
Proceedings of the 21st European Conference
on Composite Materials

Vol 8 

Special Sessions

WWW.ECCM21.ORG

UNDER THE PATRONAGE OF:

SUPPORTING PARTNER: ORGANIZED BY:WITH THE SUPPORT OF:

EuCIA
The European Voice of
Composites

http://WWW.ECCM21.ORG


Proceedings of the 21st European Conference on Composite Materials
Volume 8 - Special Sessions

I
 

CO
N

TE
N

TS

Edited by: Prof. Christophe BINETRUY
ECCM21 Conference Chair
Institute of Civil Engineering and Mechanics (GeM)
Centrale Nantes
Nantes Université

Prof. Frédéric JACQUEMIN
ECCM21 Conference Co-Chair
Institute of Civil Engineering and Mechanics (GeM)
Nantes Université

Published by: The European Society for Composite Materials (ESCM) and 
the Ecole Centrale de Nantes.

©2024 ECCM21/The publishers
The Proceedings are published under the CC BY-NC 4.0 license 
in electronic format only, by the Publisher. The CC BY-NC 
4.0 license permits non-commercial reuse, transformation, 
distribution, and reproduction in any medium, provided the 
original work is properly cited. For commercial reuse, please 
contact the authors. For further details please read the full 
legal code at:
http://creativecommons.org/licenses/by-nc/4.0/legalcode 

These Proceedings have an ISBN (owned by the Publisher) 
and a DOI (owned by the Ecole Centrale de Nantes). 

ISBN: 978-2-912985-01-9
DOI: 10.60691/yj56-np80

The Authors retain every other right, including the right to 
publish or republish the article, in all forms and media, to 
reuse all or part of the article in future works of their own, 
such as lectures, press releases, reviews, and books for both 
commercial and non-commercial purposes.*

Disclaimer: The ECCM21 organizing committee and the Editors of these 
proceedings assume no responsibility or liability for the 
content, statements and opinions expressed by the authors 
in their corresponding publication.

http://creativecommons.org/licenses/by-nc/4.0/legalcode
https://gem.ec-nantes.fr/en/eccm21-proceedings/


Proceedings of the 21st European Conference on Composite Materials
Volume 8 - Special Sessions

II
 

CO
N

TE
N

TS

Editorial

Vol 1. 	Industrial applications

Vol 2. 	Material science

Vol 3. 	Material and Structural Behavior – 
Simulation & Testing

Vol 4. 	Experimental techniques

Vol 5. 	Manufacturing

Vol 6. 	Multifunctional and smart composites

Vol 7. 	Life cycle performance

Vol 8. 	Special Sessions

This collection contains the proceed-
ings of the 21st European Conference on Composite Materials 
(ECCM21), held in Nantes, France, July 2-5, 2024. ECCM21 is the 
21st in a series of conferences organized every two years by 
the members of the European Society of Composite Materials 
(ESCM). As some of the papers in this collection show, this 
conference reaches far beyond the borders of Europe. 
 The ECCM21 conference was organized by the Nantes 
Université and the Ecole Centrale de Nantes, with the support 
of the Research Institute in Civil and Mechanical Engineering 
(GeM). 

Nantes, the birthplace of the novelist Jules 
Verne, is at the heart of this edition, as are the 
imagination and vision that accompany the 
development of composite materials. They are 
embodied in the work of numerous partici-
pants from the academic world, but also of the 
many industrialists who are making a major 
contribution to the development of composite 
materials. Industry is well represented, reflect-
ing the strong presence of composites in many 
application areas. 

With a total of 1,064 oral and poster presenta-
tions and over 1,300 participants, the 4-day 

event enabled fruitful exchanges on all aspects of compos-
ites. The topics that traditionally attracted the most contribu-
tions were fracture and damage, multiscale modeling, dura-
bility, aging, process modeling and simulation and additive 
manufacturing.

However, the issues of energy and environmental transition, 
and more generally the sustainability of composite solu-
tions, logically appear in this issue as important contextual 
elements guiding the work being carried out. This includes 
bio-sourced composites, material recycling and reuse of 
parts, the environmental impact of solutions, etc.

