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Atik Tasit Lastikleri ile Potansiyel
Uygulamalar ve Beton Icerisinde Kullamm

Potential Applications and R

Biilent YESILATA, Paki TURGUT, Hiisamettin BULUT,
Feridun DEMIR
Harran Universitesi Mithendislik Fakiiltesi, Sanliurfa

zet

L1
O Yillik Uretilen ve hurdaya atilan tasit lastigi
miktarinin fazlalig, depolama ve yeniden kullanim
acisindan yeni géziimler olusturulmasini zorunlu
kilmaktadir. Bu galismada; atik lastiklerin potansiyel
kullanimi ile ilgili uygulamalar hakkinda kisa bir literatiir
ozeti verilmektedir. Ayrica 6zgiin uygulama olarak: atik
lastik katkili betan levha ve briket numunelerin
hazirlanmasi ile ilgili, islem basamaklari ve temel fiziko-
mekanik test sonuglar sunulmustur.

Anahtar Kelimeler: Atik tagit lastikleri, Yeniden kullanim,
Beton , Briket, Serit lastik, Graniil lastik.

Girig

Atik tasit lastiklerinin gogalmasi, gevre ve saglik acisindan
gnemli endiselere neden olmaktadir. Bu duruma temel
sebep; atik lastiklerin kolayca yok edilememeleri ve cevre
agisindan yangin ve sivrisineklerin yuvalanmast igin uygun
bir ortam olugturmalaridir. Atik lastiklerinin geri déniisima
ya da kompozit malzemelerde yeniden degerlendirilmesi
gevre kirliligini dnlemenin yaninda, bircok yararli Griindin
ekonomik olarak elde edilmesi agisindan ugygun bir
¢Oziim olarak goziikmektedir [1].

Bu anlamda, yeni ve cok benimsenen iriinlerden biri
atik lastik katkill beton kompozitlerdir, Atik tekerlerden
-elde edilen lastigin Portland Cimentolu Betonlarda
(PCC) kullammi ile malzemenin yogunlugunda azalma,
tokluk, sertlik ve darbe direncinde artis ile 1s1 ve ses
yalitim &zelliklerinde 6nemli iyilesmeler
saglanabilmektedir. Atik tekerden kazanilan lastigin
PCC igerisinde kullamimi; atiklarin yok edilmesi
sorununun azaltilmas! yaninda, dogal kum ve agrega
kaynaklarinin korunmasina da katki saglamaktadir [2].
Ozellikle son on yilda artan diinya niifusunun sebep
oldugu bina gereksinimindeki artis ve yapi
malzemelerine olan agin talep, bu kenularda calisan
mihendisleri, endiistriyel atiklardan ingaat malzemesi

Biilent YESILATA, Paki TURGUT, Hiisamettin BULUT,

Feridun DEMIR

Facully of Engineering, Harran University, Santurfa, Turkey

A The increase in yearly production and accumulation
of discarded scrap tires have been a major concern;

hence, generating alternative solutions for their recovery

and reuse are necessary, The potential application areas
to benefit from scrap tires are first reviewed here in brief,

bstract

The fabrication of concrete slabs and bicks with scrap tire
pieces is also Introduced, in terms of basic frames of the
procedure and physico-mechanical tests.

Keywords: Sorap tires, Reuse, Cancrete, Concrete brick,,
Strip-rubber, Crumé rubber

Introduction

Accumuiations of discarded waste tires have been a major
concerm because of waste rubber is not easily biodegradable
even after a long-period landfill treatment and unmanaged
waste tires represent an environmental and-heaith risk
through fire hazard and as a breeding ground for disease-
carrying mosquiloes. Recyoling or reuse of such wastes as
composite materials has been found to be feasible solution
to both pollution problem and to itie problem of economical
aesign of mahy useful products [1).

One of the new and popular products in this sense is
modified cementifious composites with serap tire-ruhber
[2]. Use of rubber from scrap tires in Portland cement
concrete (PCC) mixtures can resull in large benefits, like
lower density, increased toughness and ductility, higher
impact resistance, and more efficient heat and sound
insulation. The use of recycled tire rubberin PCC also helps
alleviate disposal problems and address the growing public
concern about the need to preserve natural sand ang
aggregates [2]. Since the large demand has been placed
on building material industry especially in the last decade
owing to the increasing population which catses a chronic
shortage of building materials, the engineers have been
challenged to convert these industrial wastes to useful
building and construstion materials. The increase in the
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elde etmeye yoneltmistir. Bu gelisim g¢evre dostu,
dusgiik maliyetli ve hafif malzeme segenegi ortaya
¢ikarmis olmakla birlikte; cevreye en fazla faydanin,
standartlarin gerektirdigi malzeme 6zelliklerini goz
ard| etmeden nasil saglanabilecegi yéniindeki
arastirmalara olan ilgiyi de arttirmistir [3].

