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Abstract

Engineering geological properties and support design of a planned diversion tunnel at Guledar dam site, which was located

at the North of Ankara, Turkey were studied in this article. The main purpose of the construction of the planned tunnel is to

regulate, drainage and to provide water for irrigation purposes. The diversion tunnel runs mainly through formations of

limestone, sandstone and diabase. Rock masses at the site were characterized using Rock Mass Rating (RMR), Rock Mass

Quality (Q), Rock Mass Index (RMi) and Geological Strength Index (GSI). RMR, Q, RMi and GSI were determined by using

field data and mechanical properties of intact rock samples, measured in the laboratory. Support requirements for the planned

diversion tunnel were determined accordingly in terms of the rock mass classification systems. Recommended support systems

by empirical methods were also analyzed using 2D Finite Element method. Calculated parameters based on empirical methods

were used as input parameters in the finite element models. The results from both methods were compared with each other. This

comparison suggests that more reliable support design could be achieved by using the finite element method together with the

empirical methods.
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1. Introduction

Empirical and numerical methods are commonly

used methods when underground engineering struc-

tures are designed. Empirical methods are generally

preferred by rock engineers and engineering geolo-

gists due to their practicality. In designing tunnel

supports, rock mass classification systems, RMR, Q

and RMi have been used by many researchers and

gained a universal acceptance. These classification

systems have been originally obtained from many

tunneling case studies and they have been applied to

many construction designs. However, these empirical
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methods cannot adequately calculate stress redistribu-

tions, support performance and deformations around

the tunnel. Therefore, particular attention has to be

given when they are used. Especially, determination

of their values in terms of the rock mass, subjected to

the analysis, is very sensitive to the field observations.

In the same manner, numerical methods such as finite

element method are very dependent on the strength

parameters of rock masses, which are input into the

finite element models. Therefore, both methods

should be used carefully and their parameters should

be determined as close as possible to field data. On the

other hand, providing reliable input parameters to

finite element method can produce meaningful calcu-

lations on the ground control. In this article, two

methods were used and their estimations and recom-

mendations on tunnel support design were evaluated.

Engineering geological and rock mechanics studies

were carried out at Guledar irrigation dam site. The

project area is located 30 km north of Ankara, capital

city of Turkey. The dam project is designed to regulate

the drainage and to irrigate the agricultural areas. The

design of Guledar dam project is under supervision of

General Directorate of State Hydraulic Works (DSI),

of the Ministry of Energy and Natural Resources,

Turkey. The planned length of the diversion tunnel

is 310 m, having circular geometry with 3 m diameter.

The dam site is located within Karakaya complex

formation, which is composed of sandstone, limestone

and diabase. The location map of Guledar dam site is

given in Fig. 1.

Both laboratory and field studies were completed.

Geological mapping, core drilling, pressured water

test and geotechnical descriptions were conducted in

the field. Index and design properties of rocks were

determined on intact rock samples in the laboratory.

These are uniaxial compressive strength (rc), Young

modulus (E), Poisson’s ratio (m), tensile strength (rt),

internal friction angle (/), cohesion (c), bulk unit

weight (c) and porosity (n).

The properties of rock mass around the opening,

tunnel diameter, tunnel depth, geometry and the sup-

port characteristics to be used are the basic input

parameters for a safe tunnel design (Ozsan and

Basarir, 2003). Therefore, the rock mass properties

of the site were determined by using different rock

mass classification systems and GSI. The support

performance proposed by rock mass classification

systems was analyzed and preliminary support design

of the diversion tunnel was proposed.

Fig. 1. Location map of Guledar dam site.
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