We appreciated the high level of research presented at the 
conference and the quality of the submissions, some of 
which are included in this collection. We hope that all those 
interested in the progress of European composites research 
in 2024 will find in this publication sources of inspiration and 
answers to their questions.

Each volume gathers
contributions on  
specific topics:

Prof. Christophe BINETRUY
ECCM21 Conference Chair
Institute of Civil Engineering  
and Mechanics (GeM)
Centrale Nantes
Nantes Université

Prof. Frédéric JACQUEMIN
ECCM21 Conference Co-Chair
Institute of Civil Engineering  
and Mechanics (GeM)
Nantes Université



Proceedings of the 21st European Conference on Composite Materials
Volume 8 - Special Sessions

III
 

CO
N

TE
N

TS

Organized by:

Under the Patronage of:

Supported by:

Sponsored by:

Other partners:

Bronze 
Partner:

With the support of:



Proceedings of the 21st European Conference on Composite Materials
Volume 8 - Special Sessions

IV
 

CO
N

TE
N

TS

Hosting Organizations
Conference chairs
Prof. Christophe BINETRUY
ECCM21 Conference Chair
Institute of Civil Engineering and Mechanics (GeM)
Centrale Nantes
Nantes Université

Prof. Frédéric JACQUEMIN
ECCM21 Conference Co-Chair
Institute of Civil Engineering and Mechanics (GeM)
Nantes Université
 

International Scientific Committee
Malin Akermo (Sweden)
Remko Akkerman (Netherlands)
Andrey Aniskevich (Latvia)
Leif Asp (Sweden)
Emmanuel Baranger (France)
Janice Barton (UK)
Johnny Beaugrand (France)
Andrea Bernasconi (Italy)
Christophe Binetruy (France)
Thomas Bohlke (Germany)
Alain Bourmaud (France)
Nicolas Boyard (France)
Joël Breard (France)
Richard Butler (UK)
Baris Caglar (Netherlands)
Pedro Camanho (Portugal)
Pierpaolo Carlone  (Italy)
Paolo Andrea Carraro (Italy)
Valter Carvelli (Italy)
Nuno Correia (Portugal)
Gergely Czél (Hungary)
Clemens Dransfeld (Netherlands)
Sylvain Drapier (France)
Klaus DRECHSLER (Germany)
Andreas ECHTERMEYER (Norway) 
Paolo Ermanni (Switzerland)
Martin Fagerström (Sweden)
Ewald Fauster (Austria)
Julien Ferec (France)
Antonio Ferreira  (Portugal)
Bodo Fiedler (Germany)

Stefanos Giannis (UK)
Nathalie Godin (France)
Carlos Gonzalez (Spain)
Sotirios Grammatikos (Norway)
Christoph Greb (Germany)
Emile Greenhalgh (UK)
Gianmarco Griffini (Italy)
Stephen Hallett (UK)
Nahiene Hamila (France)
Roland Hinterhoelzl (Austria)
Martin Hirsekorn (France)
Darko Ivančević (Hungary)
Frédéric Jacquemin (France)
Mikko Kanerva (Finland)
Luise Karger (Germany)
Vassilis Kostopoulos (Greece)
Theodosia Kourkoutsaki 
(Germany)
Thomas Kruse (Germany)
Ugo Lafont (France)
Jacques Lamon (France)
Frédéric Laurin (France)
Antoine Le Duigou (France)
Stepan Lomov (Belgium)
Theodoros Loutas (Greece)
Staffan Lundstrom (Sweden)
António Marques (Portugal)
David May (Germany)
Véronique Michaud (Switzerland)
Jörg Mussig (Germany)
Thomas Neumeyer  (Germany)
Philippe Olivier (France)

