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Table 1: Penetration rate indices
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Figure 1: The relationship between force index and torquetindex [22]
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Table 2: Classification of parameters affecting the penetration rate
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Table 3: Database data
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Figure 2: Distribution of the main parameters in the database and thei |
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Table 4: Correlation matrix of database parameters

PR D P SPT OR Ic Su
(mm/min)  (m) (bar) (%) (kPa)
D (m) 0.260
P (bar) 0.020  0.105
SPT -0.207  -0.005 -0.106
OR (%) 0.534  -0.079 -0.231 0.411
Ic -0.359 -0.351 -0.408 0.894 0.325
Su (kPa) -0.205 -0.134 -0.017 0.877 0.418 0.835
OB (m) 0.480  0.096 0.327 0.019 0.249 -0.215 0.103
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Figure 3: Changes in penetration rate against the standard penetration number (dashed lines roughly represent the upper and lower
bounds of the data)
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Figure 4: The influence of the values of the standard penetration number on the penetration rate [22]
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Figure 5: Changes in penetration rate against the consistency index (the dashed lines roughly show the upper and lower limits of the
data)
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Figure 6: The changes of penetration rate against the opening ratio of the cutterhead (dashed lines roughly show the upper and lower
limits of the data)
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Figure 7: Changes in penetration rate.versus face/pressure (the dashed lines roughly represent the upper and lower limits of the data)
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Figure 8: Examining the relationship between face pressure and penetration rate
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Figure 9: Investigating the relationship between the rotation speed of the screw conveyor and the penetration rate
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Figure 10: Changing the amount of thrust force and rotation speed of the screw conveyor to control the face pressure
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Figure 12: The effect of reducing clogging on the thrust force and penetration rate in the southern expansion project of Tehran Metro
Line 6
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Table 5: Minitab regression coefficients for prediction of penetration rate (Ln (PR) is the target parameter)

Term Coef SE Coef T-Value P-Value VIF
Constant 2780 0.146 19.03 0.000
5 Il S5a80e-40 <0.01175 0.00237  -4.96  0.000 1.14
OR 0.01940 0.00314 6.19 0.000 1.21
OB 0.01445 0.00515 2.80 0.010 1.07
2.780 — 0.01175 ABS(SPT —40)+ 0.01940 OR + 0.01445 OB
PR =¢! (s°T-40)+ ’ ) [R?=72%] M

(mm/min) 3445 7, : PR
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Table 6: Regression relationships obtained to estimate penetration rate
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Figure 13: Actual penetration rate versus predicted penetration rate
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Figure 14: Correlation between d60 and PR for EPB TBM in line 7 of Tehran Metro
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Evaluating the Penetration Rate of Earth Pressure
Balance Tunnel Boring Machines

Ebrahim Farrokh?

!Mining engineering faculty, Amirkabir university of technology (Tehran polytechnic)

ABSTRACT
The penetration«rate is a crucial parameter in the performance of Earth Pressure Balance (EPB) Tunnel

Boring Machines (TBMs), which'is used to assess the time and cost of completing a project. However, so far, no
model has been presented to predict'the penetration rate in soft soils, leading engineers to rely on approximate
estimations based on similar projects. This results in significant inaccuracies in project completion time. In this
article, statistical analysis has been‘conducted using performance data from EPB TBMs worldwide to examine
the correlation between the penetration‘rate and its influencing factors. The parameters discussed include
tunnel diameter, face pressure, undrained shear strength, unconfined compressive strength, head opening ratio,
and standard penetration number. Based on‘the data analysis, three parameters, namely head opening ratio,
unconfined compressive strength, and standard penetration number, have been identified as significant
influencing factors. This article provides useful relationships for estimating the penetration rate with
determination coefficients ranging from 68% to 72%. Considering the absence of an accurate performance
prediction model for soft ground TBMs, the results of this study assist tunnel project engineers in the initial

stages of the project by enabling better evaluation of performance parameters, time, and cost requirements.

KEYWORDS
EPB, Penetration rate, head opening ratio, unconfined compressive strength, standard penetration number.
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