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Researchers (Bortolussi et al., 2002; 
Careddu, 2006 and 2010; Careddu et al., 
2007 and 2008; Costa, 2007; Ciccu and 
Bortolussi, 2010; Gursel, 2009; Ozcelik et 
al., 2011) have experimentally treated 
surfaces using water jet and the surfaces 
were evaluated aesthetically and compared to 
other methods as flaming, bush hammering, 
and sand blasting. In particular, Bortolussi et 
al. (2002) worked on surface finishing of 
marble with abrasive water jet. Careddu 
(2006) showed the technical, economic and 
aesthetic results obtained using water jet 
treatment and compared it with competing 
technologies. Careddu et al. (2007 and 2008) 
investigated how the water jet is suitable for 
treating surfaces of many non-flammable 
rocks, with considerable aesthetic and 
economic advantages. Costa (2007) worked 
on surface finishing with water jet and 
analyzed the results aesthetically. G¿rsel 
(2009) investigated relationships between 
operating and performance parameters such 
as specific energy, excavation rate, 
roughness and luminance on different types 
of marble for surface treatment using water 
jet. Ozcelik et. al. (2011) compared various 
results of surface treatment using water jets 
with the outcome of other surface treatments 
such as disc sawing, polishing, soft and hard 
bush hammering and flaming. They stated 
that water jet could easily be used for surface 
treatment of building stones since it can 
provide an aesthetically pleasing rough 
surface without disrupting the natural 
structure and textural features of the rocks. 

It can be seen from the published literature 
that there are a limited number of studies 
related to water jet performance evaluation in 
surface treatment. On the other hand, no 
investigation has been carried out about 
evaluation of the surface treatment of 
ornamental stones with water-jet in terms of 
economy. Because of this, the aim of this 
study is to to evaluate the surface treatment 
of ornamental stones with water-jet in terms 
of economy using single and multiple jet 
system. 

2 EXPERIMENTAL PROCEDURE 
2.1 Equipment 
The equipment used in the experimental 
program was numerically controlled on two 
horizontal axes, in which the nozzle-bearing 
head was deliberately inclined forwards for 
the experiment (Figure 1).  

 
Figure 1. Water jet machine used in this 
study 

The system consists of the following 
components: 
ü 37 kW pressure pump with three parallel 

intensifiers, supplying a maximum water 
pressure of 390 MPa with a 7 l/min 
capacity, 

ü Nozzle-bearing head equipped with a 
manually slope-regulating device, 
carrying a convergent-section sapphire 
orifice 0.3 mm in diameter,  

ü Two numerically controlled horizontal 
axes (X and Y) and a manual controlled 
vertical axis (Z), working on a bench 
(with a working surface of 2 x 1.6 m2). 
The maximum cutting-head speed is 24.5 
m/min. Beneath the bench, there is a 
water tank to collect the cuttings (Ozcelik 
et al., 2011). 

2.2 Material and Method 
The samples namely Pearl Grey (ñgranite 
typeò rock) having 7x7x2 cm size were used 
in this study. Representative physical and 
mechanical properties and mineralogical and 
petrographical descriptions of the sample are 
given in Table 1 and Table 2, respectively. 
The mechanical properties of the rocks were 
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Table 3. Economical analysis results of single and multiple water jet system 
Parameters Single jet Multiple jet 
Number of nozzle 1 3 
Cutting spacing / distance between lines [mm] 2 2 
Velocity of the nozzle [mm/min] 25000 25000 
*Productivity  [m2/h] 3 9 
Jet pressure [MPa] 300 300 
Volumic mass of water [kg/m3] 1000 1000 
Volumetric elasticity modulus of water at 20 Á C [MPa] 2180 2180 
*Volumetric mass of water after compression [kg/m3] 1125,10 1125,10 
*Jet velocity [m/s] 730 730 
Nozzle diameter [mm] 0,30 0,30 
Contraction coefficient of the nozzle 0,8 0,8 
*Flow rate of the water jet [l / min] 2,48 7,43 
*Hydraulic power [kW] 12,39 37,17 
Pump efficiency coefficient 0,70 0,70 
*Electricity required by the pump [kWh] 17,70 53,09 
Electricity required by handling and auxiliary equipment [kWh] 15 15 
*Total electricity required [kWh] 32,70 68,09 
*Specific cutting energy - hydraulic [MJ/m2] 14,87 14,87 
*Specific cutting energy - electric [MJ/m2] 39,24 27,24 
Unit cost of electricity [ú / kWh] 0,133 0,133 
*Cost of electricity (Ce) [ú / h] 4,35 9,06 
Cooling water required [l / min] 12 12 
*Total water required [l / min] 14,48 19,43 
Unit cost of water [ú/m3] 1,38 1,38 
*Cost of water [ú/h] 1,20 1,61 
Nozzle working life [h] 80 80 
Nozzle price [ú] 15,49 15,49 
*Nozzle replacement cost [ú / h] 0,19 0,58 
*Cost for servicing and spare parts [ú / h] 2,41 2,79 
Manpower needed [man hours] 0,5 0,5 
Manpower unit cost [ú / h] 24,19 24,19 
*Total manpower cost [ú / h] 12,10 12,10 
*Operating/working total cost (CF) [ú / h] 20,05 26,13 
Cost for the purchase of the system (Pa) [ú] 200000 250000 
Estimated life time of the system (n) [years] 10 10 
Estimated residual value after n years of service [ú] 0 0 
Working days per year [days / year] 240 240 
Daily working hours/time [h / day] 14 14 
*Hours of work per year [h / year] 3360 3360 
*Daily production [m2 / day] 42 126 
*Annual production [m2 / year] 10080 30240 
Weighted Average Cost of Capital [%] 4 4 
*Pay off/Overall amortization of capital [ú / year] 24658 30823 
*Operating annual cost [ú / year] 67364 87805 
*Total annual cost [ú / year] 92022 118627 
*Specific total cost[ú / m2] 9,13 3,92 
Sale price for the treatment [ú / m2] 15,00 15,00 
*Total estimated annual revenue [ú/year] 151200 453600 
*Specific profit of the application [ú / m2] 5,87 11,08 
*Average annual profit [ú/year] 59178 334973 
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3 CONCLUSION 
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oluĸturan maddeler, hammaddenin i­inde 
bulunmalē veya ¿retim esnasēnda 
eklenebilmelidir (EIPPCB, 2005). Genleĸen 
killer jeolojik olarak denizel ve karasal 
ortamlarda oluĸabilmektedir (Aras, 2008). 
Nispeten tabakalē silikat i­eriĵi, ince tane 
oranē ve plastikliĵi y¿ksek olan, i­erisinde 
gaz oluĸumunu saĵlayacak organik madde 
ihtiva eden, sinterleĸme ve erime noktasē 
birbirine yakēn olan killer genleĸen kil olarak 
deĵerlendirilebilmektedir. 

Genleĸmiĸ kil agregalarē sert sinter 
kabuklu, i­i gºzenekli, c¿rufumsu 
gºr¿n¿mde, olduk­a hafif ve olduk­a 
dayanēklē, kimyasallar ile tepkimeye 
girmeyen, ­ok d¿ĸ¿k su emme oranēna sahip 
agregalardēr (¥zg¿ven, 2009). Bu 
agregalardan ¿retilen bloklar hafif, uygun 
y¿k taĸēma kapasitesine sahip, dona 
dayanēklē, ēsē ve ses izolasyonu saĵlayan, 
yanmaz malzemelerdir (Kvande, 2001). 

Genleĸmiĸ killer, teknolojik ºzellikleri ve 
bir­ok end¿striyel hammadde t¿r¿ne gºre 
deĵiĸik avantajlara sahip olmasē nedeniyle 
farklē end¿stri dallarēnda, yaygēn kullanēm 
alanlarēna sahiptir. Genleĸmiĸ kil 
agregalarēnēn ­eĸitli kullanēm alanlarē 
ĸunlardēr (ESCSI, 2008): 
¶ Y¿ksek performanslē k©gir betonlarda: 

Beton tuĵla, yer ¿st¿ ve altēnda k©gir 
beton elemanlarē, gizli muhafaza ve ses 
bariyer duvarlarē, sesi emen duvarlar, ºn 
¿retimli lento, gevĸek dolgu gºbek 
yalētēmē, parke taĸē, taĸ dºĸeli avlu 
par­alarē 

¶ Y¿ksek performanslē yapēsal beton: 
Kiriĸler, eĵimli duvarlar, hatēllar, 
borular, kºpr¿ tabliyesi, kēyē ºtesi 
platformlar 

¶ Asfalt altē taĸ dºĸeme 
¶ Jeoteknik uygulamalar: Dolgu, bºlme 

ve istinat duvarlarē, filtreleme 
¶ Bah­ecilik uygulamalarē: Yeĸil ­atē 

toprak ĸartlandērēcē, zemin koruyucu, 
topraksēz tarēm 

¶ ¥zel beton: ¢atē kiremitleri, beton 
duvar kaplamasē, suni taĸ, torbalanmēĸ 

beton karēĸēmē, ahĸap dºĸeme 
sistemlerinde tesviye betonu, ­atē 
dolgusu, p¿sk¿rtme beton 

¶ Diĵer: Buzlu yollar i­in kaymayē 
ºnleyici/­ekiĸi artērēcē malzeme, kil 
tuĵla i­in grog malzeme, ­atma ­atē i­in 
kapak taĸē ve kērma taĸ, ge­irimsiz 
plastik borular i­in yangēndan 
koruyucu, mutfak, banyo ve WCôden 
gelen atēklarēn temizleme filtresi olarak 
genleĸmiĸ killer kullanēlmaktadēr.  

 
¥zellikle yapē sektºr¿nde hafif yapē 

elemanlarēnēn ¿retilmesinde kullanēlan 
vazge­ilmez ana hammadde genleĸmiĸ kil 
agregalarēdēr. ¦lkemizde, genleĸen killer 
¿zerine yeterli d¿zeyde Ar-Ge ­alēĸmalarēna 
rastlanēlmadēĵē gibi end¿striyel baĵlamda 
kayda deĵer bir yatērēm da gºr¿lmemektedir. 
Oysaki ¿lkemiz, genleĸen kil rezervleri 
a­ēsēndan olduk­a ºnemli sayēlabilecek bir 
potansiyele sahiptir. Dolayēsēyla, bu 
potansiyel varlēĵēnda ¿lkemizdeki killerin 
genleĸme ºzellikleri detaylē olarak analiz 
edilmeli ve end¿striyel olarak 
kullanēlabilirlik ºl­¿tleri tanēmlanmalēdēr 
(G¿nd¿z vd, 2006). 

Bu ­alēĸmada, Ankara-Kalecik kil sahasē 
tanēmlanmēĸ ve Ankara-Kalecik kilinden 
genleĸmiĸ kil agregasē ¿retilebilirliĵi 
araĸtērēlmēĸtēr. 

2 MATERYAL VE Y¥NTEM 

Ankara ï Kalecik kil sahasēnē genleĸmiĸ kil 
agregasē ¿retiminde deĵerlendirebilmek i­in 
arazi ­alēĸmasē, sahayē temsil edecek ĸekilde 
numune alēmē ve mineralojik kimyasal 
analizlerle birlikte genleĸtirme deneyleri 
yapēlmēĸtēr.  

2.1  Arazi ¢alēĸmalarē 
Ankara-Kalecikôte bulunan kil sahasēnēn 
jeolojik ºzelliklerini tespit etmek amacēyla 
arazi ­alēĸmasē yapēlmēĸtēr. Yapēlan 
­alēĸmada sahanēn litolojik ºzellikleri, ºrt¿ 
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k¿tle, yayēlēm, konum, iklim, rezerv, vb. 
belirlenmiĸtir: 

Genleĸtirme deneyleri ve diĵer analizler 
i­in yeterli miktarda numune, araziyi temsil 
edecek ĸekilde alēnmēĸtēr. ķekil 1ôde ­alēĸma 
sahasēnēn yer bulduru haritasē sahanēn genel 
gºr¿n¿m¿ verilmektedir. 

2.2 Mineralojik Analiz 
Ķncelenen kilin mineral i­eriĵinin 
belirlenmesi amacēyla XRD analizleri 
yapēlmēĸtēr. XRD analizleri MTA Genel 
M¿d¿rl¿ĵ¿ Mineraloji ve Petrografi 
Araĸtērmalarē Birimi laboratuarēnda 
yapēlmēĸtēr. XRD analizleri i­in Cu X-ēĸēn 
t¿pl¿ Philips PW 3710/1830 model cihaz 
kullanēlmēĸtēr. 

2.3 Kimyasal Analizler 
¢alēĸēlan sahalardan alēnan hammaddelerin 
kimyasal bileĸimini belirleyebilmek i­in 
­eĸitli analizler yapēlmēĸtēr. Numunelerin 
kimyasal analizi XRF Spektrometrik yºntem 
ile yapēlmēĸtēr. Analiz sonu­larē Philips 
Axios model cihazda IQ + programēnda 

deĵerlendirilerek yapēlmēĸtēr. Kilin i­erdiĵi 
u­ucu madde oranlarē, oluĸacak gazēn 
miktarēnē dolayēsēyla da genleĸme oranēnē 
etkilemektedir. Genleĸme sērasēnda oluĸan 
gazlardan en ºnemlileri karbon i­eren gazlar 
(CO, CO2) olduĵundan ºrneklerin karbon 
i­erikleri de belirlemek istenmiĸtir. Bunun 
i­in de u­ucu madde oranlarē ve elementer 
karbon deneyleri yapēlmēĸtēr. Kimyasal 
analizler MTA Genel M¿d¿rl¿ĵ¿ Analitik 
Kimya Birimi ve Kºm¿r Analizleri Birimi 
laboratuarlarēnda ger­ekleĸtirilmiĸtir.  

2.4 Laboratuvar ¢alēĸmalarē 

2.4.1 Numune Hazērlama ve ķekillendirme 
Araziden alēnan numunelerin genleĸmiĸ kil 
agregasē ¿retimi i­in hangi kil boyutunun en 
uygun olduĵunu belirleyebilmek i­in 3 farklē 
boyutta (-100, -200 ve -300 Õm) kil hazēr-
lanmēĸtēr. Numuneler ºnce ­eneli kērēcēda 
kērēldēktan sonra diskli ºĵ¿t¿c¿de ºĵ¿t¿lm¿ĸ 
ve elenmiĸtir. Elek ¿stleri istenen tane 
boyutuna indirmek i­in halkalē deĵirmende 
tekrar ºĵ¿t¿lm¿ĸt¿r. Ķstenen boyuta getirilen 

 

 

ķekil 1. ¢alēĸma sahasēnēn yer bulduru haritasē ve sahanēn genel gºr¿n¿m¿ 
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2.4.2 Genleĸtirme Deneyleri 

2.4.3 Fiziksel Testler 
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3 BULGULAR 

3.1 Arazi ¢alēĸmasē 
Ankara ili Kalecik il­esinde ¢amkºyô¿n 
g¿neyinde, Ankara-¢ankērē yolu kenarēnda, 
¢ankērē H30-d2,d3 paftalarē arasēnda bulunan 
saha en bilinen genleĸen kil sahasēdēr. 
¢alēĸma kapsamēnda yapēlan arazi 
­alēĸmalarēndan elde edilen bulgular 
ĸºyledir. 

¢alēĸma sahasēna ulaĸēm asfalt yol ĸeklinde 
Ankara-¢ankērē Devlet Karayolundan 
yapēlmaktadēr. Arazide ise stabilize yollar ile 
saha ge­ilebilmektedir. 

¢alēĸma sahasē genelde yarē engebeli ve 
rºlyefi y¿ksek­e bir topografyaya sahiptir. 
Baĸlēca y¿kseltiler ¥ztarla tepe (1440 m), 
¢am tepe (1352 m), Kartalkaya tepe, 
Alameĸe tepe ve ¢alē­ukur tepeôdir. Y¿kselti 
1150 ila 1440 m civarēndadēr. Sahada bir­ok 
kurudere mevcuttur. Baĸlēca Ķngese Deresi, 
Siyah Dere, Baĵlar Dere, Hacēgºl¿ Dere ve 
¢atalbaĸpēnar Dereôdir.  

Bºlgede karasal bir iklim vardēr. Arazi geneli 
bozkērlēktēr. Bitki ºrt¿s¿ zayēftēr. Tarēmsal 
arazi ­alēĸma sahasēnda nispeten sēnērlēdēr. 

Grimsi, metalik parlak renkli, ēslak rengi 
koyu gri-siyah, yer yer ikincil kalsit geliĸmiĸ 
olan, kire­taĸē merceklerinin altēnda ĸisti 
gºr¿n¿ml¿ kumtaĸē-ĸeyl ardalanmasē 
gºr¿lm¿ĸt¿r. Bu birimin ¿zerine grimsi-boz 
renkli kumtaĸē-ĸeyl fasiyesi gelmiĸtir. 
 

Alt Triyas sērasēnda bºlgede konglomera, 
kumtaĸē, silttaĸē, kumlu kire­taĸē litolojileri 

belirginleĸen kēsmen derinleĸen sēĵ bir deniz 
vardēr (Kºsrelik Formasyonu). Bu ortamda 
bulantē akēntēlarē zaman zaman etkin 
olmuĸtur. Bu akēntēlarla ­ºkelme ortamēnēn 
sēĵ bºl¿mlerinden derin kesimlere malzeme 
taĸēnmēĸtēr. Bu dºnemde bºlgeyi etkileyen 
gerilme kuvvetleri etkisiyle geliĸen tektonik 
hatlardan y¿zeye ulaĸan bazik volkanizma 
¿r¿nleri (spilit, diyabaz ve t¿fleri) 
detritiklerle girik olarak geliĸmiĸtir (Yaĵēzali 
Formasyonu). Orta Triyas esnasēnda deniz 
transgresif olarak bºlgeyi iĸgal etmiĸtir. Alt 
Triyas yaĸlē birimlerin par­alarēndan oluĸan, 
konglomera ile baĸlayēp kumtaĸē ve kumlu 
kire­taĸē litolojileri olarak ­ºkelmiĸtir 
(Elmalē Formasyonu). Orta-¦st Triyasôta 
giderek derinleĸen deniz, sēĵ deniz ­ºkelleri 
olarak devam eden istifi vermiĸtir (Yeni­ºte 
Formasyonu) (¥zg¿ven vd, 2009).  

¢alēĸēlan alanda Alt Triyas'tan G¿ncel-
Kuvaterner yaĸēna kadar metamorfik, 
magmatik ve sedimanter kaya­lar 
y¿zeylenmektedir. En yaĸlē birim Alt Triyas 
yaĸlē Kºsrelik formasyonudur. Sahanēn 
genelinde mostra veren birim i­ersinde hedef 
malzeme olan genleĸen siyahēmsē ĸist ve 
metamorfik ayērtlanamamēĸ kaya­lar da bu 
birimde ºzellikle de ¢amkºy ve Karayatak 
kºy¿ civarēnda mevcuttur. Bunu Orta-¦st 
Triyas yaĸlē Yaĵēzali formasyonu ve Elmalē 
formasyonu izler. ¦st Triyas yaĸlē Yeni­ºte 
karbonatlē istifi bu birimlerin ¿zerine 
­ºkelmiĸtir. Sahada gen­ al¿vyonlarda dere 
i­lerinde kēsmen bulunmaktadēr (¥zg¿ven 
vd, 2009).  

