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USA EMBASSY
LISBON

US EMBASSY CHAPEL STRUCTURAL INVESTIGATION
LISBON, PORTUGAL

1. INTRODUCTION

In order to determine the origins for the existing anomalies and damage extension in the chapel
— cracks in load bearing stone masonry walls - and in the gymnasium — roof water leakage,
located in the USA Embassy compound in Lisbon, Portugal, the hereafter tasks have been
developed:

- Geotechnical Investigation;
- Structural survey;

- Roof survey.

This Report describes the followed methodologies, the results of the observations and the
recommendations for remedies.

2. LOCATION. GENERAL DISCRIPTION OF THE BUILDING

The USA Embassy compound in Lisbon, Portugal, is located in Avenida das Forgas Armadas
1600-081, Lisboa.

Figure 1 — Chapel (red contour, west side) and gymnasium (yellow contour, east side)
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The Chapel and the Gymnasium constitute two distinct structural parts of the one story building
(figure 2), located in the highest part of the Embassy compound, in the rear of the main
embassy’s building,

The Chapel is the original construction in mortar stone bearing walls and partial ceiling dome.

The gymnasium is a recent construction (1981) with structure in reinforced concrete (spread
foundations, columns and beams) with a gable wooden roof, coated with red ceramic tiles.

3. ANOMALIES

The detected anomalies are:

CHAPEL, with four types of cracking:
- Cracks at 452 with the horizontal in the Chapel’s west side perimeter bearing walls (fig.
4);
- Vertical cracks in the connection between bearing walls and fence walls (fig. 5 and 6);
- Cracks in external door frame and external doorstep (fig. 7 to 9);
- Cracks in the chapel’s interior between ceiling and wall.

GYMNASIUM
- Water leakage in the south side of the gymnasium’s roof (fig. 10 to 12).

Figure 2 — South view - Chapel and gymn  Figure 3 — South view - Gymnasium.
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CHAPEL

Figure 4 — Chapel west bearing wall — cracks at 452 to the slope side

Figures 5 and 6 — Chapel - North elevation and West elevation — cracks between bearing walls and fence walls
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Figures 7,8 and 9 — South elevation - Chapel main door (centre). Detail 1 and Detail 2 with yellow arrows indicate
open stone joints

Figure 10 — Chapel’s interior.Horizontal crack between wall and ceiling

ESTIPLANO ESTUDOS E PROJECTOS, LDA
Rua Mario Eloy, 5 | Piso 0, Atelier B | 1750-322 Lisboa
T:21754 36 20 | F: 21 754 36 21 | geral@estiplano.pt



@ESTIPLANO

Load bearing wall
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Figure 11 - Pit for foundation inspection
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Figure 12 — South view — gymnasium Figure 13 - Interior- gymnasium
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Figure 14 — Gymnasium — Water leakage in the south side

Gymnasium south wall

Figure 15 — Gymnasium — Pit for foundation inspection south fagade)

3. STRUCTURAL CHARACTERIZATION. RECOMMENDATIONS.

3.1 CHAPEL

In order to determine the probable causes of the cracks, after the site survey, we obtained and

analyzed the restoration project (1980) and realized a geotechnical survey, both annexed to this
report.
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The chapel is the original construction, in mortar stone bearing walls, with a ceiling dome in the
circle plant and a flat ceiling in the rectangular plant. The external roof covering is in clay red
tiles, cover and pan tiles. The foundations were made in local soft limestone and sandy
limestone, sometimes with lime mortar, with low bearing capacity.

The Chapel’s main structure, in stone and mortar perimeter bearing walls, is particularly
sensitive to ground differential settlements or global movements, which are the origin of the
detected cracks. The realized geotechnical prospection revealed low capacity soils and
foundations. Additionally, an existent palm tree roots, penetrated and deteriorated the existing
foundations.

However, the low bearing capacity of the soils and the foundations, does not fully explain the
observed damage, given the type and orientation of the cracks visible on the chapel’s west
bearing walls, mostly in 459,(vertical cracks occurs only in the connection between load bearing
walls - fence walls) which implies the additional occurrence of ground movements in the nearby
(north side of the chapel/gymnasium) terraced slope, 8 to 10 m high, probably only lined with
superficial cover stones and eventually concrete in the back.

Another evidence of a possible global movement of the slope is the significant deformation in
the top sidewalk, in the north facade of the chapel/gymnasium building, either longitudinal or
transverse (the direction of the slope).

As only a very limited part of the site has been covered by this investigation we suggest two
types of action:

- Strengthening the basement bearing walls with a strip rigid element, simultaneous with
the reinforcement and coating of the wall or its grouting (filling the voids with strong
binding material). The reinforcement element should be taken through the upper soil
layers (fills) and placed in undisturbed natural sandy clayed soils at a minimum depth of
1.5m in the principal and lateral facades (south and west) and 1m in rear facade of the
building (north). Those depths pretend to be consistent with values of gd>3MPa (see
Geotechnical Report) and can be associated with a safe bearing capacity of 100 kPa
(actually estimated in 133 kPa). Variability of the granular/cohesive soils (or in the
resistance) encountered could result in some degree of differential settlement.
Therefore, in order to provide assurance against differential settlement, it is suggested
that structural reinforcement should be construct and connect in all perimeter walls of
the chapel, regardless the presence of cracking or other visible damage.
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Mew RC supporting beam

Figure 16 — Reinforcement examples of existing foundations (stone walls).

Pit side stability was found to be moderately good, and shallow excavations should be
able to stand unsupported with V/H=2/3 inclination for a short period (construction).
Consideration should be given to the support of deeper trench sides, or excavations
through granular material during the construction process. Attention is drawn to the
provisions of the Health and Safety at Work regulation.

It should be noted that excavation should be done gradually and by small sections, in the
dry season, to avoid masonry wall instability and ensure the slope stability. The need of
walls support system during construction should be considered.

