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STRUCTURE GEOMETRY

Reinforced concrete bracing slabs

Pit-trench opening connection

Reinforced concrete
struts

Diaphragm walls /

[thickness=1,0m]

Reinforced concrete ring beams

Diaphragm walls [thickness=1,0m]

GEOTECHNICAL ENGINEERING, FOUNDATION OF THE FUTURE ECSMGE 2019 | 8/34



SIMSG [ ISSMGE

XVII EUROPEAN CONFERENCE ON SOIL MECHANICS AND

JET..

GEOTECHNICAL ENGINEERING

d

d

O SITE CONDITIONS

d

d

GEOTECHNICAL ENGINEERING, FOUNDATION OF THE FUTURE ECSMGE 2019 | 9/34



SIMSG [ ISSMGE

XVII EUROPEAN CONFERENCE ON SOIL MECHANICS AND I E T
GEOTECHNICAL ENGINEERING ' S.

SITE CONDITIONS
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SITE CONDITIONS

Soil Layers Depth Ko Y ot c’ (E E; gf Eggg Exf m k
[m] [[] [kN/m3 [kPa] [°] [MPa] [MPa] [MPa] [-] [ms]

GZ5 Alluvium 0-75 064 17 3 21 6 6 18 0,8 10
Gz4 Siltyclayl 7.5-155 044 22 8 34 30 30 90 0,8 10710

GZ3 Siltyclay2 155-29,0 0,58 20 35 256 20 20 60 0,8 10710

GZ2 Medigm 29,0-41,0 0,38 21 0 38 100 100 300 05 10°%
san

GZ1 Claystone >41.0 0,38 22 40 38 150 150 450 1,0 107
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Software: PLAXIS
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Diaphragm wall < plate

Ring beams « fixed-end-anchor
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Constitutive model: Hardening-Soil 2D PLANE STRAIN MODEL - TRENCH
Diaphragm wall < plate
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Constitutive model: Hardening-Soil 3D MoDEL — PIT + TRENCH

Diaphragm wall < plate

Ring beams and struts < beam

67/m

MESH
Finite Elements
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Nodes:

2 065 380
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3D MoDEL — PIT + TRENCH
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3D MoDEL — PIT + TRENCH
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Pit Retaining Wall Horizontal Displacements

2D 3D N

_ } ."'I

—_— R e eSS ¥ B

D '~ e s LS e k" Y

o P AT s §u
i :\'1‘2;-'::\ 7 _,/"}: ’. 2D
. -...t:;;:.:;:::"1_. R e 3D
A Ve u=6 mm
I T q
II X ;

GEOTECHNICAL ENGINEERING, FOUNDATION OF THE FUTURE ECSMGE 2019 | 22/34



SIMSG [ ISSMGE

XVII EUROPEAN CONFERENCE ON SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

Pit Retaining Wall Bending Moments
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Pit Retaining Wall Hoop Stresses

2D Model 3D Model _ f“‘""‘Q\

— \

—
-9 ‘:.—_axc/'}

2D
N=7864 kN/m
3D
N=6270 kN/m

GEOTECHNICAL ENGINEERING, FOUNDATION OF THE FUTURE ECSMGE 2019 | 24/34



SIMSG [ ISSMGE

ECSM x 2012 ot |y XVII EUROPEAN CONFERENCE ON SOIL MECHANICS AND
e GEOTECHNICAL ENGINEERING

Trench Retaining Wall Horizontal Displacements
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Trench Retaining Wall Bending Moments
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Bracing Slab Axial Stresses

3D Model
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Hydrostatic Pressures

3D Model

Permeable sand layer with groundwater under
positive pressure located bellow the excavation level

!