Bu galismada; beton kompozit uygulamast agirlikli olmak
lzere, atik lastiklerin potansiyel uygulama alanlar ile
ilgili kisa bir literatiir 6zeti verilmektedir. Ayrica ézgiin
uygulama olarak; atik lastik katkili beton levha ve briket
numunelerin hazirlanmasi ile ilgili, islem basamaklar| ve
temel fizike-mekanik test sonuglari sunulmaktadir.

Hurda Lastiklerle Potansiyel
Mihendislik Uygulamalari

Atik lastiklerin potansiyel kullanim alanlarina yonelik
ilk calismalarda, ¢imento fabrikalarinda yakit, karbon
yapiminda hammadde ve marinalarda suni kiyi
malzemesi olarak kullanimi éne gikmaktadir. Ancak, bu
tir kullammlar biyiik yatirim maliyeti gerektirdiginden,
son yillara kadar yogun olarak tercih edilmemistir.
Ornegin; atik lastiklerin karbon yapiminda kullaniimasi,
kesme ve ince ¢giitme masraflarindan dolay: ekonomik
olmamis ve petrol Uriinlerinden elde edilen yakitlara
kiyasla kalitesi de gok disiik ¢ikmigtir [2]. Son birkag
yildir ise; 6zellikle atik lastiklerin istenilen boyutlara
indirgenme teknolojisinde 6nemli ilerlemeler kaydedilmis
ve lastik tiirevli yakit olarak gimento fabrikalarinda
kullanimi yayginlasmaya baglamistir.

Yapilmis olan ilk arastirmalarda, atik lastiklerin asfaltla
birlikte yol yapiminda kullanilmasi; yollarda daha iyi
kayma direnci saglamasi, yorulma gatlaklarini azaltmasi
ve asfaltin mriin uzatmasi bakimindan yararl olmustur
[4]. Ancak, granll lastik katilmis asfaltin en Gnemli
sakincasi isitilmig haldeki hazirlanma stirecidir. Bu
konumda, graniil lastik ylzeyi ile asfalt arasindaki zayif
bagdan dolay, iki ya daha fazla farkl faz olugur. Normal
asfaltta faz ayrismasi %2-%4 arasinda iken, lastik katilmig
asfaltta homojen olmayan ayrisma %25 seviyelerine
ulasabilmektedir. Homojenlikten uzaklasma asfalt
dzelliklerinin glivenilirlikten uzaklagmasina ve asfalt
omriiniin kisalmasina neden olur. Ayrica, atik lastik
katilmis asfaltin maliyeti %100’e ulasan oranlarda
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popularity of using environmentally friendly, low cost and
lightweight consiruction materials in bullding indistry hés
brought about the need to investigate how this can be
achfeved by benefiting to the environment as.well as
maintaining the material reguirements affirmed in the
stahaards [3].

In this study, the potential application areas for reusing of
scrap tires are briefly reviewed first with a special emphasise
on theiruse in cementitioys compasites. The use of scrap
tire pieces in concrete slabs and bricks that have been
applied in cur laboratory is then.introduted, in térms af
basic frames of the sample preparations and physico-
mechanical tests.

Potential Engineering Applications
with Scrap Tires

The scrap-tires have been used as a fuel for cement kifn,
as feedstock for making carbon black, and as artificial reefs
in marine environment in earfier applications. Because of
high capital investiment involved, these applications were
not attractive at the begihning. As an example, using rubber
tires in making carbon black from tire pyrolysis is more
expensive since (t requires adaitional shredding and grinding
costs. It also has lower guality than that from petrofetim
oifs [2]. In last few years, there has been an increase in the
use of tire-derived-fuels in cement factories owing to the
fact that the significant progress has been made in size
reduction technology of scrap-tires.

Early investigations on the use of discarded tires in asphalt
mixtures had been very encouraging, The fest results showed
that rubberized asphaft had better skid resistance, reduced
fatisue cracking and longer pavement life than conventional
asphalt [4]. But the disadvantage of rubber modified asphalt
is associated with the preparation process during heated
storage, The crumb rubber and asphalt separate into two
or more phases, because of the weak interaction between
the rubber particle surface and the asphalt. Normal asphalt
shows a separation of between 2 to 4 % during heated
storage. Rubber modified asphalt yields a non-homoegeneous
blend with up'to 25 % separation. This non-homogeneity
reduces the reliability of the product properties. The
separation decraases the expected life of the rubber
modified asphalt. Moreover, the rubber madified asphalt
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artmaktadir [5]. Atik lastigin asfalt katki maddesi olarak
kullaniminda s6z0 edilen bu sakincalardan dolayi, beton
igerisinde degerlendirilmesi ydniinde galigmalar agirlik
kazanmistir.

