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ABSTRACT: Overall risks that can occur in a shield TBM tunnelling are studied in this paper. Both the potential risk
events that may occur during tunnel construction and their causes are identified, and the causal relationship between
causes and events is obtained in a systematic way. Risk impact analysis is performed for the potential risk events and
ways to mitigate the risks are summarized. Literature surveys as well as interviews with experts were made for this
purpose. The potential risk events are classified into eight categories: cuttability reduction, collapse of a tunnel face,
ground surface settlement and upheaval, spurts of slurry on the ground, incapability of mucking and excavation, and
water leakage. The causes of these risks are categorized into three areas: geological, design and construction management
factors. Bayesian Networks (BN) were established to systematically assess a causal relationship between causes and
events. The risk impact analysis was performed to evaluate a risk response level by adopting an Analytic Hierarchy
Process (AHP) with the consideration of the downtime and cost of measures. Based on the result of the risk impact
analysis, the risk events are divided into four risk response levels and these levels are verified by comparing with the
actual occurrences of risk events. Measures to mitigate the potential risk events during the design and/or construction
stages are also proposed. Result of this research will be of the help to the designers and contractors of TBM tunnelling
projects in identifying the potential risks and for preparing a systematic risk management through the evaluation of the
risk response level and the migration methods in the design and construction stage.
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Fig. 1. Schematic of a Bayesian Network

Table 1. Potential risk event
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Risk category (Top risk)

Sub-risk

TBM machine type

Excessive abrasion of the cutters

Cuttability reduction

Partial abrasion and damage of the cutters

EPB TBM, Slurry TBM

Blockage of cutter

Collapse of a tunnel face

Ground surface settlement

Poor management of face pressure

EPB TBM, Slurry TBM

Ground surface upheaval

Spurt of shury on the ground Excessive face pressure Slurry TBM
Large amount of ground water
Incapability of mucking Breakdown of screw conveyer EPB TBM
Breakdown of conveyer belt
Damage of the pipe
Incapability of mucking Breakdown of the pump Slurry TBM

Blockage in slurry pipe

Machine jamming

Incapability of excavation

Insufficient torque and thrust force

EPB TBM, Slurry TBM

Misalignment/Off-route

Water leakage at the TBM machine

Water leakage

Water leakage at the segment lining/Crack of segment

EPB TBM, Slurry TBM




HPYE - HE - B - HYA - olelm
Park, 2009; Koh et al., 2010; Chong, 2013; Téth Alog BXo 3)slgjom, 11 At AlF = 2y
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3 = Hol b QHPAR) BN WA sl T EAfehs SE AMEoR Blam Wl vl
ST} AN ATl A% P23 S F 2 QR TS AF P399, Hask) 2

Table 2. Classification of risk factors

Type Event Risk factor
Gl Hardness: hard or extremely hard rock, Ground contains large amounts of quartz
G2 Fractured zone or faults
G3 Weak ground
G4 Ground contains clay
A: GEOLOGICAL G5 Ground with gravels and/or boulders
FACTORS G6 Squeezing and swelling ground
G7 Mixed ground conditions
G8 Interface of different type of rock mass
G9 Ground with high water pressure
G10 Shallow cover depth
D1 Design of cutter disc and/or cutter bit
D2 Design of cutter head
D3 Design of openning ratio
D4 Design of torque and thrust force
B: DESIGN FACTORS D5 Design of segment
D6 Types of method for segment ring installation
D7 Selection of gaskets
D8 Types of method for backfill grouting
D9 Design of mucking facilities
Ml Delay of cutter replacement
M2 Delay of gauge cutter replacement
M3 Poor soil conditioning with foam and polymer
M4 Encounter poor ground during EPB open mode
M5 Poor treatment of slurry
C: CONSTRUCTION M6 Poor management of quality of mucking
MANAGEMENT
FACTORS M7 Poor management of amount of mucking
M8 Improper assembly of segments
M9 Poor management of backfill grouting
M10 Poor management of thrust force
Mil1 Improper reinforcement of borehole
Mi2 Poor management of tail seal
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Fig. 2. Causal relation between risk factors and cuttability reduction

