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It took some time for automated container handling to come 
to life. ECT, the forerunner in this type of container handling, 
commissioned its first automated container handling facility in 
1992. The terminal was characterised by automated stacking and 
automated container transport between stack and quay. About 10 
years later HHLA’s CTA facility in Hamburg was commissioned. 
This CTA facility has the same level of automation. 

For a few years now, interest in automated handling, and 
especially in automated stacking, has picked up and several 
projects are now under construction and will be commissioned 
within a year. Other projects are in the planning stage. 

In the majority of these projects only the stack will be 
automated. Automated transport remains a bridge too far for most 
terminals.

The author was deeply involved in the developments that 
took place at ECT and since than has been involved in many 
other automated container handling projects. In recent projects 
some interesting distinctions in the various automated stack 
configurations became apparent.

Most eye catching is the distinction between 1-track and  
2-track configurations. A qualitative comparison of these designs 
is the topic of this article.

Terminals under construction with 
automated stacks
The existing ECT terminal in Rotterdam uses a stack 
arrangement with one RMG on a track that spans six rows of 
containers. This will be called the 1 RMG/ 6 W(ide)/ single 
track configuration. This configuration was chosen because of its 
simplicity. At the start of the development (1987, contract with 
SeaLand), this was a giant leap forward in container handling. 
Of course the single crane arrangement was being recognised as 
a redundancy threat. For that reason ECT uses a diesel-electric 
‘rescue-RMG’ which can be put on the track with relative ease to 
assist in case of a serious RMG failure (see Figure 1).

It is no big surprise that the next development was to cope with 
this redundancy threat in a more permanent way by permanently 
putting more RMGs on one block of containers. 

Figure 1. ECT rescue crane on transportation platform.
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The CTA terminal in Hamburg, commissioned in 2002, has 
an arrangement of two RMGs spanning 10 rows of containers. 
Surprisingly however, each of these RMGs has its own track and 
the size of one crane of the pair is such that the other one can 
pass underneath. RMG height at CTA is “1 over 4” (see Figure 2).  
For easy reference this configuration will be called: 2 RMG’s/
10W/ 2 tracks. 

In Rotterdam the Euromax terminal is now nearing its 
commissioning date. This terminal will use a 2 RMG/10W/1 
track configuration. Also the new APM terminal in Portsmouth, 
Virginia USA, will start operations soon. This terminal has an 
automated stack of 2 RMG’s/8W/1 track configuration.

In Antwerp a pilot facility with a 2 RMGs/9W/1 track 
configuration is now undergoing tests. 

In Hamburg the redevelopment of the Container Terminal 
Burchardkai (CTB) is underway and the automated stack will be 
of the configuration 3 RMGs/10W/2 tracks. In this configuration 
one of the three cranes is of such dimensions that the other two 
can pass underneath. The track widths are the same as in the 
CTA terminal (see Figure 2). However, the stacking height of the 
RMGs will be ‘1 over 5.’ 

1- or 2-track configurations, which will be 
the most favoured? 
As can be seen from the mentioned projects there is a wide 
variety of configurations. The width, length and maximum 
stacking height will dictate the stacking capacity per block. The 
most important terminal characteristics such as: the dwell time 
of the containers, the TEU factor and the required handling 
speed will dictate how many hooks (spreaders) will be needed 
to stack and retrieve the containers. This is the reason for the 
variety in number of RMGs per TEU stacking slot. There has 
to be a balance between the storage capacity of the block and 
the performance potential of the RMGs on the block, both at 
landside as well as at waterside. 

One distinctive design feature in the various configurations is 
the most striking: 1-track vs. 2-track configurations. 

Is a 2-track configuration to be preferred over a 1-track 
configuration? Is there much sense in putting three RMGs 
on one block of containers? The answers to these design 
considerations is definitely not an easy one. This document 
will give an objective qualitative based comparison of the most 
decisive aspects related to the configurations so that the reader 
can decide what is to be preferred for future projects.