Literatlirdeki galismalarin bilytk gogunlugu; teker lastigi
pargaciklarinin gimentolu malzemelerde agrega olarak
kullanimina yogunlasarak, elde edilen {iriiniin fiziko-
mekanik dzelliklerini degerlendirmigtir [6]. Bazi arastincilar
[7-9], lastik pargalarinin boyut, miktar ve yiizey
ozelliklerinin, beton kansiminin basing dayaniminda
onemli oranda diisiise neden oldugunu belirtmislerdir.
Eldin and Senouci [9], parga ve graniil lastik iceren beton
karigimlarinin basing ve yarilma dayanimlarinin, normal
betona kiyasla daha az olacagini belirtmislerdir.

Topeu [10], ince dglitlimUs lastik pargaciklarinin beton
igerisine katilmasinin, beton basing dayanimi ile gekme
dayanimint, iri lastik pargaciklarina kiyasla daha az
azalttigini belirtmistir. Topcu and Avcular [11, 12] beton
icerisine katilmis atik lastik pargaciklarinin, betonun
darbe ve carpmalara karsi direncini artirdigin
bulmuslardir. Guneyisi ve dig. [1] lastik katkili beton
matrisi icerisine silis eklenmesinin, mekanik dzelliklerde
lyilesme sagladigini ve dayanimda olusan diisiis miktarinin
azaltilabilecegini gdstermistir. Aym galismada, 16-32
MPa basing dayanimi araligini saglamak icin, toplam
agrega hacminin %25’ine kadar graniil lastik
eklenebilecegi belirtilmistir.

Graniil lastik katkili Griinlerin yapi uygulamalarinda
direkt kullamimi ile ilgili ise ¢ok sinirli sayida arastirma
bulunmaktadir. Topcu [13] graniil lastik katkili
betonlarin yol kenarlarinda ses kirici bariyer clarak
lullanilabilirligini incelemistir. Sukontasukkul ve
Chaikaew [14] granil lastigi yaya kaldinmlarina
uygulamig ve kayma ve asinma direncinin arttigin
belirtmistir. Ayrica, tretim siirecinin kolay olmasindan
dolayr ekonomik olacagini da belirtmiglerdir.

Hurda Lastiklerin Beton igerisinde
Kullanimina Yonelik Bir Calisma

Yillik Giretilen atik lastik miktar, dnceki bollimde sézii
edilen potansiyel uygulamalarda kullanlandan gok daha
fazladir. Beton icerisinde kullanilan granil lastikleri elde
etmek igin el bir 6glitme isleminin gerekli olmasi

arastirma-gelistirmeresearch&dev

may.cost up to 100 % more than regular asphalt [5]. Because
of these obstacles, using the cruinb rubber in some concrete
prodicts is suggested to be more feasible.

Meast of the literature about the use of tire rubber particles
in cerment-based materials focuses on the use of tire rubber
as an aggregate in concrete and have been evaluated the
physico-mechanical properties [6]. Some authors [7-9]
reported the size, proportions and surface texture of rubber
particles noticeably affected compressive strength of
concrete mixtures. Eldin and Senouci [9] reported the
concrete mixtures with tire chips andcrumb rubber
aggregates revealed lower compressive strengih and splitting
tensile strengths than usual Portland cement corficrete.

Topew [10] showed the addition of coarse rubberchips in
concrete lowered the compressive strength more than the
addition of fine erumb rubber. Topcu and Aveular [11, 12]
reported the impact resistance of concrete increased when
rubber aggregates were incotporated into the cancrete
mixtures. Guneyisi et. al. [1] showed.the dddition of the
Silica furne irito the matrix improved the mechanical
properties of the rubberized concretes and diminished the
rate of strength loss. Theirresults also revealed a rubber
content of as high as 25% by total aggregate volume might
be practically used to'produce rubberized congretes with
compressive strength of 16-32 MPa,

Ori the manufacturing of coricrete products with crumb
rubber in the construction applications there are fimited
number researches. Topcu [13] investigated the possibility
of using concretes with crumb rubber in the car barriers.
Sukentasukkul and Chaikaew [14] used crumb rubber as
concrete pedestrian block and showed the crumb rubber
block also performed quite well in both skid and abrasion
resistance tests. The production process was economical,
due to the simplicity of the manufacturing process.

