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ABSTRACT: This paper presents the challenges faced and the geotechnical solutions adopted in the execution of the Excavation and 
Retaining Wall project for Plot A and Plot B1 at Entrecampos Square, Lisbon. The project, located at a historic plot formerly occupied 
by the old Lisbon Amusement Park, represents a milestone in Lisbon's urban regeneration, transforming the area into a business and 
leisure center of great importance to the city center. With an implantation area of 30,000m², an excavation volume of 300,000m³ and 
an average excavation height of 14m, the design solutions required a highly complex geotechnical approach. The solutions adopted 
included 50cm thick diaphragm walls and a bored pile wall with 60cm diameter piles, 120cm apart, duly adapted to the site conditions, 
as well as to the constraints imposed by the infrastructure around, namely the proximity to Entrecampos railway station and to the 
Lisbon metro tunnel. In general, the retaining walls were braced by temporary ground anchors and corner steel struts. However, near 
to the Lisbon metro tunnel, where the use of ground anchors proved unfeasible, it was necessary to design a concrete slab strip solution, 
supported vertically by micropiles. This solution was essential to preserve the functionality of the Lisbon metro tunnel, as well as of 
large sewage collectors, guaranteeing safety and minimizing negative impact in the area. In addition to the construction stages, such as 
the execution of diaphragm walls and piles, the article also points out the geotechnical solutions design, as well as the correlation 
between the results obtained from the calculation models and those from the monitoring plan on site, confirming their suitability and 
efficiency in a complex urban environment, contributing to the project's success. 
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1 INTRODUCTION 
This article aims to describe the excavation and earth retaining 
solutions implemented for the construction of the underground 
floors for Plot A and Plot B1 at Entrecampos Square, Lisbon. 

The project, located at a historic plot formerly occupied by 
the Lisbon Amusement Park, represents a milestone in Lisbon's 
urban regeneration, transforming the area into a business and 
leisure centre of great importance to the city (see Figure 1). 

 
Figure 1. 3D View Building’s graphical representation. 

The overall intervention of this project is divided into four lots 
(See Figure 2). The Plots A and B1, within the scope of this 
work, Plot B2, with excavation completed at the beginning of 
the project works and Plot B3, with excavation planned for a 
later phase. 

 
Figure 2. Plan View of the plots within the overall intervention. 

The designed solutions were defined considering the excavating 
Plot A independently of Plot B1 (See Figure 3), although in 
construction site the excavation was carried out jointly. 

 
Figure 3. Independent excavation and retaining wall solutions defined 
for Plot A and Plot B1. 

The excavation and retaining wall solutions were defined and 
designed in an integrated way with all existing constraints and 
site conditions, such as the construction, described below, as 
well as the geological and geotechnical scenario, architectural 
solutions, and infrastructure around, namely the proximity to 
Entrecampos railway station and to the Lisbon metro tunnel 

The solutions adopted included 50cm thick diaphragm 
walls and a bored pile wall with 60cm diameter piles, 120cm 
apart, braced by temporary ground anchors and corner steel 
struts. However, near to the Lisbon metro tunnel, where the use 
of ground anchors proved unfeasible, it was necessary to design 
a concrete slab strip solution, supported by micropiles. 

2 MAIN CONSTRAINTS 

2.1 Geological And Geotechnical Scenario 

The study area presents Palaeogene formations, namely the 
Benfica Formation (фBF), Neogene formations (MES- Areolas 
de Estefânia, MEC – Entrecampos Limestones) and Holocene 
formations (a – alluvium and/or landfills). Figure 4 shows the 
approximate location of the study area on an excerpt from the 
Portugal Geological Map at a 1:50,000 scale. 

 
Figure 4. Excerpt from the Portugal Geological Map (1:50,000). 
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To better understand the site geological scenario a site 
investigation campaign was conducted, including boreholes 
with Standard Penetration Tests (SPT) and laboratory tests. 