Configurations for comparison
Assessment will be made of four configurations to be compared in 
two pairs: configuration A: 2 RMGs/6W/single track vs. configuration 
B: 3 RMG’s/9W/2 tracks (Figure 3) and configuration C: 2 RMGs/
10W/1track vs. configuration D: 2 RMG’s/10W/2tracks.

The configurations A and B have particular characteristics that 
are common. The same holds for C and D. These analogies make 
comparison quite easy.

Figure 2. CTA’s configuration: 2 RMG’s/10W/2 tracks.
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For A and B the same number of terminal sections will give the 
same storage capacity and will involve the same amount of RMGs. 
For C and D the same amount of modules will give the same 
storage capacity and will involve the same amount of RMGs. Table 
1 and Figure 4 show these sections/modules with some crucial data.

The length of the exchange areas is equal in all configurations 
A thru D and is such that a broken down RMG can be stored at 
the extreme end while at the same time the other RMG(s) can 
still work on the exchange area, landside as well as waterside. 

For all configurations it is assumed that at the waterside end of 
the stack the exchange will be with straddle carriers (SCs) and at 
the landside end there will be direct exchange to/from trucks. The 
waterside exchange area will have SC lanes of the ‘independent’ 
type (see Figure 4). Each SC lane is 6.5 m wide. At the landside 
the independent truck lanes will be 4.5 m wide. 

The various configurations will be qualitatively compared on 
the following important aspects:
• Area efficiency
• Investments
• RMG construction and operation
• Performance 
• Redundancy
• Flexibility 

Area efficiency
From the information in Table 1 it is easy to see that the 
area efficiency for configuration A is slightly better than for 
configuration B. The difference is about 4.6 per cent. This is 
because the two track arrangement will need relatively more 
space which cannot be used for stacking and exchange areas.  

If we compare the number of available exchange lanes for both 
arrangements it is clear that configuration A has a higher density 
of lanes both at landside and waterside. This is favourable for 
performance as will be explained in another section.

If configurations C and D are compared the area efficiency of 
the two track configuration (D) is about 18 per cent less. 

Investments
The RMGs of configuration B (Figure 3) are larger and 
therefore heavier than the RMGs in configuration A. This will 
lead to a higher investment cost per RMG (see also section on 
construction and reliability). Furthermore the total length of 
tracks to be constructed will be 33 per cent more (4 tracks vs. 3 
tracks). Theoretically the tracks for configuration B will be more 
expensive per unit because the cranes are heavier. 

Other related investment costs for construction, the hardware 
and software for the automation, the information network and the 
power network will be about the same for both configurations A 
and B because this expense is related to the number of RMGs, 
which is equal.

The same holds for comparing configurations C and D. 
However, the investment for tracks for configuration D is at least 
double compared to C. 

RMG construction and reliability
For automated handling it is crucial to know, under all load 
circumstances, the position of the spreader when putting a 
container down or picking it up. Horizontal deviations between 
actual and nominal positions of the spreader corners should be 
kept within plus or minus 50 millimetres to achieve reliable 
automated stacking.

Typical section/module data Configuration A Configuration B Configuration C Configuration D 
 2 RMG’s/6W/1tr. 3 RMG’s/9W/2tr. 2 RMG’s/10W/1tr. 2 RMG’s/10W/2tr.

Section/module width in m. 75.5 79 35.7 42.4

No. of tracks 3 4 1 2

Track widths in m. 21.4 28.8/37.2 31.7 31.7/40.1

No. of RMG’s 6 6 2 2

Type of RMG 6*6W 4*9W, 2*oversized 2*10W 1*10W,1*oversized

No. of TEU ground slots same as B same as A same as D same as C

No. of Landside truck lanes 12 10 6 6

No. of Waterside SC lanes (independent) 9 8 4 4

TABLE 1: MOST IMPORTANT DESIGN DATA FOR THE VARIOUS CONFIGURATIONS

Figure 3. Layout of configurations A and B.  Figure 4. Dimensions of RMG’s related to stacking rows and transfer lanes.
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The position of the spreader in operation is a result of a chain 
of deviations under different load conditions. The most important 
items in the chain are: Deviations of the track(s), accuracy of 
positioning of gantry and trolley, flexing of the construction and 
rigidity of the ropes in combination with the reeving system. 

