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ABSTRACT 

A yard in a container terminal is a temporary storage space before containers are loaded onto the target vessel or de-
livered to consignees. For improving the utilization of the space in the yard and the efficiency of loading and discharg-
ing operations, it is important that operation plans must be carefully constructed in advance. A heuristic method is 
suggested to solve operation space planning problems considering workloads on handling equipment as well as space 
availabilities. The operation plans in this paper includes quay crane (QC) schedules and space plans for multiple ves-
sels considering the workload in the container yard of container terminals. This paper evaluates the effectiveness of a 
space planning method and the performance of a new QC scheduling method using a simulation model. 
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1.  INTRODUCTION 

The quantity of good transported has been in-
creased rapidly with increasing trade among nations. As 
a result, the advent of large-scale vessels is accelerated. 
A container terminal is trying to secure the competitive-
ness of marine transportation by using new types of 
equipment and state-of-the-art technologies. 

Figure 1 illustrates a layout of a container terminal. 
The storage yard in a container terminal is a temporary 
storage space for containers before they are loaded on to 
the target vessel or delivered to consignees. There are 
two types of container flow in container terminals: one 
is the inbound flow in which import containers are 
unloaded from vessels, which called a discharging op-
eration, and are delivered to consignees and customers, 
which we call a delivery operation. The other is the out-

bound flow in which export containers are delivered to a 
container terminal by road trucks and rail trains, which 
is called the receiving operation, and are loaded onto 
vessels, which is called the loading operation (Zhang 
2010). 

A typical performance measure in container termi-
nals is the turnaround time of vessels which is the aver-
age time during which a vessel stays at a terminal. There 
are many factors which effect the turnaround time of 
vessels in a container terminal. The efficiency of ship 
operation schedules is one of the most important factors 
among them. 

A typical type of QC schedules specifies the ser-
vice sequence of ship-bays in a ship by each QC and the 
time schedule for the services. During the detail dis-
charge and load sequencing process, the discharge and 
load sequence of individual containers and the pickup 
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position of each outbound container are determined. 
Therefore the allocation of the yard space to inbound 
and outbound containers affects the efficiency of load-
ing and discharging operations in the quayside, as well 
as receiving and delivery operations in the gate side 
(Won, 2009). 
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Figure 1. Layout of a Container Terminal. 

 
There are many studies for QC scheduling and yard 

planning. The QC scheduling problem was first sug-
gested by Daganzo (1989), who proposed an algorithm 
to determine the number of cranes to be assigned to ship 
bays of multiple vessels. Peterkofsky and Daganzo (1990) 
also provided an algorithm to determine the number of 
cranes to assign to each holds of vessels at a specific 
time segment and the departure times of multiple vessels. 
These studies used a ship bay as a unit of the schedule 
and they did not considered the interference among QCs 
and precedence relationships among tasks. Kim and 
Park (2004) presented a QC scheduling method in which 
they defined the unit of scheduling as discharging and 
loading tasks on deck and those in hold. They also con-
sidered various precedence relationships among loading 
and discharging tasks and practical constraints. Because 
of the complexity of problem, they used a branch and 
bound technique and GRASP (Greedy Randomized Adap-
tive Search Procedures) for this problem. Jung et al. 
(2006) presented a scheduling method considering inter-
ference of yard cranes. Bierwirth and Meisel (2009) pro-
posed a heuristic algorithm with modified interference 
constraints. An internal reshuffles problem was addres-
sed by Meisel and Wichmann (2010). A quay crane sche-
duling algorithm considering the workload is developed 
by Wang and Kim (2011). About the space planning 
problem of yard, Kim and Kim (1999) proposed a seg-
regation strategy to allocate storage space to import con-
tainers. Kim et al. (2000) studied a method to determine 
the positions of the arriving outbound containers in a 
bay considering their weights. Zhang et al. (2003) stud-
ied the allocation of storage space for outbound and 

inbound containers in a way of distributing the workload 
of handling equipment as uniformly as possible among 
blocks. Kim and Park (2003) studied the yard space al-
location problem for inbound and outbound containers 
of various vessels with capacity constraints of storage 
spaces. Lee et al. (2006) proposed a method for allocat-
ing storage space to future arrivals of containers at each 
time shift by simultaneously considering both handling 
workload and traffic congestion. Won (2009) studied the 
yard planning problem considering various resources, 
such as space, yard cranes, travel lanes and internal trucks. 
The problem was represented as a multi-commodity 
minimum cost flow problem. Zhang (2010) extended the 
study of Won (2009) and developed a more efficient 
algorithm. 

