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ABSTRACT

Every year hundreds of millions of tyres come out as waste because they fill their service period and this situation causes global
problems in respect of health and environment. Today, as the natural building sand became a limited and costly material, and fine
aggregate is more economical and sustainable, this lead to the usage of fine aggregate in concrete technology. In this study, rubber
granule aggregate (CRA) obtained from waste tyres with 0% (control), 5%, 10% and 15% ratios by weight was replaced with the
amount of fine aggregate which remains at 1-2 mm sieve opening, and mechanical and morphological properties of the samples
were investigated. For this purpose, unit weight, water absorption, compressive strength for 3,7 and 28 days, freezing-thawing (100
cycles) and ultrasonic pulse tests of concrete samples were performed. Also, SEM (Scanning Electron Microscope) images and
EDS (Energy-Dispersive X-ray Spectroscopy) spectrum analyses of samples were examined. As a result of the study, it was
determined that the sample containing CRA with 5% ratio gave more suitable results than the other samples.

Keywords: Aggregates/recycled aggregates, concrete, concrete technology, construction materials, size effect.

Graniile Atik Lastik Agregasi Iiceren Kauguk
Betonunun Fiziksel Ozellikleri

0z

Her yil yliz milyonlarca arag lastigi servis siiresini doldurmasi nedeniyle atik olarak ortaya ¢ikmakta, bu durum saglik ve g¢evre
acisindan kiiresel sorunlara neden olmaktadir. Giiniimiizde dogal ingaat kumunun az bulunan ve daha maliyetli bir malzeme haline
gelmesi, dogal kuma gore daha ekonomik, siirdiiriilebilir olmast beton teknolojisinde ince agrega olarak kullanimmin yolunu
acmustir. Bu caligmada, atik lastiklerden elde edilen kauguk graniil agrega (CRA), beton karisim dizayninda ince agreganin 1-2 mm
elek araliginda kalan miktarina agirlikga %0 (Kontrol), %5, %10 ve %15 oranlarinda ikame edilmis ve numunelerin mekanik ve
morfolojik 6zellikleri aragtirilmistir. Bu amagla beton numunelerinin; birim agirlik, su emme, 3, 7 ve 28 giinliik basing dayanimlari,
donma-¢oziinme (100 ¢evrim) ve ultrases deneyleri yapilmistir. Ayrica, numunelerin SEM (ScanningElectronMicroscope)
goriintiileri ve EDS spektrum analizleri incelenmistir. Calismanin sonucunda, %5 oraninda CRA igeren numunenin diger
numunelere gore dahauygun sonuglar verdigi belirlenmistir.

1. INTRODUCTION processes on mechanical resistance and durability
Today, waste tyres not only give harm to health and propejrties. In a study performed on 'the effect of rubber
environment, but also cause esthetical problems. As they ~ addition on  concrete permeability; although the
have an extremely complex structure, recycling of waste ~ Permeability coefficient of pervious concrete decreased
tyres is a very difficult process. Also during the burning DY 28% with 10% rubber addition, the acceptable values
process, which is the most economical and easiest for such concretes were not exceeded and despite this
method for elimination of used waste tyres, the harmful ~ decrease, in case of rain shower, as rain waters are
gases released to environment cause significant air  drained to soil rapidly, it was concluded that pervious
pollution. Therefore, such an elimination method is ~ concretes containing rubber  could be utilized in
banned in many countries by law. Today, to make savings ~ construction of structures such as parqug areas, walk
from consumed natural sources, waste products are being ~ Ways and road shoulders[1]. As rubber addition decreases
used within the concrete. So, the harm given by the the manufacturing cost of concrete and increases its

rubber tyres, which is one of the several harmful solid ~damping capacity against impacts, it is stated to be
wastes. is reduced to minimum. suitable for using in pavement coatings[2]. Investigation

was made on the effect of particle size and the content by
volume of waste tyre rubber in pervious concretes against
its resistance to bending strength, abrasion and freezing-
*Sorumlu Yazar (Corresponding Author) thawing effects; and as a result of the study it was
e-posta : ozlembideci @duzce.edu.tr determined that there was a significant increase in
abrasion and freezing-thawing resistance of rubber added