A Case Study on Reusing Scrap Tire
Pieces in Concrete

The generation quantity of waste tires far exceeds the
potential uses mentioned above. The concrete applications
with scrap tires on the other hand'hold the only a simall
partion for the demand due to additional grinding process
to reach the form of crumb rubber, The grinding process
leads to a significant increase in production cost since
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nedeniyle, bu tiir uygulamalarda tiketilen lastik miktar
da gok disiik seviyededir. Atik otomobil lastiklerinin orta
kisminda bulunan gelik teller nedeniyle 8glitme islemi
masraflan klclimsenmeyecek derecede arttirmaktadir.
Bu nedenle, atik lastik pargalarmin beton icerisine
eklenerek ingaat sektdriinde kullanilabilir kompozit yapiya
ulasmasi igin yeni yaklasimlar gerekmektedir.

Sozii edilen sorunlarin 6niine gegmek ve gelik telleri
ayristirmadan hurda otomobil lastiginin tim bélimlerini
kullanmak amaciyla bu ¢alismada yeni bir yaklagim
tanitilmaktadir [15]. Mevcut yaklagima gére; atik bir
otomobil lastigi uygun sekilde kesilerek, gelik telli
diizlemsel sirt ylizeyi, celik tel bulunmayan iki adet
halkasal yan yiizeyden aynimaktadir. Celik telli diizlemsel
ylizey, teller ayristinimadan basit bir kesme aparati ile
istenilen uzunlukta kesilmektedir. Bu durumda lastiklerin,
yapilarin yiik tasimayan taban ve tavan désemeleri (izerine
uygun araliklarla direkt olarak serilebilmesi olanag ortaya
gikmaktadir. Atik otomaobil lastiginin yan yizeylerinden
elde edilen gelik telsiz halkasal yiizeyler ise; uygun bir
lastik 6glitme makinasi kullanilarak graniil hale
getirilmekte ve briket harci igerisinde agrega olarak
kullaniimaktadir.

Bu galismada, diizlemsel kesilmis lastik parca katkili
beton levha ve 6glttimis graniil lastik katkil olmak
lzere iki farkh beton Grlind gelistirilmistir. Bu Griinlerin
hazirlanig ve testlerine yénelik temel deneysel detaylar
asagida sunulmustur.

Kullanilan Malzemeler

Kullanilan gimentonun cinsi PG 32.5 olup, Sanlurfa’da
bir fabrikanin giinliik tiretiminden alinmustir. Gimento
analizine yonelik degerler Tablo 1°de verilmistir. Kangimda
kullamlan suyun pH, siilfat igerigi ve sertlik degerleri
sirasiyla 6.2, 5.6 mg/It ve 3.7 olarak belirlenmistir.
Kullanilan kum, Adiyaman Goksu Nehri'nden temin edilmis
olup, en bilyiik tane capi 4.75 mm olacak sekilde
elenmistir. Kumun suya doygun birim agirlig 2.73 g/cm3
olarak &lgllmisgtar.

Tablo 1. Kullanilan gimentonun kimyasal 6zellikleri

Table 1. The chemical properties of the cement used
Hammadde (%)
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removal of the steel belt in the whaole tire is required,
Because of this, the form of scrap tire added into the
concrete needs new approaches to be used in building
industries as a compaosite matearial.

An original approach is introduced here for this purpose,
which makes possible reusing whole part of a scrap tire in
conerete products without removing the stes! belts [15].
According to this approach; the whele tire is splitted into
three pieces by a simple cutting process: a single piece of
a planar front wall and two pieces of annuiar side wal, Planar
front wall include treads and steel belts whereas annular
pieces have no metal inclusion at al. The planar surface is
radialfy shredded by a simple mechanical process inio the
desired lengths without removing steel wires. These tire
pleces are set into fresh concrete with desired distance and
arrangements before pouring the top layer. The possible use
of this composite material is to enhance heat insulation
perfarmance of non-loaded concrete blocks, such as floor,
roof and precast coricretes. The annular side walls of a scrap
tire-are directly grinded into crumb rubber of desired size by
a simple cracker mill process, No additional separation
process to remove steel fibers is necessary since this part
of the tire afready has no steel fragments at all. These crumb
rubbers as aggregates are then used in manufacturing of
concrete bricks.

Ttwo types of rubberized concretes, slabs with shredded
tire rubber and bricks with crumb tire rubber, are developed
here. The basic experimental details about their preparation
and tests are presented below.