Mostralar mercekler halinde olmakla beraber 
siyah ĸist ï metasilttaĸē ï metakumtaĸē 
ardalanmasēnēn sahanēn b¿y¿k bir kēsmēnda 
ºrt¿l¿ olarak bulunduĵu arazi gºzlemleri 
ēĸēĵēnda sºylenebilir. ¢alēĸma sahasēnēn 
ayrēntēlē rezerv ­alēĸmalarē ancak ileriye 
dºn¿k teĸebb¿sler i­in sistematik olarak 
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sondajlē bir ĸekilde yapēldēĵēnda kesinlik 
kazanabilir. ¢alēĸma sahasēnēn yeterli rezerve 
sahip olduĵu yer yer 200 môlik temiz 
merceklenmeler ĸeklinde, doĵu-batē 
doĵrultusunda ­alēĸma alanēnē kat ettiĵi 
gºzlenmiĸtir. Gºzlemlere gºre yaklaĸēk 
rakamsal boyut vermek gerekirse;  
 
Uzunluk (yer yer kesikli): 3000 m 
Geniĸlik (ortalama): 50 m 
Kalēnlēk (ortalama):15 m olarak alēndēĵēnda 
M¿mk¿n Rezerv: 3000x50x15= 2250000 m3 
olarak hesaplanabilir. 

¢alēĸma sahasēndan alēnan kilin hangi 
mineralleri i­erdiĵinin belirlenmesi amacēyla 
XRD analizi yapēlmēĸtēr. XRD analizinden 
elde edilen sonu­lara gºre ­oktan aza doĵru 
ĸu mineraller kil i­erisinde bulunmaktadēr: 
Kuvars (ASTM No:5-0490), Ķllit, Klorit, 
Karēĸēk tabakalē kil mineralleri, Feldspat, 
Kalsit (ASTM No:5-0586), (Grafit).  

XRD sonucuna gºre kil i­erisinde 
kuvarsēn hakim mineral olduĵu sºylenebilir. 

Ancak, dikkat ­ekici en ºnemli ºzellik ise 
yapēdaki kil minerallerinin 3 tabakalē 
killerden oluĸmasēdēr. Bunlar illit, klorit ve 
karēĸēk tabakalē killerdir. XRD analizinden 
elde edilen sonu­larē gºsteren diyagram 
ķekil 4ôte verilmiĸtir. 

Ķncelenen hammaddenin kimyasal bileĸimi, 
i­erdiĵi bileĸikler, u­ucu madde oranlarē 
kilin genleĸmesini doĵrudan etkileyen 
faktºrlerdir. Bunun i­in ­alēĸma sahasēndan 
alēnan numunelerin kimyasal analizi XRF 
Spektrometrik yºntem ile yapēlmēĸtēr. Elde 
edilen analiz sonu­larē ¢izelge 1ôde 
verilmiĸtir. 

Genleĸmenin saĵlanabilmesi i­in kilin 
b¿nyesinde bulunan bileĸimler ile hem 
piroplastik form hem de gaz 
oluĸturulabilmelidir. Burada kilin genleĸme 
sēcaklēĵēndaki viskozitesi ­ok ºnem 
kazanmaktadēr. 
 

 
ķekil 4. Ankara ï Kalecik kilinin XRD diyagramē 
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ºĵ¿tme masrafē ile -300 Õm kil boyu da 
kullanēlabilir. ¢¿nk¿ birim hacim aĵērlēĵē 
420 kg/m3 olan ve yaklaĸēk 5 kat 
genleĸebilme ºzelliĵi bu kil boyunda 
saĵlanabilmektedir. 

Elde edilen sonu­lar incelendiĵinde dikkat 
edilmesi gereken diĵer bir nokta ise, 
AnkaraïKalecik kilinin genleĸmeye 
baĸladēĵē sēcaklēk ve s¿redir. Bu en uygun 
sēcaklēktaki fērēn koĸulunda ­alēĸēlarak 
optimum maliyetle agrega ¿retimi anlamēna 
gelmektedir. ¦­ farklē kil boyu i­in de 
genleĸmeye baĸlama sēcaklēĵēnēn 1050ÁC 
olduĵu gºr¿lmektedir. 1100ÁCôde 1000 
kg/m3ô¿n altēnda genleĸen kil agregasē 
¿retmek m¿mk¿nd¿r. Bu da yaklaĸēk 2,5 kat 
genleĸme demektedir. Genleĸmiĸ kil 
agregasēnēn kullanēm alanēna gºre bu 
sēcaklēkta da ¿retim yapēlabilir. Buradan elde 
edilecek genleĸen kil agregalarē dayanēmlē 
beton imali i­in ºnemli olabilecektir. 

4 SONU¢LAR 

Ankara-Kalecikôte bulunan kil sahasēnēn 
genleĸmiĸ kil agregasē ¿retiminde deĵerlen-
dirilebilmesi amacēyla yapēlan bu ­alēĸmada 
elde edilen sonu­lar aĸaĵēda verilmektedir: 
 

Ankara-Kalecik kilinin y¿ksek kalitede 
genleĸmiĸ kil agregasē ¿retimine uygun 
olduĵu yapēlan ­alēĸmalar sonucu 
gºr¿lmektedir. 
Ankara-Kalecik kili incelenen farklē 
¿retim parametrelerinin tamamēnda (t¿m 
kil ve pelet boylarēnda) genleĸme 
gºstermektedir. Buradan kullanēm alanēna 
uygun olarak farklē ¿retim koĸullarēnda 
farklē ºzelliklerde genleĸmiĸ kil 
agregalarēnēn ¿retiminin m¿mk¿n olduĵu 
gºr¿lmektedir. 
AnkaraïKalecik kilinin genleĸtirme 
deneyleri sonucunda en uygun kil 
boyunun 200 Õm olduĵu tespit edilmiĸtir.  
Ankara ï Kalecik kili i­in en uygun pelet 
­apēnēn 10 mm olduĵu tespit edilmiĸtir.  

AnkaraïKalecik kili i­in en uygun fērēn 
ĸartlarēnēn 1150ÁC sēcaklēk ve 15 dakika 
fērēnda kalma s¿resi olduĵu tespit 
edilmiĸtir. Bu ĸartlar t¿m numuneler i­in 
ger­ekleĸmiĸ ve 1150ÁC kritik bir deĵer 
olarak ºne ­ēkmēĸtēr. 
AnkaraïKalecik kilinin genleĸmeye 
1050ÁCôde baĸladēĵē, 1100ÁCôde ise 
genleĸmiĸ kil agregalarēnēn birim hacim 
aĵērlēklarēnēn 1000 kg/m3ôlere ulaĸtēĵē 
tespit edilmiĸtir. Buradan 1100ÁCôde 
¿retim yapēlmasēnēn m¿mk¿n olduĵu 
gºr¿lmektedir. 
En uygun ¿retim koĸulu olan 200 Õm kil 
boyunda, 10 mm pelet ­apēnda, 1150ÁC 
fērēn sēcaklēĵēnda ve 15 dakika fērēnda 
kalma s¿resinde agrega birim hacim 
aĵērlēĵē 360 kg/m3, genleĸme oranē 5,5 
olan agrega ¿retimi m¿mk¿n olmaktadēr. 

 
Ankara ilinin yapē potansiyeli gºz ºn¿ne 
alēndēĵēnda Kalecikôte bulunan kil sahasēnēn 
end¿striyel olarak b¿y¿k ºneme sahip 
olduĵu gºr¿lmektedir. 
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U­ucu K¿l Katkēnēn ¢elik Lifli Betonun Eĵilme Dayanēmē 
¦zerindeki Etkileri  
Effects of Fly Ash Usage on Flexural Strength of Steel Fiber 
Reinforced Concrete  

E. Kºm¿rl¿, A. Kesimal, H. Bekar 
Karadeniz Technical University Mining Engineering Department, Trabzon, Turkey 

 
 
¥ZET Bu ­alēĸmada, ­elik lif katkēnēn eĵilmeye maruz kalan beton malzemelerin yenilme 
mekanizmalarē ¿zerindeki etkilerine deĵinilmiĸ ve u­ucu k¿l katkēnēn ­elik fiber kullanēmē 
¿zerindeki etkileri deneysel ­alēĸmalar ile incelenmiĸtir. Karĸēlaĸtērēlan farklē tasarēmlarēn aynē 
kullanēm amacēna yºnelik olmasē anlamēnda, k¿l katkēlē ve k¿ls¿z beton karēĸēmlarē aynē 
­ºkme (slump) deĵerlerini saĵlayacak ĸekilde bir miktar ­imento ve agreganēn aynē anda 
hacimce ikamesi olarak u­ucu k¿l eklenmiĸtir. Farklē k¿r s¿relerine sahip numuneler ¿­ 
noktadan y¿klemeli eĵilme ve beton plak y¿kleme testlerine tabi tutulmuĸlardēr. U­ucu k¿l 
katkēnēn, ¿­ noktadan eĵilme ve plak y¿kleme testi sonu­larēna gºre ­elik fiberli betonun 
eĵilme dayanēmēnē ekonomik olarak iyileĸtirdiĵi gºr¿lm¿ĸt¿r.     
 
 
ABSTRACT In this study, effects of steel fiber additive on flexure concrete failure 
mechanisms are discussed. Fly ash additive effects on steel fiber usage was investigated with 
experimental studies. Compared fly ash added and ashless concretes have same slump level 
for comparing concrete materials that can be used for same application. In experimental work, 
fly ash was used as substitution of cement and agregate by volume. Different curing times 
concrete specimens were tested with three point flexural strength and slab loading tests. 
According to results of experimental work, fly ash increases flexural strength of steel fiber 
reinforced concrete, economically.   
 
 
1 INTRODUCTION 
Steel fiber has been started to use as concrete 
additive, since early times of 1970ôs. Steel 
fiber significantly increases toughness, 
ductility, impact strength and tensile strength 
of concrete. Length to diameter ratio, shape 
and tensile strength of steel fiber are 
important parameters for reinforcement 
efficiency (Kºm¿rl¿ and Kesimal, 2011). 
Dynamic load strength of concrete is 
increased significantly by fiber addition, 
because of concrete ductility increasing. 
Especially, dynamic load strength is very 
important for concrete support of 
underground constructions that are excavated 
with blasting. Undesirable cracks can be 
seemed on concrete because of underground 

blastings (Zhang et al., 2005). In addition to 
resist concrete cracking, steel fiber can hang 
up cracked concrete parts and prevent 
concrete falling down. Steel fiber causes 
favourable residual tensile strength after 
concrete is cracked (Buratti et al., 2011).   

Steel fiber improves the freezing-thawing 
resistance of concrete (Yēldērēm and Ekinci, 
2006). Steel fiber concrete additive usage has 
been using for last 40 years (Kºm¿rl¿, 
2012). Fiber addition causes to bridge effect 
in concrete. Strength and crack propagation 
resisting are improved by this way. Figure 1 
schematically shows bridge effect of fiber in 
flexured beam. Steel fiber isnôt economical 
additive for improving compressive strength 
of concrete (Kºm¿rl¿ and Kesimal, 2012).  
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barricade. Although there can be some 
highly concentrated localized load in backfill 
like excess pore water pressure in hydraulic 
or paste backfill, flexural failure is observed 
for barricade body failure as a result of 
applied distributed load from backfill 
(Kºm¿rl¿, 2012). Distributed load on slab 
increases the flexural failure probability 
(Harris, 2004). 

If slab is put on a frame, this can be 
considered as simply supported slab. If slab 
is fixed, edges canôt lift up and slab failure 
mechanism changes. Flexuring majority 
increases with edges lifting up (Goltermann, 
2010). Corners of simply supported slabs lift 
up less. Point fixing can be considered for 
rock bolted tunnel shotcrete support. 
However, flexuring boundary of shotcrete 
canôt be lifted freely, because of ground 
contact. More than 4 rockbolts around wedge 
or block can be loaded. Neither simply 
supported tests nor standart fixed slab tests 
totally represent underground conrete 
support failure mechanism that is used with 
rock bolts. However, slab loaded test rather 
than 3 point flexuring is preferable for this 
topic (Ortlepp and Stacey, 1998).  

Shear stress consentrations in concrete due 
to wedge load have important role on failing 
(Kºm¿rl¿ and Kesimal, 2012). Even if slab 
has flexural failing, shear stresses has 
important role on ultimate load. Punching 
shear cracks and flexural tensile cracks can 
be seemed together in slabs (Guandalini et 
al., 2009).  

Three point and four point beam flexuring 
tests were the very popular method for 
tensile strength measuring before Brazilian 
tensile strength test has been invented 
(Gercek and ¥zarslan, 2011). Tensile stress 
at the outer fiber of convex surface of bended 
beam is calculated with Eq. (1). This formula 
is suggested according to simple bending 
theory that is usable for homogeneous and 
isotropic materials for pure bending (zero 
shear stress). Concrete material with 
aggregates canôt be considered as isotropic 
and homogeneous material. And, normally 
loaded beam is subjected to shear and normal 
stresses. Nonuniform bending and some 
torsional effects increase the shear stress 
concentration in beams. It was understood 
that beam flexuring test isnôt accurate way to 
measure concrete tensile strength. Tensile 
strength calculation formula is given for 3 
point flexuring test as follow (Ger­ek and 
¥zarslan, 2011): 
 

22
3

                                                                       (1) 

Where  is vertical load,  is beam width, 
 is beam thickness and  is support span 

length between two down supports of three 
point flexural test. Shear stress minimizes at 
outer fiber of beam and maximizes on 
neutral axis. Although first crack occurring 
majorly deals with tensile strength for 
isotropic, homogeneous and uniformly 
bended beam, cracks propagate due to shear 
and tensile stresses. Shear stresses effect 
tensile stress occurring when beam is 
flexured and failing load. Maximum shear 
stress in 3 point flexured beam can be 
calculated with Eq. (2) (Malek et al., 1998). 

 

2
3

max                                                                       (2) 

Where  is shear force that is derivative of 
bending moment according to  It is equal 
to F/2, but change sign at alignment of F. 
Therefore,  has different signs for left and 
right sides of F in beam, because of changing 
bending moment rotation. Shear and normal 
stresses have roles on both slab and beam 
failure mechanisms. Roles of normal and 
shear stresses varry on failure, according to 
loading mechanism. Results can be 
significantly change with changing loading 
mechanisms. Representative test method 
must be choosen for application area. In this 
study both slab loading strength and three 
point flexural strength of fly ash added and 
ashless concretes are investigated. 
 

2 EXPERIMENTAL STUDIES 
Fly ash was added to concrete mix as 

substitute of both cement and aggregate. 
Similar slump interval fly ash added and fly 
ashless steel fiber reinforced concretes were 
compared. Cem 2 portland composite cement 
and fly ash of ¢ayērhan thermal power plant 
were used in experimental work. Fly ashless 
concrete contains 450 kg/m3 cement, 1575 
kg/m3 aggregate, 225 kg/m3 water, 45 kg/m3 
steel fiber, 5 kg/m3 plasticizer. Maximum 
particle size of used aggregates is 8 mm. It is 
shotcrete aggregate. Used fly ash is coarser 
than cement and finer than aggregate. 
Maximum particle size of used cement is 
80 m, and 40% of cement is under 10 m. 
95% of used fly ash is finer than 315 m, 
and 65% of fly ash is coarser than 20 m.  
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Before slump testing, fresh concrete was 
mixed for 8 minutes in mixer. 18 kg cement, 
9 kg water, 63 kg aggregate, 200 gr 
plasticizer and 1.8 kg steel fiber were added 
in each mixer cycle for fly ashless concrete 
specimens. 0.95 kg cement and 1.90 kg 
aggregate were removed and 2.27 kg fly ash 
was added to each mixer for fly ash added 
steel fiber reinforced concrete specimen 
preparation. Specific gravities of cement, 
aggregate and fly ash are 3.15, 2.6 and 2.2, 
respectively. Therefore, 302 cm3 cement and 
731 cm3 aggregate were removed. And, 2.27 
kg (1033 cm3) fly ash was added in one 
mixer. Added fly ash volume is same with 
the sum of removed cement and aggregate 
volumes. Slump levels of fly ash added 
concrete and fly ashless concrete are similar. 
Difference doesnôt pass 0.5 cm interval. 
Slump can be considered as 22.0 cm. Figure 
2 shows slump testing.  
 

 
Figure 2. Slump testing 
 
Therefore, compared fly ash added concrete 
and ashless concrete can be used in same 
application, according to their slump levels.  

Slab loading test was applied on 2 days, 7 
days and 28 days cured fly ash added and 
ashless steel fiber reinforced concretes. Slab 
dimensions are 60cm*60cm*10 cm. Loading 
area is circular and 19.6 cm2. Ultimate loads 
for slab specimens are given in Table 1.  

 
Table 1. Slab Loading Test Results 
 

Concrete 
type 

Ultimate Slab Load (kN) 
Cured for 

2 days 
Cured for 

7 days 
Cured for 
28 days 

SRC 18.40 22.43 26.96 
FASRC  25.12 31.18 40.52 

 
Figure 3 shows slab specimen preparation. 
All specimens were mixed for 8 minutes and 
all slabs were casted with same condition in 
two steps. Both of fresh concrete specimens 
were sticked in mold for same number after 
casting steps. Figure 4 shows LVDT setting 
to frame under slab specimen and mid point 

measurements for it. Figure 5 shows loading 
apparatus placing on mid point of slab. 
Figure 6 shows load cell putting on loading 
cylinder. Figure 7 shows slab loading. Load-
deflection graphs of specimens are shown in 
Figure 8. N2, N7 and N28 represent ashless 
concrete for 2 days, 7 days and 28 days 
curing, respectively. And, K2, K7 and K28 
represent fly ash added concrete for 2 days, 7 
days and 28 days curing, respectively. 
 

 
Figure 3. Specimen mixing and casting 
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Figure 4. LVDT setting 

 

Figure 5. Loading cylinder placing 
 

Fig 6. Load cell putting on circular load area 

 
Figure 7. Slab Loading 
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In Table 1, SRC represents steel fiber 
reinforced concrete, and FASRC 
repseresents fly ash added steel fiber 
reinforced concrete. 

 
Figure 8. Load-deflection graphs of slabs 
 
In addition to slab loading test, 3 point 
flexural test is applied on 5cm*5cm*18cm 
concrete specimens. Horizontal distance 
between two down support is 11 cm, and 
circular crossection supports have 4 cm 
diameter. Loading rate was 0.2 kN/second. 3 
point flexural strength and slab loading test 
specimens have same concrete mix design. 3 
point flexural strength test specimens were 

casted in metal prismatic molds that is shown 
in Figure 9. Fresh casted concretes were 
sticked with thin rods,  molds were vibrated 
and slowly hit to floor to remove air and seat 
specimen in mold. Surfaces were flattened 
with ruler as it is shown in following Figure 9. 

   

 
Figure 9. Flexural test specimen preparation 
 
Flexural strength test is shown in Figure 10. 
Failed specimens are shown in Figure 11. 
Strength means and standard deviations are 
given in Table 2. 18 specimens are  tested 
with three point flexural test. 
 

 
Figure 10. Three point flexural strength test 
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N 6.7% 5.1% 5.8% 

K 7.5% 10.7% 4.0% 

3 DISCUSSIONS AND CONCLUSION 
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mechanisms. Representative method must be 
used according to investigated application.  
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¥ZET: Mermer ocaklarē son 10 yēlda ¿lkemizde madenciliĵin en yoĵun ilgi alanlarē 
olmuĸtur. Bu baĵlamda mermer ocaklarē daha ºnce deĵiĸik madenlerin a­ēk iĸletmelerde 
uygulama alanlarēnēn yeni versiyonu ĸeklinde geliĸmiĸtir. 
Aĵērlēklē olarak tel veya kollu kesicilerle blok ¿retiminin nihai ama­ olduĵu bir ¿retim ĸekli 
olarak uygulanmaktadēr.Mermer ocaklarēnda ºncelikle iĸverenin programē ºnemlidir. 
Yatērēm i­erisinde iĸ g¿venliĵi ve sistemin doĵru kurulmasēnē isteyen ve buna yatkēn 
iĸletmeler en az sorunla iĸletmelerini idare etmektedirler. 
¢alēĸma alanlarēnda doĵru ve yeterli makine ve ekipmanē se­erek ­alēĸacak iĸ­iyi eĵitebilen 
iĸletmeler ¿retimlerini artērēp iĸletmelerini b¿y¿tebilmiĸlerdir. 

