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Abstract

In the studies carried out until today, rubber-modified self-compacting concretes (RMSCC) had been manufactured
by replacing the aggregates of the waste vehicle tires (WVT) in the grain size distribution and particles that have different
workability, different mechanical, and physical properties. However, variation of the carrying capacity of the RMSCC
elements produced with different slenderness ratio h/b ratio under axial load had not been researched in previous studies.
Within the scope of this study, the change in physical and mechanical properties of RMSCC elements produced by using
different h/b ratios had been examined both experimentally and theoretically. Since the natural sand and WVT aggregate
used in the production of concrete and their grain sizes are in the same range, WVT aggregate has been replaced by natural
sand in 4 different proportions. These ratios were used as 5%, 10%, 15% and 20% of the natural sand volume, respectively.
Slenderness ratios, h/b ratios were 1.0, 1.5, 2.0, 2.5, 3.0 and 3.5, and experimental and theoretical investigations had been
performed for 90 samples in total. The linear regression models of the obtained results had been analyzed and the
equations with the h/b ratios according to these models had been produced. The results of the obtained equations and the
results of experimental axial pressure had been compared. In addition to the amount of WVT aggregate used and the
increase in the ratio of h/b, the compressive strength losses had caused by different rates on the samples. The effect of the
WVT aggregate ratio on the compressive strength had become more significant with the increase in use rate. Besides,
regression analyzes had been performed to determine the effect of h/b ratio on the compressive strength. In conclusion,
regression R? (coefficient of determination) values that belong to equations obtained had been found over 0.95.
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Numune Boyutunun Kauc¢ukla Modifiye Edilmis Kendiliginden Yerlesen
Betonun Basin¢ Dayanimi Uzerindeki Etkileri

Oz

Bugiine kadar yapilan ¢alismalarda, tane boyutu dagilimindaki atik arag lastiklerinin (WVT) agregalar1 ve farkl
islenebilirlige, farkli mekanik ve fiziksel 6zelliklere sahip partikiiller degistirilerek kauguk modifiyeli kendinden yerlesen
betonlar (RMSCC) imal edilmistir. Ancak eksenel basing altinda farkli narinlik orani h/b ile tretilen RMSCC
elemanlarmin tasima kapasitesindeki degisim daha 6nceki ¢aligmalarda arastirilmamisti. Bu ¢alisma kapsaminda farkli
h/b oranlari kullanilarak iiretilen RMSCC elemanlarinin fiziksel ve mekanik 6zelliklerindeki degisim hem deneysel hem
de teorik olarak incelenmistir. Beton iretiminde kullanilan dogal kum ve WVT agregasi tane boyutlar1 ayni aralikta
oldugundan WVT agregasi 4 farkli oranda dogal kum ile degistirilmistir. Bu oranlar dogal kum hacminin sirastyla %35,
%10, %15 ve %20'si olarak kullanilmigtir. Narinlik oranlari, h/b degerleril.0, 1.5, 2.0, 2.5, 3.0 ve 3.5 olup, toplam 90
ornek i¢in deneysel ve teorik aragtirmalar yapilmstir. Elde edilen sonuglarin dogrusal regresyon modelleri incelenmis ve
bu modellere gore h/b oranlari ile denklemler iretilmistir. Elde edilen denklemlerin sonuglari ve deneysel basing dayanimi
sonuglart karsilagtirllmigtir. Kullanilan WVT agregasi miktar1 ve h/b oranindaki artigin yani sira, numunelerde farkli
oranlardan kaynaklanan basing dayanimi kayiplar1 olmustur. WVT agrega oraninin basing dayanimi {izerindeki etkisi,
kullanim oranmin artmasiyla daha da belirgin hale gelmistir. Ayrica h/b oraninin basing dayanimma etkisini belirlemek
icin regresyon analizleri yapilmustir. Sonug olarak elde edilen denklemlere ait R? degerleri 0,95'in iizerinde bulunmustur.

