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Abstract

Recently, the consecutive shield tunnel boring machine (TBM) has gained attention
for its potential to enhance TBM penetration rates. However, its development requires
a thorough risk assessment due to the unconventional nature of its equipment and
hydraulic systems, coupled with the absence of design or construction precedents.
This study investigated the causal relationships between four accidents and eight rele-
vant sources associated with the consecutive shield TBM. Subsequently, risk levels
were determined based on expert surveys and a risk matrix technique. The findings
highlighted significant impacts associated with collapses or surface settlements and
the likelihood of causal combinations leading to misalignment. Specifically, this study
emphasized the importance of proactive mitigation measures to address collapses or
surface settlements caused by inadequate continuous tail void backfill or damaged
thrust jacks. Furthermore, it is recommended to develop advanced non-destructive
testing technology capable of comprehensive range detection across helical segments,
to design a sequential thrust jack propulsion system, and to determine an optimal pede-
stal angle.
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Fig. 1. Helical segment applied for consecutive shield TBM
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Table 1. Causal combinations associated with consecutive shield TBM construction

No Accident Source

1 Inadequate continuous tail void backfill
2 Collapse/surface settlement Incomplete pedestal contact

3 Damaged thrust jacks

4 Inadequate continuous tail void backfill

5 ) Incomplete pedestal contact

6 Water/mud inflow Excessive thrust force concentration

7 Inadequate segment installation

8 Incomplete pedestal contact

9 Misalignment Damaged thrust jacks

10 Inadequate segment installation

11 Incomplete pedestal contact

12 Damaged thrust jacks

13 Excavation delay Inadequate erector operation

14 Equipment overload

15 Segment supply delay
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Table 2. Impact analysis results in risk analysis

) Number of responses for each class
No Accident - - - Impact
Very-low Low Medium High Very-high
1 Collapse/surface settlement 1 4 3 4 9 Very-high
2 Mud/water inflow 0 3 5 10 3 High
3 Misalignment 1 8 5 5 2 Low
4 Excavation delay 1 3 8 7 2 Medium
Table 3. Probability analysis results in risk analysis
Causal combination Number of responses for each class .
No - - - —{ Probability
Accident Source Very-low | Low | Medium | High | Very-high
1| Collapse/ | Inadequate continuous tail void backfill 2 4 5 8 2 High
2 surface Incomplete pedestal contact 4 5 4 1 Low
3 | settlement Damaged thrust jacks 3 7 2 7 2 High
4 Inadequate continuous tail void backfill 0 10 6 1 4 Low
? Mud/water Incomplete pedestal contact 4 9 4 1 3 Low
6 | inflow Excessive thrust force concentration 0 10 6 1 4 Low
T Inadequate segment installation 1 7 5 5 3 Low
8 Incomplete pedestal contact 0 5 5 4 7 Very-high
T Misaligtgn- Damaged thrust jacks 2 5 5 7 2 High
T men Inadequate segment installation 0 7 5 8 1 High
11 Incomplete pedestal contact 0 4 9 6 2 Medium
? ) Damaged thrust jacks 1 3 3 10 4 High
E Exc(:jae\lfs}tllon Inadequate erector operation 1 5 6 4 5 Medium
14 Equipment overload 3 3 6 4 Medium
175 Segment supply delay 3 7 3 5 3 Low
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AT

Impact
Very-low | Low Medium High |Very-high
Very-low | Negligible | Negligible | Negligible | Negligible | Negligible

Low Negligible | Negligible | Tolerable | Tolerable |Significant

Medium | Negligible | Tolerable | Tolerable |Significant | Significant

High Negligible | Tolerable | Significant | Significant

Probability

Very-high | Negligible | Significant | Significant

Fig. 4. Risk matrix adopted in this study (Hyun et al., 2015)

Table 4. Criteria for risk reduction measure application according to risk level

Risk level Risk reduction measure application

Negligible Precautions are unneeded.

Tolerable Precautions not recommended but can be taken depending on the situation.
Significant Precautions recommended but cannot be taken depending on the situation.
Intolerable Precautions must be taken.
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Table 5. Evaluated risk level corresponding to the identified causal combinations

No Accident Source Impact Probability Risk level

1 Inadequate continuous tail void backfill Very-high High Intolerable
T Colsl:tr:;/rslzfiace Incomplete pedestal contact Very-high Low Significant
3 Damaged thrust jacks Very-high High Intolerable

4 Inadequate continuous tail void backfill High Low Tolerable
T Water/mud Incomplete pedestal contact High Low Tolerable
T inflow Excessive thrust force concentration High Low Tolerable
T Inadequate segment installation High Low Tolerable
8 Incomplete pedestal contact Low Very-high Significant
T Misalignment Damaged thrust jacks Low High Tolerable
T Inadequate segment installation Low High Tolerable
11 Incomplete pedestal contact Medium Medium Tolerable
T ) Damaged thrust jacks Medium High Significant
Z EXZZ\II:;IOH Inadequate erector operation Medium Medium Tolerable
14 Equipment overload Medium Medium Tolerable
T Segment supply delay Medium Low Tolerable
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