Studies were conducted on the effect of utilization of
waste rubber in the content of concrete after a series of
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pervious concretes whereas there were a decrease in their
bending strength based on the increase of rubber
content[1,4-6]. Also, in another study, it was stated that
concretes manufactured by shredded waste rubber chips
are suitable to be used in concrete barriers in highways
due to the increase in their energy absorption capacity
[7]. However, it was determined that when exposed to
high temperatures, strength of such concrete decreases
compared to normal concretes [8]. In a study, in a self-
consolidating concrete manufacturing, the rubber dust
was replaced with fine aggregate in 5-10-15-20% ratios
by volume and as a result of the experiment it was
observed that the shrinkage increased by the increase of
rubber amount and this value was at the maximum with
20% rubber replacement, and also ultrasonic pulse
velocity decreased when the replacement amount
increased[9]. So, it was revealed by the experiments that
rubberized concretes might be beneficial to be used in
places where voice isolation is required [10]. Several
studies were performed on mechanical, morphological
and durability characteristics of concrete by adding
rubber aggregate in concrete. In a study performed, it was
concluded that concretes having rubber has high
resistance in environments where they were exposed to
acid attacks and they could be applied in such
environments [11]. In another study aiming to reduce the
expansion caused by alkali-silica reactions, for samples
having 16% rubber, there were determined a decrease in
43% ratio in the alkali-silica reaction expansion [12]. As
a result of these studies it was determined that
compressive strength, bending strength, tensile splitting
strength and elasticity module properties of rubber
aggregate added concretes decrease, but energy
absorption capacity and ductility property of them
increase[1,5-7,9,13-15]. As a result of microstructural
examinations preformed on the samples prepared with
such concretes, it was observed that the decrease in
strength was based on the poor adherence between the
rubber aggregate and concrete paste [4,14]. Therefore
rubber particles had been firstly oxidized in KMnOj4
solution and then exposed to sulphonisation process in
NaHSO; solution in order to increase the chemical link
between the rubber aggregates and cement paste. As a
result of the experiment, it was observed that the
adherence between rubber surface and cement paste had
increased in 41.1% ratio and mechanical properties of
rubberized concretes that were exposed to such
modification processes had increased [16].

In this study, rubber granule aggregate (CRA) obtained
from waste tyres with 5%, 10% and 15% ratios by weight
was replaced with the amount of fine aggregate which
remains at 1-2 mm sieve opening, and engineering
properties of the samples were investigated. For this
purpose, unit weight, water absorption, compressive
strength for 3, 7 and 28 days, tensile splitting, freezing-
thawing (100 cycles) and ultrasonic pulse tests of
concrete samples were performed. Also, SEM (Scanning
Electron Microscope) images and EDS (Energy-

Dispersive X-ray Spectroscopy) spectrum analyses of
samples were examined.

2. MATERIAL AND METHOD
2.1 Material

Aggregate:It is a known fact that suitable aggregate
should be used to obtain a good concrete. Properties of
aggregate such as chemical and mineralogical
composition, petrographic structure, specific weight,
hardness, strength, physical and chemical stability, void
structure and color depend on the properties of rock.
However, in practice, typically properties of aggregate
such as particle shape and size, surface structure and
water absorption are considered. All of these aggregate
properties have significant effects on the concrete
properties[17,18]. During the study, natural aggregate
produced as per TS 706 EN 12620[19](Figure 1) and
rubber granule within 1-2 mm range obtained from
Kahya Kauguk were used. Properties of the used
aggregate are given in Table land its granulometry curve
is given in Figure 2.

Table 1. Specific weight and water absorption ratios of

aggregates
Specific Water
AggregateProperties Weight Absorption
(g/em®)  Capacity (%)
Crushed sand 2.64 1.80
Crushed stone No I 2.66 0.60
Crushed stone Noll 2.70 0.40

Gradation

Percent Passing by Weight

0.1 1 10 100
Screen Size (mm)

+ Lower Limit = Upper Limit

Fig. 2. Aggregate granulometry curve

Cement: CEM 142.5R cement produced according to TS
EN 197-1 [20] standard obtained from Nuh Cimento San.
A.S. cement factory was used. Physical and chemical
analysis of the cement is given in Table 2.
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Table 2. Chemical and Physical analysis of cement

