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Impact of service policies on terminal gate
efficiency: a simulation approach

Panida Chamchang* and Hussen Niyomdecha®

ABSTRACT: Congestion at terminal gates is a significant issue that many ports are
dealing with. The port of Songkhla, which serves as the main seaport in southern
Thailand, has been confronted with this issue, together with an increase in the
number of trucks over the last five years. This study aims to investigate alternatives
for improving service operations at the terminal gate, including gate lane expan-
sion, queueing policy in exit-gate sharing, and work process reorganization.

A simulation model was developed to analyze the queueing performance: truck
queue length and gate waiting time. Scenarios analysis was performed and com-
pared to the baseline model to investigate the impact of proposed approaches on
gate performance. The simulation results confirm that a gate-sharing policy can
alleviate congestion at a certain truck arrival rate. The method of reorganizing work
processes by separating customs work from gate operations and placing it in a new
work station appears most appealing. It produces a significant improvement in
congestion, comparable to the performance of the gate lane expansion approach

while requiring less investment.

Subjects: Business, Management and Accounting; Operational Research / Management

Science; Operations Management

KEYWORDS: container terminal; traffic congestion; simulation; queueing; marine logistics;

gate operations; port
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Traffic congestion has recently attracted much
attention in the port industry. Even though
numerous research have contributed to the lit-
erature on various issues related to this problem,
each port’s specific characteristics should be
evaluated to execute the improvement technique
properly. The port of Songkhla, a major container
port in southern Thailand, is also experiencing
terminal gate congestion. The purpose of this
research is to identify solutions for improving
service operations at the Songkhla port’s terminal
gate. We develop a simulation model to evaluate
gate performance under various scenarios. The
findings indicate that restructuring the work pro-
cess of gate operations can considerably enhance
gate performance. This technique is equivalent to
adding one additional gate lane to the system
while it requires significantly less investment. The
findings of this study provide information to help
port authorities decide on a strategy to improve
gate performance.
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Figure 1. Export value of rubber
products of Thailand.

1. INTRODUCTION

As the marine logistics industry continues to expand, many ports and surrounding communities
are experiencing traffic congestion at the container terminal gate. Gate waiting time is not only
detrimental to truckers’ economic well-being, but it also causes supply chain delays and contri-
butes significantly to air pollution. All of these factors combine to make traffic congestion at the
gate a severe problem. As a result, the port industry is faced with increasing capacity to efficiently
handle freight traffic.

Songkhla port is the only transit port in southern Thailand that connects to Singapore port. It is
a major port in the southern part of the country, with rubber products as the primary export cargo.
As shown in Figure 1, Thailand’s average annual export value of rubber products is approximately
10,000 million US dollars, with approximately 46 percent exported from the southern part of the
country via the country’s ports and road freight or rail transportation to Penang port (Bank of
Thailand (BOT), 2020). According to port statistics from 2013 to 2018, Songkhla port handles an
annual cargo volume of approximately 2 million tons, with approximately 200,000 TEUs.
Furthermore, export volume has been steadily increasing since 2013, despite the Port only having
two entrance lanes and a limited area for expansion. Additionally, the current truck arrival pattern
results in peak hours at the gate. As a result, Songkhla port struggles to relieve traffic congestion
and is currently implementing an exit gate sharing policy. However, if the truck arrival rate
continues to rise, such an approach will be ineffective in addressing the problem.

Many researchers have focused on managing two factors: truck arrival pattern and gate service
rate to deal with gate congestion. Because truck arrival patterns vary from hour to hour, this
variation in truck arrivals results in peak service hours due to an imbalance of truck demand and
service capacity. Thus, truck arrival management is a method of smoothing out truck demand and,
as a result, reducing long queues (e.g., G. Chen et al., 2013; Phan & Kim, 2016; Zehendner & Feillet,
2014). Even though several studies of the truck appointment system (TAS) revealed its efficiency, it
was discovered that due to the competitive nature of marine logistics and the limitations of port
operations, some ports are unable to implement TAS into their operational activities (Giuliano &
O’Brien, 2007; Van Asperen et al.,, 2013). On the other hand, an increase in the number of gate
lanes and gate processing productivity are considered to improve the gate service rate. There have
been studies, for example, Guan and Liu (2009) and Minh and Hyunh (2017) developed optimiza-
tion models to determine the optimal number of gate lanes. These studies, however, assumed
a stationary truck arrivals process. Besides that, there is a clear gap in practice regarding the gate
operations of the Songkhla ports and the country’s main port, Laem Chabang. As a result, this
research aims to solve the congestion problem by reducing truck queueing time at the gate. To
accomplish this, alternative service systems to improve service rate and service efficiency at the
terminal gate are being considered. Three approaches are investigated and compared: increasing
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the number of gate lanes, implementing a queueing policy in gate-sharing, and redesigning the
work process at the gate. As this queueing problem is stochastic with a non-stationary truck arrival
pattern, simulation model is employed to evaluate the gate efficiency of each method.

