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Mentimeter — Survey
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Mentimeter — Survey

For your orientation:
- 381 m - Empire State Building, New York City

- 250 m - Messeturm, Frankfurt

- 197 m - Millenium Tower, San Francisco

Www.menti.com
code 8552 3308



http://www.menti.com/

Laurent Pitteloud
Head of Geotechnical Department

Gruner AG Basel

Education:

Technische Universitit Darmstadt

Ecole polytechnique fédérale de Lausanne

cPFL o
1996 Livil - Bauingenieurwesen

Georgia Institute of Technology

h-Jahr Master-Programm, Bauingenieur

gruner



Laurent Pitteloud

Professional Experience:
27 years

= Gallileo Tower Frankfurt
= U5 Subway Berlin

= SBB CEVA Geneva

gruner

SBB CEVA Geneva



Gruner AG

1100 employees
34 offices in 6 countries
60 professions

Since 1862

Always looking for

passionate young professionals

gruner
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Mentimeter — Survey - Results

What are the maximum settlements that can be expected? "

178 m high, 41 storey

PR
ALY

143 piles (diameter 1.2 m, length 15 — 24 m), piled raft foundation

Volasse-subsoil (soft siltstone and sandstone, ME = 100 MPa)

= Survey - Results

Max measured settlements 2.5 cm _"-""--1,=g}:::.'.lﬂlii?“

gruner


https://www.mentimeter.com/app/presentation/alscpki8c2t5txafgt6gd2yhfv988ext

° Go to www.menti.com and use the code 8552 3308

Open Mentimote [

A Mentimeter

\What are the maximum settlements that can
be expected?

O-1ecm 1-2cm 2-3cm 3-4cm 4-5cm 5-7em 7-10 10-14 14-20 =20cm
cm cm cm

gruner




Hoffmann la Roche in Basel — a short history

Bau 2: 206 mV V¥V Bau 3: 222 m

VBau 1: 178 m

gruner




The design goals - foundations for high-rise buildings

stability and serviceability of the new facility and its surroundings
B —




Agenda
- Bau 1: design process

- Bau 2: special features (top down)

- Bau 3: translocation of an historical building

.. L .
o S

Roche Bau 1, 2, 3, pRed (Vision)

gruner



Bau 1 — design process

Geotechnical report
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In-situ testing and lab test

i

T
8

Soil parameters & recommendations

7

engineer <& geologist

| ll||||||l||l|||l|ll||ll|||l|

Investigation:

4 boreholes (2006), 32 m
2 boreholes (2010),50 m @

3 boreholes (2011),50 m o
incl. cross-hole tests

Lab tests

O
gruner I






Bau 1 —design process

Fillings (Olmugs
Water table -10.0 m [

— Gravel == i

Marl CM S
Marl EM

building 1

building 9




Bau 1 — design process

Step 1.1: soil investigation / characterization
back analysis

If data available, calibration possible

For Roche 2 nearby constructions could be analyzed

3 N\ G o o ey b T 1o , ¥ i S
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Bau 1 — design process

The calibration delivers a great benefit

= Soil stiffness 2 higher as predicted
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Bau 1 — design process -

Define project requirements
(settlements e.g.)

Variants analysis |

Raft foundation

Settlements to high
Raft very thick
Deep excavation

Pile foundation

Many long piles
Little settlements

Piled raft foundation

Optimized version
less and shorter piles

gruner



Bau 1 — design process

Step 2.1: behavior of piled raft foundation

fist open hand

— o

soll soil

gruner raft foundation piled raft foundation



Bau 1 — design process

. hand
Piles as Open han

(settlement brakes) =

Piles are used until =

Safety factor on pile (R,,) can be

reduced to

(provided serviceability is fulfilled) Soil

Piled Raft will bring a reduction of

construction and construction

gruner piled raft foundation



Bau 1 — design process

Determination
Modulus of reaction
Pile spring stiffness
max pile force
(punching)

of raft and piles

gruner
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Bau 1 — design process

Some simplified methods:
Analytical solutions of :
, or
Simplified calculation method

according to In Frankfurt clay




Bau 1 — design process

Based on numerical
calculations for various piled raft
configurations in Frankfurt clay.
Results:

Pile spring stiffnesses
Modulus of subgrade reaction

Settlement

gruner



Bau 1 — design process

Transfer to other soils: linear approach for
comparable soil stiffnesses

= MEProject/MEFrankfurt clay

E [MN/m?); E., [MN/m?
50 100 150 200

CProject = CReut "

MEgrankfurter clay, Reur = 45 ...100 MPa (z=0..45m)

gruner



Bau 1 — design process

Simplification of models:
Slice / Strip
Quarter

Eighth

gruner

quarter



design process

Bau 1

pile interaction,

linear modelling of soil-

non

rise building as superimposed load

high

Rheological model?

