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Network-Based Model for

Optimization of Container Location

Assignment at Inland Terminals.

Appl. Sci. 2022, 12, 5833. https://

doi.org/10.3390/app12125833

Received: 23 May 2022

Accepted: 7 June 2022

Published: 8 June 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Article

A Network-Based Model for Optimization of Container
Location Assignment at Inland Terminals
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Abstract: The development of inland terminals helps seaports mitigate inevitable storage capacity
problems, extending their gravitational field and strengthening their competitive advantage. Optimiz-
ing the container storage, efficiency, and productivity of seaports and inland terminals is becoming
increasingly important. The present paper develops a network-based mathematical model to opti-
mize the location assignment of inbound containers at inland terminals. The model’s assumptions
are based on the analysis of criteria at representative European inland terminals, and the model
aims to reduce unproductive manipulations. The present study is one of the few to develop a single
model that integrates all important criteria for container location assignment, including a container’s
dimensions, its occupancy, cargo type, the container’s owner, and distance to the final user. These
criteria are important for the terminal operator so that they can determine container locations in
a way that minimizes unproductive manipulations. Data from a single inland terminal were used
to validate the model within the FlexSim CT simulation environment. Our results suggest that the
model can reduce unproductive manipulations and associated costs at inland terminals.

Keywords: inland terminal; container storage optimization; container location assignment; graph
theory; simulation modelling; consistent flow

1. Introduction

As international trade develops, an increasing number of large container ships arrive at
container seaports, creating storage problems. The limited yard space at container seaports
and pressure from shippers to deliver goods to end users as quickly as possible have led
many seaports to connect with inland terminals [1]. Seaports are attractive not only because
of their reliability and nautical qualities, but also because of their hinterland connectivity
and capacity [2].

Container storage is one of the most important operations at any terminal, including
container seaports and inland terminals. Optimal storage means proper management,
rapid retrieval time, and a minimum number of unproductive manipulations, defined as
manipulations (e.g., to access a specific container among many others) that do not bring the
container closer to its final destination. Such manipulations generate significant additional
costs and take time. The challenge of optimal storage is known as the “location assignment
(stacking) problem” because it involves the allocation of containers to stacks [3].

Reducing the number of unproductive manipulations becomes more complex when
different types of containers are involved (e.g., different dimensions, weights, cargo type),
as well as when the departure time of the containers is unknown [4]. Reducing these
manipulations and optimizing container location assignment and storage space allocation
have been studied thoroughly at seaports. In Section 2 a literature review on container
allocation at seaports and inland terminals has been presented. Most studies have aimed to
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minimize transportation costs and maximize space utilization. In contrast, studies of the
container location assignment problem at inland terminals are lacking.

Optimizing methods to allocate and collect containers depends on the storage surface
available, the degree of mechanization, and the management policies [5]. Whatever storage
allocation methods at inland terminals are applied, they should be harmonized with
technological processes at seaports in order to ensure optimal container processing.

The present study developed a new network-based mathematical model for determin-
ing the order of inbound container storage and their allocation, according to the retention
time estimated from container parameters, which were identified after the analysis of
European inland terminals (Section 4). The purpose of the model is to reduce unproductive
inbound manipulations and their associated costs at inland terminals. The model assigns
container locations in a way that minimizes container handling costs related to unproduc-
tive manipulations, while taking into account the spatial and operational constraints of
inbound operations. The assumptions in the network are based on the analysis of techno-
logical processes involving inbound containers at representative European inland terminals.
For the model proposed, first we analyzed the parameters (criteria) for container location
assignment at the representative inland terminals (Section 3). The resulting parameters
were used to evaluate the hierarchy of container location assignment criteria by calculating
the parameter potentials defined for container storage determination. The proposed model
determines the inbound container assignment location according to criterion potentials
and ranks based on the consistent approximation preference stream for the case when
container departure time is unknown. To determine the hierarchy of parameter potentials
for optimizing container storage, we implemented a novel potential method. We validated
the model on one of the analyzed inland terminals using the FlexSim simulation environ-
ment (Sections 5 and 6). Our results suggest that the model can determine exact container
locations at inland terminals in a way that minimizes unproductive manipulations and
reduces operating costs.