Materials

The cement used in this study is Portiand cement (PKC
32.5R) produced at the cement mill in Sanliurfa. Analysis
of the cement used in this study is givenin Table 1. The
praoperties of the tap water used in this study are pH: 6.2,
suiphate content: 5.6 mg/It and hardness: 3.7. The sand
used is from the Goksu River from Adiyaman, the largest
being 4.75 mm in size. The satured surface dry specific
gravity of sand s 2.73 g/om3.

Kizdirma Kaybi  Toplam

AlgOs Fe;04 503_.
52.00 3.52 6.27 6.76 2.12

Raw Material (%)~ 02 ca0 Mg
(%) 25.05

Lossionignition.  Total
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Lastik seritler, hurda otomobil lastiginin gelik tel iceren
yiizeyinden, dogrudan kesilmistir. Serit lastikier 5em x
15cm x 1.5cm (en x uzunluk x kalinhk) boyutlarinda
olacak sekilde hazirlanmistir. Telli serit lastigin suya
doygun birim agirligi ise 1.35 gr/cm? olarak bulunmustur.
Graniil lastikler ise hurda lastigin gelik tel icermeyen
yanal ylizeylerinden laboratuarda mevcut bir 8glitme
makinasi kullanilarak elde edilmistir. Partikil ¢aplari,
4.75 mm (No. 4 Elek) ile 0.075 mm (No. 200 Elek)
arasinda degismekte olup, suya doygun birim agirligi ise
1.056 g/em3" tiir.

Numune Hazirlama

Kesilmisg serit lastik iceren beton levhalarin hazirlanma
asamalan Sekil 1’de gdsterilmistir. Beton numunelere
lastik ilavesinde temel amag, betonun isil yalitim
performansini arttirmak ofarak belirlenmistir. Isil Slgtimler
sonucunda [15], kullanilan gerit lastik miktarina bagl
olarak, numunelerin 1sil yalitim performansinda %6- %13
oraninda bir iyilesme saglanmistir.

(b)

(d)

"
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The shredded rubber strips are obtained from plane surface
of 2 sorap automobilg tire without removing steel-belt wires
from their construction. The width, length and thickness of
the each tire strip are respectively 15cm, Som, and 1.5em.
The satured surface dry specific gravity of the shredded
rubber with steekbelt is 1.35 g /em?. The crumb rubber used
in this research is generated from scrap tire section without
steel fiber by using cracker mill process in the faboratory. It
consists of particles ranging in size from 4.75 mm (No. 4
Sieve) to 0.075 mm (No. 200 Sieve). The satured surface
dry specific gravity of the ¢rumb rubberis 1.05 g /em2.

Sample Preparation

fhe preparation steps of the cohicrete slabs with shredded
tire strips are iflustrated in Figure 1. The main object in
scrap-rubberaddition into ordinary concrete slabs was (o
gnhance heat insulation petformance. Thermal
measurements confirmed that heat insulation performances
were improved between 6% -13% depending on the amount
of strip tire pieces added into ordinary concrete.

Sekil 1. (a)-{f): Serit halinde kesilmis lastik katkil beton levhanin hazirlanisindaki temel malzeme ve agamalar, (g) 28 ginlik kiirden

sonra levha numunelerin goriintisi

Figure 1. {a-{f) The main materials and preparation steps of slab cancretes with shredded tire pieces, (g) final apperance of slab concretes

after 28 days curing .

I —
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Briket numunelerin tretiminde, karigimlar BS 6073 [16]
standardina uygun olarak hazirlanmis olup, taze kangimda
kullanilan oranlar Tablo 2'de verilmistir. Karigimlarda
gimento ve su miktari sabit tutularak, kum ve granil
lastik miktarindaki farkli varyasyonlar dikkate alinmistir,
Karisim hesaplar malzemelerin hacmi esas alinarak
yapilmigtir. Ornegin R-10 karisiminda, %10 agrega
hacminin yerini, %10 grandl lastik almistir. Briket
numunelerin temel hazirlanma asamalan Sekil 2'de
gosterilmistir.

Tablo 2. Bir briket i¢in karisim oranlar
Table 2. Mixture proportions for one brick sariple

Karisim no Gimento (g) Su(g)
Mix no Cement (g) Water (g}
Control mix 952 429
R-10 952 429
R-20 952 429
R-30 952 429
R-40 952 429
R-50 952 429
R-60 952 429
R-70 952 429

ment CBD - 71

In production of rubberized concrete bricks, the mixtures are
prepared according o the requirements of BS 6073 [16/]. The
fresh mixture proportions are given in Table 2. The cement and
waler proportions in the mixes are taken ds constant to defentine
the effect of various sand and crumb rubber combitiations, The
replacement ratios befween crumb rubber and sand are taken
as volumetric. For instance, the 10% replacernent of crumb
rubber means that the 10% of corresponding sand volume is
replaced by crumb rubber in the R-10 samples. The main
fabrication steps are shown i Fig. 2.