 
 

ABSTRACT:  Marble quarries in the last 10 years have been the most intense interests in 
coal seams.In this context, the marble quarries are open to a variety of metals before the new 
version of the application areas are developed in the form of enterprises. 
It is applied as a production type, mainly the ultimate goal is the block production with wire 
or sleeve shearer .Marble in the quarries, it is important first and foremost employer program 
The establishment of the system of work safety and the right to invest in and manage their 
business at least issue prone businesses. 
 

 
1 MERMER OCAK ĶķLETMELERI 
TANIMI 

 
Mermer Ocaklarēnda aĵērlēklē olarak A­ēk 
Ķĸletme yºntemleriyle d¿zenli kademeli 
ocak ĸeklinde ¿retim yapēlēr.Mermer ocaĵēn 
bulunduĵu yere ve topoĵrafik yapēya gºre; 

 
1-Tepe Ocak 
2-Yama­ Ocak 
3-Ova Ocak ĸeklindedir. 

Mermer ocaĵē yeri tesbit edildikten sonar 
buraya uygun kademeler oluĸturularak 
¿retime baĸlanēr. 

¦retim ºncelikle sondaj, daĵ kesme, 
yēkēm, k¿t¿k sayalama, blok 
sayalama,harfiyat baĸlēklarēyla yapēlēr. 
 
1.1 Mermer Sektºr¿nde ¦lkemizin 
Durumu 

Doĵaltaĸ sektºr¿; ­eĸit ve rezerv 
zenginliĵi, sektºr deneyimi, hammadde 
bolluĵu, deniz ulaĸēmēnda nakliye kolaylēĵē, 
dinamik sektºr yapēsē, kullanēlan yeni 
teknolojiler ve geniĸ renk skalasē ile d¿nya 
doĵaltaĸ piyasasēnda ºnemli bir yere 
sahiptir. Sektºrde yaklaĸēk 1.500 adet 
doĵaltaĸ ocaĵē, fabrika ºl­eĵinde 2.000 
kadar tesis, orta ve k¿­¿k ºl­ekli 9.000 

 
Mermer Ocaklarēnda ¢alēĸma Koĸullarēnēn Ķyileĸtirilmesi 
Enhancement of Working Conditions at Marble Quarry 
 
 T.Tufan  
 Maden M¿hendisi, Tufan Madencilik-M¿hendislik ï Nazilli-Aydēn 
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atºlye faaliyet gºstermektedir. Ķstihdam 
edilen kiĸi sayēsē 300.000 civarēndadēr. 
1990óli yēllarēn baĸēnda 40 milyon dolar 
civarēnda olan doĵaltaĸ ihracatēmēz 2000 
yēlēnda 188,7 milyon dolara, 2005 yēlēnda 
805,6 milyon dolara ulaĸmēĸtēr. Mermer 
ihracatē her yēl bir ºnceki yēla gºre artarak 
devam etmiĸ ve 2006 yēlēnda 1 milyar dolar 
sēnērēnē ge­miĸtir. 2011 yēlēnda ise doĵaltaĸ 
ihracatē bir ºnceki yēla gºre % 6,6 artarak 
1,7 milyar dolar olarak ger­ekleĸmiĸtir. 
Sektºr son 25 yēlda ihracatēnē 127 kat 
artērmēĸ olan ender sektºrlerden biridir. Dēĸa 
baĵēmlēlēĵē ­ok az olup, ¿rettiĵi katma 
deĵeri ¿lkede bērakmaktadēr.  

 
1.2 Mermer Ocaklarēnda ¦retim 

Unsurlarē 
 
1.2.1 Mermer Ocaklarē Ķĸ Makinalarē 
Bu iĸlem sērasēna gºre mermer ocaĵē iĸ 
makinalarē; sondaj makinalarē, daĵ kesme 
makinalarē, sayalama makinalarē, 
ekskavatºrler, loderler, kaya damperli 
kamyonlar, titano ve boomlar, elmas tel 
kesicileri, kollu kesicilerôdir.Ķĸ 
makinalarēnēn bakēmlē ve doĵru kullanēlmasē 
iĸ verimini direk etkiler.Makina parkēnēn 
tam ve eksiksiz olduĵu mermer iĸyerlerinde 
¿retim kalitesi de y¿ksektir. 

 
1.2.2 Deneyimli Ķĸg¿c¿ 

Madenciliĵin her dalēnda olduĵu gibi 
mermer ocak iĸletmeciliĵindeki en ºnemli 
unsur eĵitimli iĸg¿c¿d¿r. Mermer 
ocaklarēnda ¿retimin gerektirdiĵi iĸ 
makinalarēnē doĵru ve hatasēz kullanmak iĸ 
verimini ve kalitesini artērēr. Ķĸ­inin eĵitimli 
ve bilin­li olmasē iĸ g¿venliĵini olumlu 
yºnde etkiler. ¢alēĸma koĸullarēnēn fiziki 
olarak iyileĸtirilmesi ­alēĸanēn koruyucu 
malzeme ve bakēmlē iĸ makinalarē ile 
­alēĸmasē ile m¿mk¿nd¿r. 

 
1.2.3 Enerji ve Makina Bakēmlarē 

Mermer ocaklarēnda iĸ makinalarē 
ekseriyetle elektrikli olup, yardēmcē iĸ 
makinasē olarak kamyonlar, ekskavatºr ve 
loderler dizel olup motorin ile 

­alēĸmaktadērlar. Dolayēsē ile ocaklarda 
s¿rekli olarak iĸinin uzmanē elektrik 
teknisyenlerine ve makina bakēm ve 
tamiratlarē i­in deneyimli makina grubu 
teknisyen ve ustalarēna ihtiya­ olmaktadēr. 
 
2 MERMER OCAKLARINDA GENEL 
DURUM 
 

Aĵērlēklē olarak tel veya kollu kesicilerle 
blok ¿retiminin nihai ama­ olduĵu bir 
¿retim ĸekli olarak uygulanmaktadēr. 
Mermer ocaklarēnda ºncelikle iĸverenin 
programē ºnemlidir. Yatērēm i­erisinde iĸ 
g¿venliĵi ve sistemin doĵru kurulmasēnē 
isteyen ve buna yatkēn iĸletmeler en az 
sorunla iĸletmelerini idare etmektedirler.  

¢alēĸma alanlarēnda doĵru ve yeterli 
makine ve ekipmanē se­erek ­alēĸacak iĸ­iyi 
eĵitebilen iĸletmeler ¿retimlerini artērēp 
iĸletmelerini b¿y¿tebilmiĸlerdir.Burada 
mevcut global pazarda yerini alabilmek ve 
bu sektºrde mevcudiyetini ispatlayabilmekte 
bu gibi ºnemli unsurlara baĵlēdēr. 

Mermer sektºr¿nde mermer ¿retimiyle 
ilgili teknik konularda ĸunlardēr; 
 Sondaj,daĵkesme,yēkēm,sayalama,blok 
¿retme,hafriyat y¿kleme ve boĸaltma,pasa 
sahalarēnēn kontrolu ve 
denetimi,kademelerin duraylēlēĵēnēn 
saĵlanmasē,ocakta su ve elektriĵin 
tedariĵi,atºlye ­alēĸmalarē,personel sosyal 
tesisleri ve yºnetimi,servis hizmetleridir. 
Ocak iĸletmelerinde d¿zenli kademeli 
¿retim ĸeklinin uygulandēĵē iĸyerlerinde 
belirlenen kademe y¿ksekliĵi ile kademeler 
yukarēdan aĸaĵēya doru blok ¿reterek 
indirilir.Bu ­alēĸmada sēk sēk ­alēĸma 
alanlarē deĵiĸtiĵinden iĸ­inin kullanacaĵē el 
aletlerinin iĸyerinde hazēr bulundurulmasē 
veya taĸēnmasē s¿rekli olamadēĵē 
zamanlarda iĸ­ilerin kullanmak zorunda 
olduklarē koruyucu malzemeler bile bazen 
ocaklarda pratik uygulamalar i­erisinde 
olamamaktadērlar.¥rneĵin emniyet halatē 
bunun en bariz ºrneĵidir.¢oĵu mermer 
iĸletmesinde baret dahi sērf iĸ­inin inadē 
uĵruna kullanēlmamaktadēr. 
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ĶLE TANE BOYUTU ANALĶZĶ 
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S. Kulaksēz, U. Kozacē

1 GĶRĶķ 

Kire­taĸlarēnda meydana gelen karstlaĸma 
s¿re­leri ve sonu­larē son ­alēĸmalarla 
evaporiterlerde daha yaygēn olduĵu 
gºr¿lmektedir. (Klimschouke vd 2003.)  

Jips-Anhidrit mineral ­ºz¿nmesi kalsite gºre 
100 misli daha fazladēr. Dolayēsē ile 
evaporitik jips-anhidrit ­ºz¿nmesi kire­taĸē 
karstlaĸmasē arazi ĸekilleri gibi benzerlikler 
gºsterirler. Bunlar dolin, karren, polye, 
­ºz¿nme bacalarē dolgulu ­atlaklar, diapirik 
anhidrit domlarē ­ok kēvrēmlē ï kērēklē yapēlar 
i­inde bindirme ve s¿r¿klenme y¿zey 
ĸekilleridir.(Ford & Williams, 1989) 

Bu bildiride, BalaïAĸēkoĵlu bºlgesi jips 
karstlarēnēn tipleri ve bunlarēn rezerve 
yºnelik sondajlar ve a­ēk ocak iĸletmesine 
etkileri incelenmektedir (ķekil-1). 

Dolinler, kapalē daireselden eliptike kadar 
deĵiĸen ĸekillerde ­ºk¿nt¿ler olup ­aplarē 
birka­ metreden birka­ kilometreye ve 
derinlikleri ise metre mertebesinde y¿zlerce 
metreye ulaĸabilir. Dolinler karstlaĸma 
ºzelliklerine ve b¿y¿kl¿klerine gºre; 

a) D¿zensiz tarak diĸli(Suffusion) dolin 
(1-5m) dayk veya damar tipli 

b) ¢ºz¿nme dlini (100 - 500 m) 

c) ¢ºkme dolini  

d) ¢ºkme havzalē dolin olarak 
sēnēflandērēlmaktadēr.  

 

A) Y¿zey Dolinleri;evaporitlerin hēzlē bir 
ĸekilde ­ºz¿nmesi sonucunda oluĸmuĸ olup, 
y¿zeyi ­amur, kil ve ­ºz¿nmeyen 
materyaller ile kaplanmēĸtēr. Derinliĵi 1-15 
metre arasēnda deĵiĸmekte, ­ºzelti boĸluĵu 
daha ­ok silt, kil ve ­ºz¿nmeyen karbonat 
kērēntēlarē i­erirler. 

B) ¢ºkme dolinleri, evaporitik ortamda 
­ºz¿nme ile oluĸan yeraltēnda meydana 
gelen boĸluklarēn ­ºkmesi ile oluĸurlar. 
Oluĸan maĵaranēn ­ºkmesi ile birlikte tavan 
taĸlarēnēn par­alarē kil, ­amur ve silt dolgusu 
i­erirler. ¢ºkme dolin kenar duvarlarēnda 
genelde bir kenar daha dik­edir. 

C) ¢ºz¿nme dolinleri ºnceki dolin ĸekillerini 
de i­ermekle beraber ­ok geniĸ yayvan ­anak 
ĸeklinde olup, boyutlarē 100-500 m 
derinlikleri ise 20 metreden fazla 
olabilmektedir (Ford,D.C. 1998). ¦st 
kēsēmler toprak veya gevĸek kalēn 
sedimanlarla kaplēdēr. Karstlaĸma sonucu 
oluĸan morfolojik dolin yapēlarē ķekil-1ôde 
verilmiĸtir. 
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ķekil 1. Kaynak­alarda belirtilen bazē karst yapēlaĸmasē (Calaforra J.M., Pulido-Bosch 2003) 
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Ankara bºlgesini etkileyen ºnemli, deprem 
odak mekanizmasē ­ºz¿m diyagramlarēnē ve 
deprem kaynaklarēnē gºsteren bu ĸekilde 
karstlaĸma ile iliĸkisi ­oĵunlukla arazide 
gºzlenmiĸtir.  

Aĸēkoĵlu jips karstlarē Bala (Ankara) kuzey-
kuzeydoĵu doĵrultusunda 3 km uzaklēktadēr. 
Sahada bir­ok karstlaĸma tipi dolinler ile 
diapirik lokal (jips-anhidrit) al­ētaĸē domlarē 
yer almaktadēr. Genelde karstlaĸmalar fay ve 
­atlak sistemleriyle birlikte bindirme ve 
s¿r¿klenme zonlarēnda sēk­a gºr¿lmektedir 
(ķekil-3). Yaklaĸēk 0,45 km2 bir sahada dolin 
boyutlarē 41m x 48m ile 133m x 82 
boyutlarēnda 51 adet dolin saptanmēĸtēr. 

Dolinlerin derinlikleri ise 3-16 metre olarak 
deĵiĸmektedir. Al­ētaĸē yataĵē ise masif 
ve/veya tabakalē olup, kendi i­erisinde 
s¿n¿ml¿ materyal olarak tektonik kuvvetler 
sonucu katlanmalar, devrilmeler, 
yapraklanmalar ve s¿r¿klenmeler 
gºstermektedir. Bu yapēlarla birlikte, 
tabakalanmalar ­atlak ve faylar sonucu 
karstlaĸmanēn geliĸiminde etken rol 
oynamēĸtēr. Tabakalanma (s¿reksizlikler) ve 
zayēf d¿zlemler boyunca geliĸen 
karstlaĸmaya sondaj karotlarēnda da 
rastlanmaktadēr (ķekil-4). Y¿zey sularē ile 
­atlaklardan baĸlayan ­ºz¿nme tēpkē bir 
kuyudan deĵiĸik yºnlerden a­ēlan galeriler 
gibi bir yapē meydana getirmektedir (ķekil-1, 
5 ve 6). 
 

 

ķekil 3. Bala (Ankara) yºresi karstlaĸma sonucu oluĸan eliptik-oval ve kanal tipi dolinlerin 
(lapya) uydu gºr¿nt¿leri 

 

ķekil 4. Yapēlan sondajlarda gºr¿len karstlaĸmalardan bir ºrnek 
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ķekil 5. Kazan ve d¿zensiz-dik damarlē dolinler (Bala/Ankara) 

 

 
ķekil 6. Kazan tipi dolinleĸme (Bala/Ankara) 

 
ķekil 7. Kºrdamar tipi ve ­ºkme dolinleĸme 
(Bala/Ankara) 
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3 KARST  YAPILARININ REZERV 
SONDAJ ¢ALIķMALARINA ETKĶSĶ 
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ķekil 11. Sondajēnēn log tanēmē ve karotlarē 

ķekil 12. Dolinleĸme ve sondaj karotlarēnēn deĵerlendirmesinde gºzlenen yapēlaĸmalar 

4 SONU¢LAR 

Evaporitik kaya­larēn ­ºz¿nme ve 
karstlaĸmasē karbonatlē kaya­lara gºre 10-
100 misli daha fazladēr. Bu durumda 

evaporitlerde dolin oluĸumlarēna sēk­a 
rastlamak m¿mk¿nd¿r. ¥zellikle a­ēk ocak 
madenciliĵinde topogragrafik y¿zeylerde bu 
yapēlarēn bulunduĵu yerlerde se­imli kazē 
yapēlmasē hammadde kalitesi a­ēsēndan 
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The Use of Mineral Calcite in SMA Mixture as Filling Material 

ĶSFALT A.ķ., ¦sk¿dar, Ķstanbul 
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1 GĶRĶķ 
Taĸ Mastik Asfalt olarak da isimlendirilen 
SMA karēĸēmlar, 1960 yēlēnda Almanyaôda 
­ivili kar lastiklerinin yol y¿zeyine verdikleri 
hasarlara karĸē koymak ¿zere geliĸtirilmiĸtir. 
¥zellikle aĵēr taĸēt trafiĵinde kalēcē 
deformasyonlara karĸē y¿ksek diren­ 
gºsterdiĵinden bir­ok Avrupa ¿lkesinde ve 
Amerikaôda giderek artan oranlarda 
kullanēlmaktadēr. ¦lkemizde de son yēllarda 
ºnemli yollarda SMA kullanēmē gittik­e 
yaygēnlaĸmaktadēr. 

SMA, geleneksel asfalt karēĸēmlara gºre 
baĵlayēcēsē daha fazla, karēĸēm i­erisinde 
kaba agrega oranē daha y¿ksek, dolgu   
malzemesi ve fiberden oluĸan bir asfalt  
­eĸididir. Tipik SMA bileĸimi %70-80 
oranēnda 5-12 mmôlik agrega, %20-30 
oranēnda 0-5mmôlik agrega, %5-10 oranēnda  
100 mikron altē dolgu malzemesi (filler), 
%0,3 fiber ve % 6-7 oranēnda modifiye 
bit¿mden oluĸmaktadēr. 

Asfalt karēĸēmlarda, filler olarak 
isimlendirilen dolgu malzemesinin belirli bir 
miktarda olmasē, arzu edilen karēĸēm 
ºzelliklerini ve performansē saĵlamak i­in 
ĸarttēr (Ahmetzade,2007). Geleneksel 
asfaltlarda y¿zey tabakalarēnda %4-10 
oranēnda dolgu malzemesi istenirken SMA 
karēĸēmlarda % 8-14 oranēnda dolgu 
malzemesine ihtiya­ duyulmaktadēr. Dolgu 
malzemesi olarak kalker, portland ­imentosu, 
sºnm¿ĸ kire­, siyah karbon ve u­ucu k¿l gibi 
malzemeler kullanēlmaktadēr.  

Bu ­alēĸmada dolgu malzemesi olarak 
tercih edilen ve %5 oranēnda kullanēlan 
mikronize kalsit ile SMA karēĸēmē i­inde 
ince malzeme oranē ayarlanmēĸ, boĸluk 
miktarē azaltēlmēĸ, kalēcē deformasyon olarak 
nitelenen tekerlek izine ve su hasarlarēna 
karĸē mukavemet test edilmiĸtir. 

2 KULLANILAN MALZEMELER VE 
DENEYSEL ¢ALIķMALAR 
¢alēĸmada, agrega, kalsit, bit¿m, bit¿m 
modifiyeri (SBS) ve sel¿lozik fiber 
malzemesi belirli oranlarda kullanēlmēĸtēr. 
Her bir katkē, karēĸēm i­inde ¿stlendiĵi farklē 
rolleriyle, Stone Mastik Asfalt (SMA) 
karēĸēmēnēn teknik ºzelliklerinin ĸartname 
sēnērlarē i­inde kalmasēnē saĵlamēĸtēr. SMA 
karēĸēmlarda dolgu malzemesi olarak 
kullanēlacak olan kalsitin etkisini araĸtērmak 
i­in iki farklē SMA dizaynē hazērlanmēĸtēr.  

2.1 Kalsit 
¢alēĸmada dolgu malzemesi olarak 
kullanēlan kalsit, Marmara Adasē kaynaklē 
olup Esen Mikronize/Tuzla tesislerinden, 
temin edilmiĸtir.  

Kullanēlan kalsit mineralinin kimyasal,  
fiziksel ve genel ºzellikleri ¢izelge 1, 
¢izelge 2 ve ¢izelge 3ôte verilmiĸtir. 