2. Literature Review

At the beginning of the 1980s, inland terminals were mentioned as being an object that
could serve as a solution for container storage congestion at seaports, accelerating inter-
modal transport and reducing total transport costs [6]. Inland terminals for international
shipping are becoming extremely important worldwide. Numerous studies have docu-
mented the advantages and benefits of intermodal transport implementation in reducing
transport costs between ports and inland terminals or final users [7–15]. Studies on inland
terminals have generally focused either on the problem of where to locate inland terminals,
or on the problem of connecting inland terminals with seaports for efficient intermodal
transport [16]. Numerous quantitative models have been proposed for optimizing the
position of inland terminals within transport networks [17–26]. Similarly, several models of
intermodal transport involving seaports and inland terminals have been described [27–34].

Few studies have examined how to optimize container location assignment at inland
terminals, in contrast to the extensive literature on this question at seaports.

2.1. Container Allocation at Seaports

Studies on seaports have focused on improving quay-side efficiency to speed up the
processing of container vessels, but faster quay-side operations will not lead to greater over-
all productivity without effective storage yard strategies [35]. To address this, the authors
of [36] proposed a model to increase seaport productivity by preventing subsystem over-
capacity. The authors of [37] developed an analytical model to simultaneously determine
the optimal storage space and number of yard cranes for inbound containers that could
minimize total cost. Paper [38] investigated container yard congestion issues and proposed
a physics-based model for truck interruptions that could minimize the total time spent
in moving containers in the container yard. The concept of yard template regeneration
was proposed [39]. In that approach, a multiple-objective mixed-integer programming



Appl. Sci. 2022, 12, 5833 3 of 18

model was formulated that considers the minimum transportation cost, minimum template
disturbance, and maximum space utilization for container terminals. The authors of [40]
developed a model to determine the numbers of bays, rows, and tiers in a seaport container
yard block that maximize throughput and storage capacities.

To improve storage yard management at seaports, several studies have tackled the
problems of container storage space allocation and location assignment (stacking). A
model for predicting the number of relocation steps to access a required container from the
seaport container yard was proposed by the authors of [41]. A mathematical model for the
solution of the block relocation problem in order to minimize the number of relocations
required to retrieve the blocks in the specified order was presented [42]. In that approach,
a binary linear program was used for block relocation, while a simple heuristic was used
to define relocation rules for shifting containers located on top of the one to be retrieved.
Based on the model of [42], the author of [43] developed a mathematical solution for
the block relocation problem. In the paper [44], the authors used a genetic algorithm
and a tabu search algorithm, on their own and together, to integrate a container-transfer
model with a container-location model to optimize seaport container location and handling.
Paper [45] defined a dynamic generalized assignment problem to allocate containers in
port storage yards.

A consignment strategy with a static yard template to reduce the level of relocations in
the yard for outbound containers and improve operation efficiency and land productivity
was proposed in paper [35]. To implement their strategy, the researchers allocated yard
storage within the sections. To make yard allocation more efficient, two space-sharing
approaches were proposed in which storage space was dynamically reserved for different
vessels during different shifts. To improve storage yard management at seaports, paper [46]
presented an integer linear programming model that integrates the two interrelated decision
problems, space allocation and yard crane deployment. The main goal was to minimize
the costs of yard crane operation and interblock movements. A heuristic approach, based
on a divide-and-conquer strategy, was used to solve the integrated problem efficiently;
a harmony search algorithm and constraint satisfaction techniques were used to solve
subproblems within the heuristic approach.

In paper [47], the authors considered the restricted container relocation problem and
analyzed the selection of appropriate slots for relocated outbound containers during the
retrieval process in order to minimize the total number of container relocations. A beam
search algorithm was employed to solve this problem, while heuristics were used to ensure
efficient beam search node selection.

In paper [4], the authors developed a fuzzy knowledge-based system for container
yard management with the aim of lowering unproductive manipulations. Fuzzy theory
was introduced to solve multi-dimensional problems with multiple objectives. A heuristic
algorithm called “neighbourhood” was developed to model re-handling operations of
containers. The discrete event simulation approach was used to mimic container arrival,
storage, and retrieval. The model considered several factors, including the number of
containers in each stack, the similarity between the containers in each stack (e.g., containers
belonging to the same customer), and the residence time of the topmost container in each
stack. The constraints considered in this system were weight (full and empty), size, and
type. Based on these factors and constraints, stacks for container storage were allocated
according to the hierarchy of constraints.

