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Abstract
Nowadays, mainly in the downtown of the major cities, one can observe an exhaustive occupation
of the soil with housing and service infrastructures caused by exponential population increase.
The people migration from countryside to urban spaces in major cities is motivated by the lack of job
opportunity and professional progress and caused a demand for new spaces in the main cities.
Occupation and saturation of good surface soil for construction, has urged engineers to offer solutions
to build underground. Building underground structures in urban areas requires peripheral walls to
contain the surrounding ground, without causing damage to nearby buildings, so as not to compromise
safety and avoid significant displacements. For this reason it is necessary to comply with the
constructive process and stages, with the support of the constructive and neighboring structures
monitoring and survey. In addition, finding solutions for earth retaining structures, that allowed the
excavation in vertical mode, occupying the smallest possible area was crucial.
In this context, this thesis is centered on a construction work in Lisbon’s downtown, specifically in
Barata Salgueiro Av. . In this work, all the solutions of excavation and peripheral containment necessary
for the execution of 5 basements floors of an habitational building were analyzed. The purpose is to
describe and characterize these solutions by understanding the respective construction processes and
stages, materials and construction equipment required to execute each technique. Of every solutions
involved, particular attention will be paid to the execution of King Post Walls and to the realization of
temporary ground anchors used as support structures.
Keywords: Excavation, Peripheral Earth Retaining Structures, King Post Walls, Micropiles, Ground
Anchors, Instrumentation.
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Introduction

The intense desertification and lack of job
opportunity in countryside regions caused a
strong population migration to seaside cities,
such as Lisbon. In addition, the evolution of
tourism and real estate luxury market in these
areas induced a demand for new construction
areas. Therefore, with good growing soil (for
construction) occupied with housing, services
and local markets, there has been a higher
demand for new spaces, which culminated in
constructing in underground areas.
In city downtowns, the numerous buildings
arranged in an almost continuous fashion
reduces the available area for construction and
therefore offers substantial restrictions to
implementation of new structures in the subsoil.
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To overcome such obstacles, engineers are
often driven to find solutions to contain the
surrounding soil, in order to allow vertical
excavation mode that occupies the smallest
possible area.
This thesis refers to a construction site in
Lisbon’s downtown, in which it was analyzed all
the possible approaches for excavation and
peripheral containment required to build 5
underground floors. The objective of the work
presented herein is to describe and
characterize
those
approaches
by
understanding the respective construction
processes an stages, materials and equipment
required
to
execute
each
technique.
Furthermore, it was
also compared the
construction production phase with its
respective execution project.

As mentioned, in central cities the buildings
are arranged almost continuously. Therefore,
when building in such a crowded location as
Lisbon's downtown, one needs to ensure that
damage to nearby buildings is avoided, so as
not to compromise safety and prevent
significant displacements. In this work there are
also analyzed the displacements that occurred
during the construction work and established an
association with main work stages, highlighting
once more the importance of instrumentation
and observation plan.
Of the several possible retaining approaches
possible, which will be discussed below,
particular attention will be paid to the execution
of King Post Retaining Walls and to the
realization of ground anchors used as support
elements. In Portugal, King Post Walls are often
used, despite the particular conditions of the
working sites and projects. This can lead to
major changes of the construction sequence,
without taking into account the excessive
ground movements during the excavation
process. For this reason, it is necessary to
comply with the constructive process and
stages, while monitoring and assessing the
worksite instrumentation, as well as neighboring
structures, in order to prevent damages on
nearby buildings and incidents with severe
consequences for people and goods.
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horizontal displacements, embedded walls can
be supported by ground anchors, struts, and/or
passive earth pressure. In this type of structure,
we must highlight the King Post Wall, with
prestressed ground anchors and corner steel
struts as support elements, since this was the
solution proposed for the study case.
2.2

Effects of Excavations on Adjacent
Buildings

Excavations work result in ground
movements and soil decompression, which in
turn induce excessive displacements in
adjacent buildings. Such displacements should
be properly estimated and controlled,
particularly when the worksite is located in an
urban area, composed, in large majority, by
building lots. The major consequences that may
influence the behavior of adjacent structures
and services are the following: (i) structural
Failures
(figure
2.1);
(ii)
significant
displacements; (iii) excessive vibration; and (iv)
ground water table layer modification (due to
"piping" effects, figure 2.2).