As stated above, a container terminal has complex 
operation procedures and all the operations require ela-
borate plans for the efficiency of the operations. Also it 
is more difficult to construct efficient plans for large-
scale vessels with the larger amount of containers be-
cause the planners should consider the workloads of 
resources which are used simultaneously for all types of 
operations in container terminals. Especially, the yard as 
a temporary storage space is one of the most important 
resources 

This paper proposes a method for QC scheduling 
and yard planning considering workloads of various 
resources in container terminals. We consider that re-
sources in the storage yard are shared by many QC op-
erations for multiple vessels.  

The main idea of the resource workload is similar 
to Won (2009) and Zhang (2010). The rest of the paper 
is organized as follows: section 2 proposes a QC sched-
uling procedure and a block assignment method. Section 
3 deals with a heuristic rule for estimating workloads of 
various resources for the yard planning. Section 4 intro-
duces a simulation study for evaluating the suggested 
two methods. Conclusions and future researches are 
given in section 5. 

2.  WORKLOAD-BASED QC SCHEDULING 

In this section, a QC scheduling method consider-
ing workload of resources is suggested including the 
block assignment rules for inbound and outbound con-
tainers. 

2.1 Quay Crane (QC) Schedule 

A ship cluster is the basic unit of QC operation for 
scheduling, which indicates “a set of transfer operations 
for slots on the same deck or in the same hold of the 
same bay.” Thus, one ship cluster is identified by its 
ship bay number, on deck or hold, operation type (load-
ing, unloading) and container size. A sub-cluster is de-
fined to be the set of transfer operations for containers 
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of the same group (the same type, the same destination 
port) included in the same ship-cluster. One ship cluster 
consists of multiple sub-clusters (Wang et al., 2011). 

 Table 1 illustrates a QC schedule. This schedule 
shows the number of containers in each ship cluster, the 
sequence of clusters to be operated, and the time sched-
ule for each QC to handle the clusters. 

2.2 Block Assignment Method 

Each row in a QC schedule corresponds to the sche-
dule of each sub-cluster. Block assignment is related to 
the shaded part in Table 1. This part shows that how 
many containers should be moved from (or to) each 
block. A QC schedule in this paper is based on a result 
of Jung et al. (2006). 

Only the block assignment part is modified as fol-
lows by considering the concept of the workload. There 
are two cases: loading and unloading operation. The 
block assignment method for unloading operation is 
described as follows: 

 
(1) Calculate the number of containers and estimate 

workload requirement in each period. Because a 
unit of time period is 1 hour, it is necessary to calcu-
late the number of containers to be handled during 
each period For example, 80 loading operations are 
scheduled from 9 : 30 am to 11 : 30 am. The required 
workload can be calculated as in Table 2. The han-
dling time per operation was set to be 1.1 min. 

(2) Find a block list using a priority rule and select a 
block. Each QC has a list of blocks ordered by using 
a priority rule. The list will be used for selecting a 
block for each container. The blocks in the list is or-
dered by using the travel distance between QC and 

each block. After selecting a block from the list of 
blocks, it is necessary to check the workload of the 
selected block. In this process, it is necessary to 
check not only the YC workload but also the space 
availability. 
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Figure 2. Block Assignment Procedure for Unloading. 

 

Table 1. An Example of QC Schedule (Wang, 2008). 

220HAM1DLD1L7/29/07 10:387/29/07 10:0710260110264109CSRS

020PUS2SSD1L7/29/07 10:387/29/07 10:0710260410264109CSRS

020PKG16CD1L7/29/07 10:387/29/07 10:0710260310264109CSRS

020PKG15DD1L7/29/07 10:387/29/07 10:0710260310264109CSRS

020PKG15CD1L7/29/07 10:387/29/07 10:0710260310264109CSRS

020KHH74CD1L7/29/07 10:387/29/07 10:0710260210264109CSRS

020KHH82GD1L7/29/07 10:387/29/07 10:0710260210264109CSRS

020KHH1L3H1L7/29/07 10:027/29/07 9:4810740110743109CSRS

020KHH46CH1L7/29/07 10:027/29/07 9:4810740110743109CSRS

020KHH44CH1L7/29/07 10:027/29/07 9:4810740110743109CSRS

020PUS43LH1D7/29/07 9:487/29/07 9:3510550110552109CSRS

020PUS53GH1D7/29/07 9:487/29/07 9:3510550110552109CSRS

220PUS32RD1D7/29/07 9:307/29/07 9:0010010210011109CSRS

220PUS31MD1D7/29/07 9:307/29/07 9:0010010210011109CSRS

020PUS71ED1D7/29/07 9:307/29/07 9:0010010110011109CSRS

020PUS71CD1D7/29/07 9:307/29/07 9:0010010110011109CSRS

TypeSizePODNumber of 
Containers

Block 
IDLocationShip Bay 

ID
Operation 

Type
Operation 
time to

Operation 
time from

Group 
ID

Ship cluster 
IDSequenceQuay 

Crane ID
Vessel 

ID
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Table 2. Workload Requirement of YC. 

