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ABSTRACT : This paper analyzed productivity of quay cranes on container terminal that have perpendicular yard layout biock. In
mast existing container terminals, quay cranes of single trolley type are used to loading and unloading containers, but qua’ crane
productivity of these type has many limitation about large size containership. For these reasons, recently quay cranes of Jarious
type that can improve productivity are developed and as the representative example, dual trolley, double trolley, supertainer are
developing, These cranes are realized that very high productivity because their cycle time is short more than existent single trolley
quay crane. Therefore, we analyzed productivity of these cranes that are realized by next generation crane alternatives and as
result of this research, mechanical productivity by cycle time and net productivity by simulation were measured.

KEY WORDS : container terminal, perpendicular layout, single trolley, dual trolley, double trolley, supertainer
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Fig. 1 Stevedoring system in container terminal
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Table 1 Q/C productivity
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Fig. 6 Cycle path of trolley
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Table 3 Ciritical path of each Q/C
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Table 4 Q/C prxductivity by cycle time
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Table 5 Definition of states for single trolley
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Table 7 Definition of states for double trolley
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Table 9 Terminal Configuration for simulation
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. 7 Q/C productivity by vehicle fleets(2.0m/sec)
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Fig. 8 Q/C productivity by vehicle fleets(3.0m/sec)
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Fig. 9 Q/C productivity by vehicle fleets(4.0m/sec)
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Fig. 10 Q/C productivity by vehicle fleets(5.0m/sec)
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Fig. 11 Q/C productivity by vehicle fleets(6.0m/sec)
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Table 10 Waitirg rates of Q/C by vehicle fleets(2.0m/sec)
I AGV 3s AGV 4s AGV 5s
Single 539% H5% 1 B 181%: 1o :
Dual 66.40% 5.20% 4.01% 3282% 22 35%
Super T.62% 67.49% 59.36% 51.24% 4360%
Double 78.10% 70.79% 63.50% 56.20% 49.34%
Table 11 Wiaiting rates of Q/C by vehicle fleets(3.0m/sec)
T AGV 3s AGV 4s AGV 5s AGV 6s AGV Ts
Single | 3723% | 1633 | 000% 000% | 000%
Dual 27% | %691% | 2124% | 5% | 091%
Super 65.68% 54.25% 42.83% 31.45% 21.12%
Double 69.17% 583.90% 4864% 38.42% 22.06%
Table 12 Waiting rates of Q/C by vehicle fleets(4.0m/sec)
T AGV 3s AGV 4s AGV 35 AGV 6s AGV 7s
Single | 2078% | 000% .| 000% | 000% | 000%
Dual £03% N44% | 081% | 091% 091%
Super 56.68% 4225% 2791% 15.38% 6.72%
Double 61.09% 48.13% 30.25% 23.98% 16.16%
Table 13 Waiting rates of Q/C by vehicle fleets(5.0m/sec)
T AGV 3s AGV 4s AGV 5s AGV 6s AGV Ts
Single 6,795 0.00% 0.00% 0.00% 0.00%
Dual 29.179% 647 . ‘ 091% 091%
Super 4H04% 3209% 1655% . BRI e :
Double AR% 39.00% 2500% 15.89% 12.37%
Table 14 Waiting rates of Q/C by vehicle fleets(6.0m/sec)
e AGV 3s AGV 4s AGV 5s AGV 6s AGV Ts
Single 00054 0.00% 0.00% 0.00% 0.00%
Dudl | 2026% | 091% | 091% | 091% | 091%
Super 211% N05% | 916% ) s
Double 4800% 30.88% 18.37% 11.20%
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Table 15

Operation Strategy of Quay crane
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