
INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 

This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 

https://www.issmge.org/publications/online-library 

This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

https://www.issmge.org/publications/online-library


Sotto Mayor Palace - Design and performance of a deep excavation 
Palais Sotto Mayor - Dimensionnement et comportement d’une excavation profonde

A.PintO, S.Ferreira, V.Barros, R.Costa, P.Lopes, & J.Dias -  Tecnasol FGE -  Fundaçôes e Geotecnia S.A., Portugal

ABSTRACT: The aim of this paper is to present the main design and construction criteria considered in the definition of earth retain
ing and underpinning solutions adopted by Tecnasol FGE at the Sotto Mayor Palace deep excavation, as well as their performance 
during the different construction phases. The main purpose of this 150,000m3 excavation, mainly in Lisbon Miocenic soils, was the 
construction of 8 floors below ground level on a 7,600m2 area, keeping in the middle of the site area the historic building of Sotto 
Mayor Palace, with masonry structure and three floors, resting on a 900m2 area.

RÉSUMÉ: L’ objectif de cet article est la présentation des principaux critères de dimensionnement et construction considérés dans la 
définition des solutions de soutènement et renforcement des fondations adoptés par Tecnasol FGE dans 1’ ouvrage d ’ excavation pro
fonde autour du Palais Sotto Mayor et aussi sa performance durant les différentes phases constructives. La plus importante motivation 
de cette excavation de 150,000m1, tenant place surtout dans les sols du Miocenic de Lisbonne, a été la construction de 8 étages au 
desous du sol sur une aire de 7,600m2, avec le bâtiment historique du Palais, de structure en maçonnerie, 3 étages et une aire de 
900m2, restant au centre de l’aire d’ excavation.

1 INTRODUCTION

In the last years the progressive valuation and occupation of Lis
bon central areas, combined with the social pressure to preserve 
historic constructions, has stimulated the development of retain
ing and underpinning solutions, adapted to the uniqueness and 
restraints of each scenario. The Sotto Mayor Palace deep exca
vation is presented in this paper as an example of this situation.

2 MAIN RESTRAINTS

2.1 Architectural and structural restraints

Designed by the Portuguese architect Ezequiel Bandeira, the Pal
ace was built between 1902 and 1906, with french classic style 
and masonry structure (figure 1). In order to face the new proj
ect, which demanded a 25m average high excavation around the 
Palace, as well as the construction of one central gallery bellow 
its structure, the Palace was underpinned internally with micro
piles and externally with contiguous bored piles.

According to the new project the Palace will become an hotel 
and the underground areas will be used mainly for parking and 
shopping purposes.

2.2 Geological restraints

The excavation took place mainly on Lisbon Miocenic soils, 
composed by several layers of clays, being stiffer in depth, sand
stones and limestones. The base of the excavation reached the 
Oligocenic soils (figure 2).

Figure 2. Geological Profile under Palace F.P.Melo Avenue façade.

2.3 Surrounding conditions

The excavation area is located in the center of Lisbon, being sur
rounded by important streets, like F. P. Melo Avenue, and me
dium size buildings, some of them with almost 100 years old 
(figures 12 and 13).

The location of the Lisbon Metro tunnel under the F. P. Melo 
Avenue, standing about 20m above the excavation final level, 
could be considered as a main restraint.

Figure 1. View from the Sotto Mayor Palace at the beginning of the XX111 
century.
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3 ADOPTED SOLUTIONS

3.1 Palace underpinning

Due to the Palace’s 100 years old masonry structure and low 
head room, the internal walls were underpinned with micropiles 
caped by a grillage of prestressed concrete beams (figure 3).

Figure 3. Grillage of prestressed concrete cap beams.

For the load transference scheme, N80 0127x9mm micro
piles, carrying a maximum service load of 600kN, were used. 
The micropiles were caped by prestressed concrete beams, which 
were connected to the masonry walls with pairs of 032mm 
Gewi bars spaced 0,5m (figure 4). The cap beams prestress ca
bles were designed to balance the vertical permanent loads. Half 
of the prestress load was applied before the beginning of the ex
ternal excavation.

The underpinning of external walls was done with contiguous 
bored piles 0800mm spaced 1,0m, connected to the masonry 
walls trough the concrete cap beam. The piles wall was lined

with 6cm of sprayed concrete, reinforced with one steel mesh 
layer. Due to the building geometry and the existence of the in
ternal micropiles, the external piles were braced by 6 levels of 
3m high prestressed concrete ring beams (figures 5 and 6). Those 
beams were cast against the ground and its levels were defined in 
order to coincide with the final slabs levels and thickness 
(0,425m). The beams were supported at the external side by 
HEB200 steel profiles in order to control its deformation.

