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Fig. 2. Transtainer characteristics used in simulation based on
manufacturer information [22]
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[22]e05le S,

Characteristics of Transtainer Value
Typical gantry span (A) 23.5 (m)
Lifting Heights (B) 12.5 (m)
Length over travel guards (E) 13.3 (m)
Trolley travel (F) 18 (m)
Average loading/unloading time 15 (s)

Table.2. Transtainer characteristics used in simulation
based on manufacturer information [22]

Syl ey oy Olaskin -

53 b 3 sk eslitad (g, umlS GaS L Slasis
Lo S g 5 Cudls s ol 0 els I3 (F) s
35kl & ol S5 a o3V Ll Sl il a3
ool ossleans remes g LOMNG] 5 SHL b
St 5o Jeged osbear 5 Sl 558 s gla i3S
ol oslizal (5 utlS SHL s byl sl i S
(il Sles (5 K5 55 L) ol

Gl AuT 3 55 0 eslizal (g 2mlS oSy lasiie ¥ Jgder

Yy

Block specifications value
Number of bays 35
Number of rows 6
Number of tiers 3+1
Block length (m) 230
Block width (m) 20
Block height (m) 7.5

Table.3. Specification of container blocks used in simulation
process

1. Slots
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Model No. Yard cranes Storage time
number (Transtainers) (Hour)

1 3 18,700

2 4 9,068

3 5 7,490

Basic model 6 6,663

4 7 5,840

5 8 4,751

6 9 4,520

7 10 3,920

Table.4. Yard cranes effect on Operation time in terms
of number of yard crane
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1. Curve Expert
2. SPSS (Statistical Package for the Social Sciences)
3. Correlation of Determination
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Model number No. AGVs Handling time
(Hour)

Basic model 10 6663

8 9 6877

9 8 6873

10 7 6945

11 6 6953

12 5 6955

13 4 7268

14 3 9095

Table.6. Storage time in terms of AGVs number in the

yard
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row Type of crane activity No. AGVs
(Percent of total time) 3 4 5 6 7 8 9 10 (Basic model)
1 Loading 689  7.96 8.6 8.98 9 9.09 8.09 9.35
2 Unloading 689  7.96 8.6 8.98 9 9.08 8.09 9.35
3 Movein full mode 251 29.03 314 32.8 328 3311  29.49 34

(with container)
4 Move in empty mode

. . 3195  26.38 26.15 35.65 35774 359 24.58 35.5
(without container)
5  Traffic 0.99 2.33 3.49 0.39 0.64 0 0.12 0
6 Idle 2785 264 21.63 12.79 12.8 12.64 12.96 11.3

Table.7. AGVs effect on yard cranes performance
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row Type of AGVs activity No. AGVs
(Percent of total time) 3 4 5 6 7 8 9 10 (Basic model)
1 Loading 458 4.5 3.44 3 2.57 2.27 2 1.87
2 Unloading 458 4.5 3.44 3 2.57 2.27 2 1.87
3 Movein full mode 286 285 220 19.1  16.4 1453 12 11
(with container)
4 Moveinemptymode g0 595 9y 198 17 1500 13 13.3
(without container)
5 Traffic 0 10.1 24.2 19.2 16.4 14.24 12 21.1
6 Idle 31.9 232 31.9 35.8 44.9 51.6 55 51.6

Table.8. Effects of number of AGVs on remaining AGVs
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Abstract

The Rapid growth of containers in number and need to store them in a compact port space, makes container
terminal concept more important than before. This fact will cause new research challenges in designing,
planning and optimum operation of entire parts of a container terminal by considering the number of
affecting factors and interactions between them. Therefore container storage yard, which is not only used in
sea ports, but also in dry ports and other types of ports, becomes significantly important every day. The main
purpose of this research is to study the interaction between use of different types of equipment and the
function of container storage yard. Accordingly, this paper has analyzed the optimum number of equipment
and proper equipment arrangement with discrete event simulation of all activities related to operation in the
storage area. Results of this research are derived from models based on changes in the number of yard cranes
(Transtainers or RTGMs) and Automated Guided Vehicles (AGVs) in the range of their permissible
performance from the least to the most number in the condition of keeping other parameters fixed Which
relates to simulation of Sina container storage yard, located at Shahid Rajaee port (Bandar Abbas, Iran) using
the Enterprise dynamics software. Thus, it is possible to identify the appropriate arrangement by
consideration of two important control factors in the project, namely time and cost for the mentioned yard.
Using simulation tool in this case study shows that using a suitable strategy for transferring tasks between
equipment and also proper assign them to blocks will leads to improvements include reducing the average
idle time of AGVs by 15% and reducing their number from 10 to 5, at the other hand improving the
performance of transtainers by 12% in efficiency of working and reducing their number from 6 to 5. Also the
results of simulated different models indicate that there is a quadratic relation between reducing the
operation time and increasing the number of AGVs, up to a certain number of devices (Critical point). If
number of AGVs exceeds a certain number, they will have no effect on reduction of time that the main
reason is traffic caused by equipment and role of transtainers as operation limiters. It should be noted that
using the optimum number of equipment that used in a storage yard has a great effects on the amount of
initial costs including supply and installation of different equipment, and also in operating costs and
maintenance. On the other hand the topic discussed in this paper is one of the topics that has been
particularly important in recent years not only in the field of transport and logistics, but also in the fields of
environment and sustainable development. It is also expected that the presentation of this paper will lead to
improvements in arrangement of storage yards to suit different needs. In today's world, it is important to pay
attention to the issues of saving fuel and energy and most importantly optimizing the timing of activities.

Keywords:Container Storage Yard, Simulation, Yard Crane, Transtainer, AGV, Idle Time, Enterprise
Dynamics.



