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ABSTRACT: It is usually not an easy task to counter-measure on time and appropriately when confronting with troubles
in mechanized tunnelling job-sites because of the limitation of available spaces to perform those actions with the existence
of disk cutter, cutter head, chamber and other various apparatus in Tunnel Boring Machine (TBM). So, it is important to
predict the ground condition ahead of a tunnel face during tunnel excavation. Efforts have been made to utilize geophysical
methods such as elastic wave survey, electromagnetic wave survey, electrical resistivity survey, etc for predicting the ground
condition ahead of the TBM tunnel face. Each prediction method among these geophysical methods has its own advantage
and disadvantage. Therefore, it might be needed to apply several geophysical methods rather than just one to predict the
ground condition ahead of the tunnel face in the complex and/or mixed grounds since those methods will compensate among
others. The problem is that each prediction method will give us different answer on the predicted ground condition; how
to combine different solutions into a most reasonable and representative predicted value might be important. Therefore, in
this study, we proposed a methodology how to systematically combine each prediction method utilizing probabilistic
analysis as well as analytic hierarchy process. The proposed methods is applied to a virtual job site to confirm the
applicability of the model to predict the ground condition ahead of the tunnel face in the mechanized tunnelling.

Keywords: Probabilistic analysis, Analytic hierarchy process, Tunnel Boring Machine, Prediction method of ground
condition, Tunnel face
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Table 1. Measurement value and Statistical RMR estimation in each zone

o]= RMR

RMR
Measurement
Zone Method — Minimum | Median | Maximum | . Standard | Coefficient
verge Variance " -
value value value deviation |of variation
Electrical resistivity | ) 550 o . | 9 35 48 35000 | 28.167 5307 0.152
survey(TEP)
1-1 Drilling index | 45,000 KV/m®| 41 51 61 51.000 | 16.667 4082 0.080
Electrical resistivity | 05 ¢y | 49 50 60 50000 | 16.667 4082 0.082
tomography
Electrical resistivity | ) 55 o | 9 35 48 35000 | 28.167 5.307 0.152
survey(TEP)
12 Drilling index | 45,000 Kim®| 41 51 61 51000 | 16.667 4082 0.080
Electrical resistivity | 5 500 0. | 49 50 60 50000 | 16667 | 4082 0.082
tomography
Electrical resistivity | 555 o . 22 35 48 35.000 28.167 5.307 0.152
survey(TEP)
21 Drilling index | 50,000 Ki/m®| 44 54 64 54000 | 16.667 4.082 0.076
Electrical resistivity | 550 o | 36 46 56 46.000 | 16.667 4082 0.089
tomography
Electrical resistivity | 55, o .1 22 35 48 35.000 28.167 5.307 0.152
survey(TEP)
22 Drilling index | 50,000 KV/m®| 44 54 64 54000 | 16.667 4082 0.076
Electrical resistivity | ) 550 ¢ 1 | 36 46 56 46000 | 16.667 4082 0.089
tomography
Electrical resistivity | 405 . | 9 3 36 23000 | 28167 | 5307 0.231
survey(TEP)
31 Drilling index | 10,000 KJ/m®| 20 30 40 30000 | 16667 4082 0.136
Electrical resistivity 800 Q'm 25 35 45 35.000 16.667 4.082 0.117
tomography
Electrical resistivity | 450 . | o 23 36 23.000 | 28167 | 5307 0.231
survey(TEP)
32 Drilling index | 10,000 KJ/m®| 20 30 40 30.000 | 16.667 4082 0.136
Electrical resistivity | g5 ¢ 1 | 25 35 45 35000 | 16.667 4.082 0.117
tomography
Electrical resistivity | ) 55 o | 9 35 48 35000 | 28.167 5.307 0.152
survey(TEP)
41 Drilling index | 50,000 KV/m®| 44 54 64 54000 | 16.667 4082 0.076
Electrical resistivity | 5 500 . | 49 50 60 50000 | 16667 | 4082 0.082
tomography
Electrical resistivity | 500 0. | 2 35 48 35000 | 28167 | 5307 0.152
survey(TEP)
42 Drilling index | 50,000 Ki/m®| 44 54 64 54000 | 16.667 4.082 0.076
Electrical resistivity | 550 ¢y 40 50 60 50.000 16.667 4.082 0.082
tomography
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Fig. 9. RMR distribution of each method to predict the ground
condition ahead of tunnel face
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SHGREE Table 4, 59 20] 7153 WB(weight
matrix)S TR 7k ko] 1A Ak 10] H