Kum (g) Graniil lastik (g) Toplam (g)

Sand (g) Grumb rubber (g) Total
2619 - 4000
2357 101 3838
2095 202 3678
1833 302 3517
1572 403 3356
1310 503 3194
1048 604 3033
786 705 2872

Sekil 2. (a)-{f): Graniil lastik katkill beton briketlerin hazitlanigindaki temel malzeme ve asamalar, (g) 28 giinlik kiirden sonra farkl

miktarda grantl lastik igeren briket numunelerin gdriintiisi

tribution after 28 days curing .

gt (a)- rimaterials and preparation steps of conicrete Bricks with ¢rumb tire rubbers, (&) final apperance of brick specimens
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Karigim oranlari belli olan malzemeler, pan tipi betonyer
icerisine yerlestirildikten sonra bir dakika kuru olarak
kanstnimistir, Kangimda grantil lastiklerin homojen dagilimi
saglanmigtir. Daha sonra, betonyer dénerken, kuru kansim
icerisine yavas yavas su aktarilarak, toplam U dakikalik bir
karisim slresi uygulanmistir. Elde edilen taze kanigim, celik
kalip igerisine iki tabaka halinde dokiilerek, sikigtinlmistir.
Sikistirma igleminde, 16 mm capinda gelik gubuk
kullarmlmistir. Sikistirma islemi tamamlandiktan sonra, taze
kansim halindeki briketin {ist ylizeyi bir mastarla dizeltilmistir.
Briket kaliplari ierisine taze kangim yerlestirildikten sonra,
numuneler alti saat normal oda sicakliginda bekletiimis ve
bu siirenin sonunda kaliplar agilarak, numuneler hasara
ugratiimadan gikarimistir. Numunelere, 22°C sicakligindaki
kiir tankinda, toplam 28 glinllik klasik kir islemin
uygulanmistir. Daha sonra numuneler, fanl bir etiiv
kullanilarak 65 °C sicaklikta 48 saat kurutulmuslardir.

Isil dlgiimier sonucunda [15], kullanilan graniil lastik
ylizdesine bagli olarak, numunelerin isil yalitim
perfarmansinda %5 %11 oraninda bir iyilesme saglanmigtir.

Fiziksel ve Mekanik Ozellik Testleri

Briket numunelerin fiziksel ve mekaniksel dzellik testleri,
28 glinliik kiir igleminden sonra ASTM C 67-03a [17]
standardina uygun olarak gerceklestirildi. Testler
sonucunda belirlenen su emme, birim agirlik, basing
dayanimi ve egilme dayammi degerleri Tablo 3'te
verilmistir.

Graniil lastik katkili briketlerin testlerinde elde edilen en
carpic sonuclardan biri, briket agirhginin lastik katkisiyla
dnemli seviyede azalmis olmasidir. Lastik katkisi ile agirlik

arastirma-gelistirmeresearchédevelopmer

Ini the mixing process of samples, crumb rubber, sand and

cement contents are placed in a concrete mixer and mixed

for 1 min.as dry. It is observed that crumb rubber is uniformly

fwithin the mixes. In order to obtain more

he

neous mixes, the water is slowly poured ¢
he mixeris turning. Another 3 min of mixing

mixes while
is conduclted. Afterward, the fresh mixes are fed inio the

steelmoulds. The steel maulds areover filled with the mixes

g appropriate mixture proportions, The fresh mixis

1 the mould by using a ste

14 mim. Subsequently, the farmed brick s

bricks are cured for a period of 28 day
(‘ Th
brick samples are dried for 48 hours by a venitilatec

at65°C.

filled! with lime-satured water &t 2

Thermalinsulation perfarmanaes of rubberized concrete

bricks were 5%-11% better than the ordinary brick with no
rubber depending on the amount of crumb rubber added.
Physico-Mechanical Tests

The basic physical and mechanical str

performet for the rib zed concrete o tests

are carrisd out after 28 déys of curing,

C 6703a [17], to dstermine the water absorption, the unit

ht, the compressive strength and the flexural strengthi

ts obtained are given in Tabla 3.

