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Bir tiinel projesinin 6n tasarim asamasinda oncelikli yapilmasi gereken calismalardan biri
o bolgedeki kaya kiitlelerinin miihendislik 6zelliklerinin belirlenmesi ve bu ozelliklere
sahip olan kaya kiitlelerinin s6z konusu teknik girisime karsi gosterecegi davranisin
degerlendirilmesidir. Bu arastirma, Elmadag bolgesinde agilacak bir demiryolu tiinelinin
icinden gececegi Elmadag formasyonu (metakumtast ve silttaglar) ve Artova ofyolitli
karigigma (serpantinit) ait olan kaya tiirlerinin, miithendislik 6zelliklerinin belirlenmesini
ve olasi deformasyonlarin hesaplanarak ©on tasarim asamasimin gergeklestirilmesini
kapsamaktadir.

Tiirkiye Cumbhuriyeti Devlet Demiryollar1 (TCDD) tarafindan agilmasi planlanan tiinel,
Ankara-Sivas hizli tren projesinin bir pargast olup, Ankara melanji gibi zorlu jeolojik
kosullara sahip bir ortamda insa edilecektir. Arazi, laboratuvar ve sondaj verilerine gore,
tiinel glizergahinda oldukga diisiik kaliteye (%0-20 RQD; 18-25 GSI) ve dayanima (oc ~

4 ve OC, antinic™ 29 MPa) sahip kaya malzemeleri bulunmaktadir. Béyle bir ortamda thinelin
duraylihgmin saglanmasi i¢in oncelikle kaya kiitlelerine ait dayanmim (o) ve deformasyon
0zeliklerinin (E) belirlenmesi gerekmektedir. Bu amagla Hoek-Brown yenilme Sl¢iitii esas
alinmis ve bu 6lgiitle elde edilen parametreler (o, E, m,, s, a) sonlu elemanlar modellemesinde

girdi verisi olarak kullanilmistir.

Artova ofiyolitli karisiginin serpanitleri mostrada ufalanmis, toprak goriiniimiindedir.
Genel olarak melanja ait birimler igin gecerli olan “Bimrock” yaklasimmin bdyle bir
ortamda kullanilabilmesi igin bir matriks igerisinde ¢esitli boyutlarda bloklarin yer almasi
gerekir. Mevcut ortamda bu sekilde bir yaklagima gidilememesinin sebebi yiiksek derecede
bozunmaya ve ufalanmaya ugramis serpantinitlerin, daha az bozunmus serpantinit bloklarina
olan ge¢isinin “bimrock” ortamiyla ne derecede ortiistiigli konusunda eksik bilgiye sahip
olunmasindan kaynaklanmaktadir. Bu nedenle “bimrock” yerine “ileri derecede eklemli”
olarak degerlendirilen kaya ortami Hoek-Brown yenilme Ol¢iitiine gore tanimlanmustir.
Ayrica numerik modellerin olusturulmasinda kullanilan software programi (Phase2) da yine
bu yenilme dlciitiine (H-B) gore ¢oziim yapmaktadir. Ortamin iicten fazla eklem setiyle
kesilen ve derinlige ve litolojik birimler arasindaki tektonik dokanaga olan uzakliga bagl
olarak degisen bozunma dereceleri sebebiyle kaya davranislari sonlu elemanlar yontemi
kullanilarak modellenmistir. Elde edilen veriler serpantinitlerde destek yerlestirilmeden
hemen Once meydana gelen plastik yenilme zonunun yarigcapini (yaklasik 26 m), tiinel
yarigapinin 2 katindan daha fazla olabilecegini gostermistir ve toplam yer degistirme 0.0154
m olarak hesaplanmistir. Bunun yani sira, metakumtasi ve silttagt birimlerinden olusan
Elmadag formasyonunda heniiz kaz1 yapilmadan yenilme meydana gelmis ve bu davranisin
sebepleri ilerleyen ¢aligmalarla test edilecektir.
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ABSTRACT

In a typical pre-design stage of a tunnel project, the primary work set-up should include
determination of engineering parameters of rock masses and better understanding of their
mechanical behaviors for their further technical operation. This study as a pre-design stage
aims to determine engineering properties for future excavation of the Elmadag tunnel project
in Elmadag region, where possible deformations of the Elmadag formation (metasandstone
and siltstone) and Artova Ophiolitic Complex (serpentinite) rock units will be assessed.

The Elmadag tunnel will be excavated by the Turkish State Railways (TCDD) and as a
section of Ankara-Sivas high-speed railway project which will be constructed under the
complex geological conditions. According to the combined analysis based on field oriented,
laboratory and borehole data indicate that the rock materials are classified in very poor
quality (0-20% RQD; 18-25 GSI) and low strength (oc ., ~4veoc, . =29 MPa). The
strength (0, ) and deformation parameters (E) of rock masses are needed to be determined for
stability analysis. For this purpose, the Hoek-Brown empirical failure criteria is considered
to estimate engineering parameters (0, E, m,, s, a) and they are used as input data in finite
element modelling.

The serpentinites of the Artova ophiolitic complex are exposed as decomposed materials or
soils. In order to identify these rocks as “bimrocks”, the different size blocks in a matrix are
needed to be distinguished clearly. The Artova serpentinites range from highly weathered
and decomposed soils to moderately weathered blocks which are not overlapped with the
description for “bimrocks” due to lack of information on rock characteristics. For this
reason, these units are considered as a highly jointed rock mass rather than “bimrock”
and classified by Hoek-Brown empirical criteria. In addition, the sofiware (Phase2) used in
numerical modelling calculates deformations depending on this criteria (H-B). Rock mass
behaviours are modelled by finite element methods due to discontinuum media including
more than 3 joint sets and varying between different weathering degrees with depth and the
tectonic contact between the lithologic units. The data obtained reveal that the radius of
plastic yield zone in serpentinites just before the erection of the support is two times bigger
than the tunnel radius (=26m) and the amount of displacement is 0.0154 m. Results from the
numerical analyses suggest that yielding in the Elmadag formation (metasandstones and
siltstones) occurs before the excavation work and further tests to clarify the reason of this
behaviour are necessary.
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