Peripheral Walls in Urban Areas

Building structures in underground areas
requires peripheral walls to contain the
surrounding ground, which is currently referred
to as an autonomous structure, with the
apparent geometry of a wall designed to resist
earth impulses (since they are not stable on
slope above a certain inclination) (Brito, 2002).
2.1

Figure 2.1 - Excessive vibration effect on
adjacent buildings

Types of Containment Walls

The Eurocode 7 (EC7) admits the existence
of three main types of containment walls,
depending on the interaction soil-structure: (i)
gravity walls, (ii) embedded walls, or (iii)
composite retaining structures, composed of
gravity and embedded walls.
According to EC7, gravity walls are all
structures that use their own weight or
stabilizing masses to withstand the impulses of
the terrain, ensuring that there are no significant
displacements (EC7, 2010).
On other hand, embedded walls are those
structures where the bending capacity plays the
key role in the support of the retained material.
These structures with reduced thickness can be
made of steel, reinforced concrete, or even
wood. Additionally, to prevent excessive
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Figure 2.2 - Differential settlement due to
“piping” effects (ground water table layer
modification)

2.3

King Post Walls

Given its economic advantages and
relatively easy execution, this type of
constructive method has been used in Portugal
ever since the 70’s in both peripheral and
retaining walls. Although there may be some
controversy between King Post Walls,
Temporary Berlin Retaining walls and Soldier
Pile Wall, confusion should not be made, since
the first is permanent, whereas the last two are
temporary.
King Post Wall solution consists in phased
top-down (by levels) execution of reinforced
concrete panels, with the support of ground
anchors and corner steel struts to prevent
excessive horizontal displacements.
In some cases, King Post Walls may be
replaced by
other
retaining structure
techniques, such as diaphragm walls or bored
pile walls, as these induce less soil
decompressions and required shorter execution
periods. However, those solutions require
specialized labour and larger thickness and
working area to execute all the procedures for
each technique, e.g., require considerable
working area to assemble the steel
reinforcement and to the drilling machines
operations.
Therefore, in our case study the King Post
Wall Retaining solution seemed to be the best
approach.
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Excavation´s Support Systems

As mentioned before, excavation support
systems have the purpose to control the
horizontal movements of the containment walls.
There are four main excavation’s supporting
systems used in urban space constructions: (i)
steel struts; (ii) prestressed ground anchors; (iii)
concrete slab band framing at each excavation
level, a more recent support system; and (iv) the
top-down system, which will not be addressed
in this work.
In general, these new solutions have
emerged to replace the traditional solutions,
due to the advantages they present in each
construction situation.
The main difference between these
elements is how they are materialized in the
solution: e.g., the concrete framing and steel
struts are located inside the excavation
perimeter, whereas the prestressed ground
anchors are installed outside the excavation
perimeter.
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3.1

Struts

The use of struts is one of the oldest methods
for excavation support. It is an economic and
simple solution for relatively short execution
period, which can be made of steel, concrete,
reinforced concrete, or even wood.

Figure 3.1 - Using of Steel Struts as support
system at the excavation pit corners

However, the use of struts as a supporting
system in peripheral walls has also significant
limitations. When the excavation area is large, it
is mandatory to use big sections to achieve
larger spans without buckling or bending
problems. Also, these elements can be
damaged during the excavation works by the
circulating equipment’s, which constitutes
another inconvenient (Oliveira, 2012).
Still, there are conditions in which struts
represent a better option compared to
prestressed ground anchors. Namely, this
approach is applied within the excavation
perimeter, so there’s no need to invade the
adjacent underground space and, therefore,
inducing fewer disturbances. Furthermore, if the
firm layer lies deep enough, it will not pay off to
use ground anchors, because of the total length
needed. So, the used struts in peripheral
containment works is essentially at the corners
of the excavation site, as shown in figure 3.1.
3.2

