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Abstract  This paper presents a general study of different elements that comprise the operation process for 
working a maritime container terminal, defining the operation ratios concerned and the interactions between them; 
similarly, the parameters that affect the operational process are designated. This paper aims to develop an approach 
to the problem focused on case-study: the Tunisian Terminal. A quantitative analysis is carried out which allows 
comparative strategies to be recognized and applied to practical cases. The correct planning and execution of 
operations on a container terminal is a critical element in the strategy of a terminal. Experience and knowledge of the 
problems that can arise is fundamental when attempting to treat these operations. In this paper, we identify the 
different measures of the various types of production, and the difficulties that could be faced when maximizing the 
container terminal’s productivity. Lastly, we recommend some propositions concerning what is being done presently 
at the terminals to realize their operational objectives. 
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1. Introduction 
Determining the optimum way of working a container 

vessel is a terminal is an arduous task, in which numerous 
different factors need to be juggled. By optimum, we 
mean in such a way that maximum productivity, measured 
in movements per hour, is obtained, while the period of 
time that the vessel has to spend at the quayside in 
minimized, so that finally the desired costs per unit are 
achieved. The objective of this article is to present a 
general analysis of the various different elements that 
comprise the operating chain or process, defining the 
operating ratios involved and the relationships between 
them; similarly, the parameters that influence the 
operational process are indicated. 

The diverse sub-systems that are intrinsically combined 
in the operational process are considered vitally important: 
the berthing subsystem and the prior planning of this 
phase; the subsystem that has probably been least studied 
is the one that directly concerns the operational process of 
the vessel at the quayside. We believe that the fundamental 
reason for this is the impossibility of mathematically 
modeling it, given the diversity of the circumstances that 
directly affect the good functioning or handling of the 
equipment utilized the importance of the human factor, 
and the experience necessary for dealing with these 

operations. This paper sets out to analyze in more detail 
this particular subsystem. 

2. Literature Review 
The studies of Steenken (2004) and, more recently, of 

Stahlbock and Voβ (2008) and Vis and Koster (2003) 
cover a wide range of experience with container terminals, 
including case studies, and serve to define the initial 
problem for us.  

One specific problem that has received considerable 
study, because it is more suitable to plan the berthing of 
several different vessels at the wharves of the terminal, so 
that the fixed working periods and the number of hours of 
work agreed with the customers in their corresponding 
contracts (windows) are respected. The length of time that 
the vessel needs to spend the wharf must be minimized 
and the fullest advantage must be taken of the handling 
facilities available. This is the case of the study by Jim Dai 
(2004) in which the static problem is differentiated from 
the dynamic problem, and the time factor and its 
implications in a set period are included in the latter. In 
Brown et al. (1994) a practical optimization model, with 
various restrictions, is offered. Lim (1998) proposes a heuristic 
method utilizing graphical representation. In another field, 
the study carried out by Dragvic (2006) deals with the 
mean time a vessel remains at berth and its dependence on 
the mean number of vessel arrivals at the port. 
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Tradionally, to evaluate the performance of a container 
terminal, the berthing and yard operations are optimized, 
either by analytical methods or by computational or 
Koster 2003; Dowd and Leschine (1990). Firstly, an index 
of occupation of terminal or adequate yard density must 
be obtained. There appears to be an inverse statistical 
relationship between the density and the productivity. The 
operations in the yard are performed more slowly the 
greater the number of containers per unit of area; this 
because the operating cycles of the machines (trucks, 
straddle carriers, etc.) needed to move the containers to 
and from the wharf are longer. More errors may be made 
and there may be more difficulties in locating the 
particular containers required, since they may be at lower 
levels in the stacks. There is a greater possibility of 
accidents occurring.  

Different terminals may measure this ratio in different 
ways. Some terminals, where the containers are usually 
stacked to low levels or heights (straddle carrier terminals, 
or chassis terminals, for example), can measure the 
occupation of the slot by unit of area, without much need 
to take into consideration the different heights to which 
the containers may be stacked (Longo 2010; Lau and Zaho 
2008; Lee et al. 2007). Various studies have been made of 
the operational process in this type of terminal. Vis and de 
Koster (2003) have already demonstrated the difference 
existing between terminals of ITS (Indirect Transfer 
System) type and those of the DTS (Direct Transfer 
System) type. 

