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= Foundations for 3 office buildings in Lisbon, Portugal: = Site investigation campaign with a total of 12 boreholes:
= ot 1 with 12 stories and 3 basements (2000m2); = 2forLot1
= ot 2 with 9 stories and 2 basements (6350m2); = 5forLot2
= ot 3 with 8 stories and 2 basements (5000m?2). = 5forLot3

Samples were

retrieved and sent

to a lab for testing.

= Slug tests (soil

permeability test)

Y JET.. engexpor
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Soft compressible soil - Integrity of the piles

d

Economy, speed and safety

leader pole used
to guide the

hammer and pile
into position

e

Driven Precast Piles J‘ MicroPites{?)
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= Soilinclusions (Barretes and ) in areas with higher loads to control diferential settlements;

High concentration of loads

Barretes

Precast
Driven Piles

Barrettes

¥ JUET.. engexpor
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A - INSITU TESTS AND 3D FE MODELLING/CALIBRATION

= 9 dynamic load tests with PDA method;

=  Shaft resistance lower than 90kN/m2 ranging from
2.9m to 13.1 meter depths;

= Tipresistances, under this layer, was between 14.6 and

18.2 MPa.

8 meter precast driven pile

l

~800kN Shaft resistance °
~450kN Tip resistance at 5MPa

Y JET.. engexpor
g - -




ECOMGE 2% > INSITU TESTS AND 3D FE MODELLING/CALIBRATION

/ ON SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING
/‘% 26 - 30 August Lisbon Portugal
= and Barretes were modelled with Embedded Beam elements.

204 Point Loads,

for 20 combinations!

41 Barrettes! With a refined mesh, the model took

hcii
COMNSTRUCOES

several hours to run...

Y JET.. engexpor
g - -




ECOMGE 2% > INSITU TESTS AND 3D FE MODELLING/CALIBRATION

/ ON SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

/‘% 26 - 30 August Lisbon Portugal

PLAXIS 2D Axissimetric model for embedded beam calibration;
= Results show an agreement between in situ tests and the model results.

0.00 3.00 6.00 9.00 12.00 15.00

T T T O 990kN maximum load for the driven precast piles °
14

2,
=}
=}

In situ tests

12

10 Faﬂure
Criteria

i
=}
=}

&
g

o0

b
8
|||||||

B
8

4

i
o
=}
=}

2

Load on top of the pile
(MPa)

0
Q X P Am AN DD H O VAP QO D
[ Q‘voobooo)o”bq’\Qb&’\\b&Oo’\/‘)O)’\»‘o%

NENSEENENSEN SN SN RN SENCRENCEENC
I N
COMNSTRUCOES

&
E

o
=
=}

Settlement (mm)

Y JET.. engexpor
g - -




ECOMGE 2% > INSITU TESTS AND 3D FE MODELLING/CALIBRATION

/ ON SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING
/‘% 26 - 30 August Lisbon Portugal

Glass facade!

= Diferential Settlements;
=  Maximum total Settlements;

= Settlementsin the facade due to architecture

limitations.

TTTEEE oyt T NPT o 11
i A 1o e n . ‘ Y Y ¥y ' o e T
1.8mm dif.
Total displacements u, (scaled up 2,00%10 3 times)

Diferential Settlements c e Maximum value = -1,862%10 3 m

Minimum value = -3,674*10 -3 m
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3D FE MODELS VS EMPIRICAL METHODS
CONS

= Able to capture complex soil-strucutre interactions; | , High amount of time to run the calculation;

= Easiertore-do all calculations when there are

Difficult to calibrate due to high calc. time;
changes to the structural system;

Difficulty building large models.
= Provides high quality result presentation for the

projects.

As processing power increases... the balance starts to

shift towards computational methods...
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—  Brasil = Minas Gerais — Belo Horizonte

— Venda Nova - Region with the highest incidence of flood records

Areas com risco de inundagdo em
Belo Horizonte

— Implementation of a flood control system T:arla de Inundagdes de Belo Horizonte/PBH

uantidade de pontos de inundagdo: M3 W6 W8 W10 W13 W20

“Vilarinho”

—  Execution of two reservoirs in the city:

B Nado ggggg sul pn"d = Nova Lima { i “Nado”

vvvvvvv

—  Vilarinho

— 3intersecting circular shafts with 40 m diameter

Implementation area of
“Nado 1” reservoir

4 L > 3
N Vllannho stream
Q:

— 100 m length

— 35 mdepth x "*-’tA A e IS :.
into streef 3 N Dr. Valter Campolina ’

—  Area=3500 m? A N

—  Volume =122 500 m3
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Retaining structure

—  Control of deformations in the influence area

of the excavation

— 1 mthick diaphragm wall

—  Circular shape - Compression

—  Tworeinforced concrete frames, materialized

by a set of columns and struts

— 7 levels of bracing rings (struts)

—  Jetgrouting columns between panels
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—  Use of BIM was not mandatory!

— Allthe other designers developed their projects using

CAD methodologies

— Integration of geotechnical, numerical and geometric

models:

More realistic and accurate results in terms

of stresses and deformations

Identify incompatibilities among the different

structures of the reservoir

Facilitate the extraction of material quantities

— Integration of the models using open format IFC

— Use of BIM tools

rrreeaenn ]
: A AUTODESK':
:A CIVIL 3D

AUTODESK
N\ REVIT'

: A AUTODESK':
‘A cCIvIL3D

: —@—§  CONNECT Edition
 %GEO5
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‘:----------------------.

*

. Reconstruction .,
‘o,’ of the ‘o,’

,*  Geotechnical R

model K

*

*
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—  Geotechnical campaigns:

—  Mechanical drilling;

ZGB.3 (Nspt<30| ZGB.3 (Nspt<30)

s
B.1 (Nspt>60) (AS,

—  Geophysical surveying

— In-situ tests

.1 (Nspt>60) (A

—  Laboratory tests

—  Definition of 7 geological layers:

1. Filldeposits
2. Alluvial deposits
3. Residual soils/saprolites

4. Gneiss rock mass
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3D modelin Plaxis 3D [385m x 365m x 133m)]

Estimate accurate stresses and deformations:

Geological-geotechnical asymmetry

Structural symmetry

Existing structures and infrastructures
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Several construction phases to simulate the reservoir construction process:

1. Existing topography

JET..
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Several construction phases to simulate the reservoir construction process:
1.  Existing topography

2. Excavation to the work platform

JET..
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Several construction phases to simulate the reservoir construction process:
1.  Existing topography
2. Excavation to the work platform

3. Execution of the diaphragm wall panels and Jetgrouting columns
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Several construction phases to simulate the reservoir construction process:

1.

2
3.
4

Existing topography
Excavation to the work platform
Execution of the diaphragm wall panels and Jetgrouting columns

Execution of the first beam
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Several construction phases to simulate the reservoir construction process:

1.

o 0D

Existing topography
Excavation to the work platform

Execution of the diaphragm wall panels and Jetgrouting columns

Execution of the first beam

Execution of the rings and struts until the bottom of the excavation
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—  Geometric modeling and integration of all structures allowed for the verification of intersections and conflicts in an early design stage, as well as the

effective interpretation of the different construction phases.

— Rebar modeling, although time-consuming, presents nhumerous advantages for the various entities involved, especially in this type of project where the

required detail is greater.

— Integration of geological, numerical, and geometric models allowed for a more comprehensive analysis of the available geotechnical data, leadingto a

better simulation of soil-structure interaction and more reliable and realistic results.

YIET..
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Deep excavation solutions for the construction
of a logistic park in Loures (Lisbon)

Rui Tomasio / JETsj Geotecnia

André Henriques / JETsj Geotecnia

Filipa Ramalho / NORTON Edificios Industriais
Joao Dias / Triaxial - Engenharia Geotécnica

B JET. e TRIAXIAL

S Industriais Engenharia Geotécnica
Presentation day (2024/08/28), Session A10, Paper number 233
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—  Loures municipality

—  Construction of a logistic park

— 107 000 m?site area

— 55000 m?footprint area

— Old limestone quarry

—  Old landfill site

— Very abrupt geotechnical behaviour over

short distances

—  Excavation and embankment areas
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—  Bored pile wall permanently anchored- 450 m length -

20 m height

—  Berlintype wall - 1250 m? area - 12 m height

—  Gabionwall-250 m length — 16 m height

— Reinforced earth wall with facing precast reinforced

concrete panels — 600 m length — 18 m height

—  Soil excavation - 370 000 m3

—  Rock excavation —47 500 m3

REINFORCED EARTH WALL

GABION WALL

N T T ere R
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e e
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BORED PILE WALL AND BERLIN-TYPE WALL
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4 geotechnical surveys from 2019 to 2021
50 boreholes with SPT tests
24 exploratory pits

10 seismic profiles

Direct shear tests

Drained triaxial tests

Unconfined compression tests

High level of uncertainty about the composition of the fill materials

High level of uncertainty about the location configuration and inclination of the old

quarry cuts
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Bored pile retaining wall

— 800 mm piles spaced 1.5 m, center-to-center
— 20 m of maximum height

— 2to5 levels of permanent ground anchors spaced 3.0 m — design to static and

seismic conditions

— Reinforced concrete distribution beams

—  Prestress load on anchors of 900 kN

% 0

—  Shotcrete protection layer between piles
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Testing of 2 sacrificial ground anchors

DIAGRAMADE CARGA [ DESLOCAMENTO

2500

——1{® CICLO
——2° CICLOD

— -3 CIC LD
—d—4® CIC LD
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157.80 (Cota final da eseavagio)
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Concrete Berlin-type retainning wall

—  Zones with slightly altered limestone
—  Pile wall underpinned using micro-piles — 3 m spacing

