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Abstract

This study explores the analysis of strength and some
durability properties of concrete specimens with bauxite
additive. Durability properties were analyzed by substituting
Bauxite Wastes (BW) for sand in different proportions contributing
to the originality of our study in this sense. The percentages of
bauxite in the sand form are 0%, 10%, 20%, and 50%. The effects
of bauxite waste substitution were evaluated by the strength and
durability tests in which concrete was exposed at different age
stages. Pressure resistance, abrasion, shrinkage in splitting,
ultrasonic sound, capillary water absorption, freeze-thaw, and
high-temperature tests at 600-800-1000°C in two different
cooling regimes (in water and air) were carried out on the
specimens of concrete with varying ages with bauxite waste
substitution. In the study, the compressive strengths of
different amounts of bauxite waste additives on the 7th, 28th,
and 60" days were found to be higher in the range of 6%41%
compared to the R specimen. The concrete specimens with
bauxite waste, which were exposed to high temperatures in two
different cooling regimes, in water and air, revealed a better
performance than the R specimen. Therefore, in the study, it was
found that the use of concrete with bauxite waste additive
was possible with sand substitution and that the concrete
specimens with bauxite waste improved the strength and some
durability properties.
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Introduction

Concrete is a building material consisting of granular
structures that can be obtained with mixtures such as cement,
aggregate, and water, which are used for various purposes in
many different areas from bridges to buildings, from skyscrapers
to tunnels today [1,2]. Concrete, which is the most suitable
material to meet the housing needs of the rapidly increasing
population, is one of the most principal factors in the
implementation of environmental balance, economy, and
efficient application of natural resource models. The rapid
development of the construction industry in the world and our
country has led to the search for alternative waste materials to
replace natural sand, which constitutes 35% of the concrete
capacity [3-5]. The uptake of alternative waste materials
instead of sand not only contributes to the circular economy but

also is instrumental in fostering sustainable progress. Besides,
it can enhance the sustainability of concrete by ensuring the use
of waste by-products and also by controlling and reducing the
use of valuable/productive land allocated for the storage of
these wastes [6]. The exponential use of non-renewable
resources in the construction sector with the increasing
number of projects compels us to consider the concept of
sustainability in this sector together with the developments in
technology and industry in the coming years [7,8]. Hence, using
three definitions of sustainable development (environment,
equity, and economy) in this regard, the aim should be to take
efficiency as a basis in the use of the resources at disposal, to
prevent waste, to control energy use, and to transfer resources to
future generations [9,10].

Generally, long service life, high durability against internal
and external effects is among the desired features for any
produced concrete structure. We can cluster the factors affecting
the durability of concrete into three categories: physical: freeze-
thaw, high temperature, chemical: alkaline silica reaction,
corrosion, mechanical effects: abrasion-cavitation,
carbonation, etc. [11]. The effectiveness of the materials used in
concrete mixtures depends on the high resistance and
durability performance against these possible effects that the
concrete will undergo [12-14]. Namely, the performance of
concrete against strength and durability problems is related to
the material properties in the mixture, its design, and the
environmental conditions. Concrete exposed to different
deterioration effects may cause some strength and durability
problems during service life [15,16]. The freeze-thaw is another
crucial durability problem in cold climates. In the freeze-thaw
effect, water present in the capillary cavities in concrete
increases its volume by 9% due to the decline in temperature
and turns it into an ice mass. Damage caused by freeze-thaw
effects expands, and ice water causes stresses in concrete, and
ice layers formed on its surface cause cracks [17-19]. In the
literature regarding the measures to be taken against the freeze-
thaw effect, there are studies on the use of some industrial
wastes in concrete instead of fine aggregate. Yiiksek and Bilir
investigated the resistance of concrete against the freeze-thaw by
replacing the industrial by-products with base ash and blast
furnace slag from the fine aggregate. The results indicated that
concretes with base ash and blast furnace slag revealed a
convenient performance against the freeze-thaw effect [20].
Penetration and diffusion coefficient are other significant
constituents affecting the durability performance of concrete
owing to environmental impacts [21-24].

