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ABSTRACT: Many quay walls in the historic city centre of Amsterdam are in a such poor condition they show ongoing deformation. 
Hence, renewal of these quay walls is a necessity. The traditional method of renewal is to create a building pit in which the old wall is 
demolished and a new L-shaped wall is constructed, using dewatering. Due to the small distances between the canals and the adjacent 
buildings this method often leads to significant displacement of the monumental buildings and potential damage. A new non-invasive 
and safe method has been developed without the use of excavation, dewatering or vibratory equipment. Additionally, the construction 
time has been shortened and most of the work can be done from the canal to increase safety and reduce hindrance. The solution was 
found in screwed tubular piles forming a combined wall supported by rake piles at the waterside. The combined wall is installed 
behind the old wall, on the land side, after which the old wall can be demolished. Extensive monitoring allowed for benchmarking 
design calculations with in-situ measurements. The method has now been successfully applied for the first time on the historic canals 
at “Damrak”, and more recently at “Krom Boomssloot”, where the distance between the canal and the buildings is only 4 metres.  

RÉSUMÉ: De nombreux murs de quai dans le centre historique d'Amsterdam sont en si mauvais état qu’il ont tendance à se 
déformer. Par conséquent, le renouvellement de ces murs de quai est nécessaire. Une méthode commune de rénovation est de créer 
une fosse et la vider par drainage dans laquelle l'ancien mur de quai est démoli et un nouveau, en forme de L, est construit. En raison 
de petites distances entre les canaux et les bâtiments adjacents cette méthode conduit souvent à des mouvements importants à la base 
de ces importantes construction avec un risque de dommages potentiels. Voilà pourquoi des recherches ont été menées afin de trouver 
des méthodes moins invasives et plus sûres avec un délai d’intervention très court ne nécessitant pas la création de fosses et de 
drainage des sols. De plus, la plupart des travaux doivent être effectués à partir du canal, afin de limiter les charges sur les quai 
entrainant leurs déformations. La solution retenue consistait en la réalisation du mur d’un point appui ancré au sol dans le canal. Le 
mur attenant est ainsi construit sans vibration derrière l’ancien coté rive, après quoi l’ancien peut être démoli. Au "Krom 
Boomssloot", où la distance entre le canal et les bâtiments est de seulement 4 mètres, cette méthode de construction a été utilisé, pour 
la première fois, avec succès. Une observation approfondie a permis l’apprentissage des méthodes de calcul et de conception grâce à 
des relevés sur site.  
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1  INTRODUCTION 

The historic city centre of Amsterdam has been designated as a 
UNESCO protected world heritage area for the beauty of its 
canals and canal side houses, and is frequented by 5 million 
tourists annually. In the historic city centre most quay walls date 
from the 18th century. Many show large deformations and some 
are in a such poor condition they show ongoing deformation. 
Hence, renewal of these quay walls is a necessity.  

The traditional method of renewal is to create a building pit 
in which the old wall is demolished and a new L-shaped wall 
with a pile foundation is constructed. This requires vibratory 
sheet pile installation, dewatering and excavation. Due to small 
distances between the canals and the adjacent buildings this 
method can lead to significant displacement of the monumental 
houses, with the potential for damage.  

Therefore, a new method needed to be established, with a 
minimal risk of damaging the surroundings. In addition, the city 
of Amsterdam desired less hindrance and shorter construction 
times. The non-invasive method was specifically developed for 
the city centre quay wall reconstruction as was the case at the 
“Krom Boomssloot”, located in the city centre of Amsterdam.  

1 .1  Soil conditions 

The city of Amsterdam was founded in the 13th century and is 
located where the river Amstel meets the IJ-meer (lake IJ). Due 
to the meandering of the river at the time the city was situated 
on a large peat area. The historic city centre is located only 
about 1 metre above sea level.  

 Figure 1 shows a typical cone penetration test result for 
Amsterdam, located at Krom Boomssloot. The Fluvial and 
Marine deposits consist mainly of weak clay and peat layers 
down to -12m NAP. The layer between the 1st and 2nd Sand 
layer consists mainly of silt, sometimes alternating with sandy 
or clayey material. The top two metres of soil are generally a 
mixture of the existing peat, sand and rubble. Because the first 
10 to 15 metres below ground level are soft soil layers most 
structures in Amsterdam, such as buildings and quay walls, are 
founded on piles. 

 

 
Figure 1. Result of a Cone Penetration Test (CPT) in Amsterdam 
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 1 .2  Canal, quay wall and adjacent buildings 

In the 17th century the canals in Amsterdam were completed in 
the form they exist today. The main purpose of the canals at the 
time was defense, water management and transportation. 
Nowadays the canals are declared monumental. This means that 
the appearance of canals and the quay walls should be 
maintained in accordance with their original state.  