The rest of this paper is structured as follows: Section 2 provides an overview of the literature on
managing terminal gate congestion. Section 3 contains a description of the problem. In section 4,
the simulation model is described, and the accompanying data sets are presented. Section 5
presents and discusses the simulation results, which include scenario and sensitivity analysis.
Finally, section 6 draws our research to a conclusion by providing significant insights and future
research directions.

2. LITERATURE REVIEW

Several studies in the literature discuss various issues that arise at port terminals and across the
port logistic chain. As port operations can be divided into three parts: landside, seaside, and yard
operations, a large body of literature addresses port operations from various perspectives. Various
contributions focus on the seaside operations: quay crane scheduling, berth allocation, and stow-
age planning (e.g., Bierwitth & Meisel, 2010; Cheong et al., 2010). (e.g., Bierwitth & Meisel, 2010;
Cheong et al,, 2010). Yard operations, which involve container placement assignment and yard
equipment planning and scheduling, are another area of study (e.g., Le-Griffin et al., 2011).
Landside or gate operations decisions at a terminal gate are related to capacity planning and
demand management. Port authorities and terminal operators are becoming more interested in
this area of research.

Congestion at the terminal gate has recently received much attention. Several studies focus on
this topic from different perspectives, employing various approaches and strategies to improve
operational efficiency, reduce traffic congestion, and alleviate environmental issues affecting the
community and society. The investigations have been classified into two categories: truck arrival
management and gate operations planning and design.

Many studies presented various approaches for truck arrival management, such as time-varying
tolls, vessel-dependent time windows, and a truck appointment system (TAS). The truck appoint-
ment system was initially implemented in the Port of Vancouver, where it successfully reduced
gate congestion (Morais & Lord, 2006). Since then, many studies on TAS application have been
conducted (e.g., X. Chen et al,, 2011; Davies & Principal, 2009; Ramirez-Nafarrate et al., 2017; Sharif
et al,, 2011; Zhang et al., 2019). The majority of studies showed that the use of TAS enhanced port
operations by reducing queueing time and resulting in less congestion. However, several studies
have concluded that the TAS does not considerably improve waiting times (Giuliano & O’Brien,
2007). They discovered that the policies for applying the TAS had not been completed. For
example, terminals exclusively examine gate queues and disregard yard operations planning. As
a result, there are no plans to respond to the trucks that have been scheduled. As a result, trucks
must continue to wait inside the port. Furthermore, according to Hyunh and Walton (2008), if TAS
did not correctly establish the quota of truck arrivals, both the port and the trucks could suffer.
Contributions to supporting a TAS can be found in the literature, for example, in Zehendner and
Feillet (2014), G. Chen et al. (2013), Phan and Kim (2016), and Phan and Kim (2016) employed
a pricing mechanism to determine the appointments quota. In contrast, Zehendner and Feillet
(2014) developed an optimization model to optimize the arrival truck appointment quotas in each
period under a capacity constraint.

Furthermore, studies have been conducted to establish vessel-dependent time windows
(VDTWs) to control truck arrivals with time windows (G. Chen et al., 2013; Chen & Jiang, 2016).
The optimization models were developed and analyzed using heuristic algorithms. The results
suggested that grouping trucks with vessel-dependent time windows can greatly reduce gate
congestion.
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It should be noted that, while TAS has been successfully deployed at several ports, not all of the
anticipated benefits have been realized. Operating practices have been identified as elements that
have a significant impact on benefits (Giuliano & O’Brien, 2007; Hyunh & Walton, 2008; Islam &
Olsen, 2014). Furthermore, TAS is suited for ports with sufficient capacity to rearrange the line,
which may not be the case in most developing-country port terminals where space is restricted
(Van Asperen et al.,, 2013). Thus, it is critical to evaluate the unique characteristics of each port as
well as its servicing policy.