Prestressed Ground Anchors

Prestressed Ground Anchors (figure 3.2) is
one of the most used supporting system in
urban excavations. It presents several
advantages when compared with metallic struts
or slab bands, such as higher versatility, safer
procedure and the fact that it does not produce
constrains within the excavation perimeter,
because it is materialized in the adjacent soil.
Nowadays, ground anchors are used in
almost all types of containment walls and slope
stabilization (Brito, 2001). Their increasing use
may help to justify the fact that they are the

excavation’s support systems presented with
the largest technological evolution.
However, there are some limitations to this
approach. Firstly, they are less economic and
require larger execution periods (comparing
with use of struts). To materialize the solution is
require specific equipment and specialized
labor. Its design is limited by pre-existing
adjacent underground structures, such as
utilities, tunnels or basements. Also, the cement
grout used during injection process can damage
adjacent structures, because of the lack of
geological knowledge or control (excessive
pressures).

The basic elements that supported the
development of this solution were provided by
the owner, in particular:
- Geological and geotechnical study, developed
by the company “TEIXEIRA DUARTE”,
February 2008;
- Hydrogeological analysis, developed by the
company “TEIXEIRA DUARTE”, in May 2010;
- Project of structures and foundations,
developed by the company “JSJ”, June 2016;
- Architecture project, developed by the
company ”ADOC”, June 2016;
- Project of Excavation and Peripheral Earth
Retaining Walls, developed by “JetSJ” in
August 2016.
Please note that the last project listed
(Project of excavation and peripheral earth
retaining walls) is central for the proposal study
and analysis.
4.2
4.2.1

Figure 3.2 - Prestressed Temporary Ground
Anchor
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Case
Study:
Salgueiro, 29

4.1

Rua

Barata

General Framework

The case-study presented in this text
concerns the excavation and peripheral
contention for implementation of 5 underground
floors of an habitational building located in Rua
Barata Salgueiro 29, Lisbon, Portugal, as well
as the main neighbor streets near Avenida da
Liberdade, one of the main avenues in Lisbon
(figure 4.1).

Main Conditions
Constructive Issues

The intervention area, as mentioned, is
located at Barata Salgueiro Street, within a
densely urbanized area of Lisbon. In this street,
there are many services, mostly restaurants, so
the traffic of people and vehicles is continuous
near the work site. For this reason, in addition
to the concrete works and loading of trucks, the
presence of the police authorities was always a
constant in the work site.
As mentioned, being in an urban center, the
works adopted have to take into account the
neighborhood conditions. The surrounding
buildings, shown in figure 4.2, should maintain
their daily activities uninterrupted, so intrusive
solutions should be avoided.
Adjacent buildings 2, 3 and 4 did not have
underground basements, however, the building
1, had one basement and its foundation was
approximately 4.0 m below ground level floor.

Figure 4.2 - Surrounding area
Figure 4.1 - Site location (case study), in one of
the most busiest areas of Lisbon.
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4.2.2

Geological
Issues

and

Hydrogeological

In June 2008, the company “TEIXEIRA
DUARTE” made a geological study, in order to
evaluate the soil mechanical behavior. The
study developed included drilling of 3
mechanical boreholes with SPT tests (S1, S2
and S3) with continuous recovery of samples;
lab tests on the recovered samples, including
permeability test, and Installation of 1
piezometers in 1 borehole.
From the interpretation of the described field
tests and knowledge of the geological scenario
in the area, it was possible to establish the
existence of four geological zones, which were
formed by (figure 4.3):
1. Layer C1: (surface fill layer), constituted
by clay-sands with an abundance of masonry
and rock fragments, with a depth between 7
and 9,5 meters.
2. Layer C2A: composed of greenish and
yellowish grey marled clays with a variable
depth between 1,5 and 2,5 meters.
3. Layer C2B: heterogenic layer composed
of an layer with greenish grey marled clays and
yellowish marls with sparse intercalation of hard
yellowish limestones with marls.
4. Layer C3: composed of hard greyish
brown decomposed basalts.