CEMI TS EN TS EN
. o . .
Ingredients [%] 42.5R 197-1 Physical Properties 197-1
CaO 63.93 Setti . Start 141 min. 60
' C4S>50% etpng Time
SiO, 19.49 - [Min.] End 202 -
AL Os 4.36 - Specific weight [g/cm?] 3.15 -
Fe,0; 3.40 - Blaine fineness [cm?/g] 3866 -
Total Volume Expansion [mm] 1 max.10
MgO 1.67 Lim.<5%
SO3 2.81 Lim.<4% 32 um sieve residue % 7.7 -
Na,O 0.27 - 90 um sieve residue % 0.1 -
K>O 0.67 - Compressive 2 Days 28.1 min. 20
Cl- 0.0089 Lim.<0.10% | Strength 7 Days 45.7 -
[N/mm?] min. 42.5
Loss on Ignition 291 Lim.<5% 28 Days 56.8 max. 62.5
Undissolved 0.32 Lim.<5%
Residue

Rubber Granule: Granule rubber, which is within 1-2
mm sieve range, obtained from Kahya Kauguk (Figure3)
was used in the analyses. EDS analysis had shown that
the rubber sample contained carbon (C) element in a high
ratio. Chemical composition properties of rubber was
determined by using EDS and given in Table 3.

Table 3. Chemical composition properties of rubber sample

Composition of

element Symbol Percentage
Carbon C 89.80
Oxygen o 8.04
Sodium Na 132
Sulphur S 0.84
Total 100.00

e P e SO L T, R ———
I\]]234$6?$§H“';1?34567
il it m L ha s

CRUMB RUBBER

Fig. 3. Rubber granule within 1-2 mm sieve range

Plasticiser: During the study polycarboxylate based
additive was used as plasticiser. It is mixed to each series
of tests in 1% ratio. Physical and chemical properties of
the plasticiser obtained from Aydos Construction
Chemicals Factory are given in Table4.

Table 4. Physical and chemical properties of plasticiser

Technical properties

1.095
Chemical Polycarboxylate . +0.02
composition  based Density kg/l
(20°C)
. Chlorine %
Form Liquid (EN 480-10) <0.1
Alkali %
Colour Brown (EN 480-12) <25
pH 6.5t 1.5

Water:Concrete mixture water used in the study was
supplied from Diizce Municipality municipal potable
water system.

2.2Method

Dry unit weight

In the test, for each series of tests three cylinder samples
in 100 x 100 mm size were manufactured. Manufactured
samples were kept in water curing for 48 hours and then
dried in oven at 100-110°C for24 hours. Dried samples
were weighed by analytical balance and their sizes were
measured by caliper, and dry unit weights of them were
calculated according to the Eq.1.

Dry Unit Wight= W/WV (1)
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[kg/m’]
W: Oven dry weight of sample [kg];
V: Sample volume [m?]
Water absorption

Water absorption test was performed as per TS EN 1097-
6[21]“Determination of Particle Density and Water
Absorption Ratio of Aggregates” standard. For each
series of concretes, water absorption percentage tests
were performed on samples of 28 days. For water
absorption test, samples for which dry weights had been
previously determined were kept in water for 24 hours
and then they were taken out and weighed. These values
were subtracted from dry weight values and their
proportion to dry weight percentage was determined. So,
water absorption percentage values were determined for
each series according to Eq. 2.

W —W
% X 100 [%] Q)
0

A, =
A= Water absorption by weight [%];
W= Dry weight of sample [g];
W= Weight of sample, which is concentrated with
water, in air [g].

Compressive strength

If it is known about compressive strength of cement, it is
possible to get information about other kinds of strengths.
It can be said that knowing compressive strength means
providing quantitative information about other properties
of concrete [22].

Compressive strength test was performed accordance
with TS EN 12390-3 [23] "Determination of
compressive strength in hardened concrete samples"
standard. From each test series, totally 12 cubic samples
of 150x150x150 mm were produced for test in order to
break them after 3,7 and 28 days of treatment periods.
Concrete compression test instrument (Figure 4) with
3000 kN loading capacity, digital control unit and one

axis whose loading rate can be adjusted was used and

compressive strength of concrete samples were
calculated according to Eq. 3.
P
fe=—— [MPa] 3)
(4

f.: Compressive strength [MPa];

P: Maximum load achieved at time of breaking [N]
Ac: Cross sectional area of sample [mm?]
Freezing-Thawing

Concretes are subject to many environmental effects. The
most efficient of those are freezing and thawing.
Because, the water filled in spaces of the material causes
expansions in volume and internal tensions by freezing
in weather conditions at [-] temperatures. Consequently,
physical deteriorations happen in the concrete and
compressive strength decreases [24].

