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Monitoring Amsterdam Central Station during construction of a

new metrotunnel

J.H. de Vries & A.M.W. Duijvestijn

VOF Stationseiland, the Netherlands

ABSTRACT: The municipality of Amsterdam is preparing a new metro line from the North part of the town
to the South, called the North/South-line. The metro line crosses the main building and all tracks of Amsterdam
Central Station about 15 meters below surface level. The task of the contractor is to build a new tunnel under
the historical masonry building and the railroad tracks. During the construction process structural damage to
these structures should be avoided. Monitoring is an important tool for both the principal and the contractor to
manage the construction process.

1 INTRODUCTION

Amsterdam Central Station (1889) was built on an arti-
ficial island in front of the open port front close to the
then new centre.

To the North, Station Island is bordered by the river
IJ that divides the inner city from the northern part
of Amsterdam. (see figure 1). Central Station is a
major characteristic object in the city of Amsterdam,
a transport junction passed through by over 250.000
passengers each day. In addition to the rail passen-
gers on the station island, people transfer to tram, bus
and metro in the area in front of the building. Antici-
pating the growing need for mobility, the Amsterdam
authorities decided to build a new metro line mainly
underground from Amsterdam North to Amsterdam
South, the so-called North/South line.

Figure 1. Amsterdam Central Station and new metro line.

This new metro line will be crossing Station Island
and therefore the yard and buildings of Amsterdam
Central Station. This particular part of the entire trace
is known as Central Station Crossing.

2 THE DESIGN CHALLENGE

In Amsterdam, the foundation soil has such proper-
ties that all buildings have been founded on piles. It
was therefore decided to build the underground metro
tunnel under the existing streets so the existing foun-
dations would obstruct the building process only to a
limited extent. This was not possible for the crossing
of Station Island, since the station building has been
founded on a large number of wooden piles over its
full width.

Figure 2 presents a longitudinal cross section of the
station building. Coming from the city, first the histor-
ical masonry Station building is crossed. Behind the

Figure 2. Cross section: Central Station, railroad track and
building IJ-side.
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building are the platforms and fifteen railroad tracks.
Three tunnels under the yard provide access to the plat-
forms: an East, mid and recently extended West tunnel.
The planned metro line is projected under the existing
mid tunnel. This tunnel is founded directly on the sub-
soil, which was possible only because the weight of the
tunnel structure is less than the volume of sand that was
present years before the mid tunnel was constructed in
the 1950’s.

On the IJ side, the building IJ side, a steel structure,
was founded on wooden piles just like the Station
building.

The main preconditions for the design were that the
railway traffic should be faced with a minimum
amount of nuisance while the existing transfer capacity
should remain available during construction.

A design involving a channel dug under the existing
mid tunnel and thus the Station building and building
IJ side was the design solution that would comply the
preconditions.

In order to be able to dig a channel under ground
water level, excavation pit walls have to be made from
the limited working height of the existing mid tunnel
and buildings until approximately 30 metres below the
floor level.

Once these walls have been completed, the upper
structure is supported by heavy beams based on the
excavation pit walls (see figure 3). Then the area
between the excavation pit walls can be excavated by
a suction dredger from the IJ behind the station. When
the excavation pit is ready, the new metro tunnel ele-
ments can be floated in from the IJ and sunk in the
excavation pit, a method often used in the Netherlands
for constructing tunnels.

The two final designs differ mainly in their structure
of the excavation pit wall that has to be constructed

Figure 3. Artist impression construction works.

in a space with a limited height of in some areas 2.5
metres. On the one hand a very stiff wall type has
been designed, consisting of a double row of relatively
small piles with a grouting massive in between. This
wall functions as a so-called sandwich structure. On
the other hand there was a design where tubular piles
with a relatively large diameter are bored vertically
into the soil.

The sandwich wall structure contained uncertainties
with respect to the technical reliability of the sandwich
function, but it was based on tried and tested execution
techniques. The tubular piles design was innovative as
regards realisation but its technical reliability is easily
proven.

Both designs are technically feasible but the poten-
tial effects on the surroundings and their financial risk
profiles make the difference. Under the railroad tracks
and under the building IJ side (together called the yard)
the tubular piles are used, whereas under the monu-
mental Station building the sandwich wall structure
is used.

3 WHY MONITORING THE PROJECT

There are many reasons why intensive monitoring of
the project is needed. Again the yard and the Station
building will be treated separately.

In the yard area construction of the metro tunnel
takes place while the 15 tracks above are fully opera-
tional. The main precondition for construction is the
safety of railroad traffic. By monitoring continuously
one is able to quickly identify possible deformations
of the tracks. Because there is no experience with
the vertically bored tubular piles intensive measure-
ments are carried out in order to signalize impact
on the surroundings. Measurements are intensified
during the installation of the large diameter tubular
piles. The soil displacements due to the loading of a
wall consisting of tubular piles can be predicted quite
accurately.