Figure 4.3 - Geological Profile C-C’ (TEIXEIRA
DUARTE ENGENHARIA E CONSTRUÇÕES,
2010)

A geotechnical zoning was made based on
the
described
stratigraphy,
with
the
geotechnical parameters described in table 1.
With these results, the initial solution of the
excavation and peripheral earth containing
walls was proposed.
Based on the analysis and interpretation of
the results obtained in the exploration work
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carried out, as well as the observations made
during the surface survey and considering the
geotechnical zoning elaborated, it was
observed that the existing formations did not
constitute an obstacle to excavation, just as
long they were carried out under a peripheral
containment project.
Table 1 - Geotechnical parameters for each zone
(adapted from Tomásio, Pinto, & Gomes, 2016)
Zone

NSPT

g
[kN/m3]

F’
[-]

c’
[kPa]

E
[MPa]

C1

-

18

25

5

10

C2A

20-32

18

25

10

20

C2B

>60

21

30

40

50

C3

>60

21

30

50

80

4.3

Construction Solution

Construction of peripheral walls was made
using the King Post Walls approach (figure 4.4),
since it was considered the most suitable,
taking into account the area conditions, namely
the type of soil crossed by the excavation and
neighboring conditions.
This solution consisted in an phased
execution of reinforced concrete panels from
top to down that could be anchored or braced.
The panels are connected at the top through the
capping beams and provisionally supported by
micropiles that were installed before starting the
excavation stage. These micropiles have the
main function of withstand all the vertical loads,
including the concrete panels own-weight.
As mentioned, in the corners of the
excavation perimeter where less area was
occupied, steel struts (form by HEB profiles),
were the selected solution to support the
retaining wall (figure 4.4) due to their simple
application.
The total excavation had a maximum depth
of 16.0 m and for the reinforced concrete wall,
was adopted a minimum thickness of 0.35
meters (Tomásio et al., 2016). Although this
value exists as a reference, the concreting was
done against the ground and it was not always
easy to guarantee a uniform thickness, during
the phase of excavation of the panel.
During
the
excavation,
when
the
geotechnical zone C1 was transferred to the
geotechnical zone C2A (roughly from the 2nd to
the 3rd level - figure 4.5), the project was
changed and the size of some panels in the AB
elevation was increased. This alteration was
possible, since the geotechnical layer
presented the characteristics of sufficient
resistance to allow the execution of panels with
larger dimension

B
A

C

D

Figure 4.4 - Construction Solution: one can observe King Post Retaining Walls surrounding the
excavation perimeter, as well as steel struts placed at the corner of excavation pit, micropiles and ground
anchors along the retaining wall.

As mentioned, this wall is composed by
reinforced concrete panels, temporarily
supported by micropiles and also anchored and
braced by corner struts. In a definitive phase,
the underground slabs replaced these elements
in their support function of the retaining wall.
To achieve better characteristics, there was
a pre-treatment of the surface layer (C1),
approximately in first and second containment
levels, with an cement columns curtain (figure
4.5 and figure 4.6), in order to make them stiffer,
gaining better mechanical characteristics and
smaller permeability than the natural nontreated soil.
Generally, this technique consists in two
main phases. The first stage is to drill the
boreholes. The second and last phase refers to
cement grout filling from bottom to top, without
pressure. We call can this stage like grouting
phase.
The cement columns were performed very
closely to each other, at 0,3m intervals, thus
forming a “wall of cement” in the excavation
perimeter. Such technique minimizes the soil
decompression associated with the opening of
King Post panels construction process,
enabling a better control of deformations during
this works.
From the several types of deep foundation,
micropiles are usually the most suitable, given
their versatility, reduced size and weight,
easiness of execution and reduced introduction
of vibrations in the ground. The main
constructive phases of this element are similar
to execution of cement grout columns.
However, in order to resist, micropiles
additionally require a N80 steel-tube (API 5A)
Æ139.7 x 9 mm.
Once the micropiles were installed, the
process of injection can begin, which is divided
in two phases. The first phase is called grouting
filling because aims to fill the empty spaces
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created during the drilling and not occupied by
the tubes. The second phase is usually called
the reinjection phase and basically consists on
the injection of cement grout under high
pressure, which forms the bond length. The
reinjection system indicated was repetitive and
selective injection (IRS).
Due to physical incompatibility, some
micropiles were not embedded inside the
concrete walls, but instead installed on outside
of those walls. To perform the connection
between micropiles and retaining walls and
transfer the loads, the solution taken was using
an element form by welded UNP profiles.

