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TBM Summary

Cutter Life Cutter life is one of the major hard rock TBM performance parameters that
EEASR has a direct effect on the total cost and completion time of a tunneling

project. Major influential factors of the cutter life include geological
parameters as well as operational and design characteristics. In this regard,
the operational parameters are not deeply investigated in combination with
other factors mentioned above. In this paper, the results of statistical analyses of the cutter life information of
Ghomrud water conveyance tunnel project (lots 3 and 4) along with its influential factors are presented. The results
show the cutter rolling and normal force are among the most influential factors of the TBM operational parameters.
An attempt to make a relationship between combination of these two factors along with uniaxial compressive strength
(UCS) leads to a multi regression formula with a coefficient of determination of 75%.

Operational Parameters

Introduction

The life of disc cutters is directly related to the cost and time of completion of a mechanized tunneling project. In this
regard, accurate estimation of this parameter can be an effective aid in estimating the consumption rate of disc cutters,
their replacement time, and related costs. Therefore, estimating the disc cutter life parameter or related indicators is of
special importance for tunnel engineers. In recent years, many studies have been conducted to investigate the
parameters affecting the life of disc cutters using the strength properties (e.g. UCS) and abrasion properties of rock
material (e.g. CAl). In the experimental relationships developed by the researchers, the operational parameters of
TBM and the design information of disc cutters (i.e. diameter, normal force capacity, etc.) are generally not
considered. This can be one of the main reasons for the unconvincing estimate of these models in the view of tunnel
engineers.In order to improve the performance of these models, it is necessary to use field data collected in various
tunnel projects to thoroughly examine the effect of important parameters that have not been considered so far. For this
purpose, in this paper, to investigate the combined effect of normal force and rolling force along with the geological
parameters on the disc cutter life, a database of geological and operational parameters of Ghomrud water transfer
tunnel (lots 3 and 4) has been set up to develop formulas for two scaled parameters of disc cutter life with the unit of
one cubic meter per millimeter of disc cutter wear and the number of kilometers of disc cutter rolling distance per one
millimeter of cutter wear.

Methodology and Approaches

A database of daily information of geological and operational parameters of TBM tunneling has been set up for
Ghomrud tunnel project lots 3 and 4. The length studied in this database is 18 km and it includes 129 records of daily
data. This database includes the parameters of UCS, RMR, normal force applied to the disc cutter (Fn), rolling force
(Fr), penetration per each revolution (p), and field penetration index (FPI). The major methodologies used in this
paper include simple and multiple regression analysis using Minitab software.
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Results and Conclusions

The results of the analyses made in this study show that the average life parameter of disc cutters in different positions
on the cutter head for the discs in the face and peripheral areas is obtained equal to values from 68 to 85 km /¢ / mm.
The values associated with the discs in the central area and the discs adjacent to the central area are different from the
above-mentioned values. This difference is due to the different type of contact of these discs with the ground due to the
small radius of rotation and/or stress concentration in this area. Analysis of disc cutter life indices in different
geological zones shows that as the compressive strength and quartz content of rock decrease, disc cutter life indices
increase. The results of simple regression analysis between geological parameters, operational parameters, and disc
cutter life index show that Fn, Fr, FPI, UCS, and RMR are the most important parameters affecting the disc cutter life
index. An increase in these parameters causes a reduction in the disc cutter life index. The results also show that the
regression relationship between disc cutter life index and uniaxial compressive strength contains a coefficient of
determination of 54%. Based on multiple regression analyzes, the best relationship for estimating disc cutter life index
including Fr, FPI, and UCS is obtained with a coefficient of determination of 75%. It should be noted that in the
relationships developed in this paper, the effect of rock abrasion parameters is not considered. It is also important to
note that the majority of the tunnel length consists of schist and slate rocks with RMR value between 30-60 and quartz
content less than 20%. Therefore, the proposed relationships give better answers for conditions with weak to moderate
uniaxial strength and low content quartz.




