tlir kirectast olan dolomit agregadan yapilmis betonda
genlesme gibi sorunlarin kaynagi catlama olmustur. Geleneksel
olarak, bu bozulma agrega olarak kil mineralli dolomitik kayaglar
kullanildiginda veya dolomitin kriptokristalin  kuvars ile
reaksiyonunun bir sonucu olarak olusan reaksiyon sorunlari

alkali-karbonat (ACR) ile iliskilendirilmistir.

Dolomitik kirectaslari ile insa edilmis Fransa'daki Bimont Barajt
ve Tennessee’de Chickamagua Santrali Baraj1 gibi birkac barajda

ACR bozulmalarina rastlanmistir (Garcia vd., 2020).

Giintimiizde kabul goéren alkali-karbonat (ACR) reaksiyonu
mekanizmast dolomit veya magnezyum igeren kirectaslar
reaksiyon  sonucu  magnezyum  hidroksite  dondsiirler.
Dedolomitasyon ad1 verilen bu olay, harita seklinde ¢atlaklara ve
betonun tamamen pargalanmasina yol agabilir. Dolomitin esas
maddesi MgCOs su etkisiyle Mg(OH)2’e doniismekte, Mg(OH):
ise suda ¢oziinerek suyun tasin igine sizmasini saglamaktadir.
Tasin i¢ kisimlarinda jeolojik devirlerden kalma kil damarlar
varsa bunlar su ile temas edip sismekte ve agregalar
patlatmaktadir. Alkali-karbonat jeli miktarca az olup genlesmeye
daha ziyade dolomitin bosalmasi ile suya maruz kalip sisen kil
bilesenleri neden olmaktadir (Zarif vd., 2003; Cakir, 2007;
Baradan vd., 2010; Goralczyk, 2012; Garcia vd., 2020).

Alkali karbonat reaksiyonu denklem 4 ve denklem 5’teki gibidir,

CaMg(COs), + 20H" —  CaCOs+ Mg(OH), +C0% (4
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Dolomit + hidroksil Kalsit + brusit + karbonat

CO%™ + Ca(0H), —  CaC0; + 20H- (5)
Karbonat + sénmiis kireg¢ Kalsit + hidroksil

CaMg(C05), + Ca(OH), —  Mg(OH), + CaC0, (6)
Dolomit  + portlandit Brusit + kalsit

Alkali karbonatlar betonda portland ¢imentosunun portlandit
(Ca(OH).) ile birleserek yeniden alkali tiretirler denklem (6).
ACR’nin reaktivitesi tipki1 ASR gibi yiiksek alkali miktarina bagl
oldugu, dedolomitizasyon ile ilgili en onemli nokta ASR olmadig:
stirece bu reaksiyonun genlesmeye neden olmamasidir.
Dedolomitizasyon sonucunda brusit ile dolu catlaklar olusur.
Fakat dedolomitizasyon kaynakli i¢ genlesme kuvvetlerinin
olusturdugu c¢atlak, ASR ile kiyaslandiginda ihmal edilebilir
seviyede oldugu sodylenebilir (Katayama, 2004).

SONUC

Beton agregasi uygun gradasyon ve mekanik degerlere sahip
olmasinin yan1 sira agreganin petrografik 6zellikleri 6nemlidir.
Andezit, dasit, riyolit, bazaltik andezit gibi reaktif silika
(Si02>%52) bulunduran agregalar ile yiiksek oranda magnezyum
karbonat (MgCOs) igerigine sahip dolomit, dolomitik 6zellik
gosteren kiregtasi ¢cimento ve ortamdaki alkaliler (Na2O, K20) ile
rutubetin etkisi ile alkali-agrega reaksiyonu olusturmaktadir.

Alkali-agrega reaksiyonu sonucu olusan jelimsi yapi Onemli
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Olciide catlak olusturarak betonda dayanim ve dayanikliligi

diistirmektedir.

Betonun hizmet Omriiniin azalmas1 sadece ekonomik olarak
degerlendirmek yanlis olur. Betonu olusturan malzemelerin
verimsiz kullanilmasi ¢evresel-ekolojik problemleri ortaya

cikarmasindan Otiirli durumu farkli boyutlara tagimaktadir.

Kayag tiirli beton agregasi belirlemede 6nemli bir kriterdir. Her
cins kaya¢ beton agregasi olarak kullanilamayacagi gibi
agreganin petrografik yapisinin belirlenmesi betonun ileriki
yaslarda bozulmasinin oniine gecerek hizmet 6mriinii artiracaktir.
Boylelikle hem ekonomik hem de g¢evresel deformasyonlarin

oniine ge¢ilmis olacaktir.
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