Alkiviadis Paipetis (Greece)
Federico Paris (Spain)
Chung Hae Park (France)
John-Alan Pascoe (Netherlands)
Alessandro Pegoretti (Italy)
Ton Peijs (UK)
Rob Pierce (Denmark)
Soraia Pimenta (UK)
Silvestre Pinho (UK)
Gerald Pinter (Austria)
Connie Qian (UK)
Marino Quaresimin (Italy)
Andrew Rhead (UK)
Paul Robinson (UK)
Essi Sarlin (Finland)
Yentl Swolfs (Belgium)
Sofia Teixeira du Freitas 
(Netherlands)
Julie Teuwen (Netherlands)
Ole Thomsen (UK)
Stavros Tsantzalis (Greece)
Konstantinos Tserpes (Greece)
Albert Turon  (Spain)
Julien van Campen (Netherlands)
Wim Van Paepegem (Belgium)
Anastasios Vassilopoulos 
(Switzerland)
Ignaas Verpoest (Belgium)
Michael Wisnom (UK)
Dimitrios Zarouchas (Netherlands)
Daiva Zeleniakiene (Lithuania)
Dan Zenkert (Sweden)

Local Organizing Committee
Suresh Advani
Romain Agogué 
Sylvain Chataigner 
Sébastien Comas-Cardona 

Sofiane Guessasma 
Suzanne Laïk 
Philippe Le Bot 
Mael Peron 

Luisa Silva 
Vincent Sobodka 
Alexandre Ripoche
Elena Syerko 



Proceedings of the 21st European Conference on Composite Materials
Volume 8 - Special Sessions

XV
 

CO
N

TE
N

TS

Table of Contents

AUTHORS’S INDEX  |  COUNTRY TOPIC ARTICLE TITLE PAGE

QUINO Gustavo |  UNITED KINGDOM

Understanding 
and improving 

longitudinal 
compressive 

strength

Improvements on the “Cradle test” for the mechanical 
characterisation of pultruded rods under compression

1202

RAGOUBI Ameni |  FRANCE
Structural health 
monitoring and 

control

Validation of finite element models for digital twin of 
composite structure: defect detection

1206

RAVEL Romain |  FRANCE

Permeability 
of fibrous 

reinforcements for 
resin flow

Influence of the test liquids nature on the unsaturated 
permeability of a basalt fabric

1212

RAVINDRAN Bharath |  AUSTRIA Poster
Repairability of fiber-reinforced polymer composite using 
bio-based vitrimers

419

ROSE Philip |  GERMANY
Bonding and 

bonding repairs
Investigations on the influence of design parameters on the 
strength of cfrp repairs

613

SAMANIS Anagnostis |  UNITED 
KINGDOM

Sensing and 
actuation

Digital steering and control for induction processing of 
composites in repair applications

1218

SANDINO Carlos |  SPAIN Fatigue
T-T cyclic response of Open-Hole Quasi-Isotropic CFRP 
laminates containing Ultra-Thin Plies

1225

SANO Ryuto |  JAPAN Fatigue
Fatigue damage growth of carbon fiber reinforced form 
observed by X-ray CT and hybrid NDT methods

23

SÁNTHA Peter |  HUNGARY Poster
Interlaminar properties of hybrid stacking recycled carbon 
fiber-reinforced composites

1231

SCARTH Carl |  UNITED KINGDOM

Integrated testing 
and modelling 
of composite 

structures

Bayesian Calibration of a Geometrically Nonlinear Finite 
Element C-spar Model using Digital Image Correlation

820

SCHÄFER Yannick |  GERMANY

Image-based 
analysis of 

composites: first 
steps towards 
benchmarking

Fiber volume fraction and distribution in thermoplastic 
materials for in-situ AFP

426

SCHEERER Michael |  AUSTRIA
Testing at 
Cryogenic 

Temperatures

Challenges in cryogenic mechanical testing of unidirectional 
composites – special focus on matrix dominated properties.