The most remarkable improvement obtained by crumb

rubber adgition is dramatic reduction on unit wei

conecrete brick samples. The percentagewise relationship
# &

Tabto 3. Grandl lastik katkili briket numunelere ait temel fiziko-mekanik test sonuglan

Table 3. The results of main physico-mechanic tests far brick specimans wi

Graniil lastik orani Birim agirhik Su emme Basing dayanimi Egilme dayanimi
(hacimsel %) (g/em3) (kiitlesel %) (MPa) (MPa).
Crumb rubber ratic Unit weight Waterabsarbiion Compression strength Flexural strehgth
(% in volume) (& fom3) (% mass) (MPa] (MPa)
0 2.17£0.03 3.05+0.77 28.7+3.3 5.61+0.83
10 2.1120.02 3.81£0.80 25.1%2.5 4.94+0.07
20 2.03+0.02 4.64+0.40 19.2£2.5 4.31+0.35
30 1.95£0.02 5.00£0.41 12.2+1.8 2.93+0.62
40 1.84+0.02 5.95:0.88 8.8£0.9 2.4740.68
50 1.73£0.04 6.48+0.87 6.9£0.4 2.21x0.19
60 1.60£0.05 6.77£1.51 5.4+0.1 1.95+0.13
70 1.53£0.04 7.41+0.39 44403 1.91£0.03

according to ASTM

P

R
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azalmasi arasindaki ylizdesel degisimler Sekil 3’de
gosterilmistir. Lastik katkisinin %20 degerinin altinda
kaldig bdlgelerde, agirliktaki azalma ihmal edilecek
seviyelerde iken, lastik katkisi % 70 degerine ulastiginda,
agirliktaki %29 gibi cok 6nemli bir azalma saglanmaktadir.
Bu seviyede bir agirlik azalmasi, nakliye, iscilik ve bina
konstriiksiyon islemleri agisindan bilyiik bir avantaj
saglamaktadir.

7 —_—

CBDOCW

betweon the weight-reduction and crumb rubber content
is plotied in Fig.3. The decrease in unit weight of the
commposite brick is negligible when the crumb rubber content
is lower than 20% of total ageregate volume. The reduction
in the unit weight of the ordinary concrete brick, on the
other hand, is as high as 29% by reaching 70% crumb rubber
content. This reduction in unit weight exhibits great potential
of itieir use in the lightweight building material applications.

y=04641x-2.76 |
R=0.994

35+
30-
o 25+—
£_
=8
i: 20
15
25 5 -
0 - . |
0 10 20

30

graniil lastik orani (hacimsel %)

40 50 60 70 80

crimb rubberratio (volumetric %)

Sekil 3. Farkl granl lastik miktarlannin briket agirlik azalmasi {izerindeki etkisi.
Flgure 3. The effect of various amount of crumb rubber agdition on unit weight reduction of the brick specimen.

Su emme ve granil lastik miktari; artan lastikle,
gozenekliligin artmasindan dolayi, dogru orantilidir. Graniil
lastik miktarinin %70 degerine ulastig) durumda, kentrol
kangimina kiyasla su emme degeri %59 oraninda bir
artigla %7.41 degerine ulagsmaktadir, Bu deger yaygin
kullanilan yapt malzemelerinin su emme degerine (Grmegin
AAC igin %60) kiyasla kabul edilebilir seviyededir. [18].

Test numunelerinin basing ve egilme dayanimlari ile graniil
lastik miktan arasinda zit yonlii bir iliski s6z konusudur;
granill lastik yiizdesi arttikga dayanim dilsmektedir. Egilme
dayanimi igin 6ngdriilen minimum degerler sadece BS6073
standardinda [16] mevcuttur ve testi yapilan tiim numuneler
bu sinir degeri karsilamaktadir. Basing dayanimi igin artan
granil lastik ylizdesi ile gok keskin diisiigler séz kanusudur.
Granl lastik katkist %70 olan numunelerde, basing

The water absorption and the percentage eruinb rubber
values are proportionate. The increase in crumb rubber
content results in higher porosity and higher water
absorption. At 70% orumb rubber content, the initial water
absorption value increases by about 59% comparéd to
control mix. In this crumb rubber content, 7.4 1% of water
absorption by mass is in relatively acceptable limit compared
to the widely used lightweight building materials such as
AAC which has an approximate water absoration value of
0% [18].

