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With economic growth, the rehabilitation works have 

been increasing due to the valorization of the soils in the 

urban centers. According to the location, the current 

legislation of the country guarantees benefits in the 

rehabilitation of structures, through the maintenance 

and preservation of the facade. Thus, the need as been 

increasing to scale this type of temporary facade 

containment structures. 

As for the facade containment structure, and to 

perceive its behavior subjected to variable actions, a 

model was developed in the SAP2000 software, in which 

it was tried to approximate the created model to the real 

situation, to understand that displacements would arise 

with the course of the work. 

Finally, we developed the model in Plaxis 2D software, 

simulating the present conditions, to compare the results 

of the model with the data obtained in the monitoring and 

observation plan. So, the parameters of the soil, the 

Berlin type wall and the floor slabs were defined, to 

approximate the real situation to the model. The 

realization of alternatives to the solution applied in the 

work had the objective of perceiving the impact that the 

alteration of certain parameters would provoke in the 

behavior of the containment structure. 

1. INTRODUCTION 

With the development of large urbanizations, the use of 

space emerges as one of the main concerns, which leads to 

interventions with a greater level of detail. The increased 

demand for these spaces originates buildings with a greater 

number of upper floors, which causes the need for spaces 

such as storage rooms and underground parking areas. 

As this excavation work has been made in an urban area, 

and once it is an old building, the main concern is not 

causing damage to neighboring buildings. 

To respect all safety conditions, it was necessary to 

analyze the conditions and movements of the soil, the 

nature and size of the structure, the conditions regarding 

the neighborhood, the existence of groundwater level as 

well as the seismicity and influence of the environment 

(NP - ENV 1997-1, 2010). 

The Monitoring and Observation Plan has the objective 

to ensure safety carrying out the demolition and excavation 

work in the intervention area by analyzing horizontal and 

vertical displacements on the facade of the building as well 

as on the facades of the neighboring buildings. 

Subsequently, the modeling in the software Plaxis 2D 

allowed to compare the results obtained in the program 

with the results in the phase of monitoring the work, and to 

verify if reached values respect the maximum established. 

2. EXCAVATIONS AND PERIPHERAL WALLS 

The peripheral containment structures allow the 

creation of underground spaces, which with the 

valorization of urban spaces allows a better organization 

and profitability of the usage of the soil. The purpose of 

these structures is to withstand the soil pressures caused by 

the soil during the excavation phase and to guarantee the 

safety of all the work to be carried out in the intervention 

area. 

To withstand the pressures of the soil, there is usually a 

use of shoring, which are normally used on opposing or 

inclined faces connected to concrete blocks (Guerra, 2014), 

or through anchorages if the geological conditions of the 

soil are allowed. However, a definitive method can be 

chosen in concrete slab bands, which guarantees the 

stability of the vertical structure as well as the soil 

pressures. The execution of this structure is accomplished 

simultaneously with the excavation of the buried floors and 

is finished at the end of the excavation giving origin to floor 

slabs. 

3. BERLIN TYPE WALLS 

In this containment solution, bore pile machines, or 

piling equipment, are used for the insertion of micropiles 

or steel profiles on the ground. These vertical elements are 

intended to convey the vertical loads to the ground and can 

be embedded in the containment wall or inside the 

excavation. 

About horizontal loads, the construction of the walls is 

performed by panels while the anchors and the shoring are 

being performed. If the excavation zone is in an urban area 

with buried floors on the periphery or near the metropolitan 

area and if it is not possible to carry out anchorages, 

another type of support structure may be chosen, namely 

the execution of slab bands. 
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4. AUXILIARY SUPPORT STRCTURES 

In the excavation of buried floors, the containment walls 

sometimes are not capable to withstand the pressures of 

soil, being necessary to use auxiliary supporting structures 

to guarantee their stability. Shoring, slab bands and anchors 

are examples of horizontal support elements applied that 

have different fields of application and depend on the 

characteristics of the soil. 