In  concrete durability, chemical reactions take place
with the penetration of harmful liquids into concrete, and the
porosity of the concrete increases, and capillary cavities and
harmful liquids cause it to soften and thus its strength to decrease
[25-26]. It is known that mineral additives improve the permeability
structure of concrete thanks to their properties by decreasing
the capillary cavity ratio in concrete structure [27-29].
Notwithstanding, fire, which is another durability problem,
creates serious complications for concrete and its elements.
Even when there is no life-threatening hazard as a result of fire,
structural elements experience a loss of strength and a
shortening of service life. When concrete is exposed to high
temperatures, cracks occur as a result of internal stresses [30],
the vapor pressure in the capillary cavity increases [31], and it
causes incrustation in the concrete [32]. Researchers found that
the cement matrix decomposed and dehydration process
started at 105°C, [33-34], micro cracks were formed at 300-400°C
[35], the CSH gels decomposed at 500-600°C and concrete
elements above 800°C generally lost strength and weight
[33,36]. In the analyses made, it is stated that especially in recent
years, the use of mineral additives such as blast furnace slag
[36,37,39], fly ash [38-40], silica fume [41-43] improves the
strength performance of concretes exposed to high-temperature
effects. In addition, researchers ascertained that different cooling
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regimes (in air and water) have an effecton the strength

of concrete after high temperature [42,44,45]. Damage of
concrete  because of mechanical effects is another
physical durability — problem  [46]. Furthermore, type of

aggregate, material mixture ratio, use of mineral additives, and
fiber content are among the primary factors in the abrasion
resistance of concrete [47,48]. According to the studies conducted
in this area, the compressive strength and abrasion resistance
values of the concrete are interrelated, and the concretes with
high compressive strength values also exhibit high abrasion
resistance [49-51].

The bauxite waste used in the study is a by-product material
containing insoluble sodium aluminum silicate, iron, and titanium
oxides, obtained by the process developed and patented by J. K.
Bayer in 1887. The Bayer process, which provides the highest
alumina production, is commonly utilized around the world. With this
process, iron Fe,0O3 waste does not dissolve in the aluminum
production, and the color it emits has enabled the bauxite waste to be
called red mud [52]. According to the researchers [53-54], 0.3-2.5 tons
of bauxite-bearing materials is obtained from each ton of alumina
processed in the production with the Bayer process. Due to the
application of aluminum in a wide range of areas with its lightweight
and high strength property, it is among the essential engineering
materials today. It is worth mentioning that aluminum with such wide
area of use will generate significant industrial waste with increasing
demands. For instance, Seydisehir Eti Aluminum plant in Konya
processes 460,000 tons of bauxite annually. As a result of the
production, there are around 3.5-4 million tons of waste in the facility
[55]. The storage of bauxite waste is both uneconomical and creates
numerous environmental hazards [56]. When the management plans
of waste materials are reviewed, the use of waste products
constitutes the most significant step of the waste management
process [57]. Therefore, utilizing this waste product and using it in
concrete production will save time and cost in terms of compulsory
landfill usage, reduction of energy consumption. Consequently,
production costs will decrease and the pollutant effect of waste
material on the environment will be diminished [58-59].

It is well-known in the literature that wastes such as blast furnace
slag, glass plate dust, ceramic, silica fume from different industrial
wastes are substituted for fine aggregate in concrete [60-65].
Moreover, researchers examined the effects on the strength
properties of concrete by replacing the bauxite waste from sand
and concluded that the bauxite waste increased the strength in
concrete positively with obtained experimental data [66]. Zhang et
al. investigated the effects of protective concretes on impact
resistance against high-velocity bullets by using bauxite as sand
and granite as coarse aggregate. With their experimental results,
they affirmed that bauxite-sand-added concretes had superior impact
resistance properties [67]. In another study, bauxite waste was
replaced by cement at a rate of 1-20% and it was observed that the
setting time of concrete was shortened, and cracking and
deformations in concrete decreased [68]. Raj and all determined the
strength and durability properties of concrete by using 0%-14% w/
b ratio from cement and 0.33-0.36-0.38-0.40 ratio of bauxite and
with the results obtained; they stated that the steel embedded in the
concrete increased the corrosion resistance. [69]. Ahmed et al.
stated that the samples produced with Nano-SiO, added by
changing the oxides of red mud increased the compressive
strength and contributed to the workability [70]. In yet another
study, Wang et al. determined the methods of using red mud and
determined the methods to make the most use of this mud for
future studies [71]. In addition, Rajabi et al. investigated the
relationship between two-stage concrete and conventional concrete
with empirical formulas, and stated that mechanical values could be
determined by non-destructive experiments and production cost
and time would be reduced [72]. Accordingly, this study caters to
the use of Bauxite Waste (BW) material in the production of
concrete specimens. Besides, it aims to examine the effects of
bauxite waste to be substituted for fine aggregate in concrete on
strength and durability performances. Bauxite waste was used as
10%, 20%, and 50% instead of fine aggregate. Analysis of
performance effects of concrete specimens produced with
bauxite wastes were carried out with compressive strength,
tensile strength in splitting, abrasion resistance, freeze-thaw
resistance tests, and their strength and durability properties were
also analyzed with different cooling regimes at 600-800 and 1000°C.
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Materials and Methods