An effective and specific drainage design should be considered to avoid volume changes
in the foundation ground, related with the presence of cohesive soil with high
shrink/swell potential.

Note:

If more load capacity is necessary (for example due to seismic action) should be considered the
execution of deep foundations like small diameter piles (micropiles) and reinforce the
connections between walls and the ceiling’s structures by using mechanical fasteners.

Considering a micropile element with 9m depth below the ground surface, with sealing lengths
of 5 to 6m into the resistant ground (qc>15MPa), and drilling diameter of 150 to 200mm, the
pile working load may accomplish approximately 500kN.

The reinforcement and coating of the chapel suggested above will function as provisional
remedy and not as definitive solution. To determine if we are in presence of a global
movement of the slope/retaining walls that stands in the north side near the structures
(gymnasium and chapel), further site investigation/verification will be required to
confirm these recommendations site-wide and the global stabilization of the area should
impose heavy-duty containment works. To achieve data that enable to understand if a
global instability process is developing, is suggested the installation of 2 inclinometers
and the topographic observation of the slope and retaining walls and structures.
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Figure 17 — North slope lined with stone.

3.2 GYMNASIUM

The gymnasium is a recent construction (1980-81) with structure in reinforced concrete (spread
foundations, columns and beams) with a wooden roof, coated with red clay tiles. The walls are
in brick masonry, plastered and painted, made to look like the original architecture, including
the use of original jamb and lintel stones for windows and doors. The roof is gable type, with
rafters spaced by approximately 40 — 50 cm each axel, covered with plywood sheathing, 22 mm
thick, protected above by asphalt saturated felt and below by gypsum board, finished with
plaster and paint. The external cover is made in clay cover and pan tiles, Mission style (without
wood strip support).

Although the base plate is fla (fig 19) t, the clay tiles were misaligned and some were broken (fig.
18), which allows the water under the tiles. The use of gramps to position firmly the tiles must
be in the cover tiles, what we observe, but also in the pan tile. The pan tiles were nailed but
alternately (fig. 19).

At the eave, the roof is provided with a small drainage pipe, each 50 cm, and a continuous metal
cap to protect the asphalt felt border (fig.’s 20 and 21).

The small pipes was clogged (pine leaves) and the metal cap is over the felt allowing the water
leakage through the joint between the metal cap and the felt.
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Figure 18 —Roof (1 — Misaligned or broken tiles)

Figure 20 — Eave — Metal cap over felt asphalt Fig. 21 — Eave - External

In order to solve the roof leakage we propose to remove the current tiles (to future reuse),
including the fixed tiles at the eave, and rebuilt the roof by applying a subtile waterproofing
(fig. 22 and 23)

During this work will be inspected the general status of the wooden roof structures coverage

and replaced the deteriorated parts.
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The proposed subtitle is a fibro-bituminous corrugated board, laid over the existing asphalt felt
and under the clay tiles, allowing the use of the existing structures and the cay tiles, and
increasing the thermal insulation and soundproofing. Theses plates, have several dimensions to
support different types of tiles and are free of asbestos or toxic materials.

- Eave protection

Fig. 22 — Roof with subtile Fig. 23 - Eave protection

Lisbon, April 12, 2013

ESTIPLANO - Estudos e Projectos, Lda.

Paulo Reis
Structural Enginneer
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ANNEX A

EXTRACTS FROM THE ORIGINAL DRAFT
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GEOTECNHICAL SURVEY SHDP
: . 1
G t l Client : Estiplano
eocontroe Job Number
Job - g L . 11014
op: Edificio da Capela e Ginasio da Embaixada
: : dos EUA Page
Dynamic Penetration Test 1 of 1
Initial date Final Date System Coordinates Elevation Done by
24/1/2014 24/1/2014 ‘ P= Z= Paulo Correia
(qd) Dynamic Point Resistance (MPa) —
0 18 36 54 72 90
0 Prof.(m) | Blows [ qd (MPa)
0.00 - 0.40 1 0.4
0.40-0.50 2 3.0
0.50 - 0.60 2 3.0
0.60-0.70 2 3.0
0.70-0.80 3 4.6
0.80-0.90 2 3.0
1 N\ 0.90 - 1.00 3 4.6
1.00-1.10 6 8.6
1.10-1.20 3 4.3
| 1.20-1.30 3 4.3
VA 1.30-1.40 2 29
1.40-1.50 4 5.7
AN 1.50 - 1.60 5 7.2
/ 1.60-1.70 4 5.7
| 1.70-1.80 4 5.7
A\ 1.80-1.90 5 7.2
2 / 1.90-2.00 4 57
D [ 2.00-2.10 4 5.4
E 2.10-2.20 5 6.8
2.20-2.30 5 6.8
P 2.30 - 2.40 5 6.8
T 2.40-250 4 5.4
H / 250-260 3 41
/ 260-2.70 2 27
| 2.70-2.80 2 2.7
(m) \ 2.80-2.90 3 41
3 | 2.90-3.00 3 4.1
\ 3.00-3.10 4 5.1
3.10-3.20 6 7.7
3.20-3.30 7 9.0
3.30-3.40 8 10.3
3.40 - 3.50 10 12.9
3.50 - 3.60 9 11.6
3.60-3.70 10 12.9
3.70-3.80 10 12.9
3.80-3.90 10 12.9
4 3.90 -4.00 9 11.6
4.00-4.10 8 9.8
410-4.20 13 15.9
4.20-4.30 18 22.0
4.30-4.40 25 30.6
=== 4.40-450 39 478
4.50 - 4.60 51 62.4
(47m) 4.60-4.70 60 735
5
0 12 24 36 48 60
(N) Number of blows
Data from equipment
Cross section of the core 50.5 mm Top assembly 30.000 Kg Hammer 63.500 Kg
Rod Diameter 35 mm Rod weight 6.000 Kg Falling height 75¢cm

