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Abstract Nowadays container terminals play a pivotally important role in the world. As a conse-

quence of facing the global trend of containerization, this paper proposed a modification in yard

layout configuration for terminal throughput improvement. In this regard, three different scenarios

of container yard layout were considered in the paper. Site layout planning can affect productivity

and is obviously crucial to project success. Because of many uncertainties, variables and variations,

site layout planning is a typical multi-objective problem. Actually this shows the multi-criteria prop-

erty of decision making. Since then we have considered fixed and variable cost, transfer cycle time,

flexibility and stacking capacity as the performance indicators. We also employed analytical hierar-

chy process (AHP) to evaluate each alternative layout with respect to each of the criterion and

finally prioritized all the alternatives.
ª 2010 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.
1. Introduction

Due to the explosive growth of shipping industries over recent
decades and the high utilization of the world’s container termi-

nals, expansion projects are considered to be the best way to
boost productivity of terminals. Modification in layout design
and equipments utility maximization is normally the corner-
hoo.com (F. Golbabaie),

alizadeh Ganji).
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stone of any expansion project. The layout of a container

terminal is conclusively proved to have a direct effect on the
stacking and transshipment in port area. Yard layout deter-
mines the placement of containers as well as the routing and

route network of the terminal. Additionally, the width and
length of each lane, number of lanes, as well as the configura-
tion/position of reefers, empty containers and dry vans should

be determined as the basic consideration in maintaining the
best lay out of the terminal. If the layout is poorly designed,
it will have its effect on all aspects of the terminal. The first
to suffer from such a poor design would be the transfer cycle

and the second is ship-to-shore system, such a deficiency can
be resolved by overinvestment (Nazari, 2005). In his disserta-
tion, Performance Conditions for Container Terminals,

Wiegmans (2003) firmly stated, ‘‘The terminal yard must be
of a size to enable the handling of the anticipated throughput
(Wiegmans, 2003).’’

Container terminals vary significantly in terms of size, types
of operation, location, management, types of equipment, lay-
out and some other aspects. All these differences somehow

show that there are so many factors that should be considered
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Figure 1 Multi-criteria decision support framework (Yoe, 2002).
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in the early stages of container terminal design and/or in deci-

sion making later. The complexity in decision making and
designing for container terminals necessitates using tools that
can provide enough information about different alternatives

so that the managers of the terminals can base their decisions
on these tools. On the other hand, they are decision making
techniques that can model judgment and perception of manag-

ers about the actual terminal operations (Nazari, 2005). One of
these techniques known as Analytical Hierarchy Process
(AHP) is applied to evaluate three alternative container termi-

nal layouts. The output of this method is a prioritized ranking
of the decision making alternatives based on the overall prefer-
ences expressed by the decision maker.
2. Literature review

An extensive literature review is conducted on research focus-

ing on improving the performance of container terminals using
powerful methods (Bruzzone and Signorile, 1998; Kozan and
Preston, 1999; Prescott and Grant, 1988; Seyedalizadeh Ganji

et al., in press, 2009; Talley, 1994). This section reviews some
of the studies related to MCDA techniques. Chen et al.
(2000) researches port competitive advantages by using seven

criteria under those categories, as port services, container ter-
minal services, and economies and location. Liu et al. (2004)
used a multi attribute decision making method to assess the
performance of the two terminals and to determine the optimal

number of deployed automated guided vehicles (AGVs) in
each terminal. Teng et al. (2004) presented multi-criteria eval-
uation for port competitiveness of eight East Asian container

ports. Tam et al. (2002) used a nonstructural fuzzy decision
support system (NSFDSS) which allows assessments based
on pair-wise comparisons of alternatives.

Nevertheless, based upon our review of the recent litera-
ture, little work has been done in the application of AHP for
container ports assessment; some researches in this regard

are presented here. Yeo and Song (2003) apply AHP to evalu-
ate competitiveness among ten ports in China and Korea using
cargo volume, port facility, port location, and service level as a
criteria. Huang et al. (2001, 2002) apply the AHP/GRA to

evaluate a container port’s competitiveness. Huang et al.
(1999, 2003) use a multi-criteria grade classification model
and AHP plus SWOT (strengths, weaknesses, opportunities,

and threats) respectively to assess a port’s competitiveness.
These researches employ 31 evaluation criteria.