Figure 4.5 - DA view, cross section. One can
observe some solutions adopted in present case
study

All the panels were executed individually,
starting the work by the local excavation for
opening the panel. Afterwards, panels are
reinforced, shuttered and, finally, concreted. In
order
to
avoid
excessive
ground

decompression, the time delay between the
excavation and concreting of the panels did not
exceed 12 hours.

Figure 4.6 - Micropiles and Cement Columns
Curtain. One can observe a construction worker
welding the first profiles around the micropiles

As mentioned, the several constructive
phases must be complied, starting by placing
the primary panels and respective ground
anchors, then performing the secondary,
tertiary panels and placing the respective steel
struts. The correct phasing indicates that only
the lower panels should be started when the
upper level ground anchors are finished, i.e.,
after the prestressing has been applied.
In this context, it is also important to note that
the construction of the containment wall should
only begin after the execution of the capping
beam has been completed. In some cases, it is
desirable to execute the capping beam along
with the first level containment panels, in order
to increase the production rate.
As revealed, the temporary stability of the
wall was obtained through the ground anchors
and steel corner struts. Usually the primary
panels are anchored panels and the tertiary
panels (also called corner panels) are strutsupported. According to the neighborhood
conditions, the use of temporary ground
anchors as horizontal support elements to the
panels of the AB, BC, CD and DC elevations
was recommended, except for the 1st level of
the CD elevation (figure 4.4 and figure 4.7). As
mentioned, the neighboring building of this
elevation had a basement with reinforced
concrete wall, so the use of ground anchors as
a support element was neither allowed nor
justified.
The use of ground anchors and steel corner
struts to stabilize the retaining wall is the most
commonly used solution in works of this nature
in urban areas, not only because it is the less
expensive, but also because it shows a good
use of space, both in terms of deployment area
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and construction yard. Furthermore, the fact
that there is no ground water table level up to
the level of foundations, which could undermine
this technical approach, is one more argument
to support the adopted earth retaining
technique.

Figure 4.7 - General Layout Plan. One can
observe the ground anchors and steel struts as
excavation support system

The execution process of ground anchors,
can be summarized in the following steps:
drilling, manually insertion, two injection phases
and, finally, the prestressing application, which
is done by an hydraulic jack. Concerning the
ground anchors applied in our case study, the
injection system used was the global unity
injection (IGU), although the one initially
planned was IRS. IGU system involves one
single injection of the cement grout into the nonreturn valves of the injection tubes.
In the ground anchors of the case study, the
injection system (for bond length) initially
planned in the project would be the IRS, but the
system effectively used was the IGU. This
system involves the injection of the cement
grout in one stop through the non-return valves
in the injection tubes.
The ground anchors adopted consisted of 5
strands of 0.6" and resistant to a maximum
blocking load of 780 kN and a net prestress of
600 kN. They had a mean plant spacing of
about 3.0 m, variable slopes and lengths, and a
bond length of at least 7.0 m. In figure 3.2 one
can observe a ground anchor in final stage.
The equipment used in the excavation works
was the ordinary equipment used in all the
common excavations (CATERPILLARs model
325CL). Initially, only one equipment was
required on site. At a later stage, when service
access to the excavation was already too steep,
support equipment was required to allow the
work to be carried out in safe conditions. The
first equipment operated at deeper levels,
whereas the support equipment was used at level
0, with the objective of carrying soils from bottom
excavation levels into trucks at the ground level.

Figure 4.8 – Micropiles, corner struts, temporary
ground anchors and King Post Walls

4.4

Work Monitoring and Assessment

The visits to the working site were carried out
with the objective of monitoring the evolution of
the work on the various fronts and tasks. This
aspect was of extreme importance to observe
the project progression and for a better
understanding of the constructive techniques
used both in excavation and peripheral
containment.
4.4.1