Remarks :
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| GEOTECNHICAL SURVEY SHDP
. . 2
G t l Client : Estiplano
eocontioie Job Number
Job e Lo . 11014
op: Edificio da Capela e Ginasio da Embaixada
: : dos EUA Page
Dynamic Penetration Test 1 of 1
Initial date Final Date System Coordinates Elevation Done by
271112014 271112014 M= ‘ pP= Z= Paulo Correia
(qd) Dynamic Point Resistance (MPa) —
0 18 36 54 72 90
0 Prof.(m) | Blows [ qd (MPa)
0.00-0.30 1 0.5
\ 0.30-0.40 1 1.5
| 0.40-0.50 1 1.5
N 0.50-0.60 2 3.0
0.60-0.70 1 1.5
0.70-0.80 1 1.5
0.80-0.90 1 1.5
1 0.90-1.00 1 1.5
1.00-1.10 1 1.4
1.10-1.20 2 2.9
| 1.20-1.30 2 29
N\ 1.30-1.40 3 4.3
1.40 - 1.50 4 5.7
1.50 - 1.60 4 5.7
1.60-1.70 4 5.7
1.70- 1.80 5 7.2
1.80 - 1.90 6 8.6
2 1.90 - 2.00 10 14.3
D — 2.00-2.10 27 36.6
E 2.10-2.20 22 29.8
2.20-2.30 28 38.0
P 2.30 - 2.40 35 415
T E— 240-250 49 66.5
H (26m) 2.50-2.60 60 81.4
(m)
3
4
5
0 12 24 36 48 60
(N) Number of blows
Data from equipment
Cross section of the core 50.5 mm Top assembly 30.000 Kg Hammer 63.500 Kg
Rod Diameter 35 mm Rod weight 6.000 Kg Falling height 75¢cm

Remarks : Ensaio efetuado apés o reaterro do pogo PF2.

This report can only be reproduzed integraly and partialy with expresse autorization from Geocontrole.

Rua D. Nuno Alvares Pereira, n° 4, Parque Oriente Bloco 4 2699-501 Bobadela LRS Portugal  Tel.: (+351) 219958000 Fax: (+351) 219958001 Mavel: (+351) 963035577 E-mail: mail@geocontrole.pt

Mod.PP.08.1-2




GEOTECNHICAL SURVEY SHDP
. . 3
( G t l Client : Estiplano
eocontroie Job Number
Job Edificio da Capela e Ginasio da Embaixada 11014
: : dos EUA Page
Dynamic Penetration Test 1 of 1
Initial date Final Date System Coordinates Elevation Done by
24/1/2014 24/1/2014 M= ‘ P= Z= Paulo Correia
(qd) Dynamic Point Resistance (MPa) —
0 18 36 54 72 90
0 Prof.(m) | Blows [ qd (MPa)
0.00-0.30 1 0.5
0.30-0.40 2 3.0
| 0.40-0.50 2 3.0
0.50 - 0.60 3 4.6
| 0.60-0.70 3 46
N 0.70- 0.80 4 6.1
| 0.80-0.90 4 6.1
1 \ 0.90 - 1.00 5 7.6
\ 1.00-1.10 6 8.6
/ 1.10-1.20 5 7.2
1.20-1.30 3 4.3
1.30-1.40 2 29
1.40-1.50 2 29
1.50 - 1.60 2 29
1.60-1.70 3 4.3
( 1.70-1.80 2 29
\ 1.80-1.90 3 4.3
21\ 1.90-2.00 4 57
D \ 2.00-2.10 5 6.8
E / 2.10-2.20 4 5.4
/ 2.20-2.30 3 4.1
P 2.30- 240 5 6.8
T 2.40-250 5 6.8
H 2.50-2.60 5 6.8
2.60-2.70 4 5.4
\ 2.70-2.80 5 6.8
(m) \ 2.80-2.90 6 8.1
3 2.90-3.00 4 5.4
/ 3.00-3.10 3 3.9
[ 3.10-3.20 3 3.9
\ 3.20-3.30 4 5.1
/ 3.30-3.40 3 3.9
3.40 - 3.50 4 5.1
3.50 - 3.60 4 5.1
3.60-3.70 4 5.1
3.70-3.80 5 6.4
3.80-3.90 12 15.4
4 E— 3.90-4.00 23 29.6
4.00-4.10 34 41.6
I— 4.10-4.20 52 63.7
(43m) 4.20-4.30 60 73.5
5
0 12 24 36 48 60
(N) Number of blows
Data from equipment
Cross section of the core 50.5 mm Top assembly 30.000 Kg Hammer 63.500 Kg
Rod Diameter 35 mm Rod weight 6.000 Kg Falling height 75¢cm

Remarks : Ensaio efetuado apés o reaterro do pogo PF3.
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Geotecnia e Estruturas de Fundagdo SA

1. INTRODUCTION

Estiplano - Estudos e Projectos, Lda., assigned Geocontrole — Geotecnia e Estruturas
de Fundacdo S.A., the task of carrying out a structural and geotechnical investigation
concerning the foundation conditions of the chapel and gymnasium facilities in the USA

Embassy of Lisbon — Portugal.

This report sets out in detail all the structural and geotechnical works (establish by the
Client) and the respective methodology employed, with the results obtained presented in a
systematic manner. We also present our considerations based on a careful analysis of the

information collected, carried out to make a geotechnical characterisation of the ground.

To support the field works and present study, the Client provided a site plan in DWG
format, which was used for localization and identification of the field works (observation

pits and dynamic penetration tests with super heavy dynamic probe).