—  Concrete wall with 30cm thickness i H \
it !1’ iy
i i s ‘i ﬂm
— @32 mm rock bolts to support the wall i l"“’““‘“”“’ﬁﬂ ﬂm

ittt ;g‘: il 11 hi{ﬂi‘i

'l

wﬁﬂiiﬂ mﬁ*ﬂﬁmﬂ l-u T

i i ‘i ﬁ} }
}“11111 }“1]1 Bjﬁﬂﬂ nﬂ% 1{” n

i iy i
il 11111
w; il’iﬁ.‘ ’ﬁﬂ ﬁ l

g 11414’ i
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Lhikds

/ ON SOIL MECHANICS AND ! SLLbi
GEOTECHNICAL ENGINEERING [ VAV VAVAVAVAVA
——y 26-30August  Lisbon Portugal i ;“;:é.‘ ;‘?'%'%‘%"#'A n ]
A Ay
P AVAVAY VAVAVAVAVAAVAVAYAVAVAVAYAVAVAVAVAVAY
VAVAVAVAVAVAVAVAVAVAVAVAY \/

—  Plaxis 2D models — stresses and deformations

—  Several cross-sections

—  Soils - Hardening soil constitutive model

—  Rock - Mohr-Coulomb constitutive models

—  Assessement of the maximum global safety

factor for static and seismic conditions

Models Height
Bored pile wall 20m
Concrete Berlin-type retainning wall 20m

SO NN

ﬁ-‘ - NS i CTATL TN AVAT m“m
:«%‘!LSVAVAVAYAA #ﬁ\;gﬁ%!‘\\ N
g i PavavsY ‘Vﬂ : TAVAV

Deformed mesh |u| (scaled up 40.0 times)
Maximum value = 0.02613 m (Element 0 at Node 14339)

Deformed mesh |u| (scaled up 50.0 times)
Maximum value = 0.04530 m {Element 0 at Mode 13747)

PAVAWA VAVAVA AN 71
PAvATsT

favar 2
§.

WA ; R

Horizontal deformation

15 mMmmto 26 mm x

Deformed mesh |u| (scaled up 50,0 times)
26 mm Maximum value = 0,07682 m (Element 453 at Node 496)

YIET..
g - -
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—  Ensure the safe and cost-effective execution of the retainingstructures £ 10 8 1 80 1 08 108 008 P88 P8 F P08 08 0 0 00 =
r— —— e e = ;E
—  Horizontal and vertical displaments — Topographic targets = g = E
BEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
—  Horizontal displacements — Inclinometers Se=——-- === === §
. . §§§§§§§§§§$é§§séﬁ§§§§§§§§ H §:§ f%
— Tension load in the anchors — Load cells
g, (0237 g CC1 58w CCAT] s CC1 35 ot CC 101 s CC 107 s CC 204 s C 0329 s CIC 31 6
1050 1= CC242 et CC344 e CC253 CC267 cca74 cc287 €C395 cc402 ]

T T | T T T 11
“-; NI LLTITT
"

1000 —
. . . . L - ooy b
—  Maximum horizontal displacement - 15 mm/20 m height - et T b
. ]ﬁ )&1‘]_ Fa I'QE
— Anchor load increments of less than 10% 90 ¥ ' LA Ry Rgy e -~
L p-o-*ﬂ-q—)-** Mgt
850
a00 t '
NN ANNNNNNNANNOOOOOOmOOOOOOMOMOOOOMMOMmOMMMOOOMOMOMOMOMCOOT S <<t oo
e e e e R
8883222528380555888 P RRa 0 ES5533358508883333¢222888as58288F¢
BeRRegEn e snnIiig R 3T sigaRo - aNgETaETaRcs322382882 835
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The alternative solution developed in the context of the design and construction contract carried out in collaboration between the designer (JETSJ) and the

contractor (Norton El), have proven to be extremely versatile and well-suited to local constraints
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LISBON NEW CIRCULAR METRO LINE:

- Rato station interconnection
- Estrela station
—  Santos station

—  Cais do Sodré station interconnection

Marqués de Pombal

~,
Rate /
’
Ve \. /7
/ 7
Estrela @ ~
/ /4
. @>7 LOT1

"

9
Santosop...

Ol
Cais do Sodré

=

= e s

Odivelas| &
Coroa 1 Sanhor oubada| & &
Zone 1
CoraaL Ameimeina | b Aramiis/Ports 4
Zone L
EBai Lumiar| & £ A i
Rebolelra | 2 @ Mfomelos| B & Reraporta] + @ Moscadde] B b
Quinta das Conchas| & Encarnagso| &
: Campo Geande| & &4 &
Talhwiras| 2 H @ & |odents
™ k. -
= Alte dos Moinhos T
Berifics ®
Cidade Unhersitiria
Cabsa Ruivo | &
Jardim Zoologico | = &
@ | Entre Campos
.3
=]
o Bvago
dha Frata
L]
Manila
Ciampoliis L
B &4 & 7| Magsuis ds Pambal
Avedida
L | Rata
.. L Restawadores
‘:tldao Fiappn
. Bl antars-Tera .
Lishoa Balem § Mcsntaracbiae SO o] Caiis do Sodré | & @ L
D . -‘..-.--T
Rl Tejo Sanla Aposdania| B L
Mot
Trdars Pt Beandao Cacilhas Sataad Baredre
L
. ' E T %( :( )I )( ] f spie batignolles
54 Portugal MOTAENGIL | ‘ i -I
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ROUTE OF LOT 2 AND MAIN WORKS:

—  New Santos Station

—  NATM Tunnel
—  Cut&Cover Tunnel
—  Buildings Underpinning .

—  Cut&Cover Tunnel

(FGT)

—  PV218 Ventilation Shaft

— Interconnection to Cais do Sodré Terminus

| o LOTE2 [ le
Km=1+584.273 © Kim= 51545308
| i :

.y

—  Refurbishment of Cais do Sodré Station

- f}__, .5“ \

% UET. fRCoba M. -
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‘-q':;' £, o 8 i | B
CHALLENGES: Q e :
—  Densely urbanized area 5 A, -
—  Density of structures and services f,. 1 > ﬁ
1‘ u-"‘._\., -,r..-
—  Complex geological, geotechnical and hydrogeological scenario: . e i

—  Maritime landfill area
— Raised water level
— Tide effect

—  Historic part of the city

—  Centenary buildings

—  Former Convent of Esperanca

TO 1 ESPERANCA

IARTEL= BOMBEIROS

Portugal
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GEOLOGICAL AND GEOTECHNICAL CONSTRAINS:

Recent materials Miocene Lisbon Volcanic Complex
(Landfill and Alluvium - essentially sandy type) —— (Clays and Limestones) _— (Basalts and Volcanic Tuffs)
at @ a., [=[c]a, [ Ja,[ ] M., e | M., [0 e EEE - [El]
——————— 1 —_——————
; Cut&Cover : Underpinning : Cut&Cover :
: Start I Buildings ! End I

Tunnel

Structure

.
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AFFECTED BUILDINGS:

—  Buildings n® 42 and n° 44 at Avenida D. Carlos | (XX century):
— Reinforced concrete structure
—  Pile foundations.

— 9elevated floors and 1 basement.

— Building n®42 was recently subject to rehabilitation works for conversion into
residential use. -

Nea2 (L i

— | X
— Building n®44 is in its original conditions, used for offices, and showing a good 7 . 1‘“ It || ,
state of conservation. - = izl
i N°44 W‘ : —
—  Need to underpin several columns over intervention area: = =t
- /‘i’-‘ﬁ( |
—  Solution compatible with equipment that can operate inside the \\ﬁg\, c f,/__..-J/" e — S—
building’s basements (ceiling height of about 3,0m ) W \)C;\\)?‘ i % EstaciaamENTd .
@@@oa@@.@r)

¥ UET. [Jcobq M R o
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. f‘ ; ‘ y

Py ;

| o e g 2oz, |

& A

! ! !

FOSIRNE S p—-
‘@*\&\\\M“‘\%&ﬁm&; CEC OIS il BV
: ; Sl o]

UNDERPINNING SOLUTION:

L PS
£

e
3

|
i I At AP WO B ) D
— Reinforced concrete slab, not prestressed: - Bg o p .‘“
P E W‘i{\
—  Below the existing pile caps and above the tunnel i ."5\ o
—  Geometry of approximately 50,0m by 13,0m b e el e ; N e ———

—  Thickness between 1.40m and 1.80m

| UNDERPIN

JET-GROUTING

—  Supported on two rows of jet-grouting columns, reinforced 1 S| ABSYSTEM | COLLUMNS
with steel profiles E=====5 e
NN UNDERPIN
—  Change the foundation system of the buildings: 0 ‘ SLAB SYSTEM
Structural columns B Lo
e — i
Slab (cylindrical bending) =t 1l
Jet-grouting columns R =t
Competent ground layers (below the tunnel) o ’ 5
— Possible to deactivate the existing piles over the tunnelarea, = = | - - FOUNDATION PILES
to proceed with the excavation works to build the new tunnel. e | e TO DEACTIVATE

ra

% JET. [Fcobq M e

Portugal

g - -
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7 SR — Solution Description olan View: SteolStrute e GRoUTING |
T — 26 - 30 August Lisbon Portugal K o ® ® @ ® - RETAINING WALL
= BB B 616 .6.8.10 ©..0 ALTINC e .
Y AT ANv4 T
CUT&COVER EXCAVATION SOLUTION b SRR G brio i s, R : ——
“r i B-ES 5 & ER
—  Double jet-grouting columns retaining wall @1.0m//700mm : mul o 'M : .,,JI _—
— Reinforced with tubular steel profiles miw i : ,im . i i . i |
i | | / TR Ry, - . i & p—
To reach the underpinned slab level: i Lo JET.GROUTING e e !
—  Third row of jet-grouting columns, also reinforced with I WALL | RETAINING WALL e
steel profiles T T - -
— Interconnection with neighboring trenches: .
—  Pilewall, in the north side a
2 e g |
—  Diaphragm wall, on the south side i
—  Temporary propped each other with:
— 4 levels of steel struts, 5.0m apart et
—  Steeland reinforced concrete distribution beams BT
— Reinforced concrete slab as the third strut level ’ '::_‘_5;'

