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Abstract: The growing need to improve services in urban areas, puts pressure on infrastructure 

construction, taking advantage of the underground and releasing surface space for nobler activities, 

thereby improving the population quality of life. In this dissertation, was followed the excavation and 

execution of an earth retaining structure for an hotel with two basements in Almirante Reis Avenue, in 

Lisbon. To retain the ground, it was chosen a Berlin wall solution braced by slab bands and, 

complemented by a Deep Soil Mixing solution as soil improvement technique. At the same time, the 

movements of the contiguous buildings, as well as the Lisbon Metro tunnel under the Almirante Reis 

Avenue and the peripherical earth retaining structure, were monitoring. It was analysed the peripherical 

earth retaining structure behaviour using Plaxis 2D, a finite element software, and compared the results 

obtained with the values observed on site through the monitoring. Finally, a comparative analysis was 

made between the implemented solution and possible alternatives, namely diaphragm walls and bored 

piles retaining walls, and the applied ground improvement technique with other common solution, the 

jet grouting. 
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1. Introduction 

Following real estate valuation, there is need for 

improvements in the existing structures and the 

level of services provided, particularly in the 

hotel industry. In the centre of Lisbon, many of 

the buildings are centuries old, showing an 

advanced level of degradation and without safe 

conditions. Current legislation considers some 

buildings in the city centre with architectural or 

historical value and imposes the preservation of 

the main facade. When this is not applicable, a 

total demolition for new construction is an 

attractive option. 

In big urban areas, due to the population and 

infrastructure density, there is tendency for 

underground construction, with the aim of 

freeing up the surface for more noble activities to 

improve the population's quality of life. 

The construction of underground structures in 

urban areas implies the use of ground support by 

means of flexible retaining structures that allow 

to dig vertically, taking advantage of the largest 

possible area in safe conditions. There are 

different solutions for peripheral earth retaining 

walls, with different applicability, depending 

mainly on the geological and geotechnical 

conditions and neighbourhood conditions. 
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This case study is an example of an excavation 

to build basements, after total demolition of the 

previously existing building. 

The excavation is next to a section of the Lisbon 

Metro Tunnel and intersects a structure retaining 

a contiguous building facade. The solution 

implemented corresponds to a Berlin wall which 

is a flexible support structure, also called Munich 

wall, using slab bands and steel beams as 

corner props. 

The construction works during the excavation 

were followed-up and it was possible to observe 

the construction processes. The instrumentation 

records were analysed, seeking cause-effect 

relations, and compared with the results of a 

finite element model using Plaxis 2D, in order to 

conclude about the ability to predict real 

movements, considering the approximations 

made. 

It was also made a comparison between the 

implemented solution for the excavation and 

other frequently used for the same purpose. 

 

2. Theoretical fundamentals 

The flexible retaining structures are those that, 

under the effect of the distribution of ground 

pressures, suffer from flexural deformations that 

may influence the magnitude and distribution of 

the same earth pressures [1]. In other words, the 

earth pressure diagram acting on these 

structures changes with them deformability and, 

consequently, modifies the stress fields. Thus, 

soil-structure interaction is the central issue [2]. 

A retaining structure supported by slab bands 

can be compared to a multi-anchored retaining 

structure in what concerns its behaviour. 

The props support system works by its high axial 

stiffness and compression strength. 

In flexible retaining structures, no earth pressure 

theory can be adopted, thereby from a set of 

displacements and stress measurements, the 

apparent pressure diagrams of Terzaghi and 

Peck have emerged. The purpose of this 

diagrams is the widespread use to estimate the 

loads on the struts, or the loads to apply in 

ground anchors, in retaining walls supported by 

anchors [2]. 

The Berlin walls is a flexible retaining wall 

consisting of reinforced concrete panels that 

continually fill the space between steel profiles or 

micropiles. This solution uses steel profiles to 

transmit vertical loads to the ground [3]. 

The execution of this solution for earth retaining 

is done from the top to the bottom of at the same 

time of the excavation, with the progressive 

apply of the supporting system. Berlin walls 

requires some ground cohesion, once it may 

induce decompression of the ground and 

compromise safety. 

