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“Convertir les idees de recerca en productes, processos o serveis
innovadors al servei de la societat”

Pla estratégic CIMNE

CLUSTERS DE RECERCA

1) Geomecanica i hidrogeologia 6) Mecanica estructural i de particules

2) ML i models en enginyeria hidroambiental 7) Mecanica de materials avancats i metamaterials
3) Enginyeria aeronautica, marina, d’automocio i energia 8) Models de d’alta fidelitat basats en dades

4) Simulacié de solids i fluids per processos industrials 9) Multifisica computacional a gran escala

5) Mecanica computacional en enginyeria médica i de
material viva
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“Convertir les idees de recerca en productes, processos o serveis
innovadors al servei de la societat”

Pla estratégic CIMNE

CLUSTERS DE RECERCA

1) Geomecanica i hidrogeologia

2) ML i models en enginyeria hidroambiental

6) Mecanica estructural i de particules

7) Mecanica de materials avancats i metamaterials

3) Enginyeria aeronautica, marina, d’automocio i energia

4) Simulacié de solids i fluids per processos industrials

5) Mecanica computacional en enginyeria médica i de
material viva

8) Models de d’alta fidelitat basats en dades

9) Multifisica computacional a gran escala

CAMMS
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o Objective CAMMS

The CAMMS’ objective is developed numerical methods and procedures for
the prediction and characterization of the performance of composites and
advanced materials, and to use these methods in the analysis of large
multifunctional structures that are found in all engineering fields: naval, energy,

aeronautical, civil, automotive, etc.



CIMNE!  About us S

¢ CAMMS
UPC Professors (6) Post-Doc. (2) Visiting Prof. (1)
Lucia Barbu Sergio Jimenez Sergio Oller
Ester Comellas Francesc Turon
Alejandro Cornejo
Alex Ferrer Res. Engineers (2)
Xavier Martinez Sergi Ocon
Fermin Otero Shakib Ayoubzadeh

PHD Students (11)

Alireza Taherzadeh Lluis Martorell Luis Antonio Goncalves
Nima Zahedan Montserrat Dolz Raul Rubio
José Torres Gerard Villalta Ton Creus

Polytimi Zisimopoulou  Andrea Gorgi



CIMNE!  pasearch lines S

CAMMS
Advanced constitutive modelling for composite materials

Novel and advanced constitutive models have been developed and applied for the simulation of failure
process in unidirectional fibre reinforced polymers. The failure of a multidirectional laminate has been
studied using a coupled plastic and damage constitutive model.

Fibre/Load direction

@

Longitudinal damage variable d; Transverse damage variable d,;

(Avg: 75%)
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Stress and Strain energy (vs Strain) during matrix cracking at the
microstructural level (left side). Full numerical simulation of Open Hole
under compression load and its comparison with experimental results
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Advanced constitutive modelling for composite materials

Novel and advanced constitutive models have been developed and applied for the simulation of failure

process in unidirectional fibre reinforced polymers. Matrix cracking at the microstructural level has been
simulated using Phase Field techniques.

e, AELER
o — e .
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Numerical models to predict the performance of additive manufactured
materials

The group is working on the characterization of the mechanical performance of additive manufactured
composite materials by means of anisotropy models coupled with composite formulations such as the

serial-parallel mixing theory

C 1:PL Lress=S1rain Lest
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Characterization of an additive manufactured dog bone specimen made of PLA material with
different printing orientations (0° and 45°)
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Design of architectured materials and lattice structures

New fast algorithms have been defined and implemented in the group to obtain lightweight structures.
Through a new dehomogenization technique, the team has developed new algorithms for the design of
lattice structures

New algorithms developed to rapidly design optimal
lattice structures

Shape and topology algorithms implemented for
generative design of materials and structures
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Design of 3D lightweight structures

New algorithms have been developed for the design of materials including metamaterials, and
architectured materials.

