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Wintroduction

Loures municipality
Construction of a logistic park
107 000 misite area

55 000 n3 footprint area

Old limestone quarry

Old landfill site

Very abrupt geotechnical behaviour over

short distances

Excavation and embankment areas



Wintroduction

Boredpilewall permanentlyanchored6450 mlength-

20 mheight
Berlin type wallé1250 nt area- 12 m height
Gabion wall&250 m lengthdl6 m height

Reinforced earth wall with facing precast reinforced

concrete panelst600 m lengthd1l8 m height
Soil excavationd370 000 nd

Rock excavatior®d7 500 nd



Geotechnical Scenario



WGeotechnical Scenario

4 geotechnical surveys from 2019 to 2021

50 boreholes with SPT tests

24 exploratory pits

10 seismic profiles

GZ1A Gz1B
Directsheartests
Drainedtriaxialtests
Unconfineccompressiortests 5 geotechnical zones:

GZ3 dLandfill deposits
GZ2AB 6Volcanicbreccias basalts and tuffs

Highlevel of uncertainty about the composition of thenfdterials

High level of uncertainty abdbe locationconfiguratiorandinclinationof the old GZIBI/A &Crystallinelimestonesandmarlylimestones

quarrycuts
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WProposed solutions

Bored pileretaining wall

800 mm piles spaced 1.5 menterto-center
20 m of maximum height

2 to 5 levels of permanent ground anchors spaced 3design to static and

seismic conditions
Reinforced concrete distribution beams
Prestress load on anchors of 9K

Shotcrete protection layer between piles




Testing of Bacrificial ground anchors
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WProposed solutions

Concrete Berlin-type retainningwall

Zoneswith slightlyalteredlimestone
Pilewall underpinnedisingmicro-piles 63 mspacing
Concretewall with 30cmthickness

@32 mm roclooltsto supportthewall
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WProposed solutions



Design methods



WDesign methods

Plaxis2D models Gstressesanddeformations
Severatross-sections

Soils- Hardeningsoil constitutivemodel

Rock aviohrCoulombconstitutivemodels

Assessementfthe maximumglobalsafety

factorfor staticandseismicconditions

Models Height Horizontal deformation

Bored pile wall 20 m 15 mm to 26 mm

Concrete Berlistype retainningwall 20 m 26 mm




Monitoring plan



WMonitoring plan

Ensurethe safeandcost-effectiveexecutionof the retainingstructures
Horizontalandverticaldisplaments éTopographitargets
Horizontaldisplacementsdnclinometers

Tensiorloadintheanchors dLoadcells

Maximumhorizontaldisplacement 15 mm/20 mheight

Anchorloadincrementsof lessthan 10%



Conclusions



WConclusions

The alternativeolutiondeveloped in the context of the design and constructoitractcarriedout in collaboration between the designer (JETSJ) and the

contractor (Norton EIl), have proven to be extremely versatile anduitetl to local constraints
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LISBON NEW CIRCULAR METRO LINE:

Rato stationnterconnection

Estrela station

Santos station

Cais do Sodré statianterconnection




Wintroduction

ROUTE OF LOT 2 AND MAIN WORKS:
New Santos Station
NATM Tunnel
Cut&CoveiTunnel
Buildings Underpinning
Cut&CoverTunnel ,\
PV218 Ventilation Shaft
Interconnection t&€Caisdo SodréTerminus

Refurbishment ofaisdo SodréStation
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WMain Challenges and Constraints

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



WMain Challenges and Constraints

GEOLOGICAL AND GEOTECHNICAL CONSTRAINS:

Recent materials

(Landfill and Alluviumessentially sandy type}——»

: Cut&Cover!

Start

1

Miocene
(Clays and Limestones)

l‘___l__

. Buildings |

: _Ul_’lae_r;;ir_\n_in_g'
|

1

: Cut&Cover!

End

v

Lisbon Volcanic Complex
(Basalts and Volcanic Tuffs)




WMain Challenges and Constraints

AFFECTED BUILDINGS:

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

9 elevated floors and 1 basement.

Building n°42 was recently subject to rehabilitation works for conversion into
residential use.

Building n®44 is in its original conditions, used for offices, and showing a good
state of conservation.

Need to underpin several columns over intervention area:

Solution compatible with equipment that can operate inside the
@] +1 2 \Uaxi\dl62e\Uued + 2 Ubd eU: Ulee:je
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WSolution Description

UNDERPINNING SOLUTION: [

|
. |
Reinforced concrete slab, not prestressed: I
Below the existing pile caps and above the tunnel |

|

Geometry of approximately 50,0m by 13,0m S

Thickness between 1.40m and 1.80m I |
1  UNDERPIN

Supported on two rows of jgrouting columns, remforced. SLAB SYSTEM
with steel profles b= -=-----

Change the foundation system of the buildings:
Structural columns
Slab (cylindrical bending)
Jetgrouting columns
Competent ground layers (below the tunnel)

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
Possible to deactivate the existing piles over the tunnel area, E
to proceed with the excavation works to build the new tunnel. +

Plan View: Underpin Slab

JETGROUTING
COLLUMNS

UNDERPIN
SLAB SYSTEM

1
1
1
]
1
1
1
1
|
1
1
1
1
1
:
I FOUNDATION PILES
f TO DEACTIVATE



WSolution Description

Plan View: Steel Struts JETGROUTING
R RETAINING WAL|r

CUT&COVER EXCAVATION SOLUTION

Double jetgrouting columns retaining wall @1.0m//700mm
Reinforced with tubular steel profiles

To reach the underpinned slab level: PILE / JETEROUTING | DIAPHRAGM
Third row of jegrouting columns, also reinforced with I WALL | RETAINING WALL | WALL
steel profiles -

Interconnection with neighboring trenches:
Pile wall, in the north side L.