For DTS type terminal the objective is to minimize the 
times of the operations to move the container between 
vessel and stack (and vise versa when loading); however, 
in the cas of the ITS, it can be appreciated that there is an 
additional objective element or operation to minimize 
(Nam and Ha 2001). Kim et al. (2003a, 2003b, 2000, 
1999a-e, 1998 and 1997), analyze the problem of space 
allocation in both types in the case of export terminals. 

Zhang et al. (2003) study storage space allocation for 
import, export and trans-shipment terminals in an ITS 
system. They break down the problem into two parts: the 
first is how to assign the stack for each sequence of work 
(that is, taking into consideration the type of container, 
import, export, relay); and the second is how to minimize 
the distance from the stack to the vessel (that is, reducing 
the distance that the container transporting vehicle or 
shuttle, has to travel). 

3. Methodology of the Problem 
The changes of destination of vessels that the shipping 

line may decide once the containers have already been 
stored in the yard, have a fundamental effect. A high 
percentage of renominations lower the productivity 
drastically. It is not unusual for the situation to occur that 
the loading of particular vessel on a particular wharf has 
been prepared for working the vessel in the optimum way, 
and then to find that it has been changed to another vessel 
that is or will be berthed on a different wharf. This often 
happens and, unless the change of plan can be 
renegotiated with customer, it must be accepted by the 
terminal. The customer will normally be ready to accept 
an additional charge on its agreed cost per movement that, 

in function of the existing cost statistics, can be negotiated 
as a lump sum. 

The movements that are made to tidy the loads in the 
yard and prepare the yard for the particular vessels that are 
going to be worked, or else for the optimum storage of 
containers and organization of the yard, are normally 
termed housekeeping. The more there are of these 
container movements associated directly with the 
renominations, the more the smooth operation of loading 
or unloading a vessel is inevitably obstructed, when the 
yard has not been prepared in advance. The result is more 
non-essential movements, higher costs and lower 
productivity.  

The objective of this article is to identify and analyze 
the problems that arise on the ground at the wharf, when 
working directly on vessel. The literature on this sub-
system is extensive but does not cover the other 
subsystems, perhaps because other factors come into play, 
such as the specialization of the machinery (Robinson 
2008), the problems of portainer crane planning and QC 
scheduling (Sammarra et al. 2007), the human factor 
(Legato and Monaco 2004), the various collective labor 
agreements and the legislation in this respect (Lopéz-
Rueda 2005; Arroy-Martinez 2009).  

We will seek solutions or alternatives to the existing 
methods for optimizing the operations of container carrier 
vessels, from the perspective of the wharf, and aim to 
define the physical measurements that we use for making 
this assessment and its relationships. 

In this approach to the problem of optimizing 
operations in maritime container terminal, our starting 
point is professional experience in the field of port 
operations in RADES (Southern Tunisia); this is the 
leading Tunisian port for the movement of containers 
(Africa infrastructure Country Diagnostic 2009). We also 
analyze the existing bibliography. On the basis of this, we 
have carried out a quantitative analysis that allows 
comparative strategies to be established and applied to 
practical cases; this has been done in the case of the 
container terminal of the port of Barcelona. We start from 
a study made of large-capacity vessels with more than 900 
operational movements, utilizing the six-sigma lean 
methodology (Brook 2009). 