Period 1 (9 : 00 am~10 : 00 am) 22 = 80×(30/120)×1.1

Period 2 (10 : 00 am~11 : 00 am) 44 = 80×(60/120)×1.1

Period 3 (11 : 00 am~12 : 00 am) 22 = 80×(30/120)×1.1
 
(3) Calculate the number of containers and estimate 

workload requirement in each period. Because a 
unit of time period is 1 hour, it is necessary to calcu-
late the number of containers to be handled during 
each period For example, 80 loading operations are 
scheduled from 9 : 30 am to 11 : 30 am. The required 
workload can be calculated as in Table 2. The han-
dling time per operation was set to be 1.1 min. 

(4) Find a block list using a priority rule and select a 
block. Each QC has a list of blocks ordered by using 
a priority rule. The list will be used for selecting a 
block for each container. The blocks in the list is or-
dered by using the travel distance between QC and 
each block. After selecting a block from the list of 
blocks, it is necessary to check the workload of the 
selected block. In this process, it is necessary to 
check not only the YC workload but also the space 
availability. 

(5) Confirm the workload of the selected block and up-
date workload information. If a selected block has 
enough amounts of available resources, the block 
can be assigned to the cluster. Then, specified amo-
unts of resources are reserved for the operation of 
the cluster and workload information is updated con-
sidering the reservation. 

(6) Repeat until all containers are assigned. After all 
the containers for a cluster are assigned to one or 
multiple blocks, we can get an assignment results 
like those in Table 3, which shows 60 inbound con-
tainers are assigned to block 1 and 20 inbound con-
tainers are assigned to block 2 for the unloading op-
eration. This data will be put into the block assign-
ment part in the QC schedule.  
 
In case of loading operation, the procedure is dif-

ferent from the one for discharging containers because 
in this case we have to consider storage locations of 
outbound containers which already arrived at the yard. 
The blocks with containers which have the same attrib-
utes as the corresponding cluster will be candidate 
blocks for the cluster to be assigned to.  

When selecting a block, it has to be checked if the 
block has some containers having the same attributes as 
the corresponding cluster. However, for the scheduling 
of loading operation, it is not necessary to consider the 
space availability, because the loading operation doesn’t 
need additional space for the operation. The assignment 
procedure will be repeated until all the clusters are as-
signed to blocks. 

3.  WORKLOAD-BASED YARD PLANNING 

This section discusses a space planning method con-
sidering workload of resources such as the storage space 
and yard cranes and heuristic rules for efficient space 
planning in detail. 

3.1 Space Planning in Container Yards 

Space planning is to determine groups and quanti-
ties of arriving containers to be stored at each block and 
reserve the determined amount of space for each group 
of containers before they arrive at the yard. The process 
of determining the storage locations of containers can be 
divided into two stages (Bazzazi et al., 2009): at the first 
stage, the number of containers for each vessel to be 
placed in each storage block at each time period of the 
planning horizon is determined. In the second stage, 
Specific locations for each group of containers are re-
served. This paper focuses on the first stage of the space 
planning procedure. An example of the result of the 
space planning is illustrated in Table 4. 

There are two most popular strategies for the space 
planning which determines the storage blocks and the 
amounts of space reservation for inbound and outbound 
containers of each vessel: the first strategy is to mini-
mize the travel distance of internal trucks between stor-
age blocks and berthing positions of vessels; the second 
strategy is to balance workload among blocks. When the 
second strategy is adopted, for the space allocation of 
arriving containers at the next period, it is necessary to 
consider not only the present situation in the yard or the 
workload of equipment at the next period but also the 
workload at the moment when the containers are loaded 
into a vessel or delivered to road trucks in future. This 
study attempts to evaluate the space allocation strategy 
which simultaneously considers the current and the fu-
ture workloads of handling equipment at storage blocks. 

 
Table 3. Results of Block Assignment. 

Period 1 (9 : 00 am ~ 10 : 00 am) 20, Block 1 
Period 2 (10 : 00 am ~ 11 : 00 am) 40, Block 1 
Period 3 (11 : 00 am ~ 12 : 00 am) 20, Block 2 

3.2 A heuristic Rule for the Workload-Based 
Space Planning 

The storage space and the handling equipment are 
the main resources for space planning decisions. For 
example, a yard crane which is one of the most impor-
tant equipment for handling containers is a time-related 
resource. An excessive workload on a yard crane will 
cause the delay of loading and discharging operation, 
which results in longer turnaround times of vessels. For 
reducing the turnaround times of vessels, it is important 
that the handling workload at each time period is dis-
tributed over all the blocks. This section introduces a 
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heuristic rule for the space planning, which determines 
the number of containers to be stored at each block. The 
main objective of this heuristic rule is to allocate space 
requirements to blocks so as to balance the handling 
workload among all the blocks and simultaneously con-
sider the travel distance of internal trucks between 
blocks and the corresponding berth for each vessel. Fig-
ure 3 shows the procedure of the space allocation. The 
following describes the main procedure:  

 
(1) Selection of blocks for the space allocation. When 

there is no information on amount of containers for a 
vessel, firstly, the expected number of containers to 
arrive at the yard will be calculated based on histori-
cal data. And then, the requirements of resources for 
the containers will be estimated. The availability of 
resources must be checked from the current period 
to the berthing time of the corresponding vessel. Fi-
nally, candidate blocks are selected by considering 
the availability of resources and the block priority of 
each block which is assigned to each block by using 
the travel distance between the corresponding berth 
and the block.  
 

