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A Study on the Optimal Combination of Berth and Crane
in Container Terminal

Y. C. Yun-S. H Moon

Key Words : @944 (port facilities), #4F8F(Pusan Port), 3b7)%Aled (port developement
project), EA17]1&%F(hub port), A4 (berth), Z#|(crane), 41434 f&(berth
occupancy rate), #7374 (optimal combination), 2]AF2 ¥ 4=(decision making
variable), 7] 3 & o] &(queueing theory), W= ¥4 (sensitivity analysis), %
v}-8-(port cost)

Abstract

Recently, the traffic volume has been greatly increased partly because of high growth
rate of domestic and world economy, and partly because of increased transhipment demand
resulting from the destruction of Kobe port by earthgwake early this year. So, container
facilities in Pusan Port are under serious congestion. The congestion costs in connection
with container traffic in Pusan Port is estimated to be 29.3 billion won in 1994. In 1995 the
situation is still worsening.

PECT has continued to grow annually by 35% in cargo handling, hereby exceeding more
than 319% of the total container volumes handled in Korea. The BOR(Berth Occupancy Rate)
of container berths in PECT in 1994 is 75% reflecting extreme congestion in container
traffic. The reason for such a serious congestion in PECT is the shortage of container
handling facilities in comparison with ever-increasing cargo traffic.

In order to solve the provisional problem, the shortage of handling capacitr, a model
developed to optimize the operation of PECT is described and demonstrated. The model
minimizes total port costs, including the costs of dock labour, facilities and equipment, ship,
containers, and cargo.

The object of this study is, through the model results, mainly to determine the optimal
combination of berths and cranes under various circumstances and to show that total costs
per ship or unit of cargo served can be reduced by increasing the number of cranes per
berth and berth utilization above present levels.
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Eventually, the results obtained with this model in PECT suggest that increase to 3 in
the number of cranes per existing berth could reduce the need for major investments in

berths and even reduce operating costs.
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Table 3.1 Definition and Value of Each
Variable (in PECT/ 1994)

Wz;riable

Definition Value
a {square of storage yard per container () 144
| b |number of berths in terminal 3
J hourly berth cost in # 62,088
B;  linitial berth cost 3,175,000,000
TC |total system cost in W/hr 5719154
AC |average system cost in #/ship served 43326927
Cp [total berth cost in ¥/hr 186,264
Ci  [total dock labour cost in W/hr 950,400
Cr  |total cost of cranes in %/hr 61236
Cs ltotal cost of ships in port in ¥/hr 3263490
€y |total cost of containers and cargo in W/hr| 1,199,004
Cy ltotal cost of storage yards in %/hr 5861
d |average yard container dwell time inj 7008
hours
d; |dwell margin 10
Onax |allowable yard container dwell time in] 7008
hours
f  lcrane interference exponent 0% |
i [interest rate 0.12
I pﬁl@d labour time in hour per gang peri 2000
ship
L {labour cost in %/gang hour 60,000
m [manoeuver (docking and undocking) time 2
in hours/ship
Mg |annual maintenance cost per berth 158,750,000
n_ |number of cranes per berth 2
N {economic fifetime in years 0 |
p  |average payload in containers/ship 919
R |crane cost in #/crane hour 10206
s |average time in port in hours/ship 3001
S |ship cost in port in W/ship hour 823,700
t  |container transfer time in hours/ship 1886
U laverage waiting cost of a container and] 3293
its contents in ¥W/container hour
w  |average queueing time in hours/ship 915
X iexchange volume = container transferred) 919
per ship
y |crane cycle time in hours/container 0037
Y |storage yard cost in %/m’ hour 048
Z  |storage capacity in container yard 8501
A |arrival rate at terminal in ships/hour 0132
¢ |service rate in ships/berth hour 006
¢  |berth occupancy rate 07
p__|traffic intensity (4/bs) 08|
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Fig. 4.12 Average Costs for Various Berth
and Crane Combinations
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