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In the ceramic industry, huge amounts of wastes are generated during
manufacturing and transportation processes. In order to decrease the need for
landfill areas and increase environmentally harmful effects of such wastes,
this industry is under pressure to finding effective ways for recycling its
wastes and by-products. In addition, the construction industry requires new
sources of aggregates due to running out of conventional virgin aggregates,
saving energy, and protecting the environment. Therefore, recently, ceramic
wastes are often used as coarse and/or fine aggregate both in mortar and
concrete. In the present study, effects of using ceramic wastes as coarse and/or
fine aggregate on the engineering properties of mortar and concrete are
evaluated. These engineering properties are listed and compared according to
their mechanical and durability properties. Reviewing of previous studies
related with this subject in literature and discussion all results of the studies
are conducted as the methodology of this study. Consequently, it was found

out that the use of waste ceramic in the conventional concrete or mortar mix
as fine/coarse aggregate is suitable as it can improve mechanical and
durability properties of the concrete/mortar.
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1. Introduction

Recycling and reutilization of industrial waste and byproducts is a subject of great importance today in cement
and concrete technology [1]. Especially ceramic wastes, which are durable, hard and highly resistant to
biological, chemical and physical degradation forces, cannot be recycled by any existing process. The use of
inorganic industrial residual products in the production of concrete will lead to sustainable ceramic industry
ranges from 3% to 7% of daily production [2]. Therefore, construction industry can be the end user of all
ceramic wastes and in this way can contribute to solve this environmental problem. The nature of construction
industry, especially the concrete industry, is such that ceramic wastes can be used safely with no need for
dramatic change in production and application process. On the other hand, the cost of deposition of ceramic
waste in landfill will be saved and, on the other, raw materials and natural resources will be replaced, thus
saving energy and protecting the environment [3].

In the present study, the effects of ceramic wastes used as fine/coarse aggregates on the properties of concrete
were investigated by an in-depth literature review. Thus, the effect of these ceramic wastes on the durability
and mechanical properties of concrete and mortar were presented in a detailed manner. Consequently, the use
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of ceramic wastes and their effects as fine/coarse aggregates in a sustainable concrete and mortar were
examined.

2. Methodology

In this study, considering the previous studies, mechanical and durability properties of concrete produced by
waste ceramic addition into mortar and concrete investigated in detailed manner. Throughout the literature
review, it was observed that ceramic waste was used as fine/coarse aggregate in sand/gravel in producing
mortar/concrete mix. In these studies, effects of waste ceramic on the some mechanical and durability
properties of concrete were investigated. In this study, mechanical properties grouped into compressive,
flexural and tensile strength, elastic modulus and finally shrinkage of concrete. In addition to, durability
properties grouped into water absorbtion, ultrasonic pulse velocity, chloride penetration, abrasion resistance
and finally freeze-thaw resistance. Consequently, effects of waste ceramic on these properties of concrete
were evaluated in a detailed manner and reasons of results were established.

3. Results and Discussion

3.1. Mechanical Properties

Mechanical properties of results were summarized in Table 1. Considering the results, waste ceramic was used
as fine or/and coarse aggregate in concrete/mortar mixing. When ceramic waste was used as fine or/and coarse
aggregate in concrete or mortar mixing, strength properties of concrete were increased compared with control
concrete/mortar in generally. This improved incorporation of waste ceramic aggregate in the paste can be due
to the more irregular shape it presents, resulting in a superior specific surface area than natural aggregate
(gravel), which is rounded and thus lacks edges. Moreover, this irregular shape provides the higher bond
between recycled ceramic aggregate and the paste. Furthermore, the ceramic aggregate could presented little
puzzolanic activity in the surface part due to its chemical composition and grain size, this was nevertheless
sufficient to react with the porltandite present in the periphery of the aggregate, giving rise to hydrated
products such as calcium silicate hydrates (CSH) and calcium aluminate hydrates which present a less porous,
more compact structure, forming a more stable aggregate/paste transition zone [4]. In contrast to all these
studies, a few studies consisted of low strength properties compared to conventional concrete/mortar detected
[5]-[6]. In these studies, the reason of strength loss was explained as ceramic aggregate having lower density
and strength compared to conventional aggregate [6].