4. Optimizing the Operational Process at 
a Container Terminal 

In all productive processes, the optimization of the 
operational process consists essentially of obtaining the 
maximum output at the lowest possible cost while meeting 
the optimum quality standards for the customer and user 
of the product or service. In the context studied here, the 
operational process of container terminal can be 
considered as a large productive process where the final 
element is not a tangible product but rather a specified 
service. The service to which we refer is the handling and 
storage of the containerized merchandise of particular 
customer. Thus we are talking either of reception 
terminals (import and export) or of trans-shipment 
terminals where containers are transferred from one vessel 
to another. This service needs to be delivered, i.e 
performed, on the date agreed with the customer, and in 
accordance with the same conditions that the seller, 
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exporter, loader (or any other legal entity considered to be 
the person putting the container at the disposition of the 
carrier) has contracted to be the person putting the 
container at the disposition of the carrier) has contracted 
with the customer. The basic objective is to carry out the 
operations as rapidly as possible, to enable the vessel to 
spend the minimum time necessary in port and, 
consequently, to obtain maximum economic utilization of 
the high-value capital asset, the vessel (Onyemechi 2010). 

Table 1. Example of a work sequence according to the SPARCS 
system 

 
As a general rule, in container terminals today, whether 

of the trans-shipment or export/import type, several days 
before the vessel berths, its container load layout is known; 
that is, how its load has been stowed, and which particular 
holds (or bays) will need to be worked, in which order. 
The terminal management must decide, based on the 
instructions received from the stowage coordinators, how 
to distribute the containers–by weight, final destination 
and the characteristics of each particular container 
( refrigerated, 40’, 20’, IMO, OOG (out-of-gauge), BBK 
(break-bulk), etc.  

Once the containers have been distributed, the loading 
and unloading in the yard has been planned, and various 
movements of containers that may need to be carried out 
on board the vessel, the persons responsible should in 
theory have full knowledge of the prospective condition of 
the vessel on its departure after being worked (i.e the 
conditions of stability, trim or seating, draught, ballast, 
etc.). Unless the First Officer or Captain of the vessel 
decides to make additional changes, the order of working 
the vessel is maintained during the entire course of the 
operational process. The order of working is a sequence of 
specified tasks, organized for those particular vessels, 
which can be presented in different forms, according to 
the terminal and the computer systems used for loading 
and unloading. It may be a simple sheet of paper on which 
the work to be done is described, or a plan where the tasks 
to be carried out are indicated consecutively. 

The above example may serve as an order of work; 
either the chart on the left, defined and described on the 
figure on the right, where normally a color is assigned to 
each crane or item of handling equipment. 

The team of stevedores that works a shift during any 
twenty four hour period is known as a gang. The gang 
generally corresponds to a group of employees who work 
with a particular crane performing a particular order of 
work with that crane in the bays corresponding to their work. 

5. Case Study: RADES Container 
Terminal in Tunisia 

In Tunisia a gang works a shift of six hours, but the 
personnel comprising each gang varies according to the 
customary practices and the work load. This is stipulated 
in the various sectoral agreements negotiated for each port. 

The stevedoring companies of the various ports and/or 
groupings of ports have the responsibility of supplying the 
various terminal operators with the specialized and 
specific personnel (stevedores) needed for the tasks or 
jobs that require them, in the numbers agreed. The 
ownership of these companies is usually comprised of 
personnel designed by the stevedoring companies, with 
the representation normally proportional to the demand, in 
terms of volume of work. In terms of finance and 
accounting, they are companies without any real assets, 
and the principal movements in their profit and loss 
account represent personnel costs. 

The personnel employed are remunerated according to 
the piecework method: the more containers handled 
during the shift, the higher the remuneration obtained by 
the stevedore. In theory, under this system, the employees 
earn a fixed amount per shift on which they are nominated 
for work, independently of whether any work is done, for 
whatever reason. This fixed amount of remuneration is set 
in the collective labor agreements ruling in the sector. 
Apart from obtaining the negotiated basic income, for any 
additional container that is handled an agreed extra 
amount of remuneration is computed. 

Obviously there are guarantees negotiated to protect the 
earnings of this group of employees- for example, if a 
vessel scheduled does not berth, or if it berths later than 
planned, or if a crane breaks down, etc. in the granting of 
these guarantees, the final decision is frequently up to the 
person with operational responsibility for the terminal at 
that time. It is therefore understandable that these 
decisions frequently involve discussion or negotiations 
that are or should separate from the specific tasks and jobs 
to be done, according to the various interpretations of the 
agreements, or as is commonly argued, according to the 
spirit of the law and not necessary to the letter of the law 
or contract. The granting of guarantee of this type when it 
is not really correct, often results in the operating 
personnel relaxing their effort; and such a loss of 
concentration on the job in a gang has an adverse effect on 
productivity and, ultimately, on the achievement of the 
operating and financial objectives of the terminal. 

