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/1 355 housing units

8,000 m? of commercial space, including an area
dedicated to cultural and community activities,
as well as the social and solidarity economy
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s BUILDINGS - 1 INTAGRATED NUMERICAL APPROACH
[ J
Qual Vernets

> 4 main lots in Geneva city :
" s [[]] [I77] &/ Uil
’ g D488 SODISI BssbeH 44 S0 800 I
« A-9storey . e =
- B-9storeys . |

« C-mixed-use residential block combining
rental housing with active ground-floor
commercial and community spaces, 14 storeys

« D -residential tower 86m, 26 above-ground
storeys

» Final realisation : 2026 - 2028

> Real estate developer (GSINGER
and general contractor : @D

> Geotechnical engineer : KARAKAS —
FRANGAIS
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Quai Vernets with = =i

s 4 BUILDINGS - 1 INTAGRATED NUMERICAL APPROACH

-
BUILDING A

Full raft foundation
and settlement

) 4

\
BUILDING D

High-rise tower
on barrette
foundation

3D modelling of the underground levels,
including the underground car park and
the underground connection tunnel to the
adjacent building B

Soil-structure interaction of the
deep foundation design

J

-
4

\

BUILDING B

BUILDING C

Complex underground layout

3D analysis of the complex
underground structure and soil-
structure interaction, including

the design of the diaphragm Prediction of settlements
walls and barrettes of the building

- / I\ /
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02 Unsymmetrical deep excavation

Objectives
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Objectives

1. Develop a robust and reliable design of the
retaining walls, ensuring safety during both the
excavation works and the service life of the
structure, while avoiding unnecessary optimisation
that could reduce resilience to unforeseen ground
conditions.

2. Design the deep excavation support system for
the critical unsymmetrical condition associated with
the progressive removal of the struts during the
construction of the underground levels.
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Objectives

1. Develop a robust and reliable design of the
retaining walls, ensuring safety during both the
excavation works and the service life of the
structure, while avoiding unnecessary optimisation
that could reduce resilience to unforeseen ground
conditions.

2. Design the deep excavation support system for
the critical unsymmetrical condition associated with
the progressive removal of the struts during the
construction of the underground levels.

3. Design the foundation system for a multi-storey
building with highly unsymmetrical loading and a
complex underground structural layout, taking full
account of soil-structure interaction.
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Objectives

1

2
3.
4. Evaluate alternative design scenarios using
numerical analyses to identify the governing

conditions for excavation performance, structural
behaviour and foundation response.

e.g. modified excavation geometry checks,

removal of sub-raft stiffening slab,
phasing issues
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02 Unsymmetrical deep excavation

Modelling challenges
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Modell

ing challenges
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Modelling challenges

1. Stratigraphy and geological conditions
Modelling of the barrettes

Modelling of slurry walls

powoN

Modelling of the underground
concrete construction phases

5. Optimisation of the model size
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Modelling challenges

meesssss STRATIGRAPHY

| Geneva geology

. I"S‘C_S St 4 N
:::::j—_j:.k::: i eleteieieieiuieiaeiaie) S ::‘?’;.:;:: « Thinsu perficial depOSitS
« Thick sequence of Quaternary glacial
___________________ PR IR N sediments (soft clayey soils)
« Alternating glacial till, glaciofluvial sands and
gravels, and glaciolacustrine silts/clays
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meesssss STRATIGRAPHY

Formation levels
Surfer

Generating formation level contours
based on existing boreholes

~

Modelling challenges

Auxiliary boreholes
Python

Interpolation and generating auxiliary
boreholes

g
.ot LR
ket . et
cescsse®
Ce .

~

Geological model
ZSoil

3D geological model based on auxiliary
boreholes

N

BUILDING B

Input borehole database

Retrieved auxiliary
boreholes applied to
the new model
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Modelling challenges

HYBRID MODELLING OF BARRETTES

Dual role of the barrettes in the retaining and foundation systems

Plan view

External barrettes Internal barrettes

Retaining wall
Deep foundation

Deep foundation

Macro-pile elements with non-local
formulation developed by Truty (2023)

Explicit thick-shell elements

WWW.KFSA.CH R.Obrzud, R.Maye, M.Lanza / Unsymmetrical deep excavation / ZSoil Day 2026, Fribourg 18
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Modelling challenges

Calibration of Macro-Pile Barrettes

Non-local Macro-Pile formulation: the Macro-Pile element influences the
finite element mesh by accounting for the effective cross-sectional area and
geometry of the barrette.

