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Abstract

For the purpose of building the simulation model on cargo handling capacity in container
terminal, we composed a model of container logistics system which has a 4 subsystems;
cargo handling, transportation, storage and- gate complex system. Several date are used in
simulation which were gained through a field study and a basic statistic analysis of raw
data on BCTOC from January to Jane in 1998.

The results of this study are as follows;

First, average available ratios of each subsystems were 50% for G/C, 57.5% for Y/T, 56%
for storage system and 50% for gate complex. And there were no subsystems occurring
specific bottleneck. Second, comparing the results of simulation to the results of basic
statistics analysis, we can verifying the sultablhty of this simulation model Third,
comparing the results of this study to the results of existed similar study in 1996, we were
able to confirm the changes of container logistics system in BCTOC.

* A regular member, the graduate school of Korea Maritime Univérsity
** A regular member, Korea Maritime University, professor
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1. Introduction

In recent years, Korea container terminals have

faced with many environment changes; increasing

container volumes, opening of new container
terminals, IMF situation etc.. Such changes have
direct impacts on the operating of existing
terminals. For analyzing the impacts, the
simulation model of container logistics systems on
BCTOC is constructed. Some data on BCTOC
were gained through a filed study and basic
statistics analysis.

The models are then applied to examine the
utilization of terminal resources such as quay,
cranes, storage yard and gate complex. From the
results, some implications for the terminal

operations are derived.

2. The situation of BCTOC

BCTOC, which is the first container terminal in
Korea has five berths; four berths for 50,000
ton class vessels and one berth for 10,000 ton
class feeder vessels. Facilities and equipment
situation were presented at Table 2.1 and the
treatment volumes were at Table 2.2.

3. The construction of simulation model

{1) The model of berth operation ability

Average waiting time is the most general
figures for indicating the berth operation capacity.

For calculating the average interval of ship
arrival time and average waiting time, the
analysis of basic statistics is accomplished which
deal in the chapter 4.

Fig. 3.1 is showing the simulation flow chart of
berth operation capacity.
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Table 2.1 Facilities and equipment of BCTOC

Session Item Area & Capacity
Area . 647,506 square meters
Berth 1,447 metes
Four 50,000-ton—class
Berth vessels
Capability One 10,000-ton—class
Facilities vessels
é{:;;%l;]?fy Year 1,000,000 TEU/year
CY 119,297 square meters
G/C 13
T/3 31
Equipment S/ 16
Y/T 56
F/L 24
Chassis 218

Table 2.2 Container volumes of BCTOC in the

year
Year ‘93 ‘“ ‘% ‘9% ‘97
Total [1,162,020( 1,470,425 | 1,618416 | 1,697,761 | 1,831,091

Import
& (1,070,334] 1,210,863 | 1,267,153 | 1,566,571 | 1,397,000
Export

T/S | 47430 | 112609 | 13053 | 131,190 | 434091

Contract
capability

1506 | 1634 | 1776

Contract
previous | 979 1265 1087
year

Berth
occupanc | 866 86 8.1
y ratio
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Fig. 31 The simulation flow chart of berth
operation capacity

(2) The model of logistics system in container
terminal

Logistics system model has four sub-systems,
which changes the sea-container cargo to the
land-container cargo during the container treat-
ment time in terminal. Fig. 3.2 is showing the
simulation flow chart of container logistics system.

< START >

Assign of the number of containers

G/C available?

Handling container

Handling wajting

Transportation waiting

Y/T available?

Container transportation

= Rtorage available
Gate waiting

< END >
TFig. 32 The simulation flow chart of container
logistics system

4. The analysis of basic statistics

For analyzing the interval distribution of ship
arriving time, handling container distribution per
ship, import-export container storage distribution,
gate enter-leave pattern, a basic statistic analysis
is accomplished in this chapter. The electronic
data of BCTOC is used in this analysis.