Initial level set V=0.10 V=027 V=045

X &

Design of metamaterials considering
additive manufacturing constraints
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Generative design for additive manufacturing

New designs have to fulfil the manufacturing requirements. New algorithms have been developed to
consider additive manufacturing constraints in the design process including overhang constraints

/@\Q /W\
Overhang constraints implemented in topology optimization algorithms.
Now structures may be built using 3D printers
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Reduced order models to characterize composite beams

The existing anisotropy of composite pultruded beams can be captured by a reduced order model that is
obtained from a full 3D characterization of the beam configuration. The results obtained from the reduced
order model are then condensed to a standard beam formulation in order to facilitate their use by
standard finite element codes.

LN,

000030113

L.0047514

0.0081818
FE 160.000 elements -,
B ooienzz
- 0022452

L.05TE94
ROM 200elements

—

i Subdomain deformation modes of an omega pultruded beam obtained with the reduced
order model
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Analysis of structural connections and shell discontinuities by means of
reduced order models

The analysis of large composite structures is usually conducted with shell elements that cannot capture
irregularities such as connections, stiffeners and other discontinuities. The group is working on the

definition of new shell elements that obtain their stiffness matrix from the analysis of a detailed 3D solid
model. DOF

DOF : T
U,V,W N I

Analysis of a stiffened shell element with the reduced order model developed
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Advanced constitutive modelling for biological materials

Constitutive models have been developed and combined to capture a wide range of biological tissue
behaviour, including passive mechanical behaviour like hyperelasticity, anisotropy, and poro-
viscoelasticity as well as active responses like growth and healing. Computational simulations using
these models are used to test biological hypothesis.

i 4 neuron 5mm . . .
oo 7)) lial cell — experiments simulations
A2 glial cells
1 cerebrospinal
fluid
capillary & 5
= =
pore fluid E E
20 . £0
viscoelastic S S
solid skeleton 1.0 0.9 @ 1.0 0.9
stretch stretch

Understanding the porous and viscous effects of brain tissue (collaboration
with FAU in Erlangen, Germany).
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Advanced constitutive modelling for biological materials

Constitutive models have been developed and combined to capture a wide range of biological tissue
behaviour, including passive mechanical behaviour like hyperelasticity, anisotropy, and poro-
viscoelasticity as well as active responses like growth and healing. Computational simulations using
these models are used to test biological hypothesis.

loaq

ulna pad due to

ulna lius contact
~ regions of high g
/" mechanical T lz_o
growth = BF
€10

i S

s - g o5
humerus @ lid pressure ‘ oo

contour of 1 kPa

Influence of mechanics on bone growth and joint formation (collaboration with Northeastern University in
Boston US).
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Advanced constitutive modelling for biological materials

Constitutive models have been developed and combined to capture a wide range of biological tissue
behaviour, including passive mechanical behaviour like hyperelasticity, anisotropy, and poro-
viscoelasticity as well as active responses like growth and healing. Computational simulations using
these models are used to test biological hypothesis.

structural problem regeneration problem
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Mechanobiological mechanisms in the vacuum-assisted closure of an oesophagal anastomotic leakage (collaboration
with B. Braun Barcelona).
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High cycle fatigue formulation
Numerical capabilities in the HCF study.

Close link with experiment. The model is calibrated through standard
information: 2 SN curves + strength/stiffness evolution information.

Continuous description of the phenomenon. After the model
calibration any S, ,, — R pair can be addressed and constant/variable
amplitude loading.

Crack path detection. The analysis allows to detect the initiation and
describe the evolution of the associated degradation.

Multi-material application. The model has been used on AHSS, PHS,
aluminum, GFRP and CFRP materials.

Geometry independent material parameters. Calibration of S-N
curves is done at coupon level followed by processing into geometry
independent curves, ensuring transferability to component scale.

S

CAMMS

29063 cycles 29064 cycles 34065 cycles 44086 cycles
\ | \ | \ | \ |
= = £ B

Resulting in a tool easy
to implement, versatile
allowing for an
advanced study of the
phenomenon, useful for
optimization and
design purposes
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Secondary crack

First crack - 13.35k cycles.
Final state - 24.80k cycles.

First crack = 19.34k cycles.

Final state > 25k cycles.