Comparing these three elements, it is observed that the 

shoring and the slab bands are elements that are inside the 

excavation area, whereas in the anchorages this is no longer 

verified, since they occupy part of the periphery of the 

intervention zone. The choice of the alternatives mentioned 

above is based on the possibility of occupation of the 

neighboring soil and if it is desired to obtain a containment 

solution of provisional or definitive character. 

To conclude, the two horizontal support elements 

addressed were only the shoring and the slab bands, since 

no design anchors were used. 

5. SLAB BANDS 

Concrete slab bands represent a definitive solution, 

which aim is to avoid displacements in the containment 

wall. Beams are made of reinforced concrete, forming a 

rigid frame along the perimeter of the excavation, leaving 

a central space free to proceed with the excavation. It is a 

definitive method since the bands of slabs are connected to 

the wall of containment, in which its execution occurs from 

the bottom of the excavation and progressively progresses 

to the top, forming the slabs of floor. 

This solution that presents some resemblances to the 

Top-Down method presents several advantages if it is 

possible to be compatible with the architecture design. 

However, in areas with large openings, such as access 

ramps for parking floors and elevator boxes, are not 

profitable to include the slab bands as a final solution. In 

these cases, it is usual to apply a steel truss, which will be 

removed later, and thus, result in a faster and more 

economical solution (Pinto et al., 2008). 

Time, is another great advantage of this method, since 

the fact that the excavation works simultaneously with 

other work activities that makes possible a better 

management of the work to be done. In addition, this 

solution occurs without inducing vibrations on the ground 

or occupying space outside the excavation zone, as in the 

case of anchorages. 

The compatibilization of the architecture and 

excavation design allows the integration of the slab bands 

in the final construction phase, and it is not necessary to 

deactivate or remove previously executed elements. 

6. INFLUENCE OF EXCAVATIONS ON NEIGHBORING 

CONSTRUCTIONS 

In the works of this kind, located in the urban 

environment, a concern appears during the excavation 

phase, because of the age of constructions susceptible to 

displacements, and settlements that can be induced by the 

vibrations or for the compression and decompression of the 

soil. In Eurocode 7 some design requirements are 

necessary to respect the safety conditions in relation to 

neighboring constructions, inspections and measurements 

of the behavior of the neighborhood constructions and 

excessive settlements or damage caused when lowering the 

phreatic level (NP - ENV 1997-1, 2010). 

7. CASE STUDY 

The case of this study is located at numbers 21st and 25th 

of Rua Nova do Loureiro, in Lisbon. It is situated between 

two residential buildings (in the North and in the South) in 

the East by Rua Nova do Loureiro and in the West by a 

public area. Figure 1 shows the location, before the 

intervention, which was initially occupied by a coffee 

factory with an area of 648m². 

The design had the objective to preserve the main 

facade (facing Rua Nova do Loureiro) and demolish the 

structural and non-structural elements, with the objective 

of constructing a building of five floors of dwellings and 

five buried floors in which three are for dwellings and the 

rest for parking. In the patio was implemented a garden 

area. 

For the preservation of the main facade it was 

established that the containment system would be based on 

a horizontal locking to ensure the stability of the wind 

action, minimizing deformations that could give rise to 

anomalies. 

 

FIGURE 1 – SITE LOCATION (GOOGLE, 2017) 

The building itself was divided into three parts, the main 

volume, secondary and annexes. The main volume was 

located with the facade facing Rua Nova do Loureiro, 

consisting of two floors of 206 m² and with higher levels 

of degradation. The constituent walls were of masonry 

plastered and painted and with a roof covered with tile of 

Marseilles supported by wooden beams. The secondary 

volume contained an implantation area of 257m², a right 

foot of 8.30m, metal assemblies lined with fibrocement 

panels also with signs of degradation. The chimney 

composed of brick masonry and metal stairs around it was 

situated in this area and showed some signs of curvature at 
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the upper end and some cracking along its length which the 

major concern was stability. In the third volume, with an 

area of implantation of 177m², were the annexes and 

warehouses that were oriented to the Rua do Século. 

Waste from demolition had to be according legislation, 

respecting the management of construction and demolition 

waste to preserve the environment. 