(1) The interval distribution of ship arriving time

During this period, the results of basic statistic
analysis are average tonnage of ship(32,600G/T),
maximum(70,760G/T), minimum (3,117G/T), total
ships(686). Regarding this result, the main
tonnage class of entered ships to BCTOC is
20,000~50,000 G/T.

Fig. 41 is showing the interval distribution of
ship amriving time. The average interval of ship
arriving time is 617 hours with standard
deviation 5.63 hours.

According to the existed study, the interval
distribution of ship arriving time was known that
general berth depends on exponential distribution
and specialized container berth depends on
erlang-2 distribution.

Comparing the observed number of ship to the
two distributions(exponential and erlang), the

BRAaR

The number of shi

o M A @B

Fig 41 Distnbution of the interval of ship arriving
time in BCTOC
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pattern is more similar fo
distribution(see Fig. 4.2).

For more mathematical analysis, chi-square

exponential

test was accomplished on it. From the results of
this test, the hypothesis of exponential and
erlang—2 distribution was rejected.

But we can not help selecting the special
distribution for modeling. The best method is the
selection of exponential distribution on  this
condition. And existed studies on BCTOC, it was
confirmed that thé interval of ship arriving time is
following the exponential distribution.

Fig. 4.3 is showing that it is approximately
normal distribution that the distribution of the
number of handling containers by ship unit. But
assuming the distribution to general normal
distribution, the result of chi~square test has
serious errors. So this distribution is divided into
2 parties; normal distribution part(0-1,300units),
exponential distribution part (1,300-over 2,200
units). Fig. 44 is showing the real data of normal
distribution part and normal distribution with
average 653.2, standard deviation 270.0.

The number of ship

—4—Observed
distnbution

—8—Exponential
distribution

—~—Erang-2

distribution

The Interval of artiving ime

Fig. 42 Distribution of the interval of ship
arriving time

(2) The number of handling container

Fig. 4.3 is showing distribution of the number
of handling containers in the same period. The
average number of handling ‘container is 7756
units with standard deviation 469.0.
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Fig. 43 The number of handling contéineré and’
adjusted normal distribution
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Fig. 44 The comparison of the number of
handling  containers and  normal
distribution

From the result of Chi-square test, the normal
distribution with average 653.2, standard deviation
270.0 is accepted appropriately.

As same way, Fig. 45 is showing the real

—e—Observation distiibution —@—Expanental distribution
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Fig. 45 The comparison of the number of
handling containers and exponential
distribution
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data of exponential distribution part and
exponential distribution with A=0.32, and the
result of Chi-square test is accepted appropriately
too.

Exactly, Fig. 4.3 is showing the real data and
adjusted - nommal  distribution{combination  of
normal and exponential distribution).

(3) Distribution of service time

Service time is the other name of port time that
means the average time of ship assumption time
in terminal. Based on the statistic analysis, the
average handling time of each berth is 16.65
hours. Considering the ship’s standby time(before
and after berthing time, set total 1.83 hours), the
actual average handling time is 18.48 hours.

Fig. 46 represents the linear relation of the
number of handling containers and port time. This
result implies that the ratio of the number of
handling container to the port time is constant,
and constant G/C is assigned to ship.

4000

3500

3000 s °®

2500

A number of handling container{unit)

Port time(hour}

Fig. 46 The relation of the number of handling
container and port time

(4) Container storage period

During the first half of the 1998, average
storage period is 2.2 days in import, and 25 days
in export in BCTOC. Fig. 4.7 is showing the

storage period and its distribution. In the case of
transit container, average storage period is 3.3
days, which is longer than the period of import
and export.