% UET. Jcoba M e e
g - -
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QUICK WALK THROUGH THE REVIT MODEL

¥ UET. [Jcobq M R o
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— 26 - 30 August Lisbon Portugal UNDERPIN SLAB
UNDERPINNING SLAB: I

—  Design using structural finite element analysis software SAP2000: JET-GROUTING

<— CURTAINS —
—  Shelltype elements

—  Springs type restraint

SPRING
“ 4= RESTRAINTS — . -

—  Estimate slab forces and elastic deformation

Bending Moments (ULS) Elastic Deformation (SLS)
546 u'! = -3 786E-05 09
492 t:g %g?
M11 e o -135
R1= 00046

[kNm/m] 4.38 R2 = 00069 sk
H R3= 3 133E-06 M
385 225
33 .27D

277 -3.15

223 36
169, <405

1.15 45

M22 i ol ) 062 'P’l gluj; 1;:99 495

- - » t I ]

[kNm/m] 0.08 E%_ 3005‘ o 5.4

- 046 R - 4E05 il

Tt U SO e e e 3 SN S B SR 4 Rz =Sl %3

Ri3=0
J J E I Eil m Portugal ﬁT’*ENG'L ] i d

e
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7 — Solution Design

UNDERPINNING SLAB AND CUT&COVER:

—  Design using geotechnical finite element analysis software PLAXIS 2D

5000 5500 50,00 4500 40,00 3500 30,00 2500 0,00 4500 -i0,00 500 0,00 5,00 10,00 1500 2000 2500 3000 3500 40,00 4500

5,00 ||| ||| ”

LA

50,00

Forces at the steel reinforcement of the jet-grouting columns

-45,00 -40,00 -35,00 -30,00 -25,00 -20,00 -15,00 -10,00 -5,00 0,00 5,00 10,00 15,00 20,00 25,00 30,00 35,00 40,0
[N mjim]
¢ I— e s )
%0
___ ————
5,00 I 80
7
&0
-10,00 \ 50
~—
5500 60,00 %0
-15,00 _.---"“-'_F-‘ 30
b 2
:._ v
20,00 .
@
Envelope of
= Manimum value = 18,75 kN mjm (Element 117 at Node 120667)
Minimum value = -19, 11 kN m/m

Horizontal Deformation (U, .,=18mm)

+56,00 48,00 40,00 32,00 24,00 -16,00 8,00 0,00 8,00 16,00 2400 32,00 40,00 48,00 56,00

4,00

TV AV

VAT
L
JAVAVAVATE S

PAVAYAVAVAN S T AN,
ST AVAYAVATATY

-16,00

AVAVAVAVAVAW, £y
“"*‘1""&7‘7‘#‘#"

AVAY,
2400 WAV‘YA%‘#:AV‘W“V‘VAV TAVAVAVAVA:

\VAVAVAVA .
"4' WATAVAVAVAVAVASin, ;;'f';"iﬂu AVAVAVAVAVAVA

£ \VAVAVAY
B S DVVAVaVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN Vg

Total displacements u,, (scaled up 100 times)
= Maximum value = 0,01805 m (Element 3320 at Node 71761)
Minimum value = -0,01461m (Element 3140 at Node 105225)

®UET. [{coba M | s

e
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® ® © 6 ©

Sy ~Qp
LOAD TRANSFER OPERATION | |

|
— 18 Columns and Walls ' i

— 41 Hydraulic Jacks
— 18 Load Steps (20 to 50 bars each step)

ENERPAC LPL-2002

Table of deformation control criteria for each step

Monitoring devices o —
Carga maxima Carga Percentagem [mm]
Macaco estimada Qaun?idade Patamamr Pressdo /cil | Pressdo instalada de carga
| EXISTING COLUMN }-\ L lquase de Cilindros | de pressio|  [bar] Tbar] o | instatads | ygede | umiede
-l permanente) 1%] d=n referéncia
T R

| HYDRAULIC JACKS l\ 1 1 50 150 425,3 13,2% 0,42 0,53 0,69
3 2 100 300 850,5 26,4% 0,73 051 1,19
| LOWER WORK AREA N 3 150 450 1275,8 39,6% 1,04 1,30 1,68
Phgs 3 4 170 510 1445,9 44,9% 116 1,45 1,88
‘ UNDERPIN SLAB [oien N 5 180 540 1530,9 47,5% 1,22 1,53 1,38
6 200 600 1701,0 52,8% 1,34 1,58 2,18
LIQUID LEVEL SENSORS 7 220 660 1871,1 58,1% 147 133 2,38
8 240 720 2041,2 63,3% 1,59 1,99 2,58
) 250 750 21263 66,0% 1,65 2,06 2,68
’ 2230 3 10 270 810 2294 71,2% 177 2,22 2,88
11 300 900 25515 79,2% 1,96 2,45 3,18
s 12 320 960 27216 84,4% 2,05 2,57 3,34
a0 13 350 1050 2976,8 92,4% 2,19 2,74 3,56
B e 2,32 2,50 3,77
I 15 2,34 2,93 3,80
PILES SHEATHING ~mstnG STRAIN GAGES 16 2,36 295 383
17 | 2,37 2,96 3,85
PILES 18 2,38 2,98 3,88

. , E T CObO spie batignolles

5.4 " POF?UQEH MOTAENGIL [ | -

g - -
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LOAD TRANSFER OPERATION (SUMMARY VERSION)

— Phase1:

— Installation of the instrumentation system at the existing columns;
— Phase 2:

—  Excavation to the bottom level of the slab;
— Phase 3:

—  Sheathing of the piles followed by slab construction

[Cota e
Excavacto

PHASE 2

— Hydraulic jacks installation;
— Phase4:

—  Excavation under the slab, followed by hydraulic jacks activation

—  Finally existing piles demolition, managed by monitoring data analysis

‘ ‘ ]| ‘

PHASE 3 PHASE 4

¥ UET. [Fjcobq M EEEE
g - -
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LOAD TRANSFER OPERATION - PHASE 3: HYDRAULIC JACKS
ACTIVATION AND APPLICATION OF LOAD TRANSFER

— Estimated loads:
— Generally adequate and consistent with the recorded ones;

— Some applied loads were below or above the estimated value
(adjusted to avoid differential settlements):

—  Column P10: installed load lower than estimated (67.5%
applied load with a vertical deformation of 1.3mm);

—  Columns P11, P12 and P13: installed load higher than
estimated (118.1% applied load with a vertical
deformation of 1.3mm to 3.1mm);

—  Estimated deformations:

—  Generally higher than the recorded values;

— Closeto the estimate in columns P2 (1.50mm), P10 (3.00mm)
and P14 (2.09mm)

400

0.50

0.00

-0.50

-1.00

-1.50

-2.00

-2.50

-3.00

-3.50

Pressao [bar]
[ N
e
(=}
)

)

)

)

)

)

)

)

— Construction Phases and Load Transfer Operation

Load installed on jacks

mmmmmmmmmmmmmmmmmm

mmmmmmmmmmmmmmmmmmmmmmmm
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
'] eunP) efgumPl emPl P Pl esgumP] ogeP( egpPd

e ] () e P ] ] sy P12 s P13 s P14 g P ] 5 ey P16 a7 s P18

Vertical deformation of the slab

8
6
0
6

ERAF

e[| P el emfumPl e Pl ] Pl PO

e P 1) i 1] el P17 e 13 s P 14 sl P15 s P 16 s P17 i P 18

% UET. [Fcoba M s

Portugal
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500 Load installed on jacks

LOAD TRANSFER OPERATION - PHASE 4: DEMOLITION OF THE PILES 500 7

400 ° ———t—g

= é Z
=

100

Load increases occurred on the jacks in all columns:

Presséao [bar]

— Loads were not fully actively transferred, in Phase 3 of the

process
. . . . . 0
— Increased safety: avoided tensioned piles by the application of S o  SSLHPIPD SO LSHE SPHDSS S
. . . ST A DTS N A0 O WO TR @Y WO DN o 9 o
excessive loads, minimizing dynamic effects resulting from the A
release of this energy in the demolition phase ——P1 —#—P2 —8—=P3 —8—P4 —8=P5 —8—P6 =@=P7 —8=P8 —8=P9
e P ] () e P]] cnfiumP ] exfjmm P13 ssfi== P14 exfjem P15 cxf==P |6 ex@u=P]7 ==@==P18
~ Estimated deformations: oo Vertical deformation of the slab

— Below the criteria defined for possible reactivation of the
hydraulic jacks (settlements lower than 5mm)

Deformagao [mm]

e=f=pP] ==fe=P? e@umP] efe=P] e@empP) ==fe=PC ee@empP/ e@emPS P9

e P 1) et P | el P2 el P13 sl P14 ol P15 s PG sl P17 sl P18

% JET. [Fcobq M | EE o
g - -
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= ke — Construction Phases and Load Transfer Operation
LOAD TRANSFER OPERATION

Hydraulic jacks activation and Sheathing of the piles Demolition of the piles

application of load transfer - : . : |
-~ !JETE_J %CObQ [H)TRENGIL spie batignolles ﬁ

Portugal

g - -
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Execution of jet-grouting columns Installation of the first level of steel struts

. 11\\% .