Figure 6 . View o f the ring beams prestress cables.

The prestress load of the ring beams was designed in order to 
balance the Palace surcharge and earth pressures, leading to 2x 
27 strands prestress cables, corresponding to a prestress equiva
lent load of 130 kN/m. The cables were not grouted in order to 
allow a second tension, if demanded by the analysis of the Pal
ace behavior, done through a wide Monitoring and Survey Plan.

Figure 4. View of several phases o f the internal walls underpinning.
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3. 2 External walls
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The excavation restraints and geometry, 8 to 3 floors below 
ground level corresponding to an overall depth ranging from 27 
to 10m, combined with a tight schedule, 10 months, required the 
adoption of three different earth retaining techniques: 1,0m 
thickness diaphragm wall on F. P. Melo Avenue - hmax=27m 
(figure 8), 0.6m thickness diaphragm wall on Martens Ferrao 
Street - hmax=27m, 00.8m  spaced 1.0m contiguous bored piles 
lined with sprayed concrete on Sousa Martins Street - hmax=23m 
(figure 9) and 0.35m thickness Berlin concrete wall, supported 
by micropiles, on Palmeiras and Andaluz Square - hmax=18m 
(figure 10).

All the retaining structures were supported by 935 temporary 
ground anchors, with a prestress load varying from 1000 to 600 
kN and a total length ranging from 42 to 15m. Reception tests 
were performed on all anchors, 868 simplified with two load- 
unload cycles and 67 detailed with three load-unload cycles, 
complemented by the installation of electric load cells. The F. P. 
Melo Avenue diaphragm wall was designed by TRIEDE.

Figure 8 -  View of F. P. Melo Avenue’s 1,0m thickness diaphragm wall.

Figure 9 -  View of Sousa Martins Street’s contigous bored piles wall 

(0800m m  spaced 1 0m, lined with sprayed concrete).

Figure 7 -  View of the excavation sequence around the Palace.

Figure 10 -  View o f Palmeias and Andaluz Square’s 0.35m thickness 

Berlin concrete wall.
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4 NUMERICAL ANALYSIS

The numerical analysis and design of the several earth retaining 
structures, including all the excavation phases, was performed 
with finite elements models using Plaxis -  V 7.11 software (fig
ure 11). On the design of the ring prestressed beams simple 
beam models were adopted, combined with the FEM reactions.

The type and location of the instruments was chosen in order to 
allow the cross reading of the same value by different instru
ments. Data was collected at least once a week.

6 MAIN QUANTITIES

On table 1 the main quantities adopted on Sotto Mayor Palace 
deep excavation are presented.

Table 1 -  Main quantities.

► Palace Internal Underpinning

Micropiles N80 0127x9mm 62 units 744 meters

Gewi bars 032mm 244 units 960 meters

Prestress on cap beams 851 780 kNm

► Palace External Underpinning

Contiguous Bored Piles 0800mm spaced 1,0m 133 units | 3 417 meters

Prestress on ring beams 10 800 000 kNm

► External Retaining Walls

Diaphragm wall (1,0m thickness) 2 706m2

Diaphragm wall (0,6m thickness) 2 580m2

Contiguous Bored Piles 0800mm spaced 1,0m 54 units 1 296 meters

Temporary ground anchors 935 units 19 431 meters

Figure 11 -  Excavation around the Palace: FEM horiz. displacements.

5 MONITORING AND SURVEY PLAN

The Palace and the retaining structures performance was ana
lysed through a wide Monitoring and Survey Plan, comprising: 
topographic marks (31 levelling marks on surrounding streets 
and buildings and 28 reflective targets on Palace and surround
ing buildings façades, Metro tunnel and retaining structures), 67 
electric load cells on ground anchors, 14 inclinometers inside the 
retaining structures (diaphragm walls, piles and micropiles of the 
Berlin concrete wall) and 4 piezometers.

Figure 12 -  Monitoring and Survey Plan: Sotto Mayor Palace façades.

7 CONCLUSIONS

The Sotto Mayor Palace excavation proved how the range and 
versatility of several retaining and underpinning solutions can fit 
the uniqueness and restraints of a complex scenario. It was also 
proved how important is the rule of the Monitoring and Survey 
Plan in this kind of works, allowing to survey the performance of 
the underpinned, retaining and surrounding structures.

Figure 13 -  View of the excavation around the Palace at the final level.
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