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Abstract

The subject of this study is a rail-road container terminal. The processes of the container handling and the downtime of
the container trains and trucks in the terminal has been discussed in the study. The container terminal is considered as a
M/M/n queueing system with incoming flow - the container trains and trucks. The container cranes in the terminal are
the service facilities. The periods for loading and unloading of the container trains and trucks and additional handling of
containers in the container yard have been considered in the study. A model of the container handling processes in the
container terminal has been developed. The main technological options of container handling according to the type of
container flow — import and export or transit and the type of handling - direct "train - truck™ or vice versa or indirect
"train - container yard - truck" or vice versa have been described in the model. The downtime of the container trains and
trucks for loading and unloading in depend on the technological conditions of the terminal could be studied through the
model. The downtime periods were calculated in the study considering the container flows, handling time of the
containers, number of trains, number of handling equipment, duration of working time of the terminal, etc. The features
and the influence of the studied parameters affect the downtime have been taken into account. The restrictions on the
number of trains and the duration of the container terminal’s operation during the day have been determined through the
results obtained in the study.
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1. Introduction

The rail-road container terminals are main elements of the intermodal transport system. They carry out the
reloading of containers from container trains to road vehicles and vice versa. Yards of the container terminals provide
the opportunity for temporary storage of containers. Container handling is performed according to the technology of the
terminal and handling equipment [1]. In a various studies are considered issues related to the times of handling and
downtime of the container trains and trucks in the container terminals.

The various container handling systems are used in the container terminals. In [2] the authors are described the
main characteristics of in-terminal container handling systems. The main problems in the container terminals are crane
scheduling and storage space allocation [3]. The effect factors of energy efficiency for container loading operations and
develop a model to minimize the total handling time are analyzed by the authors in [4].

Studies of options for servicing trucks at the rail-road container terminal are published in [5, 6]. In the papers are
presented the issues of container handling processes at a rail-road intermodal terminal. The purpose of authors is the
assessment of the handling equipment utilization in the terminal and layout design of parking lots for external trucks.

The queueing theory [7, 8] is widely used to research and engineering different systems that could be represented
as incoming requests serviced by devices. The main elements of queueing systems are incoming requests and service
devices. The incoming requests enters the queueing system, where the requests are processed in service devices.

The different queueing systems are characterized by the type of incoming requests, queue discipline and service
mechanism. The type of a queueing system could be described through Kendall’s notation and classification of
queueing systems developed by A. Lee [8, 9].

For determination of different technological, technical and financial parameters of container terminals — waiting
time of container ships, trains and trucks, capacity of container yards, number of handling equipment, related costs, etc.
could be used the queueing theory. Numerous studies related to the port container terminals, considered as a queueing
system are described in the literature. Queueing theory has been used by the author in [10] to support the decision-
making process by developing the container terminal infrastructure in the Alexandria seaport. The authors consider
batch arrivals of containers at a port container yard that is modeled as a multi-server queue in [11]. In [12] the authors
are used queueing theory for optimizing and decreasing the external trucks’ waiting times, at the gate of the terminal
and container yard, and the internal trucks’ waiting times at the container yard.

The queueing theory is suitable for studying systems in which incoming requests are serviced by service devices.
Handling processes in a rail-road container terminal are suitable for description and presentation through the principles
of queue theory.

The purpose of the present study is to elaborate a model of the handling processes in a rail-road container
terminal through applying the theory of queueing. The main technological and technical parameters related to the
handling of containers and the downtime of the container trains and trucks in the terminal will be studied through the
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model.
2. Method of Research

The handling of the containers in a container terminal, according to the type of processing, could be divided into
three technological groups:

Group 1 - handling of containers arriving and departing by container trains. This group includes the handling of
containers in the terminal that are loaded onto or unloaded from container trains. Loading and unloading activities are
performed in different periods of the terminal s operation period during the day with a total duration T, . The containers

that are handled directly by the options “train — truck”, “truck — train” and “train — train” or indirectly by the options
“train — yard”, “‘yard — train” and “train — yard — train” are included into this group.