8. MAIN CONDITIONINGS 

GEOLOGICAL / GEOTECHNICAL CONDITIONING 

For the study of the soil, four continuous rotation 

sampling probes were carried out and fifty-five dynamic 

penetration tests were performed, called standard 

penetration test (SPT).  

The intervention area is in Bairro Alto zone, where it 

takes part of a geological formation zone of Estefânia 

areolas (MEs). The layer is composed of fine sands, clay 

sands, clays and some biocalcarenite banks (Pinto et al., 

2017). Under this layer there is another formation 

composed of clays and marl called Layers of Pleasures 

(MPr). 

After the realization of the prospects it was possible to 

identify five distinct geotechnical zones based on the 

analysis of the samplings collected through the surveys and 

the tests. The evaluation of the geotechnical data was 

obtained through the fifty-five SPT results performed 

along the intervention zone, and according to the 

compactness / consistency classes. With this evaluation it 

was possible to present the geotechnical zones as a function 

of soil formations, 𝑁𝑆𝑃𝑇 intervals, soil bulk density, soil 

non-drained resistance, effective shear strength angle, 

Young’s modulus and soil stress. 

 

DEMOLITION CONDITIONING 

 

One of the constraints of the building was due to its poor 

state of conservation, which led to the removal of the 

elements with the greatest signs of degradation, for safety 

reasons. 

9. MONITORING EXCAVATION WORK 

CONSTRUCTION PHASE 

 

When the work was started, the demolition process had 

already begun with the removal of the fragile elements that 

were inside the intervention area.  

A protection around the building, which was being 

demolished, had to be placed to avoid that materials and 

tools could endanger the security in the execution of the 

demolition works. The scaffolding was placed on the 

facade to facilitate the mobility of the workers, to carry out 

the following work on containment. 

To remove the roof and the building elements that were 

connected to the facade, it was necessary to carry out a 

facade containment system. It was begun by filling the 

facade empty spaces with brickwork so that it was possible 

to apply two layers of reinforced concrete with four 

centimeters each layer and an AQ38 welded mesh inside 

the facade. The square mesh of fifty centimeters of the side 

is fixed to the wall of facade through stainless steel bolts 

with twelve millimeters of diameter. Additionally, the 

concrete spacers were further placed to ensure the 

thickness of four centimeters of the concrete layer. 

ACCESS TO EXCAVATION WORK 

Initially, the access to the intervention area occurred 

through Rua Nova do Loureiro through the gate of the old 

factory, and the access to volume two was accomplished 

through a ramp executed due to the unevenness that existed 

between the two volumes. 

With the access through the main facade, it was possible 

to put the material and necessary equipment for the 

execution of the micropiles, containment of the facade and 

for the excavation works. Later, with the execution of the 

beams of the facade, it was no longer possible to have 

access through the main gate, and an alternative structure 

took place in Largo do Século. This structure contained 

several steps of stairs and allowed the movement of the 

interior of the work to Largo do Século. 

With the placement of the micropiles around the 

perimeter of the intervention site, a concrete beam was 

built to connect all of them. These steel elements have the 

function of transmitting the vertical loads to the ground, 

and present better results in the control of vertical 

displacements if they are located inside the wall. But since 

it is not possible due to the scarcity of space, it is necessary 

to apply resistant elements that connect the steel elements 

to the wall.  

10. MONITORING AND OBSERVATION PLAN 

In this kind of works in the urban environment, the 

Monitoring and observation plan gains high importance, 

due to the existence of displacements and settlements of the 

old neighboring constructions. Thus, with the uncertainty 

of geological or geotechnical conditions, there was a need 

for regular monitoring, to ensure that the demolition 

process would not cause higher displacements than those 

established in the alert and alarm values. 