Water head of the permeable layer was lowered to the
level of its centre line simulating the dewatering effects
of the pressure relief drills
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Objective:

k=10""ms" Optimization of the
== retaining wall length
| bellow excavation level
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MAIN CONCLUSIONS

* Preliminary analysis of pit and trench;

« Simple models with some level of symmetry
or infinite length normal to the plane section
of the analysis;

* Low computing time;

Structural design « [Easy use iterative on iterative analysis and
Soil structure sensitivity analysis.
interaction

Soil behaviour
* General structure behaviour assessment;

* Pit-Trench connection opening modelling;

» Overall effects of earth pressure imbalance due
to trench excavation.
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EARTH RETAINING WALLS COLLAPSE POSSIBLE CAUSES

[ Retaining Wall Height =19m | Lenght = 90m ]

[ Partial Collapse of Central Retaining Walls ]

[ Hydrostatic Horizontal ] ':E:' Weak Reinforced Concrete
Pressure Resistance

t i
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High Rainfall \
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EARTH RETAINING WALLS COLLAPSE POSSIBLE CAUSES
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Existence of a soil layer with very low permeability above which was probably
installed a hydrostatic horizontal pressure on the wall leading to its rupture
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GEOLOGIC AND GEOTECHNICAL SCENARIO
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GEOLOGICAL AND GEOTECHNICAL SCENARIO

Geotechnical Investigation from Boreholes + SPT tests
Neighbourhood Buildings [1991]
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o
s
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Sandy and Clayed Fills
[4<SPT<8]

Sands with a Limestone Fragments
[26<SPT<38]

fong *‘5'( é‘cmu:to win- !

Sands with Silty-Clay Lenticules
[SPT>60]
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RETAINING WALL INVESTIGATION
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RETAINING WALL INVESTIGATION

oo c

[ Retaining Wall Design Plans [1955]
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» Cantilever Retaining Walls

Height = 19m

Wall thickness increasing with depth
- top thickness = 0,20m
- base thickness = 2,00m

bl 1
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Strip Footing
- weight = 6,00m
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* Low steel ratio
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Retaing Wall Core Dirilling

RETAINING WALL INVESTIGATION

[2017]
ot
U,a m
T r ~
Retaining Wall Geometry Acessment
- Thickness a two different levels -
- Footing Width -
—1—.  R— \, S
!
ot
Jy
Laboratory Tests 0=11,25 MPa [s=3,4 MPa]
Unconfined Compression Test
- Rupture Tension - E=17,2 GPa
- Elastic Modulus - )
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STABILIZATION, RECONSTRUCTION AND REINFORCEMENT SOLUTIONS

Goals

Collapsed Retaining

Walls Reconstruction Safety Global and Local

Increase regarding Static
Hydrostatic and Dynamic Loads

Reinforcement of

Drainage Systems
Retaining Walls

Re-confinement

Conditions

Urgent Intervention

~

-
Difficult Equipment
Accessibility
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80 |
Reinforced Concrete Wall and Slabs — } Hirs Geodrains
!- lt": L...,-.-..,.,...I;‘ ” ‘ A
76 F===0A /—

: Soil Nails connected to
Drainage [ 72 the Slabs
Windows AL D S

Ground Anchors

Reinforced Concrete Coating Wall

Micropiles
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Steel Grid installed against the 82 e
Retaining WaII

Ground
Anchors

Projection of a high resistance .. G | \
mortar with a carbon fibre mesh 57 i S _ e

Micropiles
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STABILIZATION, RECONSTRUCTION AND REINFORCEMENT SOLUTIONS

Back-Analyses Collapse
\ J surface

PLAXIS 2D
Analise ‘phi-c reduction’

.- 2G2

|y o m ' T
el el : : : :
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ELSY, Hardening-5oil 18,5 18,5 50 150 (1.5 10 a5
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STABILIZATION, RECONSTRUCTION AND REINFORCEMENT SOLUTIONS
PLAXIS 2D Safety ‘phi-c reduction’ Analyses

Type A Solution Type B Solution

Global Stability Analyses — Global Safety Factors

Type A Solution 1.7 > 1.5 1.5> 1.2 1.3 > 1.2
Type B Solution 2.1 > 1.5 1.9 > 1.2 1.6 > 1.2
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CONSTRUCTION CONDITIONS
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CONSTRUCTION CONDITIONS

Collapsed walls debris and soill
extraction inside the basement

Micropile execution inside the
building basements
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CONSTRUCTION CONDITIONS

Tower crane installation on the
adjacent street

Extraction of collapsed walls
fragments of large dimension
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CONSTRUCTION CONDITIONS