Paper [48] studied the operational problem of sequencing container storage and
retrieval requests for a single block of containers at a seaport, such that multiple locations
were available for each storage container. The researchers proposed a method to store
containers that would minimize the travel time of a single automated stacking crane.
They adopted a three-phase solution method as well as a heuristic approach to solve the
generalized asymmetric traveling salesman problem. The authors of [49] compared random
and category stacking in simulations, which suggested that category stacking according to
expected container departure time can reduce container relocations.



Appl. Sci. 2022, 12, 5833 4 of 18

2.2. Container Allocation at Inland Terminals

In contrast to this substantial exploration of container positioning and storage at
seaports, few studies have examined the same questions at inland terminals. This may
be partly due to the fact that, although the technological processes for positioning and
storing containers are similar between inland terminals and container seaports, container
layout and yard space at inland terminals are subject to specific constraints. For example,
inland terminals are usually smaller than seaports, creating more severe space constraints
on container storage. Most studies of inland terminals, rather than deal directly with
these constraints, have focused on the most efficient ways to transport containers to such
terminals. Dynamic programming and genetic algorithms have been used to route vehicles
and optimize container delivery to inland terminals [31,50]. A system for accelerating
container documentation and transport to its storage location has been developed [51], and
a mathematical model has been proposed to allocate a group of containers at an inland
terminal, after their delivery by rail, in a way that minimizes unproductive manipulations
and overall storage costs [52]. A mathematical model for optimizing the configuration
and operation of terminal equipment to improve the efficiency and sustainability of an
inland waterway terminal has been implemented by the authors of [53]. The authors of [16]
used a bilevel programming approach to address the problem of how to price storage for
outbound containers.

In order to overcome the disadvantages and “blind spots” of previous models, the
present study was undertaken to develop a mathematical model to determine the inbound
container assignment location according to empirically determined potentials and ranks
of parameters (criteria) that affect the storage allocation of containers at inland terminals
when the container’s departure time is unknown. Relatively few studies have aimed to
develop a single model that integrates all important parameters (criteria), including the
container’s dimensions, its occupancy, cargo type, container owner, and distance to the final
user. These parameters are important for the terminal operator so that they can determine
container locations in a way that minimizes unproductive manipulations.

3. Criteria for Optimizing Container Storage at Inland Terminals

To develop the model in the present study, criteria for container storage were iden-
tified after an analysis of 11 inland terminals in Europe whose total turnover is up to
50,000 TEU annually and whose storage area is up to 100,000 m2, with storage capacity of
1000–5000 containers. All 11 terminals receive inbound containers of 20, 30, 40, and 45 feet,
which are stored on three tiers using reach stackers and on four tiers using rail-mounted
gantries. In all cases, containers are stored on a “first-in, first-out” basis, and containers are
stored for 5–10 business days. Logistic processes and data for train arrivals and departures
to seaports were analyzed during model validation.

At the observed terminals, 45–60% of all manipulations are unproductive, because
container retention times are not known in advance. Terminal operators position the
containers based on the likely retention time predicted by experienced staff, without any
predefined model.

Interviews with terminal operators indicated that containers are positioned within
the inbound zone according to the criteria defined in Table 1. (Container storage in the
outbound zone was not considered in the present study.) During the 12-month observation
period, the average storage capacity of the terminals was 2400 TEU, and an average of 75%
of storage space was occupied by containers. Inbound trains spent an average of 312 min
at the terminals, and unloading lasted an average of 174 min.
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Table 1. Storage criteria for containers in the inbound zone at the 11 European inland terminals analyzed.

Criterion Categories

Container dimension (a) 20′, 30′, 40′, or 45′

Container occupancy (b) Full or empty

Cargo type (c) Dangerous, perishable, other

Container owner (d) Railway or road operator, shipping company, or customer

Distance to container’s final destination (e) 0–50, 50–100, 100–150, or more than 150 km

Table 2 shows the observed daily average number and retention time of containers,
categorized by dimension, for the entire 12-month observation period.

Table 2. Average daily number of inbound containers and their average retention time at the
11 European inland terminals, according to container dimension.

Dimension (Feet) Number Share (w) Retention (t in Days)

20 20 32% 9.75

30 6 10% 5.5

40 24 37% 8

45 13 21% 4.75

Total 63 100% Average: 7.07

The average retention time t was calculated to be the weighted harmonious mean of
the individual retention times t1, t2, t3, t4

t =
w1 + w2 + w3 + w4
w1
t1

+ w2
t2

+ w3
t3

+ w4
t4

. (1)

Unknown retention time increases the number of unproductive manipulations. The
new mathematical container storage model system proposed here is based on the expected
retention time, estimated after ranking the criteria according to the preferences expressed
by terminal operators.