The Monitoring and observation plan ensured that all 

work on the excavation and peripheral containment of 

buried floors was carried out safely, as well as the behavior 

of neighboring structures during the excavation and 

execution phase 

To control the movements of the facade, in the 

neighboring buildings, in Rua do Século square and in the 

foundations of the crane, metal plates were installed where 

the targets are placed, allowing the device to be read. Very 

briefly, these measurements are carried out using a total 

station that has targets chosen by the technician, outside the 

intervention area to serve as a comparison and definition of 

space. Due to the impossibility of the evaluation of all the 
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topographic targets in an outer zone of the excavation, it 

was necessary to carry out the readings within the 

intervention zone, where the reference values previously 

observed were transposed, since it is not possible to define 

reference values within the excavation zone. 

Based on the geological characteristics of the 

intervention location, and with the type of structures 

involved in the area, it was possible to determine criteria 

that would serve as a warning for an unforeseen 

construction. Table 1 shows the alert and alarm values for 

horizontal and vertical displacements. 

TABLE 1 - ALERT AND ALARM CRITERION 

 
Horizontal 

Displacement 

Vertical 

Displacement 

Alert 

Criterion 
20 mm 15 mm 

Alarm 

Criterion 
30 mm 25 mm 

11. HEALTH AND SAFETY PLAN 

The health and safety plan for the execution of the work 

has the goal to assess foreseeable risks that may occur on 

site, and to define safety techniques and prevention 

standards to avoid the occurrence of workplace accidents 

during the execution of the work process of excavation and 

construction. 

This plan is a basic document that includes a brief 

introduction, descriptive report, characterization of the 

work, actions for risk prevention, monitoring and follow-

up, and a set of annexes that will be elaborated by the 

executing entity. In this contract, the executing entity was 

TECNASOL - Foundations and Geotechnics, S.A. 

12. MODELING THE FACADE CONTAINMENT 

STRUCTURE - SAP2000 

The use of this program was to predict the behavior that 

the facade containment structure would have if an 

alternative solution was not implemented. 

In this chapter it was possible to verify the suffered 

displacements by the steel structure of the facade 

containment. This solution had been adopted, but as 

problems came up, the work, had to be changed. During the 

execution of these vertical steel profiles, they were rotated 

ninety degrees, so the profiles stayed oriented along the 

axis of lowe inertia.  

Initially it was established in the design that the steel 

truss was composed by seven vertical profiles HEB160 and 

by three horizontal profiles UNP120; the material used in 

both profiles was S275 steel. During excavation process, a 

change of materials was suggested to simplify the process. 

Figure 2 shows the model created in software SAP2000. 

 

FIGURE 2- MODEL 

MODEL DEFINITION 

 

To simplify the model, the presence of the masonry wall 

that was between the steel truss was not represented, since 

the masonry structure would follow the movement of the 

metal profiles when they deformed, since they were 

connected to the masonry wall through stainless steel bolts. 

So, to complete the definition of the model, it was 

necessary to quantify the actions that would act on it. Some 

aspects that were not considered relevant to the design of 

the structure were neglected.  

Regarding the permanent actions, the weight of the steel 

profiles was not considered relevant because the masonry 

wall was neglected. 

As for the variable actions, such as: earthquake, 

vibrations, and shocks with equipment, were also neglected 

due the high difficulty in its quantification. 

The action of the wind is related to several aspects such 

as the location and geometry of the structure, which is in 

accordance with the Security and Actions Regulation, 

which, applying a load of 1kN/m² is an approximate value 

that tries to approximate the real situation. 

Figure 3 represents the displacements created by the 

wind action 

 

FIGURE 3 - MODEL DISPLACEMENTS 

As can be seen in Figure 2, the steel structure has two 

HEB180 profiles with a longer length than the others, 

which, subjected to the loads applied, make them the most 

conditioning elements of the structure. Using SAP2000 

software, it was shown the displacements of each point in 

the three directions. 

13. DATA ANALYSIS 

As it was possible to visualize in Table 2, which refers 

to the alert and alarm criteria, it was defined an alert 
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criterion of twenty millimeters in the horizontal direction, 

and an alarm of thirty millimeters in that same direction. 