USA EMBASSY - LISBON 1
REHABILITATION OF THE CHAPEL AND GYMNASIUM
Structural Auscultation and Geotechnical Investigation
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2. WORKS PERFORMED

Structural and geotechnical field works involved excavation of three observation pits
identified as PFO1, PF02 and PFO3 for expose the foundations buildings, and execution of
three dynamic penetration tests, identified as SHDP1, SHDP2 and SHDP3. The dynamic
penetration tests were performed over the pits (after their being filled again) or near the pit
as in the SHDP1 situation.

The client previously planned and defined the type and the location of field works, with the

purpose of the present geotechnical report (provide foundation recommendations).

In this section we set out in detail, all performed essays and respective methodology
employed. The test results are summarized and presented as individual diagrams for each

pit and dynamic test in annexes to the text.

All geotechnical works were performed by teams and equipment from Geocontrole, which
held a qualified team of Engineering Geology and Rock and Soil Mechanics specialists,

and is fully equipped with all necessary rigs and field devices.

USA EMBASSY - LISBON 2
REHABILITATION OF THE CHAPEL AND GYMNASIUM
Structural Auscultation and Geotechnical Investigation
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2.1 Observation pits

As required, the scope of works includes the execution of three observation pits manually
excavated, for geometric auscultation and seating levels, verification of existing

foundations and, simultaneously, to the exposure the foundation ground.

AL DR ol Y 4 5L Y & LT R B el

Figure 2.1 — Open pits aspects during execution (left — PF1 gymnasium; right PF2 chapel).

The observation pits were grounded and closed with their own materials resulting from the
excavation, and superficially, was restored the floor level using a jumpy compactor,
ensuring initial leveling conditions. The superficial coverage of the excavated area was

realized with the existed stones (calgcada portuguesa).

The conditions observed in the pits are detailed in individual diagrams presented in annex,
which illustrate their respective sections with representation of the foundation elements

and lithological ground conditions, illustrated by photographic aspects.

2.2 Dynamic penetration tests

In order to characterize the geotechnical conditions, three penetration tests were carry out

with super heavy dynamic probe (DPSH).

The dynamic penetration probe is a wheel mounted percussion hammer with

interchangeable and graduated rods. The DPSH is hydraulic jack operated. The DPSH
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device has a 63.5Kg hammer which falls repeatedly through a standard drop of 75cm. The

section end tip is 20cm?.

Dynamic probe is used to drive interconnecting 1m length steel probe rods into the
ground. The rods are graduated at 10cm intervals and blow counts are recorded for each
of these increments down to the required depth. A profile of blow counts against depths is

obtained — the dynamic penetration test log.

Main characteristics of a super-heavy dynamic penetrometer are:

» Hammer Mass.........ccooooiiiiieiiiiiiiiee e 63.5Kg
> Heightof Fall..........ooooiiiiii e 0.75m
» Weight of Hammer and Driven Rod....................... 30Kg

» Rod Weight ........ouviiiiiiiiiiiiiiiieeee e 6Kg

> Rod Diameter..........oocoiiiiiiiiiiieee 35mm
» Cone Tip Diameter..........cooociiiieiieiiiiieeee e 50.5mm

Dynamic penetration results are expressed in dynamic point resistance (qd) which can be

obtained from the following expression:

qd = —Mzh E
S(M+¢) P

where:

M — Hammer Mass

h — Height of Fall

S — Cone Tip Section

¢ - Weight of Hammer, Driven Rod and Rods

P — Unit Penetration (10 cm)

N — Number of blows

The results are presented in summarized individual log sheet for each DPSH test, with the
variation of the dynamic point resistance (qd) against depth, in addition to information

over type of probe and identification of test.
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3. NEOTECTONICS AND SEISMIC ZONATION

According to the Regulamento de Seguranga e Acgao para Estruturas de Edificios e
Pontes (RSAEEP-Regulation of Safety and Action for Structures of Buildings and
Bridges), the seismic actions associated to each type of seismicity referred are assigned
type 2 seismic action (interplates earthquake) and type 1 seismic action (intraplate

earthquakes).

The same regulation considers the Portuguese continental territory divided in 4 areas: A,

B, C and D according to decrease of seismicity (Figure 3.1).

The characteristic values of the seismic actions are quantified in function of the located
area — seismicity coefficient (o) - the nature of the soils to mobilize. The seismic
coefficient assumes values of 1.0, 0.7, 0.5 and 0.3, respectively for the seismic areas A,
B, C and D.

The study region is included in zone A, corresponding to the highest grade of seismicity,
defined by Portuguese Regulations of Safety and Actions to Building and Bridges
Structural Design (RSAEEP, 1983). The referred regulation assigns a seismicity

coefficient of a=1,0 to areas located within zone A.
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Figure 3.1 — Seismic Zoning (RSAEEP) Map in Portugal (mainland).

Also according to the RSAEEP, the nature of the soils was systemizing in 3 groups:

- Type I —rock and stiff coherent soils
- Type Il — very stiff coherent soils, stiff and with medium consistence,
incoherent compact soils;

- Type lll — soft coherent soils and very soft; loose incoherent soils

In the following table, the most probable geological formations to be found and the

relevant soil classification according to the RSAEEP regulation are presented:
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Table 3.1 — Nature of the soils according with RSAEEP.
SOIL TYPE
Geological Units

I I I
Heterogeneous Fills o o
Oligocene (qc<6MPa) ° o
Oligocene (qc>6MPa) ° o

® most likely o less likely

In national regulation NP EN 1998-1:2010, the Portuguese National Annex of Eurocode
8, sets the seismic zonation for Portugal, and the local parameters know as Nationally
Determined Parameters (NDP), to be used for design of buildings and civil engineering

works.
Two main scenarios are evaluated:

- a scenario labelled seismic action 1, characterizing earthquakes with their
epicentres mainly offshore and,
- ascenario labelled seismic action 2, referring to events with their epicentres

mainly inland.

