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ABSTRACT: The “Euromax Container Terminal Rotterdam” project was started in 2005 on 
the last available area of the Maasvlakte I in the port of Rotterdam, the Netherlands. At the 
terminal Automatic Guided Vehicles (AGV’s) transport containers from vessel to stack over 
the so-called AGV-area. This AGV-area was tendered as a D&C(M) contract. 

The composition of the pavement consists of a grouted macadam surface layer, applied on 
two layers (bind and base) of polymer modified asphalt concrete, on top of a Cement Treated 
Base (CTB).  

The pavement structure was designed by means of amongst others the linear elastic 
multilayer program APSDS4 and the Finite Elements Modelling program CAPA-3D. The 
pavement structure specifications were set regarding rutting, evenness, drainage, skid 
resistance, bearing capacity, cracking and surface damage (ravelling, potholes, popouts, etc.).  
Laboratory testing of the sand subbase, CTB, asphalt concrete, tack coat and grouted 
macadam was performed to determine the optimum material properties for the design. 

The design life of the pavement is 20 years during which a maximum of 4,000,000 AGV’s 
will pass the normative location. The lateral wander of the AGV’s is very limited because 
transponders, which are drilled into the surface layer, guide them automatically. 

The final state-of-the-art pavement design was both competitive in costs and quality when 
compared to reinforced concrete or concrete brick pavements. During the design proces focus 
was on the use of locally available materials as much as possible, because of their economic 
and environmental benefits. Some interesting product and process innovations were applied. 

The container terminal is operational for more than 5 years and no significant damage has 
been reported yet. 
 
KEY WORDS: Innovative design, bearing capacity, polymer modified asphalt, container 
terminal, in-situ measurements 
 
 
1 INTRODUCTION 
 
As a result of the yearly growth in container handling, the obvious need for a new container 
terminal arose in the port of Rotterdam in the early years of this century. This new container 
terminal is called “Euromax Terminal Rotterdam” (ETR) and is located at the north-westerly 
corner of the “Maasvlakte I”. The ETR is located at the last available location for container 
terminals at the Maasvlakte I. The Maasvlakte I was created in the 1960s by reclaiming land 
from the North Sea through dykes and dredged sand. Lately the port authorities have started 
the development of the “Maasvlakte II”, at which the first container terminals should be 
operational in 2014.  
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Client´s consultant (ARCADIS) provided the complete Statement of Work and the bill of 
quantities and the competitors only had to price it. 

As part of the tender the competitors had to make a proper design for the area from the 
quay to the stacks. There was also a penalty system in the contract concerning the (lack of) 
availability during the first 10 operational years of the AGV-area. Lastly the contractor had to 
offer a fixed price for the maintenance of the AGV-area during the first 10 operational years. 
After the completion of the container terminal the Client had to decide whether or not this 
maintenance contract would be commissioned to the winning contractor. 

To give a good insight of the scale of the project the following figures are given. The total 
amount of earthmoving work was about 1 million m³. The total length of concrete sewers is 
about 21 km. The project contains some 16 km of PVC-pipes and the total length of ground 
drainage is about 37 km. The pavements contain about 260,000 m² in-situ cement 
stabilization, 600,000 m² polymer modified asphalt concrete, and 410,000 m² concrete bricks. 
These bricks had to be applied mechanically. In total 53,000 transponders were drilled into 
the pavement surface of the AGV-area to guide the AGV’s automatically. 
 
 
3 AGV-AREA PAVEMENT DESIGN PHASE 
 
The Port Authorities set requirements for the pavement in the AGV-area regarding rutting, 
evenness, drainage, skid resistance, bearing capacity, cracking and surface damage (ravelling, 
potholes, popouts, etc.). Also the type of traffic and the number of traffic load repetitions 
during the design life of 20 years were given by the Client. A number of these aspects will be 
discussed below.  

The Client did not prescribe the material of the surface layer of the pavement. This meant 
that other pavement structures than the well-known solutions with reinforced concrete or 
concrete bricks could be accepted. Ooms Civiel took this challenge and developed the 
alternative asphalt concrete pavement structure described in this paper, as they were 
convinced this could be a more suitable and cost-effective alternative.  
 