For gate capacity expansion, some studies examine the appropriate number of gate lanes. Guan
and Liu (2009), for example, employed a queuing model to investigate gate congestion. To
accomplish this, an optimization model was developed to determine the optimal number of gate
lanes that minimizes the total gate system cost. Likewise, Minh and Hyunh (2017) developed an
optimization model to determine the optimal number of gate lanes under different truck arrival
and gate service rates. The models in these investigations, however, are assumed to be stationary
queueing models. As truck arrival rates vary from hour to hour, terminal gate operations are
a typical non-stationary queuing system. Therefore, the truck queueing behavior at the gate should
be analyzed using non-stationary queueing models (G. Chen et al., 2013).

In addition to analyzing the number of gate lanes, an improvement in gate service time is being
examined as a strategy to increase gate capacity. Fleming et al. (2013) developed a simulation
model to investigate the gate system by comparing two queueing strategies: pooled and non-
pooled queues. The results indicated that employing a pooled queue resulted in better queue
performance. According to Motono et al. (2016), improper documents carried by trucks contribute
to gate congestion. To demonstrate the impact of eliminating improper documents on gate
capacity, a simulation model was created and tested. However, the study made no recommenda-
tions about how to eliminate the improper documents.

According to Maguire et al. (2010), the gate capacity might be increased by utilizing the IT
system. A case study of the Port of Savannah was conducted, and it was discovered that the gate
service time was lowered when the IT system was implemented. Dekker et al. (2013) proposed the
concept of a chassis exchange terminal (CET), in which a truck arriving at the port with a delivered
container picked up an import container before leaving the port. The simulation model is devel-
oped, and the findings show that the CET reduces empty-truck trips while also reducing conges-
tion. Islam (2018) develops this concept by introducing a truck-sharing model that seeks to
maximize the utilization of container trucks. The simulation model was created to address the
empty truck hauling problem by incorporating a truck sharing and truck appointment system
concepts. The simulated results demonstrated that truck-sharing improves port capacity and can
efficiently handle the increased future truck volume.

For the study on traffic congestion in Thailand’s port area, there were studies of the queuing
system at the chosen entrance gate at Laem Chabang port. The simulation modeling was used to
perform the system analyses. Sathitmon (2013) proposed the appropriate number of service lanes
at the gate, whereas Tuntivejakul (2015) proposed a time-varying toll to shift demand from peak to
off-peak hours. In addition, Torteeka (2011) investigated traffic congestion at the Bangkok Port
from intra-port operations. The optimal number of berths and cranes was recommended.

To the best of our knowledge, the investigation of port traffic issues has been studied primarily
at the country’s major ports: Laem Chabang Port and Bangkok Port. However, there has been no
research on traffic congestion at Songkhla Port, the major maritime port in the south. Furthermore,
many southern exporters convey their goods to Malaysia’s Penang port through road or rail rather
than Songkhla port. Therefore, this research aims to assess traffic congestion and propose ways to
enhance service at the gate. Although this analysis is comparable to earlier studies, our work is
special in that it simulates the uniqueness of the Songkhla port using various factors. Furthermore,
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this study’s findings will help improve service efficiency and, in part, contribute to Songkhla Port’s
competitiveness.
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Figure 5. The structure of the
simulation model.

3. PROBLEM DESCRIPTION

Songkhla Port is known as Thailand’s largest container port in the south. With approximately
200,000 TEUs, it handles an annual cargo volume of more than 2 million tons. As a result of the
port’s constantly increasing international trade volume, traffic congestion at the entrance gate has
occurred. The port is under increasing pressure to increase gate capacity to alleviate the
congestion.

3.1. CURRENT PRACTICES IN GATE OPERATIONS

Songkhla port is open daily from 7 a.m. to 5 p.m., with overtime for the remainder of the day. There
are two lanes at the entrance gate and one lane at the exit gate. The first entrance lane is only for
certain vehicle types, such as passenger cars. This lane’s operations include vehicle identification
verification and terminal check-in. The second lane, also known as the service lane, offers various
services such as vehicle identification and container/cargo identification verification, vehicle
weighing, customs operations, and terminal check-in. This lane requires the presence of a port
officer, a customs officer, and a supported facility: a weighbridge to provide services, whereas the
first lane only requires the presence of a port officer.

Figure 2 depicts the gate service time distribution, with an average of 3 minutes. According to
hourly and daily arrival statistics from August 2018 to February 2019, the port experiences high
peak demand from Tuesday to Friday, with an average of 457 daily arrivals, a minimum of 393
arrivals, and a maximum of 544 arrivals. The highest gate congestion is shown in Figure 3 between
8:00, 9:00 a.m. almost every day of the week.

As there is a peak period for arrival trucks and only one service lane at the entrance gate, arrival
trucks face a long queue during peak hours. Furthermore, the end of the queue is lined up on the
main road, causing problems for those nearby. Figure 4 illustrates the Songkhla port and its
surroundings.

