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Abstract: On the present Era its more and more obvious the restraints of surface usage at the 
main European cities.Similar situation happens at Lisbon, a growing city on the spotlight of 
tourism increasingly growth, leading to a significant sqm price raise, making it natural to grow in 
height and depth to reach a more sustainable usage of the grounds. Not only residents grow in 
numbers, but also the mobility associated, growing also the number of cars, and the proportion 
of need for parking, for visitors and residents.As a solution to this reality the construction of 
underground parking has become a natural choice offering less costs and a sustainable 
management of urban and construction occupation.Directly related to the infrastructure are the 
retaining walls and excavations that have a very important role at the geotechnical knowledge 
that studies the ground and the earth pressures applied to the flexible structure.This thesis aims 
to study the behavior of the flexible structure correspondent to the retaining wall solution at the 
“Sete Rios” parking lot.These types of buildings are always a challenge for the designer / 
constructor due to the diversity of conditionings: neighboring constructions, and at the present 
example infrastructures such as bus or subway’s channels of Lisbon. The construction site was 
monitored weekly in order to assure a practical point of view of the event. The instrumentation 
and observation plan authored by the company Motaengil. A finite element numerical modeling 
was performed in the 2D plaxis software, in order to to estimate the earth retaining structure 
performance and then to compare with the real results obtained during the monitoring phase. By 
analyzing the results, a back analyzes was made in order to obtain the comparison between the 
theoretic displacements as close as possible to those verified at the construction site. Finally, the 
built solution obtained was compared with two other alternative solutions in order to ascertain the 
most adequate to this particularly case of study. Adding value to this study an economic study 
was also performed. 
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1 Introduction 

1.1 General Information 

The present paper presents a case study of the construction of one subterranean car parking in 

Sete Rios with three underground floors, 2 access ramps. The containment structure was a 

curtain of molded piles and it is approximately 14 meters deep, complemented by a Berlin wall 

structure that does not take part on the structural method. 

Like all the construction work in urban centers the neighborhood conditions are conditioned by 

structures of a high importance. The main neighbor structures are the zoo building, the Lisbon 

metro station and the viaduct above Avenida das Forças Armadas. 
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When analyzing the information provided by the pump sample, it was possible to trace two 

geotechnical profiles of the intervened area. The profile presents four layers of intervening. The 

superficial layer is composed by embankments, about two meters deep, followed by a layer 

constituted by an alluvium. In the end, there are two identical layers with similar mechanical 

parameters that were compiled in one layer during the thesis, “formação Benfica”. Each layer 

presents technical features presented in Table 1. [2] 

 

Table 1- Technical features of the soils (Geocontrole,2016) 

 

2. Construction site 

The on-site attendance allows the possibility to observe closely the adversities felt during the 

execution of the work in quotidian. The car parking site were visited weekly since the beginning 

of the work until the conclusion of the critical phase of the structure. The adopted solution is a 

retaining wall characterized as flexible structure and it has a maximum extension of ninety meters 

in section ID and an average depth of thirteen meters. The studied section was chosen because 

it was considered the most unfavorable for the study, due to several factors: length of the curtain 

of piles, overload at the backside of the structure and finally the mechanical parameters of the 

soils. [2] 

The first version of the design project was predicted two levels of anchorages which was not 

performed since the terrain showed better conditions than expected. (Mota-Engil, 2016) The 

dimensions of the molded piles are 0,60 meters spaced between one meter and it was been 

reinforced with steel. As previously mentioned, the Berlin wall was not included in the structure 

modeling. 

The geotechnical instrumentation and monitoring plan is a fundamental tool for these type of 

construction. Therefore, it is possible to guarantee safety during the construction phase, allowing 

the construction process to change depending on the obtained results. Firstly, inclinometers and 

piezometers were installed and only after the concreting of the first crown beam, the topographic 

targets were installed. Finally, the load cells were installed in the anchors. [3] 



3 
 

Considering the evolution of the construction site and the excavation phase, it is recommended 

that the readings were made with a weekly frequency, and depending on the results the frequency 

could be increased. Figure 1 shows in plan the location of the equipment of the instrumentation 

and observation plane. [3] 

 

 

Figure 1 - Geotechnical instrumentation and monitoring plan (JETSJ, 2016) 

3. Modelling 

The modeling of the structure was made by using a finite element program: PLAXIS 2D, version 

8.2 and as explained previously was applied only in section ID. The main objective of the study 

was to compare the efforts and displacements of the program with those that were obtained in 

the site. Subsequently, through a retrospective analysis of the obtained results, other solutions 

were presented. These were more efficient and profitable constructive solutions, and it was also 

serving as a calibration to the method used. [6] 

As the section ID has a structure with a significant length, about 90 linear meters, a diaphragm 

model of deformation was assumed. The analysis was performed in a perpendicular section to 

the extension of the structure, considering the mechanical characteristics defined by linear meter 

and uniform along its length. The finite element mesh that was defined was 15 knots with 

triangular geometry.m The boundary conditions of the model were considered to be laterally 

movable, with only vertical displacements permitted. As to the base of the model, it was 

considered a fixed support, which does not allow displacements in any direction. Once the 

boundary conditions and the mesh were defined, the next step was to characterize the geological 

scenario. The figure 2 demonstrates geometry model.  