Instrumentation and Observation
Plan

The instrumentation and observation plan is
a crucial tool in the execution of geotechnical
structures and its main objective is the
implementation of all excavation and peripheral
containment work in safe and efficient
conditions, while at the best economical rates.
Topographic targets were used to measure
vertical and horizontal displacements of the
capping beam, containment wall panels and
neighboring buildings. There were a total of 36
readings until September 1st, 2017, since the
topographic targets were zeroed on October
21st, 2016. The targets that deserved more
attention
by
the
instrumentation
and
observation plan were the targets installed in
the back façade of the two neighboring
buildings adjacent to the site in the BC and CD
elevations.
No abnormal movements were observed
during the execution of the work, and for this
reason the number of targets used was lower
than the number
proposed by
the
instrumentation and observation plan in the
design phase. In long term, negative vertical
displacements were observed in the 4 targets of
neighboring building back façades analyzed
(figure 4.2). These displacements never
reached the values defined as alert and alarm
criteria, and therefore no reinforcement
measures were necessary. It should be noted
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that these displacements always coincided with
the execution of excavation works next to the
respective elevation.
Inclinometers are devices that allow the
measurement of horizontal displacements in
depth. These are installed in order to control the
deformations in the structure and in the soils
where they are inserted. Both inclinometer and
piezometer were installed near the entrance of
the construction site, in the AD elevation. For
this reason, the readings could sometimes be
affected by trucks entry or exit for land
movements, for loading or for unloading
working materials.
In the reading of January 23, a fairly high
displacement was observed at the top of the
inclinometer in the first 2.0 m, which coincided
both with the opening of the primary panel in this
zone and with a period of heavy rainfall.
However, in the following reading, on January
30, the movement was already stabilized.
During the following readings this movement
was in fact stabilized, not evidencing any
problems for the construction work. In Figure
4.9 it is possible to note the evolution of this
displacement.
Campaign
until 23 Jan

Campaign
until 1 Mar

Figure 4.9 - Horizontal displacements at the
inclinometer. One can observe the reading of
January 23, with a fairly high displacement

No abnormal displacements were recorded
in relation to the predictions made by the project
team. Thus, we consider that the solutions
executed fulfilled all the assumptions adopted in
the excavation and peripheral containment
project. For that reason, one can assume that
no additional reinforcement measures were
necessary. All solutions showed satisfactory
performance during all the construction phases
as well as at the final stage of excavation, during
the construction of ground floors.

4.5

Analyses of Performed Works

In a first approach, we consider that the
choice and design of the technologies
integrating the general solution in working
constructions such as those of this Case Study
were the most adequate. Based on the
observations made, one can conclude that the
King Post Wall approach was the best earth
retaining option for such excavation, with that
area and in that location. This technique,
despite being a time-consuming process, allows
better rates of profitability and use of space, not
requiring large needs in terms of construction
yard area. The possibility to perform excavation
works simultaneously, as well as the reduced
execution cost when compared to other
techniques, allowed us to classify this approach
as the most suitable solution for this work.
Another important solution to guarantee the
safety conditions during the course of the
excavation work was the retaining wall support
system, which consisted of ground anchors and
corner steel struts. It was possible to use this
form of containment, since there were neither
legal nor technical impediments, such as
neighboring buildings with basements in the
excavation periphery or the presence of
infrastructure networks, which would have
required different techniques (e.g., slab bands
framing or “Top-Down” technology).
The ground anchors and steel struts helped
to control the horizontal movements that were
not avoided by the non-locking containment
wall. Indeed, given the earth pressures
transmitted by the ground, King Post Walls does
not ensure equilibrium by itself. Therefore, the
use of this mixed support system seemed to
constitute the best solution for the present case
study.
Despite of the previous statement, it is
worthwhile mentioning that not all the conditions
were verified for the realization of this
technique, because although the ground water
table level did not limit the application of the
containment panels, it was necessary to
perform soil treatment techniques, through
grout columns, in order to control the
decompression generated on the ground during
excavation work. The execution of this type of
technique involves specialized equipment and
personnel, making the final overall solution
more expensive. Nevertheless, this solution
turned out to be an excellent option, since it
allowed greater adaptability in the excavation
works, ensuring greater general cohesion of the
lands during the periods that were unsupported.
By comparing the phasing of the remaining
construction processes depicted in the project
with their respective execution in the working
9