¢izelge 1. Kimyasal ¥zellikler 

CaCO3 > 98 % 
Mg CO3                              < 2 
%Fe2O3                                            < 0,02 % 
Si O2                                   < 0,06 % 
HClô de ­ºz¿nmeyen         < 0,5 % 

¢izelge 2. Fiziksel  ¥zellikler 

Refraktif Index < 2  % 
Mohs Sertlik                             3 

¢izelge 3. Genel  ¥zellikler 

45 mikron elek  bakiyesi                         % 38-42 
En b¿y¿k tane  (d 97%)                  145.00-160 Õm 
Ortalama tane b¿y¿kl¿ĵ¿ (d50%)  33.0-40.0 Õm 
2 Mikron altē                                      % 7,5 - 13 
Beyazlēk  (Elrepho 450X)                 % 96- 97 
Yaĵ emmesi                                       10,02gr /100 gr 
Dop emmesi                                      12,25 gr/100 gr 
Nem       < 0,09 
Dºkme yoĵunluĵu                          1,00-1,10 gr/ml 
Ph deĵeri                                         8,00- 10.00 

2.2 Agrega 
SMA karēĸēmlarēnda 5-12 mm iri agrega 
olarak kullanēlan ve karēĸēm i­erisindeki 
oranē %65 olan bazalt agrega, Ķstanbulôa 
yaklaĸēk olarak 125 km mesafede bulunan, 
¢orlu - Karatepe bºlgesi taĸ ocaklarēndan 
temin edilmiĸtir. Karēĸēmlarda % 30 oranēnda 
kullanēlan 0-5 mm ince agregalar, Ķstanbul - 
Cebeci bºlgesinde yer alan kalker taĸ 
ocaklarēndan alēnmēĸtēr.  

SMA karēĸēmlarēnda kullanēlan agregalarēn 
fiziksel ºzellikleri ¢izelge 4 ve ¢izelge 5ôte,  
agrega  gradasyonlarē ¢izelge 6ôda, agrega 
karēĸēm gradasyonu ķekil 1ôde verilmiĸtir. 
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ķekil 1. Agrega+Kalsit Karēĸēm Gradasyonu                                             

¢izelge 4.Bazalt Agrega Fiziksel ¥zellikleri 

Deney Adē Standart Sonu­ 
Los Angeles Aĸēnma Kaybē %   TS EN 1097-2        12 

Yassēlēk %                                TS EN 933-3         16,1 

Cilalanma %                                       TS EN 1097-8     57,5 

Su Absorbsiyonu   %               TS EN 1097-6     0,97 

Tane Yoĵunluĵu gr/cm3          TS EN 1097-6    2,891 

Donma Kaybē % (MgSO4 ile) TS EN 1367-2       2,8 

¢izelge 5.Kalker Agrega Fiziksel ¥zellikleri 

Deney Adē Standart Sonu­ 

Su Absorbsiyonu   % TS EN 1097-6    1,03 

Tane Yoĵunluĵu  gr/cm3    TS EN 1097-6    2,650 

Metilen Mavisi  %              TS EN  933-9              0,7 

¢izelge 6. Agrega Gradasyonlarē 

Elek 
A­ēklēĵē,mm 

5-12mm Bazalt 
% Ge­en 

0-5mm Kalker     
% Ge­en 

12,7 100 100 
9,5 87,4 100 
4,75 8,6 97,2 
2,0 2,0 61,4 

0,425 1,0 28,1 
0,177 1,0 19,6 
0,075 0,6 14,2 

2.3 Bit¿m (B50/70) 
Asfalt karēĸēmlarēn temel hammaddesi olan 
ve karēĸēmlarda yaklaĸēk olarak % 5-6 
oranēnda baĵlayēcē olarak kullanēlan bit¿m, 
T¦PRAķ Ķzmit rafinerisinden temin 
edilmiĸtir.  

Bit¿m, temel olarak hidrokarbonlar ve 
t¿revlerini i­eren, trikloretilen i­erisinde 
­ºz¿nebilen, u­ucu olmayan ve ēsētēldēĵēnda 
gittik­e yumuĸayan viskoz bir maddedir 
(Whiteoak, 2004). 
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dizaynda bulunan % 6,40 optimum bit¿m 
miktarē, kalsitin etkisini doĵru 
deĵerlendirebilmek i­in diĵer tasarēmda da 
aynē oranda kullanēlmēĸtēr. 

¢izelge 9. SMA Tip2 Dizayn Kriterleri 

¥zellik                          
ķartname 

Limiti 
Darbe sayēsē                                              50 

Hava Boĸluĵu %    2-4 

Agregalar arasē boĸluk % min 17 

Tekerlek izinde oturma % maks 6 

Elyaf miktarē %    0,3-1,5 

Schelenberg bit¿m s¿z¿lme %   maks.                                   0,3 

¢izelge 10. SMA Tip2 Dizayn Gradasyonlarē  

Elek 
A­ēklēĵē 

mm 

Dizayn 
gradasyonu 
% 5 Kalsitli 

Karēĸēm 
gradasyonu 

Kalsitsiz 

ķartname 
limitleri 

12,7 100 100 100 

9,5 91,8 91,8 90-100 

4,75 39,7 39,6 25-45 

2,0 24,7 22,8 20-30 

0,42 14,1 10,5 12-22 

0,177 11,5 7,5 9-17 

0,075 9,6 6,4 8-14 

 
 

ķekil 2. SMA Karēĸēmē 

¢izelge 11. Marshall Dizayn Sonu­larē 

Dizayn deĵerleri Kalsit 
Ķlavesiz 

% 5 Kalsit 
Ķlaveli 

Optimum bit¿m %                  6,40 6,40 

Pratik yoĵunluk  gr/cm3                     2,405 2,475 
Boĸluk  %                                         6,0 3,0 

Agregalar arasē boĸluk %        19,2 17,0 
Schelenberg bit¿m  
s¿z¿lme %                              0,08 0,07 

Stabilite   kg                             873 1180 

S¿z¿lme deneyi, SMA karēĸēmlarda y¿ksek 
oranda bulunan bit¿m¿n s¿z¿lerek 
karēĸēmdan ayrēĸma eĵilimini belirlemek 
amacēyla yapēlēr. Yapēlan deneysel ­alēĸma 
ile asfalt karēĸēmēn ¿retim, depolama, nakliye 
ve yola uygulama iĸlemlerine iliĸkin 
durumun temsil edilmesi hedeflenmektedir. 
S¿z¿lme deneyi i­in, 135ÁC Ñ 5ÁCôde 1000 
gr SMA karēĸēmē hazērlanmēĸ, 1000 mlôlik 
cam behere konularak 0,1gr hassasiyetli 
terazide tartēlmēĸtēr. ¦zeri kapalē bir beher 
i­indeki karēĸēm numunesi 170ÁC 
sēcaklēktaki et¿vde 60 dak (Ñ 1 dak) s¿re ile 
bekletildikten sonra et¿vden ­ēkarēlmēĸ ve 
beher boĸalmēĸtēr (ķek.3). 

ķekil 3. S¿z¿lme Deneyi 

Boĸaltēlan karēĸēm numunesi 0,1 gr 
hassasiyetinde tartēlarak aĵērlēk kaybē y¿zde 
olarak hesaplanmēĸtēr. Deney sonu­larē 
¢izelge 12ôde gºsterilmiĸtir. 
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2.8 Suya Hassasiyet Deneyi 
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gereklidir. Kalsit olmayan karēĸēmda 
d¿ĸ¿k stabilite okunmuĸtur.  
Kalsit ilavesiz hazērlanan asfalt 
karēĸēmēnda y¿ksek boĸluklar 
hesaplanmēĸtēr. Bu da karēĸēm i­erisine 
fazla suyun girmesine sebep olmakta ve 
karēĸēmēn suya karĸē dayanēmēnē 
d¿ĸ¿rmektedir. 
SMA karēĸēmlarda ilave filler olarak 
kullanēlan kalsit, kalēcē deformasyon 
olarak nitelendirilen tekerlek izini 
ºnemli ºl­¿de etkilemektedir. Asfalt 
karēĸēmlarda y¿ksek filler miktarēnēn 
problem olduĵu bilindiĵi gibi d¿ĸ¿k 
filler de kalēcē deformasyon a­ēsēndan 
sorun teĸkil etmektedir. Kalsit ilavesiz 
hazērlanan karēĸēmda, daha y¿ksek 
kalēcē deformasyonlar ºl­¿lm¿ĸt¿r. 

Ahmetzade, Perviz., Alataĸ,Taner.,Ge­kil T,2007. 
The Effect Of Carbon Black On The Mechanēcal 
Properties Of Asphalt Mixtures, 
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iĸletmeciliĵi ile ­ēkartēlan kºm¿r¿n 
bulunduĵu bºlgede yer¿st¿nde yerleĸim 
yerlerinin olmasē dolgu yapēlmasēnē zorunlu 
hale getirmiĸtir. Dolgu i­erisinde baĵlayēcē 
malzeme ile birlikte u­ucu k¿l ve kum 
kullanēlmēĸtēr. U­ucu k¿l kullanēmē dolgu 
maliyetini d¿ĸ¿rd¿ĵ¿n¿ ve dolgunun 28 
g¿nl¿k dayanēmēnēn ise 1 MPa civarēnda 
olduĵunu belirtmiĸlerdir. 

Dolgulu ­alēĸan yeraltē mekanize kºm¿r 
iĸletmelerine ºrnek olarak ¢inôde bulunan 
Xingtai madeni verilebilir. Qiang vd., (2012) 
kaynaĵēnda Xingtai madeninde mekanize 
sistem ve mekanize sistem i­inde yer alan 
yeraltē dolgusunun yapēlēĸ ĸekline detaylē bir 
bi­imde yer verilmiĸtir. 

Xingtai kºm¿r madeninde kºm¿r damarē 
9Áôlik bir eĵime, ortalama 3 môlik kalēnlēĵa 
ve yerkabuĵundan 320 m derinliĵe sahiptir. 
Kºm¿r¿n alt tabanēnda 4,5 môlik ve ¿st¿nde 
6,7 môlik bir kalēnlēĵa sahip kumlu ĸeyl 
mevcuttur (Qiang vd., 2012). 

Dolgulu ­alēĸēlan tam mekanize yºntemde 
genellikle dolgu malzemesi olarak atēk 
kaya­, u­ucu k¿l ve diĵer katē malzemeler 
kullanēlmaktadēr. Bu malzemeler ºncelikle 
yer¿st¿nde depolanarak taĸēnacaĵē bºlge i­in 
hazēr hale getirilir. Sonrasēnda dikey s¿rekli 
konveyºr sistemi ile yer¿st¿nden yeraltēna 
katē maddeler transfer edilir ve bant 
konveyºr sistemi yardēmēyla dolgu yapēlacak 
bºlgeye nakledilir (Jixiong vd., 2011a; 
Jixiong vd., 2011b; Qiang vd., 2012). 

Bu tip mekanize ayaklarda dolgu sistemi 4 
par­adan oluĸmaktadēr; 

 
¶ Y¿zey transfer sistemi, 
¶ Dikey besleme sistemi, 
¶ Yeraltē taĸēma sistemi, 
¶ Dolgu alanēna doldurma sistemi 
 

Dolgu malzemesi atēk kaya­ ve u­ucu k¿l 
yer¿st¿nde karēĸēm tesisinde karēĸtērēldēktan 
sonra dikey besleme sistemi ile yeraltēnda 
bulunan dolgu silolarēna nakledilir. Buradan 
dolgu malzemesi karēĸēmē bant konveyºrlerle 
dolgu yapēlacak alana kadar taĸēnēr. Ayak 
i­inde bulunan y¿r¿yen tahkimatlarēn arka 
bºl¿mlerine yerleĸtirilmiĸ dolgu malzemesi 
taĸēma konveyºrleri vardēr. Bu konveyºrlerin 
i­erisinde her biri bir y¿r¿yen tahkimat 

¿nitesine gelecek bi­imde boĸaltma delikleri 
mevcuttur. Bu boĸaltma deliklerinden kuyruk 
kēsmēndan baĸlanmak koĸuluyla dolgu 
malzemesi boĸaltēlarak gº­¿k kēsmēnēn 
tamamēna yakēnē doldurulur ve bºylece 
dolgu iĸlemi tamamlanmēĸ olur (ķek. 2). Bu 
sistemde ¿retim yapēldēktan sonra a­ēlan 
boĸluĵun tamamēna yakēnē doldurulmaktadēr.  

 

 
 

ķekil 2. Yeraltē mekanize uzun ayak 
madenciliĵinde ­alēĸēlan arēn ve dolgu planē 
(Qiang, vd., 2012) 

 
Yine u­ucu k¿llerin dolgu malzemesi 

olarak kullanēlmasēna ºrnek diĵer bir kºm¿r 
madeni ¿lkemizde faaliyet gºsteren ¢ayērhan 
yeraltē mekanize sistemidir (Sistemle ilgili 
detaylē bilgi i­in bkz. ¢avuĸoĵlu, 2008; 
¢avuĸoĵlu vd., 2009). Sistemde dolgu 
¿retimin ayrēlmaz bir par­asē ĸeklindedir. 
Dolgu ¿retim yapēlan bºlgede ayakbaĸēnda 
meydana gelen a­ēklēklarēn u­ucu k¿ll¿ 
­imentolu karēĸēmla doldurulmasēdēr. 
¢ayērhan mekanize sisteminde dolgu 
iĸlemini 3 par­aya ayērabiliriz. 

 
¶ Y¿zey kuru karēĸēm sistemi, 
¶ Yeraltēna kuru transfer sistemi, 
¶ Yeraltē sulu karēĸēm sistemi, 
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Bu sistemde baĵlayēcē malzeme olarak 
portland ­imentosu ve atēk malzeme olarak 
u­ucu k¿l kullanēlmaktadēr. Dolgunun 
mekanik gereksinimi sistemin yapēsēna baĵlē 
olarak olduk­a y¿ksek seviyededir. Dolguda 
k¿l ve ­imento dēĸēnda herhangi bir katē 
malzeme kullanēlmamaktadēr. Dolgunun 
erken dayanēmēnēn y¿ksek olmasē 
istendiĵinden dolgu i­erisine priz hēzlandērēcē 
katkē maddesi katēlmaktadēr.  

Bu sistemde atēk malzeme olarak u­ucu 
k¿l¿n ºnemi olduk­a y¿ksektir. Farklē bir 
malzemeye gereksinim duyulmadan santrale 
beslenen kºm¿r¿n yanmasē sonrasēnda 
oluĸan u­ucu k¿l atēk malzeme olarak 
kullanēlmaktadēr. Ayrēca u­ucu k¿l¿n 
olduk­a ince taneli yapēya sahip olmasē onun 
yeraltēna kuru bi­imde taĸēnmasēnē 
kolaylaĸtērmēĸtēr. Bu da dolgunun yapēlēĸ 
hēzēnē olumlu yºnde etkilemektedir. 
Dolgunun yapēlēĸ hēzē aynē zamanda ¿retim 
hēzēnē da olumlu bi­imde etkilemektedir. 

¢ayērhan yeraltē mekanize iĸletmesinde 
yapēlan u­ucu k¿ll¿ dolgunun temel 
gºrevleri; 

 
¶ ¦retim sonrasē ayak baĸē tahkimat 

sistemine yardēmcē olmasē,  
¶ Taban yolu tahkimat sistemine yardēmcē 

olmasē, 
¶ Gº­¿k arkasē malzemenin taban yoluna 

ge­iĸini engelleme,  
¶ Gº­¿k tarafēnda oluĸabilecek yangēn 

sonrasē gaz sēzēntēsēnēn taban yoluna 
ge­iĸini engelleme,  

¶ Yery¿z¿ tasman oluĸumunu kēsmen 
engelleme ĸeklindedir.  

K¿l¿n olduk­a ince taneli yapēya sahip 
olmasē dolgu i­erisinde ge­irimliliĵi 
azaltarak daha kompakt bir dolgu elde 
edilmesini saĵlamaktadēr. Bºylelikle gaz 
sēzēntēsē gibi ocak i­erisinde ­alēĸmalarē 
aksatmaya sebebiyet verecek bir takēm 
olaylarēn ºnlenmesi saĵlanmēĸ olmaktadēr.  

Kºm¿rden elde edilen k¿ller ile yapēlan 
dolgu karēĸēmēnēn bazē avantajlarē vardēr 
(CIMFR, 2012); 

 
¶ Fazla miktarda y©da hi­ susuzlandērma 

gerekmediĵi i­in dolgu susuzlandērma 

maliyeti ºnemli ºl­¿de azalmaktadēr. 
Dolgunun katēlaĸmasē k¿l¿n puzolanik 
ºzelliklerinden ve yeteri miktarda ilave 
edilen ­imentolu malzemelerle 
saĵlanmaktadēr. 

¶ Genellikle kºm¿rden elde edilen k¿l¿n 
tamamē dolgu i­in kullanēldēĵēnda atēk 
malzemelerin yer¿st¿ bertarafē dikkate 
deĵer bir bi­imde azalēr ve bertaraf 
maliyetleri ºnemli ºl­¿de azalmēĸ olur.  

¶ Dolgu y¿ksek miktarda malzeme taĸēma 
kapasitesine uygun olduĵundan dolayē 
daha y¿ksek ¿retim sºz konusu 
olmaktadēr.  

¶ Hidrolik eĵimden dolayē geleneksel 
dolgunun uygun olmadēĵē durumlarda 
macun kēvamēndaki dolgu sistemi 
uygulanabilir. 

¶ Hidrolik dolgudaki ince malzemelerin 
pompa ve borularda yol a­tēĵē aĸēnma ve 
korozyon problemleri u­ucu k¿ll¿ macun 
dolgu ile artēk oluĸmamaktadēr. 

¶ Erken dayanēm kazanēmē sayesinde dolgu 
bekleme s¿resi kēsalmakta veya ortadan 
kalkmaktadēr. 

¶ D¿ĸ¿k su i­eriĵinden dolayē dolgu su 
drenaj barikatlarēnēn yapēmēnē ortadan 
kaldērēr. 

 
2 SONU¢LAR VE ¥NERĶLER 

¥zellikle inĸaat alanēnda yaygēn kullanēlan 
u­ucu k¿llerin b¿y¿k bir ­oĵunluĵu ise 
kullanēlmadēklarē gibi ­evrede 
biriktirilmektedir. Toksik maddeleri 
b¿nyesinde bulundurduklarēndan bu durum 
­evresel anlamda tehlike arz etmektedir. 
Bunun giderilmesi adēna k¿llerin sadece 
inĸaat alanēnda deĵil farklē alanlarda da 
deĵerlendirilmesi gerekmektedir. ¥zellikle 
madencilik alanēnda dolgu malzemesi olarak 
kullanēmēnēn etkili olacaĵē d¿ĸ¿n¿lmektedir. 
Yapēlan ­alēĸmalarda u­ucu k¿llerin dolgu 
i­erisinde alternatif veya ikame baĵlayēcē 
olarak kullanēmēnēn dolgunun bazē 
ºzelliklerinin iyileĸtirmede etkili olduĵu 
belirtilmiĸtir. Ayrēca kºm¿r iĸletmelerinde 
atēk malzeme olarak yeraltē boĸluklarēnēn 
doldurulmasēnda da kullanēlmaktadēr. Dolgu 
i­erisinde u­ucu k¿l kullanēmē ile hem 
ekonomik ve ­evresel a­ēdan uygun malzeme 
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temin edilmekte hem de madencilikte 
potansiyel rezervlerin kullanēlabilirliĵi 
arttērēlmēĸ olmaktadēr. 
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 Doĵal taĸēn kullanēm alanlarēndan biri de dēĸ cephe kaplama uygulamalarēdēr. Bu 
uygulamalarda genellikle kullanēlan doĵal taĸēn yalētēm ºzellikleri dikkate alēnmaktadēr. Doĵal 
taĸēn yalētēm ºzelliĵi sºz konusu olduĵunda; ēsē iletim katsayēsē, ēsē yayēlēm katsayēsē, ºzg¿l ēsē 
ve ēsē kapasitesi gibi deĵerleri gºz ºn¿nde bulundurulmalēdēr. Bu ­alēĸmada, 15 farklē doĵal 
taĸēn ºzg¿l ēsē deĵerleri kalorimetri deneyi ile elde edilmiĸ ve doĵal taĸlarēn ºzg¿l ēsē 
deĵerlerinin 0.164-0.288 cal/gÁC arasēnda deĵiĸtiĵi belirlenmiĸtir. En y¿ksek ºzg¿l ēsē deĵeri 
Burdur bejinde en d¿ĸ¿k ise Gºnen andezitinde tespit edilmiĸtir. Kaya­larēn ºzg¿l ēsē deĵerleri 
ile fiziksel ve mekanik ºzellikleri arasēndaki iliĸkileri incelediĵimizde en y¿ksek iliĸki P-dalga 
hēzē ile elde edilmiĸtir. Aĵērlēk­a ve hacimce su emme ve birim hacim aĵērlēk ile ºzg¿l ēsē 
deĵerleri arasēnda benzer ĸekilde y¿ksek iliĸkiler bulunmuĸtur.  Bu durum, kaya­larēn ºzg¿l 
ēsē deĵerlerinin kaya­ b¿nyesindeki gºzenek miktarē ve yapēsēyla iliĸkili olduĵunu 
gºstermektedir. 
 