 

Figure 2 - Geological Scenario 

Surcharge – Av. Forças Amadas 

Embankment 

Alluvium 

Formação Benfica 
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3.1 Materials definition 

The characterization of the materials begins with the definition of the model that constitutes the 

soil itself. It was considered Hardening Soil behaviour. The Hardenind Soil allows a representation 

of soil behaviour that is closer to reality, especially in relation to the simulation of discharge and 

recharge cycles imposed by the many stages of excavation and pre-stressing of anchors [5]. 

Table 2 presents the characterization of the interfaces of the study model. 

Table 2 – Geotechnical parameters 

Model parameters 

Hardening Soil 

Geotecnical Scenario 

Embankment Alluvium Compact clayed sands  
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3.2 Structural definition 

In this chapter the technical features of the structural elements were define in the software 

program PLAXIS 2D. Once longitudinal beams are longitudinal structural elements, it was not 

considered in the modeling. Although these elements contribute to the overall rigidity of the 

system, in the present project its inertia is not significant. 

3.3 Pile Curtain 

The characterization of the structure is based essentially on the characterization of the pile. The 

section of the pile has diameter with 600 mm and its characteristics are as follows: 

-.#�$ / #))(!00 &!" �! !" → �-/� =  9,024 × 10: 	
/� 

;!(*#(< / #))(!00 &!" �! !" → �'/� =  2,0357 × 10� 	
��/� 

@!#<ℎ  &!" �! !" → B = 7,05 	
/�/� 

3.4 Ground Anchors 

The modelling of the ground anchors contains a complex problem. As already described, its 

geometry is composed by two elements that concentrate in one single action, both of the 

anchoring head and on the sealing elemental involve important effects in space, which constitute 

a problem when a two-dimensional model is characterized. The software commands used are 
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elements whose behaviour are linear and it has only axial stiffness [5]. The following tables 

present the geometry and characterization of these structural elements. 

Table 3 – Ground Anchor's geometry 

Piles Curtain Ground Anchors 

 Inclination (º) Structural Lenght (m) Sealing Bulb (m) 

1st Level 35 10 7 

 

Table 4 – Ground Anchor’s caracterization 

Piles Curtain Ground Anchors 

 Structural Lenght Sealing Bulb 

 1st Level 1st Level 

�- (	
/�) 1,75 × 10� 7,86 × 10G 

Pútil (kN/m) 186 

 

The distance between anchors is 3.60 m and it has a Pútil = 670 kN. It causes a distributed load 

of Pútil(kN / m) = 186 kN / m. The anchors are provisional character, once when the superstructure 

is completed they will be replaced by the slabs. As such, there was not considered loss load. 

3.5 Introduction of the mesh and calculation phases 

The mesh generation takes in count the position of the points and the geometry of the model so 

the finite element mesh takes the exact position of the structures, loads and layers to be 

excavated. With the initial conditions defined, the calculation phase is followed, where only the 

initial conditions are considered significant for the construction process. There are the followed 

steps by the modelling program. 

Table 5 - Calculation phases 

Main Construction phases 

Phase 0 Repose 

Phase 1 Initial phase 

Phase 2 Piles Curtain and Overload 

Phase 3 1st level excavation 

Phase 4 1st Anchors 

Phase 5 2nd and finale level excavation  

 

At the end of the phases, all conditions are met to perform the calculation of the model. This 

calculation allows to obtain the results of stresses and displacements at any point in the geometry 

and in the different constructive phases. 

3.6 Results 

The results obtained in the modelling are the displacements of the soil, displacements of the 

structure and stresses to which the structure was subjected. Soil and curtain displacements were 
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studied. Since the structure is the main goal of the present paper, the next graphic presents the 

horizontal displacements of the final excavation phase of the construction site, Figure 3. 

 

 

 

After the analysis of the curtain displacements were maid, the stresses were analysed. The 

following graphs represent the evolution of the stresses in the retaining wall structure (pile curtain) 

throughout the construction phases. They present the axial stress and the bending moment, which 

are the most significant in the type of modelling adopted. 

  

3.6.1 Comparation between theoretical and practical results. Displacements and 

prestress 

Through the results obtained from the instrumentation readings, graphs were executed comparing 

the real and theoretical results obtained. The graph presented in Figure 5 shows the comparison 

between the values obtained in the inclinometers referring to the data of the instrumentation and 

the results of the modelling in Plaxis. 