In NP EN 1998-1:2010, the country seismic zonation is one of the Nationally Determined
Parameters (NDP) and should be established for a reference peak ground acceleration on
type A ground agr , correspondent to the reference return period Tycr of seismic action for

the no-collapse requirement, i.e. 475 years.

Figure 3.2 illustrates seismic zonation for the Portuguese National Annex of NP EN 1998-

1, where the two scenarios are distinguished.
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Figure 3.2 — Seismic zonation for the Portuguese National Annex of NP EN 1998-1.

Table 3.2 presents the reference peak ground acceleration, ag, for the considered

seismic zones and for the two scenarios.

Table 3.2 — Reference peak ground acceleration, agr.

Type 1 seismic action Type 2 seismic action
Seismic Zone agr (mlsz) Seismic Zone agr (mlsz)
1.1 25 21 25
1.2 2,0 22 2,0
1.3 1,5 23 1,7
1.4 1,0 24 1,1
1.5 0,6 25 0,8
1.6 0.35 - -

Regarding the local geological effects, the Portuguese National Annex of NP EN 1998-1
considers the ground types indicated in table 3.4, to definition of the elastic response

spectra S, (T) for each seismic zone.
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Table 3.3 — Ground type.

Ground . . . v
Stratigraphic ground profile 5,30 N cu (kPa
Type graphic g P (m/s) sPT u (kPa)
A Rock or other rock-like geological formation, including, at most , > 800 ) )

5 m of weaker material at the surface

Very dense sand deposits, (gravels) or very stiff clay, with a
B thickness of at least several dozen meters, characterized by a | 360 — 800 > 50 > 250
gradual increase of mechanical properties with depth

Dense to medium dense deep sand deposits, pebble (gravel) or
C very stiff clay with a thickness between several dozen and many | 180 —360 | 15—-50 | 70 — 250
hundreds of meters

Non-cohesive soils deposits loose to medium dense (with or
D without some soft cohesive soil strata), or cohesive soils <180 <15 <70
predominantly with soft to stiff consistency

Soil profile with a shallow alluvial stratum with Vs values of C or D
E ground type and a thickness between about 5 m and 20 m, situated - - -
over a stratum stiffer with Vs > 800 m/s

Deposits with or containing a stratum with at least 10m thick of <180
Sy clay or soft silts with a high level of plasticity (> IP 40) and a | . dicati - 10-20
high water content (indicative)

S Soils with liquefaction potential, sensitive clays or any other profile
2 of ground not included in the types A — E or S1

The location of site investigation falls in 1.3 and 2.3 Seismic Zones respectively for
seismic action of Type 1 and Type 2, being the type of ground set by the investigation as

a D/C ground type soil profile, for the expected foundation levels of the structure.
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4. FIELD OBSERVATIONS AND GEOTECHNICAL CHARACTERIZATION

The site geology is characterized by the occurrence of a sedimentary ground belonging to
the Benfica Formation, dated from Oligocene, covered by heterogeneous fills materials,

related with the chapel and gymnasium construction.

The heterogeneous fill, with less then 1m thickness in pit PF1 (gymnasium) and PF2
(chapel), are mostly brownish clayed sands to clayed silty sands with some pebbles and
ceramic fragments. Occasionally some roots and small pockets of organic matter

occurred.

Locally, the Benfica Formation is composed by a sequence of interbedded sandy-silty clay
and silty-clay with some pebbles. Is occurs on site below the fills, like in PF1 and PF2, or

directly beneath the stone pavement foundation layer (sandy layer) as in PF3.

Vertical geotechnical site characterization establish in situ through dynamic tests with
super heavy dynamic probe (DPSH) showed a similar resistance behavior in DPSH1 and
DPSH3, with dynamic point resistance, qd, normally ranging between 3 to 6MPa up to 3
and 3.8m depth, respectively. Beneath those depths values of 10 to more then 70MPa

was obtained.

USA EMBASSY - LISBON 10
REHABILITATION OF THE CHAPEL AND GYMNASIUM
Structural Auscultation and Geotechnical Investigation



=

GeBeontrole (@ esTipLANO

Geotecnia e Estruturas de Fundagdo SA

In DPSH2 test (located in PF2) the range results from 3 to 6MPa was limited up to 1.8m
depth, followed by a progressive and quickly qd increasing rate, to values greater then
60MPa, reached at 2.5m depth (end of test).

The observation pits near the structure walls allows detecting different foundation systems

in the chapel and the gymnasium.

The PF1 located in the gymnasium lateral wall, showed a concrete shallow foundation
continuous type, supporting a concrete wall, meaning that recent modification were made
in order to fulfill is actual function. The foundation element is lying at 0.9m depth, in a

stratum with a dynamic point resistance between 3 to 6MPa.

The PF2 and PF3 were located outside the chapel walls, in places where some cracking
(mostly vertical and oblique) were observed. The chapel is an ancient masonry
construction that shows some structural deterioration intrinsic to its age and its non

regular soft masonry constitution.

The structure walls were made with local soft limestone and sandy limestone, sometimes
with lime mortar. No foundation elements were detected in pits PF2 and PF3. Only a
buried section of the walls was observed. In the PF2 the wall ended at 1m depth and in
PF3 around 0.5m depth, both setting on a ground characterized by dynamic resistance,
qd, between 3 to 6MPa up to 1.8 and 3.8m depth.

Nearby the gymnasium and chapel there is a slope (function as a green area) that is
containing by what it seems a gravity wall (stone made at outer face but eventually
concrete in the back). In the top of that slope stands a sidewalk with significant
deformation, either longitudinal or transverse (in the direction of the slope) that indicates
the possibility of a global movement. There are no analytic data that supports that visual
observation, whereby some geotechnical and topographical observation should be

considered.
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5. FOUNDATIONS RECOMMENDATIONS

The cracking that affects the chapel building is probably related with minor differential
settlements that weren’t accommodated by masonry walls, most probably in conjunction
with deterioration of the stones and mortar that promotes the development of delamination

phenomena (internal separation of vertical walls layers).

