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Risk management applicable to shield TBM tunnel: I . Risk factor
analysis
Ki-Chang Hyun, Sang-Yoon Min, Joon-Bai Moon, Gyeong-Hwan Jeong, In-Mo Lee

ABSTRACT In general, risk management consists of a series of processes or steps including risk identification,
risk analysis, risk evaluation, risk mitigation measures, and risk re-evaluation. In this paper, potential risk factors
that occur in shield TBM tunnels were investigated based on many previous case studies and questionaries to
tunnel experts. The risk factors were classified as geological, design or construction management features. Fault
Tree was set up by dividing all feasible risks into four groups that associated with: cutter; machine confinement;
mucking (driving) and segments. From the Fault Tree Analysis (FTA), 12 risk items were identified and the
probability of failure of each chosen risk item was obtained.

Keywords: Shield TBM tunnelling, risk identification, risk factor, fault tree analysis
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Fig. 1. Risk Management Flow Chart,
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Table 1. Risk factor for Shield TBM tunnel,

Event Risk factor Event Risk factor
Rock type : granite, event C1 | Delay of cutter replacement
event Al | granodiorite, Mesozoic
sandstone event C2 M?kslterty t()f operator: coping
with strata
Hardness : hard or
event A2
extremely hard rock . .
event C3 | Management of opening ratio
Ground contains large amounts
event A3
of quartz event C4 | Change of cutter type
event A4 | Multiple ground layers
Unskilled operation of direction
event C5 | uni
event AS | Squeezing ground control umit
A event A6 | Swelling ground event C6 | System errors in surveying
Geological
. . . P bly of t
factors Insufficient bearing capacity of event C7 00T assertibly of tapet
event A7 around segments
¢ C8 Late replacement of gauge
. even
event A8 | Fractured zone of faults exists v cutter
vent A0 Degree of weathering, C event C9 Poor manage;nent of earth
eve hydrothermal alteration Construction pressure or slurry pressure
management
factors event C10 Management of amount of
event A10| Ground contains a gravel layer mucking
¢ Cll Mucking control of irregular
event All| Collapse of ground surface even size and shape
event A12| Confined aquifer exists event C12 | Liquidity control of mucking
¢ ClL3 Mucking process and process
event Bl | Design of cutter head even control
event B2 Design of cutter size, torque, event Cl4 Forc;d direction change of
B thrust force fachine
Design ¢ C1S Insufficient management of
factors | event B3 | Selection of TBM machine even backfill grout
¢ Cl6 Assembly work of key
even
event B4 | Ring jointing method segments
c17 Alien substances intruded into
event B5 | Selection of waterstops event

segment joint faces
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Table 2, Fault Tree Analysis Shapes.

Shapes Name

Description

Event

A top event or an intermediate event

Basic event

A basic initiating fault requiring no futher development

Event
shapes
Undeveloped L.
An event which is no further developed
N event P
House event An event that is normally expected to occur
Logic . AND gate The output event occurs if all input events occur
gate
shapes ‘ OR gate The output event occurs if at least one of the input events occurs
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Fig. 2. Analysis of risk factors associated with the cutter,
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Fig. 3. Analysis of risk factors associated with the machine confinement,
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Fig. 4. Analysis of risk factors associated with the mucking and driving.
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Fig. 5. Analysis of risk factors associated with segments,
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Table 3. Risk probability level,

Probability level Probability of failure (%)
5 level (Very Likely) more than 60%
4 level (Likely) 30 - 60%
3 level (Possible) 10 - 30%
2 level (Unlikely) 5 - 10%
1 level (Very Unlikely) Below 5%
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Table 4, Survey result for risk probability analysis,