3.2. Durability Properties

Durability properties of results were summarized in Table 2. According to results of studies, chloride
penetration, capillarity water absorbtion, abrasion resistance, freeze-thaw resistance, high temperature
resistance, gas permeability and finally, ultrasonic pulse velocity properties were investigated in previous
studies. Especially, capillary water absorbtion, oxygen and gas permeability of concrete produced waste
ceramic as fine/coarse aggregate were improved or similar compared to conventional concrete. But, these
properties were determined as worse compared to control specimen [7]-[8]. This decrease can be due to both
the higher water absorption coefficient in waste ceramic aggregate and the effect of this waste ceramic
aggregate on the pore system [9]. In generally, freeze-thaw durability and high temperature resistance,
chloride penetration and abrasion resistance performance of concrete produced by waste ceramic were better
than conventional concrete due to the high mechanical and the puzolonic properties of the ceramic aggregate

[4].
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Table 1. Comparison of some results for mechanical properties.

Mixing Ratio of Concrete

Using of Waste

E:'f:nit Ceramic In The W a!l%}l.:;:am.l: W a!;:al:;:a mie Encn:;:::nn Experiments Curing Day Mechanical Property Findings Eef.
Concrete
Earthanwars All mortar mixes containing CWA gave higher comprassive
Normal As Fine Apprapate ,'m‘fa'f'l (10-20-3040-30-| Mortar mix producad C assive Stremeth | 7. 14 and 28 strength than that of thecontrol mortar (42 2 WPaat 28 davs), [10]
Mortar Mixing in Sand {:aﬂ%{%:ast_ 1007% by %100 natural sand | FraprEssive Stens fx it ana s and that tha compras sive strength increasad with incraasing uss
(Cwa) of CWA up to 30% by weight {(30.2 MPa at 28 days).
N 1 A: Fine Asereeats Porcalain Mortar mix producad The comprassive strangth of the CWA moertars in which the
Mo DTEI. : . 'é g,%it-_ © | insulator wasts 100% bw %100 typical river | -Comprassiva Stransth 7.28,91 CWA was used as raceived from the racwels plant was [11]
rtar mng A (CWA) sand (RS) ralatively similar to that of the corrasponding BS mortars.
The compressive strength at 28 davs of (CWA) concrsts
inersasad with the use of CWA at 50% by weight, whers it
Conventional | As Fins Azsragsts Earthenwars ) Comerate mix producsd . reached optimum strangth (40 hIPa). This was an increase of
Concrete im Bamd | ceramic waste {30-100)% b %100 natural sand -Comprassive Stransth 7 and 28 7.5% comparadto the control conerete. Tharsaftara decline in [10]
(CWA) - comprassivestransthwas obsarvad, witha slightlvlowearvalus
(3.5 MPa) at 100% CWA.
oecivra Rhro The use of whitacaramic powdar to substituta past of the sand
o As Fins A Whi i (10-20-30-40 C . dncad -?:mﬂ?,s-é‘;:jﬁtfm does not reduce comprassive strength but rather gives an
I:nl:m. entional | As 1.1:1!5 g%'iregme ita c_:lramw [ ECIJE‘ -4l hf-]::fii?;mm PS _d _H-::csi-u-';ctimTlst = 7,14, 28 appraciable increase in strensth. Raparding tractionrasistanca, [12]
oncrate A powas vl - natural san b ) the introduction of whita ceramic powdar doss not give anv
appreciable differance comparsd with the control conerats.
Conersts mix produced Itcan ba szen that the comprassive strength of CC concrete
-an i ina seats i = = imas wi =0 50% 24 fina =Eate ra ama;
Conventional | As Fine Agsregste | Crushed cammic | 10 50 gryse | by 20100 conventionsl | -ComprassiveStrensth | 7, 28, 90, 365 | ™i=es with 40%, 30% and 60% fins ageregate raplacmant [13]
Concrete in Sand wasta (CC) erushad finzageragates with CC were highar than tha control spacimen at all ages
b h = Hoewever, tha rate ofincraase of strength dacraases with the
inersasa in CC content.
\ As Fine Apprepata . . . -ComprassivaStrensth | o S - . - . .
Conventional | foror . | Senitary ceramic | = 2 | Conerete mix produced N e 2.7,14, 218 and | Incorporation of cemmic waste agerasates lad to a systematic [14]
Concrete b GE'\;HP;;E'M' waste (10,15 and 201% by %0100 natural sand ~Flexural Strens 56 improvement of the mechanical properties, the bensfits
inersasing with the addition rats.
. Brick, blocks and . . . . -
_ As Fine and coarss cita 8 5 rr Conersts mix produced - - The results obtained indicats that the straneth is higher for .
EDE'“ entional ageragats in sand rr?lor “lt‘flsa' “ail' Flm?:a] e :irc-r ho% by %100 natural fine | -Comprassive Strength | '° 14:1"936 36 concrata with bothreplacemsnts coarsaceramic agerasate and (13
oncrete and grawvsl s:Jz:tan:swza ® Anc eoRE2) | and coarse agEragats an ceramic sand than control concrets with traditional ageregates.
_ As Fine and coarss I . 5 rr Conersts mix produced eeciven T Comprassive streneth of such conerstewas higher of 12% and [16]
Conventional agprapats in sand Senitery ceramic | 100% (for both bw %0100 natural fina -Comprassive Strength 28 temsile strameth of30%6in comparison to concrats with sand