Observing the values of the displacements at points 

fourteen and seven, which are subjected to a greater 

deformation, it was possible to verify that with the profiles 

improperly placed, the displacements exceeded the alert 

criteria by about ten millimeters, being within the limits of 

the criterion of the alarm. On the other hand, as stipulated 

in the design, the software displayed a deviation of 

eighteen millimeters from the initial position, which was 

within the acceptable values. 

TABLE 2 - JOINTS DISPLACEMENTS OF HIGHER INERTIA 

Displacements 

Joint U1 (mm) U2 (mm) U3 (mm) 

14 0,4 0,2 18,9 

7 0,4 0,2 18,9 

13 0,4 0,2 17,1 

8 0,4 0,2 17,1 

 

TABLE 3 - JOINTS DISPLACEMENTS OF LOWEST INERTIA 

Displacements 

Joint U1 (mm) U2 (mm) U3 (mm) 

14 0,5 0,2 29,4 

7 0,5 0,2 29,4 

13 0,5 0,2 27,1 

8 0,5 0,2 27,1 

14. SAFETY ASSESSMENT 

In the security check of the steel truss, the SAP2000 

software was used to obtain the resulting efforts in the most 

conditioning profile. For the highest stressing steel 

element, were performed the safety checks on bending 

moment, shear stress and compression bending. 

 

Verification of columns against flexural buckling 

𝑁𝐸𝑑 ≤  𝑁𝑏,𝑅𝑑 =  𝜒 .
𝑁𝑅𝑘

𝛾𝑀1

          (1) 

As it was possible to observe, the profiles that are more 

to the left are those that present greater normal effort. 

 Consequently, only the profile compressed, was 

analyzed, and the value of 𝑁𝐸𝑑was withdrawn. In Figure 4 

it is possible to observe this same value. 

 

FIGURE 4 - AXIAL FORCE 

Interaction between axial and shear stresses 

𝑉𝐸𝑑 ≤  0,5 .  𝑉𝑝𝑙,𝑅𝑑 

For the determination of the shear stress, it was done the 

same procedure for the axial force. In the Figure 5 it was 

possible to see the shear stress on the conditioning element 

of the steel truss. 

 

FIGURE 5 - SHEAR FORCES 

 

 

 

Members in bending and axial compression 

 

In the security check for composite bending elements, 

the following two equations (2, 3) need to be checked. 

 
𝑁𝐸𝑑

𝜒𝑦 .
𝑁𝑅𝑘

𝛾𝑀1

+ 𝑘𝑦𝑦 .
𝑀𝑦,𝐸𝑑

𝜒𝐿𝑇 .
𝑀𝑦,𝑅𝑘

𝛾𝑀1

+ 𝑘𝑦𝑧 .
𝑀𝑧,𝐸𝑑

𝑀𝑧,𝑅𝑘

𝛾𝑀1

≤ 1,0         (2) 

𝑁𝐸𝑑

𝜒𝑧 .
𝑁𝑅𝑘

𝛾𝑀1

+ 𝑘𝑧𝑦 .
𝑀𝑦,𝐸𝑑

𝜒𝐿𝑇 .
𝑀𝑦,𝑅𝑘

𝛾𝑀1

+ 𝑘𝑧𝑧 .
𝑀𝑧,𝐸𝑑

𝑀𝑧,𝑅𝑘

𝛾𝑀1

≤ 1,0          (3) 

 

Figure 6 shows the progression of the bending moment 

along the analyzed profile. After this, the equations (3) and 

(4) were calculated. Since the safety check is being made 

to the profile that is oriented according to the lowest inertia, 

the component 𝑀𝑦,𝐸𝑑 will be zero. 
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The two equations are left without the middle part, and 

since some of the parameters had already been calculated 

for verification 1), it was only necessary to calculate the 

interaction factors 𝑘𝑧𝑦 and  𝑘𝑧𝑧 and the calculation value of 

the acting moment and the characteristic value of the 

moment resistant. 