Event: Selection of blocks 
for the space allocation

Estimate the number of 
outbound containers in 

each period

Estimate the 
requirements of 

workload

Sequence blocks in a 
decreasing order of 
available resource

History data 
on outbound 
distribution

Select three blocks with 
the higher priority. 

For the same priority  
blocks with the largest 
available resource are 

selected first

Resource 
Workload

Block Priority

 
Figure 3. Selection of Blocks for the Space Allocation. 

 
(2) Allocation of the expected number of containers to 

the selected blocks. The expected number of con-
tainers of each vessel is allocated to blocks propor-
tionally to the resource availability. The procedure is 
described in Figure 4. For example, suppose that 
candidate blocks are block 2, 4, and 6 and the ex-
pected number of arriving containers during the 
planning period is 40. Suppose that the minimum 

available resource between the planning period and 
the berthing period is 30, 20, and 50 at block 2, 4, 
and 5, respectively. Then, the number of resource to 
be allocated to each block can be calculated as in 
Table 4. 
 

Event:  Allocation of the Estimated the
number of containers to the selected blocks

Estimate the number of 
outbound containers of 

each period

Allocate the number of 
containers proportionally 

to the amount of 
available resource

Update resource 
workload

Set of selected 
blocks in 
figure 3 

Resource 
Workload

 
Figure 4. Allocation of the Expected Number of 

Containers to the Selected Blocks. 
 

Table 4. Allocation of Storage Space to Blocks.  

Block 2 40×30/(30+20+50) = 8 
Block 4 40×20/(30+20+50) = 12 
Block 6 40×50/(30+20+50) = 20 

4.  SIMULATION EXPERIMENTS 

The performances of the methods in sections 2 and 
3 are evaluated by simulation experiments. This section 
discusses the process of simulations in detail and ana-
lyzes the results.  

4.1 Simulation Environment 

 

 
Figure 5. Structure of Simulation and Planning System. 

 
In this study, the simulation models are composed 

the berth area for ship operations, a storage yard for sto-
rage and retrieve operations, and a gate for in/out road 
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trucks. The process of simulation experiments for QC 
scheduling and yard planning is described at Figure 5. 

The yard planning system makes allocation of ar-
riving containers every 8 hours, and QC scheduling sys-
tem makes schedules 10 hours before a vessel arriving 
under the stopped simulation status. Then the workload 
information is updated at the database and simulation 
would be preceded. At the beginning of simulation, the 
outbound containers arrive at the terminal 7 days before 
the start of ship operations for the corresponding vessel. 
The allocations of storage locations for those containers 
are decided by the heuristic method which is introduced 
in section 3 with regarding that the workload of re-
sources decided by ship operations are 0 at first.  

 
The simulation environment is described as follows. 
1. The container terminal assumed in this simulation 

study has 3 berths. 20 vessels are served in these 
berths. Each vessel has around 1000 containers to 
load into or unload from.  

2. The yard consists of 21(3× 7) horizontal blocks with 
34 bays and 9 rows in each block. 

3. 2 yard cranes are installed in each block and 9 QCs 
are installed along the quayside. 

4. The simulation horizon is 27 days. 
5. The arrival ratios for outbound containers for each of 

7 days and at each time period in a day are shown in 
Table 5 and Table 6. 

 
Table 5. Arrival Ratio for Outbound Containers. 

Period 
(days before vessel arrival) -6 -5 -4 -3 -2 -1

Ratio 0.02 0.05 0.06 0.10 0.12 0.65
 
Table 6. Arrival Ratio of Road Trucks in a Day. 

Arrival 
time Ratio Arrival 

time Ratio Arrival 
time Ratio 

0~2 0.03 8~10 0.07 16~18 0.15 
2~4 0.04 10~12 0.13 18~20 0.1 
4~6 0.03 12~14 0.10 20~22 0.11 
6~8 0.02 14~16 0.15 22~24 0.07 

4.2 Workload-Based QC Scheduling 

The simulation is stopped and transfer yard infor-
mation to database at the moment of 10 hours before the 
corresponding vessel arrives at the terminal. Then, the 
planning system schedules QC operations using these 
input data. QC schedule is saved in the database. A 
simulation start with this QC schedule. Each QC has a 
list of blocks with different priorities for assigning clus-
ters. 45 vehicles are deployed to these QCs. 

