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ABSTRACT 
The excavation works and the retaining wall solutions arise as a consequence of a growing interest 

and value of the ground and its occupation. Therefore, besides the inbuilt architectural value of the 

building’s façade, the subsoil utilization is also a key variable on the solutions whose aim is the 

maintenance of historical areas and its cultural revitalization. However, its limitations must be known, 

thereby these solutions must be adapted upon the existing conditions so that the safety and the 

budget of the site are not compromised. 

Throughout the present thesis, the flexible earth retaining structures framework will be explored, 

focusing on the case study located at the Avenida António Augusto Aguiar, nr.84, in Lisbon, during its 

excavation and permanent retaining wall structure execution. The site’s monitoring visits allowed the 

analysis of the soil behaviour and its neighbourhood conditions, while the King Post Walls technology, 

braced by ground anchors and slab bands, was executed. 

Thus and considering the non-linear behaviour of the soil, with the finite element software Plaxis 2D 

V8.2, it was possible to model the retaining wall behaviour during the excavation works. The 

numerically obtained results were compared with the displacement values of the site. 

Lastly, a pre-design of an alternative solution was considered, taken into account its cost, compared to 

the executed solution, in order to settle the perks and disadvantages of each. 

Keywords 

Retaining Wall, King Post Walls, Slab Bands, Numerical Modelling 

 
1 Background and scope 
Along the soil’s appreciation in densely populated areas, there’s also been an enhancement of 

solutions that allow the subsoil utilization. Thence, considering Portugal’s geological heterogeneity, 

there are several constructive solutions that can be applied by:  

• Changing the soil properties in order to improve its mechanical properties 

(Substitution/replacement, consolidation, surcharging, densification/compaction). 

• Inserting new elements, active or passive, to guarantee its overall structural stability 

(reinforcement/inclusions), (Brito, 2001).   

These solutions must be chosen by a designer with a set of procedures supported by the Monitoring 

and Survey Plan, keeping in mind a global characterization for a solution that doesn’t compromise the 

economy and the safety of the site. 

Whenever it is not possible to resort to slopes, earth retaining structures allow the execution of vertical 

excavations in urban areas (Guerra, 2012). 



 2 

By definition, King Post Walls, are an earth retaining structure with a small stiffness perpendicular to 

its plane, composed by laminated steel profiles or micropiles, that transmit the vertical loads to the 

competent ground. Its design controls the forces imposed in the soil, within acceptable deformation 

limits, enabling a mechanism of support and foundation. This solution has as an advantage the space 

available, being usually temporarily braced by ground anchors or steel shorings (Brito, 2002). 
 

2 Case study 
This dissertation studies a building located at Avenida António Augusto Aguiar, nr.84, in Lisbon, with 

three basements, during its excavation and permanent retaining wall structure execution. 

 

2.1 Main constraints 

2.1.1 Geotechnical and geological conditions 

Considering both the field and laboraty tests, it was possible to distinguish two geotechnical zones, 

ZG1 and ZG2. Therefore, in ZG1 with a thickness of 3,5 to 3,7 meters, it was detected the presence of 

fill deposits, with reduced geomechanical properties (silty clay made ground). On the other hand, ZG2 

consists of a ground layer designated by “Formação de Benfica” (claysands). 

The following Table 2.1, resumes the direct measurement and correlations of the in situ and laboratory 

tests. 

Table 2.1 – Geotechnical characterization of the ground model. 

Geotechnical 

zone 
Description 

Depth 

[m] 
NSPT k [m/s] 𝜑’ (º) 

𝛾 

[kN/m3] 
c’ [kPa] E’ [MPa] 

ZG1 Fill deposits 3,50 14-31 - 30 18 - 10 

ZG2 Claysands > 9,40 52-60 10-6 -10-5 35 22 25 50 

 

Regarding the groundwater level, measured by piezometers, it was only detected at 8 meters deep. 

Thus, considering the excavation depth and the low permeability, the groundwater table level was not 

taken into account throughout the designing proccess.  

Figure 2.1 – Aerial photograph of the site. Adapted: Google Maps, April 2017. 

Site 
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Slab bands 

Micropiles 

Ground anchors 

2.1.2 Neighbourhood/vicinity conditions 

The building is located in an urban center area in Lisbon, surrounded by centenary buildings. Although 

the solution chosen only affects the building’s implantation area, its influence on the adjacent 

structures must be addressed. Therefore, the itself maintenance of the building’s façade as a 

requirement became a constraint. In the Figure 2.2, along the alignments AD and BD, there’s a 

building with two basements and ten-upper stories and another with one basement and six-upper 

stories, respectively.  

  

 

 

 

Figure 2.2 – First floor design plant. Adapted: 

JetSJ, July 2016. 

Figure 2.3 – AB Alignment cross section. 

Adapted: JetSJ, July 2016. 

Besides the adjacent buildings, there is also the Lisbon Metro proximity represented in Figure 2.3, 

under the Avenida António Augusto Aguiar, as well as the existence of a gravity wall in the alignment 

DC.  