 

 One of the using area of natural stone is exterior wall cladding applications. The 
insulation properties are generally taken into account for these types of applications. Referring 
to the insulation properties of natural stone, heat transfer coefficient, thermal diffusion 
coefficient, specific heat and heat capacity values must be considered.  In this study, specific 
heat values of 15 different natural stones were determined with calorimetry test and it was 
found that these values vary between 0.164-0.288 cal/gÁC. The highest and the lowest specific 
heat values were determined for Burdur Beige and Gonen Andesite respectively. When the 
relationship between specific heat values and physical and mechanical properties are 
examined, the most powerful relation was obtained for P-wave velocity. Similar relationships 
were also obtained between water absorption values by weight/volume, unit volume weight 
and specific heat values. This situation clearly revealed that, the specific heat values are 
closely related with the pore quantity and pore structure of rocks. 
 
 
 

Mermer ve doĵal taĸēn inĸaat sektºr¿nde 
kullanēmē, g¿n ge­tik­e artmaktadēr. Bu 
geliĸmeye paralel olarak mermerin kullanēm 
alanlarē ­eĸitlilik kazanmaktadēr. Bu 
kullanēm alanlarēndan birisi de dēĸ cephe 
kaplama uygulamalarēdēr. Dēĸ cephe 
kaplamasē olarak malzeme se­iminde 

genellikle doĵal taĸēn gºr¿n¿m ºzellikleri 
dikkate alēnmakta, ancak yalētēm ºzellikleri 
­oĵunlukla gºz ardē edilmektedir.  

Isēsal konfor ama­lē uygulamalarda, bina 
dēĸ duvar elemanlarēnēn (sēva, briket, tuĵla, 
yalētēm malzemesi, vb.) malzeme ºzellikleri 
ºnemli olmakla birlikte, duvar kaplamasēnda 
kullanēlan doĵal taĸēn yalētēm ºzellikleri de 

Bazē Doĵal Taĸlarēn ¥zg¿l Isē Deĵerleri ile Fiziksel ve Mekanik 
¥zellikleri Arasēndaki Ķliĸkilerin Ķncelenmesi 
The Investigation of Relationships Between Specific Heat Values 
of Some Natural Stones and Physical-Mechanical Properties   
 
N.ķeng¿n,Ķ.Uĵur,S.Demirdaĵ,R.Altēndaĵ 
S¿leyman Demirel ¦niv.,M¿hendislik Fak.,Maden M¿h. Bºl¿m¿,Isparta  

C.E.Ko­­az 
S¿leyman Demirel ¦niv.,Fen Bilimleri Enst.,Maden M¿h. Bºl¿m¿,Isparta  
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dikkate alēnmalēdēr. Bu bakēmdan, dēĸ cephe 
kaplamasēnda kullanēlacak doĵal taĸēn 
yalētēm ºzelliklerinin tanēmlanmasē 
gerekmektedir. Bir malzemenin yalētēm 
ºzelliĵinden bahsederken, o malzemenin ēsē 
iletim katsayēsē, ēsē yayēlēm katsayēsē, ºzg¿l 
ēsē ve ēsē kapasitesi gibi deĵerlerin bilinmesi 
gerekmektedir (Uĵur vd., 2003). Duvar ve 
dºĸemelerin ēsē depolama yeteneĵi, kēĸēn 
ēsētmanēn durmasē halinde hēzlē bir soĵumayē, 
yazēn da ºzellikle g¿neĸ etkisi altēnda, yapē 
bileĸenleri bulunan hacimlerde, hava 
sēcaklēĵēnēn g¿nd¿z saatlerinde aĸērē 
y¿kselmesini ºnlemek bakēmēndan 
gereklidir. Isē depolama yeteneĵi, yapē 
bileĸeninin k¿tlesi ve yapēldēĵē malzemenin 
ºzg¿l ēsēsē ile doĵru orantēlēdēr (TS 825). 

Isē, belirli sēcaklēktaki bir sistemin 
sēnērlarēndan, daha d¿ĸ¿k sēcaklēktaki bir 
sisteme, sēcaklēk farkē nedeniyle transfer 
edilen enerjidir. ¥zg¿l ēsē ise bir maddenin 
birim k¿tlesinin sēcaklēĵēnē 1ÁC artērmak i­in 
gerekli olan ēsē miktarēdēr. ¥zg¿l ēsē birimi 
J/gÁC veya cal/gÁCôdir. ¥zg¿l ēsēya, ēsēnma 
ēsēsē veya spesifik ēsē da denilmektedir. 
¥zg¿l ēsē maddenin ayērt edici 
ºzelliklerindendir ve aynē zamanda 
maddenin ēsēyē soĵurma (yutma) yeteneĵidir.  

¥zg¿l ēsē maddenin bulunduĵu fiziksel 
hal, basēn­ ve sēcaklēĵa gºre az da olsa 
deĵiĸkenlik gºstermektedir. Ancak sēcaklēk 
aralēĵē ­ok b¿y¿k deĵilse, sēcaklēk deĵiĸimi 
ihmal edilebilir ve ºzg¿l ēsē deĵeri sabit 
alēnabilmektedir. 

Kalorimetri, bir enerji t¿r¿ olan ēsēnēn 
ºl­¿lmesiyle ile ilgili bilim dalēdēr. 
Kalorimetri yasalarē ¿­ maddede 
ºzetlenmektedir (Frank vd., 2001); 
1.  Sēcaklēklarē farklē iki cisim birbirlerine 

dokundurulurlarsa sēcak cisim soĵumaya, 
soĵuk cisim ēsēnmaya baĸlar. Denge 
sēcaklēĵē ya da termik denge adē verilen 
ortak bir sēcaklēĵa eriĸinceye kadar 
aralarēnda ēsē alēĸ veriĸi s¿rer. 

2.  Isēnan cismin aldēĵē ēsē miktarē, soĵuyan 
cismin verdiĵi ēsē miktarēna eĸittir.  

3.  Bir olay i­in herhangi bir sisteme 
verilmesi gereken ēsē miktarē, aynē olayēn 
tersi olurken sistemden a­ēĵa ­ēkan ēsē 
miktarēna eĸittir.  

K¿tlesi m gram, ºzg¿l ēsēsē c cal/gÁC olan 
bir maddenin sēcaklēĵēnē T ÁC deĵiĸtirmek 
i­in verilmesi veya alēnmasē gereken ēsē (Q) 
aĸaĵēdaki eĸitlikle bulunur. 

Q = m*c*æT              (1) 
G¿nd¿z vd. (2001), yaptēklarē ­alēĸmada 8 

farklē mermer t¿rlerine ait levha ve 
plakalarēn, ēsēsal konfor parametreleri 
¿zerine detaylē analizler yapmēĸlardēr. 
Ayrēca, ēsēsal konfor parametreleri ile ēsē 
yalētēm ºzelliĵi arasēndaki iliĸkileri 
araĸtērarak, matematiksel modeller 
geliĸtirmiĸlerdir. Acar (2002), yaptēĵē 
­alēĸmada gºzeneksiz bazaltēn ºzg¿l ēsē 
deĵerini 1013 J/kgK (0.242 cal/g¯C), 
gºzenekli bazaltēn ºzg¿l ēsē deĵerini ise 924 
J/kgK (0.221 cal/g¯C) olarak bulmuĸtur.   

M¿hendislikte kullanēlan pek ­ok 
malzemenin ºzg¿l ēsēsē daha ºnceden 
deneylerle belirlenmiĸ ve ­eĸitli kaynaklarda 
sunulmuĸtur. ¢izelge 1ôde ­eĸitli maddelerin 
oda sēcaklēĵēnda ve atmosfer basēncē altēnda 
ºzg¿l ēsē deĵerleri verilmiĸtir. 
¢izelge 1. Bazē maddelerin ºzg¿l ēsē 
deĵerleri (MEB-MEGEP, 2009) 

¯̄̄̄ ¯̄̄̄
Su 1.0 Nikel 0.11 
Hidrojen 0.41 Bakēr 0.10 
Oksijen 0.22 ¢inko 0.095 
Bor 0.58 Pirin­ 0.094 
Magnezyum 0.26 Cam-kum 0.15 
Al¿minyum 0.217 Tuĵla 0.220 
Krom 0.12 Gazbeton 0.220 
Manganez 0.115 Bimsblok 0.229 
Demir 0.113 Sēva 0.251 

 
Bu ­alēĸmada, bina dēĸ cephe 

kaplamalarēnda kullanēlan doĵal taĸlarēn 
ºzg¿l ēsē deĵerleri kalorimetre testi ile 
belirlenmiĸtir. ¢alēĸmada kristalize 
mermerler, maĵmatik kºkenli doĵal taĸlar, 
sert ve yumuĸak karakterli kire­taĸlarēndan 
toplam 15 farklē doĵal taĸ kullanēlmēĸtēr. Bu 
doĵal taĸlarēn ºzg¿l ēsēlarē tayin edildikten 
sonra kaya­larēn fiziksel ve mekanik 
ºzellikleri ilgili standartlarla belirlenmiĸ ve 
bu ºzellikler ile ºzg¿l ēsē arasēndaki iliĸkiler 
istatistiksel olarak incelenmiĸtir. Sonu­ 
olarak, incelenen 15 farklē kayacēn ºzg¿l ēsē 
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deĵerleriyle dominant etkili olan kaya­ 
ºzellikleri belirlenmiĸ olup doĵal taĸēn 
kullanēmē aĸamasēnda uygun doĵal taĸ 
se­iminde dikkate alēnacak kaya­ ºzelliĵi 
irdelenmeye ­alēĸēlmēĸtēr. 

2 DENEYSEL ¢ALIķMALAR 
Kaya­larēn ºzg¿l ēsē deĵerleri ile fiziko-
mekanik ºzellikleri arasēndaki iliĸkileri 
incelemek amacēyla, inĸaat sektºr¿nde dēĸ 
cephe kaplama malzemesi olarak kullanēlan 
farklē bºlgelerden temin edilen 15 farklē 
kaya­ temin edilmiĸtir (¢izelge 2). Bu 
kaya­lar laboratuarda istenilen boyutlara 
getirildikten sonra T¿rk Standartlarē 
Enstit¿s¿ (TSE) ve Uluslararasē Kaya 
Mekaniĵi Derneĵi (ISRM, 2007) standartlarē 
­er­evesinde deneyleri yapēlmēĸtēr. 
¢izelge 2. ¢alēĸmada kullanēlan kaya­lar 

Kod Numune Adē Kaya­ T¿r¿ 
IA Isparta Andezit Traki-andezit Maĵ. 
GA Gºnen Andezit Trakit Maĵ. 
IB Isparta Bazalt Bazalt Maĵ. 
EG Ezine Graniti Granit Maĵ. 
KP Kaplan Postu Mermer Met. 
Aķ Afyon ķeker Mermer Met. 
MB Muĵla Beyaz Mermer Met. 
DS Dazkērē Siyah Meta-kumtaĸē Met. 
BR Bilecik Rozalya Kire­taĸē Sed. 
BB Burdur Bej Kire­taĸē Sed. 
BE Burdur Emprador Dolomitik-kr­t. Sed. 
AE A­ēk Emprador Dolomitik-kr­t. Sed. 
BT Bucak Traverten Traverten Sed. 
DT Denizli Traverten Traverten Sed. 
FL Finike Limra Killi-kire­taĸē Sed. 

2.1 Kaya­larēn ¥zg¿l Isēlarēnēn 
Belirlenmesi 
Kaya­larēn ºzg¿l ēsē deĵerleri TS 4048 
(1984) ve ASTM D 4611 ï 86 (2004) 
standartlarē ­er­evesinde belirlenmektedir. Isē 
miktarēnēn ºl­¿lmesinde kalorimetre kabē 
kullanēlmaktadēr (ķekil 1). Kalorimetre, 
­evresi ēsē kaybēnē ºnlemeye yarayan 
yalētkanla kaplanmēĸ olan bir kaptēr. Bu 
kabēn i­inde, termometre ve belli bir miktar 
su bulunmaktadēr. Tepkime sērasēnda alēnan 
ya da verilen ēsē, suyun ve kabēn sēcaklēĵēnēn 
deĵiĸmesine neden olmaktadēr. Sēcaklēk 

deĵiĸiminden yararlanēlarak tepkimedeki ēsē 
deĵiĸimi hesaplanabilmektedir. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

ķekil 1. Kalorimetre kabē 
Kaya­larēn ºzg¿l ēsē deĵerlerinin 

belirlenmesi amacēyla, 42 mm ­apēnda 
karotlar alēnēp 50 mm boyunda olacak 
ĸekilde karot mununeleri hazērlanmēĸtēr. 
Belirli bir derecede kondisyonlanan kayacēn 
b¿nye sēcaklēĵēnē ºl­ebilmek i­in karot 
ĸeklindeki numunenin silindir ekseninden 5 
mm ­apēnda 20 mm boyunda bir delik 
a­ēlmēĸtēr. Kalorimetre testinde kayacēn ilk 
sēcaklēĵē bu delik i­inden ºl­¿lm¿ĸt¿r. 

Maddeler birbirine dokundurulduĵunda ve 
karēĸtērēldēĵēnda aralarēnda ēsē alēĸveriĸi 
olmaktadēr. Sēcaklēĵē y¿ksek olan madde 
sēcaklēĵē d¿ĸ¿k olan maddeye ēsē 
vermektedir. Isē alēĸveriĸi maddelerin 
sēcaklēĵē eĸit oluncaya kadar devam 
etmektedir. Ķki maddenin bu eĸit sēcaklēĵēna 
denge sēcaklēĵē denir. ñIsē alēĸveriĸinde 
cisimlerden birinin aldēĵē ēsē miktarē diĵer 
cismin verdiĵi ēsē miktarēna eĸittirò 
prensibinden hareketle, kuru aĵērlēĵē ºnceden 
tartēlmēĸ kaya­ numunelerin belli bir 
sēcaklēĵa gelinceye kadar (yaklaĸēk 80¯C) 
et¿vde ēsētēlēp b¿nye sēcaklēĵē ºl­¿ld¿kten 
sonra yine aĵērlēĵē ºnceden tartēlmēĸ 
kalorimetre kabē i­indeki saf suya 
daldērēlmēĸtēr. Bu iĸlem sonucunda kaya­ 
ēsēsēnē suya vererek bir s¿re sonra denge 
sēcaklēĵēna gelmiĸ ve bu sēcaklēk deĵeri 
ºl­¿lm¿ĸt¿r. Kaya­larēn ºzg¿l ēsē deĵerleri 
aĸaĵēdaki eĸitliklerden hesaplanmēĸtēr. Her 
kaya­ t¿r¿ i­in 3 deney yapēlmēĸ ve 
hesaplanan ºzg¿l ēsē deĵerlerin ortalamalarē 
¢izelge 3ôte sunulmuĸtur. 
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Qverilen = Qalēnan              (2) 
mkaya­*ckaya­*ȹTkaya­ = msu*csu*ȹTsu    (3) 
ckaya­ = (msu*csu*ȹTsu)/(mkaya­*ȹTkaya­)   (4) 

 

¢alēĸmada kullanēlan kaya­larēn ºzg¿l 
aĵērlēklarē, TS EN 1936 (2007) standardēna 
uygun olarak belirlenmiĸtir. Kaya­ par­alarē 
bilyeli deĵirmende 0.18 mm boyutunun 
altēna ºĵ¿t¿lm¿ĸ ve piknometre deneyi ile 
kaya­larēn ºzg¿l aĵērlēklarē tespit edilmiĸtir. 
Her kaya­ t¿r¿ i­in 3 adet deney yapēlmēĸ ve 
aritmetik ortalamalarē dikkate alēnmēĸtēr.  

Kaya­larēn birim hacim aĵērlēklarēnē ve su 
emme deĵerlerini belirlemek i­in TS EN 
1936 (2007) ve TS EN 13755 (2009) 
standartlarēna uygun olarak, kenar uzunluĵu 
50 mm olan k¿p ĸeklinde numuneler 
hazērlanmēĸtēr. Numuneler et¿vde 
kurutularak kuru aĵērlēklarē alēnmēĸ ve 48 
saat su i­inde bērakēlmēĸtēr. Bu iĸlem 
sonrasēnda suya doygun numuneler suda ve 
havada tartēlmēĸ ve ilgili form¿llerle 
kaya­larēn birim hacim aĵērlēklarēnē ve su 
emme deĵerleri belirlenmiĸtir. Bu deney her 
kaya­ t¿r¿ i­in 5 adet numune ¿zerinde 
yapēlmēĸ ve deĵerlerin ortalamalarē ¢izelge 
3ôte verilmiĸtir. 

Shore sertliĵi ºl­¿m¿ Altēndaĵ ve G¿ney 
(2006) ve ISRM (2007) tarafēndan ºnerilen 
prensipler ­er­evesinde kenar uzunluĵu 50 
mm olan k¿p numunelerin y¿zeyi sērasēyla 
60-180-360 numaralē zēmparalar ile p¿r¿zs¿z 
hale getirildikten sonra C-2 tip Shore 
Scleroscope ile ºl­¿mler yapēlmēĸtēr. 
¥l­¿mlerde numune y¿zeyinde 20 okuma 
yapēlmēĸ ve deĵerlerin aritmetik ortalamalarē 
¢izelge 3ôte verilmiĸtir. 

Numunelerin P-dalga hēzlarē ISRM (2007) ve 
TS EN 14579 (2006) standartlarēna gºre 
belirlenmiĸtir. P-dalga hēzē ºl­¿mleri 50 mm 
kenar uzunluĵuna sahip d¿zg¿n k¿bik 
ĸeklinde ve her kaya­ t¿r¿ i­in 5 numune 
¿zerinde ger­ekleĸtirilmiĸtir. Deĵerlerin 
aritmetik ortalamalarē ¢izelge 3ôte 
verilmiĸtir. 

¢alēĸmada kullanēlan kaya­larēn Bºhme 
y¿zey aĸēnma deneyi i­in kenar uzunluklarē 
71 mm olan k¿p bi­iminde numuneler 
hazērlanēp Bºhme cihazēnda TS EN 14157 
(2005) standardēna uygun olarak aĸēndērma 
deneyleri yapēlmēĸtēr. Her kaya­ t¿r¿ i­in 3 
adet numune ¿zerinde deneyler yapēlmēĸ ve 
deĵerlerin ortalamalarē ¢izelge 3ôte 
sunulmuĸtur. 

