
Port technology InternatIonal   73 

CONTAINER
HANDLING

Introduction
In my personal opinion, container terminals are made up of 
primarily four elements: equipment, process, operation system and 
manpower. Normally these four elements are developed keeping 
pace with one another, but sometimes the balance between 
them can be broken. In particular, the case that confuses terminal 
operators is often because the process can not catch up with the 
advancement of equipment – a typical example is the advent of 
quay cranes equipped with tandem spreaders.

In spite of rapid propagation of tandem quay cranes 
worldwide, those aren’t fully utilized because the process hasn’t 
been developed to back up tandem operation. Therefore, I 
intend to present problems and compensations on tandem 
operation to set up the appropriate process on the basis of the 
results of tandem discharge operation that has been performed 
dur ing May and June 2011 at Pusan Newport Co. Ltd.  
I personally think we should settle down tandem operation by 

all means because we have already invested extra funds in quay 
construction and manufacturing tandem quay cranes to perform 
tandem operation. I am convinced that tandem spreaders can be 
well used, although restricted, in actual operation. This article 
concentrates only on dual hoist tandem spreaders as shown in 
below Figure 1. 

Preconditions 
The primary precondition to be considered for dual hoist 
tandem spreaders operation is that tandem spreaders don’t 
allow a height difference of more than 35cm between the two 
40-foot containers to be handled at one time. Therefore, tandem 
operation should be targeted at bays in rows of the same tier. In 
addition, the difference in the number of high-cubic containers 
stacked in each row in a bay should be only one or zero, 
otherwise preparation must be done prior to tandem operation to 
adjust the height difference between rows.
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Figure 1. Dual hoist tandem spreader.
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The second precondition is that bays that are mixed with full 
and empty containers should be excluded from tandem operation. 
We cannot expect productivity to increase by tandem operation 
in this case, because hoist speeds are sharply reduced by the 
weight difference between containers handled by the tandem 
spreader at the same time.

The third one is to make an even number of rows in the target 
bay before tandem operation begins. If it is composed of odd 
number rows, the preparation should be conducted by the single 

spreader first, until the number of rows become even. This is 
because hoist speed is reduced sharply when a single operation is 
done with a tandem spreader.

The last precondition is the number of yard tractors to be 
deployed for tandem operation. Tandem operation requires 
at least eight yard tractors per tandem quay crane for smooth 
operation and in order to reduce the time the quay crane  
must wait for two yard tractors to be aligned with the 
containers lifted.

Figure 2. New paradigm on pinning station for tandem.

Figure 3. Actually applied pinning station.
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The pinning station 
The most important factor to be considered for tandem discharge 
operation is to set pinning station optimal, and there are several 
methods to set it up. My previous article, ‘New paradigm on 
the lashing process’ [1] discussed performing tandem and single 
operations at the same time. I, however, excluded the method in 
the past tandem operation because it requires extra devices inside 
yard tractors with extra cost. The pinning station adopted here 
has been slightly transformed from existing pinning stations using 
existing numbers of lashers and hatch-clerks (tally-men) as shown 
in Figure 3. 

During discharge, provided the conditions for tandem 
operation are met, the lashers and pinning station of each specific 
quay crane move forward to detach the cones. The hatch-clerk 
(tally-man) works continuously at the same position under 
the quay crane so that he can check damages in discharged 
containers correctly and swiftly. 

In particular, when four 20-foot containers are discharged at 
a time by tandem it is very important to reduce yard tractors’ 
waiting time while lashers to detach cones from discharged 
containers. With one more hatch-clerk and two more lashers 
deployed, the productivity would be better.

The two yard tractors simultaneously taking discharged 
containers from each quay crane should proceed one by one 
to the pinning station located in front of the quay crane to 
avoid congestion and to ensure the lashers are not in danger of 
accident. Of course, when 40-foot containers are discharged from 
below deck, the yard tractors can start to yard blocks without 
dropping the pinning station. 

Yard operation methodology 
The concentration pattern is more suitable than the scattering 
pattern for tandem discharge because the former can assure 
operators of definite work flow with the same turning cycle 
of yard tractors. If the yard tractors were assigned to other bays 
and blocks in a scattered manner, quay cranes’ waiting time for 
two yard tractors to be aligned will increase due to the irregular 
turning cycle of yard tractors. In this case, however, to ease 
monitoring and to avoid congestion, yard assignment should be 
done separately per quay crane conducting tandem operation.

This is partially in accordance with the concept of my article, 
‘The efficient yard operation methodology in consideration 
of RMGC characteristics’ [2]. The concentration pattern is very 

useful when the number of RMGC to deploy is insufficient, which 
happens a lot during tandem operation. That’s why I recommend 
the concentration pattern for tandem operation. I actually had 
difficulties in ensuring the smooth flow of yard tractors under the 
condition of high yard utilization in the past tandem test period. 

Performance of crane productivities 
I acquired the following results of crane productivity during 
tandem discharge operations in May and June 2011 (shown in 
Tables 1-3), which were analyzed in various terms of work 
conditions; deck or hold, full or empty, and 20-foot or 40-foot bay.

From Table 1 we can see that the productivity of the 20-foot 
tandem is highest because four 20-foot containers can be lifted 
in one cycle. Of course, the 20-foot tandem required more yard 
tractors than the 40-foot tandem, and simultaneously it was the 
biggest handicap to us. The lowest productivity was recorded by 
the tandem operation at the bay handling a mix of 20-foot and 
40-foot containers, because of extra spreader handling time.

