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Motivation

MOB & MVR RAILWAY COMPAGNIES

MOB and MVR operate more
than 100 km of railway lines
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Motivation

MONTREUX-ROCHERS-DE-NAYE RAILWAY LINE

As the existing rolling stock is reaching the end of its
service life, a comprehensive modernization
program for the railway line has been launched in
preparation for the introduction of new trains.
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Motivation

MONTREUX-ROCHERS-DE-NAYE RAILWAY LINE

e T

b

Preserve the historic
character of the
railway line
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Motivation

s REINFORCEMENT METHODS

Légende :

Existant Intervention

—
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Sebnrge hectrie

Classical
anchors
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Motivation

I RE INFORCEMENT METHODS PRINCIPLE OF THROUGH-STONES

Through-stones are long stones that
extend from the front face to the back

face of the wall, tying the two wythes Front face
together and providing continuity (visible) Back face
and stability. LZ

Hearting B

THROUGH-STONE

Local stone replacement or
introduction of through-
stones
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02 Numerical Modelling of Masonry
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Numerical Modelling of Masonry

APPROACHES
1. MACRO 2. MESO 3. MICRO 4. DISCRETE
Homogenized continuum Units explicit, Units & mortar Assembly of interacting blocks
joints as interfaces modelled explicitly

Simplified |

|
g -
L

Interfaces (optional) Contact laws between blocks

Not explicit Interfaces (contact laws)

Low cost Good compromise High detail Large displacement
Global response Cracking & sliding Local failure Rocking & collapse

Increasing level of detail and ability to capture local failure mechanisms
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APPROACH

MACRO

MESO

MICRO

DISCRETE

WWW.KFSA.CH

APPROACHES

DESCRIPTION

Equivalent
homogeneous
continuum
with effective
properties

Units explicit; mortar
joints represented by
interface/contact laws

Units and mortar
represented explicitly;
interfaces may also be
included

Assembly of individual
blocks (rigid or
deformable) interacting
through contact laws

UNITS

Homogenized

Explicit

Explicit

Individual
blocks

)
T
Bz

MORTAR

Homogenized

L
i

Simplified

Explicit

i

Simplified or
neglected

L
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JOINTS /
INTERFACES

Not explicit

o

o._)

=== ”T‘_

Explicit / optional

Contact laws

Numerical Modelling of Masonry

KEY FEATURES

Smeared cracking
Damage / plasticity
Orthotropic behaviour

Tensile cracking
Shear sliding
Cohesion & friction
Residual strength

Cracking in units
Cracking in mortar
Interface debonding

Large displacements
Opening / sliding
Rocking

Block separation
Contact calibration
needed

25.08.2023

TYPICAL
APPLICATIONS

Large structures
Global structural
analysis

Pushover non-linear
analysis
Assessment and
strengthening
studies

Detailed assessment
of historic masonry
Parametric studies
Macro model
calibration

Collapse and
landslide analysis
Structural failure and
robustness
Excavation and
retaining walls

12
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Numerical Modelling of Masonry

s ZSOIL CAPABILITIES

APPROACH DESCRIPTION
MACRO Equivalent
homogeneous Advanced constitutive plasticity
continuum : : :
. , models including softening and
with effective lastic d
properties plastic damage
MESO Units explicit; mortar Si | | .
joints represented by imple or complex geometries
interface/contact laws Contact law
Computational efficiency
MICRO Units and mortar

represented explicitly;
interfaces may also be

included All above features

Assembly of individual
blocks (rigid or

deformable) interacting Dislocation possible to
through contact laws simulate
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Numerical Modelling of Masonry

s DEFINITION OF PARAMETERS

Estimation of compressive strength resistance of the masonry

90 - =

Blue - SIA 266/2 &
&
80 - =
Red - EN 1996-1-1 &
70 4
&
60 @bw
& s & &
' Q
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= g ¥
X 40 © o
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2'0 4'0 6'0 8‘0 1 60 1 2IO 11;0
rés. compr. pierre (N/mm2)

Test des murets, rés. compr. mortier fm:
fm =5 MPa I fm = 10 MPa Bl fm = 20 MPa

Figure courtesy of Dr. Fabio Donadini
(Materialtechnik Am Bau)
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Compressive strength as a function of masonry type
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0
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Compressive strength of stone