Interface? Discretization

gruner



Bau 1 — design process

Steifigkeit

Fehlerindikatoren Fundationspféhle
o Pfahle: totaler Schwankungsbereich der Federsteifigkeiten Faktor 2.3

e Boden: +33% der Haufigkeitsverteilung ausgehend vom
Median der Haufigkeitsverteilung der Federsteifigkeiten

Steifigkeit
Fundationspféahle
Faktor 1.6

Steifigkeit
Fundationspfahle
Faktor 1.0

Fundationspfahle
randnah

Federsteifigkeit Boden (MN/m?3)
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Verbaupfahle

10 20 a5 30 35 40

ME=100 MPa Faktor Bodensteifigkeit ME=400 MPa

E-,=80 MPa E.,=320 MPa

gruner




Bau 1 — design process

Determination of punching load, influence of heterogeneity

Determination of the
maximum pile load

( load) by modelling
sandstone benches in the
molasse

gruner



Bau 1 — design process

Cross-hole sonic testing = stiffness of soil
Dynamic pile testing = pile
Static pile testing = pile

Shear Wave Velocity:
Vo = AxIAt

Downhole |
Hammer | |[= o
(Source) | as Velocity

_ Transducer
Receiver)
packer
i
Mt Siope % p—— siope
st he ooy >~ Inclinometer el i
gruner e PV dese PYC-cased
Borehole Borchole

Source: Researchgate



Bau 1 — design process

Objective: Determination of dynamic deformation behavior

Measurements:
Gravel (Niederterrassenschotter) ME,dyn = 500 MN/m2
Marl (Elsasser Molasse) ME,dyn = 1500 MN/m2
Marl (Cyrenenmergel) ME,dyn = 2000 MN/m2

Rule of thumb: ME,dyn = 3 x ME,stat

gruner Measurement: ME,dyn = X MEstat



Bau 1 — design process

Details

Tabelle 22: Dynamische Elastizitdtsmoduli, gemessen, ermittelt und angenommen

Material dynam. Feld- Reduktionsfaktor | dynam. Erdbeben- | dynam. Erdbeben-
Elastizitatsmodul Feldversuch = Elastizitats-modul ME-Modul
Edyn,ss Erdbeben Edynms gemass [2]**
(MN/m?) (-) (MN/m?) (MN/m?)
1'395 ... 1'748 ()
Niederterrassen- . M. 1500 (1) ' 225
schotter 2'575 ... 5'975 ()
i. .3200(g) : 480

2'443 ... 9'500
Cyrenenmergel
i. M. 6'000 0.25 1500 400 - 1600

7'110 ... 9'210
Elsasser Molasse 600 - 2400 (EM1)
i. M. 7'500 : 1900
1000 - 4000 (EM2)

(t) trocken
(g) gesattigt

gruner




Bau 1 — design process

Dynamic pile testing (4 piles) = pile

Static pile testing (2 piles) = pile

Voraushub -3 m u. OKT
Wi

Skin friction cut-off

Niederterrassenschotter

aushub 239.38 (-18.6

Cyrenenmergel Dynamischer

Versuchspfahl -
d=0.75m

Elsdssermolasse

gruner

Pfahlverlangerung _

|
Korbverlangerung
/mit Sandverfllung

Niederterrassenschotter

Statischer _
Versuchspfahl| | [10m~—___
d=12m Press

Elsassermolasse

Cyrenenmergel

Elsdssermolasse



Bau 1 — design process

Step 3.1: Pile Dynamic Testing - Procedure

> Test 3to 4 weeks after pile installation
> Drop weight: 16t

> 3to 4impulses from a height of 0.5 mto 1.5 m

gruner




Bau 1 — design process

3.1: Pile Dynamic Testing — Construction

Skin friction cut-off




Bau 1 — design process

gruner



Bau 1 — design process

"Best Match" Analysis (DB96)

Results later on

6000

4000

Skin friction cut-off

2000

Z
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()}
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©
©
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2
S
©
[
>
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2000 ADOOD G000 8000

Static Load Test (kN)

Source: Likins & Rausche 2004 (Fig. 2)

gruner



Bau 1 — design process

Step 3.2: static pile testing

> benefit ® pile resistance & stiffness

Reaction piles Reaction anchors

gruner



Bau 1 — design process

Step 3.2: static pile testing

Osterberg-cell (bi-directional testing)
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Bau 1 — design process

1 Press 2 Press
Advantage cells: No tie-down level levels

piles, reaction anchors or dead loads;

minimum space requirement.