4. Mathematical Model

The criteria from Table 1 are the nodes in the graph for the mathematical model
proposed. Generally, the non-oriented complete graph K = (V, V ×V) is a pair consisting
of the final set of nodes V and a set of all possible pairs V × V. Each pair of incidental
nodes admits one of two possible replacements, (b← a) or (a← b). Replacement (a← b)
shows an advantage of criterion a over criterion b [54]. The nodes a and b are incidental
nodes. Replacements are defined by inland terminal operators, and their intensities are
inputs into the mathematical model’s graph.

Each non-oriented complete graph becomes directed by selecting only one replacement
by a pair. This complete directed graph is now a pair G = (V,A), consisting of criteria V as
the nodes and replacements as oriented arches of asymmetric relation A. Concatenation of
the criteria a, b, c occurs when their incident replacements (a← b), (c← b), and (a← c)
are arches of the same asymmetric relation A.

4.1. Criteria Preferences and Potentials

All terms, relations, and notations defined below have been described previously [54].
The decision maker (inland terminal manager) subjectively defines the preference intensities
as values of each replacement on a 5-point scale, where 0 means indifference; 1, weak
preference; 2, strong preference; 3, distinct preference; and 4, absolute preference. The
intensity of the replacement preference is a skew-symmetric function F (a← b)
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F (a← b) = −F (b← a) (2)

A value F (a← b) is a gain if criterion a prevails over criterion b, which was deter-
mined based on interviews with inland terminal operators.

All preferences together create the preference stream F . The stream is consistent if the
following statement is valid for all three concatenated criteria a, b, c ∈ V

F (b← c) +F (a← b) = F (a← c). (3)

The preference stream F (a← b) defines the preference relation ≥F on the set V

a ≥F b⇔ F (a← b) ≥ 0 → . (4)

Preference intensities define the potential criterion function X : V → R , such that

a ≥F b⇔ X(a) ≥ X(b). (5)

4.2. Graph Preference Replacement Criteria

Figure 1 shows the preference values from an interview with one representative
decision maker (inland terminal operator) for the set of criteria in Table 1.

Appl. Sci. 2022, 12, x FOR PEER REVIEW 6 of 18 
 

4.1. Criteria Preferences and Potentials 

All terms, relations, and notations defined below have been described previously 

[54]. The decision maker (inland terminal manager) subjectively defines the preference 

intensities as values of each replacement on a 5-point scale, where 0 means indifference; 

1, weak preference; 2, strong preference; 3, distinct preference; and 4, absolute preference. 

The intensity of the replacement preference is a skew-symmetric function  ℱ(𝑎 ← 𝑏) 

ℱ(𝑎 ← 𝑏) =  −ℱ(𝑏 ← 𝑎) (2) 

A value ℱ(𝑎 ← 𝑏) is a gain if criterion 𝑎 prevails over criterion 𝑏, which was deter-

mined based on interviews with inland terminal operators. 

All preferences together create the preference stream ℱ. The stream is consistent if 

the following statement is valid for all three concatenated criteria 𝑎, 𝑏, 𝑐 ∈ 𝑉 

ℱ(𝑏 ← 𝑐) +  ℱ(𝑎 ← 𝑏) =  ℱ(𝑎 ← 𝑐).  (3) 

The preference stream ℱ(𝑎 ← 𝑏) defines the preference relation ≥ℱ on the set 𝑉 

 𝑎 ≥ℱ 𝑏 ⟺ ℱ(𝑎 ← 𝑏) ≥ 0 . (4) 

Preference intensities define the potential criterion function 𝑋: 𝑉 → ℝ, such that 

𝑎 ≥ℱ 𝑏 ⟺ 𝑋(𝑎) ≥ 𝑋(𝑏).    (5) 

4.2. Graph Preference Replacement Criteria 

Figure 1 shows the preference values from an interview with one representative de-

cision maker (inland terminal operator) for the set of criteria in Table 1. 

b

a

e

c

d

2

4

1

2

1

0
1

1

2

4

 

Figure 1. Preferences of the criteria for locating a container in the inbound zone of an inland termi-

nal. The letters refer to criteria, and the numbers on the connecting lines refer to preferences (see 

Section 4.1). 