Explicit

Macro-Pil ( : :
geometrl): a;;:?,ac'he Location of the Macro-Pile
approac / \ element with the explicit cross-
section of a barrette
il T ( R
I |/ | |/~= q \ \ Outline of the explicit barrette
| ——
' | o g ] i geometry
I _ J
( N\
Zone of influence obtained with
\ i the non-local formulation

g J
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Modelling challenges

messsssss HYBRID MODELLING OF BARRETTES

Calibration of Macro-Pile Barrettes

Single barrette load test simulation

PARAMETRIC STUDIES

Modélisation du chargement d'une barrette isolée 3.0m x 0.8m

-

o = | ‘
Spectre SLS
Courbe
S obtenue avec

20 TS z L
—_ \ > la géométrie
E explicite de la
> \ L barrette

40 N
©
Y NS
;
> 5 N A
2 \ .
Q —— Géométrie explicite, gs: Ri=0.8 5,
E —— MacroPile, qs:R;j=0.8, Kp=1, K/Kp=1[-1, qp=4000kPa =
bt ——— MacroPile, s:R;=0.8, Ky=0.01[-], Ki/Kn=1[-], gp=4000kPa 4
Lg_ 80| —— MacroPile, s R;=0.6, Kn=1, Ky/Kn=1[-], 3,=4000kPa ] AN
N —— MacroPile, gsRi=0.8, Ky = 0.01[-], Ky/K,=0.01[-], q,=4000kPa
(&)

100 4

—— MacroPile, gs:R;=0.8, Kp = 0.1[-], K¢/Kp=0.01[-1, qp=4000kPa
—— MacroPile, gs:R;=0.8, Kn = 0.1[-], K/Kn=0.02[-1, qp=4000kPa
—---' MacroPile, qs:R=0.8, K, = 0.1[-], K/K,=0.03[-], qp=4000kPa
—— MacroPile, gs:R;=0.8, Kn = 0.1[-], K¢/Kr=0.02[-1, qp=5000kPa

--- MacroPile, gsRi=0.8, K = 0.1[-], Ké/K,=0.02[-], qp=6000kPa
| 1 1

10000 20000 30000 40000 50000 60000

Déplacement vertical

Charge appliquée F [kN]

uy, [mm]

Madélisation du chargement d'une barrette isolée 3.0m x 0.8m

20

T T T
—— Géométrie explicite, gs: Ri=0.8
—— MacroPile, gsRj=0.8, K = 0.1[-], Ke/Kr=0.02[-], qp=5000kPa
T
Spectre SLS

~

40
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100

N
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20000 30000 40000

Charge appliquée F [kN]
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Modelling challenges

MODELLING OF SLURRY WALLS

Discontinuous panel layout

Modelling of diaphragm walls in ZSoil

Approach 1:
« one-layer shells for panels without or with ideal
or elasto-plastic hinges for connexions

Approach 2:
« thick shells for panels without discontinuities
between panels

Approach 3:

- thick shells for panels with frictional
interfaces representing discontinuities
between panels

See ZSoilDay 2023, Obrzud & Maye. Application of thick shells to model
diaphragm walls in large scale 3D models.
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Modelling challenges

MODELLING OF SLURRY WALLS

Discontinuous panel layout

Joints are between wall panels modelled using frictional contact between

thick-shell elements.

Imposed
lati
Water-stop-shaped contact transiation N
X
EL gp .
(Concrete Damage Model)
Thick shell
= _
' [
e—_ 1 } FS
SHQ4

See ZSoilDay 2023, Obrzud & Maye. Application of thick shells to model
diaphragm walls in large scale 3D models.

R.Obrzud, R.Maye, M.Lanza / Unsymmetrical deep excavation / ZSoil Day 2026, Fribourg
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In large scale 3D model

Thick shell SHQ4

25.08.2023
Imposed
rotation

.,D
22



25.08.2023

K——

Modelling challenges

messsssss M ODEL SIZE OPTIMISATION

4 oy ) 4 ) ZONES OF INTEREST
LT '
T Excavation design
- =
‘-_‘rr—i—fﬁ‘“ - CT ‘ : MESh ty‘ng i
./ between the |
(N \/ refined and | J SSSE M il
- coarse finite N 1 i
element | i
meshes !
i
Foundation design
N / - 2N Y,
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Modelling challenges