Excavation work in the area of the existing foundation piles

% IET. [HCORQ ot B
g - -
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Second and third strut level in the pile wall and in the diaphragm wall section

%

Installation of the foutrh level of steel struts

l )( ] spie batignolles
Portuga! MOTAENGIL -
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Lisbon new circular Metro line:
Interconnection section between new line and existing terminus
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ROUTE OF LOT 2 AND MAIN WORKS:

—  New Santos Station

—  NATM Tunnel

—  Cut&Cover Tunnel

—  Buildings Underpinning

—  Cut&Cover Tunnel

(FGT)

—  PV218 Ventilation Shaft

— Interconnection to Cais do Sodré Terminus

U o - LOTE2 e
Km=1+584.273 © Kim= 51545308

—  Refurbishment of Cais do Sodré Station

: et
CODO a spie batignolles W
Portugal MOTAENGIL g v
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CHALLENGES:

—  Densely urbanized area

—  Density of structures and services

—  Complex geological, geotechnical and hydrogeological scenario:
—  Maritime landfill area
— Raised water level
— Tide effect

—  Historic part of the city ”

—  Centenary buildings

—  Former Convent of Esperanca

®UET. [[{CoDA M = m

e
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GEOLOGICAL AND GEOTECHNICAL CONSTRAINS:

Recent materials Miocene Lisbon Volcanic Complex
(Landfill and Alluvium - essentially sandy type) —— (Clays and Limestones) _— (Basalts and Volcanic Tuffs)
at @l a. []5]a, |, | M., e | M., [0 e EEE - [El]
: Cut&Cover : : Cut&Cover : : _C;|; Jo_sBJrQ—:
: Start : End I . Terminus 1
- el i y-—--a-- - bao
é | T p—p— 1 1 1 | '
n 5 | | TrenchC :| ! I '
| * — = = | |
20 PV 18 1 @[E | 20
ALSH 1 5-31 510 1 s Il T I .
| B8 Eas = B s B = |
10 [ - T 10
] 1) ] _ " L
0 0
- @ _— _'r _— _— t I S
e Tunnel Struct_ure =k _' e
-20 20
=30 — =30
] ! :
®UET. [CORQ ... B T

e
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AFFECTED INFRASTRUCUTRE AND CONSTRUCTION CONSTRAINS: AV. 24 DE JULHO

—  Crossing the Av. 24 de Julho:

Definition of Cut&Cover excavation in 3 phases

Infrastructure diversions: Water pipes and collectors, Road and Rail traffic

Last Cut&Cover section (section C), intersects Cais do Sodré existing terminus:

Design Cut&Cover solution compatible with the existing structure of the terminus

Need to opening the the existing structure to connect the new tunnel

~— -_— -

Av. 24 de Julho
=g O F
T [ S

["Railway line temporarily |

= o dvertedge

=5 ==New Metro | e
= tunnel area—]

New Metro tunnel

New Diaphragm
wall

Existing
Terminus

il

Cut & Cover

(Section C)

Existing
Terminus

= mueT. HC

obAQ

Portugal

Existing
Diaphragm wall

Existing
Diaphragm wall

Existing Terminus

spie batignolles
MOTAENGIL g e -

g - -
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AFFECTED BUILDINGS: CAIS DO SODRE EXISTING TERMINUS

—  Builtin 90’s using the Cut&Cover method:

—  Retaining structure composed for two alignments of
diaphragm walls.

—  Definitive structure composed for a box section tunnel
with an interior reinforced concrete frame.

— Need to opening the existing structure to connect the new
tunnel:

—  Solutions compatible with equipment that can operate
inside the terminus.

Tunnel Structure

Opening

Diaphragm
Walls

[ Tunnel

I ]
| (S
A
- D= F
—le-T = \ Concrete
- Frame
Terminus

kil
% JET. [HCODQ oM. B

g - -
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CUT&COVER EXCAVATION SOLUTION:

—  Diaphragm wall 80cm thick

—  Temporary propped to the existing Terminus with:

—  b5levels of steel struts, 5.0m apart
—  Steel and reinforced concrete distribution beams

— 31 4™ and 5% strut levels aligned with the Terminus structure.

Plan View: 15t Strut Level

' " CT PK 1+860

Portugal ﬂ)T/*ENG'L ] i-

= cobq
e
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Plan View: Structural elements to be and built

FINAL STRUCTURAL SOLUTION FOR TERMINUS:

—  Construction of a new reinforced concrete frame between the
, which will be later demolished.

— New frame composed by beams and columns has the capacity for: — - —
— Loads placed in the existing north side wall, after the = o ol b o L o e g e s bl e Bl i
opening execution
p g - — i 1T T I|| || T 1 | | | L1
—  Loads from the new tunnel roof slab
—  Strut effect between the south wall and the new north wall Plan View: Final structural solution for Terminus
. . . N
—  Micropiles foundation @
Existing Existing
Diaphragm wall Diaphragm wall
NN TSR NN NN NN NN <
NSNS NN AN A NS SNOANSANPSNINANNN N o
) R R R ) e IS ]
ATV 3 R QTS A ’d
I \New Diaphragm | | RN \Prestressed Bars. | lE 00
SRR s L s .
///\\//\\//\\///\ VRI VR2 T N S —
/\ \///\\///\\///\/ \//\* T \\/\//\‘ s e I i 1
Bl conoree o e M =H e e e e e e e e e ey A !
//\\\//\\\//\\\//\\\//\\\//\\ Portal PB2 ‘ : Steel Columni!
///\\//\\//\\//\\//\\//\ Beam wall . 2’/\%@ \\/\\/\ T1 T |i| T 1 T T T Iil T 1 T T 1 TT
L2 (VPA) R
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RRRGE, m—m— O Wy
DN RPN S ol - o
/N,/M/ L ,/I/\ '////\\\\Mi&ropi|e\ D \\//\Existing Terminus //\\///\\\///\\\///\\ spie batignolles
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N
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Cut&Cover excavation works to the bottom of the new tunnel
Foundation slab of the new tunnel

Deactivation of the 5th strut level

Construction of the new concrete frame next to the south existing wall

A S

Reinforcement of the connection between the existing diaphragm wall
and the Terminus tunnel wall, with DYWIDAG prestressed bars

Installation of the temporary steel propping frame
Start of demolition works to make the opening

*  Small openings: 4m strips in 15t phase

alefofololofolololofolo

Prestressed Bars

I
. |

coba M .
e
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8. Continuation of demolition works to make the opening
9. Micropiles for the new concrete frame foundation

10. Reinforcement beams in the opening

11. Close the new reinforced concrete frame structure

12. Deactivation of the temporary propping steel frame and landfill

/‘/

bullll the 2st phase

®UET. [§COOA .' -
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FINAL STRUCTURAL SOLUTION FOR TERMINUS:

—  Design using structural finite element analysis software SAP2000:

Bending moments and Shear of beams Existing

Terminus

_— —

Vertical Deformation of new tunnel

=
=
\_\\*\\

~

M-N interaction of columns

Diagrama de Interagdo N-M2

M2 [kNm]
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5200000 4
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° o
© -10800,0°
o o L]

-15000,0 -10000,0

00
00 ©

100000 . 'ET ‘ :Ol )( I spie batignolles
Interagdo N-M2  © (Msd,Nsd) 5.1 MOT/\'ENGIL “
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Vertical Deformation (U, ..,=34mm)
CUT&COVER EXCAVATION SOLUTION: T ap———

—  Design using geotechnical finite element analysis software PLAXIS 2D: I |
5.00 1000 1500 2000 2500 3000 3500  40.00 4500 5000 5500 60, = ___“_‘————“__ 02
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WORKS AT A VERY EARLY STAGE:

—  Construction of the new reinforced concrete frame next to the south side Terminus existing wall

o

280 55 ey .

! =l _ al
l ] I I — R— S— I -
| | | B E I—E—@ 121 Feere] S ERRTIEE TS B .. _—— ] | 1
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Lisbon new circular Metro underground line:
Centenary buildings underpinning
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d NEW CIRCULAR
LISBON METRO LINE

d +~2KMLINE

d +2 NEW STATIONS
NATM
TUNNEL
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(d SANTOS STATION
(0 DENSE URBAN AREA
 HISTORICAL CITY AREA

g il (54

d NATM METHODOLOGY
O TUNNEL WITH SHALLOW DEPTH

(J NEED TO MITIGATE CENTENARY BUILDINGS
STRUCTURAL DAMAGE
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d XIX CENTURY BUILDINGS
(d MASONRY WALLS
 TIMBER FLOORS

(J RESIDENTIAL USE




ECSMGE 24

XVIIl EUROPEAN CONFERENCE 9 Affected Buildin s — —

GEGTECHNICAL ENGINEERING g DAMAGE INTERACTION CHART Damage category 3

26 - 30 August Lisbon Portugal B Da mage Catego ry 2
- Damage category 1

Damage category O
Main Strain

Deflection Ratio

Horizontal Ground Strain

NUMERICAL ANALYSIS ESTIMATED SETTLEMENT
v

BURLAND’S (1997)
7

MODERATE TO SEVERE DAMAGE

+

REINFORCEMENT MEASURES NEEDED

e




Index

-
-
<
N
N
-
-

Introduction

Affected Buildings

Main Constrains
Underpinning Solution
Solution Design

Monitoring and Survey Plan

Conclusions

7

@

ECSMGE 24

XVIIl EUROPEAN CONFERENCE
ON SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

26 - 30 August Lisbon Portugal




ECSMGE 24 . .
/ XVIll EUROPEAN CONFERENCE 9 M aln Co n St rains

ON SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

—— 26 - 30 August Lisbon Portugal

(d GEOTECHNICAL CONSTRAINS UN[;EJ'TS)':‘;I'\C';; 2v—t
¢ BUILDINGS SUPERFICIAL FOUNDATION —:’:[ '
¢ 10 m THICKNESS LANDFILL :
% UNDERGROUND EXCAVATION ON

¢ LISBON VULCANIC COMPLEX MATERIALS .