The rigid first generation (1 over 2) of RMGs at ECT needed 
only accurate gantry and trolley positioning systems to assure a 
spreader position that is adequate. Positioning deviations in 
normal operations, if any, are largely repetitive because the same 
RMG on the same track is handling all containers. 

As soon as more than one RMG will be handling the 
containers in a stack part of the repetitiveness is lost. There will be 
a greater chance that the deviations from the theoretical position 
of one RMG are not the same, or in the same direction, as the 
other RMG. 

Larger cranes will suffer larger flexions and therefore larger 
deviations from the nominal position of the spreader. The increase 
is even more if RMG’s are running on separate tracks with each 
its own deviation from the nominal position 

To cope with the chain of deviations additional sensor and 
correction systems are needed to ensure correct and reliable 
positioning of the containers in the stack. These systems add to 
the complexity of both hardware and software. 

Complexity in itself negatively affects the reliability of the total 
system.

Productivity 
In a proper and economically justified design the number of 
RMGs is balanced for a peak situation which is a simultaneous 
peak at landside and waterside.

In the ‘2 RMG’s per block’ designs (A, C and D) the resulting 
demand on RMG capacity will not necessarily lead to one 

RMG being fully occupied for landside and the other being 
fully occupied for waterside. The one with the lowest load will 
help the other by doing pre-productive moves (housekeeping, 
uncovering containers that are needed in the sequence of the 
busiest RMG etc.). Proper algorithms are crucial and will avoid 
mutual interference (waiting time) as much as possible.

In configurations A, C and D there is only one interference 
combination: RMG-1 vs. RMG -2.

In configuration B there are three possible interference 
combinations. A higher number of possible combinations can 
only lead to more interference and thus negatively affect the 
performance. On top of that there is less space per RMG which 
is also a factor for increased mutual interference. Therefore 
configuration B will (probably) suffer more from mutual RMG 
interference than is the case in configurations A, C and D.

The dimensions of the oversized cranes in configurations B 
and D will have a negative effect on performance which can 
only be compensated for by installing more power. However, 
the fact that the oversized crane will have to hoist/lower over 
greater length cannot always be compensated for.

If the feature of passing is used (for two track systems), the 
oversized crane will always have to move its load in a position 
over the maintenance road in order to pass a smaller crane. 
When this occurs it will increase the cycle time of the larger 
crane and therefore lower the performance of the system.

In configuration B (3 RMGs per block) the passing 
feature have to be used to attain reasonable productivity. In 
not doing so one crane is stationed in the middle to assist 
both of the other cranes which means that the comparable 
output of the landside and waterside cranes have to be 1.5 
times the output of the RMGs of configuration A. Knowing 
that hoisting and lowering of the spreader/container generally 
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takes more than 1/3 of the cycle time, the reduction in driving 
time in such operational strategy should be at least 50 per cent 
to compensate for the needed performance. This cannot be 
expected. Therefore it can safely be concluded that productivity 
per RMG in configuration B will most probable be lower than 
in configuration A. 

Conclusion on performance is that configuration A is 
expected to perform better than configuration B in peak 
situations. However, the extent can only be proven and 
quantified by a dynamic simulation study. C and D are about 
equal on this aspect if the passing feature is not used in peak 
situations. 

Redundancy
Redundancy in this section is regarded as the effect of RMG 
unavailability on the operation and service of the terminal. 

In general terms the operational unavailability of a RMG may 
be categorised as follows:

Category I: System problem: 
Example: Data not correct. 
Correction: Remote correction or reset by Control Centre or 
M&R department
Duration 1-5 min.

Category II: Functional problem:
Example: Twistlocks cannot be engaged. Container displaced 
Correction: Corrective action with help of a remote M&R 
operator 
Duration 5-10 min.

Category III: Functional problem or repair needed in situ
Example: Twistlock stuck in container
Correction: Corrective action in situ by M&R technician going 
to RMG in the stack 
Duration 10-40 min. 