Group 2 - handling of containers arriving and departing by trucks. This group includes the handling of containers
in the terminal that are loaded onto or unloaded from trucks. Loading and unloading activities are performed in different
periods of the terminal’s operation period during the day with a total duration T, . The containers that are handled

directly by the options “train — truck”, “truck — train” and indirectly by the options “truck — yard” and “yard — truck” are
included into this group. Direct handling of containers between the container trains and trucks takes place during

different periods with a total duration T; (Tm €T T, €T Ty sTR) and indirect handling during other periods with

a total duration T, (TT,2 eT; ) Some of the options are included in both of the groups — Group 1 and Group 2.

Group 3 — additional handling and repositioning of containers located on the container yard of the terminal.
Loading and unloading activities are performed in different periods of the terminal’s operation period during the day
with a total duration T,.

When the containers in the container terminal are handled by one or several handling facilities, but it is done
consistently during the periods T;, and T,, the minimum duration of terminal’s operation period during the day

(T&", h) is given by:
T =Tg +T;, +Ta, h, @)

where T, —the total duration of the different periods during the day when loading and unloading activities with
container trains are performed, h; T, , — the total duration of the periods when indirect loading-unloading activities with
trucks are performed, h; T, — the total duration of the periods during the day when an additional (double) handling of

the containers on the container yard is performed, h.

An additional handling of containers in the container yard and/or handling of trucks is performed during the
periods when a container train (or a group of wagons) is moving on the freight track in the terminal before or after
loading/unloading of containers. The average duration of the moving period of a container train (a group of wagons) on
the railway freight track is T, . During this period loading and unloading of wagons is not able to be proceed. When

the number of container trains (N, ) per a day has increased to values which the total duration of the periods for
moving the wagons of all trains is N¢; T, >T; , +T, the minimum duration of terminal’s operation period per a day

TA" is given by:
Tcn;in :TR + NCT 'TTM h, (2)

where N.; —the average number of container trains (groups of wagons) serviced in the terminal per a day, trains;
T;w — the average duration of a period for moving of a container train (a group of wagons) to/from railway freight track
for loading/unloading, h/train.

The containers have to be handled in the terminal during a period with duration T, >TZ" according
restrictions:

0<T. <24,h;
0<Ty<T, h;
0<T, <T,h;
0<T, <T, h.

®)

Restrictions for the number of the container trains (groups of wagons) are:



trains;

(4)

where N, —the total number of wagons that are needed for transportation all containers handled at the terminal
during the day, number; K, — coefficient taking into account the presence of empty wagons in the container trains

(KW > 1) , coef.; N,, — the average number of wagons in a train, wagons.

When determining the minimum number of trains N.; we are assumed that the trains for transit direct container

traffic N, are situated simultaneous on the loading tracks in the terminal.

The main technological options for handling the containers during the terminal’s operation period are shown in

Table 1.
Table 1
Technological options for handling the containers
Type of handlin Total Average
Technological | Description | Technological yp \9ING | Mode of number of duration of a
: . and container : .
option (TO) | of the option group flow transport | containers handling
per a day cycle, min
“Train - Direct - Import
TO-1 Truck” or Group 1 and and Ex oF;t Rail and N T
“Truck — Group 2 Xp Truck ! !
: o containers
Train
YT;rZI,I,lO_r Indirect - Import
TO-2 “Yard — Group 1 and Export Rail N2 T
. containers
Train
YTal;lclICk O; Indirect - Import
TO-3 “Yard — Group 2 and Export Truck N3 = N2 T3
» containers
Truck
TO-4 Trfil{l’ - Group 1 Direct —_TranSIt Rail Na T,
Train containers
“Train — Indirect — Transit .
TO-5 Yard” Group 1 containers Rail Ns Ts
TO-6 quq’— Group 1 Indirect - Transit Rail Ne = N T,
Train containers