2.2 Executed solution 

With regard to the constraints already exposed, the King Post Walls technology was chosen as an 

earth retaining structure solution, braced by temporary ground anchors and slab bands during the 

excavation stage (Figure 2.4 and 2.5). Taking into account that ZG1 has poor geomechanic 

properties, the ground previously was improved with cement slurry columns, aiming to achieve the 

necessary strength and stiffness. 

 
 

 

 

 

 

      

     

   

Figure 2.4 – Design plant. Adapted: JetSJ, July 

2016. 

Figure 2.5 – Executed solution, June, 2017 
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2.3 Monitoring and Survey Plan 
Several instruments were implemented, in order to measure and monitor both the ground and the 

structures behaviour. 

• Topographic targets, to measure the vertical and horizontal displacements, installed on the 

retaining wall structure and existing façade and inside the Lisbon Metro gallery;  

• Topographic marks, to monitor the settlements and control the superficial displacements in 

Avenida António Augusto Aguiar; 

• Inclinometers to measure the horizontal displacements at the front elevation, AB; 

• Load cells, to measure the ground anchors load; 

• Piezometers to evaluate the pore water pressures and consequently verify the presence of 

water in the site. 

2.3.1 Alert and Alarm Criteria 

The alert and alarm criteria considered at the design stage are resumed in the Table 2.2. 

Table 2.2 - Alert and alarm criteria (JetSJ, 2015). 

 Retaining Wall structure 
Lisbon Metro 

Structure Railways 
Alert criteria [mm] 10 7 3 

Alarm criteria [mm] 20 10 5 

2.3.2 Inclinometers 

The inclinometer I1 was installed according to the Figure 2.6 location, measuring the horizontal 

displacements evolution along depth (Figure 2.7). 

  

Accordingly, the horizontal displacements are more significant in the first meters as a consequence of 

the start of the excavation works at the first level. The slab band (level -1), was executed on the 10th of 

February, which points out indicative correlation between the readings, these values increased until 

Figure 2.6 – Inclinometer I1 location. 

Adapted: Mota-Engil, 2017. 

Figure 2.7 – Accumulated horizontal displacements in 

inclinometer I1. Adapted: Mota-Engil, 2017. 
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the 24th April, with a maximum displacement of 8,1mm (direction A). However, any deviations from the 

alert and alarm criteria defined were revealed. 

2.3.3 Lisbon Metro monitoring 

Throughout the Lisbon Metro line – São Sebastião >> Parque, concerning the area of study, five 

instrumented sections were installed, each one with 3 topographic targets and 2 levelling marks, as 

illustrated at Figure 2.8. 

 

 

 

´ 

The Figure 2.9, shows the instruments’ placement on a typical cross-section of the Lisbon Metro 

gallery. 

  

 

The section 5 was analysed, although the alert and alarm criteria weren’t reached. The readings 

shown values with little significance and were in agreement with the results obtained by the 

topographic targets and inclinometers at the excavation area. 

 

Figure 2.8 – Instrumented sections, topographic targets and levelling marks location and 

identification. Adapted: GeoMonit, 2017. 

 

Figure 2.9 – Instrumented cross-section with the topographic targets and levelling marks location 

and identification. Adapted: GeoMonit, 2017. 
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3 Numerical modelling 

As an attempt to simulate the constructive proccess and the soil non-linear behaviour, a finite element 

software was used, Plaxis 2D V8.2. The Hardening-Soil Model, was the constitutive model chosen and 

since it’s a hardening plasticity model, allows a soil modelling close to reality, with occurrence of 

irreversible strains (plastic strains) before failure, according to its stiffness. 

3.1 Initial conditions 

Since there are no deviation readings in neither of the alignments, the front elevation (alignment AB) is 

the one who possesses more information concerning horizontal displacements. Besides the 

maintenance of the building’s façade itself, its proximity to the Lisbon Subway as a constraint is a 

major key factor that was considered in this analysis. 

Hence, in plane strain, it was possible do define the model geometry on Plaxis. The model’s 

dimensions considered were 50x35 m2, in order to assure that the borders don’t have any influence on 

the results. 

The live load for the neighbour street, Avenida António Augusto Aguiar, was 10 kN/m2, disregarding 

the live load of the building’s façade, since the vertical elements allowed to transfer the load to the 

competent ground. As mentioned, the groundwater level was not taken into account, being bellow the 

excavation level. Thus, the model obtained is represented in the following Figure 3.1. 

 

 

 

 

3.2 Model characterization 

The charactherization of the Hardening-Soil model was made according to the Geological and 

Geothecnical Study, as well as the data collected from the project. The remaining structural materials, 

of the reatining wall, were also characterized. 

Having the geometry and its materials defined and characterized, through the Generate Mesh tool, it 

was possible to create a finite element mesh with a Fine refinement. 

Subsequently, the initial stresses were generated in order to begin the calculation in line with the 

constructive phases defined. 

