[bookmark: _Ref132539303]Tables:
Table 1. Parameters of the discrete element particles.
	Bulk density
	[image: ]
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	[image: ]
	[image: ]
	Friction coefficient
	Rolling friction coefficient

	1350kg/m3
	0.9
	0.3
	0.01
	0.0029
	1.4
	0.12



[bookmark: _Ref132539306]Table 2. Material parameters of the different parts of the simulation.
	Element
	nature
	Density (kg/m3)
	Elastic modulus (GPa)
	Poisson’s ratio

	Particle
	rigid
	2800
	30
	0.3

	Flume
	rigid
	7850
	30
	0.3

	Barrier 
	elastic
	7850
	200
	0.25



[bookmark: _Ref132548941]Table 3. Parameters of the different diameter rebars.
	Diameter
(mm)
	Density
(kg/m3)
	Young’s modulus (GPa)
	Poisson’s ratio
	Yield stress (MPa)
	Tangent modulus
(MPa)
	Failure strain

	[image: ]/[image: ]
	7850
	200
	0.3
	455.7
	2000
	0.1


[bookmark: _Ref132549092]
Table 4. Parameters of the cap model concrete.
	Density (kg/m3)
	[bookmark: _GoBack]Compressive strength (MPa)
	Failure strain 
	Maximum aggregate size (mm)

	2500
	28
	0.05
	18



[bookmark: _Ref132549913]Table 5. Probability distribution of the random variables.
	Variable
	Lower interval/ Mean
	Upper interval/ CoV
	Distribution

	Velocity ([image: ])
	1m/s
	12m/s
	Uniform

	Height ([image: ])
	1m
	5.9m
	Uniform

	Density ([image: ])
	1800kg/m3
	3%
	Lognormal



[bookmark: _Ref132305845]Table 6. Qualitative definition of the damage states of buildings.
	Damage state
	Qualitative descriptions
	Vulnerability

	Slight
	Wall crack, and columns and beams remain intact or Minor nonstructural damage (Hu et al. 2012, Kang et al. 2015). 
	0-0.3

	Moderate
	The wall cracks and the beams and columns begin to break, but there is no risk of collapse (Mavrouli et al. 2014).
	0.3-0.6

	Heavy
	The wall is broken, and the beams and columns are severely damaged, and the floor slab begins to fall off, posing a risk of collapse (Hu et al. 2012, Mavrouli et al. 2014).
	0.6-0.8

	Complete
	50% of beam and column failures result in loss of bearing capacity and complete loss of maintenance value (Mavrouli et al. 2014, Luo et al. 2022).
	0.8-1





[bookmark: _Ref132315173]Table 7. Quantitative definition of the damage states of two-story reinforced concrete buildings.
	Quantitative description
	Damage states
	Vulnerability
range
	Value

	Condition A
	Condition B (m)
	
	
	

	Inter-story drift angle of rear column ([image: ])
	[image: ]
	[image: ]
	
	
	

	[image: ]
	<0.001
	<0.01
	Intact (L1)
	0
	0

	
	>0.001
	
	Slight (L2)
	0-0.1
	[image: ]

	
	
	>0.01
	Moderate
(L3)
	0.3-0.35
	[image: ]

	[image: ]
	
	<0.01
	Slight (L2)
	0.1-0.3
	[image: ]

	
	
	>0.01
	Moderate
(L3)
	0.35-0.4
	[image: ]

	[image: ]
	
	<0.40
	Moderate
(L3)
	0.4-0.6
	[image: ]

	
	
	>0.40
	Heavy
(L4)
	0.6-0.7
	[image: ]

	[image: ]
	
	<0.40
	Heavy
(L4)
	0.7-0.8
	[image: ]

	
	
	>0.40
	Complete
(L5)
	0.8-0.9
	[image: ]

	[image: ]
	
	
	Complete (L5)
	1
	1

	Note that [image: ] represents the linear interpolation function within the corresponding vulnerability interval and that [image: ].













[bookmark: _Ref133588381]Table 8. Parameters used to fit the vulnerability equation.
	Strength index
	[image: ]

	
	Limit curve
	Recommended curve

	
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]

	[image: ]
	-1.21E-01
	3.01
	97.72%
	-9.96E-02
	1.83
	91.52%

	[image: ]
	-1.24E-02
	3.45
	98.36%
	-4.00E-02
	1.74
	96.72%

	[image: ]
	-3.68E-05
	3.50
	98.46%
	-5.19E-05
	3.35
	99.66%

	[image: ]
	-2.23E-04
	1.93
	97.34%
	-5.90E-04
	1.52
	99.77%

	[image: ]
	-2.83E-03
	1.79
	96.59%
	-4.22E-02
	0.72
	91.81%

	[image: ]
	-1.67E+01
	2.74
	94.64%
	-2.56E+00
	1.83
	91.73%



[bookmark: _Ref133608854]Table 9. Equations used to calculate the exceedance probability.
	Damage probability
	[image: ]
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	Exceeding damage probability
	[image: ]
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[bookmark: _Ref133956975]
Table 10. Threshold of the intensity indictors corresponding to a vulnerability of 0.8 for RC buildings.
	Intensity indictors
	Threshold (Vulnerability=0.8)

	
	Zhang et al. 2018
	Kang et al. 2015
	Limit curve
	Proposed curve

	Impact height (m)
	5.40
	4.36
	2.36
	4.57

	Impact velocity (m/s)
	5.85
	6.46
	4.10
	8.36

	Impact pressure (kPa)
	57.91
	121.17
	34.60
	157.16

	Relative intensity 
	
	0.43
	0.43
	0.78
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