The duration of the operating cycle (T1+T6) for all technological options expressed the average period for

executing one moving per one container.
The total duration of handling periods of the trains (T, h) and the trucks (T;, h) in the terminal during the day

could be calculated through:

> ONT,

_i=L2,4

" 60N, K,

T =T+ T,

N,.T,

"1 60N, K,

In case of consecutive service of the trucks:

N,.T,

T h
T2 60K,

®)

(6)

U]

®)
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In parallel service of trucks by more than one handling equipment (N, >2):

NS 'T3 N3 'T3

33 T, <33 h 9
60.N,c.K; "% 60.K, ®)

where N, —the average daily number of containers for a respective technological variant TO-1+TO-6 (i :1+I),
cont./day; T, —the average duration of a handling cycle for a respective technological variant TO-1+TO-6 (i =1+ I),
min; N,z — number of handling equipment in the container terminal (N, >1), number; K, — the coefficient taking
into account the time of use of handling equipment during the daily operation’s period (O <K; <1), coef.; I —the
number of the technological options (1 =6).

In the case of direct handling “train — truck” and vice versa, the duration of the handling cycle T, is distributed

equally between wagons and trucks.
The total duration of the period T, is given by:

Z Ni'KA,i'NM,i'TM,i Z Ni'KA,i'NM,i'TM,i

=25 <T, <228 h, (10)
60.N,c .K; 60.K

where K,; —the coefficient taking into account the part of the indirect containers by options TO-2 (i = 2) and TO-5
(i :5), that are additionally handled in the yard of the terminal (Os Kuai £Li=2, 5), coef.; N, ; —the average
number of moves in the yard for every indirect import, export and transit container handled by options TO-2 and TO-5,
moves; T, ; —the average duration of one move in the yard of the terminal for indirect containers handled by options

TO-2 and TO-5, min.

The container terminal is considered as a queueing system with Poisson distribution of incoming container flows
transported by trains and trucks. The containers are served by one or more than one serving devices — handling facilities
of the terminal. If the terminal is served by more than one handling equipment it is assumed that they are the same type
and they are with the same productivity. The service period of the requests (incoming trains and trucks) is exponentially
distributed. It is assumed the queueing system is without priority, without failure and with an unlimited queue.

The downtime of the container trains and trucks in the terminal in depends on the duration of the period for
loading and unloading of containers and the waiting period in queue. The average downtime period of a train

(Tiram» N) and atruck (Trpuee» h) in terminal [13] is:

TTRAIN :TTRAIN,l +TTRAIN,2’ h ; (11)

TTRUCK = trRuck 1 +TTRUCK,2’ h ' (12)

where Ty — the average downtime period for a train loading and unloading in the terminal, h; T, , — the average
downtime period of a train in the queue until service of the train started (waiting in queue), h; Tk, — the average
downtime period for loading or unloading of a truck, h; T« , — the average downtime period of a truck in the queue

until service of the truck started (waiting in queue), h.
The average handling duration of a container train or a group of wagons in the terminal during the day Tg, .

when the containers are served by N, loading machines that are the same type and are the same productivity [13] is:

T, h
T =R 13
TRANL T N, "train (13)
The average downtime period of a train in the queue is given [13] by:
PrTreans h
T =t 14
TRANZ =1 p, train )

where p, — the average occupancy ratio from the container flows by rail in the terminal (0 < p, <1), coef.
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Pr :T—R, coef . (15)

CT

The average handling duration of a truck in the terminal T, When the indirect export and import containers
are handled is given by:

N,.T. h
T =23 — 16
TRUCK,1 GONT trUCk ( )
where N, — the average daily number of trucks that are needed to transport the indirect import and export containers
handling in the terminal, number.
When determining the period of downtime in the queue of a truck T« , , We consider the container terminal as

a N, parallel service channel queueing system. Average waiting time of an arrival truck [13] is given by:

P'TTRUCK 1 h

, . 17)
N, —pp truck

Trruck 2=

Probability of having a truck to wait for service [13] is given by:

_ (pT )NHE PO
“(Noe Dt (N 1) ()

The probability a handling equipment to be idle [13] is given by:

R = Ngl(piT!)I+(NHE —(1/));2':;"*)} | :

where p, — the average occupancy ratio from the indirect container flows by trucks in the terminal, coef.
The value of p; depends on pattern of arrivals of the trucks and opportunity to be used more than one handling
equipment at the same time (parallel service of two or more trucks).

