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01 Context
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Engineering in a cost-constrained world

Increasing Rising Increasing Limited
construction costs material prices labor costs budgets

SITE INVESTIGATIONS X
LAB TESTING

N~

ADDITIONAL STUDIES X

NOT
ENOUGH
BUDGET
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Engineering challenges

Maintain
high safety standards

Comply with codes
and regulations

Ensure structural

Protect people,
assets and environment

Rigorous design

@ safety and reliability

approach

"
\

R T Y

.

Optimize
foundation dimensions

& Right size, right capacity

@ Efficient and cost-effective design

ﬂ Sustainable use of resources

L

el Improve confidence in
///Y\ numerical predictions

Advanced numerical
models

Calibration with
observed data

=)

Validated and
reliable results
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® Reduce
unnecessary conservatism

Avoid oversized
and costly solutions

Reduce construction
and material costs
@ Save time in design

and execution

Limit environmental
impact
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Engineering challenges

= Need to capture actual in-situ -p Field and Laboratory testing
behaviour
= Need for precise know|edge of o Large scale in situ load tests

soil behaviour

= Need for a better understanding =P Simulations
of soil-structure interaction

How can we make

: — 4 .
numerical models better
reflect reality ? > é | ZSOII
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02 Digital twins of load test concept

Site investigation
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Main objectives of the site investigation

NN - N

= Develop a representative a
geological model (soil 1

cl

cl

IANRY
TTTITRY

TR

stratigraphy, layer boundaries
and thicknesses)

» Close collaboration with R
geologists is essential

= Estimate initial constitutive
model parameters for
subsequent calibration

' ! Swissquote 111
ej I_(: tower, Gland

Switzerland
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Site investigation

Typical field test in geotechnics

TYPICAL FIELD TESTS IN GEOTECHNICS

PMT CPT

Pressuremeter Test

Cone Penetration Test

FVT DMT SPT ‘ DPH

Dilatometer Test

Field Vane Test Standard Penetration Test

Dynamic Probing Test

In-situ test in a pre-bored hole.
Measures the soil response to
radial expansion of a probe.

Key outputs

« Limit pressure (p,)

« Pressuremeter modulus (Ey)
« Soil strength parameters

Continuous penetration test

measuring tip resistance,

‘ sleeve friction and pore
pressure.

Key outputs

« Tip resistance (qc)

« Sleeve friction (fs)
|« Pore pressure (up)

« Soil behavior type

Measures the undrained shear ‘
strength of fine-grained soils
using a four-blade vane.

|
Key outputs

* Undrained shear strength (s,)

Blade inserted in a borehole
and expanded against the soil
to measure stresses and
material index.

Key outputs

* Material index (Ip)

« Horizontal stress (s)

« Constrained modulus (Ep)

Measures the resistance of soils
to dynamic penetration of a
split spoon sampler.

Key outputs
+ N-value (blows / 300 mm)

10-30kg

Dynamic test using a light
hammer to drive a rod with
conical tip into the ground.

Key outputs
« Number of blows / 10 cm
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|
Site investigation
Projet: 5545G Al dolier 19 Altitude: 7.7 .m. Date sondage: 08.06.2023 08:59:43
Locjattion: Genéve,::: 5: - C(:)rds: 2'501':6::3 11'117'032.61 (MN95) Dpterateur: ’ Polyforages KARAKAS —
Sondage: CPTU-A1 Niv. nappe: 413.7m s.m. Profondeur: 21.05m FRAN c AIs
= CPT/CPTu
H NS ] ] - Gf’il{;ﬂ)w[kp ] ] T EGE’:lzugqu[[lk; l;)
< Direct measurements of ? % o % = 5
cone tip resistance (q,), NE | - -
sleeve friction (f;) and pore ] _ ]
pressure behind cone tip " il 1‘ ,
@) | |
%+ Dissipation test 5 oo b T T
* p ;m T Silouo L e e
s SCPT A W
< A variety of well-established .
a0 {ps] = il al s
empirical correlations for
different soil characteristics
(Robertson, Lunne, etc.) | as -
e 2‘0 4‘[) 6‘0 Elﬂ 160 (1] 2‘0 !l‘D éD BIG 160 0 1(‘]0 Z‘DD BCINJ 4(‘]0 550 1] 260 460 660 Bdﬂ lﬂbﬂ IZbD 0.4 016 D:B 1.0
Module oedométrique Module sécant Module de cisaillement Module de rigidité max. Exposant
de référence EfZ, [MPa] de référence EL5’ [MPal de référence max, G [MPal de référence Ef [MPa) de rigidité m [-]
Amandolier 19,
Genéve
Switzerland
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Site investigation