Kaya­larēn tek eksenli basēn­ dayanēmlarēnē 
belirlemek i­in TS EN 1926 (2007) 
standardēnda anlatēlan prensipler 
­er­evesinde, ELE-ADR2000 model 200 ton 
kapasiteli hidrolik pres kullanēlmēĸtēr. Bu 
ama­la kenar uzunluĵu 50 mm olan k¿p 
numuneler hazērlanmēĸ ve numuneler 70 
¯Côye ayarlanmēĸ et¿vde kurutulmuĸtur. 
Numunelerin y¿kleme yapēlacak 
y¿zeylerinin alanlarē kumpas yardēmēyla 
ºl­¿lerek kērēlma y¿kleri kaydedilmiĸtir. 
Kaya­larēn tek eksenli basēn­ dayanēm 
deĵerleri, kērēlma y¿klerinin alanlarēna 
oranlayarak hesaplanmēĸtēr. Her kaya­ t¿r¿ 
i­in en az 5 deney yapēlmēĸ ve deĵerlerinin 
aritmetik ortalamasē ¢izelge 3ôte verilmiĸtir. 
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¥ZET ¦lkemizde genleĸmiĸ kil agregasē ¿retimi ve t¿ketimi olmadēĵē gibi genleĸmiĸ kil 
teknolojisi de bulunmamaktadēr. Bu nedenle, genleĸen kil agregalarēnēn ¿retiminin yapēlacaĵē 
tesis tasarēmē ¿lkemiz i­in ­ok ºnemlidir. Bu ­alēĸmada ¿lkemiz ve d¿nya koĸullarē gºz 
ºn¿nde bulundurularak bir ¿retim tesisi ºnerilmiĸtir. ¥nerilen tesis, geliĸmiĸ ¿lkelerde 
uygulanan ¿retim yºntemlerine benzemekle birlikte genleĸtirme deneylerinden elde edilen 
tecr¿belerle ºzel olarak tasarlanmēĸtēr. ¥nerilen tesisin kurulum aĸamalarēnēn t¿m¿ gºz 
ºn¿nde tutulmuĸtur. Bºylece ileride bu konuda yatērēm yapmayē planlayan yatērēmcēlara fikir 
verecektir. Bir ilk olmasē a­ēsēndan genleĸmiĸ kil agregasē ¿retiminin b¿t¿n adēmlarē ayrēntēlē 
olarak deĵerlendirilmiĸtir. ¥nerilen tesisin kurulu g¿c¿ 1007,5 KW ve tesisin kurulum 
maliyeti ise 6.570.000 $ olarak hesaplanmēĸtēr. 
Anahtar Kelimeler: Genleĸmiĸ kil, hafif agrega, ¿retim tesisi, maliyet analizi 
 
 
ABSTRACT There is no expanded clay aggregate production and consumption as well as 
absence of clay technology in Turkey. Therefore, the design of a commercial plant where it 
will be installed is crucial for Turkey. In this study, it has been proposed a design of the 
production plant by considering Turkey and the world current circumstances. Despite being 
some similarities between the production methods used in the proposed plant and the methods 
applied in developed countries, it has been designed as an original plant based on the 
experiences gained from experimental data. All stages in the building up a plant have been 
considered. Therefore, the proposed plant will give an idea to the investors planning to make 
investment on this sector. Since the study is a unique, all stages of the expanding clay 
aggregate production have been considered in detail. Installed capacity and the initial cost of 
the plant have been calculated as 1007,5 KW and $ 6.570.000, respectively. 
Keywords: Expanded clay, lightweight aggregate, production plant, cost analysis 
 
 
1 GĶRĶķ 
Genleĸen killer, hafif yapē malzemesi 
yapēmēnda kullanēlmakta olup, bu ºzellikleri 
ile bina ¿zerindeki ºl¿ y¿klerinin 
azaltēlmasēnda, basēn­ dayanēmlarēnēn y¿ksek 
oluĸu nedeniyle kºpr¿ ve t¿nel inĸaatlarēnda, 
gºzenekli yapēsēndan dolayē ise ēsē ve ses 
yalētēmē saĵladēĵē i­in enerji tasarrufunda da 
ºnemlidir. En b¿y¿k avantajlarē, istenilen 

miktar ve boyutlarda, teknik a­ēdan ­ok 
deĵiĸik taleplere cevap verecek ĸekilde 
¿retilebilmeleridir (¥zg¿ven, 2009). 

Bazē ¿reticiler, yapēsal olarak 
g¿­lendirilmiĸ beton veya ºn gerilmeli beton 
¿retiminde kullanēlmak ¿zere bazē ºzel hafif 
agrega t¿rleri ¿retmektedirler. Ancak hafif 
agregalarēn dayanēmē, yoĵunluk arttērēlmak 

Genleĸmiĸ Kil Agregasē ¦retim Tesisi ve Maliyet Analizi 
Building up of Expanding Clay Aggregate Plant and Cost 
Analysis 

A.¥zg¿ven 
MTA Maden Analizleri ve Teknolojisi Dairesi, Ankara 

L. G¿nd¿z 
S¿leyman Demirel ¦niversitesi Maden M¿hendisliĵi, Isparta 
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suretiyle iyileĸtirilebilmektedir (ķener, 1999; 
Anon, 2000). 

Uygun hammadde ve teknoloji se­imiyle 
birlikte istenilen agrega boyutunda ve 
ºzelliklerinde, deĵiĸik miktarlarda malzeme 
¿retimine imk©n verebilmesi ve farklē 
t¿ketim alanlarēnda kullanēlabilmesi 
genleĸmiĸ kil agregalarēnēn en ºnemli 
¿st¿nl¿ĵ¿d¿r. Aynē zamanda y¿ksek basēn­ 
direncine sahip olan bu malzemeler, beton 
yapēlarda ­ok raĵbet gºren hafif bir katkē 
maddesi haline gelmiĸtir (Anon (a), 2005). 

Ķnĸaat sektºr¿n¿n ºnemli sorunlarēndan 
biri olan, bina y¿k¿n¿n azaltēlabilmesi i­in 
g¿n¿m¿ze kadar ­ok ­eĸitli malzemeler 
kullanēlmēĸtēr. Kullanēlan malzemelerin hafif 
olmasēnēn yanē sēra, bu malzemelerde; y¿k 
taĸēma, ateĸe dayanēmē, ēsē ve ses yalētēmē 
gibi ºzellikler de aranmēĸtēr. Bu ºzelliklere 
yanēt veren ve inĸaat sanayinin geliĸmesi ve 
modern tekniklerin ortaya ­ēkmasē ile 
g¿n¿m¿zde y¿ksek dayanēm, b¿y¿k boyutlu 
hafif bileĸenlerin kullanēlmasēnē zorunlu 
kēlmēĸtēr (¢er­i ve Erten, 1997). 

Hafif yapē malzemeleri i­inde basēnca 
dayanēmē en y¿ksek olan malzemelerden biri 
genleĸmiĸ kildir. Bu ºzelliĵinden dolayē 
inĸaat sektºr¿nde ºnemli bir yeri vardēr. 
Yapēlan araĸtērmalar, genleĸmiĸ kilden imal 
edilmiĸ yapē par­alarē kullanēldēĵē takdirde, 
inĸaatlarda kullanēlan demirden %15-20 
oranēnda tasarruf edilebileceĵini gºstermiĸtir 
(¥zg¿ven, 2009). 

Diĵer ºnemli nokta ise hafif yapē 
malzemeleri kullanēlan binalarēn ēsētma ve 
soĵutma giderlerinde %50ôlere varan enerji 
tasarrufu saĵlanmasēdēr. Pomza, perlit, 
gazbeton, vermik¿lit vb. hafif yapē 
malzemelerini ithal ederek kullanan Ķsve­ 
veya Norve­ gibi soĵuk iklime sahip 
¿lkelerde bile bir konutun ēsētma maliyeti 
T¿rkiye'deki eĸdeĵer konutun ēsētma 
maliyetinin yarēsēndan azdēr. Bu ­arpēcē 
ºrnek ēsē ve enerji tasarrufu yºn¿yle de 
konunun ºnemini ortaya koymaktadēr 
(Doĵan ve ķener, 2004). 

G¿n¿m¿zde inĸaat sektºr¿nde hafif 
malzemelerin kullanēlmasēnda giderek bir 
artēĸ gºr¿lmektedir. Hafif malzemelerin ucuz 
olmalarē, teknoloji ithali ve b¿y¿k yatērēmlar 
gerektirmemeleri, baĸta ēsē yalētēmēndan 
saĵlayacaĵē enerji tasarrufu olmak ¿zere 
iĸ­ilik, demir ve kereste tasarrufu vb. bu 
konuda ºnemli avantajlar olarak 
gºsterilmektedir (¢er­i ve Erten, 1997). 

Bu ­alēĸmada, ¿st¿n ºzelliklere ve geniĸ 
kullanēm alanēna sahip genleĸmiĸ kil 
agregalarēnēn ¿retimine yºnelik olarak bir 
tesis tasarēmē yapēlmēĸtēr. Yapēlan tesis 
tasarēmē geliĸmiĸ ¿lkelerdeki tesislere 
benzemekle birlikte, ¿lkemiz hammaddeleri 
¿zerine yapēlan yoĵun deneyler gºz ºn¿nde 
tutularak alternatif olarak hazērlanmēĸtēr.  

2 GENLEķEN KĶL ¦RETĶM 
Y¥NTEMLERĶ 
Genleĸmiĸ kil agregasēnēn hangi yºntemle 
¿retileceĵi, tesiste kullanēlacak makine ve 
ekipman se­imini doĵrudan etkileyecektir. 
Bu nedenle bu ­alēĸmada kullanēlan ¿retim 
yºntemi a­ēklanarak tesis ile ilgili ºnemli 
bilgiler ortaya konmuĸtur. 

Genleĸen kil ¿retimi, ocaktan ¿retim, 
hammaddenin hazērlanmasē, ĸekillendirme, 
ēsēl iĸlem (kurutma ve yakma), ­ēkan ¿r¿ne 
yapēlan iĸlemler, ¿r¿n¿n geri kazanēlmasē ve 
taĸēma i­in hazērlama (torbalama, y¿kleme) 
adēmlarēnē i­ermektedir. Genleĸen kil 
agregalarēnēn ¿retiminin ĸematik gºr¿n¿m¿ 
ķekil 1ôde verilmiĸtir (Anon (b), 2005). 

2.1 ķekillendirme 
Genleĸen kil agregalarēnēn ¿retiminde 
aĸaĵēdaki ĸekillendirme teknikleri 
kullanēlmaktadēr: 
 

¶ Gran¿lasyon (taneleme), 
¶ Peletleme (topaklaĸtērma), 
¶ Kurutma fērēnēnda ĸekillendirme (Bu  
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eĵimi, y¿ksekliĵi ile hammaddeye baĵlē 
olarak tane boyu deĵiĸebilmektedir. Bunun 
i­in gerekli karakteristikleri elde edebilmek 
i­in bu parametreler ile ayarlama yapēlēr 
(Anon (b), 2005). 

Hammaddenin cinsi ve gerekli ¿r¿n 
ºzelliklerine uyacak basit ve esnek sistemler 
geliĸtirmek i­in fērēn tasarēmlarē yapēlmaya 
baĸlanmēĸtēr. Ayrē ēsē bºl¿mleri i­in farklē 
transfer zamanlarē ile deĵiĸen yakma ve hava 
kontrol¿ elde etmek bunun ilk yoludur. 
D¿ĸ¿k birim aĵērlēklē genleĸen kil i­in, 
fērēnēn yaklaĸēk 400 ÁCôye ēsētēldēktan sonra, 
sēcaklēk ­ok ­abuk ĸekilde proses sēcaklēĵēna 
­ēkarēlmasē gerekmektedir. Y¿ksek birim 
aĵērlēklē, dayanēmē y¿ksek genleĸen kil i­in 
ise, sēcaklēk ­ok daha yavaĸ ĸekilde proses 
sēcaklēĵēna y¿kseltilmelidir. En uygun 
prosed¿r i­in, ºn ēsētēcēlar, ger­ek 
genleĸtirme fērēnlarēnēn hemen ºn¿ne 
yerleĸtirilmelidir. En ­ok kullanēlan ºn 
ēsētēcēlar tamburlu ºn ēsētēcēlardēr (drum pre-
heater). Tekrar soĵutma cihazlarē; tambur, 
ēzgara ya da kutulu (hopper) soĵutucular, en 
sēk kullanēlanlarēdēr.  

Tesisin ēsē dengesinden dolayē, 
soĵutucudan ­ēkan gaz ­oĵu zaman tamamen 
ēsēl prosese tekrar verilmektedir. Modern 
tesislerde bulunan sadece fērēn tipi ise yatay 
dºner fērēnlardēr. Yatay dºner fērēnlarda, 
genleĸen kil ¿retmek i­in genellikle akēĸ tersi 
usul¿ iĸletilmektedir. Malzeme ve ēsētma 
hareketleri ters yºnlerden olmaktadēr. 
Malzeme, fērēnēn soĵuk tarafēna 
beslenmektedir. Tamburun eĵimi ve fērēnēn 
dºn¿ĸ¿ ile malzeme fērēnēn y¿ksek sēcaklēk 
zonuna ve ­ēkēĸa iletilmektedir. Tanelerin 
birbirlerine yapēĸmasēnē ºnlemek i­in, 
fērēnlara uygun ĸekilde yerleĸtirilen asma 
zincirler bulunmaktadēr. Fērēn boyutlarē 
kullanēlan tekniĵe baĵlē olarak 
deĵiĸmektedir. T¿p uzunluĵu 4-80 m 
arasēnda deĵiĸmektedir. ¢ap 1-4,5 m 
arasēnda deĵiĸmektedir. En ­ok kullanēlan 
yakētlar mazot, kºm¿r, kºm¿r tozu ve mazot 

karēĸēmē ya da gazdēr. Sistem tasarēmēnēn 
amacē, termal dengenin en uygun hale 
getirilmesi, geniĸ sēcaklēk daĵēlēmē ve ēsētma 
sēcaklēĵēnēn se­imidir (Anon (b), 2005). 

Genleĸen kil agrega ¿retiminde, ēsēl iĸlem 
prosesi sonrasēnda, agregalar eleme ve kērma 
prosesleri ile istenilen tane ve kalitede elde 
edilmektedir. Kuru eleme ve kum kērēcēlar 
genelde kullanmaktadēr. 

Genleĸen kil agregalarēnēn ¿retiminin 
yapēlacaĵē tesisin tasarēmē, genleĸen kil 
¿retmeyen ve kullanmayan ¿lkemiz i­in ­ok 
ºnemlidir. Bu ­alēĸmanēn ºnemli bir adēmē 
da ileride kurulacak olan genleĸmiĸ kil 
agregasē ¿retim tesislerinin alt yapēsēnē 
oluĸturacak alternatif ¿retim planlarēnēn 
yapēlmasēdēr. Bºylece ¿retim i­in 
kullanēlacak makine ve te­hizatēn nasēl 
olmasē gerektiĵi ile ilgili ºnemli bir bilgi alt 
yapēsē oluĸturacaktēr. 

Hazērlanan tesis planē ¿lkemiz ve d¿nya 
koĸullarē gºz ºn¿nde bulundurularak 
hazērlanmēĸtēr. Geliĸmiĸ ¿lkelerde 
uygulanmakta olan ¿retim yºntemlerine 
benzemekle birlikte yapēlan genleĸtirme 
­alēĸmalarēndan elde edilen tecr¿belerle ºzel 
olarak tasarlanmēĸtēr (¥zg¿ven, 2009). 
Ankara ï Kalecik kilinde elde edilen 
genleĸme koĸullarē gºz ºn¿nde tutularak 350 
kg/m3 birim aĵērlēĵēnda olan ve 1150ÁCôde 
¿retim d¿ĸ¿n¿lm¿ĸt¿r. Aĸaĵēda bu sistem 
detaylē olarak izah edilmeye ­alēĸēlmēĸtēr. 
Hazērlanan tesis i­in temel alēnan bazē 
deĵerler ĸºyledir: 
 
Saatlik ¦retim Kapasitesi : 20 ton 
G¿nl¿k ¢alēĸma S¿resi  : 16 saat  
Yēllēk ¢alēĸma S¿resi  : 300 g¿n 
Yēllēk ¦retim Kapasitesi  : 96.000 ton  
               (211.200 m3) 
¢alēĸan Ķĸ­i Sayēsē   : 35 kiĸi 
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¢izelge 1. ¦retim tesisinde kullanēlan 
makinelerin g¿­leri 

EKĶPMAN G¦¢ 
(KW) 

¢elik Bant 18 
¢eneli Kērēcē 75 
Bant Konveyor 5,5 
Bilyalē Deĵirmen 400 
Cehennemlik 30 
Elevatºr 11 
Aglomeratºr 45 
Bant Konveyor 5,5 
Dºner Fērēn  125 
Burulºr 15 
Soĵutma ¢elik Bant 56 
Elevatºr 15 
Elek Seti 45 
Bant Konveyor (3adet) 16,5 
Filtreler (2 x 45 Kw) 90 
Kompresºr Ca55 Atlas 
Copco 55 

Hazērlanan ¿retim tesisinin ne kadara mal 
olacaĵēnēn bilinmesi yatērēmcēlar a­ēsēndan 
b¿y¿k ºnem taĸēmaktadēr. Bu bºl¿mde de 
kurulan sistemin yaklaĸēk olarak ka­a mal 
olacaĵē hesaplanmaktadēr. Her makinenin 
bedeli ¿retici firmalar ile temasa ge­ilerek 
belirlenmiĸtir. ¢izelge 2ôde makine ve 
donanēmlarēn maliyetleri ayrē ayrē 
verilmektedir.  

¢izelge 2. ¦retim tesisinde kullanēlan 
makine ve donanēmlarēn maliyetleri 

MAKĶNE ADI MALĶYET 
($) 

¢eneli Kērēcē 75.000 
¢elik Bant 45.000 
Bant Konveyor 8.000 
Bilyalē Deĵirmen 150.000 
Cehennemlik 70.000 
Elevatºr 60.000 

Aglomeratºr 100.000 
Bant Konveyor 8.000 
Dºner Fērēn  2.000.000 
Burulºr 70.000 
Soĵutma ¢elik Bant 300.000 
Elevatºr 100.000 
Elek Seti 60.000 
Bant Konveyor (3adet) 24.000 
Filitreler (2 adet) 160.000 
Kompresºr CA55 
Atlas Copco 45.000 
Elektrik Otomasyon 500.000 
¢elik Konstr¿ksiyon 
(200tonx2,5$) 500.000 
Ķnĸaat Giderleri 1.200.000 

Beklenmeyen Giderler 
(%20) 1.095.000 

¢izelge 2ôye gºre, genleĸen kil agregasē 
¿retim tesisinin maliyeti yaklaĸēk 6,5 milyon 
$ olarak hesaplanmēĸtēr. Oluĸan bu maliyetin 
% 30ôu dºner fērēndan, % 26ôsē inĸaat ve 
­elik konstr¿ksiyondan kaynaklanmaktadēr 
ki bu da iĸletme kurulum maliyetinin 
yarēsēndan fazlasēdēr. Sadece bu iki harcama 
kademesinin maliyetinin d¿ĸ¿r¿lmesi tesis 
kurulum maliyetini daha da d¿ĸ¿recektir. 

¦lkemizde genleĸmiĸ kil agregalarēnēn 
¿retimi ve t¿ketimi olmadēĵē gibi herhangi 
bir yatērēmda sºz konusu deĵildir. Bu 
nedenle bir ilk olmasē a­ēsēndan bu 
­alēĸmada, genleĸmiĸ kil agregasē ¿retimine 
yºnelik olarak bir tesis planē ºnerilmiĸ ve 
aĸaĵēdaki sonu­lar elde edilmiĸtir: 

Genleĸmiĸ kil agregasē ¿retiminde 
kullanēlacak olan t¿m makineler 
¿lkemizden temin edilerek 
kullanēlabilecektir. 
Ķhtiya­ duyulacak t¿m makineler 
belirlendiĵi i­in yatērēm yapacak firmalar 
i­in tahmini bir model oluĸturulmuĸtur. 
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2 SODAK¦L¦ ¦RETĶM Y¥NTEMLERĶ 

2.1 Sentetik Soda K¿l¿ ¦retim Yºntemleri  

 
2.2 Tronadan Soda K¿l¿ ¦retim 
Yºntemleri 
 

2.2.1 Monohidrat Yºntemi 

2.2.2 Seskikarbonat Yºntemi 
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2.2.3 Alkali Ekstraksiyon Yºntemi 

3 DENEYSEL ¢ALIķMALAR 

Binok¿ler Mikroskop Altēndaki 
Karakteristik ¥zellikleri 
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200 ÜC sēcaklēĵa ayarlanmēĸ fērēnda zamana 
baĵlē olarak kalsinasyon ile aĵērlēk kaybē 
deneyi yapēlmēĸtēr. Trona mineralinin 
kalsinasyon s¿resine baĵlē % y¿zde aĵērlēk 
kaybēnē hesaplamak amacēyla yapēlan 
kalsinasyon deneyinde, 100 gr trona 
kullanēlmēĸ ve 60 dakika sonunda sabit 
tartēmla toplam aĵērlēĵē 69.80 gr 
bulunmuĸtur. Buna gºre, tronanēn 
kalsinasyon yolu ile su kaybēnēn % 30.20 
olduĵu tespit edilmiĸtir[1]. 
 