25.08.2023

Masonry type

E Ashlar masonry

p  Coursed masonry with
squared rubble stone

¢ Irregularly coursed rubble
masonry

Uncoursed rubble /

A+B
boulder masonry
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Numerical Modelling of Masonry

e DEFINITION OF PARAMETERS

Estimation of tensile strength resistance of the masonry

WWW.KFSA.CH R.Obrzud, R.Maye / Challenges in modelling masonry structures / ZSoil Day 2026, Fribourg 15



WWW.KFSA.CH

03

R.Obrzud, R.Maye / Challenges in modelling masonry structures / ZSoil Day 2026, Fribourg

Limitations

25.08.2023

16



K—F

25.08.2023

Limitations

e STANDARD COULOMB FRICTION

The standard Coulomb friction and contact law which rely on compressive normal stress

(o, < 0) to scale frictional shear stress (r = og,tan(¢) + c), is not applicable in pure tension
domains if needed.

A

»
»

Tension domain Compression domain  9n
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itations

Lim

STANDARD CouLOMB FRICTION

Issue when modell

ing

mortared masonry

opology 1
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Topology 2
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Limitations

STANDARD CoOULOMB FRICTION

Tensile Failure Criterion: Under tensile normal stress (g, > 0), failure occurs when the
tensile strength of the interface is reached. The normal contact stiffness then drops to

zero or to a small residual value to account for possible adhesive or fiber-bridging effects.

TA

Tensile
contact
strength

Shear failure

»
»

Tension domain Ot max

In masonry, this is particularly relevant for:

« brick-mortar or stone-mortar interfaces

« masonry joints subjected to bending

 crack initiation and subsequent joint opening

« masonry-concrete interfaces or
repaired/strengthened masonry

R.Obrzud, R.Maye / Challenges in modelling masonry structures / ZSoil Day 2026, Fribourg

Compression domain  %n

In rock mechanics:

- cemented joints

+ healed fractures

« bedding planes with some tensile bonding
« rock-grout interfaces

25.08.2023
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Limitations

e STANDARD COULOMB FRICTION

The standard Coulomb friction law defines a single strength envelope and therefore
cannot reproduce the post-peak transition to a residual state.

Shear stress

25.08.2023

T 4 optan(¢) + c

ontan(Pres) + Cres

»
»

In masonry, the analogy is very useful:
a mortar joint can initially have
cohesion/interlocking and relatively
high frictional resistance. After
cracking and significant sliding,
cohesion may be lost and the joint
behaves more like a frictional contact.

WWW.KFSA.CH

Normal stress

In rock mechanics fundamental for joints and

discontinuities. Rough, interlocked rock joints can develop
substantial peak strength; with increasing shear

Shear displacement O

In geotechnics, peak-to-residual
behaviour matters for progressive failure
and large-displacement problems:

displacement, asperities are damaged or overridden and « pre-existing shear surfaces

the resistance decreases toward a residual value.
This matters for rock slopes, tunnels, foundations on rock,

and block stability, anchor pull-out tests.

R.Obrzud, R.Maye / Challenges in modelling masonry structures / ZSoil Day 2026, Fribourg

« landslides
« clay interfaces
« anchor pull-out
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Limitations

However, these limitations should not significantly affect the case study that | will present
next. The retaining wall can essentially be considered as a dry-stone masonry structure,

since the existing mortar is of very poor quality and its contribution can reasonably be
neglected.
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Case Study

s STATIC LOAD ON THE RETAINING WALL

Composite wall consisting of mortared
rubble masonry with an Alpine stone
infill; the wall is considered as
dry-stone masonry.

WWW.KFSA.CH R.Obrzud, R.Maye / Challenges in modelling masonry structures / ZSoil Day 2026, Fribourg 23
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F Case Study

s STATIC LOAD ON THE RETAINING WALL

Preparation of the static load test setup
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T Case Study

s STATIC LOAD ON THE RETAINING WALL

Preparatory desk studies - what approach to model the masonry wall?