= CPT/CPTu

< Direct measurements of cone
tip resistance (q,), sleeve
friction (f;) and pore pressure
behind cone tip (u,)

< Dissipation test

< SCPT

< Avariety of well-established
empirical correlations for

different soil characteristics
(Robertson, Lunne, etc.)

+» Estimation of unit shaft
resistance -> installation
method dependence

Altitude [m s.m.]
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—— Type de pieu: VM

Screw (helical)
pile (smartex)

!
¥ 58.6

50 100 150 200
Frottement axial unitaire limite g. [kPal

Détermination selon Norme Francaise

Amandolier 19,
Genéve
Switzerland
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Site investigation

= Collection of good quality
undisturbed soil samples

= Laboratory tests

Water content/unit weight
Grain size distribution

....

Sig L3-8 ﬁzp_ﬂ- L

Atterberg limits
Oedometer : 1
Direct shear test

TransN, Couvet-
Méotiers (NE),
Switzerland

Triaxial test

WWW.KFSA.CH R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg 12
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Site investigation

= Laboratory tests
- Water content/unit weight
- Grain size distribution
- Atterberg limits
« Oedometer
- Direct shear test
- Triaxial test

WWW.KFSA.CH R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg 13
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Site investigation

; " ~_ Toitdes
' remblais

S  Toit des
" alluvions

= Geological model and initial
constitutive parameter
obtained

= Stratigraphy

— Toitdela
molasse

= Water table level

Step de Pensier
(FR), Switzerland
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Site investigation

Loi constitutive
« Hardening Soil -

= Geological model and initial

1 H Il strain»
constitutive parameter small strain
obtained
= Stratigraphy
= Water table level
= Material parameter for the Rembiais

Hardening Soil Small-Strain GLsableux

model GL-argileux
Moraine
aquatique
Moraine

Poids du sol

[kN/m?]

20.5

20.5

20

21.5

22

22.5

Poids du sol sec

[kN/m?]

19.5

19.5

15.6

19.3

19.1

203

Angle de
frottement

28

33

25

35

28

30

Cohésion
effective

o

[kPa]

Contrainte de
référence

[kPa]

100

100

100

100

100

100

=
£
=
£
s
=3
b=
o
2

(trés petite
déformation)

Pzl

100

100

50

140

100

200

Module de
décharge

60

52

120

Module sécant

30

Exposant pour la

0.5

05

0.8

0.5

0.7

0.7

Contrainte

effective

verticale de
référence
Module

[kPa]

188

220

173

234

188

200

a@dométrique
tangent

[MPal

10

10

20

15

30

Site investigation provides initial estimate of ground properties. How
reliable are those initial estimates and how can we calibrate them ?
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Surconsolidation

pop

OCR

[kPa]

[l

80

20

20

20

20

25
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03 Digital twins of load test concept

Full-scale pile load test

WWW.KFSA.CH R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg 16
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Static load test

Principle
= Apply incremental axial load

= Measure corresponding pile
head displacement

= Continue loading until target
load or failure

= Unload pile and evaluate
irreversible displacement

WWW.KFSA.CH R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg 17
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Static load test