It is interesting to note that there are three main types of 
gang: the complete gang, which includes among its members 
personnel responsible for the lashing and unlashing of 
containers; the simple gang, which does not do lashing, 
and is therefore considerably less costly; and thirdly, the 
specialist gang for lashing, generally composed of a 
foreman and team who do nothing but the attaching of 
containers on board to each other and to the structure of 
the vessel, on loading, and reverse on unloading. 

The particular use of simple gangs is justified by the 
fact that, apart from being more economical, there are 
some types of work on the vessel that do not need these 
specialist lashing activities to be performed: a full shift 
can be devoted to loading holds or on a vessel with 
systems of guides on its decks (Convenio 2008). 
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6. Operational Objectives 
The first objective is for the vessel to be tied up 

correctly to the wharf in the shortest time possible; that is, 
the operational process, from the time when the first line 
is made fast to the quayside until the berthing is 
completed, should be carried out as rapidly as possible. 
The time taken from when the vessel begins this operation 
until it is completed is usually referred to as the berth time. 
The total production or berth productivity is the total 
number of movements or individual tasks performed on 
the vessel (including all the concepts) divided by the total 
berth time (bmph). 

The satisfactory organization of specific berthing 
windows or slots by the terminal operator, and 
commitment on the part of the customer to keep its vessel 
On Schedule and with the pre-defined movements, should 
minimize unproductive time drastically. 

The customer or shipping line, for its part, should make 
every effort to keep to the date and time of arrival of its 
vessel to which it has committed itself (within the 
reasonable range of variation agreed previously with the 
terminal), so that the terminal operator may be able to 
work the vessel as planned, again within an equally 
reasonable range of possible variation from plan. 

The second objective, intrinsically linked to the first 
(but this not necessary the order of priority), is for each 
gang, during its shift, to work the maximum number of 
containers per hour. This parameter, referred to as the 
production or productivity of the vessel, is measured in 
numbers of containers per hour. This parameter, referred 
to as the production or productivity of the vessel, is 
measured in numbers of containers per hour. If no 
allowance is made for working time lost because of 
breakdowns of cranes or machinery needed for the 
operations, this is designated the gross productivity and if 
such allowance is made, then it is net productivity. For the 
purposes of this study, the gross time, or number of hours 
that the gang is theoretically working, will be considered. 
This is an objective of the operational process of the 
terminal: When each vessel is worked at a higher speed, 
the terminal is able to work a greater number of vessels. 
This results in a better berth production. In other words, 
this concerns the achievement of economies of scale, and 
lower cost per movement, by reducing the fixed costs of 
the terminal.  

This minimum cost is the third objective, in this case of 
the terminal as a whole: it has an enormous impact on the 
tariffs or charges that the terminal can offer its customers. 
The unit cost has several components whose proportionate 
significance varies in function of the type of terminal and 
its particular characteristics. Generally the largest 
component of this cost is the remuneration of the work-
force of stevedores, although equipment maintenance 
costs and depreciation of the capital cost of the machinery 
is not insignificant. The terminal’s income is the result of 
the number of containers moved multiplied by the tariff 
applicable to each movement (Sala and Medal 2004).  

The total costs, in general, are derived from the number 
of cranes and other machinery and equipment, plus the 
expenses of maintenance and depreciation. On the wharf 
the costs for the area of land occupied, the amortization of 
the loans for the purchase of the capital equipment, the 

maintenance of that equipment, and last but not least, the 
direct and indirect personnel costs. 