Collapsed wall debris and soil
extraction

Scaffold suspended
structure
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CONSTRUCTION CONDITIONS
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Reinforcement concrete beam execution and connection to
the existing collapsed wall
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Filling with light weight coarse aggregates
(expanded clay)
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CONSTRUCTION CONDITIONS
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MONITORING PLAN

Construction Stagiﬁ_].'
_1— - _'f

E Topographic targets (x37)
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MONITORING PLAN
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MONITORING PLAN

Lifetime
< Type B Solution > < Type A Solutlon. > < Type B.Solutlon >
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FINAL REMARKS
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FINAL REMARKS

Collapse event
27™ February 2017

Design and execution completed in a
period of 6 months

A ——

Works beginning
2nd march 2017

Works Completion
1st September 2017
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FINAL REMARKS

EARTH RETAINING WALLS IN URBAN AREAS
EVALUATION

Monitoring
devices
installation

structural

integrity Drainage

Evaluation of

Evaluation of \ T
retaining walls

systems

coﬂ%?t?g::(())cer inspection and
g
the backfill erciency

evaluation
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FINAL REMARKS

EARTH RETAINING WALLS IN URBAN AREAS
INTERVENTION

Monitoring Plan
Implementation
through the

lifetime to
Monitoring Plan t.aclinqwlfdbgli Maintenance Plan
Implementation 'mely instability Implementation
during the SEME through the
reinforcement - | lifetime to
works to reduce L drainage systems
the risk preservation
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AND REINFORCEMENT SOLUTIONS OF
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4 SEPTEMBER - SESSION TC207 — SOIL-STRUCTURE

RETAINING WALL SOLUTIONS FOR
UNDERGROUND EXTENSION OF "HOSPITAL DA
LUZ” IN LISBON - PORTUGAL
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d INTRODUCTION

d LOCAL CONDITIONS
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d CONSTRUCTION

d FINAL REMARKS
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e Increase of Hospital da Luz capacity, in Carnide, Lisbon
e Construction of 4 underground floors;

e Building footprint of 10.000m 2

T

< ¢ Excavation
. g footprint
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PLOT ANCIENT OCCUPATION
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GEGICAL AND GEOTECHNICAL SCENARIO

* 11 Geotechnical boreholes

« 3 Piezometers

« Lab Tests
Granulometry
Moisture Content
Atterberg Limits

Chemical Aggressiveness

Direct Shear Tests
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GEOLOGICAL AND GEOTECHNICAL SCENARIO

Based on the information collected with the tests described previously, the
following formations were identified, which are in agreement with the information
available in the Lisbon Geological Chart:

« Landfills — soils of a diverse nature, but with predominance of silt-clayey
soils and sand-silty soils;

« Prazeres clays and limestones — soils dating from the Miocene, constituted

by the monotonic alternation of sedimentary layers of fine granulometry
soils, constituted by more or less silty clays
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Stresses

15,6mm 737kN/m 144,2kN/m 131,7kNm/m
-126,9kN/m -84,1kNm/m
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ARCHITECTURAL
FEATURES

[ The future tallest modern building of Lisbon will

feature 26 floors and 4 basements.

( An iconic building in Lisbon’s skyline with an

impressive contemporary architecture.

https://www.infinity-tower.com/
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NEIGHBOR
CONDITIONS

Excavation area:
4.600m?2
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MAIN CONDITIONS

[ Geotechnical and Geological: Landfills + Lisbon Volcanic Complex.
L Topographic: small hill.

O Surrounding Infrastructures: Alcantara WW Drainage Tunnel.

O Surrounding Infrastructures: Roads + Roadway Viaduct.

O Surrounding Infrastructures: Railway Line.
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YJIET..
 The existing topography, with the building location laying over

TOPOGRAPHY
a small hill, leads to an excavation depth ranging from 18m to
7m at the opposite alignments
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ALCANTARA
STREAM

Alcantara Stream, 1912
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DRAINAGE
TUNNEL

Alcantara Waste Water

Drainage Tunnel, 1945
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ALCANTARA WW
DRAINAGE
TUNNEL

WW Drainage ]
Tunnel

Excavation pit

& 762, 7G3 and 2G4 - Lisbon Voleanic Complex
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GEOTECHNICAL
FEATURES

] Heterogeneous Urban Fills.

