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Abstract: The rehabilitation of buildings has been booming due to tourism and private investment. 

Taking into account the fact that the current legislation obliges the maintenance of historical buildings 

facades and that they are often in an advanced state of degradation, it is often chosen to demolish their 

entire interior, creating the need to build temporary structures to contain the facades. 

In addition, the increasing value of surface land, lack of space and mandatory parking area, makes it 

inevitable to make excavations for the construction of basements and consequent need to construct 

earth retaining structures. 

This dissertation aims to study the behavior of retaining walls executed under historical facades, 

maintained through a retaining structure, based on a case study related to the construction of a hotel at 

Avenida Duque de Loulé. 

For the numerical study of the behavior of the peripheral and facade retaining structures, two models 

were developed using Plaxis 2D and SAP2000, which are finite element softwares. In order to 

approximate the model to reality, the monitoring data was used to calibrate the models, namely by 

changing the geotechnical parameters, regarding the retaining wall, and by introducing external actions, 

in the case of the retaining structure. After calibrating the models, a study was made from the behavior 

of these structures and their displacements were analyzed. 
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1. Introduction 

With the current occupation and saturation of the soil in the urban centers, spaces in urban environment 

are becoming almost a rarity and at the same time very costly. The investment in the recovery of pre-

existing assets is mandatory and at the same time it has to be adapted with modernity and comfortable 

accessibility. However, many of these buildings are not able to support the infrastructures of a modern 

building, so it is chosen to demolish its interior, though facades must be retained because of regulatory 

and architect reasons. Consequently, the need arises to construct a temporary retaining structure for 

the facades. In addition, the execution of excavations for the construction of basements, when 

reconstructing a building with historical value is practically inevitable, since it is an asset very 

appreciated by the real estate market.  

Therefore, the technologies for implementing an earth retaining structure, together with the obligation to 

maintain a centennial facade, is an increasingly common practice in urban centers. Consequently, the 

development of studies that witness the behavior of these two types of structures simultaneously is 

convenient, hence promoting the evolution of their knowledge and optimization of this type of works. 
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2. Case study  

The work that served as a case study to this dissertation was the construction of a future hotel located 

at Av. Duque de Loulé, during the phases referring to the construction of the facade retaining structure, 

excavation of the basements and simultaneous construction of the peripheral walls. This study focuses 

on the behavior of the facade and retaining structure during the demolition and excavation phases. 

The lot in question results from the of two buildings, formerly occupied by two distinct urban buildings, 

one of which comprises five upper floors, and the other was already demolished except for a small 

portion of the facade. 

2.1. Conditionings 

Considering the geotechnical nature of this type of works, there is significant uncertainty in the definition 

of geotechnical parameters during the design phase. Therefore, it is crucial to survey neighborhood 

conditions and their operational status, to conduct field trials and to monitor the behavior of the work 

using the monitoring and survey plan. This allows the validation of the criteria assumed in the project, 

or a redefinition of these in a timely manner. As a result, a constant back-analysis of the project is carried 

out during the phase of work based on the observation and behavior of the construction. 

2.2. Geologic and geotechnical scenario 

In order to define the geological scenario, a geotechnical prospecting campaign was carried out by 

"Geocontrole" involving some support jobs, such as: standard penetration test, foundation observation 

wells and permeability test. From the interpretation of the described tests, it was possible to establish 

the existence of three geological zones described on the following table: 

Table 1 – Estimated values of the geotechnical parameters 

Geotechnical 

zone 

Description 
NSPT 

Ø’ 

(º) 

C’ 

(kPa) 

γ 

(kN/m3) 

E’ 

(MPa) 

ZG3 Marly landfills and silts 2 - 20 28 - 18 7 

ZG2 
Marly silts interspersed with very coarse 

sand lenses 
25-60 34 15 19 30 

ZG1 
Marly silts interspersed with very coarse 

sand lenses 
≥60 37 20 20 60 

 

3. Executed solution 

Three types of structures were implemented: the temporary retaining facade structure, its underpinning 

and the earth retaining structure. 

Given the need to maintain the facades, the solution was to build a portal-type steel structure assembled 

before the demolition work. This structure is maintained until the construction of the slabs, which is, 

when the facade is perfectly connected and braced by the new structure of reinforced concrete. 