Although, as mentioned, these are the general costs of 
the terminal, other costs must also be taken into account 
such as those for the repositioning, repair and replacement 
of the general machinery of the terminal due to wear-and-
tear and obsolescence; other expenses include investment 
is new technologies and implementing them, research, 
development and innovation, and all the specific 
investment and expenditure that the terminals must incur 
in order to comply with and to update the security systems, 
given heightened awareness of possible terrorist attacks 
since 11 September 2001, and for risk prevention, health 
and safety and hygiene of the employees (Piniella 2009 
and 2008). 

In spite of all the expenditure, one of the more visible 
and worrying effects of the crisis being felt in this industry 
is the slow disinvestment that some terminals are making 
in items such as the preventive maintenance of machinery 
and safety, as described in the study conducted by 
Trelleborg Marine (Trelleborg 2010). 

7. Quantitative Analysis 
If the cost per unit is defined as the quotient between 

the total costs and the total number of containers handled 
during a specified period of time; and taking, in turn, the 
total number of containers handled as the production of 
the terminal for the total length of time employed in the 
operations, the unit cost is, within certain limits, inversely 
proportional to the cited production. 

  /=CPU Total costs N  (1) 
And therefore, 

 ( )/= t tCPU C gpmh x T  (2) 

Where CPU = Cost per unit  
Ct= Total costs 
N= Total number of containers moved 
Tt= Total time employed in moving them 
gmph= gross movements per hour, understood as the 
mean during a specified Tt (similarly designated 
production). 

In productive processes there is a certain level of 
production that minimizes the unit cost. In container 
terminals the production of a particular service is 
measured (containers per hour), and each terminal knows 
what is its optimum level or rate of production. Higher 
rates of containers moved per hour imply a greater 
investment in resources, and this investment increases the 
cost in a non-linear way. It is a complicated process to 
determine the optimum production, from the analytical 
perspective. The operating statistics of the terminal itself 
serve to orientate the operator regarding this optimum.  

The number of gangs that, on average, can support the 
vessel during all the shifts that are worked is known as the 
crane intensity; this parameter is nothing more than a 
weighted average of all the gangs with which the vessel is 
capable of working on each shift. This is a most important 
parameter for calculating the window or total time 
available for berthing and, therefore, for optimizing this 
window: it should be made as small (or short) as possible 
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or in accordance with the contract signed with the 
customers. 

The object of the terminal is to sub-divide the work on 
the vessel among several separate gangs, while also trying 
to ensure that the various gangs are as equal or balanced 
as possible. Given that theoretically the gang with the 
most work takes the longest and this, as we shall see, 
determiners the overall length of time that the vessel has 
to remain in port, another aim is to organize the work so 
that all gangs finish at the same time. This offers the 
possibility, reflected in the various working agreements, 
that the vessel may waive or forego certain gangs, termed 
passing; when this occurs, the passed gangs may continue 
working other vessels. This normally results in the 
recognition of certain financial guarantees for the 
stevedores, as already commented. 

The crane intensity, an adimensional quantity, is easy to 
predict at the start of operations, according to the 
expression: 

  /= ∑I i maxC M M  (3) 

Where CI= is the crane intensity and ∑Mi is the sum of all 
the movements performed by the several Mi gangs, and 
Mmax is the number of movements of the queue or the sum 
of movements by the gangs taking the longest times in the 
order of work (assuming continuous working from the 
start of operations up to their completion, except for 
breakdowns, with the same crane). The duration of the 
longest queue determines the berth time, and therefore the 
berth productivity is obtained as follows: 

   =max tM gmph x b  (4) 

Where bt is the berth time and the gpmh (gross 
movements per hour) is the assumed general production of 
the vessel (total number of movements made divided by 
the total number of hours employed); we have already 
defined the bmph previously, as follows: 

 /= ∑ i tbmph M b  (5) 

It can easily be deducted that the crane intensity is:  

 /=IC bmph gmph  (6) 

This expression inevitably gives the number of cranes 
or gangs that been utilized, on average, during the entire 
operational process of the vessel, the weight applied in 
number of gangs for each shift worked. 