J About 20m excavation depth
intersecting Urban Fills and the Lisbon
Volcanic Complex: mainly basalts and
clay tuffs

 Lisbon Volcanic Complex: formed 72
million years ago by several important
volcanic episodes, showing mainly

basaltic sheets, volcanic tuffs,

pyroclasts, volcanic breccias, etc,
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GEOTECHNICAL SITE
INVESTIGATION

9 boreholes
location
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GEOTECHNICAL
Geotechnical o’ c’ Es ZON ES

inti 3
e Description Y (kN/m3) © (kPa) (MPa)

ZG1 Landfill (5=NSPT=17) 18 30 0 15

Pyroclastic tuffs and low-quality basalts
2G2 W4 to W3-4; F5 to F4-5 with recovery 22 33 50 65

ranging from 60% e 100% e RQD=0%

Basalts W3 to W3-2, F4 to F4-5, with
90% recovery ranging and 20%
Z2G3 =RQD=75%, interbedded with basalts 22 37 80 120
W3-2, F4-5 with 100% recover and
47% <RQD=<74%

Basalts W3-2 to F4-3, with 100%
2G4 22 45 100 150

recovery and 56%=<RQD=76%
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The retaining walls solutions were proposed considering the existing PROPOSED
SOLUTIONS

restraints, with the following purposes
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The retaining walls solutions were proposed considering the existing PROPOSED
restraints, with the following purposes: SOLUTIONS

U

J To minimize the interferences with the surrounding infrastructures and

 Control the ground deformation;

services;

O Improve Safety + Reduce Schedule + Decrease Costs.
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The retaining walls solution were proposed considering the existing restraints, PROPOSED

SOLUTIONS

J To minimize the interferences with the surrounding infrastructures and

with the following purposes:

 Control the ground deformation;

services;

O Improve Safety + Reduce Schedule + Decrease Costs.

] Bored Pilled Wall solutions with 600mm diameter pile and a plan space
ranging between 0.80m and 1.20m.
O The total pile’s depth ranges from 21.60m to 10.30m, all with a minimum

embedment length of 4.00m.
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minimum thickness

plan distance in order to ensure the ground drainage.

L The ground between the piles will be lined by a shotcrete layer of 150mm

[ Geodrain pipes with 3m length will be installed with a minimum of 3.60m

Geodrain pipes}

1,2m 1,2m

Piles
@0,60m

(

Lining J
layer

o

\{ Ventilation and drainage box }

PROPOSED
SOLUTIONS

Solution plan
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PROPOSED
O In the west view, the wall will be braced by one level of temporary SOLUTIONS

ground anchors to be installed at level -2 with 3.60m plan space.

O The remaining excavation alignments will be stabilized with slab bands

of 12m width and 0.35m minimum thickness, compatible with both the

architecture and structural solutions.
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PROPOSED SOLUTIONS

 The slab bands will be
supported by vertical
steel profiles HEB260

embed in 600mm bored

piles, 4m below the

excavation final level.
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PROPOSED SOLUTIONS
d The slab bands will be i

supported by vertical steel
profiles HEB260 embed in
600mm bored piles, 4.00m
below the bottom level of

excavation.

U The slab bands above level
-2 will be supported by

slimmer slab strips of about

/m width that will react
against the piles wall at the

west view.

GEOTECHNICAL ENGINEERING, FOUNDATION OF THE FUTURE ECSMGE 2019 | 28/37



SIMSG [ ISSMGE

XVII EUROPEAN CONFERENCE ON SOIL MECHANICS AND

JET..

