
 

                                                                     

SOLID BOND MODEL: ELASTIC BOND 

 

Bond properties: 

𝑳𝒃(𝒕) = |𝑶𝟐 −𝑶𝟏| 

𝐿𝑖𝑛𝑖𝑡 = 𝐿𝑏(𝑡 = 0) 

𝐼 =
𝜋 ∙ 𝑅𝑏
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 𝐽 =
𝜋∙𝑅𝑏

4

2
 

 𝐴𝑏 = 𝜋 ∙ 𝑅𝑏
2 

Contact vector: 

 𝑟̅𝑐 = 𝑂2 − 𝑂1 

𝑟̅𝑛 =
𝑂2 − 𝑂1
|𝑂2 − 𝑂1|

 

Velocities: 

𝑣̅𝑟𝑒𝑙 = 𝑣̅2 − 𝑣̅1 −
(𝜔̅1 + 𝜔̅2) × 𝑟𝑐̅

2
 

𝜔̅𝑟𝑒𝑙 = 𝜔̅1 − 𝜔̅2 

 𝜔̅𝑟𝑒𝑙,𝑛 = 𝑟̅𝑛 ∙ (𝑟̅𝑛 ∙ 𝜔̅𝑟𝑒𝑙) 

𝑣̅𝑟𝑒𝑙,𝑛 = 𝑟̅𝑛 ∙ (𝑟̅𝑛 ∙ 𝑣̅𝑟𝑒𝑙) 

 𝜔̅𝑟𝑒𝑙,𝑡 = 𝜔̅𝑟𝑒𝑙 − 𝜔̅𝑟𝑒𝑙,𝑛 

 ∆𝛿𝜔̅𝑛,𝑏 = 𝜔̅𝑟𝑒𝑙,𝑛 ∙ ∆𝑡 

∆𝛿𝜔̅𝑡,𝑏 = 𝜔̅𝑟𝑒𝑙,𝑡 ∙ ∆𝑡 

 ∆𝛿𝑡̅ = 𝑣⃗𝑟𝑒𝑙,𝑡 ∙ ∆𝑡 



 

                                                                     

Force and moment in normal direction: 

𝐹̅𝑛,𝑏 = 𝑟̅𝑛 × (𝐿𝑏 − 𝐿𝑖𝑛𝑖𝑡) ∙
𝐸

𝐿𝑖𝑛𝑖𝑡
∙ 𝐴𝑏    

𝑀̅𝑛,𝑏 = 𝑇 ∙ 𝑀̅𝑛,𝑏 + ∆𝛿𝜔𝑛,𝑏 ∙
𝐸

2𝐿𝑖𝑛𝑖𝑡(1 + 𝜈)
∙ 𝐽 

In some literature sources 𝑀̅𝑛,𝑏 is also named as torsional moment (Shen et al., 2016) 

Force and moment in shear direction: 

𝐹̅𝑡,𝑏 = 𝑇 ∙ 𝐹̅𝑡,𝑏 + ∆𝛿𝑡̅ ∙
𝐸

2𝐿𝑖𝑛𝑖𝑡(1+𝜈)
∙ 𝐴𝑏;     

𝑀̅𝑡,𝑏 = 𝑇 ∙ 𝑀̅𝑡,𝑏 + ∆𝛿𝜔𝑡,𝑏 ∙
𝐸

𝐿𝑖𝑛𝑖𝑡
∙ 𝐼 

In some literature sources 𝑀̅𝑡,𝑏 is also named as rolling or bending moment (Shen et al., 2016) 

Total moment: 

𝑴𝒕𝒐𝒕 = 𝑴𝒕,𝒃 +𝑴𝒏,𝒃 +
𝒓𝒄
𝟐
∙ 𝑭𝒕,𝒃 

Breakage criteria: 

𝐹𝑛,𝑏
𝐴𝑏

+
𝑀𝑡,𝑏 ∙ 𝑅𝑏

𝐼
= 𝜎𝑚𝑎𝑥 

  
𝐹𝑡,𝑏
𝐴𝑏

+
𝑀𝑛,𝑏 ∙ 𝑅𝑏

𝐽
= 𝜏𝑚𝑎𝑥 

Some of materials do not break during compression. To consider this the option Compressive Breakage 
can be used. If this option is disabled, then breakage condition for normal strength (𝜎𝑚𝑎𝑥) is analyzed 
only when the length of the bond 𝐿𝑏 is larger than initial length 𝐿𝑖𝑛𝑖𝑡 (bond situated in elongated state).  
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Symbol Description 

𝑨𝒃 Cross-cut surface of the bond [m
2
] 

∆𝜹̅𝝎𝒏,𝒃, ∆𝜹̅𝝎𝒕,𝒃 
Increment of displacement (in current step) between particles in contact point due to the 

rotational velocities [m] 

∆𝜹̅𝒕 Tangential displacement in the current step [m] 

𝑬 Young modulus for particle or bond [Pa] 

𝑰, 𝑱 Moments of inertia of the bond [m
3
] 

𝑳𝒃 Current bond length 

𝑳𝒊𝒏𝒊𝒕 Initial bond length [m] 

𝑶𝟏, 𝑶𝟐 Centers of contact partners [m] 

𝒓𝟏, 𝒓𝟐 Particle radii [m] 

𝒓𝒃 Bond radius [m] 

𝑻 Transformation matrix (to consider rotation of the bond in the global coordinate system) [-] 

𝝎̅𝟏, 𝝎̅𝟐 Rotation velocities of particles [rad/s] 

 