Consequently, the facade in its provisional stage, ceases to have structural function, to only resisting its 

own weight. The structure itself, consisting of two lattice towers made from HEB laminated steel, 

founded over micropiles. It should be noticed that this structure was assembled on site by the opening 
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of sections on the slabs of the pre-existing building, even before the total demolition of the "core" of the 

building. At each floor, horizontal distribution beams were connected to the facade, constituted by UNP 

metal profiles, arranged on the exterior and interior side of the facade.  

At the base of the facade, the underpinning was performed. This solution consists on the execution of 

two alignments of micropiles, one in the exterior and another in the interior of the building. Therefore, 

the micropiles located inside the building site have a double function: reinforcement of the facades and 

temporary support of the retaining wall. The two alignments of micropiles were secured to the wall to be 

preserved by beams, executed on both sides of the wall and connected through sewing mechanisms, 

consisting of prestressed bars, "Gewi" type. 

Along the perimeter of excavation, where it did not border a building, a curtain of cement grout columns 

was executed. This technique is considered a pre-treatment of the soil and consists of drilling and filling 

the hole with cement grout against gravity. Afterwards, and after the demolition work was completed, as 

the excavation progressed, the retaining wall was executed. This technology consists of the staged top-

down execution of reinforced concrete panels, where the horizontal and vertical stability is ensured by 

ground anchors and micropiles, respectively. 

 

4. Monitoring and Survey plan                             

The purpose of the Monitoring and Survey Plan is to ensure the safety and economical execution of 

excavation work and the construction of retaining structures as well as the analysis of the behavior of 

neighboring structures and infrastructures during the execution of this phase of work [1]. In addition, 

given the uncertainty in the definition of the geological and geotechnical parameters and the risk 

associated with the construction processes, a proactive and systematic control of the building site is 

indispensable, which makes possible the adoption, on real time, of corrective measures and reduces 

risk situations. 

4.1. Results of the monitoring – facade 

The Figure 2 summarizes the analysis of the monitoring reports, seeking to describe the behavior of the 

facade, from the moment the whole interior of the building was demolished until the end of the 

construction of the retaining wall. Figure 1 locates the topographic marks assembled on the facade.  

Fig 1 - Positioning of the topographic marks 
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Fig 2 – Evolution of the horizontal displacements of the facade 

4.2. Results of monitoring - peripheral containment 

As in the previous subchapter, the following figures show the horizontal and vertical displacements of 

the retaining structure. The mark 56 and 65 are located on the top beam and the mark 67 and 66 are 

respectively at the first and second ground anchor levels. 

  

 

Fig 3 – Evolution of the horizontal displacements of the 

retaining wall 

Fig 4– Evolution of the vertical displacements of the 

retaining wall 

5. Solution modeling – Plaxis 2D  

The numerical modeling of a reference section was carried out using the finite element software - Plaxis 

2D, version 8.2, which is a software used for the stability and safety analysis of geotechnical structures. 

The aim of the model is to simulate numerically the mechanical behavior of the soil in relation to the 

adopted solution and its interaction with the structure, in order to better understand the behavior of the 

soil along all the main construction phase.  
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After defining the geometry of the model, the input set has the appearance shown in Fig 5. and from this 

software are extracted displacements of the structure and the soil. 

 

Fig 5 – Model’s geometry in Plaxis 

 

The calculation stages are briefly presented below: 

- Phase 0: Initial phase - automatically generated by the program where the displacements caused by 

the own weight of the ground, overloads and the initial conditions are taken into account. 

- Phase 1: Activation of the overload of 5 kN/m was activated, which intends to simulate the influence 

of the intense road traffic that occurs in that zone. In this phase it was decided to reset the displacements 

to zero, in order not to take into account the effects of the settlements due to the gravitational action.  

- Phase 2: Activation of the cement columns and the foundation micropiles of the containment wall. 

Although these are not in the same plan, this simplification was adopted. It was also decided to represent 

these micropiles at this stage, as they work as an improvement of the soil in that area, as well as a way 

of transmitting the vertical loads to a more competent terrain (ZG2 and ZG1), contributing to the control 

of vertical displacements. 

- Phase 3: First level of excavation corresponding to that required to perform the first wall level. 

- Phase 4: Construction of the first level of the Munich wall level and activation of the respective ground 

anchors.  

- Phase 5: Second excavation, necessary to perform the second level of wall. 

- Phase 6: Construction of the second wall level and activation of the respective ground anchors. 

- Phase 7: Third excavation corresponding to the necessary to realize the foundations. 

- Phase 8: Construction of the footing, foundation beams and activation of the respective micropiles. 