Number of contamner

Fig. 47 The distribution of storage period in
BCTOC

(5) The pattern of gate trespassing

The data on gate trespassing in BCTOC are
derived from basic statistic analysis. The gate is
close 2 times everyday from AM. 7 to 8 and‘fr‘om
PM. 6 to 7. So the congestion of container
volumes are existed from PM. 5 to 6. Fig. 4.8
shows that the 66% of gate in containers and
more then the 73% of gate out containers are
treated in the daytime(from AM 8 to P.M. 6), and
36% of gate in containers and the 27% of gate out

containers are treated in the nighttime,

——Caein w—Gtear |
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Fig. 48 The distribution of gate trespassing
containers : S
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5. Simulation Analysis

(1) Berth handliing capacity analysis

Simulation steps and data are as follows;

First, the ships are arriving at the terminal by
Poisson manner. Exactly, the ships are arriving at
the terminal with average arrival interval
time(6.17 hours) which has the exponential
distribution.

Second, the average service time of ships is
different by the number of handling container. It
is used in this step that the number of handling
container distribution which come from the basic
statistics analysis. Exactly, it is used in this value
that the adjusted normal distribution which was
induced from the combination of normal
distribution and exponential distribution.

The handling capacity of C/C(Container Crane)
is calculated by the equation(total number of
handling container/total port time) which was
derived from the linear relation of total number of
handling container and total port time. The value
is 46.6(number of container/hour) in this study.

Third, it is assumed that the standby time of
before and after ship’s berthing is 1 and 0.83 hour
in this model. /

Fourth, the number of berth is 5 in this model,
but 1 of this is feeder berth for 10,000G/T class
ship. So the ships of below 12,000G/T can berth
the 5 berths but feeder berthing has the priority.

(7}) Composition of Model

In this model, AweSim simulation language is
used for simulation.

The arriving of entities(ships) is generated by
exponential distribution. The entities recording the
arrival time in ATRIB{l1}, and the number of
handling container, which is generated by

adjusted normal distribution is recorded in
ATRIB{2}. The entities of ATRIB{1} which
waiting the berth are assigned the berth by two
ways, the ships of over 12,000G/T are assigned 1
of 4 berths(50,000ton class berth) and below
12,000G/T can be assigned 5 berth(50,000ton class
berth + feeder berth) but feeder berth has priority.
ATRIB{2}/46.6 hours( for handing the container)
and 1.83 hours (for standby time of before and
after berthing) are used for total handing time.
The departure entities restore the source(berth)
and recording the several data before terminate.

(*}) Results and analysis

The simulation results of this model are as
follows;

First, the average waiting time and service
time of ships are 2.95 and 20.5 hours, and average
and total number of handling container are 734.6
and 528900 units. Average berth utilization
(occupation) and available ratios are 59% and
41%, and the total ship of observation is 720
units.

Second, table 5.1 showing the comparison of
simulation results to the basic statistic analysis.
In each item, the simulation results and statistic
data are showing the similar values.

Third, table 5.2 is showing the comparison of
simulation results to existed“ sir‘ﬁilar study in
1956.

Table 5.1 The comparison of sirnulation results
to the basic statistic data

Simulation |Statistics
Ttem result data Remark
Number of ship 720 636 +34
Average port timethour){1871(+1.83)| 167 | +2.01
Average containers 734 750 -21
Total containers 528927 | 532,042 | -3,075
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The result of this analysis implies that the
breakup volumes of container, which concentrated
on BCTOC in the past distributed to the new

container terminals(Gamchen, Uam, Gamman etc.).

Table 52 The comparison of simulation results
to existed similar study in 1996

Simulation Exitisted
Session study | Remark
result
result
Berth occupation ratio| 59% 81% -22%
Average weighting 2% 12 -9
time(hour)
Number of ship 720 897 =177

(2) The simulation analysis of container logistics
system

The simulation input data are based on the
results of basic statistic analysis and field studies.
And Awesim simulation language is used for
modeling.

The ship’s arriving is generated by exponential
distribution with average 6.17 hours, and the
number of handling containers is generated
alternatively by 2 distributions which have the
normal distribution with average 747.7, standard
deviation 379.1 and exponential distribution with
average 1,302, And the capacity of G/C for
handling the 1 unit is assumed 0.04 hour which is
calculated by the ratio of lhour/24unit(the general
capacity of G/C in container terminals).