3. Introduction to the MCDA and AHP

Multi-Criteria Decision Analysis (MCDA), often called multi-

criteria decision making (MCDM), is the study of methods and
procedures by which concerns about multiple conflicting crite-
ria can be formally incorporated into the management plan-

ning process, as defined by the International Society on
Multiple Criteria Decision Making, 2010. The relation be-
tween planning process and multi-criteria decision support
framework is shown in Fig. 1. The rectangle shows the plan-

ning process and the bubbles show steps that are generally
parts of standard MCDA techniques (Yoe, 2002).

MCDA methods evolved as a response to the observed

inability of people to effectively analyze multiple streams of
dissimilar information. There are many different MCDA
methods. They are based on different theoretical foundations

such as optimization, goal aspiration, or outranking, or their
potent combination. The common purpose of these diverse
methods is to be able to evaluate and choose among alterna-
tives based on multiple criteria using a systematic analysis that

overcomes the observed limitations of unstructured individual
and group decision making. Different methods require differ-
ent types of raw data and follow different optimization algo-

rithms. Some techniques rank options, some identify a single
optimal alternative, some provide an incomplete ranking,
and others differentiate between acceptable and unacceptable

alternatives (Linkov and Ramadan, 2004).
This paper applies one of the MCDA techniques named

AHP to improve the container terminals design. Analytical

hierarchy process, developed by Saaty (Saaty, 1999, 2005,
2008) in 1980, is a quantitative comparison method used to
select the optimal alternative by comparing project alternatives
(e.g. methods for disposing of contaminated sediments) based
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on their relative performance on the criteria of interest (e.g.

impacts on ecological habitat, project costs, etc.), after
accounting for the decision-maker’s relative preference or
weighting these criteria. AHP completely aggregates various
facts of the decision problem into a single objective function.

The goal is to select the alternative that results in the greatest
value of the objective function. This is a compensatory optimi-
zation approach. However, AHP uses a quantitative compari-

son method that is based on pair-wise comparisons of decision
criteria, rather than utility and weighting functions. Evalua-
tors’ express the intensity of a preference for one criterion ver-

sus another using a nine-point scale presented in Table 1.
All individual criteria must be paired against all others and

the results are compiled in a matrix form. Thus for each com-

parative score provided, the reciprocal score is awarded to the
opposite relationship. The ‘priority vector’ i.e. the normalized
weight is calculated for each criterion using the geometric
mean of each row in the matrix divided by the sum of the geo-

metric means of all the criteria. The AHP technique thus relies
on the supposition that humans are more capable of making
relative judgments than absolute judgments (Linkov and Ram-

adan, 2004).
The procedure of using the AHP can be summarized as

Saaty (1999):

1. Model the problem as a hierarchy containing the decision
goal, the alternatives for reaching it, and the criteria for
Table 1 The scale value of the preferences.

Value Preference

1 Equally preferred

2 Equally to moderately preferred

3 Moderately preferred

4 Moderately to strongly preferred

5 Strongly preferred

6 Strongly to very strongly preferred

7 Very strongly preferred

8 Very strongly to extremely preferred

9 Extremely preferred

Figure 2 Layout I wit
evaluating the alternatives (see Sections 4 and 5 for more

details).
2. Establish priorities among the elements of the hierarchy by

making a series of judgments based on pair-wise compari-

sons of the elements.
3. Synthesize these judgments to yield a set of overall priori-

ties for the hierarchy. This would combine the investors’
judgments about the elements for properties with overall

priorities for each property.
4. Check the consistency of the judgments.
5. Come to a final decision based on the results of this process.

As mentioned above, doing AHP requires some calcula-
tions. There are some pieces of software developed for this rea-

son. EC (Expert Choice) is one of them and one can use the
on-line program to solve decision making problems (Nazari,
2005).