Once the definition of the entire construction phase is completed, the automatic calculation of the model 

is performed, from which it is possible to analyze, at the output interface, the deformation of the structure 

and its stresses, installed on the ground in the different construction phases. These results will be 

presented and analyzed in the next chapter. 

 

ZG3 

ZG2 

ZG1 
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5.1. Modeling results 

As a starting point for the calibration of the soil parameters, those obtained by the geotechnical report, 

were followed. However, a parametric analysis of the soils in question was carried out, which consisted 

on a comparison of the results of the successive models with the current results, registered by the 

monitoring plan. 

In the numerous iterations made, the values obtained by the Plaxis software were adjusted with those 

obtained in the monitoring, mainly through the considerable increase of the Young modulus of the 

different geotechnical zones. 

Figure 6 shows the evolution of horizontal and vertical displacements, from phase 2 to phase 8, which 

description was presented in the previous chapter, of the final iteration and final model. 

 

 
Fig 6 - Evolution of vertical and horizontal displacements along the different construction phases 

It is observed that the fact that the prestress constitutes an imposition of displacement in the opposite 

direction of the earth pressure, combined with the fact that the most superficial layer consists of a landfill 

of low stiffness and consequent bigger earth pressure, which makes the soil more sensitive to the 

application of prestress. In this way, the substantial horizontal displacements in the direction of the 

interior of the excavated mass, verified during the pre-stress of the first level of ground anchors (Stage 

4), are justified. 

Then, as the depth of excavation increases, the pressure of the soil at the end of the wall becomes more 

significant, there being a greater tendency of the displacements into the excavation pit and, 

consequently, the effect of the prestress aforementioned is less noticeable. 

With respect to the vertical displacements, these have a downward direction, which corresponds to a 

wall settlement. The maximum vertical displacement is of 2.94 mm and occurs in the last phase, after 
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the construction of the footings and beams of foundation and is due not only to the own weight of the 

whole structure, but also to the vertical component of the prestress of the ground anchors. 

 

5.2. Comparison between model results and monitoring results 

By simulating the anchored structure assuming a plane state of deformation, approximations are made 

that distance the model from reality. This is because the longitudinal development of this structure is not 

infinite, so the current conditions of support at its ends give rise to stresses in the longitudinal direction, 

which would imply the impossibility of applying a plane state of deformation. [2] 

Secondly, instead of being represented as point supports in the model, the ground anchors are 

represented as a distributed load throughout the development of the work. This implies that the ground 

anchors, instead of inducing a variation of the mechanical characteristics on a single point, induce it 

throughout the development of the field. 

Thirdly, another point that may influence the difference of results relates to the prestress applied at the 

anchor’s first level, because it is too high, causes a large displacement towards the interior of the ground. 

However, the Plaxis software does not take into account the short and long-term loss of prestress, thus 

leading to displacements greater than the current wall. 

Finally, the starting point of the Young modulus of the different geotechnical zones was made based on 

the results of the surveys carried out within the area of implantation of the work. This did not take into 

account the several tens of years of vertical loading to which the soil was subjected to, mainly under the 

facade. This causes an increase in stiffness and contributes to the increase of the Young modulus of 

this first layer. 

It was found that the observed work site displacements were generally very low, which means that, in 

terms of the earth retaining solution, it could have been optimized in order to promote the economy of 

the work without jeopardizing its safety and proper functioning. 

 

6. Solution modeling – SAP2000 

SAP2000 is a finite element software that performs integrated modeling, analysis and design of 

numerous structural engineering problems. It has a very intuitive 3D graphical interface that allows a 

very accurate/precise geometric modeling, without ever losing contact with all the numerical and 

mathematical details. 

A 3D model was designed based on the elevations and plans of the execution project and the various 

site visits. The mechanical characteristics of the various elements of the facade retaining structure were 

taken into account, as well as their acting actions.  

6.1. Materials and acting actions 

Firstly, the properties of the constituent materials of the model, namely masonry, S275 steel and N80 

steel. The masonry of the facade was modeled through a portal equivalent frame, consisting of columns 

and beams, defined by rod elements, susceptible to cut and bending deformation and connected to each 

other by rigid fixation elements. 
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On the one hand, as permanent actions, there is the proper self-weight of the containment structures 

and facades. On the other hand, as variable actions, the wind action, defined by the RSA [3] and the 

imposition displacements in a facade retaining structure caused by the movement of the neighboring 

building were taken into account. These figures are shown in Figures 7 and 8, respectively. 