P

Service

Main results Expected
settlement for | <
= Load settlement curve single pile

= Serviceability behaviour
= Ultimate pile capacity

S

R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg
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Bidirectional load Test (O-cell)

Principle
= Hydraulic Jack (O-Cell) inside the
pile
= Application of equal and
opposite forces

= Measure corresponding upward
and downward displacement

= No external reaction needed

Capteurs
de déplacement
LA CELLULE
Plaques d'appui D'OSTERBERG
[O-CELL®]
Frottement latéral

Effort de pointe

> U o — — — «—

— — — — — —

Fugro documentation

WWW.KFSA.CH R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg
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Bidirectional load Test (O-cell)

Main results
= Load displacement curve
= Shaft resistance distribution

Uplift

LOAD-MOVEMENT CURVES

Ultimate End Bearing Capacity Reached

Settlement

= Base resistance 30
25k E\xlmpulzm’n su-.n! +
. 20k Side Shear Load (,uR I
= Separation of shaft and base 5 1.5 Measured shan »
] b . ..z/.l 1'0 | Side Shear Load Curve +‘+*’
contripbution = 05| = il
= 00 ’ = =
- . Correction For <3~
=~ 0.5}
- 1.0} Maximum
- _/ Load
) ' . ~ 1.5} o From 0-cell
LOAD-MOVEMENT CURVES 2.0 Bearing Load Curve Test
Ultimate Side Shear Capacity Reached .;242 9 q i : i y
1 E "0 500 1000 1500 2000 2500 3000
.20 |_Measured Shaft Maximum
e &+71 Side Shear Load Curve Load
Z 151 \ From O-cell
&= 1.0 Test
- g: = For Buoyant Weight of Shaft /
£ ar 1
= 1O oasured Ent b Fugro documentation
15 Bearing Load Curve Extrapolated End A x
';g : Bearing Load Curve 1
30 it I . ] |

500 1000 1500 2000 2500 3000
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Dynamic load test

Principle of Pile Driver Analyser
(PDA) - high-strain dynamic load
testing of piles
= Stress wave generation by a
hammer impact

= Strain gauges and
accelerometers record the
response

= CAPWAP back-analysis

= Estimation of static load-
displacement behaviour

R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg
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Dynamic load test

600

Load (kN)

900

Pie Top
1200 1500 - - - — — Bottom

00,

Main results

= Static behaviour response
estimated using CAPWAP
analysis

= Estimated ultimate pile capacity
= Shaft and base resistance

Displacement (m m)

35.0

3001 b

RU =
SF =
EB =
Dy =
Dx =
SET/BI =
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Load settlement curve obtained from
CAPWAP analysis (Amandolier, GE)

28.08.2026

980 kN
780 kN
200 kN
17.8 mm
27.3mm
9.5 mm
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Real life testing - Drawback

 Loads testsare often performed LAt istalaton | 2gwosdts 3 Lokt conton
shortly after installation

Load Load

= EXxcess pore pressures may not
be fully dissipated in real time
conditions

= Soil response may therefore be
partially drained or undrained

= Measured behaviour may differ
from the long-term drained
response

= Test results must be interpreted
considering the installation-to-
testing time

Depth
Depth
Depth

>

> >
>

> L

Excess pore pressure Au Excess pore pressure Au Excess pore pressure Au

WWW.KFSA.CH R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg 23
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04 Digital twins of load test concept

Digital twins development

WWW.KFSA.CH R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg 24
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From measurements to predictions
Field investigations - Soil conditions

Full-Scale Load test ‘ Real pile behaviour

How can we use measurements to improve the design ‘ %’ Z .I
of future foundations ? ‘ OI

WWW.KFSA.CH R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg 25
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Numerical model development
BEST FIT MODEL

