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Fig. 1 Object merchandise 
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Fig. 2 Element model for 

dynamic analysis 
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Fig. 3 Experimental setting for friction measurement 
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Fig. 4 Friction - displacement relation (Pallet and arm) 
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Fig. 5 Condition of merchandise after experiment 

 (Pallet unfixed to arm, JMA Kobe)
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Fig. 6 Verification of analytical model via experiment 
 (Pallet unfixed to arm, JMA Kobe)
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Fig. 7 Condition of merchandise after experiment 

 (Pallet fixed to arm, JMA Kobe)
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Fig. 8 Verification of analytical model via experiment 
 (Pallet fixed to arm, JMA Kobe)
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Fig. 9 Schematic sketch of 
automated storage rack and 

oscillation direction 
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Fig. 10 Dynamic respon-
se analysis model for 

storage rack 
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Table 1 Earthquake used for response analysis 

2001.10.26 7.3
2003.5.26 7.1
2003.9.26 8.0

2004.10.23 6.8

- 11
Fig. 11 Relation between PGA and seismic intensity
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Fig. 12 Estimation method of fall ratio of box
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Fig. 13 Time history of response at 10th story pallet (JMA Kobe)
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Fig. 14 Merchandise fall ratio at 10th story (Pallet unfixed to 

arm) 

(a)  Pallet unfixed to arm 

(b)  Pallet fixed to arm 
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Fig. 15 PGA vs merchandise fall ratio 

(a)  Pallet unfixed to arm 

(b)  Pallet fixed to arm 
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Fig. 16 Seismic intensity vs merchandise fall ratio 
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(a) Acceleration 

(b)
(b) Story drift 
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Fig. 17 Change in rack response considering merchandise slip 
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