Although this technique is easy to build, does not 

require special workmanship, and is very 

compatible with facades retention, sometimes, 

needs the application of a soil improvement 

technique to enable the implement of this 

retaining structure solution. 

Deep Soil Mixing is a technique used to previous 

improve the mechanical characteristics of the 

soil, increasing the strength and stiffness, 

decreasing deformability and permeability. The 

better behaviour of the soil is reached with the 

mixture of soil and a binder by a mechanical 

procedure, forming columns or panels [4].  

There are two methods of execution, called Dry 

Deep Mixing and Wet Deep Mixing. The wet 

technique is the most used in Portugal and the 

binder is generally cement. This method is most 

suitable for granular soils, in opposition to the dry 

method, which is most suitable for soft cohesive 

soils [5]. 



3 

 

This technique is particularly interesting to apply 

in clayey soils, but it can be used in a wide range 

of soils, cohesive or granular. 

 

3. Case study 

3.1. Constraints 

The intervention area, which has the 

configuration shown in the Figure 1, is located in 

the intersection between Álvaro Coutinho Street 

and Almirante Reis Avenue, where it was 

intended to build a Hotel with two buried floors, 

until 8 metres depth, and seven raised floors. 

The geologic-geotechnical zoning (Table 1) was 

done based for a preliminary design on previous 

studies and prospections and then in four SPT 

tests distributed for the corners of the excavation 

area. 

Figure 1 - Excavation area plan view, adapted from [6].

Table 1 – Geotechnical Zones, adapted from [7]. 

The groundwater level was considered below 

the maximum depth of the excavation, once it 

was only detected in the SP2 test at 10.5 meters 

depth. 

The excavation pit area is flanked by buildings 

and streets. The north limit has a contiguous 

building with 2 upper floors and 1 basement, 

while on the west limit there is a building with 5 

upper floors and 1 semi-basement. 

Through inspection pits, it was possible to 

observe both buildings masonry foundations. 

Both buildings have a bad structural behaviour, 

in particular to horizontal actions, once they were 

poorly constructed, using a method called 

“gaioleiro”.  

Close to the construction site, under the 

Almirante Reis Avenue, there is a section of 

Metro tunnel, made of plain concrete. 

The installation of temporary steel structures 

was necessary to contain both buildings. 

Highlighting the retaining structure in the west 

building, the external structure, Figure 2, 

composed by two towers, was needed in order 

to accommodate stress induced by lateral loads 

and compensate deformations in the building. It 

was placed inside the excavation zone and was 

rested over the micropiles capping concrete 

blocks. 

Geotechnical 

Zone
Depth [m] Description E [MPa] ϒ [kN/m3] φ'[º] c' [kPa]

ZG3 0
Landfill deposits - silty sand with scattered 

fragments of varied nature
10 16 26 -

ZG2 3
Silty clay, sometimes sandy, with scatterred 

fragments of varied nature
30 18 31 -

ZG1 7 - 14.5 Calcarenite and Lumachelas 100 20 38 -
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Figure 2 - Right tower of the west building facade 
retention. 

The north facade is a later addition to the 

neighbouring building, which was not in its initial 

design. Its poor construction quality, in very 

fragile stone masonry, confirmed the need for 

reinforcement with the progress of the work, still 

under demolition. The Figure 3 allows to 

compare the exterior aspect of the facade before 

and after its retaining. 

 

Figure 3 - North facade retention under construction. 

It was also needed to move some buried 

services, among other reasons, to ensure that 

their integrity was not compromised by the 

execution of the soil-cement columns and the 

final quality of these elements. 

 

 

 

3.2. Implemented solution 

The solution implemented for peripheral earth 

retaining consists in a flexible retaining structure, 

most often called Berlin wall or Munich wall, 

founded over micropiles and supported by slab 

bands and steel props in the corners [7]. 

This solution was made possible through the 

construction of soil-cement columns in the south 

and east limits, allowing the reduction of soil 

deformability and increasing soil cohesion. 

Due to the poor characteristics of the landfill 

deposits, ZG3, in order to increase mechanical 

characteristics prior to the execution of the 

peripheral retaining structure, was performed a 

soil treatment using soil-cement columns. 