The preference stream ℱ in Figure 1 is not consistent since there is a concatenation 

ℱ(𝑒 ← 𝑐) + ℱ(𝑎 ← 𝑒) = 1 + 2 ≠ 1 = ℱ(𝑎 ← 𝑐)  

Figure 1. Preferences of the criteria for locating a container in the inbound zone of an inland
terminal. The letters refer to criteria, and the numbers on the connecting lines refer to preferences
(see Section 4.1).

The preference stream F in Figure 1 is not consistent since there is a concatenation

F (e← c) +F (a← e) = 1 + 2 6= 1 = F (a← c)

After determining the preferences of all replacements, the criterion potential X(a) is
calculated as the sum of all replacement preference intensities incident with criterion a

X(a) = F (a← b) +F (a← c) +F (a← d) +F (a← e) = 4 + 1 + 4 + 2 = 11

Taking into account the skew-symmetry (Equation (2)), the criterion potential of d
is negative

X(d) = F (d← a) +F (d← c) +F (d← b) +F (d← e) = −4 + 0 + 1− 2 = −5.
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The criterion rank w(a) is provided by an arbitrary α and criterion potentials [54]

w(a) =
αX(a)

αX(a) + αX(b) + αX(c) + αX(d)
, α > 1. (6)

The criterion potentials from Figure 1 are ranked in Table 3.

Table 3. Potential of inconsistent flow.

Criterion Criterion Potential (X)

Container dimension (a) 11

Container occupancy (b) 2

Cargo type (c) 0

Container owner (d) −5

Distance to the container’s final destination (e) −8

Total 0

4.3. Consistent Approximation Based on an Interview

For each inconsistency stream F , at least one consistent approximation stream F0
could be obtained that satisfied Equation (3). A deflection of approximation µ(F0) is
the ratio

µ(F0) =
‖ F0 −F ‖
‖ F ‖ , (7)

where the square of the absolute flow value, ‖ F ‖2, is given by

‖ F ‖2 =
1
2
· ∑

i,jεV
(F (i← j))2. (8)

Analogously, it follows that

‖ F −F0 ‖ 2 =
1
2
· ∑

i,jεV
(F0(i← j)−F (i← j))2. (9)

Application of Equation (8) leads to ‖ F ‖2 = 16 + 1 + 16 + 4 + 1 + 1 + 4 + 1 + 0 +
4 = 48.

To create the stream F0 with minimal µ(F0), we respect the maximal potentials
together with maximal preferences of F . The maximal potential of F , given in Table 3,
is X(a) = 11. Thus, the new potential X0(a) = 11 appears in F0. Maximal preferences
incident to criterion a are F (a← b) = F (a← d) = 4. Then the new potentials of consistent
approximation F0 are X0(d) = X0(b) = 7 and criterion d, b, and a have new potentials.

The maximum preferences of replacements incident to the criteria with new potentials
are F (a← e) = F (b← c) = F (e← d) = 2. Because X0(a) = 11 ≥ 7 = X0(d) = X0(b),
then the new potential X0(e) = 9. By analogy, X0(c) = 9. The undirected complete graph
with new potentials is shown in Figure 2.
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Plugging the relevant values into Equations (9) and (7) leads to ‖ F −F0 ‖ 2 =
0 + 1 + 0 + 0 + 1 + 1 + 0 + 1 + 4 + 0 = 8 and µ(F0) = 0.41.

The potentials calculated by consistent approximation preferences created in Figure 3
change the ordinal scale at the lowest preferred potentials. The criteria were ranked
according to Equation (6), where α = 1.15 was defined arbitrarily in order to obtain a
suitable range of criterion ranks [54]. Potentials and ranks are shown in Table 4.

Table 4. Criterion potentials and ranks based on the consistent approximation preference stream.

Criterion Potential Criterion Rank

Criterion X w

Container dimension (a) 12 0.618

Distance to the container’s final destination (e) 2 0.153

Cargo type (c) 2 0.153

Container owner (d) −8 0.038

Container occupancy (b) −8 0.038

Total 0 1.000
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5. Container Storage According to the Model

During interviews, operators (decision makers) at the 11 inland terminals indicated
their preference stream for criterion replacements. For each subjective preference stream, the
consistent approximation preference stream with minimal deflection was determined. For
each consistent approximation preference stream, the potentials of criteria and categories
were calculated separately. From this point, the average potentials of each determined
criteria and categories were calculated and ranked according to Equation (6), with α = 1.15
(Tables 5–10).

