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Abstract 

The increase in international trade and production automation has led to a global container traffic 
surge at ports, including Terminal Peti Kemas X, one of Surabaya's main domestic terminals. This 
situation requires more effective and efficient management of handling equipment, particularly 
internal trucks that link the dock and the stacking yard, to avoid congestion and operational delays. 
However, the loading and unloading performance and vessel service at this terminal are not optimal 
due to fluctuating container flows and suboptimal equipment allocation, particularly for quay cranes 
(QC) and internal trucks (IT). This study aims to optimize the number of internal trucks based on quay 
allocation and quay crane assignment tailored to the volume of containers being loaded and unloaded, 
using discrete event simulation as the primary approach. Performance is measured using two leading 
indicators: box/crane/hours (BCH) and vessel turnaround time (TRT). Under existing conditions, the 
BCH and TRT values are 23.43 boxes and 15.24 hours, respectively. Several improvement scenarios 
were developed by varying the number or ratio of quay crane and internal truck assignments, without 
adding new equipment. The scenario analysis found that the best scenario has a container volume 
configuration of <150 boxes with 2 QC and 7 IT assignments, while a container volume of >150 boxes 
has 2 QC and 11 IT assignments. This configuration can increase BCH to 25.33 boxes and reduce TRT 
to 11.82 hours. These findings indicate that this approach is practical in significantly improving 
system performance. 
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1. Introduction 

Global trade and production automation growth have significantly increased port activities 
worldwide in recent years. This is evidenced by the global container volume handled, which has 
tripled from 224 million TEUs in 2019 to approximately 840 million TEUs in 2021 [1]. This situation 
demands that ports possess integrated infrastructure and sufficient handling capacity to accommodate 
large container vessels that now dominate the global shipping fleet. 

Terminal effectiveness highly depends on sound operational management, particularly in 
handling equipment such as quay cranes (QC), yard cranes (YC), and internal trucks (IT). IT is a 
connector between the berth and the container yard and plays a crucial role in transportation. 
Imbalances in the number of this equipment or the assignment ratio can lead to delays and congestion 
within the terminal system, ultimately reducing operational performance [2]. 

The performance of loading and unloading operations and vessel service at container terminals 
is generally measured using two key indicators, box/crane/hour (BCH) and turnaround time (TRT). 
BCH reflects the productivity of a crane in handling containers per hour of crane operation. At the 
same time, TRT indicates the total duration a vessel spends in the port from berthing to the completion 
of service [3]. These two indicators are essential for evaluating container terminals' efficiency and 
effectiveness in supporting the logistics system's smooth operation. 
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Container terminal X is part of the national logistics system serving domestic container flows 
in Surabaya, which have relatively high traffic intensity. The terminal has key handling equipment 
such as quay (QC), rubber-tyred gantry cranes (yard cranes), and internal trucks. The target BCH set 
by the container terminal is 25 boxes per hour. However, in several months of 2024, this target was not 
optimally achieved due to fluctuations in container flow and imbalances in the assignment of container 
handling equipment. This condition also affected vessel service, particularly the time required for 
vessel completion (TRT). 

Several previous studies have addressed container terminal operations; however, most of them 
have focused on a single aspect only, such as berth allocation [4], [5], [6], [7] or quay crane 
assignment [8], [9], [10], [11]. The synchronization among operational areas (quay area, transfer area, 
and yard area) and the coordination of handling equipment (QC, IT, and YC) are crucial in achieving 
overall performance. 

For this level of complexity, a discrete event simulation-based approach is considered 
appropriate due to its capability to model complex systems arising from variability and 
interdependencies within the system [12]. This approach contrasts with pure optimization methods, 
which often require model simplification, potentially omitting essential aspects of the system [13]. 

Based on this, the present study aims to develop a simulation model that can be a 
decision-support tool for determining the optimal number of internal truck assignments. The model 
considers berth allocation strategies and quay crane assignments based on the volume of containers 
carried by vessels and the terminal's operational conditions. The developed model is used to evaluate 
and improve the performance of loading and unloading operations and vessel services, measured by 
box/crane/hour (BCH) and vessel turnaround time (TRT). 