Currently, the port operations manager has decided to modify their service operations at the
entrance gate by allowing arrival trucks to get gate operations from the exit gate, which has much
lower utilization than the entrance gate and the same facilities and service officers. However, this
approach is only permitted when the exit gate is idle and more than ten arriving trucks are lined up
at the entrance gate. Although this approach reduces truck waiting times, a long-term solution
and preparation for an increasing number of arriving trucks are required.

3.2. PROBLEM FORMULATION

According to the current practices described above, traffic congestion at the gate results from
a queueing problem with arrival trucks and gate operations. Because arrival trucks are random and
cannot be predicted ahead of time, truck waiting time is determined by the rate of truck arrivals
and the productivity of gate operations. Existing studies have proposed several methods to deal
with the problem of a truck queue at the gate, such as time-varying tolls and truck appointment
systems to manage truck arrivals. However, to compete with the Penang port in Malaysia, the

Gate Operations

" Entrance Intra-terminal
Arrival Patterns > — > ;
N Gate Lane(s) y operations
(Inbound Queue) 7
3\ Exit 1 —
Departure < ik Lake (Outbound Queue)
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Table 1. Percentage of each arrival vehicle type

Vehicle Types Proportion (%)
1. Container-In 32.46%
2. Container-Out 39.37%
3. Container- Stuffing 0.05%
4. Container- Unstuffing 0.88%
5. Direct-Export 0.29%
6. Direct- Import 5.89%
7. Container-In with one additional job 11.29%
8. Passenger and others 9.76%
Total 100.00%

Songkhla port chose not to impose any conditions on its service, necessitating the expansion of
gate capacity and the improvement of gate operations efficiency.

Therefore, decisions are made in this study regarding the number of gate lanes and service
operations at the gate in order to minimize truck waiting time while lowering investment costs.
Furthermore, due to the limited land area available at the Songkhla port, the new gate location is
shown in Figure 4 only allows for a limited number of lanes expansion. Therefore, improvement in
gate service time is also taken into account.

Because terminal operations are stochastic and truck arrival patterns are non-stationary, using
optimization techniques for this complex model has mathematical limitations, whereas discrete
event simulation can deal with the dynamic and stochastic processes (Trunfio, 2011). Thus,
simulation of queue models is an appropriate technique for solving queueing problems at the
terminal gate. Scenario analysis is conducted to examine the impact of the number of gate lanes,
queuing policy, and work process design on gate performance. In addition, sensitivity analysis is
performed to evaluate gate performance as traffic volume increases.

Table 2. Hourly traffic distribution of arrival vehicles

Time Period Proportion (%)
07:00-07:59 6.08%
08:00-08:59 10.63%
09:00-09:59 9.67%
10:00-10:59 9.30%
11:00-11:59 8.75%
12:00-12:59 7.41%
13:00-13:59 7.92%
14:00-14:59 8.47%
15:00-15:59 9.04%
16:00-16:59 6.77%
17:00-17:59 5.51%
18:00-18:59 4.17%
19:00-19:59 2.75%
Others 3.53%
Total 100.00%
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Table 3. Distribution of inbound service time (minute)

Vehicle Types Distribution
1. Container-In 0.499 + WEIB(2.87, 1.85)

2. Container-Out Pass through the no service lane
3. Container- Stuffing 1+ GAMM(0.46,2.13)

4. Container Un-stuffing 1+ GAMM(0.46,2.13)

5. Direct-Export 1+ WEIB(2.66,1.78)

6. Direct- Import 0.499+ ERLA(0.233,4)

7. Container-In with one additional job ERLA(0.796, 5)

8. Passenger and others Pass through the no service lane

4. SIMULATION MODEL

A discrete-event simulation model is developed to analyze the impact of the number of gate lanes
and a work process on gate performance, in which consumers and servers are assigned to trucks
and gate operators, respectively. Figure 5 depicts the basic structure of the model. The model
comprises four elements: the vehicle arrival, the gate operations, the intra-terminal operations,
and the vehicle departure.

In this study, the simulation software-ARENA is used to model the gate operations. The
simulation model is based on actual data from the port’s peak days (Tuesday through Friday).
The port operates from 7 a.m. to 5 p.m., with an overtime schedule for the rest of the day. During
these four days, a total of 457 vehicles arrived. According to Songkhla port operations, arrival
vehicles are classified into eight categories based on the services required. Arrival rates vary
depending on the time of day. Gate operations are classified into three types of processes based
on the type of vehicle. The first process is for those who enter the first lane. The process consists of
verifying the driver’s identification and checking in at the terminal. Trucks entering the second or
service lane are subject to the second and third processes. The second process required vehicle
weighting and verification to check the identifications of drivers, vehicles, and corresponding
containers, as well as the necessary documents, whereas the third required the same process
as the second with an additional custom operation. As a result, gate processing time varies
according to truck type.