The aim of the test was to demonstrate the behavior of
the concrete samples obtained by CRA addition against
freezing and thawing. Therefore, 12 cylindrical samples
of 100x100 mm size were produced and 28 days of water
curing was applied to the samples. According to ASTM-
C 310 [25], the samples completed their cycle within the
set range which was between +4 °C and — 18 °C in
freezing-thawing cabinet. The performed freezing-
thawing process is called as 1 repetition (cycle). The test
was applied by 100 repetitions as such. Concrete
compression test instrument having 3000 kN loading
capacity and digital control unit with one axis and
adjustable loading rate was usedand compressive
strength of concrete samples were calculated according
to Eq. 4.

Pmax

fo=—3 MPa] 0

f.: Compressive strength [MPa]; P: Maximum load
achieved at time of breaking [N]

Ac: Cross sectional area of sample [mm?]

Fig. 4. Application of compressive strength test
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Ultrasonic pulse velocity

Ultrasonic pulse velocity test method carried out as
per ASTM C 597 [26] standard is based on the principle
of calculating the velocity of the ultrasonic pulse passing
through a material and is calculated by Eq. 5.

L
V=7 [km/sec] (5)

V: Ultrasonic pulse velocity, km/sec; L: Length of
passing, mm

U: Time of passing, us

It is difficult to find the compressive strength of a
concrete by ultrasonic pulse velocity method (Figure 5)
in a satisfactory sensitivity. However, the velocity of
ultrasonic wave passing inside a concrete is closely
related with the void quantity (density) of that concrete
contains, and therefore it is possible to set up a general
relationship between obtained ultrasonic velocity and the
quality of the concrete. As a result of the experimental
studies carried out by White Hurst on concretes having
about 2400 kg/m? of density, results showing how the
concrete quality might be when the ultrasonic pulse
velocity is known are shown in Table 5.

Table 5. Ultrasound — Concrete Quality Relationship

the hydration. The parts were taken into glass bottles
while including particles and sent for analysis. The
microstructures of samples were examined in Diizce
University, Scientific and Technological Investigations
Application and Investigation Centre and their SEM
images were taken by FEI trademark, QuantaFeg 250
model variable pressure instrument. EDS analyses were
made by using EDAX trademark Apollo X model
instrument.

Concrete mixture

In the study, according to rubber granule aggregate
(CRA) percentage replaced in the concrete 0% CRA
coding was made to control samples and 5% CRA, 10%
CRA and 15% CRA coding was made to 5%, 10% and
15% replaced series, respectively.

For mixing of concrete, vertical axis laboratory type pan
mixer with 50 dm® volume was used. Fine and large
aggregates were placed in the mixer and it was dry-mixed
for 1 minute. Then cement was added and it was mixed
for 2 minutes more. 2/3 of mixture liquid was mixed for
2 minutes after the plasticizer was added, and then all the

Wavelength [km/sec] >4.5

4.5-3.5

3.5-3.0 3.0-2.0 <2.0

Concrete Quality Excellent

Good

Uncertain Poor Very Poor

In general it is known that high velocity (> 4.5 km/sec)
indicates high quality concrete, whereas very low
velocity (< 3.0 km/sec) indicates poor quality
concretes[23]

remaining liquid was added onto the mixture and mixing
was continued for 3 minutes more. Fresh concrete was
placed into sampling containers carefully in order to
avoid the segregation and loss of homogeneity of the

Fig. 5 Application of ultrasonic pulse velocity test

Scanning Electron Microscope (SEM)- Energy-
Dispersive X-ray Spectroscopy (EDS) Analyses

In order to form a basis to the experiment, about 100
grams of samples were taken from concrete samples,
which were taken from 28 days of curing. These samples
were kept in pure acetone for 12 hours in order to stop

concrete. To complete the setting of the samples, they
were kept for one day by covering them with a wet cloth
and then they were kept in a curing pool having water
temperature of 20+2 °C for 3, 7 and 28 days. Concrete
mixture design is given in Table 6.
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Table 6. Mixture design for Im* Concrete

Material [kg] 0%CRA (Control) 5%CRA 10%CRA 15%CRA
Crushed Sand 953.9 906.2 858.5 810.8
Aggregate Crushed Stone No I 404.5 404.5 404.5 404.5
Crashed StoneNoll 568.1 568.1 568.1 568.1
Cement 290.0 290.0 290.0 290.0
Crumb Rubber(CR) - 47.7 95.4 143.1
Super plasticizer 3.19 3.19 3.19 3.19
Water [kg/l] 166.1 165.2 164.3 163.4

3. RESULTS AND DISCUSSION
3.1 Dry Unit Weight and Water Absorption

Dry unit weight and water absorption ratios of obtained
samples are given in Table 7

water absorption ratio was decreased.