Main ObjECtIVES The model is calibrated to best reproduce the measured response
—_— Load-Settlement Curve
. Load (kN)
= Createanu merlcal mOdel that Held '°a‘;tleszp’°‘ft‘|’es . 0 2000 4000 6000 8000 10000 12000 14000 16000
measured loaa-settiemen 0 1 L 1 L 1 1 L
reproduces the real test det.
—@&— Measured (Field Test)
‘ 10 A ——— Model (Best Fit)
= Construct a numerical Load- it R
. €
settlement curve and compare with A numerical mode i buit £
the real curve obtained from the il ;
3 40
load test. ‘ Best Fit Achieved
Calibration / Best Fit 27 . S:;::uigrde::\de;::dei::vtvee::esponse
. . Model parameters are adjusted v/ Model is calibr‘ated to represent
= Ca | | b rate nu mer'cal mOdel to get iteratively until the model » 60 - g :er“:" ':eha"'c:." .
H o e est matches the measure eliable forprediction
real behaviour at test conditions e ‘ and design
70

=
Best fit model = measured reality reproduced by numerical simulation

WWW.KFSA.CH R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg 26
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Numerical model development

2D Axisymmetric model %

= Explicit pile representation
(continuum 2D)

= Very low computation time Continuum for
. structures
= Can use fine mesh around the formulation for
pile pile

= Well suited for static load test for
for an isolated axially loaded pile

= Can be adapted easily to Standard
represent pile group behaviour if interface data
needed for shaft and toe

ap = f(¢',c',0")

WWW.KFSA.CH R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg 27
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Numerical model development

3D Cell model with macro-pile

= Pile representation with macro-
pile elements (1D embedded
beam element within a 3D
continuum soil model)

Dedicated Pile
interface law for
shaft and base

\

. WEB\E

= 3D cell model used to calibrate
the macro-pile response against
the calibrated axisymmetric
model with mesh size and
discretization of full 3D model

B

= =4

qp = 1350 kPa

TS

‘ Calibrate the macro-pile under numerical
conditions representative of its final use.

WWW.KFSA.CH R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg 28



WWW.KFSA.CH

Numerical model development

Unit shaft resistance consideration

Standard interface
data -> 2D or 3D
explicit pile formula

& Tables of scaling factors to cohesion;

iction and dilatancy angles of adjacent continuum

Pile interface data ->
Macropile

Selected table Fieu j\@table | Copy table | Delete table
! Al gioedconinu™~g  Sandadnictae Pl trtace st e
" . t Tensile Compressive Ultimate
d Material Model i | Pmi c Psi ta(Phi) c tg(Psi) | to(Phi) c tg(Psi) | pearing bearing shear stress
e v capacity capacity tau
x e| [dea] | [kN/m~2] | [deg] mult. mult. muit. mult. mult. mult. [kN;:;AZ] [kN;‘rﬁ o [kN/mA2]

1 Bb Retrait sabl... H5-small strai... ’7 32 1 2 0.8 o V] 0.6 o 0 0 le+38 le+38

2 6c2 Retrait lim... HS5-small strai... ’7 27.5 V] 0 0.8 o V] 0.6 o o o le+38 le=38

3 6d2 Retrait lim... H5-small strai... V 27 2 0 0.8 o V] 0.6 o V] V] le+38 le=38

4 6e2 Retrait ar...  HS-small strai... ’7 25 4 0 0.8 o o 0.6 0 o o 1e+38 le+38

5 6e2 Retrait ar...  HS-small strai... ’7 27 5 0 0.2 0 o 0.6 0 o o le+38 le+38

] 6e12 Retrait ar... H5-small strai... ’7 28 T 0 0.8 o 0 0.6 o vl vl le+38 le+38

7 7c1 Moraine li... HS-small strai... ’7 33 15 3 0.8 0 o 0.6 0 o o 1e+38 le=38

8 Mo name Elastic ’7 40 o 0 0.8 0 0 0.6 0 o o le+38 1e=38

11 Fieu Elastic 5tructure ’7 40 0 0 0.8 o V] 0.6 o 0 0 le+38 le+38

13 verin Elastic ’7 40 V] 0 0.8 o V] 0.6 o o o le+38 le=38

R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg
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Numerical model development