Upon arrival, the vehicle can be served by the operators at the entrance gate. If the operator is
busy, vehicles must wait in line for their services. When there are more than ten inbound trucks in
the queue and no truck in the outbound queue, arrival trucks can receive inbound gate operations
from the exit gate. Even though the focus of this study is on congestion at the entrance gate, the

Table 4. Distribution of truck turnaround time (minute)

Vehicle Types Distribution
1. Container-In 5 + ERLA(5.59, 2)

2. Container-Out 6 + GAMM(11.6, 1.46)

3. Container- Stuffing 12 + 540 * BETA(1.17, 2.82)

4. Container Un-stuffing 19 + GAMM(52.1, 1.43)

5. Direct-Export 24 + GAMM(117, 2.09)

6. Direct- Import 10 + GAMM(60.1, 2.51)

7. Container-In with one additional job 1+ LOGN(24.1, 11.4)

8. Passenger and others 5 + ERLA(13.2, 2)

Page 8 of 18



Chamchang & Niyomdecha, Cogent Business & Management (2021), 8: 1975955 O;K-: cogent Py b us | Nness & mana ge me nt

https://doi.org/10.1080/23311975.2021.1975955

arrival rate of outbound trucks must be considered because they will share the exit gate with
inbound trucks. Therefore, intra-terminal operations time is taken into account. Because these
trucks will later leave the port through the exit gate and incur the outbound truck’s arrival rate, the
distribution of turnaround time for each type of truck is examined. Each truck’s intra-terminal
processing time is assumed to follow the distribution of its turnaround time.

The input data for the simulation were gathered from a secondary data source: the port’s
computerized system and a field survey. The data includes the gate service time, vehicles arrival
rate, and truck throughput time. The characteristics of service time at the entrance gate, the
characteristics and patterns of arriving vehicles, and the distribution of truck turnaround time are
described below.

4.1. VEHICLE ARRIVAL PATTERN

Vehicles arrive at their preferred time, and arrival rates vary according to the time of day. The port
categorizes arrival vehicles into eight groups: container-in, container-out, container-stuffing, con-
tainer-unstuffing, direct-import, direct-export, container-in with one additional job, and passenger
& others. A container-in truck has a container attached to it. A container-out truck does not have
a container connected to it but seeks to pick up a container from a port. A container-stuffing
vehicle transports cargo into a port for container stuffing and then departs empty. Container-
unstuffing trucks are empty trucks designed to execute container unstuffing inside the port before
carrying cargo out. An empty truck arriving at the port to pick up import goods is referred to as
a “direct-import,” whereas a vehicle arriving at the port with direct export cargo is referred to as
a “direct-export.”

Table 1 shows the proportion of each type of arrival vehicle based on hourly and daily arrival
statistics at the port from August 2018 to February 2019. According to the findings, nearly 80% of
arrivals are container-in and container-out, with roughly the same proportion. The number of arrival
vehicles on a daily and hourly basis was examined. The hourly distribution of arrival vehicles shown in
Table 2 demonstrates that the traffic peak occurred between 8:00, 9:00 a.m. and gradually decreases
until 1 p.m. when the arrivals rate begins to increase slightly until 4 p.m.

4.2. GATE OPERATIONS AND SERVICE TIME
As previously stated, two lanes at the entrance gate offer different services to inbound operations:

1. The first lane, known as the no service lane, is for a gate officer to perform vehicle identifica-
tion and terminal check-in verification. This lane serves no documentation operations. Only two
types of vehicles: type-2(container-out) and type-8(passenger and others), are permitted to enter
this lane. This process takes a total time of 5 to 10 seconds on average.

2. The second lane, also known as the service lane, offers a variety of services, including vehicle
weighting and verification to check the identifications of drivers, vehicles, and corresponding
containers and the necessary documents by the port officer. There are three types of vehicles:
type-1(container-in), type-5(container-in with one additional job), and type-7(direct-export), which
are required an additional customs operation by the customs officer at the gate. This lane requires
both a port officer and a customs officer and a supported facility: a weighbridge to perform all
services. Table 3 depicts the distribution of service time for each vehicle type by the port officer.
The custom service time was also examined and found that it follows a gamma distribution, with
minimum, maximum, and average service times of 0.25, 6.5, and 1.71 minutes, respectively.

