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analizi i¢in gerekli bashca jeoteknik ozelliklerdir. Bastirma kuvveti ve giic gibi makine ozellikleri,
bu ozelliklerle birlikte ¢atlakli kaya kiitlesi ortamlarinda TBM ilerleme hizinin kestirimine olanak
saglar. Bu calismada, Queens (ABD), Manapouri (Yeni Zelanda) ve Milyang (Giiney Kore) gibi
tamamlanmis tiinel projeleri incelenerek, kaya kiitlesi ozelliklerinin tam cepheli tiinel delme
makinelerinin ilerleme hizma olan etkisi arastirilmustir.

Arastirma sonuglart: 6rnegin mineral, doku, metamorfizma derecesi ve sertlik gibi kaya malzemesi
ozelliklerinin TBM ilerleme hizi lizerinde etkisi olmasma ragmen, siireksizliklerin yonelimi,
stireksizlik ylizey kosullart ve siireksizlik arahigi ile birlikte kaya malzemesinin dayanimi ve
gevrekliligin, baslica 6nemli kontrol parametreleri oldugunu gostermistir.

Anahtar kelimeler: 7iinel delme makinesi, jeoloji, kaya kiitlesi, ilerleme hizi

Effect of Discontinuities in Underground Rock Structures:
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Discontinuities have an important role in changes of the basic properties of rock masses like
strength, deformability and permeability. In addition, discontinuities play an efficient role in the
development of weathering effects on rock masses. In this study, the effects of discontinuities in
underground rock structures carved in tuffs having different color and textural properties were
determined. Study area is located in Giimisler Town where is approximately 8 km northeast of
Nigde, 4 km east of Nigde-Kayseri highway and consist of rock monastery - church and areas in
different dimensions and used for various purposes and a small underground city. The Giimiisler
monastery is an important settlement and tourism area that involves the most preserved frescos
(wall paintings) in the Cappadocia region. The monastery was build by carving the single piece of
rock and consists of square shaped courtyard which has a dimensions of 13,60 x 13,60 m. and is
open at top. The church was build by carving the rock mass at the northern part of the courtyard.
Engineering geological investigations were carried out to determine the negative effects of the
discontinuities in underground rock structures in monastery and near surroundings. In detailed
investigations for the monastery and its surroundings, orientation, opening, aperture, roughness,
continuity, filling of the discontinuity planes and weathering effects on the discontinuity surfaces
were evaluated. Rock falls were observed in the areas where discontinuities are highly dense and in
the openings with discontinuities cutting each other diagonally. In the ignimbrites with a low
degree of welding, decreasing strength with the moisture effects and superficial spallings on the
joinsts were observed. Joint openings increase depending on the superficial spallings. In some
areas, particularly at the north and south parts of the monastery, there is failing danger of large
blocks that became free from discontinuities, remedial measures to support them and drainage
preventions to minimize the moistening effects of the poorly welded tuffs should be taken.

Key words: Nigde, Giimiisler monastery, discontinuities, weathering, tuff
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Yeralt1 Kaya Yapilarinda Siireksizliklerin EtKisi:
(Guimiisler Manastiri- Nigde Ornegi)