It is preferred, however, to differentiate between the 
two formulas, although both lead to the same result: the 
first is known from the start of operations on the vessel. 
On a container carrier vessel it is very unlikely that all the 
gangs work at the same rate or gpmh. The item obtained 
by equation (6) indicates, at the completion of the 
operations, how efficiently that entire operational process 
has been performed. We would like to designate this 
quotient as Crane density (Cδ), to differentiate it from the 
parameter given by equation (3), on the one gang, by the 
point in time when each parameter is useful to know, and 
on the other, because what is most likely is that they are 
different. This is because diverse factors come into play, 
which the terminal, as operators, must control heuristically. 
The shrewdness of the vessel’s operator, and of the 
terminal, tends to be very similar: in any case the 
following will always apply: 

     δ≥IC C  (7) 

From the same definition of CI and Cδ it can be 
concluded that, once this quantity has been fixed, an 
increase in the gmph implies another proportional increase 
in the bmph. For any particular vessel, this indicates 
clearly that an optimization of the gmph reasonably 
implies a shorter stay of that vessel in port. Again we 
perceive the relationships between the three objectives, 
although the reality is normally otherwise.  

The annual datum of the total production of each 
terminal varies considerably according to the type of 
terminal and its traffic, (feeder or mainliner), from one 
particular service to another, from one berthing to another, 
of the same vessel (in consequence of a different 
distribution of the containers in the terminal), from break-
downs, climatological conditions, and an endless list of 
other circumstances that in some cases are difficult to 
measure.  

Nevertheless, for any particular vessel, during the 
course of a particular operation, the production of the 
vessel, in gmph, can be considered to be constant. The 
bmph should have the maximum possible value; this is the 
principal objective of the customer, in order to minimize 
the length of time of the stay. Without entering into 
specific considerations of the correct points to take as the 
start and finish of the operational process for the vessel, a 
bigger CI will give a higher bmph. In other words, taking 
the gmph production as constant, it can now be 
understood that CI is proportional to the bmph. The next 
step is to decide how this CI can be increased, and the 
problems encountered in doing this. 

The desired level of crane intensity cannot always be 
attained: the load should be sufficiently well-distributed 
among the different bays of the vessel to enable it to be 
worked with the maximum number of cranes, in the 
shortest time possible. It is very commonly observed that 
vessels requiring the operation of several gangs during 
several shifts have the movements concentrated in bays 
close to each other, where theoretically two gangs cannot 
work together because of the simple lack of physical space. 

The reference here is to a specific linear distribution of 
the operational movements. Such a distribution would 
need to apply equally over the course of time. It could 
only be found on regular lines, in vessels of a certain 
capacity or dimension, with an agreed number of 
movements, with fixed ports of arrival, with itineraries 
also fixed, and where, of course, the volumes to be 
worked in each of these ports are constant over the course 
of that time (or where the variations are minimal). Hence, 
the planning from the initial port would be predictable: the 
crane intensity would remain practically unaltered. 

8. Application to a Practical Case (The 
Port of Barcelona- Spain) 

From the preceding analysis, we move on to its 
application to a practical case. For this the data in table 2 
are utilized, corresponding to the Container Terminal of 
Barcelona (Muñoz 2008). The vessel to be worked is the 
Maersk Antares, with a total of 832 movements. An 
average of 26 movements per hour means 32 hours of real 
work and somewhat more than the work of five gangs 
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(each working a six hour shift). If the vessel could be 
worked from the start with these five gangs, and the 
general operational process is as expected, perhaps with a 
couple of hours to finish off, the ship would be finished in 
eight hours. The bmph measure of production would thus 
be 104 movements per hour. The crane density would be 
this production rate divided by the gross obtained, that is, 

 C 104 / 26 4δ = =  

This indicates that the vessel in general could be worked 
with an average of four gangs (it can be considered to 
have been worked for six hours with five gangs and for 
two hours with one gang): the weighting of the average 
does not deceive us. 