 

FIGURE 6 - BENDING MOMENT 

15. COST ANALYSIS 

With the need to implement a solution, and since the 

steel truss was already embedded in the reinforcement 

beam and the various elements were already welded, it was 

necessary to weld on each HEB180 element another steel 

profile. The element chosen to solve this problem was a 

HEA120, which was welded to the HEB180 web through 

the upper flange and to the steel sheet between the HEB180 

profile and the concrete beam, as shown in Figure 7. 

 

 

FIGURE 7 – REINFORCEMENT OF THE STEEL COLUMNS 

These changes had some implications during the work, 

namely delays in it, since the excavation of the panels was 

expected to begin as soon as the containment of the facade 

was finished, and with the need to reinforce the 

containment structure, it was impossible to continue the 

planned work. Implications not only on deadlines, but also 

in terms of additional costs with material and with skilled 

labor. 

To better understand the additional costs that this 

situation represented, the cost of the steel elements added 

to the containment of the facade was simulated, comparing 

them with the initially anticipated costs, which are 

represented on Table 4. 

TABLE 4 - COST ANALYSIS 

Description HEA120 HEB140 HEB180 

Length (m) 121 23 81 

Price/meter (€) 25 39 57 

Cost (€) 3069 906 4656 

Total (€) 8631 

Reinforcement length (m) 41     

Price/meter (€) 25 
 

  

Cost (€) 1051 
 

  

Total (€) 9682 

Difference (€) 1051 

Increment (%) 12 

16. MODELING - PLAXIS 2D 

In this chapter, it was possible to develop, using the 

program Plaxis 2D, the model of the peripheral 

containment structure realized in the intervention zone. 

With this program it was possible to simulate the soil 

behavior in buried structures, as well as the soil-structure 

interaction, and what was its influence in this model. 

Plaxis 2D is a tool that uses finite elements for a 

nonlinear analysis of deformations and soil stability, thus 

allowing the comparison of real soil behavior. This 

program aims to provide a simple interface, so that a 

practical analysis of the soil is carried out. 

 

HARDENING SOIL MODEL 

This model was adopted for the case under study, since 

it is possible to simulate the behavior of different types of 

soils, and contrary to Mohr-Coulomb model, it considers 

the hardened state of the soil, and is based on a non-linear 

behavior. Another great difference between this model and 

that of Mohr-Coulomb is the ability to model the 

degradation of stiffness with the application of stresses, 

because although they are based by the same parameters, 

the Hardening Soil Model considers that the yield surface 

contracts and expands were depending on the level of 

consolidation. 

17. CHARACTERIZATION OF THE MODEL 

To analyze the behavior of the containment wall, we 

represented one of the most conditioning sections, the 

nascent section that is in Rua Nova do Loureiro, with the 

objective of evaluating the deformations provoked by the 

soil and the states of tension and stability of the retaining 

wall. To represent the model was defined a window of forty 

meters wide and thirty meters high, to be able to visualize 

at a later stage the behavior of the soil in the surrounding 

area of intervention. The mesh was defined through 

triangular elements of fifteen nodes to present results with 
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a greater level of detail. The model is represented in Figure 

8. 

 

 

FIGURE 8 - PLAXIS MODEL 

 

SOIL CHARACTERIZATION 

The study area is divided into five geotechnical zones 

(G1, G2, G3, G4, G5), but only four are represented along 

the soil, since the (G2) is only in the backyard zone. 

The first layer, which corresponds to a sandy soil (G1), 

has been shown to have a thickness of about one and a half 

meters, wherein the following layers have thicknesses of 

about three and fifteen meters, respectively the layers (G3 

and G4) . 

Through the excavation design it was possible to find 

the parameters of the soil, that was the approximated 

results of rotation samples. 

In the case of the R_inter the value of one for all the 

layers was assumed, since the containment wall is 

concreted against the ground, which represents the 

maximum interaction between the ground and structure. 

 

BERLIN TYPE WALL CHARACTERIZATION 

To characterize the concrete wall, it was necessary to 

edit the properties of the Plate element of the Plaxis 2D 

software. For the definition of these properties a Young’s 

modulus of 30GPa was assumed since the material chosen 

was a C30 / 37. After that, the section inertia was defined 

to calculate the axial stiffness (EA) and flexural stiffness 

(EI). With these data, the program itself defines the 

thickness of the wall.  