Materials

CEM | 42.5 cement was utilized in the study following TS 197-1
[73] standard. Bauxite Waste (BW) is a material released as a result
of the Bayer process and aluminum production process, which is
also called red mud due to its iron content. Bauxite waste was
supplied from the Seydisehir Eti Maden Aluminum factory in Konya.
SEM image of bauxite waste is given in Figure 1 its physical,
chemical, mineralogical properties are given in Tables 1 and 2
[74-76]. 0-4 mm crushed sand was used as fine aggregate
while crushed aggregate was used as coarse aggregate. The
properties of fine and coarse aggregate are given in Table 3.

Figure 1. SEM image of bauxite waste.

Table 1. Physical and chemical properties of bauxite

Parameter Bauxite waste
Color Red

Density (kg/m?3) 1310.46
Pore volume (cc/g) 0.019
Specific Surface Area (m2/g) 13.765

pH 10.58
Electrical Conductivity (dS/m) 8.60

Total Organic Carbon (mg/kg) 10205
Cs-134 (Bq/kg) <4.4

Cs-137 (Bq/kg) <5.7

Ra-226 (Bq/kg) 128.1£3.2
Th-232 (Ba/kg) 357.4+96
K-40 (Bq/kg) 1104 +22.4

Table 2: Chemical components of bauxite waste.

Oxide %
Al,O3 21.995
As;03 0.026
Ca0o 4.452
Ce,03 0.078
Cl 0.059
Cr,03 0.108
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Fe 03 36.422
Gay03 0.005
K,0 0.52
MgO 0.293
MnO, 0.029
Na,0 12.532
Nb,O5 0.009
NiO 0.055
P,05 0.021
PbO 0.014
S04 5.486
Sio, 13.254
Sr0 0.005
ThO, 0.009
TiOy 4.497
Y203 0.021
Zr0, 0.11

Table 3. Physical properties of fine and coarse aggregate.

Property Sand Crushed stone
(0-4 mm) (4-16 mm)
Specific gravity 2.71 2.80
Water absorption (%) 1.95 1.05
Abrasion rate (%) - 20.4
Methods

Preparation of concrete and specimens

The concrete design was made following the TS EN 802 [77]
standard and the mixing ratios are given in Table 4. Instead of
fine aggregate, bauxite waste was used at 10%, 20%, and
50% and named according to the number of additives. In
addition, concrete samples were produced in accordance
with the EN 12350-7 [78] standard on the amount of
entrained air of fresh concrete. The contribution of the fresh
concrete to the amount of entrained air is to increase the
workability of the fresh concrete. The entrained air bubbles take
role as an air cushion between the solid particles and increase
the workability of the concrete by reducing the friction
between them [79].

Compressive strength

Compressive strength was made following TS EN 12390-3
[80] standard. In the experimental study, 100 x 100 x 100 mm cubic
specimens were used. All specimens produced were cured in the
tap water pool at 21-23°C for 7, 28, and 60 days.
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Splitting tensile strength

Splitting  tensile strength values of concrete is of
great importance in terms of providing information about the
formation of crack analysis that may occur in the structure and its
elements. It is also crucial to prevent the formation of cracks,
especially in mass concretes, airport concretes, concrete road
constructions, etc. [81]. Splitting tensile strength was made
following TS EN 12390-6 [82] standard. 150 x 300 mm
cylindrical specimens produced for the experiment were kept
in the cure pool at21-23°C for 7, 28 and 60 days.