The average flexural strengtli and the compressive strength
values are inversely proportionate with the crumb rubber

content in the test samples. BS6073 [16] requires 0.65 MPa
as a minimum flexural strength for the building materials to
be used in structural applications. All of the samples tested
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dayanimindaki diisiis %85 seviyelerindedir, BS6073
standardi [16] tarafindan binalarda kullanilacak malzemeler
igin Gngérlilen sinir deger 7.0 MPa olup, asing dayanimi
6.9+0.4 MPa olan %50 oraninda graniil lastik katkly
numuneler bu sart saglama sininndadir. TS 705 [19],
binalarin yiik tagiyan ve tagimayan kisimlarinda kullanilacak
briketlerin basing dayaniminin sirasiyla en az 5.0 MPa ve
2.5 MPa olmasini 8ngdrmektedir. Bu durumda, TS 705
[19] Standardi referans alindiginda, yigma yapilarda
kullanilacak briketler igin hacimsel lastik katki miktarinin
% 60 degerinin lizerine ¢lkmamasi gerektigi anlasiimaktadr.

Sonug

Bu makalede farkli miktarlarda hurda lastik, kurn, gimento
ve su bilesenlerinden olusan yeni kompozit malzemelerin
kullanilabilirligine yénelik bir deneysel calisma sunulmustur.
Hurda tekerlek lastigi pargalarinin beton igerisine
eklenmesiyle daha hafif ve gevre dostu kompozite
malzemelere ulagiimistir. Granill lastik katkili briketlerde
Gnemli seviyede agirlik azalmasina ek olarak isil dzelliklerde
de bir iyilesme stz konusudur. Daha diizgiin ve piiriizsiiz
briket yiizeylerine ulasildigi gdzlenmistir. Uretilen bu
briketlerin hafifligi; iscilik ve nakliye acisindan dnemli
miktarlarda tasarruf saglayacak diizeydedir.

Diger taraftan, artan graniil lastik miktarinin basing ve
egilme dayaniminda sebep oldugu keskin dilsiisler séz
konusudur. Ancak lastik katkisi, basing ve egilme dayanimini
olumsuz yénde etkilemekte; standartiar tarafindan belirienen
minimum degerlerin altina diigmemek icin, lastik katkisinin
belli bir oranda tutulmas gerekmektedir. TS 706 standarti
dogrultusunda, meveut briket numunelerde, kullanilan graniil
lastik hacimsel yiizde degerinin %60 sininnin altinda tutulmas
gerektigi sonucuna ulagiimistir.

Tiirkiye'de hurdaya aynlan yillik lastik miktari yaklagik
9,000,000 adet olup, bu lastiklerin sadece %10 oraninda
bir kismindan geri yararlaniimakta ve kalan cevreye
terkedilmekiedir. Bu lastiklerin ingaat sektériinde yeniden
kullanimi halinde, enerji ve gevre sorunlarmin her ikisine
de birden katki saglanmis olacaktir.

Tesekkir

Bu calismaya, TUBITAK-MAG tarafindan 105M02 1 nolu
proje kapsaminda destek saglanmistir.
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for the flexural strength satisfy this requirement. The
compressive sirength dramatically tecreases with an incredse
in the replacement level of crumb rubber. An.85% réduction
in the strength of control mix is obtained from the 70% crumb
rubber. Concrete brick with 50% replacement level of crumb
rubber which attained 6.9+0.4-MPa compressive strength
value satisfies the requirement of 7.0 MPa in BS6073 [16]
fora building material to bie used in the structural applications.
In the 15 705 [19], minimum compressive strength values
forlvac-bearing and non-load bearing masonry units are 5.0
MPa and 2.5 MPa, respectively. Thus, conerete brick with
60% replacement level of crumb rubber is a limit value to
satisty the compressive strength values of load-bearing
masonry units in TS 705 [ 19).

Conclusion

This paper presents a case study to evaluate feasibili 'y of
new composite materials that contains the various levels
of scrap tire rubber, sand, cement as binder and water.
Using the tire rubber pieces in concretes has allowed lighter
and environmental-friendly new composite materials. The
replacement of crumb rubber as aggregate in the tested
brick samples dramatically reduces the unit weight and
improves thermal properties. The better and smoother
surface is obtained. They sholv great potential as low cost
lightwelgfit building materials, which may offer significant
savings not only in labour and.-transportation, but also in
the amounts of binder and steel reinforcemerit.

The compressive and flexural strengths on the other hand
sharply decrease with an.increasing crumb rubber
percentage. The upper limiting value of volumetric crumb
rubber percentage is found to be 60% to satisfy the
cornpressive strength values of load-bearing masonty units
specified in TS 705. More than 9,000,000 tires are discarded
each year in Turkey, and less than 10% of these tires are
currently recoveted, leaving the rest to the environment.
Reusing these tires in building sector of the cotntry seems
highly premising to contribute energy and environment
congerns simultancousiy.
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