Unit shaft resistance q, consideration

=y
=

& Tables of scaling factors to cohesion, friction and dilatancy angles of adjacent continuum

Selected table Fieu j Add table Copy table Delete table
| A Original continuum Standard Interface
n c strength parameters data
d Material Maodel It Phi C Psi tg(Phi) 4 tg(Psi)
e v
o e | [deq] [kN/m"2] [deqg] mult. mult. mult.
1 &b Retrait sabl... HS-small strai... |7 32 1 2 0.8 0 il
2 6c2 Retrait lim... HS-small strai... |7 27.5 0 0 0.8 0 il
3 6d2 Retrait lim... HS-small strai... |7 27 2 0 0.8 0 il
4 te2 Retrait ar...  HS-small strai... |7 25 4 0 0.8 0 il
5 ge2 Retrait ar... | H53-small strai... |7 27 5 0 0.8 0 il
& 6el2 Retrait ar... HS-small strai... |7 28 7 0 0.8 0 il
T 7cl Moraine li... HS-small strai... |7 33 15 3 0.8 0 il
8 Mo name Elastic |7 40 0 V] 0.8 0 il
1 Fieu Elastic Structure |7 40 0 0 0.8 0 il
13 verin Elastic |7 40 0 V] 0.8 0 il

[ 1 Useofan interface friction coefficient

] Direct g values from CPTu use

Direct consideration of the
pile execution technology

Détermination selon Norme Francaise

2-FTC, FTCD: Foré tarrigre creuse
3-VM: Vissé moulé
3-VT: Vissé tubé

1-FS: Faré simple
1-FB: Foré bous
1-FTP: Foré tubé (virole perdue)

4-BM: Battu moulé
4-BAF: Battu acier fermé
5-BAO: Battu acier ouvert

1-FTR: Faré tubé {virole récupérés) 4-BPF, BPR: Battu bét. préfa. ou précantrb-HEB: Profilé H battu

1-FSR, FBR, PU: F5,FB rainurage ou puits 4-BE: Battu enrobé

R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg

6-HBi: Profilé H battu injecte

Altitude (m s.m.]

375
374

373

10

15

20

25

30

28.08.2026
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Eiras

25 50 75 100 125 150
Frottement axial unitaire limite g, [kPa]
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Numerical model development

‘ Digital Twins model obtention

‘ Real behaviour caught by
model - Project optimization

uy [em]

s

Deplacement vertical

WWW.KFSA.CH R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg
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Ultimate bearing
capacity estimate from
PDA tests PDA
interpretation /
_______ s T
Prediction of pile group i
behaviour once parameter i
calibration done i
I || Axisymmetric model:
@- PO1 . H H
a P07 3D macro-pile model i ||| Pestfit
O- P20 .
@- P22 best fit i
A- P24 H
- P26 H
—— Capacité portante moyenne PDA: 966kN =
----- Pt 398msm ©400mm Ri=0.0, Pieu isolee (ZDA-R3m) :
=== Pt 398msm ©400mm Ri=0.8, Pieuisolee {2DA-R3m) |
=== Pt 398msm ©400mm Ri=1.0, Pieu isolée (2DA-R3m) | .
—— Pt 398msm ©400mm Ri=0.8, 6de2-6d12(0.6), Pieu isolée (2DA-R3m) | H
=== Pt 398msm ©400mm Ri=0.8, 6de2-6d12(0.6), Pieu en groupe R=1.4m {2DA-R3m} |
== Pt 398msm @2400mm Ri(6e2)=0.6, (Bbc)=1.5 qp=1350, Pieu isolée (3D-10x10m} |
—— Pt 398msm 2400mm Ri(6e2)=0.6, (6bc)=1.6 qp=1350, Pieu isolee (3D-10x10m} |
=== Pt 398msm 2400mm Ri(6e2)=0.6, (6bc)=1.7 qp=1350, Pieu isolée (30-10x10m) : .
260 40‘0 GDID 860 lDIDD . 1200
Charge appliquee F [kN] Amandolier, GE
31
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From load test to full 3D prediction