Concrete

and graval

wara wasta

fine and coarsa)

and cosarse ageregsts

-Tensila Strength

and praves] agereeats.
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Table 1.

Comparison of some results for mechanical properties (cont.).

Mixing Ratio of Concrete

Using of Waste

EE:nT: Ceramic In The W 35'%;:;:3@[: w “rl;;i::a e Encnsjlr::rn}:nn Experiments Curing Day Mechanical Property Findings Ref.
Concrete
15-30% of Clonersts mix producad | ~ComprassiveStrensth Conecrate madswith fins ceramic ageregate achisvad a higher
Hizh- As Fine and coarse ; natural sand and a1 L Ee - . comprassive, flaxural, splitting tensile strength and =lastic
. Earthenwars | " | by %100 natural river | -Flexural Stransth 1,718 and ; ) :
Performance | agsresate in sand o 20-30-100% of| - . . e modulus strength in comparison to that of control conerate. [8]
: caramic waste . sand  mixes  and | -Split Tensils Stransth 180 : g ;

Concrete and graval coarse  mixed dolomitic sraval Flastic Modahs But, the conersts madawith more than 20% of coarse ceramic

ageragatas. = h ageregatas achisved a lowsr comprassive, flaxural, splitting

tensila straneth and slastic modulus to that of control concrata.
Conventional As Coarss Sanitarv caramic (15,20 and 25)% Ef]:{ﬁt; ;ﬁﬁﬁi SCDE:PTI:;:{EESSEEE 7 2% and 90 Tha machanical bahavior, both in terms of comprassion and [4]

Concrete Ageragsts wastz T “eim aé&:eah Pt Senste Sleng e splitting tensils stransth, was battar for therecyeled concratas

== than for the raferencs concrats.
\ Conerate mix producad . .. L

Conventional As Coarse Caramic Wasta 100% bv %6100 conventional | -ComprassivaStransth 28 The concrete .1::11.::_: {:D]:I.t!ﬂ:lmg. E{}d}{_i CEAIE v.a_s:: [17]

Concrete Ageregsts S aperegates achisve strength lewels betwsen 80 to 93%

e comparad to the conventional conerate.

Clarami Conerate mix produced | -Comprassiva Stransth Ths comprassive, splitting tensils and flaxural strengths of
Conventional As Coarse =1 fi.:l 1005 by %100 conventional | -Flexural Stransth 15 caramic waste coarss agerepate concrete arslowerbw 38,182 18]

Concrete Ageragata 1'.11:1.1-1.:::-1' :.'ast=s o crushad stons coarss | -Split Tensile Stransth = and 6% raspactively whancompared to comventional concrats,

N aggragats -Elastic Modulus but caramic wasts coarss ageragate concrats possessas lowar

tensils to comprassive strength ratio.

Conventional A: Coarsa Ef]:{ﬁt; iif:zﬂ;’j E]i?ﬁ:i?;iiﬁﬂﬂh In general, conerstes mads with crushed tils as coarse

nl:m. entiona '“a_:ut; Crushed tilas (30-100)% era ;]Pd st-:-n=- coares | -8 -lit'l'=ns1'l; Strensth 7,28 ageregate showsad higher comprassive, tensile, and flaxural [19]
oncrete e &EEI."E-&P N il B strangths than control conerats.

_ . ) . Conerate mix produced | -Comprassive Straneth The comprassive and ﬂaxural_sgangth: dacraased with 'L.ha

Non-Stroetural As Coarse Caramic hollow (33, 66 and o - parcantags of replacement of limestons ageregatss with
. o by %100 coarse | -Flexural Stransth 28 ; ; . . [6]

Concrete Ageragats bricks 100)% limastons acerassts = caramic agpregates incrsase. The dscrsass in comprassive

B T strangth is highar than that in the flaxural strength.