Diaphragm wall, on the south side

Temporary propped each other with:
4 levels of steel struts, 5.0m apart
Steel and reinforced concrete distribution beams
Reinforced concrete slab as the third strut level



WSolution Description

QUICK WALK THROUGH THE REVIT MODEL
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WSolution Design

UNDERPINNING SLAB:

Design using structural finite element analysis softwa#B2000
Shell type elements
Springs type restraint
Estimate slab forces and elastic deformation

Bending Moments (ULS) Elastic Deformation (SLS)



WSolution Design

UNDERPINNING SLAB AND CUT&COVER:

Design using geotechnical finite element analysis softRiafeXIS 2D

Forces at the steel reinforcement of thegeduting columns

Horizontal DeformationJ( .,=18mm)

15
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WConstruction Phases and Load Transfer Operation

LOAD TRANSFER OPERATION
18 Columns and Walls
41 Hydraulic Jacks
18 Load Steps (20 to 50 bars each step)

ENERPAC LP2002

o _ Table of deformation control criteria for each step
Monitoring devices



WConstruction Phases and Load Transfer Operation

LOAD TRANSFER OPERATION (SUMMARY VERSION)

Phase 1:

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

PHASE 1

Hydraulic jacks installation;

Phase 4:
Excavation under the slab, followed by hydraulic jacks activation
Finally existing piles demolition, managed by monitoring data analysis

PHASE 3

PHASE 2

PHASE 4



WConstruction Phases and Load Transfer Operation

Load installed on jacks

LOAD TRANSFER OPERATIIMHASE 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);

Vertical deformation of the slab

Estimated deformations:
Generally higher than the recorded values;

Close to the estimate in columns P2 (1.50mm), P10 (3.00mm)
and P14 (2.09mm)



WConstruction Phases and Load Transfer Operation

Load installed on jacks
LOAD TRANSFER OPERATIOIMASE 4: DEMOLITION OF THE PILES

Load increases occurred on the jacks in all columns:

Loads were not fully actively transferred, iPhase 3of the
process

Increased safety: avoided tensioned piles by the application of
excessive loads, minimizing dynamic effects resulting from the
release of this energy in the demolition phase

Estimated deformations: Vertical deformation of the slab

Below the criteria defined for possible reactivatioof the
hydraulic jacks (settlements lower than 5mm)



WConstruction Phases and Load Transfer Operation

LOAD TRANSFER OPERATION

Pressure control on the jacks Hydraulic jacks Fitting temporary chocks

Hydraulic jacks activation and Sheathing of the piles Demolition of the piles
application of load transfer



W Construction Works



WConstruction Works

Execution of jegrouting columns Installation of the first level of steel struts

Excavation work in the area of the existing foundation piles



WConstruction Works

Second and third strut level in the pile wall and in the diaphragm wall sect Steel reinforcement of the slab

Installation of théoutrhlevel of steel struts



WConstruction Works: Current Phase
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Wintroduction

LISBON NEW CIRCULAR METRO LINE:

Rato stationnterconnection

Estrela station

Santos station

Cais do Sodré statianterconnection




Wintroduction

ROUTE OF LOT 2 AND MAIN WORKS:
New Santos Station
NATM Tunnel
Cut&CoveiTunnel
Buildings Underpinning
Cut&CoveiTunnel
PV218 Ventilation Shaft
Interconnection t&€Caisdo SodréTerminus

Refurbishment ofaisdo SodréStation



W Main Challenges and Constraints



WMain Challenges and Constraints

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



WMain Challenges and Constraints

GEOLOGICAL AND GEOTECHNICAL CONSTRAINS:

Recent materials Miocene Lisbon Volcanic Complex
(Landfill and Alluviumessentially sandy type)}—— (Clays and Limestones) — (Basalts and Volcanic Tuffs)
: Cut&Cover: : Cut&Cover: Cais do Sodré
' Start ' End Terminus

- T =T _TEnnEI §_fruEtuE




WMain Challenges and Constraints

AFFECTED INFRASTRUCUTRE AND CONSTRUCTION CONSTRAINS: AV. 24 DE JULHO

Crossing the Av. 24 delho
Definition ofCut&Coveexcavation in 3 phases
Infrastructure diversions: Water pipes and collectors, Road and Rail traffic

LastCut&Coversection (section C), intersec@aisdo Sodréexisting terminus:

Existing

DesignCut&Coversolution compatible with the existing structure of the terminus | Terminus

Need to opening the existing structure to connect the new tunnel

Cut & Cover
(Section C)




WMain Challenges and Constraints

AFFECTED BUILDINGS: CAIS DO SODRE EXISTING TERMINUS

Diaphragm
Walls

j +eU 2U X O Cu§Caretnethod

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
tunnet

Solutionscompatiblewith equipment that can operate
inside the terminus.