GEOTECHNICAL ENGINEERING

DESIGN

o O 0O 0 O O

GEOTECHNICAL ENGINEERING, FOUNDATION OF THE FUTURE ECSMGE 2019 | 29/37



SIMSG [ ISSMGE

XVII EUROPEAN CONFERENCE ON SOIL MECHANICS AND

GEOTECHNICAL ENGINEERING

Units Earthworks
Levels guantities
& Geolocation Z Restraints
- o
© ©
S -
© o0
Q o)
o o
}
= °

GEOTECHNICAL ENGINEERING, FOUNDATION OF THE FUTURE

Bored Piles Plaxis
Slab bands SAP2000
L RC beams 0
2 . 2
::,’ Steel profiles Té
» Ground <

anchors

DESIGN
METHODOLOGY

ECSMGE 2019 | 30/37



SIMSG [ ISSMGE

XVII EUROPEAN CONFERENCE ON SOIL MECHANICS AND

JET..

GEOTECHNICAL ENGINEERING

O The solution were evaluated using the geotechnical software (PLAXIS2D)

DESIGN
METHODOLOGY

U Displacements were estimated and analyzed considering the geotechnical

zones and correspondent parameters.
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FINAL REMARKS
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O The importance of all the FINAL REMARKS

restraints assessment on
an urban and complex

excavation
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U The importance of all the restraints assessment

_

on an urban and complex excavation

U The use of BIM methodology allowed an accurate

coordination with the architecture and others

engineering projects and promoted efficiency in

terms of project documentation, especially when

changes were needed.
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U The importance of all the restraints assessment on an urban

and complex excavation
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U The use of BIM methodology allowed an accurate coordination
with the architecture and others engineering projects and
in terms of project documentation,

\E A |
= ' :
l - ' J_ "y
1

promoted efficiency
especially when changes were needed.

O The BIM model can be a very useful at both the construction

and the building maintenance / management under operation

phases
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INTRODUCTION Structure (3D)

* 3D parametric modeling
* Geological and geotechnical

layers
Difficulty implementing planning ( 4D) and
budgeting (5D) tools. - Planning (4D)
McGraw Hill Construction (2012) ~, v+ *Construction Simulation
3 L ey e Clash detection
+ 1 \ q:._}“- * Resource allocation

Advantages + Low

implementation in -
AD+5D 'mp _ e _
capabiliti Geotechnical = Budget_mg (5D)
AVl ¢ Automatized QTO

seized Engineering ¢ Procurement
Low national e Multi-scenario analysis
Implementation
of BIM
.. “Geotechnical engineering includes not only financial
Productivity and g g vfi

construction digitalization

risks but also for structural and physical integrity”
Sterling (2017)

GEOTECHNICAL ENGINEERING, FOUNDATION OF THE FUTURE ECSMGE 2019 | 3/24



SIMSG [ ISSMGE

ECSM E 2019 e < | XVII EUROPEAN CONFERENCE ON SOIL MECHANICS AND

GEOTECHNICAL ENGINEERING

INTRODUCTION

\»\sQQQ

Cnnu.pluu ELpronimate georee ll,‘ Fabncation A.-Bull

”Information coming from different sources is CentraIiZEdm

a single model, ensuring its constant share and update”

Carmona & Irwin (2007)

o I) D

e
e
. Models o o
B uilding -

. e Simal, [
| nformation BIM e Rl
M odeling _

Level of
Development i "
py

Interoperability
(LoD)

“The methodology won't be I i near out
colaborative”

Collaboration

Carmona & Irwin (2007)

IEC1ETIDEFT)
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STUDY CASE:
LISBON’S PUBLIC PARKING LOT “ARCcO DO CEGO”

¥

Constructive

Solutions:
Restrains: e Bored Pile Wall -

e Geological and 600mm //1,2m
geotechnical e Temporary grout

e Adjacent anchors - 2 levels
infrastructures e King Post Walls -

e Execution Ramp
deadlines
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4 3/D BIM MODELING
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3D/BIM MODELING

q Georeferencing ﬂ Quantities Bored Piles Compatibilization
Units Restrains King Post Walls Optimization
Phasing Concrete Beams

c > @ © £
O Levels 3 S Steel Profiles O o
wfd o wd c >
© 4 S Grout anchors c °
y] 0o - O
o o - ()
) Q. (V)] b~
& o o

O
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3D/BIM MODELING [t
PARAMETRIC ELEMENTS /