Figure 3.1 – Model geometry. Adapted: Plaxis 2D. 
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3.3 Results and analysis 

The Figure 3.2, indicates the horizontal displacements taken from the modelling. Thence, the 

maximum horizontal displacement at the top of the retaining wall obtained was 9,6mm into the 

excavation pit side. Although the alert criteria is 10mm, it’s important to stress that  this solution is a 

simplification of what was executed, since the first slab band has a shoring connected to the top 

beam. In addition, the maximum displacemente occurs at ZG1: Fills, with reduced geomechanic 

properties, as stated. As for the Lisbon Metro gallery displacements, they are very small, not reaching 

the alert and alarm criteria of 7mm and 10mm, repectively. 

 

 

 

 

 

 

 

Regarding the retaining wall, its displacements are shown on Figure 3.3. These values are compatible 

with the analysis of the ground behaviour above mentioned. Moreover, the vertical displacements are 

around 5mm. 
 

 

 

 

Figure 3.2 – Horizontal displacements at the final stage. Adapted: Plaxis 2D. 

Figure 3.3 – Retaining wall displacements at the final stage. Adapted: Plaxis 2D. 
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3.4 Results and instrumentation comparison  

Through the interface Curves, the points A,B,C and D were placed along the retaining wall. 

  

 

The point D with a horizontal displacement of 11mm, concerning the top of the retaining wall, acts 

accordingly to the inclinometer readings of 8,1mm.  

The inclinometer displacements, as metioned before, begin to be more significant at the 1st level of 

excavation. This can be seen between the 2nd and 3rd phases in the Figure 3.4. (3rd stage – 

Execution of the 1st level of excavation). Furthermore, these values increase until the 24th April, 

matching the Phase 5 with the execution of the 2nd level slab band. 

Specifically, the following Figure 3.5, represents the displacements evolution through depth of the 

inclinometer on the 24th April and the Phases 5 and 6 resuts of the numerical modelling. 

 
 

 

 

The modelling curve evolution is a consequence of the lack of shoring, behaving like a cantilever. 

Although the results at the top are more conservative, they are quite close to the site real values. 

 

As for the vertical displacements, the topographic targets at the level -1, measured 1mm compared to 

the retaining wall vertical displacement of 5mm at Figure 3.3. Although the alert criteria was not 

reached the numerical results are more conservative, as expected. 

Figure 3.4 – Horizontal displacements throughout the constuctive stages. Adapted: Plaxis 2D. 

Figure 3.5 – Comparative analysis of the horizontal displacements obtained at the site and through 

the numerical model.  
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4 Alternative Solution 

Based on the model and solution issued in the previous chapters, an alternative solution was 

developed and pre-designed. 

A viable alternative solution would be the bracing of the retaining wall through steel trusses that would 

assure the slab bracing continuity. Besides being a lighter approach, it is also an expeditious method. 

However, it has lower stiffness when compared with the slab bands solution, which could lead to 

buckling problems. These steel trusses are temporary, only being required during the excavation 

phase, unlike the slab bands, which can be integrated in the final structure.  

 
 

 

In order to illustrate the construction process, in Figure 4.2 two stages were highlighted. As such, the 

red color represents the new construction/element, whereas the yellow the elements to be 

demolished. As mentioned before, steel trusses are a provisory solution, being deactivated once the 

final structure is built. When the slabs are built, from the bottom to the top, level by level, these 

elements will be removed.  

  

Figure 4.2 – Alignment AB cross section with the steel trusses, along its installation and removal. 

Adapted: JetSJ, July 2016. 

Figure 4.1 – Design plant with steel trusses, Alignment AB. Adapted: JetSJ, July 2016. 
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4.1 Economic Analysis  

In each solution, for the cost estimate, it was only considered elements that can change in each 

alternative. Specifically, works due to concrete slab bands execution and the steel trusses. It is 

important to point out that the alternative solution, as mentioned, is temporary. Thus, in the cost 

estimate it was considered, in each steel truss, the fnal slab execution. 

The solution provided has a lower cost than the alternative solution, since it does not have steel 

profiles. Despite the concrete’s unit price being low, due to not considering reinforcement in the 

cantilever’s slab band, this cost is higher than the provided solution, which considers the bracing 

elements in the final structure. 

However, since the alternative solution is much quicker when compared to the time required to 

achieve the concrete’s design stiffness, and its independence to climatic conditions, the solution with 

the steel trusses could increase the number of work fronts and, consequently, decrease the 

construction time. Therefore, the alternative solution is dependent of the site planning and could lead 

to an earlier conclusion of the works.  
 

5 Final remarks 
The site’s monitoring visits and the provided elements allowed the definition of the site’s constraints, 

as the description of the implemented solution. The Monitoring and Survey Plan was extremely 

important to achieve the defined goals, enabling the analysis and choice of the alignment for 

numerical modelling. 

In order to study the soil behavior, as the retaining wall, a numerical model was developed using the 

software Plaxis 2D. In general, the results obtained were satisfactory, despite some of the 

displacements of the soil and the retaining wall exceeding the alert criteria. Simplifications through the 

modelling process, along with the model characterization, namely in the choice of parameters, justify 

the results. In addition, it is a two-dimensional software, where the behavior of some elements and 

construction phases should be interpreted as an approach. 

Lastly, an alternative solution was developed, considering its advantages and its disadvantages 

through a comparative economic cost-benefit analysis.  
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