MODEL SIZE OPTIMISATION

Model size optimisation —» Reasonable computing time

MORE THAN 32 CONSTRUCTION STAGES SIMULATED

.
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Modelling challenges

messssss UNDERGROUND STRUCTURE

Complex load path from the superstructure to the foundations

N TN T T A " (A ] o oncrete
|7 — | L e I : Pl

" i 1T ; :

. e i) i 5 s

L1 ENAREEN
(R LA A P AREEENN

Raft connection | 5%

. T

= RADIER
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Modelling challenges

messssss UNDERGROUND STRUCTURE

Soil-structure interaction for construction stages and long-term behaviour
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Modelling challenges

messssss UNDERGROUND STRUCTURE

Soil-structure interaction for construction stages and long-term behaviour

i i

7 o s o Rdc

fn il (L

H' Tt .. =

A1l !
SS1
I $S2
SS3
i\
s T
SS4
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02 Unsymmetrical deep excavation

Design
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Design

messsssss RETAINING SYSTEM
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Design

messsssss RETAINING SYSTEM

Problem-
dedicated
procedure

Variante 1C

zone | @imemy
. nw 167320)
Python ZSoil
N-W [ 1(373.20)
S D K MW | 187320
N-E [ 1(373.20)
N-E | 1(373.20)
ne 1037320
N-E
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Design

messsssss RETAINING SYSTEM
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Design

sesssssss BARRETTES

> Application of different load combinations
including seismic effects
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Design

sesssssss BARRETTES

» Barrettes executed from the terrain surface

> Design for tensile forces induced by soil
elastic heave and shaft friction

Tensile
forces due

to soil
rebound

WWW.KFSA.CH R.Obrzud, R.Maye, M.Lanza / Unsymmetrical deep excavation / ZSoil Day 2026, Fribourg

Barrette with exposed
reinforcement after
trimming to

the cut-off level
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Design

Soil-structure interaction for construction stages and long-term behaviour
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02 Unsymmetrical deep excavation

Savings
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messssss SUB-RAFT STIFFENING SLAB

?

ing slab necessary

Is the stiffen
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Savings

Is the stiffening slab necessary ?
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Savings

Can strut removal be executed earlier in the north corner ?

Intended strut removal - Levels 2 & 3 - North corner
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Savings

eesssssss PLANNING

.
R1+ R2 + R3
Original w/ thermal dilation 9
et R12878/2790 /2165 kN \— &
construction R2 6257/ 6422 / 4239 kN R12973/2929 /2268 kN AIZZ
sequence R3 2952 / 2952 / 2467 kN R2 7290 / 7385 / 4977 kN
. /)
g

w/ thermal dilation

Optimized -_— e

sequence

v;/ thermal iIation
R1 2865/ 2804 /2174 kN

w/o thermal dilation

R1 2574 /24271 /1616 kN §
R2 6101 / 6016 / 3597 kN R2 6475/ 6704 / 4483 kN = R1 2929/ 2877 /2210 kN
R3 2454 /2120 / 1463 kN i

R3 3773 /3638 /3043 kN R2 7206 /7271 / 4838 kN
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03 Monitoring
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Monitoring

= 9inclinometers
— Monitoring of diaphragm wall displacements

= Pressure cells at strut supports
— Manual monitoring of strut forces and their evolution over time

= Automatic strain-gauge measurements on the struts
— Continuous monitoring of axial forces during excavation and
construction
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Monitoring

messsssss [NCLINOMETERS

. Projet

KARAKAS — Auscultation de Date
ERANGALS déformation des parois Autewr
Modele

9187A Quai de Vernets - llot C
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Monitoring

messsssss [NCLINOMETERS

Déformeée par rapport a la mesure initiale du 0
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04 Final remarks
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Conclusions

messsssss FROM NUMERICAL MODEL TO ENGINEERING DECISION

: N
Integrated 3D modelling
Complex geometry and construction stages in a % @ RELIABLE DESIGN
unified framework )
. . . ™
Multiple interacting phenomena
~ Soil, structure, excavation and foundations in a single —9 CONSISTENT ASSESSMENT
model
J
Numerical analysis VA h
Understanding mechanisms, critical stages and % -O- ENGINEERING INSIGHT
load transfer = )
Alternative scenarios . h
Comparison and optimisation before % I][I OPTIMISATION & SAVINGS
implementation u )
v Predictions + monitoring
5;\ W Numerical predictions confronted with field ‘_> @ CONFIDENCE IN PERFORMANCE
== measurements y
N
{ Q g‘ZSoﬂ as a design and decision-support tool — not only a verification tool.
J
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