Abrasion resistance

Abrasion loss occurs as a result of friction of concrete
surfaces with another substance under the effect of an abrasive
substance. Abrasion is a long-lasting physical and mechanical
occurrence but is particularly critical for the road safety of vehicles
in motion [83]. In this study, specimens of 71 x 71 x 71 mm were
produced following the TS EN 2824 standard to determine the
abrasion resistance of concrete, which is a compositematerial [84].

The freeze-thaw effect

The freeze-thaw strength of the concrete specimens with
bauxite additive was made under the ASTM C666-97 [85]
standard. All specimens of 28 days were exposed to freeze-thaw
cycles between -20°C and +20°C. At the end of the freeze-thaw
cycle, the compressive strength and the resulting mass losses of
the concrete specimens were determined.

The high temperature effects

To determine the resistance of the 28-days specimens against
the effects of high temperatures, the concretes were kept in
an electric furnace at 600-800 and 1000°C for 1 hour. In the test
method in which two different cooling regimes were used, the
specimens exposed to the air-cooling regime were allowed to cool
under room conditions, while the specimens with the water-cooling
regime were immersed in the water tank to cool. Concrete specimens
were documented by measuring their compressive strength after
high temperature and UPV values.

Ultrasonic penetration rate test (UPV)

It is known that there is a certain relationship between
ultrasonic velocity and concrete density. Compressive strength
of concretes with high density is also expected to be high. The
amount of cavity is one of the most key parameters affecting
concrete strength [86]. Decreasing the amount of cavity in
concrete rises the ultrasonic sound penetration rate coefficient.
Ultrasonic sound penetration tests were applied to 28-day-old
specimens under ASTM C 597 standards [87].

Capillary water absorption

Capillary water permeability rates of concrete specimens
were calculated according to Darcy’s law. The specimens whose
capillary water absorption rate to be determined were kept in the
oven at + 105°C for 24 hours and the oven-dry weights of the
specimens were weighed. Later, the side surfaces of all specimens
were covered with silicone at a height of 5 mm. Following TS EN
4045 [88] standards, specimens of 100 mm immersed in water.
Then their weight gains were measured at the end of 5, 10, 30, 60,
240, and 1440 minutes, and the amount of water absorbed by the
specimens was determined.

Table 4: Mixture proportions (kg/m3).

Specimen Cement Water Coarse Sand
aggregate
River Sand Bauxite
waste
R 400 210 1200 450 -
BW10 400 210 1200 405 45
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BW20 400 210 1200 360 90

BW50 400 210 1200 225 225

Results and Discussion

Compressive strength

Compressive strength values of 7, 28, and 60-day concrete are
given in Figure 2.

41.2
450
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=284

60d
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R BW10 BW20 BW30
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Figure 2. Compressive strength of bauxite-added concrete at 7,
28 and 60 days.

According to the 7 days compressive strength values, it is
stated that the compressive strength values of the BW added
specimens were higher by 6%, 13%, and 26%, respectively,
compared to the reference specimen. It was determined that the
BW added specimens were 16%, 22%, and 36% respectively in
the 28 days results, and the BW added specimens were 18%,
26%, and 41%, respectively, in the 60-day results. While the R
specimen shows the lowest compressive strength value on
different days in the study, all specimens with additives have a
higher compressive strength than the reference specimen, and it
is known that the specimen with the highest compressive strength
value is BW50 with 42.9 MPa at the end of 60 days. The fact that
the specimens with bauxite wastes with fine aggregates have
higher compressive strength values compared to the reference
concrete can be explained by the presence of high levels of
Al,03 and Fe,03 and the effect of calcium oxide, which plays an
active role in the increase of strength [89-90]. In addition, the
increase in the content of bauxite waste used in concrete by
substituting it from fine aggregate contributes positively to the
increase in strength as well as the increase in density. A strong
positive correlation between concrete compressive strength
and density is shown in Figure 3 where the correlation
coefficient is specified. The result of the correlation coefficient
R,=0.9954 also proves this interpretation. As a result, the increase
in the density of specimens with bauxite waste yields higher
results in concrete compressive strength [91-92].

v=0.6288

- s

s Strength (MPa)
h =3
L]

10() 2405 2500 2305 2510 2515

Denstiy (kz/m)

Figure 3. Compressive strength-density relationship of
specimens with bauxite waste.
Tensile splitting strength test

The compressive strength values of 7, 28, and 60 days
concrete are given in Figure 4.
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Figure 4. Tensile strength of bauxite-added concretes on the
7th, 28th and 60t days.