2. Methods 

System identification aims to understand the actual conditions and operational issues and 
define its constituent components: elements, variables, and system performance [12]. Table 1 presents 
the details of system identification. 

Table 1. Information collection in system identification 
Component Subcomponent Item 

Element  
System 

Entity Vessels and containers 
Resources Berth, quay cranes, internal trucks, yard cranes, and container yard 

Aktivity 
Berth selection, quay crane assignment, container unloading process, 
container transfer from berth to yard, container loading process, container 
transfer from yard to berth, delivery and receiving processes 

Control Vessel-to-berth assignment, equipment assignment and allocation, 
container yard capacity limit 

Variable  
System 

Decision Number of berths, number (or ratio) of assigned quay cranes, and internal 
trucks 

Response Box/crane/hours, turn around time kapal 

Status 
Berth status (vacant/occupied), quay crane status 
(discharging/loading/idle), number of containers unloaded, number of 
containers loaded, and yard capacity. 

Performance  
System 

- Productivity: Box/crane/hours, Service: Vessel turnaround time  

 
Data Collection and Processing 

Data serve as a crucial element in providing input for simulation model development, as their 
quality and completeness directly affect the accuracy of the results. Data are classified into three 
categories: structural, operational, and numerical [12], and are obtained from both primary sources 
(direct observation) and secondary sources (company records). Table 2 summarizes the data types, 
sources, and collection methods. 

After the data are collected, processing is carried out through distribution fitting to match the 
data with empirical and theoretical distributions. This process is followed by further analysis to 
determine the probability of events, which serves as input for the simulation model. The fitted data 
include vessel interarrival times, the number of containers to be unloaded and loaded, quay crane 
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handling time, internal truck transport time, yard crane handling time, and delivery and receiving 
interarrival times. 

 
Table 2. Collected data and acquisition methods 

Data Type Data Acquisition Method Source 

Structural 

Container terminal layout Secondary data Company records 
Yard capacity Secondary data Company records 
Types of resources used Primary data Observation 
Number of available resources Primary data Observation 
Types of container handling activities Primary data Observation 

Operational 
Container terminal operating hours Secondary data Company records 
Assignment ratio and resource allocation Secondary data Company records 
Container handling process flow Primary data Observation 

Numerical 

Vessel interarrival time Secondary data Company records 
Number of containers to be unloaded Secondary data Company records 
Number of containers to be loaded Secondary data Company records 
Quay crane (QC) handling time Primary data Observation 
Internal truck (IT) transport time Primary data Observation 
Yard crane (YC) handling time Primary data Observation 
Delivery interarrival time Secondary data Company records 
Receiving the interarrival time Secondary data Company records 

 
Model Development 

The next stage is model development. This process begins with constructing a conceptual 
model, the foundation for building the simulation model. The simulation model is then divided into 
five separate submodels. 

 
Submodel 1: Berth Allocation 

The first submodel illustrates berth allocation based on vessel arrivals. Each vessel is assigned 
to one of the two available berths; if both are occupied, the ship must wait in a queue. The vessel 
entity is assigned an interarrival time attribute, while the container entity carries attributes for the 
number of containers to be unloaded and loaded. Figure 1 presents the logic of Submodel 1. 
 

 
                                        Figure 1. Flow diagram of submodel 1 
 

Submodel 2: Quay Crane Assignment and Loading/Unloading Operation 
Submodel 2 models quay cranes (QCs) assignment in the container loading and unloading. 

Containers are unloaded from the vessel to internal trucks and loaded from internal trucks onto the 
ship using quay cranes. The number of assigned QCs is adjusted based on the container volume, with 1 
QC allocated for fewer than 150 containers and 2 QCs for more than 150 containers. This submodel 
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also records statistics on the number of entities served and the time each entity spends in the system to 
calculate box/crane/hour (BCH) and vessel turnaround time (TRT) after the completion of container 
handling. Figure 2 presents the flow diagram of Submodel 2 logic. 
 