As shown in Table 2, the productivity at the bay which was 
composed of only empty containers was the highest, thanks to 
their light weight. On the other hand, the lowest productivity 
was shown at the bay handling a mix of both full and empty 
containers, due to reduction of hoist speed by weight difference, 
as described previously.

From Table 3 we can see the productivity on deck was also 
highest thanks to having the shortest hoist cycle. Productivity at 
both the deck and hold was lowest due to hatch-cover handling 
time and relatively poor work conditions such as cell-guide. 

Problems and compensations
According to these productivity comparisons, if tandem discharge 
operation is mainly intended for empty 20-foot containers on 

Figure 4. Scattering pattern.

Figure 5. Concentration pattern.

 Rank GMPH NMPH

20-foot bay 1 56.4 92.4

40-foot bay 2 37.4 48.9

20- & 40-foot bay 3 33.4 36.4

Table 1: ProducTiviTy comParison by conTainer size

 Rank GMPH NMPH

Full 2 32.2 35.8

Empty 1 52.9 82.2

Full & Empty 3 38.2 49.8

Table 2: ProducTiviTy comParison by conTainer

 Rank GMPH NMPH

Deck 1 58.8 77.9

Hold 2 37.1 58.6

Deck & Hold 3 33.3 43.3

Table 3: ProducTiviTy comParison by sTowage

 GMPH NMPH

Tandem 41.1 53.9

Single 33.3 37.1

Table 4: average ProducTiviTy (1sT half of 2011)
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deck, after stowage analysis to choose optimal target positions it 
can be an effective way to raise productivity. 

Regrettably, however, there still remain many problems to 
be studied and solved in applying tandem to overall operation 
(discharging and loading for all stowage positions): 

•  Deployment of additional yard tractors

•  Time spent by quay cranes waiting for yard-tractors to be aligned

•  Limit on height difference between two 40-foot containers

•  Slowing of the hoist speed when simultaneously lifting full and 
empty containers

•  Improvement on the concept and process of pinning stations, 
deployment of extra lashers and hatch-clerks (in particular, 
20-foot tandem), and so on. 

For the past few years, a lot of container terminals have 
competitively adopted tandem quay cranes without full 
preparations and studies, but those should be sufficiently utilized 
in actual operation since the initial investment has already been 
made. That is a simple reason why I think the tandem process 
should be standardized as soon as possible. Current stopped 
terminal operation process should keep up with step-advanced 
equipment in a hurry, and the terminal manpower should be the 
coordinators for those two distant components. I expect some 
criticism that tandem operation is not realistic at present, but I do 
believe that tandem operation can be performed partially now.

Tandem double cycling
Double cycle is one of the most effective techniques to improve 
productivity without additional investment in existing equipment 
and infrastructure. It just needs operator training, and research on 
operation methods.

The productivity of double cycle is 1.3 times higher than that 
of single cycle, as described in my article in PTI edition 36 [2]. 
If the double cycle technique could be applied to tandem 
operation, how much can crane productivity be improved? 
Personally I am very interested in the result and I wondered 
about it throughout the past tandem discharge test. Even though 
I have not executed it at all, I will cautiously present the possible 
methodology in possible cases. 

Figure 6. Concept of tandem double cycling.

Figure 7. Target of tandem double cycling.
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Target of tandem double cycling
In this article I have already described the targets for tandem 
operation were highly limited. The target of tandem double 
cycling is more restricted because it faces more limitations on 
permitted stowage position and setting pinning stations. 

Tandem double cycling can be performed mainly for 
discharging and loading containers below deck (in the hold). First 
of all, operations should be performed using a single spreader 
until the number of rows becomes even and until the height 
difference between rows becomes narrower than 35cm. As a 
result, this first stage can be quite restrictive.

First and foremost, the containers stacked in the highest tier 
should be discharged in consideration of the allowed limitation 
on height difference between tandem spreaders in a target bay, 
such as in Figure 7, for example. Second, the section consisting 
of the adjacent rows, which have the same number of stacked 
containers, can be chosen. Finally, tandem double cycling can 
only target the yellow part in above Figure 7.

The formula used to find the optimal starting point of double 
cycling to maximize its frequency, which was highlighted in 
PTI edition 36, is not applied here because the target contains 
only the rows that have the same number of stacked containers 
through prior arrangement.

The virtual pinning station 
It is true that tandem double cycling necessitates more 
complicated processes at pinning stations. In particular, if an 

additional platform is installed ahead of the existing pinning 
station, it will ensure smooth operation and the safety of field 
workers. The cones are partially detached in the pinning station 
under the quay crane by two lashers, as shown in Figure 8. One 
extra lasher on the platform detaches the remaining cones when 
the two yard tractors arrive next to the platform after. I think this 
method is safer and more effective because it is dangerous for the 
lashers to handle the cones standing in the space between two 
yard tractors.

Epilogue
Frankly, with tandem operation it is not the case that the process 
lags behind the technology of equipment; instead the latter 
advanced alone, without enough negotiation with the former. 
In other words, there has not been sufficient communication 
between the two. 

However, I am sure that the current wide gap between 
the process and the equipment can be closed when it is fully 
studied by many container terminal operators with enough 
time. In addition, I hope that one day tandem double cycling 
also becomes practical in daily operation through trial and error, 
just as double cycling has become widespread across the world.  
The best way not to fail is not to try.

Search YouTube for ‘Tandem  PNC’ for video clips of tandem, double 
cycling, yard operations, and so on at work at Pusan Newport Co.,Ltd. 

Figure 8. Virtual pinning station for tandem double cycling.
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