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ABSTRACT: When utilizing a Tunnel Boring Machine (TBM) for tunnelling work, unexpected ground conditions can be
encountered that are not predicted in the design stage. These include fractured zones or mixed ground conditions that are
likely to reduce the stability of TBM excavation, and result in considerable economic losses such as construction delays or
increases in costs. Minimizing these potential risks during tunnel construction is therefore a crucial issue in any mechanized
tunneling project. This paper proposed the potential risk events that may occur due to risky ground conditions. A resistivity
survey is utilized to predict the risky ground conditions ahead of the tunnel face during construction. The potential risk events
are then evaluated based on their occurrence probability and impact. A TBM risk management system that can suggest proper
solution methods (measures) for potential risk events is also developed. Multi-Criterion Decision Making (MCDM) is
utilized to determine the optimal solution method (optimal measure) to handle risk events. Lastly, an actual construction
site, at which there was a risk event during Earth Pressure-Balance (EPB) Shield TBM construction, is analyzed to verify
the efficacy of the proposed system.
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Table 1. Potential risk events during TBM construction and risk factor (Risky ground conditions)

Risk category

Risk event

Risky ground condition (Risk factor)

Cutter

Cuttability reduction:
- Excessive and partial abrasion
- Insufficient thrust force/torque

Mixed ground condition

Insufficient reaction force

Fractured zone condition

Machine confinement

Alignment management

Fractured zone & Mixed ground conditions

Tail void occlusion -

Face pressure management -

Incapability of mucking

Fractured zone & Mixed ground conditions

Mucking & TBM driving

Breakdown of conveyer belt -

Excessive mucking

Fractured zone & Mixed ground conditions

Segment damage -

Segment

Water leakage
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Table 2. Guideline for predicting risky ground conditions
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Risk category Risk event Impact
Cutter Cuttability reduction 0.062
Insufficient reaction force 0.090
Machine confinement Alignment management 0.155
Tail void occlusion 0.025
Face pressure management 0.089
Incapability of mucking 0.174
Mucking & TBM driving

Breakdown of conveyer belt 0.136
Excessive mucking 0.056
Segment damage 0.185

Segment
Water leakage 0.029

Table 4. Risk rating

Probability Rating score Impact
More than 80 % 5 More than 0.16
60 - 80 % 4 0.12 - 0.16
40 - 60 % 3 0.08 - 0.12
20 - 40 % 2 0.04 - 0.08
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Impact
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Fig. 4. Risk scoring matrix
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Table 5. MCDM table (example)
Cost Period Reliability Applicability
Counter-plan 1 1 million KRW 1 hour 7 9
Counter-plan 2 10 million KRW 100 hours 9 7
Counter-plan 3 5 million KRW 10 hours 8 5
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Table 6. Normalized MCDM table (example)

Cost Period Reliability Applicability
Counter-plan 1 0.3477 0.5000 0.3127 0.3819
Counter-plan 2 0.3223 0.1667 0.3531 0.3383
Counter-plan 3 0.3300 0.3333 0.3342 0.2798
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Table 7. Weighting factor by Entropy procedure (example)
Cost Period Reliability Applicability
u; 0.9995 0.9206 0.9989 0.9927
d]- 0.0005 0.0794 0.0011 0.0073
w; 0.0052 0.8998 0.0127 0.0823
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Cost Period Reliability Applicability Total
Weighting factor 0.0052 0.8998 0.0127 0.0823 1.0000
Counter-plan 1 0.3477 0.5000 0.3127 0.3820 0.4871
Counter-plan 2 0.3223 0.1667 0.3531 0.3383 0.1840
Counter-plan 3 0.3300 0.3333 0.3342 0.2798 0.3289
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Fig. 6. Profile of construction site
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Table 9. Evaluation of risk events (Shield TBM)

Risk factor |Risk category| Risk event | Probability Impact Pros‘t();t;::lty Impact score | Risk score | Risk grade
Cutter | Cuttability 57% 0.062 3 3 9 Tolerable
reduction
Machine - o ..
Mixed ground| confinement Misalignment 10% 0.155 1 4 4 Negligible
conditions Excessive o -
Mucking mucking 28% 0.056 2 2 4 Negligible
& TBM o
driving | Incapability 78% 0.174 4 5 20 Intolerable
of mucking
Table 10. Finalized MCDM table
Cost Period Reliability Applicability Total
Weighting factor 0.1101 0.6680 0.0296 0.1923 1.0000
Waterproof grouting 0.3008 0.2500 0.3531 0.3383 0.2756
Foam injection/modification 0.3769 0.4399 0.3127 0.3820 0.4180
Double screw conveyer 0.3223 0.3101 0.3342 0.2798 0.3063
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