The use of slab bands arises from the need to 

use a non-evasive solution, which at the same 

time was sufficiently rigid to accommodate the 

stresses generated by the ground, allowing very 

small deformations, compatible with the 

sensitivity of neighbouring buildings. These 

support elements allow to keep the excavation 

clear as possible to easy mobility on site, 

reducing the risk of accidents. The corner props, 

applied in the slab bands, increase stiffness of 

these supporting system. 

The soil-cement columns were done using the 

wet technique of Deep Soil Mixing. Initially, it was 

planned to build the columns around the 

excavation perimeter, however, this was not 

necessary as the foundations of neighbouring 

buildings kept the soil sufficiently confined during 

excavation phases. Moreover, the execution of 

these elements on poor quality foundations of 

neighbouring buildings could cause damage and 

compromise the integrity and stability of the 

buildings. 
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3.3. Works follow-up and movements analysis 

In order to ensure security and manage risk the 

movements of the surrounding structures, was 

observed by instrumentation like topographic 

targets, an inclinometer and a piezometer were 

installed. The topographic targets were installed 

in both contiguous buildings facades, north and 

west, in the support structure of the west facade, 

in the tower crane, in the tunnel section, Metro 

rails and in both floors slab bands. 

The north facade registered a tendency to move 

outwards the excavation, reaching a maximum 

of 13 mm on the top, during the majority of the 

execution time, as possible to see in Figure 4. In 

contrast, the west build contiguous, facade 

tended to move towards the excavation, as 

shown in Figure 5, reaching a maximum of 15 

mm on the top. The excavation process began in 

March, when the displacements tendencies 

started to become clear.

 

Figure 4 - Cumulative south-north displacements in the north building contiguous facade. 

 

Figure 5 -Cumulative west-east displacements in the west building contiguous facade. 

Relevant movements were recorded during the 

work on both contiguous facades in its own plan 

and the alert criteria were slightly exceeded. 

In June 2019, the tower crane, close to the point 

C, after a long period in which it was not 

possible, for various reasons, to measure the 

crane's topographic targets, had an advance in 

the settlements and relative horizontal 

displacement of 16 mm in two weeks, with 

change of direction of displacement. Even crane 

movements were visible during the work on site. 

It was then necessary to do a reinforcement as 

in Figures 6. 

The header mass of the tower crane's micropiles 

was completely surface-mounted. The 

micropiles are elements resistant to vertical 
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actions and able to accommodate the moments 

produced by the crane, however, horizontal 

actions were not as efficiently transmitted by 

them to the ground. It is up to the reinforced 

concrete micropiles cap to transmit the 

horizontal actions to the ground, in this case 

through the slip friction between the base and 

the ground. 

 

Figure 6 - Reinforcement of the tower crane foundation. 

The poor characteristics of the surface landfills 

and the soil washing at the base of the cap, due 

to the passage of water used to clean the site, 

the slip friction was lost, so the horizontal actions 

were absorbed by the micropiles. 

With the advance of the excavation, given the 

existence of the west facade retaining structure, 

it was suspended in the foundation micropiles, 

which were connected to the peripheral retaining 

structure with steel profiles, as shown in Figure 

7. 

 

Figure 7 – Limit DE of the excavation with facade 
retaining structure foundation in micropiles. 

In what concerns the Metro tunnel, throughout 

the work, were recorded displacements 

perpendicular to the earth retaining structure 

increasing the distance between the excavation 

and the tunnel. It can be stated that the lateral 

displacements stabilized in the most severe 

section, the one in line with the centre of the 

excavation. In terms of vertical displacements, it 

was observed the tunnel uplifting. 

The Figure 8 illustrates the corner A after the 

execution of the foundation slab. 

 

Figure 8 - End of the excavation works in august 2019. 

Due to the late placement of topographic targets 

in the floor -1 on slab bands, the values recorded 

by them were practically negligible. 

In the alignment DE, the displacements 

registered in the topographic targets tended to 

be towards the excavation. In the alignment AB, 

the topographic targets registered fluctuation in 

the movement, firstly outwards the excavation 

and in July towards the excavation. 

