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Anchor Collision Simulation of Rock-berm using SPH Technique
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Abstract : It is not easy to analyze the behavior of a structural body composed of particles such as rocks using the
finite element method facilitating typical element meshes because we cannot ignore the interactions among
particles. In the study, we investigated the applicability of smooth particle hydrodynamics (SPH) element method
for collision analysis of rock-berm by comparison with the conventional Lagrange method. As the result, SPH
technique is expected to be capable of realistic simulation under collision analysis of material composed of particles.
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Fig. 1. Analysis cycle of ANSYS AUTODYN.
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Fig. 2. Anchor modelling.

Table 1. The properties of anchor and bottom sand

Density (kg/m’) Young’s modulus Poisson ratio
Anchor 7200 170 GPa 0.25
Sand 2200 81 MPa 0.3
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Fig. 3. Rock-berm modelling.
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Fig. 4. Piecewise pressure-yield stress curve.

Table 2. The materials properties of rock

o] 83t Rock-berm®] IH F&

Parameter Value
Density (kg/m’) 2750
Bulk modulus (GPa) 35.7
Shear modulus (GPa) 17.44
Hydro tensile limit (MPa) 30
Pressure 1 (MPa) =30
Pressure 2 (MPa) -26.7
Pressure 3 (MPa) 200
Pressure 4 (MPa) 1000
Pressure 5 (MPa) 2500
Yield stress 1 (MPa) 0
Yield stress 2 (MPa) 40
Yield stress 3 (MPa) 450
Yield stress 4 (MPa) 1430
Yield stress 5 (MPa) 2530
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Fig. 5. Element discretization: (a) Lagrange interpolation method,
(b) SPH technique.
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Table 3. Simulation cases

Analysis Case Analysis condition Collision velocity

L Lagrange 2.774 m/s
S50 SPH (50 mm) 2.774 m/s
S100 SPH (100 mm) 2.774 m/s
S150 SPH (150 mm) 2.774 m/s
S200 SPH (200 mm) 2.774 m/s
S300 SPH (300 mm) 2.774 m/s
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Fig. 7. von-Mises stress contours of L and S200.
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Table 4. Maximum von-Mises stresses of each case (unit: MPa).

2m 1.5 m I1m 0.5 m 0m

L 132 4.75 2.74 1.35 1.49
S50 275 9.27 2.64 1.46 1.45
S100 222 13.4 441 1.72 1.58
S150 104 19.8 327 221 1.44
S200 99.3 39.6 4.60 2.26 1.45

S300 56.2 342 7.26 2.36 1.94

Table 5. Maximum vertical displacements of each case (unit: mm).

2m 1.5m I m 0.5 m 0m

L 0.452 0.160 0.170 0.163 0.159
S50 0.80 0.20 0.189 0.189 0.189
S100 1.51 0.27 0.202 0.209 0.205

S150 1.26 0.42 0.228 0.227 0.217
S200 1.80 0.30 0.290 0.240 0.222
S300 1.26 1.03 0.37 0.322 0.31
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Fig. 8. Maximum von-Mises stress of L, and S200.
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Fig. 9. Maximum vertical displacement of L, and S200.
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Fig. 11. Maximum von-Mises stress according to height.
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