To conclude, the values of the own weight of the 

containment wall as well as the Poisson coefficient were 

introduced. 

 

 

 

 

SLAB BAND 

In the characterization of the slab band, in the Strut 

model, it was demanded the definition of the axial stiffness 

of the slab band and its spacing. As far as the spacing is 

defined one meter, therefore it will be evaluated by meter 

of length. Related to axial rigidity, its calculation was 

based on the definition of the slab band as a fully restrained 

beam, with the equivalent length of the facade.  

The objective of defining the slab band as being a fully 

restrained beam is to be able to remove the displacement 

halfway, since the axial stiffness is the inverse. The axial 

stiffness of the slab band was calculated through this 

approach, since the software is a two-dimensional program 

and does not match the displacements in the two directions. 

18. CONSTRUCTION PHASES 

In this chapter the steps of the constructive phase of the 

containment wall were simulated in the software Plaxis 2D. 

This process has the objective of simulating the actual 

constructive process at work, defining the stage of 

excavation, construction and execution of slab bands. 

First, it was necessary to generate the finite element 

mesh through the Mesh command. From this tool it is 

possible to define what kind of mesh will be used, from 

Very coarse to Very fine. In this model the Fine mesh was 

used to obtain results as close as possible to the reality 

without the calculation process being too long. 

To start the constructive phase, the first phase, "Initial 

Phase", where the overload of 10kN / m² was applied and 

where the interstitial pressures were generated, began to be 

defined and the Total multipliers option was selected in the 

Parameters section, so that the settlements that occurred 

were only due to the excavation and not of the overhead 

and the water table. 

In the next phase, the Plate element was defined with 

the material of the micropiles along the twenty-one meters 

of depth, and the option was selected the reset 

displacements to zero option to guarantee that the 

settlements were only referring to the excavation. 

Subsequently, the layers in the software referring to 

(G1) and (G3) were "disconnected" to simulate the 

excavation of the soil, up to a depth of three meters. In 

phase 3 the Plate element was activated, assigning the 

material that corresponds to the containment wall. To 

complete this section, the Strut element corresponding to 

the slab band was activated. 

The remaining phases are similar, assigning to the Plate 

element the characteristics of the containment wall, in the 

phase corresponding to the concreting of the panels, but 

keeping this element with the characteristics of the 

micropiles down to the bottom of the excavation. 

19. RESULTS 

With the parameters that were introduced in the 

program, it was expected to have a similarity of values. 
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However, due to an external problem to the dissertation, it 

was necessary to interrupt the excavation and execution of 

the panels of the containment wall, which led to the non-

development of the monitoring and observation data. With 

this, it was decided to compare the results obtained in the 

program, to the estimates in design through a new version 

of the software that allows a greater accuracy in the 

definition of the materials and the constructive processes. 

After defining all the phases, it was possible to "run" the 

program to obtain the results due to the pressures caused 

by the soil and the overload. In Figure 9 the deformed finite 

element mesh was represented. 

 

FIGURE 9 - DEFORMED MODEL 

As it can be seen, the maximum deformation value lies 

between the second and the third slab band, with a value of 

19 mm. 

In Figure 10 it is possible to analyze the geometry of the 

model executed in the design and to verify the differences 

between what was developed in this chapter and the one of 

design. In the design, the two rows of micro-cuttings 

executed to the bottom of the excavation were duly sealed. 

 

FIGURE 10 - DESIGN MODEL 

In Figure 11 it was possible to analyze how the 

horizontal displacements develop along the soil. The 

maximum value of horizontal displacement occurs at about 

ten meters deep with the value of 16.8 mm. This value was 

considered acceptable since it meets the alert and alarm 

criteria stipulated in the design. 