The results of this campaign allowed the characterization of 
materials in terms of their geomechanical properties and 
developed geological-geotechnical profiles used at the project 
stage. The campaign identified the soil layers listed below and 
presented in the Figure 5: 
 G0 - Heterogeneous landfill; 
 G1A - Loose clay soils (8<NSPT<15); 
 G1B - Moderately compact sandy soils (10<NSPT<30); 
 G2A - Hard clay soils (30<NSPT<60); 
 G2B - Compact sandy soils (30<NSPT<60); 
 G3 - Very hard clay soils (NSPT>60). 

  
Figure 5. South – North geological and geotechnical profile, with 
excavation bottom level marked in green. 

2.2 Nearby structures and infrastructure 

The excavation site is located at a dense urbanized area of 
Lisbon, surrounded by various buildings, streets and 
infrastructure. It was therefore necessary to develop solutions 
compatible with the preservation of the integrity of these 
structures and infrastructure, while also ensuring that they 
remained fully functional. The main challenges are listed below 
and presented in the Figure 6: 
 5 de Outubro Avenue / Plot B3, West; 
 República Avenue, East: 
 Forças Armadas Avenue / Plot B2, North; 
 Entrecampos railway station, South; 
 Underground structures and infrastructures: 

 Entrecampos metro station and tunnel; 
 Water, Sewage and Electrical network system. 

 
Figure 6. Plan view of the intervened plots and nearby constraints. 

2.3 Architectural requirements 

One of the main constraints imposed by the architecture was to 
use the minimum possible thickness for the retaining walls, 
prioritising the maximisation of net space for future use of the 
basements. Therefore, it was generally agreed to use a 
maximum thickness of 50cm, except on the west elevation, 
where a thickness of 60cm could be used (See Figure 7). 

 
Figure 7. Plan view of the agreed thickness for the retaining walls. 

Another architectural requirement was that the solutions 
defined for the retaining walls had to be designed in such a way 
as to allow for the creation of a common basement between 
plots A and B1, as well as to enable some connections between 
plots B2 and B3 (See Figure 8) 

 

 
Figure 8. South – North section of Plots A and B1, with common 
basement marked in red. 

3 EXCAVATION AND RETAINING WALL 
SOLUTIONS 

3.1 Diaphragm Wall Solutions 

In compliance with the main constraints, a retaining wall 
system of the “Diaphragm Wall” type was defined along 
generally the entire perimeter of the Plots A and B1 for the 
construction of the building’s basements. 

This solution consisted of reinforced concrete panels with a 
thickness of 50 cm. The diaphragm wall panels were designed 
to meet the Architectural requirements regarding the wall 
thickness and final finish, while also adopting the most cost-
effective technical solution. The embedment length below the 
excavation base was defined to control and minimize water 
inflow and to ensure safety in terms of both hydraulic and 
global stability (See Figure 9 and Figure 10). 

 
Figure 9. 3D West view of the diaphragm wall defined for Plot A. 

 
Figure 10. 3D West view of the diaphragm wall defined for Plot B1. 
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The diaphragm wall excavation was performed using a 
hydraulic grab, with the excavated soil volume being replaced 
by a stabilizing fluid inside the trench during the works. 

For the temporary horizontal support of the retaining wall, 
the solution adopted included the installation of prestressed 
ground anchors and corner steel struts. The ground anchors 
were arranged in 2 or 3 rows, depending on the excavation 
depth, and generally consisted of 6 or 7 strands of 0.60" 
diameter. The sealing length was executed using the selective 
reinjection system (IRS) in competent and geologically stable 
formations, with lengths ranging between 5 and 6m, 
considering a drilling with a minimum bore diameter of 200 
mm (See Figure 9 and Figure 11). 

 

Figure 11. Cross-section of the diaphragm wall solution braced by 
ground anchors. 

However, near to the Lisbon metro tunnel, where the use of 
ground anchors proved unfeasible, it was necessary to design a 
concrete slab strip solution, temporary supported vertically by 
micropiles (See Figure 12). 

This passive solution acts as a compression bracket inside 
the lot and was essential to preserve the functionality of the 
Lisbon metro tunnel, as well as the large sewage collectors in 
this area, ensuring safety and minimizing the negative impact 
at the neighbouring infrastructures. 