                                        Figure 2. Flow diagram of submodel 2 
 
Submodel 3: Container Haulage 

The next developed submodel is Submodel 3, which models the container transportation 
process by assigning internal trucks (ITs) for unloading and loading containers. It transports unloading 
containers from the berth to the yard, and loading containers from the yard to the berth. The number of 
ITs assigned is based on the number of operating quay cranes (QCs), namely 4 ITs for 1 QC and 8 ITs 
for 2 QCs. The input for IT transport time is used to represent the operation duration. The 
transportation is carried out sequentially, from unloading containers to loading containers. Figure 3 
illustrates the assignment of internal trucks in container haulage operations. 
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Figure 3. Flow diagram of 
submodel 3 

Submodel 4: Container Stacking in the Yard 
Submodel 4 is developed to represent the container stacking process in each available yard 

block using yard cranes (YCs). This process includes transferring import containers from internal 
trucks to yard blocks and export containers from yard blocks to internal trucks. Additionally, this 
submodel is linked to the delivery and receiving processes, which involve the transfer of containers 
between yard blocks and customer vehicles (external lorries). The yard crane's container handling 
activity is associated with input data representing its operational handling time. Figure 4 presents the 
flow diagram of Submodel 4. 

 

 
Figure 4. Flow diagram of submodel 4 

 
Submodel 1: Delivery and Receiving External Trucks 

The final submodel developed is Submodel 5, which describes container delivery and 
receiving processes at the yard using external trucks. The delivery process involves customers picking 
up containers to be transported out of the terminal. In contrast, the receiving process involves 
customers handing over containers temporarily stored at the yard until the next handling stage. Each 
entity entering the system is assigned an interarrival time attribute for the delivery and receiving 
processes. Figure 5 presents the logic of Submodel 5. 
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                  Figure 5. Flow diagram of submodel 5 

Replication, Verification, and Validation 
The model must be executed multiple times in simulation because it involves random 

variables in both input and output (random input–random output/RIRO). This process, known as 
replication, aims to ensure that the simulation results can more accurately represent the real system 
conditions. In this study, the number of replications was determined based on the values of the 
half-width (hw) and the expected half-width (hw') [14]. Replications are considered sufficient when 
the condition hw < hw' is met. In this study, after conducting 10 replications, this condition was 
satisfied. Therefore, ten replications were deemed sufficient to represent the actual system behavior 
reliably. 

The next stage is verification, ensuring the developed simulation model functions as intended 
[12]. This study conducted two types of verification: syntactic error verification and semantic error 
verification. In general, verification aims to ensure that the simulation model is free from errors. 

The final stage in simulation model development is validation, which aims to ensure that the 
developed model can accurately represent the real system [15]. In this study, validation was conducted 
by comparing the simulation results with actual data using the t-test statistical method. Three 
parameters were used for comparison: box/crane/hour (BCH), vessel turnaround time (TRT), and the 
number of ships served. The test results showed no statistically significant differences between the 
simulation model outputs and system data. Therefore, the model is considered valid and suitable to 
represent the real system. 

3. Results and Discussion 

Existing Condition 
The simulation model was run over 90 days (3 months) with 10 replications to obtain results 

that could be objectively compared with the actual system conditions. Table 3 presents the simulation 
results related to the performance indicators, namely BCH and vessel TRT. The table displays the 
performance indicator values for each replication and the mean and standard deviation as statistical 
representations of the simulation results. 