Two different rules are applied to allocate spaces to 
clusters. Method 1, which is called ‘DISTANCE,’ con-
siders only distance between the berth and the corre-

sponding block. Method 2 considers the distance and the 
workload of each block simultaneously, which will be 
called ‘DIST ANS WORKLOAD.’ 

Usually, the unloading containers have more flexi-
bility than the loading containers, because the loading 
containers are already in the yard and the storage loca-
tions of loading containers will restrict the candidate 
blocks for clusters to be assigned to. However, the dis-
charging containers have no limitations for the storage. 
Thus, in DIST AND WORKLOAD, we impose tighter 
constraints for allocating unloading containers in order 
to secure resources for loading containers which will be 
assigned storage locations later. We set the maximum 
available capacity of each block to be 30, 50, and 70%, 
respectively, of their full capacity for three simulation 
experiments, which means 70, 50, 30% of their capacity 
will be reserved for the loading containers which will be 
planned later.  

In Table 7, we can see that turnaround times of 
DIST AND WORKLOAD are shorter than those of DIS-
TANCE. When a smaller capacity is used for unloading, 
a shorter turnaround time results.  

 
Table 7. Turnaround Time of Vessels. 

DIST AND WORKLOAD 
 DISTANCE

(0.7) (0.5) (0.3) 

Vessel 1 1 : 00 : 20 18 : 58 17 : 31 16 : 38
Vessel 2 1 : 02 : 54 21 : 18 20 : 22 19 : 43
Vessel 3 1 : 01 : 36 20 : 52 19 : 34 18 : 15
Vessel 4 1 : 03 : 25 22 : 37 20 : 28 19 : 52
Vessel 5 20 : 56 16 : 05 14 : 31 13 : 36
Vessel 6 22 : 28 17 : 47 15 : 46 15 : 13
Vessel 7 1 : 00 : 01 21 : 19 19 : 15 18 : 11
Vessel 8 1 : 00 : 54 21 : 24 18 : 58 18 : 00
Vessel 9 1 : 01 : 28 21 : 36 19 : 47 17 : 40

 
The results in Table 8 and Table 9 are explained in 

the following. Closest blocks have highest priorities for 
each QC. Thus many containers are assigned to these 
blocks when using DISTANCE. Because of this ten-
dency of assignments, many vehicles visit these blocks 
and take longer time to wait for the service by yard 
cranes. With DIST AND WORKLOAD, we can distribute 
this workload. When workloads exceed a capacity of 
high priority blocks, containers are assigned to other 
blocks. Thus, we can avoid congestion. And this effect 
is more efficient when we use smaller capacity for load-
ing operations.  

We used 120 as the capacity in the previous ex-
periments. It can be calculated 60×2 (available time× 
number of yard crane at each block). Because the capac-
ity of 120 is fully tight to the maximum capacity of yard 
cranes, the congestion at a block was found during the 
simulation. Thus, we solved the problem (vessels 4~6) 
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with smaller capacity and got better results in Table 12. 
The workload could be distributed more uniformly when 

a lower percentage of the capacity is assumed to be 
available during the allocation of resources and thus the 

Table 8. Number of Vehicle Visits to Each Block. 

Vessels 1~3 Vessels 4~6 Vessels 7~9 
DIST AND WORKLOAD DIST AND WORKLOAD DIST AND WORKLOAD 

DISTANCE 
(0.7) (0.5) (0.3) 

DISTANCE
(0.7) (0.5) (0.3)

DISTANCE 
(0.7) (0.5) (0.3)

Block 1 412 292 225 173 280 276 233 213 502 333 255 198 
Block 2 651 321 244 171 510 298 219 164 301 301 174 162 
Block 3 617 311 234 186 620 288 201 134 618 322 232 165 
Block 4 58 178 174 142 77 76 119 156 86 255 228 170 
Block 5 120 332 288 218 68 204 203 166 78 78 218 157 
Block 6 66 254 200 147 104 271 225 183 91 274 235 179 
Block 7 145 145 222 206 118 118 118 152 78 78 150 157 
Block 8 58 176 198 165 63 130 135 127 81 81 81 153 
Block 9 84 202 179 164 132 282 271 220 86 185 221 191 
Block 10 84 84 95 140 102 98 98 121 106 106 126 160 
Block 11 59 59 141 154 87 92 136 151 97 97 97 116 
Block 12 76 76 189 156 107 154 209 163 102 116 183 179 
Block 13 92 92 92 138 73 71 71 95 24 24 24 65 
Block 14 117 117 117 177 87 85 116 125 105 105 105 112 
Block 15 110 110 151 193 84 82 145 157 99 99 125 173 
Block 16 67 67 67 85 59 59 59 66 88 88 88 95 
Block 17 80 80 80 134 57 53 53 101 100 100 100 101 
Block 18 91 91 91 165 87 84 110 134 66 66 66 130 
Block 19 65 65 65 65 59 59 59 59 50 50 50 59 
Block 20 92 92 92 109 91 89 89 121 82 82 82 82 
Block 21 66 66 66 122 74 70 70 131 50 50 50 86 

 
Table 9. Average System Time of Trucks in a Block (minutes: seconds). 