The remediation of this the structure could be achieved by strengthening the basement
walls with a strip rigid element, simultaneous with the reinforcement and coating of the

wall or its grouting (filling the voids with strong binding material).

The reinforcement element should be taken through the upper soil layers (fills) and placed
in undisturbed natural sandy clayed soils at a minimum depth of 1.5m in the principal and
lateral fagades (PF2) and 1m in rear fagade of the building (PF3). Those depths pretend
to be consistent with values of qd>3MPa and can be associated with a safe bearing

capacity of 100kPa.

It should be noted that only a very limited part of the site has been covered by this
investigation, and it is likely that soil type at this recommended foundation depth will vary
in other locations. A greater intensity of investigation/verification will be required to confirm
these recommendations site-wide (namely the possibility of a global instabilization of the

nearby slope).
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Variability of the granular/cohesive soils (or in the resistance) encountered could result in
some degree of differential settlement. Therefore, in order to provide assurance against
differential settlement, it is suggested that structural reinforcement should be construct
and connect in all perimeter walls, regardless the presence of cracking or other visible

damage.

Mew RC supporting beam

Figure 5.1 — Reinforcement examples of existing foundations (stone walls).

If more load capacity is necessary (for example due to seismic action) should be

considered the execution of deep foundations like small diameter piles (micropiles).

Considering a micropile element with 9m depth below the ground surface, with sealing
lengths of 5 to 6m into the resistant ground (qc>15MPa), and drilling diameter of 150 to

200mm, the pile working load may accomplish approximately 500kN.

Pit side stability was found to be moderately good, and shallow excavations should be
able to stand unsupported with V/H=2/3 inclination for a short period (construction).
Consideration should be given to the support of deeper trench sides, or excavations
through granular material during the construction process. Attention is drawn to the

provisions of the Health and Safety at Work regulation.

It should be noted that excavation should be done gradually and by small sections, in the
dry season, to avoid masonry wall instability and ensure the slope stability. The need of

walls support system during construction should be verified by structural designer.
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For design purposes, we set below the relevant geotechnical parameters of each
geological unit, the values where basically chosen in accordance with the gathered field

results (not affect by partial coefficients suggested by EC).

Table 5.1 - Soil Geotechnical Parameters.

Angle of Modulus of
Geoloaical Unit Unit Weigth shearing Cohesion Elasticit
9 vt (KN/m®) resistance ¢ (KPa) = (MPa)y
o (%)
Modern
Heterogeneous Fills 16 24 - 26 0 4
qc< 3Mpa
Oligocene
Sandy-silty clay and silty-clay with pebbles 19 28 3 10
3 =qc< 6 MPa
Oligocene
Sandy-silty clay and silty-clay with pebbles 21 32 40 40
qc>10MPa

An effective and specific drainage design should be considered to avoid volume changes
in the foundation ground, related with the presence of cohesive soil with high shrink/swell

potential.

Note that in_case of a global movement of the slope/retaining walls that stands near the

structures (gymnasium and chapel), the reinforcement and coating of the chapel
suggested above will function merely as non definitive solution. The global stabilization of

the area should impose heavy-duty containment works.

To achieve data that enable to understand if a global instability process is developing, is
suggested the installation of 2 inclinometers and the topographic observation of the slope

and retaining walls and structures.
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Bobadela, 08 April 2014
Geocontrole, S.A.

TECHNICAL DEPARTMENT:
CONSULTANCY & GEOTECHNICAL INVESTIGATION

Paulo Durao Correia Jorge Eduardo Correia
(Geological engineer) (Civil engineer - Technical Manager)

Joaquim J. Beird
(Head of Administration)
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APPENDIX | — SITE INVESTIGATION WORKS
Observation pits: PF1, PF2 and PF3
Super heavy dynamic probe: DPSH1, DPSH2 and DPSH3
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APPENDIX Il - FIGURES

Draw number CPG-001 — Location Plan
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3. “Relatorio Final Topografico da Capela”. Hugo Mendes Unipessoal,
Lda., 31 May 2016.
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Declaracio (termo de responsabilidades) do autor dos levantamentos topograficos

Eu Hugo Daniel Matias Mendes, Topodgrafo com Certificado de Aptid3o Profissional
na escola INEPI em 2001, morador na Rua Manuel Faneca Cotovia-2970-836 Sesimbra,
portador do C.C.: 11227503 com o NIF:220421609, na gualidade de autor dos
levantamentos topograficos efetuados em Lisboa, localizado Embaixada E.U.América,
declaro sob compromisso de honra, que para devidos efeitos me responsabilizo pelas
medicOes efetuadas e apresentadas nos respetivos levantamentos topograficos, e que
respondem integraimente as caracteristicas e condicBes existentes no local nessas
mesmas datas.

O ponto HY foi o gue sofreu maior alteracdo,abatimento de 0.003 e desvio em M de
0.017 e que tém-se mantido desde do més de Novembro até a data de hoje.

LISBCA, 31 de maio de 2016

Autor do Levantamento Topografico

ra
-



4

4. “Chapel Quadro topografico: Registo de Levantamentos Topgraficos” (Microsoft Excel Files),
Hugo Mendes Unipessoal, Lda. Various dates (7/13/2015, 8/5/2015, 11/9/2015, 12/16/2015 and 5/31/2016).