§ * Available object’s library
* Possible to create different kinds of
objects and parameters
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3D/BIM MODELING

IR
" LT P - il
[ 22 e o Bovns Abbbn T . Moved I ey T
- L : 3 R s i) 5
\ H 3 ., - . 2 b pad —
od | ol
N N e
- - n
e —

GEOTECHNICAL LAYER

S

1 I

= S b
£ g ' ' 3—Import to 3D model
i S

AN AT

2 - Surfaces
1 — Geological and Geotechnical Study " AutoCAD Civil 3D

. . ) Young
Geotechnical Weight Angle of Cohesion
Layer Mg e Modulus
Zone (kM/m?) Friction (%) (kPa)
(MPa)
Landfill ZG3 0-7 18 24 - 3
ZG2A 6-26 19 32 5 10
Miocenic ZG2B 30-45 20 34 10 20
ZG1 B0 20 36 20 50

GEOTECHNICAL ENGINEERING, FOUNDATION OF THE FUTURE

ECSMGE 2019 | 10/24



ECSM

GEOTECHNICAL ENGINEERING, FOUNDATION OF THE FUTURE

E 2018

SIMSG

- ISSMGE

XVII EUROPEAN CONFERENCE ON SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

Eacilitated design

changes
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Immediate
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Modeling
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4 4/D BIM MODELING

4
4
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s . Construction
I o ) [ e Planning
e TS S (MS Project) 08-Jan-13
.:':Z .; = S s \. J
e e ‘ w
T e o Import
| m—T — 3D Model (IFC) +
S izt w . 1 ‘ \ Planning (XML); )
= == . \
 ET _ Link
8 . | 3D elements with
a fpE planning
t 1 \_ y
. >
a
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5/D BIM MODELING
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5D/BIM MODEL

:. o -
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Cost
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Measurement
Rules

5D/BIM Model Q

GEOTECHNICAL ENGINEERING, FOUNDATION OF THE FUTURE

ECSMGE 2019 | 15/24



SIMSG [ ISSMGE

XVII EUROPEAN CONFERENCE ON SOIL MECHANICS AND
GEOTECHNICAL ENGINEERING

JET..

5D/BIM MODEL

Available Tools:

* Price comparison between different design solutions;
e Constructive materials price analysis;

* Analyze different planning options;

* Procurement and bid selection support.
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FINAL REMARKS

Advantages for Geotechnical Engineering:
e 3D analysis;

* Collaboration;

e Optimized solutions;

* Decision-making;

e Reduced risk.

Challenges:
* Improve interoperability;
e Training + experience.
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INTRODUCTION Almirante Reis Avenue

LOCATION

Intervention area
225m?

[ Alvaro Coutinho ] “Nossa Senhora dos
Street Anjos” Parish
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B wriants Rk S0
B :

Earth retaining structure 4 - 7 floors above the street level
Foundations 0 - 2 basement floors
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MAIN CONDITIONS

1. Neighbouring conditions

iz

2. Geological and geotechnical conditions
3. Demolition -

4. Infrastructures -

5. Schedule
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POE— B —— A e A (' g — AT =
- — . e L

source: geoportal.lneg.pt
Carta Geologica de Portugal scale 1:50000 (Carta 34D)
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MAIN CONDITIONS

Site investigation campaign:

5;_:- 2 Borehole (SPT)

Confirmation of the neighbour
S : — building geometry and
- 2 Boreholes (SPT) + piezometer

A ( )+p foundations levels

FC...
2 Shafts (3m depth)

Zone Lithology Nt @’ [°] vy [kN/m3] E’'[MPa]

2G1 Landfills, silt sands <5 26 16 6

7G2A Silty clay, sometimes 2 _ 44 31 18 30
sandy

2G3 Miocene sandstones > 60 38 20 100
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ADOPTED SOLUTIONS

[> Deformations control } O

[> Ease, speed and safety of execution }

> | interference with neighboring infrastructures
(Subway)

[> | Extra cost and delays }
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ADOPTED SOLUTIONS

«  Cement columns ¢ =300mm oy
Liotas =1850 m LA TELCL T, = S

«  # inclinations
« Street |

*  Neighbors buildings
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ADOPTED SOLUTIONS AR