Data on gate service time for the inbound and outbound operations were collected. Then, the
distribution fitting is performed using the Input Analyzer module in ARENA to estimate the
distribution pattern of service time at the service lane. Table 3 summarizes the distribution of
the inbound service time at the gate.
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Figure 6. Comparisons of
observed and simulated truck
queueing time.

Table 5. Comparisons of observed and simulated truck queueing time

Time Period Observed Simulated
Data Data
Average Half width Min Average | Max Average

08:00-08:59 8.49 7.71 0.81 1.22 15.59
09:00-09:59 10.97 10.93 0.88 1.05 19.66
10:00-10:59 10.81 11.42 0.84 3.48 21.21
11:00-11:59 10.67 11.53 0.97 1.40 21.02
12:00-12:59 8.73 9.44 1.03 1.08 19.44
13:00-13:59 8.65 7.96 0.97 1.20 19.36
14:00-14:59 9.95 9.26 1.04 1.40 22.23
15:00-15:59 9.36 9.88 0.93 1.36 19.97
16:00-16:59 8.66 9.07 1.02 1.44 20.33
17:00-17:59 7.67 6.67 0.93 0.76 22.59

14.00

12.00
g 10.00
E‘o 8.00
§ 6.00
:%0 4.00

e=@== Observed Data ===y===Simulated Data
2.00

0.00

There is only one service lane at the exit gate for all types of trucks. However, vehicles of type-1
(container-in) and type-8(passenger and others) can exit the port via the no service lane within
10 seconds. Based on collected data, the service processing time takes a total time of half a minute
to one and a half minutes on average for type-2(container-out) and type-7(direct-import) vehicles,
while other types of trucks required the service time between 20 to 45 seconds.

4.3. TRUCK TURNAROUND TIME

Under the current modification of gate operations which allows arrival trucks to get their services
from the exit gate during high gate congestion, the arrival rate of departure trucks at the exit gate
affects the ability to support this design. Therefore, the turnaround time for each truck was
recorded and analyzed. Table 4 depicts the turnaround time distribution. In simulation models, it
is assumed that each truck type has a turnaround time that follows this distribution.

4.4. SCENARIOS

Five alternative scenarios are designed to compare with current operations (baseline) to analyze
the impact of the number of gate lanes, queuing policy, and work process design on gate
performance. The comparison is based on queueing performance measures, including average
and maximum truck waiting time and average queue length.
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Scenario 1 (S1)

This scenario is comparable to current operations (baseline). The exit gate sharing policy applies
without regard to the length of an inbound queue. That is, incoming trucks may get inbound servicing
operations from the exit gate as long as there is no truck in the outbound queue. This approach
contributes to an increase in service rate at the gate without constructing a new service lane.

Scenario 2 (S2)

Because the work process of a service lane can be separated into two consecutive subprocesses:
port operations and customs operations, not all trucks entering this lane require customs opera-
tions, once port operations are completed, the work is passed to a customs operator. The idle port
officer cannot assist the next truck because the current truck has reserved the service lane and
weighbridge. As a result, the average gate service time is approximately 3 minutes, whereas the
major port of the country, Laem Chabang, is shown to be 75 seconds (Sathitmon, 2013). This
practice demonstrates the inefficient use of gate resources.

This scenario explores the consequences of eliminating customs work from gate operations and
incorporating it into a new workstation. After receiving inbound operations at the gate, two types
of trucks: container-in and direct-export, leave the gate to enter the next work station: customs
service, whereas others can immediately proceed to their subsequent necessary operations. In this
circumstance, there is no gate-sharing policy. As a result, this scenario investigates the impact of
work process design on gate performance without adding a new service lane.

Scenarios 3-5 (S3-S5)

These scenarios were developed to explore the impact of adding one more service lane for the
entrance gate under different conditions. There is no gate-sharing policy in Scenario 3. Scenario 4
employed the same gate-sharing policy as the baseline model, whereas scenario 5 used a gate-
sharing strategy without a condition on the length of the inbound queue.

5. SIMULATION RESULTS AND DISCUSSIONS

As previously stated, the simulation models are built and examined hourly for the busiest days of
the week (Tuesday through Friday) using ARENA software. The truck arrival data is generated at
random based on the observed truck arrival pattern. The service time and truck turnaround time
for each type of truck are assumed to follow the distribution as mentioned earlier. In the experi-
ment, each model was run for 100 replications. Sensitivity analysis is conducted to verify the
influence of operational design on queue performance at the gate by increasing the truck arrival
rate in each model by 30%, 50%, and 70%. The results of each simulation scenario were recorded.
The averages were presented and analyzed.