Obra: Embaixada E.U.América Local: Lisboa Portugal
Servigo executado por: Hugo Mendes Data: 7/13/2015 Verificou:
ALVOS Coordenadas Coordenad Cota Dias Hora Alvos2 | Coordenadas3 Coordenad. Cota2 Diferenca M DiferéncaP_ | Diferénca Cota
N°Alvos M P Z Dias Hora N°Alvos M P Z DiferencaM | Diferénca P Cota
1 5019.155 | 5004.825 103.834 | 13.07.2015 11.00
2 5019.186 | 5004.825 101.567 | 13.07.2015 11.00
3 5015.860 | 5000.562 104.952 | 13.07.2015 13.30
4 5015.826 | 5000.560 102.040 | 13.07.2015 13.30
5 5018.242 | 4996.366 105.252 | 13.07.2015 14.00
6 5018.326  |4996.330 102.190 13.07.2015 14.00
T 5021.814  |4997.872 _ |105.559 13.07.2015 14.30
8 5021.812  4997.934  [102.289 13.07.2015 14.30
PA1 5014.047 | 5007.734 99.968 | 13.07.2015 15.00
PA2 5021.385 | 5010.749 99.896 | 13.07.2015 15.10
PA3 5013.239 f 5014.761 99,856 13.07.2015 15.20 TOTAL TOTAL TOTAL
I I I | 0 0 0
ALVOS Coorden: Coorden: Cota Dias Hora _M_sz Coordenadas3 Coordenada: Cota2 DiferelE M Di'eré_nta P Difnféw Cota
N°Alvos M [ Z

PA 4 5036.164 | 5017.263 100.757




Obra: Embaixada E.U.América

Local:

Lisboa

Servigo executado por: Hugo Mendes

Data:

08.05.2015

Verificou:

ALVOS Coordenadas Coordenad: Cota Dias Hora

Alvos2

N°Alvos M P 2z Dias Hora

N°Alvos

M P

Coordenadag Coordenad:

Cota2

Diferenca M

Diferénga P

Diterenca M

Diferénca P

Diferénga Cota
Cota

% 1000.002 2000,004 10,002 08.05.2015 9:00

10

TOTAL

TOTAL

TOTAL

-999002.998

ALVOS Coorden: Coorde Cota Dias

Alvos2

]

N°Alvos M P 4 Dias

N°Alvos

Coorden: Coordenad: Cota2
M P =

Difers P

Diferénga Cota

Diferenca M
Di

Diferénga P

Cota

TOTAL

TOTAL

TOTAL

-999002.998




Obra: Embaixada E.U.América Local: Lisboa Portugal
IServico executado por: Hugo Mendes Data: 10/15/2015 Verificou:
ALVOS Coorden: Coorden: Cota Dias Hora Alvos2  |Coordenadas3d Coordenada: Cota2 Diferenca M Diferw__ Diferé Cota
N°Alvos M P 2z Dias Hora N°Alvos M P z caM | Diferénca P Cota
1 5019.155 | 5004.825 | 103.834 | 15.10.2015 9.00
2 5019.186 | 5004.825 | 101.567 | 15.10.2015 9.15
3 5015.860 | 5000.562 104.952 | 15.10.2015 9.30
4 5015.826 | 5000.560 | 102.040 | 15.10.2015 10.00
5 5018.242 | 4996.366 | 105.252 | 15.10.2015 10.15
6 5018.326  |4996.330 102.190 | 15.10.2015 10.30
7 5021.814 _ |4997.872 105.559 | 15.10.2015 11.00
8 5021.812  |4997.934 102.289 | 15.10.2015 11.00
PA1 5014.047 | 5007.734 99.968 15.10.2015 11.00
PA2 5021.385 | 5010.749 99.896 | 15.10.2015 11.00
PA3 5013.239 | 5014.761 99,856 15.10.2015 11.00 TOTAL TOTAL TOTAL
I [] 0 0
ALVOS Coor Cool Cota D'ﬁ Hﬂ_ Alvos2 Coordenadasd Coordenad: Cota2 Difer M Diferénca P Diferéﬁg Cota
N°Alvos M P Z Dias Hora N°Alvos M P Z Diferenca M P Cota
PA 4 5036.164 | 5017.263 100.757 | 15.10.2015 11.00
H9 5016.094 | 4995.383 102.008 | 15.10.2015 11.15 0.017 -0.003
3
4
5
6
T
8
9
10 10 0 0 [
TOTAL TOTAL TOTAL
[ [ [ [




Obra: Embaixada E.U. América Local: Lisboa Portugal
Servigo executado por: Hugo Mendes Data: 11/9/2015 Verificou:
ALVOS Coordenadag Coordenad. Cota Dias Hora Alvos2  |Coordenadasd Coordenad: Cota2 Diferenca M Diferénca P Diferénga Cota
N°Alvos M P z Dias Hora N°Alvos M P z DiferencaM | Diferénca P Cota
1 5019.155 | 5004.825 103.834 | 09.11.2015 9.00
2 5019.186 | 5004.825 | 101.567 | 09.11.2015 9.10
3 5015.860 | 5000.562 104.952 | 09.11.2015 9.20
4 5015826 | 5000.560 102.040 | 09.11.2015 9.30
5 5018.242 | 4996.366 105.252 | 09.11.2015 9.40
6 5018.326 _ |4996.330 102.190 | 09.11.2015 9.50
7 4!121114 4997.872 105.559 | 09.11.2015 | 10.00
8 |5021.812 |4907.934 102.289 | 09.11.2015 10.15
PA1 5014.047 | 5007.734 99.968 | 09.11.2015 10.30
PA2 5021.385 | 5010.749 99.896 | 09.11.2015 10.40
PA3 5013.239 | 5014.761 99,856 | 09.11.2015 10.50 TOTAL TOTAL TOTAL
| [) [) 0
ALVOS Coorden: Coorden: Cota Dias Hora Alvos2 Coordenadasd Coordenada: Cota2 Diferenca M DifefGnE P Dﬁerem Cota
N°Alvos M P Z Dias Hora N°Alvos M P 72 DiferencaM | Diferénca P Cota
PA4 5036.164 | 5017.263 100.757 | 09.11.2015 10.55
HY 5016.094 | 4995.383 102.008 | 09.11.2015 11.00
3
4
5
6
T
8
9
10 10 0 0 0
TOTAL TOTAL TOTAL
| 0 [ 0




