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Abstract: Evaluation of TBM performance is very important in estimating the cost and time of a tunnel
project. Sensitivity analysis of a model is performed to examine the influence of the input variables on the
output variables. In this study, results variability of main models of TBM penetration rate (PR) prediction
have been investigated based on the geological and field performance data at Lar-Kalan water conveyance
tunnel. The overall results indicate that increase of thrust force, CLI, RPM, porosity, and fracturing factor
and the decrease of Q value, quartz content, unconfined compressive strength, tensile strength, induced
biaxial stress on tunnel face, and RQD increases the PR. Sensitivity analysis has been evaluated on the basis
of the two Tornado and Spider charts for different models, and the effect of the input parameters variation
on the variation of the PR have been investigated and the parameters that have the greatest influence on
the PR were specified. Among the geological conditions, the variation of the Q value, porosity, UCS, RQD
and among the machine parameters, variation of the thrust force and RPM have the greatest impact on the
variation of the penetration rate in the project.

Keywords: TBM, Sensitivity analysis, Tornado chart, Spider chart.

INTRODUCTION

TBM performance might be evaluated using different prediction models which have their own specific
characteristics and have been presented based on different environmental and service parameters [1-5].
Uncertainties due to geomechanical properties of rocks intersecting tunnel trajectory must be considered
in design stage. Penetration rate (PR) is one of the most important parameters affected by rock properties
variability in mechanized tunneling. This issue necessitates application of sensitivity analysis to capture the

W 15 1748 Ol ) € o ylos (g 098



Journal of Mineral Resources Engineering (JMRE)

effect of variation in input model parameters on its output.

METHODS

In this paper, sensitivity of different well-established penetration rate models such as NTNU, QTBM
and CSM were analyzed using tornado and spider charts. The research procedure might be summarized as
follows:

1. According to data of 2nd lot of Lar-Kalan water conveyance tunnel, proper prediction models were
considered for sensitivity analysis.

2. Penetration rates were obtained for different geotechnical units of the tunnel using aforementioned
methods.

3. Sensitivity of the methods was checked using tornado and spider charts on variation range of their
input parameters.

FINDINGS

As it can be seen in Figures 1, 2 and 3, QTBM model is mainly affected by Q number of rock unit while
NTNU and CSM models results are mostly governed by cutter head torque (RPM) and uniaxial compres-
sive strength of rock, respectively.

Penetration Rate (m/hr)

0.00 2.00 4.00
Q a0 [ I 0.2
Thrust | 61.11 ([ T 13086
OS] 20.08 [ 069
qu (%) 20.00 [ 1.00
CLI 11.00 [ 100.00
ucs 94.28 [} 6.50
Y 2.85 || 2.25

B Upside ®Downside

Figure 1. Tornado chart of QTBM model sensitivity analysis

Penetration Rate (m/hr)

0 02 o4 06 0R 1 1.2 L4

poresity 1.3 ' 12
Ks-tot 142 I | 3.5
DRI

Figure 2. Tornado chart of NTNU model sensitivity analysis
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Figure 3. Spider chart of CSM model sensitivity analysis

CONCLUSIONS

The followings are the main remarks which are obtained during the research:

e Average advance rates calculated by QTBM and CSM models were closer to the average value of the

actual advance rates.

e Use of sensitivity analysis methods in combination with TBM prediction models helps to evaluate the

most influencing parameters on TBM performance.

e QTBM model is mainly affected by Q number of rock unit while NTNU and CSM models results are
mostly governed by cutter head torque (RPM) and uniaxial compressive strength of rock, respectively.
e In contrast to QTBM and CSM models, operational parameters have more influences on predictions

made by using NTNU model.
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