 
                                               Table 3. Simulation model result 

Replikas
i 

BCH (box/jam) TRT (Jam) 

1 23.42 14.31 
2 23.44 14.38 
3 23.42 14.86 
4 23.45 14.77 
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5 23.44 14.57 
6 23.42 16.47 
7 23.43 17.03 
8 23.42 15.33 
9 23.44 14.30 
10 23.40 16.31 

Mean 23.43 15.24 
St. Dev 0.014 1.010 

 
Based on the simulation results, the existing condition shows an average BCH of 23.43 

boxes/hour with a standard deviation of 0.014, while the TRT reaches 15.24 hours with a standard 
deviation of 1.010. It can also be observed that the BCH performance in each replication is still 
suboptimal compared to the terminal's expected target of 25 boxes/hour. This shortfall also contributes 
to the higher TRT value. These two indicators will compare whether the proposed improvement 
scenarios perform better or worse than the existing condition. 
 
Experimentation 

This experimentation stage was carried out by developing improvement scenarios. In 
constructing these scenarios, the number of container handling equipment owned by the terminal is 
maintained, with no additional units introduced. The improvement scenarios focus on adjusting the 
ratio or number of equipment assignments previously applied in the system, considering the volume of 
containers to unload or load. In the exact condition, the container terminal is equipped with two berths, 
four quay cranes (2 units per berth), 24 internal trucks, and 9-yard cranes distributed across the yard 
blocks. Table 4 provides details on the equipment assignment ratios under the existing condition. 

 
                               Table 4. Equipment assignment ratios in the actual system 

Number of Containers 
(Unload/Load) 

Number of Assigned 
Quay Cranes (QCs) 

Number of Assigned 
Internal Trucks (ITs) 

Containers < 150 1  4  
Containers > 150 2  8  

 
The improvement scenarios were developed based on the equipment assignment ratios in the 

system by adjusting the number of quay cranes and internal trucks according to the volume of 
containers being loaded and unloaded. Adjustments were made to the maximum available equipment 
capacity for the loading and unloading process at the berth and the container transfer process between 
the berth and the yard. Conversely, Table 5 presents the scenario configurations developed based on 
the equipment assignment ratios in the actual system. After running the simulation model using the 
developed improvement scenarios, the output results of these scenarios were generated and are 
presented in Table 6. 

Table 5. List of developed scenarios 

Scenario 
Number of 
Containers 

(Unload/Load) 

Number 
of QCs 

Number 
of ITs Scenario 

Number of 
Containers 

(Unload/Load) 

Number 
of QCs 

Number 
of ITs 

1 Containers <150 1  5  9 Containers <150 1 9  
Containers >150 2  9  Containers >150 2  12  

2 Containers <150 2  5  10 Containers <150 2  9  
Containers >150 2  9  Containers >150 2  12  

3 Containers <150 1  6  11 Containers <150 1  10  
Containers >150 2  10  Containers >150 2  12  

4 Containers <150 2  6  12 Containers <150 2  10  
Containers >150 2  10 Containers >150 2  12  

5 Containers <150 1  7  13 Containers <150 1  11  
Containers >150 2  11  Containers >150 2  12  

6 Containers <150 2  7  14 Containers <150 2  11  
Containers >150 2  11  Containers >150 2  12  

7 Containers <150 1  8  15 Containers <150 1  12  
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Containers >150 2  12  Containers >150 2  12  

8 Containers <150 2  8  16 Containers <150 2  12  
Containers >150 2  12  Containers >150 2  12  

 
Table 6. Result of Improvement Scenarios 

Scenario BCH TRT Scenario BCH TRT 
Mean St. Dev Mean St. Dev Mean St. Dev Mean St. Dev 

1 23.41 0.027 15.58 1.383 9 24.12 0.696 13.97 0.972 
2 23.42 0.017 15.79 1.383 10 24.62 0.425 12.03 0.831 
3 23.51 0.060 15.52 1.485 11 23.62 0.110 14.43 0.922 
4 23.55 0.081 13.88 1.228 12 23.64 0.106 14.72 1.168 
5 24.14 0.651 14.04 0.596 13 23.42 0.019 15.21 1.779 
6 25.33 0.738 11.82 0.971 14 24.61 0.426 14.82 1.187 
7 24.12 0.659 13.91 1.111 15 24.72 0.479 14.39 1.059 
8 25.35 0.371 11.45 1.062 16 25.09 0.707 13.37 0.933 

 
It is important to emphasize that a scenario is considered to demonstrate improved 

performance if it results in a higher BCH value and a lower vessel turnaround time (TRT) compared to 
the existing condition. Visually, Table 6 shows that nearly all of the developed scenarios yield better 
results than the existing condition. However, a one-way ANOVA analysis was applied to both 
performance indicators to confirm whether these differences are statistically significant. The results of 
the one-way ANOVA analysis for BCH and vessel TRT are presented in Figures 6a and 6b, 
respectively. 