3.1 Traffic load 
 
Two types of AGV are present at the analysed area: the standard AGV (shown in Figure 2) 
that transports only one container and the twin-carry AGV that can transport two containers 
simultaneously. Given the standard container weight distribution and the AGV dead weight 
(22.5 kN), the maximum design traffic load is set to 82.5 kN. This load is distributed from the 
AGV to the pavement structure by 4 (big) wheels. The centre-to-centre distance of the wheels 
per axle is 2.45 m, while the centre-to-centre distance of the wheels in between the two axles 
is 8.8 m. The tire pressure is 1.0 MPa and the operational speed of the vehicles is 15 km/h. 
Altogether this means that the AGV-area is exposed to a much heavier design load than a 
regular motorway. 

Traffic analyses learned that the design traffic consists of 4 million AGV’s passages during 
the life of 20 years (50% of these traffic repetitions were said to be “empty”: just an AGV 
without carrying a container). In Figure 3 the total traffic load distribution is displayed. The 
loading groups of an empty AGV and of an AGV carrying an empty container are left out to 
make the figure more readable. 
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3.3 (Compacted) Natural sand 
 
The Maasvlakte I was created in the 1960s by reclaiming land from the North Sea through 
dykes and dredging sand. This means that huge amounts of sand were available (for free) at 
the location itself and therefore it was the most cost-effective to use this sand in the pavement 
design. Using locally available products also leads to environmental advantages for the whole 
project as for instance it highly reduces the total number of truck movements during the 
construction period. During 40 years the sand was more or less untouched and some natural 
compaction had occurred (dead weight). 

It became however obvious that the differences of the amount of natural compaction over 
the AGV-area were high. Therefore the quality of the mechanical compaction of the sand was 
an important issue in the early start of the construction of the pavement design. The amount of 
compaction was tested frequently and a lack of compaction had to be compensated before 
going into the next phase of the construction. In the design analyses the Young’s modulus of 
the sand was set to 100 MPa. As normative failure mechanism the natural sand was checked 
by the permanent deformation at its top interface. 

During the construction at a number of locations some traces of clay leftovers from the 
dredging process were found in the natural sand while digging out trenches for drainage. A 
study was performed to analyse the effects of this clay on the risks of the pavement design. It 
appeared that the presence of clay in the CTB should have had very negative effects upon the 
quality of the CTB and any presence of clay in the first 100 mm underneath the CTB should 
also be avoided. These risks were minimized by removing all clay parts from the top 1 m of 
the natural sand. 
 
3.4 Cement Treated Base (CTB) 
 
The idea of applying a Cement Treated Base (CTB) in-situ as a base in the pavement structure 
was once again triggered by the huge amount of available sand at the location. Generally in 
the Netherlands there still is a lot of scepticism when applying CTB’s in pavement structures. 
This is caused by some bad experiences in the 1970’s on road stretches.  

In the past CTB’s already have been applied at several container terminals, without causing 
any problems. However, the traffic loads at these terminals were less huge than the traffic 
load that is to be expected on ETR. To get the CTB accepted by the Client, a lot of numerical 
analyses and lab testing has been performed. The results of the analyses and testing proved 
that the suggested solution should be able to perform as expected.  

From the performed analyses it became clear that the absolute minimum long-term tensile 
strength at the bottom of the CTB was set to be 0.5 MPa. According to the formulas from the 
CEB-FIP MODEL CODE 1990 (applied to CTB’s) this requirement could be transformed 
into a compressive strength after 28 days of 2.0 MPa. Statistical analyses of the field results of 
the compressive strength values of a huge number of CTB cores from earlier projects (Fugro 
Laboratorium, 1999) showed that to get this minimum compressive strength provided a mean 
compressive strength of 4.2 MPa. The accompanying percentage of cement has been 
determined in the laboratory given the actual available sand and the required mean 
compressive strength. 

The CTB subbase should provide the main part of the bearing capacity of the pavement 
structure. For that reason the CTB has to be applied as thick as possible in one working 
passage. Given the available equipment to construct CTB’s in the Netherlands that meant a 
thickness of 550 mm. The in-situ construction of the CTB is shown in Figure 4. 

In the analyses the CTB has been checked for fatigue at its bottom and for the permanent 
deformation (crushing) at its top. 
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