5.1. MODEL VALIDATION

The model is thoroughly validated against historical data to ensure model validity. Table 5
compares observed and simulated truck waiting times in an inbound queue. Figure 6 shows the
two sets of data that exhibit the same fluctuating pattern. Similar practices were carried out in
Shim and Kumar (2010) and Islam (2018). Additionally, in accordance with Chanchaichujit et al.
(2016)’s suggestion that model validity and reliability may be conducted by a group of industry
experts, the baseline model’s simulated results were evaluated by related port operators. It can be
concluded that the simulated results are certainly capable of providing realistic results. Following
that, a scenario analysis is provided to investigate alternatives to improving gate operations.

5.2. CURRENT SYSTEM WITH SENSITIVITY ANALYSIS
The current operations system (baseline model), with one service lane at the entrance and one at
the exit gates is first analyzed. Arrival trucks are permitted to receive inbound service operations
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Figure 7. Baseline model with o a) Average truck waiting time
different truck arrival rates.
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from the exit gate when there are more than ten inbound trucks in a queue and no truck in the
outbound queue. Both the truck waiting time and the length of the queue were measured.

The baseline model simulation generates an average of 446 truck arrivals per day during peak
days of the week. The sensitivity study is conducted to explore how the present model works in
three distinct situations where the truck arrival rate is increased by 30%, 50%, and 70%. The
average truck waiting times, maximum average truck waiting times, and average queue lengths
for the three situations are shown in Figure 7 compared to the baseline model.

Under the current arrival rate, the average truck waiting time in an inbound queue is roughly 10-
12 minutes from 9:00-12:00 am and gradually decreases until 2:00 pm. Then it rises slightly to 9-
10 minutes between 2:00, 5:00 pm. The maximum average waiting time is approximately 20-
23 minutes from 9:00 am to 7:00 pm. During peak hours of 9:00-12:00 am, the average queue
length is about seven trucks.

When the truck arrival rate increases by 30%, the average waiting time increases to 12-
14 minutes from 9:00 am to 5:00 pm, while the maximum average waiting time during these
hours is roughly 26-32 minutes. Throughout the day, the average queue length increased to 9-11
trucks. The baseline model for this situation starts to encounter difficulties. With a 50% increase in
arrival rate, the average waiting time rises to 18-20 minutes, with a maximum average waiting
time of more than 40-63 minutes and between 15-18 trucks in queue during the day.
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Furthermore, when the arrival rate increases by 70%, the operations system fails to provide
services. The data indicate that when the arrival rate increases by more than 30%, a change in
gate operations are required.

5.3. SCENARIO ANALYSIS

To compare performance at the entrance gate, the turnaround time for each truck type is assumed
to follow the previously provided distribution as the truck arrival rate increases. Figure 8 simulates
results of the average truck waiting time (minutes) in an inbound queue for each scenario is
presented on an hourly basis with an increase in truck arrival rate from current to 30%, 50%, and
70%. As illustrated in Figure 8 a), introducing one more entrance lane under varied situations
(scenarios 3-5) significantly reduces queuing time. However, when compared to scenario 1, where
the entrance gate still has only one service lane and shares the exit gate with no queue length
condition, it only delivers a tiny benefit. Furthermore, scenario 2 outperforms all others. By
establishing a custom station separately from gate operations, there is no need to invest in
extending the entrance lanes, requiring more officers and a weighbridge. Furthermore, the results
show that the waiting time for trucks requiring custom operations in both the gate and the
customs station queue (S2Gate+Custom) is the same as having one extra lane.

Figure 8 (b)-(d) show that as the truck arrival rate increases from 30% to 70%, scenario 2
produces the best or second-best result in terms of the truck waiting time at the gate. However,
container-in and direct-export trucks require a custom operation, which accounts for around
86 percent of trucks entering the service lane. Therefore, comparing truck waiting times in gate
and custom operations (S2Gate+Custom) to truck waiting times in other scenarios is more
reasonable. According to the findings, truck waiting time in gate and customs operations is
slightly longer in scenarios 2 than in scenarios 3-5. Despite the fact that incoming trucks
increase by up to 50%, the average wait time in both queues: gate and customs, is less than
10 minutes. Additionally, as the arrival rate approaches 70%, the average waiting time in both
queues is a little more than 10 minutes. Furthermore, when more trucks arrive at the gate,
scenario 2 outperforms scenario 1 and current practice (baseline).