Figure 4 - Axial force and bending moment 

Figure 3 - Horizontal displacements of the pile curtain 
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After the horizontal displacements were compared, it was time to compare the prestress data. 

Table 5 shows the comparison of the load cells of the anchors. 

Table 6 - Comparation between the theoretical and pratical prestresses of the anchors 

Prestress load measured in the anchor CC3 at the 

crown beam 

Construction 

phase 

Load equipement C3 

(Crown Beam) 

Po=700 kN 

Plaxis Instrumentation 

Anchors 

prestressed 
670 kN 670 kN 

Finale 

excavation 
720 kN 675 kN 

Concluding the interpretation of the comparison between the instrumentation of the worksite and 

the results obtained in the modelling, it was considered that the modelling is more conservative 

than the real features. So it shows values of displacements higher than the values observed in 

the worksite. As such, a retro analysis was carried out involving a parametric study of the 

mechanical characteristics of the soils and also the calibration of the model. 

4. Back analyses 

A parametric analysis was performed, which in turn required to decide which soil parameters 

should be alternated order to proceed with the calculation model. For this proposed, several 

interactions were made. First altering each soil parameter, to verify its influence, then considering 

the changes simultaneously. The result obtained by the analysis that is most similar with the 

results obtained in the worksite, it was the change of the mechanical resistance parameters of 

the alluvium and the Benfica formation, second and third layer of the model, respectively. Table 

6 and Table 7 present the increased soil parameters and the comparison of the horizontal 

displacements between optimized modelling and measured values in inclinometers. [1] 

 

Figure 5 - Comparation bewteen the real and the modelation results - Horizontal displacements 
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Table 7 – Geotechnical Parameters Optimization 

Model parameters 

Hardening Soil 

Geotecnical Scenario 

Embankment Alluvium Compact clayed sands 
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Table 8 - Maximum horizontal displacement. Plaxis and inclinometer results 

Inclinometer – Displacement measured behind the pile curtain 

Maximum displacement Ux (mm) 

Inclinometer I2 10,25 

Plaxis – Initial modelling  16,24 

Plaxis – Optimization soils parameters modelling 10,56 

 

The following graphics at the Figure 6 presents the comparation between the soils parameters 

optimization and the results of the inclinometers  

 

 

 

Figure 6 - Horizontal displacements. Comparation results. 

4.1 Alternative solutions 

This chapter aimed to present alternative solutions to the one initially used. The first alternative 

solution presents the piles curtain solution, but with an increase in spacing between piles and the 

anchors. The second alternative is the execution of CSM walls throughout the enclosure, using 

anchors.  
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The modelling process was the same used by the first solution and the same procedure was 

followed. The results that were obtained are represented in the Figure 7. 

 

 

 

 

 

4.2 Eonomical study and general analyses 

Finally, an economic study was carried out between alternative solutions. Once compared the 

feasibility structure and constructive method it is important to also compare its economic viability. 

The values were obtained by carrying out a study of the cost of each work activity, so the general 

cost per linear meter of construction was obtained. 

Table 9 – Cost study 

Solution Cost 

Executed Solution 1672,97 € / mlp 

1st Solution – Spacement between piles 1,5m 1375,34 € / mlp 

2nd Solution – CSM with anchors 2181,56 € / mlp 

4.3 General analyses 

When carrying out a comparative study between the three solutions presented in Table 9 with two 

comparison patterns, horizontal displacements and cost, it is considered that the SA1 would be a 

viable proposal to execute for the present case study. 

Table 10 - General comparation between different solutions 

 
Maximum horizontal displacement 

(mm) 

Solution cost 

(€/m2) 

Executed solution 16,25 123,92 

SA1 24,79 101,88 

SA2 10,44 161,60 

Figure 7 - Comparation between the alternative solutions of the horizontal 
displacements 
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5. Final Remarks 

The main objective was to contribute to the understanding of the behaviour of flexible retaining 

walls structures in urban areas. The main tool used was the software Plaxis 2D that allowed the 

modelling of the structure and it was possible to obtain reliable results when compared with reality. 

Still within the scope of understanding, the chosen solution refers to the monitoring of the work 

during its execution phase. While witnessing the construction phase, it was possible to verify that 

the technique used, the curtains of moulded piles and anchors, was quick and practical. [6] 

The geotechnical instrumentation and observation plan was very important, since it was the 

results from this plan that allowed the validation of the numerical modelling. It was possible to 

carry out the study, that led to the execution of the retro analysis and search of alternative 

solutions. [4] 

Based on the comparative analysis, it was verified that the soil parameters initially considered 

were very conservative. 

Finally, it was possible to affirm that the use of the calculation program was very effective, since 

the results that were obtained were coherent with the real ones. It is also important to register that 

the constructive method has been respected in an exemplary way.  
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