Outer masonry facing Infill

The discrete model of
small blocks should be

Meso scale model
of dressed rubble

stones with frictional replaced by a continuum
interfaces representing model
the mortar / \\
Type Plastic Hoek-Brown
damage model with softening

Determining the parameters
of the homogenized masonry
remains a challenge.
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F Case Study

s STATIC LOAD ON THE RETAINING WALL

Preparatory desk studies - calibration of the continuum macro model
Discrete model

1.0m
Calage des modeéles Continuum vs Discrets (moellons: Typologie 2) / \

60
—— Discret: Moellons EL ESGPa, Cnt ¢33/c10, Cisaillement sur 1m & droit
—— Discret: Moellons EL ESGPa, Cnt ¢33/c10, Cisaillement sur 1m & gauche
—— Discret: Moellons EL ESGPa, Cnt ¢33/c10/ktkn0.1, Cisaillement sur 1m a droit
—-- Discret: Moellons EL ESGPa, Cnt $33/c100/ktkn0.1, Cisaillement sur 1m & droit
=== Discret: Moellons EL ESGPa, Cnt ¢33/c100/psi10/ktkn0.1, Cisaillement sur 1m a droit
50 '
= 0] . .
Z More realistic response,
— .
w to be compared later with
) .
3 the homogenized model
3" using E=0.6 GPa. 2.0m
8 kt/kn = 0.1
% e ————
5 e NDIIY S Bt s B ~-]
< 1 1
Q -
T~ ]

kt/kn/=0.01

0.0 2.‘5 5.‘() 7.‘5 ld,O 12‘,5 15‘,0 17‘,5 20.0
Déplacement horizontal d [mm]
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Case Study

STATIC LOAD ON THE RETAINING WALL

Preparatory desk studies - calibration of the continuum macro model

Charge appliqué F [kN]

60

sof

S
=]

w
=3
L

N
=1

10

Calage des modéles Continuum vs Discrets (moellons: Typologle 2)

T

—+— Discret: Moellons EL E5GPa, Cnt ¢33{c10/ktknt] 1, Clsalllement surima drolt

—-- Discret: Moellons EL E5GPa, Cnt $33/c100/ktkn0.1, Cisaillement sur 1m a droit

—— Continuum: Mur CPDM Ep, = 0.5GPa, f. = 0.7MPa, fr = 16kPa, Cisaillement sur 1m a gauche

—— Continuum: Mur H-B Em = 0.6GPa, GSI = 20, m= 15, D = 0.3 (f: = 0.7MPa, fi = 16kPa), Cisaillement sur 1m a gauche

- '~ overestimate the wall resistance,
at least for the assumed material
parameters

- The H-B model without
softening appears to be too
brittle

| | | |

0.0

10.0 lf.S 15.0 ]JI.S
:nt horizontal d [mm]

20.0

Discrete model
kinematics

H-B without
: softening

"'u,.
"llh

T
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F Case Study

s STATIC LOAD ON THE RETAINING WALL

Preparatory desk studies - calibration of the continuum macro model

RN
T

60

Calage des modéles Continuum vs Discrets (moellons: Typologie 2)

—— Discret: Moellons EL E5GPa, Cnt ¢33/c10/ktkn0.1, Cisaillement sur 1m & droit
—= - Discret: Moellons EL E5GPa, Cnt ¢33/c100/ktkn0.1, Cisaillement sur 1m & droit

.
£ i

Continuum: Mur H-Bs soft-lacal £y, =0.6GPa, GSI = 20, m= 15, D = 0.3, Cisaillement sur 1m a gauche

Discrete model
kinematics

Continuum: Mur H-Bs soft-nonlocal £, = 0.6GPa, GSI= 20, m= 15, D = 0.3, Cisaillement sur 1m & gauche
Continuum: Mur H-Bs soft-scale Em = 0.6GPa, GS/ =20, m =15, D=0.3, Cisaillement sur 1m & gauche

50

A series of simulations using the
Hoek-Brown model with softening
enables calibration against the load-
test results

S
=)

R TR -~

Charge appliqué F [kN]

N
=]
.