Vessels 1~3 Vessels 4~6 Vessels 7~9 
DIST AND WORKLOAD DIST AND WORKLOAD DIST AND WORKLOAD DISTANCE (0.7) (0.5) (0.3) DISTANCE (0.7) (0.5) (0.3) DISTANCE (0.7) (0.5) (0.3)

Block 1 8:31 6:29 6:00 3:37 12:21 10:25 11:55 4:41 22:45 12:24 11:33 4:59
Block 2 18:31 15:34 9:35 4:02 13:08 12:22 9:16 6:24 9:55 20:25 5:21 3:50
Block 3 18:01 8:38 5:12 3:45 27:32 21:37 7:43 4:51 18:59 8:48 13:04 4:16
Block 4 2:51 4:37 6:04 4:42 2:56 2:54 4:26 4:12 2:56 12:32 8:02 4:38
Block 5 2:56 5:18 4:43 5:20 3:02 6:33 5:46 5:39 2:54 2:52 4:51 4:07
Block 6 2:54 7:54 4:46 3:50 2:58 10:19 7:27 6:32 2:59 6:01 6:11 5:44
Block 7 3:03 3:02 3:55 3:30 2:59 3:00 3:03 3:59 2:57 2:56 4:49 4:02
Block 8 2:56 3:58 5:27 4:08 2:59 4:37 6:38 5:45 2:54 2:53 2:55 3:53
Block 9 2:55 4:30 4:38 3:55 3:05 4:15 4:45 4:19 2:57 5:54 7:57 4:04
Block 10 2:55 2:55 3:11 3:34 3:00 2:59 3:02 3:20 2:59 3:03 4:05 3:37
Block 11 2:52 2:55 3:51 5:02 2:55 3:00 5:07 4:37 2:58 2:56 2:58 3:15
Block 12 2:51 2:54 5:46 3:51 2:59 3:21 3:55 3:48 2:56 3:05 5:34 4:36
Block 13 2:55 2:56 2:56 3:21 2:55 2:52 2:53 3:53 3:05 3:02 2:57 4:24
Block 14 2:59 2:57 2:56 3:37 2:55 2:51 3:38 3:54 2:55 3:00 2:56 3:01
Block 15 2:57 2:57 3:46 3:53 2:59 2:56 5:43 4:11 2:59 2:58 3:26 5:19
Block 16 3:00 2:57 2:57 3:38 3:00 2:57 2:58 3:02 2:57 2:58 2:55 3:03
Block 17 2:53 2:56 2:55 3:45 2:53 2:54 2:51 5:02 2:57 2:57 2:55 2:54
Block 18 2:56 2:59 2:58 3:42 2:58 2:57 3:33 3:50 2:56 2:54 2:57 5:08
Block 19 2:53 2:52 2:53 2:52 2:57 2:56 2:54 2:57 2:55 2:59 2:54 3:18
Block 20 2:55 2:57 2:56 3:15 3:02 2:56 2:59 3:53 2:56 2:54 2:56 2:52
Block 21 2:53 2:55 2:54 4:31 2:54 2:53 2:52 3:51 2:54 2:54 2:55 5:09
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results became better as shown in Table 10~Table 11. 
When the maximum available capacity of handling 

workload of each block was assumed to be 80% of its 
full capacity, in some cases, no feasible solution could 

Table 10. Number of Vehicle Visits to Each Block (Vessels 4~6). 

