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En giivenli ve ekonomik destek sisteminin belirlenmesi yeralt1 yapilart i¢in onemlidir. Tiinel desteklerinin
tasariminda RMR, RMi ve Q kaya kiitle siniflama sistemleri gibi gorgiil yontemler bir¢ok arastirmaci tarafindan
kullanilmustir. Bu gorgiil yontemler pratik olmalart nedeniyle miihendisler tarafindan genellikle tercih edilirler. Ancak,
bu gorgiil yontemler tiinel c¢evresindeki gerilme dagilimi ve deformasyonlart vermezler. Bu nedenle, gorgiil
yontemlerden elde edilen destek sistemleri sayisal analizlerle kontrol edilmelidir. Bu c¢alismada, Kapikaya baraj
yerindeki diyabazlarin miithendislik &zellikleri ve ¢evirme tiinelinin destek tasarimi incelenmistir. Arazi ¢alismalarinda,
diyabazlarin igerdigi siireksizliklerin yonelim, devamlilik, aralik, agiklik, piiriizliliik, bozunma derecesi ve dolgusu vb.
miihendislik 6zellikleri belirlenmistir. Diyabazlarin tek eksenli sikisma dayanimi ([1.), Young Modiilii ([]), Poisson
orani ([J) ve birim hacim agirhigr ([J) gibi fiziksel, mekanik ve elastik 6zellikleri kaya Ornekleri tizerinde yapilan
laboratuvar deneyleri ile belirlenmistir. Baraj yerinin kaya kiitle 6zellikleri ve destek gereksinimleri RMR ve RMi kaya
kiitle smiflama sistemleri kullanilarak belirlenmistir. RMR ve RMi sistemlerinden belirlenen destekler Phase? programi
kullanilarak degerlendirilmistir. Sonug¢ olarak RMi sisteminden elde edilen kaya bulonlari daha ger¢ekgidir. RMR
sistemi gerekenden daha uzun kaya bulonu 6nermektedir. Diger taraftan, RMi sisteminin &nerdigi piiskiirtme betonun
kalinlig1 yeterli degildir ve tiinel ¢evresinde hala yenilme elemanlar1 vardir. RMR sistemi ise daha gercekei piiskiirtme
beton kalinlig1 6nermektedir. Sonugta, RMR ve RMi sistemlerinden elde edilen destekler dikkate alinarak yeni destek
sistemleri dnerilmis ve Sonlu Elemanlar Yontemi kullanilarak analiz edilmistir. Destegin uygulanmasindan sonra sadece
yenilme elemanlar1 sayisi degil ayni zamanda plastik zonun yayilimi da oldukca azalmistir. Sayisal analiz sonuglari
gostermistir ki, onerilen destek sistemleri uygulama asamasinda yapilacak o6l¢iimler ile gorgiil ve sayisal yontemlerden
elde edilen sonuglar karsilastirilarak kontrol edilmelidir.
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Determination of the most safe and economical support system is important for underground structure. In
designing tunnel supports, empirical methods, such as RMR, RMi and Q rock mass classification systems, have been
employed by many researchers. These empirical methods are generally preferred by engineers due to practicality.
However, these empirical methods do not provide the stress distributions and deformations around the tunnel. For this
reason, support systems obtained from the empirical methods should be checked using numerical analyses. In this study,
the engineering geological properties of diabases and support design of a diversion tunnel at the Kapikaya Dam site
were examined. In the field studies, the engineering properties of discontinuities in the diabases, such as the orientation,
persistence, spacing, aperture, and roughness, a degree of weathering and filling etc were determined. The physical,
mechanical and elastic properties of the diabases, such as uniaxial compressive strength ([].), Young’s modulus (E),
Poisson’s ratio (1) and unit weight (L]), were determined from laboratory testing on intact rock samples. The rock mass
properties of the dam site and the support requirements were obtained by using the RMR and RMi rock mass
classification systems. The supports determined from the RMR and RMi systems were evaluated using Phase?
commercial software. As a result, the rock bolts obtained from the RMi system is more realistic. The RMR system
suggests taller rock bolt than necessary. On the other hand, the thickness of shotcrete suggested by the RMi system is
not enough for tunnel stability and there are still some yielding elements around the tunnel. The RMR system suggests
more realistic the thickness of shotcrete. Finally, new support systems were suggested considering supports obtained
from the RMR and RMi systems and analyzed for by using the Finite Element Method. After support installation, not
only the number of yielded elements but also the extent of plastic zone decreased substantially. The results of numerical
analyses have shown that the validity of support systems proposed should be checked by comparing the measurements
to be carried out during operation with the results obtained from empirical and numerical methods.
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