I NI I I IS S S S S S S S S S S S S - - O

Tunnel Structure

I (e T Concrete

Frame

Opening Terminus

Tunnel
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WSolution Description CT PK 1+860

CUT&COVER EXCAVATION SOLUTION:
Diaphragm wall 80cm thick
Temporary propped to the existing Terminus with:
5 levels of steel struts, 5.0m apart

Steel and reinforced concrete distribution beams
31, 4hand 8" strut levels aligned with the Terminus structure.

Plan View: % Strut Level Plan View: % Strut Level

CT PK 1+860 CT PK 1+860



WSolution Description

FINAL STRUCTURAL SOLUTION FOR TERMINUS:

Construction of a neweinforced concrete framliaetween 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
opening execution

Loads from the new tunnel roof slab
Strut effect between the south wall and the new north wall

Micropiles foundation

Plan ViewStructural elements to be andbuilt

Plan ViewFinal structural solution for Terminus



W Construction Phases



a kWD E

WConstruction Phases

Cut&Coveexcavation 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

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
T Small openings: 4m strips iff phase



10.
11.
12.

WConstruction Phases

Continuation of demolition works to make the opening
Micropiles for the new concrete frame foundation
Reinforcement beams in the opening

Close the new reinforced concrete frame structure
Deactivation of the temporary propping steel frame and landfill



W Solution Design



WSolution Design

New Tunnel
FINAL STRUCTURAL SOLUTION FOR TERMINUS:
Design using structural finite element analysis softwa#B2000 \
Bending moments and Shear of beams Existing
Terminus
Vertical Deformation of new tunnel Vertical Deformation of new concrete frame

M-N interaction of columns




WSolution Design

CUT&COVER EXCAVATION SOLUTION:

Design using geotechnical finite element analysis softiRiafeXIS 2D:

Bending moments and Shear forces of plate

Vertical Deformatiorlf, ,,,=34mm)

Horizontal Deformation( ,.,=36mm)

18
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WConstruction Works

WORKS AT A VERY EARLY STAGE:
Construction of the new reinforced concrete frame next to the south side Terminus existing wall
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Lisbon new circular Metro underground line:
Centenary buildings underpinning
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Wintroduction

% NEW CIRCULAR
LISBON METRO LINE

SANTOS %o+ ~2 KM LINE
STATION %+ 2 NEW STATIONS
NATM

TUNNEL

CUT&COVER
TUNNEL



Wintroduction

%0 SANTOS STATION
%0 DENSE URBAN AREA
%0 HISTORICAL CITY AREA

%0 NATMMETHODOLOGY
%0 TUNNEL WITH SHALLOW DEPTH

%0 NEED TO MITIGATE CENTENARY BUILDINGS
STRUCTURAL DAMAGE
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WAffected Buildings

%0 XIX CENTURY BUILDINGS
%0 MASONRY WALLS

%0 TIMBER FLOORS

%0 RESIDENTIAL USE



WAffeCted BU||d|ngS DAMAGHNTERACTIONCHART Damagecategory 3

Damagecategory 1l
Damagecategory0
Main Strain

Deflection Ratio

Horizontal Ground Strain

NUMERICAL ANALYSIS ESTIMATED SETTLEMENT
VA
“$[ b" <(1997)

Z
MODERATE TO SEVERE DAMAGE

REINFORCEMENT MEASURBSEEDED
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WMain Constrains

%0 GEOTECHNICAL CONSTRAINS
™ BUILDINGS SUPERFICIAL FOUNDATION
™10 m THICKNESS LANDFILL
™ UNDERGROUND EXCAVATION ON
™ LISBON VULCANIC COMPLEX MATERIALS

%0 CONSTRUCTIVE CONSTRAINS

™ EQUIPMENT ACCESSIBILITY INSIDE THE
BUILDINGS

™ OPERATE WITH A MINIMAL CEILING
HEIGHT OF 2,5 m

%0 UNDERGROUND EXCAVATION CONSTRAINS
™ NATMTEMPORARY SUPPORT ELEMENTS

UNDERPINING
BUILDINGS

- |

STATION
GALLERY

15m
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WuUnderpinning Solution

%0 WALLS REINFORCEMENT SOLUTIC

™ SPRAYABLE MORTAR AT
MASONRY WALLS REINFORCE
WITH CARBON FIBRE MESH

MASONRYVALLSREINFORCEMENT

[S&PARMOmMesh| S&PARMOQcretew]