At the Krom Boomssloot the ground water level in canal is 
maintained at -0,4 m NAP, which means it is located at about 2 
metres below the surface level of the quay. The seabed of the 
canal is located another 2 metres below the water table. The old 
quay wall is traditionally built up. A wooden floor is supported 
by a wooden piled foundation. On top of the wooden floor a 
wall is constructed, which is usually a concrete structure with 
masonry in front. A schematic impression of the old quay wall 
is presented in Figure 2. 

 

 
Figure 2. Cross section of the old quay wall 

 
The buildings alongside the Krom Boomssloot are relatively 

close to the quay wall when compared to other canals in the city 
centre of Amsterdam. The distance between the canal and the 
adjacent buildings varies between 4 and 5 metres. Most 
buildings are founded on wooden piles on the first sand layer. 
Displacements of the buildings have been monitored over a 
period of 2 years prior to construction works. From these results 
it was concluded that buildings had foundations with varying 
quality from fair up to good.  

All buildings have a residential purpose and are placed in 
category 3 according to the Dutch SBR guidelines (TNO 2002). 
Category 3 buildings imply monumental buildings with a large 
historical value. For this category the most stringent 
requirements apply with regard to acceptable vibrations and 
settlements.  

1 .3  Traditional renewal method 

The traditional method of renewal is to create a temporary 
building pit by installing sheet piles. Due to the high 
groundwater table drainage is necessary to maintain a dry 
building during the construction works. Within the building pit 
the old wall, consisting of masonry and wooden beams, could 
then be demolished. Then new piles would be installed with a 
new L-shaped cantilever wall on top. After the construction of 
the new quay wall is completed, the sheet piles of the building 
pit would usually be removed. Figure 3 shows the outline of the 
construction sequence, when applying the traditional quay wall 
renewal method.  

 
Figure 3. Construction sequence traditional method 
 

This method has some large disadvantages with regard to 
influence on the adjacent vulnerable buildings. Settlement of 
the soft top layers starts to occur due to dewatering. Also a 
temporary building pit is required. The installation and removal 
of the sheet piles and excavation induce settlements and 
vibrations. Both have led to earlier cases of building damage. 

2  NON-INVASIVE METHOD 

2 .1  Boundary conditions for new method 

As stated before the quay walls are located in delicate areas. 
This has led to the following boundary conditions for the design 
and execution of the renewal: 
 The quay wall should have the same appearance and 

alignment as the original quay wall.  
 The soil retaining function of the wall should be maintained 

at all times during the construction period, i.e. it is not 
possible to demolish the existing wall prior to construction 
of a temporary support or a new structure.   

 The use of dewatering should be avoided.  
 Vibration free execution methods should be used, to 

introduce as little vibrations as possible to the adjacent 
buildings.  

In addition, the following geometric restrictions apply: 
 The retaining height of the quay wall needs to be 4 and 

sometimes up to 5 metres, taking into account possible 
dredging works in the canal and the height difference of the 
ground level along the canal.  

 It is not allowed to install structural elements underneath 
the adjacent buildings.  

 Most of the work should be done from the canal, to limit 
loads on the old wall and thereby also its deformation. 

2 .3  Non-invasive design 

A feasibility study for several design options was carried out. 
The goal was to find a less invasive and safe quay wall renewal 
method, with a short construction time and which meets the 
established boundary conditions and requirements. An earlier 
quay wall at Damrak canal had proven tubular piles could be 
installed without vibrations to create an anchored combined 
wall from the surface. 

The large thickness of the weak top layers leads to some 
difficulties with the horizontal stability of the wall. When using 
anchors these must be installed into the sand layers. With a 
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conventional anchor angle of 30 up to 45 degrees this resulted 
in anchors ending up well below the adjacent buildings. The 
small width of the quay makes this option geometrically 
impossible. Placing the anchors under a steeper angle would 
render them ineffective. 

The solution was found in a combined wall supported by an 
anchor pile at the waterside (see Figure 4). The anchor pile is 
located in front of and attached to the tubes of the combined 
wall. This approach is economically advantageous, especially 
because it can be constructed from the surface, completely 
above the ground water table and without the need of a building 
pit. Key to working above the surface is a concrete façade with 
prefabricated masonry which is hooked onto the combined wall 
from above groundwater level. The combined wall is installed 
behind the old wall, at the land side, after which the old wall 
can be demolished (where visible only). This way the soil 
retaining function of the quay wall is maintained at all times 
without the necessity of installing temporary sheet piling.  

 

 
Figure 4. Cross section of the quay wall design 

2 .4  Design calculations 

To determine the stability, internal forces and deflection of the 
quay wall for the case of the Krom Boomssloot calculations 
have been made using a 2D tool called D-Sheet Piling. This tool 
models the combined wall as an elasto-plastic beam on a 
foundation of uncoupled elasto-plastic springs, representing the 
soil. For subsequent design and for future quay wall renewals 
the program Plaxis 3D was used. Since successful completion 
of the Krom Boomssloot in Amsterdam, the “Prinsengracht” 
and the “Recht Boomssloot” have been designed. The 
Prinsengracht is currently under construction. Plaxis 3D is a 
three-dimensional finite element program, which helps to 
determine the effects on the surroundings, such as 
displacements and time dependent behaviour.  