However, the movements of the inclinometer, 

installed in the ground behind the retaining 

structure in alignment AB, indicate that the 

ground moved towards the excavation with the 

maximum value around 5 mm, between 4 and 5 

meters depth. 

The vertical displacement in both alignments is 

discrepant. In the alignment DE it can be 

concluded, observing Figure 9, that occurred an 

uplifting of the retaining structure. On the 

contrary, in the alignment AB, it was registered a 

tendency for settlements, reaching 4 mm (Figure 

10). 

The variations captured by the Casagrande 

piezometer indicated that the phreatic level 

tended to decrease, increasing its distance to the 

excavation bottom. 
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Figure 9 – Cumulative vertical displacement in alignment DE. 

 

Figure 10 – Cumulative vertical displacement in alignment AB.

3.4. Solution modelling 

Plaxis 2D is a finite element software, which is 

widely used for geotechnical purposes. It can 

represent a good approximation of the real 

behaviour of geotechnical structures, allowing 

the soil-structure interaction analysis. 

The earth retaining structure of the alignment DE 

and AB was simulated, based on the design 

assumptions for the soil mechanical parameters, 

and using the Hardening Soil model. The 

construction sequences for the calculation were 

defined based on the procedures adopted by the 

contractor. 

Some similarities can be observed in the 

distribution of both deformed meshes (Figures 

11 and 12), with movement towards the 

excavation. According to the Figures 13 and 14, 

the maximum horizontal displacement in 

alignment AB was at the level of floor -1, where 

the slab band was installed and behind the wall 

the soil settles, on the contrary to the excavation 

bottom that uplifts. The maximum values 

reached were around 8 mm. Similar movements 

were verified in Figures 15 and 16 for alignment 

DE. The difference is in maximum values for 

settlement and horizontal displacement, around 

12 mm. 

 

Figure 11 - Alignment AB final deformed mesh. 

 

Figure 12 - Alignment DE final deformed mesh. 
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Figure 13 - Horizontal displacement at alignment AB. 

 

Figure 14 - Vertical displacement at alignment AB. 

 

Figure 15 - Horizontal displacement at alignment DE. 

 

Figure 16 - Vertical displacement at alignment DE. 

The influence of the excavation on the Metro 

tunnel is negligible. 

It should be noted that, according to [8], there 

have been considerably higher uplifting values 

predicted by Plaxis 2D, than the real recorded. 

As a result, the settlements behind the retaining 

structure are of greater importance in these 

models. 

 

3.4. Interpretation and comparison of results 

First of all, it should be noted that the order of 

magnitude of the cumulative movements 

measured on both the slab band topographic 

targets and the inclinometer are very small, 

below the centimetre. 

From the instrumentation data, it is possible to 

affirm that there was a generalized uplifting of 

the excavation. 

The reason behind the settlements recorded in 

the AB alignment, in contrast to the DE 

alignment uplifting, is the loading of the 

micropiles with the execution of the reinforced 

concrete panels of the retaining wall. 

It is plausible to assume that the foundation 

micropiles of the facade retaining structure, 

connected by steel profiles to the DE alignment 

slab bands, contributed to accommodate the 

vertical loads of the reinforced concrete panels 

of this alignment. Moreover, the fact that the 

peripheral wall in the DE alignment moved 

towards the excavation, although it is expected 

that the uplifting would cause the outward 

movement of the peripheral retaining structure, it 

can also be explained by the connection of these 

two structures. To corroborate this hypothesis, 

the topographic targets installed in the facade 

retaining structure, which function is passive, 

registered settlements throughout the structure. 

The settlements verified in the alignment AB 

were reduced because of the uplifting 

compensation. 
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The horizontal and vertical displacements 

caused by excavations spread like waves and hit 

the surrounding structures progressively as the 

construction advances [9]. These waves of 

deformation develop outside of the excavation 

and have a range that can change from 2 to 4 

times its depth, depending on the ground and the 

quality of execution [10]. 

Thus, although the uplifting at the bottom of the 

excavation is not normally directly monitored, 

this phenomenon may have late consequences 

of the retaining structure. Metro tunnel 

movements can be explained as a stress 

relieving effect that has spread to the ground 

near this neighbouring structure. 