[
o o

15m
d CONSTRUCTIVE CONSTRAINS 5m

¢ EQUIPMENT ACCESSIBILITY INSIDE THE
BUILDINGS

¢ OPERATE WITH A MINIMAL CEILING STATION
HEIGHT OF 2,5 m GALLERY

(J UNDERGROUND EXCAVATION CONSTRAINS
“* NATM TEMPORARY SUPPORT ELEMENTS

A
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(J WALLS REINFORCEMENT SOLUTION

% SPRAYABLE MORTAR AT
MASONRY WALLS REINFORCED
WITH CARBON FIBRE MESH

MASONRY WALLS REINFORCEMENT

[S&P ARMO-mesh | S&P ARMO-crete w]
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(J UNDERPINNING SOLUTION REINFORCEMENT
CONCRETE SLAB
+* REINFORCED CONCRETE BEAMS AT BASE I | | EF
LEVEL CONNECTED TO MASONRY WALLS | /// ' —;
WITH PRESTRESSED STELL BARS 0 e
+* STEEL MICROPILES; VERTICAL AND i:g . I -
SUBVERTICAL, CONNECTED TO BEAMS TO 4 1 L] .

TRANSFER BUILDINGS LOAD BELLOW THE

UNDERGROUND EXCAVATION N80 STEEL REINFORCEMENT

MICROPILES 020[ 040 0.40 [0.20 CONCRETE BEAM
@127x9mm 1550 {~ 0Ed
@32mm PRESTRESSED

STELL BARS
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— Underpinning Solution
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(J PROJECT QUANTITIES
« MICROPIPLES LENGTH

T 20 to 25m
T\ | % ~170 MICROPILES
% TOTAL LENGTH
~ 4.000m

o
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BUILDINGS | & giige NUMERICAL MODELS (PLAXIS 2D AND 3Dy
PLAXIS 2D - GROUND DISPLACEMENTS
- 1
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J RISK MANAGEMENT
¢ ALARM THRESHOLDS

¢ DAILY MEASURES WITH AUTOMATED
TOTAL STATIONS

d MONITORING DEVICES
“* INCLINOMETER
% TOPOGRAPHIC TARGETS
% TILTMETERS
% CRACKMETERS
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s
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= *: N\

TOPOGRAPHIC TARGETS

— Monitoring and Survey Plan

VERTICAL SETTLEMENT ALARM THRESHOLDS
WARNING -80% RV

VALUE -RV

ALARM -130% RV

e

AUTOMATED TOTAL STATION

VERTICAL DISPLACEMENT (mm)
15 PE407-M[AZ]

10 —— PE408-M[AZ]

—— PE409-M[AZ]
—— PE411-M[AZ]

—— PE412-M[AZ]

— [Alarme] PE407-M

—— [Alarme] PE412-M

Avr 2024 Mai 2024 Jun 2024 Jul 2024 Aol 2024

g - -
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(d EXTREME SCENARIO POTENTIAL
BUILDINGS DAMAGE INDUCED BY AN
UNDERGROUND EXCAVATION

(J REINFORCEMENT MEASURES
NEEDED

(J MONITORING PLAN AS RISK
MANAGEMENT TOOL
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1 LOCATION

NLLP

\/

** Northern Lisbon Logistic Platform, at Castanheira do Ribatejo, Vila
Franca de Xira, Portugal

\/

** Right bank of the Tagus river

(] GEOLOGICAL CONDITIONS

/

% Presence of alluvial deposits, essentially made up of soft silts and very
soft high plasticity clays (approximately 20 m thick)

J OBJECTIVE

R/

*%* New industrial building

R/

+* Expected high magnitude live loads for ground pavements (50/20 kPa)

/

< Embankments to raise the ground pavement level Tagus river

a Risk of accentuated and evolving deformable behaviour over time.
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= K — Ground improvement solutions
S e Stone columns e
Indoor pavements \ Outdoor pavements
J Accelerate the process of hydrodynamic consolidation of the compressible ) L

7
A i
5
v
.
'
L]

materials (soft clayey soils)

O Introduction of drainage elements

\/

«* Stone columns (@900 mm), at the area of the warehouse indoor pavements
(3.0 x 3.0 m square array)

/

+* Prefabricated vertical drains (PVD), at the area of the outdoor pavements (1.2
m triangular mesh)

(J Build 8.0 m and 4.0 m high preload embankments, with slopes H=1.5; V=1.0

\/

+* Compatible with the expected loads -

.i1 |

Drainage geocomposite
12.00 Preload embankments 19,00
_w 900 RUAC / 900 ‘_L__
> O 300 = J 6.00 =
w 500 | 3.00 wr
g w T
A T
Soft soil ii

TN

Stone columns PVD
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Preload embankment construction over drainage geocomposite

¢ '1 - — .
- g i N

| Conclusion of preload embankment construction

T
e v
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(J SETTLEMENT EVOLUTION OVER TIME ESTIMATE ] SLOPE STABILITY
s Compressibility of alluvial soft clays *+ Foundation soils characterized by low shear strength
*»» Presence of the stone columns and prefabricates +*+ Limit equilibrium and finite element calculation
vertical drains
Settlements - project prediction J / ...... i ...................... [
T [days] g s
0 50 100 150 200 250 300 350 400 450
0 kR 20
200 ) )
'g 400
': 600 -120,00 -90,00 -60,00 -30,00 0,00 30,00 60,00 90,00 120,00 150,00 180,00 210,00
S > sl bt b bt bt b b b b b b b b by b by by b by
§ 800 \\““\;:r;:\'\~\. 30,00 |
£ 1000 B S | e
(2] _“_"‘:‘:-—--_--_-:_‘._‘_:_:_—__—__-_:_-__—__-_ _______________ —
1200 =
0,00 |
1400 -
—— Stone columns - Maximum limit - - - Stone columns - Minimum limit 30,00 |
----- PVD - Maximum limit —--PVD - Minimium limit .
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— Monitoring and survey plan

(1 MONITOR EVOLUTION OF THE CONSOLIDATION PROCESS

\/

+* Topographic marks supported on settlement plates (Surface settlements) %
¢ Vibrating wire piezometers (Water levels/Pore pressure) Péj

(] SLOPE STABILTY

/

%* Inclinometers (Horizontal movements of the ground)

HHee

A goi)

Monitoring plan - Settlements - Prefabricated vertical

drains
0 50 100 150 200 250 300 350 400 450
0
T -200 PVD - Project
£ -400 prediction -
2 500 Minimum limit PVD - Project
G 800 k. prediction -
E B - Maximum limit
1_:'1000 .‘._'"" R N N R R R R R ]
@ b -— -— e e -
» -1200 = -
-1400

Time* [days]

Settlement [mm]

Monitoring plan - Settlements - Stone columns

50 100 150 200 250 300 350 400 450

Stone columns -
Project prediction
- Minimum limit

e

ettt T Stone columns -
Project prediction

Time* [days]

ox

® o5 pE® oy

os ® s

]

|
BT

=

HITTTTTITT]

I

g - -
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J The framework of the work described, including the available time, determined the need to develop ground
improvement solutions aiming to provide favourable conditions for the future employment of economic
foundation solutions, compatible with the structure serviceability

J The adopted solutions make it possible to mitigate, during the life of the future industrial structure, high
maghnitude settlements, resulting from the primary consolidation process, developed at the level of soft
clayey alluvial layers

J The Monitoring and Survey Plan plays an essential role in managing the behaviour of the work, allowing the
interpretation of the observed settlements and the establishment, with greater accuracy, of the time necessary
to obtain the specified degree of consolidation

J The magnitude of settlements estimated at the project stage, in general, was in line with the values measured on
site

A E——TTT—
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solutions for an office building WP
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=
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el ---—»\x—..:v"'iﬂg'

Office building

6.300m2 plot area
(90mx70m)

4 underground levels

13m excavation depth
2m depth water table

High permeability sandy

alluvium layers

Very close to Tagus river
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* 9boreholes combined with SPT tests
* 6 Seismic CPTu tests

* Lefranc permeability tests

* Directshear tests

* Triaxial tests

\

\ P 7 == Garel
- % —ALCANTARA

Doca de Santo Amaro

SANTA MARIA DE BELEM

AJET.

g - -
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T - —— ‘.—r-.-_..—-‘-—a’.d
0,00 m -23,00 m 23,00m - 37,50 m 37,50 m - 40,30 m

b L —————————

14200

40,30 m -43,15 m
Heterogenous Fill Silty alluvium Weathered Basalt Basalt
Sandy alluvium Clayey alluvium
Gravel

JJET.

g - -
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Industrial archaeological remains from
20% century
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Maritime archaeological remains
from the 18" and 19t centuries
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b
R B

Maritime archaeological remains
from the 18" and 19t centuries
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;¥ g 7 75 3 3 28 4w 48 8 | ;J{ =_t§ §§ 3 .-
IERRRRREERERERRERRNRRR D |
ITTTT0T 0 Tm,T TTTTTI] ) 11 I O A o 1. Diaphragm Wall
R Lt I T B R | | |l Lo -:.'. | '_
b Ja"" e i.-i-smp—;#-p-&-—[i].—% it ﬂ 2 *  60cm thickness
N M B L & #-
i e  32m maximum depth
w—— - s
= R
wr I EE— * 1membedded length on clayey
= — R .
- | alluvium layer
;;_:_ . - —cms-xw 2. Self-drilling temporary ground anchors at
s o AT
w = + s capping beam level to allow an undisturbed
P 1-E|+jf EH‘i‘fE! =Frs:zma_x . .
o — archaeological excavation over a depth of
g B
S |- 6m in the entire plot and 9m in the centre
- : e part
‘ e ™ ] | p f—.ﬁ «_-;:" H
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Top-down slab for temporary support of
the diaphragm walls at level -1
Excavation until level -3

Top-down slab for temporary support of
the diaphragm walls at level -3

Excavation until foundation level
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* 14 Inclinometers

* 6 Piezometers

* 14 Topographic targets

* 14 Settlement marks
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J PROPOSED BUILDING
*» Multi-family residential building

*»» 3 underground floors + 7 elevated floors

*»» Footprint area of approximately 200
square meters.
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6-floor existing
construction, no
basements

d NEIGHBOURHOOD MAIN CONSTRAINS:

» Conde Valbom Avenue side: +/- level of floor 0. y

» Northern side: Existing building with 10 floors and 1
basement floor.