279

SCHILLER Arne |  NETHERLANDS
Reuse, 

Remanufacturing 
and Recycling

Structural Behaviour of Thermoplastic Welded Single-Lap 
Shear Joints with Recycled Core Material

1239

SCHOLLERER Martin Johannes 
|  GERMANY

Bonding and 
bonding repairs

Local Surface Toughening – A boltless crack stopping 
technology for aerospace structures

201

SCHÖNTHALER Jordy 
|  NETHERLANDS

Fatigue
Numerical investigation of fatigue crack-growth in a 
composite specimen featuring a cut-ply under vibration and 
four-point bending load

211

SCHUMM Violetta |  GERMANY
Reuse, 

Remanufacturing 
and Recycling

Characterisation of composite materials from aligned dry 
laid nonwovens based on rCF from hydrogen tanks

1247

SCIANCALEPORE Corrado |  ITALY
Additive 

manufacturing

Fused deposition modeling of polymer-based magnetic 
compo-sites from recycled permanent magnets of discarded 
hard drives

434



ECCM21 – 21st European Conference on Composite Materials  
02-05 July 2024, Nantes, France 1 

 
 

IMPROVEMENTS ON THE “CRADLE TEST” FOR THE 
MECHANICAL CHARACTERISATION OF PULTRUDED RODS 

UNDER COMPRESSION 
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Abstract 
One morphological factor limiting the compression potential of continuous fibre composites is the 
misalignment of fibres. Pultrusion constitutes a manufacturing method that can produce better fibre 
alignment, therefore improving compression strength. The mechanical characterisation in compression 
of these materials is challenging when using traditional methods. In this work, we revisit the “cradle 
test”, which has previously demonstrated its effectiveness to measure the compression failure strain of 
pultruded composite rods. One of the main drawbacks of the experiment was the lack of a method to 
evaluate the force acting upon the rod, the missing element required to obtain the full strain vs. stress 
response of the material. This paper addresses this challenge by proposing two novel solutions. 

 
 

1. Introduction 
While continuous carbon fibre reinforced polymers display an excellent performance under tension, 
their compressive strength is only in the order of 50-60% their tensile strength. In fact, compression is 
arguably one of the most complex failure mechanisms observed in composites [1]. One of the reasons 
behind the limited compression performance is fibre misalignment. Misaligned fibres facilitate kink 
band formation at lower global stress levels, explaining the reduced strength in compression. The 
pultrusion manufacturing method has proved its efficacy at improving fibre misalignment [2]. The 
tension exerted on the yarns during pultrusion leads to improvement in the alignment of individual fibres 
in the resulting composite rod.  
 
The characterisation of the compression performance of these pultruded rods with traditional methods 
such as direct compression has some limitations. For instance, stress concentrations arise from the 
gripping process and the application of endcaps. When combined with the inherent anisotropy of fibre 
composites, these factors contribute to premature failure in the gripping region, hindering the accurate 
measurement of the material's true compression limit. Another limitation of direct compression testing 
is the complexity of the specimen preparation and its sensitivity to misalignments of the specimen’s 
assembly [2]. 
 
In a previous study, the authors introduced a novel experimental methodology, the “cradle test”, where 
the compression (top) side of a beam under four-point bending was employed to gradually introduce the 
desired compression loading condition onto a carbon fibre/epoxy pultruded rod [3]. Specialised optical 
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instrumentation was employed to capture sequential macro images of the pultruded rod up to fracture. 
These images were used to measure the history of strains via digital image correlation. The newly 
introduced experiment proved to achieve compression failure within the gauge length and to measure 
consistent strains to failure. In this work, we present improvements on the test design and data reduction 
process, that include various strategies to calculate the load acting upon the specimen. This would give 
the full strain-stress response of any material tested following this novel methodology.  
 
2. The cradle test 
 
2.1.  Methodology 
The test consists of a PMMA beam that “cradles” a pultruded composite rod specimen, which is glued 
in a channel on the top side of the beam. A schematic of the specimen is shown in Figure 1. When loaded 
in four-point bending with a total force P, the pultruded rod becomes compressed. A notch in the beam 
makes it possible to image the deforming rod, previously coated with a speckle pattern. The images are 
then postprocessed via Digital Image Correlation (DIC) to obtain the strain history. In this way, not only 
can the strain to failure be measured, but also the failure mode is assessed by observing the fractured 
specimen. Further details on the test were introduced in [3]. 
 

 
Figure 1. Schematic of the specimen. Dimmensions in mm. 