4. Specifications of the alternatives

4.1. Yard layout I

In this type of layout the containers are stacked horizontally,

that is parallel to the berth as shown in Fig. 2. This type of
stacking is used in many container terminals and ports such
as Shahid Rajaee port (old container terminal) of Iran and

the Jebel Ali port of Dubai (see Fig. 3).
All horizontal roads of this layout are 2-lane ones and uni-

directional except the berth one, which is bidirectional. The

roads are used for loading and unloading of vehicles (they park
on the tenth lane of the stack) and are also used as transit
roads. The reason for making such roads as unidirectional is

that in most terminals it is required to put the containers in
one direction, i.e. the doors of all containers should be placed
in one direction.

All vertical roads are only used for the transit of vehicles

not for loading and unloading (vehicles cannot stop in these
roads). Two of them which are parts of the ring road are 2-lane
roads and unidirectional. Others which have divided the yard

into equal blocks are 4-lane roads and are bidirectional. The
h horizontal stacks.



Figure 3 Jebel Ali port of Dubai.

Figure 4 Layout II with vertical stacks.

Figure 5 Port of Rotterdam.

42 F. Golbabaie et al.



Figure 6 Layout III with lessened roads.
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reason for making such roads bidirectional is that these roads
are cross aisles of stacks and would make a faster access to the
stacks available. In fact layout I enjoys long horizontal roads

but the roads are disrupted by vertical roads (conjunctions).
Any conjunction for trucks means a full stop or a slow down.

Vehicles always transfer an import container from berth to

the import area and unload it, then load an export container
from the export area and transfer it to berth in the shortest
route. Usually each stack is given one stacking crane. The

cranes serve the vehicles based on first come first served
(FCFS) rule.

4.2. Yard layout II

In this layout the containers are perpendicularly stacked to the
berth as shown in Fig. 4. This type of stacking is used in many

container terminals and ports such as Shahid Rajaee port (new
container terminal) of Iran and the port of Rotterdam (see
Fig. 5).

There are two horizontal roads in this layout which are part
of the ring road; both are 4-lane and bidirectional which are
used for the transit of vehicles. All vertical roads are bidirec-
tional and used for loading and unloading of vehicles (they

park on the tenth lane of the stack) and are also used as transit
roads. The roads in this layout provide a faster access to the
mentioned cells.

Vehicles always transfer an import container from berth to
the import area and unload it, then they load an export con-
tainer from the export area and transfer it to berth in the shortest

route. Usually each stack is operated by a stacking crane. The
cranes serve the vehicles based on first come first served rule.

In layout II, the vehicles can move faster in vertical roads

that do not have any conjunction. Therefore vehicles in layout
II can speed up and maintain the speed more than those of lay-
out I especially on the way back to the gantry cranes.

4.3. Yard layout III

The third alternative, called layout III is a modified form of

layout II in which the exchange point of containers between
vehicles and stacking cranes is switched as shown in Fig. 6.
In the previously mentioned layout vehicles had to travel next
to the designated cell (using the vertical roads) to get unloaded

or loaded. In layout III the vehicles will not move into the ver-
tical roads (in fact these roads can be eliminated or lessened in
favor of more stacking capacity), instead they will be loaded or

unloaded at the seaside tail of the stacks i.e. the stacking cranes
have to travel along the stacks to load or unload. This means
the vehicles travel a shorter distance, stacking cranes are uti-

lized more and the traffic is less since a few number of vehicles
will be needed. However, in layout III again there is a great
interdependency between the subsystems. As mentioned be-
fore, to decrease the interdependency between the subsystems,

one should apply buffer zones. This can bring other alterna-
tives open to the decision making yet we do not deal with
these.
5. Characteristics of the decision making criteria

As it was mentioned, decision making for a typical container
terminal requires taking more than one criterion into consider-
ation. While many criteria can be translated into cost, still

there are some points that should be looked at in a more qual-
itative way as we need a layout with:

– Minimum transfer cycle time

– Less number of vehicles to avoid congestion
– Less number of roads to create more stacking capacity
– Faster movement of containers from ship to the stacking

area
– More flexibility of layout for vehicles in switching from
import to export area

– Less traffic as a result of smoother layout

Actually this shows the multi-criteria property of decision

making in this regard i.e. we would consider cost (fixed and
variable costs), transfer cycle time, flexibility and stacking
capacity. The following manifestation will shed more light
on the proposed criteria.