Stireksizlikler ozellikle kaya Kkiitlelerinin dayanim, deformabilite ve gegirgenlik gibi temel
ozelliklerinin degismesinde, ayrica kaya kiitlelerinde ayrigsma etkilerinin daha belirgin sekilde
gelismesinde etkin rol oynamaktadir. Bu arastirma kapsaminda farkli doku ve renk ozelliklerine
sahip tiiflerde agilmis yeralti kaya yapilarinda stireksizliklerin etkilerinin belirlenmesine yonelik
calismalar yapilmistir. Incelenen alan, Nigde'nin yaklasik 8 km kuzeydogusunda, Nigde-Kayseri
karayolunun 4 km dogusunda Giimiisler kasabasinda yer alan kaya manastir-kilise ile degisik
boyutlarda, ¢esitli amagclar icin kullanilan alanlardan ve kiigiik bir yeralti sehrinden olusmaktadir.
Giimiisler Manastirr, Kapadokya bolgesinde en iyi korunan duvar resimlerinin bulundugu 6nemli
yerlesim ve turizm alanidir. Manastir; tek bir ignimbirit kiitlesinden oyularak yapilmis, 13,60 x
13,60 m. boyutlarinda kare seklinde iistii agik bir avludan olusmaktadir. Avlunun kuzey tarafindaki
kaya kiitlesinin oyulmastyla kilise yapilmistir. Manastirin ve yakin alanlardaki yeralti kaya
yapilarinda siireksizliklerin olumsuz etkilerinin belirlenmesine yonelik olarak miihendislik jeolojisi
arastirmalari gergeklestirilmistir. Manastir ve yakin alanlarinda yapilan ayrintili incelemelerde
sureksizlik diizlemlerinin; yonelimi, araligi, agikhigi, piirtizlilik ve dalgalihgi, devamliligi, dolgusu
ve stireksizlik yiizeylerindeki ayrisma etkileri degerlendirilmistir. Siireksizliklerin yogun oldugu
alanlarda ve birbirini  verev kesen siireksizliklerin oldugu agikliklarda kaya diismeleri
gozlenmektedir. Bunlarin disinda kaynasma orani nispeten disiik ignimbiritlerde nemliZinin
etkisiyle doygunlugun artmasina bagli olarak dayanim azalmasi, ayrisma etkilerine bagh olarak da
catlak ytizeylerinde yersel dokiilmeler gozlenmektedir. Bu yersel dokiilmelere bagh olarak catlak
agikliklart giderek artmaktadir. Manastirin 6zellikle kuzey ve giiney kesimindeki bazi alanlarda
siireksizliklerle serbest hale gelmis biiyiik bloklarm diisme tehlikesi  bulundugundan
desteklenmesine yonelik onlemler ile kaynasma orani diisiik tiiflerin nemlenme etkilerine karsi
drenaj onlemlerinin alinmast gerekmektedir.

Anahtar kelimeler: Nigde, Giimiisler manastri, siireksizlik, ayrisma, tiif
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Anitkabir, which is the memorial mausoleum of the great leader Atatiirk, is one of the most
important historical structures in Turkey. Stone cladding on concrete skeleton technique was
applied during construction and yellow travertine was mostly preferred for cladding material. The
yellow travertines were extracted from the stone quarries in Eskipazar (Karabiik) town (General
Staff, 1994). The yellow travertines may be quite sensitive to weathering effects due to their
chemical composition and porous structure. The travertine cut slabs in Anitkabir have been
resisting to atmospheric conditions for almost 60 years since 1950s. Additionally, Anitkabir is quite
defenseless to atmospheric effects (rain, wind, etc.) since it is located on an elevated and
unsheltered hill.
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Sonic P-wave velocities parallel and normal to lamination were determined on different yellow
travertine slabs in Anitkabir to assess the weathering degree of yellow travertines. The
investigations were carried out by only in-situ methods since sampling from the mausoleum for
physico-mechanical testing was not allowed. The obtained sonic P-wave velocities were compared
to the sonic velocities of fresh yellow travertine samples and various structural damage
classifications. Additionally, the weathering degree was evaluated by means of the weathering
classification proposed by Akin (2009) for the same rock type.

Finally, several limitations (no sampling allowance, problems during P-wave velocity
measurements) were encountered during investigations in Anitkabir mausoleum and it was
determined that weathering is not very effective on Anitkabir yellow travertines in accordance with
the measured sonic P-wave velocities. However, the initiation of weathering problems can also be
observed locally in some travertine slabs. These problems are more significant especially on the
columns at the southwestern part of ceremony square and on the walls along the Lion Road due to
intensive water (rain, irrigation of grass) and wind effects.