Anahtar Kelimeler: Mekanik 6zellikler, numune boyut etkisi, kendiliginden yerlesen beton, lastik kauguk pargaciklari, atik yonetimi
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INTRODUCTION

The vehicle tires thrown into the waste fields
constitute a large part of the solid wastes. These tires,
which are stocked at waste sites, also pose various
health risks, environmental and economic risks due to
air, water, and soil pollution. Because of their unique
shape and impermeable nature, when tires are
accumulated in the collection areas, they cause the
water to accumulate in the collection areas for a long
time. This environment creates a reproductive habitat
for mosquitoes and various pests. The easiest and
cheapest removal method for tires is to burn them and
this causes serious fire hazards. Furthermore, the dust
remained after the waste tire burning pollutes the soil.
Oil caused due to melt of tires may also contaminate
soil and water. Approximately 1000 million tires
reach the end of their useful lifetime each year.
Currently there are 3000 million of stocked (whole
tire) or ground filled (chopped tire) and 1000 millions
of stocked (whole tire) or ground filled (chopped tire)
in the USA. As a result, the disposal areas of waste
tires create a significant danger that could lead to a
reduction or even destruction of biodiversity (Sofi,
2018). When the data are analyzed, the problem of
how to eliminate the waste tires together with the
increase in the number of cars will arise (Fedroff et
al., 2007; Karakurt et al., 2014).

Destruction or storage of waste tires leads to
significant environmental problems. Generally waste
tires or solid wastes are disposed by burning, burying
or storing (Topg¢u and Eser, 2000; Al-Akhras and
Smadi, 2004; Sukontasukkul and Chaikaew, 2006;
Karakurt et al., 2014). In the United States, it has been
stated that grinded car tires are mostly used in
construction applications for sports field surfaces,
asphalt production and ground filling (Rubber
Manufacturers Association, 2006; Karakurt et al.,
2014).Innovative solutions are needed in order to
prevent problems caused due to waste vehicle tires
(Li et al., 2004; Karakurt et al., 2014). In the early
1990s, tires used in extensive research projects had
found use in different applications. Waste tires are
also used as an asphalt and concrete aggregate due to
its advantages such as low unit weight, insulating
property, and high toughness.

In addition, waste tires are considered as shock
absorbers on decks, breakwater, and railways.
Besides these wastes are used for erosion control and
they are used as highway barrier, swamp
improvement, pavement sub-material in road fillings,
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modified material in hot mix asphalt pavements,
seismic isolator in walkways and buildings (Topgu,
1995; Avcular and Topgu, 1997; Topcu and Avcular,
1997; Goniilld, 2004; Turgut et al., 2007; Snelson et
al., 2009; Sugbzii, ilker, 2009; Kocak and Alpaslan,
2011). End of life tires are used for energy recycling
in cement and power plants and, they are used in
many areas as material recycle. According to the
regulation published by Ministry of Environment and
Urban Planning in Turkey (URL-1, 2006) on control
of end of life tires (Control of End of Life Tires
Regulation), manufacturers are responsible to collect
the tires in related quota rate to be determined by
considering the average tire abrasion rate of the
Ministry of Environment and Urbanization and by
taking account the tire tonnage in the market in
previous year, to ensure the recycle or disposal of the
amount collected and to document these procedures
to the Ministry (Demirel, 2017).

According to data of the Ministry of
Environment and Urbanization, between the years of
2007 and 2012 within the scope of Control of End of
Life Tires Regulation there had been 337 thousand
and 700 tons of end-of-life tires collected and
approximately 210 thousand tons of these tires had
been used in recycling plants for material recycle and
approximately 140 thousand tons of them had been
used in cement and energy plants for energy recycle.
By the virtue of incentives, social responsibility
projects and works of the Ministry, only in 2014 120
thousand tons of end-of-life tires had been collected
and recycled (URL-2, 2020). According to the data
of the Association of Tire Industrialists (LASDER),
by the end of the 2017, 765 tons of end-of-life tires
had been recycled and it is expected that this amount
will be 935 thousand tons by the end of 2018. In
addition to this the number of recycling facilities were
three in 2007 but it had stated that this number is
currently reached to 24 (URL-3, 2018).