Failure mode:
predominantly
tensile

10

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Déplacement horizontal d [mm]
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Case Study

STATIC LOAD ON THE RETAINING WALL

| setup

ing rea

tal twin represent

18

ionofad

Creat

=74 -
e

\

29
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F Case Study

s STATIC LOAD ON THE RETAINING WALL

Reproduction of measurements — Comparison — Model calibration

Configuration4-)2 - Déformation verticale du plan de roulement
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T Case Study

STATIC LOAD ON THE RETAINING WALL

Validation of the 3D model in the elastic range

-~ 100% de Qx=130 kN - Modéle 4 SIA
. 145% de Qx=188.5 kN - Modéle 4 SIA
—=— Disposition 4 essieux (Modél

] 145%Qy
7 i 4 of config. °4
measured ;
for “—
config. °4 Range of loads applied

101 during the full-scale L
static load test Rail vertical

displacement

15 4

Déplacement vertical rail dy [mm]

20

25

OIIIIll’l‘OIIIIZ{I)OIIII3{50IIII4{|)0IIII560IIII660
Réaction par essieu F [kN]
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F Case Study

STATIC LOAD ON THE RETAINING WALL

Assessment of capacity limits of the wall

Continuation of the load test:
approaching the global resistance
limit of the structure and
estimating its reserve capacity with
respect to railway loads

Déplacement vertical rail dy [mm]

60

10

204

30

40

25.08.2023
Load thresholds reached during the
load test “
Exploration of
| / theoretical states up to
L , failure
. Elastic
‘ reserve
‘\\H-B w/o
-~ softening
"
Amplification
factor
H-B w/
softening
50 o [==== iOOé’o de Q=932 kN - Convoi A2/B4/BV3 '
-~ 145% de Qr=135.5 kN - Convoi A2/B4/BV3 »
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Déplacement imposé
—+- Disposition 2 essieux {Convoi A2/B4/BV3) - Déplacement imposé (H-B sans softening)
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Charge imposée
0 ‘ 260 4[50 ﬁll){] Bll)(] lDbO 12:1]0 1401
Réaction par essieu F [kN]
32
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Case Study

Inspection of the wall for localized plastic zones

Shear:Failure

Tensile:Failure

BC effectscan
be negleCtEd Shear+Tension: Failure
I

Déplacement vertical rail dy [mm]

KN - Convoi A2/B4/BV3
5 kN - Convoi A2/B4/BV3 >
2/B4/BV3) - Déplacement imposé

/B4/BV3) - Déplacement imposé (H-B sans softening)
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Charge imposée

60

200 400 600 800 1000 1200 1400
Réaction par essieu F [kN]

licensed to KARAKAS&FRANCAIS SA LAUSANNE (License. K&F)

FAILURE PQINTS
TIME = 1.004[day]
ZSOIL 25.02 License: K&F Project: 14607 MVR EssaiStatigue FE3D v3.24r Mur1.70m ChargeParDisp 2essieux Mur-EQ.6GPa Ball40 Rmb40 Date : 27-02-2025 15:03

WWW.KFSA.CH 14607 - MVR - Essai de chargement statique / ROB 33
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Case Study

Inspection of the wall for localized plastic zones

Déplacement vertical rail dy [mm]

30
w0
50 ---- 100% de Q=932 kN - Convoi A2/B4/BV3

145% 5.5 kN oi A2/B4/BV3 >

0i A2/B4/BV3) - Déplacer
0i A2/B4/BV3) - Déplac
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Charge imposée

60

200 400 600 800 1000 1200
Réaction par essieu F [kN]

Failure starts
occurring primarily
by shearing

USANNE (Licenss: K&F!

ICAIS SA L

Shear:Falure.

Tensie:Failure

Compression: Failure

Shear l%er Failure
Tensie iin:ilurn

hear+Tension:Faiure

o

licansed to

FAILURE POINTS
TIME = 1.011[day]

ZSOIL 25.02 License : K&F Project : 14607 MVR EssaiStatigue FE3D v3.24r Mur1.70m ChargeParDisp 2essieux Mur-E0.6GPa Ball40 Rmb40 Date : 27-02-2025 14:54

14607 - MVR - Essai de chargement statique / ROB

1 September, 2026
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1 September, 2026

Case study

Inspection of the wall for localized plastic zones

ssion: Failure
Shear appex: Faiure
Tensie appexFailure.