For the area of the Station building the main reason
for monitoring is early signalisation of deformations
of the masonry which can result in damage to the
building. Installation of the sandwich walls takes place
with proved conventional methods like steel screw
piles (Tubex system) and a jetgrout body. Possible
discontinuities in the sandwich walls could lead to
deformations of the surroundings. Monitoring is there-
fore carried out more intensively during the different
excavation phases.

One of the main reasons for the intensive mon-
itoring of the project is thus the supervision and
control of the complex works. On the other hand
data resulting from the monitoring systems is
used to legally record the possible damage during
construction.
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4 RISK ANALYSIS BASIS FOR
MONITORING DESIGN

The monitoring plan is based on the risk analysis car-
ried out in the design phase [1.]. Possible anomalies
of the planned execution and failure mechanisms are
identified. anomalies.

By analyzing the new construction (product) and
the building process which is needed for realisation
a systematic approach of failure mechanisms can be
carried out. As an illustration some product parts
and processes are mentioned for the new construction
underneath the station building (table 1).

By analysing the product and process possible
modes of disfunction with regard to several aspects
one can identify the critical parts of the project.Table 2
illustrates the result of the identified risks which refers
to the processes with regard to there function. The
numbers in the table are a reference to the risk-database
of the project.

Afterwards the measurements that are needed to sig-
nalise these anomalies as soon as possible could be
determined.

5 MONITORING STRATEGY

All parties concerned in the design and construction
of the crossing of the Central Station benefit from
a accurate monitoring of both geotechnical effects
and deformations/displacements. Monitoring enables
them to improve the design and construction process.

However it is highly important that all the parties
concerned agree on the results/data of the monitoring

Table 1. Products and process for the Station Building.

Product Process

• Foundation improvement • Install VHP-piles
• Sandwichwall • Install tubex-piles and

jetgrout columns
• Support columns • Jack towers

building • Jack building
• Steel strut • Install steel strut
• Jetgrout strut • Install jetgrout columns

for deep strut

Table 2. Risks referring to processes and aspects.

1. Foundation 3. support
Aspects improvement 2. Sandwichwall construction 4. Steel strut 5. Jetgrout strut

A Practicable
B Strength 2 6, 7.1, 7.2, 8, 9 10.2, 11 40.41
C Stability 12 51
D Deformations 1.1, 1.2, 2, 3 6, 7.1, 7.2, 8, 9 10.1, 10.2, 11 78. 9
E waterresistance
F Earthretaining

systems. Discussion on whether or not to take actions
should not be disturbed by discussion on the accuracy
of the measured data or the method of measurement.
In this project both the contractor and the principal
are responsible for part of the monitoring. The mon-
itoring systems are installed in such a way that there
is some overlap on the boundaries, so that on these
points the measured values can be checked. Both the
contractor and the principal are able and authorised to
perform additional control measurements in case the
data would require this.

During construction data is recorded in a database
system which can be accessed by both contractor and
principal. Both parties are able to use the same data
for their interpretation. An independent third party, the
Schadebureau North/South line, also files all monitor-
ing data for legal use in case of damage. Maximum
allowable deformations for every phase in the con-
struction process are determined based on the design.
For all individual measurements limits are defined
indicated by the use of the colors green, orange and
red. When measurements are within the green limits
the construction process takes place as planned, if the
orange or the red limits are crossed actions should be
taken. This process is illustrated in Figure 4.

Figure 4. Monitoring strategy.
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6 MONITORING SYSTEMS

In order to measure the possible anomalies close to
their direct cause a large set of geotechnical measure-
ment instruments is installed, the so called geotechni-
cal monitoring system. These included inclinometer,
waterpressure cells, settlement plates and extensome-
ter. In addition to these measuring devices for mea-
suring stresses in the soil and groundwater and the
resulting deformations, observation wells are installed
and geo-electrical measurements are performed during
construction in order to check the water tightness of
the sandwich wall.

Cross lines with several measurement instruments
are laid out perpendicular to and along the length of the
pit excavation walls. In the tubular piles as well as the
screw piles of the sandwich wall inclinometer casing
is installed near the cross line. Relations between the
deformations of the wall and the soil body behind it
can be derived by combining these measurements.

Besides geotechnical monitoring also the structures
build on the Station Island are intensively monitored
by the so called position monitoring system [2.]. This
type of monitoring is needed because the effect of
measured deformations in the soil cannot be unam-
biguously deducted from the possible anomalies in
the soil. For the position monitoring two indepen-
dent measurement systems are used which are partly
complementary.

The primary monitoring system consists of a net-
work of measurement points (prisms) and automated
total stations installed on the facades of the buildings
or other parts of the structures. Because the elimination
of seasonal effects from the data is very important for
such a system, the system was installed one year before
construction started. During this one year period a con-
tractor for the Central Station Crossing project was not
yet selected, and therefore the installation and measur-
ing of the position monitoring was separately tendered.
Once the contract for the project was commissioned to
a contractor, he was provided with the data of the posi-
tion monitoring. This automated measurement system
is suitable for measuring the deformations in places
were sightlines free of obstacles can be guaranteed.
This system is therefore not suitable for use inside the
Station building.