Disadvantage: Skillful adjustement of the
of the press levels necessary

(prior knowledge!)

gruner Choice for Roche Bau 1: 1 press level



Bau 1 — design process

gruner

Skin friction
cut-off

Drilling filled
with sand

Upper pile shaft

Lower pile shaft

Ground level




Bau 1 — design process

Step 3.2: Bi-directional static pile testing

Skin-friction cut-off - risks

Twisted reinforcement cage after pile dismanteling

gruner



Bau 1 — design process

Skin friction (Mantelreibung) 1, = 250 kN/m?
End bearing (Spitzendruck) oy, = 2500KkN/m? (s = 3 cm)

Results

Mobilisierter Spitzendruck 5 es Kriterium (international)
Setzung = 0.1 x Pfahldurchmesser

T
o
=
=
e,
< 4
E 4
Q
=]
= -~
© 30
c
@
N
=
o .
0 2

gruner

Abbildung 9:  Lastsetzungs-Diagramm fur den Versuchspfahl OV-02



Bau 1 — design process

Dynamic Static Expectations
Pile test Pile test

Skin friction (KN/m?2) 190 250 >300

Base resistance (kN/m2) 4700 2500 >5000-7000

Advantage static test: load — deformation behavior
Static tests, expensive but always added value for
Either the design

Or minimizing

gruner






Bau 1 — design process

Step 3.3: Supervision pile
construction process

Pile inspection

Examination of the pile bottom




Bau 1 — design process

Step 3.3: Supervision pile
construction process

Pile inspection

Findings on pile execution

quality
e
: e e o = =

= ——— —;‘:‘:\\":. e

09/08/20711 10:

gruner”

09/08/2011 10:




Bau 1 — design process

® load cell on pile head

[0 earth pressure cell

< pore water pressure cell

/\ geodetic point

gruner



Bau 1 — design process

Step 4: Monitoring — how to install a pile load cell

gruner



Bau 1 — design process

Settlements

0

5
10
15
20

Bservice load e
1'500

Binterior fitting load

Bfacade load 1950
@shell construction load

1'000

750

Cnn
500

total force [MN]

3

012
D1
2015 §

01.201:
01.20
01.2

)1
1.
1

gruner



Bau 1 — design process

Monitoring from March 2012 to December 2015:
groundwater level 2x
pore water pressure 4x
forces at pile head 7x
earth pressure 8x
temperature 8x

P01 =—P02
— P03 —P04

P05 —P06
— P07

Pile force

Pore water
pressure
(KN/m?2)

SDO1==SD02
==SD03 == SD04
SD05 == SD06
==SD07 == SD08

i Datum

Soil

= Rohbau

<
-
n £
n =z
Lo
g
o

7 Fassade
& Ausbau
Nutzung

(°C)

lemperatur | In "C

Temperature

g 2

NN
SN 777 NN
i 2 S

sy S S 5
Sy Y
ESSSN AR

01.01.2012 31.12.2012 31.12.2013
Datum

records

TO1 =T02
=T03 =T04
TO5 =T06
==T07 ==TO08

:/

31.12.2014 31.12.2015
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Bau 1 — design process

N A O ©®
o O O O

12:00 00:00 12:00
19.11.2015 20.11.2015

12:00 00:00 12:00
19.11.2015 20.11.2015

gruner

N

00:00 00:00 12:00 00:00

21.11.2015 time UTC+0 22.11.2015

00:00 12:00 00:00 12:00
21.11.2015 time UTC+0 22.11.20

maximum each 5 min

~average each 5 min

12:00
23.11.2015

00:00

- average each 5 min

12:00
23.11.20

00:00 12:00
24.11.2015

velocity of wind
A

> time

® load cell on pile head




Bau 1 — design process

Pile forces during wind event seem to be
composed of several components:
Global trend (e.g. due to changes of
groundwater level, total loading, ...)
Quasi-static fraction
Dynamic fraction
Observation: approx.

