
Table 1 Review of explicit modelling of segmental tunnel lining 
	Reference
	Tunnel structure
	Numerical model
	Numerical software
	Model validation against experimental / field data

	Gu (2011)
	Concrete tunnel ring
	3D continuum bolt model and two tunnel rings
	ABAQUS
	No

	Li et al.,  (2014)
	Cast iron segmental joint
	3D continuum bolt model and development of bolt-spring model
	ABAQUS
	Yes

	Li et al., (2015a, 2015b, 2016 )
	Cast iron tunnel
	Simulation of large-scale tunnel structure using bolt-spring model
	ABAQUS
	Yes

	Shi, et al. (2016)
	Concrete tunnel subjected to adjacent deep excavation
	3D bolt model in discontinuous contact
	ABAQUS
	No

	Jin et al.(2017)  
	Water-conveyance concrete tunnel segmental joint
	3D continuum bolt model
	ABAQUS
	Yes

	Tsiampousi, et al., (2017)
	Cast iron segmental joint
	3D continuum bolt model
	Imperial College Finite Element Program (ICFEP)
	Yes

	Gong, et al. (2018, 2019)
	Gasketed concrete tunnel segmental joint
	3D continuum gasket model
	ABAQUS
	Yes

















Table 2 Loading cases of the segmental joint bending tests
	Loading case
	Axial compression N (kN/m)
	Vertical load P3 (kN/m)
	Equivalent bending moment M and eccentricity e0

	B1
	2433
	200
	M=-382 kNm/m, e0=-0.157 m (see Figure 2.a)

	B2
	4138
	320
	[bookmark: _Hlk533686261]M=-589 kNm/m, e0=-0.142 m
(see Figure 2.a)

	B3
	1893
	240
	[bookmark: _Hlk533686206]M=447 kNm/m, e0=0.236 m
(see Figure 2.b)

	B4
	3333
	450
	M=796 kNm/m, e0=0.239 m
(see Figure 2.b)








Table 3 Concrete model characteristic values for Grade C55
	Grade
	Density (g/cm3)
	Modulus of elasticity E1 (MPa)
	Modulus of hardening plasticity Er (MPa)
	Poisson's ratio
	

	C55
	2.5
	35495
	592
	0.167
	

	Critical stress σb (MPa)
	Strain (%)
b
	Peak stress σc (MPa)
	Strain (%)
c
	Ultimate stress σd’ (MPa)
	Strain (%)
d’

	25.3
	0.713
	32.9
	2
	32.9
	3.3






Table 4 Bolt material property (DIN EN ISO 898-1)
	Grade
	Yield Strain
	Rupture Strain
	Yield Strength (MPa)
	Tensile Strength (MPa)

	5.8
	0.0020
	0.18
	400
	500

	6.8
	0.0024
	0.18
	480
	600

	8.8
	0.0032
	0.18
	640
	800





Table 5 Loading cases of the segmental joint shear tests
	Loading case
	Axial compression F(kN/m)
	Shear load
P (kN)
	Remark

	S1
	900
	4500 kN
	Shear in longitudinal direction
(see Figure 6.a)

	S2
	450
	2250 kN
	

	S3
	900
	4500 kN
	Shear in radial direction
(see Figure 6.b)

	S4
	450
	2250 kN
	








Table 6 Comparison of computational time between bolt-spring models and continuum model
	[bookmark: _Hlk530945295]Loading cases
	[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Single spring model （hours）
	[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Nine-spring model（hours）
	Continuum model（hours）
	Ratio a
	Ratio b

	[bookmark: _Hlk530945255]1
	1.02
	1.67
	14.75
	14.4
	8.8

	2
	1.09
	1.88
	20.54
	18.8
	10.9

	3
	2.40
	3.57
	29.98
	12.5
	8.4

	4
	1.29
	1.93
	16.09
	12.4
	8.4

	5
	1.54
	2.41
	26.46
	17.2
	11.0

	6
	1.81
	2.75
	30.63
	16.9
	11.1


N.B. a is the ratio of the computational time for the continuum model to the single spring model, whilst b is the ratio of the computation time for the nine-spring model to the singe spring model.