However, the way the movements are distributed 
should be examined. A total of 273 movements are 
concentrated on bays 37/39. In this case it has to be added 
that, due to the operational circumstances of the terminal, 
only a maximum of 3 cranes are available for this vessel. 
The third gang, the longest, imposes a minimum length of 
time for working the vessel of 

 tT 401/ 26 15 hours 25 minutes.= =  

Table 2. Planning sheet for gangs and movements, TCB RADES 

 

9. Operations on the Vessel and Their 
Possible Delays 

In this part we will describe the circumstances that 
occur in the direct operational process of the vessel that 
may alter the rate of production of the vessel, measured in 
movements per hour or gmph; this latter parameter is the 
measure that is of interest to the stevedores since they are 
paid on a piecework basis. 

There are several factors that have a direct and adverse 
impact on the rate of production of particular operational 
process on board a vessel. It should first be stated that the 
rate of production decreases in line with the various losses 
of working time incurred in the operational process in 
general.  

In one of our recent studies of large capacity vessels, in 
which the operational process comprises more than 900 
container movements, utilizing the Six-Sigma Lean 
methodology carried out exclusively during the first hour 
of commencement of operations, it was observed that 
there are three main factors that most influence this loss of 
working time: (1) the unlashing of the containers; (2) the 
time spent waiting for the vessel; and (3) crane 
breakdowns. 

With reference to the unlashing of containers, so that 
they can be unloaded together with those positioned below 

them in the stack, it can be seen from Table 3 that this 
work accounts for more than 40%, on average, of the time 
lost at the start of the operations: we consider that the 
scope of the study is sufficiently broad to allow these data 
to be extrapolated to other terminals and other types of 
vessel. It is therefore considered that a loss of up to 20 
minutes can be incurred in unlashing tasks. 

Table 3. Causes of the operating delays at the start of operations 

 
This is a considerable loss of time. Assuming that those 

20 mintes could have been used productively at the same 
rate of operations, 50% more production would have been 
obtained in that hour. It is evident that the unlashing effect 
at the start of operations gradually diminishes as the work 
continues during the course of the shifts, and has 
practically disappeared by the time the operations on the 
vessel finish. We may be speaking of vessels which stay 
in port for 24 hours or more, but is should not be forgotten 
that each operational minute lost costs money.  

Starting from a customary unlashing operation, the 
unlashing bars that are normally utilized allow the 
stevedore to pull the shank of the twist lock and open it, 
on stacks up to four containers high (five or six if the 
vessel has pedestal bays); in short, time needed to unlash 
one container depends on the configuration of the vessel. 
On the latest generation vessels, it is not unusual to see 
stacking heights of up to six, seven, eight and even nine 
containers in some cases. In that case it is advisable for the 
stevedore to work from inside a safety cage, utilizing long 
bars to release these twist-locks; terminals are now 
becoming increasingly strict in insisting that accident 
prevention measures are taken (Cooper 2000). 

 

Figure 1. Detail of stevedore unlashing containers at height from a safety 
cage 

A part from these alternatives, of technical character, 
there are others of different nature that, to date, have an 
extra collateral cost associated with them. Thus, if it is 
decided to berth the vessel ahead of the scheduled time, so 
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that the unlashing work may be carried out before the 
effective operations are commenced, diverse problems can 
be encountered. In the event that it is the shipping line that 
wants this to be done, this would probably require an 
increase of cruising speed by the vessel in order to arrive 
sooner. We have commented already on the reluctance of 
ship-owners to incur higher fuel consumption.  

It may be necessary to negotiate, in those ports where 
they do not exist, lashing/unlashing gangs independent of 
the rest, not in the operational sense (since these do in fact 
exist, as we have seen), but in the sense that these 
independent gangs may be nominated at the discretion of 
the terminal operator as and when needed. That is another 
complicated topic that requires negotiation and that would 
necessarily imply another type of counterparty on the part 
of the terminal. 

The solutions are not easy, but any possible path must 
today be open to debate since important issues are at stake 
for all those involved.  

