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Mathematical Simulation on Slipping Motion of Stacked Blocks in
Vibration
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The pallet load takes various stabilizers on distribution. We proposed the new confirming
test protecols of the load stabilizing efficiency by the indoor pallet load slipping down vibration
tests. However, the many tests should be carried out repeatedly in the same vibrating condition,
because the slipping motion of the pallet load is not determinative. The mathematical
simulations of the stacked blocks by the distinct element method are carried out.

Some basic vibration tests using stacking blocks are carried out to confirm the mathematical
model. We can confirm that results of the mathematical simulations are similar to the physical
model tests. The relative displacement becomes qualitatively large as much as strong vibration.
It can be also compared the stacking blocks' movement without and with a stabilizer.
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Fig. 1 Calculation cycle for the distinct element method
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Fig. 2 Calculation mesh of the stacking blocks

Table1 Dimensions and dynamic conditions of the
stacking blocks
Block Size 6.0X80cm
Base Size 6.0%16.0 cm
Density 2.7X 108 kg/m?
Frictional Angle 25.1 degree
Strength of Vibration 06~10G
Vibration Frequency 10.0 Hz
Bulk Modulus 5.51X 10! N/m?
Modulus of Elasticity 2.25X10% N/m?
Spring Constant (Normal) 1.18X 104 Pa/m
Spring Constant (Shear) 1.18 X 10 Pa/m
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Fig. 4 Probability density of modulus elasticity in shear
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Fig. 9 One scene of the stacking blocks under vibration
(physical model)
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Fig.10 One scene of the stacking blocks under vibration
{mathematical model)
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Fig.11a Relative displacement and velocity
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Fig.11b Relative displacement and velocity
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Fig.12 Maximum overhang displacement

Table2 Dimensions and dynamic conditions of
corrugated box

Block Size 0.21X0.31m
Base Size 0.1X0.93m
Density 8.57X 102 kg/m3
Frictional Angle 17 degree
Strength of Vibration 0.3~0.7G
(horizontad)
Strength of Vibration 0.3~0.7G
(vertical)
Vibration Frequency 10.0Hz
Bulk Modulus 8.24 X104 N/m?
Modulus of Elasticity 1.28 X 10% N/m?
(Shear)
Spring Constant (Normal) 1.94X 108 Pa/m
Spring Constant (Shear) 1.94 X 108 Pa/m
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Fig.13  Without band model
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Fig.15  With band B model
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