Existing
construction: 7
floors, 2

basements

Existing
construction:
10 floors, 1

basement

H Av. Conde
_ A & Valbom

» Southern side: Existing building with 8 elevated floors
and 5 basement floors.

Existing
constru-
ction: 8

floors, 5
basements [Hs

» Rear side: Boundary with the existing backyard.

A
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(J GEOLOGICAL AND GEOTECHNICAL PROSPECTION
» 3 mechanical boreholes:
» Standard Penetration Tests (SPT)

7553

Cross section C-C’

Cota (m)

77.00
&

LEGENDA:

RECENTE

ZG3 | Loosely compact clayey

MIOCENICO

ZG2 | Moderately compact Silts and Sandy clays

281 | Compact claye sands

g - -
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A s — Excavation and Peripheral Earth Retaining Solutions
J OBJECTIVE:
( Plan view: level 0 ) ( Plan view: level -1 ) (Plan view: level —2)

» Manage soil deformation

» Minimize disruptions to adjacent
structures and infrastructures

T
T j
P
\
\ 4

(J ADOPTED SOLUTION
» King post wall (t=0,30 m)
» Concrete slab bands (t=0,24 m)
» Shorings (HEB 140, IPE 120)

> Vertical steel profiles (HEB 120) Siab Strip (08:020) [N Sebstip (1.10x0.24)
I Siab Strip  (120024) Siab Strip  (0,80x0,24) MEEESESEEMEM  Steel Shourings  S275JR

A E——TTT—
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(J FINITE ELEMENT ANALYSIS T
SOFTWARES:
» PLAXIS 2D — WW
et
BRRRRRIKIKTS
SRR +
Soil Type Z.G3 ZG: ZG1 ZG1 - Sand
Nspr 7-15 18-45 45-60
Y [KN/m?] 18 18 20 ZG2 - Silty Clay
@[] 27 30 38
Eso ™ [MPa] 10 40 90 ZG3 - Landfill
Eur " [MPa] 30 120 270
ZG1— Loosely compact clay fill: ZG2— moderately compact silt soil
and clayey sandy soil; ZG3— eompact clayey sand soil.

U.max.y = 0,008 U.max.x=0,018 M.max =40,6
(m) (m) (kN m/m)

A |
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(d CONCLUDING COMMENTS:

» Technical efficiency of king post wall braced by various structural elements such as struts, and mini slab
stripes.

» Displacements lower than those estimated in project and displayed a highly stable behaviour during the
excavation works.

» Economic efficiency using mini slab bands, it incorporated elements of the final structure.

A
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— Residential Development
— Lot 1-2floors underground

— Lot2-3floors underground

—  Metro Gallery cross Lot 1 and Lot 2 about 4m under bottom
excavation

)

\ : A e
.
v £ | ML Gallery
! g 7 ~ =

l?- X
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—  Metro Gallery under Lot 1 and Lot 2
—  Existing buildings at north with foundation above floor 0 of new develop

—  Existing PT (Transformation Post) crossing Lot 2

I _'
(]

[ e e BN B BN BN BN |

Lot 2 North side

e
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-
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= -

oo -
Lot1 M

LTI ITETTLTTTT, o
£ gl
] #

-

] ™= —
~ —
0 — —

I' % |

T
-— J‘ FS FS F
T e TP T
| i

RECENTE

Lot 2 At | Depositos de aterro
(0)

Aterro heterogeéneo associando restos liticos e
ceramicos em matriz silto-areno-argilosa

Silte fortemente arenoso (areolas),
por vezes com niveis de argila siltosa

Argila fortemente siltosa com niveis associando
restos conquiferos frequentes e por vezes com
pequenas concrecdes greso-carbonatadas

Areia levemente siltosa com niveis de cascao
greso-carbonatado
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—  Suspended Munich Walls;

— Solutions - Lot 1

—  Mix Berlin Walls (top area with Munich walls, bottom area with Berlin Walls)

Building _
Lot 1 Parking

/|

EDIFICIO VIZINHO
(2 PISOS BEVADOS &2 CAVES)

|
|
I
|
|
I
I
|
J

Definity

wall

retaining \

[

Underground
levels

Munich Walls

Berlin Walls

Metro Gallery

: k__mmm:%m
= i

/

T

LGRSO

Tupsl ML

Mix Berlin Walls

Suspended Munich
Walls

Pi505 ENTERRADOS
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—  Suspend Munich Walls;

—  Mix Berlin Walls (top area with Munich walls, bottom area with Berlin Walls)

Building . PSOS EADaae s CAVES) li—
/ Lot 1 Parking !
x - mnmc:;-m«ﬂ ![
Definity T
retaining Limit Lot
wall \ ,,,,,,,,,,,,,,,,
//l _ Munich Walls
Underground Berlin Walls
levels i

Metro Gallery

GALERA DO :%rctgmnm bE
="]

o ""Y's'_._.
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Suspend Munich Walls;

Mix Berlin Walls (top area with Munich walls, bottom area with Berlin Walls)

— Solutions - Lot 1

a a |
d;) LI/CT1 &) |
; ¢
b — |
s B R T X
7] 5 57
& &l &1 £ -
' Z - ’,,, E -
__ ; 1 & = - i
- } . .
,f‘l’ nm 7 bl 7 i.,
- M - ; 5 !
’/_f
=
P ez i
E 1
T o
T catten T ieen
L1/CT1 B>
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—  Suspended Munich Walls

- 3 P05 ENTERRADDY

“

Munich Walls with
Reinforced Micropiles

Suspended Munich Walls
with more than 20m
length
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—  Suspended Munich Walls

— Solutions - Lot 2

Wall

Micropiles as tie bars

=
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Suspended Munich Wall
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—  Topographic Targets on Existing Buildings; 100 I M o I |
. . 100 e l Ie‘! S . R vk l
o TOpogl‘aphIC Ta I’getS on Reta"“ng Wau.S, -3.00 Mo 1 ALVO2 ALVO 3 ALVO 4 ALVO & ALVO 7 ALVO'8
—  Topographic Targets on Metro Gallery; iZE

-9,00

—  Topographic Marks on Metro Ralls; Deformation on existing buildings (mm)

—  Piezometers; 10,00

— Load Cells;

5,00 ‘
I [ | II
0,00 -
& I & & N ok oE N & ’rﬂ;@/vl<°4rl/
P L1.P10 L1.P11

Y A& v K E N

%-
¢--

L1.P1 L1.P2 L1.P3 L1. P4 L 5 L6 L1.P7 L1.P8 L1.P9 Ll P12 L1.P13 L1.P14

-5,00

-10,00
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Bottom Excavation Structural Elements
—  Topographic Targets on Existing Buildings; _ 1w I 1 — Alarm Line I [ .| : |
—  Topographic Targets on Retaining Walls; I ——H—————+—+—+—— _'__'r__'._ “——
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—  Monitoring and Observation Plan is a critical tool;

—  Coordination between promotors, contractors and design team is key to success;
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Deep excavation solutions in an urban environment -
Distrikt residential project, Lisbon

J. Silva/ Jetsj — Geotecnia, Lda. / Portugal
I. Braz / Jetsj— Geotecnia, Lda. / Portugal My g
A. Pinto/ Jetsj— Geotecnia, Lda. / Portugal

»
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DISTRIKT DEVELOPMENT PROJECT
Location: Parque das Nacoes, Lisbon
Total plot area: 5945 m?

Development project: 4 towers with 13 elevated
floors and 3 underground floors

CUF Descobertas

Hospital

EXCAVATION |}
SITE
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DISTRIKT ENTERPRISE
Heavily urbanized area
Future constructions adjacent to the plot

Excavation with 11 meters of maximum
depth

Water level located in highly permeable
layers

Total dependence on geological and

geotechnical conditions REHERETIN T SE ./ _
i SITE a
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i) () A () ) ) )
I ). )& @) ) )

Geotechnical
Geology
zone
G1A Loosely compact sandy-clay landfill
G1B Moderately compact sandy-clay landfill
G2A Moderately compact sandy-silt soil

Compact sandy-silt soil

Very compact sandy-silt soil

YJET.,
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=S

/ Plan view: level -2 %

%

R

N\

— Excavation and peripheral earth retaining solutions

1.20

[

[

Drainage pipes ¢$50mm, Shotcrete 8.0cm (4cm+4cm) layer,
L=4,0m //3.60m reinforced with metallic fibers (30kg/ m°®)
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FINITE ELEMENT ANALYSIS SOFTWARES

PLAXIS 3D

PLAXIS 2D

L

W UET..
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N, M., Ox
FORCES AND DEFORMATIONS
N, M., ox
[KN/m] [KNm/m] [mm]
PLAXIS 3D Buttresses ’ | , -221,0 209,1 50,30
’ -183,6 ’

X

NN \DOAATY
ey Ay
s{%%%s: " : gn M M
NSRS Ll 11 22
%\g%\\v » i [KNm/m] [KNm/m]
SO AR R mfﬁmm'#? Slab bands
Ny, SN ﬁfﬂv"y‘rﬂﬂbf# 22,81 70,36
h‘k‘v‘lﬁ%‘é{% RN ] Vg%%" 53,49  -68,37
AR
‘VA\&
Curtain Wall

JET..
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FINAL REMARKS

Technical efficiency of the implemented peripheral
earth retaining solutions

Economic efficiency achieved by using slab bands

The observed displacements of the adopted
solutions were less pronounced than those
estimated in project

w

JET.
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Earth retaining solutions and facade underpinning for the
refurbishment of a historic building, in Lisbon ‘
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Location
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—  Geological and geotechnical constraints

Geotechnical Lithology @' c Y E

zone Neer @ (kPa)  (kN/m3)  (MPa)

Silt-sandy embankments with masonry
. - - -1 -1 rmnm
e fragments, all-in-one, concrete, and pavements ol le-17 .