Self-compacting concrete (SCC) is a
sophisticated high-performance concrete that has
been defined as the most revolutionary step in
concrete technology over the last 20 years due to its
impact on economic and environmental sustainability
in the construction sector (Figueiras et al., 2009;
Hossain and Lachemi, 2009). It offers advantages like
increase in construction speed in the field, reduction
in manpower usage and elimination of noise and fuel
consumption during the application of vibrator on
concrete (EFNARC, 2005). When it is compared with
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normal concrete, it has the ability to fully compress
itself under its own weight (Su et al., 2001,
Domone, 2007; Felekoglu et al., 2007
Nanthagopalan and Santhanam, 2009; Grdic et al.,
2010) and it has high viscosity, filling rates,
comfortable spreading in frequently reinforced
areas and high weathering (Najim and Hall, 2012)
resistance. In addition to these properties, high
durability, low permeability and high compressive
strength properties are among the advanced
properties when compared to normal concrete
(Khatib, 2008; Topgu et al., 2009; Wu et al., 2009).
End of life tires is an innovative option with
recycling, environmental, economic and
performance benefits as an aggregate to produce a
new class of concrete. The use of chopped and/or
crumbed tire particles as a concrete aggregate
exchange had been extensively examined by the
researchers (it had summarized in a detailed review
document (Najim and Hall, 2010)) and several
recent studies had researched the effect of end of
life tires when they are replaced with the sand in
SCC (Bignozzi and Sandrolini, 2006; Garros et al.,
2006; Turatsinze and Garros, 2008; Topg¢u and Bilir,
2009; Giineyisi, 2010; Najim and Hall, 2010;
Uygunoglu and Topgu, 2010). Due to high powder
content of SCC, its microstructure is very compact
and dense, and it results with high mechanical
strength and brittle break modes. Therefore, self-
compacting rubber concrete (SCRC) composites
can be wused for applications that requires
deformable (high ductility) concrete by using high
flow and low/medium strength (<35 MPa).
Moreover, these concretes should be called green
concrete because they are produced with
environmentally friendly alternative aggregates. In
infrastructure applications the compressive strength
range is generally between 28 and 35 MPa. In
applications such as bridge barriers and road
foundations, high deformation and high toughness
concrete is desirable, while> 35 MPa compressive
strength is not mandatory (Zheng et al., 2008). It is
very easy for water to enter the concrete structure,
which is open to the external environment and the
cavity ratio is high, and the durability of the
concrete is adversely affected from this (Atahan,
2002). From this point of view, the use of waste
vehicle tires in concrete comes to the front as a
convenient and sustainable method to remove
damages on nature. However, when the studies in
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the literature are examined, it has been observed
that waste vehicle tires can be used in certain
proportions according to the grain size distribution
(Bignozzi and Sandrolini, 2006; Aiello and Leuzzi,
2010; Rahman et al., 2012; Hilal, 2017).

Within the scope of this study, mechanical tests
had been performed on 90 prismatic samples with
cross-section of bxb and variable length ratios h by
using varying proportions of waste tire parts
together with SCC. In this study, the relationship
between h/b ratio and waste tire parts ratios and
their effects on mechanical and physical properties
of the RMSCC elements had been investigated.
Furthermore, it had been thought that the effect of
dimensions can be reflected by using a formula with
the help of non-linear regression models for each
WVT aggregate ratio used and it had been aimed to
obtain these formulas for the convenience of the
user.

MATERIAL AND METHODS

Within the scope of this study, CEM-I 42.5R
had used as cement, natural crushed stone had used
as coarse aggregate (4/16) and natural sand (0/5.6)
had used as sand in the preparation of the concrete
mixtures. Information about the chemical and
physical properties of the cement used had been
given in Table 1. The mixtures of the aggregates had
been tried to be brought closer to the Fuller curve
by mixing in certain proportions. The specific
gravity of the aggregates had been measured as
2.727 and 2.609 respectively for natural sand and
natural crushed stone. Grain size distribution curves
of aggregates had been given in Figure 1.

Table 1. Chemical compositions and physical
properties of Portland cement.

Chemical analysis (%) Portland cement

CaOo 63.57
SiO; 19.54
Al,O3 3.85
Fe203 4.15
MgO 3.20
SO3 2.86
K20 0.82
Na,O 0.39
Loss on ignition 1.62
Specific gravity (g cm™®) 3.16
Fineness (m? kg™?) 360*

* Blaine specific surface area
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Figure 1. Sieve analysis of aggregates