positive dynamic
fraction (dyn+)

negative dynamic

o0 e 00 1200 G000 1200 ool e fraction (dyn-)
012005 2 0
trend (corrected)
average each 5 min

gruner

quasi-static
fraction



Bau 1 — design process

ldea:
find a short loading
Expectation: building will
(natural frequency)
Event found for 20.11.2015
with south wind direction
Using mathematical
optimization algorithms to fit
an harmonic oscillation
Result:
Frequency fits measurements
by structural engineer (using
accelerometers): W\ES)

gruner




Bau 1 — design process

Recommendations for piled raft simulations: 3D models, model
sufficient £

I
gruner




Bau 1 — design process

® [Messwert Baukorper]
A [Messwert Messstange]
HSS f=0.7 G0=3.0 g07=1.0
HSS f=0.8 G0=3.0 g07=1.0
——HSS f=0.9 G0=3.0 g07=1.0
———HSS f=1.0 G0=3.0 g07=1.0
HSS f=1.0 G0=5.0 g07=1.0

® [Messwert Baukorper]
A [Messwert Messstange]
HSS f=0.8 G0=3.0 g07=1.0

HS f=1.5
-10

01.01.2012 31.12.2012 31.12.2013 31.12.2014 31.12.2015

gruner




Bau 1 — design process

gruner

Tabelle 39: Finaler Parametersatz fir das Materialmodell Hardening Soil

Parameter

Wichte {ungeséattigt = gesattigt)
E-Modul (Erstbelastung)

Steifenmodul (ME-Wert)

E-Modul (Entlastung, Wiederbelastung)
Spannungsabhangigkeit der Steifigkeit
Kohésion

Winkel der inneren Reibung
Dilatationswinkel

Poissonzahl

Strength

Tension cut off

MNiederterrassen-
schotter (NTS)

23 kN/m®
90 MN/m?
110 MN/m?
300 MM/m?
0.5
1 kN/m?
3g°
g°
0.3
0.9
1 kN/m?

Cyrenenmergel
(CM)

21 kN/m?
120 MN/m?
150 MN/m?
390 MN/m?

0.5
50 kM/m?
27.5°
0°
0.25
0.9
25 kN/m?

Tabelle 40: Finaler Parametersatz fiir das Materialmodell Hardening Soil Small Strain

Parameter

Wichte {ungesattigt = gesattigt)
E-Modul (Erstbelastung)

Steifenmodul (ME-Wert)

E-Modul {Entlastung, Wiederbelastung)

Spannungsabhangigkeit der Steifigkeit
Kohasion

Winkel der inneren Reibung
Dilatationswinkel

Poissonzahl

Strength

Tension cut off

Niederterrassen-
schotter (NTS)

23 kN/m®
48 MN/m?
58 MN/m?
160 MM/m*
1=10™
246 MN/m?
0.5
1 kN/m?
3a°
g
0.3
089
1 kN/m?

Cyrenenmergel
(CM)
21 kN/m?
64 MN/m*
80 MN/m*
208 MN/m?
=107
250 MN/m?
0.5
50 kN/m?*
27.5°
0°
0.25
0.9
25 kN/m?

Elsassermolasse
(EM1 | EM2)
22 kN/m?®

180 | 300 MM/
225 | 375 MN/m?
562 | 937 MN/m?
0.5
75 kN/m?
20°
0°
0.25
0.9
37 kN/m?

Elsassermolasse
(EM1 | EM2)
22 kN/m?

96 | 160 MN/m®
120 | 200 MN/m?*
300 | 500 MN/m*
1x10™
360 | 600 MN/m*
0.5
75 KN/m*
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Bau 1 —design process — excavation pit

Step 2: concept
Pile wall: low vibration, stiff and impervious

Anchors: low vibration, robust, positive experience

Optimization:
primary pile shorter =
> Water pressure reduction

> Less anchors

> secondary pile shorter

gruner



Bau 1 —design process — excavation pit

Step 2: Risks (water pressure)

Dubai, 2007

gruner



Bau 1 — design process —

Tilting Building 52
1:4000 - 1:5000

Last measurements 13.07.2012 (raft concreted)
max. horizontal displacement bored pile wall 8 mm
max. vertical displacement bored pile wall 7 mm
max. vertical heave of neighbouring building 12 mm

Excavation pit

-19.6m
v

gruner




Bau 1 — design process —

gruner



Bau 1 — design process —

Solution Gruner/Roche

Common

Test anchor vertical

Test anchor inclined, as part of
the later construction

= no time for optimization of
planning

Beware: anchor slightly pretensioned
during hardening (corkscrew effect)

gruner



Bau 1 —design process — excavation pit

Step 2: In situ testing - anchors

Test anchor: 5 x 3 pieces:

= 3in Gravel (Niederterrassenschotter)f
> 31n Marl EM (Elsasser Molasse) %ﬂf
> 3in Marl CM (Cyrenenmengel)
> 6 removable anchors with

different techniques (pre-

AAAAAA

determined breaking point,
induction coil) (proposal

contractor)

gruner



Bau 1 — design process —

Test anchor - load capacity

usual

- 3in Gravel (Niederterrassenschotter) 1200
- 3 in Marl EM (Elsasser Molasse) 800

- 3in Marl CM (Cyrenenmergel) 800

+ 50% compared to previous

= Saving 200 anchors

gruner

Test Design Potential*

1800 1600 kN
(550 kN/m?)

1600 1200 kN .
(400 kN/m2)

1600 1200 kN .

(400 kN/m2)

*Qualitative assessment in the
course of the tensioning test
for a total of 480 anchors



Bau 1 — design process —

Optimization:

Pile length A1 (1,00 m)

Pile reinforcement cage

A02 (6,00 m)
Anchors
Maxg, o -311s7e ST
Costs e,
~J= 20,05
. A04(16,00m)  Taxy, - -496 904 ggg -1.110
Time /23330,
: = A
235 700°
: EA (20,00 m)
Deformations y

N(kN/m)  Q(kN/m) M (kNm/m) u (mm)>*

gruner



.A., —t ..(.\\\ \‘. \t.
, WGl L AL S
; v 5 LA o A

/
: /

7
'/
7,
)

30

L v..ha.\\.\.
\“'- J7)
.‘\\\‘
Sy IVr)
.\‘\\\\
&/ Ny
oy S f L

b A \\\\\lk

\(\\n“i\\g

o e SL
-‘\ lul\\ \\“

Mization steps

S ST Y .n\o\. Jay 4

10

20

gruner



Bau 2

205 m high
50 storeys

Piled raft foundation

gruner




Bau 2

gruner



Bau 2

ELT/KLT

Konflikt- und Beeinflussungszone:
Alternierende Ankerlangen kurz / lang

pRed Bau 2

gruner



Bau 2

Ground plan

Plunge column
Foundation pile

Bracing slab
H=1.0m

gruner



Cross section

:rg' 1]

= =

—_—

B

| Bored Pile Wall
1 Overlapping 20¢

|




Bau 2

Reinforcement of the pile wall

Maximum reinforcement (¢ 40mm, 32 pcs.) for bored pile wall with
D = 1.2m not sufficient to resist to the bending moment!

—>Additional beam , $355 in primary piles on the west side

@ = 16 mm Spiralbewehrung HEM 800 $355 (nur Westseite)
o

gruner



Bau 2

plunge columns installation

Querschnitt 1:10 Schnitt A-A 1:50

gruner



Bau 2
Special features — modified top-down method

Bau 95 o i :
. S| b PP

very sensitive bR RN RRREREAREANG: i
‘MIII BARNRRRRARARRERAS il

. IIiIIIiIIIIII NERARENAR. g

i AR RRERERBE O |

gruner



Bau 2
Special features — modified top-down method

Bracing slab

gruner



Bau 2

Observational method

Sl
DA
M)

Y
A VYV
i 'Am v'l""'

i 7
7172 i ANV
l'”"ﬁg‘d“‘

il Vil
Ao RN VALY

WA
f 4 VA
“"'é'
(/)
/

L nins s \/
i s
Wi vl

RV

Foundation:pile

A Simulation with view A Displacements due to Bau 2 A Strongly exaggerated
representation of the

towards north-west
deformations of the
pile wall west

gruner



Bau 2
Special features — modified top-down method

Observational method

> High risk
adjacent building Bau 95

> Monitoring o “‘ ', i:: .E-Ehiﬂ

e :ﬁgmﬁw

> Values < Limit

= NO extra anchors

gruner



Bau 2 — design process - foundation

Partial model structure
(e.g. SOFiSTiK) v

For the design of piled raft foundations

Use iteration of coupled models

Initial stiffness
Spring stiffness

7~

(" Model foundation \ (~ D\
and soil Model structure &

Modelling of bil building
odelling of piles :

and soil-structure Modelling of the
\___ interaction ) | "Sing structure

|

Load

A Partial model
foundation

(e.g. Plaxis 3D)

gruner



Bau 3

Roche Bau 1, 2, 3, pRed (Vision)

gruner



Bau 3
Translocation of an historical building

Roche Bau 27

gruner”
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Bau 3
Translocation of an historical building

Figures

> Year of construction 1937
> Architect Otto Salvisberg
> Weight 4800 Tons

> Translocation distance 14 m
> Levels: 7 (tower: ©)

> 1 basement level

> 1 ground floor

> 5 upper floors (tower: 6)

gruner”



Bau 3

Challenges

Bau 27!