DIST AND WORKLOAD (0.7) DIST AND WORKLOAD (0.5) DIST AND WORKLOAD (0.3)
CAPACITY CAPACITY CAPACITY  DISTANCE 

(1.0) (0.9) (0.8)   (1.0) (0.9) (0.8)  
Block 1 280 276 268 251 233 228 218 213 190 190 
Block 2 510 298 276 242 219 207 196 164 145 146 
Block 3 620 288 260 217 201 194 179 134 117 113 
Block 4 77 76 84 101 119 124 134 156 151 148 
Block 5 68 204 200 193 203 193 188 166 156 149 
Block 6 104 271 261 252 225 234 217 183 184 170 
Block 7 118 118 118 118 118 118 118 152 176 174 
Block 8 63 130 135 146 135 144 135 127 133 130 
Block 9 132 282 261 266 271 236 219 220 212 206 
Block 10 102 98 98 98 98 98 98 121 133 139 
Block 11 87 92 113 137 136 143 137 151 133 138 
Block 12 107 154 201 199 209 189 184 163 150 156 
Block 13 73 71 71 71 71 71 71 95 97 108 
Block 14 87 85 85 91 116 122 134 125 140 134 
Block 15 84 82 94 143 145 172 159 157 137 136 
Block 16 59 59 59 59 59 59 59 66 92 103 
Block 17 57 53 53 53 53 53 89 101 116 111 
Block 18 87 84 84 84 110 125 143 134 128 135 
Block 19 59 59 59 59 59 59 59 59 76 95 
Block 20 91 89 89 89 89 89 95 121 137 142 
Block 21 74 70 70 70 70 81 107 131 136 116 

 
Table 11. Number of Vehicle Visits to Each Block (Vessels 4~6) (minutes: seconds). 

DIST AND WORKLOAD (0.7) DIST AND WORKLOAD (0.5) DIST AND WORKLOAD (0.3)
CAPACITY CAPACITY CAPACITY  DISTANCE 

(1.0) (0.9) (0.8) (1.0) (0.9) (0.8) (1.0) (0.9) (0.8) 
Block 1 12 : 21 10 : 25 16 : 09 9 : 56 11 : 55 7 : 50 6 : 57 4 : 41 3 : 52 3 : 29 
Block 2 13 : 08 12 : 22 8 : 54 8 : 31 9 : 16 10 : 06 7 : 08 6 : 24 4 : 35 4 : 07 
Block 3 27 : 32 21 : 37 13 : 58 13 : 46 7 : 43 9 : 33 10 : 57 4 : 51 4 : 40 4 : 26 
Block 4 2 : 56 2 : 54 3 : 04 3 : 44 4 : 26 4 : 45 4 : 51 4 : 12 3 : 56 3 : 48 
Block 5 3 : 02 6 : 33 6 : 14 6 : 19 5 : 46 4 : 45 5 : 02 5 : 39 4 : 10 6 : 18 
Block 6 2 : 58 10 : 19 9 : 00 7 : 29 7 : 27 7 : 30 6 : 06 6 : 32 4 : 43 4 : 36 
Block 7 2 : 59 3 : 00 3 : 00 2 : 58 3 : 03 3 : 01 3 : 00 3 : 59 4 : 02 4 : 08 
Block 8 2 : 59 4 : 37 6 : 00 5 : 38 6 : 38 6 : 13 5 : 07 5 : 45 4 : 21 4 : 02 
Block 9 3 : 05 4 : 15 5 : 29 4 : 45 4 : 45 5 : 19 5 : 13 4 : 19 4 : 36 4 : 51 
Block 10 3 : 00 2 : 59 2 : 56 2 : 56 3 : 02 2 : 59 2 : 55 3 : 20 3 : 27 3 : 24 
Block 11 2 : 55 3 : 00 3 : 24 4 : 12 5 : 07 4 : 30 3 : 51 4 : 37 3 : 52 3 : 32 
Block 12 2 : 59 3 : 21 4 : 01 6 : 35 3 : 55 5 : 25 4 : 09 3 : 48 3 : 34 3 : 25 
Block 13 2 : 55 2 : 52 2 : 53 2 : 53 2 : 53 2 : 54 2 : 56 3 : 53 3 : 51 3 : 50 
Block 14 2 : 55 2 : 51 2 : 58 2 : 55 3 : 38 5 : 17 5 : 28 3 : 54 3 : 42 3 : 38 
Block 15 2 : 59 2 : 56 3 : 26 4 : 09 5 : 43 6 : 09 3 : 45 4 : 11 3 : 53 3 : 57 
Block 16 3 : 00 2 : 57 2 : 58 3 : 05 2 : 58 2 : 57 2 : 56 3 : 02 4 : 07 4 : 29 
Block 17 2 : 53 2 : 54 2 : 54 2 : 53 2 : 51 2 : 53 4 : 12 5 : 02 3 : 55 3 : 52 
Block 18 2 : 58 2 : 57 2 : 56 2 : 57 3 : 33 3 : 43 4 : 11 3 : 50 3 : 48 3 : 27 
Block 19 2 : 57 2 : 56 2 : 53 2 : 56 2 : 54 2 : 55 2 : 57 2 : 57 3 : 41 3 : 28 
Block 20 3 : 02 2 : 56 2 : 56 2 : 57 2 : 59 2 : 59 3 : 00 3 : 53 3 : 42 3 : 47 
Block 21 2 : 54 2 : 53 2 : 52 2 : 54 2 : 52 3 : 05 3 : 45 3 : 51 3 : 44 3 : 42 
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be found. 

