Table. 1 Modeling Parameters Table

	Modeling project
	Modeling details

	Model Category
	discrete model

	Contact settings
	Reinforcement - Concrete
	penalty function

	
	Concrete components
	Face to face contact

	
	Concrete - backfill soil
	

	Culvert unit setting
	Unit Type
	concreteSOLID65

	
	
	rebarPIPE8

	
	Number of nodes
	84 854

	
	Number of units
	25 632


Table. 2 Material parameter table

	concrete
	rebar
	Foundation soil and backfill soil

	Parameter
	Value
	Parameter
	Value
	Parameter
	Value

	Strength grade
	C40
	Main reinforcement diameter/mm
	20
	Elastic modulus/MPa
	50
	25

	Elastic modulus/MPa
	3.25×

104
	Stirrup diameter/mm
	10
	Poisson's ratio
	0.4
	0.4

	Poisson's ratio
	0.2
	Elastic modulus
	2×105
	severe/kg/m3
	18
	18

	
	
	
	
	friction angle/°
	25
	30

	severe/kg/m3
	25
	Poisson's ratio
	0.2
	Cohesive force/KPa
	25
	50