Cross member beam — PHS solution

| 75k cycles (numerical) |

step 115317
Contour Fill of DAMAGE

DAMAGE

Research lines

High cycle fatigue formulation
Lower control arm — AHSS / CFRP / GFRP solutions

Primary crack

S

CAMMS
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Reinforced concrete as composite material — application to prestressed structures

Stress, S1 [Pa]
3.6875+8

I 2.8925e+8
2.0975e+8

I 13025e+8

I 5.0747e+7
-2.8754e+]

1. Jiménez S., Cornejo A., Barbu L.G., Barbat AH. and Oller S., Failure pressure analysis of a
\ nuclear reactor prestressed concrete containment building. Engineering Structures, 2021. Vol:
X/ 236. Pg.: 112052:12.
/2. Jimenez, S.; Cornejo, A.; Barbu, L.; Oller, S.; Barbat, A. H. Analysis of the mock-up of a
reactor containment building: comparison with experimental results. Nuclear engineering and
design. 2020. Vol: 359. Pg.: 110454:1 ~ 110454:13.
~ 3. Barbu, L.; Cornejo, A.; Martinez, X.; Oller, S.; Barbat, A. H. Methodology for the analysis of
post-tensioned structures using a constitutive serial-parallel rule of mixtures: large scale non-
linear analysis. Composite structures. 2019. Vol: 216. Pg.: 315-330.
4. Cornejo, A.; Barbu, L.; Escudero-Torres, C.; Martinez, X.; Oller, S.; Barbat, A. H. Methodology _,L
for the analysis of post-tensioned structures using a constitutive serial-parallel rule of mixtures. v e
Composite structures. 2018. Vol: 200. Pg.: 480-497.
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Reinforced concrete as composite material — application to prestressed structures

P1EV long term strains
Tean Team Team Team Team Team  Team m Team
14 1% 2 24 AT L] 50 58 T4

Team rnm run

strain (amim)

-

-l
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|Displacements|
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step 1.573
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000064271
000032138
0

step 0.014
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Internal pressure x350

Appreciation of the quality of predictions Teams

24, 47d 88

Benchmark VeRCoRs

Good predictions in only one direction or only in
SOme Sensors

15, 50, 56 and 80

2018. Invited by EDF
S.A (Paris)

Predictions distant from experimental values in
both direction in almost all sensors

14, 49, 76 and 82

23,74 and 90
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Reinforced concrete as composite material — application to prestressed structures

I<RATOSHY S
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Reinforced concrete as composite material

Research lines

S

CAMMS

— application to prestressed structures

350 1500
300 . . Void slab @ Cast-in-place overlay
=3 L
250 = =
% I _\ Strain gauge
g 200 |= h 97600 Deflection gauge ?
=
E 150 &+ I ! 9960 | I
100 : : : B
S0H--- - Experimental B1 H
------ FE simulation
0 | | T T T
0 50 100 150 200 250 300
Midspan deflection (mm)
500 T T T

AATRIR AN

LA 3 JAS LTINS AJ3 7 J 1

2 fﬁ//f//?f]g

P FUESEFLSC WA NN B4

L
=y

Experimental B2 ||

100 H-ooieeeee !
|—-— Experimental B3
: |====- FE simulation l
0 1 L I I I 3
0 50 100 150 200 250 300 rr 777 TR Ff’JH [B3 |
PELNE Y7 PAF L L ETY 19 {0 Ji13 ¥ .T

Akt AL_LQ\ AN A N \kx

I ETAY R Y IJT 1 % 3148 1 { 4§ 7

Midspan deflection (mm) L7




R -
C'MNE Research lines S

e CAMMS

Plastic damage constitutive models for monotonic and cyclic loading
Uncoupled plastic-damage CL, (-)ﬁf
Model based on the RoM particularized for two “component CLs": damage and plasticity.

ohe = k9 (1—d) Co:e+ (1 — k%) - Cy: (£ — €P)

Yield criteria: F§ = So— K5 <0 A FP=§S-KP<0

Flow rule:  d~So A & =155
Semi-coupled plastic-damage CL, (-)ff
Model proposed by Luccioni and latter used by Barbu for the study of LCF processes.

obd=(1—-d) Cp:(e — &)

Yield criteria: F¢=S-K%<0 A FP=§S-KP<0

Flow rule: dA& ~f(4) =) Damage and plasticity consistency conditions.
Coupled plastic-damage CL, (-)?