 
2.2.  Preliminary results 
We conducted experiments using pultruded rods made of carbon fibre/epoxy, commercially available 
from Easy Composites (EC). The volume fraction, obtained from micrographic images, was 
approximately 45%. Figure 2 shows the strain history obtained from DIC in one representative 
experiment. The failure strain is taken from the frame just prior to fracture. The image at fracture 
indicates that the method successfully produced compression failure.  
 
 

 
Figure 2. Strain history during the experiment and snapshots showing compression failure. 

 
Table 1 shows the average failure strain recorded in the experiments with EC material system compared 
against other results previously reported in existing literature [2], [4]. The strains to failure measured 
with the cradle test are higher than those from the literature, suggesting that the cradle test attains a 
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measurement closer to the absolute compression performance of the composite.  
 

Table 1. Results obtain by the cradle test on EC material vs. other studies [3]. 
 

Material system Failure Strength 

(MPa) 
Failure strain 

(%) 
Stiffness  
(GPa) 

    
T300/828 [2] 1136 ± 84  0.929 ± 0.063 131 ± 7.5 
IM7/828   [2] 1568 ± 75 1.127 ± 0.059 186 ± 5.9 

T800/924C [4] - 1.04 - 
EC (current study)  - 1.42 ± 0.2 - 

 
3. Improved concepts 
While the strain to failure is measurable using the first version of the cradle test, the main limitation is 
that the full material response i.e. strain vs. stress cannot be identified with the version of the test shown 
above. This was the motivation for the work herein presented. Two distinct improvements are introduced 
below. 
 
3.1.  Modified notch 
Under the assumption of the magnitude of the force across the beam vertical midplane being sufficiently 
similar to that of the force across the pultruded rod, we can integrate the stress field over the midplane 
to evaluate the force acting on the beam. This should be close to the force acting on the pultruded rod 
provided that horizontal forces developed at the loading and support positions remain small. The stress 
field can be evaluated by combining DIC surface measurements and plane stress assumptions. With this 
approach, the original design yields a highly non-linear profile of stresses along the mid plane, mainly 
because of the influence of the stress concentration (Figure 3b). The stress concentration effects 
combined with the inaccuracy of the DIC due to edge effects, affect the sensitivity to errors and noise 
of this approach. The updated version, moves the notch corners further away from the mid plane (Figure 
3a), improving the linearity in the mid plane stress profile and reducing sensitivity to ‘noisy’ DIC 
measurements near the edges. In Figure 3b, the results from finite element method show that the non-
linearity of the stress distribution near the notch is reduced with the new design. 
 

 
Figure 3. Modified notch: a) Schematic of the original and the new design b) FEM result of the stress 

distribution on the midplane of both designs. 
 
3.2.a  Double notched beam 
This concept considers a PMMA beam with top and bottom notches as well as a metal sheet glued at the 
bottom to be used as load cell. The geometry was designed such that the horizontal component of the 
resultant force across the beam midplane is sufficiently small such that the load acting on the metal sheet 
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is similar to the load acting upon the rod. The metallic sheet on the tension side would be instrumented 
with strain gauges to be used as a load cell. Results from finite element simulations (Figure 4b) showed 
that the free body forces (forces across sections) for both composite rod and metal sheet were 892 N and 
887 N, respectively. The discrepancy in forces is less than 0.67%, therefore negligible. This validates 
the concept of using a metal sheet to measure the load on the composite rod.  
 

 
Figure 4. Double notched beam: a) Schematic of the new design. b) FEM results of the free body 

forces acting on the rod(top) and metallic plate(bottom) 
 
4. Conclusions 
In this paper we summarised the methodology for the “cradle test”, used to characterise the compression 
performance of composite pultruded rods. Among the main limitations of the experiment, we 
highlighted the lack of a direct method to measure the force acting on the composite rod. We proposed 
two different solutions to overcome this challenge. The first one is simply by modifying the geometry 
of the notch and then utilising the existing optical full field strain measurement methods (e.g. DIC). The 
second approach, requires the machining of two notches in the beam and a metal sheet (on the underside) 
acting as a load cell. Both methods have been validated by numerical simulations. The next steps include 
the manufacturing and testing of the proposed concepts. 
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