2D Model Macro Pile in 3D
cell model

Calibrate macro-pile

response to the 2D

axisymmetric model
Interface law calibration

Tr = 0y - Riztan(Psoir)

A
v

™

Prediction of real Macro piles in
behaviour full 3D model

Soil parameter calibration
Calibrate soil and interface
parameters to match real

Verification with real
load test

4 :‘ >
load test . - ::; : = ::"
Interface law calibration N TSI S’
Tr = 0, - Rjqtan i i e UL S a2
£ = 0p - Ritan(dsoi) Full scale pile load test *«’: 7

=~
<>
2
<)
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05

Digital twins of load test concept

Cases studies

R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg
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Couvet-Motier Railway Line - Railway Infrastructure Renewal

Project context

= Existing obsolete railway line
between Couvet and Moétiers
(NE)

= Railway founded on very soft
marsh deposits and peat

= Significant track deformations
and high maintenance
requirements

= Major instability observed
after the heavy rainfall of
summer 2021

= Railway operation and speed

su bsequentl?/ restricted due to
track instability

WWW.KFSA.CH

Buttes

R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg
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Couvet-Motier Railway Line - Railway Infrastructure Renewal

Project context

Existing obsolete railway line between Couvet
and Moétiers (NE)

Railway founded on very soft marsh deposits
and peat

Significant track deformations and high
maintenance requirements

Major instability observed after the heavy
rainfall of summer 2021

Railway operation and speed subsequently
restricted due to track instability

- Need for a global rehabilitation and ground

improvement solution

WWW.KFSA.CH R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg
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Couvet-Motier Railway Line - Railway Infrastructure Renewal

Project context

= Sensitive environmental context : nationally protected
peatland

= Main challenge: improve track stability while preserving
groundwater flow and the natural hydrological regime

= Floating Stone columns (@ 800 mm) selected by the project
designer as the ground improvement solution

= Karakas & Francais appointed as independent geotechnical
expert to assess and validate the proposed solutions
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Couvet-Motier Railway Line - Railway Infrastructure Renewal

Why a full-scale load test ?

Unusual ground conditions: very soft peat and marsh
deposits

Limited experience with stone columns in such soft soils

Significant uncertainties reéarding soil-column
interaction and deformation behaviour

Need to verify the feasibility and performance of the
proposed ground improvement solution

Validate the stone-column layout and design
assumptions under representative field conditions

Provide reliable field measurements for finite element
model calibration

Increase confidence before implementation along the
entire railway section (1.7 km)
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Couvet-Motier Railway Line - Railway Infrastructure Renewal

Site investigation - CPTu tests Real in situ stratigraphy
Before CPTu : Aftgr CPTu
Initial stratigraphy based on Refined stratigraphy based on
previous investigations crrcoos crcon CPTu results
- e Gravel
Peat = e Clayed silt
B = 11 Soft organic clay
) _ Peat
' N 3.60 E :::
Lacustrine ~
Deposits s 1 =
j:g R = Sandy Clay
Glaciolacustrine L ..
deposits T - Gravelly sand
Firm clay
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Couvet-Motier Railway Line - Railway Infrastructure Renewal

Static load test installation
setup

= Representative grid of @800
mm stone columns

= Stone-column spacing
representative of the
proposed railway
reinforcement

= Steel reaction frame for
application of the vertical
load

L Periﬁheral reaction
anchors providing the
required reaction force

= Extensive instrumentation
around the loaded area
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Couvet-Motier Railway Line - Railway Infrastructure Renewal