The movements of the inclinometer make sense 

from the execution point of view, since the 

excavation of a portion of the vertical wall causes 

relief of soil stresses before concreting that same 

section, even with the presence of the soil-

cement columns. This is consistent with the 

results of the AB alignment model where, 

although the maximum strain reached is twice 

the value measured by the inclinometer, the 

uplifting is not of the same magnitude and 

widespread influence. 

In the DE alignment, behind the retaining 

structure the settlements of the retaining 

structure did not actually happened, as the west 

contiguous structure experienced upward 

vertical movements, similar to the peripheral 

retaining structure. In this alignment, what was 

verified both in reality and in the model, was the 

displacement tending towards the excavation. 

The DE alignment model is less close to reality 

when compared to the AB alignment model, 

since the second one does not consider neither 

the contribution of the facade retaining structure, 

nor the existence of the west building itself. It is 

once again noted that the movements of this 

alignment were actually influenced by the 

presence of the contiguous facade retaining 

structure. The final result of the movements 

observed through the topographic targets and 

inclinometer is shown schematically without 

being scaled in Figure 17. 

 

Figure 17 - Explanatory drawing of movements on site. 

 

4. Alternative Solutions 

Among the most common techniques for 

peripheral retaining structures, where flexible 

support structures are used, the Berlin walls, 

diaphragm walls and bored piles curtains stand 

out. These techniques have different 

applicability, cost and construction processes. 

Berlin walls, temporary or permanent, represent 

a technique with higher risk because it is 

performed at the same time as the excavation, 

and the ground is subject to some 

decompression that could lead to ground 

movements. However, applying to this case 

study compared to the other two techniques, the 

definitive Berlin wall is the only viable one to 

apply. The integration of the retaining structure 

into the final building, including designing the 

piles for the full loads of the new building, saves 

time and costs. 

Diaphragm walls and piles curtains represent 

less risk, once the retaining is executed before 

excavation. However, the unfeasibility of these 

techniques is due immediately to the equipment 

size. In contrast to the small size of the 

micropiling machines, the bored piles and 
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diaphragm wall machines would not fit into the 

small excavation area. 

In what concerns the soil characteristics, the pile 

curtain is the most versatile solution. Unlike the 

pile curtain, diaphragm walls are not a suitable 

solution for heterogeneous and stiff ground. 

Given the poor surface characteristics of the 

ground, the Berlin wall is not a viable solution 

without previous soil improvement, since 

decompression on the ground can cause 

damage to the roads and, in particular, to the 

Metro tunnel, which is very sensitive. 

As an alternative to deep soil mixing, a technique 

with increasing use and great development in 

recent years, jet grouting, could have been 

performed. 

Although jet grouting is a more efficient 

technique in sandy soils, with easier 

disintegration of sands and gravel and greater 

difficulty in very plastic clays, this technique can 

be applied to a very broad spectrum of soils [11]. 

The equipment used in the jet grouting is very 

small, making it possible to work in very small 

spaces, although the area required for this 

technique yard needs space and costs. Even so, 

DSM can be performed with the same machine 

as the Berlin wall micropiles, allowing reduced 

costs without the possibility of equipment 

unavailability. 

 

5. Conclusions 

Firstly, is highlighted the importance of following-

up the works on site with regular visits, which are 

fundamental for similar studies. 

It is concluded that given the existing knowledge 

of the subsoil, in the vast majority of current 

works from SPT tests, often without laboratory 

tests, as well as the state of preservation of 

neighbouring buildings, namely their foundation, 

the approximation achieved by the 

computational models, as is the case of the 

model performed in this work, results in different 

displacement values. 

It is also noted the importance of preserving the 

instrumentation installed on site to better monitor 

the site behaviour and that compliance with 

construction processes is fundamental to be 

observed the predicted movements. 

Among other suggestions for future works, it is 

suggested a back-analysis of the final solution in 

order to approximate the results of the model to 

the values of displacements measured on site, 

particularly regarding the geotechnical 

parameters of the different geotechnical zones. 
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