According to the 7 days splitting tensile strength values, it
is stated that the tensile strength values of the BW added
specimens are higher by 5%, 12%, and 27% respectively,
compared to the reference specimen. In the results of 28
days, it was determined that the BW added specimens were
17%, 21%, and 36% respectively, and the BW added
specimens were found to be 19%, 27%, and 42%,
respectively, in the 60 days results. Tensile values in the 7,
28 and 60 days splitting results show the lowest value of
the R specimen, and the specimen with the highest splitting
strength value is the specimen coded BW50 with 8.23 MPa
at the end of 60 days. The high values of the specimens
with bauxite in the splitting strength test can be explained
by the high elasticity modulus of the bauxite aggregate and
its high strength [93-94]. Splitting tensile strength values obtained
at the same time are related to the compressive strength values
given in Figure 2. This observation is supported by the correlation
coefficient R,=0.9981 obtained in Figure 5.

7 8 g 10 11 12

Tensile Splitting Strength (MPa)

Figure 5. Compressive strength of specimens with bauxite
waste and tensile strength in.

Capillary water absorption

The capillary water absorption coefficients of the specimens
for 28 days are given in Figure 6.

0 i3 BW10 BW20 BW30
Specimens

Figure 6. Capillary permeability coefficients of BW specimens.

When the test results are examined, it is seen that the reference
specimen has the highest water absorption capacity. The water
absorption coefficient of the specimens with BW additive decreases
depending on the increase in the amount of additive. It is possible to
explain this situation with the tighter non-porous structure of the BW
contribution and the high value of the correlation number R2=0.9515
determined in Figure 7. As seen in Figure 6, the specimen with the
least water absorption coefficient is the one with the code BW50. The

4
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capillarity coefficient of the specimen with 10% BW additive was
found to be 44% lower than the R specimen, 60% for the 20%
BW added specimen and 80% for the specimen with 50% BW. As
a result, it is concluded that the type and the additive ratio of the

material substituted as fine aggregate has an important
effect in determining the capillary water absorption
coefficient.

20 0 0 50 “n

Katla oram (%4)

Figure 7. Relationship between capillary water absorption
coefficient and the number of specimens with bauxite additive.

Abrasion resistance

The 28 days abrasion test results are given in Figure 8.

5
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R

Figure 8. Abrasion ratio of BW specimens.
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The results show that the abrasion resistance of the R specimen
without additives is the lowest. When the values of the BW added
specimens are examined, the rate of abrasion loss decreases as the
additive rate increases. The abrasion losses of the specimens
with BW10, BW20, and BW50 additives are 23%, 32%, and
48%, respectively. The high abrasion resistance of the BW
added specimens can be explained by the hard structure of the
bauxite aggregate and its strength-enhancing effect [93]. At the
same time, it is indicated by the correlation coefficient obtained in
Figure 9 that there is a serious relationship between capillary
water absorption coefficients and abrasion losses. The
high R,=0.9997 correlation number reveals that concretes with
high capillary water absorption coefficient also have higher
abrasion losses.

2
U

[
=

Abrasion Ralio (%)

n s T

s 0000 00075 0003

Capillary Permeability {cm?/s)

Figure 9. Abrasion ratio—Capillary water absorption relationship.

Ultrasound speed test

Ultrasonic velocity values of specimens with bauxite additive
on the 7th, 28t and 60" days are given in Table 5. Based on the
compressive strength values given in Figure 2, it is observed
that bauxite waste substitution with sand has reduced the cavity
ratio in concrete. Besides, it is clear that there is a serious
relationship between the cavity structure and
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the compressive strength with the higher R, correlation number
obtained in Figure 10.

Table 5. Ultrasound speed test (m/s).

Specimen 7d 28d 60d
R 4680 5230 5435
BW10 5388 5808 5891
BW20 5525 5835 5930
BWS50 5630 5980 6110

20 40 80

Compreesive Strength (MPa)

Figure 10. Ultrasound velocity-Compressive strength relationship.

