
DEM 3D model (experimental scale, rectangles)

➢ Tank L=2m, W=26.5cm, H=30cm;

➢ Waterline height=20cm;

➢ Monodisperse rectangles: 2.54cm x 1.27cm x 0.635cm;

➢ N=2526 particles;

➢ 𝜌𝑠=920kg/m^3, 𝜌𝑤=997kg/m^3;

➢ 𝑣𝑡𝑒𝑟 = 0.62 mm/s;

➢ Hertz contact, G= 10𝑘𝑃𝑎, 𝜈 = 0.3;
➢ 𝜇𝑝 = 0.6 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑟𝑒𝑝𝑜𝑠𝑒 30 𝑑𝑒𝑔 , 𝝁𝒘 = 𝟎. 𝟕;

➢ Local damping ratio 𝛼 = 0.5;
➢ Contact viscous damping ratio 𝛽𝑛 = 𝛽𝑠 = 0.7;
➢ Fluid drag coefficient 𝐶𝑤 = 0.5;
➢ Modeling timestep 𝛿𝑡𝑚𝑒𝑐ℎ = 2𝑒−4s, 𝑇𝑚𝑜𝑑 = 1200𝑠;
➢ 6e6 mechanical cycles, 12hrs (no Bulges) & 3.6days (Bulges) simulation time. 
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𝟐𝟕. 𝟓°

Implementation of wall friction:

Add bulges on the wall (0.5cm x 0.5cm x 0.2cm); 

spacing 0.4cm; 𝝁𝒘 remains 0.7 in this case. 
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DEM 3D model (experimental scale, squares)

➢ Tank L=2m, W=26.5cm, H=30cm;

➢ Waterline height=20cm;

➢ Monodisperse rectangles: 0.9525cm x 0.9525cm x 0.635cm;

➢ N=9161 particles;

➢ 𝜌𝑠=920kg/m^3, 𝜌𝑤=997kg/m^3;

➢ 𝑣𝑡𝑒𝑟 = 0.62 mm/s;

➢ Hertz contact, G= 10𝑘𝑃𝑎, 𝜈 = 0.3;
➢ 𝜇𝑝 = 0.6 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑟𝑒𝑝𝑜𝑠𝑒 30 𝑑𝑒𝑔 , 𝝁𝒘 = 𝟎. 𝟕;

➢ Local damping ratio 𝛼 = 0.5;
➢ Contact viscous damping ratio 𝛽𝑛 = 𝛽𝑠 = 0.7;
➢ Fluid drag coefficient 𝐶𝑤 = 0.5;
➢ Modeling timestep 𝛿𝑡𝑚𝑒𝑐ℎ = 2𝑒−4s, 𝑇𝑚𝑜𝑑 = 1200𝑠;
➢ 6e6 mechanical cycles, 1.7days (no Bulges) & 5.7days (Bulges) simulation time. 
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𝟐𝟕. 𝟓°

Implementation of wall friction:

Add bulges on the wall (0.5cm x 0.5cm x 0.2cm); 

spacing 0.4cm; 𝝁𝒘 remains 0.7 in this case. 



Square: with bulges

Square: no bulges Rect: no bulges

Rect: with bulgest = 1200 s
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