Shear:Falure.
Tensie:Failure
re:

Car

(355 @S 1} SNNVST

V3) - Déplacement imposé (H-B sans softenin

V3) - Déplacement imposé
V3) - Charge imposée

800

600

Réaction par essieu F [kN]

200

] R <
[wwiy] 4p j1ed [esuan juawade|daq

501 ---- 100%

(REE =

ZSOIL 25.02 License : K&F Project : 14607 MVR EssaiStatigue FE3D v3.24r Mur1.70m ChargeParDisp 2essieux Mur-E0.6GPa Ball40 Rmb40 Date : 27-02-2025 14:55

FAILURE PQINTS

TIME = 1.013[day]
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Case study

Inspection of the wall for localized plastic zones

0

5

3

Déplacement vertical rail dy [mm]

30
w0
50 ---- 100% de Q=932 kN - Convoi A2/B4/BV3
145% 5.5 kN oi A2/B4/BV3 >
— 01 A2/B4/8V3) - Déplace
—.- i A2/B4/BV3) - Déplac (H-5 sans softening)

—— Disposition 2 essieux (Convoi A2/B4/BV3) - Charge imposée
60

200 400 600 800 1000 1200
Réaction par essieu F [kN]

New mode
appearing :
tensile failure

USANNE (Licenss: K&F!

ICAIS SA L

Shear:Falure.

Tensie:Failure

Compression: Failure

Shear l%er Failure
Tensie iin:ilurn

hear+Tension:Faiure

o

licansed to

FAILURE POINTS
TIME = 1.016[day]

ZSOIL 25.02 License : K&F Project : 14607 MVR EssaiStatigue FE3D v3.24r Mur1.70m ChargeParDisp 2essieux Mur-E0.6GPa Ball40 Rmb40 Date : 27-02-2025 14:55

14607 - MVR - Essai de chargement statique / ROB

1 September, 2026
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Case study

Inspection of the wall for localized plastic zones

0

5

3

Déplacement vertical rail dy [mm]

30
w0
50 ---- 100% de Q=932 kN - Convoi A2/B4/BV3
145% 5.5 kN oi A2/B4/BV3 >
— 01 A2/B4/8V3) - Déplace
—.- i A2/B4/BV3) - Déplac (H-5 sans softening)

—— Disposition 2 essieux (Convoi A2/B4/BV3) - Charge imposée
60

200 400 600 800 1000 1200
Réaction par essieu F [kN]

Principal
failure mode :
tensile failure

USANNE (Licenss: K&F!

ICAIS SA L

Shear:Falure.

Tensie:Failure

Compression: Failure

Shear l%er Failure
Tensie iin:ilurn

hear+Tension:Faiure

o

licansed to

FAILURE POINTS
TIME = 1.027[day]
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Déplacement vertical rail dy [mm]

50 1 ---- 100% de Qx=93.2 kN - Convoi A2/B4/BV3
145% de Q¢=135.5 kN - Convoi A2/B4/BV3 I
nvoi A2/B4/BV3) - Déplacement imposé
~+- Disy nvoi A2/B4/BV3) - Déplacement imposé (H-B sans softening)
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Charge imposée

60

200 400 600 800 1000 1200 1400
Réaction par essieu F [kN]

Sliding Toppling (Mode Il)

FAILURE POINTS
TIME = 1.040[day]
ZSOIL 25.02 License : K&F Project: 14607 MVR EssaiStatigue FE3D v3.24r Mur1.70m ChargeParDisp 2essieux Mur-E0.6GPa Balld0 Rmb40 Date : 27

14607 - MVR - Essai de chargement statique / ROB

a) b) <)
Based on Alejano et al. (2025)
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Case study

|
Assessment of wall-facing kinematics

20

Déplacement vertical rail dy, [mm]

-~ 100% de Q;=93.2 kN - Convoi A2/B4/BV3
145% de Q=135.5 kN - Convoi A2/B4/BV3
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Déplacement imposé
—+- Disposition 2 essieux (Convoi A2/B4/BV3) - Déplacement imposé (H-8 sans softening)
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Charge imposée

200 400 600 800 1000
Réaction par essieu F [kN]

Py

=3

ICAIS SA LAUSANNE (License: K&F)

licansed to

DEFORMED MESH
TIME-REF = 1.000[cay] TIME = 1.003{day]
ZSOIL 25.02 License : K&F Project: 14607 MVR EssaiStatique FE3D v3.24r Mur1.70m ChargeParDisp 2essieux Mur-E0.6GPa Ball40 Rmb40 Date : 27-02-2025 15:19

MAX-UX
1.473e-04
MIN-UX
-9.240e-04

MAX-UY

8 058e-05
MIN-UY
-3.065e-03

MAX-UZ
3 433e-04
MIN-UZ
-4.747e-04

MAX U]
3.120e-03

UNIT
[m]
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Case study

|
Assessment of wall-facing kinematics

Déplacement vertical rail dy [mm]