Key words: Anitkabir, travertine, weathering, sonic P-wave velocity

Amtkabir Sari Travertenlerinde P Dalgasi1 Hizi Olciimleri ile Bozunma
Derecesinin Degerlendirilmesi

Ulu onder Atatiirk’tin anit mezari olan Anitkabir, Tiirkiye'deki en onemli tarihi yapilardan bir
tanesidir. Insasinda betonarme iskeletin iizerine tag kaplama yontemi uygulanmis ve kaplamalarda
cogunlukla sari traverten tercih edilmistir. Sari travertenler Eskipazar (Karabiik) ilgesindeki tag
ocaklarindan ¢ikartimistir (Genelkurmay Baskanhgi 1994). Sari travertenler kimyasal bilesim ve
icerdigi gozenekli yapi sebebiyle bozunma etkilerine karsi hassasiyet gosterebilirler. Anitkabir’de
kullanilmis olan travertenler 1950°1i yillardan giiniimiize kadar yaklagik 60 yildir atmosferik
kosullarla etkilesim halindedir. Ote yandan, Anitkabir’in yiiksek ve etrafi agik bir tepe iizerinde
bulunmasi, onu atmosferik etkenlere (yags, riizgar vb.) karsi daha da korumasiz hale getirmistir.
Anitkabir’deki sari travertenlerin bozunma derecesinin degerlendirilmesi amaciyla bu ¢alisma
kapsaminda Anitkabir yerleskesi igerisinde farkli sart traverten kaplamalari izerinde
laminalanmaya dik ve paralel yonde sonik P dalgast hizlari belirlenmistir. Anitkabir’den fiziko-
mekanik deneylerde kullanilabilecek boyutta 6rnek alinmasina izin verilmemesi nedeniyle, sadece
yerinde yontemler yardimiyla arastirmalar gerceklestirilmistir. Elde edilen sonik P dalgasi hizlar
ayni kayanin taze orneklerine ait sonik P dalgasi hizlari ve cesitli yapisal hasar smiflamalari ile
karsilastirlmistir. Bunun yani sira yine ayni kaya tiirii i¢in Akin (2009) tarafindan Onerilen
bozunma siniflamas yardimiyla bozunma derecesi degerlendirilmistir.

Sonu¢ olarak, Anitkabir’de yapilan cahigmalarda cesitli sinrlamalarla  (6rnekleme  izninin
olmamast, P dalgast hizi l¢iimlerindeki sorunlar vb.) karsilasiimis olup, elde edilen sonik P dalgasi
hizlari yardimiyla yapilan degerlendirmelerde, Anitkabir’deki sar1 travertenlerde bozunmanin genel
olarak etkili olmadig belirlenmistir. Ancak, noktasal olarak bazi sari traverten bloklarinda
bozunmaya yonelik sorunlarin basladigi "gézlenmektedir. Ozellikle toren alanimin giineybati
cephesindeki kolonlarda yer alan sari traverten bloklarinda ve Aslanlt Yol kenarindaki duvarlarda
bu sorunlar, su (yagmur ve ¢im sulamasi) ve riizgar gibi etkenlerin yogun olmasma da bagh olarak
daha belirgindir.

Anahtar kelimeler: Anitkabir, traverten, bozunma, sonik P dalgast hizi
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Tensile strength of rocks is an important parameter used in engineering works. Although the tensile
strength test is relatively simple, it is time-consuming and requires samples which are prepared
according to standards. Therefore, indirect properties are often used to predict the tensile strength,
such as Schmidt rebound number, point load strength index, unit weight and porosity. These tests
are simpler, faster and more economical. These tests can also be carried out in the field.

The main objective of this study is to evaluate the indirect methods for estimating the tensile
strength of rocks. A combined laboratory and modeling study was conducted to develop a database
for predicting tensile strength of rocks. Six hundred eighty six rock samples from 24 different sites
throughout eastern Turkey were collected and tested for the development of the database and
evaluation of models. A total of 512 samples were used for developing the models and the
remaining 174 were used to evaluate the dataset. The material parameters selected in the
development of the models include tensile strength (o), point load strength index (Is(sp)), Schmidt
rebound number (N) and unit weight (y). A total of four, two regression models, namely, simple
linear regression and multiple regression, and two feed forward-type artificial neural network
(ANN) models, namely, Radial Basis Function Network (RBFN) and Multi-Layer Perceptrons
Network (MLPN) were developed. Overall, the coefficient of correlation (r) of the MLPN model
was found 0.91, while the r values obtained from the multiple regression and the RBFN models
were found as 0.83 and 0.87, respectively. The MLPN model exhibited the highest performance. A
sigmoid equation was suggested by using weight values obtained from the MLPN analyses to
predict tensile strength of rocks. The performance of this equation was evaluated using the
evaluation dataset and the r was found 0.84.