Instrumentation . _ 9;0: - .
= Vertical and horizontal QQF 3 HEM 450
— [ —

displacement measurements

Céable d'ancrage

Dalle d'appuis en B.A

HEB 600

Cable d'ancrage

= Pore water pressure monitoring
within the peat layer

= Groundwater level monitoring Dépots palustres
Expected outcome
= Comparison between measured fomg 5
and predicted behaviour en aravier 1632 E E
; = 8
= Calibration of the FE model (Digital S i T
Twin) i 5
g |3 %
= Increased confidence for the final 10 § Mot 150 1, 1 150 z
dES|gn Ancrage en Bétol G, [ — =
Dépots lacustres ;_5 L Pd— | g
| = <~
£
Dépots 4 e
glacio-palustres || Colonne ballastée @800
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Couvet-Motier Railway Line - Railway Infrastructure Renewal

Static load test
installation setup
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Couvet-Motier Railway Line - Railway Infrastructure Renewal

Initial model creation Load application in ZSoil

= Quarter symmetry model
representations

= Adaptation with new CPTu
Profiles

. 5.0 51 52 53 54 55 56 ?.[Tday] 58 59 6.0 B.1 6.2 63 64
= Correct representation of the — e
surrounding piles (reaction

pile discretization)

1200

= Real loading conditions
through the hydraulic jack

‘Widerstand / Load in kN

Effective load application

0 200 400 600 800 1000 1200 14¢
Versuchszeit / Time in min
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Couvet-Motier Railway Line - Railway Infrastructure Renewal

Parameter calibration

= Calibration of permeability

coefficient and oedometric E
modulus of peat 3¢ |
= Few iterations to get Digital =
twins z
1]
E -
= Can rely now on the s
. Q
numerical model 8

Temps t[min] Charge appliquée F [kN]
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Case Study - Osterberg Load Test on Test-Pile (Geneva)

Project Overview
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Major urban development
on the former military
barracks site in Geneva
close to the Arve River

Construction of three
buildings (A, B, C) and one
high-rise tower (D) - 26
storeys

Focus on construction of the
Building D tower at Quai
des Vernets (Geneva)

High-rise structure founded
on barrettes

r
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Case Study - Osterberg Load Test on Test-Pile (Geneva)

Initial geological model

ﬁ'
373.4 \
= Existing investigations .ﬁ‘=|--|-||||||‘|—
indicated compressible e
soils down to about 50 m

N . —— 3543

=  Wirmian moraine

expected at

approximately 50 m depth
= Initial barrette lengths: 58- 336.3

66 m —— 332.3
= Design assumption:

barrettes founded within 3213

the competent Wirmian
moraine

Wurmian Moraine

WWW.KFSA.CH R.Maye, R.Obrzud / Digital twins of load tests for calibration of model parameters / ZSoil Day 2026, Fribourg 46



WWW.KFSA.CH

Case Study - Osterberg Load Test on Test-Pile (Geneva)

Full-Scale Osterberg Cell - Unexpected ground
conditions

= Osterberg load test planned to investigate the
deep soil response and validate the foundation
design assumptions

= Test barrette initially designed to be embedded
in the competent Wirmian moraine
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Case Study - Osterberg Load Test on Test-Pile (Geneva)

Full-Scale Osterberg Cell - Unexpected ground
conditions

= Osterberg load test planned to investigate the
deep soil response and validate the foundation
design assumptions

= Test barrette initially designed to be embedded
in the competent Wirmian moraine

Levels [m.s.m]
375.8

374.4
3723

366.8 -

350.8

341.8
= During drilling, the expected moraine was not 373
encountered at the anticipated depth.
Barrette toe located in poor-quality 28
intramoraine deposits E
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Case Study - Osterberg Load Test on Test-Pile (Geneva)

Model setup

Urgent numerical assessment required before
additional investigations were available.