Obra: Embaixada E.U.América Local: Lisboa Portugal
Servico executado por: Hugo Mendes Data: 12/16/2015 Verificou:
ALVOS Coordenadas Coordenad: Cota Dias Hora Alvos2 |Coordenadasd Coorden: Cota2 Diferenca M DME P Diferé_n(a Cota
N°Alvos M P z Dias Hora N°Alvos M P z DiferencaM_| Diferénca P Cota
1 5019.155 | 5004.825 103.834 | 16.12.2015 9.00
2 5019.186 | 5004.825 101.567 | 16.12.2015 9.15
3 5015.860 | 5000.562 104.952 | 16.12.2015 9.25
4 5015.826 | 5000.560 102.040 | 16.12.2015 9.35
5 5018.242 | 4996.366 105.252 | 16.12.2015 9.45
6 5018.326 _ |4996.330 102.190 | 16.12.2015 9.50
F 4 5021.814  |4997.872 105.559 | 16.12.2015 10.00
8 5021.812  |4997.934 102.289 | 16.12.2015 10.20
PA1 5014.047 | 5007.734 99.968 | 16.12.2015 10.30
PA2 5021.385 | 5010.749 99.896 16.12.2015 10.45
PA3 5013.239 | 5014.761 99,856 | 16.12.2015 10.50
ALVOS Coordenadas Coordet Cota Dias Hora Alvos2 Coordenadas3 Coordenada: Cota2 Diferenca M Diferénca P Diferénca Cota
N°Alvos M P = Dias Hora N°Alvos M P z i M_| Diferénca P Cota
PA 4 5036.164 | 5017.263 100.757 | 16.12.2015 10.55
H9 5016.094 4995.383 102.005 16.12.2015 11.00
3
4
5
6
7
8
9
10 10 0 0 0
TOTAL TOTAL TOTAL
1 | 0 [ 0




Obra: Embaixada E.U.América Local: Lisboa Portugal
Servigo executado por: Hugo Mendes Data: 1/29/2016 Verificou:
ALVOS Coordenadas Coordenad: Cota Dias Hora Alvos2 |Coordenadas3 Coordenada: Cota2 Diferenca M Difer P Diferé Cota
NeAlvos M P z Dias Hora N°Alvos M P Z DiferencaM | Dif P Cota
1 5019.155 | 5004.825 103.834 | 20.01.2016 9.00
2 5019.186 | 5004.825 101.567 | 20.01.2016 9.18
3 5015.860 | 5000.562 104.952 | 20.01.2016 9.35
4 5015.826 | 5000.560 102.040 | 29.01.2016 9.37
5 5018.242 | 4996.366 105.252 | 20.01.2016 9.45
6 5018.326 __ |4996.330 102.190 | 29.01.2016 9.55
7 5021.814  |4997.872 105.559 | 29.01.2016 10.00
8 5021.812 _ |4997.934 102.289 | 29.01.2016 10.20
PA1 5014.047 | 5007.734 99.968 | 20.01.2016 10.35
PA2 5021.385 | 5010.749 99.896 | 20.01.2016 10.45
PA3 5013.239 | 5014.761 99,856 | 29.01.2016 10.55
|
ALVOS Coordenadag Coorden: Cota Dias Hora __|Alvos2_ Coordenadas3 Coordenad Cota2 _|DiferencaM __|DiferéncaP___|Diferénga Cota
NeAlvos M P z Dias Hora N°Alvos M P z Diferenga M ¢aP Cota
PA4 5036.164 | 5017.263 100.757 | 29.01.2016 10.58
H9 5016.094 | 4995.383 102.005 | 29.01.2016 11.15
3
4
5
6
4
8
9
10 10 [ 0 0
TOTAL TOTAL TOTAL
] | 0 [ 0




Obra: Embaixada E.U.América Local: Lisboa Portugal
IServico executado por: Hugo Mendes Data: 5/31/2016 Verificou:
ALVOS Coorden. Coordenad: Cota Dias Hora Alvos2 | Coordenadasd Coordenada: Cota2 Diferenca M Diferénca P_| Diferénca Cota
N°Aivos M » = Dias Hora N°Alvos M i > 4 Diferenca M Dif P Cota
1 5019.155 5004.825 103.834 31.05.2016 9.20
2 5019.186 5004.825 101.567 31.05.2016 9.25
3 5015.860 5000.562 104.954 31.05.2016 9.25
4 5015.826 5000.560 102.042 31.05.2016 9.35
5 5018.242 4996.366 105.253 31.05.2016 9.45
6 5018.326 4996.330 102.191 31.05.2016 9.50
¥ 5 }2214 4997.872 105.560 31.05.2016 10.00
8 5021.812 4997.934 102.288 31.05.2016 10.20
PA1 5014.047 5007.734 99.970 31.05.2016 10.30
PA2 5021.385 5010.749 99.898 31.05.2016 10.35
PA3 5013.239 | 5014.761 99.858 | 31.05.2016 10.40
ALVOS Coordenadas Coordenad: Cota Dias _Hora __|Alvos2 Coordenadas3 Coorden: Cota2 Diferenca M Diferénca P Diferénga Cota
N°Alvos M P Z Dias Hora N°Alvos M P i Diferenga M caP Cota
PA4 5036.164 | 5017.263 100.759 | 31.05.2016 10.45
HS 5016.094 4995.383 102.008 09.11.2015 11.00
0 0 0
{ TOTAL TOTAL TOTAL
0 0 0
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