501 ---- 100% de Q=932 kN - Convoi A2/B4/BV3
+ 145% de Qc=135.5 kN - Convoi A2/B4/BV3
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Déplacement imposé
-+~ Disposition 2 essieux (Convoi A2/B4/BV3) - Déplacement imposé (H-B sans softening)
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Charge imposée

200 400 600 800 1000
Réaction par essieu F [kN]

Py

=3

ICAIS SA LAUSANNE (License: K&F)

licansed to

DEFORMED MESH
TIME-REF = 1.000[cay] TIME = 1.004[day]
ZSOIL 25.02 License : K&F Project: 14607 MVR EssaiStatique FE3D v3.24r Mur1.70m ChargeParDisp 2essieux Mur-E0.6GPa Ball40 Rmb40 Date : 27-02-2025 15:18

MAX-UX
2.435e-04
MIN-UX
-1.281e-03

MAX-UY
1.175e-04
MIN-UY
-4.057e-03

MAX-UZ

4 805e-04
MIN-UZ
-6.459%e-04

MAX U]
4141803

UNIT
[m]

14607 - MVR - Essai de chargement statique / ROB
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|
Assessment of wall-facing kinematics

Py

=3

Déplacement vertical rail dy [mm]

-~ 100% de Qc=93.2 kN - Convoi A2/B4/BV3
+ 145% de Qc=135.5 kN - Convoi A2/B4/BV3
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Déplacement imposé
-+~ Disposition 2 essieux (Convoi A2/B4/BV3) - Déplacement imposé (H-B sans softening)
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Charge imposée

400 600 800 1000
Réaction par essieu F [kN]

ICAIS SA LAUSANNE (License: K&F)

licansed to

DEFORMED MESH
TIME-REF = 1.000[day] TIME = 1.011[day]

14607 - MVR - Essai de chargement statique / ROB

ZSOIL 25.02 License : K&F Project: 14607 MVR EssaiStatique FE3D v3.24r Mur1.70m ChargeParDisp 2essieux Mur-E0.6GPa Ball40 Rmb40 Date : 27-02-2025 15:18

MAX-UX
7.057e-04
MIN-UX
-3.960e-03

MAX-UY
3.991e-04
MIN-UY
-1.112e-02

MAX-UZ
1.503e-03
MIN-UZ
-1.850e-03

MAX U]
1.138e.02

UNIT
[m]
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|
Assessment of wall-facing kinematics

8

8

8

Déplacement vertical rail dy [mm]

501 ---- 100% de Q=932 kN - Convoi A2/B4/BV3

+ 145% de Qc=135.5 kN - Convoi A2/B4/BV3
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Déplacement imposé
-+~ Disposition 2 essieux (Convoi A2/B4/BV3) - Déplacement imposé (H-B sans softening)
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Charge imposée

Py

=3

400 600 800 1000
Réaction par essieu F [kN]

ICAIS SA LAUSANNE (License: K&F)

licansed to

DEFORMED MESH
TIME-REF = 1.000[cay] TIME = 1.013{day]
ZSOIL 25.02 License : K&F Project: 14607 MVR EssaiStatique FE3D v3.24r Mur1.70m ChargeParDisp 2essieux Mur-E0.6GPa Ball40 Rmb40 Date : 27-02-2025 15:18

MAX-UX
8.539e-04
MIN-UX
-4.817e-03

MAX-UY
5103e-04
MIN-UY
-1.315e-02

MAX-UZ
1.812e-03
MIN-UZ
-2.222e-03

MAX U]
1.346e-02

UNIT
[m]

14607 - MVR - Essai de chargement statique / ROB
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Assessment of wall-facing kinematics

Déplacement vertical rail dy [mm]

501 ---- 100% de Q=932 kN - Convoi A2/B4/BV3

+ 145% de Qc=135.5 kN - Convoi A2/B4/BV3
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Déplacement imposé
-+~ Disposition 2 essieux (Convoi A2/B4/BV3) - Déplacement imposé (H-B sans softening)
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Charge imposée

Py

=3

400 600 800 1000
Réaction par essieu F [kN]