Reinterpretation of the model proposed by Meschke et al [18] and Wu and Cervera [19] based on a
normalised dissipation variable, k.

Yield criteria: FPd = § — KP4 <
)

o’ =Cs: (e —¢,) anZ
O-C

Flowrule: D=¢dov A &=0-9¢
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Fluctuating (un)coupled plastic-damage model
Objective: adapting the material response (plasticity-damage) along the simulation.

First step in the direction of the unified analysis.

k¢ —5 k2(?) A

§ — £(7)

Uniqueness condition. This affects both models, where the material stress state is k?-dependent in the

uncoupled case and the threshold is {-dependent in the coupled case.

Ky k(d)

[_] Admissible k9 region
[ Inadmissible k9 region

Stress, o,

Strain, g,

A § —s  $(kpa)
. Irreversibility condition (only affecting the uncoupled
model).
; i — (g damase)
ref 1.d
:Tkref
1, — Siop psiiy
|<MHAI

(1=Kl ) B (preg) = (1= dres ) Ep ()

A (1=Kl ) Ep () = (1=K g dreg ) By (1)
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FIuctuating (un)coupled plastic-damage model
Numerical examples. Three point cyclic bending test

A 45

51!

{51

Three point bending test (a) geometry in [mm] and (b) FE mesh used (7376

Reaction [kN]

S

CAMMS

X Experimental data
12.0 A s —Reference result
—Uncoupled plastic-damage model
—Coupled plastic-damage model

10.0 A

8.0 A

6.0

4.0 +

hexahedra).

0.0 T T
DAMAGE PLASTIC DISSIPATION Z!asfic"?'amage 0.0E+00 2.0E-04 4.0E-04 6.0E-04
E B |s.sB|pat|on CMOD [m]
075 . CMOD-reaction  response.  Numerical-

' ' experimental comparison.
‘05 .05
* Uncoupled plastic-damage model.
-0.25 1 . .
hee B o B Exponential softening.
o io) o b o B Fluctuating version, k¢ € [0.5,1.0].
Y —— Envelope deterioration
Envelope deterioration measured with the

uncoupled plastic-damage CL: (a) damage
and (b) plastic dissipation.

measured with the coupled

plastic-damage CL

* Coupled plastic-damage model.

P Exponential softening.
B Steady version, ¢ = 0.5.
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*  Double Cantilever Beam (DCB)

*  End Notch Flexure (ENF)

Load (N)

80

Research lines

Delamination modelling without explicit interface representation

Monotonic

— - -SBT

A — —CZM
,l VS ——— Present Model
1) \\
’ ~ Ny
1
’ g
7 S—_
/ T e—
P -
/
1 2 3 4 5 6

Crack end opening (mm)

600 |
.
. a
| % =
500 ' ///
/ A
o | AN\
7%
300 | '71 — - —SBT
// — —CZM
200 | .
A — - ~SBFEM
100 | Present Model
) . \ . . \
0 1 2 3 4 5 6

Center deflection (mm)

S

CAMMS

*  Mixed Mode Bending (MMB)

180

160 |
140
[ J
120 | [/ ~
= "/
2100 | i, \ —
k] ! S e
80 | /-
k] "y
i/ = = =SBT - (C = 43.7 mm)
60 |
’f’_'/ — —CZM - (C = 43.7 mm)
40 1 fY — . ~SBFEM - (C = 43.7 mm)
20 Present Model (C = 43.7 mm)
[
0 1 2 3 4 5 6 7 8

End opening (mm)

Taherzadeh-Fard A, Cornejo A, Jiménez S, Barbu LG. A rule of mixtures approach for delamination damage analysis in composite materials. Composites

Science and Technology. 2023 Sep 29;242:110160.
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Delamination modelling without explicit interface representation

Research lines
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Cyclic %

CAMMS
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I . m |
L & Experiment - R=0.1
. = Present model - R=0.1 *
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L 1 1 1 1 1 1 15 1 L L