A 10% replacemant of coarss ageragate by PCA was mors

i - affactive in i ri assive strength than a 20%

Pngﬁi:ur As Coarse Porous caramic Conerate mix produced | -ComprassiveStrensth | 3, 7 and 28 oo Ec:m:nnt ﬁ??&?i::hnjp;:li}tu:s ;'1 and "&davsn
i : N wastz ageregate | (10 and 2003 | by %0100 crushad gravel | -Shrinkags {intarnal replacement o P - A [20]

Cement Type Ageragats (PCA) aperagte curing) independent of exposure conditions. Intarnal curing using PCA

( seragate

B Concretes

to replace part of the coarse aggregate was not effactive in
raducing autoganous shrinkags.
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Table 2. Comparison of some results for durability properties.

Mixing Ratio of Concrete

Using of Waste

Type of Ceramic In The Waste Ceramic Wazte I:Iera mie I:nm?ar?.mn Experiments Durability Results Ref,
Product Concrete Type Ratio Criteria
. - Mortar mix producad . . " o . .
Normal As Fina Appragata | Poreslain insulator 100% b 2100 weal riv -Chlorida Panastration | Itgquantitativelyindicatad that the CWA mostars had lowar apparant
Mortar Mixing in Sand wasta (CWA) o ¥ e typical fivar chlorids diffusion cosfficisnt than the ES mortars
= sand (FB.5) [11]
Abrasion rasistance of concrste was strongly influsncad bv its
comprassive strength and crushed ceramic. Measurement of
Conventional | As Fins Aggragats Crushed caramic (40- 50-60)% Conerate mix producad | -Abrasion Rasistance chloride penstration depths correlated wall with the differancas [13]
Concrete in Sand wasta (CC) VST SRR | by %0100 conventional | -Chloride Penstmtion batwaen additive type and raplacemsant parcantass of the mixturas. -
crushad finsageragates Crushad cemmic 6% spacimans wars considerablvmors resistant
to chloride inprass than those of other spacimens.
The fraeza-thaw resistance rasults wers concluding that ground
_ As Fine Aggregats I . — ceramic wasts addition did not have anyinflumce on comprassiva
Conventional | i\ (p Rafarancs | D20 cotamic | (g 45 ang gy, |Concrsteminproduced | g Thag Rasistance | strengthup to 25 evelss, the obssrved behavior being similar for all (4]
Concrete wasta bw %100 natural sand = : : = = ol
Sand tastad mortars. Conversaly, fraaza-thaw was found to affact
negativaly the flaxum] strength of all tested mortars, the reduction
incraasing with the ceramic waste content.
Abracsion resistance of concrete with ceramic sanitary wars
agpragata is hichar by about 20% than ahmsion rasistanca of praval
] ] concrets. Compressive strangth of concreta with ceramic ageragate
Conventional .:s FT;:fdm{::;a Sanitary ceramic | 100%: (for bothfins Ejn;flaszmnfrﬁxlmﬁi -High Temp. Rasist. decreased immediately after heating by 46%, in comparison to [16]
Concrete E‘E:J'l:i I;raxml wars wasts and coarss) and ':031_:1 PR ~ | -Abrasion Rasistancs strength of unhsatad concrete, whersas tensile streneth decreassd by
=0T ® AZEressls 54%; strength loss was similarto other types of concrate, howaver
high initial strangth madatha streneth of this concrsta still high afier
heating.
As for capillarity waterabsorptioncoafficients the differences ara
Brick blocks and rather important since capillarv water absorption for control
\ As Fine and coarss P ) n Fo - Concrate mix produced | -Capillary Water Absorb. | concrate (with traditional ageregates) almo st doubles thacapillarite
Conventional : rooftiles - wall, floor | 100% (for both fine [ p . S _ - e - h <
C te ageragate in sand tiles and sanitary and coarss) by %100 natural fine | -Oxy g=n Paimzabﬂtt_\ watar ahsorpumcoal.:t?{:ta:lt ofearamie aggragatzsbas;d conerate. [15]
onere and graval - and coarss ageragats -Chloride Penstration The oxygen parmeahbility results confirm the good performance of
are tha concrate mixturas with caramic aggragatas. As for tha chlorids
diffusion it once more confirms the good performancs of caramic
sand and coarse ceramic ageregate bassd concrata,
. ] 15-30% of natural | Conecrats mix produced | -Ultrasonic Pulse Valoe. | Although the capillary absorption cosfficient and ultrasonic pulsa
High- s Fine HJ:I.#{:D-!IISE Earthanvrare caramic | sand and 20-30- | by %5100 natural river | -Capillary Watar Abserb. | velocity valuas wera worsa thanthose of conventionsl conerate, the
P'::rzﬂn':f:r';“ agga;%:t:rilsland wasta 100% of coarse|sand mixes  and | -Chloride Penstmtion chlorids ionpenetration, after 180 days, was lower in conerstes (8]

mixed ageregates.

dolomitic graval

made with ceramic fins ageregates.