The natural sand in the SCC is replaced by the
WVT aggregate and the tire modified self-leveling
concrete (RMSCC) has been obtained. The sand had
been replaced with WVT aggregate volumetrically.
WV/T aggregate sizes had been found in the range of
0-4 mm (Figure 2) and specific gravity had been
determined as 1.050. WVT aggregate had been
changed with sand 5%, 10%, 15% and 20% by
volume. To provide SCC properties, a high rate of
water reducer (HRWR) based on Sika Visco Crete
Hi-Tech-28 coded product with polycarboxylate had
been used. The specific gravity of HRWR is
calculated taken from producer as 1.055. The design
table of the SCC used in the study had been given in
Table 2. The water/cement ratio had been taken as
0.35. While preparing the mixtures, the dry mixture
prepared with aggregate, cement and WVT aggregate
had been mixed for 1 minute, then 2/3 of the water
had been mixed with HRWR, the remaining 1/3 of the
water had been added to the dry mixture at the end of
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the first minute and it had been stirred for 1 minute.
Then, HRWR had been run by adding water in 1-
minute period (Figure 3). At the end of the period, the
mixture had been allowed to stand for 1 minute then
finally for a further 1 minute and the total preparation
time had been 5 minutes. The compliance of the
prepared mixtures with the SCC classification had
been performed by slump flow and V-funnel (Figure
3) tests in the EFNARC (EFNARC, 2005) standard
and it had been controlled by controlling the limiting
values of the experiments. The properties of the fresh
concrete mixture obtained had been given in Table 3.
Prepared fresh concrete mixtures had been placed in
prismatic molds with h/b ratios of 1.0, 1.5, 2.0, 2.5,
3.0 and 3.5 (Figure 4). The mixtures had been cured
for 28 days at 20 = 2 °C in lime saturated water
(Figure 3).

Figure 3. Experimental tests, fresh mix, and curing
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Table 2. Mix design of concrete samples (kg m®)

Mix-1D Cement  Water HRWR Rubber Natural Sand Medium Aggregate
CONTROL 600 210 9.6 0.00 719.20 840.98
5% W\V/T aggregate 600 210 9.6 13.85 683.24 840.98
10% WVT aggregate 600 210 9.6 27.69 647.28 840.98
15% WVT aggregate 600 210 9.6 41.54 611.32 840.98
20% WV/T aggregate 600 210 9.6 55.38 575.36 840.98
hb=3.5
A
hb=3
A
Wb=2.5
350 mm
h/ib=2
250 mm 300 mm
hb=1.5
200 mm
h/b=1 )
150 mm v v
Il()() mm / & / N
S & &
/ S «— — '
<—>‘§éQ <—>‘§é§ <—>‘§é§ 10'0 mm' S 100 mm S 100 mm ®
N 100 mm 100 mm

100 mm

Figure 4. Schematic view of concrete sample according to h/b ratios

RESULT AND DISCUSSION
Fresh Concrete Behavior

Slump flow and V-funnel tests on fresh concrete
were made according to EFNARC (EFNARC, 2005)
standard to determine the viscosity and filling
properties of the prepared concrete mixtures (Figure
3). The loss of cohesion and segregation in the
obtained mixtures has been confirmed visually for
each mixture (Figure 3). When the results given in
Table 3 are considered, it is seen that the slump flow
values are between 550-650 mm and this range is SF1
Slump-Flow (SF) classes for EFNARC (EFNARC,
2005) standard. With the help of the slump test of the
fresh mix, many studies have been conducted to
evaluate the RMSCC workability. Generally,
researchers had been observed a significant reduction
in workability (collapse) at some point as the content
of rubber aggregates increased. The theorem assumes
that this reduction may be due to the higher inter-
particle friction level between the rubber aggregate
and the other mixture components (due to the surface
structure of the rubber particles) and the total
reduction in the unit weight of the plastic mixture

(Batayneh et al., 2008; Reda et al., 2008). These
findings are generally consistent with some other
studies (Cairns et al., 2004; Gilineyisi et al., 2004;
Hernandez-Olivares and Barluenga, 2004; Albano et
al., 2005; Gesoglu and Giineyisi, 2007; Zheng et al.,
2008; Guleria and Dutta, 2013), but the magnitude of
the decrease depends on the size of the rubber and the
percentage of change (Najim and Hall, 2010). As the
ratio of WVT aggregate increases, it is observed that
there is a decrease in the SF diameter in RMSCC
(Table 3). For SCC mixtures, the T50 was recorded
as the flow time when the fresh concrete reached the
span of 500 mm after raising the slump cone
(EFNARC, 2005). The results of the T50 slump flow
tests showed that modified SCC containing 15%
rubber aggregate met the required downstream flow
time ranging from 2s to 5s. Moreover, when the
viscosity class values are examined, it has observed
that the T50 duration is greater than 2 s and the
obtained v-funnel flow times are in the range of 8-25
sec (Table 3). These values have found to be
VS2/VF2 viscosity classes for EFNARC (EFNARC,
2005) (Table 3).
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Table 3. Fresh properties of RMSCC