1E+00 1E+01

Initiation of the fatigue crack in the three-point bending configuration under
mode | loading compared with the experimental dataat R =0.1

1E+02

1E+03 1E+04 1E+05
Number of cycles (log. scale)

1E+06 1E+07

1E+08

1E+00  1E+01  1E+02 1E+03  1E+0d  1E+05 1E+06 1E+07
Mumber of opdes (log. scle)

Initiation of the fatigue crack in double-notch shear configuration in R = 0.1
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Contact and tire mechanics
Methodologies to model implicit frictional contact and tire MuLTI—PHYSICS
mechanics
« Dual Augmented lagrangian Method
» Mortar Method for estimating the gap /it || Leibniz

el p g { ¢; 2 Universitit
« Implicit frictional contact to9:4 | Hannover .

« Mixed u-p TL elements to deal with incompressibility and finite
strains L
« Modified SP-RoM to be used for tires
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Contact and tire mechanics S T O  oermintal 2 BA

20.04 @ Experimental, 2.5 BAR

Methodologies to model implicit frictional .| @ Everimental 358
. . -2 —— Numerical, 2
contact and tire mechanics T Nomerical 2.5 AR
£ 1507 __ Numerical, 3 BAR

« Dual Augmented lagrangian Method

» Mortar Method for estimating the gap

« Implicit frictional contact

* Mixed u-p TL elements to deal with

12.5

incompressibility and finite strains z:
« Modified SP-RoM to be used for tires |<HATDS '
MULTI—PHYSICS %0 o5 10 15 20 25 30 35 40

Force [N] le3

1

& i i ot
® o e e

(a) No internal pressure (b) Internal 2.5 Bar pressure (c) 2000 N force (d) 4000 N force
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Fluid — Structure Interaction

Finite Element Method ( ) Particle Finite Element Method (PFEM)
v' Large displacement (Total Lagrangian) v Lagrangian method for large
v ) deformations problems
Fracture mechanics DEM Structures Fluids
v Massive remeshing solver solver solver

v"  Element removal

v Time step solution with FEM

iterations 1-2 until convergence

I ﬁrations [1-2]-3 until convergence

Coupled

solver
(DEM+Struct+Fluid)

v Explicit method

¥" Unbalanced forces
produce accelerations

v Different contact laws can be used =5 0ge

, I<KRATOS!
Discrete Element Method ( ) -

MuULTI—HYSICS
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Fluid — Structure Interaction

Wave Paddle Wave

—

m g Jimw—m~~~mmmmmw
'-afl' 0- < positive tsunami /l./
-5 | Negative Tsunami
0 5 10 fs) 15 20
Gauges  SI9P€ 110
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2700

Prof. T. Arikawa, K. Shimosako and N. Ishikawa
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“l.IIIIII ‘
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8ls, [ L

2100 300

Front view

Wave Height [m]
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PFEM 2D ——
PFEM 3D
Experimental <
10 12 14 16 18 20
Time [s]

(b) h=0.25m

() h=0.125m
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Fluid — Structure Interaction

Non reinforced!

(a) Front part (b) Rear part

(c) vertical view

Pressure (Pa)

(a) Front part

() P1 pressure gauge

1
—— Arikawa et al. —— Arikawa et al.
— Proposed method — Proposed method
ol
£
£a
] \
£
-2
-3
0 155 160 165 170 150 155
Time ()

16.0 165 1
Time [s]

(b) P2 pressure gauge
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Thermomechanical calculations upl
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Thermomechanical calculations

Thermomechanical HCF!
Only affecting the S-N curve accordingto T
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CAMMS
Contact Mechanics — forming simulations
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| OGHOA . . . . CAMMS
Contact Mechanics — forming simulations
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* Finite strain combined kinematic and isotropic plasticity

* Augmented Lagrangian contact mechanics
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L CAMMS
Multiscale homogenization for masonry

«  Optimize macro model parameters to match micro scale masonry
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Vertical reaction [kN]
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Research lines
Multiscale homogenization for masonry

Optimize macro model parameters to match micro scale masonry
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