 

Figure 12. Cross-section of the diaphragm wall solution braced by 
concrete slab strip. 

3.2 Bored Piles Wall Solutions 

On the west side of Plots A and B1, a “Bored Piles Wall” was 
defined for the construction of the building’s basements. 

This solution consisted of reinforced concrete bored piles 
with 60cm diameter, 120cm apart, duly adapted to the site 
conditions and designed to meet the Architectural requirements 
regarding the wall thickness as well as to facilitate future 
connections with plot B3, to be built later, in a safer, more 
redundant and economical manner. The embedment length of 

the bored pies below the excavation base was defined to ensure 
safety in terms of global stability (See Figure 13 and Figure 14). 

 
Figure 13. 3D East view of the pile wall defined for Plot A. 

 
Figure 14. 3D East view of the pile wall defined for Plot B1. 

The drilling of the bored piles was carried out using both 
continuous flight auger and Kelly bar systems. 

For the temporary horizontal support of the retaining wall, 
the solution adopted included the installation of prestressed 
ground anchors and corner steel struts. The ground anchors 
were arranged in 2 or 3 rows, depending on the excavation 
depth, and generally consisted of 6 or 7 strands of 0.60" 
diameter. The sealing length was executed using the IRS system 
in competent and geologically stable formations, with lengths 
ranging between 5 and 6m, considering a drilling with a 
minimum bore diameter of 200 mm (See Figure 15). 

 

Figure 15. Cross-section of the bored pile wall solution braced by 
ground anchors 

 
 
 
 
 
 

5589



4 DESIGN 

The behaviour of the retaining wall structures was analysed in 
terms of stresses and deformations for all construction phases 
using the PLAXIS 2D software. Figure 16 shows some of the 
various sections modelling for the retaining structures. 

   

 

Figure 16. PLAXIS 2D: Bored pile wall section (top left); Diaphragm 
wall section braced by ground anchors (top right); Diaphragm wall 
section braced by slab strip (bottom). 

The analysis consisted of studying the most representative 
sections of the retaining wall solutions, with the purpose of 
evaluating the deformations, stress states and stability of the 
soil mass to be retained, as well as estimating the deformation 
increments in structures and infrastructures surrounding the 
excavation. The behaviour of the retaining wall was analysed 
for the temporary phase, in which the bracing is provided by 
ground anchors and by the slab strip, as well as for the 
permanent phase, where the bracing is provided by the slabs of 
the building basement structure. 

Based on this analysis, the main design parameters for the 
retaining wall structure were evaluated, namely structural 
efforts (See Figure 17), stress states and the stability of the soil 
mass. 

   
Figure 17. PLAXIS 2D example of efforts: Bending moment (left); 
Shear (center); Compression (right) 

The expected deformations were also analysed, as well as the 
increases in deformation in neighbouring structures and 
infrastructure (See Figure 18 and Figure 19). 

 
Figure 18. PLAXIS 2D: Horizontal deformation for diaphragm wall 
section braced by ground anchors. 

 
Figure 19. PLAXIS 2D: Horizontal deformation for diaphragm wall 
section braced by slab strip close to Lisbon metro tunnel. 

5 MONITORING AND SURVEY PLAN 

Based on the size and complexity of the project, a Monitoring 
and Survey Plan was defined with the aim of managing the risk 
associated with the excavation and retaining wall works. 

For this project, several monitoring devices were installed 
along the retaining wall (see Figure 20), including: 
 9 Piezometers to measure the groundwater level; 
 9 Inclinometers to measure horizontal displacements with 

depth; 
 85 Tiltmeters to measure wall rotations and movements; 
 40 Load cells to measure the loads at the ground anchors. 

 
Figure 20. Plan view of the monitoring devices. 

In the area approaching the existing Lisbon metro tunnel, it was 
necessary to define seven monitoring sections for this structure, 
each one composed of three topographic targets and two prisms. 
The bottom of the excavation was reached in August 2024, 
followed by a period of suspended site works until July 2025, 
when construction of the foundations for the final structure 
began. 