N3'T3 SpT < N3'T3
60.N,c Ter 60T,

, coef . (20)

Pr <1.
HE
The average occupancy of the container terminal’s system from additional (double) handling of the indirect
containers in the yard p, (0< p, <1) is given by:

The average occupancy of the system from trucks for a steady-state solution is given by

Pa :T—A, coef . (21)

TC

To be the container terminal’s system in a steady-state p; + o + 0, <1.

3. Results and Discussion

A numerical experiment was performed according to the proposed simulation model. The research was
conducted for handling of 20-foot export and import containers in the terminal. Containers are handled at the terminal
by two cranes. On one 60-foot wagon it is possible to be placed up to 3 containers.

The basic assumptions for the research are shown in Table 2.
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Table 2
Assumptions for the research
Parameter Value Dimension Parameter Value Dimension
N1 50 cont./day T1 4 min
N, 100 cont./day T> 5 min
N3 100 cont./day T3 4 min
N4 0 cont./day Ta 5 min
Ns 40 cont./day Ts 5 min
Ns 40 cont./day Te 4 min
Kr 0,9 coef. Nw 15 wagons/train
Kw 1,1 coef. Tim 20 min

The values of the period T;, and occupancy o, are determined as an average value between maximum and

minimum value calculated through Eqg. (9) and Eqg. (20).
The results of the conducted numerical experiment are shown in Figs. 1-4.

Operating time of the terminal Occupancy ratio
190 07
185 06
180 05
o 175 o 04
o &
= =]
Z 170 O 03
165 02
16,0 0,1
155 0
150 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 Number of trains per day
Number of trains per day Yard operation Truck service Train service
Fig. 1 Operating time of the terminal Fig. 2 Occupancy ratio
Train downtime Truck downtime
45 0.06825
40 0.06820
35 0.06815
3,0
0.06810
g 25
= 0,06805
£ 20
5 =
e ¥ 006800
15 £
10 =2 0.06795
05 0.06790
0,0 0.06785
6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
0.06780
Number of trains per day 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Service time Waiting time Total time Number of trains per day
Fig. 3 Train downtime Fig. 4 Truck downtime

The results show that if the number of the container trains in the terminal increase above 20 trains per day, it is
necessary to be increased the terminal’s operation period. At least six trains per day are required for transportation of
the daily container turnover. An interval up to 27 container trains (groups of wagons) served in the terminal per a day
was studied. The minimum operating time of the terminal is shown in Fig. 1. The maximum downtime in the terminal
of a train varies between 240 and 48 minutes (Fig. 3). The results show (Fig. 4) a small impact of the number of trains
on the truck’s downtime period, when the number of trains increases over 20 trains per a day.

4. Conclusions

In the study has described an improved model of a rail-road container terminal, which is considered as a
queueing system type M/M/n. The model reflects the processes of loading and unloading of the container trains and
trucks, taking into account the system occupancy from the additional (double) operations with the containers that are
stored in the yard of the container terminal. Incoming requests are the container trains and trucks, and service devices
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are the handling facilities (container cranes).

The main characteristics of the container terminals related to the loading and unloading processes - container
turnover of the terminal, number of handling equipment, technological options for handling of containers, number of
container trains, duration of operating cycles, duration of the technological period for double operations, etc. are
described in the model.

The model allows to be studied the processes related to handling of the containers, to determine the expected
periods of waiting and service of the container trains and trucks and to determine the required duration of operation
period of the terminal. The trains downtime in the terminal is one of the main parameters related to the organization of
the timetable of the container trains.
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