LRI L0 LR,

- Berlin Type wall . 0
« Phased construction
- Primary and secondary panels
« Micropiles i—P
: S
- Bracing §c
« Temporary phase . f
-« Slab bands L 5w
i B .:i COR S CAVEET FIBOE E_S-n]0a
«  Corner shores
- Final phase C 'S
- Basement slabs . _ il
B 3 A e
LM L||-I..'I'l-|- E - 1#: |.‘:.I I
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ADOPTED SOLUTIONS

R R -
=
o
- Berlin Type wall #
- Phased construction B e
- Primary and secondary panels e T g
. . . [ el
* Micropiles £ [ o e
Eigie i | s
r Eo i it TR ST b il
. Braci N T g
raC|ng —-4- — T"_"'":r ___-:_,"- F;r’_'_;_’.;_l__ T | . .
- Temporary phase oo e S g — | TR
[ oo ] | = Jabeil d-ddl_,--c_1 o T : .
- Slab bands | | 2 L i

- Corner shores e S i
« Final phase |
- Basement slabs i E e 1
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ADOPTED SOLUTIONS
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ADOPTED SOLUTIONS
- Foundations f
3 'm
- Facade Retaining Structure i
» Building SO | L]
- Crane fDoub_Ie, %
. Earth Retaining Wall unction: »
n] : et I S U =t u Ll
80 micropiles S \ : o Ee!
1509 m w] r p— +|
L% wpiae e I
] |
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DESIGN

[ Plaxis 2D } [ Hardening Soil Model } [ Stage Constrution }

n
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Plaxis Output:

» Global safety factor

- Stresses of structural elements

« Displacements
T T T et

Phi-c reduction: SF=1,24 | | ’ ' O f.'.‘--tH :
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DESIGN [

Last excavation phase: Total displacements }

[*107% m]
22,00

20,00

13,00

16,00

----- = 14,00

|
AT T AN '-.I ~ _.-“._"I- | A ¥ e i [y
—I'LI A :IH:'_#"__I"_L_L:_ e iT,J.-_ —i-_._'u g | v o |:_ = N _'; s . 12,00

10,00

8,00

5,00

_/

4,00

Orax=2,2CmM

2,00

0,00
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DESIGN

[ Last excavation phase J

__/

~
)

Axial stresses Transverse stresses Bending moment
(Nimax) (Quax) (Minax)
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d MONITORING AND SURVEY PLAN
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MONITORING AND SURVEY PLAN

 Vertical and horizontal displacements
 Retaining wall
« Neighbouring buildings
 Lisbon’s Metro Tunnel

« Horizontal displacements of the retained ground

« Ground water table depth
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MONITORING AND SURVEY PLAN

 Vertical and horizontal displacements
 Retaining wall
« Neighbouring buildings — Topographic targets
 Lisbon’s Metro Tunnel |

 Horizontal displacements of the retained ground —— Inclinometers

- Ground water table depth — Piezometers
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MONITORING AND SURVEY PLAN

dx [mm] dy [mm] dx [mm] dy [mm]
Bored Pile Wall

= Graghical levelling af ks

20 15 30 22.5 — — S— ——]
Neighbouring buildings 20 {5 40 30 [ .y
Lisbon Metro crown 7 7 10 10 | | A, A
Lisbon Metro rails 3(4m)  3(6m)  5(4m)  5(6m) | L B Sl
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MONITORING AND SURVEY PLAN

« Ground improvement behind the retaining wall

« Reinforce of the horizontal bracing
« Extra shoring (pre-stressed)

 Reinforce the drainage condition of the retaining wall
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MONITORING AND SURVEY PLAN

Alert 0x; 0y/dz
Alarm 0x; dy/dz 30 / 22.5mm
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MONITORING AND SURVEY PLAN
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Soil surprises...
@ A S~

* 1 importance ...constant update of the project ! il/_"

* Respect the phased construction of the Berlin type wall

Efficiency: design micropiles with double function

Execution of the definite wall simultaneously with the excavation

Clear communication between designer and constructor

Monitoring and survey plan
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