 

Fig 7 – Wind’s action representation in SAP2000 

(kN/m) 

 

Fig 8 - Displacements imposed by the neighboring 

building on the facade containment structure (mm) 

SAP2000, because it is a program more oriented to the structural behavior, without the geological and 

geotechnical approach, showed that one of its limitations constitutes the modeling of the soil and the 

interaction of this with the structure. In order to overcome this limitation, the surrounding soil was 

modeled through a set of independent springs with a linear elastic behavior, whose stiffness per meter 

corresponds to the multiplication of the Young modulus of the soil with the radius of the micropile. 

In this model, the effect of the earth retaining structure was also recorded by introducing the 

displacements imposed by the monitoring. 

6.2. Modeling results 

Once the characteristics of each material have been defined, the geometry of the structure and the 

actions quantified, the model is run and the deformed of the structure is obtained. It is possible to extract 

numerous information from this program, but taking into account the defined objectives, only the results 

obtained for the displacements of the facade will be analyzed. The results obtained by the model are 

shown in Figure 9. 

 

Fig 9 - Results of the horizontal displacements obtained by the modeling [mm] 

Internal 

External 
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Analyzing the results, it is observed that the horizontal displacements, most of the times, have the 

opposite direction opposite to the excavation pit, that is, towards Av. Duque de Loulé. In addition, there 

is an increase in the displacements on the higher floors and that these are substantially higher in the 

marks 7, 8 and 9, resulting from the displacements imposed by the displacement of the neighboring 

building. Figure 10 appears in an attempt to demonstrate the mode of vibration of the facade and to 

justify the fact that the model has positive and negative shifts in one area of the facade. Therefore, the 

displacements induced by the movement of the neighbor’s building facade cause as if a torque 

movement of the facade around its axis. 

 

Fig 10 - Representative scheme of the facade vibration mode 

6.3. Comparison between model results and monitoring results and considerations 

It was decided to compare the results with a specific day, namely the day in which there were greater 

displacements, both at the facade and at the retaining wall. Moreover, since it is a three-dimensional 

model with an associated vibration mode, in order to obtain a more realistic comparison, the 

displacements of a specific day were compared. 

 

a) 

 

b) 

Fig 11 - Horizontal displacements obtained through a) SAP200 model b) monitoring on July 7, 2016 [mm] 

Observing each vertical alignment of marks, starting with 7, 8 and 9, in both cases an increase of the 

horizontal displacements with the height is verified and the values are of the same order of magnitude. 

In relation to the central alignment of marks 4, 5 and 6, in fact the foreseeable increase of the 

displacements in the upper floors was not verified and a higher displacement in the number 5 mark is 

verified, not predicted by the model. This may be related to a more fragile point of the facade. Concerning 

the last alignment, 1, 2 and 3, this one presents values with greater discrepancy between the model and 

Internal 

External 
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the monitoring. It is concluded that the torque effect over the facade does not occur with such emphasis 

in reality, that is, the model overestimates this effect. 

Additionally, given the fact that there is continuity of the facade on the left side of marks 7, 8 and 9, this 

constitutes in a way a buttress that was chosen not to be represented in the model. Consequently, this 

buttress acts as a reaction structure that "absorbs" the effect of the displacements imposed by the 

movement of the neighbor’s building facade and helps in reducing the aforementioned torsional effect. 

 

7. Final remarks 

Being more and more frequent this type of works in Portugal, geotechnics, assumes a fundamental role 

in the development of technical solutions and technologies that allow to perform excavations, under 

conditions of available space, safety for the neighboring constructions, as well as adverse geotechnical 

conditions. 

The development of this dissertation leads to the conclusion that the geological uncertainty associated 

with the soils and the conditions of the neighboring structures and foundations, requires a constant back-

analysis between the production on site and the design office. As a consequence, the monitoring and 

observation plan is very important in this type of works since, besides validating parameters defined in 

the project, it also allows predicting and anticipating possible problems. In other words, the monitoring 

represents the tool of connection between the real response of the soils and their theoretical behavior. 

According to the displacements measured in topographic marks, it can be concluded that the reduced 

displacements observed in the retaining structure translate soil competence and an earth retaining 

structure solution higher than expected. It was also verified that the value of the Young modulus of the 

soils is a preponderant factor, in the approximation of the model to the actual displacements of the 

monitoring. 

However, it is important to recognize that the results of the solutions studied in the software have an 

associated error level, compared to the real situation that, on the one hand, is related to the limitation of 

the two-dimensional analysis of the program and, on the other, with the parameterization adopted for 

the simulated soils in the model. 
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