Mix-ID ID Slump Flow (mm) Tso time (sec) V-funnel time (sec)

CONTROL M1 648 2.8 9.1

5% WV/T aggregate M2 630 3.1 9.8

10% WVT aggregate M3 620 3.6 115

15% WWVT aggregate M4 600 3.8 13.5

20% WWV/T aggregate M5 585 4.0 15.2

Table 4. Specific gravity of mix.
Mix-1D Test-1 Test-2 Test-3 Specific Gravity

CONTROL 2.248 2.260 2.262 2.257
5% WV/T aggregate 2.248 2.260 2.258 2.255
10% WVT aggregate 2.169 2.236 2.256 2.220
15% WVT aggregate 2.228 2.195 2.215 2.212
20% WWV/T aggregate 2.200 2.201 2.203 2.201

Hardening Properties of Concrete

After placing the fresh concrete mixtures into the
molds in the laboratory, the water cured samples has
been subjected to specific gravity, pressure, tensile
and abrasion tests. In the density tests, 100x100x100
mm cubic samples obtained from each mixture had
been dried at the end of cure and their weights in
water and their water saturated weights had been
measured and then they had been dried for 24 hours
at 110 °C in drying oven. The densities of the samples
had been determined from the obtained values and
they had been given in Table 4. With the increase of
the WVT, the specific gravities decreased (Table 4).

Abrasion tests had been carried out for 3 minutes
on each of the 100x100x100 mm cube samples had
been produced for each mixture according to ASTM
C-944 (American Society for Testing Materials,
2007) standard and for a total of 6 minutes and the
results had been given in Table 5. Within the scope of
this study abrasion tests in accordance with ASTM C-
944 (American Society for Testing Materials, 2007)
had performed on 100x100x100 mm cube samples.
A load of 98+1 N, defined as a normal load in ASTM
C944 (American Society for Testing Materials,
2007), was applied at a rate of 200 rpm using a drill
press. ACI defines the causes of abrasion on the
concrete surface in four groups; due to human traffic,
it is classified as abrasion on concrete floors, spiked
tires and snow tire chains, abrasion due to vehicle
traffic, abrasive materials in the water due to dam
leaks, and high water velocities creating cavitations
on the concrete surface (Oneill et al., 2001). In the
scope of ASTM C944 Standard (American Society

for Testing Materials, 2007), tests for the abrasion
resistance of concrete had examined in two groups as
one group is in terms of pedestrian traffic or light to
medium weighted tire wheeled traffic and groups
consisting of forklifts, heavy duty tire wheels, chain
cars, heavy steel wheeled traffic or studded tires
(Scott and Safiuddin, 2015). When the obtained
results are examined, it had found that the loss of
masses resulting from erosion with increasing WVT
aggregate ratio in RMSCCs is gradually decreasing
(Etli et al., 2018; Akgiil et al., 2020). Increase in the
WVT aggregate ratio had observed as a positive
effect for SCC abrasion loss.

Tensile strength tests for bending are obtained as
specified in ASTM C-496 (American Society for
Testing Materials, 2007) and it had been given in
Table 6. The compressive strength tests had been
carried out with 3 samples per h/b ratio.

Within the scope of the study, the variation
capacity of the samples of RMSCCs prepared by
WVT aggregate with different ratios under axial
pressure had been researched with the effect of
increase in the sample slenderness ratio. The
prismatic samples prepared from each of the mixtures
with 1, 1.5, 2.0, 2.5, 3.0 and 3.5 prepared for this
purpose had been subjected to axial pressure with a
loading rate of 1.5 kN s™. The cross-sections (bxb) of
all produced samples had been chosen to be 100x100
mm and thus it had foreseen that they can be
compared with the pressure samples with standard
sample sizes (100x100x100 mm) used in the
experiments. The results of the obtained axial
pressure values had given in Table-7. When the
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compressive strengths of 100x100x100 mm cube
samples obtained from the mixtures were examined
at the end of 28 days cure, it is observed that their
compressive strengths ranged from 39 to 55 MPa
(Table 6). All concrete mixtures had exceeded the
minimum strength (17 MPa) for structural concrete
(Neville and Brooks, 2010). Mixtures containing 20%
by volume of WVT aggregate are suitable for making
structural concrete mixtures in terms of compressive
strength and meet the target of 28-35 MPa pressure
strength range required for civilian infrastructure
applications, which is another application parameter

Sci. 6(2):118-129 (2020) IJPAS
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(Zheng et al., 2008). As you will guess when the
WVT aggregate substitution rate increased, the
compressive strengths gradually decreased in the
RMSCC mixtures (Table 6).