Table 5. Ranking of container storage criteria according to their importance based on decision
maker preferences.

Criterion w X

Container dimension 0.647 2.600

Container final destination 0.186 0.800

Cargo type 0.093 −0.200

Container owner 0.047 −1.200

Container occupancy 0.027 −2.000

Table 6. Ranking of the container dimension categories according to retention time.

Dimension (Feet) w X

40 0.533 1.500

20 0.267 0.500

45 0.133 −0.500

30 0.067 −1.500

Table 7. Ranking of the categories of distance to the container’s final destination according to
retention time.

Distance (km) w X

>150 0.364 0.750

100–150 0.364 0.750

50–100 0.182 −0.250

<50 0.090 −1.250

Table 8. Ranking of the cargo type in a container according to retention time.

Type of Goods in a Container w X

Dangerous 0.571 1.000

Other 0.286 0.000

Perishable 0.143 −1.000

Table 9. Ranking of container owner according to retention time.

Owner w X

Shipping company 0.333 0.500

Railway operator 0.333 0.500

Client 0.167 −0.500

Road operator 0.167 −0.500
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Table 10. Ranking of container occupancy according to retention time.

Occupancy w X

Filled 0.500 0.000

Empty 0.500 0.000

Our analysis indicates that the ranking of container storage tiers according to retention
time is necessary to reduce unproductive manipulations in container storage and shipping
(Table 11). Higher ranking implies better availability for faster shipping.

Table 11. Ranking of container storage tiers according to retention time.

Storage Tier w X

Third 0.762 2.000

Second 0.190 0.000

First 0.048 −2.000

6. Validation of the Mathematical Model

To validate the mathematical model developed in Section 3, a simulation was carried
out based on the data on technological processes collected at an inland terminal randomly
selected from among the 11 European terminals. The observed inland terminal was mod-
eled in the FlexSim CT simulation tool (Figure 4). The observed inland terminal consists of
inbound and outbound container yards. The first inbound container yard had four tiers
and was located along the rail track, with 648 positions for storing 40′ containers. The
second yard had three storage tiers and was located 12 m away from the first outbound
container yard, with 634 positions for storing 40′ containers.
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model for inbound container placement.

Containers arrived at the inland terminal by rail and were positioned within the
inbound container yard according to the criteria in Table 1 and an empirically observed
delivery of 24–36 full containers five times per day every weekday. Container unloading
and loading each took an average of 150 min, or 300 min for both operations. A rail-
mounted gantry crane is used for container loading and unloading from/to trains, while
each container yard is equipped with one reach stacker that is used for container storage in
the inbound and outbound container yards. Capacity for the rail-mounted gantry crane
was 20–25 TEU/h, and the capacity of the reach stacker was 15 TEU/h. Containers of
dimension 45′ were stored on the edge of the container yard block; 40′ containers, on tiers
2–3; and 20′ containers, on tiers 2–4.

6.1. Simulating Container Storage Using the Mathematical Model

The simulation suggested that the criteria of container owner, dimension, and final
destination are decisive in determining the container’s storage location (Table 5).



Appl. Sci. 2022, 12, 5833 11 of 18

The random numbers in Table 12 were adapted from statistics given in Table 2.
The random numbers in Tables 13 and 14 were adapted from statistical analysis of the
11 European inland terminals.

Table 12. Simulation of container retention according to container dimension.

Dimension
(Feet) TEU Random Number Retention

(Days)

20 NA 1 0–0.32 9.75

30 1.5 0.32–0.42 5.5

40 2 0.42–0.79 8

45 2.25 0.79–1 4.75
1 Not applicable.

Table 13. Simulation of container retention according to container owner.

Owner Random Number Retention (Days)

Railway operator 0–0.24 4.25

Road operator 0.24–0.36 5.5

Client 0.36–0.52 5

Shipping company 0.52–1 4.25

Table 14. Simulation of container retention according to the distance to the container’s final destination.

Distance (km) Random Number Retention (Days)

0–50 0–0.25 4.25

50–100 0.25–0.50 5.5

100–150 0.50–0.75 4.25

150–∞ 0.75–1 4.25

Table 15 shows the storage tier locations based on tier ranking for 32 inbound con-
tainers arriving daily in the inland terminal. The aim of defining the storage tier was to
shorten the number of unproductive manipulations at the inland terminal and to lower
overall terminal costs related to container storage.

Table 15. Modeling the retention time and storage tier of inbound containers at the simulated
inland terminal.