The quay wall at the Prinsengracht is, with respect to height 
and soil profile comparable to the Krom Boomssloot. The 
calculated ground level settlements behind the quay wall at 
Prinsengracht are shown in the graph in Figure 5. 
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Figure 5. Calculated surface level settlements (Prinsengracht) 

3  EXECUTION 

3 .1  Execution method 

Starting point for the design is the use of vibration free 
installation methods. This has led to choosing a combined wall, 
consisting of carefully augered closed-ended steel tubes with 
short sheet piles pressed (hydraulically) in between. The anchor 
pile on the water side of the quay wall is also installed by 
augering.  

Most structural elements of the design are installed from a 
barge in the canal to limit loads on the old quay wall during 
execution. To obtain sufficient bearing capacity the steel tubes 
are installed in to the 2nd Sand layer. The sheet piles can be 
shorter as their main function is to keep the soft top layers from 
slumping. 

After the complete combined wall is installed the retaining 
function of the old quay wall is taken over by the new structure. 
Up to this stage the combined wall is unsupported and still 
needs to be attached to the anchor pile. This can be done after 
the old quay wall is demolished. To finish the quay wall 
prefabricated masonry is hooked into place from the surface to 
restore the original appearance. 

 

 
Figure 6. Construction sequence non-invasive method 

 

 
Figure 7. Installation of tubular piles (Krom Boomssloot) 

3 .2  Monitoring results 

During the quay wall renewal of the Krom Boomssloot 
extensive monitoring of displacements has been carried out. 
Measuring points were placed on the old quay wall, ground 
level, the adjacent buildings and neighboring bridges across the 
canal. 
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Figure 8 shows the monitored displacement of the old quay 
wall at Krom Boomssloot, from 2 years prior to execution up to 
its demolishment. From the first three measurements it can be 
seen that the quay wall was showing ongoing deformation prior 
to the execution of the works. The construction works for the 
new quay wall caused the old quay wall to deflect even more. 
From the start of the execution up to the installation of the sheet 
piles of the combined wall (last measurement in graph) roughly 
10 mm of additional deflection was measured. This maximum 
deflection of the wall occurred at a location the wall showed 
already some cracks before the execution works started.  

During the installation of the sheet piles the old quay wall 
began to deflect more. Eventually it needed to be stabilized to 
maintain its soil retaining function up until completion of the 
combined wall.  

At the surface level on the land side of the quay wall a 
maximum vertical settlement of 10 mm was measured, 
throughout the execution of the project. This settlement is 
mainly induced by deflection of the old quay wall, as it 
occurred at the same location as the maximum deflection of the 
old wall. When comparing these monitoring results to the 
calculated surface settlements in Figure 5, about 65 mm for a 
distance of 4 metres, it can be seen that the calculated 
settlements were significantly overestimated.  

The displacements of the buildings were measured in three 
directions. Vertical settlements varying between 0 and 3 mm 
were observed, all well within the on beforehand agreed alarm 
values for settlements.  

3 .3  Lessons learned 

The most important lesson learned from the construction works 
at Krom Boomssloot is that large displacements of the old quay 
wall (but not the buildings as they are supported by the new 
structure) may occur when installing the sheet piles. The sheet 
piles disturb the continuity and structural cohesion of the old 
quay wall. For subsequent quay wall renewals it has therefore 
been decided to perform the construction works in segments. 
The entire construction sequence of one segment of the quay 
wall needs to be finished before the construction of a new 
segment can start. This way the deformation of the old quay 
wall is restricted and it can be safely removed.  

The calculated surface level settlements were significantly 
overestimated. This is in all probability due to the soil having a 
different loading history then assumed. A large part of the 
calculated settlements are derived in a phase where the new 

quay wall is fully loaded. During execution this phase was 
monitored closely, however no significant settlements occurred.  

4  PROSPECT NON-INVASIVE METHOD 

The new non-invasive method has now been successfully 
applied for the first time on the historic canals at Damrak, and 
more recently at Krom Boomssloot. A third quay wall is 
currently under construction at Prinsengracht, known to many 
as it houses the Anne Frank House. Additionally, design works 
for a fourth quay wall, Recht Boomssloot, have been completed 
and construction work will be scheduled shortly.  

The projects undertaken have proven that it is possible to 
safely reconstruct quay walls in monumental cities without 
vibration, dewatering or excavation. This has been coupled with 
reduced hindrance and quicker construction times through 
prefabrication. The method uses specialist foundation 
techniques applied from the surface and with a strict 
construction schema. 
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Figure 8. Monitored horizontal quay wall displacement (Krom Boomssloot, scaled up 200 times)
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