Table 2. Relative importance of each prediction method (The
case of adopting three methods)

Elefct?icfal Electrical

Zone resslllit‘:z;ty Drilling Index resistivity

(TEP) tomography
Zone 1-1 5 1 3
Zone 1-2 5 5 3
Zone 2-1 3 1 3
Zone 2-2 3 5 3
Zone 3-1 1 1 1
Zone 3-2 1 5 3
Zone 4-1 1 1 1
Zone 4-2 1 5 3

Table 3. Relative importance of each prediction method (The
case of adopting two methods)

Electrical resistivity
survey
(TEP)

Zone Drilling Index

Zone 1-1 5

Zone 1-2

Zone 2-1

5
3
Zone 2-2 3

Zone 3-1

Zone 3-2

Zone 4-1

Zone 4-2




oFE - AHE - WAE - AT - ol
Table 4. Weighting factor of three predicting methods vk A S FU1eE = s £ male Aolkstax}
" T shaink Wb 2210) SBRES SEH] 9ot
Zone re:]isz;ty Drilling Index | resistivity H Lo A= Barlow (1984)7} A|¢1gt HhHE K
t h)
(TEP) TR ol Mesioiry. Barlow (1984)7) AlRKE e
Zone 1-1 0.556 0.111 0.333 o] AEZIREE oojl glAd RS AR
Zone 1-2 0.385 0.385 0.231
27} Bskslr| 9Jsto] ARgs upH oz A (9)e) ZF
Zone 2-1 0.429 0.143 0.429 7h B3] Fisiel e Ot 2t
Zone 2-2 0.273 0.455 0.273
Zone 3-1 0333 0333 0333 pP= E WPy, Yw; =1 ©)
Zone 3-2 0.111 0.556 0.333
Zone 4-1 0.333 0.333 0.333 . =
o71M, P AR i7F dofd &80l = Fhiet
Zone 4-2 0.111 0.556 0.333

Table 5. Weighting factor of two predicting methods

Electrical resistivity
Zone survey Drilling Index
(TEP)
Zone 1-1 0.833 0.167
Zone 1-2 0.500 0.500
Zone 2-1 0.750 0.250
Zone 2-2 0.375 0.625
Zone 3-1 0.500 0.500
Zone 3-2 0.167 0.833
Zone 4-1 0.500 0.500
Zone 4-2 0.167 0.833
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Geophysical survey using each prediction
method

¥

Measurements obtained
(electrical resistivity survey, drilling index etc.)

Zoning the ground ahead of tunnel face

Correlation analysis between measurements
and ground conditions

.

A 4

Obtaining the RMR distribution of each
prediction method

Determining weighting factor of each
prediction method

|

T

y
’ Synthesized RMR value l

Fig. 10. A synthesised model for assessment of ground condition using probabilistic analysis (Lee, 2014)
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Table 6. Average, standard deviation, and coefficient of variation of synthesized RMR value in each zone

Zone X
Zone Y L 2 . &
5 44.615 (£8.80) 46.636 (£9.018) 30.889 (+5.547) 50.556 (+7.166)
Cov=0.199 Cov=0.193 Cov=0.180 Cov=0.142
| 41.778 (+8.966) 42.429 (+£8.347) 29.333 (+£6.675) 46.333 (+£9.339)
Cov=0.215 Cov=0.197 Cov=0.228 Cov =0.202

Table 7. Average, standard deivation and coefficient of variation of synthesized RMR ratio in each zone
Zone X
Zone Y ! 2 3 4
5 0.892 (+0.178) 0.933 (£0.180) 0.618 (£0.111) 1.011 (+0.143)
Cov=0.199 Cov=0.193 Cov=0.180 Cov=0.142
| 0.836 (+0.179) 0.849 (£0.167) 0.587 (£0.133) 0.927 (+0.187)
Cov=0.215 Cov=0.197 Cov =0.228 Cov =0.202
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