 

ķekil 3. Trona numunesinin sēcaklēĵa baĵlē 
sudaki ­ºz¿n¿rl¿ĵ¿ 

ķekil 3ôe gºre trona mineralinin sēcaklēĵa 
baĵlē sudaki ­ºz¿n¿rl¿ĵ¿ eĵrisi 
gºsterilmektedir. Trona mineralinin sudaki 
­ºz¿n¿rl¿ĵ¿ olduk­a y¿ksek olup, yaklaĸēk 
% 99.45ôdir. Ayrēca, ­ºz¿n¿rl¿k sēcaklēkla 
­ok fazla deĵiĸmemiĸ (sēcaklēktan baĵēmsēz) 
olup, en uygun sēcaklēĵēn oda sēcaklēĵē olan 
25-30 ÜC olduĵu sºylenebilir. Her sēcaklēkta 
­ºz¿nmeyen kēsēm yaklaĸēk % 0.54 - 0.56 
arasēndadēr. Bu kēsēm ­ºz¿nmeyen bazē mika 
ve demir gibi gang minerallerinden 
oluĸmaktadēr. Tronadan doĵal soda k¿l¿ 
¿retiminde monohidrat yºntemi 
uygulanmēĸtēr. Bu yºntemde trona cevheri 
200 ÁC sēcaklēkta klasik fērēnda kalsine 
edilmiĸ ve aĵēr soda k¿l¿ ile yan ¿r¿n olarak 
CO2 ve H2O elde edilmiĸtir. Daha sonra 
kalsine edilen bu malzemeye su verilerek 
­ºz¿nd¿r¿lm¿ĸt¿r. ¢ºz¿nmeyen kēsēmlar 
(empr¿teler) ise filtre edilmiĸ ve ­ºzeltiden 
ayrēĸtērēlmēĸtēr. Elde edilen ­ºzelti aktif 

karbon ile filtre edilerek diĵer empr¿telerden 
ayrēlmēĸtēr. Daha sonra sodyum monohidrat 
kristalleri 90 ÁCôde buharlaĸtērma ve 
kristalizasyon iĸlemi ile % 99.98 saflēkta aĵēr 
soda k¿l¿ elde edilmiĸtir.  

 
ķekil 4. Trona numunesinden monohidrat 
yºntemi ile aĵēr soda k¿l¿ ¿retimi akēm 
ĸemasē 

 

ķekil 5. ¦retilen aĵēr soda k¿l¿n¿n 
gºr¿nt¿s¿ 

ķekil 4ôte trona mineralinden monohidrat 
yºntemi ile aĵēr soda k¿l¿ ¿retimi akēm 
ĸemasē ve ķekil 5ôde ¿retilen soda k¿l¿n¿n 
gºr¿nt¿s¿ gºsterilmektedir. ¦retilen aĵēr 
soda k¿l¿n¿n yēĵēn yoĵunluĵu ise 0.97g/cm3 

olarak tespit edilmiĸtir. Aĵēr soda k¿l¿n¿n 
dºkme yoĵunluĵu 0,96-1,06 g/cm3 arasēnda 
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deĵiĸmektedir. Aĵēr soda k¿l¿ d¿ĸ¿k toz 
ihtiva eden serbest akēĸlē bir maddedir ve 
daha pahalē olmasēna raĵmen genel olarak 
toz oranēnēn dezavantaj olarak kabul edildiĵi 
cam ve demir ­elik end¿strilerinde kuru 
olarak kullanēlmaktadēr. Hafif soda k¿l¿n¿n 
ise dºkme yoĵunluĵu 0,51-0,62 g/cm3 
arasēnda deĵiĸmektedir. Hafif Soda K¿l¿ 
daha ince taneli ve daha az serbest 
akēĸkanlēdēr. D¿ĸ¿k ēsēlarda ­abuk ­ºz¿nme 
ºzelliĵinden dolayē suda ­ºz¿nme gerektiren 
durumlarda kullanēlmaktadēr. 

 
ķekil 6. ¥rnek bir tesiste trona ¿retim akēm 
ĸemasē(1) 

 
ķekil 6ôda ºrnek bir tesiste trona ¿retim akēm 
ĸemasē gºsterilmektedir. Burada yeraltēndan 
alēnan ­ºzelti i­erisindeki istenmeyen 
safsēzlēklarēn alēnmasē amacēyla ­ºzelti kum 
filtre ve aktif karbon filtrelerden 
ge­irilmektedir. Stripper kolonunda yaĸ 
kalsinasyon iĸleminden ge­irilmektedir ve 
­ºzelti i­erisindeki sodyum bikarbonat 
sodyum karbonata dºn¿ĸt¿r¿lmektedir. Yaĸ 
kalsinasyon iĸlemine tabi tutulan ­ºzelti, 
sērasēyla evoparasyon ve kristalizasyon 
¿nitelerinden ge­irilmektedir ve sodyum 
karbonat monohidrat (Na2CO3H2O) elde 
edilmektedir. Sonu­ olarak elde edilen nemli 
¿r¿n, kurutucuda kurutulduktan sonra nihai 
¿r¿n olarak sodyum karbonat (soda k¿l¿) 
¿retilmektedir[3]. 
 
 

4 SONU¢LAR 

Y¿ksek saflēktaki trona numunesi i­erisinde 
kil ve demiroksit minerallerine rastlanērken, 
tane boyutu k¿­¿ld¿k­e trona numunesinin 
daha da saflaĸtēĵē gºzlenmiĸtir. Sonu­ olarak, 
bir trona numunesinin hammaddesel 
ºzelliklerinin belirlenmesine yºnelik 
deneyler yapēlmēĸ ve laboratuar ortamēnda 
basit monohidrat yºntemine gºre % 99.98 
saflēkta aĵēr soda k¿l¿ elde edilmiĸtir. D¿nya 
soda ¿retiminin yaklaĸēk dºrtte ¿­¿n¿n 
sentetik yollarla yapēldēĵē bilinmektedir. 
Sentetik soda k¿l¿n¿n ekonomik ve ­evreye 
duyarlē tek alternatifi, trona cevherinden elde 
edilen doĵal soda k¿l¿d¿r. T¿rkiyeôde 
Ankara Ķli Beypazarē Ķl­esi Baĵºz¿ Kºy¿ 
sēnērlarē i­inde yer alan trona madeninden 
soda k¿l¿ ¿retimi yapēlmaktadēr. Tesiste aĵēr 
soda k¿l¿ ve sodyum bikarbonat ¿retimi i­in 
kullanēlan hammadde trona ­ºzeltisidir. 
Tesisteki trona ­ºzeltisi ihtiyacē 1060 
ton/saat (8.395.200 ton/yēl) olup, ­ºzelti 
konsantrasyonu Na2CO3 bazēnda %15ôtir. 
Tesisin ihtiyacē olan trona ­ºzeltisi, mevcut 
­ºzelti madenciliĵi kuyularēndan 
saĵlanmaktadēr. Beypazarē trona yataĵē, 
d¿nya trona yataklarē, rezerv b¿y¿kl¿ĵ¿ ve 
tenºr bakēmēndan deĵerlendirildiĵinde, ABD 
ve Kenyaôdaki yataklardan sonra ¿­¿nc¿ 
b¿y¿k trona yataĵēdēr. Bunlar da dikkate 
alēndēĵēnda; Beypazarē trona yataĵēnēn ºnemi 
ortaya ­ēkmaktadēr. Trona cevher madenleri 
en iyi ĸekilde deĵerlendirmeli ve geleceĵe 
dºn¿k planlarla araĸtērmalarēna devam 
etmelidir. 
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The value of granite slabs depends on the 
absence of flaws and cracks. For years, 
granite blocks were extracted from the rock 
masses using a technique very similar to 
contour blasting and smooth blasting i.e., 
rows of closely spaced holes were drilled 
into the rock to delimit the blocks, filled with 
explosives and detonated simultaneously. 
However, this technology has several 
disadvantages. Therefore, thanks to the 
developed technology, diamond wire cutting 
machines were developed with a view to 
overcoming these drawbacks. These 
machines have resulted in substantial 
improvements in productivity, waste 
reduction and safety, resulting in significant 
reductions in overall costs. Today, these 
machines are commonly used in over 90% of 
natural stone quarries from soft to hard rocks 
and they have continuously evolved in line 
with consumers demands. The widespread 
usage of diamond wire cutting machine in 
quarries has opened a new era in natural 
stone quarrying (¥z­elik et.al., 2007). 

Machines used in the diamond wire cutting 
method have constant expenses in a granite 
quarry. Wear on diamond beads during 
cutting operation, which is the variable 
expense, is one of the main parameters in the 
economics of granite cutting with a diamond 
wire. If the wear on diamond beads is 
controlled, it decreases the costs of the 
diamond wire cutting method in the quarry 
(¥z­elik, 1999). 

The effective parameters in diamond wire 
cutting operation may be considered in two 
main headings as non-controlled and 
partially-controlled or controlled parameters 
(Table 1). These are defined as 
environmental rock parameters (physical, 
mechanical and mineralogical/petrographical 
properties) and machine parameters, 
respectively. All these effective parameters 
directly affect the cutting rate and the 
amount of wear occurred on the diamond 
beads, known as cutting performance in 
diamond wire cutting method (¥z­elik et.al., 
2008). 

 
Table 1. The parameters affecting cutting performance in diamond wire cutting method  

Fixed Parameters 
Non-controlled parameters 

Partially-controlled or controlled parameters 

Properties of cutting tools and equipment Environmental and 
working conditions 

¶ Rock hardness 
¶ Rock strength  
¶ Water content  
¶ Degree of alteration  
¶ Discontinuities  
¶ Mineralogical properties 

and textural characteristics 

¶ Machine power 
¶ Structure of diamond wire and bead structure  
¶ Dimensions of block 
¶ Cutting geometry of the wire  
¶ Machine vibration  
¶ Water consumption  
¶ Hoop diameter  
¶ Number of beads per meter  

¶ Qualified 
personnel 

¶ Technique used  

 
Several researchers so far have investigated 
the variation of wear on diamond bead 
(¥z­elik, 1999; ¥z­elik et.al., 2008; 
Cappuzi, 1989; Cook and Smith, 1993; 
¥z­elik et.al. 2007) engine power and wire 
speed (Hawkins et.al., 1990; Wright, 1992), 
wire structure (¥z­elik, 1999), dimensions of 
the block to be cut (Berry et.al., 1989; 
¥z­elik and Bayram, 2004), cutting 
geometry during cutting (¥z­elik, 1999; 

¥z­elik, 2005) and computer modeling of 
diamond wire cutting (Bortolussi et.al., 1990, 
Bortolussi et.al., 1994; ¥z­elik, 2005) with 
rock properties and its effect on cutting 
performance. A single bead test machine was 
developed by Ozcelik (2008). Kanbir (2007) 
and Ozcelik et al. (2008) investigated the 
cutting performance parameters in diamond 
wire with a single bead test machine on real 
marble and limestone and the relationships 



1089

23rd International Mining Congress & Exhibition of Turkey Å 16-19 April 2013 ANTALYA

were examined by comparing the results obtained from field studies. 
On the other hand, there has been a few 
studies performed to investigate the diamond 
wire cutting for quarrying hard rocks such as 

granite (Biasco, 1993; Cai and Mancini, 
1989, Andrisssi et.al., 2005; Hawkins et.al., 
1990) and andesitic rocks (¥z­elik, 2003). 

As can be seen from the literature review 
that there are some important studies on the 
parameters affecting the cutting performance 
on soft rocks (real marble and limestone), but 
until now no research has been done on the 
determination of the optimum machine 
working conditions and also development of 
the cuttability abacuses with respect to unit 
wear on diamond beads and cutting rate for 
hard rocks such as granite. For this reason, 
the purpose of this study is to determine the 
optimum machine working conditions and 
also to develop cuttability abacuses for the 
diamond wire cutting with respect to unit 
wear and cutting rate for granite sample 
commercially named as Kaman Grey by 
using a special statistical program (Design 
Expert 7.0).  

 
2 WORKING METHODOLOGY  
The method used within the scope of this 
study is shown in Figure 1.   

In the studies conducted with single bead 
test machine, two different parameters were 
used as the bead motor rotation speed that 
moves the diamond bead and the motor 
rotation speed of the marble sample on 
which the rock to be cut is attached. 

 
Figure 1. The methodology of the study  

Bead motor rotation were chosen at the 
values of 1100, 1300, 1500 and 1700 rpm, 
marble sample motor rotation speed was 
chosen at the values of 150, 175, 200 and 
225 rpm. While choosing these parameters, 
machine working parameters implemented 
on the field with the diamond wire cutting 
machine were considered. The peripheral 
speed and the hoop rotation speed on the 
diamond wire cutting machine correspond to 
bead motor rotation and rock motor rotation 
on the single bead test machine. The 
equivalents of these on fields were put forth 
by Kanbir (2007) and shown in Table 2. 

Table 2. Motor rotation speed of the bead 
and marble sample rotation speed calculated 
depending on hoop diameter and rotation 
speed 

HRS 
(rpm) 

BRS 
(rpm) 

Hoop diameter (cm) 
50 60 70 80 

600 1080 173 207 242 276 
700 1260 198 239 268 306 
800 1440 211 253 296 337 
900 1620 230 276 323 369 

 SRS (rpm) 

2.1 Introducing Single Bead Test Machine  
Making the cutting process suitable to the 
rock to be cut is possible by detecting the 
variable parameters correctly. The single 
bead test machine designed and used in this 
study was developed in Hacettepe University 
Department of Mining Engineering (Figure 
2)  

 
Figure 2. The general and schematic view of 
single bead test machine used in the study 
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This machine (Figure 2) is a cutting machine 
where the machine parameters that are 
effective during cutting (vibration, energy 
used etc.) can be determined and cutting 
conditions (bead rotation speed, sample 
rotation speed, cutting rate etc.) can be 
controlled sensitively.  

As it can be seen in Figure 2, test 
machine has two motors one of which rotates 
the marble sample (4), the other rotates the 
diamond bead (8) and a movable mechanism 
that approaches the diamond bead to the 
sample to be cut and puts pressure on it (1,2 
and 3). While cuttings are performed, both 
motors are in motion and it is ensured that 
the diamond bead puts pressure on marble 
sample by implementing a determined load 
value. A specifically designed automation 
program was used in the system for 
controlling the experimental mechanism and 
providing the data record during the 
experiment.  

The granite sample commercially named as 
Kaman Grey was selected for the cutting 
experiments. The stone samples were 
prepared as square samples in sizes of 35 cm 
x 35 cm with a 5 cm thickness and then they 
were made as samples suitable for the single 
bead test machine by using specially 
designed core drill with an inner diameter of 
60 mm and an outer diameter of 300 mm. 
Some physical and mechanical properties of 
the tested granite are given in Table 3. The 
physical and mechanical tests were 
performed in accordance with the procedures 
suggested by ISRM (1981). 

Within the scope of this study, Design Expert 
7.0, which is a special statistical program, 
was used for data analysis and for 
determining the optimum points of sample 
rotation speed and bead motor rotation speed 
for Kaman Grey granite sample. Design 
Expert 7.0 is a widely used program which 
was developed for the experimental 
optimization process and which can 
effectively design the experiments in the 
most suitable way according to different 
methods. After making the experiments 
based on the design selected and entering the 
results obtained in the program, it derives the 
most suitable equations for dependent 
variables (response) and can realize the 
determination process of the optimum points 
by means of the derived equations. Imaging 
the optimum working points and the 
estimated results obtained as a result of the 
experiments made on these points is possible 
with this program. Before initializing the 
statistical analysis, information that reflects 
the properties of each variable regarding the 
factors and response was analyzed. This 
information is composed of the data such as 
mean and standard deviation for describing 
the frequencies about the variables and also 
definitions of the methods and models to be 
used in modeling studies. The design 
properties used in this study are 
demonstrated in Table 4 and the descriptive 
statistical data regarding factors and response 
are shown in Table 5 and 6, respectively.

Table 3. Some physical and mechanical properties of the tested granite 
Tested Rock UVW (gr/cm3) WA (W/W) (%) Porosity (%) Mohs Hardness UCS (MPa) 
Kaman Grey 2.73 0.298 0.806 6-7 139.8 

Table 4. Statistical design properties used in the study 
Study Type Factorial Runs 16 
Initial Design D-optimal, Point Exchange Blocks No Blocks 
Design Model 2FI   
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2.3.1 Statistical Assessment for Unit Wear  



1092

E. S. Kanbir, Y. ¥z­elik

Table 7. Results of the statistical analysis for selecting of suitable model for unit wear  
Source R2 Adjusted R2 Predicted R2  
Linear 0.6541 0.6009 0.4785  
2FI 0.6543 0.5679 0.3177  
Quadratic 0.8729 0.8093 0.7148  
Cubic 0.9952 0.9880 0.9655 Suggested 

Table 8. The results of the multiple regression analysis for unit wear  
Factor Coef.Estimate Degree of Freedom Standard Error 
Intercept 2.78 1 0.27 
Sample Rotation Speed (SRS) 1.03 1 0.67 
Bead Rotation Speed (BRS) -2.55 1 0.67 
(SRS) (BRS) 0.11 1 0.24 
(SRS)2 0.63 1 0.30 
(BRS)2 4.91 1 0.30 
(SRS)2(BRS) 0.089 1 0.40 
(SRS) (BRS)2 0.75 1 0.40 
(SRS)3 -0.24 1 0.67 
(BRS)3 8.18 1 0.67 

Table 9. The ANOVA of the regression model for unit wear 
Source Sum of 

Squares 
Degree of 
Freedom Mean Sq. F Value p-value P > F  

Model 352.540 9 39.170 138.64 < 0.0001 significant 
(SRS) 0.660 1 0.660 2.34 0.1767  
(BRS) 4.050 1 4.050 14.33 0.0091  
(SRS) (BRS) 0.060 1 0.060 0.21 0.6600  
(SRS)2 1.260 1 1.260 4.45 0.0793  
(BRS)2 76.160 1 76.160 269.55 < 0.0001  
(SRS)2(BRS) 0.014 1 0.014 0.049 0.8315  
(SRS) (BRS)2 0.980 1 0.980 3.48 0.1112  
(SRS)3 0.038 1 0.038 0.13 0.7279  
(BRS)3 42.310 1 42.310 149.74 < 0.0001  
Residual 1.700 6 0.280    
Cor Total 354.240 15     

   
Figure 5. The estimation graph of the unit 
wear model  

The equation of the cubic model for Kaman 
Grey was obtained according to Table 8 is as 
follows.  

UW (Õm/m2) = 2.78 + (1.03*SRS) ï (2.55* 
BRS) + (0.11*SRS*BRS) + (0.63*SRS2) + 
(4.91* BRS2) + (0.089*SRS2*BRS) + 
(0.7*SRS*BRS2) ï (0.24*SRS3) + 
(8.18*BRS3) 

It is possible to test whether a regression 
model is statistically significant or not by 
means of variance analysis method. As well 
as this, there are different approaches serving 
for the same purpose. One of them is to 
examine the scatter diagram between the 
observed results obtained from the 
experimental studies and the results obtained 
from the model equation (Figure 6). When 
Figure 6 is examined, it is seen that the 
results obtained from the model equation 
well reflect the real condition.  
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Figure 6. Relationships between observed 
values from experimental studies and 
predicted values obtained from the unit wear 
model  

2.3.2 Statistical Assessment for Cutting 
Rate 
Statistical analysis were performed with 
different kind of models given in Table 10 
for estimating the cutting rate by using 
sample rotation speed and bead rotation 
speed. The cubic model for Kaman Grey was 
found to be the best models for estimating 
the cutting rate (Table 10). The validity of 
the model (cubic) was tested with variance 
analysis. Results of the multiple regression 
analysis are given in Table 11 and the results 
of the variance analysis are given in Table 
12. The model based on the regression 
coefficients given in Table 11 is statistically 
significant at 99% (Ŭ=0,01) confidence level 

(*P=0,0028<Ŭ=0.01). The estimation graph 
of the developed model is given in Figure 7. 