WuUnderpinning Solution

MASONRY WALL

%0 UNDERPINNING SOLUTION REINFORCEMENT

CONCRETELAB \

™ REINFORCED CONCRETE BEAMS AT BASE
LEVEL CONNECTED TO MASONRY WALLS
WITH PRESTRESSED STELL BARS

™ STEEL MICROPILES; VERTICAL AND
SUBVERTICAL, CONNECTED TO BEAMS TO

TRANSFER BUILDINGS LOAD BELLOW THENSOSTEEL / REINFORCEMENT

UNDERGROUND EXCAVATION MICROPILES CONCRETBEAM

@127x9mm

@32mm PRESTRESSED
STELL BARS



Wunderpinning Solution

MICROPILES

UNDERPINING
BUILDINGS

STATION
GALLERY

SANTOS
STATION



Wunderpinning Solution

UNDERPINING
BUILDINGS

MICROPILES

STATION
GALLERY



WuUnderpinning Solution

%0 PROJECT QUANTITIES
™ MICROPIPLEEENGTH
20 to 25m
™ ~ 170 MICROPILES
™ TOTAL LENGTH
~4.000m



W Solution Design



WSolution Design %0 DESIGN CALCULATIONS
™ STRUCTURAL MODEBS&P2000

™ SOIL STRUCTURE INTERACTION USING
BUILDINGS NUMERICAL MODELS (PLA2OAND 3D

PLAXISD 6GROUND DISPLACEMENTS

SAP 20006BEAM GRID BENDING MOMENTS

PLAXIS 3ISURFACE SETTLEMENT SAP 20000VERTICAL DISPLACEMENTS



W Monitoring and Survey Plan



WMonitoring and Survey Plan

%0 RISK MANAGEMENT
™ ALARM THRESHOLDS

™ DAILY MEASURES WITH AUTOMATED
TOTAL STATIONS

%0 MONITORING DEVICES
™ INCLINOMETER
™ TOPOGRAPHIC TARGETS
™ TILTMETERS
™ CRACK METERS



WMonitoring and Survey Plan

VERTICAL SETTLEMENT ALARM THRESH(
WARNINGB&0% RV
VALUERV
ALARMOL30% RV

AUTOMATED TOTAL STATION
VERTICAL DISPLACEMENT (mm)

TOPOGRAPHIC TARGETS



W Conclusions



WConclusions

%0 EXTREME SCENARIO POTENTIAL
BUILDINGS DAMAGE INDUCED BY AN
UNDERGROUND EXCAVATION

%0 REINFORCEMENT MEASURES
NEEDED

%0 MONITORING PLAN AS RISK
MANAGEMENT TOOL



WConclusions



WConclusions



The authors are grateful to Metropolitano de Lisboa
for permission to present this paper

Thank you for your attention!
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W Introduction



Wintroduction

% LOCATION

™ Northern Lisbon Logistic Platform, at CastanheirRitbatejo Vila
Franca de Xira, Portugal

™ Right bank of the Tagus river

NLLP

%0GEOLOGICAL CONDITIONS

™ Presence of alluvial deposits, essentially made gofifsilts and very

soft high plasticity clays(approximately 20 m thick) Plot 14

A 4

%.0OBJECTIVE
™ New industrial building

™ Expectedhigh magnitude live load$or ground pavements (50/20 kPa) /
™ Embankments toaise the ground pavement level Tagus river

Risk of accentuated and evolving deformable behaviour over t]me.




W Ground improvement solutions



WGround improvement solutions

Stone columns

Indoor pavements\
%0 Accelerate the process of hydrodynamic consolidatioaf the compressible

Outdoor pavements

PVD

/

I

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)

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

\

1

™ Compatible with the expected loads === e e e mmm == i

Drainagegeocomposite)

Preload embankments

/

Soft soil I

AN

Stone columns PVD




WGround improvement solutions

Prefabricated vertical drains installatioh

Conclusion of preload embankment constructio

—

Preload embankment construction over drainggecomposite




W Design



WDesign

% SETTLEMENT EVOLUTION OVER TIME ESTIMATE %.SLOPE STABILITY
™ 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



W Monitoring and survey plan



WMonitoring and survey plan

% MONITOR EVOLUTION OF THE CONSOLIDATION PROCESS
™ Topographic marks supported on settlement plates (Surface settlements)
™ Vibrating wire piezometers (Water levels/Pore pressure)

%.SLOPE STABILTY
™ Inclinometers (Horizontal movements of the ground)



W Final remarks



WFinal remarks

%0 The framework of the work described, inclutiegavailable time determined the need to develpmund
Improvementsolutions aiming to provide favourable conditions for the future employnesaaimic
foundation solutions compatible with the structure serviceability

%0 The adopted solutions make it possiblenitigate, during the life of the future industrial structbigh
magnitude settlements, resulting from the primary consolidation processleveloped at the level of soft
clayey alluvial layers

%0 TheMonitoring and Survey Plaplays an essential role in managing the behaviour of the work, allowing th
Interpretation of the observed settlements and the establishment, with greater accuracy, of the time nece
to obtain the specified degree of consolidation

%0 The magnitude of settlements estimated at the project stage, in general, was in line with the values mea
sSite



Thank you for your attention!