M1 Delay of cutter
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Fig. 3. Causal relation between risk factors and risks related to applying face pressure
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Fig. 4. Causal relation between risk factors and incapability of mucking
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Table 3. Pairwise comparison matrix (Relative importance matrix)

Cuttability |Collapse of a Son Sy R Incapability | Incapability Water
. Surface Surface slurry on the . .
reduction tunnel face of mucking |of excavation leakage
settlement upheaval ground
Cuttabili
ity 1 1/5 113 1 1 13 15 3
reduction

Collapse of a
tunnel face

Ground surface

settlement 13

Ground surface

upheaval 15

1/3

1/3 1/5

Spurt of slurry

on the ground 15

1/5

1/5 1/5

Incapability of

mucking 173

Incapability of
excavation

Water

leakage 173

1/3 1/3

1/3 1/5
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Table 4. Result of risk impact analysis

Risk Impact |Risk response level

Cuttability reduction 0.067 2

Collapse of a tunnel face 0.269

Ground surface settlement 0.112

Ground surface upheaval 0.036

Spurt of slurry on the ground| 0.031

Incapability of mucking 0.189

Incapability of excavation 0.256

— A W= =W~

Water leakage 0.040

Table 5. Risk response level

Risk response

level Risk response

Impact

Absolutely applying risk

4 L.
mitigation method

More than 0.20

Applying risk mitigation

nethod 0.10 ~ 0.20

Careful construction without

risk mitigation method 0.05 ~ 0.10

No response Below 0.05
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Table 6. TBM trouble cases
TBM Risk
Projects Ground condition Risk events Risk result response
type
level
Hardness: hard or
Seoul Subway | extremely hard rock | Cuttability Consumption of cutters 30% more than designed due to
. . EPB . . 2
(Korea) Ground contains large | reduction excessive abrasion of the cutter
amounts of quartz
Frequent change of cutter bit and inspection of cutter
Storebaelt Tunnel| Ground with gravels | Cuttability EPB head each 75 rings (124 m) 5
(Denmark) and/or boulders reduction Construction delay occurred for unexpected change of bit
and adjacent ground reinforcement
Kyoto Tunnel Collapse of Soil and water flowed into the tunnel through screw
(Japan) Weak ground a tunnel face EPB conveyer 4
Stoppage of construction due to ground surface settlement
South Bay Ocean
Outfall Ground with gravels | Collapse of EPB Stoppage of construction due to soil inflow and water 4
(San Diego, and/or boulders a tunnel face blowout from tunnel face
USA)
MRT Interface of different Collapse of Subsurface voids which required 196 m’ of grout to fill
. type of rock mass EPB 4
(Singapore) a tunnel face were formed
grade
Spurts of The discharge of slurry to the surface, while it poses less
MRT . .
. Weak ground slurry Slurry [risk to surface structures, still presents a road hazard and 1
(Singapore) . . s
above ground a disruption to surface activities
Ground fracture due to excessive face pressure made
Okayama Ground . . .
ground relaxation during tunnel construction. After 1 year,
Prefecture tunnel Weak ground surface Slurry . 3
ground relaxation extended to the surface and the surface
(Japan) settlement
collapsed.
Seoul Subway Ground with high Incapability Wate?r flowed into the tur'mel througl} screw conveyer
(Korea) water pressure of mucking EPB Adjacent ground was reinforced using curtain wall 3
method for decrease of water inflow
Gravel and boulders blocked the slurry discharge pipe
Seoul Subway | Ground with gravels | Incapability Sl Opening ratio was reduced from 21% to 17% 3
(Korea) and/or boulders of mucking uy Inspection window was installed for checking the slurry
discharge pipe
Storebaelt Tunnel| Ground with high Incapability Insufficient machine face'pressure capability (3bar) leaded to
(Denmark) water pressure of excavation EPB stoppage of excavation under 8bar water pressure. 4
Additional two piston for applying face pressure was installed.
During excavation, machine jamming occurred.
Yellow river Incapabili Manual excavation with a jackhammer was used to cut
diversion project | Squeezing ground pability EPB and remove the converged rock mass. 4

(China)

of excavation

After 9days of being jammed, the TBM was totally

released and resumed normal excavation.
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