Throughout this period, the design solutions proved to be 
well suited to site conditions, as it was demonstrated by results 
obtained from the monitoring devices, with the observed values 
generally below the established alert criteria. 

Figure 21 shows the deformations obtained with depth at 
the inclinometers defined for Plot A, presenting on the left the 
section of the diaphragm wall (braced by a strip slab) and on the 
right the bored piles wall (braced by ground anchors). 
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Figure 21. Horizontal displacements toward the interior of the 
excavation pit, measured by inclinometers of the Plot A. 

Figure 22 shows the deformations obtained with depth at the 
inclinometers defined for Plot B1, presenting on the left the 
section of the diaphragm wall (braced by ground anchors) and 
on the right the bored piles wall (braced by ground anchors). 

       
Figure 22. Horizontal displacements toward the interior of the 
excavation pit, measured by inclinometers of the Plot B1. 

 
 
 
 

Figure 23 and Figure 24 show the rotational movements 
obtained from the tiltmeters set up for the retaining wall of Plot 
A and Plot B1, respectively. 

 
Figure 23. Rotational movements toward the interior of the excavation 
measured by tiltmeters of the Plot A 

 
Figure 24. Rotational movements toward the interior of the excavation 
measured by tiltmeters of the Plot B1 

As illustrated in the previous figures, in general, the 
deformations and rotations obtained in the monitoring devices 
were within the alert (yellow lines) and alarm (red lines) criteria 
established in the project, which are summarised below: 
 Alert criteria (yellow): 

 Horizontal movements: 25mm 
 Vertical movements: 10mm 
 Rotational movements: 0.10º 

 Alarm criteria (red): 
 Horizontal movements: 35mm 
 Vertical movements: 15mm 
 Rotational movements: 0.15º 

6 FINAL REMARKS 

The execution of deep excavations and retaining wall solutions 
in the dense urbanized centre of Lisbon, represents a technically 
demanding project due to the geological–geotechnical scenario, 
architectural requirements, and sensitive neighbouring structure 
and infrastructures. 

The adopted solutions - diaphragm walls and bored piles 
walls - proved to be technically suitable, ensuring the overall 
stability of the soil mass and efficient deformations control, 
minimising the impact on the surrounding area. 

    
Figure 25. View of the construction site works of diaphragm walls 
(left) and bored pile walls (right). 

The construction of the retaining walls was performed with 
maximum precision to meet the architectural thickness 
limitations and to allow for future structural connections 
between plots. 

This initial phase was carried out under the continuous 
supervision of the designer and local teams, particularly on the 
soil layers intersected during excavation and if there is any 
excessive water inflow, to confirm on time the suitability of the 
defined solutions. 

5591



During the excavation works, the retaining walls were 
progressively braced with prestressed ground anchors and 
corner steel struts. The numerical modelling developed in 
PLAXIS 2D enabled optimised and safe design solutions 
throughout all construction phases. 

 
Figure 26. View of the structure final works of the bored pile wall 
solution braced by ground anchors at Plot A. 

 
Figure 27. View of the structure final works of the diaphragm wall 
solution braced by ground anchors at Plot B1. 

In the areas adjacent to the Lisbon metro tunnel, where ground 
anchors were unfeasible, the innovative concrete strip slab 
solution, already adopted by the same design team in other 
sensitive executions ([1]/[3]/[4]), temporary supported by 
micropiles, was essential to safeguard the integrity of the 
existing structures and infrastructures. 

 
Figure 28. View of the structure final works of the diaphragm wall 
solution braced by concrete strip slab at Plot A. 

During the suspension of site works, between August 2024 and 
July 2025, the monitoring and survey plan proved crucial to 
ensure that displacements and deformations remained below the 
established alert thresholds. 

The project thus proceeded confidently into the 
superstructure construction phase, supported by the excellent 
performance of the retaining wall solutions. 

The success of this project was the result of the balanced 
integration of technical, construction and economic 
requirements. The implementation of appropriate retaining wall 

solutions for the existing site constraints, together with an 
monitoring and survey system, ensured that despite in a dense 
and sensitive urban area, structural safety and minimal impact 
on surrounding structures were fully achieved. 
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