Excavation, retaining wall and deep foundations
solutions for an office building
at Alcantara dLisbon

Rui Tomasid JETs{seotecnia
Filipe Veloso/ Rockbuilding
Nuno Rosd Alves Ribeiro

Presentation day (2024/08/27), Session D5, Paper number 489



W Introduction






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



W Main Constrains



9 boreholes combined with SPT tests
6 Seismic CPTu tests
Lefrancpermeability tests

Direct shear tests

Triaxial tests



Heterogenous Fill Silty alluvium Weathered Basalt Basalt
Sandy alluvium Clayey alluvium
Gravel






Industrial archaeological remains from
20t century



Maritime archaeological remains
from the 18 and 19" centuries



Maritime archaeological remains
from the 18 and 19" centuries



W Adopted Solutions



Diaphragm Wall

¥ 60cm thickness

¥ 32m maximum depth

¥ 1m embedded length on clayey

alluvium layer

Seltdrilling temporary ground anchors at
capping beam level to allow an undisturbed
archaeological excavation over a depth of
6m in the entire plot and 9m in the centre

part



Top-down slab for temporary support of
the diaphragm walls at levél
Excavation until leveB

Topdown slab for temporary support of
the diaphragm walls at leved

Excavation until foundation level






























W Design Models



ModeloPlaxis 2D Modelo SAP2000



W Monitoring



14 Inclinometers

6 Piezometers

14 Topographic targets
14 Settlement marks

28 Tiltmeters



INCLINOMETER 13 INCLINOMETER 19 INCLINOMETER 110 INCLINOMETER 111 INCLINOMETER 112



Acknowledgements
Thank you for your attention!
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Solutions of excavations and peripherical
earth retaining walls in dense urban area

Lourenco FernandekJetsj 0Geotecniad.da
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W Introduction



Wintroduction

%0 PROPOSED BUILDING
™ Multi-family residential building
™ 3 underground floors + 7 elevated floors

™ Footprint area of approximately 200
square meters.



W Main Constrains



WMain Constrains

%0 NEIGHBOURHOOD MAIN CONSTRAINS
%, CondeValbomAvenue side: +level of floor O.

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

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

¥, Rear side: Boundary with the existing backyard.



WMain Constrains

%0 GEOLOGICAL AND GEOTECHNICAL PROSPECTION
¥, 3 mechanical boreholes:
¥, Standard Penetration Tests (SPT)

Cross section €

ZG3
G2 ZG3 | Loosely compact clayey
ZG2 | ModeratelycompactSiltsand Sandyclays
ZG1
261 | Compactlayesands



W Excavation and Peripheral Earth Retaining Solutions



WEXxcavation and Peripheral Earth Retaining Solutions

%0 OBJECTIVE:
¥, Manage soil deformation

C Planview: Ievelo) (Planview Ievel-l) CPIanview Ievel-2)

¥, Minimize disruptions to adjacent
structures and infrastructures

%0 ADOPTED SOLUTION
¥, King post wall (t=0,30 m)
¥, Concrete slab bands (t=0,24 m)
¥, ShoringgHEB 140, IPE 120)
%, Vertical steel profiles (HEB 120)



W Geotechnical and StructuraDesignc



WGeotechnical and Structural Design

%0 FINITE ELEMENT ANALYSIS
SOFTWARES:

Y2 PLAXIS 2D

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



W Monitoring and Survey Plan



WMonitoring and Survey Plan

%0 INSTRUMENTATION:
¥, 20 topographic targets
¥ 1 inclinometer



W Conclusions



WConclusions

%0 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 highlyt&thbleouduring the
excavation works.

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



Thank you for your attention!
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W Introduction



Wintroduction

Residential Development
Lot 1 & floors underground
Lot2 &3 floors underground

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

Site

ML Gallery




WMain Constrains

Metro Gallery under Latand Lot 2

Existing buildings at north with foundation above @il@bmew develop
Existing PT (Transformation Post) crossing Lot 2

Lot1 North side

-~
S

~
o o

Lot2 North side



WMain Constrains

Lot 1

Lot1 Lot 2

Lot 2



WSolutions dLot 1

Suspen@dMunich Walls;
Mix Berlin Walls (top area with Munich walls, bottom area with Berlin Walls)

Building .
Lot 1 Parking

Definity
retaining
wall

Limit Lot

Munich Walls

Mix Berlin Walls

Underground Berlin Walls

levels Fill

Metro Gallery Suspended Munich
Walls

1-1



Suspend Munich Walls;

WSolutions dLot 1

Mix Berlin Wallétop areawith Munichwalls, bottomareawith Berlin Wall3

Building
Lot1l

Parking

Definity
retaining

wall

Underground
levels

Metro Gallery

1-1

Limit Lot

Munich Walls

Fill

Berlin Walls




WSolutions d,ot 1

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

2-2



Suspended Munich Walls

Suspended Munich Wall
with more than 20m
length

L

WSolutions dLot 2

Munich Walls with
Reinforced Micropiles




Suspended Munich Walls

WSolutions dLot 2

Wall

Micropiles as tie bars

Suspended Munich Wall

Munich Wall

Reinforced
Micropiles




WMonitoring and Observation Plan

Topographic Targets on Existing Buildings;
Topographic Targets on Retaining Walls;
Topographidargets on Metro Gallery;
Topographic Marks on Metro Ralls;
Piezometers;

LoadCells;

Deformation on existing buildings (mm)

Deformation on Peripheric Retaining Wallst 1 (mm)

Deformation on Peripheric Retaining Wallst 2 (mm)



WMonitoring and Observation Plan

Topographic Targets on Existing Buildings;
Topographic Targets on Retaining Walls;
Topographic Targets on Metro Gallery;
Topographic Marks on MefRalls;
Piezometers;

LoadCells; Deformation on Topographic targets rxm)

Deformation on Topographic targetg 6mm)

Deformation on Topographic targets on Ra#sanm)