While h/b ratio increases, compressive strength
values in each group decreases (Table 7). A visual
evaluation of the pressure changes with dimension
effect in RMSCC had applied in Figure-5.
Furthermore, when the R? values of the change are
compared with the selected h/b ratios, the R? values
of the obtained results are greater than 0.95 and it is
acceptable (Figure 5).
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Figure 5. Compressive strength changes with h/b ratio

Table 5. Abrasion resistance test results.

Mix-I1D Test-1 Test-2 Test-3 Abrasion loss (% wt)

CONTROL 0.0667 0.0629 0.0649 0.0648

5% WV/T aggregate 0.0622 0.0639 0.0635 0.0632

10% WVT aggregate 0.0571 0.0582 0.0577 0.0577

15% WVT aggregate 0.0525 0.0512 0.0523 0.0520

20% WVT aggregate 0.0490 0.0486 0.0478 0.0484

Table 6. Compressive and tensile strength test results.
S (ave)(MPa)
Mix-1D Test-1 Test-2 Test-3 Tension Compression

CONTROL 7.58 8.03 7.99 7.87 55.67
5% WV/T aggregate 7.13 6.96 7.29 7.12 51.77
10% WVT aggregate 6.97 7.01 6.47 6.81 48.91
15% WV/T aggregate 6.21 6.67 6.98 6.62 44.56
20% WVT aggregate 5.30 4.96 5.48 5.25 39.33
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Table 7. Compressive strength test results for mixes.
Compressive strength (MPa)
D b (mm) h (mm) h/b Test-1 Test-2 Test-3 Mean Std Dev
100 100 1.00 55.31 56.46 55.25 55.67 0.56
100 150 1.50 53.39 54.59 54.51 54.16 0.55
M1 100 200 2.00 52.7 51.2 51.72 51.87 0.62
100 250 2.50 51.06 50.26 46.84 49.39 1.83
100 300 3.00 46.90 51.02 47.99 48.64 1.74
100 350 3.50 45.58 47.91 45.83 46.44 1.04
100 100 1.00 52.33 51.21 51.77 51.77 0.46
100 150 1.50 48.20 48.71 48.89 48.60 0.29
M2 100 200 2.00 43.86 44.43 44.12 44.14 0.23
100 250 2.50 41.94 41.63 40.87 41.48 0.45
100 300 3.00 40.66 41.67 40.30 40.87 0.58
100 350 3.50 39.18 40.61 40.40 40.06 0.63
100 100 1.00 48.29 49.48 48.98 48.91 0.49
100 150 1.50 44.42 46.90 4591 45.74 1.02
M3 100 200 2.00 38.66 39.61 40.01 39.43 0.57
100 250 2.50 40.11 38.61 37.42 38.72 1.1
100 300 3.00 36.97 35.31 35.86 36.05 0.69
100 350 3.50 35.89 33.70 34.89 34.83 0.9
100 100 1.00 44.39 44.98 44.32 44.56 0.3
100 150 1.50 40.43 41.73 40.99 41.05 0.53
M4 100 200 2.00 36.76 36.77 36.82 36.78 0.03
100 250 2.50 36.73 36.15 34.06 35.65 1.15
100 300 3.00 35.02 33.88 32.66 33.85 0.96
100 350 3.50 32.04 30.41 34.38 32.27 1.63
100 100 1.00 37.01 41.12 39.86 39.33 1.72
100 150 1.50 35.82 34.11 36.76 35.56 1.1
M5 100 200 2.00 31.26 30.95 31.23 31.15 0.14
100 250 2.50 30.94 32.36 30.80 31.37 0.7
100 300 3.00 29.71 27.60 28.25 28.52 0.88
100 350 3.50 27.20 28.74 26.81 27.58 0.83