Container ID Criterion TEU Retention Time Average Storage Tier

Dimension Owner Final des-
tination t1 t2 t3 t

1 0.938 0.774 0.201 2.25 4.75 4.25 4.25 4 3

2 0.966 0.625 0.790 2.25 4.75 4.25 4.25 4 3

3 0.884 0.785 0.999 2.25 4.75 4.25 4.25 4 3

4 0.894 0.560 0.717 2.25 4.75 4.25 4.25 4 3

5 0.839 0.936 0.967 2.25 4.75 4.25 4.25 4 3

6 0.991 0.122 0.625 2.25 4.75 4.25 4.25 4 3

7 0.343 0.748 0.109 1.5 5.5 4.25 4.25 5 3 or 2

8 0.356 0.917 0.684 1.5 5.5 4.25 4.25 5 3 or 2
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Table 15. Cont.

Container ID Criterion TEU Retention Time Average Storage Tier

9 0.345 0.429 0.529 1.5 5.5 5 4.25 5 3 or 2

10 0.329 0.511 0.922 1.5 5.5 5 4.25 5 3 or 2

11 0.377 0.087 0.951 1.5 5.5 4.25 4.25 5 3 or 2

12 0.355 0.086 0.961 1.5 5.5 4.25 4.25 5 3 or 2

13 0.749 0.882 0.152 2 8 4.25 4.25 5 3 or 2

14 0.747 0.768 0.011 2 8 4.25 4.25 5 3 or 2

15 0.497 0.757 0.245 2 8 4.25 4.25 5 3 or 2

16 0.435 0.645 0.082 2 8 4.25 4.25 5 3 or 2

17 0.013 0.729 0.001 1 9.75 4.25 4.25 5 3 or 2

18 0.312 0.729 0.150 1 9.75 4.25 4.25 5 3 or 2

19 0.020 0.653 0.090 1 9.75 4.25 4.25 5 3 or 2

20 0.010 0.908 0.188 1 9.75 4.25 4.25 5 3 or 2

21 0.048 0.569 0.133 1 9.75 4.25 4.25 5 3 or 2

22 0.123 0.809 0.232 1 9.75 4.25 4.25 5 3 or 2

23 0.799 0.563 0.383 2.25 4.75 4.25 4.25 5 3 or 2

24 0.465 0.,772 0.727 2 8 4.25 4.25 5 3 or 2

25 0.436 0.604 0.574 2 8 4.25 4.25 5 3 or 2

26 0.492 0.945 0.523 2 8 4.25 4.25 5 3 or 2

27 0.712 0.612 0.274 2 8 4.25 5.5 6 2 or 1

28 0.487 0.703 0.464 2 8 4.25 5.5 6 2 or 1

29 0.634 0.890 0.430 2 8 4.25 5.5 6 2 or 1

30 0.029 0.804 0.371 1 9.75 4.25 5.5 6 2 or 1

31 0.125 0.887 0.259 1 9.75 4.25 5.5 6 2 or 1

32 0.730 0.287 0.195 2 8 5.5 4.25 6 2 or 1

The proposed model suggested a different ranking of criteria for container storage at
the simulated inland terminal than what was empirically observed at the inland terminal
whose data were used in the simulation (Figure 5). In this way, the model was validated by
a simulation of container storage processes at an inland terminal representative of many
European inland terminals.

6.2. Assessing Model Performance

The proposed model was validated by comparing the number of manipulations
between the simulated inland terminal and the actual data collected for the one terminal
used to set up the simulation.

For the inland terminal used to set up the validation simulation, approximately
60% of container manipulations were unproductive, corresponding to 2.5 unproductive
manipulations per container. Among all containers arriving at the inland terminal, 18.4%
were 20′, 79.9% were 40′, and 1.7% were 45′. No 30′ containers arrived at the terminal. The
retention times of certain types of containers are shown in Tables 12–14. The retention times
of criterion categories were unknown for the used terminal, so we used average values for
the retention times from our analysis of 11 inland terminals. The occupancy of the terminal
was approximately 60%.
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Figure 5. Container storage processes at the simulated inland terminal (a) as observed or (b) according
to the proposed mathematical model.