The number of G/C is assumed 10 units in
BCTOC(BCTOC has total 13 G/C’s but only 10
G/C's are available because it maintains 10 gangs
for terminal operations). The number of Y/T is
assumed 40 units(BCTOC has total 56 Y/T's but
only 40 Y/T’s are available for ship containers
handling because it assigned 9 Y/T's for train

and CFS, and supposed the 15% average
breakdown ratio). And the transportation time of
Y/T for transportation the 1 unit is assumed
0.17-0.19 hour that based on the existed research
data. The daily storage capacity is assumed
12,156TEU that based on the existed research
data and the average storage period that are
deduced by basic statistic analysis.

At the gate complex, based on the existed
research data, 24units/lhour capacity is assigned
to the case of gate-in, 48units/lhour capacity is
assigned to the case of gate-out. And 8 lanes are
assigned in BCTOC as gate lanes( lanes for
gate~in, 3 lanes for gate-out, there are 11 lanes in
BCTOC).

(7} Results and analysis

The simulation results of this model are as
follows;

First, the results of average utilization
(occupations) of each sub systems are G/C 49.8%,
Y/T 575%, storage system 56.0%6, gate complex
493%. And the observed total number of
container is 537,640 units. On the whole, total
average utilization of each sub system maintains
about 509, and the special bottlenecks are not
pointed out.

Second, to comparison the total number of
containers(simnulation result 537,640 units, the
basic statistics analysis 532,000 units), the results
are showing the similar values.

Third, Table 53 shows the comparison of
simulation results to existing similar study m
1996. |

In the results of Table 5.3 (forcing on the
utilization of G/C and storage system), we can
verify the well reflection of this model. That is to
say, the decreased volumes of import and export
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containers in BCTOC (about 20%) are matched
with the decreased utilization ratios of G/C and -

storage system.

Table 53 The comparison of simulation  results

‘to the existed similar study in 1996

Simulation| Existed

Session ~result |study result

Remark

Average available

Q, . 70
ratio of G/C Ll9.8%> 795% 29.1%

Average available

0, . - [V
ratio of Y/T 515% 63.% ~6.4%

Average available ‘ ,
ratio of storage | 56.0% 71.1% -15.1%
‘place

Average 54.43% 71.5%

6. Conclusion

The results of this study are as follows;

Flrst as the results of simulation analysis,

average berth avmlable ratio and total observatlon\

ShlpS were 59% and 720 ships. And average
avallable ratlos of each subsystems were 50% for
G/C, 57.5% for Y/T 56% for storage system and

509 for gate complex There were no subsystems
occurring spec1f1c bottleneck ' '

Second, companng the results of s1mulat10n to
the results of bas1c statistics, we can venfy the
suitability of this snnulat1on model.

Third, companng the results of thlS study to
the results of prev10us sumlar study, we were
able to find slg'mﬁcant changes ‘of container
logistics systems in BCTOC(see Table 5.2, 3).

It “is aceepted very irom'cally“ that the
decreasing contamer volumes greatly 1mproved‘
the container physmal dlstnbutlon systems mn
BCTOC in which the chromc congestion of cargo

and ship was pointed out. However the
diminishing earnings resulted from decreasing
volumes ‘suppress the management of BCTOC. In
the long term, BCTOC will be able to strengthen
the customer service and the competitive power

through starting on—dock service systems..
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The result of this analysis implies that the
breakup volumes of container, which concentrated
on BCTOC in the past distributed to the new
container terminals(Gamnchen, Uam, Gamman etc.).

Table 52 The comparison of simulation results
to existed similar study in 1996

. . |Exitisted
Session Sirmulation study {Remark
result
result
Berth occupation ratio| 59% 81% ~22%
Average weighting 2.9 12 -9
time(hour)
Number of ship 720 97 -177

(2) The simulation analysis of container logistics
system

The simulation input data are based on the
results of basic statistic analysis and field studies.
And Awesim simulation langtage is used for
modeling.