4.3 Workload-Based Yard Planning 

Figure 6 shows the event flow diagram for the 
event that a truck with an outbound container arrives at 
the gate. When an outbound truck arrives at the gate, the 
location of the outbound container is assigned by using a 
block allocation rule, which assigns a block for the out-
bound container by using the space plan. Next, the as-
signed empty slot in the yard is reserved for the out-
bound container. Finally, the outbound truck will move 
to the assigned block in the yard. For internal transporta-
tion, total 32 vehicles are deployed.  

 
 

Arrival of 
trucks at gate

Determine a 
block

Reserve the 
space

Truck moves 
to the block

Space 
Planning
System

Determine a 
bay and a 

row 
 

Figure 6. Event Diagram for the Event of Truck Arrival 
with an Outbound Container. 

 
Three space planning methods to allocate spaces to 

containers are tested in the simulation experiment. The 
first method considers only the travel distance between 
the berth and the corresponding block (Distance). The 
second method considers only the workload of each 
block (Workload). The third method simultaneously 
considers the workload of each block and the travel dis-
tance of each block (Distance and Workload). Distance 
and Workload method allocates containers to blocks 
with lower priorities when workloads exceed capacities 
of blocks with higher priorities.  

Figure 7 shows the average turnaround time of ves-
sels by three space planning methods. It was found that 
Distance and Workload outperformed Distance and 
Workload by 7.5% and 2.5%, respectively. 

 
Figure 7. Turnaround Times of Vessels. 

 

 
Figure 8. Average System Time of Road Trucks. 
 

 
Figure 9. Variance of the System Time of Road Trucks. 

 
Figure 8 and Figure 9 show the average and the 

variance of the system time of road trucks at blocks, 

Table 12. Turnaround Time of Vessels (days: hours: minutes) 

DIST AND WORKLOAD (0.7) DIST AND WORKLOAD (0.5) DIST AND WORKLOAD (0.3)
CAPACITY CAPACITY CAPACITY  DISTANCE 

(1.0) (0.9) (0.8) (1.0) (0.9) (0.8) (1.0) (0.9) (0.8) 

Vessel 4 1 : 03 : 25 22 : 37 22 : 09 21 : 07 20 : 28 20 : 27 19 : 55 19 : 52 19 : 35 19 : 49
Vessel 5 20 : 55 16 : 04 15 : 24 14 : 44 14 : 31 13 : 54 13 : 57 13 : 36 13 : 38 13 : 52
Vessel 6 22 : 28 17 : 47 16 : 50 16 : 20 15 : 46 15 : 50 15 : 16 15 : 13 15 : 07 15 : 10
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which is the sum of the waiting time and the service 
time by yard cranes. Figure 8 shows that Distance rule 
results in the concentration of road trucks to several 
blocks nearest to the berth, while the other two work-
load-related rules do not show so much delays and con-
gestion of road trucks because of spreading and balanc-
ing the workload over all the blocks in the yard. Figure 
8 and 9 did not show any significant difference in the 
average or the variance of the system time of trucks be-
tween Workload and Distance and Workload rules 

The last performance measure is the total travel 
time of internal trucks during the unloading and loading 
operations. In Figure 10, Distance and Distance and 
Workload methods showed a similar total travel time per 
container delivery by an internal truck. However, Work-
load rule showed a longer average travel time than Dis-
tance and Distance and Workload during the loading 
and unloading operations. The longer travel time means 
a more energy consumption by internal trucks during the 
ship operation. Figure 10 implies that both the travel 
distance and the workload need to be considered from 
the viewpoint of the turnaround time of vessels and the 
energy consumption by internal trucks. 

 

 
Figure 10. Total Travel Time of Internal Trucks. 

5.  CONCLUSIONS AND FUTURE STUDIES 

Although there have been many studies which sug-
gest QC scheduling methods and space planning meth-
ods considering workloads, they did not prove their idea 
in a dynamic situation similar to the real practice. This 
paper evaluated QC scheduling methods and space plan-
ning methods considering workloads on various reso-
urces in container terminals for the first time and sho-
wed that workload based planning methods are effective 
for reducing the turnaround time of vessels and road 
trucks. And the handling workload on each block in the 
yard was considered during a QC scheduling. It was 
tried to avoid congestion in the yard by using workload 
information and a block assignment method was pro-
vided. As the result of simulation experiments, it is 
proved the suggested method considering workload out-
performs traditional methods. In addition, in this study, 

methods were provided for estimating the workloads of 
various resources for a yard plan or QC scheduling and 
availabilities of resources.  

The rules tested in this study were simple and thus 
it is necessary to test more complicated algorithms in 
terms of their performance and the applicability to prac-
tices. This paper considered only two types of resources 
in container terminals. However, there are many re-
sources such as berth, travelling lane, and human re-
source, etc. These resources may be additionally consid-
ered for more efficient allocation of storage space, 
which may be another interesting issue for a future study.  
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