WConclusion

Monitoring and Observation Plan is a critical tool;
Coordination between promotors, contractors and design team is key to success;



Thankyou for your attention!
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W Introduction



Wintroduction

DISTRIKT DEVELOPMENT PROJECT
T Location ParquedasNacoes Lisbon

T Totalplotarea 5945m?2

T Developmenproject 4 towerswith 13 elevated
floorsand3 undergroundloors

CUF Descobertas

Hospital

EXCAVATION
SITE




W Main constraints



WMalin constraints

DISTRIKT ENTERPRISE
t Heavilyurbanizechrea
T Futureconstructionsadjacentto the plot

T Excavationwith 11 meters of maximum
depth

T Water level located in highly permeable
layers

T Total dependence on geological and
geotechnicatonditions

CUF Descobertas

Hospital

EXCAVATION
SITE




WMalin constraints

CrosssectionA-A

GEOLOGICAL AND GEOTECHNICAL CONDITIO G1B s

G2A
l G2B
A Nﬁ G2C
Geotechnical
Geology
zone
GlA Loosely compact sandglay landfill
G1B Moderately compact sanedglay landfill
G2A Moderately compact sandsilt soil

Compact sandssilt soil

Very compact sandgilt soil

- >




W Excavation and peripheral earth retaining solutions



WEXxcavation and peripheral earth retaining solutions

(Planview IeveI-Z)
(A (B / ‘

Drainagepipes 50mm, Shotcrete 8.0cm (4cm+4cm) layer,
L=4,0m //3.60m reinforcedwith metallicfibers(30kg/m3)




WEXcavation and peripheral earth retaining solutions



W Numerical Analyses



WNumerical Analyses

FINITE ELEMENT ANALYSIS SOFTWARE

PLAXIS 2D

PLAXIS 3D



WNumerical Analyses

b v a»p X

FORCES AND DEFORMATIONS
bviU

a»» X
[KN/m]  [KNm/m] [mm]
PLAXIS 3D Buttresses 209,1
— -221,0 1836 50,30

a»p a Va|Ya

a»» aval,

CD\ [KNm/m] [KNm/m]
Slabbands 22,81 70,36
-53,49 -68,37
X
X
[mm]
Curtain Wall

55,54




W Monitoring and survey plan



WMonitoring and survey plan

' N

u Al

|

o

00

Al10

|

00

MONITORING INSTRUMENTZX

t

27 Topographitargets
4 Loadcells ™

2 Inclinometerd®

2 PiezometersO

1 Seismograph




W Conclusions



WConclusion

FINAL REMARKS

T Technicalkfficiencyof the implementedperipheral
earthretainingsolutions

T Economicefficiencyachievedoyusingslabbands

T The observed displacements of the adopted
solutions were less pronounced than those
estimatedin project



Thank you for your attention!
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W Introduction



Location

Liberdade Avenug

Wintroduction



Wintroduction

E}ee o &]}v

[



Wintroduction

Eles o §]}v

[



W Main constraints



WMalin constraints

Constraints related to the building's boundaries

L7

Q




WMalin constraints

Geological and geotechnical constraints

ZG6

ZG5

7G4

ZG3

G2

ZG3

ZG1




WMalin constraints

Arquitectureconstraintsrelated to the need to preserve facades



WMalin constraints

Arquitectureconstraintsrelated to the need to preserve facades



WMalin constraints

Arquitectureconstraintsrelated to the need to preserve facades



W Adopted solutions



WAdopted solution

Retaining wall: King post wall technology




WAdopted solution

™ Horizontal supports
™ Anchors
™ Shoring



WAdopted solution

Underpinning witicropiles



WAdopted solution

Underpinning witicropiles



WAdopted solution



W Design



WDesign



WDesign



W Monitoring and Survey Plan



WMonitoring and Survey Plan

™ Topographic targets
™ | oad cells
™ Inclinometers



W Final remarks



WFinal remarks

™ This project faced significant challenges in:
™ 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

™ Qur tailored approach addresses the specific demands of
this refurbishment, and we remain focused on preserving
e 6Uaj +1 2 \U 2ed6 X e...Ue X:j :jeUe 6Ue:2\eXjee :2U
process



Thank you for your attention!
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Wintroduction



Wintroduction

Canicada Dam

CanigadaDam location CanigadaDam construction (1955)



Wintroduction



WGeological Scenario



WGeological Scenario

o

Cofferdam geological elevation

2G4

ZG3

4G3, with

poulders

2G4

G2

ZG1



WCofferdam Solution



WCofferdam Solution

Cofferdam plan



WCofferdam Solution

Cofferdam solution elevation

4|6
2G4
ZG3
G2
ZG3, with boulders ZG1
4 6\ Cutoff: jet grouting columnsl1000mm (double

row) combined with micropiles, spaced 0.8m



WCofferdam Solution

3.75 1.25
153 *——oo
(MU)] 152f 153.5 |
144.5 146 l @ 145.5
@u% ______________ Ne l

Dam
bed & oEI
\Q -
7G4 S =
0 /

Steel profiles HEB16
spaced 1.60m/.