Table 2 Numerical importance rate of the criteria.

Pair-wise comparison More important priority How much more important Numerical rating

Cost – transfer cycle time Transfer cycle time Moderately 3

Cost – flexibility and accessibility Flexibility and accessibility Equally or moderately 2

Cost – stacking capacity Cost Strongly important 5

Flexibility and accessibility – transfer cycle time Transfer cycle time Moderately 3

Transfer cycle time – stacking capacity Transfer cycle time Strongly important 5

Flexibility and accessibility – capacity Flexibility and accessibility Equally or moderately 2

Table 3 The pair-wise comparison matrix of the criteria.

Criteria Cost Transfer

cycle time

Flexibility and

accessibility

Stacking

capacity

Cost 1 1/3 1/2 5

Transfer cycle time 3 1 3 5

Flexibility and

accessibility

2 1/3 1 2

Stacking capacity 1/5 1/5 1/2 1

Table 5 The comparison matrix of the layouts for cost.

Cost I II III

I 1 3 6

II 0.33 1 3

III 0.17 0.33 1

Table 6 Prioritized ranking of layouts on the overall

preferences.

Layout Cost Transfer

cycle time

Flexibility and

accessibility

Stacking

capacity

I 0.653 0.164 0.261 0.137

II 0.250 0.297 0.633 0.239

III 0.096 0.539 0.106 0.623
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5.1. Cost

Layout III will have the highest cost. Considering the assump-
tion in this layout, vertical roads will be eliminated i.e. more

stacks and there is a need for more stacking cranes. However,
this layout will use the least number of vehicles compared to
the other two as the distance for vehicles travel is less and more

stacking cranes are there to serve. Next will be layout I and
then the least cost is for layout II based on the above-men-
tioned assumptions.

5.2. Transfer cycle time

Layout III will have the minimum transfer cycle time with few

number of vehicles and less traffic, next will be layout II and
the highest transfer cycle time will belong to layout I with
the same number of vehicles. The reason is that dissimilar rout-

ings of the layouts result in shorter average travel time for
vehicles in layout II compared to those in layout I.

5.3. Flexibility and accessibility

Routing effects is combined with the effect of different number
of stacking cranes (called equipment effect) and affect the

accessibility and flexibility. In terms of using the stacking
cranes in both import and export area and also the roads, lay-
out II is the best. Layout III is flexible in using the stacking

cranes but is not accessible. Layout I has enough accessibility
roads but is not flexible in using stacking cranes.
Table 4 The priority of each criterion.

Criteria Cost Transfer cycle time Flexib

Cost 0.16 0.18 0.10

Transfer cycle time 0.49 0.54 0.60

Flexibility and accessibility 0.32 0.18 0.20

Stacking capacity 0.03 0.10 0.10
5.4. Stacking capacity

Layout III is the most capacious followed by layout II and I.
In fact in layout III, the vertical roads have been eliminated

or lessened so the stacking capacity has increased. Also the
capacity of the yard layout II is higher than layout I because
of the length of the stacks.

We considered the above indicators whereas one can as-
sume other ones since preferences differ from one decision ma-
ker to another.

6. Decision making on layouts

Having explained the procedure of AHP model in Section 3, in

this part we will use AHP in order to rank layouts I, II and III.
Assigning the judgment of decision makers to each of the

criterion is the first Step. In this way one can find the weight

that the decision maker assumes for each criterion. We consid-
ered Table 2, but one can assume different priorities for differ-
ent criteria; however, the overall ranking should be consistent

(The criteria are compared pair-wise based on Table 1).
ility and accessibility Stacking capacity Average /priority

0.38 0.205

0.38 0.502

0.16 0.215

0.08 0.078



Table A2 Average or kmax (dividing the ele-

ments of the weighted sum by corresponding

priority for each criterion in Table 4).