 

FIGURE 11 - MODEL HORIZONTAL DISPLACEMENTS 

 

In Figure 12 the horizontal displacements in the design 

were represented, where displacements were observed in 

the order of 23 mm. The difference of these values could 

be related to the calculation of the slab band stiffness, since 

in the design the geometry of the closed frame of the slab 

band was assumed, whereas in the developed model, as 

already mentioned, it was adopted the model of a fully 

restrained beam. Another reason that may have been the 

cause of these minor differences is because the software 

versions are completely different. 

 

FIGURE 12 - DESIGN DISPLACEMENTS 

 

The maximum value was recorded on the exterior of the 

site, that is, in Rua Nova do Loureiro with a maximum 

value of 18 mm, as shown in Figure 13. This value is 

slightly above the alert criterion for vertical displacements, 

but since it was not possible to represent the sealing bulb 

in the lower part of the wall. It is expected that the 



9 

 

resistance capacity of the ground would not be represented 

to be superior, which leads to smaller settlements. 

 

 

FIGURE 13 - VERTICAL DISPLACEMENTS 

The axial forces that were applied to the containment 

wall occurs about fifteen meters deep, which corresponds 

to the end of the excavation. This value was expected since 

the diagram takes the maximum value at the bottom of the 

excavation. As it is shown in Figure 14, the value of 

591.71kN/m presents some similarities with the value 

calculated in design of 434,7kN/m. It was possible to 

observe the maximum value of the shear force, represented 

in Figure 15, of 148.73kN/m, being the one of design 

88.99kN/m. The difference observed in the diagrams 

presented mainly focuses on the calculation of the stiffness 

of the slab bands, since the soil and retaining wall 

parameters are identical. To complete the analysis of the 

stresses in the containment wall, the evolution of the 

bending moment was shown in Figure 16. This value was 

expected to be greater discrepancy since in the design the 

slab band was modeled in SAP2000 software simulating a 

better approximation to the real model. The maximum 

value is 101.52kNm / m while the design value is 

122.4kNm / m. 

 

FIGURE 14 - AXIAL FORCE 

 

 

FIGURE 15 - SHEAR FORCE 
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FIGURE 16 - BENDING MOMENT 

 

20. ALTERNATIVE SOLUTIONS 

INCREASE SLAB BAND WIDTH 

In this chapter the possibility of reducing the horizontal 

displacements caused by the ground in the containment 

wall was studied, since the design forecast is slightly above 

the alert criterion. With the impossibility of anchoring in 

the North, South and West sides, only the implementation 

of this alternative in the Nascent side was not justified.  

However, if there was an increase in the width of the 

slab band, it would lead to an increase in its stiffness which 

in turn would decrease the displacements caused by the 

soil. 

As shown in Figure 17, the maximum result of the 

horizontal displacement was verified to be 15.23 mm, a 

decrease related to the presented model, as expected. 

However, increasing one meter to the slab band to lessen 

about one and a half millimeters of horizontal 

displacements, is not considered an effective solution. 

 

FIGURE 17 - ALTERNATIVE SOLUTIONS DISPLACEMENTS 

21. CONCLUSIONS 

After finishing this work, it should be mentioned that 

the objectives initially proposed were not possible to 

materialize, due to aspects that usually happen in 

excavation process. Due to delays in performing some 

tasks and the need to change the company, it was not 

possible to compare the results of the executed model in 

the software with the monitoring and observation data that 

would correspond to the movements related to the 

containment wall. However, the unforeseen events allowed 

a new direction for of this work, which made possible the 

learning of new software. 

Visits to the intervention site allowed to observe the 

numerous difficulties during the process of demolition, 

excavation and construction related to the necessary 

bureaucracy for the work procedure. It was possible to 

observe the impact of archeology and the need of soil 

analysis and documentation of all information. 

The error of the execution of the steel profiles for the 

containment of the facade was an unforeseen situation, 

which was possible to execute a model in SAP2000 

software, for a better understanding of the impact that this 

rotation of profiles would represent in terms of 

displacements and safety. 

Regarding the modeling in the software Plaxis 2D, it 

was established the comparison of the results of the 

displacements obtained in the program with the data of the 

monitoring and observation. Since it was not possible, this 

comparison was made with the design results, which led to 

similar results. 
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