Steel profiles HEB140, spaced 1.60m 263
Jet grouting columng1000mm,

spaced 0.8m (double row)\

Micropiles N80l  x mm,
spaced 0.8m, with injection

sleeves at each 1m
116.0

2G4

Temporary
excavation

Shotcrete (15cm)

1.25
ﬂ 1.00
131.5
Boulders
Geodrains
I50mm x 3m

&— [nclinometer

Cofferdam solution cross section@(ZG3 intersection)

Cofferdam plan



WCofferdam Solution

Upstream

Steel profiles
HEB140, spaced— ¢
1.60m, vertical,

for wall
foundation

Steel profiles
HEB160, spaced

1.60m, with 30°
inclination, for
wall foundation

0.50

2.40
Cofferdam solution detailed plan

0.85
0.75

Downstream

Jet grouting columns

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

Empty holesl mm,
spaced 0.8m, for eventue
reinforcement micropiles

Micropiles N80

o——— | x mm, spaced
0.8m, for wall
foundation and cuoff
injections

0.70 0.50



WCofferdam Solution: QC/QA

Cofferdam solution: trial jet grouting columns



WCofferdam Solution: QC/QA

Cofferdam solution elevation: permeability control

Lugeon
units

Low permeability < 11

Medium permeability 12 to 2

High permeability < 26




WFinal Remarks

14



WFinal Remarks

%0 Water cutoff solutions for temporary
cofferdams using jet grouting columns
combined with micropiles in a comple;

geological and hydrogeological scena



WFinal Remarks

%0 Water cutoff solutions for temporary
cofferdams using jet grouting columns
combined with micropiles in a complex

geological and hydrogeological scenario

%0 Adopted solutions @in advantages:
9 minimum ground extraction
9 behavior predictability

9 ease demolition



The authors are grateful to EDP (Owner)

The geotechnical works were performed by Keller

Vhils SRUWUDLW f&de lnspitedby D 3
the workers who gave their body and soul

to the building of the dam, surrounded by a
group of children and tree elements ’

17
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Foundationsolution near Trancaoriver, inLisbon

|. Braz,JETs[seotecnia Lda
A. PintoJETsfGeotecnia Lda
C. Simdes, Oliveiras S.A.

T. Gomes, Geosol S.A.

C. Caxias, ANFSystems

REFERENCE SCENARIO

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

GEOTECHNICAL SCENARIO PRELOADING EMBANKMENT
(SHALLOW FOUNDATIONS)

BH17 BH1S BH43 Temporal evolution of the marks

TIME

MILIMITERS

Geological cross section at the stage Stage foundation preloading embankment

DUCTILE IRON DRIVEN PILES (BACK STAGE AND STAGE COVER FOUNDATIONS) LOAD TE:!

fﬂ‘tt Oi‘l

Ductile iron piles driven

3D Model

Pile tension full scale load test

oa iy

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



Coastal Cliff Stabilization and Access Stairs Reconstruction
at PenecoBeach Algarve

C. Fartaria,JETsjGeotecnia, Lisbon, Portugal

A. Pinto,JETsjGeotecnia, Lisbon, Portugal

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

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

REFERENCE SCENARIO

¥, Coastal CIiff:

T Erosion and local mass movements;

T Natural geological hazard;

T High exposure to atmospheric actions;

T Risk increase by high exposure of people

accessing and using beach public space;

¥, Access Stairs:

T Structural pathologies;

T Poor foundation conditions;

T Pavement and walls cracks. . . )
Overall view before intervention

CLIFF STABILIZATION AND ACCESS STAIRS RECONSTRUCTION

Access Stairs Reconstruction 6Cross Section Access Stairs Reconstruction é6Plan View

Shotcrete lining and soil nail detail Geodrain detail Rock cliff after intervention

¥, Coastal CIiff:
T Soil nail stabilization;
* Shotcrete lining for erosion control
with steel fibre reinforcement;
T Pigmented shotcrete for Aindscape
integration;
T Drainage using geodrains;
¥, Access Stairs:
T Structure reconstruction;
T Vertical rock bolts as foundation
elements.

Overall view after intervention



Ground improvement and special foundations at North Lisbon

Logistic Platform, plot 1, Portugal

A. Pinto, JETsfzeotecnia, Lisbon, Portugal

M. Lopes, JETsf3eotecnia, Lisbon, Portugal

P. Marques, JETs{;eotecnia, Lisbon, Portugal
A. L. Gongalves;Terratest Lisbon, Portugal

A. Perez Terratest, Madrid, Spain

J. Moreno,Terratest, Madrid, Spain

J. MorenoJM Ingenieria Geologica, Madricgpain

PILE FOUNDATIONS

Reinforced concrete drivenpiles (TERRA®)r the
building resistant structure.

GROUNDIMPROVEMENT
Rigidinclusions (GCC®pand stone columns (GRAVA

OBJECTIVE

Building a new industrial building with
an area of approximately 100.000 m2
in Castanheirado Ribatejo, Portugal,
with expected high magnitude
pavements live loads.

New
industrial
building

| Tagus river /

GEOLOGICAL CONDITIONS

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

Risk of accentuated and evolving
deformable behaviour over time.

IMPACT®) for interior and exterior pavements, respectively. PESIGN AND ANALYSIS

Geosynthetics-reinforced load transfer platforms.

MONITORING AND TESTING

Static and dynamic load tests on vertical prefabricated
driven piles.