ICAIS SA LAUSANNE (License: K&F)

licansed to

DEFORMED MESH
TIME-REF = 1.000[day] TIME = 1.018[day]
ZSOIL 25.02 License : K&F Project: 14607 MVR EssaiStatique FE3D v3.24r Mur1.70m ChargeParDisp 2essieux Mur-E0.6GPa Ball40 Rmb40 Date : 27-02-2025 15:18

MAX-UX
1.108e-03
MIN-UX
-6.047e-03

MAX-UY
6.997e-04
MIN-UY
-1.622e-02

MAX-UZ
2 298e-03
MIN-UZ
-2.772e-03

MAX U]
1.664e-02

UNIT
[m]

14607 - MVR - Essai de chargement statique / ROB
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Py

=3

Déplacement vertical rail dy [mm]

-~ 100% de Qc=93.2 kN - Convoi A2/B4/BV3
+ 145% de Qc=135.5 kN - Convoi A2/B4/BV3
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Déplacement imposé
-+~ Disposition 2 essieux (Convoi A2/B4/BV3) - Déplacement imposé (H-B sans softening)
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Charge imposée

400 600 800 1000
Réaction par essieu F [kN]

ICAIS SA LAUSANNE (License: K&F)

licansed to

DEFORMED MESH
TIME-REF = 1.000[day] TIME = 1.027[day)

14607 - MVR - Essai de chargement statique / ROB

ZSOIL 25.02 License : K&F Project: 14607 MVR EssaiStatique FE3D v3.24r Mur1.70m ChargeParDisp 2essieux Mur-E0.6GPa Ball40 Rmb40 Date : 27-02-2025 15:17

MAX-UX
1.530e-03
MIN-UX
-1.135e-02

MAX-UY
1.554e-03
MIN-UY
-2.732e-02

MAX-UZ
4293e-03
MIN-UZ
-4.641e-03

MAX U]
283902

UNIT
[m]
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Assessment of wall-facing kinematics

Py

=3

Déplacement vertical rail dy [mm]

-~ 100% de Qc=93.2 kN - Convoi A2/B4/BV3
+ 145% de Qc=135.5 kN - Convoi A2/B4/BV3
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Déplacement imposé
-+~ Disposition 2 essieux (Convoi A2/B4/BV3) - Déplacement imposé (H-B sans softening)
—— Disposition 2 essieux (Convoi A2/B4/BV3) - Charge imposée

200 400 600 800 1000
Réaction par essieu F [kN]

ICAIS SA LAUSANNE (License: K&F)

licansed to

DEFORMED MESH
TIME-REF = 1.000[day] TIME = 1.040[day)

14607 - MVR - Essai de chargement statique / ROB

ZSOIL 25.02 License : K&F Project: 14607 MVR EssaiStatique FE3D v3.24r Mur1.70m ChargeParDisp 2essieux Mur-E0.6GPa Ball40 Rmb40 Date : 27-02-2025 15:17

MAX-UX
1.787e-03
MIN-UX
-2.043e-02

MAX-UY

2 435e-03
MIN-UY
-4.03%-02

MAX-UZ
6.192e-03
MIN-UZ
-7.061e-03

MAX U]
4.296e.02

UNIT
[m]
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Case study

Application of the methodology to the assessment of other walls

Reinforcement
design

Simulation of the
static load test

Effectiveness of
grouted anchor rods
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Conclusions

> Masonry can be modelled at different scales, from homogenized continuum
approaches to detailed discrete representations. The appropriate choice depends on
the structural problem, expected failure mechanisms, and required level of detail.

> ZSoil provides several tools for masonry modelling, but some limitations remain,
particularly in the description of interfaces and contacts, including tensile resistance
and the transition from peak to residual strength.

> Homogenization provides a practical bridge between meso- and macro-scale
modelling, allowing the complex response of masonry to be represented through
equivalent continuum properties while keeping the data preparation and
computational effort reasonable.

WWW.KFSA.CH R.Obrzud, R.Maye, M.Lanza / Unsymmetrical deep excavation / ZSoil Day 2026, Fribourg 48
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Conclusions

> Discrete modelling offers a more realistic representation of masonry failure
mechanisms, including joint opening, sliding, cracking, and relative block movements,
but requires more detailed geometrical information and material parameters and
probably the use of large displacement contact formulation.

> The case study demonstrates how field measurements, full-scale testing and mixed
macro-meso modelling can be combined to build and calibrate a representative
numerical model, enabling the assessment of capacity limit and realistic failure
mechanisms.

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