FE model developed using the stratigraphy
observed during drilling

2D axisymmetric FE model of the Osterberg test

Representative geometry and boundary
conditions

Incremental loading through the numerical O-
cell (imposed displacement using truss element)

Measured and predicted upward and downward
displacements compared at each load stage

D/2 .
T
e 43

e —————6¢12 |

28.08.2026

Axisymmetric

6d2 model 1
« 7d1 ‘

Osterberg Cell ‘

Concrete E=10GPa
8b
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Case Study - Osterberg Load Test on Test-Pile (Geneva)

Base results with original parameters

Load displacement curve (O-Cell)

01 -
_25 4
_50 4
Vertical
displacementu, -
[mm]
-100 4
=125 4
-150 A
—— Modéle déplacement-controlé - fut
—— Modéle déplacement-controlé - pointe
= Essai-fut
1757 & Essai- pointe
0 1000 2000 3000 4000 5000
Load [kN]
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Case Study - Osterberg Load Test on Test-Pile (Geneva)

—25 4

—50 4

displacement

Uy [mm]

WWW.KFSA.CH

—75 -

—100 +

=125 4

—150 +

=175 ¢

Results after parameters calibration

Load displacement curve (O-Cell)

—— Modele déplacement-controlé - fut
—— Modele déplacement-controlé - pointe
= Essai-fut
= Essai - pointe

T T T T T
0 1000 2000 3000 4000

Load [kN]
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T
5000

\74

\74

\74

Calibration focused on the most influential and
uncertain parameters:

Deformation moduli E;, and E_ ., of the moraine,
intramoraine deposits and 6d2 / 6d12 deposits

OCR of the moraine and intramoraine deposits
Pile-soil interface reduction factors R,

The load-test back-analysis successfully captured
the behaviour and relative stiffness of the newly
encountered stratigraphy before laboratory data
became available.

An additional investigation campaign was carried
out after the Osterberg test, including deep
boreholes, soil sampling and laboratory testing.

The results provided an independent assessment of
the soil properties and were compared with the
parameters previously derived from the load-test
back-analysis.
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Case Study - Osterberg Load Test on Test-Pile (Geneva)

= Adaptation of the stratigraphy and
parameters in full-scale 3D model Model 1 Model 2
Ly aretie [M] 54 48.9 51.4 52.9 60.4 63.4

=  Optimization of barrette lengths

371.43 msm

311.00 msm

N/

Barrette length
optimization

Quai des Vernets Bat D, GE
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Conclusion

Site investigations provide an initial estimate of
ground properties

Full-scale load tests capture the actual soil-structure
interaction

Calibration transforms a numerical model into a
reliable Digital Twin

A calibrated Digital Twin increases confidence in
design predictions

More reliable predictions enable safer and more
economical foundation designs

A Digital Twin is not just a numerical model : it is
a calibrated predictive engineering tool.
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Observe Q

Field investigation
(estimated soil

properties)

Measure .-

Full scale load tests
(Measured soil-structure
response)

Reproduce £

Finite Element
(initial numerical model)

N
0
N

iy

Calibrate =

Digital Twins
(validated predictive
model)

Predict =

(Optimized

—

Engineering design

foundation design)

28.08.2026

54



K F 28.08.2026

ul=lgd

WWW.KFSA.CH 55




WWW.KFSA.CH

Find us

Lausanne

Av. des Boveresses 44
1010 Lausanne
021/65444 88
geotechnique@kfsa.ch

Geneve

Ch. des Poteaux 10
1213 Petit-Lancy
022/301 5261
geneve@kfsa.ch

Martigny
Rue de la Poste 3
1920 Martigny
027/7232011
valais@kfsa.ch
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Bulle

Rue de Gruyéres 106
1630 Bulle
026/9122000
bulle@kfsa.ch
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