- 2-9 Clayey silts and silty clays 10-15 5-15 17-18 10-15

1G4 “]:__]286}. Clayey silts and silty clays 15-20 15-20 18-19 20-25
21-56 ¢ ilts and silty cl
1G3 (21 - 42)° ayey silts and silty clays 20-25  20-30 19-20  30-40
1G2 >60 Clayey silts and silty clays 25-30  40-60  20-21  50-40
Clayey silts, silty clays, cal
61 >60 silts, silty clays, calcareous 25-35  60-80  21-23  60-100

marls/marly limestones
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Arquitecture constraints related to the need to preserve facades
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— Arquitecture constraints related to the need to preserve facades
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— Arquitecture constraints related to the need to preserve facades
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— Retaining wall: King post wall technology
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% Horizontal supports
% Anchors

% Shoring
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— Underpinning with micropiles
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— Underpinning with micropiles

INTERIOR EXTERIOR

Existing facade

GEWI bar @ 32mm
SR (200kN)
8 o 3l

!r BT i -

i ? Micropiles
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B R

/N

Deformed mesh |u| (scaled up 50.0 times)
Maximum value = 0,01769 m (Element 0 at Node 41817)

0.6

0.5

04

0.3

0.2

0.1

[*103 m]
70

Sum phase displacements ZPu, (scaled up 500 times)
Maximum value = 8,794*10-3 m (Element 15 at Node 15063)
Minimum value = 5,085*10-3 m (Element 1 at Node 14379)
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I
M
MY

Aodial forces N (scaled up 0.0100 times)
Maximum value = 2,827 kN/m (Element 3 at Mode 22662)
Minimum value = -247. 2 kiN/m (Element 20 at Node 13345)

Shear forces  (scaled up 0.0200 times) Bending moments M (scaled up 0.0500 times)
Maximum value = 101.4kN/m (Element 11 at Node 20612) Maximum value = 35,44 kN m/m (Element 15 at Mode 16442)
Minimum value = -31.70 kMN/m (Element 19 at Node 13845) Minimum value = -56,73 kM mjm (Element 5 at Node 229332)
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/

*%* This project faced significant challenges in:

/7

** The urban location

/

** The need to protect both the historic building and
surrounding structures

** By employing advanced excavation and underpinning
techniques, along with continuous monitoring, we are
ensuring the safety and stability of the site

** Our tailored approach addresses the specific demands of
this refurbishment, and we remain focused on preserving
the building’s integrity throughout the construction
process

L)
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Temporary cofferdam at Canicada Dam Portugal

Alexandre Pinto / JETsj Geotecnia / IST — Technical University of Lisbon
Laura Caldeira/ LNEC

Filipe Cerqueira/ EDP
Nadir Plaséncia / EDP
Fernando Gomes / Mota Engil

MOTAENGIL & » =~

ENGENHARIA

' E I LABORATORIO NACIONAL DE ENGENHARIA CIVIL ed
S

Presentation day (2024/08/26), Session E2, Paper number 978
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Canigada Dam location Canigcada Dam construction (1955)

‘ 'E I @ LABORATORIO NACIONAL DE ENGENHARIA CIVIL @edp MOTAENGIL ‘Q “Q
5.1 . ENGENHARIA i




ECSMGE 24 .
XVIII EUROPEAN CONFERENCE % I nt rOd u ct I o n

ON SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

26 - 30 August Lisbon Portugal

L)

AN e
>

Ve 37 . »
R SR (N e . -
. ‘ “i‘uﬂai LA L Y

g - - ” s L -
~ NNEN SRR
~
-
~ —y -
- e mm = ™

Canicada Dam view with cofferdam location




Index

— Introduction
— Geological Scenario
— Cofferdam Solution

— Final Remarks

7

@

ECSMGE 24

XVIIl EUROPEAN CONFERENCE
ON SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

26 - 30 August Lisbon Portugal




EcSMGE24 — Geological Scenario

XVIII EUROPEAN CONFERENCE
ON SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

26-30A

Cofferdam geological elevation
“ ’ E I LABORATORIO NACIONAL DE ENGENHARIA CIVIL @edp MOTAENGIL
5.4 ENGENHARIA




Index

— Introduction
— Geological Scenario
— Cofferdam Solution

— Final Remarks

7

@

ECSMGE 24

XVIIl EUROPEAN CONFERENCE
ON SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

26 - 30 August Lisbon Portugal




eEcsMeE2s4 > Cofferdam Solution

XVIII EUROPEAN CONFERENCE . ] T
ON SOIL MECHANICS AND ¥ iy
GEOTECHNICAL ENGINEERING

26 - 30 August Lisbon Portugal

____________

@ LABORATORIO NACIONAL DE ENGENHARIA CIVIL

g .-

; ’, J’f&i a ,‘ -,:".-"'.-;"”’ :
% JET.

e

MOTAENGIL

ENGENHARIA




ECSMGE 24
[ ]
7 & sumez= > Cofferdam Solution
GEOTECHNICAL ENGINEERING
—— 26 - 30 August Lisbon Portugal

<]!1 4‘2 4‘3 4!4 415 4{] 6 QF qa %A ,l Q!Q (}fa d!w (]!11(]!11#«

e e i
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l ™ e o excavation
1445 146 | 145.5 -
(mU)]_ _ & _____ Yo fo ra
e ____ Shotcrete (15cm)
Dam L i
bed 1.25

Steel profiles HEB160,
spaced 1.60m

Steel profiles HEB140, spaced 1.60m

263 - : * o
Jet grouting columns $1000mm, .-:IJ- P Boulders ;I ?
spaced 0.8m (double row) N/ ) '
¢ | \— R
Micropiles N80 $88.9x6.5mm, Geodrains
spaced 0.8m, with injection d50mm x 3m

sleeves at each 1m

\m r— Inclinometer \
\ Cofferdam plan
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- Cofferdam Solution

Upstream

Steel profiles
HEB140, spaced
1.60m, vertical,

for wall
foundation

Steel profiles
AEB160, spaced
1.60m, with 302

inclination, for
wall foundation

2.40

Cofferdam solution detailed plan

LABORATORIO NACIONAL DE ENGENHARIA CIVIL @ edp

T

Downstream

Jet grouting columns

— $1000mm, spaced 0.8m,
for wall foundation and
cut-off

Empty holes $200mm,
__ spaced 0.8m, for eventual
reinforcement micropiles

Micropiles N80

— ($88.9x6.5mm, spaced
0.8m, for wall
foundation and cut-off
injections

-.- N ;-—I-I-I I
i .
| -
— o} :
' —~H
|
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Cofferdam solution: trial jet grouting columns

‘ 'E I @ LABORATORIO NACIONAL DE ENGENHARIA CIVIL @edp
54

MOTAENGIL ' »

w’hk\él!fnil’




Medium permeability 12 to 25

Low permeability < 11
High permeability < 26

Lugeon
units

QC/QA

— Cofferdam Solution
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d Water cut-off solutions for temporary
cofferdams using jet grouting columns
combined with micropiles in a complex

geological and hydrogeological scenario
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O Water cut-off solutions for temporary
cofferdams using jet grouting columns
combined with micropiles in a complex

geological and hydrogeological scenario

(J Adopted solutions main advantages:
v minimum ground extraction
v" behavior predictability

v" ease demolition
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54
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Foundation solution near Trancao river, in Lisbon
|. Braz, JETsj Geotecnia Lda "y
A. Pinto JETsj Geotecnia Lda
C. Simées, Oliveiras S.A.

T. Gomes, Geosol S.A.

C. Caxias, ANP Systems

REFERENCE SCENARIO

For the World Youth Day 2023 event, pope mass, a mega stage was built at Parque Tejo, Lisbon
PRELOADING EMBANKMENT

GEOTECHNICAL SCENARIO

(SHALLOW FOUNDATIONS)
o Cover fondations BH17 BH18 BH43 Temporal evolution of the marks
20 | 1 -

0 B —
g e
=] ———n0
é 150 e

.20 e ph ER. I
allvisl o o
% | formation with
- sand
40 . .
Geological cross section at the stage Stage foundation preloading embankment

DUCTILE IRON DRIVEN PILES (BACK STAGE AND STAGE COVER FOUNDATIONS) LOAD TESTS

. . Vertical Load Profile / Strain Gauges
Vertical Load Profile / Strain Gauges
Deformation (ms)

Deformation (ms)

200 400 600 800 1000 1200 1400 1600 1800 2000

oi‘l

0 100 200 300 400 500

Ofﬁ t

B3kp,

Various Landfills, organic
materials, textiles, and
rare masonry blocks

Various Landfills, organic

materials, textiles, and rare
masonry blocks

Dept......,

—106 kN
2 373 kN

i e ~—536 kN
—855 kN

20

Depth (m)

599 kN

25
2 —984 kN
Consolidated Clay- —1285kN
Silt Alluvium
—1723kN
Consolidated Clay-Silt
By (S A P g A 30 Alluvium
. Calcarenite
35 Calcarenite |
*  End bearing
loads

Load vs depth - Compression load test

| No end bearing loads at -41m!