The graph

showing the dry unit weight and water absorption ratio is

given inFigure6.

Table 7. Dry unit weight and water absorption ratios of samples

Mixture Dry Unit Weight [kg/m’| Water Absorption Ratio [%]
0%CRA (Control) 2345.88 4.37
5%CRA 226191 4.25
10%CRA 2146.23 3.93
15%CRA 2075.38 3.92
When samples are examined it is observed that highest 3.2 Compressive Strength

unit weight and water absorption ratio was for 0%
CRA(Control) samples, whereas the lowest values were
obtained by 15% CRA samples. Also, in water absorption
ratios, it was determined that with replacement of granule
rubber aggregate amount, unit weight was decreased and

Compressive strength test results for manufactured
concrete samples according to TS EN 12390-3 are given
in Table 8 and graphical demonstration of test results are

given in Figure 7.

2,4 45
2,35 - 44
2,3 - 43
2,25 | 4’2
L) 212 \\ | 4,1
£ 2,15
e~ 21 \ — -4
2,05 - r 3.9
2 - 3,8
1,95 - 3,7
1,9 3,6
%0 CRA (Control) %5 CRA %10 CRA %15 CRA
== Dry Unit Weight (t/m3) == \Nater Absorption Ratio (%)

%

Fig. 6 The graph showing the dry unit weight and water absorption ratio percentage
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Table 8. Compressive Strength of Concrete Samples, [MPa]

Material 0%CRA (Control) 5%CRA 10%CRA 15%CRA
Compressive 3 Days 33.04 24.77 13.32 10.03
Strength 7 Days 43.12 32.66 20.87 13.91
[MPa] 28 Days 51.63 36.54 2427 15.36

When 28 days of compressive strength of manufactured
samples are analyzed, it is observed that maximum value
was obtained in 28 days from the sample containing 0%
CRA (51.63MPa) and the minimum value was obtained
from the sample containing 15% CRA (15.36MPa).
Compared with control samples, compressive strength of
samples containing 5% CRA, 10% CRA and 15% CRA
were determined to be decreased by 25-70% for samples
of 3 days, by 24-68% for samples of 7 days, by 29-70%
for samples of 28 days. As a result, optimum result in
compressive strength test was obtained from samples
with 5% CRA replacement.

Because, the water filled in spaces of the material causes
expansions in volume and internal tensions by freezing
in weather conditions at (-) temperatures. Consequently,
physical deteriorations happen in the concrete and
compressive strength decreases.

The aim of the test was to demonstrate the behaviour of
the concrete samples obtained by CRA addition against
freezing and thawing. Therefore, 12 cylindrical samples
of 100x100 mm size were produced. Compressive
strength graph for each sample after 100 cycles are given
in Figure 8.

60

Compressive Strength (MPa)
N
(6]

0% CRA (Control)

Time (day)
5% CRA

7 28

®10% CRA ®15% CRA

Fig. 7. Compressive strength graph of concrete samples

3.3 Freezing-thawing

Concretes are subject to many environmental effects. The
most efficient of those are freezing and thawing.

When Figure 9 is examined, at the end of 100 cycles it is
observed that the compressive strength was maximum for
samples with 0%CRA (control) (16.81 MPa) and
minimum for samples with 15% CRA (6.35 MPa). When

20
= L
E 15 +
£ i
B
Z o
1] L
=
10 +
[:5] -
2
2 |
W -
1
. L
E ST
5 L
L] -

u] T T T T
0% CRA, 5% CRA, 10% CRA&, 15% CRA&,
Control
Sample Series

Fig. 8. Compressive strength graph after freezing-thawing test
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compressive strength of samples after freezing-thawing
was compared with normal compressive strength of
them; the maximum decrease is observed in samples with
0% CRA (67%), whereas the minimum is observed in
samples with 15% CRA (59%). This shows that CRA
replacement positively affected the frost resistance.

3.4 Ultrasonic pulse velocity

Results for ultrasonic pulse velocity test carried out as per
ASTM C 597[26] standard are given in Table 9

concretes with 0% CRA, 5% CRA and 10% CRA have
“g00d” (3.5-4.0 km/sec), and concretes with 15% CRA
have “not certain” (3.0-3.5 km/sec) concrete quality.