A simulation with these input data and model applications was performed for 50 paral-
lel replications, with each replication lasting 720 h. Of all containers, 23.3% were 20′, 74.4%
were 40′, and 2.3% were 45′. The average terminal occupancy was 55.6%. The simulated
retention times (Figure 6) were lower than the average for the 11 European inland terminals
(Table 2) by 17.95% (1.75 days) in the case of 20′ containers, 8.75% (0.7 day) in the case of
40′ containers, and 1.05% (0.5 day) in the case of 45′ containers.
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Figure 6. Simulated container retention times as a function of simulation replication.

The simulated average number of inbound containers in simulation replications was
29.6 full containers per train per day (Figure 7), similar to what was actually observed. The
average simulated retention time of each train was 1.89% (12 min) longer than what was
observed for the actual inland terminal, where containers are stored based on the “first-in,
first-out” principle. Conversely, the model results led to an unloading time that was 8%
(12 min) shorter than the time observed for the inland terminal used in the simulation, and
20% (36 min) shorter than the average time across all 11 European inland terminals.
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Figure 7. Average train retention time.

The average number of container manipulations was 12,908 in the simulation, of which
3845 (38%) were unproductive (Figure 7). This corresponded to 22% fewer unproductive
manipulations than observed at the actual inland terminal, and 37% fewer than observed
across all 11 European inland terminals (Figure 8). These results suggest that the proposed
model can improve container storage processes at inland terminals.
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Figure 8. Numbers of total and productive manipulations as well as the percentage of unproductive
manipulations in the simulation.

7. Discussion

Few studies have examined container assignment location at inland terminals. Here
we develop a new network-based mathematical model that integrates the most important
criteria for inbound container location assignment (container dimension, its occupancy,
cargo type, container owner, and distance to final user) under conditions when the con-
tainer’s departure time is unknown. The model determines the locations of inbound
containers based on the retention time estimated according to the container criterion and
category. The ranking of container storage tiers according to retention time is necessary to
reduce unproductive manipulations in container storage and shipping. A higher ranking
implies better availability for faster shipping.

To develop our model, inland terminal operators (decision makers) were asked to
indicate their preference stream for criterion replacements. For each subjective preference
stream, the consistent approximation preference stream with minimal deflection was deter-
mined. For each consistent approximation preference stream, the potentials of the criteria
and categories were calculated separately. We implemented a novel method to determine
the hierarchy of parameter potentials for optimizing container storage. Implementation of
the final model showed that the most important criteria for container assignment location
were the container’s dimensions, the container’s final destination, and cargo type. Other
criteria were less important, including the container’s owner, container’s occupancy, and
distance to the final user.

The proposed model determines a feasible sequence of stacking operations that mini-
mize the costs associated with the storage of containers while taking into account the spatial
and operational constraints. Its implementation can optimize the storage of inbound con-
tainers, reducing unproductive manipulations as well as the costs associated with the use of
the inland terminal. The model was validated against data from one of the observed inland
terminals, and the model was able to significantly reduce unproductive manipulations.
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Thus, the presented model may help optimize technological processes. It may also
harmonize technological processes between seaports and inland terminals, which in turn
may increase productivity and reduce operating costs at both nodes in cargo distribution.

Future research should examine whether determining the statistical distributions
of retention times can improve the estimation of container retention time and the rank-
ing of criteria. It may be possible to reduce even further the number of unproductive
manipulations and thereby further improve inland terminal productivity.

8. Conclusions

This paper defines and analyzes criterion categories for container storage optimization
at inland terminals that, when integrated into an appropriate model, can decrease the
number of unproductive manipulations and thereby reduce the time and cost of container
management. The criteria and model were developed using inland container data for
11 European inland terminals, one of which further served as the basis for a simulation to
validate the proposed model. The model estimates the retention time based on ranking
criteria developed through interviews with terminal operators (decision makers), and in
the validation simulation, it reduced unproductive manipulations by 37%. The model
reduced inbound container unloading time as well as container storage time at the terminal.
This should translate to lower handling costs and higher inland terminal productivity.

The presented model requires analysis of the container retention time statistics for
each criterion category. This enables containers to be stored in tiers ranked according to
average container retention time. Such an approach reduces the number of unproductive
manipulations and speeds up container shipping from the terminal. Although the model
may lead to longer train retention than under the conventional storage principle of “first-in,
first-out”, the simulation suggests that this prolongation is negligible compared to the
increase in inland terminal productivity.
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54. Čaklović, L. Teorija Vrednovanja s Naglaskom na Metodu Potencijala, Principi, Metode, Primjene; Prirodoslovno-Matematički Fakultet:
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