Existing structure: —

N

earthquake resistance and Trans|deation

verification of basement Bau 9
New location with three
different foundation types:
@ Foundations Bau 27
demolished area Bau 9

® Basement Bau 9

gruner

Grenza
cher-
street



Bau 3

Approach

> Translocation level in
basement Bau 27

> Interception construction for
mushroom slab

> Load transfer slab in Bau 9

gruner”




Bau 3

Concept

Strengthening of the cores
(reinforced concrete)
Installation of temporary
foundations

Erection of lower and upper
double longitudinal beams

along each row of columns

gruner



Bau 3

Concept

Support of each column in a concrete

corset

gruner



Bau 3

Monitoring & settlement compensation

Grenza
cher-
street

Bau 27 is moved to 3 different types of

foundations @, @ with different stiffnesses

Solution

Monitoring (e.g. water hose levelling)
synchronal force and displacement control g ;

of the jacks (vertical compensation)

gruner




Bau 3

Seismic reinforcement design

Earthquake degree of fulfillment
Reinforcement of cores by new bracing walls

= Fulfillment ratio << 1.00

, Since building is already
decoupled after displacement. = Classical
base isolation with elastomeric bearings not

sufficient

gruner

Elastomer, Maurer SE



Bau 3

Seismic reinforcement design

Earthquake degree of fulfillment 0.25 << 1.00
Reinforcement of cores by new bracing walls

= Fulfillment ratio << 1.00

Base Isolation, since building is already
decoupled after displacement. = Classical
base isolation with elastomeric bearings not
sufficient

active or passive (e.g.
translational tuned mass damper for

Hancock Tower in Boston) = Not sufficient

gl'unel" Passive Tuned Mass Damper, Taipei 101,
Kayabekir et al.(2020)



Bau 3

Seismic design

§
g
£

Base Isolation with Sliding Isolation

Pendulum: degree of fulfillment =

Principle: These Sliding Isolation

Pendulums have a sliding

plate and act like a pendulum. Part
] ] ) Concept Sliding Isolation Pendulum, Gruner AG
of the kinetic energy is converted
into potential energy. This storage
of potential energy provides the
required ability to the

isolator.

gruner

Sliding Isolation Pendulum, Maurer SE
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Visualization after displacement
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Gruner Geotechnics Award
for the best Master-thesis at the ETHZ
Dotation 2000.-

The Circle, Zurich

Winner can present his findings
in a conference of the Swiss

Geotechnical Society (GS)

GS

www.geotechnik-schweiz.ch

gruner
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Geotechnik Schweiz

Free?

DAMIT NICHTS
SCHIEF GEHT!

www.geotechnik-schweiz.ch



Geotechnik Schweiz

Paris - Technical Excursion Grand Paris Express




Swiss Geotechnical Society

Geotechnik Schweiz

Munich - Technical Excursion “2.Stammstrecke”




Geotechnik Schweiz

Zurich — GS-Anniversary Event

‘ "A Tale of Two Towers - Pisa and Big Ben" von Prof. Burland, Imperial College London Y ~»

Spater ans... Teilen

«A Tale of Two Towers

Prof. John Burland,
Imperial College Londo

66th anniversary of the
Swiss Geotechnical So

WEITERE VIDEOS

GS:

P ) 000/1:3852
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Geotechnik Schwelz “

Young Members Activities

1. Geotechnical Design 2. Swiss Geotech Abroad 3. Visit tunnel
Challenge 02.06.2022 (EPFL) Evouettes
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Swiss Geotech
Abroad
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Swiss Geotechnical Society

Geotechnik Schweiz

2 Conferences/ Year

Available:

 all videos of the
conferences

« All papers

Free?




Geotechnical Challenge

«Prediction of the bearing capacity

of a superficial footing»
Win an iPad and free GS-membership
More Infos:

GS

www.geotechnik-schweiz.ch

g runer Bearing capacity testing (19697?)
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" If you want to build high towers, you have to spend a long time at the foundations "
Chinese proverb

gruner
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