In general, once the loading operations on the vessel are 
approaching completion, the lashing tasks do not represent 
much of an obstacle in the search for higher rates of 
production. The planner will now try to ensure that, if the 
vessel is finished loading, the various bays should have 
been lashed previously during the general loading 
operations (hold loaded, hold lashed). However, it is not 
unusual to find that the loading of the vessel is finished 
and that some lashing work is still needed, either because 
of general delays (inadequate planning), or because 
lashing personnel have not been designated (poor 
planning), or because of slacking by the specific gang 
responsible. Another possible reason, which sometimes 
occurs, is that the vessel does not give approval of the 
lashing that has been done (poor quality of work).  

With respect to the item Stand by for vessel, it is not 
intended to enter into discussion of this, since it is 
understood that, except for specific causes like unexpected 
congestion of the wharf, this is a topic, decision or error 
that corresponds to the shipping line or customer. 

The breakdowns of cranes (referring exclusively to STS 
or gantry cranes) constitute a fundamental item in the 
reduced production of a vessel, not only for the time that 
the whole gang remains stopped, but also because, after 
the repair, it is complicated to re-start the operations with 
the same smoothness and coordination as before the 
breakdown.  

From our study it can be stated that this is the second 
most important cause of lost time at the start of operations 
(this being the period when breakdowns are most 
frequent); it is observed that, according to these results, 
crane breakdown (CBD) is the third biggest cause of loss 
of time in operations (accounting for 18.72% of the total 
time lost). 

If total crane breakdowns have accounted for the loss of 
X% of the total time of operations, and that production 
could have continued at the same rate during this period of 
time lost, the new production G would be 

 ( )/= +G gmph 1 X 100  (8) 

The loss of more than one point of production would be 
given in this case for percentages of breakdown such that: 

 /≥X 100 gmph  (9) 

Where X is the time of breakdowns, in percent. In other 
words, for an average terminal with a mean operational 
process of gmph = 28, when crane breakdowns exceed 
3.57% one point of production is lost (in this case, the 
production would have been 29.00 gmph). That is an 
extremely high cost on an annual basis. Hence it 
emphasizes the importance of optimum maintenance of 
the equipment, in the corrective, preventive and predictive 
aspects. 

10. Conclusion 
The correct planning and execution of operations on a 

container-carrier vessel is a decisive element in the 
strategy of a terminal. Numerous factors come into play 
and some of these, but only some, can be controlled. 
Experience and knowledge of the problems that can arise 
is fundamental when attempting to deal with these 
operations. Especially important are the degree of 
professionalization specific to the sector and the weak 
relationships existing between all the various port 
professionals (including the stevedoring companies, the 
container terminal, etc.) and the rest of the sectors (in both 
directions). 

As already state, the operational process in the 
dockyard itself can be considered the heart of the terminal. 
It is there where the basic decisions are taken regarding 
the good working of the vessel in function of work 
planning and the consequent assignment of machinery 
(whether RTG’s, Straddle carriers or others). It is on the 
dockyard operations for the vessel that studies of the 
productivity of the terminal are normally focused. In short, 
it can be seen that there are many problems at crane level 
that can be improved, depending on the terminal.  

From the calculations we have done, we can determine 
that, in any terminal, there are a series of basic rules for 
working these vessels that should enable this kind of work 
to be optimized or at least organized with greater efficacy, 
in the Tunisian ports. Historical records need to be kept of 
how the service has been carried out in general and for the 
vessel in particular. Advance notice needs to be given 
urgently to the vessel regarding what needs to be prepared 
for the berthing- the scale has to be positioned before the 
operations start. The work on the vessel should be 
commenced in the holds, bays or decks where there are no 
lashings. The loading operations need to be finished (in 
the event of a cut-off, no containers are left on board). It 
should be made very clear to the stevedores the criterion 
for working each vessel by rows, by tiers or some other. 
The sequence of work should be organized in such a way 
that two consecutive handlings are not obstructed by 
physical impossibility. The break-bulks should be planned 
with all the equipment and material prepared in such a 
way that the loading or unloading takes as little time as 
possible. Twin working should be adopted (two 
movements in one single lift) whenever possible. Physical 
interference by ships’ chandlers, trucks collecting waste 
and other companies external to the terminal during the 
operational process should be prevented (or such activities 
should be scheduled for periods when handling work is 
not being done). 
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