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Introduction
In a rapidly changing marine environment, worldwide container 
terminals are concentrating on improvement in productivity to 
reinforce marketing power and to obtain competitive power.

In modern terminals, equipment, and facilities, productivity is 
rapidly developing. Specifically, productivity is progressing with 
a great deal of investment focused on improving equipment 
functionality and infrastructure.

Double cycling is a technique that can improve productivity 
without additional investment in current equipment and 
infrastructure. All it requires is operational training for manpower 
and research in operation methods.

If the research into double cycling is revitalised, crane productivity  
will improve dramatically because of double cycling’s operational 
technique of maximising equipment efficiency (Quay crane, 
RMG/RTG, Yard tractor).

Unfortunately, it is very difficult for terminal operators to find 
out the starting point of double cycling because of the various 
loading & unloading patterns and conditions. Therefore, terminal 
operators are more likely to fail to find out the optimal starting 
point of a double cycle and maximise its frequency.

Formula 
Experiencing these same challenges in the process, I made efforts 
to find out the optimal starting point and finally discovered 
a formula for it. It was verified that the formula’s precision is 
perfect through extensive testing.

This theory on double cycling focused on making a formula to 
find out the optimal starting point of double cycling to maximise its 
frequency. It can be applied to various ships’ stowages in common.

Double cycle’s progress direction types and 
decision element
In order to decide a double cycle’s stevedoring direction, the 
following major elements need to be taken into consideration: 
maximum frequency of the double cycle, convenience of QC 
operators and field workers and planning. 

Terminal operators must compare these elements and variable 
work conditions in order to find an optimised method, and should 
refer to three formulas to find respective optimal starting points of 
a double cycle for three kinds of stevedoring directions.

A double cycle’s stevedoring direction can be divided into ‘from 
starboard to portside,’ ‘from portside to starboard’ or ‘zigzag type.’ 
For greater influence on productivity and work flow, it will be 
more beneficial that the stevedoring direction goes in one way, 
such as ‘starboard to portside’ or ‘portside to starboard.’ The third 
type can maximise the frequency of a double cycle, but it is very 
difficult for field workers to understand work flow. Thus, sufficient 
preparation and training should be performed before its application.

Figure 1. The concept of single cycle and double cycle.
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Analysis & formula to find out optimum 
starting point for double cycling
The key point in the formula in Table 1 is deliberation about 
the case that the values of all D
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 except for D

1
 turn out a 

negative number. For example, in the case that the value of D
2-
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1 
is a negative number, it should be added to the next values ((D
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) 

 + (D
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) +...), not to the previous values (D

1
) until it becomes  

a plus. 
If it is a minus after it has been added until the last value, it 

must be abandoned. On the other hand, at the moment that it 
becomes a plus on the way of being added to the next value, 
it must be directly added to the previous values stopping to be 
added to the next values.

Because the case that D
i
-L

i-1
 is a plus means the sum of 

discharging containers is more than that of loading containers, 
double cycling should be started after discharging containers as 
many as the difference between the two sums that have been 
discharged from vessel. 

On the contrary, because the case that D
i
-L

i-1
 is a minus means 

the sum of discharging containers is less than that of loading 
containers, double cycle can be started in advance before the 
discharging containers as many as the difference between the two 
sums is discharged from the vessel. 

In other words, as the plus means a bad situation for double 
cycling, the plus should be added to the previous values including 
D

1
, and as the minus means a good situation for double cycling, 

the minus should be added to the next values not to the previous 
values, that is to say, the minus influences only to the next 
stevedoring not to the previous stevedoring. 

Therefore, the minus should be added only to the next values 
until it becomes a plus. If the result which is added to the last 
value is still a minus, it should be abandoned.

Notation 
W = Total idle moves
w

i
  = Idle moves for each row

x
i
  = Loading moves for each row

y
i
  =  Discharging moves for each row

i  =  Row index
   
The simulator which is made by the formula (see Figure 2) 

shows automated optimisation for double cycling, and it makes 
operations much more convenient than when calculating the 
starting point manually.

I analysed and compared the productivity of double cycling 
with that of single cycling, and the superiority of double cycling 

was verified through the analysis and comparison. Analysing the 
productivity of single cycle and double cycle on the basis of 10 
vessels calculated after PNC’s operation during February to March 
in 2007, I proved the value of double cycling. 

I also deduced the productivity rate (double cycle productivity 
÷ single cycle productivity), by using the correlation of 
productivity data analysed. If it is applied to the stevedoring of 
a vessel, it would be a great help in predicting productivity and 
managing in and out vessel schedules. 

The average double cycle productivity rate is 1.24 from the 
results of data from 10 vessels. It was proved to distribute from  
1.17 to 1.38. 

In other words, it means the average productivity of double 
cycling is 1.24 higher than that of single cycling on average. 
Hence, it became certain that the frequency of double cycling 
should be maximised. 

Our terminal has already applied this theory in actual operations 
and experienced its efficiency. I thus wish other terminal operators 
to adopt this theory after analysing it. If they apply it to the field, 
they can accomplish higher productivity and decrease the sum of 
necessary yard tractors, resulting in operation and saving costs. 

TABLE 1: DOUBLE CYCLE FORMULA 1 
(FROM PORTSIDE TO STARBOARD)
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Figure 2. Double cycle simulator.
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