Cost 4.2341

Transfer cycle time 4.2868

Flexibility and accessibility 4.4046

Stacking capacity 4.1794

Average or kmax 4.2762

Table A3 Random Index (RI) based on number of alternative

(n).

Number of alternative (n) Random index (RI)

3 0.58

4 0.90

5 1.12

6 1.24

7 1.32

8 1.41
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Based on the above table we could produce a matrix that

made it possible to have a numerical pair-wise comparison be-
tween criteria (as shown in Table 3).

The rest of calculations are applied by dividing each cell of
the matrix by its column totally for finding the unitized values

and averaging the cells row-wise to determine the priority of
each criterion. The final product of a consistent pair-wise com-
parison is the overall priorities of the criteria as illustrated in

the last column of Table 4.
However, by finding consistency ratio that requires some

calculations, one can find out how the comparisons are consis-

tent and the need to change, if any. (A consistency ratio of less
than 0.1 is acceptable but for rates greater than 0.1, the subjec-
tive input in the pair-wise comparison matrix should be re-

evaluated.).
Since the consistency is measured through a complicated

calculation which is beyond the scope of this paper, an alterna-
tively approximation method has been used in this regard.

Consistency Index (CI) and Consistency Ratio (CR) of the
n criteria are determined using Eqs. (1) and (2).

CI ¼ ðkmax � nÞ
ðn� 1Þ ð1Þ

CR ¼ CI

RI
ð2Þ

where kmax is determined by the calculation presented in

Appendix A. and RI is found based on the Table A3.
As CR = 0.0958 is less than 0.1, so the pair-wise compari-

son that we did is considered acceptable.

Having created the above matrix (Table 3) and having
found the priorities of the criteria (Table 4), each alternative
was evaluated with respect to each of the criterion. Table 5
demonstrates the pair-wise comparison among layouts I, II

and III for the cost, the rest of the tables are in similar pattern.
The priority of each of the layouts, illustrated in Table 6,

was calculated by applying the pattern mentioned in computa-

tion of Table 4, for these new matrixes.
Actually the ranking numbers of the criteria demonstrate

the weight for each of the criterion. In order to determine

the overall ranking of the layouts, we weighted each layout’s
priority by the corresponding criterion.

Overall priority of layout I:

0:205ð0:653Þ þ 0:502ð0:164Þ þ 0:215ð0:261Þ þ 0:078ð0:137Þ ¼ 0:283

Overall priority of layout B and C with similar calculations

are equal to 0.355 and 0.361. Regarding the above results, lay-
out III ranks better than the other two layouts.

7. Conclusions

The AHP model of multi-criteria decision making has con-

vinced to be useful in decision making on the best scenario
Table A1 Weighted sum of each criterion (multiplying each

Criteria Cost Transfer cycle time Flex

Cost 0.205 0.166 0.107

Transfer cycle time 0.615 0.502 0.645

Flexibility and accessibility 0.410 0. 166 0.215

Stacking capacity 0.041 0.100 0.107
in yard configuration among three proposed layouts I, II

and III with different stacking layout, roads, and different
number of stacking cranes. The horizontal layout as the first
layout, then the vertical layout would be the second one and
the third layout is a modified form of the previous one. We

could improve layout II by eliminating the vertical roads
while adding more stacks by shifting the interchange point
of containers between trucks and stacking cranes. The new

layout is called III and considered as an alternative to the
first two ones. In this regard, the following performance cri-
teria have been considered in the decision making process:

cost, transfer cycle time, flexibility and stacking capacity.
Ultimately having considered the results of the calculations,
in the overall ranking of the layouts, layout III is the best

in terms of performance indicators followed by layouts II
and I. Preferences differ from one decision maker to another;
therefore, the outcome depends on who is making the deci-
sion and what their goals and preferences are. Furthermore,

in future the managers and operators of container terminals
should be more involved with non-monitory issues and
decision criteria such as environmental issues like air and

noise pollution etc.
Appendix A

See Tables A1–A3.
column of Table 3 by its priority from Table 4).

ibility and accessibility Stacking capacity Weighted sum

0.390 0.868

0.390 2.152

0.156 0.947

0.078 0.326
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