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TBM failures Summary

Subsystem Nowadays, the use of tunnel boring machines (TBMs) in construction
Fault tree analysis projects such as road and metro tunnels, as well as in mining
Reliability operations like the excavation of main tunnels and access to mines,
Fussell — Vesely equation has significantly increased. Given the relatively high operational

costs of these machines, it is essential to study their performance further to enhance their availability. One
approach in this regard is to investigate the reliability and identify the weaknesses and failures of these
machines. For this purpose, the present study employs fault tree analysis method to examine the failures of the
TBM used in Line 1 of Tabriz Metro. Considering five subsystems for this machine, the probability of failure
for each subsystem, and subsequently, the overall probability of failure for the machine have been determined.
The results indicate that the probability of failure for the machine is 62.15%, and therefore, its reliability is
37.85%. Finally, using the Fussell — Vesely importance (FVI) measure, the contribution of events and the
minimal cut sets (MCS) to the probability of TBM failure have been identified. According to the achieved
results, the cutting tools of the machine and the conveyor belt are among the most critical minimal cut sets in
the failure of the studied machine, significantly impacting its reliability.

Introduction

Many studies have been conducted by researchers to estimate the performance of TBMs with respect to
penetration and advance rates. However, there has been comparatively less focus on investigating the failures
of these machines, which significantly impact their performance and availability. Reliability analysis serves as
a valuable approach for examining failures in systems or subsystems and identifying their shortcomings.
Considering the initial investment costs and the relatively high operational costs of TBMs, it is essential to
have a comprehensive understanding of their various components to prevent downtime caused by failures. By
accurately identifying the types of failures and studying the failure times that occur in these machines, their
reliability can be determined. Furthermore, by providing an appropriate program for preventing and modifying
maintenance, it is possible to significantly reduce unwanted TBM downtimes and to lower project execution
costs. To achieve this aim, in present study, the fault tree analysis method is used to analyze the reliability of
an earth pressure balance tunnel boring machine (EPB-TBM). This method has not been reported in previous
studies for analyzing the reliability of a full-face tunnel boring machine.

Methodology and Approaches

One of the methods that has significant applications in the analysis and evaluation of failures and assessment
of the reliability of machinery is the fault tree analysis method. This method is widely used in the field of risk
assessment, studying failures, and analyzing the reliability in various areas, as well as in mining engineering.
For this purpose, operational data from the earth pressure balance type tunnel boring machine manufactured
by NFM China, used in Line 1 of Tabriz Metro, has been utilized. Five subsystems including mechanical,
electrical, hydraulic, pneumatic and water subsystem have been considered and the failure of the TBM is
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considered the main event (top event), while each of the defined subsystems of the machine is regarded as
intermediate events. Additionally, the failures of each of these subsystems are depicted as basic events in the
fault tree.

Results and Conclusions

The analysis in this study reveals that the mechanical and hydraulic subsystems significantly influence the
failure rates of the studied machine, exhibiting lower reliability than other subsystems. Furthermore, the
calculated probability of machine failure stands at 62.15 percent. Consequently, the reliability of the drilling
machine operating in Line 1 of Tabriz Metro is determined to be 37.85 percent within the designated timeframe.
Lastly, based on the Fussell — Vesely importance (FVI) measure, it reveals that the machine cutting tools and
conveyor belt represent some of the most critical minimal cut sets contributing to the machine failure, thereby
greatly affecting its overall reliability.