3.5 SEM and EDS analyses

The substances that make cement have a high strength are
C-S-H. As a result of the examinations performed by X-
ray and electronic microscope [27], it has been possible
to examine the structure of C-S-H. According to the
studies C-S-H elements have not been properly

Table 9. Ultrasonic Pulse Velocities

o,
Concrete Specimen 0%CRA 5%CRA 10%CRA 15%CRA
(Control)
Ultrasonic Pulse Velocity [km/sec] 4.01 3.82 3.56 3.33

When obtained results were compared with ultrasonic
pulse-concrete quality literature, it was determined that

crystallized; even they practically have characteristics,
which is practically close to amorphous structure. These

PR - § o
JhSmem S HTD egh e Quants 11 Dne sneruteu

Label:

[Res:128 Amp.T:12.80 FS:26104

ca

si

s

©:\edax32\genesis\genspe. spe

kV:20.0 Tilt:1.2 Take-of£:36.2 Det: SDD Apollo 40

Lsec:112 29-Jul-2016 14:56:46

Fe
Fe

1.00 2.00 3.00 4.00

5.00 6.00 7.00 8.00 9.00 10.00 11.00 ke

Fig. 9. SEM Images and EDS Analyses of Concrete Matrix after 28 days
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elements generally have two different types, in forms of
fibres and thin plates or leaves. When hydrated units of
calcium silicates are generated, Ca(OH); is formed as
hexagonal crystalline and builds up bridges between
hydrated units. As a result of increase in C-S-H units in
time, the fibres and plates get larger, enter each other and
combine together and they provide increase in strength of
cement in time [28,29]. SEM images and EDS analysis
obtained from the samples in the study are given in
Figure 9, respectively.

When SEM images were examined, it was determined
that there were aggregates, which had vitreous structure
and contained minerals, there were minerals as feldspar,
dolomite, calcite and hydrated phases as C-S-H,
portlandite and ettringite (trisulphoaluminate hydrate)
and non-hydrated cement particles. It was observed that
the bond between rubber aggregates and cement sludge
is poor and as a result of this poorness cracking had
occurred on the interface between cement paste and
rubber aggregate, and thus it negatively affected the
strength of the concrete.

When EDS results were examined, it was observed that
Ca, O, Mg, Al, Si, S, K, CaO, FeO eclements and
compounds in concrete samples were in parallel when
compared with the ones having CRA addition. It was
observed that in samples produced with 5% CRA, Ca
amount [%] was greater compared to the rest.

4. CONCLUSIONS

In this study, Rubber Granule Aggregate (CRA) obtained
from waste tyres in different ratios by weight (Control
(0%), 5%, 10% and 15%) was used instead of fine
aggregate within 1-2 mm range and obtained results are
given below.

= It was observed that unit weights of produced
concretes changed between 2346 kg/m® and 2075
kg/m?. Dry unit weights of (Control) samples with %0
CRA were higher than that of concrete samples with
CRA and decreased directly proportional to the CRA
amount.

= [t was determined that CRA addition to concrete
decreased the water absorption ratio (by 2.7%-10%).

= It was observed that regarding compressive strength,
maximum value was obtained in 28 days from the
sample containing 0% CRA (Control) (51.63MPa)
and the minimum value was obtained from the sample
containing 15% CRA (15.36MPa). It was determined
that as CRA amount increases, the compressive
strength decreases.

= As a result of 100 cycles, it was observed that the
compressive strength was maximum for sample with
0% CRA (control) (16.81 MPa) and minimum for
samples with 15% CRA (6.35 MPa). Also it was
determined that directly proportional to the increase
of CRA amount, compressive strength decreases.

= As a result of ultrasound pulse velocity test, it was
determined that samples with 0% CRA (Control), 5%

CRA and 10% CRA have “good” (3.5-4.5 km/sec),
and 15% CRA have “not certain” (3.0-3.5 km/sec)
concrete quality.

=  When SEM images of samples are examined; it was
observed that the bond between rubber aggregates
and cement sludge is poor and as a result of this
poorness cracking had occurred on the interface
between cement paste and rubber aggregate, and thus
it negatively affected the strength of the concrete.

As a conclusion; it is determined that in cements
manufactured by using CRA, replacing fine aggregate
with 5% CRA by weight (optimum) makes positive
contribution to the mechanical and durability
characteristics of the concrete.
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