The ship’s arriving is generated by exponential
distribution with average 6.17 hours, and the
number of handling containers is generated
alternatively by 2 distributions which have the
normal distribution with average 747.7, standard
deviation 379.1 and exponential distribution with
average 1,802, And the capacity of G/C for
handling the 1 unit is assumed 0.04 hour which is
calculated by the ratio of lhour/24unit(the general
capacity of G/C in container terminals).

The number of G/C is assumed 10 units in
BCTOC(BCTOC has total 13 G/C’s but only 10
G/C’s are available because it maintains 10 gangs
for terminal operations). The number of Y/T is
assumed 40 units(tBCTOC has total 56 Y/T's but
only 40 Y/T’s are available for ship containers
handling because it assigned 9 Y/T's for train

and CFS, and supposed the 15% average
breakdown ratio). And the transpertation time of
Y/T for transportation the 1 unit is assumed
0.17-0.19 hour that based on the existed research
data. The daily storage capacity is assumed
12,156TEU that based on the existed research
data and the average storage period that are
deduced by basic statistic analysis.

At the gate complex, based on the existed
research data, 24units/lhour capacity is assigned
to the case of gate-in, 48units/lhour capacity is
assigned to the case of gate-out. And 8 lanes are
assigned in BCTOC as gate lanes(5 lanes for
gate-in, 3 lanes for gate-out, there are 11 lanes in
BCTOC).

(1) Results and analysis

The simulation results of this model are as
follows;

First, the results of average utilization
(occupations) of each sub systems are G/C 49.8%,
Y/T 575%, storage system 56.0%, gate corhblex
49.3%. And the observed total number of
container is 537,640 units. On the whole, - total
average utilization of each sub system maintains
about 5096, and the special bottlenecks are not
pointed out. ‘ |

Second, to comparison the total number 6f
containers(simulation result 537,640 units, the
basic statistics analysis 532,000 units), the results
are showing the similar values.

Third, Table 53 shows the comparison of
simulation results to existing similar study in
1996.

In the results of Table 5.3 (forcing on the
utilization of G/C and storage system), we can
Verify the well reflection of this model. That is to
say, the decreased volumes of import and export
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containers in BCTOC (about 2096) are matched
with the decreased utilization ratios of G/C and
storage system. .

Table 53 The comparison of simulation results
‘to the existed similar study in 1996

Simulation| Existed

resulr | study result Remark

Session

Average available

o/ ' () _99179
ratio of G/C 49.8% | 79.5% 29.7%

Average available 575% 3% ~6.4%

ratio of Y/T
Average available :
ratio of storage | 56.0% 71.1% -15.1%
place -
Average 54.43% 71.5%
6. Conclusion

The resu]ts of this study are as fo]loWs;

First, as the results of simulation analysis,

average berth available rat1o and total observation

ships were 59% and 720 ships. And average
available ratios of each subsystems were 509 for
G/C, 575% for Y/T, 56% for storage system and
509 for gate ‘cornplex. There were no subsystems
occurring specific bottleneck. “ o

Second, comparing-the results of simulation to
the results of basic statistics, we can verify the
suitability of this simulation model.

Third, companng the results of this stuely to
the results of prev10us similar study, we were
able “to find significant changes of contamer
logistics systems in BCTOC(see Table 52, 3).

It is accepted‘ very ironically that the
decreasing container ‘volumes greatly improved
the container phys1ca1 dlstnbutlon systems in

BCTOC in which the chronic congestion of cargo‘

and ship was pointed out. However the
diminishing eamnings resulted from decreasing
volumes suppress the management of BCTOC. In
the long term, BCTOC will be able to strengthen
the customer service and the competitive power

through starting on-dock service systems.
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