Compressive strengths after freeze-thaw

Compressive strengths obtained after freezing-thaw are given in
Figure 11.

b
=

[
=

Compressive Strength (MPa)

=

R BW10 BW20 BW30

Figure 11. Compressive strength after freeze-thaw test.

When the values are examined, the R specimen had 15.2%
pressure loss, BW10 10.5%, BW20 9.1%, and BW50 7.2%,
respectively. According to the pressure losses obtained, the R
specimen shows the highest loss. It is seen that all specimens
with BW additives contribute positively to the freeze-thaw
resistance of concrete. The freeze-thaw strength depends on
the factors of concrete’s cavity structure, saturation, s/c ratio,
etc. In the previous studies, the use of mineral additives
positively contributes to the mechanical and durability
properties of concrete [94]. The BW additive used in the
study also contributes positively to the improvement of much
strength and some durability properties of concrete.

Compressive strength after high temperature

At the end of 28 days, two different cooling regimes were
applied to the specimens under the effect of 600-800 and 1000°C
high temperature and the values obtained from the specimens are
given in Table 6.

The comparative results of the compressive strength values with
the R specimen are also given in Figure 12. When the results
are evaluated according to the type of cooling after high
temperature, in the water-cooling regime at 600°C, the R
specimen had 28%, BW10 15%, BW20 13%, and BW50 10%
pressure loss. At 600°C, the R specimen had the lowest strength
and the BW50 added specimen had the highest strength. At 890°
C, the R specimen had 62%, BW10 48%, BW20 41% and BW50
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32% pressure loss. At 800°C, the R specimen showed the
lowest resistance and the highest strength was the specimen
with BW50. After the water-cooling regime at 1000°C, all
specimens were damaged and the value could not be obtained. In
the air-cooling regime, at 600°C, the R specimen had 21%, BW10
18%, BW20 16%, and BWS50 12% pressure loss. At 600°C, the R
specimen had the lowest strength and the BW50 added specimen
had the highest strength. At 800°C, R specimen had 51%, BW10
43%, BW20 35% and BW50 29% pressure loss. At 800°C, the R
specimen had the lowest strength and the BW50 added specimen
had the highest strength. At 1000°C, the R specimen had 72%, BW10
60%, BW20 52% and BW50 48% pressure loss. At 1000°C, the R
specimen had the lowest strength and the BW50 added specimen
had the highest strength.

Considering the test results of the specimens cooled
after high temperature using water and air cooling regimes,
the strength of the specimens left to cool in the air cooling at
600°C was found to be lower than the specimens using the
water cooling regime. In the results at 800-1000°C, specimens
cooled in water give lower results than the specimens left to
cool in the air environment. All the specimens in the water-
cooling regime at 1000°C were damaged and no result was
obtained. The fact that specimens left to cool in the air at 600°C
after high temperatures show a lower pressure value than
specimens cooled in water can be explained by the volume
expansion that occurs in the conversion of CaCO3 to CaO during
the longer cooling times of the specimens in the air environment
[95]. It is possible to say that specimens that are left to cool in
water at 800-1000°C have lower resistance values than
specimens left in the air environment. Moreover, the reason
why values couldnt be obtained at 1000°C can be
explained by the thermal shock effect the specimens went
through in a short period of time, thus yielding to low strength
[96-98].

Table 6. Residual compressive strength results at 28 days.

Specim 25°C  Water Cooling Air
en Cooling
600°C 800°C 1000°C 600°C 800°C 1000°C

R 31.2 24.64 11.85 Comple 22.46 15.3 8.73

Ej%l)sltroy

ed
BW10 36.4 27.3 18.92 29.84 20.74 14.56
BW20 39.5 30.81 233 33.18 25.67 18.96
BW50 43.8 37.23 29.78 38.54 31.09 2276
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Figure 12. Residual compressive strength.