Key words: Tensile strength, multiple regression, Eastern Turkey, artificial neural network

Kayaclarin Cekme Dayaniminin Regresyon Analizleri ve Yapay Sinir Aglari
ile Tahmin Edilmesi ve Modellerin Karsilastirilmasi

Kayaglarn  ¢ekme dayanimi miihendislik ¢alismalarinda kullanilan 6nemli parametrelerden
birisidir. Cekme dayanimi deneyi oldukga basit olmasina ragmen zaman alicidir ve standartlarda
belirtilen boyutlara gére hazirlanmis karot rnekleri gerektirir. Bu nedenle ¢ekme dayaniminin
tahmin edilmesinde Schmidt geri sigrama saysi, nokta yiikii dayanim indeksi, birim hacim agirlik
ve porozite gibi dolaylt 6zellikler siklikla kullanilir. Bu deneyler daha basit, hizli ve ekonomiktir.
Bu deneyleri arazide de yapmak miimkiindiir.

Bu ¢alismanin ana amaci, kayaglarin ¢ekme dayaniminin dolayl yontemlerle belirlenmesini
degerlendirmektir. Bu amagla, veri tabani olusturmak i¢in laboratuvar ve modelleme calismasi
gerceklestirilmistir.  Veri  tabanmin  olusturulmasi ve modellerin gelistirilmesi i¢in  Dogu
Turkiye'nin dogu kesiminde 24 farkli yerden toplam 686 ornek derlenmis ve bu orneklerde
laboratuvar deneyleri ger¢eklestirilmistir. Toplam 512 6rnek modelleme icin, diger 174 oérnek de
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degerlendirme i¢in kullaniimistir. Modelleme igin segilen parametreler gekme dayanimi (o), nokta
yiikii dayanim indeksi (Iysp), Schmidt geri sigrama sayist (N) ve birim hacim agihgmt (y)
icermektedir. Basit dogrusal ve ¢oklu regresyon ile Radial Basis Function Network (RBFN) ve
Multi-Layer Perceptrons Network (MLPN) modelleri olmak iizere toplam dort model
gelistirilmistir. Sonugta, coklu regresyon ve RBFN modelinin korelasyon katsayilari sirasiyla 0.83
ve 0.87 olarak bulunurken, MLPN modelinin korelasyon katsayist 0.91 olarak bulunmustur. MLPN
modeli en yiiksek performansa sahip modeldir. Kayaglarin ¢cekme dayaniminin tahmin edilmesi icin
MLPN analizlerinden ortaya ¢ikan agirhk degerleri kullanilarak bir sigmoid esitlik 6nerilmistir. Bu
esitligin performansi degerlendirme i¢in ayrilmis olan veri tabam kullanilarak degerlendirilmis ve
korelasyon katsayist 0.84 olarak bulunmustur.

Anahtar kelimeler: Cekme dayanimi, ¢coklu regresyon, Dogu Tiirkiye, yapay sinir agu.
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Weak rocks were widely used because of their easy treatment properties for different purposes by
human being from past to present. Weak rocks are affected by outer factors because of their
geological properties in comparison with hard rocks and this significantly reduces their
performance in the usage area. Weak rocks are mainly or directly used in carved rock buildings or
as a building stone in historical buildings built for different purposes. In this study, determination
of the properties, that significantly ffect the performance of the yellow tuffs and ignimbrites
known as Nigde Yellow used in many historical buildings of the region, is aimed. The major cause
of survival of the historical buildings till today is the durability of the building stones against
external factors. Detailed investigations were carried out to determine the lithological, textural and
engineering properties of the yellow tuffs and ignimbrites that have weak rock properties. In this
context, chemical analysis, petrographic studies, XRD analysis and other experimental studies to
determine the engineering properties of these rocks were carried out. As a result of the
experimental studies, many engineering properties like dry and saturated unit weights, water
absorption in weight, effective porosity, slake durability index, capillary water absorption, P-wave
speed and uniaxial pressure strength were determined. In addition, in-situ Schmidt hammer
rebound value measurements were made at different levels of the investigated historical buildings.
In spite of the low engineering properties of the investigated rocks, the most important problem that
affects the performance in the usage area is ground water. Local losses were observed as a result of
the superficial spallings and ruptures in rocks because of the moistening especially in ignimbrites.
Except the moistening effect, in rocks used in most of the structures investigated, although they
have been extracted rom the same quarries, becuse the stones have been from the parts of quarries
where rocks exhibit different and weak characteristics, it was observed that weathering procsses
more effectively developed on these rocks used as buildig stone.

