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[bookmark: _Hlk196489188]S1. Tables used in the survey
[bookmark: _Hlk196488649]Table S1. Duration of different restoration tasks
	Restoration tasks
	Duration time

	
	Minimum
(d)
	Maximum (d)

	R1
	[bookmark: _Hlk166057344]Regular monitoring and inspection of tunnel deformation data
	
	

	R2
	[bookmark: _Hlk166057459]Detection of voids within or behind tunnel linings
	
	

	R3
	Apply mortar on the tunnel lining surface
	
	

	R4
	[bookmark: _Hlk166057514]Tunnel leakage protection measures, e.g. filling between tunnel lining rings with waterproofing material (polyurethane or epoxy resin, et al)
	
	

	R5
	Repair track inside of the tunnel
	
	

	R6
	Demolish/replacement of the tunnel track
	
	

	R7
	[bookmark: _Hlk166057549]Maintenance/repairment of electromechanical equipment
	
	

	R8
	Use grouting for the soil improvement from inside of the tunnel lining
	
	

	R9
	Use grouting from ground surface for the soil improvement at the two sides of the tunnel spring line
	
	

	[bookmark: _Hlk166182372]R10
	[bookmark: _Hlk166057668]Removal of debris inside of the tunnel
	
	

	R11
	Tunnel rebar erosion protection measures
	
	

	R12
	[bookmark: _Hlk166230883]Repair tunnel lining cracks
	
	

	R13
	Repair tunnel lining spalling with concrete
	
	

	R14
	Replacement of connecting bolts of tunnel segment
	
	

	R15
	[bookmark: _Hlk166266146]Temporary support of the tunnel lining
	
	

	R16
	Apply fiber reinforced plastics (FRP) to the inner surface of lining locally
	
	

	R17
	Insert steel plates to adhere to the inner surface of lining along the local or full ring
	
	

	R18
	[bookmark: _Hlk166057601]Add reinforced concrete secondary lining
	
	

	R19
	Conduct artificial freezing of regional strata
	
	

	R20
	Reconstruction/replacement of the tunnel
	
	



Table S2. Idle time for different damage levels
	Damage level
	Idle time

	
	Minimum (d)
	Maximum (d)

	Minor
	
	

	Moderate
	
	

	Extensive
	
	

	Complete
	
	



[bookmark: _Hlk196488972]Table S3. Cost ratio for different damage levels
	Damage level
	Cost ratio (% of replacement cost of the examined 12 m tunnel)

	Minor
	

	Moderate
	

	Extensive
	

	Complete
	




Table S4. Traffic capacity of tunnel after damage
	Damage level
	Traffic capacity of tunnels after damage (in percentage %)
100 (Operational), 50 (Reduced speed), 0 (No operational)

	
	Restoration time (after the commencement of restoration works)

	
	0
(d)
	10
(d)
	30
(d)
	60
(d)
	90
(d)
	180
(d)
	270 (d)
	365
(d)

	Minor
	
	
	
	
	
	
	
	

	Moderate
	
	
	
	
	
	
	
	

	Extensive
	
	
	
	
	
	
	
	

	Complete
	
	
	
	
	
	
	
	




[bookmark: _Hlk196489942]Table S5. Restoration tasks and their prioritization for different damage levels
	Damage level
	Restoration task & Prioritizations

	Minor
	

	Moderate
	

	Extensive
	

	Complete
	

















S2. Probability density functions used in the probabilistic models of restoration time
[bookmark: _Hlk196491603]Table S6. Adopted probability density function
	Distribution type
	[bookmark: _Hlk195902458]Probability density function
	Mean
	Variance

	
	
	
	

	[bookmark: _Hlk170286681]Normal distribution
	
	
	

	Lognormal distribution
	, x>0
	
	

	Exponential distribution
	, x>0
	
	

	Gamma distribution
	
	
	

	GEV distribution
	

	
	


Note:










S3. Fitting functions in restoration models
[bookmark: _Hlk196490057]Table S7. Fitting functions for deterministic restoration models
	[bookmark: _Hlk151803810]
Damage level
	

	
	a
	b

	Minor 
	0.0024
	0.8990

	Moderate 
	0.0051
	0.6980

	Extensive 
	0.0077
	0.3975

	Complete
	0.0085
	0.0978



[bookmark: _Hlk196490111]Table S8. Fitting functions for the mean of probabilistic restoration curves based on the minimum restoration time
	
Damage level
	

	
	a
	b

	Minor 
	0.0052
	0.8991

	Moderate 
	0.0102
	0.6986

	Extensive 
	0.0154
	0.3988

	Complete
	0.0171
	0.0992



[bookmark: _Hlk196490297]Table S9. Fitting functions for the mean of probabilistic restoration curves based on the maximum restoration time
	
Damage level
	

	
	a
	b

	Minor 
	0.0018
	0.8984

	Moderate 
	0.0038
	0.6967

	Extensive 
	0.0059
	0.3965

	Complete
	0.0071
	0.0968