Static vertical load tests on rigid inclusions and stone
columns.

Full scale load test: embankment over rigid inclusions.

The foundations as .
*0++Ul\Ue 6Uej +71 2 \U
structure were

modelled using the

SAP2000 finite

element software.

Thestudy of the
ground improvement
solutions was based
on finite element using
the Plaxis 2Dand 3D
software.

CONCLUSIONs

More economic foundation solutions
compatible with the structure
serviceability:

T 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.

T possible to reduce shear stresses
and bending moments at the floor
slab.



Special foundations at the cyclepedestrian bridge over the
Trancao river, Portugal
A. Pinto,JETsf{Seotecnia, Lisbon, Portugal

A. Rodrigues, P. Santos, RODIO, Lisbon, Portugal
C. Caxias, ANP Systems GmbH, Lisbon, Portugal

MAIN REASONS FOR THE CONSTRUCTION

¥, World Youth Day 2023 (WYD)
¥, Connect already existentcycle-pedestrian paths at
both banks of the Trancéo river (Loures and Lisbon)

Zone Description Ngprblows THE SOLUTION

EZ P 0<:2<2 ¥ Layout: 3 spans (28m+65m+28m, 121m overall length) cab
_ (Su<20KPa) il stayed bridge,to be built without any river occupancy

zcg | Moceneloosesandyand | 4, <47 3, Structural: laminated wood deck, steel towers and cables,

clay soils

2G4 Miocene bedrock Ngpr>60 resting over reinforced concrete columns and abutments

. m 5 S : ) o
Geotechnical zones 8 Ya Foun(_jatlor_ls. mlcroplles steel hollow bars, W_lth sacrificial
£ grouting bits, associated to upbottom self drilling 1500mm
§ mini jet grouting columns
N (%] %
2
5%
. o 3
Bridge longitudinal =<
profile
Sacrificial
bits
Scale: 10m
+—>
ZG3 + ZG4 samples
E7)
0

Ya



Deep and complex excavation in an urban environment at

Miraflores, Oeiras

R. Justiniano ,JJETsfGeotecnia, Lisbon, Portugal
A. Pinto JETsfGeotecnia, Lisbon, Portugal

REFERENCE SCENARIO

0 Geological and geotechnical:
¥, Weak fill with 4 to 8 meters deep
¥, Basalt bedrock with UCS » 120 MPa

o Time of Execution:
¥ 6 months for 60 000 m3 excavation peripherical earth retaining wall

o Existing Construction:
%2 West to the site an excavation with 12 meters depth

CONCEPTUAL SOLUTION

0 Bored piles walls
Braced at the West side by slab bands

Braced at the other sides by temporary ground anchors

Slab band

Bored piles walls

Micropiles
(slab band
supports)
Basalt
bedrock

West side solution cross section

EXECUTION MONITORING AND SURVEY PLAN

West side excavatiorworks (under slab band)

East side excavationworks

Rebars stock surcharge effect
over the bored piles wall

Bored piles walls horizontal deformation (m)



Excavation earth retaining solutions and facadesunderpinning
of a historic building in Estoril, Portugal

J. Silva, C. Martins & A. PintdETsjuGeotecnialLda, Lisbon, Portugal

Overall view before intervention

ADOPTED SOLUTION

BIM model developed using
software

CONSTRUCTION SITE

¥,Facadessolution:

¥ Injection of groutinto existing cracks;

T Interior reinforced concrete layer;

¥ Underpinning beams with prestessed bars;

T Temporarystructural system of steel beams
and trusses.

¥,Peripheral earth retaining solution:
1 9,0 m depth excavation;

¥ King Post Wall technology, horizontally
braced by prestressed ground anchors and
steel props.

GEOTECHNICAL AND STRUCTURAL DESIGN

Revit Structural analysis models developed using
Robotand Plaxis2D softwares

Overall view of the construction works



Industrial warehouse retaining walls and pavements strengthening

at Quinta doAdarse Alverca, Portugal
T. M. L. Paludeto, M. Lopes, A. Pinto
JETsj Geotecnia, Lisbon, Portugal

INTRODUCTION STREGTHENING SOLUTIONS

0 Pavements:
* Ground consolidation solution using the
Uretek - Floor Lift (expansive resin)

0 Industrial warehouse with 20.250m2

0 Retaining walls with 6m height and 320m
length

0 Industrial pavements built with 10cm
concrete reinforced with steel mesh AR 30

RetainingWalls |

| Railway Line |

/

Injection system - Uretek Floor Lift (https://www.uretek.pt)

|/ 0 Retaining walls :

\ T Construction of a bracing elements
T Horizontal forces transfer to micropiles

‘/{ Distribution Beam |

| Warehouse

Overall view before intervention

Landfill
MAINPATHOLOGIES Deposits
0 Retaining walls: Pl
T Excessive deformations

ExistingRetaining
T Cracks wall

Fluvial Deposits

(clay and silt) \/

Fluvial Deposits . .
(sand) Micropiles

Cross section of both geological scenario and walls reinforcement
solution

Retaining walls pathologies
0 Pavements:
1 Cracks
T Differential settlements, mainly around
pile caps and underground water pipes

Pavements pathologies Walls reinforcement construction works
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