Category IV: Functional problems that cannot be resolved 
quickly (duration 60-180 min.)
This category is in most cases a result of a category III breakdown 
that takes longer than the preset time to fix it. 
Example: Motor exchange needed
Correction: RMG is parked in maintenance position (own power, 
emergency power or pushed)
Duration: more than 60 minutes

Category V: Planned maintenance/repairs. 
Affected RMG is at maintenance position.

In general the consequences in case of category I and II 
disturbances are the same for all configurations A thru D. The 
duration of category I and II breakdowns is such that the software 
algorithms used will compensate the effects to a great extent. For 
instance no containers (or less containers in configuration B) will 
be sent to the affected module. Also waterside containers needed 
from the affected module will be replaced with a similar category 
container from another module. 

It is clear that in breakdown categories III the stacking 
principles and algorithms will no longer compensate for the 
temporary loss of capacity for such period of time. 

As long as a (smaller) RMG suffers from a breakdown over 
the stack there will be some blockage of containers. For the one 
track configurations (A and C) this effect will be more severe 
than for the configurations with two tracks because of the  
2-track passing feature. 

If a truck needs a certain import container from the affected 
module in configurations A and C the delivery cannot take place 
as long as the landside crane blocks the waterside crane to deliver 
the container at the landside exchange area. The effect lasts as 
long as the breakdown is not corrected or the broken down crane 
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is not in the maintenance position (resulting in a category IV 
breakdown). The 2-track configurations B and D will (in most 
cases) have the feature of passing cranes and can better react to 
category III breakdowns.

For category IV and V breakdowns the consequences can 
be regarded as the same for all of the configurations A thru D. 
In case of repair of the stacking surface or repairs to the rail 
tracks, the impact of a total module being out of service will 
affect the capacity of the terminal. This is relatively highest in 
configuration B. 

Configuration B is definitively more complex than 
configuration A. As explained in the construction and reliability 
section the larger the cranes the more complex the automation. 
This has a negative effect on reliability and availability and 
therefore on redundancy.

The conclusion on redundancy is that for category III 
breakdowns the 1-track configurations A and C have less 
redundancy than the 2-track configurations B and D. For the 
category I, II, IV and V breakdowns the difference is negligible.

 The breakdowns of categories I and II are by far the most 
frequent.

Flexibility
The feature of passing in the 2-track configurations (B and D) 
will enable to put relatively more hooks to one end of the module 
than in the 1-track configurations (A and C). 

This feature may be used in situations where the load 
distribution between landside and waterside is very eccentric such 
as for example in a 100 per cent transhipment terminal. 

In configurations B and D two RMGs could do the productive 
stacking and retrieving moves at the waterside end. It is difficult 
to conclude on a qualitative basis if in such extreme cases 
configurations B or D will perform better than A or C. 

 The conclusion is that having the possibility of passing is an 
advantage in itself. However, it should be noted that the use of 
this feature may introduce the negative effect of more mutual 
disturbance as described in the productivity section. Only 
dynamic simulation study, tailored to the project situation, can 
give the final answer. 

Final conclusions
Table 2 summarises the comparisons of the configurations. 
Comparison is per pair A – B and C – D. Configurations A 
and C are basically the same. Whether 6W or 10W is chosen 
depends mainly on terminal characteristics and available space. 
The ratings are very straight forward, better: +/- or same: 0. 

The reader may have their own preferences and weights with 
regards to the aspects discussed in this article. 

No straightforward conclusion is possible from the above table 
because none of the two comparisons show only +’s. 

However, it should be noted that the only possible advantages 
of two-track configurations are in the redundancy and flexibility 
aspects. The price for the 2-track feature is fairly high. However, 
proper justification can only be obtained by detailed study, 
tailored to the situation of the prospect project. The reader is 
informed about where to focus for in the request for the study. 

 Configuration A Configuration B Configuration C Configuration D 
 2 RMG’s/6W/1tr. 3 RMG’s/9W/2tr. 2 RMG’s/10W/1tr. 2 RMG’s/10W/2tr.

Area efficiency + – + –

Investment + – + –

RMG reliability + – + –

Productivity + – 0 0

Redundancy – +? – +

Flexibility – + – +

 TABLE 2: SUMMARY OF COMPARISONS A TO B AND C TO D