Key words: Nigde, weak rock, weathering, historical structitre, ignimbrite, tuff
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Yapi Tas1 Olarak Kullanilan Zayif Kayalarin Miihendislik Ozellikleri: Nigde
Yoresi Tarihi Yapilarindan Ornekler

Zayif kayalar, cesitli amaglar icin kolay islenebilirligi nedeniyle, gecmisten gliniimiize kadar
insanoglu tarafindan yaygin olarak kullanilagelmistir. Zayif kayalar, sert kayalara oranla, jeolojik
ozelliklerinden dolayr dig faktorlerden daha cok etkilenerek kullanim yerindeki performansi da
onemli derecede distirebilmektedir. Zayif kayalardan cogunlukla ya dogrudan dogruya icleri
oyularak olusturulmus kaya yapilari, ya da degisik amaclar icin insa edilmis tarihi yapilarda yapi
tagt olarak yararlaniimaktadir. Bu cahsmada yoreye 6zgii bircok tarihi yapida kullanilan ve Nigde
sarist olarak bilinen sari tiifler ile ignimbiritlerin kullanim yerlerindeki performanslarint Gnemli
derecede etkileyen ozelliklerin belirlenmesine yonelik arastirmalar yapimustir. Giiniimiize kadar
ulagan tarihi yapilarin ayakta kalmasindaki nedenlerin basinda kullanilan taslarin dis etkilere karsi
dayanikhiligi gelmektedir. Zayif kaya ozelligindeki sari tiif ve ignimbiritlerin litolojik, dokusal ve
miihendislik ozelliklerinin belirlenmesi amaciyla ayrintih arastrmalar yapimistir. Bu kapsamda
kimyasal analizler, petrografik incelemeler, XRD analizleri ile bu kayalarin miihendislik
ozelliklerinin belirlenmesine yonelik deneysel calismalar gerceklestirilmistir. Deneysel ¢alismalar
sonucunda incelenen taslarin, kuru ve doygun birim agurliklari, agirlikca su emme, efektif porozite,
suda dagilmaya karst duraylhilik indeksi, kilcal su emme, P-dalga hizt ve tek eksenli basing
dayanimi gibi birgok miihendislik 6zellikleri belirlenmistir. Ayrica incelenen tarihi yapilarm farkl
seviyelerinde yerinde Schmidt g¢ekici geri sigrama degeri ol¢timleri de yapilmistir. Incelenen
taslarin - miihendislik = ozelliklerinin nispeten diisiik olmasina karsin, kullamim yerindeki
performansint etkileyen en ©nemli sorunun zemin suyu oldugu anlasilmis olup, ozellikle
ignimbiritlerde nemlenme sonucunda kayada yiizeysel dokiilme ve kopmalar sonucunda yersel
kayiplar gozlenmistir. Incelenen yapilarin cogunda kullanilan kayalarda, nemlenme etkileri disinda,
farkli dokusal ozelliklerdeki kayalarin birlikte kullanilmast, ayni tas ocaginda olmasma karsm
farklt ve zayif 6zellikler gosteren kesimlerden tas secilmesi nedeniyle yapi tagi olarak kullanilan bu
kayalarda bozunma siirecinin daha etkin gelistigi gozlenmistir.

Anahtar kelimeler: Nigde, zayif kaya, bozunma, tarihi yapi, ignimbirit, tiif.
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