site, we observed no significant changes or
setbacks that altered the work progression. The
only negative aspect that should be referred is
that the application of lower level panels was
done without applying prestress to the upper
level ground anchors. This situation was
observed and perfectly controlled by the
Instrumentation and Observation Plan.
The fact that a period of 6 days is required
between grouting and prestressing implies
stopping the execution of containment panels
during such period, since the application of
lower levels panels should only be started once
the ground anchors of the upper levels are
finished, i.e., after prestressing. As such, in
order to avoid any further delay in the
construction work, the option was made to
perform the ground anchors prior to panel
concreting (figure 4.10).
Has previously mentioned, the anchorage
drilling may be performed prior to the concreting
or even before the panel excavation phase.
same is valid for reinforcement placement and
grouting and it constitutes a deviation from the
standard procedure commonly used to obtain
the best production rates.

Figure 4.10 - In Advance Ground Anchors
execution. Those were drilled before the panel
was casting

The excavation and placement of peripheral
containment walls was a few months behind the
schedule set in the contract. This delay was not
associated with any particular technical event,
but instead it was caused by a set of constraints
that had been occurring during the course of
whole construction phase. For instance, it
should be noted that the lack of a crane and the
presence of only one excavation equipment
during a large part of the work significantly
contributed to the delay observed. The first
element (crane) is essential for the transport of
material (reinforcement, formwork panels,
among others) into the excavation pit to carry
out the work. The non-existence of this element
greatly influences the performance of the work,
as it requires the stopping of the equipment
used to the excavation to transport construction

material. The failure constants observed with
the hydraulic system, the crawler system as well
as the bucket locking system led to significant
delays in the operation of that type of
equipment. The lack of space in the
construction pit can also be identified as a
constraint to the work performance, as well as
the high levels of rainfall that occurred during
the execution of the first levels of excavation.

5

Main Conclusions

5.1

General Conclusions & Final Remarks

The present text is the result of a complex
working process from which there was a
substantial enrichment, both personally and
professionally. This was a unique opportunity to
analyze an Engineering Project for peripheral
containment and excavation, and to assess its
execution at the construction site. Indeed, it was
possible to observe how the technological
approaches were chosen and put in place, not
only from a theoretical perspective, but more
importantly, in practice (production phase).
It was possible to test the adequacy and
feasibility of the previously projected solutions,
but also to assess the most common obstacles
and technical challenges met during the project
execution, which is particularly useful, since this
kind of construction work is increasingly being
more common in Portugal.
In construction works such as the one
studied herein, which occupy a large area in a
central and busy location of a major city (Lisbon
downtown), every conditioning constituted a
real obstacle for project execution.
Logistically, it was a complex work, with
several daily identified risks, foreseen and
prevented to minimize accidents and setbacks.
The difficulty faced when transporting large
equipments to the construction yard, soil
displacements, or daily negative impact on
inhabitants, constitute simple, but real,
examples of the work complexity, concerning its
dimension and location. Nevertheless, enough
flexibility and technical skills were demonstrated
by the engineering team, avoiding major
constraints that might endangered the work
prosecution.
Thus, one can conclude that the main
proposed objectives for this construction work
were achieved. To the best of our knowledge,
the solutions selected for the excavation and
peripheral containments have proven to be
correct and accurate, as the best available and
commonly used technology was put in place.
Having into account the way work was
conducted, it also seems that the companies
10

involved presented the adequate means and
technical resources to deliver the construction
work efficiently. They were also capable to
manage the partnership with the other players,
namely the Owner and the Project Designer, in
a very proficuous manner, so that the work was
able to proceed at a suitable rate, while
ensuring both quality and safety.
5.2

Future Work

In order to complement the developed study,
it is proposed to perform a 2D numerical
modeling of the peripheral containment
approach used. That will allow to compare the
theoretical data with the observed at the
construction
site.
Moreover,
additional
advantage would be obtained by using 3D
software to allow a more reliable model and,
consequently, obtain more accurate results.
It is also suggest an additional detailed
analysis of the construction working plan and
associated tasks, in order to establish a
possible correlation between the predicted work
phasing and the real implementation by the
contractor. In this way, it will be able to add an
economic study through the cost analysis
associated with the construction. This will help
to
identify
specific
points
deserving
improvement and/or optimization, possibly
applicable in future construction works of similar
nature.
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