Load vs depth - Tension load test Pile compression full scale load test

! JET-. E O l"g@OSOl

Oliveiras
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Coastal Cliff Stabilization and Access Stairs Reconstruction
at Peneco Beach, Algarve

C. Fartaria, JETsj, Geotecnia, Lisbon, Portugal

A. Pinto, JETsj, Geotecnia, Lisbon, Portugal

J. Dinis, P. Nunes, Teixeira Duarte, Lisbon, Portugal

M. Silva, Cadmara Municipal de Albufeira, Albufeira, Portugal

REFERENCE SCENARIO

» Coastal Cliff:

® Erosion and local mass movements;

® Natural geological hazard;

° High exposure to atmospheric actions;

* Riskincrease by high exposure of people

accessing and using beach public space;

» Access Stairs:

° Structural pathologies;

® Poor foundation conditions;

° Pavement and walls cracks.

Overall view before intervention
CLIFF STABILIZATION AND ACCESS STAIRS RECONSTRUCTION

25 LIGHTWEIGHT FILL

EXPANDED CLAY AGREGATES

20 -

SOIL NAIL
REINFORCEMENT
AND SHOTCRETE
LINING

FOUNDATION =
VERTICAL ROCK CLFF /__
5 BOLT @32mm L=5m 5

\\

x M

Access Stairs Reconstruction — Cross Section Access Stairs Reconstruction — Plan View

32 SHOTCRETE

PIGMENTED LAYER

(dem) PVC TUBE F

GEODRAIN
PROTECTION
280mm
L=50cm

2° SHOTCRETE
LAYER STEEL FIBER

REINFORCED (4cm) SHOTCRETE

LINING

1° SHOTCRETE
LAYER STEEL FIBER
REINFORCED (4¢m)

GEODRAIN @50mm
PERFORATED PEAD

TUBE WITH WRAPPED
GEOTEXTILE

1/3.0m (V) x 3.0m (H)
L=4.0M i=5%

Shotcrete lining and soil nail detail Geodrain detail Rock cliff after intervention
S L | , &
A ﬁ > Coastal Cliff:
TG -1 el * Soil nail stabilization;
. :  Hiim ° Shotcrete lining for erosion control
‘ with steel fibre reinforcement;
* Pigmented shotcrete for landscape
integration;
* Drainage using geodrains;
» Access Stairs:
° Structure reconstruction;
* Vertical rock bolts as foundation
elements.

e

Overall view after intervention

ke

JET., || TEIXEIRA DUARTE “\

ENGENHARIA E CONSTRUGOES, S.A. Albufell‘a
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Ground improvement and special foundations at North Lisbon
Logistic Platform, plot 1, Portugal

A. Pinto, JETsj, Geotecnia, Lisbon, Portugal OBJECTIVE

M. Lopes, JETsj, Geotecnia, Lisbon, Portugal Building a new industrial building with
P. Marques, JETsj, Geotecnia, Lisbon, Portugal an area of approximately 100.000 m2
A. L. Goncalves, Terratest, Lisbon, Portugal in Castanheira do Ribatejo, Portugal,

] - with expected high magnitude
A. Perez, Terratest, Madrid, Spain pavements live loads.

J. Moreno, Terratest, Madrid, Spain

J. Moreno, JM Ingenieria Geologica, Madrid, Spain
industrial

PILE FOUNDATIONS " ™ building

Reinforced concrete driven piles (TERRA®) for the
building resistant structure.

t = s\«
it ¥ by g 5
K Tagus river

GEOLOGICAL CONDITIONS

Alluvial soils: very loose to loose
sandy-silty horizons and very soft to
soft silty clays.

[ Risk of accentuated and evolving ]

GROUND IMPROVEMENT deformable behaviour over time.

Rigid inclusions (GCC®) and stone columns (GRAVA
IMPACT?®) for interior and exterior pavements, respectively. DESIGN AND ANALYSIS

Geosynthetics-reinforced load transfer platforms. The foundations as
well as the building’s
structure were
modelled usingthe
SAP2000 finite

element software.

The study of the
ground improvement

solutions was based .
on finite element using '
the Plaxis 2D and 3D v
software. b “

MONITORING AND TESTING

Static and dynamic load tests on vertical prefabricated CONCLUSIONS

driven piles. . . .
More economic foundation solutions

Static vertical load tests on rigid inclusions and stone compatible with the structure

columns. serviceability:

Full scale load test: embankment over rigid inclusions. * ground improvement solutions

allow for the reduction, in the
foundation structural elements, of
the design seismic horizontal forces
originating from the expected high
magnitude pavements live loads.

* possible toreduce shear stresses
and bending moments at the floor
slab.

!JETEJ =

TERRATEST
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Spemal foundations at the cycle- bgdestrlan bridge over the
Trancao river, Portugal N

A. Pmto JETs; Qeotecnla Lisbon, Portugal

. MAIN REASONS FOR THE CONSTRUCTION

> World Youth Day 2023 (WYD)
» Connect already existent cycle-pedestrian paths at
both banks of the Trancé&o river (Loures and Lisbon)

R S E e
Zone Description Ngpr blows THE SOLUTION
ZG1 Heterogeneous landfills <12
BT BB TR Soils » Layout: 3 spans (28m+65m+28m, 121m overall length) cable
= _ (Su<20KPa) Vb2 stayed bridge, to be built without any river occupancy
263 | Meceneloosetendvand | 12<ng <47 > Structural: laminated wood deck, steel towers and cables,
2G4 Miocene bedrock Ngpy >60 resting over reinforced concrete columns and abutments
Geotechnicalzones 2 I0B %' > Foundations: micropiles steel hollow bars, with sacrificial
g Bl | grouting bits, associated to up-bottom self drllllng $500mm
§ mini jet grouting columns '
N

South riverbank (Lisbon)

Micropiles
hollow bars

Bridge longitudinal
profile

Sacrificial

WL (low tide) ’ o -/ I

Scale: 10m

SO0 sscsssssasassassascsssnsssssssssassnssssnsanssnnnansnnss

North riverbank (Loures) J

350 (maximum service load)

Load [kN]

(R N

i 8.6mm

Displacements [mm]
columns
Cores (integrity)
UCS tests: 3MPa (.2

JET (.D RO®DIO
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Deep and complex excavation in an urban environment at
Miraflores, Oeiras

R. Justiniano , JETsj Geotecnia, Lisbon, Portugal _- f
A. Pinto , JETsj Geotecnia, Lisbon, Portugal ikl

REFERENCE SCENARIO

o Geological and geotechnical:
»  Weakfillwith 4 to 8 meters deep
» Basalt bedrock with UCS » 120 MPa

o Time of Execution: " Beem

> 6 months for 60 000 m3 excavation peripherical earth retaining wall Slab band

o Existing Construction: - ) A Bored piles walls
> West to the site an excavation with 12 meters depth s - Micropiles
: g . (slab band
Basalt
Rockw) N Shot concrete SuPportS)
CONCEPTUAL SOLUTION !
Basalt
bedrock

o Bored piles walls

Braced at the West side by slab bands

Braced at the other sides by temporary ground anchors

West side solution cross section

3D BIM model

EXECUTION MONITORING AND SURVEY PLAN
% Excavation phase g § g@ g é Rebars stock surcharge effect |
o 3 8 = 5% 7 overthe bored piles wall
-1

West side excavation works (under slab band)

East side excavation works

! JET-. nwasﬁq SA.
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Excavation, earth retaining solutions and facades underpinning
of a historic building in Estoril, Portugal

J. Silva, C. Martins & A. Pinto, JETsj— Geotecnia Lda, Lisbon, Portugal

> Facades solution:

* Injection of grout into existing cracks;
* Interior reinforced concrete layer;
* Underpinning beams with prestessed bars;

* Temporary structural system of steel beams
and trusses.

» Peripheral earth retaining solution:
* 9,0 mdepth excavation;

* King Post Wall technology, horizontally
braced by prestressed ground anchors and
Overall view before intervention steel props.

ADOPTED SOLUTION GEOTECHNICAL AND STRUCTURAL DESIGN

VQV |
X7X

N
f

Y

BIM model developed using Revit Structural analysis models developed using
software Robot and Plaxis 2D softwares

CONSTRUCTION SITE

T8

R T T e - A [ B N

Overall view of the construction works

wt e
e
0.‘

YoET. o

ENGCON INVESTIMENTOS

ENGENHARIA E CONSTRUCAO

°PrR=T
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Industrial warehouse retaining walls and pavements strengthening

at Quinta do Adarse, Alverca, Portugal
I. M. L. Paludeto, M. Lopes, A. Pinto
JETsj Geotecnia, Lisbon, Portugal

INTRODUCTION STREGTHENING SOLUTIONS

o Industrial warehouse with 20.250 m2 o Pavements: o _ .

o Retaining walls with 6m height and 320m * Ground consolidation solution using the
length Uretek - Floor Lift (expansive resin)

o Industrial pavements built with 10cm ' 74 :
concrete reinforced with steel mesh AR 30

Injection system - Uretek Floor Lift (https://www.uretek.pt)
o Retaining walls:
* Construction of a bracing elements

® Horizontal forces transfer to micropiles

Overall view before intervention

Distribution Beam |

Lndflll
MAIN PATHOLOGIES Deposits

o Retaining walls:
° Excessive deformations Existing Retaining
¢ Cracks Wall

Fluvial Deposits
(clay and silt)

Fluvial Deposits

(sand) Micropiles

Cross section of both geological scenario and walls reinforcement
solution

Retaining walls pathologies

o Pavements:
* Cracks

° Differential settlements, mainly around
pile caps and undergr

S

ound water pipes
T S

5, b f ﬁ:. -
Pt 2 1 =
L 4 i . W

Pavements pathologies Walls reinforcement construction works

!JETEJ
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