Expert | Expert | Expert | Expert | Expert
event Risk factors i s e e e Probability
1 2 3 4 5
Rock type : granite, granodiorite,
event Al Mesoztc})llg sandstone 2 3 1 3 2 12%
Hardness : hard or extremely
event A2 |4 rock 1 2 2 2 1 6%
Ground contains large amounts
event A3 | ¢ quartz 1 3 1 2 2 8%
) event A4 | Multiple ground layers 2 5 1 2 2 21%
Geological [oyent A5 Squeezing ground 1 4 1 1 1 11%
factors event A6 | Swelling ground 1 4 1 1 1 11%
event A7 g;f)lllli%cient bearing capacity of 1 5 1 1 1 18%
event A8 | Fractured zone of faults exists 1 3 2 1 2 8%
Degree of weathering,
event A9 hy(%rothermal alteration 2 4 1 1 1 12%
event A10| Ground contains a gravel layer 1 4 2 2 2 14%
event All| Collapse of ground surface 1 3 1 1 1 6%
event A12| Confined aquifer exists 1 3 2 1 1 7%
event Bl | Design of cutter head 1 2 1 1 1 4%
Design event B2 gf.lsiis%nfé)riecutter size, torque, 1 2 1 2 1 5%
factors event B3 | Selection of TBM machine 1 2 1 1 1 4%
event B4 | Ring jointing method 1 2 1 2 1 5%
event B5 | Selection of waterstops 1 2 1 1 1 4%
event Cl | Delay of cutter replacement 1 4 1 2 1 12%
event C2 lggzst;ew of operator: coping with 1 3 1 1 1 6%
event C3 | Management of opening ratio 1 3 1 2 1 7%
event C4 | Change of cutter type 1 4 1 1 1 11%
event C5 &Ihstl;(i)lllegnﬁperation of direction 1 3 2 1 1 79%
event C6 | System errors in surveying 1 3 1 1 1 6%
event C7 | Poor assembly of taper segments 1 4 2 1 2 13%
event C8 | Late replacement of gauge cutter 2 3 2 2 2 10%
Poor management of earth
Construction | €vent €9 pressure or slurry pressure 1 4 1 2 2 13%
management Management of amount of 0
event C10 2 4 3 2 2 18%
factors muckl.ng . .
event C11 gflléclgiﬁl% econtrol of irregular size 1 3 2 1 2 8%
event C12| Liquidity control of mucking 2 4 2 2 2 15%
event C13 Eglrllgglng process and process 1 4 2 2 2 14%
event Cl4 Elc;rgﬁicliledirection change of 1 P 2 1 1 50,
Insufficient management of
event C15 backfill grout 2 4 3 3 2 20%
event C16| Assembly work of key segments 1 3 2 1 1 7%
event C17 Alien substances intruded into 1 1 P 1 1 4%

segment joint faces
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Table 5, Risk probability analysis result,

TE Risk Item Probability of failure
Cuttability reduction 71.5%
[1] Excessive abrasion of the cutter 23.1%
Cutter
[2] Partial abrasion of the cutter 36.9%
[3] Insufficient thrust force/torque 41.3%
Insufficient reation force 40.2%
Machi
achne Alignment management 38.4%
confinement
Tail void occlusion 10.0%
Driving inability 81.7%
[1] Face pressure management 66.4%
Mucking / Driving | [2] Incapability of mucking 46.3%
[3] Belt conveyer problem 59.7%
Excessive mucking 71.3%
Segment damage 44.4%
Segment
Water leakage 17.3%
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Qrobmgith. WA 4= TBM Bl 4 /K3t 923 80152 X2 20l 44 29l AT
el olow BRslglch Uad A aglomi kel £5, ghule] A4 NF0] 557 5o
oo % 127W)2 EREelon] dad 44 ale AR S ehe] AA, A SRR A7,
TBM Au] HA|, 3 AZ WAL A5 AR o] B 57 el veto s A1F e
2010t Ag @A Aol upget el B3, WEF Uel 5 5 F 1772 Fej=ole
I A3 BUSE BT ok oY AP 4SS B 2lA3 AY 22g ol Tersie
Ao] ZRfek 24 o 4 Qe Wl ohek A Aol 41 ke 4 9l B A1 A4
PaaR WA 4 glong Fofsoki
Slot 2ol e Blam 4913t gam Aole] §I1nt At that HAE S5kl A, 714
T, H|E, AITHER HEG FTES 2459k TBM A3 AR/HES B 712 offl=ql
12551 400 et WASHE g Ak ol o2 A TOM HYeI Wk
% 1274 el2ase] WSR-S ARSTh A4 @A 71 skl wash ws e
S e S B
olefat FTAZ %3 el2me] 09l Ha) B wigo R elaa agld] et welg Sash

Zgo] WY TRe Aol & PlaaBe] AR WA SRR Aol ¥ 4 9l Ao
sk
Mol 2

B ATE FESPE DAY1E SAAA] “TBM Sy AARE/1E 9 TBMEES] 27
714 AR A1 A(107]4FAE)] 2J3) SaE gl ch
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