UPV results after high temperature

UPV results before and after exposure to high temperature at the
end of 28 days is given in Figure 13. UPV values before high
temperature give values between 5230-5980 m/s. UPV results
of the same specimens cooled in water regime after 600°C
high temperature are between 3412-4400 m/s. UPV results of
specimens cooled in air environment are between 3610-4510 m/s.
UPV results of specimens cooled in water at 800
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°C are between 2000-2784 m/s, and UPV results of specimens
cooled in the air are between 2154-2961 m/s. At 1000°C, the
specimens cooled in water were damaged by the thermal shock
effect [96], therefore the UPV results of the specimens cooled
only in the air were determined to be between 1300-2640 m/s. It is
known that there is a serious relationship between UPV results
and strength results, porosity, and density of concrete [99].
The test results obtained from specimens with bauxite
additives are also similar to the results of previous studies.
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Figure 13. 28-Day UPV test results (a) 600°C (b) 800°C (c) 1000°C.

Conclusion

Investigating the possibility of using bauxite waste as an
alternative in meeting the need for fine aggregate in concrete
production, the following conclusions have been drawn.

1. In the study, the use of bauxite waste by substituting fine
aggregate caused an increase in concrete density. The specimen
with the highest density was the specimen with BW50 additive with
2513 kg/m?.

2. In compressive strength, as the ratio of using bauxite waste
instead of fine aggregate increases, pressure strength increases.
In the study, the highest compressive strength value was
obtained from BW50 added specimen with 42.9 MPa.

3. In the tensile splitting strength test, the tensile values in the
7, 28, and 60 days splitting results show that the R specimen
had the lowest value, the specimen coded BW50 with 8.23 MPa
had the highest tensile strength value at the end of 60 days. Its
relation with compressive strength was also indicated with the
correlation number R,=0.9981.

4. In capillary water absorption, it is seen that the reference
specimen had the highest water absorption capacity with 0.0025
cmZ/sec. The water absorption coefficient of the specimens
with BW additive decreased depending on the increase in the
amount of additive. It is possible to explain this situation with

the tighter non-porous structure of the BW 6
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contribution with the high value of the correlation number
determined as R,=0.9515.

5. In abrasion resistance, in the results obtained after 28 days, it
is seen that the abrasion resistance of the pure R specimen is
the lowest with 75%. When the values of the specimens with BW
additives are examined, it is stated that the abrasion loss rate
decreases as the additive rate increases, the abrasion losses
of the BW10, BW20, and BW50 added specimens are 23%, 32%,
and 48%, respectively. Concretes with high capillary water
absorption coefficient also have higher abrasion losses, which is
indicated by the high R,=0.9997 correlation number.

6. In the ultrasound speed test, the 7 days ultrasonic velocity
values of the R specimen without additive and the bauxite waste-
added specimens are between 4680-5630 m/s. 28 days
velocity values are between 5230-5980 m/s and 60-day
ultrasonic velocity values are between 5435-6110 m/s. The
effect of bauxite waste used by substituting sand to reduce the
cavity ratio in concrete is explained by the high value of
R,=0.9324 correlation number. This indicates the relationship
between ultrasonic sound and compressive strength.

7. In compressive strengths after freeze-thaw, the R
specimen had 15.2%, BW10 10.5%, BW20 9.1%, and BWS50
7.2% pressure loss. According to the pressure losses obtained,
the R specimen shows the highest loss. BWS50 added
specimen showed the highest freeze-thaw resistance with 40.64
MPa.

8. Compressive strength after the high temperature at 600°C in
water cooling regime, the R specimen showed the lowest
compressive strength with 24.64 MPa, and the highest strength
was shown with the BW50 added specimen with 37.23 MPa. At
800°C in water cooling regime, the R specimen showed the lowest
compressive strength with 11.85 MPa while the highest strength
showed the BW50 added specimen with 29.78 MPa. Since all
specimens were damaged at 1000°C, values could not be
obtained. At 600°C in the air-cooling regime, the R specimen
showed the lowest compressive strength with 22.46 MPa, and the
highest strength was shown with BW50 added specimen with
38.54 MPa. At 800 °C in air cooling regime, the R specimen
showed the lowest compressive strength with 15.30 MPa and the
highest strength was shown with BW50 additive with 31.09 MPa. At
1000°C in air cooling regime, the R specimen showed the lowest
compressive strength with 873 MPa and BW50 added
specimen had the highest strength with 22.76 MPa.

9. Considering the effect of cooling regimes, specimens left for
cooling in a water environment at 600°C have a better
performance than specimens left for cooling in an air environment,
and specimens exposed to a cooling regime in the air at 800°C and
1000°C give better results than specimens with the cooling regime
in a water environment.
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