The load from all load bearing columns of both the
mid tunnel and the Station building located within
the excavation pit has to be diverted in to the new
construction. On every column a measurement points
of an automated liquid levelling system is installed.
This system measures the position of points within the
building or tunnel, and its boundaries overlap with the
other position monitoring system with prisms and total
stations. Data measured on the facades of the Station
building by the latter system can be used to check the
data of the liquid levelling system.

A very large architectural investigation of the entire
building was made and recorded in both reports as
well as photographs. Furthermore on cracks in the
masonry façade of the Station building crack indi-
cators are installed so that possible widening of the
existing cracks can be signalised. Characteristic for
the secondary monitoring system is that it will not be
used during construction but only to compare the sit-
uation when construction is finished with the initial
situation. The secondary monitoring system therefore
has only a legal use and will not be used in the design
or supervision and control of the construction process.

Besides the monitoring system also a plan for the
jacking process has been developed. In this plan a
detailed analyses of the different phases of the jack
process used to alter the way loads of the columns
are transferred to the foundation elements by the new
beam elements.

7 POSITION MONITORING

Since April 2002 the position monitoring system on
the front facade of the station building is operational.
The measurement points are affected by seasonal
effects. Measurement data shows that the combined
effect of seasonal influences and inaccuracy of the
measurement system is about 4,0 mm (+/−2,0 mm).

In order to be able to determine the deformations
without seasonal influence, on any given moment dur-
ing the construction process, an estimation of the effect
has to be made. This estimation is made based on a
trend analysis on the recorded data of the system dur-
ing the period before construction had started. The
analysis is based on a correlation between the sea-
sonable effect on deformations and the recorded air
temperature outside. The air temperature outside is
the only correlation factor that is being measured.
Other factors such as direct radiation from the sun and
humidity are not measured. In order to still be able to
eliminate the seasonal effect from the measured data,
interpretation is done based on the differences between
two measurements of a longitudinal joint in the brick-
work. One measurement acts as the reference the other
represents the same joint in the situation that is anal-
ysed.The length of the joint is chosen in such a way that
the far ends are not affected by the construction pro-
cess. The seasonal influence can be derived from the
differences in deformation between these unaffected
areas.

These differences are representative for the sea-
sonable effects between the reference period and the
period for which the data is analysed.

In order to check the deformations within a certain
construction stage with the allowable deformations
for that stage according to the contract the start of
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Figure 5. Settlement front façade.

the construction phase that is analysed is taken as
reference.

In figure 5 the differential deformation is illustrated
for certain number of weeks. This figure shows, that
in this case, taking into account the differential settle-
ment, the seasonal effect is about 1,5 mm on the far
ends of the longitudinal joint.

Also for the automated measurement system inside
the Station building the deformations in every con-
struction stage is measured and compared with the
reference data.

While writing this article the following preparations
for the construction of the pit excavation have been
completed:

– Strengthening of the existing foundation just outside
the pit by taking over the load of the construction
on new VHP-piles.

– Wooden piles that were an obstruction have been
pulled out in order to be able to construct the
sandwichwall.

– Tubex screw piles for the pit walls were installed.

Based on all the deformation measurements a set-
tlement of 2 mm to 3 mm of the West most corner
tower of the Station building was detected. The largest
part of this settlement occurred during the strengthen-
ing of the existing foundations. Because the load of
the towers is now completely on the new foundation
piles no future settlement of these parts of the building
is expected. For other parts no significant settlement
has occurred.

8 GEOTECHNICAL MONITORING

De geotechnical monitoring could only be installed
after some structural changes in the building were
finished. The period for which the geotechnical mon-
itoring has been operational is therefore not as long
as for the position monitoring. Also in these data
natural/background variations occur, however in the
soil the variations are less pronounced. In order to
check the changes within a certain construction stage
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Figure 6. Inclinometer measurements.

with the allowable deformations for that stage accord-
ing to the contract again the start of the construction
phase that is analysed is taken as reference.

Figure 6 shows the inclinometer results as the hor-
izontal deformation in two perpendicular directions.
The values shown are the differences between the start
and the completion of the construction stage in which
the wooden piles were pulled out.

9 SUPERVISION OF CONSTRUCTION

The automatic monitoring systems are recording data
with a high frequency. Several times a day all systems
collect actual data. With regard to the dynamics of the
building process and the type of work, which is exe-
cuted, the collected data is analysed daily or weekly.
The frequency by which the monitoring data is anal-
ysed depends on the risk analysis of the design. When
measurements are exceeding the ‘green’area (building
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process as planed) the analysis of monitoring results
will be intensified.

As a rule there is a meeting between the con-
tractor and the represent of the principal to discuss
the monitoring results once a month. In this project
the contractor is primarily responsible for interpret-
ing monitoring results with regard to the building
process.The principal analyses the data to observe pos-
sible deformations which might lead to damage in the
vicinity of the construction works.

Principal and contractor work towards a common
goal, construction with low risk and preventing dam-
age. Because of different responsibilities between both

parties collecting and interpreting data is sometimes
difficult. A clear agreement on responsibilities is
therefore necessary at the start of the project.
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