To examine the distribution of WVT aggregate
in the produced samples, the concrete samples had
obtained by dividing the concrete samples with
concrete pressure test press and these samples had
shown in Figure 6. When the cross-sections are
examined, it is seen that WVT aggregate is distributed
very homogeneously in RMSCC. In addition, when
the figures are examined carefully, it is observed that
the coarse pieces are mostly broken off and separated
from the other surface, namely, there is sufficient
adherence between the cement paste and WVT
aggregate. In Figure 7 the post-fracture figures of the
samples with varying h/b ratio and WVT aggregate
ratio under axial pressure had been shown. When the
Figure 7 is examined, it has observed that fractures
are more severe inthe SCC that spilled for control and
while fractures in RMSCCs are observed less severe

with the increase in WVT aggregate ratio. In addition,
the fracture shapes also started with the tapered prism
shape in the samples with a ratio of h/b as expected
with the change of the h/b ratio, and with the increase
in the refractive angle, it results in 90° as half-split in
the samples with h/b ratio 3.5.

The aim of this study is to experimentally
investigate the properties of axial compressive
strength of concrete and to propose equations for
estimating compressive strength by sample size,
sample shape and placement direction based on
fracture mechanics. In addition, a mutual relationship
between these equations has been evaluated. Based
on the magnitude effect law (SEL) derived by Bazant
(Bazant, 2009), Kim and Eo (Kim, 2009) proposed a
modified magnitude effect law (MSEL) by adding
independent magnitude to predict the SEL.
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Figure 6. Middle section of samples.

Figure 7. Prismatic samples

126



Int. J. Pure Appl. Sci. 6(2):118-129 (2020)

Research article/Arastirma makalesi

DOI: 10.29132/ijpas.789480

This concept was developed in the next studies
and the equation (1) was obtained. This equation had
been proposed to obtain the compressive strength of
cylindrical concrete samples having various and
height/diameter ratios (Kim et al., 1999). For this
purpose, the effects of maximum aggregate size on
fracture zone (FPZ) had taken into consideration and
the characteristic length concept had introduced. In
the study, the number of samples with the h / d ratio
and the samples with h/d = 2.0 were 222 and 456,
respectively. The equation of the characteristic length
determination method is derived by Kim and Eo
(Kim, 2009) and had described as in Equation 1.

0.4Xfe

on(hd) = mGan

+08Xxf. 1)

Where the compressive strength of standard
cylinder is defined as fc, height of cylinder specimen
is defined as h and diameter of cylinder specimen d
are in cm. Equation 1 was developed by the
researchers and the equation for the prism samples
had proposed in Equation 2 (Seong-Tae et al., 2006);

1.02xf¢

fpr (d) = J1+d/2.6

+0.52 x f, @)

Where compressive strength with size of prisms
for(d) and compressive strength fc are in MPa and the
smallest size of the prism d is in cm. The experimental
data in this study were evaluated and the Equation 2
was re-adapted for this study. Furthermore, since R?
values are appropriate for SCC and RMSCC, the main
form of the obtained formulas according to h/b ratio
changes had given as in Equation 3.

fc

for(h/b) = N

+(xi><fc

@)

Where compressive strength with size of prisms
for(h/b) and compressive strength fc are in MPa and
the aspect ratio of sample is h/b. In the above formula,
the o; values to be written are given as 0.35, 0.29,
0.26, 0.25, and 0.24, respectively, for the SCC spilled
for control and 5%, 10%, 15% and 20% WVT

aggregate for the added RMSCC. The comparison of
the results with the formulas had given in Figure 5.

CONCLUSION

This article presents the results of an
experimental study on designed WVT aggregated
prism concrete specimens, where the effect of sample
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sizes (in prism specimens for varying h/b ratios) on
compressive strength was investigated. Since there is
no correlation between the compressive strength of
the prismatic and cubic specimens of RMSCCs in the
literature, a model based on the literature is validated
by linear regression showing the relationships
between 28-day compressive strength. The results
show that the average 28-day compressive strength of
the cubic shape is always higher than its prismatic
counterpart.

It is found that there is no problem in terms of
fresh concrete properties when appropriate sized
WVT aggregate parts are used, and they are replaced
with the sand in SCC (self-compacting concrete) up
to substitute ratio of 20%. However, compressive
strengths obtained because of the increase of the
WV/T aggregate particles used are diverging from the
SCC main design. In the obtained formulas, reason
for the decrease in the correction coefficients used
with the increased WVT ratio is probably caused due
to increase in the dominance of WVT aggregate
particles under the axial load. By the simple formulas
obtained it is possible to calculate axial compressive
strengths for RMSCC of the sample sized elements to
be produced.
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