198



Ulubeyli et al.

PEN Vol. 5, No. 2, June 2017, pp. XX — XX

Table 2. Comparison of some results for durability properties (cont.).

Mixing Ratio of Concrete

Using of Waste

Type of , Waste Ceramic Waste Ceramic Comparison \ e
B Ceramic In The . par Experiments Durability Results Ref.
Produet Type Ratio Criteria
Concrete
The durability ofthis tvpaof concrste may tum out to b its major
: : : insufficiency, since water absorption either by immersion or
_ . Conerste mix produeed | -Capillary Water Absorh, [ ™50 - -
Non-Stroctural As Coarse Ceramic hollow | o . P piiany vt capillarity inereases very regularly and significantly with the "
. (33,66and 10003 by %100  coarss | -Immersion Watar Absorb i T e = .- . [21]
Concrete Ageragata bricks . . . propostion of caramic aggeregates on the concrats mix. Abrasion
-7 limsstons ageragats -Abrasion Resistance : ; h =SSR ! i
rasistance is precisalvths ons in which theconcrats producad with
racvelad ceramic aggregates shows an excellant perdformancs, sven
batter than the refarencs conersta.
C iomal As [ Samitary . Concrate mix producad Accordingto tastrasults, miere-porosity and gas permeability, Os
- a r - o A . - -
DI:'“ entiona ': DH:' R iaﬂmﬂ (20 and 23)% | by %0100 natural coarse | -(ras Permeahility and OOy parmeshilitvwars similar in the refarence conersteand the M
Apgeragats wasts - - . . .
oncrete === ageragate. concretes containing racvelad sanitarywars as a partial replacement
for conventional ageragats.
. Sanitary ware industry ageregsts is more resistant to temperaturs
Conventional As Coarse Sanitary ceramic - 35 CDTEE mix produced : changs than natural coars= ageragats. The new concrate is mors
- (20 and 23)% | bw %100 natural coarss | -Freeze-Thaw Rasistancs | - . == : ] [#]
Concrete Ageregata waste frezze-thawrasistant than conventional concrate. The sealingrate is
ageragate. ) =
== lower and tha eracks are narrowar in recvelad conerste. Both effack
ara accentuatad with rising replaceameant ratios.
The maximum dapth of water penatmtion is no greater in racveled
sgeregate than natural ageregats concrstss, and slthough the
avaraga valus is somewhat higher in thefommer, it naver sxcsads 30
Conventional Ac Coarse Sanitars ceramic Concrate mix produced | -Water Rasistance mm. Tha inclusion of caramic sanitary wars aggragats raises total
onventiona : N o (20 and 23)% | by 3100 natural coarse | -Porosity porosity slightly and modifies pors size distribution, with an [4]
Concrete Apgeragata waste - i : S S P 2 ¥
= = ageragats, -Sorplivity incraase in the volumeof capillaryporas at the expense of macro
poras. The concrstes with recyclad ceramic ageragats have graater
sorptivity than conventional conerstes, sincs ths waluss are
consistantlvundar 3 mmh*’, thess mavconsaquantly be ragarded
a5 durable materials.
The basic trend of permeation characteristics of the ceramic
Concrate mix producad ) . slectrical insulator wasts coarse aggragats concrats is similar to
, . ! a L -Capillary Watar Absorb. - - . "
Conventional As Coarse Caramic slactrical 100% by 36100 conventional Sprmtivite thosa of the corventional conerate. The permeation charactaristic [18]
Concrete Apgeragats insulator wastes o crushed stons coarss -Eﬂ:ﬁﬁda-P!nattaﬁnn waluss incraass with increass in watsr—ceament ratio for both the

aEEr=gate

ceramic elactrical insulator wasts coarseageragate conersteand the
conventionsl concrats.
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4, Conclusions

In this study, effects of waste ceramic on some mechanical and durability properties of conventional concrete
were investigated. Considering all of the results and the findings in the literature, it was found that, using of
waste ceramic in the conventional concrete as fine/coarse aggregate was positively affected on these
mechanical and durability properties of concrete. Consequently, the green and sustainable concretes would be
obtained by partial substitution of waste ceramic aggregates from different ceramics industry can be used for
structural purposes.
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