 
(a)​ BCH Value 

 
(b)​ TRT Value 

Figure 6. One-way ANOVA results 
 

A one-way ANOVA test was conducted with a significance level (α) of 5%. Based on Figure 
6, both p-values fall below this threshold, indicating that at least one population group among the 
existing condition and the improvement scenarios differs significantly. Therefore, the next stage 
involves selecting the optimal improvement scenario. This step aims to identify alternative scenarios 
that have the potential to enhance system performance. The selection is made by identifying scenarios 
that demonstrate superior performance compared to the existing and other scenarios. To support this 
process, Fisher's Least Significant Difference (LSD) approach is applied, using the same 5% 
significance level as the previous one-way ANOVA test. 

(a)​ BCH Value (b)​ TRT Value 

Figure 7. Results of Fisher’s LSD test 
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Based on Figure 7a, it can be observed that the BCH performance of Scenarios 8, 6, and 16 
does not show statistically significant differences, and all three demonstrate better performance 
compared to the existing condition and other scenarios. Meanwhile, Figure 7b indicates that, in terms 
of TRT, Scenarios 8, 6, and 10 also do not exhibit statistically significant differences, and all three 
outperform both the existing condition and the other scenarios. From these results, Scenarios 8 and 6 
consistently demonstrate superior performance in both BCH and TRT. Therefore, the next step is 
determining which scenario to select between Scenario 8 and Scenario 6. 

The best scenario between Scenario 8 and Scenario 6 can be determined based on cost 
efficiency. Referring to Table 5, Scenario 8 employs a higher equipment assignment ratio than 
Scenario 6. However, the analysis results indicate that the adjustment in equipment assignment ratios 
between Scenario 8 and Scenario 6 does not lead to a significant difference in performance. Therefore, 
Scenario 6 is selected as the most suitable alternative, as it provides comparable performance to 
Scenario 8 but with lower operational costs, making it a more efficient and rational option for 
implementation. 

 
4. Conclusion 

Container terminal operations are sensitive to fluctuations in the volume of containers 
handled. This aspect can disrupt terminal performance regarding loading and unloading operations and 
vessel service, which are measured using BCH and TRT indicators. Therefore, synchronization 
between handling equipment across operational areas is crucial, particularly through adjusting 
assignment ratios. This is especially important for transfer equipment such as internal trucks, which 
transport containers between the berth and the yard, and vice versa. This study employs Discrete Event 
Simulation (DES) to support decision-making in determining the optimal number of internal trucks 
based on berth allocation and quay crane assignment. 

Based on the simulation model's results, the average BCH and TRT values were 23.43 
containers/hour and 15.24 hours, respectively. These results indicate that the performance under the 
existing condition is not yet optimal when compared to the established standards, and there is a 
correlation between the low BCH and the high TRT values. These two indicators will be the basis for 
comparing whether the developed improvement scenarios demonstrate better or worse performance 
than the existing condition. 

The experimentation was conducted to identify the best improvement scenario by considering 
operational cost efficiency. Based on the results, Scenario 6 was selected as the most recommended 
scenario, with an equipment assignment ratio configured according to the volume of containers 
handled: for volumes less than 150 containers, two quay cranes (QCs) and seven internal trucks (ITs) 
are assigned, while for volumes greater than 150 containers, 2 QCs and 11 ITs are assigned. The 
selected optimal scenario successfully improves loading and unloading performance and vessel service 
by increasing the BCH to 25.33 containers/hour and reducing the TRT to 11.82 hours. 
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