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Kaya diismesi, kaya kiitle duraysizliklari i¢erisinde en yogun olarak gozlenen yenilme tiirlerin-
den biridir. Kaya diisme analizlerinde 6nceki yillarda 2-boyutlu yontemler kullanilmaktayken,
son yillarda teknolojinin ve yazilimlarin da gelismesi ile birlikte 3-boyutlu analiz yontemleri
tercih edilmeye baslanmistir. 2-boyutlu kaya diigme analizinde kaya diismeleri farkli diisey ke-
sit hatlar1 tizerinde degerlendirilmektedir. Ancak, topografyadaki diizensizliklerin kaya diigme
hatlariin yonelimi ve yuvarlanma mesafeleri iizerinde énemli bir etkisi bulunmaktadir. Bu
nedenle kaya diismelerinin ve diisme sonrasi yuvarlanma rotalarinin daha dogru bir sekilde
degerlendirilebilmesi i¢in 3-boyutlu analiz yontemlerine ve dolayisiyla da 3-boyutlu detay
modellere ihtiya¢ vardir. 3-boyutlu topografyanin olusturulabilmesi i¢in ¢ogu zaman farklh
6lgeklerdeki (1:25000-1:1000) topografik haritalardan iiretilen sayisal arazi modellerinden ya-
rarlanilmaktadir. Fakat bu haritalardan elde edilen arazi modelleri arazi detayini giincel olarak
sunamamakta ve analiz sirasinda olduk¢a dnem arz eden arazi yiizeyindeki nesnelerle (6rn.
bina, aga¢ vb.) ilgili bilgi igermemektedir. Literatiire bakildiginda, 6zellikle 2000’1 yillarin
baglarindan itibaren kaya diisme analizlerinde kullanilacak sayisal yiizey modelinin hazirlan-
masinda, yersel lazer tarama (TLS) ve insansiz hava araglar1 (IHA) ile alinan fotogrametrik
goriintiilerden elde edilen yiiksek ¢oziiniirliiklii nokta bulutlarinin kullanilmaya baslandig1 go-
rilmektedir. 3-boyutlu nokta bulutu yardimiyla iiretilen detayli sayisal yilizey modeli 3-boyutlu
kaya diisme analizlerinde kullanilabilmektedir.

Bu caligma kapsaminda, Akkdy (Urgiip, Nevsehir) yerlesim yerindeki kaya diisme alan1 yersel
arazi taramasi1 (TLS) ve insansiz hava arac1 (IHA) ile alinmis fotogrametrik goriintiilerden
olusturulan sayisal yiizey modelleri tizerinde RocPro3D yazilimi kullanilarak 3-boyutlu olarak
ayr1 ayri analiz edilmistir. 3-boyutlu kaya diisme analizleri sonucunda diismesi olas1 blok-
larin yuvarlanma mesafeleri, sigrama yiikseklikleri ve kinetik enerjileri belirlenmistir. Elde
edilen analiz sonuglarina gore, bu yerlesim yerinin kaya diigsmelerinden korunmasi amaciyla
iist kotlarda insa edilmis olan yaklasik 2 m derinlikteki hendek yapisina ragmen, halen kaya
diisme tehlikesi altinda bulundugu ortaya konulmustur. Ote yandan, TLS ve IHA ile elde edi-
len sayisal yiizey modellerinin kaya diisme analizleri lizerindeki etkisi yorumlanmistir. Buna
gore, her iki yontemin de avantajlar1 olmakla birlikte, derin topografik diizensizliklerin (6rn.
hendek, vadi vb.) bulundugu lokasyonlarda TLS yontemiyle olusturulan nokta bulutlarinin
bu tiir diisey yapilari tam ve gergekgi olarak yansitmakta zorlandigi ve kaya diismesi sonrast
yuvarlanma rotalarinin tam belirlenememesinin, kaya diisme analizi sonuglar tizerinde 6nemli
bir etkisi olabilecegi sonucuna varilmistir.
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ABSTRACT

Rockfall is one of the most common failure modes of rock mass instabilities. 2-D methods have
been carried out for the rockfall analyses in previous years whereas 3-D analysis methods are
increasingly preferred due to the development of technology and sofiware types. Rockfalls are
evaluated on different vertical cross sections in 2-D rockfall analyses. However, topographical
irregularities dominantly affect the alignment of rockfall trajectories and runout distances.
Thus, a realistic rockfall analysis for the determination of rockfall trajectories requires 3-D
analysis methods as well as 3-D detailed models. Digital terrain models constructed from to-
pographical maps in variable scales (1:25000-1:1000) are mostly made use of to form a 3-D
landscape. Nevertheless, the terrain models created on the basis of these maps do not actually
present a detailed landscape and do not involve the necessary information about the objects
on the territory (e.g. building, tree etc.) which are quite crucial for the analysis. According to
the literature, high resolution point clouds acquired by terrestrial laser scanning (TLS) and
photogrammetric images taken by unmanned aerial vehicles (UAV) have been started to be
employed to form the digital surface model used in rockfall analyses particularly since the
early 2000s. A detailed digital surface model produced by 3-D point clouds can be utilized in
3-D rockfall analyses.

In this study, the rockfall site around Akkoy (Urgiip, Nevsehir) settlement is three-dimensio-
nally analysed using the RocPro3D software on digital surface models created by terrestrial
laser scanning (TLS) and photogrammetric images taken by unmanned aerial vehicle (UAV).
The runout distance, bounce height and kinetic energy rates of the blocks likely to fall are de-
termined after 3-D rockfall analyses. Considering the analysis results, it is concluded that the
settlement is still in danger of rockfall despite a 2 m-deep ditch constructed at high elevations
to protect the settlement from falling rocks. Furthermore, the effect of digital surface models
constructed by TLS and UAV data on rockfall analyses is evaluated. Consequently, though
both methods have advantageous, in locations where deep topographical irregularities (e.g.
ditch, valley etc.) exist, the point cloud derived by TLS can hardly and imprecisely reveal such
deep structures leading to a major effect on the results of rockfall analyses due to inaccurate
determination of rockfall trajectories.
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