Next, the gate queue length in each scenario with varying truck arrival rates is examined.
Figure 9 summarizes the findings. The current practice or the baseline model of the Songkhla
port results in an average queue length of up to 7 trucks during peak hours, which would worsen as
the number of incoming trucks increased. The results reveal that the average queue length would
expand to between 8 and 11 trucks between 8 a.m. and 5 p.m. as the number of arrival trucks
increased by 30% and that the situation would worsen as the number of trucks increased further.
As previously stated, scenario 2 produces results comparable to scenarios 3-5, including the
addition of one more gate lane. Despite a 50% increase in incoming trucks, the average queue
length during peak hours in the second scenario is less than three trucks.

It should be noted that, as expected, scenario 5 outperforms scenarios 3-4, whereas scenarios
3-4 provide comparable outcomes. Besides, as the number of trucks increases, scenario 4 outper-
forms scenario 3 due to conditions on the exit gate sharing.

In scenario 2, the customs operations station is separated from gate operations, so services are
faster, resulting in fewer trucks in queues. However, because 86 percent of vehicles are required to
go through the customs station, this would create a queue. Following that, the custom queue
length is explored, and the results are given in Figure 10. With the current truck arrival rate, the
average custom queue length is less than one truck. However, this length increases to 1-2 trucks
and 2-3 trucks during peak hours, as the truck arrival rate increases by 30% and 50%, respectively.

Combining the results of the discussion drawn from Figures 8-10, it is clear that scenario 2 is
a better approach that will result in a significant improvement, even though the queue perfor-

mance appears to be acceptable under current practice with truck arrival rate increases to 30%.
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Figure 8. Average waiting time
as truck arrival rate increases.
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Scenario 2 yields operational performance comparable to adding one more service lane while
needing less resource commitment. Most importantly, it shows that this model can function
successfully even when the truck arrival rate rises to 70%.

6. CONCLUSION AND IMPLICATIONS

This study develops and analyzes a simulation model for freight traffic at the Songkhla port to
explore alternatives to alleviate gate congestion. Observed data and a statistical test are used to
validate the model. The simulation model was used for evaluating the effectiveness of policies and
decisions relating to the management of a service system, including the expansion of gate lanes,
the implementation of exit-gate sharing policies, and the redesign of work processes at the
terminal gate. The impact of these policies and decisions on the number of trucks in a queue
and the average and maximum waiting times is examined.

The significant finding of this study is that redesigning a work process by separating customs
work from gate operations resulted in a significant decrease in queue length and truck waiting
time. Even if the truck arrival rate has increased considerably, the simulation results show that this
strategy provides comparable service performance to adding one additional gate lane. Moreover,
from an economic standpoint, establishing a new customs station requires much less investment
than adding one more service lane at the entrance gate. In addition, the benefits of this approach
to system management extend beyond the investment aspect. Managing queues and assigning
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a) current arrival rate

Figure 9. Average queue length
as truck arrival rate increases.
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trucks to the exit gate under the exit-gate sharing policy may be confusing for truckers and gate
operators who provide services for both inbound and outbound trucks. The separation of service
lanes between inbound and outbound trucks simplifies the service system. As a result, service
management would be more efficient.
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In terms of managing port operations, this study provides valuable information for port authorities
to better understand the impact of each policy or decision made on gate performance. As a result, it
supports decision-making when deciding which service improvement strategy to employ. In addition,
this study provides insights into gate congestion behaviors for current and expected increasing truck
arrival rates. With this information, the port authority could see where improvements can be made to
the gate operations. Furthermore, the simulation model developed in this study may be used to further
examine situations under various policies or decision rules. Finally, it can be extended to analyze
freight traffic congestion for the entire system, including gate operations and yard operations.

There are some limitations of this study:

(1) This research intends to reduce gate congestion by focusing on gate operations and exclud-
ing yard operations from the analysis.

(2) The exit-gate sharing policy model assumes that truck turnaround time follows historical
turnaround time distribution. In reality, the turnaround time may follow a different pattern
as the truck arrival rate increases.

(3) It is worth mentioning that solving gate congestion by itself will not improve the port’s
overall performance if yard operations fail to service appropriately.

Therefore, for future research, yard operations should be incorporated into the model to better
manage freight traffic congestion throughout port operations. Additionally, because the historical service
time data shows a considerable variation in gate service time, lowering this variation may improve gate
performance. Thus, future research could look into the effect of fewer trucks carrying inaccurate docu-

ments on gate performance. Motono et al. (2016) suggested this based on their previous research.
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