 
Figure 7. The estimation graph of the cutting 
rate model  

The equation of the cubic model for Kaman 
Grey was obtained according to Table 11 as 
follows.  

CR (m2/h) = 0,056 + (0,010*SRS) + 
0,025*BRS) ï (0,0092*SRS*BRS) ï 
(0,0023*SRS2) ï (0,0066*BRS2) + 
(0,0006*SRS2*BRS) + (0,011*SRS*BRS2) ï 
(0,0016*SRS3) ï (0,054*BRS3)  

The relationship between the observed 
values of the cutting rate from experimental 
studies and the predicted values from the 
cutting rate model was also investigated and 
the result is given in Figure 8. Figure 8 
indicates that the results obtained from the 
model well reflect the real condition. 

Table 10. Results of the statistical for selecting of suitable model for cutting rate 
Source R2 Adjusted R2 Predicted R2  
Linear 0.7090 0.6642 0.5729  
2FI 0.7492 0.6865 0.6101  
Quadratic 0.7640 0.6460 0.4506  
Cubic 0.9656 0.9140 0.6518 Suggested 

Table 11. The results of multiple regression analysis for cutting rate 
Factor Coef.Estimate Degree of Freedom Standard Error 
Intercept 0.056 1 3.915E-003 
Sample Rotation Speed (SRS) 0.010 1 9.758E-003 
Bead Rotation Speed (BRS) 0.025 1 9.758E-003 
(SRS) (BRS) -0,0092 1 3.470E-003 
(SRS)2 -0,0023 1 4.337E-003 
(BRS)2 -0,0066 1 4.337E-003 
(SRS)2(BRS) 0,0006 1 5.819E-003 
(SRS) (BRS)2 0.011 1 5.819E-003 
(SRS)3 -0,0016 1 9.698E-003 
(BRS)3 -0.054 1 9.698E-003 
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Table 12. The ANOVA of the regression model for cutting rate  
Source Sum of Squares Degree of 

freedom Mean Sq. F Value p-value P > F  

Model 0.0100000 9 0,0011120 18.71 0.0010 significant 
(SRS) 0,0000660 1 0,0000658 1.11 0.3332  
(BRS) 0,0003800 1 0,0003815 6.42 0.0445  
(SRS) (BRS) 0,0004100 1 0,0004169 7.01 0.0381  
(SRS)2 0,0000170 1 0,0000172 0.29 0.6101  
(BRS)2 0,0001360 1 0,0001364 2.29 0.1806  
(SRS)2(BRS) 0,0000007 1 0,0000007 0.011 0.9196  
(SRS) (BRS)2 0,0000200 1 0,0002151 3.62 0.1058  
(SRS)3 0,0000015 1 0,0000015 0.026 0.8779  
(BRS)3 0,0018730 1 0,0018730 31.50 0.0014  
Residual 0,0003570 6 0,0000595    
Cor Total 0.0100000 15     

 

 
Figure 8. Relationships between observed 
values and predicted values  

The results obtained from the statistical 
analysis show that developed unit wear and 
cutting rate models are statistically 
significant and unit wear and cutting rate can 
be modeled by these ways. By using the 
model equations and also estimation graphs, 
it is possible to estimate the unit wear and 
cutting rate before starting the cutting with 
diamond wire. 

The main purpose of this study is to 
determine the optimum bead rotation and 
sample rotation speed values that would 
maximize the cutting rate values and 
minimize the unit wear values in cutting 
Kaman Grey granite sample with diamond 
wire and also to develop cuttability abacuses 
for diamond wire cutting in granite samples. 
For this purpose, the aforesaid Design Expert 
7.0 program was used. In this stage of the 
study, firstly, the constraints were defined 
(Table 13). Later, the constraints were used 
to determine the optimum points for Kaman 
Grey granite sample.  

The optimum points were determined by 
using Design Expert 7.0 program for Kaman 
Grey granite sample considering the design 
constraints. The results are given in Table 
14.

Table 13. Design limitations used in determining the optimum points 
Name Goal Lower Limit Upper Limit Importance 
SRS (rpm) in range 150 225 3 
BRS (rpm) in range 1100 1700 3 
UW (Õm/m2) minimum 1.344 15.824 5 
CR (m2/h) maximum 0.011 0.107 5 

Table 14. The optimum working conditions Kaman Grey granite samples 
Sample Rotation Speed (SRS) 225.00 
Bead Rotation Speed (BRS) 1100.00 
UW (Õm/m2) 4.01909 
CR (m2/h) 0.10488 
Desirability Level 0.89200 
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3 CONCLUSION 
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ABSTRACT The use of the granite processing waste (GCS) as addition in cement paste 
emerges as a need of recycling an inert residue generated in quarries and solving an 
environmental problem. 

Previous studies confirmed that small additions to alkaline solutions simulating cement 
modify the natural passive layer formed on steel. Moreover, these additions are able to inhibit 
pitting corrosion in high contaminated media. 

The objective of this work is to determine the compatibility, reactivity and optimal addition 
of GCS in the cement paste. Cement samples prepared with different proportions (2%, 5% 
and 10% ) are studied to quantify its effect in the microstructure and diffusivity of corrosive 
agents. 

Some beneficial effect was obtained with additions up to 5% in terms of chloride 
diffusivity. However the carbonation depth is increased for all the polluted cement samples. 
The analysis by mercury intrusion porosimetry revealed a porous network coarsening for 
those samples prepared with GCS. 

 
1 INTRODUCTION 

1.1 Granite Processing Waste 

Spain is one of the three greater ornamental 
rock producers and the first European 
granite producer. 60% of the Spanish 
production is concentrated in Porriño (NW 
of Spain), where 300000 tons are produced 
per year. The granite cut residues are 
originated from the sawing process of rock 
blocks into plates. In this process, 20% to 
30% w/w of mineral is transformed into dust 
which mixed with water, shot particles, 
lubricants, tensioactive particles and lime 
forms the called "granite cutting sludge", 
GCS. 

This residue has not practical application 
nowadays. Thus, it is accumulated as waste 
in landfills. The environmental problem 
generated urges to find a solution acceptable 
from the economical and ecological points of 
view. The recycling of industrial wastes in 
concrete manufacturing is a matter of 

increasing interest worldwide. Indeed, 
concrete technology can use great amounts 
of industrials residues as secondary raw 
materials. For instance, blended cements are 
normally produced by adding different 
quantities of coal fly ash, silica fume or 
ground granulated blast furnace slag to 
Portland cement clinker. These mineral 
additions, that have been initially simply 
used to recycle wastes, turned out to be 
beneficial with regards to the properties of 
concrete, especially in relation to its 
resistance to aggressive agents (Neville, 
1995; Sousa, 2003). Preliminary works 
(Gonçalves et al., 2002) suggested the 
possibility of using GCS as an additive into 
concrete structures, concluding that small 
additions of these slurries improved the 
mechanical resistance of concrete. 

The present paper is aimed to analyze the 
possible use of GCS as additive in 
reinforcing concrete structures, evaluating 

Properties of Cement Paste Containing GCS Additions 
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its effect when chloride ions and CO2 are 
present.  

1.2 Corrosion on Steel in Concrete 

Carbon dioxide (CO2) and chloride ions (Cl
-
) 

are known aggressive agents that cause 
corrosion of the reinforcing bars in concrete. 

The high alkalinity in the pore solution 
due to the presence of calcium hydroxide 
(Ca(OH)2) provides the maintenance of the 
passivity of steel. A significant pH 
decrement occurs when carbonation takes 
place. Carbonation refers to the reaction of 
the CO2 with ions in the pore solution as 
indicated in Equations 1 and 2 
(Ramachandran & Beaudoin, 2001). 

 
CO2 + 2NaOH Ÿ Na2CO3 + H2O     Eq. 1 
 
CO2 + Ca(OH)2 Ÿ CaCO3 + H2O      Eq. 2 

 
Steel passivity will break if chloride ions 

are present. These ions can be incorporated 
as a contaminant or additive during the mix 
stage although the most common way is after 
exposure to a contaminated environment. 
Chlorides can penetrate through the cracks 
and pores and then the porous network plays 
an essential role on their mobility. Once 
chlorides reach the metallic rebars the steel 
surface remains active. 

1.3 Mass Transport Phenomenon 

The diffusivity properties of several cement 
paste samples prepared with different waste 
proportions is analyzed in this work. The 
assessment of the aggressives diffusion rate 
will be helpful in order to predict the 
durability and service life period.  

Carbonation process starts in the external 
surface and penetrates into the concrete 
following the simplified Tuutti’s model 
where the diffusion rate is proportional to 
the square root of time as described in 
Equation 3 (Neville, 1995). 

 

              Eq. 3 
 

where s is the carbonation depth (mm), K is 
the carbonation coefficient (mm/year) and t 
is time (years).  

Typically the carbonation process is slow 
and time attenuated (parabolic tend). 
Relative humidity and CO2 concentration are 
the most influential variables in the process. 
When the humidity level is maintained 
around 50-70% the diffusion rate is 
considerably increased (Neville, 1995). 
Obviously a higher CO2 concentration 
significantly reduces the carbonation time.  

Regarding the chloride penetration, if the 
stationary conditions have been reached the 
Fick’s first law (Equation 4) can be 
considered.  

 
             Eq. 4 

 

where F is the flux of the chloride ions 
(mol cm

-2
 s

-1
), C is concentration (mol cm

-3
), 

x is the position (cm) and D is the diffusion 
coefficient (cm

2
 s

-1
) which will be dependent 

on the cement characteristics. Diffusion 
coefficients obtained under stationary 
conditions are known as “effective” 
coefficients. Flux can be defined on the 
other hand as indicated in Equation 5. 

 
             Eq. 5 
 

where V is the volume (cm
3
), A is the 

surface (cm
2
), C is concentration (mol cm

-3
) 

and t is time (s). 
Equaling Eq. 4 and 5, a direct relation 

(once integrating) can be obtained between 
the variation in the chloride concentration 
and the time (Equation 6).  

Then the effective diffusion coefficient 
can be easily evaluated from the slope after 
linear fitting (Castellote et al., 2001).  

 
                     Eq. 6                 
                      

where Ci and Cf are respectively the chloride 
concentrations in the upstream and 
downstream solutions (mol cm

-3
), Deff is the 

steady-state diffusion coefficient (cm
2
 s

-1
), V 

is the volume (cm
3
), t is the testing period 

(s), A is the diffusion area and l is the 
thickness of the specimen (cm). 
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2 EXPERIMENTAL 

Cement paste samples were prepared using 
Ordinary Cement Portland (OCP) 
CEM I 52.5 R classified according to the 
Spanish standard UNE-EN 197-1:2011. The 
materials (OCP, granite waste and water) 
were mixed according to the Spanish/EU 
standard UNE-EN 196-1:2005. The water to 
cement (or cement-waste) ratio was 0.5. 
Samples were maintained in a 100% RH 
chamber after casting, demoulded after one 
day of fabrication and kept in the same 
chamber for 28 days before any experiment.  

Four different samples were prepared with 
several waste contents: 0% (blank), 2%, 5% 
and 10% (percentages refer to the cement 
weight substituted). The main constituents of 
the granite slurries are silicon, aluminum and 
iron oxides as numerically indicated in Table 
1.  

Table 1. Granite waste composition (wt. %) 

SiO2 Al2O3 Fe2O3 CaO K2O Na2O 

66.1 13.4 7.4 5.9 3.8 3.4 

 

Figure 1.Size particle distribution obtained 
after milling the granite waste 

 
The waste powder was dried at 100ºC and 

mechanically grinded before mixing with the 
cement powder. The size particles 
distribution, illustrated in Figure 1, shows 
that almost no particles with size lower than 
80 ɛm were incorporated to the mix. 

The chloride natural diffusion and the 
carbonation experiments were performed as 
explained elsewhere (Cabeza et al., 2013). 
Thus during the chloride diffusion tests the 

chloride concentration of the downstream 
and upstream solutions were often measured. 
The carbonation process was checked with 
the periodical weight increment 
measurement. At the end of the test samples 
were split in two halves and sprayed with 
phenolphthalein in order to determine the 
precise CO2 penetration depth.  

The mercury intrusion porosimetry (MIP) 
technique was followed to analyze the 
cement microstructure. The equipment is 
able to cover pores diameters from 100 ɛm 
down to 5 nm. Porosity values and pores size 
distribution were analyzed for each sample. 

3 RESULTS AND DISCUSSION 

Data regarding the cement diffusivity 
properties are firstly presented. The 
comparison with the reference sample, with 
no addition, is discussed.  

After that, the microstructural effect of the 
granite residue on the cement paste is 
analyzed based on MIP results. The 
modification in the mechanical properties 
was evaluated as well considering a non 
destructive technique (sclerometric test).  

3.1 Chloride Diffusion 

The chloride concentration was measured 
during the natural diffusion test. The data are 
compiled in Figure 2. 

 

Figure 2. Chloride concentration in the 
downstream solution measured during the 
natural diffusion experiment 
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At the end of the diffusion experiment a 
lower chloride content, in comparison to the 
reference, was observed for that sample 
containing 2% of granite waste. By contrary 
increasing the addition amount, in particular 
notably for the higher waste content (10%), 
the chloride concentration increased.  

3.1.1 Diffusion coefficients 

The effective diffusion coefficients are 
calculated following Eq. 6. From the slope 
obtained after representing the ln(Ci-Cf) 
versus time (as presented in Figure 3), the 
diffusion coefficient can be evaluated 
(Castellote et al., 2001).  

Figure 3. Calculation of the effective 
diffusion coefficient (Eq. 6) from the natural 
diffusion experiment results 

The diffusion coefficients obtained for the 
different cement samples are collected in 
Table 2.  

Table 2. Effective diffusion coefficients 
obtained from the natural diffusion tests 
(x10

-8
 cm

2
s

-1
) 

Blank 2% 5% 10% 

4.9 3.8 4.7 22.6 

 
In agreement to the data shown in Figure 

2, no effect is observed after replacement up 
to 5% of the cement waste with the granite 
waste. Actually not only no detrimental 
effect is measured in presence of such an 
amount of the granite waste but some 

improvement is even detected. However a 
higher waste content (10%) results in a 
significant increment in the chloride 
penetration rate. Thus a considerable 
reduction in terms of durability would be 
expected for such a high waste amount.  

3.2 CO2 Diffusion 

The carbon dioxide penetration was 
followed by measuring the weight variation 
during the experiment. Figure 4 shows the 
corresponding data as percentage referred to 
the initial weight. As observed from this 
graph a higher increment was measured for 
the samples containing granite waste and 
thus a higher carbonation depth can be 
concluded (Cabeza et al., 2013).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Percentage of weight increment 
registered during the carbonation experiment 

Fittings following Eq. 3 give the 
carbonation coefficient values (K). Thus the 
K constant values were 0.43, 0.64, 0.69 and 
0.66 for the samples with 0%, 2%, 5% and 
10% respectively. The higher K constant 
obtained for all the polluted samples reveals 
the more rapid carbonation in comparison to 
the blank.  

Once the carbonation experiment finished 
the average carbonation depth were 
measured. The values were: 9.3, 10.3, 14.9 
and 15.5 mm for the samples with 0%, 2%, 
5% and 10% of granite waste respectively. 
Thus higher the waste content, more 
profound the CO2 penetration, in agreement 
to the non destructive assessment by 
measuring the weight variation (Figure 4).  
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3.3 Mercury Intrusion Porosimetry 

The microstructural modifications induced 
by the granite waste incorporation were 
evaluated with the MIP technique. Firstly a 
slight increment was measured in the global 
porosity, i.e., percentage of the total volume 
occupied by pores. Thus a porosity value 
around 21% was obtained for the reference 
sample whereas 26% was found for the 
sample with the higher granite waste content 
(10%). Almost no variation was measured 
for the samples with 2% and 5% of cement 
substitution (21% and 23% respectively).  

A more detailed analysis was performed 
considering the pores sizes distribution. 
Figure 5 shows the three observed pores 
families. The most relevant family, at the 
lowest size, is located around 0.0
other pores families were observed centered 

 

Figure 5. Mercury intrusion porosimetry 
results for the analyzed cement samples 

For the reference sample that pore family 

been detected showing some coarsening 
effect of the granite waste in the cement 
microstructure. Indeed if the individual 
contribution of each pore family is 
separately considered more relevant 
differences are revealed. Results are 
compiled in Figure 6. 

The relative contribution of the family 
located at the lowest pore diameter is 
reduced in presence of the granite waste; 
modification much more relevant after 
replacing 10% of weight of cement. By 
contrary the family centered at 0.4 

contributes more strongly to the total 
porosity as the granite waste amount 
increases. Thus the number of pores at 
higher sizes increases and then a much easier 
penetrability is verified for the polluted 
samples. These results explained those 
variations measured in the carbonation 
experiments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Relative contribution to the total 
porosity of each pore family 

Coming back to the obtained diffusion 
coefficient values, some beneficial effect 
was obtained with a certain granite waste 
amount. Then some other effect different to 
these observed microstructural modifications 
must be connected to that behavior. The 
granite waste particles are apparently able to 
retain the chloride ions, hinder their mobility 
and then reduce the chloride diffusivity. The 
chemical nature of the granite waste (Table 
1) could explain this finding. Such a result 
was obtained by other authors in presence of 
fly ashes or blast furnace slag (Dhir et al., 
1996; Hossain et al., 2004), additives with a 
similar composition.  

3.4 Sclerometric Test 

In order to predict the mechanical strength of 
the cement samples with the several granite 
waste contents, non destructive tests by a 
sclerometer were performed (Khan et al., 
2004). A hammer impacts the cement surface 
and the rebound distance is evaluated 
(sclerometric factor, SF). The strength (R) 
can be assessed from the experimental 
relation presented in Equation 7 (
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1967). Data are numerically compared in 
Table 3.  

           Eq. 7 

 

Table 3. Assessment of the mechanical 
strength from the sclerometric test 

 Blank 2% 5% 10% 

SF (MPa) 44 47 42 27 

Q (MPa) 41.2 46.9 37.6 15.8 

 
A significant reduction in the mechanical 

strength is obtained for the polluted samples, 
in particular significant for the 10% of 
cement substitution, in good agreement to 
that discussed from the porosimetry 
experiments.  

4 CONCLUSIONS  

The effect of the granite waste incorporation 
to cement was evaluated. The diffusivity 
properties of the new cement mix have been 
checked being chloride ions and carbon 
dioxide the diffusing species analyzed in this 
work. The microstructural modifications 
induced by the waste addition have been also 
discussed.  

Some beneficial effect was found in terms 
of the chloride ions diffusion with additions 
less than 5%. A 20% reduction in the 
chloride penetration rate was obtained after 
substituting 2% of the cement weight. 
Almost no variation is observed with 5% of 
granite particles.  

Regarding the CO2 penetration, a higher 
carbonation rate was measured in presence 
of the granite waste.  

A higher percentage of pores of higher 
sizes was revealed for all the polluted 
cement samples, particularly notable for the 
10% of replacement. Then the incorporation 
of the granite waste to cement deteriorates 
its properties. However for the particular 
case of a chlorinated environment the 
chemical nature of the granite residue 
particles seems to assist to a reduced 
chloride penetration. This finding needs to 

be studied with more detail in order to 
clarify this favorable consequence.  
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